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( Abstract
The method Is described for labeling of bovine flbrinogen with

Зц-ЛсОЛс. Preparations labeled at pH 7.8 with 10 to 40 molar
excess of Зц-ЛсОЛс were found to contain 8 to 13 moles of acetyl
residues per mole of fibrlnogen. The content of clottable protein
and UV spectra were unchanged as compared with control unlabeled
preparations. The rate of clotting with thrombin was only slightly
affected. The Investigations on distribution of Зц in products of
proteolysis of Зн-fibrinogen by thrombin and plasmln demonstrated
a preferential labeling of fibrinopeptide A, absence, of radioactive
tracer in fibrfnopeptide B, significantly higher specific radio-
activity of fragment E than that of fragment D. Incorporation of
the label into fibrinopeptide Л opens the possibility for application
of Зн-fibrinogen as a convenient substrate for selective investiga-
tions on the enzymatic phase of clotting. | «: \

! • : • • l " . ' ł

, Streszczenie
Opisano metodę znakowania fibrynogenu wolowego bezwodnikiem

kwasu octowego zawierającego atom trytu w grupie metylowej. Pre-

Sarat znakowany w pH 7,8, 10 do ЛО-krołnym molarnym nadmiarem
H-AcOAc zawiera 8-13 reszt acetylowych na mol fibrynogenu. Za-

. wartość krzepnącego białka w fibrynogenle i widma adsorpcji l)V
nie ulegały zmianie pod wpływem znakowania. Tylko nieznacznie
wydłużał się cza« krzepnięcia z tromblna.. Badania nad rozmiesz-
czeniem Зц w produktach proteolizy Зц-fibrynogenu przez tromblnę
t plazmine. wykazały preferencyjne znakowanie flbrynopeptydu A,
nieobecność Зц w flbrynopeptydzie В oraz znacznie wyższa, radio-
aktywnofć" fragmentów E aniżeli D. Inkorporacja radioaktywnego
piętna do fibrynopeptydu Л otwiera możliwość zastosowania «Hj-fi.
brynogenu jako dogodnego substratu dla selektywnego badania enzy-
matycznej /azy krzepnięcia.

Резюме

Описан метод мечеяия Фибриногена крупного рогатого ско-
тл уксусным ангидридом, содерхашим атом трития в нетиле.
Препарат меченый в рН 7,8 в условиях от 10 до 40-кратного
молярного излишка ^Н-уксусного ангидрида подержит 8-13 ос-
татков, ацетила на I ноль фибриногена. Содержание свертыва-
ющегося белка в фибриногене и спектр поглощения ультра-
фиолетовых лучей не изменялись под влиянием мечеиия. Ско-
рость свертывания под воздействием тромбина незначительно
удлиняялась. Анализ раэнешения трития в продуктах вызван-
ного тромбином и плазнином протеолиза Зн-фибриногена пока-
зал его накопление преимущественно в Фибринопептиде А, от-
сутствие в фибрикопептиде В и значительно более высокую
радиоактивность фрагмента Е по сравнению с фрагментом D .
Включение радиоактивной меттгч в фибринопелтид А дает воз-
можность использования Зн-й-ибриногена в качестве субстрата
для селективного исследования ферментативной <Гаэы сверты-
вания.
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Application of labeled preparations of fibrinogen enables the
quantification of its metabolic parameters in health and disease.
Fibrinogen labeled with radioactive tracer, mainly *31i ( iS

commonly used for determination of fibrinogen half life time,
turnover, rate of synthesis and catabolism, as well as, for investi-
gations of translocations of _ this protein between various body com-
partments [ 1 - 5 ] .

Coupling of fibrinogen with the fluorescent dyes [6] has been
employed for examination of its distribution in tissues [ 7 , 8 ] .

Three enzymes of the mammalian blood, thrombin, factor XIII
and plasmin are mainly engaged in fibrinogen biological transfor-
mations and are believed to play major role in its metabolism.

Thrombin, the clotting enzyme, splits off from the fibrinogen
molecule two pairs of low molecular weight peptides called fibrino-
peptides A and B. The remaining fragment, fibrin monomer, at
physiological pH and ionic strength spontaneously polymerizes into
the net of clot.

Active factor XIII, plasma transglutaminase, introduces the
cross-linking bonds into fibrin, changing the mechanical properties
of the clot and its susceptibility to dissolution by proteolytic
enzymes.

Plasmin possess the ability to digest fibrinogen to unclottable
products and to hydrolyse at a high rate in fibrin the lysyl bonds
critical for dissolution of the clot.

Proteolysis of fibrinogen of fibrin by plasmin leads.to the
formation of relatively well characterized macromolecular fragments

FDP and of multiple low molecular weight peptides.

Fibrinogen labeled with radioactive iodine, unclotted or con-
verted into fibrin, is commonly used for examination of the kinetics
of plasmin action and for preparation of the labeled fibrinogen
derivatives such as iodinated fibrin monomer or FDP.

Studies on the interaction of labeled FDP and fibrin monomer
led to the discovery of soluble and unclottable complexes of fibrin
monomer and FDP [ 9 , 1 0 ] .

14-Low molecular weight substrates labeled with С or fluorescent
dyes are employed for determination of factor XIII activity, examina-
tion of the kinetics of its action and for localization of the sites of
attack of factor XIII on fibrinogen and fibrin [ 1 1 ] .
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Difficulties were, however, encountered in obtaining of labeled
fibrinogen preparations suitable for examination of the enzymatic
phase of clotting. Neither radioactive iodine nor the fluorescent
dyes [ 6 ] were found to be incorporated into the regions of
fibrinopeptides cleaved by thrombin from human or bovine fibrinogen.
It has been shown that only fibrinopeptides В of dog, goat and
sheep could be iodinated [12-14]

The aim of the present work was to label bovine fibrinogen
in the fibrinopeptide regions. Acetic anhydride (AcOAc) con-
taining one atom of tritium in the methyl group was chosen as^-a
labeling agent. It was presumed that a small, polar molecule of
acetic anhydride with a very low reaction specifity could be coup-
led to NH2 -terminal glutamyl residue of fibrinopeptide A or to
the free & -amino-group of lysine in fibrinopeptide В [ 1 5 ] .

MATERIALS AND METHODS

Fibrinogen was obtained from bovine plasma according to the
procedure of Kekwick at al [l6] and stored at -20°C until used.
After thawing the fibrinogen samples were exhaustively dialyzed
at 4°C" against 0.2 M phosphate buffers of appropriate pH. The
content of clottable protein in all preparations ranged from 96
to 93%.

AcOAc labeled with H in methyl group, specific activity
500 mCi/m M, was purchased from Ammersham Laboratories.
Thrombin was a commercial preparation of Biomed (Lublin, Poland).
Reptilase-highly purified clotting enzyme isolated from the venom
of Bothrops atrox was kindly supplied by Pentapharm (Basel,
Switzerland) . Plasminogen (activity 5 caseinolytic units per 1 mg
of protein) and Streptokinase were commercial preparations of
Biomed (Warsaw, Poland). Plasmin was prepared by activation
of plasminpgen solution ( 1 mg/ml) with an equal volume of strep-
tokinase solution ( l 0 0 u / m l ) , B r a y s solvent was prepared accord-
ing to original procedure of Bray [17] PPO -2,5 diphenyl-oxa-zole
was purchased from Nuclear Enterprises ( G . B . ) , POPOP 1,4- bis
(5-phenyl-2-oxazolyl) benzol by Fluka A.G. Acetonitrile, dioxane,
hydroxylamine, ethyleneglicol, methanol, naphtalene, were commercial
products of analytical purity.
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Labeling of fibrinogen with H-AcOAc

• H-AcOAc, diluted to appropriate concentration with acetonitrile
or dioxane, was added dropwise to a 1.0% fibrinogen solution with
constant stirring. The reactants were previously cooled to +4°C
and the whole procedure carried out at this temperature. To avoid
denaturation of fibrinogen, -the concentration of acetonitrile or di-
oxane should not exceede U% of the final volume. It was checked
that these two diluents can be used alternately, giving the same
results. The mixture of fibrinogen and ^H-AcOAc was stirred fora
further 30 minutes and the excess of 3H-AcOAc removed by exhaus-
tive dialysis against the same buffer towards which the initial pre-
paration of fibrinogen had been dialysed. For further examinations
labeled fibrinogen was once more dialysed against 0-05 M Tris-HCl
buffer pH 7.4 containing 0.1 M NaCl.

Preparation of samples for measurement of И radioactivity

The samples containing fibrinogen or FDP were adjusted to the
final 5% concentration of acetic acid. When labeled material libera-
ted by thrombin or reptilase was determined, clots were dissolved

" by addition of acetic acid to this final concentration and subsequent
shaking for several minutes. After addition of an equal volume of
15% TCA, incubation for 15 minutes at room temperature and centri-
fugation for 3 minutes at 12000 rpm, the supernatants were col-
lected for measurement. The same procedure was applied for prepa-
ration of sample of TCA- soluble peptides split off by plasmin from
fibrinogen. Finally 0.1 or 0.2 ml samples containing radioactive
protein or TCA-soluble material were mixed with 10 ml of Bray's
solvent.

Measurements of Зц radioactivity were carried out using an Inter-
technique SL 30 liquid stintillation counter. Corrections for quen-
ching were introduced using tritiated water as internal standard.
The total number of acetyl residues incorporated into one molecule
of fibrinogen was calculated on the hasis of specific activity of
Зн-АсОАс and the estimated 36 % counting efficiency, which was
determined using the Intertechnique ^H-toluen standard.

Protein concentration was determined by measuring the absorbancy
at 278 nm on a SP 800 Unicam spectrophotometer of samples con-
taining 0.1 M NaOH and 8 M of urea. Specific extinction coefficients
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1 ' applied, were: 16.5 for fibrinogen 20.5 for fragment D
and 13.0 for fragment E isolated from plasmin digests of fbg [l8] .
UV Spectra were recorded on the same spectrophotometer.

Electrophoresis in 7.5% polyacrilamide gel was performed as de-
scribed by Dudek et a l[19]. „

RESULTS

Labeling of fibrinogen with ^H-ACOAC at various pH values

The sample of fibrinogen were dialysed against seven 0.2 M
phosphate buffers with pH increasing by intervals of pH units from
б to 9. To each sample a 20-fold molar excess of Зн-АсОЛс was
added. From Figure 1 it can be seen that, concomitantly with the
increment of pH, the number of acetyl residues incorporated into
fibrinogen molecule increased from 3 to 14. It has been found that
these differences of pH during labeling did not influence the content
of clottable protein in the acetylated fibrinogen preparations which
ranged from 96 to 98%. On the contrary the time of clotting with
thrombin recorded at pH l.L was found to increase gradually with

. increase in pH during labeling and to be significantly prolonged in
preparations labeled at pH above 8.0 . Therefore for further in-
vestigations fibrinogen was labeled at pH 7.8.

Labeling of fibrinoRen at pH 7 . 3 , with various molar excesses
of ЗН-АсОАс

The increase of the molar ratio of 3H-AcOAc to fibrinogen to
50: 1 during labeling at pH 7.8 was found to result in a linear
increase in the number of acetyl residues incorporated into a
molecule of fibrinogen (Figure 2). At a still higher molar excess
of Зн-АсОАс, up to 380: 1 , much higher levels of labeling were
obtained. Two properties of fibrinogen preparations labeled at
various molar excesses of -H{_AcOAc remained unchanged if com-
pared with unlabeled fibrinogen i .e. the percentage of 7.5% TCA-
-soluble radioactivity and the spectra of UV absorbancy. On the
other hand the clottability of fibrinogen was markedly influenced
by the conditions of labeling and the number of acetyl residues in-
corporated. The preparations of Зн-fibrinogen obtained after



addition of 150 or higher molar excess of Зн-АсОАс, containing
45 acetyl residues per molecule or more, were only very slowly
converted into fibrin. At an extreme value of molar ratio of
ЗН-АсОАс to fibrinogen ( 380: 1) the opacity, irreversible dena-
turation and unclottability of the resulting preparations were
observed. The content of the clottable protein was equal to the
control 96 to 98% when the molar excess of Зн-АсОАс during
labeling was under 60, and the incorporation of acetyl residues
into fibrinogen did not exceeds 17 moles per mole of fibrinogen.
The time of clotting with thrombin was identical to the control in
the preparations containing 5 acetyl residues per molecule of
fibrinogen. Incorporation of a larger number of acetyl .residues,
up to 17, led to progressive, albeit slight, prolongation of the
thrombin time.

Characterization of the Зн-АсОА modified fibrinogen used for
further investigations

Therefore for further experiments labeling was performed at
pH 7.8 with a 10 to 40 molar excess of Зц-АсОАс. The prepara-
tions obtained under these conditions contained 8 to 13 moles of
acetyl residues per 1 mole of fibrinogen, 0.4 to 1.8% of Зн soluble
in- 7.5 % TCA and about 97% of clottable protein. Two ml of

1% Зн-fibrinogen, containing 8moles acetyl residues per mole,
were layered on a column of Sephadex G-100 ( 2 cm x 100 cm)
equilibrated with 10% acetic acid which was also used for elution.
Absorbancy at 273 nm was followed and the ^H content determined
in consecutive • 4 ml fractions collected. The pattern of elution
presented in Figure 3 shows that a single symmetric peak at 278nm
coincides strictly with a high symmetric peak of Зн radioactivity.
A very small increase in radioactivity in fractions 35 to 45 cor-
responds to Зн not bound to protein.

The UV spectra of H fibrinogen did not show any shifts when
compared with control unlabeled preparation. No increase in
optical density at 278 nm was observed after incubation of Зн-АсОАс
labeled fibrinogen with 1 M hydroxylamine for 1 hour. These two
last observations indicate a lack of acetylation of tyrosine residues
by Зн-АсОАс [20] .
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Distribution of Зц in fibrinogen fragments cleaved by thrombin
and plasmin

ni in fibrinopeptides. 0.5 ml samples of 0.6% Зн fibrinogen
were incubated with either 0.2 N1H units of thrombin or 0.2 units
of reptilase for 30 minutes. The net release of radioactive material
by the enzymes after subtraction" of the percentage of Зн remaining
soluble in 7.5% TCA in paralel samples incubated without the en-
zyme, was calculated. Insignificant differences in the effects of
these two enzymes indicated to exclusive or nearly exclusive labeling
of fibrinopeptide A. (Figure 4 ) . The percentage of radioactivity
cleaved from Зн fibrinogen after prolonged thrombin action (24 hours)
appeared to be about 12 %.

Further attempt to examine the incorporation of Зн into fibrino-
peptides was carried out by electrophoretic separations. Two ml of
1 % labeled fibrinogen were incubated with 100 N1H Units of thrombin
at 37°C during 12 hours. The fluid squeezed out from the clot was
concentrated in vacuo. Electrophoresis of this fibrinopeptide contain-
ing material in the agar gel was carried out as described by Lober
and Krantz [21] . The imprint of the agar plate on the filter paper
was stained with Sacaguchi reactive. The agar gel was then sliced
into 2-mm-wide strips which were solubilized by addition of 1 ml of
2M urea and heating for 1 hour at 50°C. After centrifugation, Зн
radioactivity was measured in the supernatants. Figure 5 shows that
apart from some Зн at the starting point, the only fraction containing
a significant amount of radioactive material is located uniquely at the •
position of fibrinopeptide A while the Зн count in the fraction corres-
ponding to fibrinopeptide В does not differ from the background.

The cleavage by thrombin of more than 10% of the total radio-
activity from Зн-fibrinogen could be considered as an indication for
some preference in the labeling of fibrinopeptides. This assumption • • •
was supported by the results of experiments in which the amounts of
radioactive material and arginiue lost during clotting from fibrinogen
labeled to various levels with increasing excess of Зн-АсОАс, were
compared. It was found that the percentage of Зн split off by throm-
bin decreased together with the increment of labeling above 10 acetyl
residues per molecule of fibrinogen (Figure 6 ) . At the same time
the amount of arginine released during clotting from unlabeled fibri-
nogen and from preparation containing 60 of acetyl groups per molecule
was equal, 3.5 mole of arginine per mole of fibrinogen.
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Зн in the fragments resulting from proteolysis of Зц fibrinogen
by plasmin

1% % fibrinogen was subjected to proteolysis by plasmin at
37°C with an enzyme to substrate protein ratio of 1 : 80. At various
time intervals the samples of the digest were removed, deproteinized
as described in Materials and Methods, and TCA-soluble radio-
activity cleaved by plasmin from Зн - fibrinogen determined. Figure 7
shows a linear increase of TCA r soluble radioactivity during the
first hour of incubation up to 28 % of the total % present in the
initial preparation. Further increase of radioactive peptides cleaved
by plasmin was slow, attaining a value of 38.3% after exhaustive
(1б hours) digestion. In the electrophoretic pattern of the samples
taken after incubation lasting two hours or more the presence of
fragments D and E only could be recognized. After prolonged incuba-
tion with plasmin, 2-ml samples of proteolysate of 1% Зн. fibrinogen
were chromatographed on Sephadex G 100 as described above, the
only difference being the 2.5 ml volume of the collected fractions.
The contents of Зн and UV absorbancy at 275 nm of the fractions
were monitored. The patterns of elution of Зн and protein are pre-
sented in Fig.S.

It is known from the work of Garlund et al [ 12 ] and from our
own experience that the first protein peak corresponds to fragment D,
and- the subsequent much smaller peak to fragment E which contributes
significantly less to the fibrinogen mass and possesses a lower extinc-
tion coefficient. As can be seen from Fig.S Зн was eluted in the two
sharp, well-separated, peaks corresponding to fragments D and E and
in the third broad, much more retarded peak corresponding to low
molecular weight peptides.

The percentage of the total radioactivity eluted in the consecutive
peaks has been calculated. On the basis of the known contribution of
2 fragments D ( 2 x 8 0 , 0 0 0 Daltons), 1 fragment E (1x48,000 Dal-
tons) and the mixture of peptides of lower molecular weight (132,000
Daltons) to the total mass of fbg molecule ( 340,000 Daltons ) ,
the specific radioactivity of these three types of fragments formed
after exhaustive proteolysis of fibrinogen by plasmin was roughly esti-
mated, with results presented in Table 1.

It can be seen that the specific radioactivity, when compared with
intact Зн-fibrinogen, appeared to be markedly higher for fragment E,
equal for the low molecular peptides, and significantly lower from
fragments D..
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DISCUSSION

The results presented above indicate that acetylation of
fibrinogen with tritiated acetic anhydride leads to highly labeled
fibrinogen preparations containing 8 to 13 acetyl residues per
molecule without any changes in- the content of clottable protein
and chromatographic behaviour. . The rate of coagulation with
thrombin was only slightly affected in fibrinogen labeled at these
levels.

With the applied mild conditions of labeling, acetic anhydride
is known to acetylate mainly the oG-amino groups of NH-terminal
aminoacids «nd S-amino groups of lysines [ 2 1 ] . Much less effi-
cient is the coupling of acetyl residues to OH-groups of tyrosine.
Any significant contribution of this last process to the labeling of
fibrinogen may be excluded in our experiments by the observation ,
of unchanged UV absorbancy at 278 nm before and after incubation
of Зн fibrinogen with 1 M hydroxylamine and the identical absorp-
tion maxima of non-labeled and highly labeled preparations. The
observed increment in the number of acetyl residues incorporated
into fibrinogen together with increasing pH during labeling from
pH б to 9 indicates the preponderant acetylation of amino groups
with pK about 7.5 to 9.0, most probably of the terminal oG-amino
groups and free 5-amino groups of lysine.

The attempts to investigate the distribution of ^H in various
regions of the fibrinogen molecule demonstrated an uneven labeling
of fragments cleaved during proteolysis by thrombin and plasmin.

When the loss of radioactivity during clotting of Зн-fibrinogen
was examined, it was found that nearly identical amounts of ^H
were split off by thrombin and reptilase. This was an indication that
fibrinopeptides A but not В contain the radioactive tracer, since
reptilase is known to cleave fibrinopeptides A only. The lack of
labeling of fibrinopeptides В has been confirmed by localization of
Зн exclusively in fibrinopeptide A when radioactivity of electro-
phoretically separated fibrinopeptides has been investigated.

The percentage of the total ^H lost from ^H fibrinogen after
prolonged action of thrombin attained the values of about 12% and
was the same when ^H fibrinogen preparations containing different
number of acetyl residues due to the labeling with constant molar
excess of Зц-АсОАс but at pH varying from 6 to 9 were compared.
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Two corollaries emerge from these observations. The first is the
similar increase in labeling of fibrinopeptides A and of the rest
of fibrinogen molecule with the increment in pH during acetylation.
The second is preferential labeling of fibrinopeptide A region. The
contribution of these peptides to the total mass of fibrinogen mole-
cule is 1.53» thus much lower than the percentage of radioactive
label recovered in fibrinopeptides A.

On the other hand the content of free amino groups which are
the potential acceptors of acetyl residues [ 23 ] is similar in fibrino-
peptides A and В and the rest of fibrinogen molecule. S.ince fibrino-
peptides A of bovine fibrinogen do not contain lysińe, the most
probable site of incorporation of acetyl residues in fibrinopeptide A
is N-terminal CC-amino group of glutamic acid.

The preferential labeling of fibrinopeptides A was further sup
ported by the. experiments in which the cleavage of radioactive
material by thrombin from fibrinogen labeled to various levels was
compared. It was found that, together with the increment in the
number of acetyl residues incorporated into fibrinogen due to in-
creasing molar excesses of ^H-AcOAc during labeling, the loss of
radioactivity induced by clotting decreased progressively while the
amount of arginine released with the peptidic material by thrombin
from non-labeled and highly labeled fibrinogen preparations remained
unchanged. These observations are consistent with the results of
Caspary [ 2 £ ] , who found that thrombin splits off fibrinopeptides from
extensively acetylated with NS-diacetylthioethanolamine fibrinogen
preparations. These were nón-clottable due tp impairment of the poly-
merization process. There is agreement that conformation of the
whole molecule of fibrinogen is not of critical importance for the
cleavage of fibrinopeptides. Thrombin has been shown to split off
these peptides from native fibrinogen as well as from its preparations
modified with various agents, from separated polypeptide chains of
fibrinogen and from N-terminal fragments obtained after its degrada-
tion by cyanogen bromide. The primary structure and conformation of
the oC-chain in the close vicinity of the arginyl bond joining fibrino-
peptide A with the rest of fibrinogen molecule is considered to de-
termine the binding of thrombin and its extreme specificity to this
arginyl-bond f_15] .

The preference of fibrinopeptide A acetylation may be related to
its localization in fibrinogen structure and polarity.

The localization of fibrinopeptides A on the surface of fibrinogen
has been considered as a reason for its ready access to enzymes
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like thrombin and phosphatase. The polarity of fibrinopeptide A
particularity of its N-terminal end, may be advantageous for re-
activity to a polar molecule like AcOAc, but has been considered
as a possible cause of resistance of fibrinopeptide A to labeling
with dansyl [10].

We were unable to detect any ^H label in fibrinopeptides В of
bovine fibrinogen. This fibrinopeptide does contain one lysine . •
residue but not the free oC -amino group since its N-terminal glu-
tamic acid residue occurs in the form of a pyroglutamic ring. As
already mentioned fibrinopeptides В of the dog, sheep and goat
could be labeled with 131] _ The percentage of the total label
cleaved by thrombin from canine fibrinogen labeled to the level
of 0.5-1.0 atoms of iodine molecule was found by Regoeczi and
Walton to be about 11 % [13], while the average value obtained by
Dallonback and Chien was 16% [25] . The twofold lower fraction
of radioactivity of sheep or goat 131j fibrinogens was observed to
be released during clotting induced by thrombin. Since fibrinopep-
tides В of these three species contain the same number of tyro-
sineS) (two residues per fibrinopeptide) the estrification of the
greater number of tyrosines with sulphate in sheep and goat fibri-
nogen was considered a reasonable explanation of the results
obtained. The radioactive label was not lost at all during clotting
from human, monkey, ox and rabbit fibrinogens. Sulphation of
tyrosine OH-groups in bovine and rabbit fibrinopeptides В is a .
probable reason for this finding, while human and monkey fibrino-
peptides do not contain amino acid residues which can be iodinated
[ 1 3 ] .

The resistance of fibrinopeptide В to acetylation in contrast
to the ease with which fibrinopeptide A is acetylated, can be con-
sidered as an indication for different localization of these fibrino-
peptides in the fibrinogen structure. The different primary structure
of fibrinopeptides A and B, reflected in the presence of aromatic
aminoacids and thus the susceptibility to iodination of fibrinopeptide
В only, may be the cause of the different degrees of exposure of
fibrinopeptides in the fibrinogen molecule.

Attempts to estimate roughly the Зн content in the fragments
formed after prolonged proteolysis of fibrinogen plasmin demonstrated
an unequal distribution of the label in the macromolecular products
D and E and lower molecular weight peptides. The specific radio-
activity of these three types of fragments has been calculated from
their known contribution to the total mass of fibrinogen and.the
measured content of ^H in the peaks of radioactivity corresponding
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to the respective fragments separated by column chromatography.
According to these approximate calculations, as compared with
intact 3}{_fibrinogen, the specific labeling of fragment E appeared
to be markedly higher, that of low molecular weight peptides equal,
and that of fragment D significantly lower. These differences
could not be explained by the different content of easily acetylated
lysine 5 -amino groups.

Table 2 shows that the number of lysines per 1(P Daltons in
fragments D and E differs only very slightly and can not be respon-
sible for the large difference in their specific radioactivities. Con-
formation and polarity of these regions of fibrinogen from which
fragments D and E originate may provide a more probable explana-
tion for the differences in their accessibility to acetylation by ^H
AcOAc. It has been shown by Budzyński [ 26 ] that the content of
ОС -helix is lower, and the hydrogen exchange is significantly -
greater, in fragment E than in fragment D. Appart from the less
ordered structure, the higher polarity of fragment E, calculated
from its aminoacid composition, may be advantageous for its easier
acetylation by AcOAc as compared with fragment D. A result of
considerable interest emerging from the investigation on the distri-
bution of Зн in the fibrinogen molecule is the finding of the radio-
active label in the region of fibrinopeptides A. Cleavage of this
peptide is a nesessary requirement for conversion of fibrinogen into
fibrin by thrombin and all other known clotting enzymes, including
the coagulating principle from Agkistrodon contortrix venom spliting
off fibrinopeptides В at a higher rate than fibrinopeptides A. There-
fore fibrinogen preparations labeled in fibrinopeptide A region may
be exploited as a convenient substrate for selective investigations
of the enzymatic phase of clotting.

The help of Dr M.LOBER and Dr S.KRANTZ from Ernst-
-Moritz-Aradt-University, Institute of Physiological Chemistry,
Greifswald, G.D.R. in electrophoretic separation of fibrinopeptides
is acknowledged with gratitude.
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TABLE 1

Fragment

Fibrinogen

2 D
1 Ё

Low molecular
weight peptidcs

% of mass

100
Л7.6

U . I

38.3

% of radio-
activity

100

40

19

Л1
•

Specific
radioactivity

1.00

0.84

1.35

1.07

TABLE :I
•

Fragment

Fibrinogen

D
E

Low molecular weight
peptides

Number of lysines

per 10 Daltons

70

56
58
92
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6.0 6.5 m 7.5 80 8.5 9.0pH

F1G.1. The effect of pH during labeling on the number of acetyl
residues incorporated into fibrinogen and on the rate of
clotting of ЗН-fibrinogen with thrombin.

p. . о moles of acetyl coupled to 1 mole of fibrinogen
• • ш time of clotting of ^H-fibrinogen ( dialysed

agains Tris - HC1 buffer, pH 7.4 ) with
thrombin. 0.2 ml of 0.2 % fibrinogen was mixed
with 0.1 ml of thrombin coagulating at 37°C
control unlabeled sample in 15 seconds.

thrombin time of control.
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Moles of added acetic anhydride/mole offibrinogen—

15

FIG.2. The effect of molar ratio of ^H-AcOAc to fibrinogen during labeling
on the number of acetyl residues 'incorporated into fibrinogen and on
the rate of clotting of with' thrombin.

o — — — о moles of ^H incorporated into 1 mole of fibrinogen
0 • • • time of clotting of ^H-fibrinogen with thrombin.

Conditions as described in Figure 1.
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F1G.3. Sephadex G-100 chromatography of ^H-fibrinogen labeled
with 10 fold molar excess of Зн-АсОАс, at pH 7.8.

— — — — absorbancy at 278 nm
— Зн, cpm

f

!
o Thrombin
•Rsptilase

ю »
Time of incubation, minutes

30

FIG.4. Cleavage of the label from Зн-fibrinogen by thrombin
and reptilase.

О О % of Зн cleaved by thrombin or
• • reptilase.

The concentration of both enzymes was adjusted to give
the same coagulation time of б minutes.
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FIG. 5. H content in fibrinopeptides separated
by agar gel electrophoresis.
For details see the text.
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Level of labeling [moles of CH3 СООН/mole of fibrinogen]

FIG.6. Cleavage of the label by thrombin from ^H-fibrinogen
labeled to different lavels by increasing molar excesses
of 3H - AcOAc.

DIGESTION OF 3Hfbg BY PLASMIN

30 60 90 120

Timeof digestion by piasmin, minutes

FIG. 7. The release of 7.5% TCA soluble radioactive material
from Зн - fibrinogen by piasmin.
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FIG.8. Sephadex G-100 chromatography of %-fibrinogen
subjected to prolonged proteolysis by plasmin.

absorbancy at 275 ran
^H cpm.
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