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GENERAL INFORMATION

Meetings - All sessions of the symposium will be held at the
Ramada Inn—Four Seasons Convention Center and will start
promptly at the times noted.

Poster sessions will be held on Monday and Tuesday evenings at
the Convention Center. Each poster will be on display for an entire
day. beginning at 9:00 AM. Copies of the abstracts of the poster
submissions will be given to you at the Registration Desk on
Sunday evening.

The proceedings of the symposium will be published by Plenum
Press approximately six months after the conference. All registered
participants will be notified by the publisher of its availability.

Registration - Registration headquarters will be located in the
lobby of the Convention Center. The registration fee is $40 per
person ($20 for graduate students). Registration will begin at 6:00
PM on Sunday. ApriJ 5, and continue each day throughout the
conference.

Transportation - Limousine and taxi service is available at the
Knoxville airport and at conference headquarters for trans-
portation to and from Gatlinburg and Knoxville. For the
convenience of conference attendees, a travel officer will be
stationed at registration headquarters to make, change, or cancel
travel arrangements for registrants.

Gatlinburg is located on U.S. Highway 441, approximately 40
miles southeast of Knoxville, Tennessee, at the entrance to the
Great Smoky Mountains National Park.

Social Functions - Ail social events will be held at the
Convention Center and are open to registered participants and
their guests.

Sunday, 6:00 to 10:00 PM - Welcoming reception (informal)
Tuesday, 6:30 to 8:00 PM - Cocktails and hors d'oeuvres

Hikes of varying distances and degrees of difficulty will be
organized for Tuesday afternoon by Howard Adler for those who
are interested.



Conference Organizating Committee

Jeffrey F. Lemontt (chairman)
Walderico M. Generoso (cochairman)
Robert K. Fujimura
Rhoda F. Grell
Richard F. Kimball
Warren E. Masker
James K. Selkirk



PROGRAM

Monday, AprN 6,1981
Morning Session—8:30 AM

Welcoming Remarks - Richard A. Griesemer
Director, Biology Division

Introductory Remarks - Alexander Hollaender
Associated Universities, Inc.

Opening Remarks - Jeffrey F. Letnontt
Chairman, Organizing Committee

Cellular Responses to Mutagenic Agents

Chairman: Sohei Kondo, Osaka University

*l. B. Singer, University of California, Berkeley. Chemical studies
of mutagenic damage and repair

2. Graham C. Walker, Massachusetts Institute of Technology.
Regulation and functions o/'Escherichia coli genes induced by
DNA damage

3. B. W. Glickman, National Institute of Environmental Health
Sciences. Methylation-instructed mismatch correction as a
post-replication error avoidance mechanism

4. Tomas Lindahl, Gothenburg University. DNA repair enzymes
induced during the adaptive response to alkylating agents

* Abstracts (pp. 9-27) are correspondingly numbered.



Afternoon Session—2:00 PM

Mutagenesis at Specific Sites

Chairman: Michael Smith, University of British Columbia

5. Jeffrey H. Miller, Universite de Geneve. The nature ami
specificity of spontaneous mutations in Escherichia coli

6. Christopher W. Lawrence, University of Rochester Medical
School. Mutagenic mechanisms in yeast

7. Robert W. Chambers, New York University School of
Medicine. Site-specific mutagenesis: A new system for studying
the molecular mechanisms of mutation by carcinogens

8. David R. Shortle, Massachusetts Institute of Technology.
Single-stranded gaps as targets for in vitro mutagenesis

Poster Session—8:00 PM

Tuesday, April 7, 1981
Morning Session—9:00 AM

Mutators, Antimutators, and DNA Replication Errors

Chairman: Maurice J. Bessman, Johns Hopkins University

9. Lynn S. Riptey, National Institute of Environmental Health
Sciences. Specific consequences of polymerase infidelity: An
expanded view

10. Peter D. Moore, University of Chicago. In vitro replication of
mutagen-damaged DNA: Sites of termination

11. Lawrence A. Loebf, Roetand M. Schaaper, Thomas A.
} unkel, and Clyde W. Shearman, University of Washington.
Infidelity of DNA synthesis as a basis of mutagenesis

12. Myron F. Goodmanf, and Susan Watanabe, University of
Southern California, and Elbert W. Brsnscomb, Lawrence
Livennore Laboratory. Passive polymerase control of DNA
'replication fidelity: Evidence against rare tautomer
involvement in base transition mutations

+ Denotes speaker throughout.



Afternoon Frt*

Poster SMtion—8:00 PM

WtdnMday, April 0,1981
Morning SMtion—9:00 AM

Transposable Elements and Spontaneous Mutation

Chairman: Nancy Kleckner, Harvard University

13. A. I. Bukhari, Cold Spring Harbor Laboratory. The imitator
phage imi

14. Nancy Kleckner, Harvard University. Prokaryotic iranspo.wns
with emphasis on TntO

15. Gerald R. Fink, Cornell University. Mutable Ty elements in
veast

Afternoon Sassion - 2:00 PM

Chromosomal and Nonchromosomal DNA

Chairman: Ada L. Olint, University of Tennessee—Oak Ridge
Graduate School of Biomedical Sciences

16. E. Moustacchit and M. Heude, Institut Curie-Biologie.
Mutagenesis and repair in yeast mitochondria! DNA

17. Michael W. Lieberman, Washington University School of
Medicine. The role of chromatin structure in DNA excision
repair

18. William A. Hasehine, Sidney Farber Cancer Institute. Studies
of ultraviolet light-induced DNA damage



Thursday, AprU 9, 1981
Morning Session—8:30 AM

Chairman: F. J. dc Scrres, National Institute of Environmental
Health Sciences

19. F. J. de Scrres, National institute of Environmental Health
Sciences. Comparison of the induction of specific locus
mutations in wild-type and repair-deficient strains of
Neurospora crassa

20. Liane B. Russcllt and E. G. Bernstinc, Oak Ridge National
Laboratory. Mammalian mutagenesis: Future directions

21. John W. Drake, National Institute of Environmental Health
Sciences. Perspectives in molecular mutagenesis

Open discussion on future directions in mutagencsis.



ABSTRACTS

. Chemical studies of muttflenic damage and repair
B. Singer. Department of Molecular Biology and Virus
Laboratory, University of California. Berkeley, California
94720

Simple directly acting alkylanng agents can be classified in
terms of their mutagenic efficiency and their chemical
reactivity. The most mutagenic are the W-nitroso compounds
and these have a preference for reacting with nucleic acid
oxygens in vitro and in vivo. In contrast, the alky! suifates are
generally poor mutagens and react almost exclusively with
base nitrogens. Other classes of alkvlaiing agents also show
correlations between oxygen reaction and mutagenicity.
Ethylating agents are more oxygen-specific than the analogous
methylating agent and. in a substantial number of cases, also
more muta^^nic at lower levels of treatment.

Sites of substitution by ethyl nitroso compounds (e.g..
A'-ethy!-#-nitrosourea. JV-ethyl-iV'-nitro-JV-nitrosoguanidine)
in double-stranded nucleic acids are as follows: phosphate >
N7-G > O'-T. O4-G > N3-A > O4-T. OJ-C > other N. In
single-stranded nucleic acids the reactivity of the O2 of C. Nl
of A. and N3 of U. T, or C is considerably greater. Certain of
these derivatives have been shown in in vitro transcription or
ribosome binding studies to mispair, namely. O2-alkyl T,
O*-alkyl T. O'-alkyl G. O2-alkyl C, 3-alkyl C, 3-alkyl U or T
and l-alkyl A. In all cases, non-specific mispairing occurs with
high frequency. During in vivo replication such errors are
probably relatively rare but nevertheless postulated to occur.

There is evidence, to be discussed, that various types of repair
enzymes exist in bacteria and mammalian cells that can
remove, to varying extents, N-3 and N-7 alkyl purines,
O'-alkyl G, O2-alkyl T, O4-alkyl T. and O2-alkyl C.
Phosphotriesters in DNA appear to be very stable.

When substitution occurs on a site necessary for base-pairing
or in a site causing sieric hindrance or electronic shielding of
Watson-Crick sites, the result is ambiguity in transcription
rather than termination. It is hypothesized that any or all
unrepaired promutagenic lesions can be expressed as errors
during replication.



Other mutagens to be discussed in terms of their cherrical
reactions and repair are nitrous acid, hydroxylamine and
mcthoxyaminc. bisulfite, chloroacetaldehydc. and the metabolic
products of ben/o[«]pyrene and acrtylaminciluorene.

2. Regulation and functions of Escherichia coli genes induced by
DNA damage

Graham C. Walker. Biology Department, Massachusetts
Institute of Technology, Cambridge. Massachusetts 02139

We have used the operon fusion vector MucHAn. lac) to
generate a set of fusions within ihe Hscherichia coli
chromosome in which 0-galaclosidase (the product of (he lac/.
gene carried by the phagc) is induced in response to DNA-
damaging agents such as I'V. milomvein C". 4-nitro-
quinoline-l -oxide, and .V-mcthyl-.V'-nitro-.V-nitrosoguanidine.
This induction is not seen in we A or lex A cells. Genetic
analysis of these fusions indicates that /<'.v.-t is (lie direct
repressor of these induciblc genes. We have identified two
members of this set of induciblc genes as being uvrA and nvrH:
the products of these two genes are required for excision repair
of pyrimidine dimers and other lesions. In addition, we have
recently isolated a Mud(Ap. lac) insertion in the unuiC gene.
The product of this gene is specifically required for most

chemical mutagenesis in £". coli and for induciblc (Weiglc)
reactivation of UV-irradiated bacteriophage k. Expression of
/j-galactosidase in the i/m</C::Mud(Ap. lac) fusior ..ain was
induced by I'V and a variety of agents in a
we A'lex A '-dependent fashion.

pKMiOl is a 35.4 kb plasm id derived from the clinically isolated
plasmid R46. pKMIOI increases the susceptibility of cells to
mutagenesis by u variety of agents and also increases their
resistance to killing by UV. Because of its ability to increase
chemical mulagenesis. pKMIOI was introduced into the Ames
Salmonella tester strains and it has played a major role in the
success of the system. The effects of the plasmid on mutagencsis
and resistance arc not seen in ret-A or lex A cells. Moreover
pKMlOl suppresses the non-mutability of a imntCmulant. The
simplest interpretation of these results is that pKM 101 carricsan
analog of the chromosomal umuC gene. By a combination of
insertion mutagencsis. subcloning. and construction of deletion
derivatives, we have indentified an approximately 2000-bp

10



region of the pKMIOI DNA that is responsible for these effects.
Interestingly, this region of pKM 101 DNA is flanked by inverted
repeats raising the possibility that the genc(s) required lor
mutagencsis are. or once were, transposable.

3. Methylation-instructcd mismatch correction as a post-
replication error avoidance mechanism

B. W. Gliekman. Laboratory of Molecular Genetics. National
Institute of F.n\ ironmcntal Health Sciences. P.O. Box 122.1.1.
Research Triangle Park, North Carolina 27709

The error rate for DNA replication in Escherichia coli has
been estimated as one error per 10*-10" base pairs replicated.
This level of accuracy is considerably higher than that
predicted on the basis o<" Tret-energy calculations or that
achieved by DNA polyineiases in vino. The existence of an
excision repair mechanism acting upon mismatched base pairs
could account, at least in part, for the accuracy achieved in
vivn. Such a repair mechanism has been postulated to account
for a number of genetic observation-* related to gene
conversion and high negative interference phenomena.
Futhermorc. the increased spontaneous mutability of
Pnemococcus hex and /;. coli uvrE mutants that appear to
be deficient in the repair of some mismatched base pairs
indicates the involvement of mismatch repair in the
suppression of spontaneous mutation rates. The existence of a
mismatch repair system capable of efficiently correcting
mispaired bases implies that a strand discrimination system
must exist which allows the discrimination between the
"incorrect" newly synthesized daughter strand and the
"correct" original parental strand. As DNA methylation is a
post-replicational process (i.e.. newly synthesized strands are
under-methylated). DNA methylalion is one possible
mechanism allowing the discrimination between parental and
daug'vtcr DNA strands. In accordance with this hypothesis is
the observation that Dam mutants that arc deficient in
6-mcthy laden ine residues occurring at the 5'G-A-T-C.V
sequence are spontaneous mutators. These strains arc also
hypermutable by base analogs, e.g. 2-aminopurine Further
mutants of £. coli have been isolated that arc defective in
mismatch repair. These mutants, which include niutH, muiL.
mutS. and uvrE, increase spontaneous' base transition and
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frameshift rates by as much as I03. These mutations also affect
the level of negative interference seen in phagc crosses for
closely linked markers as well as cellular sensitivity to
alkylating agents. More direct evidence in favor of the above
hypothesis has been obtained from phage K heteroduplex
assays where the DNA strands are specifically methylated or
non-methylated. These experiments show the preferential loss
of the genetic marker carried on the non-methylated DNA
strand consistent with this hypothesis.
Acknowledgements: The work discussed includes results
obtained in collaboration with Dr. M. Radman (University of
Brussels) and Drs. P. Pukkila, R. E. Wagner and M. Mcsclson
(Harvard University).

4. DNA repair enzymes induced during the adaptive response to
alkylating agents

Tomas Lindahl. Department of Medical Biochemistry,
Gothenburg University, 40033 Gothenburg. Sweden

Several repair enzymes are induced in Esvherkhia coli as a
consequence of exposure to methylaiing ^agents such as
MNNG. These include at least" two" different DNA:
glycosylases. which act specifically on alkylated DNA by
catalyzing the release of 3-methyladenineand 7-methylguanine
in free form. The apparently most important repair function
induced during this adaptive response to alkylating agents,
however, reduces the. mutageriic- activity of-these agents by
allowing improved repair of O6-methylguanine (Cairns,
Schendel). This reaction,can be faithfully duplicated iij vino
employing cell-free extracts from adapted E. coli. The'-active
factor has-been shown to be an induced protein of mol. wt . /
about 17.000, which catalyzes the transfer of-a methyl group
from the Opposition of an alkylated DNA giianine residue to
one of its own cysteine residues. The protein acts in an
analogous fashion on ethylated DNA by removing the ethyl
group from O6-ethylguanine. The reaction is associated with'
suicide inactivation of the protein, since it appears to lack the
capacity to release the blocking alkyl group. There is no
detectable change in molecular weight of the _protfein
accompanying methylation, so the inactivation ^ probably
depends on the modification of a reactive sulfhydryj .group.
S-Methylcysteine has been identified in the methylated protein
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by amino acid analysis and by conversion of this residue to its
sulfone derivative . by ... hydrogen peroxide ' treatment.
S-Methylcysteine ' has not .been found previously in
enzymatically methylated proteins. oreover, the reactio/i

' represents the only known case of protein methylation that is
hot dependent on S-aderibsylmethionine as methyl donor. E.
coli mutants unable to respond to alkylating agents by
adaptat ion, (isolated by- P. Jeggo) also lack the
methyltransferase. while, mutants that express the adaptive
response in a constitutive fashion (isolated by B. Sedgwick)
also produce the methyltransferase constitutively. Thus, the
DNA methyltransferase acting on •'O'-methylguanirie appears
to be primarily responsible for the .adaptive response to the
mutagenic effect of'simple alkylating agents.

5. The nature and specificity of spontaneous' and induced
mutations in Escherichia coli -

Jeffrey H. Miller, Department de Biologic Moleculaire.
Universite de Geneve, Geneva. Switzerland"'

Recent results concerning' the sequence specificity of
spontaneous mutations and mutations induced by ultraviolet
light, ICR-191, and benzo[o]pyrene • diol-epoxide will be
discussed. Systems useful for the detectio.n of specific
frameshifts and deletions will also be described.

6. Mutagenic mechanisms in yeast

Christopher W. Lawrence, Department of Radiation Biology
and Biophysics, Uniyersity of Rochester Medical School,
Rochester, New York 14642

UV mutageriesis in yeast depends on the f-unction of the RAD6
locus," a gene that is also responsible for a.substantial fraction
of wild-type resistance,'-.suggesting tha.t this euka'ryote may.
possess a misrepair mechanism analogous .to that"proposed for
Efchetichia coli. The molecular mechanism responsible for

, RAD6 repair or recovery is not yet knpwn, but it is different
f.om either excision or recombination-dependent repair,

. processes carried out by-the other, two main repair pathways in
yeast' /?/4/^-dependent mutageriesis has been found to have
the.following characteristics. .. '
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1. It is associated at best with only a small fraction of
RA D6-dcpendent repair, the majority of the sensitivity of railf>
mutants being due to their lack of non-mutagenic repair. SRS2
metabolic suppressors restore a substantial fraction of UV
resistance to nul6 mutants but do not restore their UV
mutability. Strains containing mutations at loci (rev. umr) that
art' probably more directly involved in nuttagenesis arc only
mildly sensitive, and the;? is a poor correlation between their
sensitivity and muiationa) deficiency.

2. UV mutagenesis appears to require a large number of gene
functions, perhaps ten or more. Where examined in detail,
these genes haw been found to be concerned in the production
of only a specific range of mutational events, not all of them.

3. UV induces, on average, six to seven limes more transitions
than transversions, but the probability of a given base-pair
substitution at different sites in the genome can vary by more
than fifty-fold, even where flanking base-pairs arc identical
and excision is absent.

4. A substantial fraction of UV-indueed mutations. are
untargeted, that is. occur in lesion-free regions of DNA.

These data will be discussed within the contcM of current
models for misrepair mutagenesis.

7. Site-specific mutagenesis: A new system for studying the
molecular mechanisms of mutation by carcinogens

Robert W. Chambers, Department of Biochemistry. New York
University School of Medicine. New York. New York 10016

Most chemical carcinogens are also mutagens. Usually, they
are also eiectrophilic reagents that react at high electron
density regions in DNA forming covalent adducts. It is
generally believed that these adducts occasionally lead to
mutations during replication and/or repair. There is no direct
experimental evidence bearing on the molecular mechanisms
that are responsible for producing mutations from these
adducts. To complicate matters, there are at least 18 distinct
sites where adducts can form. Not all sites react with a given
carcinogen in vivo under a given set of conditions, but nvny
different adducts are almost always formed. In order to gain a
better understanding of how carcinogens produce mutations.
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and. hopefully, to obtain some insight into the relationship
beiween mutagenesis and carcinogenesis, we need to answer
the following questions: (1) Which of the covalent adducts that
form when a carcinogen reacts with DNA actually produce
mutations? (2) What kind of mutation does each different
premutational lesion produce? (3) W.hat role do the various
DNA repair systems play in producing these mutations?

We have developed a site-specific mutagenesis system that is
capable of answering these questions • directly and
unambiguously. The system involves gene G of bacteriophage
4>X174. Through a combination of chemical and enzymatic
procedures, we are able to introduce the covalent adduct to be
studied at a single preselected site in this essential gene. The
site-modified DNA produced is studied in vivo by transfection
of spheroplasts. Since one of the strands in the modified RF
DNA is wild-type, all of the normal viral proteins are
produced in the spheroplast and infectious mutant viruses are
assembled even when the mutation is lethal. Mutants that are
produced, regardless of their nature, are identified and
propagated using a host cell carrying a functional copy of <\>\
gene G on a plasmid. DNA isolated from different mutants is
sequenced in the region that carried the original covalent
adduct in order to identify the nature of the mutation
unambiguously. By studying the same type of adduct (e.g.. a
methyl group) at different positions in the purine or
pyrimidine rings, one at a time, it should be possible to
determine which adducts are mutagenic and which are not.
Furthermore, the same site-specific DNA adduct can be
studied in spheroplasts derived from cells carrying mutations
that produce defects in various DNA repair systems. By
comparing mutant frequencies and mutant types produced in
these different repair backgrounds, important information
concerning the role of DNA repair in producing mutations
from different kinds of lesions should be obtained.

. Single-stranded gaps as targets for in vitro mutagenesis

David R. Shortle, Department of Biology, Massachusetts
Institute of Technology, Cambridge, Massachusetts 02139

A stretch of single-stranded DNA (a gap) in an otherwise
duplex molecule has a number of structural features quite
different from the conventional Watson-Crick helix. These
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structural differences greatly enhance the reactivity of the
nucleotide sequence in a gap to at least two mutagenic
activities. (I) Cytosine residues in the single-stranded segment
become accessible to deamination by sodium bisulfite, a
reaction resulting in C to T transitions. (2) A gap can serve as
a primer-template for a mutagenic "repair" reaction with DNA
polymerase either by incorporation of base analogues or by
misincorporation of the standard four bases.

These two reactions can be utilized for site-specific
mutagenesis of DNA molecules in vitro by enzymatically
placing a gap, the target of mutagenesis, at a predetermined
site. To this end, a single nick is introduced into a circular
DNA molecule by a restriction endonuclease (in the presence
of an optimal concentration of ethidium bromide) at its
normal recognition sequence, or by SI nuclease within a
segment of DNA defined by a single-stranded D-Ioop formed
with a unique restriction fragment. In a subsequent reaction,
the exonuclease activities of DNA poiymerase I from
Micrococcus luteus convert the nick into a gap a few
nuclcotides in length.

With specifically gapped molecules as substrates for sodium
bisulfite mutagenesis, a number of site-specific mutations have
been constructed in SV40 and pBR322; and on sequence
analysis, a majority of these have proven to be C to T
transition events. More recently, other classes of base-change
mutations have been induced in pBR322 DNA by
misincorporation during gap "repair" catalyzed by the M.
luteus polymerase and T4 DNA-ligase in the presence of
manganese (II) ion. The efficiency of mutagenesis and the
types of base substitutions which occur during this reaction
will be described.

9. Specific consequences of polymerase infidelity: An expanded
view

Lynn S. Ripley, Laboratory of Molecular Genetics, National
Institute of Environmental Health Sciences, Research Triangle
Park, North Carolina 27709

Mutant T4 DNA polymerases which alter mutation rates in
vivo have been used to approach questions of replication
fidelity. Most studies have characterized "mutator" or
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"antimutator" polymerases by their influence upon base-pair
substitution mutation, particularly transitions. We are
extending the characterization of mutant polymerases to
include the role of T4 DNA polymerase in frame fidelity.

We conclude that T4 DNA polymerase indeed plays a major
role in frame fidelity from the observation that among 26 is
DNA polymerase alleles more than half increased or decreased
the revertant frequency of an rll frameshift between 3 and
2,000-fold. Furthermore, the revertant frequency at this
frameshift site was not altered by some polymerases known to
increase base-pair substitution frequencies. Thus, polymerase
mutants may provide a means to separate fidelity elements
which are uniquely important to either frameshift or to
base-pair substitution mutations.

Our approach provides a detailed description (including
frequency, location, and addition or deletion character) of
frameshifts produced in the presence of different polymerases.
The frameshifts arise in the T4 r/fBgene and are recognized as
"revertants" or "suppressors" of other T4 rllB frameshifts
having a defined genetic sign (+ or —). From several initial
tester frameshifts. spectra of suppressor frameshifts have been
determined for a number of polymerases. The frameshift
spectra of mutant polymerases ere distinct from the spectrum
of the wild-type polymerase. Furthermore, the mutant
polymerases have individually distinct propensities for
producing frameshifts at particular genetic loci. This specificity
has allowed us to correctly predict the influence of several
mutant polymerases on frameshifts other than those originally
tested and suggests an important correlation with particular
fidelity defects and frameshifts at particular sites. We believe it
particularly noteworthy that some polymerase mutants exhibit
a distinct bias in their influence upon the frequency of
frameshifts having different genetic signs. We plan to sequence
these frameshifts to determine their addition or deletion nature
and thereby gain a more precise molecular view of the frame
fidelity defects of these mutant polymerases.

10. In vitro replication of mutagen-damaged DNA: Sites of
termination

Peter D. Moore, Department of Microbiology, University of
Chicago, Chicago, Illinois 60637
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We have examined the effect of lesions, which in vivo are
potentially mutagenic, on in vitro DNA synthesis carried out
by a number of purified DNA polymerases using a #XI74
template. Both acelyl-aminofluorene (AAF) adducts and
UV-inducec! pyrimidine dimers arc blocks to elongation by
DNA polymerases. On UV-irradiated DNA templates syn-
thesis terminates one nucleotide before the sites of pyrimidine
dimers with all of the enzymes tested: pol I and pol III
holoen/yme from Escherichia colt, T4 DNA polymerase. AMV
reverse transcriptase, and a mammalian DNA polymerase a.
With AAF, which reacts at the C-8 position of guaninc.
differences are observed between the enzymes, with the latter
two inserting a nucleotide opposite the site of the lesion.
Substitution of Mil' for Mg** as the cation in the pol I
reactions causes changes in the termination pattern on both
UV-irradiated and AAF-reacted templates. The significance of
these results to the process of inducible error-prone repair and
the possible bypass of lesions in the DNA will be discussed.

. Infidelity of DNA synthesis as a basis of mutagenesis

Lawrenci A. Loeb. Roeland M. Schaaper. Thomas A. Kunkel.
and Clyde W. Shearman. The Joseph Gottstein Memorial
Cancer Research Laboratory, University of Washington.
Seattle. Washington 98195

The effect of mutagens on the fidelity of D N A synthesis has
been measured with polynucleotides and natural DNA
templates. The concept is that certain agents damage DNA
and promote misincorporation during copying of the altered
template by purified DNA polymerases. Alternatively,
alteration of the polymerase itself may render the enzyme less
accurate. Factors that promote infidelity include certain
divalent metal ions, alterations in nucleotide pools, small
alkylating agents. X-ray damage, and depurination. We have
focused on the mutagenic consequences of depurination.
Firstly, depurination leads to an increased misincorporation of
non-complementary nucleotides into synthetic polynucleotides
when copied by purified DNA polymerases. Secondly,
depurination of <£XI74 ami DNA in vitro leads to enhanced
mutagenesis when this DNA is copied by pol I. Alkaline and
neutral sucrose gradient analysis of a single restriction
endonuclease fragment obtained from the product of the pol I
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reaction on depurinated </>X174 <w;3 DNA is highly mutagenic
when transfected (without in vitro synthesis) into spheroplasis
derived from bacteria that were previously exposed to UV light
to induce SOS repair. The increase is as great as 20-fold and is
proportional to the number of apurinic sites. The mutagenic
effects of depurinalion in all three assays can be reversed by
alkali treatment of the depurinated DNA, suggesting that it is
indeed the depurinated site that is responsible for the
mutagenic effect. Previous in vivo efforts at measuring
increased mutagenesis due to depurinalion have been negative,
possibly because the involvement of error-prone pathways was
not assessed. Thus, mutagenesis associated with known
carcinogens that enhance depurination could result from
misincorporalion opposite apurinic sites.

12. Passive polymerase control of DNA replication fidelity:
Evidence against rare tautomer involvement in base transition
mutations

Myron F. Goodman and Susan Watanabe, Department of
Biological Sciences, Molecular Biology Section. University of
Southern California, University Park, Los Angeles. California.
90007 and Elbert W. Branscomb. Biomedical Sciences
Division, Lawrence Livermore Laboratory, University of
California, Livermore. California 94550

Nearly three decades have elapsed since Watson and Crick
elucidated the structure of DNA and explained its A-T. G-C
base-pairing rule in terms of hydrogen bonding. In their
original papers, Watson and Crick also proposed a mechanism
to explain base mispair transition mutations in which
nucleotides in solution assume alternative tautomeric forms
that differ in their base-pair hydrogen bonding properties.
These proposals established a dichotomy in the understanding
of base-mispairing mutagenesis that is yet to be resolved. To
predict the frequencies of mispair formation, do we need to
know the relative strengths of the bonds formed between all
possible normal pairs, or do we need to know the
concentrations of all possible rare tautomeric mispairing forms
of the bases; must we take both into account, or perhaps
neither? Until now, the ambiguous base-pairing behavior of
2-aminopurine (AP) has provided perhaps the strongest
rationale for postulating rare tautomer involvement in
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mutagcnesis. However, based on data using AP to measure the
frequencies cf forming AP'T and AP-C mispairs, we conclude
that tautomer models do not explain AP-induced mutagenesis
and are, in fact, contradicted by the data. We will propose a
counter hypothesis to explain mutagenesis in which lautomers
play no essential role in causing base-mispairing. The data
referred to above show that when AP replaces A in a DNA
template, C misinsertion is observed to increase by 35- to
150-fold depending on nearest neighbor-primer base stacking
interactions. When dTTP and dCTP compete simultaneously
for insertion opposite AP, C is inserted 5% of the time. Yet the
Vmax for T and C insertions are the same while the KM'S differ
by about 20-fold (KM *** 20 KM). This result is consistent with a
"passive polymerase" theoretical model in which base selection
is governed not by the enzyme, but rather by differences in
base-pairing free energies.

13. The imitator phage mu

A. I. Bukhari. Cold Spring Harbor Laboratory, Cold Spring
Harbor, New York 11724

The following two subjects will be discussed.

1. Mu-induced mutations and DNA rearrangements caused by
Mu in Escherichia colt.

2. Analysis of spontaneously arising X mutants of prophage
Mu in E. colt.

14. Prokaryotic tnnsposons with emphasis on TnIO

Nancy Kleckner, Department of Biochemistry and Molecular
Biology, Harvard University, Cambridge, Massachusetts 02138

The prokaryotic transposon TnIO is 9300 bp long with 1400 bp
inverted repeats at its ends and TetR genes in the middle. The
two repeats, called ISIO-R and -L. contain all of the
TnlO-encoded sites and functions required for transposition.
Each IS10 is itself a structurally intact transposable element.
However, only IS10-R is fully functional; ISI0-L has
degenerated and functions very poorly. Genetics shows that
ISIO-R encodes at least one transacting function which acts at
sites located at the two ends of TnlO. Genetics has also shown
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that TnIO transposition is tightly regulated, and models for
this regulation will be discussed. DNA sequencing shows
1SI0-R to be 1329 bp long with a single open coding region
extending from bp 108 at the outside end of TnIO to bp 1313
at the inside. In vitro transcription studies have identified the
promoter likely to be responsible for expression of this
function and have unexpectedly revealed a second promoter
that overlaps and opposes the first, giving rise to a transcript
extending outward across the end of TnlO. Regulatory and/or
mechanistic roles for this promoter are being investigated. The
mechanistic and regulatory properties of TnIO will be
compared with those of other prokaryotic transposable
elements.

15. Mutable Ty elements in yeast

Gerald R. Fink, Section of Biochemistry, Molecular and Cell
3iology, Cornell University, Ithaca, New York 14853

Ty elements can transpose into a gene by a non-homologous
recombination event. Like bacterial transposons, the Ty
elements are flanked by a short duplication of the target
sequences. Once present in a gene the Ty element causes a variety
of chromosome aberrations including excision, transpositions,
translocations, inversions and deletions. The translocations and
inversions appear to occur by a reciprocal recombination event
between Ty elements located on the same or on different
chromosomes. These events not only create the aberrations but
also form hybrid elements as products of the recombination
event. The insertion of a LIRAf gene within the Ty element has
permitted a closer examination of the events which occur at a Ty
element. Many of the events involve a gene conversion between a
Ty element at his4 and another element in the genome. These
events lead to the formation of hybrid elements at the site of
insertion. The new elements have unusual regulatory effects. The
original Tyl insert causes a His" phenotype. The new elements
created by gene conversion can have either a His* or a His*
phenotype. Some of these new Tyl elements are under mating
type control and some are not. Some, which are His* arc in one
orientation, others, which are Hs\ are in the opposite
orientation. Thus, the Ty elements are a varied group of elements
with radically different effects on adjacent DNA sequences.
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The Ty elements are controlled in trans by Spin genes (Sp =
suppressor, m = muiator). The Spin genes appear to affect the
delta elements of a Ty. The nature of the Spin mutation will be
described.

16. Mutagenesis and repair in yeast mitochondrial DNA

E. Moustacchi and M. Heude, Institut Curie-Biologic. Centre
Uuiversitaire, Batiment 110.91405 Orsay. Fiance

The mitochondrial DNA (mtDNA) is a dispensable genome in
the facultative acrobc Saccharomyces cerevisiae. Since cell
viability is maintained even if mtDNA is nonfunctional,
mitochondrial mutagenesis can be studied. Marked dissimilari-
ties exist between nuclear and mtDNA with respect lo base
composition, structure, multiplicity, and heterogeneity of
molecules; differences in niutagcnic processes are consequently
expected. M itochondiial mutants belong to two classes that both
exhibit non-mendelian inheritance; the rho (or "petite"
mutation) results from massive deletions with a preferential loss
of a specific segment accompanied by repetitions of retained
sequences; the other type is due to point mutations or small
deletions and includes antibiotic resistant mutants {ant") and
mutants defective in the synthesis of one or more components of
the nitochondrial membrane complex (mif) or in the mitochon-
dria: protein machinery (syii). The rho~ mutation is extremely
frequent even spontaneously (from 1 to a few percent), whereas
mitochondrial point mutations are relatively rare even in induced
mutagenesis. Nuclear mutations due to molecular modifications
similar to those seen in rho' are rather infrequent. The genetic
control of mitochondrial mutagenesis requires gene products
involved either(l) in both nuclearand mitochondrial mutagene-
sis, the genes being located in the nucleus; or (2) specifically in
mitochondrial mutagenic processes, the genes being located
either in the nuclear or in the mitochondrial genomes.

Since the frequency of rho~ mutants and the loss of mitochon-
drial genetic markers by UV can be modulated according to
growth phases, the genetic background (rad, uvsp, gam genes,
etc.), dark holding in presence or absence of protein synthesis
inhibitors, etc., it was hypothesized that mtDNA-induced lesions
could be repaired in certain conditions. Indeed, pyrimidine
dimers in mtDNA can be photoreactivated but not removed in a
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controlled process, as in the nucleus, by excision repair. When
growing cells arc UV-trented, a degradation of the mtDNA is
observed and this is accompanied by a reduction in si/e of
miDNA parental molecules. However, this is followed upon
transfer in growth medium by restitution of high molecular
weight mtDNA molecules. Consequently, it is proposed that the
recovers1 of the rho' phenotype is due to a non-excision dark
repair process possibly 1cpending upon replication and or
recombination acting on uimagcd mtDNA.

The comparative susceptibility of the nuclear and milochondrial
genomes to different families of chemicals will be presented and
the consequences in terms of genotoxicity testing will be
discussed.

17. The role of chromatin structure in DNA excision repair

Michael W. Liebcrman. Department of Pathology, Washington
University School of Medicine. St. Louis, Missouri 63110

Work from a number of laboratories recently has demonstrated
that alterations in chromatin structure occur during excision
repair in mammalian cells. It is now clear that when cells are
damaged with a wide variety of chemical agents or ultraviolet
radiation, almost ail of the repair synthesis is initially sensitive to
staphylococcal nucleate. With time, there is a redistribution of
the counts incorporated during excision repair synthesis so that
many of them become nuclease resistant and associated with
nucleosome core length DNA. In our laboratory, we have
demonstrated this phenomenon in human cells damaged with
/V-acetnxy-2-acetylaminofluorene. 7-bromomethylbenz [a] an-
thracene, and ultraviolet radiation. It is clear from the work of
others that the phenomenon is not unique to human cells since
Af/ican green monkey cells damaged with cither ultraviolet
radiation or angelicin also show an initial nuclease sensitivity of
repair-incorporated nucleotides follow by rearrangement. Two
models to explain these observations have been proposed: one
suggests that there is an unfolding of nucleosomes during
excision repair followed by a refolding, while the other suggests
that sliding of core proteins with respect to DNA occurs during
excision repair. These models, as well as recent data bearing on
them, will be discussed.
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18. Studies of ultraviolet light-induced DNA damage

William A. Hascltine, Sidney Farber Cancer Institute. Harvard
Medical School,44 Binney Street, Boston, Massachusetts 02115

DNA fragments of defined sequence are used as probes to study
DNA damage and repair. The case of ultraviolet light will be
presented. Topics covered will include:

Description of the distribution of cyclobutane pyrimidine
dimers within defined DNA sequences. Considerations of
the effect of neighboring base composition, dose rate, and
double- or single-stranded property of the DNA will be
discussed.

Dissection of the anatomy of the incision event and
subsequent repair steps. A three-step incision model for
repair of cyclobutane dimers by the Micrococcus luieus
repair enzymes will be presented. The steps are (I)
recognition of the lesion and N-glycosylase scission, (2)
cleavage of the phosphodiester bond 3' to the newly-created
AP site, and (3) scission of the AP sugar on the 5' site.

Report of the use o" human alphoid sequences as indicators
of DNA damage in intact human cells.

Report and discussion of the biological significance of a
novel ultraviolet light-induced photoproduct. This photo-
product occurs at pyrimidine-cytosine sequences and may
have a significant biological role.

19. Comparison of the induction of specific locus mu» u>ns in wild-
type and repair-deficient strains of Neurospora crassa

F. J. de Serres, Office of the Associate Director for Genetics,
National Institute of Environmental Health Sciences. Research
Triangle Park, North Carolina 27709

By using the ad-3 test system in Neurospora, it is possible to
detect specific locus mutations at the ad-3 A and ad-3B loci, and a
quantitative and qualitative comparison can be made between
mutations resulting from intralocal changes (point mutations) or
multilocus changes (interstitial or small chromosome deletions).
In addition, by comparing wild-type and repair-deficient strains,
it is possible to determine whether the process of mutation
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induction is under the genetic control of other loci in the genome
and to what extent this control results in quantitative and ov
qualitative changes at the two loci in the ad-3 region.

By using haploid strains, it is possible to make comparisons
between point mutations at the ad-3 A and ad-3B loci: by using
two-component heterokaryons for the ad-3 A and ad-3B]oc'\. it is
possible to recover, in addition to point mutations, multilocus
deletions covering ad-3A or ad-3B or both loci simultaneously
(in addition to other loci in the immediately adjacent regions).

Recent studies on comparisons between the induction of specific
locus mutations in wild-type and repair-deficient haploid strains
will be reviewed as well as comparisons between wild-type and
repair-deficient two-component heterokaryons. Studies of the
effects of physical and chemical mutagens in these two different
assay systems have shown that the process of the induction of
specific locus mutations in the ad-3 region is under the control of
other loci in the genome and that both quantitative and
qualitative differences in the spectrum of genetic alterations can
be obtained.

20. Mammalian mutagenesis: Future directions

Liane B. Russell and E. G. Bernstine, Biology Division, Oak
Ridge National Laboratory, Oak Ridge, Tennessee 37830

In mammals, the pathway between administration of a potential
mutagen and perceived damage in an offspring is long and
complex. The ultimate response depends on (a) what reaches the
germ-cell target, (b) the types of genetic lesions induced in
specific germ cells by this agent, (c) factors that influence
translation of these lesions into genetic alterations in the
conceptus, and (d) relations be^veen specific classes of altered
genotypes and kinds of phenotypic impairments. Because of
these complexities, valid estimation of genetic risk will, for some
time to come, have to be based on whole-mammal assays; and
any newly developed whole-mammal tests that attempt to short-
cut the pathway will have to be carefully validated against
actually inherited mutational damages of various kinds.

Unless mammalian mutagenesis is to remain an empirical
endeavor, an understanding of the factors that influence the



pathway is of major importance. One of these, which is presently
under investigation, is repair of mutational or premutational
lesions and its relatioi, !o genotype, cell stage, and type of lesion.
Basic to an understanding of several of the steps in the pathway
outlined above is the structural (and evci; f!ne-siructural) nature
of the lesions recovered in various assays. This must be related to
the circumstances of induction in the parent, on the one hand,
and to phenotypic effects in the offspring, on the other-
relations that are important in predicting genetic risk. In
addition, the altered genotypes recovered in mutational assays
provide tools for studying the Tine structure of genomie
organization as well as gene action in mammals. Recombinant-
DNA techniques, in combination with a variety of genetically
well-characterized mutations and altered chromosomes, offer
clear possibilities for increasing our understanding of induced
mutational events in the mouse.

21. Perspectives in molecular mutagenesis

John W. Drake. Laboratory of Molecular Genetics. National
Institute of Environmental Health Sciences. Research Triangle
Park. North Carolina 27709

The models and paradigmsthat underliea vigorously developing
science may tend lo stifle progress or may serve to sharpen the
knife edge of paradox. Working out mutagenic mechanisms is a
conceptually and technologically demanding task, and we are
accumulating an increasingly uncomfortable number of experi-
mental and theoretical inconsistencies. Kirst. there continue to be
widespread difficulties in specifying the chemical nature of
mutagenic DNA alterations, both because of the multitude of
DNA reaction products induced by many mutagensand because
of the intrinsic rarity of most mutational responses. I-or instance,
alkylation of the O6 position of guanine i o generate adducts of
modest dimensions is widely believed to form the basis for the
mutagenic and carcinogenic actions of numerous chemicals.
However, while this scheme is supported by in vino evidence, it
has failed to explain why bacteriophages can be thusalkylated in
vino by MNNG without the production of mutations, or why
microbial cukaryoles alkylated by EMS or MNNG display no
mutagenic response when their "error-prone repair systems" arc
mutationally inactivated. Second, a base pair is typically



mutated at vastly different rates, and with different directional
specificities, when it resides at different positions within a gene:
whereas very little of this variability is explained by current
theories which aim to describe the determinants of fidelity in
DNA replication. (Some sizable portion of this variation now
appears to depend not only upon neighboring base-pair
influences but also upon much more subtle and distant effects.}
Third, experimental modifications of cn/ymatif fidelity by
means of ammo acid substitutions, and perhaps also cation
replacements, lead to such a diversity ol modified mutation rates
as to seriously challenge the ability of any simple theorv to
organize the experimental observations into a coherent and
predictive network.
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BIOLOGY DIVISION ANNUAL RESEARCH CONFERENCES

1948 Symposium on Radiation Genetics
1949 Symposium on Radiation Microbiology and

Biochemistry
1950 Symposium on Biochemistry of Nucleic Acids
1951 Symposium on Physiological Effects of Radiation at the

Cellular Level
1952 Symposium on Some Aspects of Microbial Metabolism
1953 Symposium on Effects of Radiation and Other

Deleterious Agents on Embryonic Development
1954 Symposium on Genetic Recombination
1955 Symposium on Structure of En/ymes and Proteins
1956 Symposium on Biocolloids
1957 Symposium on Antibodies: Their Production and Mech-

anism of Action
1958 Symposium on Genetic Approaches to Somatic Cell

Variation
1959 Symposium on Enzyme Reaction Mechanisms
1960 Symposium on Mammalian Genetics and Reproduction
1961 Symposium on Recovery of Cells from Injury
1962 Symposium on Specificity of Cell Differentiation and

Interaction
1963 Symposium on Macromolecular Aspects of the Cell Cycle
1964 Symposium on Molecular Action of Mutagenic and Car-

cinogenic Agents
1965 Symposium on Hormonal Control of Protein

Biosynthesis
1966 Symposium on Differentiation and Growth of Hemo-

globin- and Immunoglobulin-Synthesizing Cells
1967 Symposium on Chromosome Mechanics at the Molecular

Level
1968 Symposium on Molecular Aspects of Differentiation
1969 Symposium on Protein-Nucleic Acid Interaction
1970 Symposium on Cellular and Macromolecular Aspects of

Aging
1971 Symposium on Membranes and the Coordination of

Cellular Activities
1972 Symposium on Molecular Basis of Human Genetic

Disease
1973 Symposium on Molecular Cytogenetics
1974 Symposium on Mechanisms in Recombination
1975 Symposium on the Biology of Radiation Carcinogenesis
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1976 Symposium on mRNA: The Relation of Structure to
Function

1977 Symposium on Mechanisms of Tumor Promotion and
Cocarcmogenesis

1978 Symposium on Genetic Mosaics and Chimeras in
Mammals

1979 Symposium on the Scientific Basis of Toxicity
Assessment

1980 Symposium on DNA-Multiprotein Interactions in
Transcription. Replication, and Repair
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