
CONF-8707103—Absts.

DE89 003548

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply ils endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

II

BOOK OF ABSTRACTS



25 YEARS Of DNA HBtAJR

Richard t. Sat low*

.Biology Department

Brookheven National Laboratory, Upton, NY H973 USA

The crucial experiments Identifying pyrliuldlna diners
aa lesions in DNA were done in 1962, but the history b«glne
in 1935 and covars many subjects and people up to the present.
My personal view of the history is summsrlted as follows:

1935 Recovery of uv-irradlated bacteria
1939 The wavelengths effective in rautageneais are those .

absorbed by nucleic acide
1944 Bacterial transforming principle is DNA
1949 Fhotoreactivation (PR)
1949 Liquid holding recovery (LHR)
1952 The infectious material of bacterial viruses is DMA
1953 Watson-Crick double helix
1955 Host cell reactivation
1958 Jk. coll B B - l

1959 PR works engymatically on DNA
1961 v-gena reactivation
1961 Thymine dinners
1962 Dimers inactivate DNA
1962 PR works on dlmers
1963 "Repair Replication"
1964 Nucleotide excision repair of DNA in gj. coll
1964 LHR overlaps PR
1966 Strand break repair in E^ coll
1966 Excision repair in mammalian cells
1968 Xeroderma pigmentosumi Humans defective In repair

of UV-damage
1974 Alkylation repair ^nd carcinogenesis
1975 Ataxia telangiectasia: Humans sensitive to ionizing

radiation
1977 Adaptive response to alkylation
1983 Molacular understanding of bacterial repair systems

Transfer of human repair genas to repair-deficient
mammalian cells

1964 Excess internal cancers in xeroderma pigmentosum
1986 Heterogeneity in DMA repair among genes in

mammalian cells

*Work supported by the Office of Health and Environmental
Research of the U.S. Department of Energy.
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THE DYNAMICS OF THE ESCHERICHIA £O_LJ UVR NUCLEOTIDE EXCISION

REPAIR SYSTEM.

L. Grossman, P.Caron, S. Mazur and E.Y. Oh.

Biochemistry Department, The Johns Hopkins University

Baltimore, MD 21205.USA

Having cloned, mapped, sequenced and amplified the E. coli uvr A, uvrB
and uvrC genes made available to us reagent quantities of reagent quality
Uvr proteins for in-depth mechanistic studies. The experimental results to
date have provided insights into the four-step nucleotide excision reactions
(incision, excision, resynthesis and ligation) which, as indicated below, lead
to insights into the highly plastic nature of the Uvr proteins as well as the
DNA substrate-effector relationship. These separate pathways will be
discussed in detail:

I - PREINCISION REACTIONS
step I - UvrA dimerization:

ATP + 2 UvrA ~» (UvrA)2
step 2 - Nucleoprolein formation:

(UvrA>2 + DNA -* (UvrA^DNA
step 3 - UvrAB nucleoprotein formation:

(UvrA)2"DNA + UvrB — UvrA2B DNA
step 4 - Topologica) unwinding;

UvrA2BDNA + ATP -> ATPn-UvrA2B t uDNA
[tu-topologically unwound]

step S - Translocation:
ATPn-UvrA2B tuDNA - ADP + Pj + UvrA2B tuDNA

Damaged site primed
for incision by UvrC

i ! - INCISION REACTIONS
step 6 - Dual endooucleolytic events:

UvrA2BtuDNA • UvrC — U v ^ B C t u D N / * -» UvrA2BCinDNA
[inDNA » incised damaged DNA]

Hi - EXCISION REACTIONS
step 7 -UvrD:DNA polyraerase I interactions:

UvrA2BCinDNA*+ UvrD + pol I + 4 dNTPs — 2 UvrA + UvrB +UvrC
+ res.nicked-DNA

IV - HCATION REACTION
step 8 - Polynucleolide ligase reaction:

res,nicked DNA + ligase + ATP -» repDNA + AMP + ligase



GENES AND PROTEINS REQUIRED FOR NUCLEOTIDE EXCISION REPAIR IN THE
YEAST gcerevlslae Errol C. Frledberg, Department of Pathology, Stanford
University School of Medicine, Stanford, CA 95305, USA.

In the yeast Saccharomyces cerevlslae five unlinked genes are
required for the Incision of UV Irradiated DNA during nucleotlde excision
repair In vivo. All five genes ( RAD I. RAD2. RAD3. RAD4 and RADIO) have
been isolated by molecular cloning. The nucleotlde sequences of the coding
regions predict that these genes encode polypeptldes of calculated tip «
126.2, 1)7 7, 89.7, 79 I and 243 kDa respectively All except RAD4 have
been tailored into expression vectors for overexpression of protein In yeast
and in Ecolt. and the proteins expressed In E.coll have been used as
immunogens to raise polyclonal antibodies in rabbits: In all cases
antibodies react specifically with the appropriate Rad proteins expressed In
yeast. Native Rad3 protein as well as a Rad3/0-galactosldase fusion protein
have been partially purified following their overexpression in yeast. Both
fractions exhibit DNA-dependent ATPase activity which Is inhibltable by
affinity-purified Rad3 antibodies. Additionally, the RAD3 gene is required
for yeast ATPase III activity, an ATPase distinct from Rad3 protein.

ALL five BAD_ genes are weakly expressed; however, the steady-state
level of RAD2 mRNA is Increased In cells exposed to a variety of DNA-
damaging agents. Deletion mapping of RAD2 upstream sequences suggests
that induction of this gene by DNA damage is positively regulated and
specific sequences required for induction have been identified. The RAO to
gene has been tailored into a mammalian expression vector and transfected
into excision-defective CHO cells from genetic complementation group 2
Cells containing amplified copies of RADIO express RADIO mRNA and Radio
protein. Stable transfectants containing amplified or non-amplified copies
of RADIO show* enhanced /sensitivity to UV radiation or mltomycln C,
relative to control cells without the gene.



ISOLATION AND CHARACTERIZATION OF GENES INVOLVED IN MAMMALIAN EXCISION
REPAIR.

J.H.J. Hoeijmakers, M. van Duin, M. Koken, A, Yasul, N.G.J. Jaspers,
A. Westerveld and D. Bootsma
Dept. of Cell Biology t Genetics, Erasmus Univ., P.O.Box 1738,
3000 DR Rotterdam, The Netherlands

The biochemical and genetic complexity of mammalian DNA repair
processes is amply illustrated by the extensive genetic heterogeneity
displayed by human repair syndromes and laboratory induced rodent mutants.
The understanding of the mechanism of repair systems and the relation-
ship between cancer and ineffective repair is dependent of the availabi-
lity of the genes and gene products involved.

One of the most straightforward approaches for the isolation of re-
pair genes relies on the correction of repair deficient cells by genomic
DNA transfection. This strategy has been successful using various Chinese
hamster ovary (CHO) mutants but has failed thusfar for human cells. We ,• V
have found that the poor transfection properties of many human cells ~\/
(particularly, the limited amounts of exogenous sequences incorporated
by these cells) are -at least in part- responsible for this failure.

Using a UV and mitomycin-C sensitive CHO cell line belonging to com-
plementation group 2 we have cloned the human excision repair gene ERCC-1 .
The cloning of other excision repair genes using CHO mutants are reci-
pients for DNA transfection is in progress. Gene transfer experiments
have shown that ERCC-1 is not defective in XP-complementation groups A,C,
D,E and F. Molecular analysis has revealed that the gene spans a region
of 15-17 kb on chromosome 13q1.3-2-1-3-3 and consists of 10 exons of
which exon 8 (72 bp) is alternatively spliced, generating two main RNA
species of 1.0 and 1.1 kb. Minor longer ERCC-1 transcripts arise by the
use of alternative polyadenylation sites. The two types of ERCC-1 mRNAs
encode largely identical proteins of 273 and 297 amino acids (aa).
Both polypeptides harbor a putative nuclear location signal and DNA bind-
ing domain. Only the larger protein which is, sufficient for correction
of the mutant, contains in addition a potential ADP monoribosyI at ion site.
Mutation analysis suggests that tlie N-terminal part of ERCC-1 protein is
less essential for its function. This Is supported by aa-sequence compa-
rison of human and mouse ERCC-1, which shows that the N-terminal region
displays the lowest level of sequence conservaiJon. Computer analysis re-
vealed significant aa-homology between ERCC-1 and the yeast excision re-
pair protein RADIO and with parts of the E.co1i uvrA and C proteins.
This strong evolutionary conservation prompted us to investigate whether
other repair genes are conserved as well and whether they can be isolated
on the basis of nucleotide sequence homology starting from cloned yeast
repair oenes. Preliminary results obtained with the yeast RAD1 gene will
be presented (In collaboration with Or. S. Prakash, Rochester).



SYNTHETIC DNA PROBES TO STUDY REPAIR AND MUTAGENESIS OF ALKYLATED
DNA BASES AND m-PLATINUM ADDUCTS

John M. Essismann, Department of Applied Biological Sciences
Massachusetts Institute of Technology, Cambridge, MA 02139

This presentation will focus on a system for examining the after-effects of DNA damage
The approach described involves building defined DNA adducts of chemical carcinogens,
chemotherapcutic agents, and radiation into a genome at a known site and then introducing the
modified genome into cells, or exposing it to purified repais proteins in vilro. The goal of these
investigations is to probe the biochemical mechanisms by which DNA lesions exert their lethal
and mutagenic effects.

An example of this approach is our studies on O6-methyiguanine, one of the adducts
formed by DNA alkylating agents. A tetradeoxynucleotide containing this modified base, 5'-
d(TpGO6MtpCpA}-3\ was chemically synthesized and then ligated into a four-base gap situated
in the genome of MI3mp8, an Escherichia coli virus. The site-specifically modified genome
was used to transfect E. coli to produce progeny phage. When the transfecting genome was
single-stranded, the mutation frequency of Oe-methylguanine was 0.4%. The mutation
frequency of the adduct in double-stranded DNA was approximately 20-fold lower, a result that
probably reflects the known preference of the O6-methylguariipe repair protein for a duplex
substrate. DNA sequencing of the mutants showed that O*-methylguanine induced exclusively
targeted guanine-to-adenine transitions. In further studies, treatment with N-methyl-N'-
nitrosoguanidine was used to deplete cellular stores of the repair protein for O6-methylguanine
We found that the level of mutagenesis due to the adduct increased linearly with the dose of
MNNG, from the value of 0.4% indicated above, to approximately 20%.

Recently, we have extended these studies to include investigation of mutagenesis and
repair of DNA adducts located in the chromosomes of mammalian cells. An SV40-based shuttle
vector was constructed, into which an oligonucleotide containing O*-methylguanine was
inserted. The vector was introduced by transfection into Chinese hamster ovary cells, where the
shuttle vector integrated into the hamster chromosome. After about fifteen cell divisions, the
shuttle vector was excised from the host chromosome by COS fusion, amplified in bacteria, and
the DNA sequence was determined in area of the vector genome that originally contained the
O6-methylguanine residue. The result was obtained that 8-15% of the replicated shuttle vectors
contained a mutant adenine at the site originally occupied by the modified guanine base. In
further studies it was shown that the mutation frequency of the adduct was strongly modulated
by the level of the O6-methylguanine-DNA methyltransfe.ase in the host.

Similar studies will be described on extension of this technology to study biochemical
processing of the adducts of the chemical chemotherapeutic agent, cis-
diamminedichloroplatinum(M).



ANTINEOPLASTIC AGENTS INHIBITORS OF TOPOISOMERASE II

Yves Pommier

Laboratory of Molecular Pharmacology, National Cancer Institute

National Institutes of Health, Bethesda, MD 20892 USA

Treatment of mammalian cells with antitumor DNA intercalators (Amsa-
crine, Adriamydn, ElUpticines) and demethylepipodophyllotoxins (Etopo-
side, Teniposide) produce protein-linked ONA single- and double-strand
breaks. Alkaline elutions show that the breaks are associated with equal
frequency of DNA-protein crosslinks and that all the DNA fragments are
covalently bound to proteins. These proteins have been purified and
shown to be DNA topoisomerase II molecules.

DNA topoisomerases II (topo II) reversibly relax DNA supercoiling
and decatenate DNA molecules in the presence of ATP and Mg2+. DNA
supercoiling activity has been found only for prokaryotic topo II (DNA
gyrase). Mammalian topo II is bound to the nuclear scaffold at the base
of chromatin loops where it is involved in DNA replication, transcription,
and perhaps repair.

Antitumor drugs inhibit topo II by stabilizing covalent DNA-topo II
complexes (deavable complexes). The molecular Interactions between DNA,
topo II, and drugs can be studied with purified Mouse Leukemia L1210 topo
II and SV40 DNA. Native SV40 DNA is negatively supercoiled (Form I).
Drug-induced DNA single- and double-strand breaks can be detected easily
by the appearence of nicked circular (Form II) and linear DNA molecules
(Form III). Inhibition of topo II catalytic activity can be seen as a
reduction of DNA relaxation or catenation. The DNA sequence selectivity
of drug action can be investigated by mapping the location of topo II
cleavage sites in [32p]-end labeled DNA. Antitumor drugs appear only to
enhance DNA cleavage at sites that were already 1n existence by the
virtue of the topoisomerase II activity. Each class of drug produces a
specific DNA cleavage pattern.
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PHA ncr/iin ZM THS TBuwscamrn BTn*nn Of AN ACTIVE CIKE M
KAHMALIAN CELLS

laabal Hellon and Ph i l ip Hanawalt

Dipt, of l i o l o g i e a l Sclencaa, Stanford Univarai ty ,
Stanford. CA »*305-3020 USA

A quantitative approach to investigate ttw fine ttructure of e j c l d o n -
repelr In th« Aemaellen genoae hae nointlgr been developed in our laboratory
by lohr «t a l . <CeU *0iM9 (1983). Repeir of UV-induced pyriaidine diaera
in the aetlva dihydro?o"late raduccaaa (DHFR) gene in Chineae henater ovary
c a l l * • «« Sliovn %• a% await »e»« • f f jo i ent than that in a i lanc upitreea
•aquancaa or In tha genoae o v a r a l l . The preferent ia l repair of v i t a l
eequencaa auch a« DBFH a»y account for tha high UV raaiatanca of rodent
c a l l a in gplta of low ovacall rapeir afticianoia*. In aouaa cal-li Hadhani
«C a l . »*v* thom.. li.^t *«^uen:v« in tlit tf.tiv c-»4»l prstooncoKana ara
rapairad much moca «CCici«ntly than aa<juatw«a containing tha lncctlva e-aof
protooncogana (Cal l <iJi<tl7, 1986). In hun«n c a l l i y « h i v « found that th»
r»ta of rapair in thaTHFR gana ia graatar than that in tha ovarall ganoaa
or in tha nontranacrioai aipna unK injum^aa. triiAO o_2.oo7o, i 9a t ) .
Kaalatanco of human ca l la to UV corralata* with rapair in an ae««nti«I gan«
rather than with ovarai1 ganoraic rapair (PNA8 13i303O, 19B6>, Voa and
Banavalt (Call 5£ Aug 14, 1967 iaaua) hava »aaaorad rapair of paoraltn
photoaddueta in tha huaan DHPP. gana and hava ahovn that ao«t of tha
intaratrand eroaalinking but only half of tha aonoadducta ara r««ov«d within
2k houra. Rvplicativa bypaaa of tha monoadducta but not t;ha croaalink* was
alao daaonatrated. It i t l i k a l y that ao«t bulky lvaicna ID DNA poaa no
inaurnountabla problaat for r a p l i c a t i o n but thay nuat t>a raaovad froa
•aaanti»l tranacribad a«quanca< to maintain ca l lu lar v iab i l i t y .

Itrtha abova atudiaa va aaaaursd rapair in ( p a c i f i c DNA aaquancaa by
uting a nick tranalatad PMA prob« which hybrid!.*** to both PKA ttranda. Ma
hav« nov cona true tad plaaaida that allow *>• to indapandantly axamin* rapair
in tha tranecribad and nontranaeribad atianda uaing at iand-apaei f ic RKA
probaa. Wa find a draaatio diffaranca in tha af f io iancy of raaoval of
pyriaidin* diaara froa tha tranacribad and nontranacribad DNA atranda of tha
DUFR gana in hanatar and huaan c a l l * . In haaitar c a l l a SOX of tha dinara
hav« baan ramovad from tha tranactib«d atrand in • houra but l i t t l e rapair
haa occurred in tha nontranaeribad atrand in 24 houra. In huaan c a l l a ,
rapair ia aignificantly faatar in tno trenacrlbad atrand vt J>> DiiT." K«na.
Fureharaora, in tha 9' flanking raglon of tha huaan DHFR gana, a a l a c t i v o
rapid rapjir la found in tha oppoaita DNA strand raiativa to tna trau»tiivi»o
atrand of tha DHPP. gana. Thia atrand la thought to aarva aa a taoplata for
tranacriptlon of a divargant tranaoript. Va hypothaaiz* that an axci' ion-
rapalr coaplax aay ba couplad to tha tranacription aachinery to anauro
raaoval of trantoript ion-blocking laaiona. Additional fratly-diffuaing
rapair-eoaplexaa aay account for tha ropeir in nontranacribad DHA atranda
and in a i l e n t ragioni of the ^anoaa. Our flndinga hav« iaport*nt
isplicationa for aeohantoaa of axoiaion rapair and autagenonia in aaanallan
o a l l a . (Supported by granta froa tha Ijational Cancer Inat i tuta and the
American Canoar Sociaty)



RELEVANCE OF DNA REPAIR IN MALICNANT TRANSFORMATION BY
CHEMICAL CARCINOGENS

Manfred F. Rajewsky, Jurgen Thomale, Nam-ho Huh and Peter Nehls

Institut fur Zellbiologie (Tumorforschung). Universitat Essen,
Hufelandstrasse 55, D-4300 Essen 1, Federal Republic of Germany

Structural modifications of genomic Di<JA are primary events in the process
of malignant transformation by chemical carcinogens. Alkylating N-nitroso
compounds, such as the highly carcinogenic N-alkyl-N-nitrosoureas, are
now well characterized in terms of the nature of their reaction products
initially formed on oxygen and nitrogen atoms in DNA. Recent methodological
progress in molecular genetics and the development of ultrasensitive
detection methods (e. g . , anti-alkyldeoxynucleoside monoclonal antibodies
with affinity constants = 10^1 l/mol) allow us to determine the sites and
distribution of specific DNA alkylation products in defined. DNA sequences.
Considerable advances have also been made regarding the characterization
of the varying capacity of different types of mammalian cells for enzymatic
removal from DNA of specific alkylation products (e . g . , of O6-alkylguanine,
which may cause GC-AT transition mutations if persisting unrepaired
through DNA replication in proliferation-competent target cells). We have
attempted to evaluate the importance for the risk of malignant conversion,
of the specific enzymatic elimination of O6-ethylguanine (O^-EtGua) from
the DNA of cells exposed to N-ethyl^-N-nitrosourea (EtNU) in vitro.
O6-EtGua repair-proficient (R+) variants were isolated from cloned O6-EtGua
repair-deficient (R~) 208F rat cells. Contrary to the R~ cells, the R +

variants exhibited Q6-methylguanine-DNA methyltransferase activity. R~
and R+ cells were briefly treated with EtNU, and the frequencies of ptied-up
foci and of colonies formed in 0.15 % agar medium were determined as well as
the tumorigenicity of cells derived from agar colonies. After exposure to
500yug of EtNU /ml, the frequency values for the R+ variants were up to
20-fold (piied-up foci) and 50-fold (agar colonies) lower than those obtained
for the R~ wild type. In contrast to cells derived from R+ variant agar
colonies (0 /8 ) , the cells from 4/6 R~ agar colonies were highly tumorigenic
in syngeneic animals. After exposure to activated benzo(a)pyrene (BPDE i ) ,
no significant differences were found between R~ cells and R+ cells with
respect to the frequencies of piled-up foci. The specific enzymatic removal
of O^-EtGua from the DNA of cells exposed to N-nitroso carcinogens thus
appears to provide substantial protection regard in a the risk of malignant
transformation.

(Supported by Deutsche Forschungsgcmeinschaft. SFB 102/A9, and by
BYK Gulden Fonds fur Experimented Krebsforschung).



CHROMATIN CONFORMATIONAL CHANCES: RELATIONSHIPS TO DNA FRAGMENTATION.

Silvio Parodi, Maurizio Taningher, Cecilia Balbi, Maria Luisa A-

belmoschi, Patrizii Russo, Viviana Pisano.

1st. Nazionale Ricerca sul Cancro/Ist. di Oncologia Clinica e Spe-

rimentale dell'Universita- V.le Benedetto XV, 10 16132 GENOVA (Italy)

It has been shown that sedimentation at neutral pH of

DNA anchored to proteins of the nuclear matrix (nucleoids) is not only

sensitive to DNA fragmentation but also to changes in chromatin confor-

mation (P.D. Lipetz et al., Adv. Cancer Res., 36:165-210, 1982). Follo-

wing this indication we have tried to adapt the DNA neutral elution te-

chnique (M.O. Bradley and K.W. Kohn, Nucleic Acids Res., 7: 793-80A,

1979) to the detection not only of double stranded breaks but also of

changes in chromatin conformation. Nuclei were lysed in two different

ways: a) high ionic strength and little detergent (2M NaCl + 0.27. N-la-

uroylsarcosine sodium salt + 20 mM disodium EDTA, pK 10); b) high de-

tergent concentration (2% SDS + 20 mM disodium EDTA, pH 10).

Analyzing for proteins of the nuclear matrix remained attached to

DNA with the two types of lysis, large quantities of them were found

with the first type of incubation (the preparation appeared similar to

nucleoid preparations), and very little with the second type. We have

now several experimental evidences (for instance: P. Russo et al., Can-

cer Res., 47: 2866-2874, 1987) suggesting that a neutral elution per-

formed in the presence of nucleoid like structures is sensitive both

to breaks and changes in chromatin conformation.

The second type of lysis leaves a DNA practically completely naked,

sensitive only to double stranded breaks.

We propose this - double differential elution - as a method for di-

scriminating changes in chromatin conformation from real DNA fragmenta-

tions. Changes in chromatin conformation could be relevant for modula-

tions of cell differentation and also during the cell cycle.

Supported by CNR "Medicina Preventiva e Riabilitativa-SP 5" grant

N° 86.02062.56. and "Oncologia-SP 1", grant N° 86.00697.kh, and by AIRC

Project "Ruolo di modulazioni differenziative e di alterazioni genomiche

nel 1'evoluzione neopjastica".



nNAase 1-HYPERSENS1T1VE SITES OF THE c-Ha-ras-1 PROTO-ONCOGENF.
AS TARGETS FOR RAPID BENZOf^lPYRENF. BINDINTTfiNn REPAIR

Michael I. Lerman, Richard L. Norman, Linda Stevens,
Sherman F. Stinson and IJmberto Saff1ott1

Laboratory of Experimental Pathology, National Cancer Institute,
Rethesda, MD 20892

General correlations between covalent binding of carcinogens to
total cellular DNA and actual carcinogenic activity are insufficient to
explain the selectivity and specificity of carcinogenic responses and
the rarity of neoplastic events. We Investigated selective conditions
capable of revealing preferential binding of carcinogens to certain
regions of ONA, namely to DNAase I-hypersensitive (HS) regions, where
chromatin structure allows rapid DNA digestion with low doses of DNAase I
(0.1-1.0 Kunitz units for 3 min). We examined the binding of benzo[alpy-
rene {BP) in vivo to hamster liver DNA after a single intraportal injec-
tion. At selected times after BP, liver nuclei were isolated and then
treated with ONAase I (at 3 dose levels). Without DNAase digestion,
total BP binding was maximal at 10 min and 861 lower by 60 min. At 30
min, 80% of the bound BP was removed by DNAase I treatment; at 60 min,
DNAase I had no effect on residual bound BP. Thus, most BP appears to
be bound initially at ONAase I-HS sites, where rapid repair occurs,
whereas the fraction remaining after repair (14% at 60 min) appears to
be bound outside the HS sites.

The c-Ha-ras-1 proto-oncogene was examined in the same experimental
system. DNA, iioTated from nuclei treated as above, was digested with
restriction endonucleases (Eco RI or Bam HI), transferred by Southern
blotting and hybridized with & 0.5 kb v-Ha-ras probe. Treatment with 3
dose levels of DNAase I without BP showed progressive digestion of the
original restriction fragments and appearance of shorter fragments.
Treatment with BP alone (no DNAase) showed formation of a fragment of a
size also produced by DNAase I. When BP treatment was followed by diges-
tion with DNAase I, the HS bands were produced at lower DNAase doses
than without BP; at 60 min after BP treatment, evidence of repair was
seen. Thus the Ha-ras gene was found to have HNAase I-HS sites, selec-
tively affected by BP.

Mapping of the DNAase I-HS sites in the human c-Ha-ras-1 gene was
studied by DNAase I treatment of nuclei from normal human liver. Prelim-
inary results suggest that the DNAase I-HS sites are localized in the
promoter region and possibly in the VTR (enhancer) region. This local-
ization suggests that, if carcinogens damage these sites preferentially,
they may act by altering gene expression.
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IHHIBITING DNA REPAIR: MODELS, MANIPULATION AID JCISCOHCEPTIONE

Andrew Collins

Department at Biochemistry, University of Aberdeen

Narischal College. Aberdeen, AB9 IAS, UK

Although there is great interest at present in exploring the genetics
of DIA repair, the biochemical approach should not be neglected. In fact,
the two approaches are complementary; biochealcal assays are essential for
characterising the altered pbenotypes in nutant cell lines and in cells
transfected with foreign DHA.

DIA synthesis inhibitors are particularly useful for dissecting the
biocheaistry of DBA repair. Incubating UV-irradiated cells with
hydroxyurea and either cytosine arablnostde or aphldicolin seriously
impedes DSA polymerisation, causing the quantitative accunulatlon of
inconplete repair sites, and it is thus possible to analyse the kinetics of
incision, the rate-limiting step of nucleotide excision repair. On" removal
of inhibitors, ligation of the accumulated breaks can also be studied.

The myth persists that hvdroxyurea and cytosine arabinoside do not
affect repair DNA synthesis, for unscheduled DBA synthesis is still
detected In proliferating cells in the presence of the inhibitors. In all
probability, a much reduced rate of polynerisation Is balanced by a much
increased period of synthesis, since repair sites remain open for far
longar than normal.

Another common misconception is that DSA polymerase g is the main
repair synthesis enzyme. However, the potency of specific polymerase a
inhibitors (such as aphidicolin) at blocking repair argues strongly against
this.

Hydroxyurea acts on repair via a depletion of the pool of DNA
precursors. These pools can also be manipulated in a CHO-derived purine
auxotroph cell line. Ade~C, by transferring the ceils to medium lacking
hypoxanthine. DNA replication quickly comes to a halt, but an abortive
fora of repair continues. Repair synthesis and incision are detected, but
daaage is not removed. This abortive repair is associated with increased
cell killing and with an elevated Incidence of mutation.

Since the majority of cells in an adult organism are in a state of
quiescence and have very saali DIA precursor pools, the precursor-starvod
state obtained with hydroxyurea or with purine auxotroph6 n^y provide a
model system for evaluating effects of DNA danage ID vivo.
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ENZYME DEFICIENCIES IN INHERITED HUMAN SYNDROMES WITH

DEFECTIVE DNA REPAIR OR REPLICATION

Tomas Lindahl

Imperial Cancer Research Fund, Clare Hall Laboratories,

South Minns, Potters Bar, Herts, EN6 3LD, U.K.

We ere ^te'npting to establish functional assays with cell-free
systems t h o t d i s t i n g u i s h between c e l l s f 1*0111 normal I n d i v i d u a l s vs.
cells from human inherited syndromes associated with chromosome
Instability. Access to EBV-Immortalized lymphoblastoid cell lines
representative of different syndromes 1s Important to these studies,
because large amounts of cells grown In suspension cultures arc
required for the biochemical experiments.These Investigations may
facilitate the molecular cloning and characterization of the defective
genes in diseases such as Bloom's syndrome, xeroderma pigtnentosum,
ataxia-telangiectasia and Fanconi's anaemia.

As part of these ongoing studies we have measured the levels of
ONA ligase activities 1n si2e-fract1onated cell extracts from several
different lines representative of Bloom's syndrome. DNA ligase I,
which is believed to be active in DNA replication, is consistently
altered in such cells, whereas ligase II 1s normal. Two different types
of structural alteration In ligase I have been observed. Our data
support a model in which Bloom's syndrome Is due to a leaky point
mutation occurring at one of at least two alternative sites in the
structural gene for DNA lipase I.
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FANCONI ANEMIA : Genetics and correction of the defect

Ethel Moustacchi, Catherine Diatloff-Zito, Dietrich

AverbecK and Dora Papadopoulo

Institut Curie - Biologie, 26 rue d'Ulm, 75231 Paris Cx 05,

France

Fanconi's anemia (FA), an inherited autosomal recessive
disorder in man, belongs to the class of diseases characteri-
zed by chromosomal instability, predisposition to cancer and
possibly linked to deficiencies in DNA lesions processing.
Cells from individuals with FA have, among other features,
an increased sensitivity to agents that cause interstrand
DNA cross-links. When we started our work 3 years ago, the
number of genetic complementation groups involved in FA and
their phenotypic expression were not established, the role
and nature of defective DNA repair in the disease were con-
troversial and the expression as well as regulation of the
gene(s) concerned were completely unknown. The progress
accomplished by us and others along these thre.e Unas will
be reported. We have shown that the two genetic complementa-
tion groups reported for FA correspond to two phenotypic
classes identifiable by measurements of DNA semi-conservati-
ve synthesis after a DNA cross-linking treatment. This allows
a rapid classification of FA patients. On the other hand,
these two genetic classes can be distinguished on the basis
of clonogenic cell survival and in their ability to incise
psoralen photoinduced cross-links. We have shown that the
correction of the FA defect by transfection with high mole-
cular weight DNA from normal cells can be achieved and pre-
liminary results toward the cloning of the gene(s) involved
will be presented.



REPAIR OF 06-MBniYLDBCO(VGUANINE (O'medG) AND O*-MEIHYLTHYMIDINE
((T-meT) IN HAMSTER AND RAT PBTJ.fi

M. Serres, P. Degan, K. Bre"sil, G. Planche-Martel, C. P i c c o l i &
R. Montesano

International Agency for Research on Cancer

150 oours Albert Thomas, 69372 Lyon CSdex 08, France

The mutagenic and carcinogenic effects of methylating agents
like NMU or DMN are associated with the presence and persistence of two
DNA adducts: 06>medG and 0"-meT which possess miscoding properties during
DNA replication (1). In E. Coli both these DNA adducts are carried out
by the same 06-methylguanine DNA alkyltransferase (2), whereas in
mammalian cells the data are contradictory and limited.

The aim of the experiments reported is to compare the rate of
disappearance of 0**-meT from DNA extracted frcm hamster or rat cells after
treatment in vitro or in vivo respectively with NMU or DfW. . It is krown
that cells frcm these two species significantly differ in their capacity
to repair 06-medG. The level of these DNA adducts was carried out using
specific antibodies against these alkylated r.jcleosides following their
separation by HPLC.

Rat liver epithelial cells (IAR 27) and V 79Z hamster cells were
treated with 1WU (lmM) and the DNA adducts were then measured at various
times. The results show that the mutagenic response to NMU in these two
cell types (high mutagenic effect in V 79Z and low in IAR 27) parallels
the low repair of 06-medG in V 79Z versus IAR 27 cells; no such
correlation is observed with repair of O^-meT. The rate of repair of
Ô -meT and 06-medG in rat and hamster livers treated in vivo with EMN will
be reported.

References

1. Richardson K.K. et al. (1987) Proc. Natl. Acad. Sci. USA, 84, 344-
348

2. McCarty T.V. & Lindahl T (1985) Nucl. Acid Res., 13, 2683-2698
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IN VITRO CORRECTION OF CELLS FROM PATIENTS WITH MUTAGEN SENSITIVITY

N.G.J. Jaspers, L. Roza, W. Vermeulen, P. Linssen, A. Eker, J.H.J.
Hoeijmakers, 0. Bootsma

Oept. Cell Biology i, Genetics, Erasmus University, P.O. Box 1738,
3000 DR Rotterdam, The Netherlands.

An important strategy in the study of mutated cells is based on the
principle of correction. Correction of the mutation can be either genotypic
(DNA-mediated) or phenotypic (RNA- or protein-medlated). Its purpose can be
either characterisation of the mutated system by introduction of known fac-
tors, or identification of the non-mutated correct counterparts from the
wild-type system. Correction is also the basis of the analysis of the gene-
tic complexity of the mutated system by complementation studies. In human
cells this approach was first shown to be succesful with the inherited dis-
order xeroderma pigmentosum (XP).

Results will be presented from complementation studies on about 30
different patients with ataxia telangiectasia (AT). The relatively radio-
resistant DNA synthesis, characteristic of AT ceils.was used as a marker.
Four different complementation groups, named AB, C, D and E were discerned
so far.

Six patients with a genetic disorder were identified on the basis of
published clinical symptoms, i.e. microcephaly and growth delay in addi-
tion to immune deficiency, cancer proneness and chromosomal instability,
but no ataxia and-telangiectasia. These patients' cells were shown to be
radiosensitive, having a diminished X-ray induced inhibition of DNA synthe-
sis typical of AT. Genetic analysis revealed, that the 6 cell strains com-
prise two different complementation groups, called VI and V2 and distinct
from the AT groups.

In XP cells a transient correction of the defect can be accomplished
by microinjection of cell-free extracts from wild-type sources, such as
HeLa cells, human placenta or bovine liver and thymus. The correcting fac-
tors are able to restore normal levels of Uy-induced unscheduled DNA syn-
thesis (UV-UDS) in XP cells of most complementation groups. Some proper-
ties of the XP-A correcting factor were determined and purification of
this factor from calf thymus with the correction as assay is currently in
progress.

Microinjection was also used to introduce the purified yeast photo-
reactivating enzyme into cells. Using an lmmunocytochemical method an
almost complete light-dependent loss of pyrimidine-dimers was demonstra-
ted In injected cells. However, both in wild-type and XP-fibroblasts the
levels of UDS were found to decrease only slowly and with different kine-
tics after photoenzymatic removal of the dimers. Kinetic studies suggest
that the average processing time of dimer excision in normal cells is less
than 1 hour and In some XP groups more than 3 hours.



THK ASSOCIATION OF XERODF.HMA PJGMliNTOSUM (XP) WITH TH1CHO-

THIODYSTROPIIY (TTD): A CI.IJK TO A BLTTER UNDERSTANDING OF XP-D'5

F, Nuz/.o

Istituto di Genetica Biochimica e<i EvoluzioniBtica CNH I'avia,

Italy

A defective DNA repair of the UV-induced damage, similar to that present

in XP, was found in four photosensitive patients affected by TTD.

The lack of complementation of the defect in TTD cells fused with XP

cells belonging to complemented group D indicated that the XP-D mutation

is present in the patients under study.

TTD is a rare autosomal recessive disorder in which the main clinical

features are bittle hair with reduced sulfur content, ichthyosis,

physical and mental retardation. Photosensitivity is reported only in

some TTD patients.

Normal UV repair capacity was observed in patients affected by TTD but

not showing photosensitivity. Cells from these patients were able to

complement the defect of TTD UV .sensitive cells as efficiently as the

normal ones; this demonstrates that TTD and XP-D are independent

mutations.

Since the four TTD/XP-D patients were from three apparently unrelated

families, but living in the same region, we checked consanguinity and

concluded that the affected individuals are carriers of a genetic defect

identical by descent as a consequence of remote multiple inbreeding*

This genetic defect could consist of two mutations either at linked loci

or affecting the same gene. However a chromosome rearrangement or a

deletion involving XP-D and TTD loci, appear to be a more probable

cousative event-.

Cytogenetic analysis performed on carriers and affected individuals did

not show any chromosome anomaly; also blood markers typing in the three

families did reveale neither segregation anomaly nor linkage between the

pathologic condition and the genetic markers analyzed.

Interestingly, DNA repair investigations on other TTD patients

demonstrated that the TTD/XP-D association is not confined to the four

italian cases. The same situation could hold for all the TTD

photosensitive patients reported in the literature that are about half

of the total TTD cases.

These data stress the interest of extending the study to new cases

because the TTD/XP-D association may represent a valuable system for

elucidating the genetic and molecular bases of the two syndrome.
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KEPA1R tf SECONDARY LESIONS INDUCED BY ALKYLAT1NU AGENTS IN UNA.

Jacques Laval, Serge Boiteux anc Timothy O'Connor.

Groupe "Reparation des lesions radio- et chimioinduites"

I n s t i t u t Gustave Roussy, 9480b, V i l l e j u i f , France.

The biological impl icat ions of the a lky la t ion of UNA d i f fe rs accor-
ding to the nature of the modified bases. 7-methylguanine is believed to
be harmless and 3-alkylpurines lethal lesions in contrast to O 6 -a lky l -
guanine and O4-alkylthymine which are mutagenic. Most of these lesions
appear to be act ively repaired. The former one by DNA glycosylases and
the l a t t e r one by O-alkyltransferase.

However, a given lesion can evolve with time. Alky lat ion of the
nitrogen in the posit ion 7 of purines l ab i l i zes the glycosidic oond and
favors d e p u t a t i o n y ie ld ing an apurinic s i t e . AP-sites are lethal or
mutagenic lesions depending upon the circumstances. They are act ively
repaired by specif ic AP-endonucleases which are widely d is t r ibu ted. Most
of them incise the DNA backbone either on the 5' or the i 1 side of the
AP-si te.

An other consequence of the methylation of the nitrogen of the
purines at the 7 posit ion is the l ab i l i za t i on of the imidazole r ing which
opens up y ie ld ing 2,6-diamino-4-oxo-b-methyl formainidopyrimidine (Fapy).
This lesion is a powerful block to DNA rep l i ca t ion . I t is excised by a
speci f ic ONA-glycosylase which is active when the lesion is harbored by a
DNA in the b-form but inact ive when the lesion is in tne Z-form. The gene
coding for th is enzyme in L. co l i has been cloned and i t s sequence deter-
mined.

In conclusion beside the primary lesions which occur in DNA af ter
a l ky l a t i on , secondary lesions may have important biological propert ies.
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MECHANISMS OF ALKYLATING AGENT INDUCED CYTOTOXICITY

IN E.Coli AND MAMMALIAN CELLS

Peter Karran

Imperial Cancer Research Fund, Clare Hall Laboratories,

South Mimms, Herts. EN6 3LD. UK.

The alkylating agents, of which methylating agents

offer the simplest example, exert both mutagenic and
cytotoxic effects on cells. In E.coli, cellular resistance
to these effects is controlled partly by constitutively
expressed DNA repair enzymes and partly by the enzymes
induced during the adaptive response to alkylating agents.
There is considerable evidence, bcth genetic and biochemical
to suggest that the presence of 3-methylpurines in DNA,
blocks DNA replication, and represents the major cytotoxic
threat to the cell. Two enzymes, one constitutive
(3-methyladenine-DNA glycosylase I) and one inducible
(3-methyladenine-r/NA glycosylase II) repair this type of
doirage. In contrast, the major mutagenic threat is posed by
o6-methylguanine in DNA. Repair of this lesion is carried
out by a methyltransferase induced as part of the adaptive
response. Efficient action of this enzyme protects cells
against the transition mutations induced following
replication of 06-methylguanine in DNA. It appears therefore,
that the two processes of cell killing and mutation are to a
large degree separate and result from the effects of two
different types of lesion.

Mammalian cells constitutively express DNA glycosylase
and methyltransferase activities analogous to those of E.co1i,
Although well characterised mutant mammalian cell lines
defective in these activities are not yet available, the Mex-
(Mer-) phenotype offers a close approximation, Cells of this
phenotype are sensitive to both killing and mutagenesis by
methylating agents. However, they have normal (Mex+) levels
of a PNA glycosylase active on N-methylated purines and, of
the DNA repair enzymes so far assayed,are deficient only in
06-methylguanine-DNA methyltransferase. Complementation
of this methyltransferase defect by expressing the bacterial
gene in Mex- mammalian cells abolishes the sensitivity
of these cells to mutation induction and cell killing. Thus,
in contrast to the situation in E.coli, O6-methylguanine
in DNA appears to play a major role in the cytotoxicity
of methybating agents in mammalian cells.



18

DNA REPAIR OF ALKYLATION DAMAGE AND ITS RELEVANCE TO MUTATION

FIXATION IN MAMMALIAN CELLS.

II *

M.Bignami, G.Aquilina, A.Zijno, G.Frosina, A.Abbondandolo, E.Dogliotti

Istituto Superione di Sanita', Roma; 1st. Nazionale Ricerca Cancro, Genova

6
Considerable evidence suggests that 0 -alkylguanine is the premut.agenic
lesion responsible for mutagenicity and carcinogenicity induced by aiky-
lating agents. The repair of 0 -alkylguanine adducts to DNA, both in ba-
cteria and in fnainnalian cells, proceeds via the transfer of the alkyl
group to a cysteine residue in an acceptor protein, the 0 -methylguanine-
DNA methyl transf erase (MT). We have analysed the relevance of repair of
this lesion on cell killing, ouabain resistance (oua ) mutations and SCEs
induced by alkylating agents in MT--deficient and MT-proficient CHO cells.
The MT-proficient CHO cell line was obtained by transfection of the paren-
tal MT-deficient cells with hunan liver DNA (Ding et a l . Mol.Cell.Biol.
1985, 5:3293-3296). The advantage of comparing these two lines is that the
effect of repair by MT cap! be examined in cells with the same genetic and
biochemical background, NTT-proficient cells resulted to be more resistant
than MT-deficient ones to the cytotoxic and mutagenic effects of N-methyl-
N'-ni tro-N-ni trosoguanidine (MNNG) and N-methyl-N-nitrosourea. Further-
more a lower number of MNNG-induccd SCEs was found in NTT-proficient CHD as
compared to MT-deficient cells. These data clearly indicate that repair
of 0 -methylguanine highly correlates with resistance to cytotoxic and
mutagenic effects of methylating agents.

Similar bua mutation frequencies and number of SCEs were observed in
the two cell lines after N-ethyl-N-nitrosourea treatment. Determination
of 0 -ethylguanine levels by monoclonal antibodies showed removal of this
adduct in the ENU-treated MT-proficient cells and persistance of this le-
sion in the parental cell line. A role of lesions other than 0 -ethylgua-
nine in mutagenesis and SCEs induced by ethylating agents is strongly
suggested.

Derivatives of MT-proficient CUD cells with enhanced resistance to the
cytotoxic effects of alkylating agents have been isolated and their cha-
racterization is in progress. The analysis of these mutants may facilitate
the comprehension of the mechanisms of repair and genotoxicity induced by
alkylation damage.
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THE RESPONSE OF HUMAN CELLS TO METHYLATXON DAMAGE

B. 8trauss, D. Sagher, T. Karrison, R. Larson, P. Meier, J.
Schwartc, R. rarbar, and R. Neiohselbaua

Tha University of Chicago Cancar Cantar

920 S. 58th St., Chicago, XL 60637 USA

Individuals with Hodgkin's disease (HD) may ba treated by a
chemotherapeutic ragimen which includes procarbazine, a
compound metabolized to m mathylating species. A small
proportion of all HD patients eventually develop ANLL some
years after therapy (t-ANLL). He therefore initiated a study
of the O6-methylguanine DNA methyltransf erase (MT) activity in
normal controls and in HD and primary and t-ANLL patients. As
part of the study we also prepare lymphoblastoid lines by
Epstein Barr virus (EBV) transformation of peripheral blood
lymphocytes (PBL's). We express MT activity per \iq of DNA, The
activity in normal individuals varies from about 2.2 to 14.7
fmol/|ig of DNA with a mean ± SE of 7.2 ± 0.35. HD patients
before treatment have MT values of 4.0 ± 0.42 with a range of
0.7 to 8.6. HD patients on Procarbazine have a MT value of 4.0
± 0.36; t-ANLL patients before treatment gave 4.2 ± 0.63 and
six ANLL patients had MT values of 7.6 ± 1 . 7 2 . There is
significant variation in tha MT values of normal PBL's
sampled at different times. MT activity diminishes slightly
with age in both normal and HD groups but this does not
account for the observed difference.

He find a significant correlation between the MT activity of
PBL's and of the lines derived from them, particularly when
normal or untreated individuals are used as the source of the
lines. There is variation in the the MT values of successive
lines from, the same individual. but it is within a factor of
about two in these experiments. Two lines each with zero MT
activity have been obtained from two individuals undergoing
therapy including procarbazine.

Although there is significant variation in repeated samples of
PBL's from the same individual, there are differences in the
MT activity of different groups. Individuals with Hodgkin's
disease have significantly lower MT activity than do normal
controls. In addition, the HD group includes individuals with
almost no MT activity. The observation that individuals with
t-ANLL have lower MT activity than either controls or ANLL
patients would, if confirmed, lend credence to the hypothesis
that MT levels play * role in the etiology of secondary
malignancy. There is a clear relationship between the MT level
in lymphocytes and in the lines derived from them. He
interpret these results to mean that the MT level of a cell is
a characteristic which survives the events of EBV
transformation.

Supported by a Program Project Grant (CA40046) from the NCI.
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MOLECULAR MKCHANISMS IN REPAIR AND MU1 AGENESIS INDUCED
BY AROMATIC AMINES

Robert P. P. FUCHS, Marc B1CI1ARA and Nicole KOFFEI-SCHWAKTZ

Oroupe de Cancerogciifcse et de Mutagdnese Moldculairc ct Structural, l.B.M.C. du
C.N.R.S.

15. rue Descartes 67084 STRASBOURG Cedcx (France)

The conversion of DNA lesions into mutations is an active biochemical process. Due to
the remarquable efficiency1 of the error free repair mechanisms only a very small number of
DNA lesions will eventually be processed into a mutation. Under normal conditions, less than
one percent of DNA lesions give rise to mutations. This makes the biochemical study of the
mechanisms involved in muia&c:ic>>i:> vc»v difficult. Ab a fli*l inuJcculm uppjoach, tlic study or
the muiaiionnal specificity of a given mutagen will provide important informations concerning
the mechanisms that are involved. This is particularly true if the analysis of the mutaiional
specificity can be performed in hosts having altered genotypes for repair and (or)
mutagenesis. Bacteria are in this respect the organisms of choice, due to the iargc number of
existing repair, replication and recombination mutants.

When the chemical carcinogen N '2-acetylaminofluorens binds to DNA in vivo , two
major adductfi are formed, both at position C-8 of the guanins residues : the acctyiated (-A AF)
and the deacetylated (-AF ) adducts respectively. Unlike -AAP adducts. which trigger
important ctructurat ch&nget of th» DNA G*oondary ofuoturo ( oither the Insertion -Dcnalurcuion
model or the induction of a 2 -DNA structure, depending upon the local DNA sequence), -AF
adducts do not cause a major conformations] change in the B -DNA structure.

In a foi-ward mutation assay, namely the inactivation of the tctracycline resistance gene
located on plasmid pBR322, we found that more than 90% of mutations induced by -AAF
adducts are frameshift mutations (1.2,3). These frameshift mutations depend upon the UV
irradiation of the host cell and are found to be clustered within specific sequences referred to as
mutation hot spots. These hot spots occur cither at monotonous runs of guaninc residues (
umuC dependent) or within short stretches of alternating OC base pairs (umuC independent
). Using the same assay we showed that -AF adducts induce primarily base substitution
mutations (85%), mainly G->T transversions. (4). Both -AAF and -AF induced mutations,
occur at GC base pairs and are therefore likely to be targeted at the site of a DNA adduct. We
would like to stress that there is a strong correlation between the nature of the
carcinogen-induced conformational change or the DNA structure and the corresponding
mutation specificity (i.e. the highly deforming -AAF adducts induce frameshift mutations
whereas the non deforming -AF adducts induce ba«c pair substitutions).

In recent experiments, using double stranded DNA molecules carrying -AAF adducts in
only one strand we observed a highly reduced mutation efficiency. Genetic labelling of the two
DNA strands allowed us to demonstrate that there is a preferential loss of the damaged strand
during replication (5).

References:
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3. FUCUS (1984) J. Mol. Biol. 177, 173-180.
4. BICHARA and FUCHS (1985) J. Mol. Biol. 183, 341-351.
3. KObHil'-SCHWARTZ el. al. (1987) J. Mol. Biol. 193,651-659.
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DNA STHUrTURAL ALIENATIONS INDUCED BY HULKY ADDUCTS

A.M. Pi-drlni*. lJ. Toineletti •, G. Kron/.a" , P. Mi.-nichinl+ and A.

Abbondundolo
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Removal of bulky adducts is initiated by a muJ.tiprotein complex, the

product of the uvr ABC genes. Because of its broad substrate recognition

range, it has been proposed that the uvr ABC complex recognizes a

structural distortion common to this class of adducts rather than the

chemical nature of the adducts themselves. In order to understand the

mechanism of enzyme-damage recognition we have initiated an analysis of

the DNA perturbation created by bulky adducts.

The conformationa1 cha-ges caused by UV photodamage and by. 4-NQO adducts

have been investigated by analyzing the electrophoretic behaviour on

agarose gel of DNA rings with different degree of supercoiling (band

shift method). We observed, after irradiation at 254 rjm light, an upward

shift of negatively supercoiled topoisomers and a downward shift of

positively supercoiled topoisomers corresponding to a topological

unwinding angle per pyrimidine dimer of -14.3° and -8.5° respectively. By

averaging the upward shift and the downward shift, we obtained an

unwinding angle of -11.4°, a value which had to be further reduced to

-8.8°, because photoreactivation experiments have shown that topoisomer

shift is caused for about 20% by other kinds of photodamage. The role

played by .dimers in conferring a single-stranded character to UV

irradiated DNA was tested by comparing the number of UV induced

Sl-sensitive sites before and after photoreactivation. We found that

these sites are present after photoreactivation, suggesting that they are

due to rare UV photoproducts.

An analogous study performed with the adducts produced by the o-acetyl

derivative of the carcinogen 4-nitroquinoline-l-oxide has also revealed a

discrepancy between the upward shift of the negatively supercoiled

topoisomers and the downward shift of the positively supercoiled

topoisomers. After a correction due to the contribution of AP sites to

the variation in electrophoretic mobility of damaged molecules, we

calculated an unwinding angle per adduct of -9.3° which is of the same

order as that produced by dimers.

These results suggest that UV-like damage cause a local unwinding of

duplex DNA that is inconsistent with the actual disruption of the

hydrogen bonds at the damage level. In addition they introduce distortion

of the helix axis which imposes a positive writhe in the negatively

supercoiled DNA and a negative writhe in the positively supercoiled DNA.
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DNA DAMAGE, REPAIR AND MUTATIONS IN XERODERMA

PIGMENTOSUM CELLS MEASURED WITH PLASMID VECTORS

Kenneth H. Kraemer

National Cancer Institute,

Bethesda, MD 20892 USA

We have used pi asm id vectors to measure DNA repair and
mutagenesis in human cells. Plasmids constructed to permit
replication in bacteria and utilization of human host cell
snzymes for expression or replication were used. Plasmids
are damaged in vitro (permitting precise quantification of
the extent of damage and possible further in vitro
modification), transfected into xeroderma pigmentosum (XP)
or repair proficient human cells, permitted to.be expressed,
repaired, mutated or replicated for 2-3 days and then
harvested and the pi asm ids assayed. Repair is measured by
determining the extent of expression of novel enzyme
activity coded for by the damaged plasmid. Repair deficient
cells show less activity than repair proficient cells.
Similarly, transformation of indicator bacteria by the
harvested plasmid is used to assess the plasmid survival,
and mutation frequency and DNA sequencing can be performed
on mutated plasmids recovered.

Using a non-replicating plasmid coding for the
bacterial cat (chloramphenico1 acetyl transferase) gene we
have shown that one pyrimidine dimer inhibits expression in
XP group A cells. Use of photolyase specifically to remove
cyclobutane dimers revealed that non-dimer photoproducts are
also blocks to replication in XP group A cells.

Using a replicating shuttle vector plasmid we found
that there is a restricted spectrum of ultraviolet induced
mutations found with the XP group A cells. Plasmid survival
was reduced and fewer plasmids had multiple base
substitution mutations or transversions. The major UV
photoproduct, the TT dimer was only weakly mutagenic. The
majority of mutant plasmids had G:C to A:T base substitution
transition mutations. Treatment of the UV damaged plasmid
with photolyase prior to transfection of the XP group A
cells showed increased plasmid survival and decreased
mutation frequency indicating that cyclobutane dimers
contributed to a major portion of lethality and
mutageniclty. Since the major class of mutations involved
G:C base pairs, cytosine rather than thymine containing
dimers are implicated. The remaining non-dimer
photoproducts were also mutagenic and ware major
contributors to transversion mutations.
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DNA DAMAGE AND REPAIR IN HUMAN SKIN JM SITU

Betsy M. Sutherland

Biology Department

Brookheven National Laboratory, Upton, NY 11973 USA

Sunlight can induce erythema, tnelanization and cancer in the skin of man.
Understanding the molecular and ce l lu lar origins and progression of such processes
requires delineation of damage i n f l i c t e d on DNA by sunl ight , as well as the a b i l -
i ty of c e l l s in human skin to repair , bypass or to lerate such damage. Studies on
procaryotic and eucaryotic c e l l s , including human c e l l s in culture, have outlined
this basic damages in f l i c t ed on DNA by wavelengths In sunlight, and the fundamental
ce l lu lar processes for repair of such damage. Important differences betweeen skin
and c e l l s In culture Indicate that measurement of DNA damage and repair in skin In
s i tu i s essent ia l to understanding the e f fects of sunlight on man. F i r s t , absorp-
tion and ref lect ion of impinging u l trav io le t and v i s i b l e radiation--both resul t ing
from the multilayered structure of skin and from the overlying non-l iving strateum
corneum--is complex in skin and varies as a function of incident wavelength.
Second, studies from several laboratories indicate that repair in skin d i f f e r s
from that in human c e l l s in culture both quant i tat ive ly- (rate of repair) and
qual i tat ive ly (presence or absence of repair pathways). These di f ferences in
repair rates and paths probably r e f l e c t the inadequacy of current culture media
and techniques to reproduce exact ly in vivo condit ions; unti l such conditions can
be duplicated in the laboratory, I t w i l l be d i f f i c u l t to assure that Jtâ  v i t ro
measurements are fa i thful measures of in viv > processes .

Evaluation of DNA repair capabil i ty requires knowledge of the extent of
damage inf l ic ted on the DNA of c e l l s in human skin by exposures in the b io log ica l
range--that i s , those to which humans normally expose their skin in occupational
or recreational a c t i v i t i e s . Ul trav io le t B (290-320 nm) radiation induces pyrimi-
dine dimers (measured as s i t e s for the dimer s p e c i f i c endonuclease from Micro-
coccus luteus) a t suberytliemal exposures: the dlmer y ie ld depends on the sun sen-
s i t i v i t y of the individual , with highest dimer y i e lds in skin of the most sun-
sens i t ive individual. Although UVB i s absorbed by DNA and i s thus e f f i c i e n t in
damaging DNA the principal u l t r a v i o l e t component of sunlight i s U l t rav io l e t A
(320-40 nm), at which wavelengths the absorption of DNA i s quite low. Broad band
UVA induces dimers in human skin DNA; production of dimers even by broad band UVA
f i l t ered to remove poss ible UVB leakage and by narrow band radiation centered
around 365 nm indicates that UVA radiation i s indeed able to damage DNA of human
skin. Does DNA damage in human skin result from direct absorption by DNA, or i s
i t mediated by s ens i t i z er s present in c e l l s of skin? Determination of an action
spectrum for production of DNA damage i s a principal method of determining the
roles of direct and of s e n s i t i z e d absorption. Measurement of dimer y i e l d s in DNA
of human skin as a function of photon flux at wavelengths between 289 and A36 nm,
and correction for skin transmittance allows construction of an act ion spectrum
for DNA damage in skin _i£ s i t u ; this action spectrum close ly resembles a DNA
absorption spectrum, and does not indicate the participation of s e n s i t i z i n g
moieties in the production of DNA damage in the c e l l s of human skin in s i t u .
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XERODERMA PIGMENTOSUM t PRENATAL OIAGNOSIS AND ONCOGENE
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pigmentosum I s an autosomel r e c e s s i v e d i s e a s e
c h a r a c t e r ! - z e d by hyperaef .s i t i vt fy t o u l t r a v i o l e t r a d i a t i o n s
and e a r l y development of sk in t u m o r s . N i n e complementa t ion
groups have been d e t e c t e d among c l a s s i c a l XP p a t i e n t s , whose
c e l l s a r e d e f i c i e n t in e x c i s i o n ONA r e p a i r . AM these c e l l s
a r e u n a b l e to c a r r y out the i n c i s i o n of DNA a t the l e s i o n .
O t h e r b i o c h e m i c a l d e f e c t s may be s p e c i f i e d M y found in some
c o m p l e m e n t a t i o n groups ( 1 ) .

We have p r e n a t a l l y d iagnosed XP in a m n l o t i c c e l l s and in
c h o r i o n l c b i o p s i e s c u l t u r e d in v l t r t f . F e t a l c e l l s a r e
i r r a d i a t e d in v i t ro w i t h v a r i o u s doses of U V - l i g h t and
unschedu led DNA synt hesi s (UDS) i s measured i n n u c l e i f r o m
u n r e p l i c a l i n g c e l l s in ihc p r e s e n c e of H - t h y m i d i n e . UDS
v a l u e s f rom the f e t a l sample a r e compared w i t h t h o s e found
w i t h the h e t e r o z y g o t e p a r e n t a l and t h e XP proband c e l l s . The
use of c h o r i o n i c b i o p s i e s f o r - t h e d i a g n o s i s a l l o w s us to
know the r e p e i j s t a t e of f e t e l c e l l s in l e s s than 12 weeks
a f t e r c on c ep t i on .

S ince XP c e l l s a r e h y p e r m u t a b l e and more p r o n e to c e l l
t r a n s f o r m a t i o n towards UV-mimickJng a g e n t s , we d e t e r m i n e d i f
onc09ene a c t i v a t i o n due io u n r e p a i r e d ONA l e s i o n s cou ld be
i n v o l v e d i n XP s k i n tumor d e v e l o p m e n t . In two s k i n tumors
among s i x samples t e s t e d , we found N - r a s a c t i v a t i o n ,
d e t e c t e d by the DNA t r a n s f e r assay i n 3T3 mouse c e l l s ,
accompanied by the o v e r c x p r e s s i o n a n d , in one e x a m p l e , by
the a l t e r a t i o n of the p21 p r o t e i n . In the same t u m o r * , c-myc
a m p l i f i c a t i o n and o v e r c x p r e s s i o n , and H e - r a s gene
rear rangement were a l s o d e t e c t e d . The p r e s e n c e of s e v e r a l
oncogene a l t e r a t i o n s In the seme umor i s c o r r e l a t e d w i t h
t h e - l a r g e number of UV- lnduced DNA l e s i o n s found in the
exposed s k i n c e l l s , due to the absence of e f f i c i e n t r e p a i r .

( 1 ) P . C . Hanawal 1 and A. S a r a s l n . Cancer p rone h e r e d i t a r y
d i s e a s e s w i t h DNA procc6&ing a b n o r m a l i t i e s . T r e n d s I n
G e n e t i c s , 2 , 1 3 8 6 , 1 2 4 - 1 2 9 .

<2) H. S u a r e z , P. Nardeux, Y . Andeof and A . S a r e s l n .
I n d e p e n t l y a l t e r e d oncogenes In human tumors . Oncogene R e s . ,
1 9 8 7 . In p r e s s .
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MEASURING OXIDATIVE DNA DAMAGE IN HUMANS

Bruce N. Ames

Department of Biochemistry, University of California

Berkeley, California 94720 (USA)

Oxidative damage to DNA is likely to be a •ajor contributor to cancer, genetic birth
defects, aging, and heart disease. DNA damage in man can result from exposure to
environmental rcutagens, and, in addition, can be produced by a variety of endogenous
processes. Of particular importance as endogenous processes may be metabolic pathways that
generate oxygun radicals and other reactive oxygen species. Oxygen radicals have been shown
to produce DNA base damage and strand breaks. Three products that are formed in DNA ±n vitro
by chemical oxidation or ionizing radiation (an oxidative mutagen) are thymine glycol and
hydroxymethyluracil, both oxidation products of thymine, and 8-hydroxyguanine. Specific
mammalian DNA repair systems are known to excise these thymine lesions from DNA in vitro (1).
Our laboratory has recently reported the identification, in both human and rat urine, of
thymine glycol, thyraidine glycol, and hydroxymethyluracil (2,3). We now have considerable
evidence that these products are derived fr>r the repair of oxidized DNA. The total output
of these three compounds represents the formation of about 1,000 oxidized thyaine residue1

per cell per day in man. We now report the presence of 8-hydroxyguanine, its deoxyriboside
and riboside in human and rat urine. Since these products are only four of. a considerable
number of types of ox?dative DNA damage products described by radiobiologists, there are
likely to be several thousand oxidative DNA hits per cell per day in man. Rats, which have a
higher specific metabolic rate and a shorter lifespan, excrete about 15 times more thymine
glycol, thymidine glycol, and hydroxymethyluracil per kilogram body weight. Results with
oouse and monkey urine indicate that mice have even higher levels of these products than rats
(2,3), and monkeys have more than nan.

We have developed a new aethod for measuring lipid hydroperoxides in tissues (4). Wo
find cholesterol ester hydroperoxide and hydrogen peroxide in normal human blood and rat
tissues (<>). We discuss these as endogenous agents contributing to heart disease, cancer,
and aging. We also have described two major unrecognized antioxidants in man, urate and
bilirubin (5-7). These non-invasive assays of DNA oxidation products may allow the direct
testing of current theories that relate oxidative metabolism to the processes of cancer and
aging in man.
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Killing. Stress Responses and Mutagenesis

Induced in ^ coli by Hydrogen Peroxide

Stuart Linn and James A. Imlay

Dept. of Biochemistry. Univ. of California. Berkeley. 94720 USA

Killing of Escherichla coli by hydrogen peroxide preceeds via two modes: Mode-one
killing appears to be due to DNA damage, has a maximum near 1-3 mM H2O2. requires
active metabolism during exposure, and Is inhibited by Iron chelators. Strains lacking
exonuclease III. DNA polymerase I. or NADH dehydrogenase and cells grown
anaerobically are especially sensitive to this mode. Mode-two killing is due to
uncharacterized damage, occurs In the absence of metabolism and exhibits a classical
multiple-order dose-response curve up to at least 50 mM H2O2- It Is not inhibited by
iron chelators.

H2O2 induces the SOS response in proportion to the degree of killing by the
mode-one pathway--i.e.. induction Is maximal after exposure to 1-3 mM H2O2 Mutant
strains that cannot Induce the SOS regulon are hypersensitive lo peroxide and analysis
of the sensitivities of mutants that are deficient in individual SOS-regulated functions
suggests that the SOS-mediated protection is due to the enhanced synthesis of recA
protein, which is rate-limiting for recomblnatlonal DNA repair. After exposure to
H9O2. mutagenesis and filamentation also occur with the dose response characteristic
ofSOS induction and mode-one killing, but these responses are not dependent upon the
lexA-reguIated umu£'mutagenesis or sflA filamentation functions, respectively.

Exposure of EL. coll to H2O2 also results in the Induction of functions under control
of the oxvR regulon that enhance the scavenging of active oxygen species, thereby
reducing the sensitivity to H2O2. Catalase levels increase 10-fold during this
induction, and katE katG mutants, which totally lack catalase. while not abnormally
sensitive to killing by H2O2 in the naive state, do not exhibit the induced protective
response. Protection equal to that observed during oxyR induction can be achieved by
the addition of catalase to cultures of naive cells in an amount equivalent to that
Induced by the oxyR response. Thus the induction of catalase is necessary and
sufficient for the observed oxyR-dlrected resistance to killing by H2O2. Although
superoxide dlsmutase appears not to be involved In this enhanced protective response,
sodA sodB mutants, which totally lack superoxlde dlsmutase. are especially sensitive
to mode-one killing by H2O2 in the naive state.

The peculiar shape of the dose-response curve for mode-one killing, mutagenesis.
SOS induction, and filamentation can also be observed for the iron-mediated.
H2O2"drlven oxidation of NADH or paranitrosodlmclhylantllne or killing of phage
lambda. We propose, therefore, that these biological phenomena are due to an aspect of
"Fenton chemistry" which is analogous to a cycle proposed by Haber and Weiss for the
breakdown of H2O2 to H20 and C -̂
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MECHANISMS OF HYDROGEN PEROXIDE CYTOTOXICITY IN

MAMMALIAN AND BACTERIAL CELLS

Orazio Cantoni

Istituto di Farmacologia e Farmacognosia and Centro di Farmaco-

logia Oncologica Sperimentale, Univ. Urbino, 61029 Urbino (ITALY)

The toxic potential of molecular oxygen is related to one electron
reduction. A number of active oxygen (A0) intermediates are generated
such as superoxide anions, hydrogen peroxide and hydroxyl radicals.
While cells in aerobic atmosphere are subjected to oxidative stress under
conditions of normal metabolism, A0 can be produced at abnormally high
levels in certain disease states, during the metabolism of specific drugs
and xenobiotics and under iperu*ia. Cellular defenses normally suffice
to protect against the insult produced by A0. However,when such species
are generated at a very high rate, toxicity may occur. Therefore, it is
important to elucidate the exact mechanisms responsible for cell injury
and other biological effects produced by these reactive intermediates.
In this paper we have focused on the mechanism by which hydrogen, oeroxide
induces ONA damage and cell death. This oxidant reacts within the ceii
with ferrous ions to hydroxyl radicals which are highly cytotoxic.
Furthermore, Fe^+ can b~e reduced to Fe^+ by superoxide ions, thereby
allowing the recycling of Fe in Fenton reactions. It is known that OH
radical scavengers and iron chelators prevent hydrogen peroxide induced
ONA damage and cytotoxicity. In addition,a number of reports have
recently indicated that H2O2 may produce alterations in intracellular
calcium homeostasis. We have therefore s'^died the effect of Quin 2,
an intracelluar calcium chelator, on H202"induced ONA damage and cyto-
toxicity and found that this agent could prevent, at micromolar concentra-
tions, geno- and cyto-toxic actions generated by the oxidant. The extra-
cellular calcium chelator, EGTA, was not effective in these systems.
Experiments performed with partially purified DNA indicated that Quin 2
only at very high concentrations was able to significantly reduce H^CU-
induced DNA damage. These results suggest that OH radicals produced via
iron-dependent Fenton-type reactions may not directly induce DNA damage
and cytotoxicity; rather, these radicals may induce calcium mobilization
which elicites secondary reactions ultimately leading to DNA damage and
cell death. Experiments performed in Escherichia coli have indicated that
the bimodal pattern of H O toxicity can be explained by the involvement
of at least two distinct radical species. Superoxide ions seem to be of
extreme importance in the production of mode one killing whereas OH radi-
cals appear to produce lethality only in the mode two killing region.
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There is considerable current interest in the nature of the radiation dose
response curve for mutagenesis and carcinogenesis at low doses and low dose rates,
and the role that induced DNA repair processes might play in such eflects. Sheldon
Wolff and his colleagues have described an adaptive response ior the induction of
chromosomal aberrations in human lymphocytes- We have been unable to
demonstrate a similar effect ior neoplastic transformation or mutations.
Pretreatment of cells with x-rays or UV light under a variety of protocols has not
significantly altered the effects of subsequent exposure to radiation.

Many studies of low oose effects have been carried out with rodent cells,
especially transformed fiamster cell lines. However, hamster cells may respond
differently to ra*<«iior» than human diploid cells. First, the effect of lowering the
dose rate «" survival seems to be reduced in human cells. Second, damage
mediated by free radicals appears to differ in the two cell types; the mutagenic
tfifect of x-rays in CHO cells was markedly reduced by incubation with DMSO,
whereas DMSO had no effect on x-ray induced mutations in human cells. Rodent
cells have yielded important data on neoplastic transformation in vitro for which
no quantitative counterpart yet exists in human cells. Recent studies by Elkind and
his colleagues, for example, have shown that while protraction of x-ray exposure
may reduce its effects, protracted exposure to low doses of fission spectrum
neutrons leads to a higher yield of transformants than does acute exposure.

We have studied the induction of mutations by low doses of x-rays and fast
neutrons in a human diploid lymphoblastoid cell system. Cells were x-irradiated
with daily doses of 1,2, 5, or 10 rads for 5 to 30 days. Samples were taken every 5
days to determine the induced mutant fraction at two genetic loci. Cells receiving
daily doses of 1-10 rads showed a mutant fraction virtually identical to that for
cells receiving the same total dose of radiation in a single, acute exposure. Thus,
the effects of small daily fractions were cumulative and additive, suggesting that
doses as small as one rad are mutagenic in human cells. When the mutation
frequency was plotted against days of irradiation, a positive linear slope was
observed for all dose groups; a linear increase in mutation frequency was observed
over the dose range of 1-10 rads. A similar linear dose-response curve was
observed for continuous exposure to radiation from tritiated water. Interestingly,
tritiated water was more mutagenic per rad than x-rays but less cytotoxic.

The mutagenic effects of continuous fast neutron (Pu-Be) exposure over
periods of 5 to 20 days were compared with those of more acute irradiation. Acute
exposure to neutrons was more effective than x-irradiation in inducing mutations
(RBE 3.&). However, protracted exposure to neutrons was much more mutagenic
than acute exposure, consistent with the results on neoplastic transformation
described above. All of these results will be discussed in terms of their
implications for the effects of low doses of ionizing radiation on human cells.
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Transformation of rodent and human cells In vitro resembles neoplaatic
development j!_n vivo, as a multistage procesB. Transformation is initiated
through a series of events associated with irreversible DNA damage. These
may include mutations, amplification and activation of oncogenes-
Unhindered cell replication shortly after exposure to the carcinogen is
essential for the fixation of transformation ae a hereditary property, and
additional cell replications are required for i t s expression. Exposure of
mammalian cells i_n vitro to low doses of physical or direct-acting chemical
carcinogens rapidly induces pleiotropic effects which include the reduction
of DNA repair systems, cellular stress responses and altered gene
expression.

Transformation in vitro of genetically susceptible cloned populations
is dependent on optimal permissive physiological factors which prevail in
the cell and in its environment. These factors are required for fixation
and expression of the transformed phenotype. They play a role in
establishing the growth of transformed cells in the presence of normal cells
and in determining the ability of normal and transformed cells to interact
by means of cell-cell communication via permeable intracellular membrane
junctions.

Cells depleted of endogenous permissive factors such as thyroid
hormones became refractory to transformation by radiation, chemical
carcinogens, viruses and tumour promotors. Thyroid hormones act by
modifying metabolism and by inducing "specific protein" in the cell which
may be associated with transformation.

Radiation and some chemicals including tumor promoters induce a
cellular prooxidant state, i .e . increased stationary levels of active oxygen
and organic radicals. Active oxygen has been shown to possess carcinogenic
activity and antioxidants were found to be anti-carcinogenic.

Poly-ADP-ribosylation (ADPR) is a post-translational modification of
nuclear proteins, it appears to play a role in DNA repair, DNA replication,
cell differentiation and transformation. It is intimately related to the
cellular redox state because it is formed by the polymerization of NAD
residues. The promoter phorbol-12-myristate-T3 acetate TPA increases
poly-ADRP levels in fibroblasts in a reaction which can be prevented by
antioxidants.

Inhibition of Poly(ADP) ribosylation results in the inhibition of
transformation of cells by UV, x-rays and methylating agents. A suppression
of TPA action in enhancing transformation is also observed. Inhibitors of
Poly-ADP-ribose include benzamidea and some low molecular weight protease
inhibitors.
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DAMAGE, REPAIR, AND DNA SYNTHESIS IN RADIATION LETHALITY OF MAMMALIAN
CELLS

M. M. Elklnd

Colorado State University

Fort Collins, CO 80523, USA

The evidence is compelling that In mammalian cells genomic DNA
contains the principal sites of cell killing by ionizing radiation.
It also has been demonstrated that radiation produces sing'e- and
double-strand lesions in nuclear DNA. These lesions are repaired
quite effectively in surviving as well as in cells which are destined
to die and are not propagated to the progeny of surviving cells. Even
in radiation sensitive human or rodent cells, an appreciable excess of
breaks is registered relative to what is required to kill a cell. It
follows from the preceding that: 1) either a small fraction of the
lesions is effective because it is not repaired or is mlsrepaired;
and/or 2) a small p.art of the whole genome is critically sensitive.
Evidence that in radiation sensitive cells DNA damage Is repaired as
completely as it is in resistant cells does not support the first
possibility. But if the second is the more likely, what is the part
of the genome in which radiation lesions in DNA are closely coupled to
lethality?

The dose dependence of the innibition of the rate of DNA
synthesis is biphasic. The initial part of the response has a
sensitivity comparable to that of cell killing. This similarity, plus
similarities between the single- and fractionated-dose survivals of
cells exposed to x-rays compared to the single- and fractlonated-dose
survivals of cells pulse-labeled with BrdUrd and then exposed to near-
UV light, suggest that a locus of action is downstream from the
replication complex. Evidence in support of this hypothesis will be
discussed as well as the kinds of lesions in DNA which may be
Involved.

(This investigation was supported by PHS grant number CA U1483
awarded by the National Cancer Institute, Department of Health and
Human Services, USA.)
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THE INDUCTION AND REPAIR OF DOUBLE-STRAND DNA BREAKS IN MAMMALIAN CELLS AS
DETECTED BY NEUTRAL ELUT1ON

Covert P. van der Schans

TNO Medical Biological Laboratory

Lange Kleiweg 139, P.O. Box 45 2280 AA RlJBwijk, The Netherlands

One of the Important types of damage Induced by Ionizing radiation in
intracellular DNA is the double-strand break (dsb). This damage, involving
disruption of both strands of the DNA-helix at the same or neighbouring
sites, Is produced at a much lower frequency than other lesions (single-
strand breaks, nucleotide damage). One would expect, however, that double-
strand breaks would be much more deleterious for the cell than lesions of
the latter type as these probably are repaired more easily.

Thr neutral filter elution technique has proven to be a sensitive
means of detecting DNA dsb after exposure to low doses of ionizing radia-
tion (Bradley and Kohn,. 1979). However, the results obtained with it re-
ported in literature are in some cases controversial as well as in dis-
agreement with results of other methods. For example, according to data of
Radford (1985) and Radford and Hodgson (1985), the induction of dsb by 250
kV X-rays does not show a simple linear dose-effect relationship, whereas
others (Ross and Bradley, 1981, Van der Schans et al. 1982, and Woods et
al. 1982) found data consistent with a linear relationship. Also Blocher
(1982) observed a linear relationship in his sedimentation st dies.

Another discrepancy arose when repair of dsb was stud I ' with the
elution technique; half-lifes of about 10 min were found, iii -.. trast to
the earlier values of 1-2 h obtained in sedimentation experiment It has
been suggested that the fast-repair component seen in filter 'ution
studies might represent repair of DNA single-strand breaks (ssb). Ts s is
unlikely since Bradley and Kohn (1979) have found that the diffci. nt
dsb/ssb ratios determined with filter elution for various agents are com-
parable with those found with other methods. The fact that most of the
filter elutions are carried out at rather high pH, could be ruled out as a
possible reason for this discrepancy, since we found that elution at neu-
tral pH leads to the same results.

In this lecture the reliability of the different methods for the
detection of dsb induced by ionizing radiation and other agents will be
discussed.

Blocher, D., 1982, Int. J. Radiat. Biol., 42, 317.
Bradley, M.O. and K.W. Kohn, 1979, Nucl. Acids Res. 7, 793
Radford, I.R., 1985, Int. J. Radiat. Biol., 48, 45
Radford, I.R. and G.S. Hodgson, 1985, Int. J. Radiat. Biol., 48, 555.
Ross, W.E., and M.O. Bradley, 1981, Biochim. biophys. Acta, 654, 129.
Van der Schans, G.P, H.B. Centen and P.H.M. Lohman, 1982, Prog. Mut. Res.,

4, 285.
Woods, W.G., M. Lopez and S. L. Kalvonjian, 1982, Biochim. biophys. Acta,

698, 40.
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X-RAYS INDUCED DOUBLE STRAND BREAKS: DAMAGE DISTRIBUTION

AND MEASUREMENTS.

0. Sapora , Laboratories di Tosaicologia Comparata ed

Ecotossicologia, Istituto Superiore di Sanita', Rome, Italy.

Experimental evidences have been produced that at least a
portion of the mammalian cell genome, due to its complex
structure, may be less or not at all accessible to
chemicals and enzymes. So far, for convenience, it has been
assume that the damage introduced in the genetic material by
ionizing radiation (IR) is more or less randomly distributed
throughtout cellular DNA. However, in the last few years,
s6me results have been pubblished showing that different DNA
regions may have different radiosensitivity. In gamma
irradiated cells ssb production and repair are greater in
actively transcribing genes than in total nuclear DNA and the
newly replicated DNA is hypersensitive to the • induction of
thymine base damage. Moreover, in irradiated trinucleosomes,
the dsb are not randomly distributed along the DNA molecule
but localized mainly in the linker regions. These results
toghether with others obtained using isolated high molecular
weight chromairin, seem to indicate the influence of
chromosomal proteins in modifying radiation damage to DNA.
It must be emphasised that the mechanisms for the induction
of damage in DNA of isolated chromatin appear to be comparable
to those operating in the intact cell.

Two different techniques are available to detect double
strand breaks in mammalian cells: the neutral elution (NE)
and the sedimentation on neutral sucrose gradient at low
centrifugation speed (NG). The differences in the dose-range
used for the two techniques are not large enough X 10-60 Gray
for NE and 20-100 Gray for NG ) to justify the differences
detected in both the initial yield of dsb induced by IR and
the repair kinetics. While for the NG the measurement of dsb
is straight forward, the analysis of the real number of dsb
measured by NE is more complex. The DNA eluted is double
stranded but the kinetic of elution is not linear. Lysis
conditions and the pH of the elution buffer can modify the
fraction of DNA retained on the filter. In any case even
with very strong lysis solutions at least 10 % of DNA is not
free from other nuclear components. Such results can be
explained in several, not mutually exclusive, ways: (i) the
NE is measuring two or more types of damage, (iij DNA lysed
on top of filter is not completely free and (iii) a different
distribution of damage along the DNA molecule is introduced
by IR.
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We h a v e c o n s i r u f l e d a S V 4 0 - b e Bed s h u t t l e . v p c t o r t h a t
c o n b e p a c k a g e d a s p s e u d o v i r l o n s e n d t h u s c o n b o I n t r o d u c e d
i n t o mammaI i a n e c l I 5 b y I n f e c t i o n ; t h e s h u I t I e v i r u s ( 1 ) .
T h e s e v e c t o r s r e p l i c a t e e f f i c i e n t l y I n m o n k e y COS? c e l l s
a n d en t r a c h r o m o s o m n I DNA f r o m I n f e c t e d c e l l s c a n h «
r e s c u e d i n E . c o i l , s o t h o I DNA a l t e r a t i o n s c a n b e e a s i l y
s c r e e n e d . T h e l a c O s e q u e n c e p r e s e n t i n t h e qeno rnc o f t h e
s h u t t l e v i r u s p r o v i d e s a t a r q e t t o s t u d y I n d u c e d
mut 8 q e r . e s I s .

T h e u s e o f i n f e c t i o u s v i r u s h a s many a d v a n t a q e s w h e n
c o m p a r e d t o o t h e r " c l a s s i c a l " S V A O - b a s e d s h u t t l e v e c t o r s .
T h e l a t t e r h a v e t o b e t r a n s f e c l e d a s n a k e d DNA i n t o t h e
c e l l s , w h a t m a k e s t h i s m o l e c u l e u n p r o t e c t e d i n t h e
ma mma I i a n e n v i r o n m e n t . M o r e o v e r , DNA t r a n s f e e l i o n I s
i n e f f i c i e n t a n d t o x i c t o some c e l l s a n d c e r t a i n l y a l t e r s
c e l l met a b o I i s m . I n s t e a d , I h e g e n o m e o f o u r s h u t 1 I c v i r u s
i s i n t r o d u c e d i n t o t h e c e l l s a s a v i r u s c h r o m a t l n s t r u c t u r e
a n d i n f e c t i o n i s a n a t u r a l b i o l o g i c a l p r o c e s s . By u s i n g a
s h u t t l e v i r u s wh i r h p r e s e n t s a l o w s p o n t a n e o u s m u t a t i o n
f r e q u e n c y , we a r c s t u d y i n g I n d u c e d m u t a g e n e s i s i n U V -
i r r a d i a t e t i v i r u s . We h a v e f o u n d a n I n c r e a s e d m u t a t i o n
f r e q u e n c y i n t h e l a c O t a r q e t s e q u e n c e a f t e r t h i s t r e a t m e n t
a n d DNA s e q u e n c e o f t h e m u t a n t s a r e b e i n g d e t e r m i n e d .

O . f~ • M • f-tt-i , _!> , >*>. 3<n u . i l i i v

SVAO-base Esche r i c h i a c o l i
t o r monkey c e l l s .
Gene 5Jl (.1987) 2 1 - 2 9

s h u t t l e v e c t o r s i n f e c t i o u s

C . F . M . M e n c k a n d M . R . J a m e s h a v e p o s t - d o c i o r © I
f e l l o w s h i p s f r o m A s s o c i a t i o n p o u r l e D e v e l e p p e m e n i d r l a
R e c h e r c h e s u r l e C a n c e r ( F r a n c e ) a n d L i q u a N a t i o n a l e c o n t r e
l e C a n c e r r e s p e c t i v e l y .
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UV-STIMULATED REPAIR REPLICATION IN MAMMALIAN CELL EXTRACTS

Richard D. Wood,

Imperial Cancer Research Fund, Clare Hall Laboratories,

Blancho Lane, South Mimms, Herts EN6 3LD, U.K.

Methods are being developed to study nucleotidc
excision repair in vitro using soluble, cell-free extracts
from cultured human cells. Repair replication of ultra-
violet light (UV)-irradiated plasmid DNA can be observed
in such extracts. All steps of repair take place in the
extract: Incision, yap filling, llgation, and aupercoiling
of the closed circular product. In the absence of ATP,
the UV-dependence of repair is lost.

Mammalian cells contain a glycoaylase/endonucleasc
which can act on hydrated pyrimidine UV photoproducts.
To avoid detecting repair Initiated by this enzyme,
plasmid DNA is irradiated to produce about 20 cyclobulyl
pyrimidine dimers per circle, and then treated with
endo III from E.coll to nick circles containing hydrated
pyrimidines. Unnickcd circles are re-purified and then
used as the .substrate for in vitro repair. Therefore,
the observed UV-induced repair is not initiated by
incision at hydrated pyrimidines. The introduction of
a few apurinic sites per circle, or a few DNase I-induced
nicks, causes only modest repair replication, much less
than that coon *»ft»r T.nr 1 rrniH *-Mr>n.

Extracts from cells of some lines derived from
xeroderma pigmentosum patients are deficient in this
in vitro repair replication, compared to extracts from
normal cells. Repair activity can be restored to these
extracts by addition of UV - DNA endonucleasc/ylycosylasc
from Mlcrococcus lutcus.

Using the repair replication as an assay, we are
attempting to isolate factors from proficient cell
extracts which can complement deficient xerodcrma
pigmentosum extracts. Preliminary results indicate
that a protein fraction from normal cells can
complement deficient extracts derived from a xeroderma
piyiitentosum group C cell lin«.
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DAMAGE bi IfJXIL OXYGEN SPECIES
POL r <ADf'-/< J MJSE ) SYNTHE IASE IN
PATIENTS WITH DOWN SYNDROME <DS)

AND ITS REVERSAL BY
LYMPHOCYTES FROM

AN INHIBITOR OF
AGED PEOPLE AND

D . M o n t i , A . C o s s a r i z i a , M .
A. b o l o g n i t, i. F r a n c e s c h i

flarini, B . Z u n j c a , M . Z a n n o t t i , C . G a t t i

I n s t i t u t

a n d G e n .
e of G e n e r a l P a t h o l o g y , U n i v . of M o d e n a I I n s t . of H i s t o l o g y
E m b r y o l o g y , U n i . . o-f b o l o g n a , I t a l y

v i a C a m p i , 2 8 7 4 1 1 0 0 M o d e n a - I t a l y

A n i n t r i g u i n g r e l a t i o n s h i p a p p e a r t o e x i s t b e t w e e n a g i n g a n d
d e f e c t s of D N A r e p a i r . P r e v i o u s s t u d i e s f r o « o u r l a b o r a t o r i e s
s u g g e s t e d t h a t p e r i p h e r a l b l o o d l y m p h o c y t e s < P B L > f r o m a g e d p e o p l e a n d
y o u n g s u b j e c t ; w i t h D S , w h i c h ranl:s a t t h e t o p a m o n g h u m a n " s e g r o e n t a l
p r o g e r o i d s y n d r o m e s " , n a v e a d e f e c t i v e a b i l i t y t o repair d a m a g e s t o
D N A b y i o n i : i n g r a d i a t i o n s ' . L i c a s t r o e t a l . : C a r c l n o g e n e s i s , 2 : 4 5 ,
1 9 8 2 ; F r a n c e s c h i e t a l . : " I m m u n o r e g u l a t l o n i n A g i n g " , E u r a g e , 1 9 8 6 ,
p p . 7 7 - 8 3 ; . In p a r t i c u l a r , in D S a n i n c r e a s e d p r o d u c t i o n o * o x y g e n
r a d i c a l s , d u e t o t h e i n c r e a s e d a c t i v i t y o f s u p e r o x i d e d i s m u t a s e ( S O D -
1 ) , a g e n e l o c a t e d in t h e c h r o m o s o e a l b a n d 2 1 q 2 2 , c o u l d c o n t r i b u t e t o
t h e g e n o a i c i n s t a b i l i t y c h a r a c t e r i s t i c o f t h i s s y n d r o m e . T h e p u r p o s e
of t h e p r e s e n t i n v e s t i g a t i o n w a s t o a s c e r t a i n w h e t h e r c e l l s f r o m
n o r m a l a g e d s u b j e c t s ' . 8 0 y e a r s o l d ) o r p a t i e n t s w i t h D S s h o w a n

a b n o r m a l s e n s i t i v i t y t o the to>
e i the r

i c e f f e c t of oxygen r a d i c a l s , wh ich are
i n n o r s a l c o n d i t i o n or d u r i n g c h r o n i cc o n t i n u o u s l y p r o d u c e d

i n f l a m m a t o r y s t a t e s .
P B L s u s p e n d e d i n ni c o t 1 na«i 1 d e - f r e e R P M 1 - 1 6 4 0 m e d i u n w e r e e x p o s e d l̂ n

v i t r o il n r , at 3 7 C ) t o a n o x y g e n r a d i c a l p r o d u c i n g s y s t e m , i . e .
• a n t m e o x y d a s e ilO'j m U s>l > p l u s h y p o x a n t m e , w a s h e d , s t i m u l a t e d w i t h
p h y t o e s i a g g l ut i ni n , c u l t u r e d f o r 9 6 h r s a n d p u l s e d w i t h 3 H - T d R f o r t h e
l a s t o h r s a c u l t u r e . T h e a m o u n t of o x y g e n r a d i c a l s p e c i e s p r o d u c e d
in t h e s y s t e m w a s g r a d e d b y a d d i n g d i f f e r e n t a m o u n t s of h y p o x a n t i n e
i 1 - 1 0 0 u M ) . In s o m e c a s e s , 3 - a m i r.oben2afti d e ( 3 - A B A ) M a s a d d e d d u r i n g
t h e d a m a g i n g p e r i o d . P r e l i m i n a r y r e s u l t s s u g g e s t t h a t t h e s e n s i t i v i t y
of P B L t o t o n e o x y g e n r a d i c a l s s h o w e d a n h i g h d e g r e e of v a r i a b i l i t y
a m o n g d i f f e r e n t s u b j e c t s . H o w e v e r , P B L f r o m a g e d or D S s u b j e c t s
a p p e a r e d t o b e m o r e s e n s i t i v e t o t h e d a m a g e p r o d u c e d b y t o x i c o x y g e n
s p e c i e s , a s d e m o n s t r a t e d b y t h e f a c t t h a t 3 H - T d R i n c o r p o r a t i o n . w a s
E t i J l m a r k e d l y d e c r e a s e d u s i n g l o w c o n c e n t r a t i o n s of
ufi) . It is i n t e r e s t i n g t o n o t e t h a t in s p i t e
s e n s i t i v i t . P B L irom a q e d a n d D S s u b j e c t s s h o w e d a
r e c o v e r y of 3H- F d f t l n c o r p o r a t i o n w h e n t h e d a m a g e
p r e s e n c e ot ' - A B A (5 at!*.'. T a k i n g i n t o a c c o u n t t h a t

h y p o x a n t i n e ( 5 - 2 5
of t h e i r h i g h e r
n e a r l y c o m p l e t e

w a s p r o d u c e d
c e l l s e x p o s e d

in
t o

sue!"; a n e n z y m a t i c o ; . : J : : i n g s y s t e m s h o w D N A s t r a n d b r e a d s w h i c h
t r i g g e r t h e r a p i d s y n t h e s i s of p o l y . A R P - r l b o s e ) , a n d a r a p i d f a l l of
NAL 1- a n d A T P p o o l s , t h e ^ e d a t a s u g g e s t t h a t t h e h i g h e r s e n s i 11 v i t •. t o
to::ic o x . q e r : E p e c i e s ot P&L -froa a g e d a n o D S s u b j e c t s a a y b e d u e t o a
d e c r e a s e d a n e r g >, c h a r g e ot t h e c e l l s .

S u p p o r t e d b>, L . H . k . g r a n t s n . 9 c . 0 0 4 1 8 . 4 4 a n d n . 8 6 . 0 1 7 9 1 . 5 6 t o C . F .
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SENSITIVlTr TO IONIZING RADIATION AND HEAT SHOCK IN LYMPHOCYTES FROM
PATIENTS WITH MULTIFLE SCLEROSIS

A. C o 5 s a r i ; : d , D . M o n t i , P. S o l a , E . H e r e l l i t C . F r a n c e s c h i

I n s t . of G e n e r a l P a t h o l o g y and D e p t . of N e u r o l o g y , U n i v . of M o d e n a

via C a m p i , 2 B 7 4 1 1 0 0 M o d e n a - I t a l y

H n i n c r e a s e of s p u n t a n e o u s s i s t e r c h o a a t i d e x c h a n q e ( 1 J a n d of
g a m m a r adi at i o n - 1 nducerl c h r o m o s o m e a b e r r a t i o n s (2) h a v e b e e n r e p o r t e d
in p e r i p h e r a l b l o o d l . m p h o c y t e s ( P B L ) t r o i m u l t i p l e s c l e r o s i s ( M S )
p a t i e n t s , in p a r t i c u l a r , s t u d i e s of p h y t o e m a g g l u t m i n ( P H A ) - s t i o u l a t e d
T l y m p h o c y t e s , b 1 y m p h o b l a s t o i d c e l l l i n e s , a n d f i b r o b l a s t s in M S
p a t i e n t s and a m o n g t h e i r u n a f f e c t e d f i r s t - d e g r e e r e l a t i v e s s u g g e s t e d
an a u t o s o r o a l d o m i n a n c e i n h e r i t a n c e of t h e c e l l u l a r r a d i o s e n s i ti vi ty
i 2 ) . T h e s e d a t a s u g g e s t e d t h a t a g e n e t i c a l l y i n h e r i t e d r e d u c e d a b i l i t y
to c o p e w i t h D N A d a m a g e s c o u l d p r e d i s p o s e to M S ( 2 ) .

N e t e s t e d t h i s h y p o t h e s i s in f r e s h l y i s o l a t e d P B L f r o m 15 p a t i e n t s
a f f e c t e d b y d e f i n i t e M S a n d 15 a g e - a n d s e x - m a t c h e d h e a l t h y c o n t r o l
s u b j e c t s , b y t h e f o l l o w i n g m e t h o d s :
a ) e v a l u a t i o n * of D N A r e p a i r c a p a b i l i t y ( u n s c h e d u l e d D N A s y n t h e s i s )
a f t e r h i g h d o s e s of g a m m a r a y s ( 1 0 0 g r a y s ) in P H A - s t i ' a u l a t e d P B L , a n d
b ) a b i l i t y t o u n d e r g o c e l l p r o l i f e r a t i o n of P B L i r r a d i a t e d w i t h g r a d e d
l o w d o s e s of g a m m a - r a y s ( 2 - 1 2 g r a y s ) a n d t h e n s t i m u l a t e d w i t h P H A ,
a c c o r d i n g to "a m e t h o d w e p r e v i o u s l y d e s c r i b e d ( 3 ) ; c ) P H A - i n d u c e d
p r o l i f e r a t i o n of P B L p r e v i o u s l y e x p o s e d t o h e a t s h o c k <2 h o u r s at 3 9
or 41 or 4 3 or 4 5 C ) .

N o s i g n i f i c a n t d i f f e r e n c e a s f a r a s u n s c h e d u l e d D N A r e p a i r
s y n t h e s i s a n d s u r v i v a l a f t e r g a m m a r a d i a t i o n or e x p o s u r e t o h i g h
t e m p e r a t u r e w a s f o u n d b e t w e e n FBI f r o m M S p a t i e n t s a n d c o n t r o l s .

O u r dat.a are in a g r e e m e n t w i t h t h o s e of R o b b i n s ( 4 ) , w h o s t u d i e d
p o s t - X r a y s v i a b i l i t y in M S 1 yoiphob 1 a s t o i d l i n e s and d o n o t s u p p o r t
t h e h y p o t h e s i s t h a t a D N A d e f e c t i s p r e s e n t in P B L f r o m M S p a t i e n t s ,
a s s u g g e s t e d - by G i p p s a n d K i d s o n ( 2 ) .

T h e h y p o t h e s i s m a y b e p u t f o r w a r d t h a t t h e p r e v i o u s l y r e p o r t e d
g e n o m i c i n s t a b i l i t y in M S is l i d e l y of v i r a l o r i g i n a n d n o t d u e t o a
g e n e t i c D N A r e p a i r d e f e c t .

1) V i j a y lax mi et al ., J. M e d . G e n . , 2 0 : 3 7 2 , 1 9 8 3
2 ) G i p p s a n d K i d s o n , N e u r o l o g y , 3 4 : B O B , 1 9 8 4
3) L i c a s t r a et a l . , C a r c i n o q e n e s i s , 3 : 4 5 , 1 9 8 2
4) R o b b i n s in : C e l l u l a r r e s p o n s e s t o D N A d a m a g e . F r i e d b e r g a n d L i = =

e d s . , N e w i o n , 1 9 9 3 , p p . 6 7 1 - 7 0 0 .

S u p p o r t e d by C . N . R . q r j n t s n. 8 6 . 0 0 4 1 8 . 4 4 a n d n. 0 6 . 0 1 7 9 1 . 5 6 to C . F .
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Jil/.TEk CHhOMATlP EXCHANGE AND DNA REPAIR IN PERU HEKAL BLOOD
LYMPHOCYTE:) OF SANITAKY WORKERS EXPOSED TO LOW LEVELS OF
ETHYLENE OXIDE (EtO)

C. Franceschi, A.G.
Mazzotti & F. Sarto

Lcvir;, M. Chiricolo, R. Toman in, D.

1st. di Palolotfia iJencrale, Univ. of Mod en a, Dipart. di
Biologia Animale &. 1st. di Medicina del Lavoro, Univ. of
Padua, Jtaly

Determination of EtO in the working environment and
induction of sister chromatid exchange (SCE) and DNA repair
synthesis (Unscheduled DNA Synthesis, UDS) in peripheral
blood lymphocytes of 10 exposed sanitary workers and 10
control subjects matched for sex, age and smoking habits are
reported.

The relationship between the external dose of EtO and the
frequency of SCE wa:; determined in the above groups and in a
group of 41 sanitary workers previously studied.

The 10 newly examined workers were exposed to EtO
conceni rat ions (1.84 p.p.m. as Time Weighted Average, TWA;
intermediate between the high (10.7 p.p.m.) and low (0.35
p. p.m. ) levr-l;j of exposure of the two previously examined
groups (1.9 and 22 workers, respectively).

A statistically significant (p <. 0.002) increase of SCE
frequency was observed between the present control and the
exposed groups. The indueibility of UDS by gamma rays was
lower in the lymphocytes of the exposed workers than in
controls, but the difference was statistically not
significant. A significant relationship between the
frequency of SCE and the level of EtO exposure for the three
exposed groups was demonstrated by two different statistical
methods.

it. i :.:• suggested th«t the present Italian threshold limit
value for EtO ( '-i p. p.m. ) might not protect the exposed
workers against possible genotoxic effects and that even a
chronic exposure to 1 p.p.m. might not be devoid of
genotoxic risk.

Supported in part, by C.M.R. grant n. 86.00418.44 to C.F.
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CONFORMATIONAL CHANGES INDUCED BY THE O-ACETYL DERIVATIVE OF

4-NITROQUINGLINE-l-OXIDE IN SUPERCOILED DNA

G.FronzaJ P.MenichiniJ S.Tornaletti] A.M.PedriniJ B.Bailleul* S.

Gagliegue? H.H.Locheux-LefebvreJ and A.Abbondandolo?
11st.Naz,Ricerca sul Cancro, Genova;21st .Genetica Biochimica ed Evo

luzionistica.Pavia; 3Inst .de Recherches sur le Cancer, Lille, France

^st.Nazionale Ricsrca sul Cancro, V.le Benedetto XV, 10 Genova, Italy

Double helix structural changes induced by adducts of Mono-Acetyl-4-Hydro

xyaminoquinoline-1-oxide (Mono-Ac-4-HAQO) on pAT153 plasmid DNA were stu

died by the "band shift method". This method takes advantage of the proper-

ties of supercoiled DNA molecules. In a closed circular DNA molecule the

helix geometry is tightly coupled to the degree of supercoiling, therefore

alteration in the helical structure caused by DNA damage can be detected as

changes in the overall DNA conformation. Since the shape of a closed circu-

lar DNA molecule dictates its hydrodinamic properties,we can ultimately mo

nitor variations in DNA helical structures as changes in the electrophore-

tic mobility on agarose gel of single topological DNA species.

Different forms of plasmid molecules were treated at increasing molar ra

tios of Mono-Ac-4-HAQO. For RFI, partially relaxed negatively supercoiled

(p.r.n.s.)and partially relaxed positively supercoiled (p.r.p.s.) forms,

single topoisoraers were resolved in IZ agarose gel and the variation in the

electrophoretic mobility of each band was quantitatively measured. From the

number of adducts necessary to unwind one molecule of 360°, the unwinding

angle per adduct was calculated, Unwinding angles of 5.45°, 6.23°, and 16.66°

were calculated for RFI, p.r.p.s. and p.r.n.s., respectively.

HPLC analysis of the three main 4-NQO adducts showed that N2-guanyl, C8-

guanyl and N6-adenyl adducts accounted for 50Z, 25% and 107. of total DNA

binding, respectively, when RFI, RFII, linear native and p.r.p.s. forms

were treated. A different distribution of the three adducts was found for

the p.r.n.s. form (80%, 15Z and 52, respectively).

The reactivity of Mono-Ae-4-HA(2-JH)Q0 depended on the conformational sta

te of target DNA (RFI>p.r.n.s.>linear denaturated>RFII>p.r.p.s.>linear na

tive).

The presence of AP-endo sensitive sites was also investigated. The amount

of AP-endo sensitive sites per pAT153 molecule was a function of the confo£

(national state of target DNA and of the number of adducts per pATI53 tnol£

cule. We suggest that in vitro tretment of pAT153 with the ultimate carci_

nogen of 4-NQO induces labile adducts able to generate AP-sites. We assume,

also, that SSBs occurring in the chemically modified DNA during electropho

resis are due to the breakage of DNA containing AP-sites.
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EARLY STEPS IN THYMINEJ>IMER REPAIR IN PATIENTS AFFECTED BY

MELANOMA AND DYSPLASTIC NfcVUB SYNDROME.

Michael Roth

Kinderspital Basel,

CH-4056 Baael, Romergaaaa 8

A monoclonal antibody epecific for UV-inducad

thymine-thymino dimers In Bingle stranded ONA haa been used
in an enzyme immunoassay to inveetigate the loss of enti-
genicity associated with the repair of thia lesion in the
firBt hour following an UV-lrradiation of 10 Joule/m2 (254nm)
Biopsies of 30 melanom affected patients and of 20 Patients
suffering from Dysplastic Nevus Syndrome were cultivated
and UV-irradialod. The extracted DNA of each patients was
tested for antibody binding capacity directly after the ir-
radiation and after different recovering time intervals
(10, 30/ CO end 90 min. after UV-expoaure) . In comparison
to healthy controls (n-30) the percentage of antigenicity
was determined.

The melanoma patients shoved a. much higher variability thfin
it was observed among the healthy controls. Comparing the
means of the antigsnicity of both groups there was a signifi-
cant difference between healthy controls and the melanoma
patients (p»0.0l). But there was no unique response for
the melanoma affected individuals. Some of them did not
ehow any difference forni ths healthy controls, othore showed
the same response ad observed in Xeroderroa pigmentosum
patients.

Different to melanoma patients the probands affected by the
Dyeplaatic Nevus Syndrome suprissingly showed a unique re- -
duction in the loss of antigenicity during the firft two
hours after UV-irradiation-. Reaching the levels of normal
controls latestly after 120 min. after UV-tr«atm«nt. We also
observed an individual responae for the time point reaching
the normal levels in these patient group, varying between
60 - 120 min poet irradition.

while the antibody is specific for the conforraational changes
induced by UV-liyht, without repair, we aituite that the lots
of antigenicity ie the result o£ one of the initial enzymatic
reactions starting the excision repair process in human
fibroblasts.
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BETEL INDUCED VARIATIONS IN NUCLEAR UNA IN M3USE GASTRIC MUCOSA

Soumitra Sen
Istituto di Ricerche Farmacologiche Mario Negri, Via Eritrea 62,
20157 Milan, Italy
Geeta Talukder and Archana Sharma
Centre for Advanced Study in Cell and Chromosome Research, University
of Calcutta, 35 Ballygunge Circular Road, Calcutta 700 019, India

Experimental studies on carcinogenicity and mutagenicity of the
betel quid ingredients (Piper betle L. leaf, Areca catechu L. nut,
Nicotiana tabacum L. leaf and lime) had produced variable results. We
have recently reported the capacity to induce repair DNA synthesis in
the gastric mucosa of Swiss albino mice to assay the genotoxicity of
orally administered chewing mixtures.

In the present study, 17 different betel chewing habits,
currently practiced in India, were simulated and administered orally
to inbred Swiss albino mice for prolonged periods (1-10 months).
Nuclear DNA content of the gastric crypt cells, measured in situ by
Feulgen cytophotometry, revealed significant variation (P 0.01 to
P 0.001) in mean DNA content. This was associated with time depen-
dent production of aneuploid cells and disturbed crypt kinetics.
Tobacco in any combination greatly augmented these effects.

Variation in ploidy, as in the present report, occur early
during malignant transformation and may be taken as a reliable indi-
cator of development of apparent cancer at any site. In the light of
a proposed relationship between betel chewing and cancer of the
mouth, our results may exemplify the way in which the quid or its
individual ingredients, which are ingested daily in rather large
quantities, could affect carcinogenesis in habitual chewers in a
country where oral cancer exists in alarmingly high numbers.

Supported by University Grants Commission, New Delhi, India and
InJaks Foundation, UK.



41

A SPECIFIC MISMATCH RMPAIR RVKNT PROTECTS MAMMALIAN CELLS
FROM LOSS OF 5-METHYLCYTOSINE.

.Thomas C. Brown and Josef Jiricny
Friedrich Miescher Institute, PO Box 2543
4002-Basel, Switzerland.

5-Methylcytosine spontaneously dearainates to form thymine,
generating thus G/T mispairs in DNA. We investigated how these
lesions are addressed in mammalian cells by introducing specific
G/T mispairs into the genome of SV40 and determining the fate of
the mismatched DNA in simian cells. Mispairs were incorporated
in 12 bp duplexes ligated into SV40 DNA between the BstXI and
TaqI restriction sites. Sequences were chosen so that correction
of the G/T mispair to a G/C or an A/T pair would create different
restriction sites. Analysis of 347 plaques obtained after
transfection of this modified DNA indicated that mispairs were
corrected in 343 cases (99*) revealing 314 repair events in
favor of guanine (90*) and 29 in favor of thymine (8%).
Correction favored guanine regardless of the orientation of the
mispair in DNA and regardless of whether the mispair was in the
commonly methylated CpG dinucleotide. These results attest to
a specific mismatch repair pathway that restores G/C pairs lost
through deamination of 5-methylcytosine residues.
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EXPRESSION OF E. coll DNA ALXYLATION REPAIR GENES IN HUMAN CELLS

Leona Samson

Dana Laboratory of Toxicology, Harvard School of Public Health

665 Huntlngton Avenue, Boston, MA 02115 USA

We recently adopted a new approach to the generation of Isogenic
variant human cell lines that differ In their ability to repair DNA
alkylation damage. Our experiments indicate that one may be able to
apply the information gained through studying bacterial DNA alkylation
repair to the elucidation of the mechanisms of alkylation toxicity in
human cells. We have demonstrated that E. coli DNA alkylation repair
enzymes can be stably expressed in human cells and that their activity
can suppress the sensitivity of Mer~ human cells to the induction
of cell killing, mutation and chromosome damage. Thus, in principle,
we have the means to endow human cells with the ability to repair one
or two specific DNA lesions more efficiently, by engineering the over-
expression of particular bacterial enzyme species. In other words,
we can generate variant cell lines of a predetermined genotype.

The ada-alkB operon protects E. coll against the effects of many
alkylating agents. We have subcloned it into the pSV2 mammalian
expression vector to yield pSV2ada-alkB, and this plasmid has been
introduced into Mer~ HeLa S3 cells which are extremely sensitive to
killing, mutation and SCE induction by alkylating agents. One
transformant (the S3-9 cell line) has several integrated copies of
pSV2ada-alkB and it was found to express a very high level of the ada
gene product, the 39kDa O"-methyl-guanine-DNA methyltransferase.
Although we could detect alkB mRNA in S3-9 cells, we could not
determine whether the AlkB protein was expressed because the function
of this protein is not yet known and because we do not yet have AlkB
antiserum. S3-9 cells were found to have become extremely resistant
to killing, mutation and SCE induction by two alkylating agents,
N-methyl-N'-nitro-N-l-nitrosoguanidine (MNKG), and l,3-bis(2-chloro-
ethyl)-l-nitrosourea (BCNU). Thus, bacterial DNA alkylation repair
genes are able to complement alkylation repair defects in human cells.
One of our current goals is to determine the relative contributions
of the ada and alkB gene products to the extreme alkylation resistance
of S3-9 cells. We have therefore subcloned the ada gene and the alkB
gene separately into mammalian expression vectors and are currently
measuring the effectB of the expression of each of these genes upon
the alkylation sensitivity of Mer~ human cells. The depletion of
DNA methyltransferase activity in S3-9 celJs (by growth in the
presence of 06MeG free base) sensitizes the cells to the«Induction of
SCEs by MNNG, but does not sensitize th«> cells to killing by MNNG.
This is consistent with the notion tliat 06MeG does not cause cell
death In HeLa cells.



43

HUMAN DNA-HKPAJK SYNDROMKSi CONSTITUTION OK A CELL REPOSITORY

Chrssa L.*, Kederico A.", Chione F.", Fiiocamo M.'.Angloni A.°, Ragona

G.*, Testa L." and Bel Porto G.'

"Dipartimonto di Modicina Sperimontair, Univcrsita 'La Saplenza', Roma-

Istituto dl Scienze Neurologiche, University di Siena; "Ospedale Moyer,

Firenze; 'Divixione di Pudiatria, Istituto G. Gaslinl, (it-nova; "Ospedale

del Dambin Gesu, Roma, Italy.

We are working with various Institutions for the cytogenetic study

of patients with DNA-repair syndromes, especially Ataxia-Telangiectasia

(AT). During the last, two years wti have examined nine families in which

the gene(s) for AT was suspected to segregate. Clinical, cytogenetic and

laboratory data confirmed the diagnosis in probands from seven out of the

nine families. Furthermore, we studied one patient with Bloom syndrome

(BS) and her family, one patient with Xeroderma Pigmentosum (XP) and one

with Fanconi anemia (FA).

Peripheral blood lymphocytes from the patients and, when possible, their

family members were in part directly cultivated for cytogenetic analysis

and in part transformed .and immortalized by cocultivation with Epstein-

Barr virus. The transformations were successfull in all. but one AT family

In one AT patient the treatment needed to be repeated twice because of a

severe immunodeficiency at the time of first sampling. Fibroblastoid li-

nes were generally established directly from the referring Institution

except for the XP patient, in which was done by ourselves.

At this moment our collection is made up by the lymphoblastoid cell li-

nes of seven AT patients, twelve AT heterozygotes, four subjects at risk

of being AT heterozygotes; one BS patient, two BS heterozygotes, one in-

dividual at risk of being BS heterozygote; one XP patient; one FA patient

The aim of the constitution of this repository is the availibility of a

great amount of cells from subjects with rare mendelian disorders and

their relatives in view of forthcoming tests and as exchange material

with other laboratories studying DNA-repair syndromes.
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ITALIAN REGISTRY FOR ATAXIA-TELANGIECTASIA: PURPOSE FOR A COLLABORATIVE

STUDY

Chessa L.", Terracini B. and Gandini E.°

"Cattedra di Genetica Medica, Dipartimento di Medicina Sperimentale, Uni-

versita 'La Sapienza', Roma; Cattedra di Epidemiologia dei Tumori, Di-

partimento di Scienze Biomediche ed Oncologia Umana, Universita di Tori-

no; "Istituto di Genetica Medica, Universita di Ferrara, Italy.

The aim of the Italian Registry for Ataxia-Telangiectasia (AT) is to

determine wether the incidence of any cancer is increased in homozygotes

and heterozygotes for AT gene(s) with respect to general population.

AT homozygotes die generally before the end of second decade of life be-

cause of recurrent sinopulmonar infections; nevertheless, in about 10%

of them the cause of death is a lymphoreticular malignancy.

The AT heterozygote frequency in white populations probably fall between

0.68% and 7.7% with 2.8% being the most likely estimate (Swift et al.,

1986). They have a two/three-fold risk to develop any cancer and a six-

fold risk for breast cancer (Swift et al., 1987).

At this moment, the only reliable way to identify an AT heterozygote is

by relation to an affected individual. Natural parents.of AT patients are

heterozygotes, while natural siblings, when healthy, have a 67% chance of

being heterozygotes; relatives are at risk of heterozygosity.

On the basis of the_excess risk for AT heterozygotes to develop cancer

all the families with an AT affected individual would have a number of

subjects at risk for malignancy. The Italian Collaborative Study for

Ataxia-Telangiectasia will constitute with this Registry a basis for a

prevention.

The incidence of the disease is estimated to be 1/40.000 births. The pre-

valence, calculated on the basis of births/year in Italy (about 600.000)

and the mean lifetime of AT patients, will be about 200 affected indivi-

duals. The clinical heterogeneity of the disease may lead to an under-

estimation of the patients; we hope to insert into the Registry 100-150

prevalent cases of Ataxia-Telangiectasia. Patients will be ascertained

by direct contact with all the clinicians (geneticists, pediatricians,

neurologists) working in neurogenetics and DNA-repair syndromes and with

regional hospitals and medical universities. Furthermore we are collabo-

rating with the Italian Registry for Immunodeficiencies and the Childhood

Cancer Registry of the Province of Torino.

- Swift M. et al.: Am. J. Hum. Grnet.. 39, 573-583, 1986

- Swift M. et al.: N. EngI. J. Med. 1987, in press

Work supported by grant C.N.R. Progetto Final izzato Oncologi*

n. 86.00425.44



Photoproducts in bacter ial spores, UV (200-300 nni)- irradiated in vacuo

C. Lindberg, G. Horneck, H. Requardt and H. BUcker

DFVLR, I ns t i t u t e of Aerospace Medicine (Div. of Biophysics)

D 5000 KOLN 90, Under Hbhe, FRG

The examination of survival (colony formation) of B.
sub t i l i s has demonstrated the high resistance of i t s spores to u.v.
radiat ion. f ? l l k i l l i n g in the u.v. rariq? (201) - 3UU niii) is knowi lo
be the consequence of a d i rpct effect on ce l lu la r DNA.

The fo rm t i on of thymi na photoproducts of the nuclsic
acids as " c r i t i c a l molecules" was examined at d i f ferent environ-
mental condi t ions. Raoi olabel led bacterial spores were i r radiated in
suspension, i n the dry stats at atmosphere and in vicuum ( IO~8
mbar) with various fluences of u.v. (254 nm) - l i gh t . 'A to ta l formic
acid hydmlysate of the spores was examined for photoproduct forma-
t ion by th in layer chromatography.

The photoproduct formation in spores i r raoiated at
vacuum condit ions is compared to the photoproduct formation in
sporss i r rad ia ted in suspension and in tne dry state at atmospnere.
The major photoproduct that was detected in spores i r radiated in
suspension and in the-dry state at atmospheric pressure was the
spore speci f ic photoproduct (5-thyminyl-5,6-dihydrothymine) and - i n
minor quant i t ies - the (t ,s)thymine'dimer. After i r rad ia t ion in vac-
uum, in add i t i on , the (c,s)thymine dimer was produced.

The action spectra (200 - 30U nm) for the formation of
spore photoproduct and (c,s)thymine dimer in suspension and in vac-
uum are.compared. The spectral ef f ic iency for l e t h a l i t y and forma-
t ion of photoproducts is compared. The d i f fe ren t y ie la of photo-
products at the various environmental conditions proposes di f ferent
mechanisms of u.v. radiat ion act ion. Variations in the micro-
environment of DNA in dehydrated spores may give r ise to tns forma-
t ion of less repairable photoproducts.



BlMODAL PATTERN OF ESCHERICHIA COL I KILLING BY HYDROGEN PEROXIDE CAN

BE EXPLAINED BY THE INVOLVEMENT OF AT LEAST TWO DISTINCT RADICAL

SPECIES: SUPEROXIDE IONS AND HYDROXYL RADICALS
* * *

Giorgio Brandi, Giuditta F. Schiavano, Leonardo Salvaggio, Amedeo
Albano, Flaminio Cattabeni and Orazio Cantoni

Istituto di Farmacologia e Farmacognosia
*Istituto di Scienze Tossicologiche, Igienistiche ed Ambientali,
Via S. Chiara, 27, Univ. Urbino, 61029 Urbino (ITALY)

The cytotoxicity of hydrogen peroxide in prokaryotic cells is well docu-
mented. Although the critical lesion produced by the oxidant has not been
as yet identified, it is known that iron facilitates the bactericidal
action by reacting with HUOn to form a highly toxic radical species, the
hydroxyl radical (0H-). Over the last few years various studies on E. coli
have indicated that mutations in recA, polA or xth strains confer hyper-
sensitivity to H2O2, suggesting an important role for the DMA repair system in
the protection of the cell against the oxidative insult. Therefore,ONA
seems to be the site of the H^Op-induced lethal damage. Recently, two
modes of killing of E. coli by hydrogen peroxide were described, the first
occurring at concentrations of hLO,, below 2.5-5 mKi and the second at
concentrations higher than 10 mM. These modes of lethality differed in
that unlike mode one, mode two killing did not require active metabolism
and was not dramatically enhanced in strains with ONA repair defects.
In the current work we have investigated the role of the superoxide ion
and OH- in mode one and mode two killing of E. coli by hydrogen peroxide.
We have found that OH- are not involved in the induction of mode one le-
thality. In fact, the OH radical scavengers, thiourea and dimethyl
sulfoxide, and the iron chelator, desferrioxamine, did not affect the
survival of cells exposed to 2.5 mM H2O2. In addition, cell vulnerability
to the same H2O2 concentration was independent from intracellular iron
content.. In contrast, mode two lethality was markedly reduced by 0H-
scavengers and desferrioxamine and was augmented by increasing the intra-
cellular iron content. It is concluded that OH- are required for mode
two but not for mode one killing of E. coli by hydrogen peroxide.
In other experiments the wild type strain and mutants of E. coli lacking
the expression of the manganese or iron superoxide dismutase genes were
compared for their sensitivity to the HpO? insult. A number of different
experimental conditions were used such as drug exposure in M9 salts vs
a rich medium or treatment of cells previously grown anoxically. The
results obtained have suggested that a) superoxide ions may be involved
1n the production of mode one killing, b) superoxide ions mediate mode
two killing by H O . by reducing trivalent iron to the divalent form which
results in the production of OH- by reacting with the oxidant and c) the
intervening zone of partial resistance, observed by increasing the HpO^
concentration from 2.5 to 10 mM, may be a consequence of MnSOD induction.
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THE RELEVANCE OF TRANSFECTED PLASMID DN7 Tf THE 'LP IR OF Pt-DNA
ADUUCTE IN MAMMALIAN CELLS

Richard J. Knox, David A. Lydall and John .f. R< b'!rts

DeparUnunt of Molecular Pharmacology, Institute of Cancer Research,

Sutton, Surrey, SM2 5PX, U.K.

The Walker 256 carcinoma cell (WS) is inherently sensitive only
to difunctional agents such as Cisplatin, Melphalan or Sulphur Mustard,
all of which can produce DNA interstrand crosslinks, and not to a wide
range of other cytotoxic agents, that we have examined, that cannot. In
contrast a resistant Walkyr cell line (WR), derived from the original WS
cell line by continuous exposure to chlorambucil, shows sensitivity to-
wards difunctional agents comparable to that of conventional cell lines
such as HeLa or Chinese hamster V79. However both the sensitive and
resistant lines have the same specific binding for Cisplatin, the same
ability to remove DNA bound platinum adducts, including interstrand cross-
links' and to circumvent DNA adducts during replication. Further no diff-
erences can be detected between the response of these cell lines when
transfected with plasmid probes containing specific, defined, damage or
platinum lesions. These observations are consistent with there being a
deficiency in a late step in the repair of a rare lesipn on DNA, such as
an interstrand crosslink, in WS cells.

Genetic and biochemical studies in bacteria indicate that recombin-
ation events, as well as excision repair, are required for the repair of
DNA interstrand crosslinks. The plasmid pDRl contains two truncated (and
therefore nonfunctional) non tandem, but overlapping, segments of the neo
gene separated by a functional transcription unit coding for the gpt gene.
This plasmid was transfected into the Walker cells (using the gpt gene to
select transfectants) and any subsequent recombination of the integrated
defective neo gene segments can be assayed by the appearance of G418
resistant cells and confirmed by Southern blot analysis.
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U.V. INDUCED DNA REPAIR IN MOUSE SPEHMATOGENESIS

P. Grippo , P. Orlando , C. Frusciante*, B. Tedeschi e R.

I and II University of Rome, Roma Italy

I.B.P.E., CNR, Arco Felice, Napoli Italy

Spermatogenesis can be used as a model system for the study of the enzy-

me mechanisms of different types of DNA synthesis: DNA replication which spe

cif ically occurs in replicating premeiotic cells, DNA repair during crossing

ovtT in pachytene spermatocytes and DNA repair induced by chemical or phy-

sical agents in spermatocytes and spermatids. Studies of DNA replication and

repair shows that DNA polymerase o( and O are required for chromosomal DNA re

plication, that DNA polymerase V is needed in mitochondrial DNA synthesis,

while it is controversial the role of DNA polymerase ti and 6 in the reacti-

ons of DNA repair. We have used premeiotic cells obtained from immature mice

and pachytene spermatocyt.es from adult animals to study with different appro

aches the role of DNA polymerase o( and 6 in DNA replication and repair in

this model system. In in vivo experiments germ cells were labelled in cultu-

re with H-dTR in the presence or absence of aphidicolin, a specific inhibi-

tor of DNA polymerase 01, and incorporation was evaluated by autoradiography.

Aphidicolin inhibited DNA replicative synthesis in premeiotic cells, while

it was ineffective on DNA repair synthesis U.V. induced in pachytene sperma

tocytes thus indicating that different DNA polymerase forms are active in

the two events. Experiments in vitro demonstrated in crude extracts of preme

lotic cells the presence of both aphidicolin sensitive (possibly U) and dide

oxythymidine,5'-triphosphate (ddTTP, specific inhibitor of DNA polymerase 6)

sensitive DNA polymerase activityes. The same experiments in crude extracts

of meiotic germ cells demonstrated the presence of ddTTP sensitive DNA poly-

merase activity alone (DNA polymerase {Jonly). Furthermore DEAE chromatogra-

phy and velocity sedimentation analyses showed that DNA polymerase at -DNA pri_

mase complex is present only in premeiotic cells, while DNA polymerase Q ac-

tivity is present in both premeiotic and meiotic cells. The results of the

experiments reported indicate that DNA repair synthesis in pachytene sperma-

tocytua, during me i otic cross iriji-ovi' and after U.V. irradiation, requires

DNA polymerase Q alone.

Supported by M.P.I. 40% ami IAT;(, md by CNR i.ir̂ eteil projrrt "Oncology",

grant n" (36.004,'0.44
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MIITAWUIC ACTIVITY OK UVA LIGHT ÜN HABMI1) UNA

Ro.vt do Vidiuiiu, Cr iu t inn Huuluy, mnJ Juuûx M. Panimio

Molecular lüology Suc t ion . C.I.E.M.A.T.

Av. Compluten.se 2?. 28O4Ü Madrid, Bj«.in

UVA 1 ight. i:; ubb' to produce several kinds o!' lenionn on DNA, 3uch ;f.
pyr imiiiin»-> diiner;-. ;ind single and double strand breaks, leading to lethal
and, probably, mut;igwiio effect/, in different biological systems.
PlaarnidG, which c;in be modi Tied in vitro, are useful to approach the study
of the bacterial repair mechanisms involved in the removal of DNA lesions.
We previously studied the effects of UVA light using E. coli straias
differing on their repair capacities (wild type, uvrA, r_ecA13, recA43O,
uvrArecA13 and umuC) as recipients of UVA irradiated plasmids. The UVA
dose ranged from 0 to 588 KJ/m . Results on plasmid survival showed the
lethal effect of irradiation on plasmid DNA, although lethality was
attenuated by DNA repair processes. The main process- involved in repairing
plasmid lesions appeared to be the excision pathway, although the recA-
dependent pathway also seemed to participate, mainly through a
recombinational-like process. The SOS response did not seem to be involved
in the removal of plasmid lesions., although the only evidence for this
suggestion was the similar plasmid survival observed in wild type, umuC
and recA430 strains. In order to study the possible involvement of the SOS
repair in'removing plasraid lesions we have performed a mutagenic assay:
the mentioned E.coli strains were transformed with irradiated plasmids
(233 KJ/m ) and plated onto ampicillin-containing plates. Colonies with
Ap Tc phenotype were scored by replica-plating onto ampicillin plus
tetracycline containing plates, and mutation frequencies on the plasmid
tetracycline resistance gene were determined. The mutation frequencies
observed for the irradiated plasmids and controls (untreated samples) were
similar. This result, rather than allow think of the lack of mutagenicity
of the UVA damages, would suggest that the UVA lesions present in plasmid
DNA are unable by themselves to induce the SOS response. In order to
confirm this last possibility we preinduced the SOS functions in the host
cells by irradiation with far UV light and determined plasmid survival and
rautagenesis. We observed a great increase in mutagenesis in uvrA and wild-
type strains (mutation frequencies in umuC and recA cells were negligible)
which was significantly higher in UVA irradiated plasmids than in
controls. We also found a considerable plasmid recovery in uvrA, umuC and
wild type strains (no changes were observed in recA strainsJT These
results suggest that UVA-lesions on plasmid DNA are susceptible of repair
by the SOS process and confirm that the presence of those damaged plasmids
does not suffice to induce the SOS functions in the host cells. The
increase in plasmid survival was higher in the wild type and umuC straias
than in uvrA cells while the mutation frequency in uvrA was two- fold the
one observed in wild type strain. This fact would indicate that the
induced SOS repair acting on plasmid molecules are mainly error free, and
could probably be adscribed to excision pathway.
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INTRASPECIFIC COMPLEMENTATION ANALYSIS BETWEEN UV SENSITIVE CHINESE

HAMSTER MUTANTS

M. Stefanini, C. Mondello, M.L. Tessera*, E. Botta and F. Nuzzo

Istituto di Genetica Biochimica ed Evoluzionistica CNR Pavia, Italy

•Dipartimento di Genetica e Microbiologia Universita di Pavia, Italy

s
Complementation studies were carried out on four UV sensitive (UV )

clones isolated from CHO-K1 prol cell line and characterized by

different levels of reduction in the ability to perform UV-induced DNA

repair synthesis (UDS).
s

The mutant cells were fused with wild-type or UV cell lines
representative of the six Chinese hamster complementation groups (e.g.)

so far identified, and survival after QV irradiation was analyzed in the

hybrids. Wild-type cells did complement the defect conferring UV

sensitivity indicating that the mutation in all the clones behaves as a

recessive character.

Complementation analysis after fusion with the six Chinese hamster e.g.

indicated that three clones (CH043R0, 423PV, 3OPV) belong' to e.g. 2.

Despite their homology at the genetic level, these three clones show

different degree of mutagen sensitivity, UDS and chromosomal fragility,

suggesting that -defects in the same gene may result in a different

degree of phenotypic alterations.

The fourth mutant analyzed (CH07PV) shows complementation after fusion

with cells belonging to any of the six Chinese hamster e.g. suggesting

that it represents a new e.g.

In order to localize on human chromosomes the gene defective in this

mutant, hybrids between CH07PV cells and human lymphocytes have been

isolated. Characterization of the hybrids for human chromosome content

and UV sensitivity is in progress.



CHROMOSOME INSTABILITY IN SKIN F1BR0BLA5T CULTURES FROM A PATIENT

AFFECTED BY XERODEHMA PIUMENTOSUM

M. Stcfanini, A. Cnr.cit.i , P. l.agomarsinl , R. Giorgi*, E. Berardesca#*

and F. Nuzzo

IstiLuto dl Genetic;: liiochimica ed Evoluzionistica CNR Pavia, Italy

•Dipartimento di Gcnctica e Microbiologia Universita dl Pavia, Italy

••Clinica Dermatologica, Pollclinico 5. Matteo Pevia, Italy

We report an unexpected result of a cytogenetic analysis on fibroblaBts

from an individual affected by xeroderma pigmentosum (XP).

The 30 years old patient presented the cutaneous alterations typical of

the disorder with several precancerous and cancerous lesions. At

cellular level marked hypersensitivity and reduced unscheduled DNA

synthesis after UV irradiation was demonstrated. Cell fusion experiments

allowed to attribute the patient to complementation group C.

Cytogenetic analysis on fibroblasts at passages 4th and 5th of the

culture, revealed the presence of pseudodiploid metaphases with multiple

variable structural rearrangements. The frequency of abnormal mitoses

ranged from 8.6 to 36.7% in independent cell samples. Identical

structural changes, namely t(2;13)(p23;ql2 or 13) and t(13;15)(ql2 or

13;ql3) were .observed in different mitoses, indicating a clonal

expansion of chromosomally abnormal cells. A similar cytogenetic

condition, termed variegated translocation mosaicism (VTM) is

distinctive of Werner syndrome, a rare hereditary disorder with

progeroid features and increased frequency of neoplasia. XP cells

usually do not exhibit chromosome aberrations, the frequency of

chromosome breakage being increased only after UV irradiation.

To decide whether the occurence of VTM in a XP-C case is fortuitus or is

a consequence of a DNA repair defect, further investigations on XP cells

from different complementation groups are required.
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dtNOTOXIC EFFECT OF PHOTOCHEMOTHERAPY

M. Stefanim, P. Lagomarsini, R. Colognola, R. Giorgi* and F. Nuzzo

Istituto di Genetica Biochimica ed Evoluzionistica CNR Pavia, Italy

"Dipartimento di Genetica e Microbiologia Universita di Pavia, Italy

Various cellular parameters were analyzed on lymphocytes from psoriatic

patients treated with 8-methoxypsoralen and long-wave ultraviolet

radiation (PUVA) in order to establish whether photochemotherapy induces

genotoxic damage.

The efficiency of the mechanisms involved in DNA replication and repair,

the chromosomal fragility and the mutability were assessed in parallel

on blood samples from 22 patients and 22 healthy donors.

We found that photochemotherapy does not significantly, affect the

sensitivity to mutagens which induce different kinds of damage in DNA

molecule nor does it influence the mutation frequency for 6-thioguanine

resistance. Compared to cells from normal individuals, a reduced

responsiveness to mitogens was observed in cells from PUVA treated

patients. Cytogenetic analysis revealed normal frequency of sister

chromatid exchanges whereas the rate of the chromosomal breakage was

significantly higher in patients under PUVA treatment compared to

healthy individuals.

These observations on long-term consequences of PUVA treatment to

circulating lymphocytes, indicate that patients under photochemotherapy

are at risk for genotoxic damage.
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( il AK,\m:R1ZAT10N OF AN SOS-LIKE SYSTEM IN BACILLUS TIWRING1ENS1S

Yanick Auttray &. Philippe Bouribonnes

Liboruunrv de Génétique Microbienne, Unité de Toxicologie Génétique,

Université de Cacn, 14032 CAEN Cedex, France.

Bacillus thunngiensis is shown to have an induciblc error-prone rop.ur system triggered by
genotoxic agents as UV irradiation (UV), mitomycin C (MC).Aflatoxin Bj (AFBj) or
N-methyl-N'-nitro-N-nitrosoguanidine (MNNG), as found in Escherichia cali and Bacillus
subrilis. In this bacterium exposure to these agents which damage DNA or inhibit DNA replication
elicits several coordinately induced phenomena :

1. Cellular filamentation : treated cells show a temporary loss of normal septarion formation
resulting in the induction of greatly elongated filamentous cells. These bactena appeared to lack
septa and show a dispersed nuclear apparatus coupled with hypertrophic mesosome-like structures.

2. Mutagenesis of the bacterial chromosome : B. thuringiensis was mutated at the rifampicin
(Rif) resistance marker by UV light and to a lesser extent by MNNG. One mutant (YA 200)
selected for its greater sensitivity to LTV expressed a higher freqency of mutagenesis after UV
treatment and appeared to be defective in an excision-repair pathway.

3. Weigle-reactivanon (WR) and Weip'.c-mutagenesis (WM) of UV-damaged bacteriophage :
accompanying the WR of phage 0 8 we observed a weak WM. The presence of chloramphenicol
before and after irradiation abolish these phenomena. The kinetics of these responses differs
significantly from those described in E. coli and B. subtilis.

4. Increased expression of a Rec A-like protein : preliminary analysis of total cellular proteins
by gel elecrxophoresis indicated amplification of a major protein of 42OOO Da. This is similar in
size of the Rec E protein of B. subtilis, an analogue of the E. coli Rec A protein. This enhanced
synthesis is accompanied by an increase in ATP concentration of about two to three rimes the initial
ATP cellular pooL

5. Discriminated induction of prophage and bacteriocin : in lysogenic strains, DNA damages
lead to the induction of resident prophage; cell lysis begins after 1.5 to 4 h. In the bacteriocinogenic
strains there was no obvious increase of thuricin (bacteriocins produced by this species)production.

These lines of experimental evidence support the model that an SOS-like repair system exists
in B. ihiiringiensis.
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ANALYSIS OF THE FATE OF FUROCOUMARINS PLUS UVA INDUCLD

LESIONS IN NORMAL AMD FANCONI'S ANEMIA FIBROBLASTS

Dora Papadopou lo , D i e t r i c h Averbeck and E t h e l Mous tacch i

I n s t i t u t C u r i e - B i o l o g i e , 26 r u e d 'Ulm, 75231 P a r i s cedex

U5, France.

Fanconi's anemia (FA) cells have an increased cellular and
chromosomal sensitivity to DNA cross-linking agents. It has
been suggested that the defect of FA cells is related to a
deficiency in the repair of DNA-interstrand cross-links (CL).
Up to now, however, conflicting results were reported.

Using two bifunctional furocoumarins, 8-methoxypsoralen
(8-MOP) and 4,5',8-trimethylpsoralen (TMP), we performed
experiments with genetically well defined FA fibroblasts, be-
longing to recently described complementation group "A" and
"BM, and normal and heterozygote human cell lines. The fate of
DNA interstrand cross-links (CL) was followed by alkaline
elution analysis in parallel to cell sensitivity as determi-
ned by clonogenic survival assays.

In comparison to normal and heterozygote cel ls , FA
cells from group "A" and "B" showed a reduced capacity for
CL incision after treatment with 8-MOP and UVA. At 2 4 hr of
post-treatment incubation, the extent of incision was about
half in FA group "A" cells whereas in group nB" cells i t ap-
proached that of normal and heterozygote cells . Using a re-
irradiation protocol with the more photoreactive psoralen
TMP, FA cells were found not only more sensitive to mixtures
of CL and monoadducts (MA) but also to Mh alone. The reduced
capacity of FA cells which was observed for psoralen induced
lesions appeared to be correlated with their differential
sensitivity.



RADIATION SENSITIVITY OF ADULT HUMAN PARENCHYMAL
HEPATOCYTES.
Randy L. Jirtle, Teresa Alati, Martin Van Cleeff,
Stephen C. Strom

Duke University Medical Center

Durham, N.C. 27710

The radiosensitivity of rat and human parenchyntal
hepatocytes to DNA single strand breaks and their repair
kinetics were compared using the alkaline elution
technique. Rat hepatocytes were isolated from F344
female rats using the 2-step in situ collagenase
technique. Discarded viable human liver was obtained
from the surgical pathology laboratory, and the cells
were enzymatically isolated via a modification of the
perfusion technique used for the rat. The isolated
hepatocytes were cultured with MEM media (10% FBS),
insulin (10~ ) . and gentamycin (50 ug/ml) for 24 hr,
removed from the plates with collagenase and irradiated
in sunspension at 0 C with different doses of Co-
gamma rays (1 Gy/min). A linear dose response curve was
obtained when the strand scission factor was plotted
versus radiation dose and the slopes for the rat_/n=12)
and human (n=5Khepatocytes were 0.018i0.003 Gy~ and
0.014+0.002 Gy , respectively (p=0.5). The repair
kinetics, were determined in hegatocytes irradiated with
20 Gy Co and incubated at 37 C for different times.
The half-time for the fast and slow repair were 13.9+6.1
min and 121+31 min in rat hepatocytes (n=7) and 17.8+4.4
and 253+67 min in human hepatocytes (n=5). They were not
significantly different (p>0.1). After 3 hr of repair
15% and 25% of DNA damage was still present in rat and
human hepatocytes, respectively. This study shows that
rat and human hepatocytes are equally sensitive to the
induction of DNA single strand breaks by ionizing
radiation, and repair these lesions at a similar rate.
The low capability of parenchymal hepatocytes to repair
DNA damage implies that the liver would be relatively
sensitive to fractionated radiation treatment.
(Supported by NCI grants CA40172 and CA25951).
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DEVELOPMEtff OF AtfflBJDIES AGAINST i?J -METHYUJEOXYGNANOSINE (N -MEDG) TO
DETERMT'-JE EXPOSURE TO ALKYLATING AGEOTS

P. Degan, R. Montesano and C.P. Wild

International Agency for Researcn on Cancer

150 Cours Albert Thomas, 69008 Lyon, France

The exposure of organisms to alkylatmg agents results in
alkylation at some 12 sites of the DNA bases and these were associated
with the toxic, mutagenic and carcinoginic effect of these chemicals.

The main target of methylating agents is the position N of
guanme that accounts for 70-80% of total DtJA methylation. This DNA
adduct persist for a long time in cellular DNA (Lawley et al., (1981)
Proc. Natl. Acad. Sci. 2, 154-157) sin.ce it is repaired enzymatically
with low efficiency (Laval et al., Singer et al., Margison et al.,
(1981) Proc. Watl. Acad. Sci. 78, 852-855, 856-360, 861-d65). These
properties indicate that determination of this adduct in human tissue
DMA would be informative in assessing past exposure to alkylating
agents with a sensitivity and specificity applicable to
epidemiological studies. Presence of 0 -methyldeoxyguanosine (O°-medj)
that occurs at 10 times lower level than N -medG, has been detected in
human tissues (Umbenhauer et al., (1985) Int. J. Cancer, 36_, 661-665).

Polyclonal antibodies againstJU -medG are raised in rabbits by
immunization with two antigens: N -medG imidazole ring open form
(l.r.o.) conjugate either to Bovine Serum Albumine (B.S.A.) or
hemocyanine (H.C.). Sera obtained were purified by affinity
chromatogi aphy and the ELISA assay permits the detection of 1.25 pmol
of N -medG i.r.o. for 50* inhibition, with 1 mg of UNA; this
corresponds to detection of one DNA adduct in 10 deoxygquanosines. The
antibodies recognised both the l.r.o. and the close-form of N -medG
but with sensitivity 200 times lower for the close form. The amount of
other DNA adducts.,or normal nucleosides required to produce 50%
inhibition was: tJ -meG 1.25.10 pmol; d3 1.1.IOJ pmol; dA, dr and dC >
1 10 pmol. Chromatography procedures were also developed that.permit
tge separation of a single hydrolysed DMA sample of N -mecG, 0°-mea3,
0 -etd3 and O -medT with subsequent detection by ELISA or RIA assays.

Validation of lmmunoassay measurements were carried out in
parison with radiochemical determination!
t N -medG can be detected in peripheral ]

treatment of rats with dimethylnitrosamine.

eompcirison with radiochemical determinations. Experiemnts in vivo show
that N -medG can be detected in peripheral blood cells DMA after"
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ENHANCEMENT OF THE DNA REI'AlR CAPACITY OF MAMMALIAN CELLS
BY CARCINOGEN TREATMENT.

M. Pr-ot lc-Cabl jlc, E. Roilides, A. S. Levme and K. Dixon

Rugjer Boskovic Institute, Zagreb, Yugoslavia and National
Institute of Child Health and Human Development, NIH,
Bethesda, Maryland, USA

To determine whether DNA excision repair is
enhanced in mammalian cells in response to DNA damage, as it
is in bacteria as part of the SOS response, we used an
expression vector-host cell reactivation assay to measure
cellular DNA repair capacity. When UV-damaged
chloramphenicol acetyltransferase (CAT) vector DNA was
introduced into monkey CVl cells, the level of CAT activity
was inversely related to the UV f'luence due to inhibition of
cat gene expression by UV photoproducts (ProtIC-SabljIC and
Kraemer, PNAS USA 82:6622-6636, 1985). When CVl cells were
treated with either UV radiation (10 J/M2) or nutomycin C (1
ug/ml, 2. 5 hours) 24 hours before transfection, CAT
expression from the UV-irradiated plasmid was increased.
This increase did not occur in repair-deficient human
xeroderma pigmentosum group A cells. We confirmed that this
increase in. CAT expression was due to repair, and not to
production of damage-free templates by recombination; the
frequency of generation of neo+ recombinants after
transfection with vectors carrying partially deleted
neomycm genes did not significantly increase in
carcinogen-treated CVl cells.

From these results we conclude that treatment with
certain carcinogens, like UV-light or mitomycin C, enhances
the excision-repair capacity of normal mammalian cells.
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PUR IF ICA J ION Of 3 MtTHVl A M MINI ONA GL Y C 0'., YL A Z t II FROM
r.CHfjRlCMlA Cl.lL I

Svein Bjelland and Erling Seeberg

Norwegian Defence Research Establishment. Division for Environmental

Toxicology, PO Box 25, N-2007 Kjeller, Norway

We have purified 3-met hy l a d e m n e ONA glycosylase II from
E s c h e n c h i a coll to apparent physical homogeneity by a modification of
a procedure originally designed for the purification of
3-methyladenine ONA glycosylase I (Bjelland. S. and Seeberg. E. (1987)
Nucl. Acids Res. 15, 2 7 8 7 - 2 8 0 1 ) . Cell extract was made by sucrose
plasmolysis/lysozyme treatment and' the enzyme purified by
gel filtration on Ultrogel AcA 54, cation exchange chromatography on
Mono S HR 5/5 and diuoii exchange chroma tography on Mono 0 HR 5/5. We
used as an enzyme source a strain carrying the alkA gene on a
multicopy plasmid, where the bacterial production of glycosylase was
induced by the addition uf N-methyl-N' nitro- N-nitrosoguanidine
(MNNG). Sodium dodecyl sulphate/polyacrylamide gel electrophoiesis of
the various fractions obtained during purification indicated that the
enzyme W J G essentially homogeneous after the Mono S fractlonati<)n
where ll eluted at about 0.2* M NaCl at pH 6. The enzyme was excluded
from the Mono <i column at pH 8.5. We are presently investigating the
biochemical properties and possible sequence spei.: f lcities of
3-muthylad^nine excision by 3-methyladenine ONA glycosylase I and II
In elucidate the diiferent roles of these enzymes l ri DNA alkylation

I H p J 11" .
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THE USE OP DOUBLE RADIOLABELLING ZN D A REJOINING EXPERIMENTS.

Bjdrn E.R. Sandstrom

Division of Cell- and Microbiology,

National Defence Research Institute,

S-901 82 Umea, Sweden.

Two procedures based on DMA unwinding in alkali followed by hydroxyl-

apatite chromatography for determining differences in the number of DMA

breaks between two cell populations after irradiation have been de-

veloped .

The first of these assays measures the number of breaks in irradiated

cells that are treated with a DNA repair inhibitor in comparison to

equally irradiated, ,not drug-treated, control cells, TWO cell popula-

tions, in which DNA was labelled with different cadionuclides, were used.

One cell population was labelled with ( Hjthymidine and the othei with

[ Cjthymidine. They were both irradiated but only one was treated with a

drug affecting DNA repair. After different repair periods the analysis of

DNA strand breaks was performed after mixing of the two cell populations,

which is the important advantage with this procedure, since it allows the

simultaneous DNA unwinding and hydroxylapatite chromatography of both

drug-treated and reference cell populations. This procedure gives direct-

ly the difference between DNA rejoining in cells with and without

inhibitor, which improves the accuracy in determining the influence of

the inhibitor compared to indirect measurements, i.e. measuring the

difference between two independently determined curves.

The second assay can be used to determine the kinetics of DNA tejoin-

ing with great sensitivity. Two cell populations of different radiolabel-

ling were again used. They were both v-irradiated on ice and for rejoin-

ing injected into 37°C medium with a fixed time interval between the dif-

ferently labelled cell populations. The kinetics of the rejoining was

then followed by withdrawing samples at different times followed by DNA

unwinding and hydroxylapatite chromatography. The result was expressed as

the difference in DNA breaks between the beginning and end of the fixed

time interval at different times of rejoining.
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A BACTERIAL MODEL SUGGESTS THE INVOLVEMENT OF APURINIC SITES IN IriL
SYNEKGISTIC ACTIOM OF ANTITUMOR AGENTS ANU INTERCALATING UKUbj.

C. Malvy, ri. Safraoui and J.R. Bertrand

UA 147 CNRS and U 140 INSERM, Institut G. Koussy,

rue C. Oesmouiins 94800 Villejuif, France.

The i n t e r c e p t i n g compound, y-Mtt^-eVlipticu^e (yA£ j , and deriva-
t i ves , were previously shyrfn to break DNA at apurinic s i tes with spec i f i -
c i t y . We have shown that a related compound, Isopropyl-oxazolopyrido-
carbazole (Ipr-OPC), interacts with apurinic s i tes without inducing brea-
kage. The inh ib i tory ef fect of 9AL or Ipr-OPC with non tox ic doses of the
a lky la t ing agent Dimethylsulfate (JMS) on the growth of E.col i is addi-
t i v e . The same resul t has been observed with a exonuclease I I I mutant
wh^ch has only 10 % of the AP-endonuclease a c t i v i t y . However UAE or Ipr-
OPC display a synergist ic toxic e f fec t with a JMS concentration which
allows 20 % of E.coli surv iva l . This synergy is increased for 9AE in the
AP-endonuclease mutant when compared to the wi ld-type s t r a i n . Under the
same conditions yAE and Ipr-OPC have no synergist ic e f fec t on a mutant
def ic ient in the enzymes which generate AP-sites. This is not caused oy a
difference in DNA access ib i l i t y . The d i rec t in teract ion of aAE and Ipr-OPC
with AP-sites in E.coli is therefore l i k e l y responsiDle for the inh ib i t i on
of the i r repair and enhancement of DMS toxic act ion. Synergy between some
antitumor in terca la t ing drugs and antitumor agents which induce AP-sites
(X-rays a lky la t ing agents) might be caused by a s imi lar process.

I t is remarkable tnat the antitumor agent 2-methyl-y-hydroxy-
e l l i p t i c i n e displays a synergist ic e f fec t with a lky la t ing agents on L lz lu
leukemia in v i t r o and in vivo. This compound interacts with apurinic sites
without inducing breakage.



I . ' . ' I All; UK AKl.YUTKI' M'M:V. KI INCHEM'VA) IN MAMMA1JAN iT.U,, ' AF-*l'f:i<

•/.'>i ii 'i." i X K T K I ' A T M K N T : ; .

i ' i t . f i r i;i l.i-l'cbvrt.- and K r a u c o i c e . LavuJ

i n r . l J U i l Gus t i i v i : f iousny ( U ;-'i7 INf.EHM ) , 9UttO'j V i l l c j u i f , F r a n c e .

h

We have shown that the 0 -methylguanine-DNA-mc-thyltrancferase

'trancferase) activity was increased in a rat hepatoma cell line

.•ifter treatment with various agents : UV-light, X-ra.ys, cii:-i'latinum,

ellipticines... This increase is observed ^8 hours after a single

treatment with a low dose of these agents. This i:~ at variance witli

the adaptive response which is induced after repeated pretreatraents.

Similar results were obtained with different cell lines, among

them a human liver cell line (LICH cells): the transferase activity

is increased for instance about *t-fold when these cells are pretreated

with cis-platinum II. In each cell line, the enhanced activity is

due to a protein having the same properties than the constitutive

one, as judged by pel electrophoresis characterization.

The influence of the pretreatments on the repair of the lethal

lesion 3-methyladenine was investigated. The removal of 3~methyl-

adenine residues from the DNA of H - MNU treated cells is faster

in pretreated compared to control cultures. The 3-methyladenine

glycosylase activity measured in cellular extracts, using as subs-

trate H - DMS treated DNA, is also increased by the pretreatments.

These enhanced proteins are biologically active, as the lethal

and mutagenic effects of MNNG are lower in pretreated cells.

As these enhanced activities are observed after a single pretreat-

ment with agents which induce different types of DNA damage, our

results suggest that the repair of alkylated bases can be increased

in mammalian cells fcy a process which is different from the adaptive

response.
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INTRAQfflOMOSOMAL PROBES FOR INVESTIGATING MUTAGENESIS BY

CHEMICAL CARCINOGEN-DNA ADDUCTS IN MAMMALIAN CELLS

E. Dogliotti1'2, K. Ellison1, L. Niedemhofer1, F. Palombo' ' ,
and j. Essigmann

1. Depl. Applied Biological Sciences, M.I.T., Cambridge, U.S.A.
2. Lab, Applied Toxicology, Istituto Superiore di Sanita, Roma, Italy

An SV 4O-«Jterived sfriutrje vector was rrcxlified to contain a single
DNA adduct formed by certain carcinogenic aikylating agents, 0 -methyl_
guanine (0 -MeGua), and then introduced into manmalian cells to investiga
te the mutagenic processing of this defined DNA lesion. The shuttle vector
pJPvu I was constructed to contain the pML2 and SV40 origins of replication,
the neomycin resistance (neo ) gene under the control of both bacterial and
SV40 promoters, and a unique Pvu I site located in a position unnecessary
for vector viability. A single O -MeGua residue was inserted into pJPvu I
by constructing a duplex genome with a 4-base gap in the Pvu I site, into
which a chemically synthesized tetranucleotide, 5'-pTpCpm GpA-31, was li-
gated- The adduct-containing pJPvu I was transfected into CHO cells were
it randomly integrated into the host chromosome and where mutations were
fixed. Progeny vector genomes were rescued by fusion of CHO cells posses-
sing the neo -marker to COS cells, followed by amplification in Escherichia
coli. 0 MeGua-induced mutant genomes were selected by virtue of their insen
sitivity to Pvu I digestion. To study the influence of repair processes on
the final yield of mutations, two isogenic CHO.cell lines either proficient

"t*" """ D

(mex ) or deficient (mex ) in the removal of 0 MeGua were used. A mutation
frequency at the Pvu I site of 8-15% was observed when the 0 MeGua-adducted
shuttle vector was replicated in the repair—deficient cell line. The fre-
quency of mutations was background (~2%) when the vector was replicated in
repair-competent CHO cells. The DNA sequences of 19 mutant genomes revealed
that the genetic change arising after replication of 0 MeGua in marmialian
cells was exclusively the G to A transition. The feasibility of determining
the mutation frequency at the Pvu I site directly in the manualian cell
genome by Southern blot analysis is under investigation. The system is cur
rently being used to determine the mutagenesis caused by 0 -ethylguanine in
manmalian cells and to investigate the role of the mammalian 0 MeGua-methy 1_
transferase in modulating its mutagenesis.
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CONSTRUCTION OP A SITE-SPECIFICALLY MODIFIED VIRAL GENOME
CONTAINING THE MAJOR DNA ADDUCT OF THE ANTITUMOR DRUG cis-
D1AMMINEDICHLOROPLAT1NUM

L.J. Naser, A.L, Pinto, S.J. Lippard and J.M. Essigmann

Departments of Applied Biological Sciences and Chemistry

Massachusetts Institute of Technology, Cambridge, MA 02139, U.S.A.

Platinum antitumor drugs, the prototype of which is cis-diammine dichloroplatinum
(IJ), exert their biological effects by binding to DNA in the tumor cell. In order to study
the consequences of cis-DDP on biological processes such as replication and mutagenesis,
a bacteriophage MI3 genome has been constructed containing the major adduct formed
between this drug and DNA, a cis-[Pt(NHs)2-{d(GpG}] intrastrand crosslink, at a unique
site. The dodecanucleotide d(TCTAGGCCTTCT) was synthesized by the solid phase
phosphotriester method and was allowed to react with I equivalent of cis-
lPt(NHs)2(Hj0)j]2+. The resultant platinated product, cis-
[Pt(NHj)2(d(TCTAGGCCTTCT)}], was purified by reversed phase HPLC: An NMR pH
titration of the non-exchangeable base protons of the unplatinated and platinated
dodecanucieotides identified the platinum adduct as an intrastrand crosslink between the
N(7) atoms of the adjacent guanosine residues. A 12 base pair insertion mutant of
M13mpl8 was constructed by ligating the duplex dodecanucleotide d(TCTAGGCCTTCT)-
d(AGAAGGCCTAGA) into the unique Hinc II restriction site, thereby destroying the
Hinc II site and generating a unique Stu 1 site. A duplex Ml3 genome containing a 12-
base gap in the minus strand was created by hybridizing the circular plus (viral) strand
genome of the insertion mutant with Hinc 11-cleaved M13mpl8 duplex DNA. The
platinated dodecamer, cJs-[Pt(NH9)j{d(TCTAGGCCTTCT)}J, was ligated into the minus
strand gap with high efficiency to create a biologically viable site-specifically adducted
genome. Modification of this general procedure has permitted the construction of duplex
and single-stranded genomes with the cis-[Pt(NH8)3{d(GpG)}] crosslink in the plus strand
as well. These procedures are general ones and can be modified to accommodate other
DNA adducts.

The presence of the cjs-[Pt(NHs)2{d(GpG)}] crosslink in the Stu I site conferred
Stu I resistance to the duplex genome, whereas restriction at other nearby sites was
unaffected. Removal of the platinum by treatment with sodium cyanide quantitatively
restored Stu 1 sensitivity. Gradient denaturing gel electrophorests was used to investigate
the stability of a 300 bp fragment containing the unique cis-[Pt(NH3)2{d(GpG)}] crosslink.
The platinated fragment melted out at a lower concentration of denaturant than the
unmodified parent fragment; localized melting of the DNA duplex around the cis-
[Pt(NH3)2{d(GpG)}] crosslink could provide a nucleation site for the cooperative melting
transition that was not observed in the unplatinated fragment. Data on the survival of
these site-specifically adducted vectors in bacterial cell lines with various genetic
backgrounds will be presented.
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CLONING OF rt. LUTEUS i-METHYLADINE-UNA GLYCQbYLASE IN ESCHERICHIA
COL I

Josiane PILRKE and Jacques LAVAL

Groupe "Reparation des lesions radio- et chiuu'oinduites"

U140 INSERM, UA147 CNKS, I n s t i t u t Gustave rtoussy, y4bJ5 V i l l e j u i f
Cedex, France.

3-methyiadine is formed in DNA af ter treatment witn a lky lat ing
agents. This lesion is repaired by 3-methyladine-DNA glycosylase. In
Escherichia col i the repair of 3-methyladenine depends on the products of
the genes tagA and alkA, which code for 3-metnyladenine-OUA glycosylases
I and I I , respectively. The tagA" and alkA" mutants are sensit ive to
a lky la t ing agents, the double mutant much more so.

We have cloned two genes of Micrococcus luteus that pa r t i a l l y restore
the resistance of a lky lat ing agents to the tagA" alkA" double mutant of
E. c o l i . The two hybrid plasmids contain M. luteus UNA which code for two
separate 3-methyladenine-DNA glycosylases which only excise 3-methyl-
ade>. ne from the DNA. These two glycosylases both have molecular weight
of ti kD and are not inh ib i ted by J-methyladenine. Although there is an
adaptative response in Micrococcus luteus neither of tne recombinant D(4A
glycosylases is inducible under, adaptative treatment in d i f fe ren t mutants
of E. c o l i . The res t r i c t i on map of the two clones are t o ta l l y d i f ferent
and the UNA of the two genes do not cross hydr idize. Moreover, these
genes do not hybridize to the tagA or alkA genes in E. c o l i . Sequencing
of tne two recombinant UNAs is in progress.



Molecular cloning of the f^* gene oi LscheHchia c o l l , coding for
the 2-& d1am1no-4 hydroxy-5N-methylformam1dopyr1m1d1ne-DNA glyco-
sylase (FAPY-DNA glycosylase).

S. BOITEUX, T.R. O'CONNOR and J . LAVAL

"Groupe Reparation des lesions radio et ch1mio1ndu1tes".UAi47 CNRS,
U140 INSERM, Lnstitut Gustave-Roussy, 94605 V i l l e ju i f Cedex, France.

Guanine methylated at the N7 position 1s by far the main product In
ONA after chemical methylation. N7 metnylguanine alone does not seem to
be harmful for the ce l l . However, tf7 alkylation favors the cleavage of
the imidazole ring yielding 2-6 diamino-4-hydroxy-SN-methylforinarnido-
pyrimidine (FAPY). Ooservations suggest that FAPY residues might play dn
important role in cellular processes leading to mutagenesis and/or carci-
nogenesis by alkylating agents, ( i ) 1n v i t ro , FAPY inhibits UNA chain
elongation by Escherichia col i DNA polymerase I , ( i i ) in vivo, FAPY is
specifically excised by a DNA glycosylase in both prokaryots and euka-
ryots. To assess the biological significance of FAPY, we have cloned the
FAPY-DNA glycosylase gene of Escherichia co l i .

High molecular weight DNA was purif ied from the HB11Q0 wild type
strain and submitted to a limited digestion by the Sau3A restr ic t ion
enzyme. Then 10-15 Kb fragments were purif ied on a neutral sucrose gra-
dient, and ligated at the BamHI site of pBR322. Recomoinant molecules
were transformed into the HB101 recA" strain. Qyer 800 clones were iso-
lated and the FAPY-DNA glycosylase act iv i ty was measured in crude
lysates. Among them, one clone overproduced the glycosylase by a factor
of 10. A 15 Kb plasmid was isolated, characterized and subcloned.
Finally a 1.8 Kb insert containing the Escherichia col i fpg* gene was
cloned into pUClB and 19. The resulting recombinant plasmids were in t ro-
duced into H8101. Tnese strains overproduced the FAPY-DNA glycosylase by
a factor of 50. The only product encoded for by these plasmids is a 31KD
protein as shown Dy the maxicell method. The FAPY-DNA glycosylase puri-
fied from the overproducer shows a single protein at 31 KD. The sequence
of the _fg£+ gene was also determined. The construction of a FAPY-UNA
glycosylase deficient strain of Escherichia coli is in progress.
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I D E N T I F I C A T I O N O F T W O R A T L I V E R L 1 C A S E S P E C I E S W I T H
DIFFERENT SUBSTRATE SPECIFICITY : DO THEY CORRESPOND TO TWO
DIFFERENT ENZYMES ?

M . M e z z i n a , A . L i s a n d r i ( 2 ) , R . H . E l d e r ( l ) , J . M .
R o s s i g n o l ( 1 ) a n d A . S a r a s i n
L a b o r a t o i r e d e M u t a g e n e s e H o l e c u l . n r c , ( 1 J L a b o r a t o i r c d e
B i o l o g i e H o l t c u l a i r e d e l a R e p l i c a t i o n - I . R . S . C . , B . P . n °
8 9 4 8 0 2 - V 1 L L E J U I F C E D E X ( F r a n c e ) . ( 2 ) U n i v e r s i t a d e g l i
S t u d i d i R o m a , L a S a p i e n z a , D i p a r t i m e n t o d i B i o l o g i a
V e g e t a l e , P i a z z a A . M o r o 1 . 0 0 1 8 5 - R O M E ( I t a l y ) .

A l t h o u g h o n l y o n e D N A lig. i - ^ e g e n e p r o d u c t e x i s t s i n
p r o c a r y o t e s a n d i n y e j s t , i n m a m m a I s , i n s o m e l a b o r a t o r i e s t w o
D N A l i g a s e s h a v e b e e n r e p o r t e d w h i c h d i f f e r i n t h e i r
c h r o m a t o g r a p h i c p r o p e r t i e s , m o l e c u l a r m a s s a n d a b i l i t y t o
l i g a t e o l i g o ( d T ) a n n e a l e d t o p o l y ( r A ) : D N A l i g a s e I , a h i g h
m o l e c u l a r m a s s ( 1 3 0 k D a ) s p e c i e s , i s n o t a c t i v e w i t h a
p o 1 y ( r A ) : o 1 i g o ( d T ) s u b s t r a t e , w h e r e a s D N A l i g a s e I I , a s m a l l e r
e n z y m e ( 6 0 - 8 0 k D a ) , i s a b l e t o l i g a t e o l i g o ( d T ) a n n e a l e d t o
p o l y ( r A ) . H o w e v e r , i n o t h e r l a b o r a t o r i e s , o n l y o n e D N A l i g a s e
h a s b e e n p u r i f i e d a n d t h i s c o r r e s p o n d s t o D N A l i g a s e I .

W e h a v e p r e v i o u s l y d e s c r i b e d t h e p a r t i a l p u r i f i c a t i o n o f
a s i n g l e l i g a s e s p e c i e s f r o m b o t h n o r m a l a n d r e g e n e r a t i n g r a t
l i v e r w h i c h , a f t e r a c t i v i t y g e l a n a l y s i s , i s c o m p o s e d o f a
s i n g l e 1 3 0 k D a p o l y p e p t i d e ( E u r . J . B i o c h e m . , 1 9 8 7 , J ^ j > , 3 2 5 -
3 3 2 ) . R e c e n t l y w e h a v e i d e n t i f i e d a s e c o n d , m i n o r , s p e c i e s o f
D N A i i g a s e w h i c h i s a c t i v e w i t h a p o l y ( r A ) : o l i g o ( d T )
s u b s t r a t e , u n l i k e t h e m a j o r s p e c i e s . F o l l o w i n g s e p a r a t i o n o f
t h e t w o l i g a s e s p e c i e s b y p h o s p h o c e 1 1 u 1 o s e c h r o m a t o g r a p h y ,
f u r t h e r p u r i f i c a t i o n w a s c a r r i e d o u t b y h y d r o x y l a p a t i t e a n d
d s - D N A c e l l u l o s e c h r o m a t o g r a p h i e s a n d g e l f i l t r a t i o n . T h e
p u r i f i e d f r a c t i o n s a l s o d i s p l a y d i t f e r e n t K m s f o r A T P a n d p H
o p t i m a . . S i n c e t h e a c t i v i t y o f t h e m a j o r l i g a s e s p e c i e s i n
n o r m a l r a t l i v e r i n c r e a s e s m a r k e d l y a f t e r p a r t i a l h e p a t e c t o m y ,
r e a c h i n g t h e m a x i m u m l e v e l a f t e r 4 4 h , w h i l e t h a t o t t h e m i n o r
s p e c i e s r e m a i n s a t a c o n s t a n t l o w l e v e l d u r i n g t h e p e r i o d o f
r e g e n e r a t i o n , w e c o n c l u d e t h a t t l i e s e s p e c i e ; , a r c e q u i v a l e n t t o
t h e D N A l i g a s e I a n d 1 ! p r e v i o u s l y d e s c r i b e d t o r t h i s t i s s u e .

H o w e v e r , w h e n chos«_- f r a c t i o n s w e r e a n a l y s e d o n a c t i v i t y
g e l s , t h e l i g a s e a c t i v i t y t o r b o t h f r a c t i o n s a p p e a r s t o b e
c o r r e l a t e d t o p o l y p e p t i d e s w i t h t h e s a m e h i g h m o l e c u l a r m a s s
( 2 0 0 , I 5 0 a n d 1 3 0 k D a ) j n d n o s m a l l e r m o l e c u l a r m a s s
p o l y p e p t i d e s , a n a l o g o u s t o t h e p r e v i o u s l y r e p o r t e d D N A l i g a s c
I I s p e c i e s , w e r e d e t e c t e d . I n a d d i t i o n , w h e n t h e l i g a s e - A M P
i n t e r m e d i ;ite c o m p l e x w a s a n a l y s e d a t t o r p o l y a c r y l a m l d e g e l
e l o t t r o p h o r c s i s , a g j i n o n l y o n e I J w k D.i p o l y p e p t l d e h a s b e e n
r e v e a l e d f o r b o t h l i g . i s v f r a c t i o n s .

T h i s I n d i c a t e s t h a t A T P - tie p e n .If n t U N A i i ^ j s e f r a c t i o n s
p u r i f i e d f r o m r a t l i v e r , w h e t h e r . u t i v u w i t h a
p o I y ( r A ) : o I l g o ( d T ) s u b s t r a t e o r n o t , ,irr c o m p o s e d o l h i g h
m o l e c u l a r m a s s p o I y p e p t t d e s .
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DNA DAMAGE INDUCED IN MAMMALIAN CELL:"! UPON BIOREDUCTIVE
ACTIVATION OF T1IK NITHOIMIDAZOLE, RSU 1069-

0.3aporu(2), T. J . Jenner (1 ), P.0 Ncill(1), L.Dantodonnto{2)
and E.M.Fi*»ld«jn( 1 ).

(1) MRC Radiobiolocy Unit, Chilton, Didcot, U.K., and
(2) Comparative Toxicology Department, Istituto Superiore di
Sanita, Rome, Italy.

RSU-1069 ,
propanol, is,
toxic towards
The induction
RSU-1069 and
assessed using
for 2 hr at 37C

1-(2-nitro-1-imiduaolyl)-?-(1-aziridinyl)-2-
on n concentration basis, 30-100 fold more
hypoxic relative to aerobic cells in vitro,
of DNA single and double strand breakage by
misonidazole in V-79 mammalian cells, as

sedimentation techniques, after incubation
under both hypoxic and aerobic conditions

have been investigated using concentrations of the agents
comparable to those used in the cytotoxicity studies. The
time dependence of strand breakage in cellular • DNA has also
been investigated at given concentrations of the agents.

Double strand breaks are induced predominantly by RSU-1069
under hypoxic conditions. Preliminarly investigations are
being undertaken to assess the time-scale of repair of such
DNA damage in comparison with that produced by ionising
radiation.

Prom the dependence of yield of DNA strand breaks upon
both time and concentration
po'nts will be emphasised:,
effective than misonidazole
2)under hypoxic conditions
effective than misonidazole
the percentage of rejoining
less than that witnessed for

of the agents, the following
Oin air, RSU 1069 is more
at causing strand breakage,

RSU-1069 is 10. -fold more
at inducing DNA breaks and 3)
of drug-induced DNA damage is
radiation-induced DNA damage.

These findings are consistent with the proposed molecular
mechanisms whereby the greatly increased efficiency of the
nitroimidazoles under hypoxic conditions is due to
bioreductive activation of the compounds to form reactive
metabolites. In the case of RSU-1069, bioactivation results
in the metabolite having bifunctional character.
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STRUCTURAL DAMAGE AND MUTATIONS IN LAMBDA PHAGE AFTER

GAMMA-IRRADIATION

Heidi Bertram

Institut f. Strahlenbiologie -gsf- D-8042 Neuherberg

Lambda phage DNA was gamma-irradiated in aqueous solu-
tion and the amount of some radiation-induced lesions, i.e;
breaks and alkal1-labile sites, was determined by analytical
sedimentation. This DNA exhibited twice as much minor struc-
tural damage ( single strand breaks and alkali-labile sites)
than DNA from irradiated phage originating from an induced
lysoqen. The irradiated DNA was then repackaged in-vitro into
infectious particles. Using SOS-induced host cells, the indu-
ction of mutations in either of the cl- and cll-cistron was
scored. Simultaneously the loss of infeccivity was analyzed
with respect to the extent of structural damage. An increase
in the number of mu.tation was found to be mainely by minor
lesions, i.e; single strand breaks and alkali-labile sites
and unidentified base damage. These lesions also interfered
with biological activity. Major lesions, i.e; double strand
breaks and Sl-nuclease-sensitive sites, were found to contri-
bute to the loss of infectivity rather than to mutagenesis.



PSORALEN-DNA CROSSLINK RKPAJR ANALYZED BY ELECTRON MICROS-

COPY t COMPARISON BETWEEN NORMAL AMD FANCOWI ANEMIA

FIBROBLASTS.

Silvano Nocentini, Solangc Rouesut and Ethel MOUSTACCIII.

Institut Curie, Biologic, 26 rue d'Ulm, Paris 5, France.

Fanconi anemia (FA) is an autotiom.il recessive disease cha-
racterized by a hiqli cellular sensitivity to Lifunctional ge-
notoxic agents. Two complementation groups, A and B, have
been genetically distinguished. The capability of normal and
FA cells to repair the DNA interstrand crosslinks photoinduced
by the bifunctional furocoumarin 8-methoxypsoralen (8-MOP) was
evaluated by a quantitative electron microscopy analysis.

Cell cultures were treated by 8-MOP and UVA (365 nm). DNA
was extracted either immediately or after different time in-
tervals of post-exposure incubation. DNA was restricted with
PvuII in order to reduce the fragment length and allow pro-
per numeration of crosslinks. After total denaturation and
spreading of DNA according to Davis, DNA interstrand cross-
links were visualized by a transmission electron microscope
Zeiss 902. DNA fragment length measurements were performed
with a computer assisted digitizer.

It was observed that the number of 8-MOP-photoinduced
crosslinks is similar in normal and FA cells for a same UVA
dose in a same experiment. A dose relationship is found bet-
ween the UVA dose and the number of crosslinks. In all the
cell lines studied, the number of crosslinks decreases as a
function of the repair incubation time. After a 24 h period,
the removal of DNA crosslinks is comparable in normal and FA
cells of complementation group B ; it seems slightly reduced
in FA cells from complementation group A. Similar results are
obtained using either confluent cell cultures or rapidly gro-
wing cells. On the other hand, the number of crosslink frag-
ments as well as the number of crosslink per fragment is
observed to diminish after repair.

In conclusion, this electron microscopy analysis indicates
that : 1) normal human fibroblasts are able to incise inter-
strand crosslinks from their DNA. 2) FA cells, as well, appear
to accomplish at least the first steps of the repair process,
i. e. recognition and incision. However, FA cells belonging
to complementation group A seems to be somewhat affected in
the efficiency of such a process.
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DUPLEX-DUPLEX HOMOLOGOUS RECOMBINATION CATALYSED BY HUMAN

NUCLEAR EXTRACTS

Bernard Lopez, Solange Rousset and Jacques Coppey

Institut Curie, Biologie, 26 rue d'Ulm, Paris 5, France

Using as substrates, 1 : the replicative form (RF) of
phage Ml 3 mpb in which the reading frame of the lac Z' gene
was disrupted by insertion of an octonacleotide, and 2 : a
restriction fragment one kb long, containing the functional
lac Z' gene (isolated from wild type Ml 3 mp8), we show that
nuclear extracts from human cells (3 lines tested) promote
the targeted replacement of the altered sequence by the func-
tional one. Following incubation with the extracts, the DNA's
were introduced in JM 109 bacteria (rec A" and lac Z'~) which
were grown in presence of a colorimetric indicator of 6-galac-
tosidase activity. Homologous recombination gives rise to
the genotypical modification : 1ac 2'+ instead of lac Z' ~ in
the bacteriophage DNA. This is revealed by phenotypical ex-
pression of the lac Z' gene product in replicating bacterio-
phage, i. e. the formation of blue instead of white plaques.
T1I«J Ireqjency of recombination (blue/total plaques) is increa-
sed by a factor of 50-80 as a function of protein concentra-
tion and of incubation time. The maximal frequency observed is
5 x 10~5. There is no increase over the background when ex-
tracts are boiled.

Electrophoresis and electron microscopy of DNA's incubated
with the extracts show the formation of recombination inter-
mediates with reciprocal exchange. Restriction analysis of
recombined DNA confirms that the process corresponds to tar-
geted sequence exchange. These data allow to propose three
steps for homologous recombination between two duplex DMA's :
i) unpairing of the two duplexes ; ii) single-strand exchange
and synaptic pairing ; iii) resolution of the cross-junctions.
The three steps correspond to those predicted by the gene
conversion model of Holliday.

Sequencing of the UNA from 20 rocombined clones was per-
formed over 400 nucleotides from the primer annealing site.
The analysis encompasses a non expressed gene (lac I'). No
modification was detected in the 20 DNA sequences. This
result appears to demonstrate that the strand exchange is
error-free.
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PROMOTION OF DOUBLE-STRAND BREAK REPAIR BY HUMAN NUCLLAR

EXTRACTS MAINLY INVOLVES RECOMBINATION WITH INTACT HOMO-

LOGOUS UNA

Bernard Lopez and Jacques Coppey

Institat Curie, Biologie, 26 rue d'Ulm, Paris 5, France

Parameters of DNA double-strand break {dsb) repair cataly-
sed by human nuclear extract were analysed using as substrate,
the replication form (RF) of M13 mp<3 in which a single double-
strand break (dsb) was introduced by restriction. After incu-
bation with the extract, the dsb repair was estimated by the
ability of the incubated RF to produce plaques following
transfection into JM 109 (RecA~) bacteria. The possibility of
recombination with a purified fragment from M13 mp8 RF enhan-
ces up to 20 times the plaquing ability of the RF.

The repair by recombination occurs under several condi-
tions : i) the break in the RF must be located in the region
of homology with the fragment, ii) the fragment has to be
intact in the region corresponding to the brea'k in the RF.
iii) a minimal length of homology between the region surroun-
ding the dsb in the RF, and the fragment is required. The
in vitro reaction is ATP dependent and dNTP's partially de-
pendent. Dephosphorylation of the free ends in the RF decrea-
ses the repair by ligation but is without effect on the re-
combination. However the efficiency of repair by recombina-
tion is dependent on the structure of the DNA ends at the
cleavage site.
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REPAIR CF ONA PHOTOADJUCTS INDUCED BY 3-CARBETHCKYPSCRALEM ( 3 - C P s )

IN EUKARYOTIC CELLS, FOLLOWED BY A CHEMICAL METHOD.

M. Dardalhon1, A. Moysan^ D. Averbeck1, P. Vigny? 3. Cadet*, L. Voituriez*

1 2
Institut Curie, Institut Curie-Univ. Paris 6, Paris 05, France

XC.E.N.G., Laboratoire de Chimie, Grenoble, France

In recent years, one of the goals of studies on psoralens
has been to characterize the chemical and stereochemical natu-
re of psoralen-nacleoside photoadducts formed in vivo by
quantitative and specific methods. A technique developped for
the detection of the two thymidinec >3-carbethoxypsoralen
diastereoisomers formed in DNA (Moysan et a l . , Biochimie,
1986) has been applied to study DNA photoadducts formed in
the DNA of eukaryotic cells after treatment with 3-CPs and
UV-A. This method based on the purification and enzymatic
hydrolysis of DNA extracted from treated cells and i t s ana-
lysis by HPLC using fluorescence detection has permitted us to
identify and follow quantitatively the two diastereoisomers
d Thd< >3-CPs formed in Saccharomyces cerevisiae and Chinese
hamster cel ls . At doses leaving the same survival level, the
induction of these two types of adducts depended on the cells
u sed.

The removal of each diastereoisomer has been determined in
several cell lines during post-treatment incubation. The
kinetics of the removal of these specific types of 3-CPs plus
UVA induced DNA monoadducts obtained by th is technique have
been compared to results obtained with classical techniques
and radioactive 3-CPs.
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N-OXIDATION AND UYDROXYi. RADICAL OXIDATION 01 DNA BY IIYUROCEN HKR0X1DK

J . K . MOURET, F . ODIN, M. I O G K R , J . CADbT and M. KM.VKREU.l

CKNG-DRF/LCH/LAN

8 5 X - 3 8 0 4 1 GRENOBLE Cttdex - FRANCE

Hydrogen peroxide may be considered as a metHbolile emerging from normal
and pathological biochemical pathways.

Whatever i t s origin (biological or by-product of gamma or UV-irradiated
water), i t i s believed to react mostly with DNA through the intermediacy
of a very reactive species : the hydroxyl r ad ica l . The transformation of
hydrogen peroxide into th i s radical , known as the Fenton reaction i s
catalyzed by t rans i t ion metals :

H2O2 + Fe 2 + > OH' + OH"" + Fe 3 +

(or Cu 2 + , e t c . . )

Using experimental conditions which minimize the Fenton reaction,
essent ial ly by lowering the amounts of t rans i t ion metals, we were able to
detect three main DNA damages : thymine g lycols , 8-hydroxy deoxy 2' -
guanosine and adenine N -oxide, using different and sensi t ive
experimental approaches, combining t r i t ium-label led DNA, acidic or
enzymatic hydrolytic digestions with electrochemical or postlabeling
techniques.

For t h i s data the following conclusions can be drawn :

1) Besides the predominant hydroxyl radical oxidation, the N-oxidation
cannot be neglected as i t can be observed noticeable amounts of Adenine
N oxide when DNA reacted with hydrogen peroxide.

2) Thymine glycols are also identified even with a medium in which the
Fenton reaction is minimized. The best yield was obtained with isolated
thyroidine rather than with DNA.

3) 8-hydToxy 2'-deoxyguanosine was measured with a remarkable sensivity
thanks to electrochemical detection (^

4) Part icular care must be taken into account when quanti tat ive
determination of a specific damage i s requested with enzymatic
procedures: the worst digestion being obtained with the highest modified
DNA.
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Detection, quantification and computer-aasisted analysis of DNA
modifications in single cells

L. den Engelse, E. Scherer, C.P. Wild, and J.S. Ploem*

The Netherlands Cancer Inst i tute, Plesmanlaan 121, 1066 CX
Amsterdam;•Sylvius Laboratories, Leiden.

Modification of DNA may result in metagenesis, carcinogenesls, cell
death and inhibition of cellular proliferation. Important parameters are
the pattern and extent of DNA modification and the ce l l ' s capacity to repair
DNA damage. The lmmunocytochemical peroxtdase assay, introduced by our.
group (Heyting et a l . , Cancer Res.13 (1983) 2935), offers a specif ic,
sensitive, and quantitative method for the analysis of a wide range of DNA
modifications. The following DNA adducta can now be visualized and
quantified in individual cells (the numbers Indicate the detection limits in
adducts per diploid genome): 0*-MeGua and O'-EtGua (10"; in collaboration
with Dr.J. van Benthem, Amsterdam), 7-MeGua (108; with Drs.R. Montesano and
P. Degan, IARC, Lyon), Gua-N2-(A)AF (.1x10*; with Dr.E. Kriek, .Amsterdam),
Gua-N*-BP (5x103; with Dr.F.J. van Schooten, Amsterdam), Gua-N7-aflatoxin B,
(2x103; with Dr.R. Montesano, IARC, Lyon), and DNA adducts induced by the
cytostatic platinum drugs ciaplatin and carboplatin (with Dr.P. Terheggen,
Amsterdam). Adducts are visualized by a yellow-brown precipi tate , a
peroxidation product of diamlnobenzidine. Quantification has been achieved
in the Sylvius Laboratories by a light microscope transmission
measurement, evaluated by a program for automated scanning and plotting of
transmission data (HIDACSYS).

We have found that a striking heterogeneity in the formation and repair
of DNA adducts within rodent tissues is the rule rather than the exception.
In case of the hamster pancreas carcinogen biaCoxypropyDnitrosamine, the
subpopulation of ductular cells capable of enzymatic activation amounts to
only a few percent of al l pancreatic ce l l s .

Immunocytochemlstry of DNA adducts also allows the study of small
target organs or t issues. An example Is the rat oesophageal carcinogen
methylbenzylnitr'oaamine (MBN) which, incidentally, also gives tumours of the
tongue. Using an antibody against 0*-MeGua, we observed an Intense nuclear
staining of both the oesophageal and the tongue epithelium after MBN.
Interestingly, MBN al30 resulted in DNA methylatlon in epithelial cells in
some other tissues (trachea and lung).

Clinical application of quantitative lmmunocytochemistry is one of the
goals of the present investigations. DNA adducts Induced by
pharmacologically relevant doses of cisplat in have been visualized In mouse
t issues, including solid transplantable tumours. A striking heterogeneity
in adduct distribution was observed in the kidney with high levels of
adducts in the proximal tubules. A substantial part of clsplatin-DNA
adducta in mouse t issues, In particular in tho kidney, proved to be of a
highly persistent nature. Preliminary experiments suggest the feasibi l i ty
of cisplatin-DNA adduct visualization in (buccal) cells from ciaplat ln-
treated cancer patients. (-Q f j ^ ,, / ' n>vi*

• f •^'•*s< •
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RADIATION PROTECTION AND SliNSITlZA'l ION: A CHARACTERISTIC

OF MODIFICATION OF DNA REPAIR

l.manucl Riklis, Kinu Kol and Rachel Marko

Rndiobiology Dept. , Nuclear Research Center-Negev,

Beer-Sheva, Israel 84190.

The need for protective measures against the harmful effects of radiation
and particularly the possibility of protection from potential carcino-
genicity of low level ionizing radiation, or of solar radiation, is
becoming increasingly important. We have recently demonstrated that some
of the classical radioprotective drugs show improved effectiveness when
acting not only as radical scavengers but rather as enhancers of DNA
repair, as shown by increased DNA repair synthesis and strand break
rejoining in mammalian cells.
A methodical and logical approach to obtaining increased proection from
radiation is provided by the use of modifiers which ar.e an integral part
of a repair pathway, as is the case with nicotinamide. Nicotinareide (NA)
is a precursor for NAD+, which is the substrate for production of poly-
(ADP-ribose) by the enzyme PADPR-transferase, known to be induced by
DNA strand breaks. It has been suggested by several authors that NA acts
as an inhibitor to the production of the polymer and is therefore a
radiosensitizer. It was also argued that the observed increased UDS
following exposure in the presence of NA or 3-aminobenzamide is not a
true increase in repair but the result of nonspecific endonuclease
activity which cause more DNA breaks and thus more UDS. We have insisted
that NA acts differently from other inhibitors of PADPRT and that at low
concentrations its presence results in increased survival, and repair.

Mammalian and human cells with different repair capabilities were exposed
to UV light O T to gamma radiation. DNA repair synthesis and levels of
NAD+ were measured following exposure. In the repair deficient XP cells
and in K-1735 mouse melanoma Cl-11 cells the level of NAD+ did not drop,
indicating no production of PADPR, and DNA repair capacity remained zero
or low respectively after exposure to UV-C light, but a marked drop in
NAD+ and a good level of DNA repair synthesis was observed after exposure
to gamma radiation. The presence of 3 mM NA moderated the drop in NAD+
level and caused an increase in DNA repair capacity. In the well-repair-
ing HEp-2 cells the drop in NAD+ and the increased repair synthesis was
observed following both UV and gamma radiations, and NA increased the
level of NAD+ and of the repair synthesis, indicating that a higher,
optimal level of NAD+ is required for continuous production of the
polymer during repair synthesis. Higher concentrations of NA caused
reduced repair and reduced survival. Nicotinamide, acting through the
poly(ADP-ribose) system is therefore a sensitizer at high concentrations
and a protector at low concentrations, and acts in cells in which
there is an effective DNA repair machinary.
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PATHWAYS FOR REPAIR OF THYMINE GLYGOLS. UREA RESIDUES /VND AP SITES

Michael F. Laspia and Susan S. Wallace

New York Medical College

Valhalla. N.Y. 10595 USA

Thymine glycols. urea residues and AP sites are models for DNA base
and sugar damages produced by ionizing radiation and oxldative stress.
These damages may be selectively Introduced into viral transfecting DNA
and easily quantitated. Escherlchla coll endonuclease III. exonuclease
III and endonuclease IV are enzymes presumed to be involved in the repair
of these damages on the basis of their in vitro specificities.
Endonuclease III is a combined DNA giycosylase and class I AP endonuclease
which recognizes a variety of thymine radlolysis products including
thymine glycols. Exonuclease III and endonuclease IV are class II AP
endonucleases which also incise DNA containing urea residues.
Paradoxically, mutants in genes encoding endonuclease III (nth) and
exonuclease III (xth) or endonuclease IV (nfo) are not X-ray sensitive.
However, xth nfo double mutants are.

We have found that fX RF transfecting DNA containing thymine glycols
is Inactivated at a 2.5 fold greater rate In nth mutants than wild type.
In addition. +X RF DNA containing thymine glycols. urea residues or AP
sites is inactivated at a 2.5 fold greater rate in xth nfo double mutants
than wild type or either single mutant. These results suggest that
endonuclease III and either exonuclease III or endonuclease IV are
involved in the repair of thymine glycols .in vivo. Furthermore,
exonuclease III and endonuclease IV are involved in the repair of urea
residues and AP sites .in vivo and are capable of substituting for each
other. These data are in agreement with the in vitro substrate
specificities of these three enzymes.

SOS repair of thyraine glycols. urea residues and AP sites was also
examined. Thymine glycols are blocks to DNA replication, but they are not
mutagenlc and retain base pairing properties. Urea residues and AP sites
are also blocks to DNA replication, and are mutagenic and nonlnstructive.
•X RF transfecting DNA containing thymine glycols was efficiently
W-reactlvated In SOS-Induced cells whereas +X RF DNA containing either
urea residues or AP sites was not. These results suggest that the ability
of the SOS response to reactivate DNA damage is dependent on the nature of
the lesion.

The genetic requirements for W-reactlvalion of thymine glycols were
also examined. Reactivation of thymine glycols was dependent on
UV-irradiation of the host or the presence of the recA730 allele in
iexA(Def) hosts which constltutlvely express SOS genes. These results
suggest that activated RecA is required directly in the reactivation of
thymine glycols. It was also found that thymine glycols were reactivated
In SOS-induced umuC insertion mutants. These data suggest that activated
RecA can mediate reactivation of thymine glycols and that this process is
partially umuC+ Independent.
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OF A OACAHUKZlMi ANALOGUE (MTUA) IN UHUCJ 'Ji;N:;j TJ VK

OH Ht".:-, 1ST ANT HUMAN I.YMrHOHLAfVroiD CELL LINKS

l1.Vcrrxjlc,D.Capan»si,B.Twi.'Uchi,A.GiuliErio »K! B.Nicoletti

Dept.Public HeulUi,2 Uhiv.Rome,via O.Naimunrk.. UU73 I Runt',0! net . Exp.Mwi.CNH

Dacarbazine (DTIC), ;i triazeno compound currently used in cnncer

chemiotherapy, was shown to be able of mediating "chemical xeno-

genization" (ex,i.e. induction of novel antigens) of cancer rnlls

(BonnuiSiUir ot a J . Pruv .Nat. Ac.'Jr l .66,10H9 , 1970) . A DTIC analogue,

the 1-p-methy 1 tnaze-no benzoic acid potassium salt (MTBA), less

immunotoxic than DTIC and equally effective in inducing ex , was

recently found to be clastogenic for normal human lymphocytes

(Vernole et al.Mut.Res. in press). It has been demonstrated that

triazene derivatives alkylate DNA (Preussmann and van Hodenberg

Biochem.Pharmacol.19,1505,1970), but they might also imply other

mechanisms as also shown by our data on clastogenicity of the drug

in G2 phase.

Clastogenic studies were then extended to an in vitro cultured E.

B.V. line (X 303) and to its MTBA-resistant subl ine (M 503) obtained

following 5 in vitro exposures to 100 ug/ml of MTBA. The karyo-

types of both lines were normal diploid.

X 303 and M 503 cells were treated in G2 phase with different con-

centrations of MTBA (2,20,100,200,500 ug/ml ) for 1 hour at 37°C.

After 30 minutes of incubation with fresh medium, colchieine was

added and cultures were harvested after further 90 minutes.Chromo-

some breaks were counted in 100 metaphases per experimental points,

experiments were repeated twice. The percentage of damaged cells

and the mean number of breaks per cell (p<0.05, according to paired

"t" test) showed that M 503 cells were less sensitive to the cla-

stogenic effects than the parental X 303 cells. Differences between

the 2 sublines were highest at the concentration of 200 ug/ml

(X 303 0.19 breaks per cell, 15 % damaged cells and M 503 0.045

breaks per cell, 3.5 % Damaged cells). Moreover normal lymphocytes

showed a sensitivity similar to that of X 303.

The present results suggest that mechanisms causing cytotoxicity

and clastogenicity of MTBA are related.

These studies were supported by MPI grants to B.Nicoletti and by

PFO, CNR to A.Giuliani
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EFFECT OF PRIOR BLEOMYCIN TREATMENT ON UV-LIGHT INDUCED SCEs

IN NORMAL AND AT LYMPHOBLASTOID CELLS

D.Caporossi,B.Porfirio.P.Vernole.B.Tedeschi.M.Fiori11i.B.Nicoletti

nd
Dept.Public Health,2 Univ., Rome, via 0. Raimondo 00173, Italy

aDept. Clinic. Immunology, 'La Sapienza' University, Rome

Agents, like Ultraviolet light (UV), that inhibit DNA synthesis mainly by

blocking chain elongation, are known to be strongly effective in inducing si-

ster chromatid exchanges (SCEs) (Wolff,1974). The Painter's replication mo_

del for SCEs formation postulates that exchanges occur at junctions between

adjacent replicated and partially replicated clusters during DNA semiconser

vative duplication (Painter, 1980). Confirming this model, it has been de-

monstrated in CHO (Painter, 1984) and frog cells (Chao, 1984) that pretreat^

ment with X-radiation, by blocking the initiation of whole clusters, redu-

ces the frequency of SCEs induced by UV.

Ataxia-telangiectasia (AT) is an autosomal recessive phenotype characteri

zed by progressive neuronal degeneration, immunodeficiency, cancer proneness

and extreme sensitivity to ionizing radiation. Following ionizing radiation

or bleomycin treatments, AT lines do not show the DNA synthesis delay typi-

cal of normal cells: in these cells, both replicon initiation and chain elon

gation are radiation and bleomycin resistant (McKinnon, 1987).

In this preliminary work, one normal and one AT lymphoblastoid line have

been treated sequentially with bleomycin (BLM, 5 and 30ug/ml) and UV radia-

tion (6erg/mm /sec. x lOsec.) 48h before culture harvesting. The slides ha

ve been stained by a modification of the fluorescenze-plus-Giemsa method to

evaluate SCEs frequencies, cell cycle progression and M.I.

The results show that both in normal and AT lines the total number of SCEs

observed in cells treated with BLM before UV irradiation (40 M2 scored for

each experimental point) is lower than expected for additivity of the two

treatments:

Untr. fU.M BLM UV BI.M5 Expec. X*" BLM30 Expec. X

NORMAL 181 203 IBb 333 284 3£>5 14.2 250 337 22.4

AT 135 177 149 314 264 3L.6 23.7 267 328 11.3

The data discussed here demonstrate an inhibitory effect of a prior BLM-

treatment on UV-induced SCEs formation in human lymphoblastoid cells. There

are no great differences between the two lines, thought in AT lymphoblast

the reduction of SCEs frequencies seems to be not related to BLM dose.

This work is supported by M.P.I., grants to B. Nicoletti
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"IN VITRO" AND "IN VIVO" DNA INTERACTION WITH N-ALKYLNITROSOUKKAS
LAiitLhl) IN THi: CJARHONYl, (JROUI'

Durju K.indiK

Dip. di HiochlniJca e Biologln Molecolare, Facolta Scienzo, Universita

dl Bari, Via Amcndola 165/A. 70126 - Bar!

The most widely accepted theory in chemical carcinogeiiesis by N-nitro

so compounds .ind alkylating agents is that a causal relationship exists

between DNA alkylatiun and tumorigenesis. Starting from 1960, various

alkylated products like 7-alkyl-, 0"-alkyl- and 1,7-dialkylguanosines,

and 01*- and O^-alkyithymines have been implicated as critical factors

in carcinogenesis. On the other hand, it should be noted that no defî

nitive evidence has been found in favor of a causal carcinogenic role

of any of these alkylated compounds.

In the present study it has been found that the carbonyl group of (m)

ethylnitrosouireas interacts "in vivo" and "in vitro" with DNA. The brief

time of "in vivo" exposure (1.5-3 h) and the absence of radioactivity in

the bases excluded metabolic incorporation of the label; likewise a dou

ble protein digestion excluded a possible protein contamination. Morec)

ver, the radioactivity was extremely labile to the normal hydrolytic

procedures usually employed for DNA analysis.

These findings indicate: 1. another kind of DNA damage can occur in

DNA-(M)ENU reactions besides alkylation; 2. this damage cannot be exac

tly quantified and chemically identified because of the extremely high

index od lability.

Supported by CNR, Special Project "Oncology".
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0Jj-METHYLGUANINn REPAIR IN HUMAN CELLS CONTAINING A REGULATABLE
0 -METHYLGUANINE DNA METHYLTRANSFERASE GENE

Evelyn A. Waldstein

Tel Aviv Univers i ty , Ramat Aviv 69978, Tel Aviv, Israel

To a s s e s s the b i o l o g i c a l ro l e of 0 -methylguanine
CO MeG) in human DNA, c e l l l ine s were developed that contain a
regulatable 0^-MeG DNA methyltransferase (MT) gene. MT-deficient
HeLa SMR c e l l s were s t a b l y transformed with a mammalian express ion
Vector in which the E. c o l i ada gene was put under the contro l of the
mmtv promoter switched on by g l u c o c o r t i c o i d s . 6 - 8 hours a f t e r
addit ion of dexamethasone the induced MT a c t i v i t y reached i t s f ina l
l e v e l that exceeded 3 - 4 fold the low c o n s t i t u t i v e MT l e v e l expressed
in uninduced c e l l s . Addition of MNNG deple ted the p r e - e x i s t i n g a c t i v i t y
in a dose-dependent manner. If re incubated the c e l l s rapid ly res tored
the l o s t a c t i v i t y . MNNG had no e f f e c t on the rate of r e s y n t h e s i s but
decl ined in a dose-dependent fashion the f ina l MT l e v e l accumulated by
the c e l l s . The tumor promoter TPA grea t ly enhanced the rantv promoted
synthes i s whereas the gyrase i n h i b i t o r t e n i p o s i d e CV-16) cons iderably
impaired the s y n t h e s i s .

Cell surv iva l was great ly enhanced not only by a d d i t i o n o f
dexamethasone and TPA before the treatment o f MNNG but a l s o i f appl ied
up t o 24 hours a f t e r the MNNG treatment. These data confirm tha t
0°MeG are l e t h a l t o the c e l l and they suggest that t h e i r repa ir may be
considerably delayed in t ime.
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UV- INDUCED REPAIR REKIICAT ION BY MAMMALIAN CELL EXTRACTS

RtchtsrdD Wood

Imperial Cancer Research Fund, Clore Hell Laboratories

Blanche Lane. South Mimms, Herts EN6 3LD U.K.

Methods ere being developed to study nucleotlde excision repair m yitro using soluble,
cell-free extracts from human lymphoid cell cultures Repair replication of ultraviolet light
(UV) Irradiated plasm Id DNA can be observed In such extracts All steps of repair take place in
the extract Incision, gap fil l ing, llgatlon, andsupercolllngof the closed circular product In the
absence of ATP, the UV-dependence of repair is lost.

Mammalian cells contain aglycosylase/endonuclease which can act on hydrated pynmidine
UV photoproducts (principally cytosine hydrates). To avoid detecting repair initiated by this
enzyme, plasmid DNA is irradiated to produce about 20 cyclobutyl pynmidine dimers per
circle, and then treated with endo III from E. coli to nick circles containing hydrated
pyrimidines. Unnicked circles are re-purified and used as the substrate for )p vitro repair.
Therefore, the observed UV-induced repair is not initiated by incision at hydrated pyrimidines.
The introduction of c few epunmc sites per circle, or a few DNase l-induced nicks, causes only
modest repair replication, much less than that seen after UY irradiation.

Extracts from cells of some lines derived from x&wierma pigmentosum patients are
deficient in this in vitro repair replication, compared to extracts ^ m normal cells. Repair can
be restored to these extracts by addition of UV ONA endonuciease/glyctKviase from Micrococcus
luteus.

Using, the repair replication as an assay, we are attempting to isolate factor* t>om
proficient cell extracts which can complement deficient xeroderma pigmentosum extracts.
Preliminary results indicate that a protein fraction from normal cells can complement deficient
extracts derived from a xeroderma pigmentosum group C cell line.
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Mutants of F.;; hi-richia coll hyper efficient i.. •- • r : NA

ability.

S I Ahmad

Department of L i f e S c i e n c e s , T ren t P-_ lyf n r h n i c ,

C l i f t o n Lane, N o t t i n g h a m , NG1) «NS, EJ-.CIJ

By using selective techniques twc m u u n t s ot Escher- - M o ~ci-

were isolated; ->r.e, desigr.ated SA^)6, W A S selected as ceils ;n< r- tesi^rant r: f JI "V ar.a

the othei , designated 5h2"0, was stiecled as cells more [efisunt tc Ve-.: A • b-it.etnoxy-

psordlen iPUVA! than their respective parent strains li and I

Fuither studies with SA23f< showed that it has simultaneous ly t.-rom«? mere resistant than

its parent strain to NUV, H ^ O T , NUV - HJOJ- "ytomycin C, lilidixic acid, novobiocin.

fluorouracil and thynuneless death. It remains as sensitive is its parent strain for

PUVA. Biochemical analysis of this strain showed that tr.e .:;& pclymerase I and the

endonuclease 1 are synthesised at higher concentrations. However, mir-duct ion of a recA*

mutation or a multicopy plasoid carrvmg the "SOS box" into SA2J6 leads "Me reils to

become as sensitive to UV as a typical recA" mutant of t.co'.i. Genetic analysis of the

L'V-resistant phenstype shewed tnat the mutation, designated £2£fl. is located at 9C m n .

position on the ;:rxaje map °f E col 1 . Studies with the UV induction of * in a lysogenic

derivative of SA2j6 s h o - ^ that the induction of this phaqe takes place with the same

efficiency so its pa'«ntal lyscgenic strain.

K-.-il''5is o f u n e P ° ^ A r e g u l a t o r y r e q i o n s u g g e s t e d t h a t i t c o n t a i n s t w o p r o m o t e r s a n d

t w o o p e * — c o r r e g i o n s i n t h e o r d e r P l - 0 1 - d n a A b o x - P C - 0 2 - p o l A i "51. F r o m t h e s e s t u d i e s a

h / p o * " e s i s f o r t n e h y p e r DNA r e p a i r a t i l i t y i n S A I 3 6 i s p r o p o s e d I t i s s u g g e s t e d t h a t

. n e p o l R a l l e l e i n t h e p a r e n t a l w i l d t y p e s t r a i n o f £ c o l l s y n t r . e s i s e s a r « ? p r e s = o r p r o t e i n

r e g u l a t i n g t h e s y n t h e s i s o f DNA p o i y m e r a s e I . T h i s p r o t e i n a l s o a c t s a s a c o - r e p r e s s o r

o f t h e L>>xA p r o d u c t i ? n h a r , f i n g i t s e f f i c i e n c y t o r e p r e s s t h e SOS i n d u c i b l e • p e r o n s Due

t o a u u t J t i o n i n t h e g o j f c i n 5 A - ;b t h i s s t r a i n n o t o n l y r a n s y n t h f = i s e l o l y i r . e r a s e I

c o n s t i t u t i v e ] / b u t a l s o t h f "SOS o p - r o n s " a r e d e r e p r e s s e d H e n c e t h e c e l l s >now - n h o n r e d

r e s i s t a n c e f o r a n u m b e r .? : ONA d ^ m u j i n g a g e n t s . I t i s f u r t h e r m o r e p r o p r s e r f - h a t f o r

a n e f f e c t i v e DNA r e p a i r i t i s n e c . - s i . j r y t h a t t h t - r r e l l m u s t s y n i h » ? s i i « - a : e r t j m roinitnuir.

c o n c t - n t r a t , o n j i t h t - l e x A p r * ~ i r * i n if t h e tfn<iogprious c o n c e n t r a t i ' >i. * r r i i j p r o t e i n

g o e s b e l o w th** m i n i m u m r - ' ; u i t » d lt.-v<^] i e g b y i n t r o d u c i n g ' h e SOS t*~x< ^ ^n m u i t i p l p

c o p / p l j s n . i d s . t h f c e l l b e m e i - . . - r i v i t . v * t o UV

EDS-PAGE u n j i l y s i s i f t h e • j t . i l l y , . j t > » i t . a t h e PUVA-r s t r a i n . - A . . " ' ) , i h " w s t h a t . t i s

s y n r h . - s - . s i n g i p r o t e i n ->i - K j j t r . . gn t - r . . - . n c i - t . l t ^t i o n rn»ir. i t : | . i i i - n t o ; =. tr .» .r . A t , i . / c ; s

c t j t / p l . 3 l r*-cA* m u t a n t A E c ^ ; A j f i o w e d ^ h a t i t iji.-ot-iru.'S ^ j < ^ * - r . ! : ; t i v » - * o i ' V r \ T p.cin

i t s p a r e n t a l r e c A « s t r . t i n . Wh^n j r * c A * . l e r i v a t i v e o f S A . " t i « j ^ . i r m l y . f d ' >r f-'VA a o n s -

l t i v i t y I T w. i s ^ t o i j n d t h a t t h i - ii-.ut.lr* x u t a n t i b a s j e r . S i t iv«^ T.^ Pi'VA I a t / f - i ~ d i r ^ c A ~

m u t . i i t i u u j - " . t i n g t h f i m p o r ' ir . t S.AK o l ' tie r r c A p f . d u c - ' . i n th<- •• j _ j i r A i ' i ' \A ji ir,a •:•><] DNA

It. i a ->u<j-j<. s t o d t h a t th*- • r r -i i n i'A. t. 5yri t h e - , 4 >»-b u . --rM<;iiui i»-'*->i- r u*- ' -KcS j.r . t t f i r . ,

s p e c i f i c l o r p s o r j 1 t»n'HNA .» l . l u c t i In j w i l d '. y l * t 'J i i t h f n - p j c . . . 1 l ^ v : a y n t n » - s i s

o f t hi- p r t ' T t ' i n l i m i t s r h e u t i l i t y if t i n 1 r e l l s t r i - | j j n ' h t - n - J . - v u n r f'NA i.im.j^>
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I D l l i i ' k s o r t * , P N l i o b n o n , P R H u b / m , S M D J I V I L M ; , LH. I J J I V H S a n < i .1 Hi i d .

D c p n r l n u - t i i o i " n i n i c . i l O n c o l o g y , H o y t i l V i c t o r i a I m ' i i i i u i r y ,

N t : w c : i i ! : t I t ; u p i . n T y n e , NI-".l b W , U K .

W e h : \ v v i f . - o l ; I 1 c i i 1 1 m u t a n t : : u l " C H O - K 1 o r l l s ; w i n . - h . u - c t i y [ n - i - : ; < ' i i : . i i i v<
t n f i l l i r r in i l o m y c i n C ( i l o j i g n u t i - d M M C - 1 t . (5 - r > ) , b l ^ o n i y i n ( H l . M - 1 a n i j - 2 )
o r M M S ( M M S - 1 t o - o ) . ( ; > ' n t ; t i i s u n n l y s i s s l i o w s H i n t l h < - n i i t o m y c u i C a i n i
h l c u n i y c i n D c n u i t i v c l i r i " : ; . ' i i ' o a l l p h e n u t y p i e n 1 l y I ' i ' n - o i v c a n d r e p r e s e n t
r . i x t l j r i ' o r t j n L c c ^ m p l e n i e n t a t i o n g r o u p ; ; . M u t a n t s B I . M - 1 a n i l B l . M - J a r e a l . ; o
g c r u ' t i c u l l y d i o t i n c t f r ' j n i t h e x - i - . i y a n d M e o n i y c i n s r r i : , i t i v . - x r s - 6 m u t . - i n t
i so la ted )<y Jcggo and Kemp (Mutut. Kes. I L ' , 1J1 , 59dj).

Mutant MMC-2 i s s e n s i t i v e to UV l i g h t and mitomyejn C, and is
defect ive in UV-specifif inc i s ion and in DNA c ros s - l i nk removal. MMC-1,
- 3 , -^ an-1 -^ are prof je ient in c r o s s - l i n k r e p a i r (as judged by a l k a l i n e
e l i s i o n ) , although MMC--I and MNC-5 appear to accumulate higher l e v e l s of
damage following drug exposure than does the paren ta l l i n e .

Mutant BLM-2 i s defect ive in the r e p a i r of both s ingle and douhie
strand bri ak:; induced b\ bleomyciri. DNA l igase 1 and I! a c t i v i t i e s are
cur ren t ly being measured in t h i s mutant. bl.M-1 shows normal s t rand
break r e p a i r k i n e t i c s .

Spontaneous mutation r a t e s to thioguanine r e s i s t a n c e ato e leva ted in
some of the mitomycin C and MMS s e n s i t i v e l i n e s . We are cu r r en t ly d e t e r -
mining whether t h i s c o r r e l a t e s with a defect in AP endonuclease a c t i v i t y .



PROTECTIVE EFFECT OF CAROTENOIDS AND ROSMARINUS
OFFICINALIS EXTRACT ON OXIDATIVE DNA DAMAGES IN DIFFERENT

TA SALMONELLA TYPHIMURIUM STRAINS.

L.Santaui&Jta, L. Biaxichj, F. Tateo, A. Bianchi.

"C. Golgi' Institute of General Pathology, Centro Tumori (LS, LB.),
Institute of Pharmacology (AB), University of P&via; Institute of Nutrition
Technologies (FT), University of Mi!ai>v J i

Carotenoids were found to exert a protective effect against photomutagenesis
induced by 8 methoxypsoraien (8-MOP) in Salmonella typhimurium TA 102
independently of pro-yitamin A activity. This protection was most probably
due to quenching of ^Oj and scavenging of oxyradicals generated by the 8-
MOP-DNA photoadducts under UVA irradiation (1). Carotenoids were also
active in preventing mutagenesis induced by benzo(a)pyrene (BP) in presence
of S9 fraction in S. typhimurium TA 98. Thus, the carotenoids protective
effect against mice skin and breast cancers induced by photodynamic action
of BP and 8-MOP, respectively, was primarly consistent with the blockage
of the ultimate oxidative carcinogens at the initiation stage of the carcinoge-
nic process. Carotenoids were inactive in preventing mutagenesis induced in
S. typhimurium TA 100 by the direct mutagens NaNa and N-methyl-N'-nitro-
N-nitrosoguanidine (MNNG;. Nevertheless, carotenoids were found to be ac-
tive in preventing the gastric carcinogenesis by MNNG, working, apparently,
at the late progression phase, when oxygen radical species are still involved
(1). This data stimulated further investigation on other natural antioxidant s
as those contained in the Rosmarinus officinalis extract obtained by high
pressure CO2 procedure. Actually, the series of experiments carried out
with the above Rosmarinus officinalis extract showed its antimutagenic ef-
fect against indirect mutagenesis induced by 8-MOP and BP in S. typhimu-
rium TA 102 and TA 98, but at an extent somehow less than that exerted by
BC. The results of the tests carried out on S. typhimurium TA 100 proved
that Rosmarinus officinalis extract did not affect the kinetics of the direct
mutagenicity by NaN3. The protective effect of Rosmarinus officinalis ex-
tract toward indirect oxidative mutagenesis is most probably dependent on the
antioxidant properties of definite components such as carnosol, rosmarine and
carnosic acids (2). The interest of all these data obtained with the above
reported experimental models suggest that the latter can be successfully ap-
plied whenever the antimutagenic properties of natural antioxidant molecules
should be tested.

1) Santamaria et al. Supplemental Carotenoids prevent skin cancer by
Benzo(a)pyrene, Breast Cancer by PUVA, and Gastric Cancer by MNNG.
Relevance in human chemoprevention. "Vitamins and Cancer" Ed. by F.L.
Meyskens and K.N. Prasad, Humana Press, pp. 139-159. (1985). (2) idem, j .
Nutr. Growth & Cancer, 3, 73, 1987.
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UMUC DEPENDENCY uF MMS MUTAGENESIS.

Ewa Sledziewska-G6)ska and Celina Jaruon.

Institute of Biochemistry and biophysics,
Polish Academy ot Sciences

Rakowiecka 36, 02-t>32 Warszawa. Poland.

it is
i n Ê _co lj
percentdge
dependent
that the
(as AB2497
of that in
mutations
arise at
mutations

generally accepted that MMS-induced mutaqenesis
cells is SOS and urmjCD-de pendent . However. the
of umuCp-dependent mutations varies and is

on the market tested. For example, we have found
frequency of Arg*->Arg* and Rif*-'Kif in EC2401

but ujiiuC122: :Tn5) is 30% and 50*>. respectively.
AB2497. This may suggest that the umuC-dependent

result from different premutagenic lessions and/or
different sites in DNA then the umuC-independent

Arg+ revertants of AB2497 strain can be divided,
according to their requirement for histidine and/or
threonme. into four phenotypic classes with a different
mutational pathway for each class. It has been found that
umuC-dependent mutations belong exclusively to class II.
which can arise by transversion of AT->TA at the supj3 locus.
This class of mutants dramatically decreases in EC2401. umuC-
-independent mutations belong to class I (AT transitions or
transversions at the argE structural gene) and occur with
the same frequency in both strains.

The premutagemc lessions and the mechanism
-dependent mutagenesis will be discussed.

of umuC-
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MISMATCH REPAIR UP MMS-I NbUCLl PREMUTAGENIC
LESS IONS IN DNA.

Celina Janion and Ewa Sledziewska-G6iska.

Institute of Biochemistry and Biophysics.
Polish Academy of Sciences

Rakowiecka 36. 02-532 Warszawa. Poland.

Most of the premutaqenic les: IOI s induced in L.cu1i
after MMS treatment are excised from .>NA by the mismatch
repair system. The frequence oi C .1S-i nduced mutations to
Arg* and Rif is about one order _>f magnitude higher in Ml.
a mismatch repair deficient strain (as AB24y7 but. mutS) ,
than in AB2497. a mismatch repair proficient strain. Arg*
revertants of these bacteria can be divided into four
phenotypic classes: each class represents a different site
of mutations and a different mutational pathway..

Analysis of Arg*" revertants in these bacterial strains
has shown that their distribution among these classes
differs. In AB2497 73% of Arg"*' revertants belong to class
II (AT->TA transversions) and the remaining 27% to class I
(transitions or transvert.-ions of the AT in the ochre codon
of argE) . On the other ha..d in the Ml strain only 12% of
Arg* revertants belong '.o ci iss II and 72% belong to class
I. This indicates (i) the :msmatch repair system removes
efficiently only the premutagemc lessiuns leading to
revertants of class .1 and (ii) the fraction oi Arq+ re-
vertants of class II is very small and is not affected by
the mismatch repair system.

It was also established that in the mismatch repair
deficient strain 76% of Argf and 100% of Rif induced by
MMS are independent from the umuC gene function.

The premutagemc lessions and mutaaenic pathways
leading to Arg* revertants of class I and class II will be
discussed .
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MKUlANItiM OF UV- JNDUCKI' MUTAGENES1 b': ROLE
UV DNA REPLICATION.

lierid I' i et rzykow:;kci and Maadalerid Feiczdk.

Institute of Biri.-hemist-1 y and biophysics.
Polish Academy or b'cienceo

Rakowiecka 3b. O.:-L)32 Warszawo. Poland.

We have previnuply shown that in excision repair
deficient FL_coJi_i cells formation of mutants precedes the
resumption of DNA replication inhibited by UV-irradiation.
This suggests thaf fixation of mutation is independent of
post-UV DNA replication, which is further supported by the
observation that the ^susO^ mutant, unable to replicate its
DNA in su" cells, is efficiently UV-mutated in E^co±i 594
su* host eel Is.

We have presently found that in su" host cells no
untargeted mutagefiesas is observed and only targeted
mutations in .AsusOg phage are induced. UV-induced mutation
in ^su^sO^ phage in su" cells is independent of excision
repair
ce1 Is.

and is as efficient in uyrA mutant as in wild type

In bacteria, caffeine, a known inhibitor of mutagenesis
and '~pair. inhibits excision but not postreplication
repair. This indicates that the inhibition does not affect
induction of SOS function but. most probably, other step(s)
in the mutagenic process. We have shown that incubation of
E. coll TK 603 uvrA cells in the presence of caffeine for the
initial 30 minutes after UV-irradiation reduces the
frequency of mutation by about 70 percent but has no effect
on DNA replication.
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REPAIR ACTIVITIES IN DEFINITE STEPS OF HEPATIC CARCINOGENESIS
MODEL IN RAT

Citti L.,Fiorio R.,Malvaldi G.,Mariani L.and Mengozzi M.

Istituto di Mutagenesi e Differenziam^nto C.N.R.

via Svezia 10 , 56100 Pisa, ITALY

Many models for step wise analysis of carcino-
genesis have been developed. In the hepatic carcinogenesis,
the Solt-Farber model protocol represents a well characteri-
zed multistep system in which foci,nodules,persistent nodules
are altered cell populations which precede the tumor deve-
lopment. Such non cancerous cell populations display a variety
of changes in many metabolic pathways. These distinctive
biochemical patterns could explain in part the low conversion
index of nodules into hepatomas. Since in this context the
rate of DNA repair could also play a significant role,the
activity of three relevant DNA repair systems was studied.
3-Methyladenine-DNA glycosylase and 7-methylguanine-DNA
glycosylase catalyse base excision fromfiDNA,whereas 0 -methyl
guanine-DNA methyltransferase removes 0 -aLkylguanine adducts
from double stranded DNA in a stoichiometric fashion,leaving
an intact guanine moiety.

. We have measured these repair activities in
preneoplastic hepatic nodules developed in Fischer 344 rats,
4 months after the initiation treatment of Solt-Farber model
and in persistent nodules,surrounding parenchima and hepato-
mas developed 8 months later. Liver from rats initiator-only
or promoter-only treated have been investigated too.

Concurrent experiments are in progress to
account how ageing phenomena could contribute to repair modu-
lations during carcinogenesis experiments.
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Enrico C u n d a r i * , Michelc D a r d o l h o n and D i e t r i c h A v c r b c c k
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Institut C u r i e - b i o l o g i c , 26 rue d'Ulm, 7 r>OO3-Par i s, FRANCE

8-me1 hoxypsora 1 on (8 MOP) is .1 potent photosensitizing agent capable
of i nlcrcji 1 .it i ng into DNA in tin- d.irk and cova I i-nt Jy binding to DNA when
irradiated with nenr UV light (UVA). Since K MOI' + UVA treatments produce
both nioiui-.ind l)i-:idducls ( c ruj,s-1 i nks ) Lo ct.-ll DNA, I In.1 repair ul -.uch a
mixture of damages seems to be a delicate and complex process, during
which each type ot" lesion is disturbing the repair of the other one. The
repair of H MOP + UVA induced damage in yeast requires the intervention
of the three main repair pathways (excision-repair, error-prone repair
and recombination repair) plus the product of the PSO genes.

In the present study we investigated 8 MOP + UVA damage repair both
in haploid and in diploid strains of the yeast Saccharomyces cerevisiae
by means of the alkaline step elution technique and we tried to follow
separately the fate of monoadducts and DNA cross-links during repair.

N—123 (haploid) and D7 (diploid) yeast cells were treated with
8 MOP plus UVA light 10 kJ/m and postincubated in liquid growth medium
at 30°C. After different times of postincubation, cells were harvested
and submitted to alkaline step elution to determine the DNA average mo-
lecular weight and the cross-linked DNA. The determination of total DNA-
8 MOP pholoadducts was performed by treating cells with radioactively
labeled 8 MOP.

The results can be summarized as follows: 1) most of the cell DNA
presented cross-1inkes after 8 MOP + UVA treatment; 2) DNA was rapidly
cleaved during the first 15 minutes of postincubation followed by a slow
rejoining oi" the DNA fragments produced; J) labelled 8 MOP amount gra-
dually decreased from acido-insoluble radioactivity; A) cross-linked DNA
amount decrease during the whole repair period while a persistence of
double-stranded, cross-linked, DNA little fragments bearing labeled 8 MOP
was observed in alkaline elution patterns. These tiny acido-insoluble
fragments might correspond to the cross-linked DNA excision patches while
mono adducts excision probably leads to acido-soluble fragments.
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THE ROLE OF THE YEAST RAD GENES IN THE REPAIR OF ALKYLATION
DAMAGE TO DNA

Ruth Rasbridge 8. Raymond Waters

Biomedical and Physiological Research Group, School of

Biological Sciences, University College of Swansea, SA2 8PP.

The RAD 3 epistasis qroup of Saccharomyces cerevisiae is involved in
the excision repair of UV-induced pyrimidine dimers in DNA,

In this study a series of rad mutants, namely rad 1, rad 2, rad 3, rad
4, rad 10, rad 14 and rad 16 were tested for theirTesponses to va?ious~
monbTunctioriaT alkylating" agents. The selected chemicals display broad
reaction patterns, and, in addition, the reactive alkyl species varies
from methyl through to propyl, depending on whether the agent is a
methylating, ethylating or propylating agent.

Four of the seven rad mutants are sensitive to the ethylating and
propylating agents whicTTreact preferentially at the 0 6 of guanine ie ENNG
and PNNG, but none are sensitive to methylating agents. This suggests that
nucleotide excision repair acts on ethylations and propylations but not on
methylations. Consequently, Saccharomyces cerevisiae may possess another
repair mechanism which operates on methylation The data are summarised in
the table below.

Degrees of sensitivity to alkylating agents

Mutant

a rad 1-1
a racT 2-1
a 7a3 3-2
a rad 4-4
a ralf 10-1
ct rid" 14-2
a raU 16-1

MMS
0
0
0
0
NT
0
NT

MNU

0
0
0
0
NT
0
NT

MNNG

0
0
0
0
NT
0
NT

ENNG
+++
0

++ +
+++
0

+++
0

PNNG
+++
0

+++
+++
0

+++
0

MMS, Methyl nethanesulphonate; MNU, N-methyl-N-nitrosourea;
MNNG, N-methyl-^-Nitro-N-Nitrosoguanidine;
ENNG, N-ethyl-N^-Nitro-N-nitrosoquanidine; PNNG, N-propyl-N-Nitro-N-
Nitrosoguanidine.

Index
NT = Not tested
0 = Resistant
+++ = Very sensitive
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MUTAGENIC ACTIVITY OF cis- [RuCt,(DMSO> ]° on EstheHcMa coli WP2

C. Monti-Bregad in, M. Tam.iro, L. Dolzani, C. Lagatolla, M. Giacca

Institute of Microbiology, University of Trieste

Via Fleming 22, TRIESTE, Italy '

Mutagenic activity of chemical compounds is often evaluated by incorporating

given amounts of the compound to be tested and tester bacterial strains in

molten soft agar, which is spread on the surface of a selective agar plate.

Ames' strains of Sa^monel^d t^ghimurjum are usually used as tester bacteria,

since they have been proved to be highly susceptible to the mutagenic acti-

vity of a large number of compounds. However, occasionally mutagens can be

met, which are not especially active on Ames' §3^mone^a strains in an

agar incorporation assay. One of such compoumds is cis- Ruthenium-dichloro-

tetrakisdimethylsulfoxide , cis- [RuCl.(OMSO)]°, which has some biological

interest as a congener of the known inorganic antitumor drug cis-PtCl (NH )

We have found that the reason, why cis-[RuCl_(DMSO),]° seems to be a poor
c A

mutagen in a plate incorporation assay, lies in its interaction with inor-

ganic phosphates, which are a major component of minimal agar medium.

Furthermore, mutagenic activity of cis-[RuCl (DMSO) ]° is better evident on

I§£t!££l£!2i§ £2ii wf>2 strain than on Sa^moneUa. We have, therefore, develop-

ed a modification of the usual mutagenicity test, according to which a grow-

ing culture of WP2 strain is exposed for short periods in nutrient broth to

cis-[RuCl (DMSO) 1° . Treated bacteria are then washed and plated for count-

ing total survivors and revertants.In the first hour of treatment of EscheMcMa eglj WP2 uvrA with 2mM cis-

-(RuCl_(DMSO) ]° , although bacteria stop to grow and even start to die,

revertants accumulate, which are evident by plating not only on semi-enrich-

ed medium, but even on plain minimal agar. Other mutagens, as methylmethane-

sulfonate, cis-PtCl (NH ) or ultraviolet light, do not induce, or induce

much less, revertants by this treatment. However, even cis-[RuCl (DMSO) ]°

treatment does not induce revertants, if bacteria are kept under strictly

non-growing conditions during exposure and then plated on minimal agar me-

dium. It seems, therefore, that even in the case of cis-[RuCl (DMSO) 1°

revertants are produced by some repair mechanism, which requires growth of

bacteria and DNA synthesis.
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REPAIR OF DNA DOUBLE-STRAND BREAKS UNDER GROWTH VERSUS

NONGROWTH CONDITIONS

M.Frankenberg-Schwager, D.Frankenberg, R.Harbich

Gesellschaft fiir Strahlen-und Umweltforschung mbH

Paul-Ehrlich-Str.20, D-6000 Frankfurt 70, FRG

In yeast cells one unrepaired radiation-induced DNA double-
strand break (DSB) is lethal. The kinetics of DSB rejoining
under nongrowth conditions was found to be an unsaturated pro-
cess (first order reaction). Since the induction of DSB is
stochastic and proportional to dose, first order repair kinetics
of DSB is expected to yield exponential survival curves whose
slopes decrease with increasing repair of DSE. In the dose
range up to 300 Gy such exponential survival curves were found
when DSB repair was allowed in cells only under nongrowth con-
ditions. For this purpose the yeast mutant rad54-3 war. used
which is temperature conditional with respect to DSB rejoining.
Cells of rad54-3 were held after irradiation under' nongrowth
conditions at the permissive temperature for DSB rejoining for
various periods of time and then plated for survival test on
nutrient agar and incubated at the temperature- restrictive for
DSB rejoining.
In contrast, whenever rad54-3 cells were allowed to rejoin DSB
under growth conditions, i.e. when cells were plated on
nutrient agar either immediately after irradiation or after a
delay under nongrowth conditions, shouldered survival curves
were observed. The reason may be that interaction between DSB
resulting in misrepair is favoured under growth conditions
rather than that the rejoining kinetics of DSB is saturated
under growth conditions as opposed to the unsaturated rejoi-
ning kinetics under nongrowth conditions.
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QUANT t TAT I ON OK N-MKTHYLPUKiNJ-.S IN SPEC1HC MAMMALIAN DNA SLqiJllNCKS
D«vid A. S c i c c h l t e n o , l e t e l Mel lon , Char les A. Smith, and
I 'h i l ip C.

Department of Bioloyicnl Sc iences , Stanford Un ive r s i t y

S tanfo rd , C a l i f o r n i a 94305-5020 USA

S i m p l e m e t h y i a t i n g a g e n t s such as d i m e t h y l s u l f a t e (DMS) p r o d u c e
numerous types of deleterious lesions in DNA. The aberrant bases 3—
methylsdenif.e and 7-mt'thylguanine constitute approximately 952 of the
total damage to DNA. These two lesions are removed by 3-methyladenine-DNA
glycosylase which cleaves the glycosidic bond, releasing the methylated
base and leaving an apurinic (AP) si te in the DNA. Endonucleolytic
incision at the AP site followed by repair replicat ion and l igation
completes the repair process. Th'̂ re is increasing evidence that AP sites
in DNA may be promutagenic, indicating the importance of .their repair to
ensure the fidelity of replication. It is , therefore, of some interest to
learn whether repair of these sites differs throughout the genome.

To investigate the differential repair of methylated bases, we have
developed a quantitative method for examining their removal from specific
genes analogous to that devised by Bohr et a l . for u l t r av io le t damage
(Cell, 40:359 (1985)). Chinese hamster ovary cel ls are treated with DMS,
and, after various recovery periods in the presence of bromodeoxyuridine,
their DNA is purified and treated with an appropriate restriction enzyme.
The parental DNA is then isolated by density gradient centrifugation. Two
equal portions of each sample are heated at 50°C for 6 hr to form AP
sites by removing a l l remaining heat-labile methylated bases. During this
period, one port ion from each set is heated in the presence of
methoxyamine, an agent which reduces AP si tes and protects them from
subsequent alkaline degradation. They are then treated with 0.1 M NaOH to
cleave the DNA at AP sites, and the resulting hydrolysates are subjected
to electrophoresis on alkaline agarose gels. The DNA is transferred to a
nylon membrane, and hybridized to a labeled probe for the fragment of
interest. By calculating the ratios of the band intensities of the sample
not treated with methoxyamine to i t s methoxyamine-treated counterpart,
the percentage of the restriction fragments containing no alkaline labile
sites is determined. From this information and the Poisson distribution,
the frequency of N-methylpurines is calculated for assessment of their
removal.

Data obtained by probing the Kpnl res t r ic t ion fragment of the
dihydrofolate reductase gene from CHO cells indicate that i t is possible
to monitor the repair of methylated bases and AP sites in specific genes
with this method. Currently, we are investigating the removal of N-
methy1 purines from specific genes in order to ascertain whether
differential rates of repair occur in active genes relative to those in
silent domains of the genome. (Supported by a grant from tho National
Institute of General Medical Sciences and a NIH postdoctoral traineeship
to D.A.S..)
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MISMATCH REPAIR BY XENOPUS EGG EXTRACTS

Peter Brooks and Miioslav Radman

Institut Jaques Monod

University Paris VII, 2 place Jussieu, 75005 Paris

Xenopus laevis eggs contain highly elevated levels
of DNA polymerase and other replication related enzymes.
When DNA containing a single base mismatch in a
restriction site, and thus resistant to the restriction
enzyme, is incubated with egg extracts, conversion to
restriction enzyme sensitivity occurs. We show that
this reaction represents an excision repair activity
specific for the mismatch and not simply random strand
replacement synthesis. In the presence of excess
homoduplex competitor DNA the extent of the reaction is
unchanged. In addition, when radiolabeled dCTP is added
to the reaction, elevated incorporation in the region of
the mismatch is seen. Indeed, restriction fragments
that have been recovered from digestions of heteroduplex
molecules that have been converted to restriction enzyme
sensitivity show a 40-fold increase in specific
incorporation compared to homoduplex DNA. This
synthesis apparently extends through a few thousand
nucleotides. The reaction occurs within 20 minutes,
reaching a final level of about 300 million repair
events per egg.
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ENHANCED REACTIVATION AND MUTAGENESIS OF ADE 2 IN HELA CELLS

Stelios M. Piperakis

Institute of Biology

N.R.C. "Demc^xit^" Agia Paraskevi, Athens OtEECE

Enhanced reactivation of a UV- irradiated mam-
malian virus by pre-treatment of susceptible host cells with
physical or chemical agents has now been found to exist for
a number of different systems. In many studies with mamma-
lian cells an increased degree of viral mutagenesis has al-
so been found with increasing damage to the virus, but the-
re is still disagreement as to whether this mutagenesis is
further enhanced by pretreatment of the cells.

Lately a project has been undertaken aiming
to investigate what happens in the Ade2-HeLa system . HeLa
cells were treated with several agents (MMS, EMS, aflatoxin
B., sodium arsenite, mitomycin-C, heat, UV etc) in order
to study enhanced reactivation of UV-irradiated Ade2.
An investigation in the enhanced mutagenesis was also under-
taken by measuring the induced reversion frequency of a
ts Ade2 mutant.

The results have shown that the enhanced
reactivation of UV-irradiated Ade2 observed in HeLa cells
pre-treated with these agents is not due - at least under
the used experimental conditions - to the induction of
an error-prone DNA repair mechanism.
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P o s t e r A b s t r a c t : I n t c r t u t ioruil C o n g r e s s on UNA d a m a g e a n d R e p a i r ,

C o r r e c t i o n of c e l l u l a r d e f e c t s in DNA d a m a g e p r o c e s s i n g

by m i c r o i n j e c t i o n of » R N A f r a c t i o n s .

M a r t i n D i g w e e d a n d K a r l S p e r l i n g

I n s t i t u t f Li r H u n a n g e n e t lk , F r e i e U n i v e r s i t a t B e r l i n , F R G

F i b r o b l a s t s f r o m p a t i e n t s w i t h t h e g e n e t i c d i s e a s e s
X e r o d e r m a p i g m e n t o s u m ( X P ) , F a n c o n i ' s a n a e m i a ( F A ) a n d a n e w
c h r o m o s o m a J b r e a k a g e s y n d r o m e ( C B S ) h a v e d i s c r e t e d e f i c i e n c i e s
in t h e p r o c e s s i n g o f p a r t i c u l a r D N A l e s i o n s . T h e s e d e f e c t s c a n
be m e a s u r e d at t h e s i n g l e c e l l l e v e l by a u t o r a d i o g r a p h y a f t e r
i n c o r p o r a t i o n of ' H - t h y m i d i n e s u b s e q u e n t to a p p r o p r i a t e
m u t a g e n i c t r e a t m e n t s .

S i n c e in a l l t h r e e c a s e s , h y b r i d s b e t w e e n d e f i c i e n t c e l l s
a n d c o n t r o l f i b r o b l a s t s d i s p l a y n o r m a l d a m a g e p r o c e s s i n g , the
p o s s i b i l i t y of t e m p o r a r i l y c o r r e c t i n g t h e d e f e c t s by m i c r o -
i n j e c t i o n of m R N A f r o m n o r m a l ce,lls is g i v e n . T o t a l c y t o p l a s m i c
p o l y ( A ) + KNA w a s i s o l a t e d f r o m H e L a c e l l s and f r a c t i o n a t e d on
T u c r o s e g r a d i e n t s . T h e s e m R N A f r a c t i o n s w e r e t h e n m i c r o i n j e c t e d
i n t o FA, XP a n d C B S c e l l s p r i o r to m u t a g e n t r e a t m e n t .

T h e r e s u l t s s h o w t h a t XP c e l l s ( c o m p l e m e n t a t i o n g r o u p A )
i n j e c t e d w i t h m R N A w i t h a l e n g t h of 9 6 0 ( ± 8 0 ) n u c l e o t i d e s s h o w
a n o r m a l i z e d r e s p o n s e to U V - l i g h t t r e a t m e n t , m e a s u r e d a s u n s c h -
e d u l e d DNA s y n t h e s i s . W h e n FA f i b r o b l a s t s ( c o m p l e m e n t a t i o n
g r o u p A ) (ire i n j e c t e d w i t h a g r o u p of m R N A f r a c t i o n s c o n t a i n i n g
m R N A s of 4 0 0 to 1 2 0 0 n u c l e o t i d e l e n g t h s , t h e y s h o w c o r r e c t e d
s e m i - c o n s e r v a t i v e D N A s y n t h e s i s r a t e s a f t e r a p s o r a l e n / U V A
c h a l l e n g e . F i n a l l y , t o t a l H e L a m R N A is a b l e to i m p o s e a n o r m a l
r e s p o n s e to b l e o m y c i n t r e a t m e n t , r e d u c t i o n in D N A s y n t h e s i s
r a t e , on C B S c e l l s .

T h u s , i n d i v i d u a l f r a c t i o n s c o m p l e m e n t i n g e a c h of t h e c e l l -
l i n e s can lie i d e n t i f i e d and u s e d in c D N A c l o n i n g to c r e a t e
p a r t i a l l i b r a r i e s c o n t a i n i n g t h e c o r r e c t i n g m R N A s at a h i g h
i r e q u e n c y . U s e of a p p r o p r i a t e pi a s m id v e c t o r s a n d l i b r a r y -
p a r t i t i o n s h o u l d t h e n lead to t h e i d e n t i f i c a t i o n of t h e
t o r r e d inn niRNA.
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> W;TIIYI.(;IIANINI\ I>NA MKTHYI.THAN:;FKKA.;K IN NDKMAI. AND THISOMY ;•) LYMPHOCYTES

C h r i M i t u i H r u h r , U n n i t ' l t i I ' i /./.«• t.t i c Anj't- J o S e r r u

I n f i l l t u i r o f H u m a n G c n i ' t i e s ; " A . G e m c l l l " , S c h o o l o f M c d i c i n r

U . C . S . C , l . a rp .o F . Vi t o , 1 - HOMA - I t a l y

AlUyl.ilinp, aj'.enl.s urr known In produce 0 -mot hy l̂.iiiiiii ne (Ô 'MiMi) an UNA.

This product i:; believed to be >i tniit.agenic and care ir>'><.'.< TIIC lesion due to

the tnisp.'iir- ut" O^MeG with t.hymidinc during UNA replication leadjnp, to a

GC-AT transition mutation. Both, bacterial and mammal inn ceils are able to

repair- this lesion hy thi1 action of the O^MtjG-DNA methy 1 transf erase. The

protein regenerates an intact guanine in the DNA by transferring the me-

thyl group from O^MeG to a cystein residue of the protpin.

Trisomy 21 (Down's syndrome) is associated with £tn increased inciden-

ce of leukemia. Cells l'rom these patients show also a higher frequency of

chromosomal aberrations produced by X- and Y rays compared to normal cells.

Furthermore, treatment of trisomic cells with chemical mutagens, such as

the alkylating agents Trenimon, MNU and Busulphan induced an increase in

the chromosomal sensitivity to mutagenic effect shown by the increase of si

ster chromatid exchanges. These findings have lead to the hypothesis of a

defective DNA repair in subjects affected by Down's syndrome. In particu-

lar, it might be suggested that the increased sensitivity to alkylating

agents could be ascribed to an impaired capacity in removing 0 MeG lesion

from DNA. In order to test this hypothesis we have undertaken a study of

the 06MeG-DNA methyltransferase in normal and trisomy 21 lymphocytes. The

enzyme was assayed by measuring the radioactivity transferred to the pro-

tein after incubation of the cell extracts with exogenous labeled alkyla-

ted DNA (a generous gift of G.P. Margison, Manchester).

Preliminary data seem to show that for both, normal individuals and

subjects affected by Down's syndrome, the interindividual variation of

the O^MeG-DNA methyltransferase activity is more than 2-fold and that the

activities of trisomic cells are in the same range as that of normal cells.

No significant difference for sex and age was found in the two groups. Fur

thermore, with the present data the average activity in Down subjects does

not appear significantly different from that of normal subjects. Thus, the

se patients seem to have the same constitutive level of the protein as nor

mal subjects. Therefore, the problem of the increased sensitivity of triso

my 21 cells to alkylating agents remains still open. In the attempt to

shed some light on this question further studies are in progress.



INDUCTION OF CHROMOSOMAL ABERRATIONS AND'SCE BY VP-16 IN HUMAN LYMPFOCYTES

R.De Salvia.F.Degrassi.C.Tanzarella.M.FioreiF.PalittiTH.C.Andersson3 and

B.A.Kihlmani UCentro Cenetica EvoluzionlsClca CNR,Rome,Italy,2)Dip.Bi-

ologia animale,Univ.Catania, Italy,3)Dep.Genetics,Univ.Uppsala,Sweden.

It has been suggested that antitumour agents, such as m-AMSA and etoposide
(VP-16) produce chromosomal aberrations (CA) and sister chromatid exchanges
(SCE) by interfering with the activity of the mammalian enzyme topoisome-
rase II. The activity of this enzyme is Known to be proliferation dependent.
For instance, in unstlmulated human lymphocytes there is no detectable
activity, and very little is found while Che lymphocytes are in the Gl
phase. During the S phase the activity of the enzyae increases markedly
and the peak activity occurs during the G2 phase and mitosis.

We have found that in proliferating cells, VP-16 induces CA at all stages
of the cell cycle, the G2 phase being particularly sensitive. When VP-16
was given as a 2 h-treatment, the concentration required to produce 50
aberrations per 100 cells was 2 uM in the G2 phase and 20 yM in the Gl
phase. Both chromatid- and chromosome-type aberrations, were produced in the
Gl phase. At concentrations below 20 uM, VP-16 produced mainly chromatid-
type aberrations, whereas at higher concentrations chromosome-type aberra-
tions predominated. CA were induced by VP-16 also in unstimulated (GO)
lymphocytes, although the concentration had to be doubled in order to ob-
tain the same frequency of aberrations in GO as in Gl. The effect of VP-16
in the GO phase also differed qualitatively from that in the Cl phase.
Irrespectively of the concentration used, VP-16 always produced more chro-
matid- than chromosome-type aberrations in GO. SCEs were induced by VP-16
with about the same efficiency in GO as during the Gl phase.

Since the production of CA by VP-16 in GO is not easily compatible with a
mechanism involving topoisomerase II, we have considered the possibility
of the GO effect being caused by drug molecules remaining in the cells
after our standard washing procedure. To explore this possibility, we have
kept the VP-16-treated lymphocyte cultures in F10 medium for 2-10 h at 6,
20, and 37 C (low temperature used to eliminate the possibility of repair)
before stimulation with PHA. As a result of keeping the cultures in F10,
the frequency of chromatid-type aberrations (the predominant type of
aberration) was reduced by 90 2, whereas the frequency of chromosome-type
aberrations was little, if at all affected. The decrease in the frequency
of chromatid-type aberrations was paralleled by a reduction In the fre-
quency of SCE, and neither dependent on the temperature, nor on the time
period (2 or 10 h) in F10. The result* suggest that the lesions resulting
in chromosome-type aberrations are likely to be Induced by VP-16 during
the GO treatment, whereas those giving rise to chromatid aberrations are
induced subsequent to treatment. In our opinion, the possibility has to
be considered that VP-16 Is capable of producing CA by two different
mechanisms.
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ARE METALL0TH10NS1M f.ENES INDUCED IV IONIZING RADIATION IN HUMAN CELLS?

Robin Martin and Julian Burke

Department of Biochemistry, University of Sutinex,

Falser, Brighton DN1 9QG, Sussex, U.K.

The exposure of biological staterlal to X or Y-lrradlation generates a
number of highly reactive, free radical ions. Anongst these short lived
species, OH* and 02*- radicals Bay be Important components of the DNA
danage following Ionizing radiation.

Metallothlonelns are a family of short, abundant polypeptldes, whose
hl^h cystelne content could provide an efficient sink for these free
radlcal producta.

Human cells contain four functional metallothionein <hMT) penes. hMT
expression can be Induced by a variety of agents, Including heavy metals,
phorbol esters, glucocorticoid honaones, "y-interforon, interleukln-1 and
U.V. Irradiation. We have been interested in determining whether
exposure to ionizing radiation or radionlmetic drugs Is capable of
inducing hMT genes and whether, differences in hMT f»ene expression can be
correlated with the sensitivities to ionizing radiation of different
human cell lines.

Our poster will report on work with respect to the following aspects:

1. hMT gene induction by y-irradiation and bleomycin in human cell
lines.

2. hHT gene induction by heavy netala in human cell lines.

3. Sensitivities to heavy metals in human cei1 lines.
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CLONING OF ADP-RIBOSYL TRANSFERASE cDNA SEOUENCES

Ruth Ben-Ishai\ Ruth Noy^nd Helmuth Hilzr. Department of

Biology, Technlon-Israel Institute of Technology, Haifa, Israel1

arid Institute for Physiological Chemistry of the University of

Hamburg, Hamburg, FRG- .

We have screened a Xgtll human liver cDNA library with

polyclonal antibodies specifically reactive to the ADVRT onzymv protein
and have isolated 6 positive clones. Judged by size of inserts and
restriction mapping all these clones were Identical and contained .in
1.6 kb insert. This clone was identified by the following immunochemical
analysis: it produced a B-galactosidase fusion protein that on Western
blots was identified by the antibody which was used in the initial
screening and by antibodies against 6-galactosidase; the protein fragment
expressed by the recombinant phage reacts with polyclonal antibodies
raised against different additional highly purified preparations of ADPRT.
Moreover, the fusion protein was used to affinity purify antibodies
specifically reacting with ADPRT. Northern blot analysis of poly(A) RNA
of an SV40 transformed human fibroblast cell line revealed that the cDNA
clone hybridized mainly to an mRNA of a size sufficient to account for
the 116 kd ADPRT protein. In vitro translation of the hybrid selected
mRNA is being performed.

We shall also report on the isolation of near full size cDNA
sequences of ADPRT and attempts to obtain expression of such transfected
sequences in mammalian cells.
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VARIATIONS IN CELL KINETICS, CHROMOSOMAL RAUIOSENSITIV1TY AND REPAIR
CAPACITY AMONG MAMMALb

Gh. Deknudt and A. Leonard

Mammalian Genetics Laboratory, C.E.N.-S.C.K., B-2400 Mol, Belgium

Ard-C (1-g-arabinofuranosylcytosine), an inhibitor of DNA-repair
resynthesis, has been used to investigate the eventual role of the rates
of incision for the repair of base damages in the interspecific
differences of chromosomal radiosensitivity.

Peripheral blood lymphocytes from man, rabbit and pig have been
exposed to 0 or 2 Gy of X-irradiation using a Philips RT250 machine
operated at 250 kV constant potential, 20 mA, 1 mm Cu filtration and a
dose rate of about 1 Gy/min. Cytosine arabinoside was administered, at a
final concentration of 0.05 mM, and for increasing .periods of time (1, 2
or 3 h) to the control samples and, immediately after exposure, to the
irradiated ones.

Within 5 min after irradiation the blood samples were incubated at
37°C in Ham's F10 medium supplemented with bovine serum {10%) and
antibiotics, either with ara-C or in its absence to allow normal repair.
At the end of the treatment, the cells were washed twice with fresh
medium and reincubated in Ham's F10 culture medium in the presence of an
excess of deoxycytidine (0.1 mM) to reverse the inhibition. When all the
different treatments were completed, phytohaemagglutinin (PHA) was added
to the cultures to stimulate the lymphocytes to divide. In order to study
the cell kinetics half of the cultures received a 8rdU treatment. After a
culture time of 39 h, the cell cultures were arrested at the metaphase
stage with 1 ml of a 0.01 mM colchicine solution for 3 h. The cells were
then fixed and preparations of metaphases were made according to standard
procedures.

The observations on cells treated with BrdU show that at 42 h 100%
of the dividing human lymphocytes are in Ml whereas 40% of the rabbit
lymphocytes and 601 of the pig lymphocytes are already in M2 or in M3,

In human lymphocytes the repair requires at least three hours but is
already completed within two hours for rabbit lymphocytes. The results
appear rather surprising for pig lymphocytes because addition of ara-C to
culture medium- does not modify apparently the yield of aberrations.
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Induction of DNA Double Strand Breaks as Measured by the Neutral
Filter Elution In X-irradiated Synchronous, Asynchronous and Plateau
Phase Cultures of CHO-Celis.

R. Okayasu and George Iliakis

Thomas Jefferson University, Department of Radiation Therapy and
Nuclear Medicine, Philadelphia, PA 19107, USA.

The induction by x-rays of DNA dsb was studied in synchronous,
asynchronous and plateau-phase CHO-ceiis using the neutral filter
elution technique (pH 9.6). Synchronous populations were obtained by
selective detachment of mitotic cells and subsequent progression
through the cycle for various periods of time. Aphidicolin at 1 ug/ml
was used in certain experiments to resynchronize cells at the Gi/S
border and nocodazole at 0.04 ug/ml to prevent division of mitotic
cells if necessary. Asynchronous populations of cells were obtained
by growing 1.5 X 10° cells in a 100 mm tissue culture dish for 24 hrs,
and plateau-phase cells by growing IQr cells in a 60 mm tissue culture
dish (3ml medium) for 4-5 days. Cells were labeled .with 0.02 uC1/ml
14C-TdR plus 2-5 bM TdR for at least one generation. In all
experiments upwards bending dose-response curves were obtained. For a
comparison of the resultls obtained the radiation dose required to
give a 401 elution of the DNA from the filter (2 urn porosity) after 17
hr elution at 1.5 ml/hr, was used as a parameter (Do 4). A larger
elution of DNA for the same radiation dose was observed in plateau-
phase (DQ 4 - 22.5 + 0.5 Gy) than 1n exponentially growing cells (DQ 4

y = 28.0 + 0.5 Gy). Cells synchronized at the Gj-phase showed elution*
patterns identical to those of plateau phase cells. Similar elution
patterns were also obtained with cells irradiated at the Gj/S border
(DQ 4 = 20 + 1 Gy) and at mitosis (0Q 4 = 23.0 + 0.5 Gy). As cells
entered S-phase a dramatic reduction In the elution rate was ohe*»rvpd
(DQ 4 - 48 + 1 Gy). The elution rate did not change significantly
during S-phase. As cells started accumulating in Go-phase an increase
in the elution rate was observed and eventually elution rate values
similar to those normally measured with cells Irradiated at mitosis
were obtained. These results indicate that large, usually cell
survival unrelated, changes 1n the rate of DNA elution may occur as
cells progress through the cycle. This variation 1n response may
reflect either changes in the elution properties of the DNA or, less
likely, changes 1n the induction rate of DNA damage by x-rays
throughout the cell cycle.

This work was supported in part by NCI Grant No. R01 CA42046 and 8RSG
Grant No. RR5414 awarded from NIH, DHHS.
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THE K-SDS PRECIPITATION ASSAY: A SIMPLE TECHNIQUE FOR DETECTING DNA
DAMACE IN MAMMALIAN CKLLS.

Peggy L. Olive

British Columbia Cancer Reaearch Centre

Vancouver, B.C., Canada V5Z 11.3

Several assays, Including alkali-unwinding, elution and sedimen-
tation methods are currently used to measure DNA strand breakage in
mammalian cells. All of these assays provide a sensitive measure of
damage to DNA, but in all cases, specialized or expensive equipment is
required, and expertise in the use of each assay must be gained. In
addition, most of tha assays require several hours for completion, and
sample handling capacity is often limited. The simple method described
below requires only a bench-top centrifuge, and a sensitive dose-response
curve can be generated within a fev minutes.

When mammalian cells are lysed in 2% sodium dodecyl sulphate
detergent followed by addition of 0.12 M potassium chloride, a
precipitate forms which can be collected by low speed centrifugation. p

This precipitate contains the cell protein and nucleic acid in close p <"e ^
association with protein. In the absence of DNA damage, most of the DNA p S
becomes tangled with the protein and precipitates, but when DNA strand 11""̂
breaks are created by exposing cells to ionizing radiation o toxic g>oOy

chemicals, DNA is released from the protein and remains n the
supernatant after centrifugation. The proportion of DNA remaining in the
supernatant is thus a measure of the amount of DNA damage.

This technique, called the K-SDS assay, can be applied to the study
of DNA single and double-strand breaks as well as crosslinks. Comparison
between results obtained on the same cell population USIPP the
alkali-unwinding method and the K-SDS assay suggests that both assays
have similar sensitivity to damage by ionizing radiation, MNNG and 4NQ0.
However, the K-SDS assay is more sensitive than the unwinding assay to
damage by bifunctional alkylating agents, and is less sensitive to damage
by acridine orange and the topoisomerase inhibitor VP-16. Nitrogen
mustard, formaldehyde and cis-platinum produce cross-links which are
detected by a reduced sensitivity of the K-SDS assay to DNA breaks caused
by ionizing radiation. In addition to allowing detection of different
types of DNA lesions, the sensitivity, simplicity speed and large sample
handling capacity should allow wide application of this new assay to a
variety of questions concerning DNA damage and repair.
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SPECIFIC ENHANCEMENT OF THE ANTITUMOUR ACTIVITY OF BLE0MYC1N AND
PHLEOMYCIN BY CAFFEINE AND OTHER DNA LIGANDS

Geoffrey W. Grigg

CSIRO, Division of Molecular Biology

P.O. Box 184, North Ryde, N.S.W. 2113, Australia

In trials using rat and mouse models carrying rat Walker
carcinoma, mouse Ehrlich Ascites, Sarcoma 180 or human tumour
Xenographs, bleomycin-CHP, phleomycin-CHP, phleomycin-AAG,
phleomycin-PEP, phleomycin-G and Blenoxane (a conmercial mixture
of bleomycins Al, A2 and B2), were administered alone at various
dose rates or in combination with caffeine, and a purine analogue,
N.N-dimethyl-Z-lo'-pyridin-Z'-ylJ-l'.SM'-thiazol-Z'-yl thio)
ethylamine (BC151).

Both compounds considerably enhanced survival of one or more
of the animal models carrying tumours. Caffeine and (BC151) in
combination with phleomycin-CHP was partially effective. Toxicology
studies revealed no enhancement of generalised toxic effects on
normal lung, kidney, heart or liver tissue.

A number of other ONA ligands including Pyronin Y and other
purine analogues had similar properties.
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CIS- HUT NOT TKANS-PI.ATIN 1NCKLASKR THK AMOUNT OF MA.JOH IIISTOIOMI'A-
TIIULITY CLASS 1 mKNA IN CULTURED HUMAN HELA CELLS

C. Backendorf, W. Teubel, P. van du Putte

Department of Molecular Genetics, University of Leiden,

Wassenaarseweg 64, 2333 AL Leiden, The Netherlands

The class I antigens of the major histocompatibility complex (MHC) play
an essential role in tumor rejection. These molecules, present at the cell
surface of virtually all nucleated cells, play an essential role in the
recognition of tumor cells bearing foreign antigens by cytotoxic T-cells.
Suppression of class I °enes increases tumorigenicity whereas derepression
abrogates tumorigenicity. Although this has been established with virus
trans formed cells, the phenomenon might be more general as in the last
lew years an impressive number of primary tumors have been observed to
have greatly reduced levels of class I antigens.

In this communication we have investigated the inonuno-modulatins pro-
perties of the antitumor and DNA damaging agent cis-diamminodichloropla-
tinum (II) by studying the drug's effect on the expression of MHC-class I
mRNA in a model system using cultured human cervix carcinoma cells (HeLa).
Whereas a 5- to 10-fold increase in class I specific mRNA was registered
after treatment with cis-platin no effect was found when the isomer
transplatin, which has. no antitumor activity, was used. Induction of
class I mRNA by cis-platin can be achieved either by treatment of cultured
HeLa cells with low concentrations of the drug for a long period (several
months) or with high concentrations for a short time (1 hour). Induction
of class I mRNA by long term exposure to low doses of cis-platin is ac-
companied by DNA demethylation at the MHC locus whereas other sites are
unaffected. No such demethylation is observed after short term treatment
with higher doses' indicating that DNA demethylation is not necessary in
order to induce class I transcription. Rather, demethylation at the MHC
locus might be a consequence of increased expression of class I genes.
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COMPLEMENTATION OF THE EXCISION REPAIR DEFECT OF XERODERMA PIGMENTOSUM

HUMAN CELL LINE BY TRANSFECTION WITH cDNA CLONE LIBRARY

Dan Canaani, Tal T e i t z , Tova Naiman, Sof ia S. Avissar , Sara Bar

Department of Biochemistry, The George S. Wise Faculty o f L i fe S c i e n c e s ,

Tel Aviv U n i v e r s i t y , Tel Aviv 69978, I s r a e l .

The aim o f the project i s t o c lone human DNA repair

genes d e f e c t i v e in Xeroderma Pigoentosum syndrome. For t h i s purpose
we have immortalized a Xeroderma Pigjnentosum primary c e l l l i n e
belonging to complementation group C (XP-C) . We now report the
complementation by gene t rans fer o f the UV s e n s i t i v i t y o f the XP-C
e s t a b l i s h e d c e l l l i n e . A human cDNA clone l i b r a r y constructed in a
mammalian express ion v e c t o r , and i t s e l f incorporated in a lambda phage
vector, was introduced into the c e l l s as a calcium phosphate precipitate.
Following selection to G418 resistance, provided by neo,the transformants
were selected for UV resistance. Twenty-one UV resistant ce l l clones
were obtained with resistance levels typical of normal human fibro-
blasts . Upon further propagation in the absence of Selection foT G418
resistance, about half of the transformants generated by cDNA clone
library transformation remained UV resistant. However, several of the
remainder retained UV resistance only under G418 selection pressure;
subculturing in the absence of the drug led to a very rapid loss of UV
resistance. The functional linkage between the two properties in the
latter strongly suggests that at least this c lass of XP-C transformants
acquired UV resistance through gene transfer and not by reversion.
All transformants contained transduced vector DNA sequences in their
nuclei. The generation of the UV resistant XP-C transfoxmnts i s the
first step towards cloning of a cDNA which complements the excision
repair defect of the most common Xeroderma Pigmentosum genetic group.


