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/BSTRACT

UV-Induced cellular "error-prone" repair was ex~lned by the
,/

comparative determination of the enhanced reec:t(vatlon W\€R) and
'>

mutagenes,1 s W\€M) ~ong 'viral progeny resul tlng from sIng Ie cycl e

lytle Infections of Int<!lCt or UV-Irradlated Ad5ts36 and Ad5ts125 In
"

'un Irradiated or 'UV-Irradlated confluent human flbroblast~. The

Induction of phenotypic wild type revertants among the viral proge~y

was determined 'by ,plaqulng at 33°C (permlssl~e) and 39°C

(nonpermlsslve) on HaLa or K8 Indicator mono I ayers. UV-Irredlatlon of

Ad5ts36 and Ad5ts125 resulted In a dose dependent Increase In the

UV-Induced r.everslon frequency (RF) of viral progeny and ,a dose

dependent exponential decrease In progeny?urvlval
,

In unlrradlated

normal fibroblasts. Kinetic analysls'of UV-Induced reversion suggests

that 2.5 + 0.3 (Ad5ts36) and 2.4 + 0.5 (Ad5tsI25) "hits" were required

to produce a targeted reversion event among the viral progeny derived

from normal human flbrol asts.. The expression of U\€R and U\€M was

examined as a function of Increasing time delay between cellular

UV-Irradlatlon and viral Infection for var 1ous time per lods.

\

UV-Irradlatlon ~ of normal human fibroblasts (10 J/m/2e), carried out 24

,hours prior to viral Infection, resulted In an Increased RF for both

unlrradlated (untargeted In~rease) or UV-Irradlated (targeted Increase)

virus. A maximal U~M of 1.4 + 0.2 was observed ooncomltantly with the

ml!lxlmal U~R 0.4 + 0.8) and targeted Increase (1.9 + 0.3) when viral-,
Infection was dplayed 24 hours folloWing cellular UV-Irradlatlon.

The maxlmlf1 untargeted Increase (2.0 + 0.5) was observed when
... -

viral, Infection was Immediately following cellular Irradiation and
'\
\ dec I Ined as viral Infections were delayed

11i

for longer time Intervals.



~Ifferent time courses for the targeted and untargeted Increases

suggested that these· processes may be separate I y regu I ated I n human

fibroblast cells••

DNA repalr-deficlent human fibroblast strains from patients

with at~la telangiectasia (AT>, 'xeroderma plgmentosum (lO"l and

Cockyane's syndrome (CS) were al so examl ned for the express Ion of U'£R

and/or U'£M of UV-I rrad I ated acJenovt rus. AT flbro'bl asts expressed a

'( signIficantly r~uced U'£M (0.31 .! 0.12) of UV-I.rradiated adenovirus as

to normal scompared

following cellu I ar

when viral Inferlons were delayed 24 hours

UV-lrradlatlon. A fibroblasts also dl~played

/

abnormally c.educed U'£R of UV-Irradlated adenovirus when viral

Infections • Immediately followe( cellular UV-Irradlatlon. Aberrant

. h\ ' ' I
. express Ion of bc?t~ U'£R and U','EM of UV-I rrad I ated ·adenov I rus I n AT

suggests that t~ cel'ls may' be deficient In an error-prone DNA repair

process or express enhanced error-free repair. Simi I arly, the XP,
variant strain studied displayed some aberration of UI£M' when compared

to nonnals Indicated by a reduced U'£M (0.52.! 0•.2) of UV-Irradlated

adenovirus for viral Infections delayed 24 hours after cellular
,

Irradiation. UV-Induced reversion of adenovirus progeny derived from

unlrradlated lO"25RO (complementation group A) was hyperlTlltable on a per

unit dose basis but when corrected for survival, reversion was simi I ar

to that. seen tor norma Is. Th Is suggests exc I s Ion repa I r I s an
a.

error-free: process. UI£R and. UI£M of UV-Irradlated adenovirus in CS

fibroblasts (a non cancer prone -condition) were similar to that

observed In normals when viral Infections were 24 hours after cellular
( /

irradiation. These results suggest that fibroblasts from cancer-prone

. /
individuals (AT, XPA, XP van all express abnormal parameters of

'.

iv



\
\

UV-I nduced rnJtagenes Is. Th~ under IyIng mechan Ism(s) respons Ib Ie for

nature of these syndromes.

\

this abnormal mutagenesis ~ay ultimately contribute to the cancer-prone,

)
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INTROOUCT ! ON

• A large amount of experimental data has accuniJlated in the

f I el d of DNA damage and repa i r ut II I zing the new methods assoc I ated

with the expanding field of molecular biology. UV-Irradlatlon has been

the -DNA damaging agent of cho·lce for many studies due to its

availability, ease of use, and safety, while expressing the principal

biological,. effects of lethality and I1JJtagenesls. Cells have evolved

both constitutive and inducible enzymatic repair systems which can
•

correct or bypass the I eth.a! DNA photoproducts assoc I ated with

UV-Irradlatlon of DNA In~lblologlca! systems. The accuracy (or

fidelity) of ·the sUbsequent DNA repal r or replicative bypass can be

either high (error-free) or low (error-prone). I f the repair has low

fidelity then mismatched deoxynucleoslde monophosphates will be

i nse rted into the DNA and i f these "I es ions" are to I erated beyond DNA

replication, one of the daug,ter strands will pass an altered (I1JJtant)

genome to succeeding generatlonS~\ The mlsincorporated nucleotides

undergo a "fixation" process during DNA replication following

UV~replllr. The resulting I1JJtatlonai changes may be either silent (in a

region of DNA that Is noncoding, or a codon change which will code for

the same amino acid) or be expressed as an altered blolO<fjic phenotype

due to changes In protein amino acid sequence. Error-prone

repa i r Irecovery mechan I sms have been soggested as a poss Ib I e mechan Ism

involved In the production of abnormally proliferative transformed

cells. Proponents of the somatic I1JJtation theory of carcinogenesis

frequently cite the relationship that human mutants dtflcient in



(Bridges, 1981: straus, 1981).

v

c

2

exc I s Ion repa I r of UV-damaged DNA have elevated level s of cancer

Pat I ents with the autosoma I recess I ve .
/"-

syndrome Xeroderma pl·gmentosum (l4") develop rrultlple t~s of the skin

exposed to UV light (Robbins et ai, 1974: Kraemer, 1977: Setlow, 1978).

Simi larly, the hereditary chromosome instability syndromes Ataxia

telangiectasia, Fanconl's anaemia and Bloom's syndrome have a high risk

for the development of malignant neoplaslas and have al I been

associated with abnormal DNA repair (Paterson and Smith, 1979: Bridges

1981: Straus, 1981).'

Recent studi es examl nI ng "the mo I ecu I ar "'mechan i sm assoc I ated
1

with the T24 and EJ bladder 'carclnoma phenotype have revealeerthat the

activation of the cellu lar Ha-ras 1 oncogene by a point mutation

results in a single amino acid change. that Is sufficient to fully

transform the mouse NIH 3T3 cell line. These transforming oncogenes
~ r

presumab Iy ar I se from norma I cel Iu I ar genes by rutat Ion (Go I dfarb et

ai, 1982: Shih and Weinberg, 1982: Tabln et ai, 1982: Reddy et ai,

1982). A ,somatic rrutational event possibly mediated by error-prone

repe I r has been suggested as a mechan I sm of ca~cer since rat manmary

carcinomas resulting from a single dose of the potent alkylatlng agent

nltroso-methylurea Induced the activation of the H-ras-l oncogene by a
, ..

targeted mutat lonal event at the 12th codon (Sukurrar et ai, 1983).

This Implies that a tumor may arise from the soliiatlc activation of a

normal cellular oncogene, po~slbly through an· error-prone repair of

t8rgeted DNA damage. In light of the above correlations it is of great

I nterest to Ident I fy the mechan I sms of both prokaryot Ic and eukaryot Ic

error-prone repair processes In order to elucidate its role In

,
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,

rmlnmallan carcinogenesis. Fol lowing Is a brief review of DNA repair

and mutagenesis In bacterial and manmal Ian systems with emphasis on the

use of UV II ght as a DNA damagl ng agent.

I. Bacter I al UV-Repa I r

UV-Ilght, In the range of 240 ta 300 nm is efficiently absorbed

by DNA and produces cyclobutane pyrimidine dlmers between adjacent

pyrimidines such that ,the alpha-hel leal structure of the DNA is

d I started. Other photoproducts of UV-I rrad I at Ion are formed but

,,,
o

lethality and mutagenesis have been attributed to the cyclobutane

pyrimidine dlmers for' the following reasons: they are the most

preval ent Ies lon, enzymat Ie photareversal of the d lmers by vi s ib Ie

light reverses the lethal effects, and decreases the .mutatlonal

act Ivi ty of UV, and bacter I al mutants defl c I ent In repa I r of

cyclobutane dlmers show greatly Increased sensitivity to the lethal and

mutagenic effects of UV (Haseltine, 1983l. Two major classes of
I

UV-sensltlve mutants have been identified In Eo coil. Mutants have·
•

been found that are defic+ent In excision repair (uvrA-l, deficient in

rllpllcatlon of UV-dllll!lged DNA (recA-l, or are deficient in both (uvrA

recA-l (Hall and Mount, 1981 l. A mutant deficient in both processes

can be killed in the. presence of 'one or two pyrimidine dlmers,

suggesting that one unrepa1red dlmer can be lethal (Hall and Mount,

1981 l. Following Is a brief sunmary of the constitutive and inducible
d

DNA repair systems identified In prOkaryotes.

Excision Repair of UV-damaged DNA

In E. col i UV-damaged regions of DNA' can be repaired via an

\

\

J

,
i
"
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enzyrre medillted nucleotide excision event which Is followed by the

resynthesis of DNA In the damaged region called gap filling (Boyce and

Howard-Flanders, 1964; Setl~ and Cllrrler, 1964; Howard-FIllnders, et •
•

al. 1966; Witkin, 1976). The IXlstulilted excision-repair pathway has

been based on biochemical, genetic, and enzymatic studies including the

anlllysis of two UV-speclflc endonucleases, one purified from M. luteus

and the other encoded by phage T4 (Hase It i ne, 1963). The mechlln j sm of. ./

-----excision repair has been found to be multlenzymatlc and error-free

-(Witkin, 1976; Hanaw"lt et ai, 1979; Seaberg et ai, 1960). InE. coli

-
three proteins <uvrA, UvrB and UvrC) have been Implicated in excision

repair since "mutants defective lit llny of these genetic loci become

extremely sensitive to UV damage In vivo (Hupp and H.owllrd-Fla[lders,

1968; Shimada et ai, 1968; Seaberg et ai, 1960) and In vitro (Seaberg,

et Ill,' 1976). By using plasmlds Which greatly over;>rOduce these three

proteins, mlillgrllm quantities of the UvrABC proteins were

reconst Ituted I n vi tro (SllIlcllr lind Rupp, 1983). The reconstituted

enzyrre lIIllde two cuts at the UV-dlllllaged site, one on each s Ide of the

pyrimidine dirrer such that II 12-13 nuc)eotlde long frllgment dissociates

from the helix (SllIlcar and Rupp, 1983). The excision of the pyrimidine

dlmers Is followed by repair synthesis by DNA polyrrerase I which fills

•

th~ exc I sian gllps and

Hanllwalt, et Ill, 1979;

Is then sellied by DNA Ilg11se (Witkin, 1976;
(

- ~. "-Seaberg et Ill, 1960; "Hanawal t, 1983; Sancar and

Rupp, 1983). Repa I r plltches hllve been found to be heterogeneous In
I

slie (Cooper lind HllIlawalt, 1972;\Bersteln, 1981) and the production of,
long patches but not short ~tches requires the presence of a

functional recA lind lex A genotype which hilS III so been found essential

..

'\


































































































































































































































































































































































































































































































































































































