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INTRODUCTION

Phe main focus ol this thests was the development and characterizauon ot specitic
Assay o svsiems tor the analvsis o gepatr svstems an Eschericlua coli. The use of these
dssity svstems can elucrdate the mechanism of prevention and/or repair of mutations,
Great enerey has been focused on the understanding ot how cells keep the tidehty ot
DNA epincation high, approximately one mistake m 1010101 bases rephcated. In the
past. the mittal charactenizanon of repair svstems was tedrous. The 1solation of a mutator
Castramn detieient moa repanr svstem) was quite ditticult. and usually depended on brute
foree. Once o mutator was tound. 1t was characterized accordmg to the tvpe of mutation
tecaused i verro using heteroduplex analysis te.g. Lu et al. 1983) or in vivo by repeated
sequencing of aospectfic gene (e g Schaaper and Dunn. 1987). Cupples and Miller
H1ONY) developed an assay system. whereby the solation and characterization of repair
deticrent strams is carnied out e a simple phenotypic manner. The assay uulizes site 461
of the lacZ gene (encodes B-gadactosidase). By manipulating the DNA sequence at this
stte. they were able to monttor base substitution events.,

Fhe present work 1s an expansion of the JucZ phenotvpie assay 1n the development
ot novel target sequences and turther analysis ol previously constructed target sequences.
Fhe project s discussed in three parts:

Q) the construction and prelimmary analysis of a potenual target sequence, site ser-
402 an the lagZ gene (through amino acid substitutiony:

by the etfects of repair system interactions on base substututions at the original
target sute, 401,

¢) the construction and charactenization ol (GC),y dinucleotide trameshift targets at

NIUREY



DNArephication

DNA tephication s the process by which aan orgasim makes a copy ol s eesome
Fois important that DNA repheaton s tantbtul o the ongimal DNA sequence. moonde
that the subsequent daughter cell has an exact copy ot the parental cenome This s
necessary smee DNA carnes the eenete matental which s the blueprint ot the celland s
hiological tunctons.

[n bacterta, DNA repheatton aeviewed by Suzukt ¢l TO87) commences at a
unique ongmn. In £ ool this orrem s onC o locus, OnC locus, s 245 base pairs nisize,
didrs ocated at X7 mimutes on the £ cofr eenome map. AU this Tocus o comples of
dnaB and dnaC proteins bind to the sie. where they bend and open the dounte heliy o
DNA. The templaie DNA strands we then stabthized by the additional bindine ol ssb
protems. This ailows the binding ot the DNA iepheation machinery, DNA ephcanon
starts at this site and proceeds i two oppostte directions at the same velocity, fommine
two repheation forks. At cach ot the DNA 1ephcation torks both stands serve as
templates for DNA synthesis. The template strands are anti-paraliel, one gomg m the §°
to 3 direction while the other goes i the 3" to 5" direction. DNA synthests only occurs i
the 5" o 3" direction, theretore two tvpes of strand synthests occuts, leadine and laveine
The leading strand synthesis s continuous (no breaks i replication), while Ligging strand
svithests 18 discontinuous.  Both tvpes ot synthests are accomplished by DNA
polymerase I holoenszyime. but lagamg strand synthests also needs the addition ol the
enzyvmes DNA polymerase Tand DNA higase.

DNA iephication can result in many types ol crrors, from base substitutons 1o
frameshilts. Base substitwons occur, when there s a mispairing ol the template base with
a non complementry base. It tns mismatch s not repanred, on the subsequent round of
DNA replication, the mutation will be fixed in the DNA sequence “There are two types

hase substitutions events transitions and traasversion, Transition evenls occur when o

to




cunne s renlaced byoanother punine. - 1o pynmidine s replace by another pyrimidine.
[ransversion events oceur when o punine 1s replaced by o pyrmudine. or & pyrimidine s
seplaced byapurme. Frameshitts occer by the addition or deleuon ol nucleoudes i the

DNAwequence T has been hvpothestzee Suesinger et al 1966) that these mutagenic

ents oeear by astand shippace meenanism. The additon event oceurs when the DNA
polvmenase mserts o non-panme hase raddiion eventy, The deletion event oceurs wnen
the DNA polymerase does notinsert o base oppostee i template base, hence the template
base becomes non-pamnning «deletion event). Both these events if not reparred. wall result

e trameshirt mutations on the subseauent round of rephication.

NMechanisms of DNA L asaviten correet on

Sice DNA curges the intormation needed for continued lite, 1t s important for the
passage ol this information that 1t be tathtully copied. Organisms have evolved many
strategres (oomsure frdehty ot aephication. In Eccolr these include: 1) removal of
mutaeenme base analogs from the nuciecotide pool, mutl, 2) mseruon of the proper base at
the repheaton fork toflowed by proof reading by the € subunit of DNA polymerase,
dnaQ). 3 long exaston repmr where o Jong streteh of DNA s removed end resynthesized.
mutll S, and <5 short patch repan, muG, muotY, wnd mutM. The end resul’ is a decrease

©the trequeney o mutations and creased accuracy of - eplication. DNA polymerase

ke one mistake per 104105 hases teplicated (Loc..g et al. 1986). Proot reading by the

DA pehvmerase ¢ subumit (coded by dnaQ) or mutD) reduces the ertor rate to 10-7-10-%,
ananciease 1 hdelity of 1000 told, The combined acuvity of the other reparr systems
mcreases frdelity a turther 100 Thetetore the cell ensures that mutations tesulting from

DN rephcation are exttemely rare.

”



Dam-airected mismateh repan

The dam-diected mismatch epmr svstem. s part ol long patch repan. which
corrects tor a varety ot repheatton crrors This system as suand specttic, and mvolves
the excrsion ol up to a kilobase o more of DNA geviewed by Gullev ¢t al, 1990,

Claverys and Lacks. T986: Modrich, 19871, There are iive mugor eenes which code o

proteins mvolved in this system. They wre dam, mutsS. mud., mutU, and mutt

Stter rephcaton there are muismatches present i the DN The mutS proem s
mismatch recogmition protem. The binding of this protem to a nismatch will activate o
set ot interactions with other protems mvolved in thes repan. The mutl, proten wall nd

to both the mutS protern and to the mismatch. This will signal the mutll protem o bind

o a pahindromic sequence GATC/CTyeAG up o several Rilobases from the misniatel,
and cleave the phosphodiester hond at the 3" P ot the G on the non-methylated strand.
The mutll proten, with the assistance ol ssh protein, will unwind the DNA past the
mismatch. The displaced strand 1y 1esvnthesized by DNA polvmerase I The ability ol
this system to distinguish the correct base trom the mispanted base 1s dependent on under
methylation of the newly synthesized strand.

It has been shown that methyl-directed mismatch tepar deticient stans have an
mncrease in the mutational frequency m vevo for transition events G.C o AT and AT o
G:C (Cupples and Miller, 1989) and  +1 and -1 frameshilis at monomene sequences

(Cupples et al. 1990,

MutT repair

Mutator stramn muutT was isolated by Trelters et al. 11954y Tt has been found that

the mutT strain increases the mutaton rate specihically tor AT 1o C.Gotransversions

(Yanotsky et al. 1966y The mutT protein was tound to code tor a GTPase (Akryama )




A 1989 Mt protemn also has the aminty to hvdrotyze the mutagenic analog 8-0xo-
7 8-hhvdro-Z'deoxyguanosine (8-oxodGTP), (Makr and Sekiguchi, 1992y This analog
atses flrom the specitic spontancous oxidation of dGTP. This base has the ability to base

pant with adenme o eytosme (Shibutann ¢t al. 199 1), and the base pairing with adenine

sl cause an AT o C:Grotransversion.

MutY repan

Fhe mutY mutator was solated by Nehiem et gl (1988). Its phenowype displayed
amerease m the mutational requency of G.C o T:A tansversions, The mutY  protemn
codes tor un adenine glycovlase that excses the adenine base trom A-G mismatches (Au
etale [989), Thas protemn has the abmty (o bind to un A-G mismatch, and cleave the
adenme base out leaving an apunnie site. This apurinic site 1s then processed by an AP
cndonuclease which temoves the sugar phosphate backbone (Lu and Chang, 1988).
[cavimg a smadl tract for resvathests.  The tract is then resvsnthesized by DNA

polvmerase L

MutM repan

MutM mutator was aisolated by Cabrera ¢t al. (1988). The phenotype it displays is
anmerease m the mutational frequency ol the G:C to T:A transversion. The sequence of
the mutM eene s wdenueal o that of {pg. The mutM/Ipg gene codes for an endonuciease.
Fhe tuget of the protem s 8-0n0G contained in the DNA (Tchou et al. 1991). Guanines
i the DNAC can spontancously oxadrze. forming 8-0x0G. This C - 8-0x0G pair may lead
o4 G:C o PN nansversionevent. it the mutagenic analog base pairs with adenine at the

neatround of DNAepheation,



L operon

The Lic operen was the st cenctie regulation ssstem clucrdated geviewed by

Miller and Rezmkotf. T978) 1t comprises thiee structural genes e, LacY, Lag. A\, and

one reeulatory gene lacl.  These cenes code tor the enzvmes B-galactostdase, Lactose

permease. thiogalactose transacety lase. and the Lae repressotorespectivelve There e two

sites ot regulation upstream of the Luc cene. This regron comprises the operator and the
promoter. What makes this set of genes an operon as that all thiee structual genes e
regulated together and transeribed into o polv-cisttonic mMRNAL The lae operon s
controlled at two levels: one 1y dependent on factose bemg present e the cetl, and the
other s the lack of glucose. In the cell the amount of glucose 1egulates the amount of

CAMP (reviewed by Suzuki et gl 1989 11 there 1s a ow amount of glucose present,

then there is an increase of ¢AMP. The ¢cAMP will hind 1o the CAP proten, this

molecule will then bind upstream from the lacZ gene and let the transcuption o the
operon oceur. The opposite will occur if glucose s present. Then there s adecrease i
the amount of ¢cAMP. hence transeription will not oceur. The second level is controlled
by lactose. The Jac repressor will bind o the operator regron, i the absence ol factose
When lactose s present mn the cell B-palactosidase transtorms lactose nto allolactose.
Allolactose can then bind o the Lag 1repressor, changing the lac repressor’s contormation,

This change in conformation makes the lag repressor unable to bind the operator region,

so that transcription ol the vperon can oceur.

{3-ealactosidase

B-galactosidase is coded 1 E. coli by the structural gene lacZ, contwned in the Jag

operon.  This disaccharidase catalyses the conversion ol lactose mto glucose and

galactose. 1t 18 a tetrameric enzyme. which 1s made up ot four denucal subunts, The

6



monomers are composed ol 1023 amino acids. There has been a ot of work 1n deducing
the mechanism ot enzvme acuvity, and the dentuty of ammo acids invoived m the
reaction. B-galactosidase cene catalvses the hydrolysis and uansgalactolysis ot lactose
tHuber ¢tal, 1976)

It has been proposed by Sinnott (1978) that the #-galactosidase mechanism s
analogous to that ot Iysozyme.  There are two restdues which are mvolved. one which
dcts as a general acid. and one croup which s involved in the stabilizing o1 a gactosyi
mntermediate, allowmg HH0 o react.

[t has been proposed that tvi-503 1y the general acid. which would donate a proton
to the eheostaie oxveen (Ring etal. TORS 1988). Amino acid substitutions at tyr-503.
through missense codons and suppression of nonsense codons, decreased the acuvity of
B-valactostdae to 197 of the wild type (Cupples ¢t al. 1988).  Another site which is
thought to be important 1s glu-461: when this site was substituted with gln there was a
ercater than 994 decrease 1n actuvity (Bader ¢t al. 1988).  The site was further
characterized by the muoduction ot an additional 12 substitutions (Cupples and Miller,
FONSL o which all substitutions showed less than 10% ot wild tvpe activity: all
substitutions exhubited o Lac™ phenotype. The study by Cupples et al. (1990b)
characterized the roles ot glu-461 in the catalytic mechanism ol B-galactosidase.  First.
glu-4olis mvolved m the bindig of the substrate to the enzyme.  Sceond. the negative
charge of the R-group is involved in the stabilizauon of the carbonium ion galactosyl-
transion state of the mtermedrate. Third. it plays a role in the degalactosyvlation step of
the reaction,

The charactenizanon ob asn-460 by amino acid substtution (Passi and Cupples.,
unpubhshed) tound that the size ol the amo acid at that site is more important that the

charge. They hyvpothesized that the function of the amino acid at this site is only

mmportnt m giving a shape to the active site.



As mentoned above. the development of site-ditected mutieeness has given us a
powertul tool m the charactenization of ammo acids important m the cathy e activity of
an enzyvme. Tt has also gaven us the abiluy o manipulate the DN sequence mosuch a
way that target seauences tor montonng DNA reparr can be consttucted. The svstemoan
principle works, by the introduction of a specitic change m the sequence. the el
hecomes Lac™. and only a speaitic mutauon will revert it to a Lact phenotvpe Fhetetore

the mutation trequency is proportonal o the Lact reversion rate,

D) The construction and preliminary analysis of a potential target sequence in the

lacZ gene at site 462

As an example of this tvpe of mampulation, site 4061, because of 1s spectticity, was
used to develop a system for the momtoring ol base substitution mutations (Cupples and
Miller, 1989). B-galactnsidase is functional only when residue 46101s a glutanme acd. A
series of six lagZ mutations was constructed, o monitor the (wo  tansiiion and tow
transversion mutations. They were constructed by changing one nucleotde at the tiest o
second nucleotide position of the glu-461 codon. By domng this the anino acid s
changed. thus renderng the cell Lac. If a mutational cvent occurs which changes the
codon back to one coding tor the amino acid glutamic acid, the cell becomes Lact.  As
an example ol the power ol this assay. the stram CCHO4 which contarns the JacZ, mutation
which reverts to Lac* by a G-C to T:A transversion was used in the nolstion o o stin
with a high G:C to T:A mutation rate. This in turn led to the charactenzauon ot the
mutY gene (Nghiem ¢t al. 1988), part ot a system nvolved an the repar ol A G
mismatches. Another example of this type ol experimental design s the constiuction of
statn CC112. which was used in the isolaton of the mutG mutator (Ruiz ¢t gl submitted)

The DNA sequence of site 460, 461, and 462 was chunged from AAT-GAG-TCA 1o




AANC-CAG-GGG This streteh of DNA now contains the CCAGG seqguence. which can
he used to monttor VSP reparr (Laeh, 1983). The strain 1 Lac™ because 1t contains a
slycine codon at site 462, henee the strain 1s unable to use Tactose as a carbon source.
The secend cytosine n the sequence 1s methvlated by dem methylase  torming
ChpeCAGG. T deammation oceurs at the methylated cyvtosine, it is transtormed into a
thymne. Thas causes a -G mismatch: 1t this is not reparred. a C:G o TiA transition
occurs, Atter replrication the mutation s fixed into the DNA and the sequence  becomes
CTAGG. Henee, an amber codon s ntroduced at site 461, In the solaton of a mutG
mutitor, the parental stram contaned a plasmid carrving a suppressor (IRNAL which
miroduces a glutamie actd at the amber codon (TAG). Theretore cells with CTAGG are
Lact  Cells with detects i VSP reparr have high rates ot conversion ot CAG to TAG.
anid s o result have o high rate of Lac o Lac™ reversion. Isolation and charactenization
ot one stram which exhibited ugh Luac? reversion led o characterization of a new gene
mvolved i VSP reparr. MutG is nvolved in the removal of the mispaired T in a T-G
mismatch. The list of repatr genes solated from this assay system has been growing, tor
example mutM (Cabrera et al. 1988), mwC, and mutA (Micheals gt al. 1990).

With the characterization of site 460 and 461 in B-galactosidase. we decided o
characterize site 462 through amino acid substitution o test 1ts potential as 4 mutation
target sequence. Serine 462 was changed to an amber codon (TAG). There are a series of
twelve suppressor stramns classical suppressor strains. isolated by there ability to introduce
an amino acid ata stop codon, (Maller, 1972) and aruticial suppressor strains. constructed
by the use of gene syathests. (Normanly ¢t al. 1986, 1990)). These strains carry transter
RNAS RNA)Y that will introduce an amino acid at an amber (stop) codon. We used the
suppressor strains o substitute the senne at site 462 with cleven amino acids, glutamine,
osine, bvsine. leueme. glyeme. alamme, cysteine. hisudine, phenylalanine, and proline.
We then measured the B-galactosidase activaty (Miller, 1972) and analyzed the ability of

the cells contimnmyg the mutant B-galactosidase protemns to utilize lactose as the sole



carbon seurce. With this charactertzaton, we could deternnne which DNA sequenees
would cause the cell to be Lac. Sicee 460 and 461 aie quite specthic s what anino acud
substitutton they accept. we thought 462 would be as welll T we inchude site <62, this
will generate a stretch ot 9 nucleotides. where we know which DNA sequences iesult moa
Lac™ phenotype. By mampuiatng the DNA sequences. we could constiuct Lace L/

mutants. wmch revert back to the Lac™ phenotype by speciiic mutations

1) The effects of repair system interactions on base substitutions at site 461

The study of DNA 1epan mvolves the charactenzation ol repait deticient muotants
(mutators). The charactertzation consists of dissecung what mutations are caused by the
mutator.  This causes a problem in that other (intact) reparr systems may correct the
excess mutations or the excess mutations swamp may antact) repar systems (Schaaper
and Radman. 1989). This leads 1o two possibitlities, 1) that the mutation rate observed s
lower than the actual, or 2) that some types of mutattons which arise are not specthic tor
the repair system. We decided on a new approach. We studied the elfect of double and
triple mutators, looking at how they attect specitic mutagenic events. We cartied out the
characterizauon of the ctfect of the mteracuon of mutT, mutY, and dam-directed
mismatch (MWHLS) repair on three catterent base substtution events, G.OC o AT
transitions. AT to C:G transversions, and G:C to T:A transversions i £ colr.

The tocus of this part of the thests is o dissect the mteractuon of mull, muts, and
mutY on specific DNA target sequences. The targets are a senes of LagZ mutanis (tester

epsomes CCLO1 1o CCI06), which momtor specilic hase substitution events ttable 1),

10)



l'uble | Base substitutions monitored by CC101-CC106

traim Anno Acd Event
Ol amher AT C:G
CCH2 aly G:CloAT
cepns 2In C:GlGC
cClo4 ala G:CuoTA
CCius val TN NT
CCloo Ivs ATwGC



HD The construction of a (GC)ya target which moenitors (GO frameshift event

and characterization of three (GO, dinucleotide frameshift targets at site 304

Frameshitts are detrmmental (o oreamsms. Thev cause damage by alterme the
reading trame of the DNA sequence. This aiteraton s due to the addiion or deletion of
bases. The hases ma gene are read by RNA polvmerase na specitic way - The eene has
a tixed staring pomnt (start codon). and then proceeds teading o groups of thiee
nucleotdes tcodons). The DNA mtormation s said o be i frame. 1 there s a
frameshitall the mntormation downstream of ths event will be umeadable out of rame
with the tnnucicotide codon). Henee the DNA will code tor o non-tunctional protemn.
There have been many models on how spontancous frameshifts occur. The miost
common site at which a frameshift occurs s at monomenie tuns, leading Suceisineer ¢t al.
(1966) to propose the strand slippage model (figure 1), In this model. there s a
misaltgnment of @ hase at monometic runs and at dinucleonde tuns. This misahgnment
oceurs due o the basets)y Toopmg out during DNA replication. The looped out basets) s
(are) non-pairtng. The difference between the occurrence of an addition or deletion,
depends on which strand contains the looped outbase (iemplate or newly-svnthesized).

The focus ol this part ot the thesis deals with how 75 coli prevents spontancous
[rameshifts mutations at target sequences of iuns of GC dinucleotides  1E was necessiary
to construct CC 127, and compare 1t with  two other lacZ mutants CCTO9 (Cupples et al.
[990a), and CC 126 (Passi and Cupples. unpublished). These three lugZ, mutants momtor
three different mutagenic events at runs ot (GC) dinucleotides.

1) CC109: deletion of o (GC) dinucleotide atarun of (GCg
2) CC126: addinon ot a (GC) dinacleotide atarun ol (GCHg

1) CCI2T: deletionof a (GC)y dinucleotides at run ot (GC) o




Figure I:

Strand shippage model: moded tor
a) munus one base  trameshitts

by pius one base trameshifts.






We compared the spontancous trameshrtt trequency ot the CCI127 to CC109 and
CCI126. To turther study the mechanism, 1t was necessary 1o characterize the etfect of
chemical mutagens, DNA - supercorling, and  methyl-directed  musmatch  repair on
spontancous Trameshatt friequency of CC10Y and CC127.

This system 18 based on work by Cupples et al. (1990a). They developed a lacZ
phenotypre assay, which monitors specitfic frameshift mutations.  This svsiem  takes
advantage ot the active site residues of #-galactosidase (glu-461 and tyr-503). Five lacZ
mutants, CCTO7-CCHT were constructed by altering sequences around tvr-303 and glu-
A0 monntor +1G, -1G, -HGC). +1TA. and -1 AL 1especuvely (table 2). In the study of
Cupples et al. (1990), they analyzed the effect of chemical mutagens on the mutational
frequency ol the trameshift events on all tive lacZ mutants, and also looked at the etfect
ol dam-duected mismatch repair on one base frameshifts. It was tound that cthyl
methanesultonate {EMS) and 2-aminopurine (2-AP) which were not thought (o induce
frameshitts, would 1n tact induce them. They hvpothesized that these chemical mutagens
saturated or mactivated dam-directed reparr. so that frameshifts would escape repair.

Fuchs ¢t al. ¢T988) hypothesizes that frameshift mutations arising trom hot spots
(where a farge [requency of mutational events occur) are due two possible mechanisms.
1) Mutations anise as errors made when replication proceeds through a sequence which
can form an unusual DNA structure.

2) Mutations arise betore replication due to unusual DNA structures.

Fuchs and lus coworkers constructed a series of plasmids that contained vartous
fengths of (GO dinucleoudes (n= 8. 9, 12, and 13). These repeats were nserted in the
carly part of the lueZ, gene. These insertions conferred a Lac™ phenotype. I a deletion or
addivon event occurs that puts the LacZ gene in the proper reading frame. the strain
would display a Lact phenotype except i pUC-(GC) (3 where the phenotype changes
from Lact to Laco). They tound. by increasing the number of (GC) repeats, that  there

wis an mereased mutatonal frequencey.



Table 2: Frameshifts monitored by CC107-CC111

CClu7

CCl08

cClom

CCl1o

CCl11

491

491

S5

510

510

run of six G ~ ()

run of stx GG -HGn

run of hive (GCY - 116G

run of six A + 1A

rug ot seven A -1\
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DNA supercothing

Supareotiime s the gurther twisting of the double helical DNA - molecule.
Supercotmg s important to the cell for many reasons, One of the most important 1s the
compacting of the DNA n the cell (Watson et al. 1987y, The cell also needs to untwist
supercotled DNA so that 1t can rephicate. transeribe, and recombine (reviewed by Gellert.
951y Genes that are mvolved in the  visting and untwisting of supercotfed DNA are
called toporsomerases. The toposomerases e a group of enzvmes which have the
abihity 1o break and sejom DNA phosphodiester bonds (these we bonds between the
nucleotides 3-OH and S-Powhich form the hackbone of DNA)Y. The two genes of
mterestare op \ oSternglanz et al. 198D and gyrB Dinardo ep al. 1982). Topa codes tor
the enzvme toposomerase 1 This protem catalyzes the reaction that refaxes the negative
supercothng of DNAL while gyrB codes for the enzyme which catalyvzes the reaction of
putting negative supercorls m the DNAD We decided to analyze the effect of torsional

strann on the spontaneous frameshilt events.

Chenncal mutagens

Many chemical mutagens have already been extensively characterized (Miller,
[983). Understandmg the etfect of chemical mutagens on a specitic type of mutational
event enables us o understand the actual mechanisms by which the mitations occur. We
have looked at the ettect of tour ditferent chenccal mutagens on the (GO targets.
Fhese tow mutagens are 2-aminopurine  (2-AP), ethylmethancsultonate (EMS), 5-
azacy tidme and 1CR-19 1,

2-AP s acbase analog. Tt can be meorporated into the DNA by pairing with either
a thymune o exvtosme. 1t meorporated opposite @ thymine it may nspatr with eytosine

the nextround of repheation Thas will cause AT 1o G:C transiions it not repaired. I 1t
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misparrs with @ evtosne. and s not epared betore the next round ol repleation it mas
pair with @ thymmne. esutung o a G.C o AT mansiwon occurs, FMS 1y an alkviatme
agent which causes a specitic tansiion mutation. EMS alkviates predommatety at the
OO postion of guanine tornung OP-alkvlguamme (Fiedberg, 1985) OP-alkviguaninge
misparrs with thymune, resulung i G:C o YT ranstons. EMS also can alkvlate @
other ) postttons o purmes which tesult i the tollowing moditied bases. 01
alkvladenme,  O3-alkyladenme. O7-alkviadenne, ()7‘~z\lkvlguumm'. and 07
dikviguanine. 2-AP and EMS also cause frameshitt muatatons, possibly by saturatng the
dam-directed musmatch repan system so that spontancous frameshift mutations are not
reparred (Cupples and Miller. 1989y, JCR-15 1 causes trameshitts by stabihzimg Jooped-

out bases. DNA polvmerase bypasses looped out bases resulting m frameshilt mutations

3-AC causes G:C to C:G transverstons, but tis mechamisn of action s utthnown

The understanding of how the reparr systems prevent and/or repan mutations s
quite impottant. The work presented m ths thests deals with the prelimmary analysis of
potential target sequence, the ettfect of repan system interactions on base substitutions,
and the charactertizaton of (GCy target sequence. The ulumate goal is o add knowledge

to the pool of intormation on DNA repair,




Materials and Methods

Al molecular echmques were performed as stated in Molecular _cloning

laboratory manual, Mamats ¢t al. (1982). All bacterial geneue methods were pertormed

as stated 1n Experniments in_molecular geneues, Miller, (1972). All manipulations of the

acZ mutants were pertormed as stated in Cupples and Miller (19%89).

1) Bacterral, plasmuad and phage strains

Lschenichia colr sttans are listed in table 3. Fepisomes (CCL101-111, CC126-127),
and pBR329 and 1ts dernvatives were mamtained in s90c. Plasmids (pGFIB-1) carrying
the suppressor IRNA'S were maintained in XAC. Phage 1'1-Z#3 (modified R229) and its

detvatives were muantained in JM801, Plasmids are listed in table 4.

D Mamtenance of bacterial strains

All strams were mantaned at 4°C on minimal glucose plates containing the
appropriate supplements (table 3): plasmid in $90c were stored on LB plates containing

the appropriate antibiotic (table 5).

1D Media

Two types ot meciawere used. LB and minimal media A wath the appropriate
carbon source (glucose, lactose or galactose). LB medium (Miller, 1972) contains 10 g
Bacto uyptone. 5 ¢ Bacto yeast extract and 10 g sodium chloride 1n one liter of medium,
Mimmal medium A (Miller, 1972) contams 105 g KaHPOy, 45 ¢ KHyPO, 10 ¢

(NH 2804, 5 ot sodm crtrate*2HAO per liter of medium. Appropriate supplements,

1o



Table 3: List of Strains

Name SeX senonpe
St F- ara Adacproy thrpst.

PYl)cd F~ ara Alacproy the

Jvioih F- ara Adacpro) thi rpsl. leusTnlo

JVin2b F- ara Adacpro) thi rpsl, mutY::Tnio)

JV103b Fo o ara Agdacpro) thi rpsl. mut T8

IV 104D F- ara Adacpro) thipsh, parval AmutY

JTTI¢ F- pyrE srA10S gnlds

RS2¢ F-  pyrE srALYS eal25 topA

SD7¢ F~  pyrE suA1YS gal25 topA gyvrB
CSH63%  Hir  vall thi Adlacpro)
JVIOst F- pyrE strA 195 gal2S vall thi A(lacpro)

JVI06C  F- pyrFE sirA193S eai25 vall thi Adacpro

topl
JVINIC  F- pyrE surA195 eall5 vall thi Agacpro

LopA gyvrB
IM108¢  F ara Aglacpro) thi rpsk., Fkanf

IMSgn2a F ara Alacpro) thrrpsl., Flacl proA™

proB*
CSHI13-20a4
F' Atlacpro) supkE thi, FlacZ proAt

proB* with progressively larger delettons m lacZ,

20




Jable 3 conunued: List of Strains

Name sex senotvpe

NALGIE - atad Adacpro) gvrA metB argE-am rpoB3 supD thh
NATO24 |- ara Atlacpro) evrA metB argE-am rpoB supk thy
XAIO3L dara Mlacproy gvrA metB argBEzam rpoB supE th
XALOSYE |- dra Adaepro) svrA metB areE-am rpoB supG thi

NAyed - ata Atlacproy gyraA metB argEram rpoB supP th

NACd I ara Adacpro) gvrA areE-am rpoB the

IAVATIE LA B ara Adacproy thi rpsL mut YTl mutTels3

IViogh - Ara Atdacpro) thi rpst, mat S Talo

IVITob - ara Adacproy thr rpsL mutS::Tnd

IVITID 1 G Adacpro) thi rpsE mutY::Tal0 mwS:Tns

wvih ara Adacprog thr rpsL mutT20s3 mutS:Tn O

IVITD g Adacproy the rpsh mut T::ds3 mut Y TnlO

mS:Tnlo

cCrott o ara Adacpro) thi rpsl.

FlacZ proA* proB+ with amber codon at site 461

CCro2t 1 ara Adagpro) thr rpsl,

F'lacZ proA* proB+ with glycine codon at site 461

cerost o aa Adacpro) thi rpsL

FlacZ proA* proB+ with glutamine codon at site 461




Table 3 conunued: List of Strains

Name o osex aenoivpe

CC4l ' ara Macpro) thi rpsk.
FlacZ proA* proB+ with alanme codon at stie 401

CClos!  F ara Adlacproy th rpsi.

F'lacZ proA™ proB+ with valine codon at stte 461

Ccciool  F ara Adacpro) i rpsl

F'lacZ proA™ proB+ with Ivsine codon at site <61

T

CCl078  F' ara Atacpro) thi rpsi.

F'lacZ proA™ nroB 1 with a aditional A nucleoude

atsie 522

CCIO8E  F' ara Allacpro) thi rpsl.

FlacZ proA™ proB+ with an addition G nucleotde

at site 48%

CCI9E  F ara Adacpro) thi rpsl.

F'lacZ proA* proB+ with an additional GO

dinucleotide at site 504
CCIlI0g F ara Atlacpro) thi rpsl,

F'lacZ proA™* proB+ with a deleuon of one A

nucleotide at sie 522
CCI11e  F ara Alacpro) thr rpsl,

F'lacZ proAt proB+ with a deletion of one G

nucleotide at sie 488




Fable 3 conunued: List of Strains

Name o osex aenotype

Cer2el Foara Atdaeprog thripsl

FlacZ proA™ proB* with a deleton of GC

dinucleotde @t site 504

CC1270 1 ara Adacpro) thi sl

FlacZ proA* proB* with an additional 8§ GC

dinuicoude at site 304

CCI28P 1w Adaepio) thi ipsk

FlacZ prtoA™T proB* with an amber codon at site

362

ABHISTY B -1 Jeu-6 thr-1 lacY ] valK2 arals xvl-5 mu-1

hdeKS| proA2 hisd arvlE3 stril supEd-d

GW3732D [ (hi- | leu=6 thr-1 lacY ! aalK2 arals xyl-5 mtl-1

kdgKS1 proA2 sd argE3 str3] supE4d mutS:: Tns

GWAITID | - leus6 thr-1 lacY ! galK2 arats xvl-S mu-1

KdoKST proA2 hisd areE3 str3 ] supE4d mutS::Tnto

I'T1O8! 1= ara Adacpro) thipsh, mutY::Tirio

to
»d



Table 3 conunued: List of Strains
Name  sex LCNOLVpe
NRY0s2 Foam Aglacproy thi an® mut s ]

NRY4ISD F- o ara Adacprod thi leus-I'nln

az Mitler. ¢1972). b: this study ¢: Sternglanz et al. (198 1),
d: Coulondre and Miller. (1977), ¢: Kleina et al. (1990),
{2 Cupples and Miller, (1989). g: Cupples et al. (19900,
h: Schaaper ¢t al. (1989) 12 Michaels et al. (19900,

1: Passt and Cupples. cunpublished).



fable b Plasmids

Plasnmd

PI7REVA

pCClac 1 270

pCClac 128D

pGEIB-T¢

pe( Tag-d

pCClacZih

Vector Insert FFeatures

pBR3I2Y  ECcoRV Contuns the mutY gene
pBRIZY  EcoRl Contans the lueZ gene which has
has an addonal (GCig dinucleotdes
absite S04
pBRIZY  EcoRD Contans the laeZ cene which has
an amber codon at site 462
pEMBLS™T Contains syntheuc suppressor tIRNA
pBR32Y  EcoRl Contains the lagZ gene under
the control of P¥ promoter.
pBR32Y9  EcoRD  Contains a modified lacZ gene
that has an additional (GC)

dimucleotide at site 504

a Michaels etal, (1990), b: this study. ¢ Normanly et al. (1986).

d. Cupples and Miller, (1988).



Table 5: Compounds added to plates.

Compound  Concentration

L-leucine 20
L-methionine 50
L-prohne 100
LUracil 20
L-valine 30
P-val 500
NX-gal 40
Ampicillin 100

Chloramphenicol 20

Kanamycin 50
Nahdixic acid 30
Rifampicin 100
Streptomycein 100
Tetracyline 15

Method ot sterntlization

dutocias e

autoct:

autoctave

auteclave

autoclave

dutoctave

stock solution made in
dimethvl tormanu e
tilter stertize

stock solution made in
10074 ethanol

filter sterilize

filter sterilize

stock solvtion made 1n
100 74 methanol

llter stenhize

stock solution made n

S0 17 ethanol
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REN{

0020 magnestum saftate. 0.005% thiamine (By) and 0 23 70 carbor source (glucose.
Lactose or catactosey were added to the media In the making of plates 12 2 of Sigma agar
was added o one hiter of media, Maconkey lactose plates contamned 50 g Maconkey

Lactose aear per hiter of medium.,

IV Stramn construction

Strams JVIOL w0 JVIO3 and JVIOK o JVII3 were construcied through Pl
mediated tansductons (table 6y JVINS-107 were constructed through the interrupted
mating of CSHOR with JTTL. RS2, and SD7  Interrupted mating was pretormed in order
that the Lac-pro delenon could be mtroduced into T, SD7. and RS2 strains, while
comerving parental genotypes tor the opA (28 min) and gyrB (83 min) wpoisomerase
cenes. The matng time was 8 man, atter which the  progeny were plated on minimal
elucose plates contaimng  S-bromo-4-chloro-3-indolyl B-D-galactopyranoside  (X-gal).
proline. uracil. streptomycin and high concentration (50 ug/mly ot L-valine. The CSH63
stam was selected agamnst by streptomycemn, while JJT1. SD2.0 and RS7 were selected
agiinst by high valine concentration. The progeny were sereened for inability to use
calactose as a sole catbon source (gal2S mutationy, and tor uracil auxotrophy (pyrE

mutatton linked to topA).

Vi Conjugation

E.coir sty aie divided into two groups FYoor Fr. This separation 1s determined
by the cell's ability to form pili and on its conjugauon properties. The FH (male) cell will
donate chromosomal or episomal DNA through a protein filament. the F pilus. The F-

ctemale) cell will recerve the DNA and as a result becomes male.



Table 6. Summary of P1CM Mediated Transductions

used in Strain Constructions

Cross Donor Recipient Selected Relevant Constructed
Phenotvpe  Genotype Stran

I NRO416 Syic tet! e~ nl0 muwl* JVIo)

2 TTI08  S9Oc teth mutY:Tnlo JVI102

3 NRYO82 IVIOI leur muteIst leut JIVIO3

4 TTIO8  JVI103 tet! mutY-Tnlo JVIOS
5 GW3731 S90¢ ted muS:Tnio IVIoy
6 GW3732 S90c han} mutS:Tas IVilo
7 GW3732 JVI102  kant mutS:TnS JVITH]
8 GW3731 Jviod  ef mutS:Tnlo JVII2
9 GW3732 JVIO8  kanf mu S Tns JVII




O Bprsomal transter

I and Focells were grown e 2 mib LB broth at 37° C overmght with acration. The
overnieht culture of ' ocells was subcuttured 1:100 1n tresh LB broth at 37°C with
acration tor 1 hi. The subculture of F'eells and stationary F- cells were then mixed at a

21 vano, and mcubated at 37 C tor 1 hr, Analiquot ot 10 gl was removed and plated on

selectve media,

by Interrupted conpugation (Hir)

Interrupted conugation was pertormed in 4 manner similiar to episomal transfer.
However, with intertupted conugation, the amount of DNA transterred is dependent on
the amount of ume conpugaton is allowed to proceed. Conjugation was interrupted by
vigotousty vortexing the tube. Hence.o a specific amount of chromosomal DNA s

allowed to transter.

¢) Plate mating

Fhe reciprent stram (F7) was grown on a non-selecuve plate (LB plate) and
incubated at 37°C for 16 hr. The donor stramn (F') was grown in LB overnight at 37°C
with aeratton, then 1t was subcultured 1:100 in LB and grown tor 2 hr at 37°C with
actaton, An aliquot ot the subcultured donor (0.2 mi) was then spread onto the selective
plates - The reciprent st was replica plated onto the selective plates (contaming F'

cellsy,
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\'hH P1 transduction

4) Making of Iysogen

A heavy tnoculum ot the host stram was cross streaked with 10O gl temperture
sensutve Plem lvsate on LB Cm plates. and meubated at 28 C (permissive) tor A8 e,
The resultant colones should be [y sogens carrving the Plem phagey The fssoeen was
purtfied and ventied by temperature sensttivity (ysis ol the Tvsogen should occur at

37 C.

h) Making of lysate

The lysogen was inoculated 1 superbroth and incubated overnight at 28-31 € with
acration. The lysogen was subcultured in a tlask contamime 5 ml ot superbroth at i
dilution of 1:50, and grown at 28 C  with acration unul an ODgg of 015 0.2 was
reached. The subculture was then temperature shitted to 37 °C unud fysis ol the cultue
occurred. The lysate was then transterred to a IS mi polvethyiene tube contamimg S mi ot
chlorotorm, and centrifuged at 5.000 RPM (JEC)  The supernatant (P Tvsate) was
transterred 1o a screw top glass tube contaiming 1 ml ol chlototorm. Fhe PL lysate was

then stored at 4 C.

¢) Pl transduction

The recipient strain was grown at 37 C overmght with acration The culture was
transterred to a microtuee tube. and was then centrituged tor 1 omm. wt 16,000xg The
supernatant Huid was discarded, and the pellet was resuspended i 2 ml ot MC butter (10

mM CaCly. 1 mM MgClay The resuspended pellet was then incubated at 37 €7 with

)




actation tor 20 mn. Frve cutture tubes were set up dessgnated a through e, Tube a. b, .
and d contiwnea 106 ul of recrprent cetls. with bo ¢, d.and ¢ contaming the Pl ophage at
v e concentratons, Tubes a and ¢ are controls, All tubes were meubated at 37 C with
acriation tor 30 pun. then o bl ol sodium aitrate was added o stop phaee crowth. The
rubes were turther mcubated at RT for 1 hre One mil of LB was then added to the tubes.
[he masture was then ncubated at 37 C for 1 hro Atter the incubation. the cells were

plated on selective media to obtn the P transductants,

VIE Competent cells

v smgde colony was moculated  mto 2 ml ot LB broth. and grown overnight at
37C wath acration An ahquot of 0.3 miowas added to 35 mb ot LB broth 1n a 250 ml
flask . and grown at 37 C wath aeration until 1t reached an ODsg ot 0.2-0.25. The flask
was then cooled onoace tor 10 nun. The culture was then decanted into a serew cap
centrrtuge tube, and centrituged at 6,.000xg tor five mm at 4 C. The supernatant fluid
wias then aspirated ot and the pelictresuspended in 15 mt ot cold 50 mM CaCla and left
on e tor 30 . The cells were centitfuged (same conditions as previously stated), the
supernatant thud was agam asprrated otf. and the pellet was resuspended in 3 ml CaCls.

Phe cells are now competent and able o be used tor transtormation.

VDY Transtormation

DNA T ng) was added o the competent cetls (200 pl tor plasmnd and 300 ul for
phage tanstormaton, RE torm), The cells and DNA were muaed very gently in a
mictotuge tube and icubated on ice tor 30 nun. The mucrotuge tube and 1ts contents

were then tansterred toa 42 Cowater bath and incubated tor 1.5 min.



For plasmnd transtormauen. 0.8 ml ot LB broth was added o the microtuge wbe
and mncubated at 37 C tor 30-00 nun depending on antbrotie resistance conterred by the
plasmid). The resulting cells were then centtuged. the supernatant was removed, and
the cells were resuspended i 0 2 ml or LB broth. These cells were then plated on the

appropriate media,

For phage tanstormauon. the competent cells and DNA were buelly cooled onee,
and then were transtered to a small glass culture tbe. An ahquot of 200 ul of log phase

cells trom the speaitic host stramns, S0 ul of 297 NX-gal. and 3 ml of mehied wop aga

(55 C) was added. This mrxture was then vortexed and poured onto LB plates

IX) Isolauon of I'] phage particles and ssDNA template

A sigle colony of the appropriate host stramn was inoculated i 2 ml LB broth, and
incubated overnight at 37 C with acraton. The saturated culture was subsequently
subcultured at a dilution of 1.25 and grown to carly log phase. A smgle plague was
picked and placed in a4 microfuge tube contaming 100 pl of 1X mmA salts. It was then
vortexed briskly tor 30 sec. Alternatively a 100 ul of 10-2 dilution ol a puntied phage
preparation was used. An ahquot ol 200 pl of the log phase host stram wis added, and
incubated at RT for 10 min. The cells and 11 phage were transterred to a small culture
tube containing 2 ml ot L.B broth, and incubated ot 37°C with acrition tor 15-12 hr.

Alfter the incubation, 1.5 mb ot the culture was transterred o a mictotuge tube, and
centrituged tor 1 min at 16,000xg. The supernatant was then tansterred 1o a new
microtuge tube (the pellet was erther discarded or used tor the solation of dSDNA R
DNA). To the microtuge tube 200 pl ot PEG/NaCl (20% polyethylene elycol, 2.5 M

NaCly was added. The solutton was mixed well, and fett 1o stand at R tor 30 pun. The



micioluge whe was then cenurtuge at 16.000x g for 5 min. The supernatant was removed.
but due to the viscosity ot PEG/NaCl, the microtuge tube was centrifuged tor 15 sec. and
the iemaiming supernatant was removed with a Gilman Pipetman. The pellet (11 phage
partclesy was then dissolved i 100 ul ot TE butfer, and stored at 4°C as a punfied phage
prepatation.

For SSDNA - solation, an equal volume of hvdrated  phenol was added. and
vigorously vortexed. The micaotuge whe was centrifuged tor 3 nun at 13,069 RPM.
Fhe top Laver was then transterred o a new microtuge tube. containing 200 ul of cold
cthanol and 10 ul of 3 3 sodium acetate. This solution was mixed well and incubated
overnieht at =20 C. The next day the microtuge wbe was centrifuge at 13,000 RPM for
ESnun a4 €. The supernatant was removed and the pellet was then dried in the Speed
Viae for 30 nun The dried pellet ¢8DNA)Y was resuspended in 25 1l ot HaO. for

immediate use or stored at =20 C.

N Sute directed mutagenesis

) Phosphorvilation of the oligonucleotde
Each ohigonucleotide (2 pg) was phosphorylated by 5 units of polynucleotide kinase
tor 1 he at 37 °C. The reaction butter contiuns 70 mM Tris-HCH (pH 7.4, 10 mM MgCl».
S mM DI, and 750 uM ATP. The misture was then heated to 65°C to inactive the

TASC.

b)Y Mutageness

SsDNA 1 template (0.5 ug), mutagenic ohigonucleoude (0.1 pg), and helper
oligonucteotde (001 gg) were mined in the annealing butter (20 mM Tris-HCI (pH 7.4),
TO MM MeChy 30 mM NaCh. This nuature was incubated at 90°C for 5 min and slowly

cooled o RT (45 min) to pernnt hybridization between the ssDNA - template and

Y
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complementary ohgonucleotide.

Synthests of crrcular dsDNA was induced by combimng, 2.5 umits ol Klenow
fragment of DNA polvmerase. T umt of THDNA figase, and T mM ol cach of the INTP
in reaction butler (27 mM Tus-HCL (pH 700 10 mM MeChy 10 mM ONGCL 1o mM
DTT. and T mM ATP). The mutagenests muxture was then meubated tor T hr at RT. The

DNA was then used for tanstormaton of competent cells,

XD Ds DNA preparations of RF form of [ and plasnid

[n the solation of plasmid DNAL a single colony contiuning the plasnud ol interest
was mnoculated to 2 ml off LB broth with appropriate antibiotie., and ncubated at 37°C
with aeration overnight. In the solation of RE torm of 11 phage. an isokuted plague was
added to log phase host cells, and incubated tor 10 min at 37°C, then 2 ml ol LB broth
was added and the culture was grown at 37°C with acration for -4.5-12 hr.

The cultute was then transterred o a microfuge tube and centnfuged at 16,000xe
for I minute: the supernatant was then asprrated ot The pellet was resuspended m 100
pl of solutton T (50 mM glucose, 25 mM Tris-HCI (pH 8), and 1O mM EDTA) and left ©o
stand at RT for 5 min. Then 200 ul of solution 11 (0.2 N NaOH, and 14 SDS) was added
and incubated on ice for S man. Then 150 gl ot solution HI was added and mcubated on
ice tor 5 min. This muxture was then centrifuged at 16,000xe. The supernatant was
transterred to a new microfuge tube and 400ul of hydrated phenol was added. This
mixture was then vortexed tor | min, and was centrifuged at 1o.000xg for 3 nun. The
upper layer was carefully removed and transterred 1o a new microfuge tube, contammmg
80O ul of cold ethanol. Tt was then centrifuged at 16,000xg for I omimn, then the
supernatant was discarded. The pellet was dried in the Speed Vac tor 30 mumn. The dred

pellet was then resuspended in 50 pl ot H»().

¥




X1 Smele stranded DNA sequencing

Sy DNA polated from 11 -Z#3 and the mutants dernived trom 1t were sequenced by
the Saneer dideoxy method. T7 polymerase kit (Pharmacia, and 358-ATP (Dupont) was
used torsequencme reactions, The subsequent sequencing reactions were electrophoresed
AU 70 Won an 84 polvaciviamide/ 6.8 wea denaturmg gel, The DNA sequences were

analvzed by autoradiography.

N1 Acarose gel electrophoress

ADNA samples (100 ng) were electrophoresed at 120V oin a 194 agarose gel
contatmng 0.5 pg/mf cthidium bromide at 120 V. The electrophoresis butter (TBE, pH
N contamed 0.089 M Ths-base, 0.088M borie acid. and 0.02 M EDTA. The loading
dve contned 44 sucrose. 0.005% bromophenol blue. and 8% ficoll. For analysis of

tesults UV oitlumination (Fisher 312nm Transilluminatory was used.

NTIV) Restriction enzyvme digests

DsDNA 1] phage or plasnud (100 n2) were digested at 37°C for | hr. Resistriction
endonucleases were added inexcess tor digestion reactions. Alse (.08 units of ribonu-
clease was added o remove RNAL

BamHT butfer contamned 6 mM Tris-HCE (pH 7.5). 100 mM NaCl, 6 mM MgCl»,
and T mM DTT, EcoRI butfer contned 10 mM Tris-HCL (pH 7.4), 100 mM NaCl. 10
MmN MeClroand TomM B-mercapocthanol. Hinell butfer contained 10 mM Tris-HCI

pH 7.55 100 mM NaClL and 7 mM MgCly. HindII buffer contained 6 mM Tris-HCI

(Pl 7350 mMNaCL 6 mM NMeClaoand | mM DTT.



XV Construction of lacZ mutdnts

Site-directed mutagenests was used on 11-Z#3 ssDNA - template, with mutagenie
oligonuclenudes to construct laeZ mutants. These cucular dsDNA molecules were then
used to transtormed JMBO2 thost straun). The plagues produced were of two tvpes, white
(Lachand blue (Lac™y. The white plaques were turther purtticd and ssDNA isolated.
This ssDNA was then clectrophotesed o venty whether 1t was Lacs due o a large
deletion in the lacZ gene. it remamned the same size as the contol, Turther anadysis wis
pertormed. The ssDNA template was then sequenced to vonty al the mutagemce sequence
was ncorporated into the lacZ gene. For couesponding changes tixed mto the L7
sequence. the RF form of the 11 (200 ng)y and pBR329 (20 ng) were digested with E¢oR1L
EcoRI was then heat-inactivated at 65 C tor 20 min.  The JacZ (mutant) msert was
cloned into the unique EcoRI site of pBR329 (the EcoR1T site is m the chloramphenicol!
gene). The putative pBR329-lacZ mutants were then introduced into competent pic,
and the cells were plated onto LB tetracychne plates (pBR329 conters resistance (o
tetracycline).  After 14 hrs, the transtormants  were replica plated  onto 1B
chloramphenicol plates. The transtormants that were  chloramphemcol® were stieak

purified and plasmid DNA was isolated. The plasmid DNA was digested with EqoRIL or

Hincll and clectrophoresed on 14 agarose gel, to vertty presence of the iz eene

1,




XV Transter ot JacZ™ gene from the plasmid to the episome

Stationary phase putc containing pBR329Y-lacZ mutant insert. were conjugated with
log phase JIMIOK ata rauo of 2:1 and incubated at 37 C for I hr. An aliquot ot 100 ul
was then prated onto selective media on which only the progeny could survive (mimimal

clucose with tetracvehine). The progeny. contaming the pBR329-JacZ mutant and wild

type LigZ 2ene on the episome, was then purtfied. An 1solated colony was then inoculated
into 2 ml LB broth with tetracycline and incubated at 37" C without acration tor 6 hr, in
order that o recombimation event between the plasmid and the episome could occur. This
culture was then mated o statonary sY0¢ culture, at a 201 ratio at 37°C tor 1 hr. An
aliquot of 100yl was plated onto nimmal glucose containing streptomyetn and X-gal.
I'wo tvpes of progeny resulted from this conjugatton. blue. and white colonies. The blue

colomes contain the wild type lacZ gene on the episome (no recombination event

occurred) and the white colontes contain an episome 1n which a recombination event may
have occurred. The white colonies where turther purttied and analyzed by plate mating
with the facZ deletion stams (CSH 13-20a) on minmmal lactose plates. The colonies that
showed the proper growth on these plates are the putative lacZ mutants strains (the
progeny that receive the wild type sequence of the mutated area of the putative lacZ

mutants from the deletion stras), and were used for turther study.

XVID Spontancous Lact reversion test

The Tactose teversien test is a method used to test the frequency of mutations at a
specttic site. An overnight culture of the specific ieZ mutant was grown at 37°C 1o
stationary phase  (approxmately 109-10" ¢ells/mD. The cells were then plated onto
nunmmal factose plates and LB plates at difterent dilutions. The total number ot cells

were cateulated from the LB plates and the number of revertants were calculated from
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minmal lactose plates. The trequency 1s then caleulated as number of Lact cells per 108

cells.

XVII) Checking of LacZ mutants and revertants byt iescue

A sawrated culture inoculated with the lagZ mutatton located on the episome wis

prepared. and a subculture ot this strain was grown untl tog phase. An abiquot ol 200 ul
ol this culture was then infected with HH-Z#3 €100 pl of 102, Adter 10 mm at RT the
infected cells were transterred 0 a culture tube contaiming 2 ml of 1B broth, and

incubated at 37°C tor 3-6 hr with aeration (so that ieccombination between the wt lagZ of

the phage and the mutant lacZ of the episome can occur). The H1 phage particles were
isolated. and then used to nfect JMROZ Infected cells were plated tn LB top agw
containing X-gal on LB plates. The white (Lac™) plagues that arose were then purttied,
and the ssDNA isolated. The ssDNA - was then analyzed by electrophorests and ssSDNA
sequencing.

For checking the spontancous Lac™ revertants, the same procedure was carried out

with certain modifications 1) 11 phage used was [1-Z#3 [acZnpge | instead of 1H-Z43,

2) blue (Lac™)y plaques were analyzed instead of white plagues.

XIX) Curing of episomes

An ahquot contatmng 100G0-2000 cells of strains contaimng P eprsomes (carryimnyg
the proA¥, proB*, and the reverted JaeZt genes) was inoculated mo 2 ml LB broth
containing 75 pg/ml acridine orange. The culture was grown at 37°C with acration, in the
dark. unul saturanon. Aliquots ol 100 ul of 1=+ und 10-5 dilutions of the cullure were
plated on the appropriate medum (mummal glucose contawning prohine and X-gal). The

white colonies (lagZ™) were then sereened tor prodine auxotrophy
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XX B-Galactosidase assayv i whole cells

The I JacZymba62 mutant was transterred to the 12 tIRNA suppressor strains and
B-galactosidase actuvity was measured. The strains to be assayed were grown overnight in
mimimal glucose medium. They were diluted w 19-1in 1X minA salts solution. and an
ODgygy) was taken. A sample of 0.1 ml was further diluted ¢ 10-1) 1n 0.9 ml of Z butter
(60 MM NapHHPO*7H> O, 40 mM Nab» POy, 10 mM KCL T mM MgSO477TH>0. 50
mM B-mercaptoethanod) i a small culture tbe. followed by the addition o 2 drops of
chlorotorm and one drop ot 0,147 SDS. The mixture was vortexed for 10 sec, and then
nanstened o a 28 C water bath. The additon of 0.2 ml of 4 mg/mli solution ol ONPG
to-nitrophenol-B-D-galactose) 1o cach tube started the reaction. The reaction was timed
and stopped when a vetfow colour developed. by the addition of 0.5 ml of 1 M sodium
cirhonate. An ODgyy was measured. o determine the amount of o-nitrophenyl
produced. The amount ot B-galactosidase activity was calculated as follows:

ODg2) X 10.000
T e e

( )D(\()() X time (min.)

AXND Chemical mutagenesis

Stuan CCT09 and CCILZ7 were reated with the chemical mutagens 2-aminopuring
(2-AP), ethylmethanesultonate (EMS). S-azacyudine and ICR-191. 2-AP. uand EMS

mutagenests was done as in Coulondre and  Miller (1977). ICR-191 and 5-AC

mutagenests was done as in Calos and Miller (1981,

0



RESULTS

Insertron of amber and framestuft mutaions mto the fagZ gene cloned mto t1-7#3

F1-Z#3 is a tilamentous phage contarmine o moditied lacZ, gene. The lagZ gene has
two EcoRI sites flanking 1t one s focated at the 37 end ot the gene and the other s
located in the lacl gene. This picce of DNA was mserted into the unigue FeoRT site of
the 1 phage, R229 (Bocke 1981). The genotvpe of the (1-783 s Lel, ezt
Filamentous phage contarn single stranded DNA. The removad ol the protem coat from
the phage leaves the ssDNA. and (s ssDNA 15 used as the template tor site-directed
mutagenesis. The construction of two mutant JaeZ genes, one with the mtoduction of an
amber codon at site 462, and the other with an additional ¢ight G dimucleotides at
position 304, used the mutagenic oligonucleotides and a helper oligonucleotide as shown
in table 7. After mutagenesis. competent JMB02 cells were transformed with the circular
dsDN A, and cells were analyzed for their ability to cleave X-gal.  SSDNA was isolated,
from the Lac™ £1-Z#3 mutant phage clectrophoresed on a 1% agarose gel. The ssDNA
from t'1-Z#3 phage mutants that showed the same molecular weight as the wild type was
sequenced, to confirm that the gene contatned the desired mutaton.

The dsDNA isolated from the mutant t1-Z#3 phage, was then digested wiath EcoR1,
and cloned into a unique EcoRI site in pBR?329. The EcoRIT site 1s within the gene that
confers chloramphenicol resistance. Comipetent p90c cells were transformed wiath the
recombinant pBR32Y, and plated onto LB tetracybn plates.  The Tet! and Cm®
transformants were lurther puritied.  To vertly  whether or not the  transtormants
contained the EcoRI fragment, the isolated plasmid DNA was digested separately with
EcoRT and Hincll. The digested DNA  was clectrophoresed on a1 agarose gel.
Digestion with EcoRI resulted 1 2 bands with sizes of 4.2 kb and 3.4 kh. The 3.4 kb

band corresponded to the lacZ insert and the 4.2 kb band to the vector. The digestion
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Table 7: Mutagenic and secondary oligonucleotides

name DXNA sequence
Wild ivpe sequence 5 GGGGAATGAATCAGGCCACGCC ¥
Amb 462 oligo 3 GGGOGAATGAATAGGGCCACGCC ¥
wild type  sequence S TCTTCATCCACGCG CGCGTACATGC 5

5 TCTTCATCCACGCG GCICGCGTACATGC 3

(Gl oligo

Z-COOH-2 2" ohgo. 3 AGTCGACTCGCGGCCAGCG S

41



with Hincll resulted i 3 bands. 2.3 Kb TS9O Kb, LS Kb, 008 kb, and O 62 kb, o1 2 3 kb,
I8 Kb, 1.59 kb, 1.28 Kb and 0.62 kb, The two ditterent groups e dependent on the
orientaton of the EcoR1 insert. The plasmids contamimyg the correct msert were named
pCClacl27 (JacZ gy and pCClac 128 (lieZymbdo -

The lacZ mutants carried on the plasmids pCClac127 and pCClacI 28 were

recombined with wild type facZ carried onan Fepisome. The eprsome continns the wild

type proA, proB. lacZ, lacY. and lacA genes. The resulting Lac™ mutants were then
analyzed by plate mating with the lacZ deletion strains (CSH P3-2000. CSH 13204 canry
increasingly larger deletions ot the laeZ gene. The ability to grow on lactose 18
dependent on the deletion strain carrving wild (vpe LaeZ sequence which spans the
mutated arca of CC127 and CCI28. Growth did occur on approprate defetion stiams
(stratns which carry the wild type LicZ sequence at the mutated area of CCI27 and
CC128), hence the mutation was approxmately located near codon 462 (for CCI128) and
S04 (tor CCI127) respectively. This assay does not have high iesolution, since the
deletion end points are not precisely hnown. The resulting Lact progeny were analyzed
to determine which promoter is regulating the expression of the JagZ, gene. The promoter
on the [1-Z#3 is the LY. while the promoter on the episome 1s the P The PF promoter
has eight times more activity than the LK. This was accomplished by platng them onto
MacConky lactose plates and looking at the intensity of the colour, (low production of B3
ealactosidase pink halo, high production deep purple).  The cells that developed the
purple halo were P* and theretore were used tor further analyses.

By this procedure we constructed two lacZ mutants carnied on I episomes CC127
and CC128. CCI127 ¢pisome contains eight additional GC dmucleotides at site 504 1m the

lacZ gene, while CCI28 episome has an amber codon at site 462,

Checking the LicZ sequence on CC127 and CC12¥ episomes

12




The JlacZ, mutants on episome CCI27 and CCI128 were recombined with the lacZt

aene on H-Z#30 SSDNA from the 1 phage displaying a Lac™ phenotype was sequenced.
Ihe sequences were then compared to the onginal oligonucleoude sequence used in the
site directed mutagenests.  Alsoo five spontancous Lac+ revertents resulting from lacZ
mutant on episome CCI27 were recombined with 11-Zymp 461, SSDNA from the ]
phage displaying a Lac+ phenotype was sequenced. The sequence corresponded to the

wild type sequence LaeZ gene moall live cases.

PROTEIN STRUCTURE AND FUNCTION

Amimo actd substitution of site 462

The lacZ 462 amber mutant carried on an F' episome was transferred by
conjugation into 12 suppressor strains. 6 classical and 6 aruficial.  These suppressor
straans carry modilied IRNA'S which msert different amino acids at an amber codon.
This suppression allows the tormation of a tull length protein and specifically inserts an
amuno acud at the amber codon at 462 site of the lacZ gene. The resulting progeny were
plated on minimal glucose with X-gal.  The resulting mformation is a prelimmnary
indication of B-galactosidase acuvity.  X-gal s a chromogenic compound. When it is
cleaved by B-galactosidase, a blue color is produced. therefore the amount of x-gal
cleaved s dependent on the activity of the enzyme, shown in table 8. The progeny were
then tested tor the ability to grow on lactose. also shown in table 8. The B-galactosidase

activity was caleulated using the whole cell assay.  The wild type lacZ, from strain

INTTO2 was used as o control.



Table ¥: The suppresion of amber 462

Ammo Acid  X-gal Lactose Units of O Unisol
pegadactosidase waild npe
LtONPG)
Cys db + [251.8 S4.2
Phe db + 11333 49.1
Ala db + 9143 39.6
Glu db - NI43 53
His db + 7780 33.7
Tyr db + 754.8 327
Leu db + 06682 28.9
Ser db + H67.0) RAT
Gly db + 553.6 239
Gln db + 491.5 213
Lys b + 5.54 02
Pro W - 10.3 0.4
wt (Ser) db + 2309 100

intensity of color tor the cleavage ol x-gal, db: dark blue, [b. Trght blue,
w: white

+: able to grow on lactose, - :unable to grow on lactose




The data demonstrates that the site can accommodate a great number o amino acid
substitutions €11 of 12 amimo acids subsututtons resulted o Lac™ phenotvpey. The
substitution of seime (the ongmal amino acidy resulted ma 28,9 %0 activity compared 1o
e wild tvpe tno suppressiony The difference moactivaty 1s due to the etficiency ot the
IRNA suppressor (Cupples and Miller, 198X). The only substitution that resulted in i
Lac™ phenotvpe was the msertion of probme at site 4620 This tinding was subsequently
contirmed by the constucton and analvsis ol i proline 462 nussense mutation
(Petropoulos, personal communication). The substitution ot vaine showed a low activity
m the whole cell assay (029 v 0.4 prolme. due o the Tow etficiency ot the lvsine

(RN suppressor Capples and Midlere TONK)but the straim was Lac™.

FRAMESHIT PREVENTION IN E.COLI

Spontancous Reversion Frequencey of LacZ mutants CCHOY. CCI26. and CCL27

These LaeZ mutants montor thiee difterent spontancous mutagenic events. CC109

momtors the deletion ot a single GC dimucleoude at a run o1 (GCls. CCIL26 monitors the
additron ot a smgle GC dimucleotide ata run of (GCry. CCL127 monitors the deletion of
cight GC dmucleotdes at o run of (GCypa. o These mutageme events change the
phenotvpe trom the Lae™ o a Lact (ability 1o grow on luctose as a sole carbon source).
e sponiancous reversion frequencies were caleulated as the number of Lact per 108
viable cells and are shown n table 9. Table 9 depicts the ditlerences in spontanceous

eversion frequencies among the ditterent laeZ mutants carrred on F' episomes. trom 0.7

O34 CCE2000 131 1T 25377 m CCHO9, and to 8174 = 2257 in CC127.

BAY



Table 9 Spontaneous reversion frequency of CC109, CC126,

and CC127

wester event Reversion tiequency
eprsome monitored Lac™/ 108 viable cells
CCly (GC)” I3 =577

CCl26 GOy 0.7 =0.37
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Fitear of Chemical Mutaeens onthe Lact Reversion Frequeney on CC1L09, and CC 127

Four  chemical mutagens, 2Z-anunopurine (2-AP), S-azacyudme  (35-AC), cthyl
methanesultonate +FMS)and JCR-191 were tested tor ther ability to induce specitic
frameshifts onstains CCHO9 and CC127. To ensure that the conditions ol mutagenests
were conrect, other stams known o respond o cach mutagen Gincrease in the Lact
reverson frequency ) were emploved as controls. The responding  strains are  the
tollowmg: CCIOZ (G.C o AT tor EMS and 2-AP. CC107 (1G)g to (G)7) tor ICR-191,
and CCTO3 (G.C to C:Gy. Tables 10 1o 16 show the effect of the mutagens on the Lac™t
reversion frequenes of CCHOY und CC 127 tester episomes.

Table 10 and T show a comparison ot the reversion rates of CC109 and CC127
with CCIO2 mgesponse 0 2-AP. Treament miereases Lact reversion frequency about
FOO 1old, 1 stain CCTO2. The st CCHO2 monitors C:G o A:T transitions. therefore
the chemical mutagen treatment was etfective. The Lac reversion trequency due to the
(GOY event (monttored by stran CC TOY) increased approximately 30-fold in response to
mutagen teatment. but the teatment had no ettect on the (GC)g™ event (CC127).

Fables 12 and 13 show o compartson of the reversion frequencies of CC109 and
CCL27 with CCIO3 gntespose o 5-AC. Treatment increased the Lact frequency (of
sttam CCTO3). The strain CC103 monitors G:C to C:G transversions.  5-AC treatment
mereases the Lact trequency approximately 6-fold for strain CC109 which reverts (o a
Fact phenotype by a «GCY event, and 140-fold for sttain CC127 which reverts to a Lact
phenotvpe by a (GO event.

Fables 4 and IS wisplay the Lact reversion trequencies ot strains CC109 and
CCLI7 compared with CCLO2 1 response o EMS. Treatment increased the Lact
reserstion frequeney ot st CCL02 by 20,000 fold. Strain CC102 is reverted to a Lact
phenotype by a G:C o AT transverston,. EMS had no effect on the Lact frequency for

stran CCTOY event, but showed 4 20-10ld increase tor strain CC127.
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Table 10: The rate of reversion of CC 1MW after treatment with 2-AP

CCHm e
cLactrevertanty clact evernanis/
TOS viable ceilst TON viable cells)

Spontancous rate [33.3 6.4
2-AP 50 pg/mi 500.0 6.4
100 pg/ml 610.5 131.5
500 ug/ml 1736.1 524.7
700 pg/ml 3688.5 486.3
1000 pg/mi 2177.8 470.7




Table 11 ine rate of reversion of CC127 after treatment with 2-AP

1

cCie cCclo2
cacT resertantss  thac T revenants/
108 viable cetlsy 109 viable cells)

Spontancous rite INS3 <1
22AP SO pg/ mi 1391 NSO
10O permi 16940 5O
SO0 ue/ml [572.0 6 Y
700 pe/mi [459 0 6350
1000 pe/mi J404 2 nuN.G
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Table 12: The rate of reversion of CCUOY after treatment with 3-\C

CcCion CCLo3
cLacTrevertantsy  LacT revenants/
LOS viapde ceils) 1Y viable celtsy

Spontanceous rate I8N 2 31
5-AC fuymi 5062 230.0
19 ugrmi 10000 N9 N

30 ugsmli 12864 13

(()




I'able 13 The rate of reversion of CC127 after treatment with 5-AC

CCl127 CClo3
tLact revertants/ Lac™ revertants/
LOS viable cells) 10D viable cells)

Spontaneous e 1427 < 1
5-AC Spue/ml 4391 1131
[0 peg/mli 14730 3590
S0 pe/ml 20X 105 6036
70 pe/ml LN 1O 0486
100 ng/ml 20X 100 9375

Sl



Table 14: The rate of reversion of CC109 after treatment with 1ONVS

CClon CCl1o3
Lac™ revertants/  dlact revertanis/
10N viable cellsy 108 viable cells)

Spontancous rate 72.6 LOS
IS5 min 48.7 065
30 min 619 20547
45 min 37.5 22259
60 man 97.8 24930
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Tuble 15 The rate of reversion of CC127 after treatment with ENIS

ccL2y s
dacTrevertants/  JLacT rovertants/
108 vrable cellsy oY vianle ¢l

Spontaneous tate NI < |
IS min 2N 4378
) mm 51X 103 28322
1S mm TN LS 22000
athmin S0 X o SU00



ICR-1 1 mereased the Lac™ reversion treauency o7 -1old tor st CCHOT. Stram
CCLOT isknown to revert o a Lac™ phenotvpe v =G aadinon, ICR-191 mcreases the
Lac™ reverston teaueney of o stram CCIZT whien oy Anow 1o revers 1o bact

phenotvpe rv 1 iGC g~ event dable 1oy

Etfect of mutations 1 opA and gyiB on reversion trequenes of CCTO9 CC 26, and

cCl2v

ne laeZ mutants. monoring the (G «GC and (GO rameshitts were
transterred 1nto stratns JVIOS) JVIO6, and JVIOT  These stuns have  ditterent

supercotiing densities due to chromoson | mutations for topA and gyt IVIOS 15 wald

type tor lepA and gyrB. while JVIO6 18 10, A7 tnerease moneeanve supetcotline), and

JVIOT is top A/ garB- (decrease in negauve supercotiing). The Lact reversion tiequeney
was caleulated for stramns contaimng CCLO9, CCI26, and CCI27 lac/ mutations 1o
determune the ettect ot supercorling on trameshitts at tGCyy sequences The reversion
frequencies are shown in Table 17.

The ettect ot supercoihing on the Lac™ reversion trequencies of the lacZ, mutants
which revert to a Lact phenotype by (GCh-, (GO and (GChgo oevents were
characterized and the followimng was found CClOY ((GC) event) showed a 2 old
increase 1 the Lac™ reversion trequency under increased negiattve supercothne, but
decreased negative supercoiling had no ettect. Supercothing density — ad no ettect on the
LacT reversion trequency, as shown by the tact that the reversion frequencey of CCI26
(GO rematned at 0.5 Lact revertants per 105 viable cells. The Lac ™ reversion
frequency of CCL127 (GCig™) decreased approximately 3-1old nnder hoth altered
supercoiling densities.

Stams JVI0S, JVI09. and JV110 were transtormed with the plasmids pCClacZ. ]

and pCClac 127, The plasmid pCClaclZ7 contains the fueZ mutation which monnors the




Table 16 The rate of reversion of CC127 after treatment with ICR-191

cCl127 cClo7
(Lactievertanty/ (Lact reverntants/
1OS viable cells) 105 viable cells)

Spontancous rate [03K.7 87.7
ICR-191 2.5 pg/mli tO71.1 2317.8
S pg/mil 564044 RhED IS

1O pe/mi 83333 5225.8

20 ug/ml 5617.0 320.0

Pl
‘I



Table 17: The effect of supercoiling on spontancous reversion
frequency of CCH0Y, CC126, and CC 127, tester episomes
stramn genotype reversion frequency
LacT/ 108 viable cells

JVIOS  wt 324119 608 = 2309 .5

JIVIN6G  pA- 620+ 148 288.8 = 1018 0=

JVINT  opA-, 36.8 133 220 = {069 0.5

~f




(GC - event, and plasmird pCClac 127 contains a lacZ which momitors the (GC)g event.

Al three strarns contarn an B episome which carries the proA™ proB* AddacZ) lacY™.

Fhe eprsome 1s necessary sinee 1t carnes the faeY cene (JacY codes tor lactose permease.

« lactose ransporteny so that the Lac™ reverston test can be carried out. The Lac™
reversion frequencies were caleulated and are shown on table 18.

he eftect of supercotling on the Lac™ reversion frequencies of the (GC), and
(GCyy™ events on the plasmids were characterized and the following was found: the
(G event monttored by plasmid pCClac 127, showed a 2.5 fold increase in the under
mcreased o decieased negative supercoling. The (GCg™ event. monitored by plasmid
PCClac 127, was decreased approximately 3-told under both the decreased and increase

necative supercotlmg conditions

Fhe ettect ol dam-directed musmatch reparr on CC109, and CC127

he mutS gene codes for a mismatch recognition protein involved in dam-directed

mismateh teparr (methyl-dependent). This repair system works  following DNA
rephication, smce DNA s moa hemi-methylated form (newly synthesized DNA s non-
methylated).  When the reparr system encounters a mismatch it has the ability to
distingush the correct base (methylated strand) from the mispaired base (non-methylated
sttand). There are a number of other genes that are involved in this repair system; they

are mutl, mutl, muth], and dam. In concert they can correct most transition mismatches

and smgle unpaited bases m the template orin the new strand. JV 110 strain carries the
muws. Intd.  Three laeZ mutations carried on F' episomes were introduced by
conjugation, CCLO9, CC 127, nag CCLO2 (monitors G:C to AT transitions).  Table 19
shows the rate of weversion of ' epsomes CCLOY, CCL27, and CC102 in the mutS
deticient background. CCLO2 monmtors G:C 10 A:T transition mutations which are

spectticddly preveited by mutHLS repar. The mutation trequency of CC102 increased

r



Table 18: The effect of supercoiling on spontaneous reversion

frequency of CC109(pCClacZZ D, and CC127 (pCClacl2?

tester plasmids

LCVeTSION Liequeney

srdim - genotype
Lac 105 viable cells

CC109 cC127
WI0S Wl Th0= 224 N 26
JVIO6  topA™ 2647 = 192 215 £658.6
JVIO7  opA~. 3045 = 77.0 7] =578




Lable 19 The effect of muts on the reversies ™ :quency of
CCI99and €127

ramm senovpe LeVeISION frequency
Lac™/10% v iable cells

SI0e Wi 13011 = 577 S17.4+255.7

INTOYD S Tnio IRT7.2 5 292 2322 8 £ 8802



nO-1old 1 the mutS stram. while CCH and CCL2T7 <showed a 2 0and 28 1old increase.

respectively.

REPAIR SYSTEM INTERACTIONIN E.COLI

fn this series of eapenments, the mMEEacion of repar sastems o spectte hase
substitution events are exanuned. Seven repan deticient mutants were constracted ot
this purpose. There are three which are angle mutants, three which are double mutants
and one which 1 a tiple mutant. These seven wepan dehicient strans e derived from

three reparr systems s mutl, mutY and dam-duected msmatch epan

The seven reparr deficient strams were constructed usmg P otansductions The
strams 1 question are the tollowing:

DmutY-.

Hmu T /mury-,

7

‘N

ymutT-/mutS-,

o mutY - /mutS-,

7y mutT-/mutY /mulS-.

We then muoduced mto these backerounds the six tester episomes i, mutants)
CCIGL-106. which monttor six base substitation events The analvsis was carnied out m
two  parts.  Imitially  the mutational spectrum of cach repan deticient stran was
charactenzed. thow each specttically ettects cach o1 the six base substitutn evenisy, and
secondly a new series of experiments which Tooked duoectly ar the nteracnon ol the

repalr systems on the oceurrence of specitic mutations

0




The facZ mutants ttester eprsomes) CCTOT-106 have ditferent pornt mutations at

/.
sie 361 ol JueZ 2ene which ren der B-galactosidase non-tunctional (the cell cannot utilize
Factose its o carhon source ) 11 g spectiic base substitution occurs that 1estores the GAG
cwild type sequences codon at site 461, the cell will revert to Lact phenotvpe. and the

niutational frequency can be caleulated.
NMutational spectra

Fhe imual Characterszaton was canted out to ensure that cach mutitor locus was
cenetatine s charactenstie mutational spectrum

As shownan the Table 210 the fack of mutY repair causes G:C o T:A transversions.
LacZ mutant CCLO4 1y used o monttor this event since 1t1s known to revert to a Lac™

phenotvre by this specitic tansversio event. The lacZ mutant CC104 showed a 60 fold

mcicise 1 the Lac™ reversion trequencey in the mutY deticient strain when compared to

the wild ty pe strinn (s90c¢. table 200, Fack of mutY repatr had no etfect on the other base
substitution events as show i by the low fevel of Lact reversion with other LicZ mutants.
Fhis agiees with the tunction o be proten coded by mutY. which is involved in the
prevention of G C o LA transyersion events.

The mutattonal spectrum of the stram detective in mutT repair (table 21) shows a
dramatie increase m the A: T o C:G transversions as monitored by lacZ mutaton CC101.
I comparison to the wild type background. there was a 10,.000-fold mcrease in the Lact
reverston trequeney, This result s moaccordance with the known phenotype conferred
when this geneas detective,

In the mutational spectum (table 21 ot the mutS- stuwmn (deticient in dam-directed
misnatch repany there was an elevaton i Lac® reverston trequency in the JacZ mutant
CCL02, which s known to revert to g Laet phenotvpe by a G C to A:T transition event,

and @ shight merease i the AT o GO gansion event. montored by LieZ mutant

]



Table 200 Mutational frequency of s90¢

Event NI
(Lac™ revertants / 1OY yable cells)

AT C.G DS =02
G:Clo AT <(}3
C:G o G:C 0.7 =07
GLCLTA DY=0yN
T.A W AT .7 =08
ATt G.C <0.3




Fable 21 Mutational frequency of single mutators

fovent Stram
- mut’y’” mutS-

(LacT ey erants £ 105 viable cells)

AT oG 935 = 3200 2= 5644

G.CtoAT P4+ 0.5 Y208 3L2x528
CGGe <113 <05 <0.5
GOt DA IN= 10 d56=32 7.6 x 3.4
oo A N [ <{1.5
ATwGC ~0S <05 83+37



CCIO6. Themcrease wias S0 .and o fold, respectively

The mutational spectra m the double mutants were charactenized fn table 22, the
mutational spectrum mutY/mutl double mutant was anabvzed. This double mutant
shows an nerease e the Lac™ reverston treguencs e the LicZ mutants CCTOd and
CCLOL There was nooancrease m o the Lact eversion fiequeney tor the other lagZ
mutants, which monnor other base substitution events

The mutational spectrum of the mutI/mutS double mutant shows an mcicase

Lac™ reversion trequency i the strans canving the lacZ mutants CCLOT and CCLO2

(table 22). This complies with the phenotvpes ol both mutators, mut D mereases A T o
C:G wransversions and muwtS™ mereases G:C o Az T nansttions

The Jast double mutont Jooked at was mutY/mutS. This straim shows an mcrease m
the Lac™ reversion frequency lor the facZ mutants CCIO2 and CCTOL (able 22y,
CCIO2 monitors G:C o AT tansiions, and the increase was due o the Tack of dam
directed mismatch repair, while CCLO4 monttors the G:C o T ransversions, which s

due to the lack o mutyY repair.

The mutatonal spectrum of the miple mutant mutI/mutY/mutS 1 shown i table
230 It shews ananerease 1 the Lact reversion trequenctes m both transversion events

and G:C to AT transtuon event. momtoted by lacZ mutants CCTOL, CCHOL and CCLO2

Analysis of repair svstem mteraction on base substitution events, G C o AT, GO o

T:A, and A TiHC.G

In this series of expermments we wanted to analvse the specihic imteractions o the
repatr detreient strams Fhis s due to the tact that the mteraction of repan svstems may
increase or decrease the refatnve mutational friequenaies We deaded o Jook at three

types of base substitution events:




Table 22, Vutational frequency of double mutators

Fovent Straims

mutl /mutYs nut /mul§S- mutY /mutS-

(Lac ™ revertants / 108 viable cells)

AT C.G 7762 9034 3388 = 2219 <(.5

GCloANT vy =14 INT 2006 58.5#9.2
C OGO -0 5 <115 <(.5
GCwolPA 194 =102 L5 =07 34 +12.9
FAAT 06 =08 0607 <().5
ATwG.C <0).5 7.5 =08 15.2£8.2



Table 23, Mutational frequency of the triple mutator

Event mut C/mutY /mutS-

(LacT revertants / 108 viable cells)

ATwC:G MTIN T84 6
G Cu AT 0.1 =N
C.GlG:C <().5
GCuwTA 5009 =231
T: Ao AT <) 3

AT G.C <{).5

(814




LA T o C.Guansversion (CCHOT)

2 G C o AT ransiton (CCLO2;

3 GO o T A transverston (CCLO4)
We decided on these three base substitution events since they are known to be atlected
by the aeparr systems mutT. mutY and  dam-directed  mismatch  repair, since
charactenzation ot the mutational spectra ol the reparr deticient backgrounds confirmed
therr etfect, We wanted to analy ze the mteraction and dissect the etfect of cach mutator
has on cach specttic base substitution event,

The tirst mutattonal event characterized was the G:C to AT transition. This event

has been shown to be prevented by dam-directed mismarch repair. LacZ mutant CC1O2

monttors this mutational event. We analvzed the mutational frequency of this eventin all
seven repatt deticient strans, There was an increase 1n mutational frequency in all the
mutants strains contatning mutsS-. approxmmately 30 Lac™ per 108 viable cells {figure 2),
with vary bttle vanation. Thais indicates that the G:C to A:T event 1s normally prevented
by the must LS svstem and that mutT or mutY have no direct or indirect effect.

The second base substitution event characterized was the G:C to T:A transversion.
This event has been shown o be prevented by the mutY repatr system through
processing ol the A-G mismatches. This transversion event was monttored by lacZ
mutant CCLO4, A dramatic merease was observed in all the strains which are mutY- of
40-50 Lact per 108 viable cells with little varation (figure 3). The cells that carried the

mutY t showed no merease. thertore mutT and mutS do not play a role in the prevention

ol this base substitution event.

The third mutational event characternized was the A:T 0 C:G transversion. It
was analyzed because 1t s prevented by the mutT repair system. This event was by far
the most exciting, This event 1s monttored by the CCLOT tester episome (figure 4).
This mutanonal event was not atfected m mutY ", mutS., and mutY-/mutS- strains; the

mutatonal treguenes renuuned at wild type levels. In contrast, in a mutT deficient

o7



Figure 2:

Characterizauon ol the etfect o deliciencies i one o more repar systems on the G.C

W AT mutattons monitored by CCIO20 The mutattonadd bequeney s expressed as the

number of Lac™ revertants/ 105 viable cells,

h
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Charactertzation of the ettect of deticiencies m one or mote epait systems on the GO o
T:.A mutations montored by CCLO4 The mutational trequeney s expressed as the

number of LacT revertanty/ 1O viabie cells.
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Fisure 4:

Charactenization of the ettect of deticencres i one or more repait ssstems on the A T
o C:G otransverstons event, monored by CCIOLL The mutanonal fiequeney s

expressed as the number of Lac™ rovenants/ 108 viable cells
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hackeround. mutY and mulS repanr svstems had o ctieeh on s mansverson event

-

MutT™ ~tamns carryme @ functionat Y cene prodoct huad a2 S tobd iieher matatonal

deaueney when compared oot YT The muth s canvine gy vensts

‘

MUuES™ aisoshowed ahigher mutationa trequency approxvmate iy 2> o From the data
tappears as though mutY repan s mutagente moe mutd backeround and that mulS

may play asmaltl role mthe prevenuon ot the X o C G ransyersions

Foturther chatacterize the rofe of mut} and motl on the Tac/ mutant CC 1O, we

nanmstormed two o repan deticrent backerounds contarmne the oster eprome CCTOL,
mut Lot Y and mut Aoty = woth 047356V pBRA2O denvannv e with the doned mutY
aened and pBRIZ90 We tound mucl ‘moty = swath p 4720V o wath pBR Y and !
/mutY” carrving p473EV have ahicher teversion trequenes 16 2N b i 1ot and 7
NI rospectnve vy compared with mut F/nun Y™ catrvine pBRAI2O IS Ty The Y

cene product incteases the Lac™ reversion freguenes  This s tarehes evidence that muatY

s mutageme gnereases AT o C.Grganversions) mea ot debicient backeround




DISCUSSTON

Fhe objecuve of this theses was the construction and cheracterization ot potential
tareet sequences in the ueZ cene theoofn tor monitoring specitic mutations. This project
was diviaed mto three sections, as tollows
by the characienzatton ol site 402 for potential target sequences.

[Ty construction and analvsis of frameshift taget sequence (GCipo
winch monttors a deletion event ol (GChg dinucieoudes.
HTH analvsis ot repaar svstem onteractions on three target sequences,
w hich monitor,

DA TG

b G.CroA T

OGCT.A

1) Site 462 and its potential as a target sequence

See ste 460 and 401 ot the JacZ gene have been charactenized to determine whaich

atiino actds wall result i a Lact phenotvpe (Passi and Cupples. unpublished, Cupples
and Midler, POSS)L we deaded to chaactenize site 462, Site 462 codes tor the amino acid
senne We omttoduced anoamber codon (TAG) at site 462 through site directed
mutageasts, and then by usmge sappressor (IRNAs we introduced 12 ditterent amino acids.
Fleven of the twebve ammo acids mtroduced at the sie 462 resulted ina Lac™ phenotype.
Only the profme substtition resulted 1 a Lac™ phenotvpe. 1 has heen tound that amino
actd slu-del s catalvue restdue i B-galactosidase which s involved in B-cleavage of
Lactose o glucose and 2 thactoses T was tound that all amino acid subsututions at this

site tormed aonon tuactonal B-ealactosidase protem (Cupples and Miller, 198%8). The



work ot Passrand Cupples cunpublished)y tound that sie asn- o0 seems o be important
m tormmg o three-dimensional shape to the catads tie site e amimo aend substitutions
dbosite 4600 only the size o ammoe aad was mmportant and not e cCharee o 8
calactostdase activity The reason tor the low Brealactosidase actvany for the prolime
substtution at sie-4620which resulied v Lac™ phenots pe s probably that prohine 1s an
minoe acid and not an ammo acid. The profme side ¢l s bound o hoth g nitroeen
and the o-carbon molecule: thrs evehic suucture mtluences the protem structure s
amuno acid s known o place ks i the ernary siucture of the proem The piohine
substituton: may cause an added ik o the weroany structue of the B-oalactostdase
protem. and may move the clu-461 ont of place. so that it cannot mteract with the
substrate.

With the charactenizanon of sites 4600 461, and 620 we can now ook at the
possible mampuiations of this sequence dhigure S) © constiuct novel Leet sequences.
The proline codon s a CON and the adjacent codon 1s GG This allows us 1o constiuct a
target sequence CCAGG. tor montoning VSP repar (Lach. 1983 Petropoulos and
Cupples (personnal communcaton) used site directed mutagenesis o nsent the CCA
proline codon at site 462 This was tound (o be target sequence tor VSP orepar The
target sequence was mutated preterenually tooa CTAGG sequence me both VSP and
VSP*stram. The CTA codon codes Tor leucine which contars o Lact phenotvpe Using

a  VSP st (mutG) they tound an ancrease e the mutatonal tiequeney of

approzamately 100 told compared to the wild tvpe stramn Phe development of this
assay system allows wosimpler method of monmtonne VSP repanr status - compatison ol
the ongmal assay system (Rurz and Cupples, submuittedy  The onemal assay svstem
(stram CCT12) which was used m the solation of mutG, contanns a suppressor TRNA
gene on oo plasmad. The parental stram was the XA203 which contams the tIRNA

suppressor vene glu This gene codes tor @ IRNA wineh will imtrodoce o clutamic acnd

at the  amber codon. Theretore  the phenonvpic assay (CCHE2) s ot as




Figure =:

Amino acrds, and codon equences at site 4000 461 and 462 on the fueZ gene and
resultunge phenotype Soha Lae™ Hatched. Lac and Blank. untested. The letters denote

the ammao acids cstandard symbaolsy and ther accompanving codons,
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Adirect anes aetection of the C.G e T4 nansitton requires amber suppression. Also the
sappressor IRNA cene s lodated 0o plasmid. which causes ditficulues when

muoducing other plasimids which contain the same ortgin of rephication.

1 (GO Frameshifts

Ihe lacZ mutant CCI27 was constructed o study the mechanism ot frameshift
mutanons, specibicaily how they occur and/or how they are prevented. This work deals
spectircally with frameshifts occurme at (GC)yy dinucleoude runs. Passi and Cupples

cunpubhished), and Cupples and Miller (1989) constructed two lacZ mutants CC126 and

CC 109, which monitor 4 (GCy dinucleoude addition event at a run of (GC)y and a (GC)
dimncleonde defenon event at o un ot (GCYs. respecuvely. The spontancous reversion
frequencies of these LaeZ mutants were compared to the spontancous reversion rate of
LaeZ, mutant CC27 that monitors 8(GCY dinucleotide deletion at a run of (GC)ya. The
spontancous reverston frequencey dittered drastically  tor the mutational cvents, (0.7
GOV, IR GOy, and 8174 (GCyg™) - The comparison between CC126 and
CCIoY indicates that the addinon rameshitt oceurs at a very low frequency versus the
deletnon, Twe Took at the strand shppage model (Streisinger et al. 1966) the occurrance
ot the Tooped out bases should equally happen on either strand (template or newly
synthosized), 1 the shppage model does apply 1o both the (GC)Y* and (GC) events, we
expect that the wesultung frequencies should remam in the same magnitude. To turther
support this model, Cupples et al. (19903 have shown that the +1G and the -1G at runs of
Gi's events oceur at a Lact reversion trequency ot 30 and 54, and that the +1A and the -
LA al tns of Vs events oceur at a4 Laet reversion frequency of 4.8 and 14 Lact
revertants per T0S viable celis. All compansons are 1n the same order of magnitude. We
stuggest tw o possibiiities why this did not occur with the (GCH* and (GC)- events. 7=t

the shippage madel proposes that the nucleoude  assumes @ position during



polvmerzauon that nerther mterteres with nor mstuets the meorporation of s
nergibormy pase. Thrs can occur with ENDwimich wall iosult moadditions and deletions,
as shown i the Bebenek and Kunkel 19901 But do two pucleotides assume 2 posttion
where they do notmtertere with the DNA polvinetase” The second constdetaton s that
the target sequences are not the same stze versus 3 GC repeats tor CCL2O and CCLOW,
respectivelyi, and this nught explain the dramate ditferences e spontancous ieversion
frequency. The questtonanses. why s the mutational wate of (GCYE so low™? 1s it that the
(GCH™ event 1y stngendy repaned or prevented by repanr svstems or st that the
premutagentc events justdo notoceur. We dectded (o screen CCT20 Tor mutators, strams
that would show an mcrease 1 the mutational frequency 60,000 colomes from cultures
treated with EMS were screened usig the paprilation assay (Nehien et al, 1989) 1o no
avatl, no mutators were tound. So we propose that the premutaceme event does not
occur at a high frequency.

[t we now compare the mutational frequency of CCL27 (G 0 CCTOY (GEY )
there 1y an ncrease of approximately 7-fold. Fuchs et al. (T988) also tound  that
mncreasing the target sequence size led o anmcrease m the mutational frequency The
pUC-GC )y assay system momtored both (GCY additons and delenons, Fach tesier
plasmid could monttor more than one specitic (GO event thoth addiion and deletons
(n= +1,-2.-4.-6, ete.) ). Fuchs found that the addiuon event occured raely Fuchs ¢t gl
(1988) hypothesised that the frameshitty are prohably due o unusual DNA structures
tormed during DNA 1ephcatton or alterwards. To test this hypothests we constiucted
two toporsomerase mutants that would change supercorhing density an the celb tone
mncreases, the other decreases, negative supeicothing). By chanerny the environment ol
the DNAL we may be able to change the degree of the torpion ot these unustal DNA
structures Chaarpros. cructorms or Z-DNAY We imtally wested the Tac! eversion

frequency ot the faeZ mutants m Feprsome and then ma plasmad - We deaided 1o test

the ettect of supercothing on the tester plasnuds due 1o the sialler size a7 b versus S0




Lo since it miaeht show o 2reater etfect. There was no specitic pattern an the mutattonal
frequencey observed (e.g. mcrease negative supercothing, increase o the mutational
lieguenceyy The changes observed could be due to changes of gene expresion, and DNA
repheation, which have been shown to be atlected by supercotling.

Fhe ettect of chencal mutagenesis was characterized on the lueZ mutants CC109

and CCI27 The chatactization of mutagenic events monttored by CC126 (GC)T) was
shown previously to be unatiected by treatment with 2-APC EMS and ICR-191. (Passi
and Cupples, unpubhshed).

Chemacal mutagen ICR-191 s of anterest because 1t has been shown to cause
Hameshitt mutattons, possibly by stabilizing o looped out intermediate (@ non-paired
hases Cupples et al. (1990a3 tound an 6-fold increase 1 the rate of reversion of CC109
(GO with ICR-191 treatment. This 1s not as dramatc as the increased Lac™ reversion
shown e eprsome CCHO7 (+1G evenn, 1000 fold. ICR-191 treatment increased the
reverston frequency of CCL27 (GCigmy by 8-1old, hence it seemed ICR-191 has the same
ctiect on CCLO9 and 127 by an increasing the rate ot reversion ot only 6 and 8 told.
respectively Tt seems that the (GOY,y trget is not specttfic tor the mutagen ICR-191

Fhe chemical mutagen 2-AP, works by saturating mutHLS repair, so that unpatred
bases will escape tepan and lead to addinton or deletions. 2-AP treatment had no effect
on CCI127, but did merease the mutauonal trequency of (GCY by 27-told. Cupples et al.
(19904) tound 2-AP mcreased the +1G event 300 fold. In comparing these to the 27-fold
merease experienced by CCLOY, the (GO target is relatively unatfected by 2-AP
teatment. EMS s an alkviaung agent that will alkylate guanine to 00-alkylguanine. QO-
Ay leuanme leads o direct mispatimg with thymine (G:C to A:T transition); like 2-AP it
may swamp mutHES repan and therefore allow unpaired bases to form frameshifts.
EMS showed fitde etfect on the (GCly targets: no etfect on CCLOY and onty a Z0-told
merease on CCL270 One problem with CC127 is that it has such a high spontancous

reversion rate, that the teamment with the EMS increases the base line spontaneous

Y|



mutattonal frequency by 10 tolde EMS veatment ot LagZ mutant CCTO2 showed a
20.000 told merease m the mutattonal event ot the G.C o T tansiiion The twenty
told 1ncrease monttored by CCL2T s gquite small i companson for this powettul
miutagen.

The manner in which S-azacvudime causes mutations 1s unhnown, S AC icreased
the mutation rate 6-told of the event monttored by CCTOY, and increased the resersion
cvent monitored by CCE27 by 140 Jold,ats not m the same magnnude as the mutational
trequency mcrcased by 1000 Told increase seen i the G.C o C G oransversion event
monttored by CCIO3, but it was dramatic.

In summary, the effects of the chemical mutagens feads us to belerve that, D) (G
and the (GCig™, were not the direct targets ot any ot the mutagens tested, 1 that there s
a slight indirect ettect, which may be due to the stress the cellis deahing wath, Hy thee s
indrrect evidence that mutHLS repar plays no role mn the prevention ol these Trameshiit
events.  The etfect of dam-drected mismatch repan on CCHOY and CCT27 was
determined by introducing the episomes by comugation mto a - mud  deticient
hackground. The lack of repair caused ¢ 2-told and 3-told mncrease m the rate of tever
sion for the (GC)™ and (GC)g™ events, respectively  In conuast, the CCTOZ episome
(which monttors the G:.C to AT wransiion) shows a 60-told mcrease i the rate ol

reversion, Hence we show here that mutHLLS repamn 16 not mvolved m the prevention of

these two mutational events.

11D The interaction of repair systems on specific target sequences

In this section of the study we looked at the iteraction of the repan systems mutd,

mutY and mutlLS (dam-directed mismateh repairy on specitic base substitution events

AT 0 C:G uansversions. GC o AT tansttons, and G C o T A tansversions The

reparr systems are depicted i heare 6, shown gs thar arrangement around the DNA




Figure 6:

Distribution ot repan systems an retattonstup to the DNA rephication tork in E.coli:

suth oD, mut S, mutY. and mutM. MutT funcuons betore repheation. Ml

tuncuons with the DNA polvmerase 1L MutH{LS, mutY, and mutM tuncuon atter DNA

rephication
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polymerase  We constructed @ series ot seven stramns ot single, double and triple
mutators which are deticient i every combmation ot the above menuoned repair
svstems,

The analysis of the G.C 1o AT tansversion event tound that 1t was prevented
solety by the action of mutlL.S repair. (O the seven stramns tested only the mutS

defrcient striun showed anmcereased i the Lac™ reversion trequency (approximately 60-

lold 1 comparison w the strams cartyimg the muS™*). MutT and mutY reparr systems
played no tole i prevention or reparr of this mutagenie lesion, This agrees w.th previous
studies which have shown that mutT (Schaaper ¢t al. 1989) and mutY (Nghiem et al.
1988y donot o aftect G:C o ST transition events.,

Fhe anadvsis of the AT o C-Gotransversion was the most interesting by far,. We
have shown that mutY ™+ has a mutagenie ettect in a mutT™ background. on the A:T to
C:Gouansversion event. MutY ™ compared to mutY™ mcreased the event 3.5-fold, and the
remtroduction the mutY gene (on a plasmud) in a mutT-/mutY™ strain increases
mutagenic activity sull turther. Other groups have previously mentioned an overall
decrease in mutational rate i mutT/mutY:” strams compared to mutT-/mutYt of
approximmately 2 told (Schaaper ¢t al. 1989), but have not determined the relative

contitbutions ot the repair systems ivolved. We are hypothesising that the eftect of

mut ' and mutY on the AT (0 C:G uansversion event is refated directly to when these

repanr system tunction relative to the DNA replicauon tork. MutT functions before the
rephication tork, while mutY works alter. Also the contirmation that mutY is mutagenic

Muth protein codes tor a nucleoside tniphosphatase which

i a4 mutl™ bhackground.
specttically degrades 8-0x0-7.8-2-dGTP  (8-0xodGTP). In comparing dGTP to d-
odG TP tmutagene analog). JGTP does not pair with A 1o any significant exwent,
winle N-ovodua can pair equally well with A or C (Shibutant et 2t 19913, Theretore, in a

mut I strann the mseron ot this mutagenic analog during replication would cause an

merease mo N o G:Cotansserstons, We have shown a 10,000 fold increase in the



mutational trequency. Tt has been hypothesised that mutY * s mutagente m oo !
background (Au ¢l al. T9S8Y. MutY codes tor an ademmne gl cosalase whien removes the
A trom A-G musmiatches. and has no apparent innate steand spectticits s replication
the mutY protem will seek out A-Gomismatches and repan them It has been
hyposthesised that the -G musmatch cottected by putY. s dependant on - the
conformation o1 the bases e g, anti-syn conformation of the hase by the 1otithon aronnd
the glycosidic bond m comparson to the sugar phosphate backboney (Au et al  1989)
The A-"G (7G = 8-0x0G? mismatch formed m a mul™ will be repatted by Y protemn
to torm C:*G. at the next round ol repheanon: the resulung progeny will canty one C G
and C:*G hase pair at the mismateh site Alernatvelv ol putY s detiaent only one o
the two resulting progeny will contain o C G base pasr while the other will be the onomal
AT base pair tigure 7)

We also studied the ettect of muwtS and mutl on the GC o AP mutatton n the
past. studies uulized heteroduplex analysis to detenmie that mutlLS system has no
effect on the repair of A-G mismiatches. Maki and Schiguchr (19923 tound that the
substrate for mutT protemn hydrolysis 1s 8-0x0dG "Gy The question atises. 1s the A 'G
mismatch a target tor muHLS repair? We tound that mut U-/mutS™ m comparnison (o

mutT/mwS™* showed an mcrease of 25 4 in- mutational frequency. What might oceur s

that both mutS and mutY are attempung to repar the mesmatch, 1 we compare mat L

mutYH/muwsSt and mutT/mutY H/muwS" there was o an metease e the avatationid

frequency from 11241 to 16,555, We teel that muilILS repan system s removing the G
analog *G trom the A-"G mismatches restormyg at back tooan AT base par o MutyY
theretore does not have a mismatch o Process, se il can not mcrease the mutahonal
trequency, by processing the A- G deston 1o C G thigue %) Schaaper and Dunn
(1989), using an 10 ¥IvO assay (D7 1eversion assays (oo eronitor the A T ta €
transversion event. tound that mut ] -/mutS stramn in companison to aomuotl /s * stram

that some sites there would he anmcrease mn the mutational Hieguency, while other sites

<y



Figure 7:

The ettect o puty vamut! debioent badkground

1 The wild fvpe seauence

by The mispanine of S-onodG TP wieh o due to the mut b detiaenes

O Funcuonal mutY sl piocess the mrsmateh as it the N oas the maspanted base, theretore,
fiseng the mutation mto the DNA

3 MutY” bachground will not process the mosmach theretore the mutatton eets tined
imto the DNA onthe nextound ol DN A rephcation

(S-oxo-7.8-dihvdio-2deow guanosime (i
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Ficure 8:

The etiectol mutS ma it Jedrawent backeround

ar The ettect el wild tvpe muth . the msertion of S oxedGER does et ocaw

by The muspatrnyg of S-onodGHP with Ao processtire of the nuesmateh by dam directed
musmatch reparr. The removal ot N-ovoG, and ress nthesis o the DN\ stand

¢) The ettect of muty deticent strann no processine of the nusmateh, the mutatton will

aettined m the DNA sequence on the next round of DN replicaton

(8-on0-7.8-dthy dro-2 deovveuanosine Gy
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displased decreases Weteel that ate ol atteced by the wepan of S, and i tn
decreasing the ettect of mutY Fhe ettect of tepan sustem mtenacpon on GO o 17\

tranverston There was noocttect of the muth o muthES repair svstems one the

mutatenal frequency with all mutators carrvine the detaent mutY, cene o0 bt

revertants per 10N viable cetlsy We telt that the muth mutator would hase mereased the

mutational trequency of MUY o due to the msertion of N ovodGLE oppose a dC o Ths

msertion may lead o an S-oneGomispanng with an N dunine the nest ound of
repheation, theretore increasing the mutatonal frequencs ot the GO o T\ tansversion
This did not occur probably due o the action of [pg/mutM sene which codes tor 8
hvdroxveuanme endonucleiase. which ertticiently removes d-ovoG from the DNA soand
when parred with dCJdG o dT. but notwith (LY N-Indrosy cuanime endonudiease woukld
remove the 8-0x0G trom the S-onoG C pan theretore makine 16 unavadable o base pan
with dA (figure 4

In this study. we have ted o understand how mutations occur, and how they e
prevented and/or repatred  There are many steps ivolved in this process Fost, We
developed and characterized a potential tneet sequences, site 62 ol the bz, eene
Scceond, we constructed and characterized (GO target sequences Thud, we analysed

the interaction of repan systems (mutY, mut L. and mutH.S) by looking at there effecl

—_— ey

on mutatton frequencies of thiee ditferent base substitution events, By usme the Lac!

phenotypic assay we were able o increase our understanding of mechanismis ol repan m

Excherichia coli.
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Figure Y):

Phe ettect of mutD Jdetiaenes moa mutY™ backeround and the ettect of mutd in

countenme the mut b ettect,

G Wild type sequence

by The panine of 8 oxodGTP with cytosme moa muM™ backhground. 8-0xoG will be
remove by M protem and replaced by guanme rucleotide

I mneME deniciencey . at subsequent tound ot replication an adenme nucleoude miay
pispat with S-onoGe Henee athere will be o transversion event may occur depending

on s i aowild tvpe or mutant mutY, backgrouna.

(N oono 78 dihvdios 2deosveuanosine. Gy
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