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FOREWORD

There can be little doubt about the consequences of parasitic diseases
in the developing world, or of the importance of efforts to control and
eventually eradicate these diseases. Recent advances in molecular biology
have led to the development of improved serological tests for these diseases
and suggest the possibility of effective vaccines in the forseeable future.
Yet any practical applications of technology must rest upon a solid founda-
tion of basic research. It is only with such a foundation that applied
goals have any chance of success or any credibility in the scientific
community. It was with a view towards the noble goals of disease control
and eradication that we embarked on a laboratory course to train scientists
from the developing world in state-of-the-art methods of basic research.

The course, entitled "Atomic Energy Applications in Parasitology", was
offered by the Division of Tropical Public Health, Department of Preventive
Medicine and Biometrics, Uniformed Services University of the Health
Sciences, Bethesda, Maryland 20814, during the summer of 1983. It was an
intensive 3-week endeavor during which students attended lectures each
morning and acquired practical hands-on experience with the most recent
laboratory tools each afternoon. The course began with an exhaustive
introduction to radiation physics, then encompassed a variety of practical
applications including irradiation attenuation, radioisotope labeling,
tracer techniques and radioimmunoassays. Some 30 students from 25 countries
in the developing world participated, along with 15 students from the United
States. Many of the United States participants already had a sense of
solidarity with their visiting colleagues either in terms of overseas
research experience or family ties abroad. The faculty consisted of some 34
experienced research scientists who are considered leaders in their respec-
tive fields, along with a small group of industrious laboratory technicians
and support personnel.

This laboratory manual was written by the faculty in an attempt to
document the learning experience of the training course and to provide a
detailed description of state-of-the-art technology with up-to-date
references. Clearly, the manual has value as a historical document.
However, the chapters were written with the explicit intention that they be
useful to future investigators who wish to apply these methods to their
particular research problem. In this regard, we hope to have made a
contribution to our successors.

Anyone who has attempted laboratory research with parasitic organisms,
recognizes well the difficulties involved. In applied research, vaccine
trials rarely achieve satisfactory levels of protection and sérodiagnostic
tests are plagued with a lack of specificity. In basic research, the
investigator is stifled because harvesting parasites in sufficient numbers
to do serious biochemical analyses is a formidable task. How often parasite
biochemists have envied the investigators who work with erythrocytes and can
easily collect 10 cells on a regular basis!

Furthermore, investigators are often frustrated when applying new
techniques because parasites do not always behave as expected. This may be
illustrated by the many attempts to radiolabel parasitic helminths. In
metabolic labeling, worms are "pulse" incubated in media containing a



radiolabeled precursor, followed by a "chase" incubation with excess
unlabeled precursor; tritiated glucosamine is often used as a glycoprotein
precursor. However, when labeling Schistosoma mansoni, the "chase" part of
the experiment must be modified because excessive amounts of glucosamine
have been shown to be toxic for the worms. Radioiodination using lodo-gen
has been proposed as an alternative to the harsh labeling conditions of
chloramine-T. Yet labeling studies with Dipetalonema viteae have revealed
that lodo-gen is also toxic for this species. Schistosoma mansoni and
Strongyloides ratti have been found to be refractory to conventional methods
of radioiodination. Even an apparently innocuous routine procedure, such as
incubation in phosphate buffered saline, can introduce serious artifacts
when radiolabeling schistosomes.

The authors of this laboratory manual are veteran researchers in
parasitology and have had first-hand experience with such technical
problems. The manual is an attempt to share their expertise with new
investigators and, by doing so, to encourage both innovative and productive
research.
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Chapter 1

INTRODUCTION TO RADIOACTIVE MATERIALS

M.A. COOMBS, J.A.THOMAS
Uniformed Services University of the Health Sciences,
Bethesda, Maryland, United States of America

The purpose of this chapter is to provide the researcher with basic
information on the physics of radioactive materials and the nature and detec-
tion of radiations emitted by these materials. A detailed knowlege of nuclear
structure and radiation physics is not needed for most radioisotope appli-
cations, but a basic understanding of these subjects is essential for proper
choice of radiation detection instrumentation and radiation protection methods
for a specific experimental procedure.

Nuclear Structure
The nucleus is composed of protons and neutrons. The number of protons

in the nucleus is called the atomic number of the nuclide and is given the
symbol Z. All nuclei with equal atomic number are isotopes of the same
element and have the same chemical properties. The number of neutrons in
the nucleus is given the symbol N. The total number of neutrons and protons
in the nucleus is known as the atomic mass number and is given the symbol A.

A=Z+N

All isotopes of an element have the same chemical symbol, i.e., C for
carbon, N for nitrogen, and so on. The isotope of interest for a given element
is indicated by writing the atomic number as a left subscript, the atomic mass
number as a left superscript, and the neutron number as a right subscript.
The symbolic representation of carbon-14 is:

Nuclear Stability
Radioactivity is a term applied to the spontaneous transformation taking

place in the nucleus of an atom. The radioactivity of a radionuclide is unaf-
fected by temperature, pressure, or chemical form of the nuclide. Why some
nuclides are unstable and undergo spontaneous nuclear decay is not completely
understood. Nuclear stability is related to the ratio of neutrons to protons
in the nucleus. Stable nuclides of lighter elements have nearly equal numbers
of neutrons and protons. As Z increases, the number of neutrons exceeds the
number of protons in the stable nuclides. Nuclides with neutron-proton ratios
greater than that required for stability undergo beta-decay which reduces
the neutron-proton ratio. Nuclides with neutron-proton ratios less than
that required for stability will decay by alpha-decay, electron capture, or
positron-decay, each of which increases the neutron-proton ratio.



Principal Modes of Radioactive Decay
Types and origins of radiations emitted during radioactive decay are

indicated in Table 1

Table 1
Radiations Emitted During Radioactive Decay

Name Symbol

Alpha a

Beta (-) ß-

Beta (+) ß-

Gamma-ray Y

Neutrino v

Anti neutrino tf

Auger Electrons a.e.

Conversion c.e.
Electrons

Description

Helium nucleus

Electron

Positron

Photon

low mass part icle

low mass particle

Electron

Electron

Charge

+2

-1

+1

0

0

0

-1

-1

Origin

Nucleus during alpha decay

Nucleus during beta(-) decay

Nucleus during beta(-t-) decay

Nucleus

Nucleus during beta(+) and
electron capture decay

Nucleus during beta(-) decay

Orbital electrons

Orbital electrons

X-rays Photon Orbital electrons

ftjjaha Decay

In alpha decay an alpha particle, consisting of two neutrons and two
protons is ejected from the nucleus. The alpha particle slows down, combines
with two electrons, and forms a free atom of helium. The alpha particle has a
mass number of 4, a charge of +2, and is emitted with discrete energies which
are characteristic for a given nuclide. Alpha decay is symbolized:

Av A-4)Z-2'

The decay of Radium-226 is an example of alpha-decay.

226Ra 22286Rn +

Beta Decay
In beta decay a neutron in the nucleus is converted to a proton, a beta

particle and an antineutrino. The beta particle, an electron, and the anti-
neutrino are ejected fron the nucleus. The beta particle has a charge of -1
and is yiven the symbol ß~. The antineutrino is an uncharged particle
with a negligible rest mass. The symbol for the antineutrino is V. The



energy released during a beta transformation is shared by the beta particle
and the antineutrino in a random fashion resulting in a continuous energy
distribution for these particles. When all of the transition energy is
delivered to the beta particle, it has the maximum energy, Em. The average
beta particle energy, Ea, is approximately one third of Em. Beta decay is
symbolized as follows:

ZX "~* Z+1X + $~ + v

An example of a nuclide decaying by beta particle emission is Cobalt-60:

Positron or Positive Beta-Decay
In positron decay the excess energy in the nucleus converts a proton

into a neutron and two additional particles, a positron and a neutrino,
which are ejected from the nucleus. As in beta-decay, the positron shares
its energy with the neutrino in a random fashion resulting in a continuous
energy spectrum for the positron. The positron is a particle with the mass
of an electron but carrying a charge of +1. The positron or positive beta
particle is given the symbol, ß+. The positron transition is symbolized:

AX _» z_Ax + ß+ + v

An example of positron-decay is the decay of Sodium-22:

22|\|a —>- 22[\|e + ß+ + v

Electron Capture
In electron capture, an orbital electron of the atom is captured by a

proton in the nucleus converting it into a neutron with ejection of a neutrino.
Gamma-rays and conversion electrons may be emitted from the excited nucleus.
The electron capture process is symbolized:

e- * AX -z.fx H- v

An example of a nuclide which decays by electron capture is 1-125:

e- + 125! _+ 125Te + v

Isomeric Transition
In some decay schemes, the excited nucleus remaining after the emission

of the beta or alpha particle may exist long enough for it to be chemically
separated from its parent and used experimentally or in medical therapy. In



this case, the decay process may be viewed as occurring as two distinct steps.
An example is Tc-99m, the m indicating a metastable nuclide which is produced
as Mo-99 undergoes beta decay. Tc-99m has a 6 hour half life and is commonly
used in medical imaging. Tc-99m decays to stable Tc-99 by emitting gamma-rays
and conversion electrons.

Additional Radiation Emitted During Radioactive Decay

Gamma-rays and Conversion Electrons
After undergoing one of the modes of decay discussed above, a nucleus

may still be in an energetically excited state. The excess nuclear energy
may be released by emission of gamma-rays. The excess energy from an excited
nucleus may also be transfered to orbital electrons of the atom. These so-
called conversion electrons, symbolized c.e., are ejected from the atom with
energy equal to the released nuclear energy minus the binding energy. The
energy of the gamma-rays and conversion electrons is discrete and character-
istic of the nuclide.

X-rays and Auger Electrons
During the decay process, orbital electron shells may be left vacant.

As these vacancies in Orbitals are filled by outer shell electrons, x-rays
are produced which are characteristic for the atom. The energy released may
be transferred to outer orbital electrons which are ejected from the atom.
Usually, these "Auger electrons" are low in energy.

Interaction of Charged Particles with Matter
Alpha and beta particles lose energy through electrostatic interactions

with the protons in the nuclei and with the orbital electrons of atoms in the
surrounding medium. The result of these interactions may be the ionization
of the atoms, or creation of atoms with electrons in energetically exited
states. Ultimately, the energy transferred to matter by ionization and
excitation is dissipated as heat.

When beta particles interact with the nucleus of an atom they are often
deflected from their original path due to electrostatic interactions with the
positively charged nucleus. When deflected in this manner the change in the
velocity results in a less energetic beta particle and the emission of an x-ray
photon. Photon energy emitted in this manner is termed "Bremsstrahlung" or
"Breaking Radiation". In an x-ray machine, for example, electrons are accel-
erated and strike a "target" of high Z material. Interactions of the electrons
with nuclei of atoms in the target result in the x-rays which produce the
image on the film. Bremsstrahlung often is an important source of penetrating
radiation when high energy beta particles, such as those from P-32, interact
with their surroundings.

Interactions of Photons with Matter
The range of charged particles, such as alpha and beta particles, in

matter is finite. For a particle of a given energy there is a thickness of
absorbing material which will stop all of the particles. This is not true
for gamma-rays and x-rays which have no mass and a certain probability of
penetrating any thickness of shielding.
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For practical radiation protection purposes there are three ways in which
photons such as gamma and x-rays may interact with matter. These are the
photoelectric effect, Compton scattering, and pair production.
Photoelectric Effect

In photoelectric absorption a photon transfers all of its energy to an
orbital electron which is ejected from the atom. The electron then loses the
energy received from the photon through ionization and excitation as discussed
previously for beta particles.

The photoelectric effect is important in high Z absorbers such as lead.
In lead the photoelectric effect is significant only for photons of less than
1 MeV. In water it is significant for photons of less than 100 keV. For
photons of greater energies, Compton scattering and pair production predom-
inate as energy absorbing mechanisms.
Compton Scatter! ng

In Compton scattering, photons interact with outer shell electrons of the
atoms in the absorbing material. A portion of the energy of the photon is
transferred to the electron which is ejected from the atom. The rest of the
energy of the incident photon results in a scattered photon of lesser energy.
The electron loses its energy through ionization and excitation as discussed
for beta particles. The scattered photon may interact with other atoms in the
absorbing material by other scattering interactions or the photo electric
effect. Compton scattering is significant for photon energies above 1 MeV in
lead and 100 keV in water.
Pair Production

Photons with energy greater than 1.02 MeV may interact with matter through
the production of an electron-positron pair. Electrons and positrons at rest
have so called rest masses, or mass energy equivalents of 0.51 MeV and photons
with less than 1.02 MeV are unable to create these particles. The electron
and positron lose energy in the absorbing medium by ionization and excitation
as discussed earlier for beta-rays. When the positron slows down it combines
with an electron and undergoes particle annihilation forming two photons of
0.51 MeV. These photons will interact with the absorbing matter through the
photoelectric effect or Compton scattering. Although the threshold for pair
production is 1.02 MeV, Compton scattering is the predominant mechanism for
energy absorption for photons of less than 4 MeV in both water and lead.

Units for Radiation Dosimetry
Absorbed Dose

The amount of energy deposited in tissue is an important variable in the
assessment of radiation risk and damage. The dose received by an irradiated
tissue is defined as the energy absorbed by the tissue divided by its mass.
The traditional unit used to measure absorbed dose is the rad.

1 rad = 100 ergs/gram
The rad is being replaced by a new unit called the gray.

1 gray = 1 joule/kilogram
The two units may be converted by using the following factor:

11



1 gray = 100 rad
The gray is being used to replace the older rad to bring radiation units into
conformity with the International System of Units (SI). The SI units have not
found widespread use in biological and medical research applications. It is
the system of units which will be used internationally in the future, however,
and will eventually replace the older units, such as the rad, in scientific
publications.

Dose Equivalent
Alpha, beta, and gamma-rays differ in their ability to produce damage in

tissues for a given absorbed dose. Because of its size and higher charge, the
alpha particle has a short range and delivers all of its energy to a very
small volume of tissue. Special dose equivalent units, the rem and the new
SI unit, the sievert, are used to take into account this difference.

1 rem = 1 rad x Q
1 sievert = 1 gray x Q

Q is called the quality factor and is assigned to radiations based on their
relative ability to produce damage in tissue. Currently a quality factor of 1
is used for photons, electrons, and positrons. A quality factor of 20 is usedfor alpha particles.

The Roentgen
The energy deposited in tissue by radiation is rarely measured directly.

As discussed later in the chapter, much of the radiation detection instrumen-
tation measures the amount of ionization created by radiation in a given
volume of gas. The unit used to measure ionization in air is the roentgen.

1 roentgen = 2.58 x 10"̂  coulombs/kg
The roentgen is defined only for x-ray and gamma radiation and cannot be used
for measurement of beta particle exposure. It is also important to distinguish
this unit from absorbed dose or dose equivalent units.

For gamma rays emitted by most nuclides used in biological and medical
research, exposure to 1 roentgen of radiation results in an absorbed dose of
0.97 rad. For purposes of radiation protection it is usually assumed that the
roentgen, rad, and rem are equivalent in magnitude for gamma and x-rays.

Activity
Radioactive materials can be quantified by mass or by activity. Most

often activity, or the number of nuclear transformations per unit time, is
used. Activity is reported as disintegrations per second (dps) with units
of inverse seconds, or as disintegrations per minute (dpm) with units of
inverse minutes.

Two special units, the curie (Ci) and the becquerel (Bq) are currently
used for activity. The curie is the unit used traditionally, and by defini-
tion:

12



101 Ci = 3.7 x 10 dps
or:

1 Ci = 2.22 x 1012 dpm
The becquerel is being used to replace the older curie to bring radiation units
into conformity with the International System of units (SI). By definition:

1 Bq = 1 dps
To assist in the transition, the curie and becquerel are compared in Table 2.
Prefixes used with both units are given in Table 3.

Table 2

Comparison of Special Units for Activity

curie unit

Ci

mCi

yCi

nCi

pCi

(curie)

(mil lieu rie)

(microcurie)

(nanocurie)

(picocurie)

Prefix

pi co
nano
micro
mi Hi

ki lo
mega
giga
tera

equivalent in
becquerel units

37 GBq (gigabecquerel )

37 MBq (megabecquerel )

37k Bq (kilobecquerel )

37 Bq (becquerel )

37 mBq (mi 1 ibecquerel )

Table 3

Prefixes

symbol

P
n
y
m

k
M
ü
T

dps dpm

3.7xl010 2.22xlü12

3.7x107 2.22xlQ9

3.7X101* 2.22xl06

37 2.22xl03

0.037 2.22

multipl ier

10-12
io-9

lu'6
IO-3

1U3

ID*
IO9

1012

13



Radioactive Decay Constant and Half-Life
Given a few atoms of a radioactive isotope, it is impossible to state

with any confidence when they will decay. Nuclear transformations are random
events, and only a probability that an atom will decay in any period of time
can be given. With a large number of atoms, however, the rate at which they
w i l l decay can be stated with some accuracy. The decay rate (dN/dt) is
given by

dN/dt = -AN [1]
where N is the number of atoms, and A is the decay constant for the nuclide.
Equation [1] is solved to obtain the common exponential formula for the decay
of radioactive material. The number of atoms, N, remaining at time t is:

N = N0e~At [2]
where No is the number of atoms initially present at time t = 0. The decay
constant has units of inverse time and if t is measured in hours, then A must
have units of inverse hours. The exponent in equation [2], At, must be
dimensionless.

Another unit which is more commonly encountered than the decay constant
A is the half-life of a radionuclide, Ti/2. The half-life is the time

during which the number of radioactive atoms on hand initially decreases by
half. At one half-life, one half of the atoms remain, at two half-lives one
fourth of the atoms remain, at three half-lives one eighth, and so on. The
half-life of a radioactive isotope can be calculated from the decay constant
as follows:

Ti/2 = Ü.693/A
and

A = 0.693/T1/2
Substitutions of the expression for A above into equation [2] results in a
decay formula as a function of half-life instead of the decay constant:

M = Nn p-(0.693/Ti/2)t

Specific Activity
The specific activity, SpA, of a radioactive material is given to specify

the activity of the radionuclide contained in a given amount of material. In
its most basic use, the specific activity is the activity of a given mass of
the radioactive atoms. That is:

Activity of Radioactive Atoms
Mass of Radioactive Atoms

In this form the specific activity of a radionuclide is the same regardless
of chemical or physical form and depends only on the half-life. 6The specificactivity of Tc-99m with a half-life of 6 hours is 5.3 x 10 Ci/gm. The
specific activity of C-14 with a half life of 5730 years is 4.46 Ci/gm.

14



Often the term specific activity is used to specify the activity of a
nuclide contained in a given volume of solution or air, or in a given mass of
a compound or solid solution. Suppliers of radionuclides, for example, may
give the concentrabion of the radionuclide in solution as a specific activity
in mCi/ml. When radiolabeled compounds are used it is common to give the
specific activity as:

Activity of Radionuclide
Moles of Labeled Compound

Radiolabeled compounds are usually ordered based on the activity per mole.
The specific activity of the compound depends upon the efficiency of the
labeling process and must be determined empirically by the supplier. If
each labeled molecule has the label in the same location, the labeling is
said to be specific. Otherwise, it is known as non-specific labeling.

Radiation Detection Instrumentation
There is a broad variety of instruments available for detection and

measurement of radiation and radioactive materials. Much of this instrumen-
tation is complex and requires more training and experience for proper cali-
bration and use than can be provided by this brief introduction. The following
material has been included to provide a description of the more common radia-
tion detection instruments and their applications.

Radiation instruments may be divided into three types based on the mech-
anisms of detection. These are gas filled detectors, scintillation detectors,
and solid state detectors.

Gas Filled Detectors
In gas filled detectors the radiation sensitive portion of the detector

is filled with a gas across which an electric field is applied. Radiations
interact with the gas molecules through mechanisms discussed earlier in this
chapter creating ions. Ions produced in the gas are collected on electrodes
and the charge or current measured. The gas filled detector familiar to most
people is the Geiger-Mueller counter. Other detectors in this class are
lonization Chambers and Proportional Counters. The differences between the
characteristics of these detectors result from differences in the strength of
the electric field applied across the electrodes.

In an ionization chamber the electric field is relatively weak. It is
just strong enough to collect ions produced by the radiations before they are
able to recombine to form neutral molecules. lonization chambers are impor-
tant for health physics application in measurement of external radiation
levels produced by gamma and beta-emitting nuclides. They are not commonly
used for measurement of radioactive material in biological samples or for
routine survey for detection of contaminated laboratory surfaces.

In proportional counters the electric field is strong enough to accel-
erate ions produced by the interaction of radiation with the gas molecules.
The electric field imparts sufficient kinetic energy to these ions that they
form additional ions as they travel toward the electrodes creating a "cascade
effect". The number of ions originally produced by the interaction of the
radiation with the gas is thus multiplied increasing the intensity of the
pulse of charge collected by the electrodes. Although a number of special
applications exist for which proportional counters are suited, they are not
commonly found in laboratories using isotopes in biological research.

15



In Geiger-Muel1er detectors the electric field across the electrodes is
increased so that a single ionization event will completely discharge the gas
in the detector. These detectors are sensitive for most radioactive mate-
rials, have stable electronics, and are resistant to damage. They are the
instrument of choice for detecting surface contamination for most nuclides
used in the laboratory, and for detection of external radiation fields.
Scintillation Detectors

In scintillation detectors, the energy absorbed in the sensitive volume of
the detector through ionization is converted chemically to photons of light.
Photo-multiplier tubes are used to convert the light to electric pulses which
are counted and analyzed to determine pulse height. The two types of scintil-
lation detectors commonly found in research laboratories are solid and liquid
scintillation detectors.

Although there are many solid materials which are used in scintillation
detectors, the most common is Nal activated with a small amount of thallium.
Nal(Tl) detectors are crystals which may be formed into many shapes and sizes
ranging from small disks to large detectors with diameters of a meter or more.
Nal(Tl) detectors are very efficient for detection of photons, and are ideal
for measuring gamma-emitting nuclides in biological samples.

Tritium and carbon-14 emitt beta particles which are too weak to penetrate
the material surrounding the sensitive volume of most radiation detectors.
In liquid scintillation counting, this problem is overcome by mixing the
material containing the radionuclide in with a liquid "cocktail" which
contains molecules which scintillate when exposed to radiation. Transparent
vials containing the radioactive sample and scintillation cocktail are placed
next to photo-multiplier tubes which detect the light emitted from the sample.
There are problems associated with liquid scintillation detection, however.
Samples containing radioactive material must usually be treated so that they
are soluble in the liquid scintillation fluid. This treatment can be complex
and time-consuming depending on the nature of the sample. In addition,
chemicals in the sample interact with the scintillation fluid in a way which
decreases the amount of light which is emitted. The efficiency of the detector
will vary, therefore, from sample to sample unless extraordinary care is
used to keep the preparation of each sample uniform. Methods to overcome
these problems do exist, however, and liquid scintillation detectors are
the instrument of choice for measuring beta-emitting nuclides in most
biological samples.

Solid-State Detectors
Solid-state detectors are essentially solid ionization detectors made of

semiconductors such as silicon or germanium. Free electrons created in the
detectors by radiation are collected and measured. Solid-state detectors are
important for purposes of radionuclide identification, and detection of low
levels of activity in environmental samples. They are not commonly found in
biological research laboratories.
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Chapter 2

SAFE USE OF RADIOACTIVE MATERIALS

M.A. COOMBS, J.A. THOMAS
Uniformed Services University of the Health Sciences,
Bethesda, United States of America

Radioactive materials have become essential tools in much of tne research
conducted in the biological and medical sciences. Procedures documented in
this manual are only examples of the numerous applications of radioactive
materials in the field of parasitoloyy.

Like many chemical reagents and much of the equipment found in labora-
tories, radionuclides can be hazardous if used carelessly. Exposure to
large doses of ionizing radiation has been shown to increase the risk of
cancer in humans and animals, and has been shown to increase the risk of
genetic abnormalities in animal studies (1). Everyone handling radionuclides
in a research program has a responsibility to follow safe laboratory practices
for use of these materials. Most research institutions will have a radiation
safety organization which may include a Radiation Safety Officer and a
Radiation Safety Committee. Procedures developed by the radiation safety
organization must be followed in order to protect personnel working with
radioactive material, and the public, from unnecessary exposure to radiation.
Investigators must also know and follow regulations established by government
agencies for the use and disposal of radioactive materials.

In this chapter some basic information on procedures for the safe use of
radioactive materials in the laboratory is provided. Greater detail for
specific operations and radiation safety concerns may be obtained from
documents referred to in the text.

Protection from Internal Deposition of Radionuclides
One important hazard associated with the use of radioactive materials

is the internal deposition of these materials in body tissues. Radioactive
materials are internalized most often by inhalation of nuclides in the air
as aerosols or vapors, and by ingestion. Contaminated hands become an
important route for internal depositions since they are often put into the
mouth or nose unconsciously. Contaminated food, drink, and cigarettes
which are consumed in a radionuclide laboratory are frequently responsible
for internal exposures.

The internal exposure hazard associated with the use of radioactive
material in an experimental procedure depends upon the amount (activity) of
material used, the radiotoxicity of the nuclide, and the complexity of the
procedure. The degree of protection required will depend upon the combi-
nation of these variables.

The International Atomic Energy Agency (IAEA) has classified radio-
nuclides in one of four groups based on their relative radiotoxicity (2).
1. Very High Radiotoxicity: This group includes plutonium and other alpha
emitting radionuclides. These materials are not commonly used in biomédical
research laboratories.
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2. High Radi otoxi city : Radionucl ides in this group include 1-131, 1-125,
and Ca-45, all of which are common in biological research laboratories.
Other nuclides in this group which are less frequently used are Co-60 and
Cs-137.
3. Moderate Radi otoxi city : Most nuclides used in the research laboratory
fall into the moderate radiotoxicity class including C-14, P-32, S-35, and
Cr-51.
4. Low Radiotoxicity: This group includes H-3, Tc-99m, natural uranium, and
natural thorium.

Laboratory design is important in controlling internal exposure to radio-
nuclides. The IAEA also classed Laboratories as Type A, Type B, or Type C
based upon the degree of protection factors built into the laboratory (2).
1. Type A laboratories are specially designed laboratories provided with
special ventilation, work surfaces, containment facilities such as glove
boxes, and monitoring equipment for airborne radioactivity and/or high radia-
tion exposure levels. Type A laboratories should be used for quantities of
radionucl ides in excess of:

10 mCi (370 MBq) very high radiotoxicity nuclides
100 m Ci (3.7 GBq) high radiotoxicity nuclides

1 Ci (37 GBq) moderate radiotoxicity nuclides
10 Ci (370 GBq) low radiotoxicity nuclides

2. Type B laboratories are also specially designed laboratories with special
ventilation, laboratory surfaces, radionuclide hoods, and radiation monitoring
equipment. The degree of protection offered in these laboratories is less
than that provided by the Type A laboratories. The amount of radioactive
material used in Type B laboratories should be limited to the following
activities:

10 pCi to 10 mCi (370 kBq to 370 MBq) very high radiotoxicity nuclides
100 uCi to 100 mCi (3.7 MBq to 3.7 GBq) high radiotoxicity nuclides

1 mCi to 1 Ci (37 MBq to 37 GBq) moderate radiotoxicity nuclides
10 mCi to 10 Ci (370 MBq to 370 GBq) low radiotoxicity nuclides

3. Type C laboratories are good quality chemical laboratories. Recommended
limits for radionucl ides in these laboratories are:

10 pCi (370 kBq) very high radiotoxicity nuclides
100 yCi (3.7 MBq) high radiotoxicity nuclides

1 mCi (37 MBq) moderate radiotoxicity nuclides
10 mCi (370 MBq) low radiotoxicity nuclides

These recommendations may be modified depending on the complexity of the
procedures used in the laboratory. The following modification factors are
recommended by the IAEA:

Procedure Modifying Factor
Storage of stock solutions x 100
Very simple wet operations x 10
Normal chemical operations x 1
Complex wet operations with a risk of spills x 0.1
Simple dry operations x 0.1
Dry and dusty operations x 0.01
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Most procedures utilizing open sources of radionuclides in biological
research are conducted with activities less than the quantities recommended
for Type C laboratories. For example, 3.7 GBq (100 mCi ) H-3, or 370 MBq
(~ 10 mCi ) C-14 might be used for simple wet operations with a modifying
factor of 10 in a Type C laboratory. This is more than adequate for most
experimental procedures. Discussion of radionuclide handling techniques will
be limited, therefore, to operations within Type C laboratories. Investi-
gators requiring the use of larger quantities of radioactive material should
consult recommendations of the IAEA (2) for guidelines on the design of Type
B and Type A radionuclide handling laboratories. The following are basic
principles for handling radioactive material in the laboratory. Most recom-
mendations are just good common sense.
1. Laboratories in which radioactive materials are used should be visibly
marked with the radiation symbol and a warning of the radioactive materials
in use within.
2. Laboratory bench tops and surfaces where radioactive materials are to be
used should be covered with absorbent paper. Work should be conducted in a
paper lined tray to contain spills, and in a chemical fume hood when possible.
Work areas should be marked with tape or signs bearing the radiation warning
symbol.
3. Lab coats and disposable gloves should be worn at all times when handling
radioactive materials.
4. Hands, feet, and laboratory work areas must be monitored frequently while
using radioactive materials. For most radionuclides, it is sufficient to
monitor using a suitable radiation survey instrument such as a Gieger-Mueller
counter. Tritium contamination can be detected by wiping surfaces with a
fiber-glass filter paper which is counted in a liquid scintillation counter.
5. Place all radioactive waste in specifically marked containers. House-
keeping personnel should know not to remove radioactive waste while picking
up normal trash from the laboratory.
6. Never pipette solutions by mouth.
7. Use smallest amount of radioactive material compatible with the objective
of the experiment.
8. Do not eat, drink, smoke, or chew in a radionuclide handling laboratory.
9. Do not store food, drink, or personal effects with radioactive material.
10. Wear assigned radiation monitoring devices.
11. Wash your hands and monitor hands and soles of shoes before leaving the
1aboratory.
12. Label containers of radioactive material clearly, indicating the con-
tents.
13. Knowledgeable, experienced personnel should train and supervise all
workers handling radioactive materials in the laboratory.
14. Establish and know proper actions to take in the event of laboratory or
personnel contamination.
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Protection from External Exposure to Radiation
For purposes of radiation protection, the radionuclides commonly used in

research laboratories may conveniently be divided into three groups depending
upon the type and energy of radiations emitted during decay.
1. Low energy beta-emitters such as H-3, C-14, S-35 and Ca-45.
2. High energy beta-emitters such as P-32.
3. Gamma and x-ray emitting nuclides such as Cr-51, Tc-99m, 1-125 and 1-131.

When handling low energy beta-emitters it is essential to prevent
contamination of skin and laboratory surfaces and to prevent internal exposure
by applying the radiation safety principles outlined previously. External
exposure to radiations emitted from these nuclides is not considered to be a
problem unless they are present as contamination on the surface of the skin.
As noted in Table 1, the low energy beta particles do not have sufficient
energy to travel more than 60 cm in air or more than 0.06 cm in fluids of
unit density. Most radiation will be absorbed by containers, solutions,
air, and clothing. The beta particle from tritium does not have sufficient
energy to penetrate the dead layer of the skin.

When handling radionuclides emitting high energy beta particles or gamma-
rays, the additional radiation protection principles of time, distance and
shielding must be applied to prevent unnecessary exposure to the penetrating
radiations.

TABLE 1

Energy and Range of Beta Radiation from Common KadionucI ides

Nuclide Half Life Maximum Beta Average Beta Beta Particle Range
Energy (keV) Energy (keV) in air in unit density

material
H-3
C-14
S-35
Ca-45
P-32

12.3 years
5730 years
H7.4 days
163 days
14.3 days

18.6
156
167
257

1710

6
49
49
77
700

0.6 cm
30 cm
30 cm
60 cm
6 m

5 mm
0.3 mm
0.3 mm
0.6 mm
0.8 cm
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Time
The total dose received during an operation involving radiation is equal

to the dose rate, e.g., in rem or gray per hour, times the time it takes to
get the job done. Obviously, the less time you are exposed, the less radiation
received.

The two basic principles used to reduce the time of exposure are planning,
and practice. Plan the procedures in advance and examine ways of doing the
job which will speed the procedure and/or limit the amount of time that
exposure to radiation is necessary. Equipment which eliminates the need for
direct handling of radioactive material is desirable. Practice the proce-
dures using non-radioactive materials. These "dry runs" will increase a
worker's ability to conduct experiments quickly and carefully.
Distance

For point sources of radiation, the intensity of the radiation field is
inversely proportional to the square of the distance, d, from the source:

rem/hr = K/d2

where K is a constant which depends upon the type and energy of the radiations
emitted by the source. The importance of the so called "inverse squared law"
lies in the quadratic relationship between exposure rate and distance.
Dramatic reduction in dose rate can be achieved by increasing the distance,d, between the worker and the source of radiation. By doubling the distance
between a worker and the source, the exposure rate is decreased by a factor
of four. Distance can be maximized by using remote handling instruments,
tongs for handling vials of radioactive material, and by just staying away
from the source whenever possible. Using tongs which are 20 cm in length
can decrease the exposure to the hands by a factor of 100 or more.
Shielding of Beta Particles

Shielding pure beta emitters is simplified by the lack of the more
penetrating radiations. Beta particles have a finite range in shielding
materials beyond which they cannot penetrate. The range of the beta particles
emitted by H-3, C-14, S-35, Ca-45, and P-32 in air and in unit density material
is shown in Table 1. P-32 emits particles which can penetrate into the
living tissues of the body. P-32 beta particles are also able to penetrate
unit density material of less than 8 mm thick. The thickness of glass in
glass vials used to store this nuclide is usually insufficient to stop all of
the beta radiation. P-32 can easily be shielded, however, by using additional
glass or plastic shielding of greater than 8 mm thickness. High energy beta
emitters such as P-32 should be shielded using a shielding material of low
atomic number such as glass or plastic. The interaction of the beta particles
with lead shielding or other high Z shielding materials may create penetrating
bremsstrahlung radiations.
Shielding of Gamma and X-rays

Unlike beta particles, gamma and x-rays do not have a finite range in
shielding materials. No matter how thick the shielding is, there is a small
probability that some of the gamma rays will penetrate without interacting
with the shielding material. The "half value layer" is a concept commonly
used when discussing the shielding of gamma emitters. This is the thickness
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of shielding material that will reduce the intensity of radiation by one
half. A second half value layer added to the shield will reduce the intensity
of the beam to one fourth of its original intensity, and so on. Half value
layers of lead and water for the gamma rays emitted by three common gamma
emitting nuclides are listed in Table 2.

TABLE 2

Half Va lue Layers for Gamma-rays

Nuclide Half Life Gamma-ray
Energies ( k e V )

1-125 6Û days
1-131 8.1 days

Cr-51 27.7 days

Co-60 5.3 years

« 3Ü (140%)
364 (82%)
638 (6.5%)
320 (9.8%)

1170 (100%)
1330 (100%)

Half Value Layers Dose Rate 1 in
Water Lead from 1 Ci (R/hrJ

2 cm
b cm

6 cm
10 cm

40 pin
3 mm

2 mm
1 cm

0.7
2.2

0.16
13.2

Practical Aspects of Radiation Shielding
Radioactive materials should be stored in shielding such that the dose

rate to people in the laboratory is less than 2.5 mrem/hr. Lead shielded
storage "pigs", lead sheet and lead bricks are usually commercially available
for constructing shielding for gamma emitting nuclides. Lucite or plexiglass
is an easily worked material for constructing shielding for beta emitting
nuclides. Other shielding such as shielded syringes and lead aprons are
available for special shielding needs.

If high energy beta particles and gamma-rays must be shielded simulta-
neously, it is best to construct a two layered shield. The first layer of a
low Z material, such as plexiglass, is used to shield the beta particles
without creating bremsstrahlung radiation. The second layer, constructed of
lead or other high Z material, is used to shield against the penetrating
radiation.
Limits for Exposure of Workers to External Radiation

The International Commission on Radiological Protection (ICRP) has recom-mended limits for exposure of workers to radiation which have been accepted as
regulatory limits by most nations (3). These limits were selected by the ICRP
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after review of all scientific information available on the biological effects
of radiation and consideration of the benefits to be gained by the use of
radiation and radioactive material. The limits recommended by the ICRP for
whole body exposure to penetrating radiation is 5 rem (50 mSv) per year.
Studies designed to detect increased risk of cancer in populations exposed
to ionizing radiation have not been able to detect an increase in risk from
exposures of this magnitude. Increased incidence of cancer is expected to
be very small and the sensitivity of the studies is limited due to the normal
background incidence of cancer in all populations. It is prudent to assume,
however, that any exposure to radiation is associated with some risk. The
radiation worker and institutional radiation safety organizations have an
obligation to limit exposures of personnel in accordance with the so called
"ALARA Principle", to keep exposures to radiation AS LOW AS REASONABLY
ACHIEVABLE.
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Chapter 3

USE OF IONIZING RADIATION IN THE STUDY OF
IN VIVO IMMUNE RESPONSES

M.J. RUEBUSH, D.E. BURGESS
Laboratory of Immunology,
Montana State University,
Bozeman, Montana, Canada

INTRODUCTION

Radiation Effects at the Organismal Level

Whole-body irradiation of experimental animals has been used widely to
study the contributions of specific cells or organ systems to the immune
response. Radiation causes changes in organismal physiology which range
from the molecular to the macroscopic. At the cellular level, radiation
causes increased membrane permeability, gross structural changes in chromo-
somes and chemical changes in the structure of DNA. In general, cells are
sensitive to radiation damage if they have, a high mitotic rate, a long
mitotic future (in other words, the ability to undergo many divisions) and
are of a primitive type. The most sensitive cells in the body are mature
lymphocytes, erythroblasts and spermatogonia (1).

In speaking of the sensitivity of various animals to radiation, it is
customary to refer to the LD n- ^, or the dose of radiation required to
kill 50% of exposed animals in ju days. To estimate this value for a given
type of animal and type of radiation, several groups of animals are exposed
to different amounts of radiation and their survival time over 30 days is
determined. A large number of biological factors influence an animal's
resistance to radiation. These include age, species, sex, and state of
health. In general, immature animals are radiosensitive, young adults are
radioresistant and adults display increasing sensitivity with age (1). In
the case of mice, newborns are insensitive to irradiation. This resistance
soon disappears, with maximum sensitivity being expressed by 3-4 weeks of
age. Females are generally more resistant to radiation than males, probably
as a result of hormone levels. The general health of an animal is also an
important factor in determination of the LD_n,__.>. Poor health increases
sensitivity to radiation probably due to increased colonization by pathogens
and opportunistic agents, since germ-free animals are more resistant to
radiation than their conventionally-maintained counterparts (2). Finally,
the genetic makeup of a given animal has a profound effect on response to
radiation. To illustrate the point, among six commonly used inbred strains
of mice BALB/c are most radiosensitive, with an LD . . of 544R, followed
by C57BL at 618R, A/He at 632R, ACF at 649R, CAF ae 656R and C3H at 665R
(3). 1 i

Experimentally, one attempts to minimize the effects of radiation on
other organ systems by careful selection of the exposure dose. Between 900
and 10,000 rads of radiation exposure, animals characteristically die within
3-5 days of severe morphological changes in the gastrointestinal tract (1).
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Therefore, the working dosage for our purposes will be between 300 and 900
rads. At this level, animals die within 10-15 days, usually from the
inability of their immune systems to handle even the most avirulent of
microbial agents.

Radiation Effects on the Immune System

In the bone marrow, erythroblasts or red blood cell precursors are
sensitive to radiation damage. Myelocytes, which are precursors to the
granulocyte series are somewhat less sensitive. There is a profound de-
pression in the production of polymorphonuclear leucocytes because of the
destruction of hemopoietic stem cells. Megakaryocytes, the precursors of
platelets are the least sensitive cells in the marrow, but recovery of all
cell populations is slow. Lymphocyte precursor cells are also disturbed by
radiation and this results in lymphopenia for several weeks following
irradiation. Mature red blood cells are resistant to radiation and have a
life span of approximately 4 months, so there are little changes in this
cell population except those caused by hemorrhage (1).

Auxiliary cells which are responsible for antigen handling during the
immune response are variously affected by irradiation. Phagocytosis is not
affected by irradiation although the bactericidal activity of these cells is
increased if irradiation is performed during or after phagocytosis, and
decreased if given before phagocytosis (4). Although macrophage precursors
are as sensitive to radiation as other dividing cell populations, macrophage
migration and phagocytosis are not altered by radiation even in the kilorad
range. Thus, the overall rate of clearance of foreign material is unchanged
in irradiated animals (5). Intracellular catabolism of ingested antigens is
variably reduced depending on the antigen used, but only after kilorads of
radiation. Macrophage intracellular levels of lysosomal enzymes are vari-
ably increased after irradiation, and irradiation increases the concentra-
tion and immunogenicity of macrophage membrane-bound antigen (5).

Lymphocytes as a group of cells are exquisitely sensitive to
irradiation, although there are ranges of radiosensitivity according to the
specific subclass of lymphocyte which is being examined. B lymphocytes are
generally more radiosensitive than T lymphocytes (4). Following antigen or
mitogen stimulation, both B and T cells acquire a degree of radioresistance,
and plasma cells, the end cells of antibody production, are highly resistant
to irradiation (4).

Other radiation-induced immune dysfunctions reflect alterations in the
immunoregulatory T cell interactions that are involved in the control of
induction, intensity, duration and quality of most important immune
responses. T lymphocytes are divided into several categories based on their
expression of membrane markers and genetically programmed functions. Among
the T helper cells, those which cooperate with B cells through carrier-
linked recognition are relatively radioresistant, and those which cooperate
with B cells through un-linked recognition are relatively more radiosensi-
tive (4). Suppressor T cells are generally believed to be more radiosensi-
tive than helper T cells, but little is known at this time about the
relative radiosensitivities of specific T suppressor subclasses (4). The
natural killer (or NK cell)» which is now believed to be of T cell lineage,
is relatively resistant to x-iradiation, but can be selectively depleted by
inoculation of mice with the osteotropic or bone-seeking isotope,
Strontium-89 (6).
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Use of Radiation in the Study of Immunity to Parasitic Protozoa
A model which has been used extensively in experiments which examine

the in vivo interactions of cells of the immune system is adult thymectomy
followed by lethal irradiation and bone marrow reconstitution (TxR model).
Claman et al. (9) first demonstrated the need for both thymus-derived
lymphocytes (T lymphocytes) and bone marrow-derived lymphocytes (B cells) to
produce an antibody response to sheep erythrocytes in the TxR model. Others
subsequently demonstrated the need for identity of the major histocompati-
bility complex between T and B lymphocytes for antibody production (10).
Recently the TxR model was used to examine the differentiation of cytotoxic
T lymphocytes (11). We (12-14) and others (15) have used the TxR model in
experiments designed to analyze the minimum cellular requirements for in
vivo immunity against parasitic protozoa. We have chosen a few of our
experiments with Babesia microti and Trypanosoma cruzi infections in mice to
illustrate the application of the TxR model in immunoparasitology.

MATERIALS

1. Thymectomy:

ether or Metafane
scissors, forceps
razor blades
mice
pasteur pipette
wound clips
vacuum pump
heat source

2. Bone marrow reconstitution:
70% ethanol
RPKI 1640 without serum (RPMI)
60 mm culture dishes
3 cc syringes, 26 ga needles
small forceps, toothed, scissors
trypan blue, .5% solution in 0.85% saline
phosphate buffered saline (PBS)
60-mesh stainless steel screen
hemacytometer
15 ml centrifuge tubes
micropipettes, 50-100 yl, adjustable
micropipette tips
3 cc disposable syringes
ice bath
centrifuge
mice
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3. Plaque-forming cell assay:

dissecting and compound microscope
microscope slides
double-sided Scotch tape
paraffin wax, molten
washed red blood cells
complement
lymphoid cell suspension
HEPES-buffered balanced salt solution with
5% fetal calf serum (BSS + 5% FCS)
95% ethanol
10 x 75 mm glass tubes or microwell plates
micropipette, 50-200 yl, adjustable
micropipette tips
scapel blade or razor blade

4. Antiserum treatment of cell suspensions:

15 ml test tubes
RRMI 1640
centrifuge
C0_ incubator
ice bath
antiserum of choice
complement
trypan blue dye
hemacytometer
microscope

5. Delayed-type hypersensitivity assay:

washed sheep red blood cells
phosphate-buffered saline
ice syringes
30 ga hypodermic needles
dial caliper

Our selection of strains of experimental mice was of course determined
by the susceptibility to the parasite in question. The BALB/c strain was
used for B. microti while the C57BL/6 strain was used for T. cruzi. The sex
and age of mice to be used were standardized and the LD -,_-. for both mouse
strains was established using a standard x-ray source ana dose rate. 600
rads (BALB/c) and 700 rads (C57BL/6) were determined to be the doses which
would kill 100% of the animals within 30 days, with most of the animals
dying from the hematopoietic syndrome within 10-15 days after irradiation.
These doses were therefore used uniformly thereafter.

PROCEDURES

Weanling thymectomy

1. Anesthetize 21-28 day old mice with ether or Ketafane. Shave
necks and 1 cm of rib cage with razor blade.

2. Place mice in a dorsal recumbency (i.e., supine position) with the
head directed toward the surgeon. Make a transverse incision in
the skin of the neck immediately anterior to the clavicles.
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3. Deflect the musculature of the neck away from the clavicles to
expose the trachea.

4. Make a slit in the membranous covering of the trachea and
introduce a pasteur pipette (modified to have a 3 mm opening and a
tip bent at right angles to the shaft) into the thoracic cavity
under the clavicles.

5. Apply 20-25 pounds of suction pressure through the pipette tube to
aspirate the thymus.

6. Replace the musculature of the neck and seal the skin incision
with a wound clip.

7. Keep animals warm with an incandescent heat source for 24 hours
after surgery. Remove wound clips after 7 days.

Bone marrow reconstitution (7)

1. Kill mice by cervical dislocation.

2. Wet mice with 70% ethanol. Make an incision through the doral
skin in the middle of the back. Grasp the skin on either side of
the incision and deflect the skin back to the hind feet.

3. Make a longitudinal incision in the thigh. Separate the muscle
from the femur, dislocate the knee and hip joints (by rotation),
and remove the femur to a culture disk on ice, containing RPMI.

4. Remove the epiphyses with scissors, puncture the ends and flush
the BMC into a new culture dish with a 3 cc syringe and 26 ga
needle filled with RPMI.

5. Draw the BMC in and out of the needle and syringe to obtain a
single cell suspension, transfer the suspension to a 15 ml
centrifuge tube and place on ice 5 minutes to allow the debris to
settle.

6. Count the cells and determine their viability by trypan blue dye
exclusion. Resuspend to 1 x 10 cells/ml and inoculate 0.1 ml
intravenously into the tail vein of irradiated recipient mice.

Plaque-forming cell (FFC) Assay 8)

1. Clean the microscope slides by dipping in 95% ethanol and allow to
air dry.

2. Form a chamber with 2 clean slides by placing one slide on a flat
surface. Place a strip of 2-sided tape on either end of the slide
and place the second slide on top of the tape.

3. Lift the slide chamber and remove the excess tape with a sharp
blade. The resulting chamber will consistently hold about 0.15 ml
if care is taken in the placement of the tape each time.

4. Prepare a single-cell suspension Rof spleen cells (from mice
immunized intravenously with 1 x 10 sheep red blood cells (SRBC)
7 days previously) in BSS containing 5% FCS. Adjust the suspen-
sion to 2.5 x 10 SC/ml.
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5. Make a series of 1:10 dilutions of a. final volume of 1 ml „eachS A -tyielding 3 suspensions with 2.5 x 10 , 2.5 x 10 , 2.5 x 10 /ml,
respectively.

6. Prepare an indicator suspension of sheep red blood cells by mixing
0.5 ml 10% (v/v) washed sheep erythrocytes, 0.3 ml guinea pig
complement, and 2.0 ml BSS + 5% FCS.

7. To a series of tubes (or microwells), add 0.2 ml of each diluted
SC suspension. To each tube, then add 0.2 ml of indicator suspen-
sion and mix well.

8. Using a micropipette, fill 2 chambers for each SC dilution to
approximately 90% capacity with a measured amount of the mixture.
Insure that an even monolayer of red cells is obtained. If not,
adjust the red cell concentration in step 6.

9. Seal the edges with molten wax and incubate the chambers at 37°C
for 1 hour.

10. Enumerate the resulting plaques with the aide of a dissecting
microscope or hand magnifier.

Antiserum treatement of cell suspensions

1. To a single cell suspension of ] x 10 thymocytes, bone marrow
cells or spleen cells, add antiserum according to package
instructions.

2. Incubate 1 hour on ice.

3. Wash two times with RPMI by centrifugation.

4. Add complement source according to package instructions.
5. Incubate 1 hour at 37°C.

6. Wash suspension, resuspend, and determine viability by trypan blue
dye exclusion.

Delayed-type hypersensitivity (DTK) assay
o

1. Immunize mice by inoculating 1 x 10 SRBC in 0.1 ml PBS subcu-
taneously into right flank.

2. Seven, days later, inoculate right foot pads subcutaneously with 1
x 10 SRBC in 0.05 ml PBS, using a syringe and 30 gauge needle.
Inoculate left footpads with an equivalent volume of PBS.

3. Twenty-four hours later, measure the thickness of the right vs.
the left footpads with a dial caliper.

The basic protocol used to produce B cell or T cell-depleted mice is
shown in Figure 3.1. Weanling mice were thymectomized or sham thymectomized
and set aside for 4 weeks. At this time, mice were lethally-irradiated and
reconstituted intravenously with anti-theta serum-treated bone marrow cells
or thymocytes, or both. Murine bone marrow contains a significant popula-
tion of theta antigen- positive T lymphocytes which must be removed in order
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Experimental Protocol

BALB/c Mice

Weanling Thymectomy or Sham Operation

1 4 Weeks
Lethal Irradiation (600R)

24 hours

Control ^Experimental
no cells Reconstitution IV with bone

2~3 weeks marrow cells, thymocytes or both

Ideath ---- — _ _ _ _ - _ - - - - -
I08 B.microti IV

30 days

Bled every 2 days

I08 SRBC

IV right footpad

1 4 days 1
RFC assay 10e SRBC

left footpad

24 hours
DTH measurement

Figure 1: See text for details

to obtain a successfully T cell-depleted mouse. The mice were given tetra-
cycline in their drinking water for 2 weeks until the gastrointestinal phase
of radiation damage was past, and then infected with B_. microti or T. cruzi
two weeks later. All subsequent steps in the protocol were designed to
establish that the technique used had selectively abrogated the desired
population: T cell-depleted mice would not mount a normal PFC response (a
T-dependent antibody response) or DTH response (DTH; a T cell-mediated
response) to a heterologous (SRBC) antigen; a B cell-depleted mouse would
mount a normal DTH response and no PFC response.

When parasitemias were determined, it became obvious that mice which
were depleted of T cells had a diminished ability to handle either parasite
compared to mice which were sham operated and irradiated, although neither
of these groups handled infection as successfully as mice which had not been
irradiated (20,22).
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A similar protocol was used to study the relative contributions of
specific subpopulations of immune lymphocytes to protection of mice from
infection (Figure 3-2). In this case, mice were depleted of their own T
lymphocytes by thymectomy and bone marrow cells by irradiation. The animals
were then infected and given immune spleen cells which had either been
treated with anti-theta serum to remove immune T lymphocytes or anti-
immunoglobulin serum to remove immune B lymphocytes.

BALB/c MICE
WEANLING THYMECTOMY OR SHAM OPERATION

4-6 WEEKS

LETHAL IRRADIATION (600R)

IRRADIATION CONTROLS
6-8 HOURS

EXPERIMENTAL
NO CELLS RECONSTITUTION IV WITH I07 BMC

2-3 WEEKS
DEATH

4-6 WEEKS

5xl07 SC IMMUNE
TO SRBC IV

2 HRS ./ X,2 DAYS

\
I08 B. microti IV

I DAY\
I08SRBC IN FOOTPAD

24HRS.

READ DTH

ix r<

I
PLAQUE
ASSAY

5* I07 ISC FROM MICE
WITH 38-52 DAY
INFECTIONS

20 DAYS
\

LEC

\
BLED EVERY 2 DAYS

IPOST MORTEM EXAMINATION
FOR THYMIC REMNANTS

Figure 2: See text for details

When parasitemia curves were compared for these animals, it was found
that anti-theta serum treatment to remove T lymphocytes abrogated the
ability of immune spleen cells to protect naive mice. When spleen cells
were depleted of B lymphocytes, however, there was no change in their
ability to protect naive mice from infection. Thus, by using this system,
it was possible to determine that both the primary and secondary immune
responses to these parasites are strongly T lymphocyte-dependent (20,21).

It should be obvious from our discussion that the TxR model is a
complex system which cannot be used successfully without the commitment of
large amounts of time, effort and animals. On the other hand, information
obtained using this model system in a properly controlled fashion can be
extremely meaningful as it reveals parasite-host interactions at the or-
ganismal level. An understanding the effects and means of manipulation of
whole body irradiation dosages should remove in advance one of the most
potentially frustrating reasons for experimental failures.
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I. MECHANISMS OF IRRADIATED CERCARIA-INDUCED RESISTANCE

Resistance to infection with several schistosome species has been induced by
prior exposure to radiation-attenuated cercariae or schistosomula of the
same species. Although resistance has been induced in a variety of
mammalian host species, almost all studies on the mechanisms of resistance
have been carried out in laboratory mice with Schistosoma mansoni. For this
reason, this discussion will be confined to studies carried out in mice with
jî. mansoni. A detailed review of this work has already been published (1).
Studies with Schistosoma mansoni

1. Type and dose of radiation

EL mansoni larvae attenuated with gamma-, X-, and ultraviolet-
irradiation have induced resistance to challenge with normal non-
irradiated cercariae. A wide range of radiation doses — from 2 to 100
kilorads in the case of gamma — has been used successfully. In
individual studies, both low (2,3) and high (4,5,6) doses have been
more effective.

2. Host genetics
Mouse strains vary widely in the level of resistance they develop

after exposure to irradiated cercariae (7-10). No simple relationship
between H-2 haplotype and resistance has been demonstrated.

3. Immunogenic parasite stages

Studies carried out thus far indicate that early (skin and lung)
irradiated larval stages are probably the most effective inducers of
resistance, but that the skin phase of migration is not required. Some

35



studies have indicated that cercariae lose some effectiveness
immediately after artificial conversion to skin-stage schistosomula
(6,11,12). In one study irradiated lung-stage schistosomula induced
significant resistance, in some experiments equal to that induced by
irradiated cercariae (13); in another study, however, low, sometimes
insignificant, levels of resistance were induced by irradiated lung
schistosomula (12). Irradiated 3- and 4-week- old liver worms have
induced very little resistance (13).

Recent experiments involving removal of the immunized skin site
and autoradiographic tracking of immunizing worms indicate that
irradiated cercariae can induce resistance in either the skin or the
lungs, depending on the dose of radiation used for attenuation, and
that at least 8 days of host contact with irradiated larvae are
required for optimal induction of resistance (14).

No information is available about the nature of the parasite or
host factors required for the induction of resistance by irradiated
schistosomes.

4. Optimal immunization conditions

The number of irradiated larvae and the route and timing of
exposures required for inducing the highest possible levels of
resistance have been difficult to define. In individual experiments,
as few as 50 or as many as 30,000 larvae have been optimal. Similarly,
there is no consensus on the best route for larval administration;
active skin penetration and intraperitoneal, subcutaneous, and
intramuscular injection have all been used successfully. Most data
indicate that a 3- to 4-week interval is required between a single
immunizing exposure and challenge infection for maximal resistance to
be expressed. Multiple immunizing exposures have not boosted
resistance above the level obtained with one exposure in most studies.
Notable exceptions, however, are the studies of Hsu and co-workers
(15-17), who observed a steady increase in resistance, to greater than
90% reduction in challenge adult worm burden, when the number of
immunizing exposures was increased from 1 to 5. The use of longer
intervals between exposures — usually 4 weeks — in the experiments of
Hsu et al. may have accounted for their success; their experiments also
differed from those carried out in most other laboratories in the use
of X- rather than gamma-irradiation.

5. Site and time of challenge elimination

Information about the schistosome developmental stage which serves
as the target of irradiated cercaria-induced resistance, and the time
and host site of worm elimination, has come from three experimental
approaches.

a. Fate of injected challenge worms of various ages. In one study,
5-day-old lung schistosomula obtained from normal mice and
injected into the lung vasculature of irradiated cercaria-
immunized mice were no more susceptible to elimination than
schistosomula injected into non-immunized mice (18). In another
laboratory, however, both 6- and 12-day-old lung schistosomula
were found to be susceptible in immunized mice (13). In the same
study, 20-day-old liver worms were not susceptible to elimination
following injection into the hepatic portal system of immunized
mice.
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b. Recovery of challenge worms. Rather complicated information about
challenge worm populations has been obtained by the comparison of
worm recoveries from control and immunized mice. The number of
schistosomula recovered from the skin by mincing and incubation
has been reported to be reduced in immunized mice in comparison
with challenge controls (11). Similarly, the number recovered
from the lungs, also by mincing and incubation, has been reported
to be reduced in immunized mice (11,15,19,20). The day of peak
lung recovery from immunized mice was also found to be delayed for
several days in comparison with controls. In all cases, the
extent of the reduction in skin or lung recovery was insufficient
to account for all of the reduction in worm burden observed at the
adult worm stage by portal perfusion. Also, the possibility that
the efficiency of the recovery techniques was reduced by factors
other than worm death, such as altered worm behavior or
inflammation, was not ruled out.

c. Autoradiographic tracking of challenge worms. Challenge worms
labeled with radioactive selenium in the form of
Se-selenomethionine have been tracked during migration from the

skin to the liver by counting worms detectable as foci of reduced
silver on X-ray film exposed to dried tissue squashes (21). The
results of these experiments confirmed that migration of schisto-
somula from the skin to the lungs is delayed in irradiated
cercaria-immunized mice. It was also demonstrated that few if any
schistosomula died in the skin of either control or immunized
mice, and that equal numbers of schistosomula eventually reached
the lungs of control and immunized mice. The number of worms
detectable in the liver 3 weeks after challenge was greatly
reduced in immunized mice in comparison with controls. In
summary, these results indicated that, under the conditions of
these experiments, immune elimination took place sometime after
arrival in the lungs and probably before arrival in the liver.

6. Mechanism of challenge worm elimination

As the previous section indicates, the exact time and site of
challenge worm elimination in irradiated cercaria-immunized mice is not
known. Similarly, we have suggestive but inconclusive information
about the nature of the host and parasite interaction involved in worm
elimination. Transfer of resistance has been shown to take place
between parabiotic (surgically joined) mice sharing a common
circulation (22). Mice congenitally deficient in T lymphocytes and
mice depleted of B lymphocytes by treatment with an anti-u-antibody
both failed to develop detectable resistance after exposure to
irradiated cercariae; in both cases immunosufficient counterparts
developed significant resistance (23).

These studies indicate that factors which can be transferred
between mice, possibly including T cell-dependent antibody, are
involved in challenge worm elimination. The persistence of resistance
for at least 78 weeks (16), many months after the irradiated larvae
have been cleared, provides strong evidence that specific mechanisms
involving immunological memory are responsible. Nevertheless, attempts
to identify the host factors involved have been unsuccessful, since the
injection of antibody or leukocyte preparations from immunized into
normal mice has not transferred significant levels of resistance to
challenge (24).
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II. PROCEDURES: PREPARATION OF AND EXPOSURE TO IRRADIATED CERCARIAE

A. Preparation of cercariae (25):

1. Establish proper safety procedures:
a. clear off all work areas
b. glove up: use 2 pairs gloves, lab coat, arm splash guards

covering lab coat sleeves and gloves; wear protective plastic
faceguard

c. clean up all areas using 70% ethanol and Lugol's Iodine
Solution

2. Prepare labeled beakers with 50 ml snail water for each pan to be
shed.

3. For each pan in turn, shut off air, remove and discard aerator
pipette and any lettuce in pan, taking care not to discard any
snails.

4. With small fish net, remove live snails from the pan. Wash with
snail water and "squirt" bottle and transfer to an appropriate
beaker.

5. Place the beaker containing the live snails on the light table and
shine a second light from about 6 inches above the beaker.
Maintain light source at proper distance to keep snail water
temperature at approximately 34-37°C.

6. Repeat steps 3-5 above for all pans to be shed at this time.
7. Set timer for 75 minutes.

8. Clear all pans in the sink, one at a time, with hot water straight
from faucet using caution not to splash.

9. If mice are to be exposed, now is the time to place mice in
restrainers (see "infecting mice" for further instructions.)

10. At the end of 75 minutes, pour snail water containing cercariae
from each beaker into a 50 ml centrifuge tube, retaining snails in
beaker with forceps.

11. Place snails on top of screen resting on a 750 ml beaker. Wash
one side of snails using snail water in a squirt bottle. Place
second screen on top of first, invert the two screens, remove the
first screen and wash the other side of the snails to remove
rotifers.

12. Return snails to proper pan.
13. Repeat steps 10-12 above for each beaker.

14. Clean snail feces, lettuce, etc., from centrifuge tubes with
pipette and bulb. Viewing tubes from the bottom allows visualiza-
tion of settled waste.

38



15. Arrange beakers containing cercarial suspensions in sequence by a
pan number on the light table, and place a gridded petri dish on
the lab bench on front of each beaker. This arrangement
facilitates rapid counting and recording of data.

16. With autopipette, remove and place five 0.1 ml samples from each
beaker into its respective petri dish. Do not mouth pipette.
Samples should be collected from the top, bottom, and middle of
the cercarial suspension, stirring between each sample to increase
accuracy of averaged counts.

17. Repeat step 16 for all beakers.
18. Add 1 drop of Lugol's Iodine Solution to each 0.1-1.0 ml of sample

to kill the cercariae for safety and easy counting.

19. Count cercariae in each drop for each beaker and record the counts
on the data sheet.

20. Average the five counts and record this average.

21. "Total Cercariae'Vbeaker is determined by multiplying the average
number/0.1 ml x 10 = Average # of cercariae/ml. This is then
multiplied by the volume of the beaker (50 ml) to obtain total
cercariae.

22. Divide total cercariae by the number of live snails shed for that
group to determine the average cercarial production per snail.

23. Repeat steps 18-22 for each beaker.
24. Combine all cercariae into 750 ml. If necessary, remove any

additional wastes that might have been missed when cleaning.
Calculate the # of cercariae/volume in this beaker.

25. If cercarial concentrations are too low, they must be increased
(see "concentration of cercariae.")

B. Concentration of cercariae;

1. Use a 10 ml graduated cylinder which has been blackened from the
bottom to within 1.5 cm of the top. For larger volumes, use a 250
ml flask similarly blackened or wrapped in aluminum foil.

2. Fill this graduated cylinder to the top with cercarial suspension.
3. Darken the room.

4. Shine a concentrated light source (i.e., microscope light) on the
top 1.5 cm of the graduated cylinder. Since the cercariae are
phototrophic, they will be drawn to the top of the cylinder by the
light.

5. After 3 minutes (or longer, depending on concentration and
volume), draw concentrated cercariae from top of graduated
cylinder with pipette and bulb.

6. Empty remainder of graduated cylinder contents into another
beaker.
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7. Repeat steps 2-5 until desired volume and concentration of
cercariae are obtained.

8. Check concentration of cercariae using four 0.1 ml samples on a
gridded petri dish, killing cercariae with Lugol's Iodine
Solution, counting and averaging samples and multiplying the
average count x 10 x volume of concentrated cercarial suspension
(as in steps 18-21 under "shedding cercariae.")

C. Irradiation of cercariae - 50 Krad:

1. This procedure must be modified to suit: the instrument. Check
irradiator to be sure element is down.

2. Open door to irradiator keeping fingers from cracks around door
opening.

3. Remove any lead screens covering the element housing.

4. Place centrifuge tubes containing cercariae into a beaker. Pack
in ice if irradiation source generates significant heat.

5. Place beaker on top of stand in irradiator. Center beaker so
entire centrifuge tube will be uniformly exposed.

6. Set timer to give desired irradiation exposure.

7. Press safety release button and expose element by raising the arm.

8. Check to be sure timer is running.

9. Remove cercariae from irradiator.

D. Exposing animals - tail immersion

1. Set up board upon which exposures will take place with disposable
culture tubes.

2. Label areas on board where each cage will be exposed.

3. Place mice in restrainers with tails exposed. Place restrainers
on the board in appropriate area with mouse tail hanging into
tubes.

4. Add given number of cercariae to each tube as designated in
experimental protocol (30, 60, 120 cercariae, etc.), using a
dispensing pipette.

5. Add snail water of same temperature (approx. 30°C) to each tube to
bring final volume to 5.0 ml.

6. Set timer to 1 hour.
7. When time is up, add drops of Lugol's Iodine Solution to each

tube, return mice to their cages, and clean up thoroughly.

E. Production of schistosomula - mechanical method (26):

1. Desired number of cercariae must be contained in 15 ml snail
water.
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2. Draw cercarial suspension into 20 ml syringe with a 22 gauge
needle.

3. Place needle into empty, multi-injectable vial.

4. Wrap syringe, needle and vial in a plastic bag.

5. Inject cercarial suspension into vial, then draw it back into
syringe.

6. Repeat step 5 four times.

7. Place schistosomula suspension (containing cercariae, schisto-
somula and tails) into 15 ml tube.

8. Vortex tube 15 seconds at low speed.

9. Allow tube to sit at 1 x gravity (G) for 10 minutes giving schisto-
somula a chance to settle.

10. Remove top 1/3 of suspension. Check under microscope to be sure
there are a few schistosomula. If there are many, allow to settle
for another 10 minutes.

11. Add RPMI medium with 5% Fetal Calf Serum to fill tube.

12. Vortex tube.

13. Allow schistosomula to settle at 1 x £ for 10 minutes.

14. Repeat steps 10-13 up to five times, if necessary, to produce
"pure" schistosomula.

15. Check remaining suspension for schistosomula concentration and
percent transformation of cercariae to schistosomula. Transforma-
tions will increase with time if the schistosomula are incubated
in tissue culture medium at 37°C.

F. Exposing animals - intraperitoneal injection:

1. Concentrate cercariae or schistosomula to approximately 1,000/ml.

2. Select cages to be infected.

3. Draw suspension into 10 cc syringe without needle.

4. Using a 22 gauge needle, inject 0.5 ml of suspension intraperitone-
ally to deliver 500 organisms/mouse.

5. Wash abdomens of mice with 70% ethanol.
6. Label cage with exposure and date.

FORMULA FOR LEPPA SNAIL WATER;

1. Dissolve the following salts in 2 liters of deionized water, weigh out
the exact amount and add in the following sequence. Allow each to dissolve
completely before the addition of the next.
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SALT AMOUNT
Cad , 2H 0 1.83 grams
MgSO , 7ITO 3.075 grams
K SO, 0.10 grams

0.12 ml (solution of 150 mg/50 ml)

2. Allow mixture to stir for one hour.

3. Add: NaH2C03 1.05 grams.

4. Stir until completely dissolved.

5. Add 23 liters of deionized water; total volume = 25 liters.
LUGOL'S IODINE SOLUTION FORMULA;

Heat to dissolve.:
10 grams iodine (crystal)
2 grams KI
500 ml deionized water

III: DEVELOPMENT OF AN IRRADIATION ATTENUATED CERCARIAL VACCINE AGAINST
SCHISTOSOMIASIS

The most promising vaccine against schistosomiasis which has been
developed to date is the live irradiation attenuated cercarial vaccine.
Acquired protection to challenge infections has been demonstrated in a
number of experimental animals including rodents, cattle and primates using
such a vaccine formulation. Generally, the highest levels of protection
have been attained by the percutaneous administration of the vaccine.
Direct injections (subcutaneous, intramuscular, or intravenous) have proven
to be less effective.

Although the irradiation attenuated cercarial vaccine has
experimentally yielded the best results in the laboratory, tremendous
logistical problems exist in fielding such a preparation. Production of the
vaccine requires a reliable source of live material and sophisticated
equipment for irradiation. Although irradiated schistosomula are still
effective following cryopreservation (7), freezing and storage become
expensive procedures when one contemplates immunizing large populations in
tropical climates.

The live attenuated cercarial vaccine is prepared by exposing the
infective stage of the schistosome to a dose of ionizing irradiation. This
dose must be of sufficient strength to reduce or preferably remove cercarial
pathogenicity. However, the ionizing irradiation should not reduce, but
preferably improve immunogenicity. It is also necessary to establish
optimal rates and total doses of irradiation for attenuation.

Currently several sources of ionizing radiation are available. X-ray
has been in use the longest but has yielded variable results over the years,
perhaps primarily due to a vast array of X-ray instruments. Cobalt-60 has
proven to be the most consistent and many workers currently employ this
source of ionizing gamma rays. Cesium-137 is becoming more readily
available in many research facilities. Cesium-137 instruments offer the
advantage of being quite compact and yet capable of delivering desired
dosage. X-ray machines have several disadvantages compared to gamma emitter
sources. X-ray machines generally have significantly lower output therefore
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irradiation treatment will take much longer than with gamma. Since time is
an important factor with cercarial activity decreasing rapidly, shorter
exposure times afforded by the gamma emitters are preferred for attenuation.

Quality (energy) of irradiation, concentration of the cercarial
suspension to be irradiated, temperature of irradiation attenuation, and
other factors such as pH, oxygen tension, and trace elements must also be
considered. Cesium-137 has an energy of gamma irradiation (0.7 MeV)
approximately half that of cobalt (1.2 - 1.3 MeV). Because of this, more
tissue injury has been found to occur with cesium-137 teletheraphy than with
cobalt-60. Therefore, different biological effects of cercarial attenuation
might be expected, depending on the source of ionizing irradiation.

Since optimal conditions have yet to be established, it is not possible
at this point in time to delineate standardized practices. Standardization
should be a primary goal of all those working with the irradiation attentu-
ated vaccines. To achieve this, researchers need to record and report all
possible variables which may influence vaccine efficacy.
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Chapter 5

PRINCIPLES OF CRYOPRESERVATION OF
PROTOZOAN PARASITES

J.L. LEEF
Biomédical Research Institute,
Rockville, Maryland, United States of America

INTRODUCTION

Individual types of cells require different cooling and warming rates
to achieve optimum survival after freezing and thawing (1,2) and the
differences in optimal rates may differ by several orders of magnitude. The
response to different cooling rates of several cell types is shown in Figure
5-1 where the optimum cooling rates range from 0.3°C/min for Schistosoma
mansoni to l,100°C/min for red blood cells. This figure shows that there is
a tremendous variability in the requirements of cells to survive freezing.
Referring to cooling rates as either slow, moderate or fast is meaningful
only with respect to a particular cell or to cells having cooling rate
requirements similar to that cell. A fast cooling rate for a stem cell is
several orders of magnitude too slow for an erythrocyte (Fig. 5-1); there-
fore, when the response of a given cell type to freezing is unknown, a
number of cooling rates should be examined.

70 r STEM CELLS

1.0 10 100
COOLING RATE(°C/min)

1000 10,000

Figure 1. The survival of various types of cells as a function of
the cooling rate employed in °C/min. The data from stem cells (D),
yeast (•), Hamster (A), and RBC (o) is from Leibo and Mazur (85). S
optimum for schistosomules of £[. mansoni (9); and Sp optimum for
sporozoites of P. berghei (8). (Partially redrawn from Leibo and Mazur,
by permission of the authors.)
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In general, the survival of a given cell type following cooling at
various rates approximates a Gaussian distribution (Fig. 5-1). It is
evident that cells can be killed if cooled at either too slow or too rapid a
rate and their optimum survival occurs at a rate between these extremes.
This phenomenon has been explained by Mazur in his "two factor hypothesis of
freezing damage" and has been substantiated elsewhere (3-6). In qualitative
terms, the hypothesis states that cells cooled slower than the optimum
cooling rate are killed by solute effects. As the cooling rates become
increasingly slower than the optimum the greater these effects are ampli-
fied. During freezing, water is removed from solution as pure ice causing
the solute concentration to rise in the unfrozen portion of the suspension.
At these suboptimum cooling rates, the unfrozen portion of the sample
includes the cells that are therefore exposed to the concentrated salts
which can cause osmotic shrinkage of the cells. The increases in solute
concentration are also accompanied by changes in pH and ionic strength;
these changes with the possible exception of a certain degree of shrinkage
may cause the denaturation of membrane proteins. The events are time and
temperature dependent; therefore, the longer the cells are exposed to this
brine, the more likely is cell death.

At cooling rates faster than the optimum cooling rate, the cells cannot
maintain osmotic equilibrium with the extracellular ice by losing intra-
cellular water quickly enough. Thus, intracellular ice forms and this event
is generally lethal. The intracellular ice crystals are unstable and can
change rapidly during storage and thawing. These changes, termed migratory
recrystallization, are believed to be the major cause of injury. When ice
forms within the cell, the crystals are of different sizes and small
crystals have a higher vapor pressure than larger ones. The vapor pressure
differential causes the larger crystals to grow at the expense of the
smaller ones causing expansion that can be disruptive to the cell and/or its
vital organelles. In the study where this process was examined morpho-
logically, it was observed that when yeast cells were frozen at l,500°C/min
and warmed from a low temperature to -20°C, recrystallization was so rapid
that the cell was hardly recognizable after five minutes (7). Because of all
these considerations, a safe storage temperature for such cells is generally
believed to be any temperature below -100°C.

The optimum cooling rate can be seen then as a balance between the
deleterious results of the solute effects on one hand and the intracellular
ice effects on the other. This balance may extend over a broad range of
cooling rates or be very narrow. For example, Plasmodium berghei sporozoites
show an optimum cooling rate ranging from 20 to 60°C/min whereas S. mansoni
schistosomules have an optimum cooling rate peak that extends only from 0.2
to 0.4°C/min and survival falls off rapidly on either side of the optimum
(8,9). These same organisms exhibit still another optimal cooling rate
where much higher viability is obtained at rates in excess of l,000°C/min
(10).

It Is believed that for cells in suspension, damage induced by thawing
will be minimized if warming is done as rapidly as possible. Yet the
survival of cells cooled at optimal or suboptimal rates is relatively
independent of the warming rate used (1,2,11). Conversely, cells cooled at
superoptimal rates are adversely affected by slow warming rates and recovery
is highest when rates are rapid (2,11). There are exceptions to this as
well: Meryman found that in a sodium free buffered salt solution in
glycerol, human erythrocytes were least damaged upon slow warming
(0.3°C/min) (12). Whittingham et al. found that mouse embryos cooled at
their optimum rate of 0.3-2°C/min were viable when warmed at the relatively
slow rate of 4-25°C/min but that rapid warming (215-450°C/min) was always
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lethal regardless of the cooling rates employed in that study (13). There-
fore, just as with cooling rates, a series of warming rates should be
examined before a routine regimen is set up. Throughout this report all
thawing was done rapidly in a 37°C water bath unless otherwise stated.

The optimal type and concentration of preservative to be used also
varies from one cell type to another. Cryoprotectants can be grouped into
two categories: low molecular weight compounds which enter the cell or
organism and high molecular weight compounds which act extracellularly.
Their action and the mechanisms by which they are thought to operate will be
discussed below.

Preservation of Erythrocytes

The preservation of erythrocytes has a long history of research effort
both because of obvious clinical applications and because of the unique
properties of the erythrocyte membrane. The red blood cell is perhaps
nature's best osmometer and for that reason has been studied extensively as
a model to explain freezing and thawing damage and other membrane associated
phenomena. It is not the purpose of this paper to review the extensive
literature in this field but rather to attempt to chronicle the different
types of freezing regimes reported in recent years. The choice of repre-
sentative citations was an arbitrary one and all who have contributed could
not be cited; further reviews by Rowe and James should be consulted (79,80).
Blood freezing is included in this chapter because it has been so extensive-
ly studied. Thus the reader may be directed to an extensive body of litera-
ture. This is not the case with parasite freezing where the literature
contains very little background or theoretical cryobiological information.

Experimental Blood Freezing
Blood freezing has been studied both for the ultimate goal of long-term

storage in frozen blood banks and to elucidate the mechanisms of damage by
freezing and thawing. This section will deal mostly with the latter
approach; however, much of what was found in these mechanistic studies has
proven applicable to blood banking research. In general, most of these basic
studies used relatively small volumes of blood and the effect of variable
cooling rate, warming rate and type and concentration of preservatives has
been examined. On the basis of these experiments, there seems little doubt
that cells cooled at superoptimal rates are killed by the effects of intra-
cellular ice and its subsequent recrystallization during warming (14), but
the cause of death at suboptimal rates is less clear. The two major theories
contend that slow freezing injury is either the result of the concentration
of electrolytes exceeding a critical value (15) or due to the cells osmoti-
cally shrinking to below a critical minimum cell volume (16). Farrant and
co-workers (17-19) studied mechanisms of cryoprotection in erythrocytes
undergoing thermal shock and found that low molecular weight (intracellular
or penetrating) preservatives such as glycerol and dimethylsulfoxide (DMSO)
and higher relative molecular weight (extracellular or nonpenetrating)
compounds such as hydroxyethyl starch (HES), dextran and polyvinyl
pyrrolidone (PVP) protect the cell in different ways. He concluded that
penetrating agents exerted no effect in protecting cells other than the
dilution of electrolytes at any given temperature. Conversely, nonpene-
trating agents, specifically PVP, in addition to reducing the salt
concentration also reduces swelling and hemolysis during freezing (18-20).

Freezing in the absence of preservatives. Basic studies where
cryopreservatives were not used were generally not aimed at obtaining the
ultimate in viability, but rather were done to study the process of freezing
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In the most unaltered state possible. Nei, working with rabbit red blood
cells attempted to separate damage due to freezing from that done during
thawing (21). He observed that when cells were slowly cooled to and warmed
from -10°C, hemolysis was observed both during freezing and thawing. When
the cells were rapidly cooled, all lysis occurred during thawing (21,22).
Miller and Mazur showed that the recovery of unhemolyzed red blood cells in
isotonic saline cooled at rates of 0.5° to 1,000°C/ min to -196°C and warmed
at 550°C/min was approximately 15% (23). However, at a much higher cooling
rate (2,300°C/min), recovery is approximately 75% (24).
Freezing in the presence of preservatives - penetrating (intracellular)
agents. The effectiveness of intracellular preservatives on erythrocytes
after various freezing regimes has been extensively studied (14, 24-29).
Morris and Farrant reported 97% recovery of human red blood cells cooled
from 100 to l,000°C/min in 10% DMSO, while 90% recovery was obtained using
10% glycerol at similar rates (29). Miller and Mazur (23) found that
varying the warming rate was important in the recovery of human erythrocytes
frozen in 2 Molar glycerol. Cells cooled rapidly (600 to 1300°C/min) showed
the best recovery when warmed rapidly and the poorest when warmed slowly
(23). Cells frozen at intermediate rates of 54 or 180°/min showed high
survival at all warming rates but those frozen slowly at 0.27 or 1.7°C/min
survived best when warmed slowly at .47° or l°C/min. They suggested that
this specific requirement for slow thawing may result from osmotic shock
upon rapid dilution. However, they concluded that the basis for such osmotic
behavior was uncertain (23). The mechanism by which an intracellular
preservative protects cells is generally felt to be colligative; that is,
the preservatives function within the cell by decreasing the concentration
of the intracellular electrolytes at any given temperature. This property is
generally beneficial to cells at both slow and rapid cooling rates because
of the presence of an antifreeze substance within the cells. However, it has
been shown with bovine erythrocytes that glycerol, long felt to be strictly
an intracellular preservative, does not need to enter the cell to provide
its protective effect (14). It can be concluded that red blood cells can be
successfully frozen in the presence of glycerol or DMSO at relatively slow
or rapid rates.

Freezing in the presence of preservatives - nonpenetrating (extracellular)
agents. This class of compounds has also been extensively studied for
effectiveness in preserving red blood cells (24,28-33). One of the advan-
tages of extracellular preservatives in the freezing of blood is that they
need not be removed before use. When intracellular preservatives are used,
elaborate dilution schemes must be used in order to reduce the intracellular
concentration of these agents otherwise the cells will lyse when returned to
isotonicity. Meryman and Hornblower have reported that slow freezing of
blood requires a high concentration of penetrating agents such as glycerol
but at rapid rates, a variety of nonpenetrating agents at low concentration
such as glucose, glucose-lactose, PVP, HES and a polypeptide of peptone can
be used effectively (30). Conversely, Morris and Farrant (29) working with
a series of concentrations of DMSO, glycerol, sucrose, bovine serum albumin
(BSA) and PVP at cooling rates ranging from 2° to 2,000°C/min concluded that
both penetrating and nonpenetrating agents protected the erythrocytes
against damage during slow cooling. With the exception of PVP, all the
compounds tested were less effective at faster rates once they were present
in sufficiently high concentrations. The percent recovery of intact human
red blood cells varied from 75 to 97% with the preservatives used with
respect to post-thaw hemolysis (29). Thus, small volumes of erythrocytes
can be frozen and thawed quite successfully if a given type of cryopro-
tective agent is used at its proper concentration at the optimal cooling and
warming velocity for the cells.

50



Preservation of Blood for Tranfusion

Red blood cells to be frozen and stored at low temperature for clinical
use are collected in an anticoagulant, centrifuged to separate them from
plasma and mixed with a protective additive. The blood cells are then frozen
in one of a variety of containers in either a ~80°C freezer, directly in
liquid nitrogen at -196°C or in the vapor phase of liquid nitrogen at
approximately -150°C. Blood frozen for clinical use usually involves the use
of glycerol in either a low concentration (14%) coupled with rapid freezing
in liquid nitrogen or in relatively high concentrations (45%) coupled with
slow freezing in a -80°C mechanical freezer (34). Thawing is done rapidly in
a 45°C water bath but following thawing, the blood must be deglycerolized by
one of a variety of dilution techniques to avoid osmotic shock and lysis
upon transfusion. The deglycerolization is simpler and less time consuming
when the lower concentrations are used but the process still involves four
centrifugations and subsequent washings with solutions of tnannitol followed
by normal saline (34).

While there is little apparent difference in the recovery, the results
are based on post-thawed and washed blood; therefore, lysed cells are not
accounted for in the percent recovery. Using the low glycerol concentration
technique described above, Rowe, in 1968, reported 95.9% survival of red
blood cells after post-thaw washing while 96% of Cr labeled erythrocytes
were still intact after 24 hours of circulation (34). Using similar tech-
niques Valeri reported 90% post-thaw recovery with 85% of the red blood
cells still intact 24 hours post-thaw (35). Rowe e_t al.(36) also found that
if rapid freezing was coupled with storage at -SO"75̂ , considerable lysis
resulted, indicative of physical changes in the ice crystals, i.e., migra-
tory recrystallization. The cells which were lost due to freezing were
obviously more sensitive to freeze-thaw damage and this sensitivity has been
related to the age of the erythrocyte. The older cells were much more
sensitive to the freeze-thaw event (36) . Meryman defined the cooling rates
as: slow freeze, less than 10°C/min and rapid freeze as 1,200 to 6,000°C/min
and concluded that at slow rates, a penetrating agent was required but that
such agents had to be washed out of the cells after thawing (37). He
reported that extracellular agents could be used at lower concentrations and
that HES would perhaps prove to be the best of these agents, a view held by
others such as Valeri and Brodine (38,39). Later work showed their pre-
diction was indeed correct (32,40,41). Knorpp et al. reported that HES was
extremely effective in protecting red blood cells from damage at rapid
cooling rates and that the compound has no adverse effects on patients
receiving it at a concentration of 75 gms HES per unit of blood (40).
However, they pointed out that such blood has an extremely high viscosity
and its administration is necessarily slow (38). We conclude, as in the
section regarding the freezing of small volumes of blood, that successful
freezing of erythrocytes for transfusion requires the proper concentration
of a given preservative coupled with the optimum cooling and warming rate.

There are two additional points of interest concerning blood frozen for
transfusion. Firstly, blood collected for conventional liquid blood banking
storage for 21 days can be salvaged and the outdated blood stored in the
frozen stage for use at a later date (42). Secondly, frozen stored blood is
safer for clinical use since it is low in fibrin and leukocyte aggregates
and therefore safer in massive transfusion. Also, the freezing and washing
reduces the risk of transfusion hepatitis and reduces the number of leuko-
cytes with histocompatability antigens (43-45).
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Freezing of Erythrocytic Parasites

The freezing of protozoan parasites is governed by the same principles as
those regarding red blood cells or, for that matter, any cells or organisms
in suspension.

Anaplasma marginale. Love compared slow cooling (2°C/min) with 6%
(0.77M) DMSO (46) and rapid cooling, by direct immersion in liquid nitrogen
with 1-8M-DMSO to determine its effectiveness in preserving the infectivity
of this parasite after freezing (47). He found that a concentration of
4M-DMSO gave both less hemolysis of the red blood cell and higher
infectivity of the frozen parasites than any other concentration of DMSO
used. However, only one concentration of DMSO was examined using the slow
rate of freezing. Conversely, in the second study where rapid freezing was
employed, the concentration of DMSO was varied (1-8M) but not the cooling
rate. At the rapid cooling rate, 4M-DKSO yielded better results but since
other rates were not examined, it does not shed light on what the optimal
cooling rate is. Four molar DMSO is judged superior to .77M-DMSO yet the
same cooling rates were not employed (46,47). Nevertheless, it does appear
that these organisms can be frozen successfully at rapid rates using
4M-DMSO.

Babesia bigemina. Dalgliesh and Mellors (48) studied the effects of a
wide range of cooling rates (0.73°C to 3,070°C/min) coupled with rapid
warming on cells in 2M-DMSO. They concluded that infectivity was high at all
rates tested but that the optimal cooling rate was between 39 and 212°C/min.
However, infectivity was determined in yearling calves injected with a
single dose of 1.0 ml of the preserved blood; thus, differences in response
to the various cooling rates may have been obscured with this large
inoculum.

Babesia rodhaini. Overdulve and Antonisse (50) showed that less than
1% of the parasites survived freezing in 5 or 10% DMSO after slow cooling at
approximately 0.5°C/min. Dalgliesh et_ al. (49) used a similar bioassay and
varied the cooling and warming rate in the presence of 1.5M-DMSO. He found
that the optimal survival was 4.9% at 265°C/min. and infectivity diminished
in rapidly cooled cells as warming rate was decreased. He suggested that the
fate of the red cell membrane was less important than using a cooling rate
appropriate for preserving the infectivity of the parasite. A quantitative
study such as this shows that while the organisms can indeed be frozen and
retain infectivity in the presence of DMSO, survival is rather low (4.9%)
even at the optimal rate. It would be interesting to see how other
preservatives could affect the optimum recovery.

Blood stage of Plasmodium species. P_. falciparum, P. knowlesi, P_.
gallinaceum, P. cathemerium, P. ovale, and P_. berghei have been frozen
(51-59). Wolfson, in 1945 (51), froze P. cathemerium blood forms in the
absence of cryopreservative agents other than the serum content of the
blood. When these blood stages were frozen rapidly in a dry ice/ethanol
slurry (-79°C) and warmed rapidly at 40°C they produced a lower parasitemia
than did unfrozen stages after the same period of time post-inoculum (51).
As late as 1962, Jeffrey observed that the basic methods for the preserva-
tion of malaria parasites had not changed significantly since 1939. He used
glycerol (16.6%) in conjunction with rapid freezing and rapid thawing and
noted better recovery of P. berghei and P. gallinaceum blood stages after
rapid cooling and rapid warming than with slow cooling combined with rapid
warming (52). In another group of studies (53-57) various concentrations of
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glycerol and DMSO were used and all indicated that infective parasites of P.
berghei, P. falciparum and P. knowlesi were recovered to a satisfactory
degree. In fact, Schneider and Seal reported a 100-fold increase in
infectivity following freezing but this increase was not understood (54).

Two-step freezing procedures have been used in the past (58,59), but
have recently been studied in reference to parasitized red blood cells of P_.
knowlesi by Wilson and Farrant (60) and Wilson et al. (61). The rationale of
two-step freezing is that while the cells are held at a subzero temperature
(usually between -20 to —40°C) for a period of time before being plunged
into liquid nitrogen, protection is conferred to the cells by the presence
of extracellular ice. The cells equilibrate with the extracellular ice,
thereby losing water and shrinkage occurs. Thus, the formation of intra-
cellular ice is minimized and if any is formed, its effects are minimized
during rapid thawing from -196°C. They also found that while trophozoites
and schizonts were extensively damaged after a direct plunge into liquid
nitrogen, their survival was significantly improved using a two-step
procedure which involved holding at -31°C for 30 minutes prior to plunging
into liquid nitrogen. On the other hand, rapid cooling (plunging into liquid
nitrogen) was superior to two-step freezing for the erythrocytes and
plasmodial ring forms (61). This demonstrates that the best freezing
protocol for protection of erythrocytes is not necessarily optimal for the
parasites contained within them (49). Thus, several methods have been used
involving the use of serum, DMSO or glycerol and, in general, fast cooling
velocities were preferred except for the two-step freezing described above.

Freezing of Extracellular Parasites

Eimeria adenoeides, 12. mivati, and IÏ. tenella were frozen in the
presence of DMSO (2.5 to T5%)at various cooling rates, held at -30°C for
different times and then cooled at 10°C/ min to -80°C for storage (62). More
than 70% survival was observed when the cooling rate to -30°C was at l°C/min
and holding time (i.e., equilibration time) was 45-50 min with DMSO at a
concentration of 10%. This modified two-step freezing procedure is effective
with other extracellular parasites (9,63), as well as in erythrocytic stages
(61) and other cell types (58). The basic principle is that the cell is
allowed time to lose intracellular water which would otherwise freeze within
the cell during the rapid freezing phase. Therefore, the time of exposure to
solute effects at the intermediate holding temperature is limited.

Entamoeba. These organisms have also been frozen in the presence of
DMSO (5-7.5%) using two-step or multi-step freezing procedures. Viability
following thawing ranged from quite low to fair, 0.2 to 15% (64,65). Whether
or not these differences could be attributed to changes in the freezing
technique or the viability assay system was not clear.

Leishmania tropica. Callow and Farrant varied the concentration of
glycerol and DMSO and employed two different assay systems to determine the
survival of this organism (66). They found high survival resulted from
freezing in the presence of 1.5 M-DMSO or 1.0 M-glycerol at a cooling rate
of 0.3°C/min. while cooling rates over 400°C/min were detrimental to the
organisms in DMSO (66). They felt that DMSO was a better preservative than
glycerol and that the optimal cooling rate was between 1 and 15°C/min.
Perhaps the most cogent reason for the favorable decision for DMSO was that
it need not be removed before culture as required for gycerol.

Plasmodial sporozoites. Prior to Jeffery and Rendtorff's work in 1955,
there were no reports of successful freezing of sporozoites. They expressed
sporozoites from the salivary glands of mosquitoes infected with P. vivax,
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P. falciparum or P. ovale on to droplets of plasma, pooled the droplets and
froze them rapidly in a dry ice/ethanol slurry at -79°C. After thawing, the
number of glands injected into recipients was noted and length of prepatency
was used to determine infectivity of the frozen and thawed parasites (67).
They reported that 30 out of 37 human volunteers became infected with the
material that had been frozen and concluded that freezing was a practical
means of storing sporozoites; furthermore, serum or plasma seemed to be an
effective cryoprotectant. However, Bafort in 1968 found that sporozoites of
P. berghei in 10% DMSO or glycerol were very sensitive to freezing and
survived it poorly when frozen either rapidly or slowly (68). Leef et al.
(8) working with a constant dose of sporozoites, compared the effectiveness
of various concentrations of DMSO, glycerol, PVP and HES in concentrations
ranging from 5-15% in the presence of mouse serum. Cooling rates varied from
0.2 to 400°C/ min. They found that serum was cryoprotective and that it was
a necessary component of all other preservatives used since sporozoites lost
a major portion of their infectivity in its absence. DMSO was found to be
the least effective preservative yielding a maximum relative survival of 9%
under optimal conditions (cooling rate of 1°C/ min). Sporozoites suspended
in the presence of DMSO but not frozen, were not adversely effected due to
its presence. Serum alone or in combination with PVP or HES showed an
optimum cooling rate between 20 and 60°C/min; serum plus HES yielded the
highest infectivity that they observed with frozen material, approximately
60%. The effects of glycerol were best at higher cooling velocities but an
optimal cooling rate was not demonstrated (8).

Theileria parva. Cunningham ejt al. (69) found that 15% glycerol in
the presence of calf serum resulted in no loss in the viability of infective
particles of T. parva frozen slowly to either -80 or -196°C. After thawing,
1 ml of the cell suspension or 1 ml of a 1:50 dilution of it was injected
into cattle subcutaneously and all developed overt disease. Unfortunately
the doses given were so large that all cattle were infected so that
differences between the effectiveness of the procedures used could not be
ascertained.

Trichomonas vaginalis. Ivey noted that previous reports of cryogenic
preservation of this organism had used qualitative assessments of viability
such as microscopic evidence of motility, dye exclusion and the like (70).
He used a solid medium on which each T_. vaginalis organism grows into a
microscopic colony to quantify the survival of these organisms (70). Using a
two-step procedure, he froze the organisms in either 5% DMSO or IM-glycerol
at l°C/min to -35°C followed by direct quenching into liquid nitrogen. They
were warmed by direct agitation in a 45°C water bath or were held at room
temperature for 5 minutes prior to agitation in the water bath. DMSO was
shown to be far superior to glycerol. Recovery was 59.0% with DMSO and 0.3%
with glycerol and only 0.0002% recovery when no preservative was used.
However, if glycerol was equilibrated with the cells at room temperature
rather than 2°C, as done above, recovery increased to 10 to 15%. Thus, the
protective effect of glycerol was inhibited at the lower equilibration
temperature because, presumably, it took longer to permeate the cell at 2°C
than at room temperature. There were no differences between the two modes of
warming, however, warming rates after near optimal cooling have been shown
to be relatively unimportant (2,11).

The growth phase of the organism also affected its response to freezing
as organisms frozen in the log phase survived better than did those in the
stationary phase. Similar observations have also been made with bacteria,
yeast and mammalian cells (71-73). The rate of cooling to the -35°C holding
temperature was again shown to be extremely important. When organisms were
cooled at 1, 2 or 5°C/min to the holding temperature in the presence of
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DMSO, the organisms cooled at l°C/min gave consistently poorer results than
the other two rates (70). Thus, it would appear that the equilibration time
at the holding temperature was too long at 1.0°C/min whereas the faster
rates avoided the deleterious solution effects. When all of these considera-
tions were incorporated into an optimum freezing procedure, survival was
increased from the 45-60% range to 65-90% recovery. This study points out
the importance of the relationship of the assay system to the absolute
survival of the organism in question. In this case the viability is related
to the ability of a single organism to multiply and is, therefore, a more
rigorous assay than nonquantitative estimates. For example, Leef et al.
reported 60% relative survival of £. berghei sporozoites frozen in HES (8).
In this study several preservatives were compared and the comparison was
valid since none of the preserved material yielded 100% recovery.

In absolute terms comparing survival to unfrozen material is
meaningless since unfrozen material was 100% infective at the dose used.
Current experiments are in progress to quantitate the absolute recovery of
sporozoites and unpublished preliminary results indicate that the recovery
is of the order of 10%. Thus it would seem that unless absolute recovery
results are available, the comparisons of unfrozen to frozen material can be
misleading and erroneous.

Trypanosomes. Walker and Ashwood-Smith (74) working with T.
rhodesiense and T. congolense found that the organisms survived a two-step
freezing procedure (2°C/min to -20°C followed by a plunge to -79°C) equally
well in 5% DMSO or 10% glycerol. Their estimate was based on time taken for
the frozen-thawed material to induce a peak parasitemia. They tested 5-30%
solutions of both preservatives and found that organisms in the higher con-
centrations of DMSO (20 and 30%) produced no infections. Several authors
working with a variety of species of trypanosomes have also reported success
with DMSO and glycerol (75-77). Concentrations examined ranged from 3.5 to
10% DMSO and 8 to 14% glycerol. Various cooling regimes were followed with
variable results. For example, Filardy and Brener found DMSO superior to
glycerol but there was little difference between fast or slow cooling of T.
cruzi bloodstream forms based on parasitemia in mice injected with 150,000
parasites (75). They also found that storage at -25°C even for as short a
time as 24 hours gave very poor survival, whereas survival following storage
in liquid nitrogen was quite good. Diffely, et_ al. working with T_.
nannomonas and Dar et al. working with T. congolense, T_. vivax, and T_.
brucei reported good results using glycerol at relatively slow cooling rates
(77,78). Whether or not this reflects a difference in species sensitivity is
not known.

DISCUSSION

It is clear from the results presented here that erythrocytes and
protozoan parasites may be frozen successfully in a variety of ways and that
there is no single best way that applies to all cells or organisms. (For
recent reviews see references 79,80).

The recovery of red blood cells following freezing has been studied
intensely and methods have been developed whereby the recovery is quite high
judged by the quantitative criteria of hemolysis or the fate of radio-
actively labled erythrocytes. However, in general, quantitative approaches
to the assessment of viability following freezing of parasites have not been
used.
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Since the basic goal of cryopreservation is the retention of the
biological integrity of the frozen material following freezing and thawing,
the choice of the proper assay or assays for viability becomes as important
as the choice of the cryobiological technique to be used. A good example of
this was provided early in our work on the preservation of P. berghei
sporozoites. We were attempting to preserve sporozoites at low temperature
and the most accurate viability assay appeared to be the infectivity in
mice. However, this assay is both expensive and time consuming so an
alternative was sought. After isolation, sporozoites generally appear motile
and since motility of organisms has often been used as a criterion of
viability, the relation of sporozoite motility to their infectivity was
determined. We observed that there was no apparent relationship between the
two phenomena. Motile sporozoites are infective in some cases but not in
others, while nonmotile sporozoites are also found to be infective in some
cases and not in others. Because of these observations, infectivity to mice
has been retained as our routine assay of viability. We feel it is important
that the assay of viability should represent biological activity as directly
related to the function of the organism under examination.

The choice of the dose of cryopreserved material is of vital importance
in evaluating the effectiveness of cryopreservation. In many studies where
infectivity or parasitemia have served as an estimate of viability, a single
infective dose or even an unknown dose of organisms have been used and
conclusions drawn regarding the effectiveness of the low temperature
technique used. Such nonquantitative analysis is commonly employed with
preserved blood stages of parasitic infections where, typically, a specific
volume of blood was injected to compare the infectivity of frozen and
unfrozen samples. If all the animals develop overt parasitemias it is often
concluded that the frozen preparations were as good as unfrozen controls.
The volume injected is variable but frequently a 0.1 ml volume is used.
Since„the mean erythrocytic count per ml in mice varies between 8.5 to 11.2
x 10 cells depending on the strain, a 0.1 ml volume contains approximately
9.9 x 10 cells. Very poor recovery following freezing could easily be
masked by the administration of 0.1 ml of blood containing nearly
100,000,000 cells even If only a small percent of the cells were parasi-
tized. All animals would become positive and no differences between frozen
and unfrozen samples would be recorded. Therefore, the choice of a cryo-
protective technique must be coupled with meaningful quantitative assays
before conclusions regarding the efficacy of preservation can be made.

There has been some concern regarding the effect of long term storage
on organisms maintained at liquid nitrogen temperatures (53-57). It is our
opinion that material maintained at -196°C suffers little damage at that
temperature for as long as 10 years and probably much longer times. Using
quantitative titrations. Strome e_t al. (81) demonstrated that storage of up
to 10 years had no effect on the infectivity of P. fallax erythrocytic
stages. The parasites were as infective after 10 years of storage as they
were after two hours in liquid nitrogen. During that study, no sample was
warmed from liquid nitrogen temperature until it was thawed for use. If a
canister containing many samples is removed so a single sample may be
retrieved for thawing, all the samples will warm as long as the canister is
out of liquid nitrogen. If the time out of liquid nitrogen is long enough,
the sample temperature can reach approximately -100°C, which could lead to
destructive events. This situation may be compounded if a given canister is
removed from storage repeatedly to obtain samples for thawing.

What percent recovery constitutes good survival? Obviously in the case
of red blood cell freezing where recovery is nearly 100%, the question need
not be asked; but the highest obtainable recovery of frozen parasites is
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often much lower. While many investigators feel that survival is adequate as
long as some organisms can be recovered» we do not share that opinion and
feel that the higher the recovery, the more representative a frozen sample
is of the starting material. One of the reasons for storing frozen cells is
to prevent genetic drift. Such a selective event is a constant problem when
organisms are maintained by continuous passage. If recovery following
freezing is low, it too can result in selective pressure. For example,
freezing has been used to select for the mutant population in heterogeneous
mixtures of wild type and mutant organisms (82,83). Thus, if survival is
low following freezing, a selection for subpopulations may result. The
selection of subpopulations resistant to certain freezing conditions could
be a worse event than the genetic drift which occurs during continuous
subculturing. However, if high recoveries are sought and obtained, the
heterogeneity of the population would be maintained. We feel that the most
fruitful means of increasing the survival of these organisms would be an
empirical determination of the optimal conditions necessary for successful
freezing by varying the cooling rate (2,84), warming rate (2) and the type
and concentration of preservative used.
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Chapter 6

CRYOPRESERVATION OF SCHISTOSOMULA AND
MICROFILARIAE

E. JAMES, P. HAM
Department of Ophthalmology,
Medical University of South Carolina,
Charleston, South Carolina
United States of America

INTRODUCTION

Cryopreservation is used increasingly by parasitologists for the storage
of organisms for research and teaching and additionally it has been used more
recently to store live attenuated organisms for vaccination. Cryobiological
theory applies to parasites in the same way as to other cells, tissues and
organisms. As described in Chapter 5, the many stresses imposed on cells
during cooling combine to produce two overall potentially damaging 'factors'.
The interaction of these two factors produces an optimal cooling rate. At
rates faster than the optimum, the cells fail to dehydrate in response to the
increase in concentration of solutes in the surrounding medium during cooling
as water is removed in the form of ice, with the result that the intracellular
water freezes - intercellular ice is almost always damaging to cells. At
rates slower than the optimum, the cells do dehydrate but the extended time
that they are exposed to the increased concentrations of solutes leads to
their being damaged by solution effects. The optimum cooling rate represents
a compromise between the damaging effects of these 'two factors'. Survival of
cryopreserved parasites is never 100% but at best is typically around 60-70%.

Different cell types have different optimal cooling rates and these can
range from 0.3°C min"1 for embryos (Whittingham, et al., 1978) to 1,000°C
min"1 for erythrocytes (see Figure 5.1, Chapter 5). A major problem with
freezing helminths is that they contain many different cells differentiated
for a range of functions. Each of these cell types is likely to have a
different optimal cooling rate and thus survival using conventional
single-rate cooling schedules is likely to be low or even non-existent. For
some of the parasitic nematodes whose larvae overwinter on pasture, the
constituent cells cannot differ too markedly in their cooling rate
requirements since exceptionally high levels of survival are sometimes
obtained with very simple cooling protocols. However, for parasites which are
not normally exposed to cold during their life cycles, survival levels are
poor or worse.

For cells cooled using rates of up to 1,000°C min"1 or so, the 'two
factors' theory determines survival. However, at considerably faster rates
both intracellular ice and solution effects can be bypassed. Rapid cooling
(this term is relative) can prevent the randomly arranged molecules of liquid
water from becoming organized into crystals (i.e. ice) and the amorphous state
is maintained - no intracellular ice is formed and hence the cells are not
damaged.

Amorphous solid water is also known as vitrified water. Usually the
cooling rate required to achieve vitrification is prohibitively fast for its
use to be possible with most cells. However, the critical cooling rate for
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vitrification can be lowered by increasing the viscosity of the system being
frozen. This can be achieved by increasing the barometric pressure or by
including compounds of higher viscosity. Most cryoprotectants are more
viscous than water and part of their cryoprotective properties may result from
their effects on viscosity. For example, a solution of polyvinylpyrrolidone
is so viscous that it will not crystalize at any cooling rate (1).

The techniques which have recently been described for cryopreserving
schistosome schistosomula and filarial worm larvae (2-9) make use of high
concentrations of cryoprotective additives and rapid cooling, and the
available evidence suggests that the organisms are being vitrified. The
amorphous, or vitrified state, is only stable below the glass point, which for
most aqueous solutions is around -130 C to -140 C. additionally, a vitrified
solid will crystalize during warming unless the warming rate is extremely
rapid. These then are the three basic ingredients to the current protocols
for cryopreserving schistosomula and microfilariae (and some other helminths
also) - a high concentration of cryoprotectant, rapid cooling and rapid
warming. This means that sample size has to be small (typically 10 to
50 ul) to achieve rapid removal and addition of heat during cooling and
warming respectively. The method by which the current techniques have been
derived is outlined below for schistosomula and this is probably the basic
route of investigation which should be taken when trying to determine a
cryopreservation schedule for a new helminth which has not previously been
cryopreserved.

Schistosomula were first successfully cryopreserved (2) using 15.5% v/v
methanol and slow cooling (0.65"C min"1) to -28*C followd by rapid cooling
(10,0000C min"1) into liquid nitrogen. Survival was low with this technique
at around 0.4% as assessed by infectivity for mice. Similar levels of
survival were obtained in another study where the slow cooling rate used was
0.4°C min"1 and the intermediate temperature -32°C (3). By around -30°C
during slow cooling, the methanol in the medium surrounding the organisms will
have been concentrated to approximately 40% v/v due to the removal of water in
the form of ice. Ultrastructural studies (4), and studies with a simplified
technique (5) using 40% v/v methanol added 10 sec before plunge (5,000 C
min"1) into liquid nitrogen suggested that cryoprotectant permeation coupled
with partial shrinkage and rapid cooling were the key factors and that the
cellular constituents of the organisms were probably being vitrified.

Despite being an effective cryoprotectant, methanol is extremely toxic at
the concentrations required for cryoprotection. Other compounds which are
effective as cryoprotectants for schistosomula include ethanediol (ethylene
glycol), propan 1,2 diol, propan 1,3 diol, and the butane diols.
Dimethylsuphoxide appears to be too toxic while glycerol is too viscous,
taking too long to penetrate the schistosomula. Ethanediol has proved to be
an extremely effective additive - less toxic than methanol and less viscous
than glycerol. Following a cryopreservation schedule involving slow cooling
to an intermediate temperature and then rapid cooling into liquid nitrogen,
the optimum intermediate temperature was found to be -22.5°C (6). Applying
the same calculations as were performed with methanol (2,5), it was determined
that the concentration of ethanediol in the medium surrounding the
schistosomula was 35% v/v at -22.5°C (6). However, 35% v/v ethanediol is
toxic at 37°C, while at 0 C it does not penetrate fast enough and kills the
schistosomula by excessively dehydrating them. The ethanediol thus has to be
added in two steps: 10% v/v at 37eC which penetrates over a period of 10
minutes, followed by 35% v/v at 0°C over 10 minutes which causes partial
dehydration of the organisms and which in return effectively concentrates the
internal level of ethanediol to 35% (6). The rapid cooling step (5,000 C
min"1) is thought to be fast enough to vitrify the intracellular contents of
the organisms (6). This technique, with slight modifications, has been used
successfully for microfilariae of several species of filarial worms (8, 9).
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These modifications are basically the use of slightly higher concentrations
(401, v/v) of ethanediol in the second incubation step with incubation times of
12-15 minutes and 10 seconds respectively for the two steps.

The use of glass or plastic slivers as substrates for the suspension of
parasites produces a large surface area to volume ratio and ensures that the
cooling rate is sufficiently rapid to induce vitrification. Additionally,
these slivers provide a convenient method for inventory control - coded
details of the organisms being frozen can be recorded on them.

Of the three technique so far described for cryopreserving schistosotnula
(2, 3, 5, 6) the one outlined here gives the highest yield of viable organisms
- approximately half of those frozen survive as measured by motility and by
infectivity for mice. For the microfilariae, infectivity is slightly higher
at around 71-79% (8).

This basic cryopreservation technique may not be the final definitive
technique for the low temperature storage of these organisms and there may yet
be modifications and improvements. With storage at -196 C there should be no
loss of viability with time; storage without deterioration of protozoa or
bacteria has been reported for times of up to 40 years.

CRYOPRESERVATION OF SCHISTOSOMULA

Apparatus required

1. A concentrated suspension of transformed schistosomula in ELAC or similar
culture medium.

2. ELAC medium (e.g., Gibco Biocult No. 041-1250) and analytical grade
ethanediol (ethylene glycol).

3. Three 5 ml glass tubes.

4. Two 1 ml syringes (tuberculin type graduated to 0.01 ml) and two 21 ga.
needles.

5. Two wide mouthed insulated vessels, e.g., vacuum flasks or expanded
polystyrene foam containers, one containing crushed ice, the other
containing liquid nitrogen.

6. A flat piece of aluminium with a surface area of approximately 20 mm x
40 mm.

7. A supply of glass slivers (30-40 mm x 5.5 mm) prepared by scoring
standard 30-40 mm x 22 mm glass coverslips (thickness 160 you} with a
diamond knife and breaking into 4 sections.

8. Liquid nitrogen storage vessel or refrigerator (several brands and models
are available; choice depends on the quantity of material to be stored).

9. Screw-cap cryostorage tubes (e.g. Nunc cryotubes no. 3-66524), with area
for writing.

10. Laboratory clock/timer.
11. Two water baths set to 37*C and 44*C.
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Experimental procedure

1. Prepare schistosomula by artificial transformation from cercariae. The
syringe technique of Colley and Wikel (10) is particularly suitable.
Parasites must have been incubated for at least 90 min at 37°C prior to
use.

2. Put one of the glass tubes in the 37°C water bath and two into the bath
of crushed ice at 0°C.

3. Using a tuberculin syringe and 21 ga. needle, prepare 1 ml of a 20% v/v
solution of ethanediol in ELAC medium (0.2 ml ethanediol 4 0.8 ml ELAC),
and place in the glass tube in the 37°C water bath.

4. Concentrate the schistosomula suspension by gravity sedimentation and
discard the supernatant to leave just less than 1 ml. Gravity
sedimentation over 10 to 15 minutes should remove between 80 to 90% of
the cercarial tails, however, discontinuous density gradient separation
can be used to obtain a purer suspension.

5. Draw the suspension into the tuberculin syringe and make up to 1 ml with
fresh ELAC medium or with the washings from the tube in which the
schistosomula were prepared.

6. Add the 1 ml of concentrated schistosomula to the 1 ml of 20% ethanediol
and agitate (final concentration of ethanediol is now 10%). Set timer
for 10 minutes.

7. Using the second tuberculin syringe prepare 1 ml of a 60% v/v solution of
ethanediol in ELAC medium (0.6 ml ethanediol + 0.4 ml ELAC), and place in
a glass tube in the 0°C ice bath.

8. After the 10 min incubation period at 37*C in the 10% ethanediol, remove
the tube from the 37*C water bath and place in the crushed ice bath.
Leave for 5 minutes.

9. Place the aluminum block onto the crushed ice.

10. Remove approximately 1.7 ml of the supernatant from the tube containing
the schistosomula (they will have sedimented during the 10 min at 37*C
and the 5 rain at OeC). Agitate the remaining suspension and draw into
the 1 ml tuberculin syringe used in step-7 above to determine the
volume. Transfer to the second glass tube in the ice bath; to this add
an equal volume of the 60% v/v ethanediol in ELAC (final concentration is
now 35%), agitate and leave for 10 min at 0*C.

11. After 8 minutes of this incubation period have elapsed, wipe off any
condensation from the aluminum block and place the fine glass slivers
onto the block.

12. Using an automatic pipette, place 20 v.1 aliquots of the schistosomula +
35% ethanediol suspension onto the glass slivers, spreading each drop out
to give a large surface area of approximately 15 mm x 4 mm.

13. When the 10 minute incubation period is completed, plunge the slivers
immediately into liquid nitrogen. Take care not to immerse your fingers.

14. Store the glass slivers in cryotubes in the liquid nitrogen s.torage
vessel or liquid nitrogen refrigerator until required.
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Thawing

1. For each sliver to be thawed, place a clean glass tube into the water
bath set to 44°C and add 2 ml of fresh ELAC medium. The temperature of
the ELAC should reach 44°C before thawing commences.

2. This step should be performed as rapidly es possible: Remove one of the
glass slivers from liquid nitrogen, drop into the glass tube containing
the 44 °C ELAC, immediately place your finger over the top of the tube and
agitate rapidly. Then place the tube immediately into the 37'C water
bath. Although completely transformed schistosomula are incapable of
penetrating skin, it is suggested that as a precaution, a plastic or
latex glove is worn for this step.

3. Remove the glass sliver from the ELAC and leave for 10 min for the
schistosomula to sediment. Remove the supernatant to leave approximately
50 ul of concentrated thawed schistosomula suspension.

CRYOPRESERVATION OF MICROFILARIAE (mf)

Apparatus is the same as for schistosomula nos. 3-11.
1. Centrifuge parasites for 10 min at 350 g.
2. Draw off all supernatant, leaving pellet of microfilariae.
3. Resuspend microfilariae in a serum-free medium (preferably sterile

Tyrode's or 199). Add only a small vol. of medium, e.g. 2 drops per 0.5
million mf.

4. Using a graduated 1 ml syringe, measure the vol. of parasite suspension.
5. Add ethanediol to give a final concentration of 10H ethanediol by vol.,

i.e. divide the vol. of parasites by 9 and add that amount of ethanediol.

6. Incubate parasites at 36°C (+ 1°C) for 12 to 15 (max.) min.
7. Cut several large cover-slips into 3 slivers lengthwise using a diamond

pencil.
8. Put the metal plate on ice to cool.
9. Make up a 70% ethanediol solution, e.g. 0.7 ml ethanediol and 0.3 ml

medium, and put on ice to cool.

10. Wipe condensation off metal plate and lay out several slivers.
11. Remove parasites from incubation and put on ice.
12. Using an automatic pipette, put 10 u.1 of ethanediol solution onto one

end of each sliver.
13. Change pipette tip and add 10 U-l of parasite suspension to the

ethanediol solution on the sliver. Mix and spread the drop well, and
leave for 15 sec exactly.

14. Transfer sliver to liquid nitrogen and agitate until the drop is frozen
(stops hissing). The drop should have a glassy appearance.

15. Place slivers in a cryotube, already precooled to -196 C and store in the
cryobank.
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Thawing: Procedure is same as for schistosomula except that Tyrodes medium
supplemented with 60% v/v serum should be used in place of ELAC.
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Chapter 7

RADIOISOTOPE KINETICS:
RADIOLABELLED TRACER STUDIES IN PARASITOLOGY

R.B.PODESTA
Department of Zoology,
University of Western Ontario,
London, Ontario, Canada

INTRODUCTION

Biologists have made many uses of radioisotopes in studying the
structure, function and chemistry of biological systems at virtually every
level of organization. However, the use of isotopes has been most evident,
even essential, in studies concerning the rate of motion or flow of material
through biological systems (kinetics) with the view of discerning the
underlying mechanisms and driving forces. This stems from the fact that the
radioisotope or molecule labelled with the isotope provides a sensitive, rapid
method of measuring the flow of the material with minimal perturbation of
either the physical properties of the labelled material or the biological
system under consideration. However, analysis of kinetic data in biological
systems may be complex, requiring sophisticated mathematical concepts, thereby
placing the biologist in a dilemma. On the one hand, the biologist desires
what Lord Kelvin stated in, "when you can measure what you are talking about
and express it in numbers, you know something about it", while on the other
hand, expressing unease and skepticism in their belief that, as Jan Struther
stated, "On paper there must be some neat mathematical formula for arriving at
this; in life none".

In this chapter I will keep mysterious mathematical maneuvers to a
minimum and deal, instead, with problems and assumptions in the use of
radioisotope tracers in kinetic studies, problems associated with
interpretation of kinetic data, and graphical analysis of these data. These
problems will be discussed using data from the parasite literature dealing
with uptake of radiolabelled substrates and labelling of metabolic pools.

General considerations

A. topic often raised with respect to radioisotope kinetics is the change
in mass of a radioactive isotope. Errors may arise due to the use of tracers
since diffusion and reaction velocities of labelled molecules tend to decrease
as the weight of the isotope increases. As the different velocities depends
mostly on the percent difference between labelled and unlabelled substrates
under consideration, this effect becomes significant only for very small
simple molecules, i.e. ordinary, heavy and tritiated water (1). It is also
generally assumed that the radioactive isotopes used to study kinetics in
biological systems do not affect normal cell physiology. However, reports to
the contrary with a wide variety of cellular systems have appeared with
increasing frequency using precursor activity levels at or below those
normally used in these studies (2-4). It is usually recommended that the
smallest amount of tracer be used that is compatible with significant
measuring levels following dilution in the cell system under study. This is
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also compatible with increasing the reliability of tracer studies by using a
concentration of tracer that is negligibly low as compared with the unlabelled
material so that the tracer does not significantly change the total
concentration of the material in the biological system. The availability of
tracers with sufficiently high specific activity avoids the problem of
perturbations in the total concentration of molecular species under
consideration. A similar requirement is uniform labelling and rapid mixing of
the tracer with the unlabelled pool of the substance.

The only necessary experimental condition for the accurate and simple
mathematical description of tracer kinetics is that the system under
consideration be in a steady-state (a dynamic state where the concentration of
components of the system remain fixed in the face of constant flux through the
system, i.e., rate of inflow equals the rate of outflow). Fortunately, this
is most often the situation encountered in unperturbed biological systems.

Perhaps the most serious limitation to tracer kinetics in biological
systems, and one that is most often overlooked, is impurities of the tracer
either as supplied by the supplier or as catabolic products of the original
tracer molecules. The presence of these impurities can result in significant
changes and erroneous interpretations of the measured kinetics. Although
initial purification and use of nonmetabolized analogues of the substance of
interest are commonly employed to reduce these errors, the problems associated
with metabolic products of the tracer is not often assessed with conviction.
Analysis of kinetic data

As mentioned above, the condition most often encountered in biological
systems is that of the steady-state. Experimentally, however, perturbations
of the steady-state occur and the experimentalist must, if an accurate kinetic
description is to be based on the steady-state assumption, take measures to
test these assumptions.

The rate of a process, such as enzyme catalysis or movement of a
substance from one compartment to another, is measured in terms of the
quantity of substance formed or moving per unit time. Reaction kinetics of
homogenous systems are usually ranked by the order of complexity as follows:

zero order,
first order, x = a(l-e"lclt)

etc., where [a] is the starting concentration of substance at time t, x is the
concentration of product or substance in the compartment into which the tracer
is moving, and K is the rate constant. Examples of systems obeying zero order
kinetics are diffusion across membranes (Fick's Law), while first order
kinetics describe such well known phenomena as the decay of radioactive
elements, enzyme catalysis and active or facilitated transport across
biological membranes. Higher order kinetic descriptions of biological systems
are often required to account for interactions among several reacting
substances such as occurs in multiple substrate enzyme reactions, multiple
compartment systems and flow of materials across membranes where the flow
interact. However, these complex systems are beyond the scope of this brief
review.

Although a variety of approaches have been taken to describe the kinetic
behaviour of tracers in biological systems, particularly the flow of tracer in
membrane systems (5), the two approaches most often employed are the
determination of initial rates of the process and the determination of rate
constants under steady-state conditions.
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Initial rate studies using radiolabelled tracers have been popular due to
the simple and well-founded mathematical description of these studies in the
field of enzyme kinetics and, more recently, transport of tracers across
biological membranes (1, 6). The ease with which experiments are conducted,
the attractiveness of determining unidirectional fluxes, and the description
of the kinetics of the systems in terms of two constants, t^ and Vmax,
have encouraged the application of initial rate kinetics to a variety of
non-enzymatic problems. However, depending on whether the steady-state
assumption is applicable and depending on the type of problem being examined,
the two constants may have very different meanings (6). Furthermore the (^
and Vmax constants are usually derived from kinetic data using a variety of
linear transformations in graphical analysis, all of which have certain
limitations which are not always acknowledged. Generally, the Lineweaver-Burk
plot is considered least accurate while analyses with the greatest flexibility
and accuracy in determination of the kinetic constants is by computerized
iterative curve fitting (7-9). Similar problems of curve fitting and
interpretation of curves have also become evident with kinetic data on
ligand-receptor binding (10-12) and membrane transport.

The most serious problem encountered in initial rate studies is that the
kinetics are markedly altered by the microenvironment of the reacting
substances. This has become increasingly clear in work involving both enzyme
reactions (13) and membrane transport (14). The problem can be conveniently
demonstrated using initial rate data obtained for the uptake of a variety of
substances by the rat tapeworm, Hymenolepis diminuta (15, 16).

Now widely accepted are the presence of hydration or diffusion barriers
(unstirred layers) adjacent to biological membranes and, indeed, at most
aqueous-solid interfaces (17). In initial rate studies of transport of
materials across membranes, these diffusion barriers cause problems both in
the quantitative determination of the amount of radiolabelled substrate
crossing a membrane and the kinetic constants derived (15, 16). Two extreme
conditions exist with respect to the problems associated with unstirred
layers. In the first instance, a solute may penetrate the membrane very
slowly so that the gradient of solute concentration across the unstirred layer
will be small and the solute will tend to equilibrate between the well-stirred
bulk fluid and the unstirred layer. If a non-penetrating marker substance is
not used to estimate the amount of solute in the unstirred layer, then the
latter will be erroneously included in the quantitative determination of the
amount of tracer flowing across the membrane. However, in this case the major
barrier limiting solute flow is the membrane so that the kinetics obtained
will be those reflecting transport of the substance across the membrane. The
other extreme involves tracers which are rapidly transferred across the
membrane, such as occurs during active transport. In this case the tracer
concentration gradient across the unstirred layer will be steep, minimizing
problems associated with solute trapping. However, since the major rate
limiting barrier to transport is the diffusion barrier posed by the unstirred
layer, the kinetics obtained for transport will be misleading and
artifactually high. To overcome these problems a series of experiments must
be performed in variously stirred incubation fluids (reduced unstirred layer
thickness); or a penetrating marker substance must be included in the
experiment the transport of which is entirely limited by the unstirred layer
(15). Examples of both these extreme situations and intermediate values for
effects of unstirred layers are given in references 15 and 16.

Another common method used to determine rate constants of kinetic
mechanisms are longer term steady-state experiments. These methods are
generally not affected by diffusion barriers, require less sophisticated
techniques, require smaller amounts of expensive radioactive tracers and have
a wide range of criteria developed for interpreting steady-state measurements.
Steady-state methods also allow for the use of compartmental analyses and
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modelling of kinetic mechanisms. These techniques have not often used to
study kinetic mechanisms in parasite systems but a recent report of
compartmental analysis of sugar fluxes in Schistosoma mansoni can be used to
illustrate the utility of this approach (18, 19).

In these studies, S. mansoni were preincubated for 30 min. in a fluid
containing 1 mM of test sugar, for subsequent inward exchange studies, and
radiolabelled sugar for subsequent outward exchange studies. The changes in
the radioactivity of trace sugars was then followed for an additional 60 min.
in the absence (outward exchange kinetics) or presence (inward exchange
kinetics) of trace sugar. The results obtained in these studies were typical
first order curves for outward and inward exchange data and were linearized on
semilogarithmic paper. If the log-linear plot was linear, then the tracer was
considered to enter or exit the tissue from a single pool or compartment. If
a linear relation was not obtained, then curve peeling techniques (20) were
utilized to express the non-linear curves into a series of exponential terms,
each involving a single compartment with unique volumes and rate constants.
Unlike previous uptake studies with schistosomes, these valuable techniques
yielded results relating to the size and rate constants for tracer exchange
with unstirred layers, cecal compartments and tissue pools which exchange
tracer across the surface syncytial epithelium.
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Chapter 8

MEASUREMENT OF ANTIGEN-SPECIFIC CELL PROLIFERATION
USING [3H]-THYMIDINE IN Trypanosoma cmzi
AND Babesia microti INFECTED MICE

D.E. BURGESS, M.J. RUEBUSH
Laboratory of Immunology,
Montana State University,
Bozeman, Montana, Canada

INTRODUCTION

Lymphocytes exposed to many antigenic or mitogenic stimuli proliferate
both iri vivo (1) and in vitro (2). Specifically immune clones of lympho-
cytes will proliferate in response to the immunizing antigen, while mitogens
induce polyclonal proliferation of lymphocytes regardless of prior sensiti-
zation.

Cellular proliferation _in vitro may be measured several ways. Counting
the total cell number or dividing cells alone are two direct, microscopic
methods. Indirectly, measurement of incorporation of radiolabeled ( H or

C) DNA nucleotides into newly synthesized DNA has been used extensively
(3) to assess cell division. In order to measure proliferation in response
to parasite antigens, a population of specifically sensitized lymphocytes is
required. The microassay which will be described depends on aseptic
technique and optimization of the particular antigen-lymphocyte system to be
used. The magnitude of the response will vary depending on several parame-
ters including the species and strain of experimental animal used, the
source of sensitized cells, the culture conditions, the concentration of the
activating antigen, and the period of time in culture. It will be necessary
to optimize each of these parameters for each individual system of study in
order to obtain meaningful data.

Antigen-specific cell proliferation assays are frequently used to
detect activation of T lymphocytes (A), particularly after subcutaneous
immunization (5-7). This technique has been used in studies of the T cell
responses to parasitic protozoa such as Plasmodium (8), Leishmania (9,10),
Trypanosoma cruzi (11) and Babesia microti (12). A worksheet is provided to
show the sequence of steps required in the performance of the assay. The
text of the chapter includes those specific optimum conditions which we have
found for use of this assay with both T. cruzi and B. microti.
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MATERIALS AND REAGENTS

Sodium heparin
Tris-ammonium chloride (90 ml of 0.16 M NH Cl + 10 ml of 0.17 M Tris,

adjusted to pH 7.2 with HC1)
Freund's complete adjuvant
RPMI 1640, supplemented with 1 ml of 200 mM L-glutamine,

penicillin/streptomycin or gentamicin (optional), 5% fetal bovine
serum (lot screened for low background in proliferation cultures)
and 1 ml of 5 x 10 M 2-mercaptoethanol (optional)

[ H]-thymidine, specific activity 2 Ci/mmol. (Low specific activity
thymidine is necessary to prevent radiation damage and assure that
radiolabel is available in excess for incorporation throughout the
pulse period).

Mitogens
Concanavalin A (Con A) crystalized in saturated NaCl
Bacto-lipopolysaccharide W (LPS), Salmonella typhosa 0901

Sterile scissors and forceps
Petri dishes, sterile, 60 mm
Microwell plates, sterile, 96 flat-bottomed wells, with lids
Single channel micropipetters, 50-1000 pi volumes
Multichannel pipetter, 50-200 1 volume, 12 channels
Kicropipette tips, 200 yl maximum and 1000 yl maximum volumes,

sterilized
Hemocytometer
Trypan blue, 0.5% solution in 0.85% saline
Pasteur pipettes (sterilized) and bulbs
Sterile 5 and 10 ml pipettes and pipet-aid or bulb
Sterile 1 cc syringes and 26-gauge % inch hypodermic needles
Sterile 3 cc syringes
Small glass tubes, nonsterile
Sterile centrifuge tubes
Trichloroacetic acid, 5%
Glass fiber filter paper mats
Scintillation fluid
Scintillation vials, 3 ml
Ice bath
Automated cell harvester (Flow Laboratories, McLean, Va. Catalog #

78-140-00)
Humidified incubator with an atmosphere of 6% CCv in air
Beta scintillation counter

PROCEDURE

1. Immunize mice by inoculating them subcutaneously in several sites in
the rear quadrant with 100 yl of antigen (in this case 1 x 10 B.
microti parasites in infected red blood cells (RBC)) mixed 1:1 with
Freund's complete adjuvant. Control mice should be inoculated with
adjuvant alone. Set mice aside for 2 to 4 weeks. For priming of mice
for the T. cruzi proliferation assay, mice are given one subcutaneous
injection of 0.03 cc of a 1:1 mix of 50-100 yg of crude T. cruzi
antigen in Freund's complete adjuvant 5 days or more before the assay
is begun.

2. Prepare a sterile suspension of cells from popliteal and inguinal lymph
nodes in sterile, supplemented medium. Sterile spleen cell suspensions
may be used if mice have immunized or infected by intravenous or
intraperitoneal inoculation. To remove the inguinal lymph nodes, kill
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the mice by cervical dislocation and wet the fur with 70% ethanol. In
a sterile tissue culture hood, make a small transverse cut through the
skin of the abdomen with sterile instruments and set these instruments
aside to be resterilized. Being careful not to touch the peritoneum
beneath the cut, grasp the two cut ends of the skin in your fingers and
pull in opposite directions to peel the skin totally away from the
abdomen and rear legs. With a new set of sterile instruments, make a
cut in the peritoneum in the inguinal area and deflect the flap of
peritoneum toward the head of the animal. Set these instruments aside
to be resterilized, and using new sterilized instruments, expose the
dorsal wall of the peritoneal cavity by deflecting the viscera
anteriorly. The inguinal lymph nodes lie in two chains on either side
of the midline stretching from the groin toward the kidneys. Remove
these carefully and place in a sterile 60 mm petri dish containing 5 ml
of medium at 4°C. To find the popliteal lymph nodes place the animal
on its ventral surface and grasp the connective tissue behind the knees
with sterile forceps. Deflect this tissue toward the foot and the
popliteal nodes will be exposed in the fascia between muscle bundles
supplying the knee. Add these nodes to the medium-containing petri
dishes. (A diagram showing the locations of the lymph nodes of mice
can be found in reference 13, page 13.) Using sterile instruments,
carefully remove excess connective tissue from the nodes and disperse
the lymphocytes by straining the nodes through a sterile 60-mesh
stainless steel grid with the rubber plunger from a 3 cc syringe.
Aspirate the cell suspension into a sterile centrifuge tube with a
sterile pasteur pipette and add medium up to 10 ml. Keep suspension on
ice.

3. Count the number of viable cells in these suspensions. Remove 50 ul of
cells from the sterile tubes to a nonsterile tube, add 50 ul of trypan
blue solution, and count in a hemocytometer.

4. Pellet the sterile lymph node cells by centrifugation at 600 x g for 5
minutes at 4°C.

5. Resuspend the pellets in enough medium to put the cells at 5 x 10
cells per ml. Make a dilution of this stock solution so that there are
2 solutions of a minimum of 3 ml each at 5 x 10 cells/ml and 2.5 x 10
cells/ml of both experimental and control cell types.

6. Place 100 ul of each of these suspensions in the wells of a 96-well
microplate with a micropipetter, using a new pipette tip for each
dilution as follows:

Rows A and B - 5 x 10 immune cells/ml
Rows C and D - 2.5 x 10 immune cells/ml
Rows E and F - 5 x 10 control cells/ml
Rows G and H - 2.5 x 10 control cells/ml

7. Place plate on ice while antigen and mitogen dilutions are made.

8. Prepare antigen dilutions from whole E. microti-infected RBC and normal
mouse red blood cells as follows. Aseptically exsanguinate infected or
control mice into sodium hepaxin by cardiac puncture and suspend blood
to a concentration of 5 x 10 parasites or normal red blood cells per
ml in supplemented medium with the aid of a hemocytometer and a
Giemsa-stained thin blood film (14). Make dilutions of these stock
solutions in supplemented medium so that solutions of 5 x 10
parasites/ml, 2.5 x 10 parasites/ml and 5 x 10 normal red blood
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cells/ml of 2 ml each are obtained. An antigen preparation for T.
cruzi can be made by growing parasites in LIT medium with 10% FCS to
log phase. The parasites are washed three times in sterile PBS and
sonicated on ice. This material is then centrlfuged on 0.34 M sucrose
(900 x g, 10 minutes, 4°C) and the pellet is discarded. The supernate
is sterilized by filtration (0.22 m pore size), aliquoted, and stored
at -70°C until use.

9. Prepare a 1-4 ug/ml solution of Con A and a 2-25 yg/ml solution of LPS
in supplemented medium. Mitogens are included as controls for cell
viability. (It will be necessary to titrate each individual batch of
Con A and LPS in your laboratory for optimum mitogenic stimulation in
your particular cell system.)

10. Add 100 yl of the antigen or mitogen suspensions to the wells of the
existing microplate as follows:

Columns 1 and 2 - 5 x 10 parasites/ml
Columns 3 and 4 - 2.5 x 10 parasites/ml
Columns 5 and 6 - 5 x 10 normal red blood cells/ml
Columns 7 and 8 - 1-4 yg/ml Con A
Columns 9 and 10 - 2-25 y g/ml LPS
Columns 11 and 12 - supplemented medium

11. Place the microplate in a humidified, 37°C Incubator with an atmosphere
of 6% C0_ in air for 54 hours. (The optimum incubation time will have
to be empirically derived for each particular cell/antigen system.)

312. After this time add 1 yCi of [ H]-thymidine in 50 yl of supplemented
RPMI to each well of the plate. (Standard techniques for the safe
handling of radioactive substances must be used in the handling of all
assay materials from this point on.)

13. Place the plate back in the incubator for an additional 18 hours. (The
optimum pulse time will also need to be empirically derived for each
cell/antigen system.)

14. After the pulse incubation, harvest the plate wells using an automated
plate harvester and alternate precipitation with 5% TCA and washing
with deionized water. This step causes precipitation of the radio-
labeled cellular material onto glass fiber filters, and washes the
wells repeatedly to assure complete harvesting of all samples.

15. Dry filter discs overnight at room temperature.

16. Place filter discs in order in numbered scintillation vials and add 2
ml of scintillation cocktail per vial.

17. Mix vial contents well, chill for 45 minutes at 4°C and count radio-
activity in a beta scintillation counter at appropriate settings to
determine counts per minute (cpm).

18. Control and experimental cultures should be performed at least in
triplicate. Using our system, quadruplicate data values will be
obtained. The results may be presented In three ways:
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a. average cpm for replicate cultures ± the standard error of the
mean

b. change in cpm between experimental replicates and control (medium
alone) wells

c. ... ... mean cpm experimentalstimulation index =
mean cpm control
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1.

2.

FIGURE 8-1
Sample Worksheet

Date_
Title of Experiment_

Proliferation Assay #

Experimental animals:
Number ______; Strain _____? Sex
cells ; Treatments

Age Source of

Preparation of stock cell suspensions:
Perform the calculations required to suspend the cells to the desired stock
concentration as follows:
a. hemocytometer count = raw viable cell count obtained by counting 2

large squares in a hemocytometer of a 1:1 mixture of starting cell
solution and 0.5% trypan blue,

b. cells per ml = hemocytometer count x trypan blue dilution (2) x
hemocytometer dilution (1 x 10 ) .

c. ratio of present cell concentration to desired cell concentration =
cells/ml starting solution
cells/ml desired solution

Cell type Raw count Cells/ml

Example:
immune LNC 100 2 x 10

Ratio Starting Final
volume volume

— n A in mi A mi
5 x 10

3. Design plate diagram:

Antigen type or concentration
10 11 12

Cell A

type B

or c
cone.

E

F

G

H
4. Add
5. Inci
6. Add

100 yl of cells
ibate at 37°C fo
1 yCi H-thymid

and 100 ul of antigen or mitogen to
r hours. Time and date in
ine in 50 yl

appropriate wells.

supplemented RPMI. Time and date added

7. Harvest plates with cell harvester. Time and date
8. Allow filter discs to dry overnight, place in scintillation vials with 2 ml

9.
scintillation fluid and count in scintillation counter.
Record cpm on plate chart.
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Chapter 9

USE OF THE 51 CHROMIUM RELEASE ASSAY TO
STUDY NATURAL KILLER CELLS IN MICE INFECTED
WITH Babesia micro ti

M.J. RUEBUSH, D.E. BURGESS
Laboratory of Immunology,
Montana State University,
Bozeman, Montana, Canada

INTRODUCTION

The chromium-51 release assay has been adapted to various experimental
systems for the demonstration of cytolytic activity of cells such as T
lymphocytes (1), K cells (2), activated macrophages (3) and natural killer
(NK) cells (4). It depends upon the observation that the radioactive
chromate ion diffuses through cell membranes readily, but once inside does
not leak out in significant amounts unless considerable damage to the cell
membrane occurs. When cell membrane damage is sufficient to cause release
of intracellular molecules, such material does not become reincorporated
into undamaged cells (5).

We have used the chromium release assay to measure levels of NK cell
activity in mice infected with Babesia microti (6). These cells are spon-
taneously cytotoxic in vitro for a wide variety of tumor cells targets (7),
and may provide a first line of defense in vivo for surveillance against
virus-infected or malignant cells (8). Because NK cell activity is enhanced
during infection with a wide variety of parasites (9,10) and other agents
(11), many workers have speculated that these cells may serve a general role
as a non-specific first line of defense against disease.

In the microassay system which we will describe, serial dilutions of
effector cells (NK cells) are mixed with a constant number of radiolabeled
YAC tumor cell targets. The amount of radioactivity released into the
supernate of the cultures is measured and a percent of Cr release is
calculated. This value is an index of cytotoxicity (12).

Curves of chromium release assays are basically sigmoid with low
relative efficiency of killing occurring at very low effector-to-target
(E:T) ratios (Figure 1). A linear portion of the curve follows where each
effector cell is saturated with targets and the amount of lysis observed is
linearly related to the number of effector cells. A plateau is reached at
very high E:T ratios, since effector cells can kill many target cells
sequentially, and in these cases, the number of targets becomes limiting
(12). It is important to include this range of E:T ratios in each experi-
ment to avoid spurious conclusions based on a single E:T ratio which could
be phase-shifted in a particular experiment due to experimental conditions.
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MATERIALS AND REAGENTS

Mice
YAC tumor cells
RPMI 1640 supplemented with 1% L-glutamine, penicillin and streptomycin

(optional) and 10% heat-inactivated fetal calf serum
Phosphate-buffered saline (PBS)
Trypan blue solution, 0.5% solution in 0.85% saline
96-well, round-bottomed microplates with lids (only plates from Flow

Laboratories can be used with the supernate collection system)
Cr04> 200-500 Ci/g, 1000 yCi/ml)Sodium chromate; ((I

Pétri dishes, 60 mm
Centrifuge tubes, 15 ml, 5 ml
Pipetaid pump
Pipettes, 10 ml, and pipetaid pump or bulb
Pasteur pipettes and bulb
60-mesh stainless steel screen
Hemocytometer
Micropipetters, 50-100 yl volumes
Multichannel micropipetter, 12 channel, 50-200 yl volume
Micropipette tips
3 ce syringe
Ice bath
Automated supernate collection system,

plastic tube strips, filter strips:
fork (Flow Laboratories, McLean
78-222-00, 78-206-00, 78-203-00)

Gamma irradiation counter
Refrigerated centrifuge with microplate carriers
Humidified 37°C incubator, 6% CO in air

including harvesting frame,
harvesting press and transfer
Va. Catalog # 78-210-05,
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PROCEDURE

A. Target Cell Preparation

1. To prepare YAC tumor cell,targets, remove 10-15 ml from a sterile
flask containing 1-2 x 10 cells per ml. Remove 50 yl of the YAC
cell suspension and mix 1:1 with trypan blue before determining
the number of viable cells/ml with the aid of a hemocytometer.
(It is essential that the YAC cell targets be in the exponential
growth phase and have greater than 95% viability.) Centrifuge the
cell suspension at 600 x g and 4°C for 5 minutes and resuspend the
pellet in the necessary amount of medium to have 0.5 ml at 1 x 10
cells/ml. Add 100 yCi of sodium chromate to the resuspended
cell solution and incubate at--.37°C in a humidified CO incubator
for 1.5 hours. (See Table _9-l for a chart showing th£. decay of

Cr over time to establish the precise volume of Cr to be
added. Standard procedures for handling radioactive materials
should be implemented from this point onward when handling the
target cells.)

Table 9-1

51Cr Decay Chart

Days y Ci/ml

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

976
952
928
906
884
862
841
820
800
781
762
743
725
707
690
673
657
641
625
610
595
580
566
552
539
525
513
500
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B. Effector Cell Preparation

1. Kill mice by cervical dislocation and remove the spleens. Place
the spleens in petri dishes containing approximately 5 ml of
supplemented medium at 4°C.

2. Disperse the cells by pressing through a 60-mesh stainless steel
screen with the rubber plunger of a 3 cc syringe and transfer the
cell suspensions into centrifuge tubes. Add medium to make up to
10 ml total volume. Place the tubes in an ice bath for 5 minutes
to allow the large clumps of debris to settle.

3. Decant the supernates into clean centrifuge tubes with a pasteur
pipette and discard the connective tissue debris. Remove 50 yl of
these cell suspensions with a micropipetter and mix with 450 yl of
PBS. Take 50 pi of these 1:10 dilutions of cells, mix with 50 \il
of trypan blue and count in a hemocytometer.

4. Centrifuge the spleen cells at 600 x g and 4°C for 5 minutes.
Decant the supernates and discard.

5. Resuspend spleen cells in supplemented medium to a concentration
of 2 x 107 cells/ml.

6. Add 200 yl of spleen cells to columns 1 and 2, rows A and B of a
96-well microplate. Additional cell suspensions can be added to
the same columns of rows C and D, E and F, and G and H, so that a
total of 4 different cell types can be tested per microplate.
NOTE: Each plate should be considered as an experiment in itself,
with appropriate internal controls: results from two or more
plates cannot be compared using a single set of spontaneous
release and total releasable radioactivity values.

7. Using a multichannel pipettor, put 200 yl of deionized water in
columns 11 and 12, rows E through H. Fill all remaining wells
with 100 yl of supplemented RPMI (Rows A through D, columns 3
through 12, Rows E through H, columns 3 through 10).

8. Transfer 100 yl of cells from column 1 to column 3 and mix well
with a multichannel pipettor. Continue serial 1:1 dilutions
across the plate into all odd-numbered columns, stopping at column
9 (100 yl from column 1 mixed with 100 yl of medium in column 3,
100 yl of diluted cells from column 3 mixed with medium in column
5, etc.) Discard pipette tips and perform a similar series of
dilutions across the plate in even-numbered columns, stopping
after column 10. There should be medium alone in columns 11 and
12, rows A through D, and deionized water alone in columns 11 and
12 of rows E through H (Figure 2). Place the plate on ice.

C. Mixing of Cells

1. As soon as the 1.5 hours incubation time for radiolabeling of the
YAC cells has elapsed, add 10 ml of medium and wash the cells
three times by centrifugation at 600 x g for 5 minutes at 4°C.
Each time, the supernate must be discarded as radioactive waste
and the cell pellet should be resuspended in 10 ml of fresh,
supplemented medium.
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SERIAL DILUTIONS

FIGURE 2

2. After the second wash, remove 50 yl of the resuspended cell
pellet, mix 1:1 with trypan blue and count the number of viable
cells per ml.

3. After the third wash, resuspend the cell jpellet in enough medium
to have cells at a concentration of 2 x 10 cells/ml.

4. Mix the diluted target cells gently, but extremely well with a
pasteur pipette to make sure that the cells are evenly distributed
and not clumped together.

5. Add 50 pi of this suspension to all wells of the existing micro-
plate.

6. Mix the well contents by gentle vortexing and centrifuge plate at
600 x g for 30 seconds.

7. Place the plate in a humidified C0„ incubator for 4 hours at 37°C.

Harvest of Assay

1.

2.

After the incubation, centrifuge the plate at 700 x g for 10
minutes.
Harvest the supernates with the use of an automated supernate
collection apparatus and count filter strips in a gamma counter.

Analysis of Data

1. Calculate the mean counts per minute (cpm) of radioactivity in the
supernates of quadruplicate wells for the experimental groups, or
all six wells for wells containing medium plus target cells or
deionized water plus target cells. The data are analyzed by
comparing the radioactivity released into the supernate of experi-
mental and control wells to the total releasable radioactivity.
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Mean values from wells containing targets and medium alone
comprise the "spontaneous release" value. Mean values from wells
containing targets and deionized water are considered to represent
the "total releasable" radioactivity. Calculate the mean percent
release for experimental cultures and spontaneous release cultures
as follows:
_ ., mean cpm experimental% release = F v

mean cpm total releasable

2. Calculate the percent specific release for all experimental
treatments as follows:
„ .... ., % release experimental - % spontaneous release% specific release= ______________________________________

1 - % spontaneous release

3. Graph the data by plotting the percent specific release against
each individual effector-to-target cell ratio used.

4. Analyze the data by comparing the slopes of the linear portions of
the curves for individual treatment groups. See reference 12 for
a discussion of this analysis.
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Chapter 10

CHROMIUM LABELING OF ERYTHROCYTES AND
THEIR APPLICATION IN CLEARANCE AND
SEQUESTRATION STUDIES DURING MALARIA

M.G. PAPPAS
Covalent Technology Corporation,
Ann Arbor, Michigan, United States of America

INTRODUCTION

Radioisotope labeling of erythrocytes has proved a very useful tool for
elucidating immune functions in vivo. Red blood cells primarily labelled with
51chromium (51Cr) have been utilized to study normal erythrocyte
senescence1, circulatory clearance, sequestration and destruction of
physically altered red cells2"4, and clearance of transfused autologous and
heterologous erythrocytes5"7. Clearance patterns and organ sequestration of
labelled erythrocytes have been performed in a number of model systems,
including mice", rats^, guinea pigs10» 11, rabbits7 and man12»1^.
Results from ^Cr radiolabel studies provide information on the protective
roles of immunoglobulins , the complement system, and reticuloendothelial organ
systems such as the liver and spleen in health and disease.

The rate of clearance and destruction of radiolabelled erythrocytes
sensitized with immunoglobulin is determined by their degree of sensitization
and the antibody's ability to fix complement^» 10> 13 . The spleen and liver
are the two organs most responsible for sequestration and destruction of
sensitized erythrocytes. Heavily sensitized red blood cells are rapidly
cleared by tissue macrophages in the liver whereas lightly sensitized cells
are mainly sequestered by macrophages in the spleen10. Very heavily
sensitized erythrocytes normally undergo intravascular lysis, with deposition
of hemoglobulin throughout the monocyte-macrophage system1^-

The erythrocyte labeling, clearance and sequestration procedure that
follow are outlined for the mouse model system as this laboratory animal is
easily manipulated and inexpensively maintained.

NATURE OF 51Cr LABELLING AND ITS EFFECTS ON ERYTHKOCYTES

Radioactive sodium chromate (Na2 crO^, half-life = 27.7 days)
labels erythrocytes by diffusing through the red cell membrane and associating
with the beta globin portion of hemoglobin15' 16. Increasing by ten fold
the amount of 51Cr used or doubling the normal amount of specific activity
does not adversely affect the mechanical f agility of erythrocytes17. Upon
labeling, 51Cr changes from a +6 to +3 charge which renders it incapable of
relabelling other red cells1**. in addition, the rate of ^Icr elution from
red blood cells averages only 1% per day (elution half-time = 75 to 80 days),
making results from clearance studies of short duration very accurate1» 17.
BLOOD COLLECTION

1. Anaesthetize a mouse with ether and immobilize the rodent using a
small animal restraining device. A 12 x 75 mm test tube containing
ether-soaked cotton may be placed over the animal's snout to prevent it from
awakening.
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2. Snip away the skin and connective tissue around the foreleg using a
small surgical scissors and forceps and expose the axillary vein.

3. Cut the vein and exsanguinate the animal using a pasteur pipet
prerinsed in heparin solution (Abbot Laboratories, Chicago, ILL) and test tube
containing 50 units of heparin. This procedure is rapid and over 1 ml of
blood may be collected per mouse.

4. Discard mouse in an appropriately marked container.
51CHROMIUM LABELING

1. Wash erythrocytes (E) 3X in a 15 ml conical centrifuge tube with
citrate phosphate dextrose (CPD, 0.15 M, pH 6.8) solution for 10 min at 4°C,
500 x G.

2. Adjust to a concentration of 5.0 x 10^ cells/ml in CPD solution
using a hemocytometer or automated cell counter (Coulter model F, Coulter
Electronics Inc., Hialeah, FLA).

3. For every 5.0 x 108 cells (1 ml) of washed E used, add 25 y.Ci
(25 y.1) radioactive sodium chromate in isotonic saline (1 mCi/ml, Spec. Act.
= 200 - 500 Ci/g, New England Nuclear, Boston, MA).

4. Incubate E and 51Cr at 37°C for 45 min in a shaking water bath at
medium speed to keep the cells in suspension.

5. Wash labeled E 4X at 500 x G for 10 min, 4°C and resuspend the
pellet to 1.0 x 10^ E/ml in Dulbecco's minimal essential medium (DMEM, pH
7.4, GIBCO, Grand Island, NY). Labeling results in approximately 0.01 counts
per min (cpm)/E.

PREPARATION OF ANTISERUM

INJECTION AND BLEEDING SCHEDULE

1. Rabbit anti-mouse E IgG and IgM are prepared by immunizing a New
Zealand white rabbit (2-3 kg weight) with 2 intravenous (i.v.) injections of
1 ml washed, packed mouse E (preferably the strain being tested) on days 0 and
3, followed by 3 intramuscular (i.m.) injections of the same amount of cells
on days 6, 14 and 21.

2. Bleed the rabbit from the ear 4 weeks after the primary
immunization. Shave fur off the ear then place a 19 ga. needle into the vein
to collect blood. When finished, remove the needle and apply direct pressure
to the puncture site until bleeding ceases.

3. Allow blood to clot at R.T. for 10 min, then centrifuge at 500 x G
for 10 min, 4*C and recover serum.

PURIFICATION AND CHARACTERIZATION OF ANTISERUM

1. Add an equal volume of cold, saturated ammonium sulfate
((NH^^SO^, pH 7.8) solution dropwise to the serum at 4'C on a stirring
plate at medium speed, then let the mixture stand for 1 hr at 4*C. This step
removes most of the serum albumin.

2. Centrifuge at 2,100 x G for 30 min, 4°C and discard the
supernatant. Redissolve precipitate to 1/2 its original volume in distilled
H20 (DH20).

3. Apply a 2 ml sample of the (NH/^^O^ fraction to a G-200
column, collect samples and read spectrophotometrically as described above.
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Three major peaks appear in the following order: the macroglobulin,
gammaglobulin and albumin peaks (Fig. 10-1). Discard the albumin peak,
carefully pool then concentrate each Ig fraction at 4*C using an
ultrafiltration device and PM 10 filter (>10,000 MW, Amicon Inc., Lexington,
MA).

4. The IgM fraction may be further purified using Protein A-Sepharose
CL-4B which binds contaminating IgG. Swell 3g of freeze-dried protein A
powder for 15 min with DH20 and wash with CBS (200 ml/g freeze-dried prep.)
in a sintered glass filter.

5. Pack gel into a small column (a 10 ml syringe may be used) as stated
above. Sample purification is performed at R.T.

6. Apply IgM sample (IX cone., greater concentrations can overload
column) and allow it to flow into column. Incubate sample in the column for
15 min then recover purified IgM using CBS passed through the column.

7. Concentrate the IgM fraction as stated above. Aliquot and store all
Ig samples at -20eC or below until used.

8. To reconstitute Protein A gel to original binding capacity elute off
bound IgG using eluate buffer (0.1 M glycine-HCl, 0.15 M NaCl, pH 3). Adjust
pH down using 10 M HC1 before adding Dl̂ O to volume. Use as much eluate
buffer as necessary to remove IgG. When samples show baseline optical
densities, the gel is ready for reuse.

The Sephadex G-200 and Protein A-Sepharose CL-4B columns may be reused
many times. To prevent contamination when not in use, sodium azide (NaNß,
0.02% v/v) should be mixed with CBS and passed through the column. Exercise
caution with NaN3 as it is very toxic.
TITRATION OF ANTISERA

SUBAGGLUTINATION TITER

The subagglutinating (SA) titer of the rabbit antisera is determined
using a microtiter hemagglutination technique.

1. Pipet 25 V.1 rabbit anti-mouse E IgG or IgM in serial two-fold
increasing dilutions in PBS containing 2% fetal calf serum (FCS) starting at
1:2 in round bottom microtiter plates (Cooke, Alexandria, VA).

2. Add 25 ul of washed mouse E (108/ml) to each test well.
Negative controls consist of wells containing 25 y.1 of PBS with 2% FCS and
25 u,l mouse E. Shake on a microtiter plate rotator for l min then incubate
for 1 hr at R.T.

3. Score the degree of agglutination in each test well from none (-) to
heavy (4+). Positive agglutination reactions are indicated by a mat of cells
covering well bottoms. Negative reactions are seen as tight rings or "donuts"
of cells with no folded or jagged edges.

A, Determine the SA titer (the lowest dilution producing a negative
reaction). This is ths optimal titer for sensitization of E.

COMPLEMENT FIXATION TITER

The complement fixing (CF) titers of Ig fractions are determined using a
micro technique,

1. To wells of round-bottom microtiter plates (Cooke, Alexandria, VA)
add 25 ul IgG or IgM in serial two-fold increasing dilutions in
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triethanolamine-buffered saline (TBS, 0.15 K, pH 7.4; 7.5g NaCl, 2.8 ml
N(CH2CH2OH)3, 17 ml IN HC1, O.lg MgCl2.6H20, 0.02g CaCl2.2H20 up
to I liter in DH20) starting at 1:2, and 25 u.1 of guinea pig complement (5
hetnolytic units, GIBCO) .

2. Plates are shaken at medium speed on a rotator, and then incubated for
45 min at 37'C.

3. Sheep erythrocytes (SE) diluted to a 2.8% concentration and
optimally sensitized with goat anti-sheep hemolysin (GIBCO) are added in
50 ul volumes to each well, mixed and incubated for 45 min. at 37'C.

4. Microtiter plates are then centrifuged at 500 x G for 5 min., 4*C.
The greatest dilution giving complete hemolysis (clear red solution) is the CF
titer.
PREPARATION OF Elg

1. Mix 5 ml of rabbit anti-mouse E IgG or IgM diluted to one half the
SA titer with 5 ml of 51Cr-labeled E (108/ml). This gives a final
sensitizing antibody dilution equal to the SA titer. In experiments where
less sensitization of E is desired, greater dilutions of IgG or IgM may be
used. Reserve an aliquot of labeled cells for the unsensitized control E
group.

2. Incubate E with Ig for 30 min at 37*C with frequent mixing.
Centrifuge cell suspensions at 500 x G for 10 min, 4*C, discard supernatants
and wash cells once in DMEM.

3. Vortex cells and microscopically view each preparation to insure
there is no microscopic agglutination which would cause invalid test results.

4. Adjust Elg concentration to 2.5 x 10^/ml for i.V. injection.
Nonsensitized ^^-Cr-labeled E which serve as a control are also adjusted to
2.5 x 108cells/ml.

IN VIVO CLEARANCE OF E

Accurate results depend upon complete injection of labeled E. A
successful injection is characterized by swift introduction of cells with no
back pressure. If there is resistance to injection, the needle is not in the
tail vein and you should try again a little closer to the base of the tail.
In a "bleb" forms at the injection site, the injection is incomplete and the
animal must be sacrificed, placed in a "Radioactive" disposal bag and replaced
with another animal. It is highly recommended to conduct practice tail vein
injections before conducting experiments to prevent wasting valuable animals.

1. Pipet 10 u.1 of each ^^Cr-labeled E suspension {unsensitized and
Ig-sensitized) into scintillation vials and count in triplicate using a gamma
scintillation counter for one minute each. Multiplying these numbers by 20
gives the total cpm/injection.

2. Number mice to be injected using a throat swab dipped in picric acid
(head, back, tail, left foreleg, right foreleg, etc.). This allows the mice
to be quickly identified during experimentation.

3. Place a mouse in an animal holder. An apparatus similar to that in
Figure 10-2 is preferred, but a successful holder can be prepared from a 50 ml
conical centrifuge tube with the base cut off.

4. Fill 1 ml tuberculin syringes (Becton-Dickinson, Rutherford, NJ)
fitted with 27 ga. needles to 0.2 ml with labeled E preparations. Eject air

92



bubbles from syringes and label the end of each plunger with magic marker to
identify the cell preparation.

5. Inject 0.2 ml (5 x 10') sensitized or nonsensitized E into one of
the 4 tail veins. The 2 lateral tail veins are larger and easier to use for
injection.

6. Immediately after a successful injection start a timer and at 30
seconds (0 time) collect 25 V-l of blood from the retro-orbital plexus
(behind the eye) using a calibrated, preheparinized lambda pipet (CV<l/21t,
Clay Adams, Parsippany, NJ) . Bleeding automatically stops when the mouse
closes its eyelid. This volume represents approximately l/60th of the total
blood volume of a 7 to 10 week-old mouse.

7. Wipe off excess blood from the outside of pipet. Suspend collected
blood samples in prelabeled capped scintillation vials containing 1 ml PBS and
place on ice. Discard used lambda pipet.

8. Repeat blood collections using fresh heparinized pipets at 2, 5, 10,
20, 30, 60, 120 and 180 min for each mouse in the experiment. Subsequent mice
may be injected following the same procedure after 10 min collection of the
previously injected mouse.

9. At termination of experiment centrifuge all blood samples at 500 x G
for 10 min at 4°C and remove supernatants from the E pellets.

10. Count cpm in pellets and supernatants to determine the % of
E-associated cpm. If >^ 95% of the total cpm is in the pellet, nonspecific
lysis of injected E has not occurred in vivo and test results are valid.

ORGAN SEQUESTRATION

1. After collecting the 180 min timepoint, etherize mice and sacrifice
by exsanguination as previously mentioned.

2. Cut the peritoneum using small surgical scissors and forceps, remove
the spleen and liver and dip them in beakers of saline remove excess blood
resulting from cutting the organs' veins and arteries.

3. Organs placed on small weighing boats or waxed paper may be weighed
at this time, but be careful not to contaminate the balance.

A. Place spleens and livers into the bottoms of counting vials, cap and
count in a gamma scintillation machine for one min each.

CALCULATION OF 51Cr CPM IN SAMPLES

1. Determine average background radioactivity (cpm) of each experiment
by counting 10 empty vials for l min each. Subtract this amount of cpm from
each test sample.

2. Percent cpm in each blood and organ sample is determined by dividing
the total tail vein injected counts determined into the cpm of each test
sample and multiplying by 100.

3. Plot the % injected cpm/25 ul blood against time after injection
on semilog graph paper to obtain clearance curves of Ig-sensitized and
nonsensitized E (Fig. 10-3).

4. Spleen and liver retention of sensitized and nonsensitized E may be
represented as % retention of total cpm per g of tissue or as % total injected
cpm per organ as shown in Figure 10-7.
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COMMENTS

Significant hématologie and pathologic changes occur during malaria
infection, among them anemia, hypocomplementemia, hepatomegaly and
splenomegaly (Reviewed in *•*• ̂ "). Possibly contributing to these defects
is the observation that during the course of Plasroodium berRheii infection in
mice, nonparasitized as well as parasitized E are coated with IgG and to a
lesser extent with IgM^D. in this regard, 51Cr-label studies have been
performed to determine the effects of P. berghei malaria infection upon the
course of clearance and sequestration of antibody-sensitized E^^. As early
as 3 days after infection in mice, clearance of autologous EIgG is markedly
increased over that observed in normal mice and is maximal at 7 days
(Fig. 10-3). Clearance of these cells is complement-dependent; mice treated
with cobra venom factor (CVF) (Fig. 10-4) and mice with advanced infection
when complement (C) levels are diminished (14 and 21 days) fail to clear EIgG
(Fig. 10-3), whereas their ability to remove EIgG presensitized with C
in vitro (Fig. 10-5) and C-sensitized E (EC) is elevated throughout the
infection (Fig. 10-6). Early during disease, E optimally sensitized with IgG
are predominantly sequestered by the liver due to complement fixation ija vivo
while E coated with 5 fold less IgG (suboptimally sensitized, noncomplement
fixing dose) are removed mainly by the spleen (Fig. 10-7). Clearance and
sequestration of itnmunologically neutral cells (E) during malaria infection
are not different from normal mice. These data suggest that during infection,
immune clearance of autologous E depends upon the amount of sensitizing Ig and
its ability to fix C, the level of endogenous C and the state of tissue
macrophage activation. Clearance and sequestration studies using -̂ Cr
labeled, malaria-infected E suggest that rhéologie properties of these cells
(deformability and circulatory flow) may also affect spleen and liver uptake
and disease outcome in rats^2) _ Further studies in this area might include
clearance and sequestration patterns of Ig-sensitized infected and uninfected
E at various times after chemotherapy and the effects of macrophage receptor
saturation with immune complexes upon uptake of red cells.

REFERENCES

1. Ebaugh, F.G., C.P. Emerson and J.F. Ross. 1953. The use of radioactive
chromium 51 as an erythrocyte tagging agent for the determination of red
cell survival in vivo. J. Clin. Inv., 32:1260-1276.

2. Harris, I.M., J.M. McAlister and T.A.J. Prinkard. 1957. The relationship
of abnormal red cells to the normal spleen. Clin. Sei.. 16:223-230.

3. Jandl, J.H. and A.S. Tomlinson. 1958. The destruction of red cells by
antibodies in man. II. Pyrogenic leukocytic and dermal réponses to immune
hemolysis. J. Clin. Inv.. 3_7:1202-1228.

4. Rifkind, R.A. 1966. Destruction of injured red cells in vivo. Am. J.
Med.. 41:711-723.

5. Cutbush, M. and P.L. Mollison. 1958. Relation between characterization
of blood-group antibodies in vitro and associated patterns of red cell
destruction in vivo. Brit. J. Haematol. . 4/.115-137.

6. Halpern, B.N., G. Biozzi, B. Benacerraf and C. Stiffel. 1957.
Phagocytosis of foreign red blood cells by the reticuloendothelial
system. Am. J. Physiol.. 189:520-526.

7. Brown, D.H., P.J. Lachman and J.V. Dacie. 1970. The jji vivo behaviour of
complement-coated red cells: Studies in Co-deficient, C3 depleted and
normal ribbits. Clin. Exp. Immuno 1. . 7.:401-421.

94



8. Pappas, M.G., R.S. Nussenzweig, V. Nussenzweig and H.L. Shear. 1981.
Complement-mediated defect in clearance and sequestration of sensitized,
autologous erythrocytes in rodent malaria. J. Clin. Inv... 67:183-192.

9. Kreier, J.P. and J. Leste. 1968. Relationship of parasitemia to
erythrocyte destruction in Plaamodium ber&hei-infected rats. Erp.
Parasitol.. 21:78-83.

10. Schreiber, A.D. and M.M. Frank. 1972. Role of antibody and complement in
the immune clearance and destruction of erythrocytes. I. In vivo effects
of IgG and IgM complement-fixing sites. J. Clin. Inv.. 51:575-582.

11. Schreiber, A.D. and M.M. Frank. 1972. Role of antibody and complement in
the immune clearance and destruction of erythrocytes. II. Molecular
nature of IgG and IgM complement-fixing sites and effects of their
interaction with serum. J. Clin. Inv.. 51:583-589.

12. Mollison, P.L. 1959. Blood-group antibodies and red cell destruction.
Brit. Med. J.. 2:1123-1130.

13. Mollison, P.L., P. Chrome, U.C. Hughes-Jones and E. Rochna. 1965. Rate
of removal from the circulation of red cells sensitized with different
amounts of antibody. Brit. J. Haematol.. 11:461-470.

14. Jandl, J.H. and M.S. Kaplan. 1960. The destruction of red cells by
antibodies in man. III. Quantitative factors influencing the patterns of
hemolysis in vivo. J. Clin. Inv.. 39:1145-1156.

15. Gray, S.J. and K. Sterling. 1950. The tagging of red cells and plasma
proteins with radioactive chromium. J. Clin. Inv.. 29:1604-1643.

16. Owen, C.A. and A.L. Orvis. 1966. Elution of chromium from rat
erythrocytes. Am. J. Physiol.. 210:573-575.

17. Necheles, T.F., I.M. Weinstein and G.V. LeRoy. 1953. Radioactive sodium
chromate for the study of survival of red blood cells. I. The effect of
radioactive sodium chromate on red cells. J. Lab. Clin. Med.. 42:358-367.

18. Korst, D.R. 1968. Radioactive chromium (51Cr). In: Wagner, H.N.
(ed.), Principles of Nuclear Medicine. W.B. Saunders Co., Philadelphia,
p. 429.

19. Nussenzweig, R.S., A.M. Cochraine and H.J. Lustig. 1978. Immunological
responses. In: Killick-Kendrick, R. and W. Peters (eds.), Rodent
Malaria. Academic Press, New York, pp. 248-307.

20. Perrin, L.Y., L.J. Mackey and P.A. Miescher. 1982. The hematology of
malaria in man, Sem. Hematol.. 19:70-82.

21. Lustig, H.J., R.S. Nussenzweig and C. Bianco. 1977. Erythrocyte
membrane-associated immunoglobulins during malaria infection of mice. J_._
Immunol.. 119:210-226.

22. Quinn, T.C. and D.J. Wyler. 1979. Intravascular clearance of parasitized
erythrocytes in rodent malaria. J. Clin. Inv.. 63:1187-1194.

95



o
CO
CN

C_3
2
<t
CdccoC/D
03
«t

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
SAMPLE NUMBER

Figure 10-1 Sephadex G-200 column fractionation of rabbit antiserum to mouse
E. Two ml of NH^SC^-precipitated antiserum and blue dextran
2000 were overlayered upon the column and 2 ml fractions of eluent
were collected and absorbances read spectrophotornetically at 280
nm.

Figure 10-2 Small animal holder constructed from plexiglass for tail vein
injection of mice with ^^-Cr-labelled E.
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Figure 10-3 Clearance of 51Cr-labeled E or EIgG (4 x 107cells) in normal
and P. ber-Rhei-infected A/J mice. Clearance was determined from
25ul blood samples taken at the time points indicated. (•) E
injected into normal mice (o) ElgG^0-3 injected into normal
mice, and into mice 3d (A), 5d (• ) , 7d (•) , 14d (a) and 21d
(A) after infection with P. berfthei. Data points represent mean
values + 1 S.E.M. of 6-14 mice in at least 3 experiments.

Q
O

3
CD

in
(M

a.o
a
LÜ

o

001 W
5 10 20 30 60 120 180

TIME (MINUTES)

Figure 10-4 Clearance of 4 x 107 51Cr-labeled E in CVF-treated mice.
Clearance was determined from 25 V-l blood samples taken at the
timepoints indicated. (•) E, (D) EIgG10-3> (O) EIgG10-3C,
and (A) ElgG^Q-S incubated with serum containing 10 mM EDTA
which served as additional C controls. Data points represent the
mean ±1 S.E.M. of 3 to 7 mice in 2 experiments.
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10 7 5:iCr-labeledFigure 10-5 Clearance of 4 x 10 7 Cr-labeled EIgG IQ- 3 and of

EIgGio~3c in normal and P. berfthei-infected mice. Clearance was
determined from 25 ul blood samples taken at the timepoints
indicated. EIgG-^Q-3 injected into malaria-infected mice 14d
(•) or 21d (A) after injection. EIgGiQ-3C injected into
normal mice (•) and mice infected for 14d (A) and 21d (D)
with P. berRhei . Data points represent the mean values +1 S.E.M.
of mice in 2 experiments.

Qoo

m<M

Q_
o

o
LJ

IN MALARIA -
INFECTED MICE

2 5 10 60
TIME (MINUTES)

figure 10-6 Clearance of 5^Cr-labeled E sensitized with complement (EC) in
normal and P. berfthei-infected mice. Clearance was determined
from 25 v.l. blood samples taken at the times indicated.
Nonsensitized E injected into normal mice (•>, EC injected into
normal mice (o) and mice infected for 7d (A), 14d ($) and 21d
(•) with P. berghei. All data points are mean values ±1 S.E.M.
of 4 mice in 2 experiments.
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Figure 10-7 Sequestration of 51Cr-labeled E sensitized with different
dilutions of IgG into the spleens and livers of infected mice.
(A) EIgG10-3 (optimally sensitized), (B) EI6G2xlO~4
(suboptimally sensitized). Each mouse was injected with 4xl07
nonsensitized or IgG-sensitized E and 3 hr after infection the
animals were exsanguinated. The spleens and livers were excised
and counted in a gamma scintillation counter and percent injected
cpm/organ calculated.
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INTRODUCTION

The study of surface antigens has received considerable attention in
immunology, and surface receptors on lymphocytes and tumor cells have been
well characterized. It should not be too surprising that surface antigens
play an important role in the immune response to parasites, for molecules on
the surface of the parasite come into intimate contact with host tissues and
body fluids and are, in all likelihood, the first foreign molecules seen by
the host's immune system. Indeed, experimental studies have shown that such
is the case for schistosomes, as reactions involving cytotoxic and opsonic
antibodies appear to be centered around the surface of the parasite (1,2).

The use of radioisotopes has greatly facilitated the study of surface
antigens. Radioactive labels of high specific activity can be incorporated
into living cells both directly, by reaction with radioiodine, radiochromium
or tritiated sodium borohydride, and indirectly by incubation with H, C
or S labeled metabolic precursors. The most commonly used method for
studying surface antigens involves direct radiolabeling with I.

RADIOIODINATION METHODS

Several methods of iodination exploit a very simple chemical reaction,
halogen substitution. As shown in Figure 11-1, iodine in solution may be
found in either reduced (iodide) or oxidized (iodine) form. When present in
the oxidized form, iodine is directly substituted into phenolic rings. The
presence of a hydroxyl group in the phenolic ring introduces a slight
polarity which greatly facilitates the substitution reaction; in contrast,
iodination of a benzene ring does not occur readily. A phenolic ring is
present in the amino acid tyrosine (Fig. 11-2), which suggests a relatively
straightforward method of radiolabeling tryosine-containing proteins, as
both diiodo and monoiodo tyrosine (3).
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FIGURE 11-1. lodination -of a phenolic ring by substitution.

HO

NH,

CH2 —CH—COOH

Tyrosine

FIGURE 11-2. Chemical formula of tyrosine,

Chloramine-T

Initial attempts to radioiodinate proteins were cumbersome procedures
involving the oxidation of iodide to iodine with nitrous acid, followed by
chloroform extraction (4,5). Efforts to iodinate proteins without the use
of oxidizing agents were complicated by the formation of iodide and iodate
ions and the need for a very high pH (9.0 to 9.5) during the reaction (3).
Thus, introduction of the chloramine-T method represented a major advance-
ment (6,7). Chloramine-T is a very strong oxidizing agent, that at one time
had widespread use as a hospital disinfectant (Fig. 11-3). Chloramine-T
oxidizes iodide to iodine which in turn is substituted on the phenolic ring
of tryosine. The labeling reaction is terminated by the addition of a
reducing agent such as sodium metabisulfite; labeled proteins are then
separated from unbound iodine by dialysis or gel filtration.

S02N.
Na

•CI

Chloramine-T

FIGURE 11-3. Chemical formula of choramine-T.
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In any radiolabeling procedure the labeled molecule is altered and the
possibility of denaturation or loss of biological activity always exists.
For proteins like complement, that lose activity following chloramine-T
labeling, alternative methods of radiolabeling must be used (8). Some
proteins are also subject to internal self-irradiation damage, which is more
pronounced in I-labeled proteins than in I-labeled proteins because ofthe high energy beta emissions of the former radionuclide (8) . Under
labeling conditions, oxidation of sulfhydryl groups also occurs (3). Thus,
for proteins with high reducing capacity like keyhole limpet hemocyanin, the
amount of chloramine-T may be critical (8) . Although reaction kinetics
favor the iodination of tyrosine (3), iodination of the imidazole group of
histidine (Fig. 11-4) is also believed to occur (9). Radioiodination of
complex extracts from cells often results in the preferential labeling of
lipid components (10,11). The conditions of chloramine-T iodination are
generally considered too harsh for living cells or organisms.

NH2

CH=C— CH9— CH— COOH

HN

Histidine
FIGURE 11-4. Chemical formula of histidine.

lodo-gen
lodo-gen is the trade name of l,3,4,6-tetrachloro-3a,6a-diphenylgly-

coluril (Fig. 11-5), an oxidizing agent only sparingly soluble in water. A
solution of lodo-gen in chloroform or méthylène chloride is used to coat the
inner surface of a test tube, evaporating the solvent. Stockpiles of
glassware may be prepared in advance and stored. When an aqueous solution
of protein and radioiodide is added to the reaction vessel, the iodination
of tyrosine and, to a lesser extent, histidine commences. The reaction is
terminated by decanting or aspirating the reaction solution. Because
lodo-gen does not go into aqueous solution, denaturing of proteins and
damage to living cells is minimized (12,13). However, when this method was
applied to living Dipetalonema viteae, it was found that the concentrations
of lodo-gen required for radiolabeling were toxic for the parasite (14).

CI O CI
\ I! /N— C-N

1,3,4,6-Tetrachloro-3a,6a-diphenylglycoluril

g
FIGURE 11-5. Chemical formula of lodo-gen ,

l,3,4,6-tetrachloro-3 a,6a-diphenylglycoluril.
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Lactoperoxidase

Another variation of halogen substitution radiolabeling uses a specific
enzyme to control the oxidation reaction. Lactoperoxidase catalyzes the
reduction of hydrogen peroxide to water, which in turn oxidizes iodide to
iodine. The radioiosotope is prepared in reduced form to preclude non-
enzymic labeling, and the reaction is driven by the amount of peroxide
present. As described above, iodine in the oxidized form will react with
tyrosine and histidine to yield a labeled product. This method has several
advantages: the reaction takes place at physiological pH and temperature,
conditions are relatively mild, peroxidase halogenation has fewer side
reactions than other methods and the oxidant hydrogen peroxide can be used
in low concentrations (15,16). The reaction is selective in that only those
tyrosine residues which can form an enzyme-substrate complex with the
peroxidase will be labeled (16), although, as with chloramine-T, significant
labeling of lipid components also occurs (17). With a molecular weight of
approx. 80,000, the lactoperoxidase molecule is unable to penetrate the cell
membrane, thus labeling is restricted to the exposed tyrosine and histidine
residues of surface proteins (15,16).

A recent innovation has been developed by Bio-Rad Laboratories in which
lactoperoxidase and glucose oxidase are delivered in solid phase on polya-
crylamide beads. In this system, the immobilized glucose oxidase generates
a small steady amount of hydrogen peroxide which is utilized immediately,
thus eliminating the need for adding peroxide to the incubation medium.
Because of gentle reaction conditions and localization to the outer surface
of the cell membrane, lactoperoxidase catalyzed iodination is often regarded
as the method of choice for labeling surface proteins.

Proteins Lacking Tyrosine

A problem arises when attempting to radioiodinate molecules such as
certain ribosomal proteins which lack tyrosine and histidine (18). One
solution has been to amidinate the protein with the imidoester methyl
£-hydroxybenzimidate (MPHBIM), depicted in Figure 11-6. By so doing, a
phenolic ring is added to the protein and iodine substitution may proceed
(19). Alternatively, MPHBIM may be iodinated first followed by amidination
using the labeled ester (20). Other protein radioiodination methods that
are not dependent upon the presence of tyrosine include the Bolton-Hunter,
iodosulfanilic acid and iodonaphthylazide methods.

Methyl /o-hydroxybenzimidate
hydrochloride (MPHBIM)

FIGURE 11-6. Chemical formula of MPHBIM, methyl jp_-hydroxybenzimidate

hydrochloride.
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Bolton-Hunter

125, Proteins lacking tyrosine may also be radiolabeled using the
'l-iodinated N-hydroxysuccinimide ester of 3-(4-hydoxyphenyl) propionic

acid (Fig. 11-7), an acylating agent described by Bolton and Hunter (21)
that reacts with free amino groups in the protein molecule to attach the

I labeled groups by amide bonds. Lysine appears to be labeled preferen-
tially (22,23). This method has the advantage of very mild reaction condi-
tions without exposure of the target molecule or cell to oxidizing agents or
free iodine. Other methods have also been developed to radioiodinate
proteins by reaction with pre-labeled conjugates such as iodinated aniline
(24) and iodinated methyl p_-hydroxybenzimidate (20). In some instances the
use of conjugates for radiolabeling preserves biological activity that is
otherwise lost using the chloramine-T or lactoperoxidase methods (23). As
more conjugates and heterobifunctional reagents become commercially avail-
able we may expect to see additional variations of the Bolton-Hunter
reaction used to radiolabel proteins.

oil
CH2CH2C—O—N

/

Bolton-Hunter Reagent
FIG'JKZ 11-7. Chemical formula of the Bolton-Hunter reagent, iodinated

3- (4-hydroxyphenyl) propionic acid"-N-hydroxysuccinimide ester.

lodosulfanilic Acid

Diazotized iodosulfanilic acid is a particularly useful reagent for the
radiolabeling of surface proteins (Fig. 11-8) as it has the potential of
coupling with both phenols (Fig. 11-9) and with primary and secondary amines
(Fig. 11-10). Diazotized iodosulfanilic acid reacts preferentially with the
imidazole ring of histidine and the phenolic ring of tyrosine (25). There
is also evidence that it can react with aliphatic amino groups such as the
epsilon amino group of lysine or the alpha amino group found on the
N-terminal amino acids glycine, alanine, phenylalanine and ornithine (26).
As shown by studies using erythrocytes, the size and charge of the diazo-
tized iodosulfanilic acid molecule limit labeling to the outside of the cell
membrane (27).

= N-CI

Diazotized lodosulfanilic Acid

FIGURE 11-8. Diazotization of iodosulfanilic acid.
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SCLH

+ HO/ VR ——— SO.,H(\ >-N=N
OH

N = N—Cl

I-HCI

Coupling with Phenols

FIGURE 11-9. Coupling of diazotized iodosulfanilic acid with phenols.

+ H2N—R

= N—Cl

+ HCI

N=N—NH—R

Coupling with Primary & Secondary Amines

ll-lO. Coupling of diazotized iodosulfanilic acid with primary and
secondary amines.

lodonaphthylazide
In each of the radioiodination methods described above, significant

incorporation of label into lipid containing components occurs. Labeling is
not restricted to lipoproteins, but includes phospholipids, triacylgly-
cerides, free fatty acids and lysophosphatides (28). Recently a method has
been developed specifically for the radioiodination of non-polar components
of cell membranes using iodonaphthylazide (Fig. 11-11), a reagent that
penetrates into the lipid bilayer of biological membranes (29-32). The
reaction involves light-mediated conversion of the azide into the reactive
nitrene. The light-generated nitrene reacts covalently with very high
efficiencies with the membrane components. It appears to react from within
the lipid bilayer mainly with hydrophobic regions of intrinsic membrane
proteins. The reagent is not yet available commercially.

I

5-lodonaphthyl-1 -azide
FIGURE 11-11. Chemical formula of 5-iodonaphthyl-l-azide.
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RADIOLABELING OF PARASITES

Despite established protocols for radioiodination and the commercialavailability of most labeling reagents, the immunochemical analysis of
parasites has proceeded slowly, primarily because of technical reasons. In
addition to the difficulties involved in harvesting enough material to do
serious biochemical analyses, recent work has also shown that some parasite
surfaces do not necessarily behave like other cell surfaces with regard to
conventional methods of antigen labeling and extraction. The radiolabeling
of Schistosoma mansoni adult worms serves as a prime example (33).

Initial attempts to radiolabel surface antigens of adult worms by
lactoperoxidase catalyzed iodination yielded equivocal results. Although
there was significant incorporation of I into an acid insoluble membrane
fraction that reacted with antisera (34), SDS polyacrylamide gel electro-
phoresis of lactoperoxidase labeled antigens showed a remarkable absence of
protein peaks in the molecular weight of 10,000 to 100,000 (35). The most
comprehensive study of lactoperoxidase iodination of £L mansoni adult worms
was done as part of a doctoral dissertation by Ruppel (36), who examined in
detail several parameters of the iodination reaction. He defined the
optimal time, temperature, enzyme and peroxide concentration for radio-
labeling, and determined that the choice of buffer can be critical. When
adult worms were incubated in phosphate buffered saline, internal proteins
leaked into the media where they became labeled and subsequently adsorbed by
the tegument, giving erroneous results; in Eagle's balanced salt solution,
neither leakage nor labeling took place. Although Ruppel*s dissertation is
not readily available his findings have been corroborated by several other
investigators (35,37,38). The "failure" of the lactoperoxidase method
suggests that membrane proteins on living adult worms are either deficient
in exposed tyrosine and histidine or are in some way masked from radio-
labeling reagents (35). Of even greater significance, however, was the
finding that a "routine" procedure such as incubation in phosphate buffered
saline introduced serious artifacts. Without the use of exhaustive experi-
mental control measures, totally erroneous conclusions would have been
drawn.

Attempts to label living adult schistosomes with chloramine-T or
diazotized iodosulfanilic acid yielded similar results (35), although
schistosomula could be labeled with iodosulfanilic acid (39). Satisfactory
and reproducible radioiodination of tegumental proteins of living adult
worms was finally achieved using the Bolton-Hunter reagent (35,40). Use of
this reagent also facilitated the characterization of proteins extracted
from the parasite (41-43). However, a serious disadvantage was that the
Bolton-Hunter molecule penetrates the plasma membrane so that surface
localization of the labeled proteins was not assured (35).

In the absence of exclusive surface labeling, the extraction of surface
membranes from the parasite without intracellular contamination assumes even
greater importance. Isolation of schistosome tegumental antigens has
included extraction by freeze-thaw, saponin, saline, sodium dodecyl sulfate,
deoxycholate, the non-ionic detergent Nonidet P-40, treatment with trypsin
and incubation in phosphate buffered saline; and in some studies it was
shown by electron microscopy that the fractions isolated were membrane
material (33). Electron microscopic evidence has been presented that only
surface membrane material is extracted from schistosomula by a 15 min
incubation in 0.05% Nonidet P-40 at 37°C; longer incubations or higher
concentrations of detergent appear to extract intracellular contents (44).
Although many investigators prefer to carry out membrane extractions in the
cold, there is at least one account in the literature to suggest that a drop
in temperature causes worms to vomit their intestinal contents into the
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incubation media (45). Clearly tegumental membranes may be extracted by
many procedures, but little evidence has been presented to rule out
contamination by internal proteins or material excreted during the
extraction procedure. Isolation of schistosome surface antigens is further
complicated by the multilaminate nature of the tegumental membrane. Recent-
ly, sequential isolation of outer and inner bilayers has been reported by
incubation of worms in digitonin; the homogeneity of the fractions obtained
was assessed by enzymatic activity, radiolabeling and electron microscopy
(46,47).

Clearly, strict quality control is essential as helminth parasites
often defy conventional methods of immunochemical analysis. With any
labeling procedure steps should be taken to preclude structural damage to
the parasite (35), and to ascertain viability (14) or infectivity of the
organism. Even "routine" procedures require critical evaluation (36). It
is hoped that the observations described here will not only provide insight,
but will encourage other investigators to use creative techniques in
examining other helminth species.

RADIOIODINATION PROTOCOLS

The following procedures are routinely used in our laboratory to
radioiodinate living _S. mansoni adult worms and extracted proteins. Addi-
tional protocols many be found in an earlier version of this laboratory
manual (48) and in the original research papers cited. The times, tempera-
tures, buffers and concentrations that were developed for these parasites
may not necessarily be the optimal parameters for other organisms; rather
they represent only a reasonable starting point for the investigator.
Lactoperoxidase

In the presence of lactoperoxidase and HO radioactive iodide is
incorporated into exposed tyrosine residues or surface proteins. The
isotope must be prepared in reduced (iodide) form to preclude nonenzymatic
labeling; labeling is presumed to be restricted to the cell surface. The
reaction takes place at physiological pH and is complete within 10 min.
When labeling proteins in solution, it is important that buffers do not
contain sodium azide, as azide inhibits lactoperoxidase.

Materials
1. Carrier free I sodium iodide

2. 0.1 N NaOH (lg/250 ml)
3. 0.1 N HC1

4. Azide-free buffer (Earle's balanced salt solution for schisto-
somes; for other organisms PBS may be acceptable ; opinions vary
about the need for carrier iodide, 5 x 10~ M KI, in the buffer)

5. Sodium thiosulfate (10mg in 1 liter HO)

6. 0.05% Nonidet P40 solution (5 pi NP 40 in 10 ml buffer, with 0.5%
Trasylol or other enzyme inhibitor)

7. 0.075% peroxide (10 ul 30% H^ in 4 ml Earle's BSS - make fresh,
store on ice)
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8. Lactoperoxidase solution (1.6 mg in 100 \il Earle's BBS - make
fresh, store on ice)

9. Earle's lactalbumin hydrolysate (ELAC)

10. Heparin (for perfusion)

11. Nembutal (for perfusion)

Preparation of isotope solution

1. Decide on the number of mCi to be used and calculate how much
sodium iodide this represents. Dilute stock solution with 0.1N
NaOH if necessary. (e.g., 1 mCi = 0.1 yg = 10 yl)

2. Add the appropriate amount of 0.1N HC1 to neutralize the isotope
solution. (This amount is determined by titration of the HC1
solution against 0.1 N NaOH.)

3. Add 10 yl thiosulfate solution (solution should be prepared so
that 10 yl contains an amount of thiosulfate, equal in weight to
the amount of sodium iodide in the isotope aliquot).

Collection of parasites

1. Anesthetize mice with 0.5 cc 10% Nembutal, i.p.

2. Perfuse mice with ELAC containing 10 units heparin per ml at 37°C,
collecting worms in a 250 ml beaker.

3. Transfer worms to 40 ml centrifuge tube and wash 3x in ELAC at
37°C. Transfer to petri dish and remove any dead or visible
damaged worms. Wash 3 - 5x in Earle's BSS.

Labeling of worms

1. Resuspend approximately 20 worm pairs in 200 yl Earle's BSS

2. Add 0.5 - 1.0 mCi isotope

3. Add 50 yl enzyme solution
4. Add 10 yl 0.075% HO, incubate for 10 min. at room temp.

5. Wash 4 x with Earle's BSS

6. Resuspend in 500 yl Nonidet P40 solution, incubate for 30 min. at
0°C

7. Dialyze supernatant at 4°C against 0.1M BBS, pH 7.6 containing
enzyme inhibitor, to removed unreacted isotope. Alternatively,
apply the supernatant to a Sephadex G-25 column and collect
labeled proteins in the "fall through" peak. Use of gel filtra-
tion is a rapid way to remove unreacted isotope, but results in a
dilution of the sample.
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Enzymobead Reagents

Lactoperoxidase-catalyzed iodination may also be carried out using
Bio-Rad Enzymobead Reagents which contain immobilized lactoperoxidase and
glucose oxidase. The primary advantage to this method is that cells or
proteins in solution are not exposed to harmful concentrations of hydrogen
peroxide. Detailed technical information about this product may be found in
Bio-Rad Bulletin No. 1071.

Materials

1. Enzymobead reagent
2. 1 ml of a 1% ß-D-glucose solution. (Alternatively, a 2%

a-D-glucose solution may be prepared and allowed to mutarotate
overnight to the "beta" configuration.)

3. All other solutions are identical to those described above for
lactoperoxidase iodination, except that hydrogen peroxide is not
used.

Preparation of isotope solution
For each labeling experiment, an aliquot of 0.5 - 1.0 mCi carrier

free I sodium iodide is neutralized with 0.1 N HC1 and reduced with
10 pi sodium thiosulfate solution as described above.

Radiolabeling of Worms

1. Réhydrate the vial of Enzymobead reagent with 500 pi distilled HO
at least 1 hr before use and store at 4°C. (The vial contains
sufficient reagent for 10 reactions and may be stored at 4°C for
up to 2 weeks after rehydration. Alternatively, a single reagent
vial may be rehydrated with 50 pi H~0 and used in its entirety.)

2. Resuspend approx. 20 worm pairs in 200 pi Earle's BSS, pH 7.5

3. Add 50 pi rehydrated Enzymobead reagent

4. Add 0.5 - 1.0 mCi isotope

5. Add 25 yl 1% ß-D-glucose
6. Incubate the mixture at room temperature for 15 - 25 minutes with

occasional gentle agitation. The reaction is terminated by
removing the Enzymobeads. Allow worms to settle at the bottom of
the testtube.

7. Aspirate the suspension of Enzymobeads, glucose and isotope and
discard in radioactive waste. (For smaller organisms, such as
schistosomula, gentle centrifugation may be necessary.)

8. Wash worms twice in Earle's BSS
9. Resuspend worms in 500 pi Nonidet P-40 and incubate for 30 min. at

0°C

10. Aspirate supernatant and remove any unreacted isotope by dialysis
or gel filtration
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Radiolabeling Proteins
1. Approx. 25 - 100 yg protein is prepared in 50 yl of an azide-free

buffer, pH 7.0 - 7.6
2. Add Enzymobead reagent, isotope, glucose and incubate as above.

Agitation is not necessary as Enzymobeads form a stable
suspension.

3. Centrifuge the suspension at 1,000 x G for 10 min. and aspirate
supernatant; separate labeled protein from unreacted isotope and
glucose by dialysis or gel filtration. Alternatively, the entire
suspension may be applied to a disposable gel filtration column
and labeled protein collected in the "fall through" peak.

lodogen

lodogen (1,3,4,6-tetrachloro-3a,6a-diphenylglycoluril) is dissolved in
chloroform or méthylène chloride and coated on the inside of reaction
vessels. lodination may proceed in aqueous samples with oxidizing condi-
tions restricted to the surface of the glassware. This,method has been used
to radiolabel the filarid nematode Dipetalonema viteae

Materials
1. lodogen

2. Chloroform
1 or:3. Carrier free JI sodium iodide in 0.1 N NaOH (Neutralize with 0.1

N HC1 just before use)

4. 0.05 M Phosphate buffer, pH 7.5
5. Protein sample (25 - 100 yg protein in 50 - 100 yl buffer)

6. Ice bath
7. Magnetic stirrer and small stirbar
Labeling
1. Dissolve lodogen in chloroform to a concentration of 1 mg/ml

2. Pipette 25 - 50 yl aliquots lodogen solution into a small glass
beaker, testtube or screw-top vial, and gently swirl or rotate
glassware until the chloroform evaporates leaving a thin coat of
reagent on the surface of the glassware. Glassware may be
stockpiled in advance and stored at -70°C indefinitely.

3. Place glassware in a small ice bath mounted on a magnetic stirrer
in the hood

4. Add protein sample

5. Add 0.5 mCi neutralized isotope in a small volume (5 - 10 yl) and
allow to stir gently for 15 min.
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6. Terminate reaction by the addition of 15 mM L-tyrosine

7. Decant or aspirate reaction mixture into another vessel

8. Remove unreacted isotope by dialysis or gel filtration
Chloramine-T

Chloramine-T facilitates the radiolabeling of tyrosine and, to a lesser
extent, histidine by iodine substitution. The reaction which takes place
within 5 min. at pH 7.5, is terminated by the addition of sodium metabisul-
fite. Because of the harsh oxidizing conditions Lnvolved, this method is
generally not recommended for living organisms. It is also often necessary
to remove excess lipid material from cellular extracts before protein
labeling can be achieved (10,35,43). Living nematodes could be labeled with
chloramine-T provided the reagent did not exceed lethal concentrations (14).

Materials
1251. Carrier free I sodium iodide in 0.1 N NaOH. (Neutralize with

0.1 N HC1 just before use.)

2. 0.05 M Phosphate buffer, pH 7.5
3. Chloramine-T (Weigh out 2.5 mg chloramine-T and place in covered

beaker; add 10 ml buffer just before iodination.)

4. Sodium metabisulfite (Weigh out 5.0 mg. Add 10 ml buffer just
before iodination.)

5. Protein sample (25 - 100 yg protein in 50 yl buffer)

6. Ice bath

7. Magnetic stirrer and small stirbar
Labeling

1. Place protein sample in a small ( 2 - 3 ml) covered beaker or
screw-top vial with stirring bar. Put this container in a
small ice bath mounted on a magnetic stirrer in the hood and
stir gently.

2. Add 0.5 mCi neutralized isotope in a small volume (5 - 10 yl)

3. Add 100 yl (25 yg) chloramine-T; allow to stir gently for 5 min.

4. Terminate reaction by adding 100 yl (50 yg) sodium metabisulfite,
wait one min.

5. Remove unreacted isotope by gel filtration (Sephadex G-25) or
dialysis.

lodosulfanilic Acid

Radioiodination with diazotized iodosulfanilic acid is an alternative
method for labeling surface membrane proteins, and is particularly useful
for proteins with little or no exposed tyrosine residues. The diazotization
reaction is carried out immediately before radiolabeling.
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Materials
1251. I - iodosulfanilic acid (specific activity 1,000 Ci/mmol, mol
wt 297.2, in propanol solution, New England Nuclear)

2. Charcoal trap (supplied by manufacturer)

3. Tuberculin syringe with 25 gauge needle

4. Calcium chloride

5. Source of nitrogen or dry air
6. 0.05 M NaN02
7. 0.1 M HC1

8. Buffer (Earle's BSS brought to pH 7.5 by the addition of sodium
carbonate)

9. 1% glycine in Earle's BSS

10. Ice bath

Preparation of isotope

1. Chill the isotope vial in an ice bath

2. Thoroughly evaporate propanol from the vial using the charcoal
trap supplied by the manufacturer and a source of dry nitrogen
(<5 p.s.i. for approx. 30 min.). Connect nitrogen tank to
tuberculin syringe filled with Cad.; insert needle through rubber
septum on isotope vial only AFTER cnarcoal trap has been attached.

3. Resuspend the dried reagent in 10 yl distilled HO

4. Add 5 yl 0.05 M NaNC\ , followed by 5 yl 0.1 M HC1 and allow to
react for 5 min. at 0°t)

5. Stop reaction by the addition of 50 yl pH 7.5 buffer (100 yl BBSS,
pH 7.5 for schistosomes)

Labeling of worms

1. Resuspend approx. 20 worm pairs in 200 yl Earle's BSS, pH 7.5

2. Add isotope solution and incubate at 0°C for 15 min.

3. Terminate reaction by the addition of 500 yl 1% glycine
4. Wash 4x with Earle's BSS
5. Resuspend in 500 yl NP40 solution and solubilize worms as

described above

Bolton-Hunter Reagent

The Bolton-Hunter reagent can be synthesized in the laboratory or
obtained commercially. Commercial preparations, in 1 mCi or 0.5 mCi ali-
quots, dissolved in benzene, are stable for several weeks. Before labeling,
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the benzene must be evaporated away and the reagent resuspended in an
aqueous buffer,1 in aqueous solution, the reagent is stable for only about an
hour. Protein solutions, prepared in pH 8.5 buffer, are labeled within 15 -
30 min at 0°C; the reaction is terminated by the addition of glycine. As
with iodosulfanilic acid, radioactive iodine is already bound to a carrier
molecule before labeling. Harsh oxidizing conditions are avoided, and the
laboratory hazards of free iodine are minimized.

Materials
1251. I-Bolton-Hunter reagent (available in monoiodo- or diiodo-
form, specific activity 2,000 or 4S000 Ci/mmol, mol wt 387.2 or
511.2, in benzene solution, New England Nuclear).

2. Charcoal trap (supplied by manufacturer).

3. Tuberculin syringe with 25 gauge needle.

4. Calcium chloride.

5. Source of nitrogen or dry air.

6. Buffer (Earle's BSS brought to pH 8.5 by the addition of sodium
carbonate).

7. 1% glycine in Earle's BSS.

8. Ice bath.

Preparation of isotope

1. Chill the isotope vial in an ice bath.

2. Evaporate benzene from the vial using the charcoal trap supplied
by the manufacturer and a source of dry nitrogen (<5 p.s.i. for
approximately 15 - 20 min). Connect nitrogen tank to tuberculin
syringe filled with CaCl ; insert needle through rubber septum on
isotope vial only AFTER cnarcoal trap has been attached.

3. After thorough drying, resuspend the reagent in buffer (100 yl
Earle's BSS, pH 8.5 for schistosomes) . Labeling must be done
immediately.

Labeling of worms

1. Resuspend approximately 30 worm pairs in 200 yl Earle's BSS, pH
8.5.

2. Add isotope solution and incubate at 0°C for 30 min with
occasional gentle agitation.

3. Terminate reaction by the addition of 500 yl 1% glycine.

4. Wash 4x with Earle's BSS.

5. Resuspend in 500 yl 0.05% Nonidet P-40 in 0.15 M borate buffered
saline, pH 7.6; incubate for 30 min at 0°C.

6. Dialyze supernatant at 4°C against several changes of 0.15 M
borate buffered saline to remove unreacted isotope. Dialysis is
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considered complete when the buffer contains less than 2,000
cpm/ml or at least 75% of the radioactivity in the sample is
precipitated with trichloracetic acid.

Modification of technique for schistosomula

It was found that cultured schistosomula die when placed in cold
(0°C) media for any length of time. However, when labeled at 25°C for
15 min, viability does not seem to be affected. Preliminary experi-
ments also indicate that acceptable labeling can be achieved using a pH
7.4 buffer (44,49).

ANTIGEN DETECTION BY IMMUNOPRECIPITÀTION

Immunoprecipitation is a convenient and relatively straightforward
method for detecting the reactivity between radiolabeled antigens and
antibodies. It is especially useful in defining the reactive components of
complex antigen mixtures, and may be performed with infection serum, hyper-
immune serum or affinity purified monoclonal antibodies derived from hybri-
domas. As shown in Figure 11-12, antigen and antibody are allowed to react
with each other to form complexes. For ease of separation a second antibody
is used to form large "sandwich type" precipitates which can then be centri-
fuged out of solution. The precipitate is washed, then antigen-antibody
complexes are dissociated by the addition of SDS and urea. The entire
mixture is placed on an SDS gel for analysis; however, the reactive antigen
is the only labled component on that gel. An alternative procedure uses
protein A for precipitation, instead of a second antibody (50-52).

label with
radwisotope

sdubkze with NP40
at 37°C for I hr,
dralyze supernatant

agamst BBS

ppt immune complexes
with protein A

preaprtate labeled
antigens whh antoera

wash with BBS,
elule with SOS-urea;

fractionate on SDS-flûGE

FIGURE 11-12. Experimental protocol for the immunoprecipitation of
radiolabeled proteins from S. mansoni adult worms.
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Buffers

BORATE BUFFERED SALINE (BBS): 0.15 M BBS prepared using 11 g/liter boric
acid and 6.3 g/liter NaCl; pH was adjusted to 7.6 by the addition of 1
N NaOH.

SAMPLE BUFFER (for SDS-PAGE): 0.04 M Tris (pH 7.0), containing 2% w/v SDS,
20% v/v glycerol, 50 mM dithiothreitol (DTT), and 20 yg/ml bromophenol
blue (BB).

ELUTION BUFFER: 6M urea prepared in SAMPLE BUFFER.

Immunoprecipitation Protocol

1. Dialyze radioiodinated antigen against 0.15M borate buffered
saline (BBS) and divide into aliquots of at least 100,000 c.p.m.
(see Table 11-1).

2. Add 25 yl antiserum to each aliquot of labeled antigen and
incubate for 2 hr at room temperature, then overnight at 4°C.

3. Add 100 pi of the appropriate anti-IgG serum (or 500 yl of a 10%
v/v suspension of Calbiochem Pansorbin or other protein A pre-
paration). Incubate at room temperature for 2 hr.

4. Wash 3 times in BBS (Centrifuge 10,000 g for 15 min).

5. Elute with 100 - 200 yl of SDS-PAGE sample buffer containing 6 M
urea. Incubate in this solution at 100°C for 3 min, or 50°C for
30 min.

6. Apply samples directly to SDS gels for analysis.

Data from the immunoprecipitation of labeled tegumental proteins from
Schistosoma mansoni adult worms is shown in Figure 11-13 and Table 11-1 to
illustrate this procedure (53). Because many investigators isolate cell
membrane proteins by detergent solubilization, the effect of detergents upon
antigen-antibody binding may be critical. Qualtiere et al. have shown that
formation of antigen-antibody complexes i.n vitro is inhibited by even
moderate concentrations of SDS, while much higher concentrations of non-
ionic detergent are needed to produce the same effect (54). Thus, care must
be taken to preclude such inhibition when membrane proteins are initially
solubilized in SDS (55). Even when SDS in the lysate is removed by dialysis
or adsorption (56,57), the possibility remains that some SDS may remain
bound to the protein or that binding sites on some proteins may be irrever-
sibly denatured by this detergent. For this reason we prefer to use the
non-ionic detergent Nonidet P-50 for lysis (35,53).

Another problem area in immunoprecipitation is the occurrence of
non-specific precipitation of labeled proteins. When we attempted to apply
the procedure described in this chapter to Plasmodium berghei sporozoites we
found that the eluate from both infection serum and normal serum controls
appeared identical. The use of a "clearing precipitate", that is, reacting
the antigen with normal serum prior to immunoprecipitation, failed to solve
this problem. In order to reduce non-specific immunoprecipitatiion of
proteins from the malaria parasite it was necessary to make two modifica-
tions to our protocol. Instead of washing with BBS, we washed twice at 4°C
with 0.2 M NaCl in 12.5 mM potassium phosphate, pH 7.4, then twice at room
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TABLE ll-J

Amount of Bolton-Hunter-labeled J5. mansoni lysate (expressed in counts per minute) precipitated with human serum

in one representative experiment. (Reprinted from Hayunga et al., 1979. Courtesy of Alien Press).

Immunoprecipitation with serum against

Initial aliquot of labeled lysate

Amount precipitated with serum and protein A

Amount precipitated after 3 washings

Amount eluted with SDS-Urea

S.

mansoni

]20,600

34,383

32,601

19,844

S.

haematob iuir

120,804

22,861

22,607

11,850

jS.

japonicum

127,589

14,857

13,842

6,803

Normal serum

control

128,392

8,781

6,319

2,184

-J
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FIGURE 11-13.

Immunoprecipitation of Bolton-Hunter-labeled, whole-worm lysate
with human-S. roans oni- infect ion serum ana normal, human serum.
Open circles = labeled lysated alone; closed circles = lysate
precipitated using infection serum; x = lysate precipitated using
normal serum. (Reprinted from Hayunga et al., 1979. Courtesy of
Alien Press.)

temperature with 0.05% Nonidet P-40, 0.1% SDS, and 0.3 M NaCl in 10 mM
Tris-HCl pH 8.6, and finally twice again in the phosphate huffer, following
the method reported by Nogueira et al. for Typanosoma cruzi (58). Results
were further improved by using protein A-Sephadex G 200, prepared in our
laboratory, instead of the commercially available protein A-Sephrose.
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Chapter 12

ISOLATION OF PARASITE SURFACE MEMBRANES

R.B. PODESTA, A.A. SIDDIQUI, M.T. ANSELL
Department of Zoology,
University of Western Ontario,
London, Ontario, Canada

INTRODUCTION

The purpose of this communication is to discuss and detail methods used
to isolate the surface membranes of parasitic platyhelminths. However, it is
first necessary to consider at least the major principles involved in cell
fractionation in order to place into perspective the methods used to
fractionate helminth membrane systems. This will be followed by a brief
review of various methods used to isolate flatworm membranes and a detailed
protocol of methods to fractionate the membranes of the surface epithelial
layer of Schistosoma mansoni and brush border membrane of Hymenolepis diminuta
(1-3).

General principles of cell fractionation
The principles of cell fractionation have become so routine that various

methods are usually included in standard textbooks of cell biology, physiology
and biochemistry. However, as often happens, more critical appraisals of the
methods are available in recent reviews by Beaufay and Amar-Costesec (4),
DeDuve and Beaufay (5) and Mircheff (6), and we acknowledge the incorporation
here of some of their ideas and recommendations.

The first crucial step in fractionation is disruption or homogenization
which, with minimal physical, functional and structural damage, must
disassemble the cells or tissues into their various subcellular components.
This procedure will involve the choice of a suitable mechanism of cell
disruption and a suitable suspension medium. The latter should be chosen so
as to protect the subcellular components against a variety of adverse effects,
including osmotic lysis of organelles of interest, preservation of enzymatic
and biochemical functions, prevention of agglutination of cellular
constituents, leakage of soluble components from and into organelles,
prevention of adsorption of constituents on organelles and interference as
little as possible with subsequent biochemical determinations. In this sense,
the most commonly used solute for suspension fluids is sucrose of various
osmotic strengths depending on the tissue or purpose of the experiment. The
addition of salts may or may not be advisable since, in many instances, salts
will promote agglutination and adsorption of soluble proteins. A variety of
buffer systems have been used to maintain the pH of suspension fluids near
physiological levels with Imidazole-HCl and Tris-HCl being those used most
commonly.

Disruption of cells can be accomplished by an assortment of techniques,
including ultrasonic disintegration, ballistic disintegration, solid shear
forces, French pressure cells, osmotic lysis and freeze-thawing procedures.
Each of these techniques have certain advantages or disadvantages relating to
the amount of heat produced, reproducibility, cost of the apparatus, foaming
of the homogenate and damage or lack of damage to subcellular components.
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Whichever technique is used the advantages and disadvantages must be evaluated
since each tissue will pose a unique set of problems with respect to
fractionation. Further, it should never be uncritically assumed that the
properties of disrupted cellular components are identical to their
intracellular homologues since cell breakage and fractionation exposes the
constituents to an environment that is unlike that in the unique intracellular
compartment.

Once the cells are disrupted the cellular constituents may then be
separated by a number of physical techniques including electrophoresis,
partitioning in aqueous two-phase systems, gel filtration and, most commonly,
by centrifugation. Differential centrifugation in homogeneous suspending
fluids is useful in preparative fractionation procedures and separates
particles with very different sedimentation velocities. Rate zonal
centrifugation is an effective way to separate subcellular structures having
similar buoyant densities but which differ in shape or mass of the particles,
such as in the case of separation of ribosomal subunits or classes of
polysomes. Equilibrium density gradient centrifugation separates on the basis
of buoyant density and is therefore the method of choice for separating
membranes since membrane fragments from the same subcellular membrane may
differ considerably in size (or sedimentation velocity) but should have the
same buoyant density.

The use of detergents in the fractionation of cells may serve several
functions, but usually only after the cell constituents have already been
fractionated. When non-membranous organelles, such as ribosomes, are the
object of isolation, detergents provide a gentle means of lysing the cells and
removing contamination by membrane components from fractions containing
ribosomes or polysomes. Detergents may also be used to selectively solubilize
membrane proteins, or solubilize surface membranes leaving intact the cellular
cytoskeletal architecture. However, in membrane studies it is usually
desirable to first isolate the membranes, leaving intact the membrane marker
enzymes for identification of the membranes, and then solubilizing the
proteins usually for the purpose of electrophoresis, reconstitution in
artificial membrane systems, or to determine the existence of obligatory
lipid-dependent protein function. Even when detergents are exposed to intact
cells for the purpose of solubilizing surface proteins, extreme caution must
be exercised to assure that the detergent is not also solubilizing
intracellular hydrophobic proteins.

Even a brief consideration of the wealth of information on the
classification of detergents, their physical properties and their effects on
various membrane components is beyond the scope of this discussion. Instead,
one may consult the very comprehensive review by Helenius and Simons (7) and
more recent treatments by Stekhoven and Bonting (8) and Hokin (9).

There are two major approaches to assessing purity of a cellular
fraction. The first is the preparative approach which has the object of
purifying a given morphological entity of the cell and the morphology of
fractions is therefore the major criterion for assessing purity. Although
morphometric techniques have now been developed to quantitatively assess the
purity of morphologically unique subcellular components in a cellular
fraction, the preparative approach has several major limitations. Rare
subcellular constituents may easily escape detection by electron microscopy of
fractions in which they are contaminants even though they confer their unique
biochemical properties on the fractions. Disrupted intracellular membranes
and plasma membranes are difficult to distinguish, and adsorption of soluble
proteins onto membranes is difficult to assess morphologically. The
preparative approach is therefore useful only in those instances where the
fraction required is morphologically distinguishable from other cell
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constituents, such as in the isolation of nuclei, brush border membranes,
mitochondria, rough endoplasmic reticulum, ribosomes, polysomes and Golgi
stacks.

The second approach - the analytical isolation and assessment of fraction
purity - is based on the use of marker enzyme methodology (Fig. 2). This
aproach is based on two assumptions; first, that each enzyme is associated
with a single organelle and, second, that each enzyme is uniformly distributed
over the membranes with which it is thought to be associated. The analytical
solution, therefore, depends on marker enzymes which provide quantitative
information concerning the yield of cell components, enrichment and the extent
to which the constituents are contaminated with other cell components. The
accuracy of marker assignments and their validity for each cellular system
examined must be critically assessed before quantitative conclusions may be
justified. The analysis loses credibility if markers are associated with more
than one cellular structure or if there are contaminants which have not been
assigned a marker. In very few cellular systems has fractionation been of
sufficient analytical and comprehensive precision for definitive assignments
of marker enzymes. Most studies adhere to analytical procedures to evaluate
contamination by other cell constituents but rarely is it shown definitively

Subcellular fractionation of Hymenolepis diminuta
by differential centnfugation

HBSS washed worms

Carcasses (minus brush border)
Washed with HBSS several times

Saponm containing MDS
(30 mm incubation at 4°C)

vor tex for 3 4 mm

*..Nuclear f ract ion

^Brush border pellet I

'Brush border pellet II

'Mitochondrial f ract ion

Homogenized

MDS containing
brush border

Centnfuged at
200 x g lor 20 mm

Pellet discarded

Supernatant

Centnfuged at
3000 x g for
20 mm

•»Pellet washed wi th HBSS

Centnfuged at
600 x g for Supernatant
20 mm

*Pellet washed with HBSS

Centnfuged at
3000 x g for -
20 mm

-Pellet washed with HBSS

.Supernatant

Centnfuged at
8000 x g for
20 mm Supernatant

Centnfuged at
250000 x g — Pellet
for 1 5h I

OPellet washed
with Medium A & B

Supernatant

Microsomal fraction

Cytosohc fraction

Fig. 1. Fractionation scheme for adult worms of H^ diminuta. All procedures
were conducted at 4°C. See text for details.
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Fig. 2, Distribution of marker enzymes obtained following fractionation
centrifugation. Nu = Nuclear fraction; Bb = brush border fraction;
Mt = mitochondrial fraction; Cy = cytosolic fraction. Distribution
of marker enzymes were expressed as percentages of the sum of the
five fractions obtained.

that the markers are unique to the assigned organelle. Hence, Mircheff (6)
has suggested that an empirical approach to cell fractionation be based not
only on preparative and analytical solutions but also on other physical
properties of the fractions such as sedimentation, density, cholesterol
content, surface charge, and partitioning. Determination of the frequency
distributions of biochemical and morphological markers within a continuum of
one or more of the above physical properties will then allow the detection of
particles even when they lack unique markers.

Isolation of parasite surface membranes
A variety of techniques have been used to fractionate and isolate the

surface membranes or components of the surface membranes of parasitic
platyhelminths, particularly Hymenolepis diminuta and Schistosoma mansoni.

126



However, the approach has been restricted to the preparative procedure, with
little or no analytical applications of marker enzyme methodology to
quantitate contamination, or to attempting to specifically solubilize surface
proteins with detergents. Even with the latter procedure, analytical
assessment of the collected fractions has not been attempted.

Knowles and Oaks (10) obtained the syncytial epithelial layer from the
surface of H. diminuta using Triton -X100 and, after disrupting the epithelial
layer, obtained several membrane fractions, one of which contained
morphologically discernable brush border membranes. However, analytical
assessment of the origin of contamination of the fractions was not attempted.
More recently, Rahman et al. (11, 12) have obtained a preparatively more pure
fraction of the brush border membrane using saponin and were able to exclude
the presence of basal epithelial membranes but not mitochondrial membranes
(app. 15% contamination) in the brush border pellet using different ATPase
activities as markers.

A number of methods have been used in an attempt to isolate the surface
membranes of S. mansoni which, again, have been primarily of the preparative
approach. Kusel (13, 14) and later Kusel and Mackenzie (15) and Cordeiro and
Gazzinelli (16) removed the surface of £. mansoni using detergents (Teepol,
Tween 80, digitonin, saponin) and freeze thawing. These methods removed the
entire surface epithelial layer containing membranes associated with the
apical double bilayer complex, the basal epithelial membrane and syncytial
organelles. This is also the case in the study by Oaks et al. (17) using
Triton-XlOO as in their previous studies with H. diminuta. However, the
levels of detergent used by Oaks et al. (17) have been shown to damage
subsyncytial tissues (18) and their fractions may therefore contain membranes
or membrane components associated with muscle and other cells lying beneath
the syncytium. Nonanalytically defined surface fractions have also been
released by hypertonic KC1 (19, 20) and with another detergent Nonidet P40
(21-23). Simpson et al. (24) collected material shed by £3. mansoni in vitro
and after fractionation obtained a pellet which contained double bilayer
material. This fraction was shown to have phosphohydrolase activity (25).
More recently, Tsang and coworkers (26) fractionated whole £. mansoni to
obtain a microsomal fraction which they characterized antigenically. Although
preparative in approach, their study is the first to fractionate S. mansoni
into typical tissue fractions including nuclear, mitochondrial, microsomal and
soluble fractions.

Brush border isolation and subcellular fractionation of H. diminute (3)
Whole adult worms (20 g) were rinsed in Hank's balanced salt solution

(HBSS) pH 6.9. The brush border was removed by shaking the worms in the
appropriate amount of membrane disruption solution (MDS; HBSS with 1% Saponin,
50 mM MgCl2; osmolality 290 mOsm/Kg) at 4°C for 30 min, vibrated with rapid
intermittent contact with a test tube mixer for 3-4 min. The MDS containing
brush border suspension was centrifuged at 3000 x g and the pellet washed
twice with buffer, the pellet stored and designated as brush border I pellet
(Fig. 1). The carcasses, stripped of most of the teguraental membranes, were
washed several times in HBSS, minced with a razor blade and then disrupted in
a Dounce homogenizer (Kontes Glass Co., NJ, U.S.A.) in 100 ml of 0.05 M
HEPES-NaOH buffer pH 6.9 containing 0.25 M sucrose, ImM Na2 EDTA and 0.1%
(v/v) ethanol. Homogenization was standardized by using 10 strokes of a
loose-fitting (type A) pestle, followed by 10 strokes of a tight-fitting
(type B) pestle. The homogenate was then passed through a 50 y.m nylon mesh,
to remove fibrous tissue and debris. The sample was kept on ice at all
times.

The filtered homogenate was centrifuged at 200 x g twice for 20 min and
the resultant pellet, containing mostly unbroken cells, was discarded
(Fig. 1).

127



The supernatant was centrifugea twice at 600 x g for 20 min. The
two pellets (nuclear pellet) were combined, washed with buffer and stored.
The 600 x g supernantant was centrifugea twice at 3000 x g for 20 min, the
pellets (brush border II) washed, combined with the brush border I pellet, the
combined pellets being the final brush border pellet. The 3000 x g
supernatant was centrifuged twice at 8000 x g for 20 min. The resultant
pellets were combined and resuspended in 0.05 M HEPES-NaOH buffer pH 6.9,
containing 0.25 M sucrose, 100 mM KCL, 1 mM mgC!2, ImM Na2 EDTA, ItnM ATP
and 0.5% Bovine Serum Albumin (BSA) (Medium A). The suspensions were
centrifuged twice at 8000 x g for 20 min. The small amount of lipid floating
on the tubes at this stage was removed by aspiration. The pellet was washed
twice in the above medium without BSA (Medium B) and designated as the
mitochondrial fraction. The two 8000 x g supernatants were combined and
centrifuged at 250,000 x g for 1.5 h in a Beclonan 60 Ti rotor. The small
amount of lipid scum was again aspirated. The supernatant was designated the
cytosolic fraction and the pellet as the microsomal fraction.

The following inpthods were employed for assays of marker enzymes: acid
and alkaline phosphatases (27), 5'-nucleotidase (28), ouabain-insensitive
ATPase (11), uricase, a-glucosidase and n-acetyl-ß-ü-glucosaminidase (29),
thiamine pyrophosphatase (30), succinate dehydrogenase and lactate
dehydrogenase (31) and DNA (32) (Fig.2).

Sequential removal of outer bilayer and apical plasma membrane from the
surface epithelium of S. mansoni (1)

The purpose of this set of experiments was to devise an analytical
approach for obtaining membrane fractions enriched in outer bilayer and apical
plasma membrane of the apical double bilayer of S. mansoni. Besides the
problem of low yields of membrane material in these studies, the additional
problem associated with discovering marker enzymes for an uncharacterized
membrane had to be overcome. If, as in similar double bilayer structures in
other organisms (33), the apical plasma membrane contained traditional marker
enzymes, then one has to be able to quantitate the amount of outer bilayer
either as a contaminant or as the enriched fraction. Since no enzyme has been
confined to the outer bilayer, we labelled it with [ 2̂5I] iodosulfonilic
acid using methods as decribed in Chapter 11.

These experiments were done as described above using the following
method, modified from McDiarmid et al (1). Adult !3. mansoni were transferred
to a worm holder which was made by cutting the bottom of a scintillation
vial. The cut end was covered by several folds of surgical gauze, secured
with an elastic band, and the excess gauze trimmed. The worms were washed 4x
in Tris-Sucrose (TS) containing 0. IM Tris-HCl (pH 7.A) and 0.2 M sucrose, by
pipetting the TS over the worms and allowing it to drain through. This wash
fluid was discarded, and the holder was blotted to remove excess fluid. The
holder was placed into a clean 25 ml beaker and the membrane removal fluid
(TSD) containing 0. IM Tris-HCl (pH 7.A), 12 mM sucrose, and 0.1% digitonin,
was added at a volume of 1 ml per 250 worm pairs. The worms were incubated at
A°C with intermittent agitation for 5 min. After 5 min, the holder was
removed from the TSD and the worms washed by repeated rinsings (Ax) with TS,
allowing the TS to drain over the worms and collect in the same beaker. The
holder was blotted to remove excess fluid and placed in a second clean 25 ml
beaker. Fresh TSD was added and the worms incubated at A°C with intermittent
agitation for 25 min after which the worms were washed as above. The fluid
and washing from the first incubation contain the outer bilayer (OB) while
that from the second incubation contains the inner bilayer (IB). These fluids
were transferred to clean test tubes and centrifuged at 500 x g for 5 min to
remove debris and then the membranes in the supernatant were pelleted at
35,000 x g for Ih at A°C. The resultant pellets were then resuspended in a
small volume (200 -ul) of a buffer or solution of choice. Each pellet was
analyzed for 125^ (marker outer bilayer), alkaline phosphatase (marker of
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inner bilayer), protein and the supernatants of the pellets analyzed for
lactate dehydrogenase activity. The optimum incubation times indicated a time
of 5 min for the initial incubation yielding the outer bilayer pellet followed
by 25 min giving a pellet of the apical plasma membrane. Under these
conditions, cross-contamination of the bilayer pellets was less than 10%. The
protein and protein turnover (34, 35) and lipids and lipid turnover (33, 36)
have been quantitated using these membrane pellets.
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Chapter 13

CHARACTERIZATION OF SCHISTOSOME ANTIGENS BY
SDS-POLYACRYLAMIDE GEL ELECTROPHORESIS

M.P. SUMNER, E.G. HAYUNGA
Division of Tropical Public Health,
Department of Preventive Medicine and Biometrics,
Uniformed Services University of the Health Sciences,
Bethesday, Maryland, United States of America

INTRODUCTION

Separation of polypeptides by SDS polyacrylamide gel electrophoresis
(SDS-PAGE) is based upon the relationship between the electrophoretic
mobility of SDS-protein complexes and their molecular weights, an
observation that was first reported iri 1967 by Shapiro et al.(l). The
theory behind SDS-PAGE has been reviewed in detail by Weber and Osborn (2).
More recent advances in technique and applications are described by Deyl
(3).

It was found that on the average 1.4 grams of SDS are bound per gram of
protein (or approximately one SDS molecule for every two amino acid
residues); this high level of binding and constant binding ratio will
generally "swamp out" the intrinsic charge contribution of most proteins,
and an approximately constant negative charge per unit mass will be obtained
(2). For this reason, the relative mobility, M , of most proteins in
SDS-PAGE is inversely proportional to the logarithm of the molecular weight,
and can be expressed graphically using the "Ferguson plot" (4,5) as shown in
Figure 13-1. The relationship appears linear over a given range, depending
upon the type of gel chosen (Fig. 13-2). Table 13-1 lists the molecular
weights of several commerically available proteins as determined by
SDS-PAGE. The correlation between relative mobility and molecular weight
assumes uniform binding of SDS to the protein and negligible contribution of
the intrinsic net charge of the protein. Erroneous molecular weight
estimates can occur with unreduced, highly cross-linked molecules (6) and
highly charged molecules such as histones (7).

Glycoproteins show impaired SDS binding since only the protein
component is expected to bind with the detergent (2,8) . Thus, caution
should be exercised in ascribing molecular weights to glycoproteins
separated by gel electrophoresis, because the carbohydrate components of
these molecules may induce migration abnormalities as great as 30% (9).

The widespread use of analytical SDS-PAGE has been made possible by the
development of the cross-linked polyacrylamide matrix which is stable,
flexible, transparent, generally non-reactive and sufficiently strong enough
to withstand washing and staining procedures (10). Proteins and
glycoproteins separated on polyacrylamide gels and immobilized by acid
alcohol fixation are in some cases still capable of reacting with
radioiodinated lectins or antibodies, and thus may be visualized by an
extremely specific "stain" (11). Once localized, individual proteins may be
recovered from gels by physical disruption of gel slices (12) or
electrophoresis from polyacrylamide directly to hydroxylapatite (13).
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TABLE 13-1: Molecular Weights of the Polypeptide Chains of Standard Marker
Proteins (reprinted from Weber and Osborn 1975, courtesy of
Academic Press)

MW of
Protein polypeptide chain

Myosin (heavy chain) 200,000
RNA polymerase (E. coli) 150,000 and 160,000
Y-Globulin (unreduced) 150,000
Serum albumin (dimer) 136,000
3-Galactosidase (E. coli) 130,000
Phosphorylase a (muscle) 100,000
Serum albumin 68,000
L-Amino acid oxidase (snake venom) 63,000
Catalase (liver) 58,000
Pyruvate kinase muscle 57,000
Glutamate dehydrogenase (liver) 53,000
Y-Globulin (H chain) 50,000
Fumarase (muscle) 49,000
Ovalbumin 43,000
Alcohol dehydrogenase (liver) 41,000
Enolase (muscle) 41,000
Aldolas (muscle) 40,000
D-Amino acid oxidase (kidney) 37,000
Glyceraldehyde-3-phosphate dehydrogenase (muscle) 36,000
Lactate dehydrogenase (muscle) 36,000
Pepsin 35,000
Carboxypeptidase A 34,600
Carbonic anhydrase 29,000
Chymotrypsinogen 25,700
Y-Globulin (L chain) 23,500
Trypsin 23,500
Myoglobin 17,200
Hemoglobin 15,500
Lysozyme (egg white) 14,300
Cytochrome c (muscle) 11,700

Alternatively, polyacrylamide gels may be prepared using non-permanent
cross-linkages, so that gels may be dissolved after electrophoresis and
proteins eluted by ion exchange chromatography (14). An interesting
variation of SDS-PAGE has recently been described in which a cationic
detergent is substituted for the anionic SDS in order to obtain more
accurate molecular weight determinations for certain highly charged proteins
(15).

The protocols described in this chapter are based on modifications of
the system described by Laemmli (16), Weber and Osborn (2) and Maizel (17).
Gel dimensions and buffer volumes were designed for use with the Vertical
Slab Gel Electrophoresis System manufactured by Bethesda Research Labs and
used routinely in our laboratory. With minor modification these protocols
should be applicable to any electrophoresis system. The Tris-glycine-SDS
continuous buffer system was chosen because the bromophenol blue dye front
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is narrower in Tris than in phosphate buffer (2) . Greatest resolution is
obtained with small samples; larger protein loads or larger sample volumes
result in broadening of the bands (2) and erroneous molecular weights
(Fig.13-3).

MATERIALS

Stock A*
56g acrylamide
1.47g BIS
HO to 200 ml

Solution A*
73. 2g Tris
96 ml IN HCL
0.46 ml TEMED
H0 to 200 ml

Solution D*
99 ml IM Tris pH 7.0
l.Og SDS
0.25 ml TEMED

Sample Buffer I
5 ml IM Tris HC1 pH 7.0
2g SDS
HO to 100 ml

Sample Buffer II
4 ml Sample Buffer I
1 ml Glycerol
0.2 m] BPB Stock

Sample Buffer III
4 ml Sample Buffer I
0.25g DTT
1 ml Glycerol
0.2 ml BPB Stock

Electrophoresis Buffer IM Tris pH 7.0
6g Tris
28.8 glycine
HO to 2L
2g SDS
Fixing Solution
90g TCA
105 ml acetic acid

300 ml MeOH
1200 ml HO
(total volume 1700 ml)

24.2g Tris
HO to 100 ml
CONC HC1 to pH 7.0
H20 to 200 ml
Staining Solution
(0.025% Coomassie blue)
15 ml 1% Coomassie blue

stock
585 ml fixing solution

Persulfate Solution
35 mg ammonium persulfate

HO to 25 ml
(MUST BE MADE FRESH)

De-Stain
80 ml acetic acid
480 ml MeOH

1120 ml H20
(total volume 1700 ml)

Preserving Solution
(4% glycerol. 25% MeOH)
20 ml glycerol
125 ml MeOH
HO to 500 ml

Abbreviations

BPB Stock
50 mg bromophenol blue
1 ml MeOH
H0 to 50 ml

Coomassie Blue Stock
Ig Coomassie blue R250
100 ml HO
filter before use

BIS = N,N' -methylene-bis-acrylamide
BPB = bromophenol blue
DTT = dithiothreitol
TCA = trichloracetic acid
TEMED = N,N,N',N' -tetramethylene diamine
SDS = sodium dodecyl sulfate

*Acrylamide and TEMED are highly toxic. Gloves should be worn when handling
these materials; wash thoroughly in case of accidental contact with skin or
eyes.
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SAMPLE PREPARATION

1. Divide samples and molecular weight markers into aliquots as
follows :

a. For tube gels, each sample should contain 10-50 yg protein in
25-100 yl.

b. For slab gels, each sample should contain 5-25 yg protein for
Coomassie staining, 15 yg for silver staining. Maximum
sample volume is 40 yl for a 1.5 mm gel, 25 yl for a 0.8 mm
gel. Smaller sample volumes are preferred.

c. Radioiodinated samples should contain at least 5,000-10,000
cpm, preferably more.

2. Concentrated samples may simply be diluted in Sample Buffer III.*
More dilute samples must be concentrated by membrane dialysis or
lyophilized and resuspended in sample buffer.

3. Incubate samples for 3 min at 100°C or 30 min at 50°C.

4. Samples may be used immediately or frozen for subsequent analysis.

*For comparison samples may be run in parallel, reduced in Sample Buffer III
on one gel and unreduced in Sample Buffer II on another. Other methods of
reducing disulfide bonds for SDS-PAGE are described in detail in Weber and
Osborn (2).
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PREPARATION OF TUBE GELS

1. Select 12 clean glass tubes, 5.5 mm inner diameter by 125 mm long.
Rinse tubes in electrophoresis buffer and allow to dry. Then
place tubes in a holding device and cap the bottom end with a
rubber stopper or parafilm.

2. Prepare 38 ml running gel solution, as shown in Table 13-2.

3. Carefully pipette running gel solution into each tube, filling the
tubes to about 2 cm from the top. Each tube should have
approximately equal lengths of running gel. If air bubbles occur
during the filling they may be removed by insertion of a stainless
steel wire or probe.

4. Layer exactly 50 yl distilled water over the running gel and allow
to polymerize, undisturbed, at room temperature for 30-45 min.

5. When polymerization is complete a sharp line of refraction will
appear between the running gel and the water overlay.

6. Aspirate or pour off the water layer.
7. Prepare 7 ml stacking gel solution, as shown in Table II.
8. Pipette equal amounts of stacking gel solution onto each gel.

A stacking gel of 200 ul is adequate for most applications.
Samples with larger volumes may require a larger stacking gel.

TABLE 13-2. SOLUTIONS FOR POLYACRYLAMIDE GELS

Running Gel

15% 10% 7.5% 5_%

Stock A 20.7 ml 13.8 ml 10.3 ml 6.9 ml
HO 2.1 ml 9.0 ml 12.5 ml 15.9 ml

20% 5DS solution 0.2 ml 0.2 ml 0.2 ml 0.2 ml
Solution A 5.0 ml 5.0 ml 5.0 ml 5.0 ml
Persulfate* 10.0 ml 10.0 ml 10.0 ml 10.0 ml

Stacking Gel

Stock A
TT Pi

2Solution D
Persulfate*

0.75 ml
1.25 ml
1.00 ml
4.00 ml

*Degas solution before adding Persulfate. Do not add persulfate
until immediately before pouring gels.
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9. Layer exactly 50 ul distilled water over the gel and allow to
polymerize (approx. 30-45 min at room temperature).

10. Gels may be used immediately or stored overnight at 4°C. When
stored, gels should be covered with saran wrap or parafiltn to
prevent drying out.

ELECTROPHORESIS USING TUBE GELS

1. Remove rubber stoppers, pour off water overlay and insert gel
tubes into electrophoresis apparatus.

2. Fill lower buffer chamber with approx 500 ml electrophoresis
buffer.

3. Insert uppper chamber containing gels. Twist chamber to expel
any air bubbles on the bottom of the gels.

4. Apply sample to the stacking gel.

5. Carefully layer electrophoresis buffer over the sample until tube
is completely filled.

6. Fill upper chamber with buffer covering the tubes by at least 2 cm
fluid.

7. Connect power supply (cathode to upper chamber; anode, lower) and
electrophorese at 2.0 - 2.5 mA per tube, constant current, for
approx. 3-3̂  hours. Voltage should read between 100-120 v. Use of
high power settings may cause band distortion due to localized
overheating.

8. Turn off power when bromophenol blue dye front is about 1 cm
from end of gel.

9. Remove gels by injecting water around the inner edge of the tube
using a syringe fitted with a 1%", 26ga needle.

10. Insert a 1 cm length of copper wire into each gel to mark the
position of the dye front.

11. Immediately place each gel in a 12 x 150 mm test tube filled with
staining solution and stain overnight at room temperature.

12. De-stain with several changes of destaining solution until back-
ground disappears (usually 1 or 2 days). Destaining may be
speeded up by increasing temperature to 37°C.

13. Alternatively, gels with radioactive samples may be frozen, then
sliced into 1 mm or 2 mm thick discs and read using a scintilla-
tion counter.

PREPARATION OF GRADIENT SLAB GELS

1. Prepare the slab gel mold and seal the bottom with a layer of
hot 1% agarose.

2. When agarose has solidified, rinse inside of molds with electro-
phoresis buffer, then allow to drain.
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3. Prepare 38 ml each of the 5% running gel solution and the 15%
running gel solution. (This amount will be sufficient to pour
2 gels 1.5 mm x 120 mm x 165 mm, as shown in Table 13-3.)

TABLE 13-3. Approximate volumes (in ml) of several types of polyacrylamide gels

Gel Size
(in mm)

tube

3.0

3.0

5.5

5.5

7.0

7.0

slab

gels

x 50

x 75

x 7

x 100

x 75

x 100

gels

Number of gels

1 2 6 12 24

0.4 0.8 2.5 5.0 10.0

0.6 1.2 3.6 7.5 15.0

1.8 3.6 11.0 22.0 44.0

2.4 4.8 15.0 30.0 60.0

2.9 6.0 18.0 36.0 72.0

3.9 7.8 24.0 48.0 96.0

0.8 x 120 x 165 19.0 38.0

1.5 x 120 x 165 38.0 76.0

3.0 x 120 x 165 76.0 152.0

4. Align gel molds so that they are perfectly level, then insert
tubing from peristaltic pump to the top of each mold.

5. Using a gradient mixer and peristaltic pump, pour the acrylamide
gradient into both gel molds filling the molds to approx. 3 cm
from the top. (Pump speed should be slow, to avoid convexion
currents in the gel, but fast enough to prevent the acrylamide
from polymerizing while still in the gradient mixer. We recommend
pouring the gradient gel in approx. 20 min).

6. Using the peristaltic pump, slowly layer approx. 0.5 ml
electrophresis buffer over the gel and allow to polymerize,
undisturbed, at room temperature for at least 60 min.

7. When polymerization is complete a sharp line of refraction will
appear between the running gel and the buffer overlay.
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8. Pour off the buffer overlay.
9. Prepare 28 ml stacking gel solution (for two 1.5 ram gels).

10. Pipette stacking gel solution to approx. 0.5 cm of the top of the
mold.

11. Slowly insert teflon comb to form sample wells. If air bubbles
are trapped, remove the comb and try again.

12. Allow the gel to polymerize (at least 2 hr. at room temperature).
13. Gels may be used immediately or stored overnight at 4°C. When

stored, gels should be covered with saran wrap to prevent drying
out.

ELECTROPHORESIS USING GRADIENT SLAB GELS

1. Fill lower buffer chamber with approx. 1,000 ml electrophoresis
buffer.

2. Remove lower part of slab gel mold, and clamp gel to electro-
phoresis apparatus. Remove teflon comb.

3. Using a 3 cc syringe fitted with a bent 1%", 18ga needle, aspirate
air bubbles trapped at the bottom of the gel below the agarose
layer.

4. Apply samples to sample wells.

5. Carefully lay electrophoresis buffer over the sample until glass
plates are completely filled.

6. Fill upper chamber with approx. 700 ml buffer, covering the
glass plates by at least 1 cm fluid.

7. Connect power supply (cathode to upper chamber; anode to lower)
and electrophorese at 30 mA per each 1.5 tran gel (20 mA per 0.8
mm gel) constant current for approx. 33% hours. Voltage should
read between 100-200 v. Use of high power settings may cause band
distortion due to localized overheating.

8. Turn off power when bromophenol blue dye front is about 1 cm from
end of gel.

9. Disassemble apparatus. Remove gels by injecting water between
glass plates and gel using a syringe fitted with a IV» 26ga
needle. Gently slide gel into pan of fixing solution.

10. Mark position of the dye front by perforation using a yellow
Eppendorf pipette tip.

11. Gels may be stained with Coomassie blue as described above. Alter-
natively, 0.8 mm gels may be stained with ammoniacal silver as
described in Chapter 14. Gels are transferred from one tray to
another using teflon coated spatulas.

12. After staining, soak gel overnight in preserving solution.
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13. Place gel on filter paper and dry at 60°C under vacuum, using a
commerical gel drying apparatus.

14. Place X-ray film against gel, expose film for approx. 5-7 days
and process as described in elsewhere in this lab manual.

DISCUSSION

Tegumental proteins extracted from Schistosoma mansoni have been
analyzed by SDS-PAGE using slab gels by a number of investigators (18-21).
Valuable information has also been obtained using tube gels to analyze
radiolabeled proteins (22-24). Both methods are valid and reproducible. The
highest degree of accuracy and resolution over a large range of molecular
weights is obtained from gradient slab gels. Tube gels have the advantages
of ease of preparation, acceptance of larger samples, and (in the case of
radiolabeled samples) less time required to obtain data. Sensitivity of
slab gels has been increased by silver staining and by the development of
intensifying screens and enhancers for autoradiography. Recently,
two-dimensional electrophoresis, originally described by O'Farrell (25), has
been applied to £3. mansoni (26,27). Protocols for both two-dimensional
electrophoresis and silver staining are described in Chapter 14 of this
manual. These methods, together with the use of Western blotting technique,
as described by Tsang et al. (28) and in Chapter 20 of this manual, should
enable the investigator to obtain very sophisticated information about
proteins extracted from parasites.
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Chapter 14

TWO DIMENSIONAL (2-D) ELECTROPHORESIS AND
SILVER STAINING OF PROTEINS IN SDS GELS

D. HARN, L. OLIGINO
Harvard Medical School,
Boston, Massachusetts,
United States of America

Two dimensional electrophoresis (2-D) is a powerful way to analyze
protein samples. It separates molecules by charge (isoelectric point), then
by size in a polyacrylamide or agarose gel. Combining these two techniques
allows visualization of up to 1,000 peptides on a single gel (1). The
methodology described here is essentially taken from O'Farrell's original
paper describing 2-D electrophoresis (1).

Anderson and Anderson (2) have described a modification of the O'Farrell
system that uses sodium dodecyl sulfate (SDS) in the lysis (sample) buffer for
the first dimension. This modification is particularly useful when you are
analyzing immunoprecipitates by 2-D electrophoresis.

The SDS enhances the solubilization of the immune complexes, and does not
appear to alter most molecules native charge during first dimension
(isoelectrifocusing) separation. This is due to the presence of large amounts
of urea and the non-ionic detergent Nonidet P-40 in the first dimension. The
urea keeps the protein unfolded, and the Nonidet P-40 removes the SOS by mixed
micelle formation.

In our laboratory, we have compared 2-D gels of immunoprecipitates with
and without SDS in the lysis buffer. We do not detect any differences in the
resulting 2-D patterns. We also do not use RNAase or DNAase in lysis buffer.
However, if you are solubilizing whole organisms, or can only obtain membrane
fragments with large amounts of nuclear debris then the inclusion of RNAase
and DNAase according to O'Farrell is recommended.

Our laboratory has also compared the pH gradients formed in the first
dimension when using just LKB 3-10 ampholytes, or supplementing this range
with LKB 5-8. When supplementing, 75% of the added ampholyte is 5-8 and 25%
3-10. Both systems give linear pH gradients, the widest range (approximately
pH 4-8.5) being achieved using only the LKB 3-10 ampholytes. However, it
should be noted that this greater range of pH will decrease the obtainable
resolution among those proteins whose pi's are between 5-7. Obviously, the
choice of ampholines depends upon the pi of the relevant protein(s) . For this
reason, we recommend that initial gels be run using the 3-10 ampholytes.

The second dimension, separation by size, is generally done in
polyacrylamide gels. We employ the Laemmli (3) dicontinuous pH system using
SDS. Both gradient and non-gradient gels work quite well in this
technique.
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Two dimensional electrophoresis

I. First dimension - ISOELECTRIC FOCUSING
A. Materials

Glass tubes 12 cm. x 4 mm O.D x 2 mm I.D.
Glycerol
ftmpholytes (LKB)
Syringe with 6 inch 20 gauge blunt needle
(needle can be obtained from Bio-Lab)
26 gauge blunt needles, 2 inches long
10 v-1 Hamilton syringe
Acrylamide
Bis
TEMED
Ammonium Persulfate
Tube holder (one which can be leveled)
Parafilm
Rubber Stoppers
Urea (ultrapure)
Nonidet P-40
H3P04 (cone. 85%)
NaOH pellets

B. Buffers and solutions

1. LYSIS BUFFER; 9.5 M UREA, 2.0% W/V NP-40, Ampholines 2.0% V/V (3-10
LKB or range of choice), 5.0% B-Mercaptoethanol.

a. Aliquots of lysis buffer may be frozen.
2. 10% W/V NP-40 in H20

3. Ammonium Persulfate; fresh daily; 10% W/V solution
4. ANODE electrode solution; 0.01M H3P04, (0.675 ml. of 85% H3P04

per liter).
5. CATHODE electrode solution; 0.02M HaOH, (0.8 gm per liter).

a. NOTE: To De-gas the buffers, heat almost to a boil. Connect to a
vacuum source until the bubbling is minimal. Store under vacuum
until use.

6. SAMPLE OVERLAY SOLUTION; 9M UREA, 1.0% Ampholines in double
distilled H20.

7. ACRYLAMIDE (stock); 28.38 gms. acrylamide, 1.62 gms Bis, bring up to
100 mis with double distilled H20, filter over Whatman No. 1.

8. GEL MIXTURE (20 ml); 1.97 mis H^, 1.33 mis acrylamide stock, 2.0
mis 10% NP-40, 0.5 ml 3-10 Ampholines. 5.5 gms Urea, (Urea will go
into solution at 37°C) . When the urea is in solution, add 10 p.1
of 10% ammonium persulfate, de-gas the mixture then add 7 u-l TEMED.

C. Pouring the tube Reis
1. Tubes should be acid washed after every use (Chromerge from Fisher

works well), or boiled in 10% 7X detergent for 15 min.
2. Mark all tubes at 11.5 cm. from one end.
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6.

7.

8.

9.

10.

11.

Place a very small amount of glycerol around the rim of the hole in
the stopper.
a. Slide stopper onto the glass tube.
Remove any glycerol which may have entered tube.
Parafilm seal the end of the tube 11.5 cm. away from the mark.

PARAFILM

MARK
slide the stopper down far enough so that
the tubes will not hit the bottom of the
tank.

Place tubes in the pouring rack, make sure the rack is level.
Prepare gel solution.
Load syringe fitted with 6" 20 gauge blunt needle with gel solution.

a. Lower the syringe into the tube until the blunt needle hits the
parafilm, then barely raise the needle. Begin emptying the gel
solution into the tube. NOTE, always have the gel solution above
the tip of the needle while filling tubes. This avoids bubbles.
Fill all tubes to mark.

b. Gently tap the tube holding rack on the counter top to dislodge
any bubbles.

c. Overlay the gel solution with 10 ul of H20 using an Eppendorf
like pipette. Run H20 down the side of the tube as in
illustration. Let gel polymerize for 1-2 hours.

After the gel has polymerized, remove the H2Û and unpolymerized
acrylamide by aspiration with a blunt, 26 gauge needle. Be careful
not to touch the gel.

Overlay the gels with 20 y.1 lysis buffer then 10 y.1 t^O and
allow to sit for 1-2 more hours. (During this time, make up the
electrode solutions).

When you are ready, remove the parafilm from the bottom of the tube
and wash the excess urea from the tubes and stoppers.

D. Running the first dimension

1. Fill the lower buffer reservoir with H3P04, and place the tubes in
the gel unit. Make sure that the tubes do not hit the bottom of the
buffer chamber.
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a. Gently flick the tops of the tubes to dislodge any bubbles which
may be trapped at the bottom of the tubes.

2. Aspirate the lysis buffer from the top of the gels. Load another
20 y.1 of lysis buffer onto the gels.

a. Overlay the lysis buffer with 20 mM NaOH which has been
extensively de-gassed. Fill the tubes to the top with 20 M NaOH.

3. Fill the upper buffer reservoir with 20 raM NaOH and check all tube
seals for leaks.

4. Connect the gel unit to the power pack. Run on constant voltage.
a. Pre-focus at 200 volts for 15 minutes, then 300 volts for 30

minutes, and finally, 400 volts for 30 minutes.

5. At the end of the pre-focus, turn off the power pack and unhook the
leads.

6. Remove the upper buffer electrode solution, then remove the
electrode solution from each gel.

7. Load sample onto the gels as follows:

a. Ideally, 25 ul maximum <less than 50 ug protein).

8. Overlay the samples with 10 y-1 lysis buffer then fill the
remainder of the tubes with 20 mM NaOH.

9. Fill the upper buffer chamber with 20 mM NaOH and re-connect the gel
unit to the power pack.

10. Focus for 12 hours at AOO volts followed by 2 hours at 800 volts.
Voltage x time (hrs) should be greater than 5,000, less than
10,000. However, to achieve similar patterns from one focusing to
the next, you should use identical volt-hour schedules in all runs.

End of run, removal of gels from tubes

1. Turn off and disconnect powerpack.
2. Pour off 20 mM NaOH.

3. Remove the tubes from the gel unit one at a time repeating the
following steps for each gel.

a. Insert a 10 V-l Hamilton syringe filled with sample buffer
between the gel and the glass tube, then gently empty the
contents of the syringe into this space. Repeat this process at
the other end of the gel. Fill a 10 cc syringe with H20.
Connect cathode end of tube to syringe via tubing. Slowly and
gently express the gel out of the tube and onto a piece of
parafilm.

4. Mark the anodic end of the gel by inserting either a 26 or 30 gauge
needle, dipped in India ink, into the gel. Rinse away excess ink.
Note: if you will be western blotting with these gels, do not use
India ink as a means of marking the gels as it increases the
background with the nitrocellulose paper.
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F. Equilibration of Reis

1. Place the gels into scintillation vials and cover them with 5 mis of
SDS sample buffer.

2. Equilibrate by rocking for 2 hours at room temperature. Change to
fresh SDS sample buffer at 1 hour.

3. You may quickfreeze the gels in sample buffer and then store them at
-70°C.

II. Second dimension - SDS-PAGE

A. Materials
Tris-base
Glycine
SDS (BDH)
2-Mercaptoethanol or dithiothreitol
Glycerol
Bromophenol blue
Coomassie brilliant blue R-250
Isopropanol
Glacial acetic acid
Cone. Hydrochloric acid
Acrylamide
Bis-aery1amide
Temed
Ammonium persulfate
DD H20
Glass plates (notched plate should be leveled)
Teflon spacers and comb
"Bull dog" clamps
Modeling clay
Vacuum grease
Staining^dishes, glass or plastic
Whatman No. 1 filter paper
Low melting point agarose

B. Equipment

1. Tris compatible pH electrode

2. Electrophoresis cell

3. DC power supply. Should be able to deliver 200 volts (constant
voltage or 50 mA (constant current)

4. Rocker platform
5. Gel dryer with vacuum pump

C. Buffers and solutions

1. Acrylamide. 30% W/V. (Be careful when weighing out crystals!)
a. Acrylamide, 29.2 gms.

b. Bis-acrylamide, 0.8 gms.
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c. Dissolve acrylamide/bis-acrylamide in DD H^ with stirring.
Use a 100 ml. beaker. When the acrylamide is in solution adjust
the final volume to 100 mis. Filter solution over Whatman #1.
Store in an amber bottle at 4eC,

2. SDS, 10% W/V

a. SDS, 10 gms.

b. Dissolve in DD H fl and adjust final volume to 100 mis. Store
at room temp.

3. Upper tris, 0.5M, (Stacking gel tris)

a. Tris base, 6.06 gms.

b. 10% SDS, 4 mis

c. Adjust volume to 90 mis with DD f^O. Adjust pH of this
solution to 6.8 with cone, hydrochloric acid. Adjust the final
volume to 100 mis. Store at 4°C.

4. Lower tris, 1.5 M, (separating gel tris)

a. Tris base, 36.3 gms.
b. 10% SDS, 8.0 mis.

c. Adjust volume to 180 mis with DD H20. Adjust pH of this
solution to 8.8 with cone, hydrochloric acid. Adjust final
volume to 200 mis. Store at 4°C.

5. Ammonium persulfate, 10% (made up fresh daily)
a. Ammonium persulfate, 0.1 gra.

b. Add 0.9 ml. DD 1̂ 0. Use within 4 hrs.

6. Temed, use directly with no dilution

7. SDS-sample buffer
a. Upper tris, 1.25 mis

b. SDS 10%, 3.0 mis

c. Glycerol, 1.0 mis

d. DD H20, 4.75 mis
e. Bromophenol blue (add just a few crystals until desired colour is

reached.)

f. For reduction, add 5.0% 2-mercaptoethanol

8. Running buffer

1 liter (Ix) 4 liters (2x)

a. Tris-base 3.03 gms 24.24 gms

b. Glycine 14.40 gms 115.20 gms
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c. SDS 1 gm
d. Bring to volume with DD H20

9. Agarose 1.0% W/V
a, 1 gm low melting point Agarose
b. Melt in 200 mis. of sample buffer

c. Divide into aliquots and store at + 4°C.

8 gms

D. Formulations for linear gradient separating sels; 1.5 mm thick

1.
5

Gel plates 16 x 20 cm, 40 mis of gel
% Monomer

7 8 12.5 15 20

Lower tris 5.0 mis

H20
30% acrylamide
Glycerol
Anan. persulfate
Temed.

2.

Lower tris

H20
30% acrylamide
Glycerol
Amm. persulfate
Temed .

3. Formulations

3
Upper Tris 2
Acrylamide 0

H20 5
Amm. Persulfate 30
Temed. 8

11.7 mis 10.4 mis
3.3 mis 4.6 mis
0.0 0.0
50 ul
15 ul

5 7

3.0 mis

7.0 6.24 mis
2.0 2.76 mis
0.0 0.0
25 Ul
8 Ul

for stacking gels

.0% 3.5%

.0 mis

.8 mis 0.94 mis

.2 mis 5.1 mis
Ul
Ul

9.6 mis 4. 7 mis
5.4 mis 8.3 mis
0.0 2.0

Small gel 24 mis*
% Monomer

8 12.5

5.76 2.8
3.24 4.98
0.0 1.2

% Monomer
4.0%

1.06 mis
5.0 mis

3.0 mis 0.0
10.0 mis 13.4
2.0 2.0

15 20

1.8 0.0
6.98 8.04
1.2 1.2

4.5%

1.2 mis
4 .8 mis

* Double wide plates with 0.75 mm spacers Hold 24 mis.
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4- Formulations for non-gradient separating sels

Small gels 25 mis
% Monomer

Lower Tris
Acrylamide

H20
Amm. Persulfate
Temed.

5.0%
6.25 mis

1A.6 mis
4.2 mis

100 ul
15 ul

7.5%

12.45 mis
6.3 mis

10.0%
10.4
8.4

mis
mis

15.0%

6.15 mis
12.6 mis

VII. Pouring the separating

A. Mix the separating gel solution(s) as listed in preceeding recipes.

1. Mix the ammonium persulfate solution, then add it to the gel
mixture just prior to pouring.

B.

C.

D.

Thoroughly de-gas gel solution

For non-gradient gels, pour the one gel solution until it reaches
the desired level within the two plates. Normally, one should allow
a 1 cm. stacking region above the separating gel.

TJTJTJl
1 Jem Stacking Gel

Separating
Gel

For gradient gels, pour the solutions as follows:
,Tubtng

Gradient
Marker

Pump Plates
1. Place low monomer solution in left side. Briefly open on/off valve

such that monomer flows from left to right chamber. Shut the on/off valve.
Place whatever monomer entered right chamber back into left. This procedure
insures that there is no obstruction between the two chambers. It will also
prime the flow for low monomer to high.

2. Place high monomer solution into right hand chamber. Turn on
chamber mixing mechanism, then the peristaltic pump. Open on/off valve on
gradient marker.

a. Insert tubing between plates and lower to bottom.

1) Keep tubing just above rising gel solution. (It is easier to
control the tubing if it is attached to a thin spacer.)
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E. Whether non-gradient or gradient, once the gel is poured, overlay
with DD H2Û or aqueous Butanol. The l^O overlay helps insure an
even interface, and eliminates the *air/gel interface.

*Air, particularly (>2 inhibits gel polymerization

F. Allow gel solution to polymerize, (15-45 mins). Times will vary
depending on; concentration of gel, age of persulfate and temed, and
amount of de-gassing.

1. At polymerization a sharp band forms at the l^O/gel interface.
VIII. Pouring the stacking gel

A. Wash surface of separating gel with DD H20. Remove residual E^O
from gel surface by pouring and by blotting with Whatman 3 MM paper.

B. When washing/blotting is complete, pour the stacking gel solution on
top of the separating gel until the level of stacking gel solution
reaches the notch. Place one lane in for STDS. Overlay with
aqueous butanol.

C. Allow 30-45 minutes for polymerization.

D. Make up 1% Agarose in sample buffer.

E. Carefully pour the sample buffer out of the scintillation vial so as
not to damage the tube gel.

F. Put the tube gel onto a piece of parafilm and straighten the gel
with a plastic (Beral) pipette.

G. Wash the top of the stacking gel with DD 1^0 to remove the butanol
overlay.

H. Layer the melted Agarose over the stack up to the top of the level.
I. Let the tube gel fall/roll into place with the left end of the gel

being the anode end. (Make sure there are no air pockets between
the tube gel and Agarose).
1. Overlay the tube gels with more Agarose and let harden 5-10 mins.

2. You can now remove the comb from the standards lane and load the
standards.

J, Put running buffer in the gel apparatus with gel in place.

K. Run the samples through the stack by electrophoresing at 10-15 ma
constant current.

1. Once the samples have reached the separating gel adjust the power
source to deliver 20-25 ma constant current.

2. Run the gel until tracking dye has migrated the desired distance.

»otch '"

4

Stackinggel
Separating
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SILVER STAINING

Silver staining of proteins provides a rapid and ultra-sensitive method
for the detection of nanogram amounts of proteins. This is approximately
three orders of magnitude greater sensitivity than can be achieved by
coomassie blue staining. The first widely used silver stain methods were
those of Merrill et al. (4, 5). These methods suffer a little from the loss
in sensivity on gels over 0.75 mm thick, and are more complicated than the
technique presented here.

We will e.mploy the method of Wray et al. (6). This technique is very
simple. We have made only one modification; we first place the gel in
methanol/acetic acid fix. We feel that this step helps fix high molecular
weight proteins.

It should be made clear that the thinner the gel, the lower the
background staining. We have successfully stained gels l.S mm thick with this
technique, but 0.75 mm works much better. The glass and/or plastic containers
used in this procedure must be very clean. Gentle agitation of the gel
throughout the staining process must be maintained. If the gel fails to stain
on the first try, recycle it immediately.

SILVER STAINING

Materials needed:

Silver Nitrate

Methanol (Reagent Grade)

Sodium Hydroxide (0.36%)

Ammonium Hydroxide (fresh, from cold stock) 14,8 M

Citric acid (1,0%)
37% Formaldehyde

Kodak Rapid Fix

Acetic Acid

Solutions :

A. 0.8 gm Silver Nitrate/ 4 mis. DD H20

B. 21 mis. of 0.36% NaOH and 1.4 mis. Ammonium Hydroxide

C_. Stain solution (must be used within 5 mins)
Add solution A dropwise into solution B with constant stirring or
vortexing. Adjust final volume to 100 mis. with DD H20.

D. Mix 2.5 mis. of 1% Citric and 0.25 ml. of 37% Formaldehyde soin. Final
volume to 250 mis. with DD H20.

E. Fix, 45% Methanol, 10% Acetic Acid.
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Staining Protocol

1. Place gel in Fixative for 1 hour with constant rocking.

2. Soak the gel in 50% Reagent Grade Methanol for at least 1 hr.

3. Prepare the stain, Solution C.

4. Stain the gel in solution C for 15 min with constant, gentle
agitation.

5. Wash the gel in 3 changes of DD 1^0 with rocking for a total of 15
min. (Save Solution C.)

6. Prepare the developer, Solution D.
7. Place the gel in a different, clean container.

8. Add 250 mis. DD ^0 to gel container.

9. Add solution D (250 mis.). Have gel rocking. Bands usually appear
in less than 10 mins . and seldom more than 15 mins.

10. Wash the gel with HjO and place the gel in 45% Methanol/10% Acetic
Acid to stop staining.

11. Gel may be destained in Kodak Rapid Fix (film strength) containing
Methanol (10%). Rapid fix must be completely removed by 1^0 wash.

12. Solution C contains used ammoniacal silver which, if allowed to dry,
is explosive. To neutralize this reagent, left over preparations of
Solution C are aspirated into a vacuum flask containing an equal
volume of IN HC1. The silver chloride precipitate obtained may be
discarded safely.
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Chapter 15

AFFINITY CHROMATOGRAPHY USING ANTIBODIES
Purification of trematode antigens by
gel filtration and antibody affinity chromatography

G.V. HILLYER
Department of Biology,
University of Puerto Rico,
Rio Piedras, Puerto Rico

INTRODUCTION

The field of parasitic immunochemistry has advanced considerably in
recent years. One reason is that increasing attention has been placed in
identifying target antigens of proven or potential importance in acquired
resistance or in serodiagnosis. This review, selective in nature, concerns
some aspects of antigen purification in trematode infections, with emphasis on
those studies which used gel filtration or antibody affinity chromatography.
Purification of schistosome sérodiagnostic antigens

A. Worm Antigens
During the 1960s, the intradermal reaction was popular for

epidemiological surveys related to trematode infections including
schistosmiasis, clonorchiasis and paragonimiasis. Sawada, Sato and
collaborators embarked on the purification of the antigens active in the
intradermal reaction. One approach to the fractionation of Schistosoroa
japonicum worm antigens is summarized in references 1-3. Essentially,
lypholized adult worms were defatted with diethyl ether, sonicated, and
precipitated with acetic acid at pH 4.6. The soluble portion was then
separated by its molecular weight in columns containing Sephadex G-100,
obtaining two fractions. The first eluted fraction was found to be active,
tested by passive hemagglutination and complement fixation with a pooled serum
from patients with schistosomiasis japonicum or the serum from a rabbit
infected with S. japonicum for 63 days. This was then further fractionated by
CM cellulose followed by DEAE-Sephadex A-50 column chromatography. This last
separation step resulted in 5 fractions. All of them were again tested by
passive hemagglutination and complement fixation. Highest reactivity was seen
in a fraction designated SST^ and further studies by the intradermal
reaction in humans showed it to be sensitive and specific 2. ^n additional
3-4 fractions of SST were obtained by disc Sephadex G25 column electrophoresis
all of which were reactive in the skin test-*. in spite of these monumental
efforts, it was apparent that the isolated fractions were heterogeneous, and
their immunologie specificity was not ascertained. S. japonicum worms were
known to contain antigens cross-reactive with other parasitic trematodes*.

Mitchell and collaborators took a different approach. They developed a
murine hybridoma which produced a putative worm stage and species-specific
monoclonal antibody. They then demonstrated that the .binding of the labelled
hybridoma-derived antibody to a crude adult worm extract in a radioimmunoassay
was inhibited by at least 90% of sera from individuals known to be infected
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with S. japonicum and found no false positive reactions5. No evidence of
genetic unresponsiveness was obtained in strains of inbred mice infected with
£5. japonicum^. The authors concluded that the antigen to which this
monoclonal antibody was directed was a strong immunogen and that it had
excellent immunodiagnostic potential. The target determinant was found to be
contained in a 23,000 MW surface protein of adult worms and appears to be
stage and, probably, species-specific^.

B. Egg antigens

An exhaustive effort to purify schistosome egg antigens was reported
by Pelley and collaborators8. Basically, they set out to purify the 3
"major" egg antigens which precipitated the serum from mice with a chronic
S. mansoni infection. The procedure utilized included the isolation of
glycoproteins by lectin chromatography with Concanavalin A, and further
purifications by ion exchange chromatography. The most important antigen,
denoted MSA1( could then be separated from MSA2 by gel filtration with
Sephadex G-200 since MSA2 eluted in the void volume and MSA^ eluted later
with an estimated MW of 137,000. Since the amounts of antigen utilized was
small, radiolabelling with 125I was an important step. This resulted in the
development of a radioimmunoassay which, with MSA^, was found to have high
species-specificity for the diagnosis of human schistosomiasis mansoni^. An
added observation was that MSA^ did not cross-react with the serum of
patients with other parasitic diseases such as echinococcosis, fascioliasis,
cysticercosis and trichinosis10. These same sera did react with crude
S. mansoni soluble egg antigen (SEA)11. Thus MSA^ also appeared to have
high immunologie specificity. A monoclonal antibody to MSA^, termed F5,
also reacted to antigenic determinants in eggs from the other species of human
schistosomes12. Isolating MSA^ using the classical purification
procedures described above, however, is fraught with difficulties (discussed
in réf. 8). Subsequent attempts to purify this antigen resulted in
contaminated samples with poor sensitivity and specificity1 .

Harrison, et al filtered crude £. roansoni SEA through an immunoaffinity
column containing the antibodies reactive to SEA in the serum of mice infected
for 16 weeks. In this elegant study SEA was coupled to CNBr-activated
Sepharose 4B. The serum from mice infected with §. mansoni was reacted with
the SEA and the SEA-specific antibodies were removed with an acid buffer. The
purified antibodies were then coupled to CNBr-activated Sepharose 4B, SEA
reacted with the antibodies and eluted with an acid buffer. The
immunoaffinity purified antigens were found to comprise (by SDS gel
electrophoresis) 8 Coomasie blue staining bands and 5 periodic acid-Schiff
bands. By immunoelectrophoresis four precipitin arcs were detected. They
also demonstrated that the antigens found by immunoaffinity purification of
SEA are also found in the fractions obtained by Con A chromatography of
SEA14.

We adapted a slightly different approach. In a combined
seroepidemiologic study, we found that a classical, qualitative test, the
circumoval precipitin test, has the highest sensitivity and specificity of the
nine sérologie tests and/or antigen systems compared1"' ". since the COP
reaction is an immunoprecipitation of human serum antibody with the active SEA
components we isolated the immune complex and induced in rabbits antibodies
which in turn elicited a COP reaction with fresh S_. mansoni eggs16. After
absorbing out the reactivity with human IgG, the rabbit IgG containing
antibodies to the COP antigens was isolated with Protein A Sepharose and then
coupled to CNBr-activated Sepharose 4B. S^. mansoni SEA was then filtered
through the column and the COP components which linked to the column were
eluted with an acid buffer. The COP antigens isolated in this manner were
applied to murine S. mansoni infection 17. In this manner, a qualitative,
subjective test was transformed into a quantitative, objective test.
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Regarding Î3. japonicum egg antigens, Carter and Colley-^ absorbed SEA
to CNBr-activated Sepharose AB and reacted this with the serum from mice
infected with S_. japonicum for 7 or 12 weeks. These anti-SEA immunoglobulins
were then used for the immunoabsorbent fractionation of specific SEA
antigens. These antigens were then compared with the SEA antigens isolated by
Con A Sepharose. The major finding was that the antigen isolated from crude
SEA using anti-SEA specific antibody from serum extracted 7 weeks
post-infection indicated only a single band with an apparent MW of 130,000.
They also concluded that from the standpoint of isolating the antigen
recognized by the 7 week infected mouse sera, immunoaffinity chromatography
was clearly the method of choice.

Comparatively less has been accomplished with S_. haematobium egg
antigens. Extensive cross-reactivity is seen between S_. mansoni and
S.- haematobium by the circumoval precipitin test1^. We were able to isolate
a species-specific £>. haematobium egg antigen as follows20: The IgG of a
serum pool from humans with S_. mansoni was coupled to CNBr-activated Sepharose
4B. S_. haematobium SEA was passed through this column, the drop through
collected and the eluate obtained with acid buffer and discarded. The drop
through was recycled through the anti-S_. mansoni column until no additional
antigen could be eluted by acid buffer treatment. A second column was
prepared by linking the IgG, obtained from the serum of hamsters infected with
S_. haematobium for 3 months, to CNBr-activated Sepharose AB. The recycled
drop through from the first column was then filtered through the second (anti-
£. haematobium) column, the drop through discarded, and the eluate obtained by
acid buffer. The sérodiagnostic potential of the eluted antigens was
evaluated by ELISA utilizing sera obtained serially from hamsters with a
primary infection of £>. mansoni or S.. haematobium. In S_. haematobium
infections, antibody levels rose by week 9, increasing sharply by week 12. No
cross-reactivity was observed with hamsters infected with S_. mansoni
suggesting that the isolated antigens were specific for S_. haematobium. This
approach reiterates the power of antibody affinity chromatography for the
purification of antigens with sérodiagnostic potential.
Purification of Fasciola sérodiagnostic antigens

F. hepatica worm extracts cross-react with a wide variety of sera from
trematode infections, including schistosomes 4> 21> 22. This makes
purification of antigens imperative if the antigens are to be used in
seroepidemiology. In addition, normal rat serum was found to react with crude
F. hepatica extracts by counterelectrophoresis (CEP), yielding a
false-positive reaction. This false-positive reaction was eliminated by gel
filtration. Thus F. hepatica worm extract was filtered through Sephadex G-200
and each fraction collected was tested by CEP against normal rat serum and the
serum from rats infected for five weeks with F. hepatica. Those fractions
nonreactive with normal rat serum and reactive with immune rat serum were
pooled, concentrated, and used in CEP. Interesingly, the pooled fractions
also did not cross-react with anti- S_. mansoni antibodies, thereby increasing
the specificity of the test23. Mansour used a similar approach with F.
signatica obtaining similar elution profiles and obtained an excellent
antigenic preparation for the diagnosis of human infection. For faster
separations Sephacryl S-200 is recommended, but the approach is essentially
the same. A typical elution profile with F. hepatica using Sephacryl S-200
was published by Hillyer and Santiago de Weil25. Again, the eluted
fractions which reacted with anti- S_. mansoni antibodies were discarded
whereas those reactive with anti- F. hepatica antibodies (but not anti-
£>. mansoni) were pooled, concentrated, and used for sérodiagnostic studies.

Gel filtration only partially purifies antigens in that all
macromolecules of similar molecular weight will elute in the same fraction.
The identification by immunoelectrophoresis in the early 1960s by Biguet,
Capron and coworkers of a genus-specific antigen led to some heroic efforts to
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purify this antigen26» 28 This genus-specific antigen was designated "arc
2" and is now known to be a family of antigens27» 2^. It also induces
antibody production in acute infection. After going through the earlier
laborious procedures, we found that the genus-specific Fasciola arc 2 antigens
could be isolated by combinations of antibody affinity chromatography and gel
filtration. Thus the IgG from the serum of rabbits infected with F. hepatica
for 6-10 weeks were coupled to CNBr-activated Sepharose 4B. An F. hepatica
worm extract was then passed through the column. The antigens linking to the
antibodies were then eluted with an acid buffer. The eluted antigens were
further separated by molecular weight utilizing Sephacryl S-200, obtaining
three major peaks at 280 nra. The arc 2 activity was found to be in the second
peak. Rabbits were immunized with the antigens in the second peak and the IgG
antibodies obtained were isolated by ammonium sulfate precipitation and QAE
Sephadex A-50 chromatography. This was then coupled to CNBr-activated
Sepharose 4B. A crude F. hepatica antigen was filtered through this column
and the bound antigens eluted with acid buffer. The antigens obtained in this
one step chromatography were specific for arc 2 thereby reiterating the
powerful force of imtnunoaff inity chromatography2".

Purification of defined immunity antigens against schistosomes

The paradox of schistosomiasis is that an infection with this parasitic
trematode induces in the host a state of acquired immunity to challenge
infection with the homologous parasite, yet subcellular fractions of the
parasite do not consistently and reproducibly induce a similar level of
protection. An excellent and comprehensive review on the subject of acquired
immunity in murine schistosomiasis has been written by

We found that mice and hamsters inoculated with subcellular fractions of
F. hepatica worms developed resistance to challenge infection with £5. mansoni
cercariae. This protection was initially demonstrated by utilizing complex
mixtures of antigens obtained by grinding whole F. hepatica worms. Further
purification by antibody affinity chromatography demonstrated that the
protective antigens were those that bound to antibodies to S_. mansoni . As
purification of the antigen proceeded, fewer amounts were required to obtain
significantly high levels of protection. In addition, F, hepatica antigens
induced the development in mice of antibodies reactive with S. mansoni . These
factors, cross-reactivity and improved protection with increasing antigen
purity, were both supportive of an immunologie basis for protection against S.
roansoni (reviewed in refs. 31-33).

The purification of the target antigens, with its multiple steps, posed a
challenge of nomenclature. The starting materials were F. hepatica whole
worms whose soluble antigens were extracted, hence FhWWE. When this was
reacted in a column containing rabbit IgG antibodies to S_. mansoni worm
antigens, coupled to CNBr-activated Sepharose 4B, the eluate obtained after
acid buffer contained the FhWWE antigens which linked to anti- S_. mansoni ,
hence FhSm. When Fhgm was further fractionated by gel filtration in
Sephadex IT^OO, three peliks were eluted which were denoted I, II, and III in
order of their appearance (and in descending size). Since peak III had the
best protective effect it was logically labelled FhSmIII. The complexity ofFhSmIII was analyzed by Laurell crossed immunoelec~Erophoresis and a major
arc~of precipitation was identified (M, of course). Gels containing this arc
were washed thoroughly with saline to eliminate unreactive proteins, the arc
was removed with a scalpel and homogenized, and used to immunize a rabbit
twice in six days. Two weeks later the rabbit was inoculated subcutaneously
with crude FhWWE, again 24 hours later, and 6 days later bled for the
collection of serum. The serum obtained in this manner gave in Laurell
crossed immunoelectrophoresis against FhWWE a single arc of precipitation,
identical to the major (M) described above. The IgG from this serum was then
isolated using QAE-Sephadex A-50, coupled to CNBr-activated Sepharose 4B,
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FhWWE passed through the column, and acid elution resulted in obtaining the
M antigen denoted FhgmII£ (M)̂ - This Fasciola-derived antigen was shown to
induce in mice resistance to challenge infection with S. mansoni cercariae.

The demonstration of a defined immunity antigen, and the availability of
a polyclonal, monospecific antibody (as defined above) led to the use of the
antibody to search for the presence of the antigen or antigenic determinants
in different preparations. For example, FhsmllHM) was snown to be on the
Fasciola worm tegument, and the biological activity of the tegument
preparation, designated Fh^. was also demonstrated-^ • 36 This antigen
also links to Con A and has a pi 4.0-4.4 as determined by analytical
isoelectric focusing ^7 Finally, FhsmllHM) or its analogue has also
been found in S_. bovis and Paragonimus westermani worms3**, 3^. Thus the
isolation of a defined immunity antigen, followed by the production of its
corresponding antibodies, resulted in the use of the antibodies to detect the
presence of the antigen in different schistosome species and in different
trematode genera. The subsequent isolation of the analogous antigens by
antibody affinity chromatography is reasonably straightforward and is, in
fact, currently underway. These can then be utilized for the development of
monoclonal antibodies^. Since the monoclonal antibodies are specific for a
single epitope within the macromolecule, protoelytic degradation plus the use
of the monoclonal antibodies should help to distinguish the subset of
proteolytic fragments which contain the target epitope and will help further
define the similarities and differences between the F^smllKM) equivalent in
Fasciola. Schistosoma and Paragonimus. Having a library of monoclonal
antibodies and different methods of producing proteolytic fragments, it should
be possible to reconstruct the sequence of epitopes on the macromolecule, or
epitope mapping. The approach to be used would be peptide mapping of the
antigen, described by Cleveland, et al4-*- substituting CNBr for the protease
in the partial fragmentation step, as described by Nicodem and Fresco4 .
This will be followed by electroblotting using an immunoperoxidase procedure
as described by Hawkes, et al., or Tsang, et al43»4'1'.
Gel filtration

Gel filtration is a relatively gentle separation technique based on the
partitioning of macromolecules between a stationary, immobile phase comprised
of a gel medium and a mobile, solvent phase. The separation occurs due to
differences in molecular size. The differences in molecular size can be
large, as in desalting, or macromolecules with relatively close molecular
sizes can be fractionated, or separated from each other, the degree of
separation depending on the length of the separation covered (e.g. column
length) .

There are many commercially available products for gel filtration.
Sephadex (Pharmacia Fine Chemicals) is prepared by cross-linking alkaline
dextran with epichlorohydrin and is swollen in water or PBS. Agarose is
commercially available as Sepharose (Pharmacia) or Biogel-A (Bio-Rad
Laboratories). Agarose is a linear polysaccharide of D-galactose. It
contains no ionizable groups, but has the disadvantage of congealing at
elevated temperatures or in the presence of solutes capable of breaking
hydrogen bonds, e.g. urea45. A more rigid gel, known as Sephacryl
(Pharmacia) is prepared by convalently cross-linking allyl dextran with N,
N'-methylene bis-acrylamide. It offers the advantage of comparatively high
flow rates.

Some examples related to the separation of Fasciola macromolecules with
Sephadex G-200 or Sephacryl S-300 are found in references 23, 24, 25, and 46.
The following is an example of the use of gel filtration with Sephadex G-200.
Excellent references include Hudson and Hay45, and a Pharmacia booklet
titled Gel Filtration. Theory and Practice47.
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1. We typically use a 1.5 or 2.5 x 100 cm glass column with at least
one adjustable column end adaptor which supports the bed matrix. The internal
volume is measured simply by filling the column with water and measuring the
volume eluted. Sephadex comes in powder form, each gram swelling to
30-40 ml. Always swell 2 grams of Sephadex over the amount required to fill
the column.

2. Sephadex should be added slowly to water or PBS with continous
stirring using a glass rod (not a magnetic stirrer!). Fines should be
eliminated by decanting, i.e. let the Sephadex settle for several minutes,
decant fines, add more water or PBS, and continue the process until clearing
is observed quickly upon sedimentation.

3. Sephadex can be swollen at room temperature or in the refrigerator.
This procedure takes 3-4 days. We prefer to swell Sephadex by boiling in a
water bath for 5 hours. The advantage of speed plus the fact that the aqueous
medium is deaereated (degassed) makes this the method of choice.
Simultaneously, the aqueous medium to be used in the column for packing must
be deaereated. The preferred form is by deaereating in a large volumetic
flask coupled to a source of vacuum (via a trap, of course). Failure to
deaereate buffers is a major source of problems in packing gel filtration
columns.

4. The gel suspension should be adjusted so that it is a fairly thick
slurry, i.e. approximately 75% settled, fully swollen, gel. It should also be
the same temperature as the column. It must also be degassed prior to being
poured into the column.

5. Inject buffer into outlet tubing until it passes through the bed
support net. Close outlet tubing (or stopper with paper clip or equivalent).
Fill the column 1/4 full with degassed buffer. Open the valve to begin
releasing buffer. Tilt the column and pour the well-mixed Sephadex slurry
into the column in one operation. (Note: we prefer to attach a gel reservoir
to the column, thus increasing the volume which can be handled in a single
step). Allow column to pack in vertical position.

6. When column is packed (keeping 3-6 cm. in the top of the column for
buffer only) remove reservoir and attach flow adapter. Run through column 2-3
volumes of buffer downward. at a flow rate of 15 ml/hr utilizing a peristaltic
pump. Adjust flow adaptor to beads if necessary.

7. The column is now ready for use. We run the columns with an upward
flow rate of 15 ml/hr. Sodium azide is always in the buffer (0.01% NaN3)and in the antigen. First run Blue Dextran 2000 through the column to check
for trailing and to obtain the Vo of the column. This is done by inserting 3
ml Blue Dextran, followed by 3 ml 3% sucrose (which helps prevent trailing)
followed by PBS in NaN3- The column must then be calibrated with different
protein standards and can then be used to fractionate the antigens of interest.

Some comments on the use of gel filtration are as follows:
a. Gel filtration of crude parasite extracts will not, for the most

part, result in purification to homogeneity but will give an indication of MW
range, and is a good, gentle first step.

b. Monitoring of the antigens eluted can be done in a crude manner by
performing macro-Ouchterlony tests (e.g. with 12 peripheral wells for the
consecutive fractions collected and a center well for the polyspecific or
monospecific antiserum).
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c. For large (greater than 200,000 MW) macromolecules and/or faster
flow rates, Sephacryl is preferred to Sephadex. Packing of columns with
Sephacryl is done under pressure and the appropriate manuals should be
consulted.

d. A properly packed Sephadex column, kept at relatively constant
temperature, used with the same antigen preparations, should last for over one
year. However, if bubbles appear in the column, you might as well face the
fact that you have to disassemble the column and begin again by degassing the
buffer and the swollen Sephadex.

e. Once you know the elution profile of your crude antigen and the
elution peak of your antigen of interest, simply collect in a graduated
cylinder the mis. of unwanted eluate, and then monitor for the peaks of
interest.

f. For gel filtration a good glass column with flow adaptors, valves,
and the like are an important investment. We use 1.5 x 100 or 2.5 x 100
Pharmacia columns because of their ease of handling. Other excellent brands
are available.
Antibody affinity chromatography

If you have an antibody (or immunoglobulin with antibody activity) to a
given antigen of interest, the isolation of that antigen with a high degree of
purity, high yield, and minimum time and effort can be accomplished by
antibody affinity chromatography. The use of these procedures for isolating
sérodiagnostic antigens in schistosomiasis as well as its use for the
isolation of a defined immunity antigen in schistosomiasis has been described
in the previous sections. Likewise, if you have an antigen, the technique can
be utilized to isolate the corresponding antibody. There are pitfalls, many
unseen when working in unchartered areas, but the technology is elegant in its
simplicity.

For antibody affinity chromatography the IgG fraction of serum containing
the antibody of interest is isolated, coupled to CNBr activated Sepharose 4B,
the crude antigen of interest reacted with antibody in the column, and finally
eluted by an acid buffer. For isolating the IgG we generally use QAE Sephadex
A-50 in one of two ways (see below).

QAE (quaternary amino ethyl) - Sephadex A-50 is a strongly basic anion
exchanger and its use for the isolation of human IgG is described by Joustra
and Lundgren^S and by Hudson and Hay4^. We have modified the procedure
slightly in that the first step involves the isolation of IgG -f IgA from serum
following the procedure described by Harboe and Ingild^^. This is as
follows:

A. Isolation of IgG -t- IgA from rabbit antiserum by ammonium sulfate
precipitation.

1. To each 100 ml of serum, add 25 g ammonium sulfate, leaving mixture
for 20 hours at 25 C.

2. Centrifuge at 4,000 g for 30 min., discard supernate.
3. Wash precipitate with 25 ml 1.75 M ammonium sulfate, centrifuge as

in #2, and discard supernate.
4. Repeat #3.
5. Add 20 ml distilled t^O to dissolve precipitate and place in

dialysis tubing.
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6. Dialyze with one liter volumes at 4C as follows:
a. 2 changes with distilled ^0 in 24 hours.

b. 1 x 24 hours against Ethylene-diamine-acetate buffer (2.88 g
ethylene diamine, 73 ml IM acetic acid distilled water to
complete one liter, adjust pH to 7)

c. 1 x 24 hours against Ethylene-diamine acetate buffer as in b.

7. When dialysis is completed, a precipitate consisting of lipoproteins
may appear which must be eliminated by centrifugation. The
supernate will contain IgG + IgA at an approximate 4 x concentration
over the original starting serum and can be used in a variety of
applications. Further purification can be done with QAE Sephadex
A-50 (see below).

B. Serum is first centrifuged at 12,000 x g for 30 min at 4C to remove
lipoproteins, dialyzed overnight against an ethylene diamine buffer (2.88 g
ethylenediagmine, 73 ml l M acetic acid, distilled water to complete 1 liter,
adjust pH to 7.0), then diluted with an equal volume of ethylenediamine buffer
and applied to a column contain QAE Sephadex A-50, also equilibrated in
ethylenediamine buffer. The IgG fraction élûtes in the drop through, is
concentrated to the original starting volume by vacuum dialysis at 4C against
PBS, and lyophilized. The QAE Sephadex column must then be washed to
eliminate the bound proteins by adding a 0.6 M sodium buffer (pH 4.0) followed
by equilibration with ethylenediamine buffer to restore the column and have it
ready to be used again.

With either method of isolation, the concentration of the IgG must be
determined by a Micro-Lowry or Bio-Rad method.

Once the IgG is isolated, it must be coupled to CNBr-activated Sepharose
4B. This is done as follows:

1. The lyophilized IgG (10 mg/ml of gel) is dissolved in a coupling
buffer consisting of 0.1 M sodium carbonate/bicarbonate, pH 8.3). Check
absorbance in spectrophotometer at 280 nm. Mix IgG with the CNBr-Sepharose in
an end-over-end mixer for 14 hr at 4C. (Note: 1 gm dry gel swells to
approximately 3.5 ml). Swelling is done by diluting 2 g dry gel in 100 ml
10~3 MHC1 for 15 min.) Wash gel using scintered glass filter. Add 100 ml
10~3 HC1. Wash again. Wash gel in coupling buffer. Then add IgG.

2. Check absorbance of supernatant at 280 nm, compare with previous
reading, to estimate % binding.

3. Incubate the gel in IM glycine at 4°C for 14 hrs. to block unused
binding sites.

4. Wash IgG-CNBr Sepharose alternatively with 0.1 M Borate buffer pH 8
and 0.1 M acetate buffer, pH 4.0 to remove traces of non-convalently adsorbed
materials.

5. Wash IgG-CNBr Sepharose with the elutins buffer which will be used.
This will decouple some IgG. We use a 0.1 M glycine/HCl buffer, pH 2.6.

6. Wash again with coupling buffer, pH 8.3.

7. After washing with PBS pH 7.2, the column is ready for use.
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For adding the antigen, we generally incubate antigen in the column in
PBS for 30 min. with gentle stirring (end over end mixer) and the drop through
recycled through the column. The bound material eluted is with the
HCl-glycine buffer, pH 2.6.
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Chapter 16

ISOLATION AND PURIFICATION OF SCHISTOSOME ANTIGENS
BY AFFINITY CHROMATOGRAPHY USING IMMOBILIZED LECTENS

E.G. HAYUNGA
Division of Tropical Public Health,
Department of Preventive Medicine and Biometrics,
Uniformed Services University of the Health Sciences,
Bethesda, Maryland, United States of America

INTRODUCTION

Lectins are naturally occurring proteins with the capability of binding
to specific carbohydrate configurations. The term lectin is derived from
the Latin "legere" which means "to bind." Of the 50 or so lectins isolated
to date, concanavalin A has been most widely used and most extensively
studied (1,2). Isolated from the jack bean Canavalia ensiformis by
Sumner (3) in 1919, concanavalin A is a protein composed of identical sub-
units of 25,5000 mol. wt. that associate to form dimers and tetramers
depending upon pH (4,5). Although this lectin reacts with alpha-D-glucosyl
or sterically related carbohydrate groups, it appears that the actual
binding site for concanavalin A accommodates structures as large as di- or
trisaccharides, with greatest affinity for mannobiosyl-N-acetylglucosamine
(6,7). Saccharide binding activity is dependent upon the presence of the
divalent cations Mn and Ca (5,8). Unlike most lectins concanavalin A is
distinguished by the fact that it does not contain any covalently bound
carbohydrates, and it is completely devoid of disulphide bonds (9). Con-
canavalin A is capable of agglutinating certain bacteria and erythrocytes
(10); it is a potent mitogen (11) and there are reports that it can inhibit
the growth of tumor cells (12,13).

Other lectins commonly used in research include Lens culinaris (lentil)
and Solanum tuberosum (potato) lectins and agglutinins obtained from the
peanut Arachis hypogaea, wheat germ Triticum vulgaris, soybean Glycine max,
castor bean Ricinus communis, red kidney bean Fhaseolus vulgaris and gorse
Ulex europaeus (14,15). Initially, lectins were thought to be confined to
plants, hence the term phytohemagglutinin or phytoagglutinin. However, many
lectins have been isolated from such diverse groups as bacteria, slime
molds, snails, crabs and fish (14). The best known of the animal lectins is
the N-acetylgalactosamine binding agglutinin from the garden snail Helix
pomatia. Lectins have also been isolated from rabbit (16), bovine (17) and
from chicken livers (18), from calf heart and lung (19), and chicken embryo
muscle (20). The physical properties and sugar specificities of the more
commonly used lectins are compared in Table 16-1.

The ability of lectins to react with specific structural configurations
of saccharides has been compared to the recognition of antigens by anti-
bodies. The phytoagglutinins are believed to play a role in protecting the
plant against pathogenic bacteria and fungi; lectins are also thought to
facilitate the attachment of nitrogen-fixing bacteria to the roots of
legumes, and Escherichia coli to epithelial cells (14). In some cases
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TABLE 16-1. Molecular Properties of Some Purified Lectins as Reported jn the RPVICW by Lis and Sharon^5 (Bopnntea
permission of authors and publisher).

Source
PLANTS
Arachis hypogaea
(peanut)

Agancus campester
(meadow mushroom)

(jack bean)
Datura stramonium
(thorn apple)

Dolichos biflorus
(Horse gram)

Erythrina cnstagalli

Mol Wt.

110,000
64,000

102,000

60,000

109-113,000

56,000

Glycine max. 320,000
(soybean)

Griffonia simplicifolia
I
II

Lens culinaris
(lentil)

Lotus tetragonolobus

114,000
113,000
46,500

120,000

Subunit
Mol Wt.

27,500

25,500

30,000

26,000
26,500
28,000
26,000
30,000

28,500
30,000
5,700
17,500

structure
Number

4

4

2
2

1
1
4

4
4

1}

Sppriticity
Sugar

Binding
Sites

4

4

4

4
4
2

(winged pea)
Lycopersiron esculentum 7 1 , 000
(tomato}

Momordica charantia

Phaseolus lunatus
(lima bean) I
n
Phaseolus vulgaris
(red kidney bean)

Pisum sativum
(pea)

Ricinus communis
(castor seed) ft

Solanuiu tuberosum
(potato)

Trltirum vulgäre
(wheat germ)

Vicia faba

120,000

247-259,000
124-138,000
126-136,000

49-53,000

120,000

100,000

36,000

52,500
(fava or broad bean)

OTHER
Angmlla anguilla 130,000
(eel)

Dictyostelium discoideum 100,000
(slime mold)

Electrophorus electricus 32,500
(electric eel)

Helix pomatia
(garden snail)

Limulus polyphemus
(horseshoe crab)

Pseudomonas aeroginosa
(bacteria

Rabbit liver

79,000

400,000

65,000

256,000

28,000
30,000

31,000
31,000

29-34,000

5,800
12-18,000
28-31,000
34-37,000

50,000

18,000

5,r>00
20,~00

25,000

16,500

13,000

20,000

48,000
40,000

8
4
4

1}
2
2
2

2

A

2

6

18-20

n4,

2

4
?

2
2
2

2

4

6

Cysfeme Carbo-
(%] hydr.itc

0 0

0 0

7 40

0 4

0 4.«i

0 6 >

03 n

\

0 0

25 50

13 12 5

0.64 3-5
0 64 3-5
0 10

0
12

5 50

IB 0

0 J

1 "•'

0 22

2.3 8

1 5 4

1 2 14

MÏ t-ogenic
Activity Sufjar

+a r.ilNAc

-t-

•t- Man, Clr

GalNAc

Cal

Gal

+ Man, Glc
L-fuc

H CalNAc
GalNAc

+ Gal

GlcNAc

ClcNAr

L-fuc

Gal

GalNAc

Gal

Human
Blood
Type

A

E

0

A

0

A

Mitogenic for sialidase treated cells, only polymeric forms of the lectin are active .
Contains high percentage of hydroxyproline.
Also known as Bandeiraea simplifolica.
Also known as Phaseolus limensis.

eContains a high percentage of hydroxyproline and one residue of ornithinp per subunaL

lectins appear to distinquish very small steric differences between glyco-
conjugates (6,7,21). The specificity and reversibility of lectin to
saccharide binding offers tremendous potential for the isolation and partial
characterization of carbohydrate containing antigens (22).

CHOICE OF LECTINS, ELUTION BUFFERS, TEMPERATURE AND COLUMNS

Obviously, choice of an appropriate lectin for affinity chromatography
requires some knowledge of the binding sites present on the molecule to be
isolated. In the case of Schistosoma it was first necessary to demonstrate
the presence of Con A receptors on the surface of adult worms (23) and
schistosomula (24) using JH- or FITC-labeled lectins, before a rational
attempt at affinity chromatography could be made (21,25). The more commonly
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used lectins are available commercially in immobilized form. Alternatively,
lectins may be bound to Sepharose by cyanogen bromide (CNBr) activation.

Several buffers have been used to equilibrate columns of immobilized
lectins, including sodium acetate (21), sodium phosphate (26) and Tris-HCl
(27,28). Brink et al. (29) added 0.05% Nonidet P-40 (non-ionic detergent)
to maintain the solubility of membrane glycoproteins during affinity chroma-
tography using Con A. It has been reported that Lentil Lectin-Sepharose 4B
(Pharmacia) retains its binding ability in the presence of 1% sodium deoxy-
cholate (27). The buffer should be near neutrality, but its pH sufficiently
different from the isoelectric point of the moelcule to be isolated to
preclude precipitation of the sample. Extremes of pH (below 5 or above 8)
destroy the binding activity of most lectins and should be avoided. Borate,
which inhibits lectin binding by forming complexes with the 4- and
6-hydroxyls of nonreducing pyranosides in glycoproteins (30), is not a
suitable equilibration buffer. However, borate may be used in lieu of a
specific sugar^to elutj> bound molecules from the column (21,30,31). The
presence of Mn and Ca are essential_J[pr saccharide binding of Con A; for
convenience we added 0.5mM Mn and Ca in both equilibration and elution
buffers, regardless of the lectin used. Initially, analytical separation
may be carried out using small (0.5 x 10 cm) columns, or in test tubes. The
size of preparative columns is limited by the amount of material to be
purified and by the cost of immobilized lectin.

The temperature for elution has been found to be critical. Although
column chromatography is routinely done in a 2-4°C cold room, there is
evidence that some glycoconjugates appear to bind irreversibly to Con A at
this temperature. By way of illustration, several radioiodinated glyco-
proteins and a prominent glycolipid fraction from j>. mansoni adult worms,
are readily eluted from a Concanavalin A-Sepharose 4B column at 25°C, but
are retained by the column when elution is performed at 4°C (Fig. 16-1).

Elution at 25 °C

X
Q.
U

Elution at 4 °C

10 20 30
FRACTION NUMBER

40

Figure 16-1. SDS-PAGE profile of Bolton-Hunter labeled tegumental
glycoproteins from Schistosoma mansoni adult worms eluted from a

Concanavalin A-Sepharose 4B chromatography colunn at two
different temperatures.
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Thus, when designing experimental protocols for lectin affinity chromato-
graphy, it may be necessary to run the risk of partial sample degradation at
room temperature in order to recover any sample at all! Alternatively, it
may be possible to separate different classes of lectin-binding glycocon-
jugates in the sample on the basis of their optimal elution temperatures.

Initially, analytical separation may be carried out using small (0.5 x
10 cm) columns, or in test tubes. The size of preparative solumns is
limited by the amount of material to be purified and by the cost of immobi-
lized lectin. Sample size, flow rates and column dimensions are not as
critical as they are for gel filtration. Because of the concentrating
effect of affinity columns, dilute samples in very large volumes may be
applied without compromising resolution of the eluates.

ISOLATION OF SCHISTOSOME GLYCOPROTEINS USING LECTIN AFFINITY CHROMATOGRAPHY

The first attempt to isolate surface membrane glycoproteins from
Schistosoma mansoni was made by Bennett and Seed (25) who were able to
recover picogram quantities of several components. Later Hayunga et al.
(21) and Taylor et al. (26) each reported isolation of a single Con A
binding glycoprotein from £. mansoni adults and schistosotnula, respectively.
A single Con A binding antigen was also reported from J3. japonicum (32).
However, other investigators have reported very hetergeneous eluates using
Con A affinity chromatography (28,29). The first large scale purification
of a surface antigen from j>. mansoni using lectin affinity chromatography
was done by Hayunga et al. (21). They found that efforts to "scale up"
antigen production were hampered by the heterogeneity of tegumental antigen
preparations, nonspecific (and sometimes irreversible) binding of matériau
to Con A-Sepharose columns, and low yields of the final product. The
glycoprotein that they isolated represented less than 1% (by weight) of the
water soluble proteins extracted by either freeze-thaw or detergent. When
one of the preparative columns was used a second time, the yield was
markedly diminished. After three or more sample applications the column
took on a permanent yellow-brown color; successive washings with sodium
acetate (pH 4.5) to "regenerate" the column failed to elute this material.
It was only by using a sequence of chromatography columns (gel filtration,
Con A, Ampholine) that microgram quantities of the purified antigen could be
recovered on a routine basis. Analysis of schistosome antigens using other
lectins is currently in progress (33).

The following protocols were developed in our laboratory for analysis
of glycoprotein antigens from S. mansoni and S. japonicum (21,32,33,34).

ANALYTICAL SCALE LECTIN AFFINITY CHROMATOGRAPHY

Applications : For analysis of small quantities of material, including
radiolabeled samples (Fig. 16-2).

1. Prepare a small, 0.5 x 10-cm column packed with approximately
0.3 ml Concanavalin A-Sepharose 4B or Lentil Lectin-Sepharose 4B,
and thoroughly equilibrate with acetate buffer. Fractions are
collected at a flow rate of approx. 1 ml/min.

2. Allow the buffer to run through the column so that the meniscus
barely touches the top of the gel, then cap off the bottom of
the column to stop the flow. Under no circumstances should the
column be allowed to dry out.
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EXPERIMENTAL DESIGN

( b
Radiolabeling » I

Détergent
Extraction

I
Lectin Affinity Chromatography

Wash Sugar Borate
I I I

SDS-PAGE

Figure 16-2. Experimental protocol for analytical lectin affinity chronatography
of radiolabeled Schistosoma mansoni surface antigens.

3. Apply the sample to the top of the column.*

4. Resume flow until the meniscus again touches the gel.

5. Add 4 ml 0.1M acetate buffer and collect the "fall through" or
nonadsorbed peak.**

6. Wash the column thoroughly using at least 50 ml 0.1M acetate
buffer. (Washing takes about 1 hour and may be done at room
temperature).

7. Elute the column with 4-10 ml acetate buffer containing 0.1M
a-methylmannoside to collect the glycoprotein fraction.

*The sample should be dialyzed against acetate buffer and the aliquot
should be no more than 300 yl and contain approx. 1 mg protein or
4,000,000 cpm labeled material. Alternatively the column may also be
used to concentrate a very dilute sample.

**When 100 pi (= 2 drop) fractions are collected individually it can be seen
that the void volume comprises approx. 800 ul and that the peak is almost
entirely eluted in the next 2 ml.
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8. An additional elution may be done using 0.45M borate.

9. Dialyze the fractions against dH 0, lyophilize and resuspend in
sample buffer for SDS-PAGE, as described in Chapter 13 of this
manual.

ANALYTICAL SCALE SEPARATION USING LECTIN PRECIPITATION

Applications: For analysis of small quantities of material, including
radiolabeled samples. A modification of the immunoprecipitation
protocol, this method conserves laboratory resources by using very
small amounts of immobilized lectin (34).

1. Add an aliquot of sample to a 15 ml certrifuge tube containing
approx. 200 yl Concanavalin A-Sepharose 4B or other immobilized
lectin.

2. Incubate for 1 hr at room temperature, or overnight at 4°C, with
occasional gentle agitation.

3. Centrifuge at 1,000 G_ for 10 min and remove supernatant.

4. Wash 3 times with 10 ml 0.1M acetate buffer.

5. Resuspend in 500 pi 0.1M cc-methylmannoside (or other appropriate
sugar) in acetate buffer and incubate at room temperature for 2
hours with gentle agitation.

6. Centrifuge and remove supernatant for subsequent analysis.

PREPARATIVE SCALE LECTIN AFFINITY CHROMATOGRAPHY

Applications ; For isolation and purification of glycoproteins and
glycoconjugates on a preparative scale after analysis and partial
characterization has been done.

1. Prepare a 0.9 x 20 cm column packed with approximately 12 ml con-
canavalin A-Sepharose 4B, and thoroughly equilibrate with 0.1M
acetate buffer.

2. Apply a sample of 5-10 mg in a volume of 1-2 ml, and collect 1 ml
fractions at a flow rate of 0.2 ml/min.

3. Wash the column with 500 ml 0.1M acetate buffer, followed by
500 ml 0.45M acetate buffer.

4. Elute the adsorbed material with approx. 50 ml 0.45M borate.*

*The void volume of this size column is approx. 15 ml, and the borate
eluate is almost entirely recovered in the next 20 ml.
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BUFFERS
j_t _j_i_

ACETATE BUFFER: 0.1M sodium acetate to which was added O.SmM Ca and Mn
(99 mg/liter KnCl ,4H 0 and 56 mg/liter anhydrous CaCl ) ; pH was
adjusted to 6.8 by the additon of l N acetic acid.

BORATE BUFFER FOR ELUTION: 0.45 M borate buffer with molarity calculated as
boron equivalents (following Svensson et al., 1970) prepared using
42.86 g/liter sodium tetraborate (Na B 0 .10H 0) and adjusted to pH 6.0
by the addition of approximately 56 g/licer solid KH PO..

SAMPLER BUFFER (for SDS-PAGE): 0.04 K Tris-HCl (pH 7.0), containing 2% w/v
SDS, 20% v/v glycerol, 50 mM dithiothreitol (DTT), and 20 pg/ml
bromophenol blue (BB).

SUGAR SOLUTION FOR ELUTION: 0.1 M 200 a-m^thylmann^side prepared in 0.1 M
acetate (pH 6.8), containing O.SmM Ca and Mn (as above).
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Chapter 17

IN VITRO CULTIVATION OF THE EXOERYTHROCYTE
STAGE OF MALARIAL PARASITES

M.R. HOLLINGDALE, P. LELAND
Biomédical Research Institute,
Rockville, Maryland, United States of America

INTRODUCTION

In vitro cultivation of the complete cycle of exoerythrocytic stage of
malarial parasites in hepatic parenchymal cells inoculated with parasites
(1,2), affords an opportunity for investigations hitherto difficult or even
impossible to perform iji vivo. Such investigations include
sporozoite-hepatocyte interactions, and the effects of drugs on parasite
development.

Protective immunity against several malarial species has been achieved by
vaccination of animals and humans with irradiated sporozoites (3). The
protective antigens have been identified as stage specific proteins (4-6)
distributed uniformly over the surface of the sporozoite (7). Monoclonal
antibodies to these circumsporozoite (CS) proteins have been shown to
neutralize sporozoite infectivity upon inoculation into animals (4-6)
suggesting that CS proteins mediate parasite interactions with the liver
parenchymal cells. This was confirmed using the in vitro culture system, as
these monoclonal antibodies blocked the attachment and entry of rodent (8) and
human (9) species of sporozoites into cultured cells. It has been suggested
that inhibition of sporozoite invasion of cultured cells may represent an in
vitro assay of protective antibodies (9), since serum from human volunteers
immunized with sporozoites of human malarial species also blocked sporozoite
invasion (9). Such an in vitro assay may effectively replace in vivo
experiments using expensive animal models, and may permit the testing of many
more samples than can be assayed in animals. In progress is development of a
radioimmunoassay to quantitatively measure sporozoite invasion, and to study
parasite biochemistry throughout the EE cycle. Of interest is the finding
that irradiated sporozoites invade cultured cells and transform normally into
uninucleated EE parasites, but that nuclear division to produce multinucleated
mature EE schizonts is blocked (10). Irradiated sporozoites are highly
immunogenic, and these observations may have implications in the study of the
induction of anti-sporozoite immunity. Electron microscopy is being used to
study sporozoite-hepatocyte interactions. A. second major application of the
in vitro culture system is for the screening and development of potential
anti-malarial tissue schizonticides and sporonticides. Such a system would
replace, to some extent, animal models.

The in vitro culture system for the complete EE cycle of Plasmodium
berghei in cultured human hepatoma cells^) is described in detail.
P. berRhei sporozoites invade these cells, develop into EE schizonts by 48
hours, and release infectious merozoites by 72 hours. Attachment and invasion
of P. ber&hei sporozoites may be vizualized after two hours incubation by
reaction in an itnmunoperoxidase antibody technique dl» 12) Such a system
may also be used for the invasion of human species of sporozoites such as
P. falciparum or P. yivax into these cells. As yet, further development into
mature EE parasites has not been achieved in vitro.
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Cell cultures

1. Human hepatoma (HepG2-al6) cells ^13^ are cultured in medium MEM
(Eagle) with Earle's salts and L-glutamine, supplemented with 10% fetal
bovine serum, penicillin 50 U/ml and streptomycin 50 v^l/ml, at 37*C in
5% C02 in air.

2. Confluent monolayers maintained in plastic 25 cm^ Falcon flasks are
subcultured onto 1 cm^ round glass coverslips covered with 0.5 ml
medium in sterile glass vials. After 3 days culture, nearly confluent
cell monolayers are used for sporozoite inoculation.

Isolation of sporozoites
Aseptic method for culture of EE parasites

1. Mosquitoes are held at 4°C for 15 minutes prior to dissection.
2. Groups of five mosquitoes are placed on a microbeaker filled with 70%

ethanol and immersed for 5 seconds.
3. Mosquitoes are removed and rinsed in a microbeaker containing sterile

Medium 199.

A. Mosquitoes are then placed on a clean glass 3x1 inch slide, and 3 drops
of sterile heat-inactivated normal mouse serum are added.

5. Both pairs of salivary glands are dissected from each mosquito, and
teased apart to liberate sporozoites.

6. The glands are aspirated into a 10 \i.1 micropipet, which contains about
2 14.1 serum.

7. Disrupted glands and sporozoites are then inoculated into the coverslip
cultures.

Isolation of sporozoite pool for invasion experiments (Non-sterile).

Procedures 1 to 6 are used, and repeated as many times as necessary to
build up a pool of disrupted salivary glands.

Such a pool is transferred into a small tissue grinder, and the glands
further disrupted by trituration. After counting in a hemocytometer, the
suspension of sporozoites is diluted such that the required number
(usually 20,000 to 50,000) is contained in 20 to 50 u.1 for inoculation
into coverslip cultures.

Mosquito infections
Anopheles stephensi mosquitoes receive a blood meal from either DUB/ICE

mice (Dominion Laboratories) or Syrian Hamsters (Charles River), infected 2 to
4 days previously with the ANKA or NK65 strain of P. berghei. After 21 days,
sporozoite migration into the salivary glands is largely complete.
Culture of EE parasites
1. Each infected culture is fixed 2 hours after the addition of sporozoites,

and examined by the immunoperoxidase antibody technique (see below) for
sporozoite invasion.

2. Culture medium is changed on all remaining cultures after 24 hours.
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3. Cultures are fixed at 24 hours to demonstrate trophozoites, 48 hours for
mature schizonts, and 72 hours for EE merozoites.

Visualization of BE parasites

Giemsa

1. After 24 hours incubation or longer, cultures are rinsed with Dulbecco's
PBS, and fixed with methanol for 10 minutes.

2. Coverslips are placed in a staining rack and immersed in 10% Giemsa stain
in phosphate buffered water.

3. After 1 hour, cover slips are rinsed with buffered water, dried, and
mounted on glass slides for microscopic examination.

Immunoperoxidase antibody technique
1. This is the procedure of choice for vizualizing invading sporozoites, and

for serological examination of developing EE sporozoites.

2. Cultures are rinsed 3 times with PBS to remove medium, and fixed with
methanol for 10 minutes.

3. Coverslips are placed in a 24 well flat-bottomed tissue culture plate.

4. 20 u.1 of primary antibody is added to each coverslip. Monoclonal
antibodies to the relevant sporozoite surface protective antigen are the
most useful for demonstrating invasion, whereas polyclonal mouse
hyperimmune sera have been successfully used for later developmental
stages.

5. After 30 minutes, the coverslips are washed with 3 five minutes rinses
with PBS.

6. 20 ill of peroxidase-conjugated anti-mouse immunoglobulins are then
added to each coverslip.

7. After 30 minutes, coverslips are again washed with 3 five minutes rinses
with PBS.

8. Diaminobenzidine substrate is added for 3 to 5 minutes.

9. Coverslips are rinsed with deionized water, and air dried,

10. Mounted coverslips are examined by light microscopy using a dark blue
filter.
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Chapter 18

RADIORESPIROMETRY

J.E. Decker JACKSON
Department of Parasitology,
Walter Reed Army Institute of Research,
Washington, D.C., United States of America

INTRODUCTION

Characterization of Leishmania species/strains is of particular
importance for disease diagnosis in early infections, for epidemiologic
considerations, and for the definition of the role of vectors and animal
reservoirs to human disease. Leishmania are characterized by clinical,
epidemiologic, sérologie, and biochemical criteria1"7. However, the
complexity of these criteria together with the knowledge that infection by a
single species can result in several different forms of clinical disease in a
geographically limited human population render the diagnostic problems
associated with these parasites formidable.

The radiorespirometric method of Leishmania characterization is based on
the detection of quantitative differences in the catabolism of various
14C-labelled substrates to 14CU2. Fifty-four 14C substrates have been
tested for use in distinguishing species/strains of Leishmania^. 8-11 As
few as 13, have proven sufficient to distinguish many Leishmania at the
strain-level^» 9-11, Radiorespirometric test results appear to be highly
reproducible^ and stable, even when the organism is maintained in vitro for
extended periods^. Results of previous tests of "reference or marker"
Leishmania spp. are readily mathematically compared with test data of recent
"unknown" isolates. There is no need to retest "reference" organisms and
"unknowns" in parallel on a single day to insure comparability of test
result. This is particularly useful for data comparison of "known or
reference" species/strains tested in one laboratory with "unknowns" or other
"reference" organisms in another geographically distinct laboratory. Results
can be compared mathematically by radiorespirometry test data exchange between
laboratories rather than each laboratory sending the isolates and retesting
them in parallel with "reference or marker" species/strains.

Radiorespirometry is a technique used to identify and drug sensitivity
screen bacterial pathogens of man^, 14, There is preliminary evidence that
this procedure may also prove useful for drug-sensitivity screening of
Leishmania isolates9. The technique appears feasible for use in
distinguishing other protozoan pathogens, difficult to characterize on the
basis of morphologic criteria alone: African trypanosome^, malaria
parasite , and American trypanosome (J.B.D. Jackson, unpublished
observations) isolates. Further, the test is currently being applied to the
related problem of detection and diagnosis of the relative severity of
glucose-6-phosphate dehydrogenase deficiencies in man^j a problem of
critical importance to effective drug treatment of malaria infections.
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Leishmania in vitro cultivation
To isolate parasites from a cutaneous lesion the needle biopsy method of

Hendricks et al.-*-6 is used. Bone marrow/spleen aspirates are handled
identically to cutaneous aspirates for in vitro cultivation. In our hands,
all Leishmania tested (44 isolates of 25 different species/strains) grow well
on a modification of NNN (mNNN), a diphasic medium. Other monophasic media
tested (Schneiders + 30% fetal calf serum16, RPMI 1640 + 30% fetal calf
serum1', Steiger and Black medium1**) support luxurious growth of certain
isolates while others grow poorly. Use of the needle biopsy procedure16,
makes routine use of antibiotics for primary cultures unnecessary, and no
antibiotics are used in successive transfer cultures.

Apparatus required.

1. Ethanol saturated guaze pad.

2. Sterile tuberculin syringe with 28ga needle.

3. Screwcap test tubes (125 x 16mm) containing 3 ml mNNN 4 0.5 ml
phosphate-buffered balanced salt solution (PBSS).

4. Sterile PBSS, pH 7.4.

5. Two Nalgene 500 ml capacity, 0.22 ysa. pore size, membrane filter
sterilization units,

6. Bunsen gas burner or laminar-flow hood.
Experimental procedure

1. Make 2 liters of PBSS (NaCl 6.58g, KC1 0.40g, CaCl2 0.14g, KH2P04
0.06g, MgSÛ4 0.05g, sodium phosphate 0.01M, make up to 1 liter with
sterile distilled water final pH 7.4). Membrane filter sterilize 1
liter, store at 5°C.

2. Make mNNN: to 1 liter unfiltered PBSS add 50g Difco Bactobeef powder, and
25g Difco Neopeptone. Heat the mixture just below boiling, with stirring
for ~2 hours. Using NaOH, adjust the pH of the hot solution to 7.4.,
then filter it under pressure through 8 sheets of Whatman #3 filter
paper. Add 17g Difco Bacto Agar to the resulting clear, golden liquid.
Place the vessel containing the agar base in a pan of water and autoclave
it (2 min, 250°C, 15 lb pressure), to melt the agar. Dispense 2 ml agar
base into screwcap (125 x 16mm) test tubes. Autoclave the tubes (30 min,
250°C, 15 lb pressure), cool to comfortable handling temperature, and
aseptically add 1 ml sterile defibrinated rabbit blood to each. Mix the
blood agar with gentle shaking then place tubes at ~30° angle while
agar solidifies. Store slants at 5°C. Immediately prior to use, add 0.5
ml sterile PBSS to each tube.

All of the following steps are conducted using routine procedures for sterile
technique,

3. Exercising caution not to touch inner ulcerated surface, wipe the outer
edges of suspected leishmanial lesion with alchol soaked guaze pad.

4. Allow alcohol to evaporate completely.

5. Inject 0.1 ml sterile PBSS into the outer (nonulcerated) perimeter of the
lesion. Without withdrawing the needle, rotate it gently, then aspirate
fluid back into the syringe.
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6. Using bunsen burner or within laminar hood, add the aspirate to 1 or 2
test tubes of mNNN medium to which PBSS overlay is already added.

7. Place tubes at 30° angle, incubate at 24-25°C.

8. Examine cultures daily for growth of Leishmania.
9. When promastigotes achieve a density of ~l-2 organisms/10X microscope

field transfer a 0.1 ml aliquot to fresh medium.

10. Transfer promastigotes to fresh medium every 24-28 hours. Increase the
total culture volume gradually until a density of ~5 x 10^
promastigotes/ml in 10 ml mNNN overlay is reached after 24 hours
incubation. The volume of inoculum per transfer is strain-dependent, but
is usually at an approximate ratio of 0.5-1.0 ml culture overlay fluid to
10 ml fresh PBSS mNNN overlay.

Preparation of ^C-substrates
14C-substrates are all purchased at a specific activity of 50 mCi/raM

reactive carbon atom (uniform label) or if the catabolic pathway to CO2 is
known, with a single 1Z|C-label on the respired carbon atom. Most
•^C-substrates are available at a 50 uCi/ml dilution from commercial
sources. The 14C-substrates are handled using standard sterile procedures
within a laminar-flow hood.

Although Drummond microcapillarillies are slightly more difficult to
assemble than standard micropipettors, they offer the following advantages,
+ 1/4% precision (as compared to ±_ 1-2% precision of others), entirely
disposable, relatively inexpensive system.

Apparatus required.
1. Disposable, sterile, plastic petri dishes.
2. Disposable, plastic, tuberculin (Ice), and lOcc syringes.

3. Variable volume micropipettors size: 0-22y.l, 20-200U.1, 50-lOOOu.l,
100-5000V.1, with sterile disposable plastic tips.

4. Liquid scintillation equipment: liquid scintillation spectrometer,
cocktail, sample vials.

5. Sterile, glass, 5 ml screwcap vials.
6. Sterile PBSS, pH 7.4.

7. -^C-substrates.
8. Laminar-flow hood.

9. Gelman, syringe-type, sterilizing, 0.22>im pore size, disposable filter
units,

10. Drummond (Gold Seal®) microcapillary tubes and droppers.
11. 0.5 O.D x 0.25 cm I.D. latex rubber tubing.
12. Test tubes (125 x 16 mm).

13. Autoclave.
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14. Hand-calculator (optional).
Experimental Procedure.

1. To assemble the microcapillary tubes and droppers, replace the Drutnmond
black dropper bulb with a 2.5 cm long piece of latex tubing and place the
dropper, fitted with the 25 u,l capillary, within a glass test tube
(illustration in Fig. 18-1). Autoclave the dropper apparatus (30 min,
250°C, 15 Ib pressure). Within the laminar hood, attach a sterile Gelman
filter to the dropper latex tubing and a sterile Ice plastic syringe to
the filter, place assembled droppers in a test tube rack. Make one
dropper apparatus for each l*C-substrate.

INSIDE LAMINAR HOOD:

24" C
48 hrs.

1 x 103/ml

33° C
30 min.

Gas-Flow Proportional Counter

Figure 18-1. Experimental procedure for radiorespirometry.

2. Using the laminar hood, dilute 14C-substrates with sterile PBSS to
100,000 dpm/25y.l (approximately 1:27 dilution) in sterile petri
dishes. Check the accuracy of each dilution by liquid scintillation.
Adjust dilution as necessary with either undiluted 14C-substrate or
sterile PBSS. (Liquid scintillation spectrometers do not have a 100t,
efficiency of detection of l^C-aqueous samples. To ascertain the
dilution, liquid scintillation efficiency must be determined.)
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3. Using a lOcc sterile syringe fitted with a Gelman sterilizing (0.22 y.m
pore) membrane filter, dispense diluted -^C-substrate into sterile 5 ml
vials. Store at 5°C until use.

Radiorespirometry
Apparatus required.

1. Early logarithmic growth phase (24-48 hrs. post transfer) promastigote
cultures.

2. One liter sterile PBSS, 5°C.

3. 50 ml centrifuge tubes.

4. Refrigerated (5°C), preparative centrifuge.
5. Hemocytometer.
6. Light microscope with 43X objective.

7. 10 ml saturated, aqueous Ba(OH)2 solution.

8. 10 mi-size, screwcap, glass dropper bottle.

9. Sterile 14C-substrates, each diluted to 100,000 dpra/25 ill in PBSS.
10. Sterile Drummond microcapillary droppers - one per 14C-substrate

11. Microtiter trays, 32-well, Biospherics-type, clear polyvinyl chloride
with friction-fit, plastic lids (T-010, and C010, respectively, Unipec,
Inc., 678 Lofstrand Lane, Rockville, MD 20850).

12. 20 mm diameter filter paper discs (#410 paper thickness, Schleicher &
Schuell, Inc., Keene, N.H. 03431).

13. Pair fine forceps.
14. Lab clock/timer.
15. 33°C incubator.
16. 2.5 cm diameter x 0.1 cm deep aluminum, cupped planchetts. (#803017

P118A, ICN Chemical and Radioisotope Division, 2727 Campus Drive, Irvine,
CA 92715).

17. Trays to hold planchetts.
18. Infrared lamp.
19. ct.ß-proportional, gas-flow counter (LB5110, Tennelec, Inc., 601

Turnpike, Oakridge, Tenn. 37830), illustrated in Fig. 18-2.

Experimental Procedure.
1. To make saturated Ba(OH)2: boil (or autoclave) 1 liter distilled

water. While the water is still hot, place under a vacuum, and shake
gently until water is thoroughly degassed. Cool under vacuum, then add
200g Ba(OH)2, and replace vacuum. Mix with gentle swirling to dissolve
Ba(OH)2- Maintain solution under vacuum to minimize exposure to
atmospheric C02- Let stand overnight before use.
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GAS-FLOW PROPORTIONAL COUNTER

Sample Count'ng Chamber

Figure 18-2. Diagram of a, ß-proportional gas-flow scintillation counter.

2. Place plastic microtiter trays on wet paper towels within the
laminar-flow hood. Wipe tray upper surface (outside wells) with moist
paper towel, being careful not to get water drops in wells. Aseptically,
using sterile Drummond microcapillary droppers, add one diluted
14C-substrate (25ul, 100,000 dpm) to each well of the microtiter tray
(Fig. 18-1).

3. Cover the tray with friction-fit lid.

4. Microscopically examine each Leishmania culture for promastigote growth
and check also for accidental bacterial contamination.

5. Centrifuge culture overlay fluid (700xG, 10 min, 4°C) to pellet the
promastigotes. Remove the supernatant using a pipet. Add 10 ml (5*C)
sterile PBSS and, using a pipet, gently resuspend promastigotes. Add 20
ml additional sterile PBSS (total volume 30 ml) to the promastigote
suspension. Repeat centrifugal wash steps 3X, Following the last
centrifugal wash, resuspend pellet in small amount of sterile PBSS.
Remove an aliquot of promastigote suspension, count parasites using the
hemocytometer, and dilute suspension to 1 x 10^ promastigotes/ml.

6. While organisms are being centrifuged, arrange filter paper discs on an
unused microtiter tray, one disc per well.

7. Fill the dropper bottle with saturated Ba(OH)2 solution and replace
vacuum on the bottle of saturated stock Ba(OH)2-



8. Immediately after dilution of promastigotes, add 25 y.1 of the 1 x 109
ml suspension to each ^*C substrate in the microtiter wells. Add 1
drop (~50 uD sat. Ba(OH>2 to each filter paper disc and, as
quickly as possible, using fine forceps, place wet disc over the wells
containing organisms and ^^C-substrate. Cover the tray with a lid and
incubate at 33°C for 30 rains. A control or "blank" test plate, in which
25 til sterile PBSS is substituted for the promastigote suspension,
should be included with each Leishmania test. This blank is used to
detect ̂ C02 release not due solely to the metabolism of Leishmania.

9. Following the incubation, remove each filter paper disc with a fine
forceps, and place each, tray-side-up, in an aluminum planchet.

10. Dry the filter papers briefly using the infrared lamp (~3 mins).
11. Determine the quantity of B a - 7 0 3 on each disc using the a,

(3-proportional counter.
Data analysis

Apparatus required.
Optional: Hand calculator and/or access by phone/terminal to a minicomputer
(calculations are laborious but can be done without computers.)

Experimental procedure.
The method and rationale of the data analysis are given in detail in Jackson
and Tang2, The mathematical comparison of test data from unknown or "test"
Leishmania with data from known "reference or marker" species/strains is done
using the "likelihood", a probability, equation:

LA(uru2,u3...un) = „
i = 1

where,
LA, is an estimate of the likelihood that an unknown Leishmania is

homologus with a known Leishmania, "A".
(MI, U2, U3,....u2) represents the results, in dpm

of an unkno
1,2,3,...n.
of an unknown Leishmania's catabolism of 1/4C-substrates,

1 is the reciprocal of the standard deviation of dpm for each
0Ai substrate, i, of the known Leishmania, "A's", data.
ui ~^Ai for every ^C-substrate, is the difference between

the mean dpm Ba^C03 from the known Leishmania and the dpm
value, for the same ^C-substrate, vii from the unknown
Leishmania's test.

To simplify the actual calculations, the "likelihood" formula is
rewritten in a form using natural logarithms:

2

lnLA(uru2,u3,...un) = In -—— 1 + Enri =
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Definitions of the terms used in the In version of the likelihood
equation are the same as those noted previously.

This form of data analysis is a means of mathematical comparison of
radiorespirometric test results for strain characterization (i.e., homology or
nonhomology of the "unknown" with previously tested "reference or marker"
species/strains). A. simplified example, hypothetical test results from 3
organisms using 3 -^C-substrates, is illustrated in Figs. 18-3 & 18-4. The
analysis also includes consideration of test-to-test variability of a single
homologous isolate2. The equation is easily programmable on a hand
calculator2, or minicomputer2. Data storage or radiorespirometric test
results are possible as computer files on magnetic tape, minicomputer^, or
on magnetic cards, or bar code using a hand calculator^-2.

The likelihood formula data analysis programs for the Hewlett-Packard
41c® (HP-41CV or HP-41CX) hand calculator and/or the digital VAX
11/780 minicomputer will be sent to any investigator upon written
request. For ease and accuracy of program (Revised Leishmania Program 840202,
RLP 840202} and "known or reference" Leishmania spp. data entry into the
HP-41C calculator, bar code versions of both are available. An additional
HP-41C program, Bar Code Generation Program (BCGP), can be used by
investigators to place new data bar code format. Bar code offers advantages
over other conventional program and data storage methods:

1) simple, accurate and rapid program and/or data entry;
2) inexpensive;
3) not sensitive to heat, cold, light, or static electricity;
4) easily reproduced - xeroxable;
5) easily sent between laboratories - by mail (12).

Also, the entire Hewlett-Packard HP-41C hand calculator and bar-code printer
system is small, portable, and battery-operated (12).

RAW DATA
( = DISINTEGRATIONS PER MINUTE or DPM)

ORGANISM A

U C-SUBSTRATES

Ac,d

Ac,d

"C-Omrthm.

1 0,000 ± 20%

1 5,000 ± 20%

30,000 ± 20%

ORGANISM B

20,000 ± 20%

30,000 ± 20%

10,000 ±20%

LEISHMANIA

BRAZIUENSIS

20,000 ± 20%

30,000 ± 20%

10,000 ±20%

CONCLUSIONS ORGANISM B = L_ BRAZILiENSIS

ORGANISM A ï _L_ BRAZILIENSIS,

Figure 18-3, Example of rudimentary conclusions drawn from raw data.
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NUMERIC DATA ANALYSIS

KNOWN STRAIN: Leishmania braziliensis

UNKNOWN
ORGANISMS

PROBABILITY
COMPARISON

OF DPM USING
14C-ASPARTIC

AGIO

PROBABILITY
COMPARISON

OF DPM USING
14C-GLUTAMIC

ACID

PROBABIUTY
COMPARISON

OF DPM USING
14C-ORNITHINE

LIKELIHOOD
NUMBER

1. Leishmania braziliensis
(SELF)

0.9 0.8 0.7 10-1

HIGH (SELR
PROBABILITY

2. ORGANISM A 0.2 0.3 0.1 10-3

LOW
PROBABILITY

3. ORGANISM B 0.7 x 0.9 0.8 10-1

HIGH PROBABILITY

Figure 18-4.
Numeric analysis of data obtained from a radiorespirometry experiment.

Representative radiorespirometry test data for Leishmania spp. from
cutaneous (Old and New World isolates), diffuse cutaneous, mucocutaneous, and
visceral lesions are given in Table 18-1. Interspecific differences in the
catabolism of the 13 substrates are evident. Extensive parallel testing of
several species/strains using repetitive tests on the same and different days
allows determination of test-to-test variability and, thereby, the
significance of these apparent species differences in metabolism. Such tests
have been conducted and the standard deviation of the numerical results
determined to be 10-13% (with the greatest variation at the lowest dpm
levels)2. Test-to-test variation is minimized by selection of
l^C-substrates metabolized relatively rapidly (>5,000 dpm). However,
substrates such as, isoleucine, methionine, threonine, etc., which are
metabolized relatively slowly, would, despite some test variability, prove
useful because of the marked rate differences between species. These test
parameters can be taken into consideration to maximize test selectivity and
reproducibility making the choice of ^C-substrates for regional Leishmania
spp. differentiation from published data of -^C-substrates (54 total^i^-ll
tested) .

Intra-specif ic differences are evident in the data for the mucocutaneous
isolates given in Table 18-2. Radiorespirometry appears to be a procedure
sensitive for reliable detection of species differences and geographic
variation within a single species^»^-!! . if the data in Table 18-2 is
compared to Table 18-1, the Leishmania braziliensis radiorespirometric tests
all have lower dpm rates, slower metabolism, than that observed for cutaneous
and visceral parasites. (An L. braziliensis feature previously noted by other
investigators^ >J-9-21) . Among L. braziliensis isolates marked differences in
the metabolism of such substrates as, asparatic acid, asparagine, and glutamic
acid, are evident (Table 18-2). The question of whether such differences in
metabolism among regional isolates/strains constitute changes relevant at the
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Table 18-1, Radioresplroflietry Test Data for L e f s h m a n i a , spp.

Data below represent d i s i n t e g r a t i o n s per m i n u t e (dpm) i 4 C02 collected as B a ^ C O j d u e t o lei 'st lmanial me tabo l i sm
of ^-substrates, the f i r s t co lumn on the l e f t . Test data from the et iologic agents of cu taneous , d i f f u s e cu taneous ,
mucocu taneous , and v i s ce r a l d isease , co lumns 2-6, respec t ive ly , is shown, Species d i f f e r e n c e s are evident for most
14C-substrates.

Walter Reed/Cryobank No.
Species Designation

Disease in Man

14C - Substrate
L-Aspartic acid (4-14C)
L-Asparagine (ö-̂ C)1

L-Glutamic Acid (U-14C)
L-Glutamine (U-14C)
L-Isoleucine (U-14C)
L-Methionire (1-14C)
L-Proline (U-14C)
Taurine (U-14C)
L-Threonine (U-14C)
Tyramine (7-14C)
L-Fucose (1-14C)
D-Galactose (1-14C)
Orotic acid(carboxyl-14C)

WR 183
Leishmania
mexi cana
(cutaneous)

24,954
14,939
19,483
17,624
10,016
5,193
18,039

54
4,369

97
46

12,641
222

WR 251Leishmania
troptca
(cutaneous)

30,366
18,977
25,747
19,110
5,599
1,382
27,668

41
5,887

60
32

12,758
171

WR 298
Leishmania
aethiopica

(diffuse cutaneous)

22,247
10,472
17,358
12,860
5,770
4,333
15,890

59
712
36
110

7,255
140

WR 471
Leishmania
braziliensis
(mucocutaneous)

19,351
6,177
12,151
4,009
529
583

8,227
10

730
11
14

9,855
31

WR 269
Leishmania
donovani
(visceral)

24,646
14,174
16,056
10,410
4,919
3,729
16,453

53
985
43
26

7,327
28

^U, u n i f o r m labe l , equal amount of radioact ivi ty in each carbon atom of the molecule .

species or subspecies level of taxonomic classification requires parallel
testing with procedures in which other characteristics of the organism are
also examined. Preliminary tests in which other biochemical methods, nucleic
acid hybridization, kDNA restriction endonuclease patterns, and isoenzyme
electrophoretic analysis, were conducted in parallel with radiorespirometry of
Leishmania species/strains showed good agreement in results {unpublished
observations).

Investigation of radiorespirometry is focused on use of the test to
relate the metabolic profile of a Leishmania isolate to probable disease
prognosis in man2»8"11. Isolates from a single disease entity, for example
mucocutaenous disease (Table 18-2), have marked distinguishing test features
in common which can be used to separate them from the etiologic agent of
visceral, cutaneous or diffuse cutaneous disease (as previously noted).
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Table 18-2. Radiorespiroiiietry Test Data for Le i shmania b r a z i H e n s i s .

Data below represent dpm 14C02 collected as Ba14C03, due to l e i s h m a n i a l metabol ism of 1 4C-substrates,
the f i rs t column on the l e f t . Test data from mucocutaneous Leishmania isolates and one (WR 473) verrucous (suspected
early mucocutaneous) pat ient are g iven . In general the prof i les are s i m i l a r and depressed in comparison to data f rom
parasites isolated from pat ients w i t h s i m p l e cutaneous or visceral diseases. However, some geographic v a r i a t i o n among the
isolates is evident.

Hal ter Reed/Cryobank No,
Country of O r i g i n
Disease in Man

14C- Substrate

L-Aspartk acid (4-14C)

L-Asparagine (U-14C)

L-Glu tamic acid (U-14C)

L-Glutamine (U-14C)

L-Isoleucine (U-1 4C)

L-Hethionine (1-14C)

l-Proline (U-14C)

Taurine (U-1 4C)

l-Threonine (U-14C)

Tyramlne (7-14C)

L-Fucose (1-14C)

0-Galactose (1-14C)

Orotk acid (carboxyl-14C)

WR 063
Peru

mucocutaneous

10,478

2,886

5,553

2,796

2,587

381

5,353

16

247

14

18

5,779

21

WR 471
B o l i v i a

mucocutaneous

19,351

6,177

12,151

4,009

529

583

8,227

10

730

11

14

9,855

31

m 467
Colombia

mucocutaneous

11,620

3,659

7,322

3,772

1,712
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6,179

24

924

62

13

7,697

26

WR 508
B r a z i l

mucocutaneous

25,001

6,010

11,607

3,573

959

392

12,663
t

864

•*•

«

10,876

77

WR 472
B r a z i l

verrucous

11,914

5,738

12,646

3,854

727

292

8,015

15

837

34

21

6,519

30

tested

Similar distinct metabolic features have also been documented for agents of
visceral, cutaneous and diffuse cutaneous disease2»8-ll. AS a rapid
diagnostic test radiorespirometry offers the following advantages over other
biochemical methods:

1. Many 14C-substrates can fce easily examined simultaneously in a
single 3-hour test.

2. Known Leishroania spp. tests can be compared mathematically to data
from unknown species/strains. Radiorespirometry does not require
laboratory retesting of species/strains, knowns and unknowns in
parallel, because of the reproducibility of the test over time2.
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3. Radiorespirometry offers the possibility of future development for
use in simultaneous determination disease prognosis and isolate drug
sensitivity.

4. Radiorespirometry appears feasible for use with Trypanosoma spp. and
Plasmodium spp. as well as Leishmania^.

5. Radiorespirometry is useful also as a means of detection and
qualitative determination of G-6-PD deficiencies in patients prior
to antimalarial chemotherapy (see chapter 19 of this laboratory
manual).
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Chapter 19

RED CELL HEXOSE MONOPHOSPHATE SHUNT ACTIVITY
MEASUREMENT FOR RAPID DETERMINATION OF
SEVERITY OF G6PD DEFICIENCY

J.K. BAIRD
Department of Infections and Parasitic Disease Pathology,
Armed Forces Institute of Pathology,
Washington, D.C.,
United States of America

INTRODUCTION

Persons having an inborn deficiency of erythrocytic glucose-6-phosphate
dehydrogenase (G6PD) may be resistant to malaria infection (1) and susceptible
to acute intravascular hemolysis following administration of a therapeutic
regimen of one of several known hemolytic antimalarial agents(2) . The
X-linked G6PD deficiency trait occurs most frequently in populations of past
or present malaria endemism, affecting an estimated 300 million persons
worldwide (3) .

Measurement of red cell hexose monophosphate shunt (HMS) activity
provides a direct measure of G6PD activity because this enzyme limits overall
HMS activity (4). In the erythrocyte, respiration is achieved through
glycolysis, and therefore CÛ2 release from these cells may be attributed to
glucose passage through the HMS. Incubation of intact red cells in the
presence of D(l- ̂ C) glucose with subsequent recovery and quantitation of

provides a direct measure of HMS activity.

Identification of low-activity G6PD variant through HMS activity
measurement requires presentation of an oxidative challenge to the red cells
sample under test because G6PD-def icient red cell HMS operates at normal
luvels under ambient conditions (4). In the presence of oxidant, however, the
G6PD-def icient red cell may chow limited elevation of HMS activity, whereas
the normal red cell will increase HMS activity 20 to 40-fold above baseline
(5). The intracellular relationship between G6PD activity, HMS activity,
14CC>2 production and redox stress are shown in Figure 19-1.
Apparatus required
100 ml phosphate buffered salts solution (PBS)*
200 ml physiologically balanced salts solution (PBSS)*
1.0 ml S.OmM, 0.36u.Ci/Vunol (D(l-14C)glucose*
1.0 ml 60mM NaN02
10 ml saturated Ba(OH)2*
10 ml whole blood, known GfiPD-norraal
10 ml whole blood, test
2 50 mL centrifuge tubes
1 forceps
1 dropper bottle
3 Pasteur pipets

*prepared in advance of experiment as described elsewhere (5).
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l 12.5-25y.L micropipet with tips
40 20 mm2 circular filter pads
40 20 rara? aluminum planchettes
4 microtiter trays (20 wells/tray)
1 drying lamp or oven
1 time clock
1 cent r i fuge
1 proportional gas-flow spectrometer (ß-detector)

D [I-'4C] glucose-

Embden-Meyerhoft
Pathway

lactate

ribose-5-PO^

nucleotide
synthesis

(1)
D[l-"»C]glucose-6-P04

(2)
• N A D P H ' j S - S G

6-phospho-[ 1-14C] gluconate

-NADP+

-NADPH

ribulose-5-P04

HbO-
H 02 2 -

metHb

Figure 19-1 Mechanism of elevation of HMS activity by nitrite. Abbreviations
in the figure refer to the following: NADP, nicotinamide adenine
dinucleotide phosphate; GSH, reduced glutathione; GSSG, oxidized
glutathione; HbC>2. oxyhemoglobin; metHB, methemoglobin; (1),
hexokinase; (2), glucose-6-phosphate dehydrogenase; (3),
glutathione reductase; and (4), glutathione peroxidase.

Procedure
Red Cell Suspensions.

1) 10 ml whole blood is collected by venipuncture of volunteer/patient
without use of anticoagulant.

2) Immediately dispense blood into 40 ml PBS (25°C), mix gently and
centrifuge at 500 x g for 10 minutes at 4°C.

3) Use a Pasteur pipet to remove the buffy coat from the top of the red cell
pellet, decant the supernantant.

4) Resuspend pellet in 40 ml PBSS and repeat the centrifugation twice.

5) Adjust volume of final supernantant plus pellet to a total of 10 ml, mix
suspension gently and place on ice until use. Avoid use of red cell
suspension older than a few hours.
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Tray Preparation.
1) Using an Eppendorf pipet, add 25.0ul of Dd-^C) glucose solution to

each of 40 wells of the two microtiter tray set.
2) Add 12.5V.1 PBSS to ten wells of each tray.

3) Add 4.14 rag NaN02 to 1.0 ml PBSS to give a 60mM NaN02 solution.

A) Add 12.5V.1 of the NaNU2 solution to the remaining ten wells of each
tray.

5) Using a damp napkin, wipe the surface of the two trays to remove
splattered radioactive material (though rarely visible, splattering
always occurs and if not thoroughly removed it is a source of runious
variation in the results).

6) Place friction-fit lids over these trays and store at 4°C for no longer
than a few hours before incubation.
Incubation.

1) On empty microtiter trays place a single filter pad over each well
corresponding to those to be used in the incubation.

2) Remove vacuum from saturated Ba(OH>2 reagent and dispense approximately
10 ml into a dropper bottle, immediately capping the dropper tightly to
minimize exposure of the reagent to air.

3) Remove one microtiter tray from 4°C storage and add 12.5y.l of either
red cells suspension to each of the 20 wells with as much speed and
precision as possible.

4) As quickly as possible, add one drop of Ba(OH>2 reagent to each of the
filter pads to be immediately used (20), and place them over the wells.

5) Cover trays with friction-fit lids and gently shake each tray while
observing the underside to insure that incubation mixture does not
contact the Ba(OH>2 - soaked filter pads. A filter pad showing obvious
discoloration has been in contact with the incubation mixture and should
be discarded.

6) Place tray in 37°C incubator with ambient atmosphere for 30 minutes.

7) While first tray is incubating, steps 3 through 6 are repeated with the
second red cell suspension.

8) After 30 minutes remove the filter pads from the microtiter tray and
allow them to dry thoroughly before placing them into the gas-flow
spectrometer (about 5 minutes under infrared light is sufficient).

9) The samples may now be stored indefinitely or loaded onto the
spectrometer and their dpm emmision rates determined.

Treatment of data.

1) A dpm numerical mean, standard error and mean coefficient of variation
are calculated from each treatment group.

2) A mean coefficient of variation in excess of 15% generally indicates
mishandling of the samples and the treatment should be repeated.
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3) The dpm numerical mean of each treatment is applied to the following
equation to obtain an HMS activity value:
dpm X 0.20 = nmole CÛ2 trapped x ml
The 0.20 factor in this equation was obtained from the following:

l.OuCi x 1. Oyuuole glucose x 1000 nmole x ___ 1 ____ x 1
2.22xl06dpm 0.36>iCi 1 umole 0.0125ml RBC 0.5 hr

Units cancel to nmole glucose x ml RBC""-'- x hr~^ when multiplied by
the dpm value. Notice, however, that HMS activity was not expressed in
these terms. When employing a method which gives 100% recovery of CÛ2
(6) it is appropriate to express HMS activity in terms of glucose
oxidized in the HMS directly from measurements of 14C02- The method
described here does not recover CÛ2 with 100% efficiency (it is about
35%) because the incubation is not terminated with addition of
concentrated acid which would drive all C02 from solution. It was
found that this step hindered the ease and rapidity afforded by the
micro-volume procedure. In this experiment absolute measures of HMS
activity are not necessary because all units become cancelled in the
final analysis.

4) Percent G6PD activity of the test red cell suspension is calculated as
follows :

TEST RBC - nitrite X NORMAL RBC - PBSS
TEST RBC - PBSS X NORMAL RBC - nitrite X 100

= % G6PD activity of normal in TEST red cell suspension

Use of dpm values in this equation rather than quantitative estimates of
HMS activity is perfectly acceptable. An actual measurement of G6PD
activity conducted as described in this chapter is shown in Figure 19-2.
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Figure 19-2 Results from measurements of HMS activity in G6PD-nonnal and TEST
red cell suspensions as described in this chapter. In this
instance the TEST red cell suspension showed 24% of the G6PD
activity shown by that of NORMAL red cells. Bar height indicates
numerical mean of treatment group and brackets indicate the limits
of the 95% confidence interval. The mean coefficients of
variation for these groups did not exceed 5%.
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Interpretation
Abnormal G6PD enzyme may be characterized by a wide variety of

biochemical tests, including: electrophoretic mobility, pH optima, heat
stability, allosteric effector or substrate 1^, and some amino acid
substitutions (2). Any given G6PD variant, of which there are over 100 known,
may show G6PD activity ranging from zero to 100% of normal activity (7).
However, those G6PD variants which are most frequently encountered and showing
hemolytic sensitivity typically show less than 50% of normal G6PD activity
(7). For example, the most common G6PD variant is Negro B~ which shows 15%
of normal activity, and the clinically threatening Mediterranean G6PD variant
shows zero to 8% (7). The procedure described in this report provides a
measure of relative G6PD activity which may putatively identify a G6PD-
deficient individual while at the same time providing a reliable estimate of
the severity of G6PD deficiency.
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Chapter 20

DIFFERENTIATION OF Leishmania SPECIES AND
STRAINS BY ANALYSIS OF RESTRICTION
ENDONUCLEASE-PRODUCED KINETOPLAST DNA FRAGMENTS
AND DNA-DNA HYBRIDIZATION WITH 32p-kDNA
FROM TYPE ISOLATES

P.R. JACKSON
Department of Immunology,
Walter Reed Army Institute of Research,
Washington, D.C.,
United States of America

About thirteen species of Leishmania cause sandfly-transmitted cutaneous
or visceral diseases in man and animals worldwide (1) . A rapid method for
differentiating these morphologically similar parasites would benefit
clinicians and research scientists. Leishmania characterization procedures
were reviewed recently (2). Two methods of parasite mitochondrial DNA,
(kinetoplast DNA or kDNA) analysis were found to differentiate species and
strains. These methods are: (1) the hybridization, on nitrocellulose filters,
of 32P-lcDNA from type species with unlabelled kDNA from unknown isolates,
and, (2) the comparison of gel electrophoresis patterns of restriction
endonuclease-produced kDNA fragments (3).

The novel biochemistry of kDNA is exploited in these procedures.
Kinetoplast DNA is a network of linked minicircles and maxicircles (Fig. 1).

Figure J. Electron micrograph of intact Leishmania kinetoplast DNA network
isolated by the rapid step gradient technique. Note the many minicircles and
the large edge loop maxicircle and maxicircles within the network.
Kinetoplast size is about 10 microns in diameter.
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Maxicircles (50-100 per network), code for mitochondria! proteins and are of
little importance in Leishmania taxonomy. Minicircles (5,000 - 10,000 per net
work), exist in classes with different nucleotide base sequences.
Heterogeniety in minicircle base sequences among isolates allows for
Leishmania characterization. Additional information on kDNA is available from
several reviews (4, 5, 6).

Kinetoplast DMA hybridization is a versatile, sensitive procedure.
Either intact kDNA networks, or intact or fragmented minicircles (cloned or
uncloned), from Leishmania reference strains are labelled in. vitro with
32P-deoxynucleotide triphosphate (dNTP) by the nick translation procedure
(7). These 32p-kDNA probes are then hybridized with unlabelled kDNA
immobilized on nitrocellulose filters. The immobilised kDNA can be of several
types: (1) kDNA networks within, or isolated from, promastigotes or
amastigotes, or, (2) kDNA restriction fragments separated by agarose gel
electrophoresis and transferred to filters by the Southern method (8). Gel
electrophoresis of restriction enzyme-produced kDNA fragments can be performed
in agarose or polyacrylamide gels and appears to be one of the most sensitive
methods for detecting strains or populations of Leishmania.

Procedures will be provided for isolating and measuring the concentration
of kDNA, digestion of kDNA with restriction endonuclease enzymes,
electrophoresis of kDNA fragments in agarose or linear gradient polyacrylamide
gels, transfer of kDNA fragments to nitrocellulose paper, labelling of kDNA
with 32P-dNTP by nick translation, and hybridization of 32P-kDNA probes to
immobilized kDNA. Detailed reviews on, and procedures for, molecular biology
can be found in references 7, 15, and 16. References 18-22 report on the use
of Leishmania kDNA for the characterization of isolates. Reference 23 is an
excellent source for detailed research protocols for studying the molecular
biology of genes and antigens of parasites.

Isolation of Kinetoplast DNA

Leishmania promastigotes cultivated to high cell densities iji vitro are
the best source of kDNA. Cultivation procedures have been reviewed (9) and
will not be presented. Kinetoplast DNA is isolated by the centrifugation of
lysed promastigotes on either linear, or step, cesium chloride gradients.
Linear gradients, although time consuming, yield more kDNA than step
gradients. Step gradients are rapid and useful if many isolates are to be
examined.

Linear Cesium Chloride Gradients
The procedure is modeled after that of Cheng and Simpson (10). Gloves

are worn at all times and the mutagenic agent, ethidium bromide must be
handled and disposed of properly.
Materials Required

1. Saline-EDTA (SE), (0.15 M NaCl, 0.1 M Na2EDTA, pH 8.0). (8.8 g NaCl,
37.2 g Na2EDTA, distilled water qs to 900 ml, pH adjusted to 8.0 with
10 N NaOH, then water qs to 1 L) . NOTE: Throughout these protocols,
distilled water is always utilized.

2. Sodium hydroxide, (10 N NaOH), (400 g, water qs to 1 L).

3. Tris-EDTA (TE), (10 mM Tris-HCl), 0.1 mM Na2EDTA, pH 8), (1.21 g Tris,
0.037 g Na2EDTA, water qs to 900 ml, HC1 to pH 8, then water qs to 1 L).

4. Sodium, sodium citrate buffer (SSC), (0.15 M NaCl, 0.015 M Na citrate,
pH 8), (9.8 g NaCl, 8.85 g Na citrate, water qs to 1 L).
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5. 0.1X and 20X SSC. Simple manipulations of the SSC formula,
6. Ammonium acetate (7.5 M), 57.8 g ammonium acetate per 100 ml water).

7. Sodium sarkosyl, 30% (w/v) in TE. (30 g in 100 ml TE, Dissolve slowly,
with constant stirring at 37 C).

8. Pronase (Calbiochem) (Stock 1 mg/ml SSC. Destroy contaminating nucleases
by incubating stock solution at 37 C for 45 min. Freeze 1ml aliquots in
capped Eppendorf tubes, r-20 C).

9. Ethidium bromide (EthBr), (Stock 1 mg/ml SSC). Be very careful of
handling this potent mutagen.

10. RNase A (Stock 3 mg/ml SSC) and RNase Tl (Stock 2000 U/ml SSC). (Heat
stocks to 90 C, 10 min, then freeze 1 ml aliquots in capped Eppendorf
tubes at -20C).

11. Isopropyl alcohol (Saturated with aqueous 5 M NaCl, 19 mM Tris, 1 mM
Na EDTA2 pH 8), (297 g NaCl, 1.211 g Tris, 0.372 g Na EDTA2 water to
900 ml, pH to 8 with HC1, then water qs to 1 L).

12. Absolute ethanol, cesium chloride (ultra pure).
13. Dialysis tubing. Always handle with gloves and do not allow it to become

dry. Boil. submerge in sodium bicarbonate/EDTA (10.6 g sodium
bicarbonate, 186 g Na2EDTA, water qs to 1 LK Rinse (inside and
outside) with distilled water, store immersed in fresh sodium
bicarbonate/EDTA solution, 5 C, until use. Rinse in distilled water
before use.

14. 50 ml capped plastic centrifuge tubes, 1.5 ml Eppendorf centrifuge tubes,
1 and 20 ml plastic syringes and 18 and 27 gauge needles, refractometer,
SW 27 and Ti 60 Beckman centrifuge rotors and Beckman centrifuge to use
them {or equivalent), polyallomer and cellulose acetate tubes for these
rotors, centrifuge tube fraction collector, 1, 5, 10 ml plastic pipettes
and Eppendorf 200 jil variable volume pipet (or equivalent), dry ice.

Procedure
1. Suspend promastigotes in SSC at 109 cells/ml in 50 ml tubes. Mix

gently to homogeniety with plastic pipete. Record volume of lysate.

2. Add Pronase stock to 0.25 mg/ml and sarkosyl to final concentration of
1%. Suspension becomes viscous. Mix gently until homogeneous. Incubate
45 min, 37 C.

3. Pour lysate into 20 ml syringe (do not let it leak from needle end).
Pass lysate through 18 gauge needle at maximum finger pressure into SW 27
centrifuge tube.

4. Centrifuge 2 hours, 24K rpm, 5 C.

5. Carefully remove supernate until about 10 ml remains in tube.
Do not disturb pellet which may be invisible or may be a viscous blob.
6. Add 20 ml 0.1X SSC and redissolve pellet. This may require shaking

overnight at 37 C.
7. Bring dissolved pellet to original lysate volume in SSC. Use 20 X SSC to

increase the 0.1X SSC concentration.
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8. Add RNase A and RNase Tl to 20 V-g and 20 U/ml, respectively. Incubate
30 min, 37 C.

9. Add Pronase to 200 v.g/ml, incubate 30 min, 37 C.

10. Add solid CsCl and concentrated EthBr to a final refractive index of
1.3875 (25C) (about 0.935 g CsCl/ml) and a dye concentration of
300

11. Centrifuge kDNA preparations in Ti60 cellulose acetate tubes, 40 hours,
40,000 rpm, 20 C.

12. Look for kDNA band under UV illumination. Sometimes kDNA is in 2 to 4
thin, multiple bands. Collect all these bands by tube puncture.

13. Remove EthBr by extraction with 2 volumes of isopropyl alchol. Mix.
Discard isopropyl layer that takes up red dye. Repeat extractions until
isopropyl layer remains clear, then perform one more extraction.

14. Dialyze kDNA against TE, 5 C, 18 hours, with 3 buffer changes of 2 L each.

15. Precipitate kDNA by adding one-half volume 7.5 M ammonium acetate, then 2
volumes 100% ethanol in SV 27 polyallomer tube. Hold tube in dry
ice-ethanol bath, 30 min. Centrifuge 24K, 1 hour, 5 C. Decant
supernate.

16. Add 20 ml 100% ethanol, hold tube in dry ice-ethanol bath 30 min, then
centrifuge 24 K, 1 hour, 5 C.

17. Decant ethanol. Dry tube under vacuum. Take up invisible kDNA in
200 ^1 TE.

18. Perform concentration check on kDNA. See below. Store at -80 C in TE.

Rapid Isolation of kDNA
This is a slight modification of the procedure that Saucier et al. (Il)

used to isolate Trypanosoma cruzi kDNA.

Materials Required
1. Cesium chloride, ultra pure, 6 M (101 g/100 ml TE) and 3 M (50.5 g/100 ml

TE) .

2. SW 50.1 centrifuge rotor (Beckman) and polyallomer tubes for it (or
equivalent) .

3. TE, SE, IX SSC, 0.1X SSC, 30% sarkosyl, l, 10, 20 ml plastic syringes, 18
gauge needles (some 3 inches long), 1, 5, and 10 ml plastic pipetes, 20
and 200 u-1 Eppendorf pipetters, 50 ml plastic tubes.

Procedure
1. In a 50 ml plastic tube suspend promastigotes (109) in 1 ml SE, add

sarkosyl to 3% and mix to homogeniety with a plastic pipet.
2. Incubate 37 C, 20 min.
3. Pour lysate into syringe (do not spill any), and pass through an 18 gauge

needle (maximum finger pressure).
4. In SW 50.1 polyallomer tube, place 3.7 ml of 3 M CsCl.
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5. With a long needle, and 10 ml syringe, slowly underlay the 3 M CsCl with
0.5 ml of 6 M CsCl. Look for a density gradient line at the interface of
the cesium chloride solutions and mark the outside of the tube with a
felt tip pen at this line.

6. Carefully layer 1 ml of parasite lysate on top CsCl layer.

7. Centrifuge at 30K, 15 C, 30 min.
8. Carefully remove, by suction, the lysate and top CsCl layer to within 1

cm of the line marked on the outside of the tube.
9. Vigorously add SSC to fill the tube.
10. Centrifuge tube, 30K, 15 C, 30 min.

11. Repeat steps 8, 9, 10, three times.

12. After final centrifugation, decant supernate and drain tubes.
13. Dissolve kDNA in 100 V-l TE. Be thorough in this step since the kDNA

will stick to the bottom of the tube.
14. Determine the kDNA concentration and store at -80 C in TE.
Estimation of kDNA concentration

Spectrophotometric or fluorometric procedures for measuring DNA
concentrations can be time consuming and can waste material. A simple
fluorescent procedure for DNA concentration estimation has been developed
(12). The rapid technique is performed by spotting 1 V-l aliquots of known
concentrations of a standard DNA and of DNA test samples on a layer of agarose
gel containing EthBr and comparing the fluorescence emitted by the samples
with that of the DNA standards.

Materials required

1. Plastic petri dish, any convenient size.
2. Agarose (1%, w/v, 1 g/100 ml) in TE with 0.5 V-g/ml EthBr.

3. DNA standards (Lambda, pBR322, salmon sperm, adenovirus, or calf thymus,
etc.) at 60, 30, 15, 7.5 ug/ml in TE.

4. 1 to 10 ill microcapillary pipets.
5. Ultraviolet light box (302 nm excitation wavelength).

6. Polaroid camera with Type 52 film and darkroom.

Procedure
1. Pour 5 to 10 ml of melted agarose with EthBr in petri dish and let gel.
2. Spot 1 to 10 ul samples of known and unknown DNA samples on plates.

Mark plates on bottom with felt pen to note spots.
3. Let DNA soak into agarose, 60 min, room temperature.
4. Photograph under UV illumination.
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5. If kDNA samples are much more concentrated than standards, dilute the
kDNA and respot it. Fluorescence of samples may be increased by letting
DNA soak into gel overnight so that quenching impurities in the sample
can diffuse away from the DNA.

Restriction endonuclease digestion of kDNA

Restriction endonuclease (RE) digestion of kDNA is a simple procedure but
impurities in kDNA preparations may interfere with enzyme action resulting in
no, or incomplete digestion. Impurities may be removed by ethanol
precipitation or phenol extraction. The units of enzyme and time required for
complete digestion of kDNA must be determined for each sample although we have
had good results with 10 units of enzyme per sample and 18 hour digests
(Fig. 2). Enzyme buffers and conditions suggested by suppliers should be
used. We have not had good success with standardized low, medium and high
salt buffers (7) for restriction digests of kDNA. Finally, digests should be

Figure 2 Electron micrograph of kDNA fragments produced by restriction enzyme
Hpa II digestion of intact kDNA networks (as in Fig. 1). Note the size range
of the DNA pieces. The majority of the smaller fragments are probably of
minicircle origin.

including standard DNA (for example lambda, OX 174RF, SV 40, Ad2 or pBR322)
that produce fragments of known size and number. Restriction enzymes and
their uses are discussed in references 7, 16, 17 and ?3.

Materials needed
1. Latex or plastic gloves, felt tip marking pen.

2. Eppendorf centrifuge tubes with caps, 1.5 ml.
3. Glass microcapillary pipets (1-5, 10, 25, 50 vil size).

4. Restriction enzyme buffers, 10X concentration.
5. Enzyme stop buffer (IX SDS w/v, 50X sucrose w/v, or glycerol w/v, 0.1X

w/v bromophenol blue).

6. Sterile distilled water, parafilm, ovens or heating blocks, standard DNA.
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Procedure
1. Sterilize all tubes in autoclave and wear gloves when preparing IcDNA

digests.
2. Label Eppendorf tubes with kDNA preparations and enzyme type.
3. Add 5 V-1 of enzyme buffer (10X) to tubes.

4. Add volume of kDNA needed for digestion. Use new pipete for each kDNA.

5. Add water qs to 49 v.1 per tube.

6. Add 1 "Hi restriction enzyme to each tube. Cap all tubes.
7. Incubate tubes at proper temperature for 18 hours. Time may be shortened

if experiments indicate complete digestion is achieved in shorter time.
8. Stop digests with 5 ul of stop buffer.
Gel electrophoresis of kDNA restriction fragments

Many variables must be considered when conducting gel electrophoresis of
DNA restriction fragments. These include the use of vertical or horizontal
agarose or polyacrylamide gels, the type of, concentration and purity of gel
components, the use of gradient gels (linear or step), gel size, buffer
composition, voltage gradients, temperature, and method for DNA fragment
detection. Procedures will vary according to the type of DNA, apparatus
available, and experiment goals. The methods presented here permit Leishmania
kDNA fragment separation for the characterization of isolates by either
32P-hybridization (agarose gels), or by kDNA restriction fragment pattern
comparison (linear gradient polyacrylamide gels). Recent reviews should be
consulted for additional DNA electrophoresis procedures (13, 14, 15, and 16).

Asarose gel electrophoresis

Materials required

1. Tris-borate buffer, TBE, (89 mM Tris, 89 mM boric acid, 2.5 mM Na2EDTA,
pH 8.3). Make up a 10X solution (108 g Tris, 55 g boric acid, 9.3 g
Na2EDTA, water qs to 1 L). Dilute to IX with distilled water.

2. Agarose, ultra pure, 1% (w/v, 1 g/100 ml) in electrophoresis buffer.

3. Electrophoresis apparatus, horizontal or vertical. We use a Hoeffer
Unit, Model SE 500.

4. Constant voltage power supply, cooling circulating water bath.
5. EthBr, (stock 1 mg/ml TE).

6. SOu.1 glass micropipets.

7. Tracking dye (50* glycerol (v/v) or sucrose (w/v), 0.25% bromophenol blue
w.v) in electrophoresis buffer.

Procedure

1. Clean and assemble electrophoresis unit and cast agarose gel. Dissolve
agarose in autoclave or microwave and cool to 50 C before addition to
electrophoresis unit.
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2. Insert sample well comb into molten agarose, being sure no air bubbles
remain under the comb. Remove comb when gel has set. This is best done
under the surface of the electrophoresis buffer.

3. Mix 1/10 volume of tracking dye with sample and add sample to well. Well
should be full of electrophoresis buffer before addition of sample, and
care should be taken not to contaminate adjacent wells. Samples are
loaded with microcapillary pipets or microsyringes.

4. Perform electrophoresis at 1 volt/cm, at 15 C until tracking dye reaches
the bottom of the gel.

5. Remove gel from unit, stain with EthBr (0.5 ug/ml water, 60 min).
Destain for 60 min in water. Photograph under UV light, 302 nm.

Linear gradient polyacrvlamide gel electrophoresis

Single concentration agarose or polyacrylamide gels may not resolve small
UNA restriction fragments. Linear gradient polyacrylamide gels increasingly
retard the migration of small DNA fragments, leading to their resolution by
size, throughout the gradient. Procedures for casting and running linear
gradient polyacrylamide gels have been published (14). However, some
companies (i.e. Isolab, Pharmacia) sell high quality, pre-cast gels. These
perform well and speed research and are thus worth the cost. A cap of
acrylamide into which the sample well comb is placed, must be cast for each
gel before it is run. The concentration of acrylamide in the cap should be
0.5 to 1% lower than the lowest concentration in the gradient gel. Agarose
caps are not recommended since leaks develop at the interface of the agarose
and acrylamide.
Materials required

1. Pre-cast linear gradient polyacrylamide gels. We use 3-10X gradient gels
from Isolab.

2. Electrophoresis apparatus. We use a Pharmacia GE-4.

3. Acrylamide cap, 2%. Make from the following components: 20% acrylamide
(20 g in 100 ml water), 2% bis-acrylamide (2 g in 100 ml water), 10%
ammonium persulfate (0.1 g/ml water, 101 TEMED (0.1 ml/ml water). Store
the acrylamide and bis-acrylamide in dark bottles in the refrigerator.
Make the ammonium persulfate and TEMED immediately before use.

Procedure

1. When working with acrylamide, which is neurotoxic, always wear gloves and
clean up the work area carefully.

2. Make the 2% acrylamide cap using water that has been degassed by boiling
or by vacuum treatment. (Dissolved oxygen retards polyacrylamide
polymerization). Mix 2.5 ml acrylamide stock, 1.25 ml bis-acrylamide
stock, 0.4 ml TBE, 200 u,l ammonium persulfate stock, 200 ul TEMED and
15.85 ml water. This mixture should start to gel in 5 minutes.

3. Pour 2% acrylamide into gel casette and insert well comb without trapping
air bubbles. Let polymerization occur for 1 hour. It may be necessary
to place unit in refrigerator to get complete polymerization.

4. Remove well forming comb from polymerized gel. This is best done under
the surface of the electrophoresis buffer and it may be necessary to cut
excess gel from the comb before removing it.
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5. Turn on water circulator and power unit and electrophoresis buffer
through the gel for 30 min, at 10 V/cm, 15 C.

6. Carefully add kDNA samples to wells and conduct electrophoresis at 15
V/cm, 15 C until marking dye is at the bottom of gel.

7. Remove gel from casette under water to prevent cracking, stain with EthBr
and photograph under UV illumination (Fig. 3).

Transfer of kDNA fragments from agarose Reis to nitrocellulose paper
DNA fragments are transferred from gels to nitrocellulose paper to

provide a stable, easily manipulated support from the DNA. Transfer of DNA
from electrophoresis gels can be conducted with an electrotransfer apparatus,
or by the slower method of Southern. Kinetoplast DNA restriction fragments
are easily transferred from agarose gels to nitrocellulose by the Southern
method (12, 13). A recent paper details procedures for the transfer of DNA
fragments from polyacrylamide or agarose gels to nitrocellulose by
electroblotting techniques (24). Variables in the procedure for transferring
DNA fragments from agarose gels include nitrocellulose quality (mixed ester
cellulose should be avoided), transfer time, and DNA fragment size. Usually
an overnight transfer is sufficient but large fragements of DNA may take
longer to transfer. Nitrocellulose is fragile and must be handled carefully.
The method given is a mixture of several procedures (8, 12, 13, 15).
Material required
1. Glass tray larger than gel and about 2 inches deep.
2. yellow sponges (1-2 inches thick), or a 2 inch thick stack of 3MM paper

(Whatman).
3. Depurination buffer (0.25 M HC1), (21 ml HC1/L water).
4. Denaturation buffer (0.5 M NaOH, 1.0 M NaCl), (20 g NaOH, 58.44 g NaCl,

water to 1 L).

5. Neutralization buffer (l M Tris-HCl, pH 8, 0.6 M NaCl), (121 g Tris, 34.8
g NaCl, concentrated HC1 55 ml, water to l L, Ph 7.8).

6. Nitrocellulose membrane, larger than the gel (Schleicher and Schuell
(SSLS) B85 or Millipore HAWP).

7. Glass plate larger than gel.
8. Plastic wrap, parafilm, tin foil, latex gloves.
9. 6X SSC (103.5 g NaCl, 52.95 g sodium citrate, water qs to 2 L) ; 2 x SSC

(dilute 6 X SSC).

10. Whatman 3MM filter paper, larger than gel.
11. Absorbant towelling, glass rod.
12. Oven set for 80 C.

13. EthBr (0.5 and 1.0 ^g/ml water).

Procedure
1. Wear gloves throughout the procedure.
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Figure 3 Photographs of Leishroania kDNA fragments produced by the restriction
enzyme Hpa II and separated by electrophoresis in a 3-10H linear gradient
polyacrylamide gel. The gel was stained with ethidium bromide and
photographed under UV illumination. Lane 1 - L. major from Israel; Lane 2 -
L. aethiopica from Kenya; Lane 3 - L. donovani from Kenya; Lane 4 - L.
donovani from Ethiopia; Lane 5 - L. donovani from India; Lane 6 - 0X174 RF
viral DMA standard cut with the restriction enzyme Hae III. The nucleotide
base pair size of the viral DNA Hae ITI fragments are listed on the right of
the gel. Note that all the isolates have different kDNA restriction enzyme
fragment patterns. It is thus possible to differentiate cutaneous (L. major,
L. aethipica) parasites from visceral organisms (L. donovani) . and to detect
strains of the visceral parasites.
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Photograph gel stained with EthBr under UV light. This will help to
interpret the data of the hybridization reaction.

Mark the gel for orientation by cutting off a corner.
Transfer the gel on a glass plate into a glass dish and wash as follows;
a. 2 x 15 min in 500 ml Depurination buffer. Rinse briefly in water

(in and out).
b. 2 x 15 min in 500 ml Denaturation buffer. Rinse briefly in water.
c. 2 x 30 min in 500 ml of Neutralization buffer. Rinse briefly in

water.
d. While gel is washing, cut 6 squares of Whatman 3MM paper the exact

size of the gel; 6 squares of Whatman 3MM paper 1/2 inch less on
each measurement; and 1 square of nitrocellulose membrane the exact
size of the gel. Soak membrane in 2x SSC. Cover the bottom of the
glass dish with the sponges (rinsed in distilled water), or use a 2
inch thick stack of 3MM paper.

Set up the blot:

a. Soak sponges or 3HM stack with 6 X SSC.

b. Add smaller 3MM paper. Soak with 6 X SSC and smooth out.

c. Using glass tray, transfer the neutralized gel to soaked paper.
Smooth out the gel after removing the glass plate. Stretch parafilm
or aluminum foil all around the gel to cover the dish.

d. Carefully transfer completely wetted membrane. Smooth out all
bubbles with glass rod. Since DNA begins to transfer immediately,
do not try to reposition the gel. Lay it down correctly the first
time.

e. Add one sheet larger size 3MM paper. Wet with 6 x SSC. Smooth out
bubbles. Add remaining 3MM paper.

f. Top off with 3 to 5 inches of absorbant towelling, then a glass
plate and a weight of 5-10 pounds (two large textbooks).

g. Add 6 X SSC to the glass pan to a level of one half the depth of the
sponges after they are completely saturated.

h. Blot overnight at room temperature.

i. Disassemble blot. Wear gloves. Air dry membrane then bake at 80 C
for two hours between two pieces of 3MM paper sandwiched between two
glass plates.

j. Restain dehydrated gel in EthBr (0.5 ug/ml) for 30 min, room
temp. Photograph under UV light to determine if any DNA did not
transfer.

k. Cool baked membrane to room temperature and store between two pieces
of 3MM Whatman paper, wrapped in aluminum foil (Fig. 4).
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Figure 4a and b Restriction enzyme Hpa II-produced Leishmania kDNA fragments
separated by electrophoresis in a 1.1. agarose gel. The species and country of
origin of the parasites ace at the bottom of the picture. Note that the
visceral parasites can be differentiated from each other and the cutaneous (L.
aethiopica and L. braziliensis panamensis) parasites, but the resolution of
kDNA fragments is much better in 3-10% polyacrylamide gels (Fig. 3).
Figure 4c and d Southern blot hybridization of a 32P-kDNA network probe from
the visceral parasite L. donovani Khartoum strain, with kDNA fragments
transferred to nitrocellulose from the 1% agarose gel shown in Fib. 4a and
Ab. Note that all the visceral organisms share sequences with the L. donovani
probe but Leishmania kDNA fragments from species that cause cutaneous disease
do not share kDNA nucleotide sequences with L. donovani kDNA.

Figures 1-4 were originally published in the American Journal of Tropical
Medicine and Hygiene 33: 808-819, 1984, and are reproduced through the
courtesy of Alien Press, Inc., Lawrence, Kansas.
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Immobilization of isolated kinetoplast DHA networks of kDNA within
promastJRoes or amastiRotes to nitrocellulose paper

It is possible to detect the specific hybridization of labelled kDNA
probes to kDNA networks from promastigotes or amastigotes of Leishmania that
have been immobilized to nitrocellulose. The conditions for hybridization are
the same as those given for hybridization of probes to kDNA fragments
transferred from electrophoresis gels to nitrocellulose. However, the
treatment of nitrocellulose filters prior to hybridization is different and
will be detailed below.

The kDNA networks can be isolated by gradient centrifugation, as detailed
previously, before being placed on the nitrocellulose. If this method is
chosen the volume of the buffer (TE or SSC) containing the kDNA should be
1-10 v.l.

It is also possible to spot intact, living promastigotes on the
nitrocellulose. If this is the method chosen, the parasites should be
filtered through some type of filtration apparatus onto the nitrocellulose so
that a spot of about 3-5 mm diameter is formed. The parasites should be
washed free of culture media before spotting, or the spotted parasites, on the
nitrocellulose, can be washed with saline using the filtration apparatus.

As an aid to the detection of infected vectors, sandflies that may
contain parasites can be crushed onto nitrocellulose using the bottom of a
glass test tube.

Finally, kDNA probes can be used to detect parasites in infected
mammalian hosts. Lesions or tissue biopsy material (including needle
aspirates), that may contain amastigotes can be attached to filters by
applying the nitrocellulose to different portions of cutaneous lesions
(abraison of a dry lesion may be required to achieve tissue transfer to the
nitrocellulose) , or by touching biopsy material for 5-10 seconds to the
filter, or by applying small volumes of needle aspirate material to the
filters. (Needle aspirate material may require the use of filtration
apparatus).

After the kDNA or parasite material is applied to the nitrocellulose, it
is air dried and stored at room temperature, or in the refrigerator in plastic
bags. The filters are treated as decribed below before hybridization.

NOTE: If nylon or paper filters are used for the immobilization of
parasite kDNA, the protocol for treating the filters prior to hybridization
will be different and must be chosen by the individual conducting the work.
Immobilization of kDNA networks to nitrocellulose

Materials required
1. Nitrocellulose sheets with attached amastigotes or promastigotes. Air

dried. Store in plastic bags, preferably in a refrigerator.

2. 10H (w/v) sodium lauryl sulfate (SDS) in water.
3. 0.5 M NaOH, 1.5 M NaCl (20g NaOH, 880 Ig NaCl, water to ID.
4. 0.5 M Tris-HCl, 1.5 M NaCl (60.5g Tris, 91.2g NaCl, concentrated HC1

110 ml, water to IL, pH 7.8).

5. 2x SSC (34.4g NaCl, 17.6g sodium citrate, water top 2L>.
6. Oven set to 80 C.
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7. Whatman 3MM filter paper sheets larger than the nitrocellulose.
8. Metal or glass trays to hold Whatman sheets.
9. Forceps for handling nitrocellulose membranes.

Procedure
1. In 4 trays place 2 sheets of Whatman 3MM paper. Label the trays 1

through 4.
2. Wet thoroughly (but do not submerge) the 3MM paper in tray 1 with 10% SDS.

3. Wet 3MM paper in tray 2 with 0.5M NaOH, 1.5m NaCl.
4. Wet 3MM paper in tray 3 with 0.5M Tris/HCl, 1.5M NaCl.

5. Wet 3MM paper in tray 4 with 2x SSC.

6. Lay 1 nitrocellulose sheet (parasite side up) on 3KM paper in tray 1 for
30 sec. Smooth out bubbles so SDS can reach all areas.

7. Use forceps and carefully transfer nitrocellulose sheet onto 3MM paper in
tray 2. Smooth out wrinkles. Let sit 2.5 minutes. Parasite or IcDNA
side up.

8. Move nitrocellulose sheet to 3MM paper in tray 3. Smooth out wrinkles.
Let sit 3 minutes. Parasite or kDKA side up.

9. Move nitrocellulose sheet to 3MM paper in tray 4. Smooth out wrinkles.
Let sit 5 minutes. Parasites or kDNA side up.

10. Place the nitrocellulose on dry 3MM paper. Parasite or kDKA side up.
Let it air dry.

11. Bake the sheet at 80 C for 1.5 hours.

12. Hybridize with probe as described below.

13. NOTE: Remember to add more solutions to the 3MM sheets in the trays as
they get used up. Also, place only one sheet of nitrocellulose in a tray
at one time, unless the tray is large enough for the sheets to be placed
side by side.

32P-labellinR of kinetoplast DNA

Radioactively labelled DNA probes are used extensively in nucleic acid
hybridization studies to detect and quantify complementary nucleotide
sequences in unlabelled nucleic acid preparations. Hybridization procedures
are used to study the structure and function of genetic material, the presence
of cloned DNA sequences in bacteria and yeast, and the genetic relationships
among organisms.

The MI vitro method for labelling DNA makes use of the nick translation
reaction catalyzed by E. coli, DNA polymerase 1 (DNA Pol 1). In this reaction,
double-stranded DNA with a single-strand break (nick), and a 3'-hydroxy
terminus, serves as a template-primer for DNA Pol 1. Nucleotides are added to
the 3'-hydroxyl side of the nick, while simultaneously, as integral 5' to 3'
exonuclease activity of the enzyme removes nucleotides from the other side of
the nick. The nick is thus "translated" along the DNA molecule in the 5' to
3' direction. The sequence of nucleotide addition is determined by the
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opposite side of the DNA duplex, and therefore replicates the sequence of the
nucleotide removed from the 5' side of the nick. Thus, existing nucleotides
of DNA are renewed without net synthesis occurring, and if introduced
nucleotides are radioactive, the DNA becomes labelled.

The procedure for incorporating radioactive nucleotides into DNA. to high
specific activity involves two steps; the nicking of DNA with an endonuclease
(DNase 1), and the translation of these nicks by E. coli Pol 1 with
incorporation into the DNA of radioactive nucleotides present in the reaction
mixture. At the low temperature of the reaction (15 C), only one round of
replication occurs and the reaction proceeds no further than one complete
renewal of the existing nucleotide sequence.

The specific activity of the labelled DNA probes will depend upon the
extent to which the existing nucleotide in the unlabelled DNA are replaced and
the overall specific activity of the newly inserted molecules. We have
achieved excellent labelling of kDNA with 32P-dNTP inputs of approximately
1000 pico moles per microgram DNA (specific activity greater than 400 Ci/mM)
in reaction mixtures of DNA at 10 ^i^/ml, and an excess of unlabelled dNTPs.
The specific activity of the labelled DNA can be increased, if desired by
using two or more 3^P-dNTPs but this is expensive and it may not be required
when labelling kDNA. Since kDNA networks often contain replicating
minicircles that are nicked, it may not be necessary to nick the kDNA with
DNase 1 before adding E. coli Pol 1 especially since some of the latter enzyme
may have some nicking activity. The addition of DNase 1 should be determined
by the individual working with kDNA before settling upon a procedure. All
32p compounds and labelled molecules should be stored at -80 C for best
results and repeated thawing of the nick translation enzymes should be
avoided. The reaction temperature must be kept at 15 C to avoid abberrant
nick translation products which can form at higher temperature. The per cent
incorporation of ^2p into the DNA should be determined at the beginning,
middle, and end of the nick translation procedure as will be detailed later.

Before presenting the nick translation protocol, it must be stressed that
32P is a dangerous isotope. It must be used behind appropriate low density
(plastic) shielding, according to procedures supplied by the manufacturer of
the nucleotide
32P-labellinR of protocol for nick translation labelling of kDNA
Materials required

Nick translation kits are furnished by manufacturers of 32P compounds.
The kits contain all appropriate procedures, buffers, and chemicals.

If a nick translation kit is not used, the following supplies are
required.
1. 1.5 ml Eppendorf centrifuge tubes.
2. 15 C cooling bath.

3. Nick translation buffer: l Z - 50 mM Tris HC1 (pH 7.5), 10 mM MgSO$,
1 mM Dithiothreitol (DTT), 50 V-g/ml BSA. Make a 10 X stock, 60.5 g
Tris, 1.54 g DTT, 24.7 g MgSO^, 500 mg BSA, water qs to l L.

4. Stop buffer: 0.02 M Na2EDTA, 2 mg/ml sonicated calf thymus DNA, 0.2%
(w/v) sodium dodecyl sulfate (SDS).

5. Unlabelled deoxynucleotide triphosphates: Stocks 0.2 mM, in water.
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6. DNase 1: Stock l mg/ml in Nick translation buffer plus 50% (v/v)
glycerol. Store at -20 C. Before use, at 0 C, dilute 0.5 }il DNase
stock in 100 y.1 nick translation buffer (without glycerol). Then,
dilute this diluted stock further by mixing 0.5 ]il with 100 y.1 nick
translation buffer.

7. IS. coli DNA polymerase 1, at 2 mg/tnl in nick translation buffer.

Procedure

1. Mix 10 ul water, 2.5 ul of 10 X nick translation buffer, 2.5 ul of
a solution containing 0.2 mM of each of the unlabelled dNTP minus the
dNTP containing 32P, 0.5 ug or less, kDNA, 0.5 vl diluted DNase 1,
appropriate amount of 32p dNXp in aqueous solution and water qs to
25 v.l.

2. Incubate 15 C, three hours. Incorporation should show a delay, rapid
linear increase, slow increase, plateau, and decline (which may be rapid).

3. Stop the reaction by the addition of 25 u.1 of stop buffer at the slow
increase or plateau point. You desire at least 25% incorporation of the
free ^2p nucleotide into DNA.

Test for incorporation of into kDNA
A simple procedure using ascending chromatograpy separates free

32P-dNTP from labelled DNA and permits determination of 32p incorporation.
Materials required

1. Polyethyleneimine cellulose (PEI), on mylar sheets, without fluorescent
indicator (Schleicher and Schuell, Keene, N.H.). Cut sheet to 3 x 3.5
inch rectangles.

Solution of 1 M NaCl, l N HCl , (58.4 g NaCl, 84 ml HC1 , water qs to 1 L) .

Glass beaker, 600 to 1000 ml size, with glass cover.

Sharp pencil, ruler, pasteur pipet and pipet for spotting 1 v.1 samples.

Glass scintillation vials, scintillation fluid, and scintillation counter
for 32P.

Procedure

With tip of pasteur pipet, scrape PEI cellulose from the mylar backing in
straight, verticle lines so that a series of vertical columns or strips,
1 cm wide, are made across the PEI sheet. There should be as many strips
as there are nick translation samples to spot, so make as many sheets as
needed. Number each strip, faintly in pencil, at the top, without
scratching the PEI cellulose.

Draw faint, parallel, horizontal pencil lines (without scrapping off the
PEI cellulose) across the PEI sheet at levels of 0.5, 1.5. and 2.5 cm
from the bottom. These lines should be parallel to the bottom of the
sheet .

Spot 1 \il of the nick translation reaction products, one sample per
strip, on the pencil line at the 0.5 cm level. The spot should be in the
center of the strip. Work behind shielding. Record which sample is in
each strip.
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4. Allow spots to air dry, then place the PEI sheets in a glass beaker
containing 0.25 cm of the NaCl-HCl solution. Cover the beaker with a
glass plate. (More than one sheet can be placed in a beaker provided the
sheets do not touch).

5. Remove PEI sheets when liquid reaches the top, and air dry.
6. Cut each strip from the sheet, then cut the strips into three sections

along the 1.5, and 2.5 cm pencil lines. Drop each PEI piece into a
scintillation vial containing 5-10 ml scintillation fluid and count
radioactivity in one minute counts. Remember to label the vials with the
location of the PEI section within the strip (for example, strip 1,
bottom piece, or strip 5, middle piece).
The free, unincorporated 32P dNTPs will rise to the top of the PEI

sheet while the DNA remains at the origin. The middle portions of each PEI
strip should have little radioactivity, the DNA portion should have more, and
most of the counts should be found in the top pieces. The per cent
incorporation is determined from the per cent of the total counts which are
found in the DNA.

Recovery of labelled kDNA
32p kDNA can be recovered from the nick translation reaction, without

free -"P-dNTPs, by ethanol precipitation, but this method is messy and risks
contaminating equipment with ^̂ P. A rapid method that is safer involves
centrifuging the kDNA through Sephadex G-50. Free -̂ p̂ NTPs are trapped
within the Sephadex and the kDNA passes through the gel.

Materials required
1. 1.5 ml and 0.5 ml polypropylene centrifuge tubes (Eppendorf).
2. Sephadex g-50, and G-100, suspended in 10 mM Tris (1.3 g, water qs to 1

L, pH 7.5), 1 mM Na2EDTA (0.37 &, water qs to 1 L), and 0.2% w/v, 0.2 g
per 100 ml) SDS.

3. Clinical centrifuge.
4. Needle, 27 gauge.

Procedure
1. Puncture top and bottom of the 0.5 ml tube with the 27 gauge needle (one

hole in bottom and four holes in the top).

2. Place punctured tube in a 1.5 ml tube with cap removed.

3. Add to inner tube 100 vl of Sephadex G-50 and layer on top, 300-400̂ 1
of Sephadex G-100.

4. Place tube combination in clinical centrifuge, in another tube if needed.
5. Centrifuge 2 minutes, 1000 rpm.
6. Add 100 ul of the buffer (without Sephadex).
7. Centrifuge 2 minutes, 1000 rpm.

8. Transfer inner 0.5 ml tube to clean 1.5 ml outer tube.

9. Dilute DNA sample to 50 ill and load on Sephadex.
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10. Centrifuge, 2 minutes, 1000 rpm.

11. Add 50 ill buffer and centrifuge as before.

12. About 100 til of labelled DNA should be inside the outer tube.
NOTE - If tube is centrifuged too fast, Sephadex can leak into the outer
tube. Check centrifuge with Geiger counter for contamination.

Hybridization of 32P-kDNA with unlabelled kDNA
This procedure describes the hybridization of 3^P-kDNA with unlabelled

kDNA on nitrocellulose membranes. Procedures have been given for transferring
kDNA restriction fragments from agarose gels to nitrocellulose. However, kDNA
can be bound to nitrocellulose by spotting known concentrations of isolated
kDNA onto the sheets and letting the spots air dry. In addition,
promastigotes, in culture media, can be spotted on nitrocellulose and allowed
to air dry. Amastigotes within lesions or infected tissues can be transferred
to nitrocellulose by pressing the nitrocellulose, with gloved hands, to
cutaneous lesions, or by placing cut pieces of infected tissue on the
nitrocellulose. The nitrocellulose sheets are stored singly in plastic bags
at room temperature, or 5 C. Before hybridization, the filters are treated as
described in the protocol for immobilizing kDNA from promastigotes or
amastigotes to nitrocellulose paper. Hybridization is then conducted as
described below.

Stringent conditions are achieved by hybridizing DNA in the presence of
50% formamide, at 42 C. The nitrocellulose, with affixed DNA, is incubated
first in a pre-hybridization solution for at least one hour, and then a
hybridization solution containing the radiolabelled DNA probe form 4-16
hours. This is accomplished by sealing the blot in a heat-sealed bag and
submerging it in a water bath.

Materials required
1. Heat scalable plastic bags large enough to hold nitrocellulose filters,

and heat sealing device.

2. 42 C water bath.
3. Plastic wrap, absorbant towels, scissors, 50 ml plastic screw capped

tubes.
4. Formamide, 100%.

5. Sterilizing filters.
6. Glycine, 20% (w/v) in sterile water (20 g, water qs to 1 L). Filter

sterilize again.
7. Dextran sulfate (sodium), 50% (w/v), in sterile water. Heat to 60 C to

dissolve.

8. Sodium phosphate buffer, 0.5 M, pH 6.5. Make (A) l M monobasic sodium
phosphate (NaH2P04.H20, 137.9 g, water qs to 1 L), and, (B) l M
dibasic sodium phosphate (Na2HPU4, 141.96 g, water qs to 1 L). Mix
68.5 ml of A, and 31.5 ml of B, and dilute to 200 ml with water. This
should be pH of 6.5.
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9. Sonicated salmon sperm DMA. Make 5 mg/ml salmon sperm DNA in 20 mM Tris
(2.4 g Tris, water qs to l L pH 7.5). Let dissolve overnight at 4 C.
Sonicate on ice in aliquots of 25 ml until the consistency of milk. Boil
vigorously in a boiling water bath 10-15 min. Cool quickly on ice.
Aliquot and store at -20 C.

10. SSC, 24 X, (NaCl 211.2 g, sodium citrate 211.8, water qs to 2 L). Filter
sterilize, store at room temperature.

11. 100 X Denhardt's solution in 3 X SSC. Mix 2 g Ficoll, 2 g PVP (polyvinyl
pyrolidone), 2 g BSA, add 3 X SSC to 100 ml. (Dilute 24 X SSC 1/8 with
water to get 3 X SSC). Stir the Denhardt's to dissolve. It may need
overnight stirring. Aliquot and store at -20 C.

12. 2 X SSC (dilute 24 X SSC 1/12 with water), and 1 X Denhard's (dilute 100
X Denhard's 1/100 with water).

13. 2 X SSC with 0.1% SDS (w/v). Dissolve 0.1 g SDS in 100 ml 2 X SSC.

14. X-ray film (Kodak X-OMAT AR), casettes (Kodak X-omatic, without windows,
with foam), and intensifying screens (Dupont, Cronex, Lightning Plus).

Procedure
Pre-hybridization:
A. Mix in a 50 ml screw capped tube:
2.00 ml 24 X SSC
5.0 ml 100% formamide
0.5 ml 100X Denhardt's solution
1.0 ml 0.5 M sodium phosphate buffer
0.5 ml 20% glycine
1.0 ml 5 mg/ml sonicated salmon sperm DMA

B. Place nitrocellulose blot in heat scalable bag and pour in the mixture.
Squeeze bubbles to top, seal by heating, encase this in a second bag,
submerge in a 42 C water bath for at least 1 hour (overnight is fine).
Avoid bubbles in the bag with the blot.

Hybridization
This is conducted for 4-16 hours at 42 C.

a. Cut corner from pre-hybridization bag and push out mixture. Place bag
flat on absorbant towelling and slide plastic pipet over bag to force out
as much of the pre-hybridization mixture as possible.

b. Prepare hybridization mix as follows:

1. Boil together for 5 min, then quickly cool on ice, 0.5 ml of
sonicated salmon sperm DNA and the radioactive kDNA at one million
CPM.

2. Now add together in a plastic tube:
5 ml 100% formamide
2 ml 24 X SSC
0.1 ml 100 X Denhardt's solution
0.4 ml 0.5 M sodium phosphate buffer
2.0 ml 50% dextran sulfate (sodium)
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3. Mix well but do not generate bubbles. Pipet the mixture into the
bag.

4. Expel all bubbles. and encase in a second bag.

5. Submerge in 42 C water bath.

6. At the end of hybridization period, open bag at corner. Squeeze
hybridization mix into plastic screw capped tube. Save the tube.

7. Wash blot in clean glass dish, with gentle agitation, as follows:

a. 30 min, room temperature, in 2 X SSC and 1 X Denhardt's solution,
b. 3_ x 15 min, room temperature, in 2 X SSC plus 0.1% SDS.

c. 3_ x 15 min at 50 C (floating in water bath), in pre-warmed 1 X SSC plus
0.1% SDS.

d. Place nitrocellulose on absorbant paper to absorb excess final wash, and
air dry the blot.

e. Tape the blot to 3MM paper cut to the size of the X-ray film casette.
Radioactive ink may be applied to the paper to facilitate the orientation
of the blot to the developed X-ray film after autoradiography is
completed.

f. Wrap the blot ir\ plastic wrap. If this is not done the X-ray film sticks
to the blot.

g. Load the casette with film. You may place two sheets of film in the
casette, one on either side of the blot. Each sheet can be removed for
development after different times of exposure. The use of the
intensifying screens makes flashing of the film prior to loading the
casette unnecessary.

h. Place the casettes in a heavy plastic bag and seal this with tape or a
rubber band. Place the bag containing the casettes in a -70 C or -80 C
freezer for the period of time chosen for autoradiography.

i. At the proper time(s), remove the plastic bag from the freezer, keep it
closed and allow the bag and its contents to reach room temperature.
Remove the film and develop it. If additional autoradiograms are
desired, repeat steps g-i.
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Chapter 21

IN VIVO TRACKING OF THE MIGRATION OF
Strongyloides ratti IN THE RAT WITH
SELENIUM-75 LABELLED THIRD STAGE LARVAE (L3)
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College Park, Maryland

K.D. MURRELL
Animal Parasitology Institute,
Beltsville, Maryland
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INTRODUCTION

The migration of larval StronRvloides ratti in the rat has been generally
believed to conform to the "skin-lung-intestine" pathway commonly associated
with skin penetrating nematodes of the order Strongylida and family
Strongyloididae (1-4). Recently, however, an alternative hypothesis which
proposes a "skin-head-intestine" migration route of S. ratti has been
suggested (5). These workers found a significant fraction (~ 40%) of a
subcutaneously injected dose of 3rd stage larvae in the head of rats and only
a few in the lung. They concluded that the head is a major locus in this
nematode's migratory route to the intestine and that the pathway to the head
is subcutaneous, not circulatory. These findings were confirmed by Murrell
(6) and Hattori <7) and partially by Bell (8).

In the above studies, quantification of migrating larvae in the organs
and tissues of the host was done either by incubating minced tissues in
various culture media followed by counting of the isolated larvae or by
ordinary tissue and organ radioassay procedures. These two methods suffer
unfortunately from several drawbacks. The first method provides at best a
minimum estimate of the number present because of the frequent difficulty in
isolating all of the living larvae. The second method is incapable of
differentiating parasite radioactivity from spurious label caused by
disintegrated dead larvae or the catabolic processes of living larvae. In the
present study, therefore, an autoradiographic technique was used in
conjunction with ordinary radioassay procedures to reinvestigate the primary
route of migrating larval S. ratti and to determine the exact site(s) of
inhibition of this nematode in immune rats. Autoradiography offers two major
advantages over instrumental radioassay in dealing with weakly radioactive
larvae, particularly against a variable accumulation of spurious label.
Autoradiography is far more sensitive than instrumental radioassay because
"counts" may be accumulated over several weeks or months, if necessary,
instead of a few minutes or an hour at most. Even more important,
autoradiography provides direct evidence of the association of radioactivity
and parasite in specific tissue.

It is believed that knowledge of the migration path of the
Se75-radiolabelled £3. ratti larvae may provide important clues to the nature
of the protective immune mechanisms directed at the tissue dwelling larval
stages.
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Materials

1) Rats (either sex weighing 100-125 grams)

2) Wire bottom cages with cage trays (drawer type)

3) Disposable plastic petri dishes (polystyrene, 100 x 25 mm approximate
size)

4) Wood spatula or wooden tongue blade

5) Stainless steel beaker or paper cups

6) Chatillon dietary balance

7) Animal bone charcoal (10 x 28, 8 x 28, or 6 x 35 mesh)
8) Peatmoss

9) Zinc sulfate solution (specific gravity 1.18)

10) Whatman No. 1 circles (8.57 cm diameter)
11) Clinical centrifuge

12) Low temperature incubator
13) L-Se75-methionine

14) Radioactivity decontaminant

15) Empty plastic bottles and plastic bags (for storing radioactive waste)
16) Absorbent towels (for radioactive work)

17) Surgeon's rubber gloves

18) Counting vials (plastic or glass)

19) Gamma ray spectrometer

20) Low energy gamma scintillar (hand monitor)
21) Lead bricks

22) Compound microscope, microscopic slides and coverslips

23) Counting chamber

24) Tuberculin syringes (1 cc to 10 cc) and hypodermic needles

25) Floor type centrifuge

26) Vortex mixer

27) Glass funnel (8 inch diameter of 2-3 inches stem length)

28) 3-4 inch piece rubber tubing and screw-type pinchcock
29) Brass sieve (20 or 40 mesh)
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30) Nitex screen and tricolator filter paper {10-1/2" diameter)
31) 40 ml or 50 ml centrifuge tubes
32) Graduated plastic or glass tubes (various sizes)
33) Innovar (anesthetic drug)
34) Dry ice or CÛ2

35) Desiccator
36) Plastic rings (2.5 cm x 1 cm)

37) Dissection kit
38) Non-screen X-ray films
39) Chipboard

40) Transparent tape 3/4 in x 300 in (19.00 mm x 7.62 m)

41) Double stick tape 1/2 in x 450 in (12.7 mm x 11.4 m>
42) Mallet or big hammer
43) "Screw presses" (for holding sample cards and X-ray films)
44) Black plastic bags
45) X-ray film developer and fixer

46) Laboratory timing clock
47) Vacuum pump

48) Micro-pipettes to measure volumes of 20-200y.l.
Procedures
(A) Preparation of fecal-charcoal-peatmoss cultures

(1) Collection of feces should be made between 8 to 12 days after
subcutaenous inoculation of rats (100-125 grams) with 500 or more
larvae. Maintain rats in wire bottom cages.

(2) Place distilled water into clean cage trays (drawer type) to a depth
of about 1/8 to 1/4 inch and place under cage at around 9.00 a.m.
Allow feces to accumulate in the pans until collected for culturing
the following morning.

(3) Remove fecal pellets from cage pan by means of a wooden spatula and
place in a previously weighed stainless steel beaker and weigh again
to determine weight of feces.

(4) Work feces into a smooth paste and determine egg load by means of
flotation test. (See below).

(5) Add 2 grams of charcoal and a sprinkle of peatmoss to every gram of
feces. A little distilled water is added to wet the materials which
are then thoroughly mixed by means of a wooden spatula.
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(6) Spread mixture over 2 pieces of wet filter paper (Whatman No. 1
circles, 8.57 cm diameter) in a 100 x 20 mm plastic Petri dish.
Care should be taken to just moisten the paper; do not flood.

Procedures:

(7) Incubate cultures at 22° ~ 24°C for 7 days.

Special Note: Radiolabel fecal cultures by adding cautiously the desired
amount of activity of L-Se75-methionine to the culture at step 4 above and
then proceed as described.

(B) Flotation test

(1) Carefully transfer about 4 ml of fecal paste into a 15 ml glass
centrifuge tube.

(2) Gently add small amount of water while stirring vigorously with a
clean wooden stick until the 15 ml mark is reached. Centrifuge for
2 minutes at 1,700 RPM.

(3) Aspirate the supernatant down to about 1/3 the original level and
refill to the brim with zinc or magnesium sulfate solution (specific
gravity 1.18).

(4) Cover with coverslip and centrifuge for 2 minutes, then transfer
cover slip to microscopic slide and examine under a microscope for
eggs and/or first stage larvae (L̂ ).

Procedures

(C) Separation of S. ratti 1.3 from fecal-charcoal-peatmoss cultures

(1) Warm tap water to 42°C.
(2) Set up clean Baermann apparatus. This consists of an 8 inch

diameter glass funnel with a stem length of 2-3 inches. A 3-4 inch
piece of rubber tubing is attached to the stem and a screw-type
pinchcock put into the tubing. With the funnel well secured, the
pinchcocfc is turned down to close the rubber tubing and tap water at
a temperature of 40-42° is added. A standard brass sieve (20 or 40
mesh) is placed into the funnel so that water covers bottom of sieve
to a depth of about 1/4 inch. A nitex screen and 2 sheets of
Tricolator filter paper (10-1/2" diameter) are put over sieve bottom.

(3) Flip the fecal-charcoal-peatmoss culture over onto the filter paper.

(4) After 1 hr (or more, if necessary), open pinchcock slowly and drain
larvae off into a 40 or 50 ml centrifuge tube.

(D) Inoculation of rats
(1) Wash third stage larvae isolated from 7-day-old fecal-charcoal-

peatmoss cultures about 3X in saline by centrifugation. In the case
of labelled larvae, .wash until radioactivity of supernantant has
been reduced to background level.

(2) Count a small aliquot of well suspended larvae in a glass counting
chamber. Make repeated counts until 3 successive counts vary no
less than 5%.
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(3) Dilute if necessary to obtain the desired worm density for
inoculation.

(4) With regard to subcutaneous inoculation, first anesthetize rat with
dry ice or in CC>2 chamber before injecting larvae into the loose
skin of the lateral region behind the foreleg. For routine
maintenance, inject 1000-4000 larvae per rat (female or male,
120-150 grams).

(5) For percutaneous inoculation, rats should first be anesthetized by
intra-muscular injection with Innovar (0.2 cc of 1:10 per 100 g body
weight) before shaving the lower abdomen. Moisten the shaved area
before exposing to Lß. Rats are ususally ready to use in 15
minutes after this injection. Allow at least 30 minutes for worm
penetration.

(E) Recovery of intestinal adult worms
(1) Eight days post-inoculation, necropsy rats after euthanasia

with C02
Procedures:

(2) Baermannize first 1/3 of small intestine in Hank's Balanced Salt
Solution (HBSS), pH 7.4 to recover worms.

(3) Count recovered worms in a glass petri dish with a ruled bottom.
(F) Radioassay of labelled 1,3 and adult worms

(1) Use the manufacturer's operational procedure to calibrate the gamma
spectrometer.

(2) Two aliquots each of volumes 0.2, 0.4, 0.6, 0.8 and 1.0 ml are drawn
from the larval suspension and deposited into 25 x 80 mm screw cap
radioassay vials. Distilled water is added to bring the final
volume in each vial to 1.0 ml.

(3) After determining the background activity, count each sample for 1
minute to obtain their respective apparent activities in counts per
minute (cpm). Substract background activity from total counts of
each sample to obtain their respective net or actual count rates.

(4) Obtain the specific activity of each worm by dividing the corrected
total activity of each vial by the number of worms present in it.

(G) AutoradioRraphy of free 1.3 and adult worms
(1) Apply a known number of worms suspended in a very small volume of

water along an imaginary horizontal line on a predetermined size of
chipboard.

(2) After allowing the sample to dry at room temperature, the loaded
side of the chipboard is held in close apposition to a non-screen
X-ray film by means of a "screw press" and left for 3 weeks or
longer, if necessary.

(3) The exposed films are developed at the end of the exposure period.
(4) Reduced Ag foci corresponding to labelled worms are enumerated.
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(H) AutoradioRraphy of histoloRJcal compressions
(1) Remove host organs and tissues of interest.

(2) Arrange these in a logical sequence on a chipboard and layer them
with a sheet of plastic wrap. Leave enough space around each organ.

<3) Compress organs and tissues by means of a mallet, a hammer or any
suitable device.

(4) Allow the samples to dry overnight or longer, if necessary, at
40-60°C. Skin samples usually take 3-4 days to dry properly.

(5) Repeat steps 2 to 4 under procedure G above.

Results of studies conducted in our laboratory are shown in Tables 21-1
and 21-2 and in Figures 21-1 to 21-5. Other preliminary results suggested
that:

(a) A sizable number of the larvae inoculated remained at the site of
inoculation for 6 to 9 hrs post infection.

(b) By 48 hrs post infection, a relatively large number of the migrating
larvae had arrived in the head (including the brain); since no worms
were found in the circulatory system, the route may have been
subcutaneous.

(c) A few larvae were detected in the lungs by 48 hrs post infection.
There was no evidence from the autoradiograras that larvae migrated through any
other organs and tissues, including liver, kidney, heart, thyroid, thymus,
superior and inferior vena cava.

Table 1. Radioassay of Labelled L3 Harvested 7 Days After Start of
Fecal-Charcoal-Peatmoss Culture Containing lOOviCi Se^-methionine

Sample
Counted
Empty Vial
8th Wash Sup.
330 L3
660 L3
1320 L3
2640 L3

Total Activity
of Sample in cpm

141
941
5256
10832
21614
41210

| Activity per worm
I in cpm
1| __
I 13.0
| 14.9
I 15.6
| 15.3
1
I Average = 14. 7
1
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Table 2. Radioassay of Labelled Intestinal Adult Worms Recovered 7 Days
Postinoculâtion

Rat
#
1
1
2
2

Sample
Counted 1
Empty Vial
4th Wash Sup.
325 Adults
4th Wash Sup.
32 Adults

Total Activity
of Sample in cpm |

130
132
793
133
242

Activity per worm
in cpm
——
——
2.0
——
——

Average = 2.7

Note that there was an average loss of activity of 12 cpm between labelled
1.3 and their corresponding adults. This represents the activity lost by the
migrating 1.3 to the intra-host environment constituting spurious label.
Ordinary organ radioassay is incapable of distinguishing parasite
radioactivity from such spurious label.

FIG. 1.
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Se75 LABELED S. RATTI LARVAE
(S.A. 69 CPM/WORM)
18 HAI VIA I.D. ROUTE

SECTIONS OF SKIN

'. l N O ÖlL Af |<ff ;:itllll'

NEGK

FIG. 2.
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Se75 LABELED S. RATTI LARVAE
(S.A. 69 CPM/WORM)
6 HAI VIA I.D. ROUTE

REST OF SKIN

PIG. 3.

233



Se75 - LABELED S. RATTI LARVAE
(S.A. 69 CPM/WORM)

27 HAI VIA P.C. ROUTE
CRANIUM AND NASOFRONTAL REGION OF HEAD

FIG. 4.
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Se75 - LABELED S. RATTI LARVAE
(S.A. 69 CPM/WORM)

48 HAI VIA I.D. ROUTE
BRAIN, LUNGS, & MUSCLE TISSUES

FIG. 5.
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Chapter 22

AUTORADIOGRAPHIC ANALYSIS OF ACQUIRED RESISTANCE
TO Schistosoma mansoni INFECTION
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Naval Medical Command,
National Capital Region,
Bethesda, Maryland,
United States of America

I. 75Se-METHIONINE LABELLING OF SCHISTOSOMA MANSONI CERCARIAE

Radiolabelling of Schistosoma mansoni cercariae by exposure of infected
Biomphalaria glabrata to75Se-raethionine was first reported by Knight,
Liard, Ritchie, Pellegrino and Chiriboga (1). A more detailed and
standardized investigation of this labelling procedure was presented by
Christensen (2) . Georgi (3) evaluated 7->Se-methionine anc| IQ other
gamma-emitting radionuclides (49Sc, 54Mn, 59Fe, 60Co, 65Zn, 109Cd,
125Sb, 133Ba, 137Cs and 203Hg) and concluded that 75Se-methionine
was superior in yielding radiolabelled cercariae.

The use of in vivo labelling of infected snails provides a continuous
production of labelled cercariae for several weeks. It has been demonstrated
that the maximum incorporation of label occurs 3-10 days after exposure of
snails to 75Se-methionine and then declines (2, 3). Snails may thus be shed
starting 3-4 days after administration of isotope and subsequently re-shed
every 2-3 days, thereby providing several batches of labelled cercariae each
time a group of snails is labelled.

Cercariae have also been labelled by exposing infected snails to
14C-glucose (4, 5), 3H-orotic acid (6) and 3H-amino acids,
3H-thymidine and 14C-formate (7).

Since 75Se is a gamma emitter, detection of radioactivity by the
scintillation method is determined directly in a Nal-scintillation counter, in
contrast to 3H and -^C, which require additional preparation of the sample
prior to counting using the liquid scintillation method. The presence of
7-*Se-labelled schistosomula in mouse tissues can be easily detected and
quantified by compressed organ autoradiography. 75Se-methionine labelling
of cercariae in the snails does not appear to alter the biological
characteristics of the cercariae. It has been shown that cercarial production
and infectivity are not altered by radiolabelling with this technique (2). It
has also been observed that the number of schistosomula recovered from the
lungs 6 days after exposure of mice to radiolabelled cercariae and the number
of adult worms recovered at 6 weeks do not differ from the recovery of
unlabelled parasites (15).

Although the following section specifically deals with the labelling of
£>. mansoni cercariae in B. glabrata, other species of Schistosoma including S.
intercalatum. £. haetnatobium and S_. bovis can also be labelled with
radioselenium in an analogous fashion (8).
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Materials required
1. L-^^Se-methionine ; specific activity 20-50 Ci/tnraol (Amersham code

SC.20; Amersham Corp., Arlington Heights, IL)

2. ï>. man s on i infected Biomphalaria glabrata (snails should have been
patent, i.e., shedding cercariae, for at least 7 days)

3. Plastic tissue culture trays with multiple wells capable of holding
individual snails in 1 ml of water.

4. Aged, dechlorinated tap water
5. Pipetter which can accurately dispense 1.0 ml

6 . Forceps

7. Incubator set at 26-28°C.

Labelling procedure
1. Labelling of snails with se-methionine requires working with both a

gamma-emitting radioisotope and an infectious agent. Work in a radiation
safety approved area covered with absorbent plastic-lined paper. The
area should be shielded by lead. Wear gloves at all times while handling
infected snails, cercariae and radioisotope. Do not pipette by mouth.

2. Expose snails to ambient light for 2-3 hours prior to initiation of
labelling procedure to flush out mature unlabelled cercariae.

3. Dilute ' -*Se-methionine in aged tap water to final concentration of
20-u.Ci/ral.

4. Pipette 1 ml of ^->Se solution into individual wells of plastic tissue
culture trays .

5. Gently transfer snails individually into wells with forceps, being
careful not to crush the snail shells. Expose snails for 5 hours to
radioisotope in the dark at 26-28°C.

6. Remove snails and transfer to beakers with aged tap water and lettuce.
Cover beakers with aluminum foil. Maintain infected snails in the dark
at 26-28°C. Change water, remove old lettuce and supply fresh lettuce
daily.

7. Snails may be shed for radiolabelled cercariae 3-4 days later and every
second day thereafter until the 10th day, without significant loss of
label. This procedure should yield cercariae with approximately 100
cpm/cercariae, of which approximately one-third is in each of the head,
tail, and penetration secretions. Schistosomula recovered from the lungs
7 days after cercarial penetration of mouse tails retain about 10-20
cpm/schistosomulum.

II . AUTORA.DIOGRAPHY

For a number of years studies in experimental schistosomiasis have
suffered from the lack of a satisfactory procedure for tracking populations of
migrating schistosomula in the mammalian host. Although autoradiography was
used in the past to study populations of isolated worms (7, 9), its first
application in quantifying schistosome populations in host tissue was
published by Georgi in 1982 (3). Using cercariae labelled with
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75se-methionine by the procedures of Knight et al.^1^ and
Christensen'2), it was shown that, in spite of the continuous exponential
loss of isotope from migrating schistosomula, these larvae were readily
detected on autoradiograms of dried tail skins as discrete black foci of
reduced silver. These methods have now been used to quantify schistosomulum
populations in all tissues of the body during the first 3 weeks after
infection (10-14).

The procedures employed in our laboratory and outlined below are
essentially those described by Georgi^3', with minor modifications (12-14).

1. Radiolabelling of cercariae: Cercariae are labelled as described in
Section I.

2. Preparation of tissues: At selected intervals after infection, mice are
sacrificed by C(>2 inhalation or cervical dislocation and allowed to sit
for 15 minutes for blood clotting. Tissues of interest are then
removed. Tail skins (the usual site of infection) are cut completely
around near the base of the tail, slit ventrally the full length, and,
removed intact from the tail. They are then placed external surface down
on strips of 1/2 inch doubly adhesive cellophane tape attached to pieces
of thin cardboard (chipboard, available from art supply stores), and
covered with strips of 1-inch adhesive cellophane tape. Non-tail skins
are removed intact, placed hair-side-down on cardboard, covered with thin
plastic wrap, and kept flat with glass plates and lead bricks during
drying. Carcasses are placed on cardboard, covered with plastic wrap,
and compressed with a hydraulic press. All other tissues of the body are
placed on cardboard, covered with plastic wrap and flattened with a lead
brick or mallet. All tissues are then dried in an oven at 37-50°C for
several days for non-tail skin and 12-24 hours for other tissues. It is
important that the undersides of the cards be left largely free of
plastic wrap to facilitate drying.

3. Autoradiography: After the tissues have dried, the original pieces of
plastic wrap are removed from all tissues (except tail skins, which have
none) and replaced with new pieces. Under appropriate safelight
illumination, they are then placed in apposition to sheets of X-ray film,
covered with a pieces of paper that will not react with the film (such as
that in which the film is packed), the film-tissue packages held together
with tape or a paperclip, the packages placed in multilayer presses, and
the presses placed in 3 or more thick, black plastic bags and stored in a
dry, cool, dark place. Exposure times required for the production of
distinct foci vary from several days to a week for cercariae, to 3 weeks
or more for 3-week infections. Our presses, containing up to 7 layers of
film and tissue, are prepared from 3/4 inch plywood for the outer layers,
1/4 inch plywood for the inner layers, 1/4 inch sheets of foam rubber
secured to the plywood with heavy-duty paper staples, and 6-inch stove
bolts with wing nuts. At least one bolt through the middle of each press
is required to prevent bowing. We have not explored the possibility of
increasing the sensitivity of this process by spraying the tissues with
scintillating agents or using intensifying screens.

4. Choice of film: Most of our work has been carried out with a fast
double-emulsion X-ray film, Kodak X-Omat AR (XAR-5), which can be
developed in automatic processing units available in most medical X-ray
departments. No-screen X-ray film is slightly faster, but is more
expensive, requires special hand processing, and cannot be used with
intensifying screens. Film sizes of 5 x 7 and 8 x 10 inches have been
used. Larger sizes may be more convenient for some studies.
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5. Interpretation of results: Detailed discussions of the distribution
patterns of autoradiographic foci in normal and immune mice, and the
steps taken to ensure that a one-to-one relationship exists between foci
and schistosomula, have been published (1, 2, 3, 10-14). Briefly, it has
been shown that discrete foci are produced by each labelled
schistosomulum, with a gradual loss of intensity over time. We have not
yet determined how rapidly dead worms lose label and cease to produce
foci in host tissue.

In conclusion, autoradiographic detection of 75Se~labelled schistosomes
in host tissue provides a useful means of tracking and quantifying worm
populations during migration, and of studying their fate in immune hosts. The
procedures currently in use are simple and reliable. It is certain that with
minor modifications they can be applied to a variety of experimental problems,
using a variety of hosts and parasites.
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Chapter 23

IgE ANTIBODY RESPONSES IN SCHISTOSOMIASIS
MEASURED BY A RADIOALLERGOSORBENT TEST

W.E. VANNIER
Naval Medical Research Institute,
Naval Medical Command,
National Capital Region,
Bethesda, Maryland,
United States of America

Helminth infections are associated with the production of unusually high
concentrations of circulating IgE antibody. The possible role of IgE antibody
in protective immunity to helminth infections has been of interest for a
number of years (1). Possibly, IgE antibodies, through their role in
releasing mediators from mast cells or basophils, assist in the recruitment of
cells or antibodies into areas of inflammation, which may injure helminth
parasites. Assays for IgE antibodies should provide useful approaches for the
study of protective immunity and may also be of use in serodiagnosis of
diseases induced by helminths.

Elevated IgE levels are also associated with immediate atopic allergic
reactions, such as asthma or hayfever, although the concentrations reached in
these patients are not as high as those frequently found with helminth
infections. In both cases, the IgE concentrations are frequently very much
lower than the concentrations of IgG antibody specific for the same antigens
that are found in the sera. Antigen-specific assays for IgE antibodies must
be designed so that they are not unduly influenced by the presence of the IgG
antibody. The assays must be performed in sufficient antigen excess so that
the availability of antigen sites for IgE antibody binding is not a limiting
factor.

The radioallergosorbent test (RAST) is carried out by attaching the
antigen or allergen to an insoluble supportive material, allowing the IgE
antibodies in the test serum to react with excess bound antigen, and then
estimating the IgE antibody bound by its reaction with ^"I-labeled goat
anti-human IgE antibody (cchain specific) (2, 3, 4). The conditions for
the testing and washing procedures are such as to minimize nonspecific binding
of IgE antibodies and the labeled anti-IgE antibodies. Controls to be run
with the test include normal sera, sera with high concentrations of IgE
antibodies to unrelated antigens, and standard sera with known concentrations
of IgE antibodies specific for the antigens used in the test.

MATERIALS AND METHODS

Schistosome antigen: Adult schistosomes (Schistosoma mansoni) were
obtained by portal perfusion of 7-week infected mice. The soluble material
released after a single freeze-thaw cycle was concentrated by ultrafiltration
to one tenth original volume, dialyzed against borate buffered saline, and
centrifuged at 10,000 x G for 30 min. to remove insoluble material (5). The
concentration of the antigen was estimated by the Lowry method, with a bovine
albumin standard and by absorbance measurements.
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Insoluble antigen derivative: Sepharose-4B (Pharmacia Fine Chemicals,
Inc.) was activated for schistosome antigen coupling by reaction with cyanogen
bromide (6). The amount of antigen bound to the insoluble support material
was estimated by measuring the absorbance at 280 nm.

Radiolabeled goat anti-human I&E: Affinity-purified goat anti-human E
(«chain specific) was obtained from a commercial source (Rheumatic Disease
Research Laboratory, Maine Medical Center, Portland, Maine 04102). The
protein was labeled with 125j ̂ y ^he chloramine-T method (7).

RAST procedure: Volumes of 0.1 ml of dilutions of control or test sera
were added to 0.5 ml volumes of 3% (v/v) suspensions of the insoluble antigen
derivative in screw-cap plastic tubes (10 x 50 mm). All dilutions were made
in RAST buffer. The mixture was gently mixed by rotating for 12 hours
followed by 4 washes with RAST buffer to remove unbound immunoglobulin.
125I-labeled goat anti-human IgE (5-15 ng) in RAST buffer was added to

0.5 ml of the immunoglobulin-antigen adsorbent complex and the tubes were
mixed by rotating for 24 hours at room temperature. After 4 washes to remove
unbound radiolabeled anti-IgE, the bound labeled anti-IgE was measured in a
gamma counter. All tests were done in duplicate or triplicate and the results
expressed as the mean cpm bound after subtracting the amount due to
non-specific binding.

RAST buffer: This is a phosphate-buffered saline containing Tween-20 and
bovine serum albumin. It was prepared with 16.7 gm sodium chloride, 17.9 gm
anhydrous disodium hydrogen phosphate, 2 gm bovine serum albumin, 0.5 gm
anhydrous sodium dihydrogenphosphate, 4.0 ml Tween-20, and water to make
1 liter of solution. The pH was adjusted to 7.5 with hydrochloric acid.

Data presentation: Data plots may be prepared of the number of counts
bound (or percent of total counts bound) as a function of the serum dilution
used. The amount of antigen- specif ic IgE can be estimated by comparison with
the curve obtained with a standard pool of known antibody content. The
antigen-specific IgE antibody content of the standard pool may be determined
by a method involving determination of total IgE before and after depletion of
antibody with a solid antigen immunoadsorbent (4).

Examples of data obtained with this assay are shown in Figures 23-1 and
23-2. They were obtained as part of a class demonstration for the course
given in August, 1983.

This work was supported by the Naval Medical Research and Development
Command, Work Unit No. 3M162 /70A870AA1 22 .
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Figure 1. RAST data for dilutions of a pool of serum from S. mansoni-
infected individuals from Cairo, Egypt are plotted. Volumes of
0.1 ml of the serum pool dilutions were mixed with 0.5 ml of the
3% (v/v) suspension of the schistosome antigen-Sepharose 4B
derivative. Bound IgE antibody was detected with 10,000 cpm
(8.8 ng) of the 125I-labeled goat anti-human IgE. This pool had
been previously shown to contain 18,600 ng/ml of total IgE with
2100 ng/ml IgE specific for the adult S. mansoni antigens.
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Figure 2. RAST data for three sera from schistosome (£>. mansoni) infected
individuals (Ŝ , $2 , £3) , the pool of IS. mansoni sera from
Egypt, and for three control sera from non-exposed laboratory
personnel (Ĉ , C2 , Cß) are shown. The sera were tested in
duplicate. The data displayed with open bars were obtained using

goat anti-human IgE (100,000 cpm per 60 ng) and the
data shown with solid bars using more highly labeled antibody
(100,000 cpm per 8.8 ng) to detect the bound IgE.
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Chapter 24

RADIOIMMUNOASSAY OF CIRCULATING SCHISTOSOME ANTIGEN

i-P.L. DESSAINT
Centre d'immunologie et de biologie parasitaire,
INSERM UI67 CNRS ERA 422,
Lille, France

INTRODUCTION

Parasitic infections are associated with circulating antigens, which are
either components of the parasite organism itself (e.g. malaria) or excretory/
secretory products released in the host. Recent studies have demonstrated
that adult schistosomes release antigenic materials in the circulation, most
of which are polysaccharides with a wide range of molecular sizes (1, 2).
These antigens have been classified according to their electrophoretic
mobility, (3) as circulating anodic antigen (CAA), probably identical to the
gut-associated proteoglycan (GASP) (4), and circulating cathodic antigen (CCA)
or M-antigen (5).

These two molecules are the main antigenic moieties released by
Schistosoma mansoni. whereas S_. japonicum secretes seven molecules in the
host's body fluids, CAA being the major antigen in serum (6).

Being released by live worms, circulating antigens are considered to be
of diagnostic value in identifing active schistosome infection and in
quantifing the worm burden in an individual host. However, the correlation
between antigen level and parasite load is controversial (7).

The development of radioimmunoassay (RIA) resulted in vast improvements
in the reliability, sensitivity and practicability of the measurement of
biologically significant analytes. Since the development of competitive RIA
by Berson and Yalow in the late 1950s (8) many variations on these assays have
been used. In contrast to conventional, competitive RIA, which uses a
labelled antigen, come assays use excess antibody to quantify an unknown
amount of analyte in a sample. Such a variation has been gaining widespread
use in recent years for itnmunodiagnostic tests of parasitic diseases, since
extensive purification of parasite antigen is not required.

The development of hybridoma technology (9) has allowed the production of
monoclonal antibodies which can be selected for their high parasite-
specificity and prepared in quantities sufficient for the large scale studies
that are required to validate immunodiagnostic tests.

Several types of RIAs using labelled antibody have been devised. Two of
these which are often used to measure circulating parasite antigens are: the
radioimmunoprecipitation-polyethylene glycol assay (RIPEGA) (10) and the
two-site immunoradiometric assay (2S-IRMA) (11).
I. RIPEGA

This method is based on the precipitation of complexes of antigen in the
test samples and radioiodinated antibody, which is enhanced by polyethylene
glycol (PEG), at a concentration which precipitates bound antibody while
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leaving unbound antibody in solution. A standard curve is obtained by
diluting schistosome antigen (i.e. urine from schistosome-infected hamsters)
in normal human or mouse serum to keep protein concentration constant.

II. Two site-IRMA

A simultaneous 2S-IRMA is used. In this type of IRMA, the analyte
(circulating antigen) must have at least two antigenic determinants
(epitopes), to form a sandwich with the labelled and solid-phase antibodies.
Because of the polymeric nature of the circulating cathodic (M) antigens, the
same monoclonal antibody can be used for the solid phase and the labelled
reagent. Because it is an antibody excess system, all the antigen should take
part in the reaction, and 2S-IRMA generally yield high precision together with
a wider effective assay range (11).

III. Technical problems

A factor to be considered is the presence of specific immune complexes in
patient's serum, in which the circulating antigen is bound by host
antibodies. In blocking the corresponding epitopes of the antigen, and in
competing with the labelled antibody, these host antibodies will interfere in
the assay, especially since the immune response of infected hosts is
heterogenous. In addition, the production of rheumatoid factors, which can
bridge the antibody reagents, may result in false positive results. It is
possible to overcome such interference by absorbing rheumatoid factors on IgG
immunosorbents. Urine samples are therefore preferred since, at least in
S. mansoni infections, they usually do not contain antibodies or immune
complexes.

IV. Materials and methods

(1) Monoclonal antibody

The monoclonal antibody is prepared by the Centre d'Immunologie et
de Biologie Parasitaire, INSERM U 167-CNRS 624, Institut Pasteur, 59019
Lille, France, (Prof. A. Capron, Director). The monoclonal which is
purified from ascites, is a mouse IgG^, specific for schistosome
antigen (found in adult worm somatic extracts, adult worm excretory/
secretory products, and in serum and urine from animals or humans
infected by schistosomes). The monoclonal antibody does not recognize
the schistosome egg antigen. It shows cross-reactivity between
Schistosoma mansoni and Schistosoma haematobium.

The monoclonal antibody was initially used for detection and
measurement of schistosome circulating antigen using the radioimmunopre-
cipitation-polyethylene-glycol assay (RIPEGA).

The monoclonal has been prepared by fusion of Balb/c lymphocytes
from mice immunized with Schistosoma mansoni excretory/secretory antigens
and mouse myeloma SP

(2) Radioiodination of anti-schistosome monoclonal

MONOCLONAL SUPPLIED AS 0.2 ml PURIFIED IgG FRACTION (4 mg/ml)

Reagents

Phosphate buffer 0.5M, pH 7.4 (0.5 M Na2HP04, 0.5 M NaH2P04, pH
adjusted to 7.4)
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Purified immunoglobulin fraction of the monoclonal (as supplied by Lille)

Chloramine T: l rag/ml (w:v) freshly prepared in distilled water. Dilute
1:5 in 0.5 M phosphate buffer pH 7.4 (Dilution in phosphate buffer is
made to maintain ionic strength of the monoclonal iodine mixture

Sodium metabisulfite 2 mg/ml (w:v) freshly prepared in distilled water.
Dilute 1:5 in 0.5 M phosphate buffer pH 7.4

PD 10 column (Pharmacia) equilibrated with 20 ml phosphate buffer
(0.01 M, pH 7.4) containing 1% (w:v) bovine serum albumin
1125 Na

NOTE: lodination procedures must be carried out in a fume cupboard since free
radioiodine vapour may be released. Periodic checks on thyroid
activity of the workers involved is also recommended.

EXPERIMENTAL PROCEDURE

- In a plastic tube add 0.1 ml (0.2 mg) of purified monoclonal, 200 y.Ci
125 I Na, 0.1 ml chloramine T (diluted 1:5 as indicated).

- Incubate at room temperature with occasional stirring for one minute
Add 0.1 ml metabisulfite (diluted 1:5 as indicated) and measure
radioactivity
Add this mixture to the PD 10 column and elute using 0.01 M phosphate
buffer as recommended by Pharmacia. Collect in disposable plastic tubes
(20 drops in each tube). Collect 12 tubes numbered 1 to 12
Measure radioactivity of all tubes (labelled monoclonal is usually
collected in tubes 6 to 8)

The labelled monoclonal is aliquoted in fractions sufficient for 1 series
of assays each, using a precision syringe. Since we use 100,000
cpm/0.1 ml per well of microplate for IRMA and 10,000 cpm/0.2 ml per tube
for RIPEGA, aliquoting fractions containing 100 times this radioactivity
will be sufficient for 1 series of 100 tubes (RIPEGA) or 1 microplate
(IRMA). The aliquots are stored undiluted at -70°C (or if impossible at
least at -20°C) until use. They are thawed just before the assay and
diluted in phosphate buffer (IRMA) or veronal buffer (RIPEGA) .

3. RIPEGA

3.1. The basis of the standardization is the use of a range of dilutions of a
typical patient's serum in a typical normal serum (obtained from uninfected
persons) so that the serum concentration is the same (20t> v:v) throughout.
The patient sera are diluted with buffer A and normal serum is added so that
the final concentration of the mixture of test and normal sera is 20H in each
dilution tube. All reactions therefore take place in effectively the same
environment. When sera from patients with schistosomiasis are diluted in the
normal serum many of them exhibit similar behaviour to the references
schistosome positive serum in the test as shown by the parallelism of the
dilution curves (Figure 1).

A normal serum-buffer solution (20% v:v serum) is used for defining the
zero antigen concentration. Since the normal serum which is used is typical,
as judged by its behaviour in the test, some serum from uninfected patients
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from a given endemic area will be measured as less than zero while others will
appear as weakly positive. The 95% confidence limit of % precipitated
radioactivity with normal sera from the area is therefore used as a cutoff
level (mean ± t x SD), where t is Student's t value (one-sided) for the
corresponding degree of freedom).

3.2.1. Veronal Buffered Saline (Buffer A)

5,5-diethylbarbituric acid 0.575 g/L; 5,5-diethylbarbituric acid sodium
salt 0.185 g/L; NaCl 8.5 g/L, pH 7.2.
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3.2.2. Borate Buffered Saline (Buffer B)

Boric acid 6.180 g/L; di-Sodium tetraborate, 10 H20, 9.540 g/L; NaCl
4.380 g/L; pH 8.2. Let it dissolve under stirring by warming up gently.

3-2.3. Trichloroacetic, Acid (TCA)

20% v:v in distilled water. It is cooled at +4°C before use.

3.2.4. Polyethyleneglycol (PEG) (HW 6000) 8% v:v in buffer B. This reagent
should be cooled to + 4°C before use.

3.3. Equipment required

Precision raicropipette or syringe for dispensing of 5 y.1 volumes (e.g.
aliquots of labelled monoclonal for storage)

Precision micropipette or syringes for dispensing of 200 u.1 volumes.
Automatic pipetting device is preferred. It is recommended that the
reproducibility of pipetting is routinely checked.

Automatic syringe (Corwall) for dispensing of 3 ml volume

- 5-6 ml moulded plastic tubes or vials

- Vortex mixer

Temperature-controlled water bath (37°C)

Refrigerated centrifuge

- Water pump

- Gamma scintillation counter

3.4. Summary of test method

Unknown serum samples are diluted to 20% v:v in buffer B and assayed
alongside reference positive and negative sera (20% v:v). An equal volume of
l"I-labelled monoclonal antibody solution is added to the assay tubes and
the solutions are allowed to incubate for 1 hour at 37WC. This is followed by
a second incubation of 1 hour at room temperature and a third incubation for 4
hours at +4°C. The bound antibody is then precipitated using PEG solution.
After overnight stand at +4°C the precipitates are settled by centrifugation
(3000 x g, 20 min., +4°C) . The supernatant liquids are removed by
aspiration. This process is repeated once. The radioactive precipitates from
the second PEG-precipitation are measured in a gamma-counter.

Precipitation values of the negative standard are used to determine the
background level (non specific PEG precipitate). Centrifugation of labelled
antibody before use will remove aggregates and decrease the background
precipitate.

Additional tubes are used to measure total radioactivity and
TCA-precipitated radioactivity (as a quality control of labelled antibody).

3.5. Assay procedure

3.5.1. Prepare 1 in 5 dilutions of the unknown sera and of negative and
positive standards by mixing 100 ]il of serum or standards with 400 u.1 of
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buffer reagent B. Vortex mix without excessive turbulence. If required,
prepare serial dilutions of the unknown sera using the same buffer B.

3.5.2. Number the assay tubes in the order given in Table 1 and place them in
the tube rack. Pipette 200 vil aliquots of each positive or negative
standard and of each unknown serum solution into individual assay tubes in
duplicate .
3.5.3. The working solution of labelled antibody is prepared by diluting the
stock solution of labelled monoclonal in Buffer A to give 10000 cpm/200 vil.
Add 200 vl of labelled antibody solution to all tubes and vortex mix all
tubes, but the total radioactivity samples, (tubes 1-2) without excessive
turbulence.

3.5.4. Cover the tubes with parafilm and place in a waterbath at 37°C ±
0,5°C for f>0 ± 5 minutes.
3.5.5. Remove the tubes from waterbath and cool at room temperature for an
additional 60 minutes.

3.5.6. Place the tubes at +4°C for 4 to 5 hours.

3.6. Separation of free from bound antibody

3.6.1. Set aside total radioactivity tubes (1-2) until step 3.6.6-8

3.6.2. Add 3 ml of cold TCA solution to tubes 3-4. Vortex mix
3.6.3. Add 3 ml of cold PEG solution to tubes 5-8 and unknown (9-n). Vortex
mix

3.6.4. Incubate at +4°C overnight

3.6.5. Centrifuge all tubes but tubes 1-2 at 3000 x g for 20 minutes at +4°C
3.6.6. Remove the tubes from the centrifuge and aspirate off the supernatant
liquids at the water pump. A Pasteur pipette with a finely drawn-out tip can
be used to discard supernatants . Avoid the removal of any PEG-precipitates.

3.6.7. Repeat once steps 6.3, 6.5, 6.6 for tubes 5-n (second PEG precipitation)
3.6.8. Measure the j counts of the total radioactivity tubes (1-2),
TCA-precipitates (3-4) and PEG-precipitates (5-n) on a gamma counter using a
counting time of at least 2 minutes to ensure acceptable limits of statistical
variation in radioactivity measurement.

3.7. Calculation of results

3.7.1. The percentage TCA-precipitated antibody is calculated from
radioactivity of tubes 3+4 and 1+2 (% of (3+4) /(1+2) ) . This should be
approximately 80-90% or higher.

3.7.2. The percentage of non specifically precipitated antibody is calculated
from the radioactivity in tubes with standard negative serum (5+6) and total
radioactivity samples (1+2) (% of (5+6)/(l+2) ) . This should be approximately
4%.

3.7.3. The percentage of antigen-antibody precipitate is calculated from the
radioactivity in tube 7+8 for standard positive serum or tubes 9+10, 10+11
etc., for unknowns and radioactivity in tubes 3+4 (% of (7+8)/(3+4) etc.).
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Non specific % precipitate (see 7.2) is then substracted. From the specific
activity of the labelled antibody, the antibody-binding capacity of patient's
serum can be calculated also.

3.7.4. As an alternate means of calculating results, a curve of 12j counts
or percentage of specific bound precipitates can be plotted versus
concentration of positive standard serum serially diluted. Draw the best
curve through the mean of the duplicate points, rejecting grossly aberrent
values. Using the mean of duplicate counts for the unknowns, read off their
titre from the standard curve. Where further dilutions were performed prior
to the assay of unknowns, correct the interprated values by multiplying by the
appropriate dilution factor.

4. IRMA
4.1. Buffers

Carbonate - bicarbonate buffer: prepare a 0.1 M solution of Na2C03 and a
0.1 M solution of NaHC03. Mix these 2 solutions to obtain pH 9.6.
Phosphate buffered saline: use 20 ml of 0.5 M phosphate buffer pH 7.4,
add 9 g NaCl and make up to one litre with distilled water.

4.2. Immobilization of the monoclonal antibody

In microtiter plates (PVC flexible plates with "U" shaped wells)

Monoclonal antibody at a concentration of 10 y.g/ml in carbonate/
bicarbonate buffer (0.05 M, pH 9.6); 0.1 ml per well. 3 hr incubation at
37°C and 12 hr at 4°C.

Aspiration of excess antibody and washing with carbonate/bicarbonate
buffer supplemented with 311 (w.v) bovine serum albumin.

- Further incubations of the wells in carbonate/bicarbonate buffer
containing 3% BSA (0.2 ml/well, 2 hr 37*C) and washing in phosphate
buffer saline containing Tween 20 (0.05%) 3 times. Final washing in PBS
without Tween.

4.3. Assay system

- 0.1 ml of standard antigen (serially diluted froml:5 in normal human
serum) or unknown serum (diluted 1:2 to 1:5 in 0.01 M PBS).

0.1 ml of unknown urine (diluted 1:5 in normal human serum)

Incubation of standard and unknowns for 3 hr at 37°C.

Washing:0.01 M PBS-Tween 20 (0.05%) 0.2 ml, 3 times then 0.2 ml PBS
without tween.

- 0.1 ml labelled monoclonal (specific activity 1 y.Ci/'u.g) • 3 nr

incubation at room temperature.

- Washing as above and counting.

The standard curve is plotted as bound radioactivity versus antigen
concentration (Figure 2).
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Chapter 25

ENZYME IMMUNOASSAY (EIA)

M. STEK, Jr.
US Navy Medical Research Unit No. 3,
Cairo, Egypt

INTRODUCTION

Engvall and Perlman originally introduced the enzyme imraunoassay using
the term ELISA for "enzyme - linked immunosorbent - assay". This name has
been with us for nearly 15 years. However, the term EIA. representing "enzyme
immunoassay" has come more into vogue since it incorporates the homogeneous
assays. This comes closer to the terminology employed by Van Weeman and
Schuurs who independently developed the EIA and published in the same year as
Engvall and Perlman's first EIA paper. The EIA system has been attractive not
only for its sensitivity and specificity but because it is an extremely
adaptable system based on the measurement of primary antigen-antibody
interactions rather than secondary phenomena such as agglutination, complement
fixation, or precipitation reactions. A significant early development was the
adaptation of the technique to solid phase tubes and plates. The EIA is a
sérologie tool which has replaced the RIA (radioimmunoassay) for the diagnosis
of a number of viral, bacterial and parasitic diseases.

Enzyme immune assays may be used to detect antibodies or antigens. These
assays may be structured as competitive or non-competitive techniques. In
addition, the procedure may be adapted to homologous or heterologous hapten
EIA's.
I. Competitive technique antibody measurement

This method employs the solid-phase coupling of antigen. The samples are
assayed for antibody by a competitive action of enzyme - labelled antibody
with unlabelled antibody in the test samples (Fig. 1). The competitive solid
phase method of determining antibody employs positive and negative antibody
controls as well as the test sample which contains the antibody to be
measured. Initially antigen is coupled in solid phase followed by the
addition of known quantities of enzyme labelled antibody mixed with the test
sample run in parallel with mixtures of positive and negative antibody
controls and enzyme labelled antibody. Then mixtures are allowed to react
with the solid phase bound antigen. Free antibodies (in solution) and bound
(adsorbed to the solid - phase coupled antigen) antibody - antigen reactions
occur. The free enzyme - labelled and unlabelled antibodies and some free
complexes are dislodged from solid phase and removed by washing. This
procedure retains the antibody bound to the solid phase coupled antigen. Less
enzyme labelled antibody will bind to solid phase coupled antigen in the test
or positive control samples containing unlabelled antibody because the
unlabelled antibody will have competitively blocked the reaction sites.
Finally, to measure the presence and levels of antibody, an enzyme substrate
is added and permitted to react. The colour change is inversely proportional
to the amount of antibody in the test sample. High readings indicate no
competition and therefore no specific antibody in the test sample. Lower
colorimetric reactions conversely indicate higher sample unlabelled antibody
(test or control) concentrations. From the colorimetric reading of enzymatic
activity, the amount of antibody in the test sample may be accurately assessed
by using a calibration curve as shown in Fig. 2.
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II. Competitive technique antigen measurement

This procedure is similar to the antibody assay. Basically antigen may
be measured if antibody and antigen are exchanged in the above outlined
technique. In this case the enzyme labelled antigen is in competition with
unlabelled antigen for binding sites on the solid phase coupled antibody.
Initially antibody is coupled to a solid phase matrix, such as plastic tubes
or microtiter plates. The enzyme labelled antigen is mixed with the samples
to be assayed for antigen (positive and negative controls and test samples)
and the mixture introduced to the tubes or wells with the solid phase coupled
antibody. An antigen-antibody reaction is permitted to take place.
Subsequently a portion of the enzyme labelled antigen is bound to the coupled
antibody in solid phase and some of the enzyme labelled antigen remains free
in solution (unbound). The unbound material is removed by washing the tubes
-or plates. If the sample to be assayed contains antigen, this unlabelled
antigen competes with the labelled antigen for binding sites and therefore
less labelled antigen is bound to the solid phase coupled antibody. Using
standard amounts of measured antigen, a calibration curve may be established.
As the amount of unlabelled antigen is increased, the degree of enzymatic
activity in the assay is reduced because there is less binding of labelled
antigen to the solid phase coupled antibody. This calibration curve would be
similar to the one depicted for antibody determination (Fig. 2), however, the
terms antibody and antigen would be exchanged. Using this calibration curve,
a measurement can be made of the amount of antigen in a given test sample.
Antigen may also be determined by the Homogeneous EIA or the Double Antibody
EIA techniques.

A. Homogeneous EIA
The homogeneous EIA procedure depends on the activation or inhibition of

the enzyme conjugated to the antigen. By means of steric or confortnational
change which increases enzymatic activity on antibody binding or steric or
conformational change which decreases enzymatic activity on antibody binding,
antigen may be measured in a homogeneous system. That is, the entire
procedure may be conducted in a single test tube or vessel. The separation of
bound and free forms are not necessary. Basically the free enzyme labelled
antigen has enzymatic activity. If antibodies combine with bound antigen, the
excess substrate cannot react at the enzyme's catalytic site, thus reducing
enzyme activity. Unlabelled antigen if added, competes with the enzyme
labelled antigen for antibody binding. Therefore the free enzyme-labelled
antigen increases and the enzyme activity is increased which is correlated to
the unlabelled antigen concentration.

A variant of the Homogeneous EIA as described above is the enzyme
inhibition immune assay (EIIA). In this technique antibody, enzyme and a
conjugate of antigen and enzyme inhibitor conjugate are employed. The
technique is based on the fact that antibody bound antigen - enzyme inhibitor
conjugate is not inhibitory, while the free antigen - enzyme inhibitor
conjugate inhibits enzyme activity. If unlabelled antigen were added, the
free antigen - enzyme inhibitor conjugate would increase and the enzyme
activity would be inhibited thus lower readings would be obtained. The
unlabelled antigen concentration therefore correlates directly with enzyme
inhibition.

B. Double antibody EIA

The method employs enzyme-labelled antigen mixed with antibody (first) in
liquid phase. Subsequently, anti-antibody (second antibody) against the first
antibody is mixed in solution to form a precipitate. The second antibody (or
the double antibody) is an anti-antibody directed against the species specific
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gamma globulin of the first antibody. For example, if the first antibody was
produced in goats, the second antibody would be an anti-goat gamma globulin
antibody which could be produced in horse, rabbit or other species. After the
formation of a visible precipitate, the supernatant which contains the free
form is removed by centrifugation and decanting the excess liquid phase.
Determination of the enzymatic activity of the bound form precipitate is then
made. The test and standard control unlabelled antigen competes in the
reaction allowing for the measurement of antigen concentration. In a solid
phase adaptation of this technique, the antibody is coupled to a solid phase
insoluble matrix which readily permits for the free and bound form separation.

III. Non-competitive antibody measurement techniques

Enzyme immune assays (EIA's) may be developed around non-competitive as
well as competitive techniques to identify and measure antibodies and
antigens. Several systems have been developed to measure antibody using
non-competitive reactions. Three examples are the indirect enzyme linked
immunosorbent assay, the immunoenzyme metric method and the immunoenzyme-
antienzyme procedure.

A. Indirect enzyme-linked immunosorbent assay

In this procedure antigen is first bound to an insoluble solid phase
matrix. The antibody (test or control) is added to permit reaction with the
solid phase coupled antigen. Following the antibody-antigen reaction, the
supernatant containing the non-reacted and unbound antibody is removed by
washing the solid phase matrix. Enzyme labelled antiglobulin (such as
peroxidase labelled rabbit anti-human IgG antibody) is then added. The enzyme
labelled anti-antibody is then permitted to react with the antibody bound to
the solid phase matrix coupled antigen. Following the introduction of a
substrate, a colour reaction appears which is proportional to the amount of
enzyme labelled anti-antibody bound to test or control antibody, with these
respective antibodies bound to the solid phase coupled antigen. The colour
reaction is proportional to the enzymatic activity and therefore indirectly a
measurement of the amount of antibody either in the test sample or in the
controls. Positive and negative controls should be assayed with each set of
test results. Since this non-competitive indirect enzyme-linked immunosorbent
assay for antibody is a commonly employed technique, it is schematically
illustrated (Fig. 3).

B. Immunoenzymometric method
In this EIA, the antibody to be measured is contained in the incubation

mixture. The assay employs solid phase coupled antibody and enzyme labelled
antigen. The labelled antigen is incubated with the test and control samples
which contain unknown and known quantities of the antibodies, respectfully, to
be measured. The incubation period permits a liquid-phase antibody-antigen
reaction to occur. Subsequently the incubation mixture is transferred to test
tubes, microtiter plates, or other solid phase plastic vessels to which
antibody has been coupled.

Excess labelled antigens now become bound to the solid phase coupled
antibody. The liquid phase is then pipetted off and the enzymatic activity of
this phase is measured. The degree of enzymatic activity correlates directly
with the concentration of antibody to be measured.

A variant of this technique employs antibody coupled to solid phase
material such as plastic beads to remove the excess labelled antigens. The
antibody coupled to this is permitted to react with the excess labelled
antigens in the incubation mixture. The mixture is then centrifuged and the
supernatant removed and measured for enzymatic activity.
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C. Enzyme-anti-enzyme assay
The enzyme-anti-enzyme assay involves an antigen coupled to a solid phase

medium which is permitted to react with samples containing the antibody to be
measured, an anti-antibody produced in a second species, which can then react
with the sample antibody bound to the solid phase coupled antigen, an
anti-enzyme antibody produced in the same species as the antibody to be
assayed, which binds in an antigen-antibody reaction, and finally the enzyme
which binds to the anti-enzyme. Substrate is then added to measure the enzyme
activity which is directly proportional to the anti-enzyme, which in turn is
directly proportional to the second antibody, and this in turn is directly
proportional to the amount of the antibody to be measured by the assay. Since
the antibody to be measured and the anti-enzyme antibody are produced in the
same species these antibodies readily bind to the anti-antibody which has been
raised in another species.

IV. Non-competitive antigen measurement techniques

A. Direct sandwich antigen measurement assay

This procedure consists of anti-antigen antibodies coupled to a solid
phase medium, the antigen to be assayed, and enzyme labelled anti-antigen
antibodies. The solid phase bound antibodies are permitted to capture the
antigen to be measured as antigen-antibody complexes. Once excess non-bound
antigen is removed by washing the solid phase medium, the enzyme labelled
anti-antigen antibody is added to form a sandwich complex bound to the solid
phase matrix. After washing the matrix, substrate is added to allow for an
enzyme generated colour reaction to occur. The degree of colour change is
directly proportional to the amount of captured antigen and thus a measurement
of the antigen concentration. This system works best when the 2 antisera used
are produced in separate species. Murine derived monoclonal antibodies may
also be used. However, the monoclonals tend to be more efficient as the
enzyme labelled anti-antigen antibody than the solid phase antigen capture
antibody. Polyclonal anti-antigen antibody works best as the capture antibody.

B. Immunoenzymometric assay

The immunoenzymometric assay employs antigen coupled to a solid phase
matrix (such as plastic beads) and enzyme labelled anti-antigen antibody. In
this system, the antigen to be measured is initially mixed with a specific
quantity of enzyme labelled anti-antigen antibody and permitted to react to
form soluble antigen-antibody complexes. Subsequently, the solid phase
coupled antigen is added to which the nonreacted en2-.yme labelled anti-antigen
antibody binds. The mixture is then centrifuged removing the precipitate and
retaining the supernatant for measurement of enzyme activity. The degree of
enzyme activity correlates directly with the concentration of antigen in the
test and control samples to be measured.
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