VYZNAM MUTAGENEZE U BAKTERI1

Vyhledani genu a stanoveni jeho funkce
praktické vyuziti modifikovanych kmenu (biotechnologie)
priprava vakcin

O 0O00

Vyhody mikroorganismi pri mutagenezi

B vysoka prirozena variabilita

B haploidni genom (mala velikost)

B velky poCet potomstva za kratkou dobu
m  snadny prenos genl

B snadna selekce

O Zpdsoby mutageneze

m klasicka mutageneze (chemomutageny, fyzikalni faktory)
B transpozonova mutageneze (biologické mutageny)

B mutatorové kmeny (mutace v reparacnich mechanizmech)

B mutageneze in vitro



NOMENKLATURA

O Genotyp: tripismenovy kdéd (zkratka) psany kurzivou

O Gen je oznacen zkratkou trpA, alely trpA1l
B a) Standardni alely se oznacuji znaménkem +, napr. trp+
B b) Mutantni alely se oznacuji znaménkem -, napfr. trp-

O Fenotyp: Velké pismeno na zacatku ne kruzivou, napf. Trp.
Standardni fenotyp se oznaci +, napf. Trp+, mutantni -
Symbol neni vzdy totozny s ozna&enim genotypu Napr
fenotyp Nif- muZe mit podstatu v nifX- nebo nodX- (ruzné

geny).

O Rezistence: r (R), s (S), uvadéené jako exponenty (TetR)

B delece = A
B inzerce = :: TcR x TetR

B plazmid, profag = E. coli (RP4, ¢$80)




ZAKLADNI TYPY MUTACI U BAKTERII

se zmeénou v morfologii kolonii

se zmeénou citlivosti (k antibiotikiim, toxickym
latkam, zareni, faglim aj.)

v pozadavcich na ristové faktory (auxotrofni)
se zmeénou v produkci latek (napfF. pigment)
supresorsenzitivni (citlivé k supresortim)
supresorové (vedouci ke vzniku supresori)
ovlivnujici reparacni a rekombinacni schopnosti
vedouci ke vzniku mutatorovych kment

se zmeénou citlivosti k teploté - vysoké nebo nizké
(teplotné senzitivni)

OooooooOo oO04d

Mutace letalni x kondicionalné (podminéené) letalni



Typ mutace

Podstata zmény

Detekce mutant

Ztrata
pohyblivosti

Ztrata biciku, nefunkéni bicik

Kompaktni kolonie namisto
plochych

Ztrata kapsuly

Ztrata nebo modifikace
povrchovych kapsularnich struktur

Malé drsné kolonie namisto
velkych a hladkych kolonii

Drsné kolonie

Ztrata nebo zména
lipopolysacharidové vnéjsi vrstvy

Nepravidelné granularni
kolonie namisto hladkych
lesklych kolonii

Zména ve vyzivé

Ztrata enzymu biosyntetické drahy

Neschopnost rlistu na mediu
postradajicim dany ridstovy
faktor

Zkvasovani cukri

Ztrata enzymu katabolické drahy

Nedochazi ke zméné barvy
v mediu obsahujicim cukr a
pH indikator

Rezistence k
antibiotiku

Zabrana vstupu do bunky, zména
cilové molekuly (slozky ribozomu),
detoxikace antibiotika

Rist na mediu obsahujicim
inhibi¢ni koncentraci
antibiotika

Rezistence k fagu

Ztrata receptoru

Rist v pFitomnosti faga

Citlivost k teploté

Zmeéna struktury esencialniho
proteinu

Neschopnost ristu pFi zvysené

teploté

Citlivost k chladu

Zména struktury esencialniho
proteinu

Neschopnost ristu pFi nizké
teploté
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Table 16. Genotypes of Frequenlly Used Baclerial Strains.

lacY1, or A(lac1ZY)6, galK2, gafT22 metB1,
IrpR55, A~

Strain Genotype Strain Genotype
C800 (1) F=, thi-1, thr-1, leuB8, .'acY1 tonA21, Kwa51 F-, supE44, galK2, gali22, metB1, hsdR2,
SUpE44, A~ merB1, merA—, argAB1: Tn10, recD1014
CEO00Hf (1) F-, thi-1, thr-1, leuBS, lacY1, tonA21, NM522 (8)°  supk, thi, Alac-proAB), Ahsd5 (r=, m~
supE4d4, \=, hTA150, [chrThi10] [F', proAB, lacloZ AM15)
“* DH1 (2) F—, recAl, endAl, gyrAQ6, thi-1, hsdR17 NM538 (7) supF, hsaR (r.~, m,*)
& (r—, m.), supE4d4, relA 1=, A=
% . . NM539 (7)  supF. hsaR (r=. met) (P2)
= DH5a F-, $80d, lacZAM15, endA1, recAl, hsadR17
(re—, mct), supE4d4, thi4, d—, gyrASs, RR1 (3) F—, hsdS20 (ry—, mg~), supE44, aral4,
A(lacZYA-argF), U169 - proA2, rpsL20 (str), xyl-5, mit-5, supE44, A~
.« DH5aF' $80d, lacZAM15, endAl, recAl, hsdR17 X1776 (3) F=, tonA53, dapD8, minAl, ginV44,
; (r, m™), supE44, thi-1, d—, gyrA96, (supE44), Algal-uvrB) 40, A=, min82, rib-2,
A(lacZYA-argF), U169 gyrA25, thyA142, oms-2, metC65, oms-1,
i 2 : (tte-1), A(bioH-asd) 29, cyc82, cycAl, hsdA2
HB101 (3) F=, hsdS20 (ry~, my™), supE44, recAl3, aral4,
proA2, rpsL20 (str®), xyl-5, mit-5, supE4d, A= Y1088 (8) A(lacU169), supE, supF, hsdR (r=, m*), metB,
: : troR, tonA21, proC:Tn5 (pMC9)
JM83 (4) ara, A(lac-proAB), rpsL, $80, lacZAM15
} Y1089 (8) A(lacU169), proA+ A(lon), araD139, strA,
JM101 (4) thi, A(lac-proAB), (F', traD36, proAB, hfIA150 [chr:Th10], (pMC9)
lacl®ZAM15]
X Y1090 (8) A(lacU169), proA+,A(lon), araD139, strA,
JM103 (2) endAl, hsdR, supE, sbecB15, thi-1, strA, supF, [trpC22:Tn10], (PMC8), (r.—, m.F)
A(lac-pro), [F', traD386, proAB, lacl*iZAM15]
References:
JM105 (4) endAl, thi, rpsL, sbeB15, hsaR4, A(lac-pro), 1. Jendrisak, J., Young, R.A., and Engel, J. (1987) in:
[F*, traD386, proAB, laclFZAM15] Guide to Molecular Cloning Technigues, Eds. Berger, S.
M7 (4 it g s ABB. e, i st 2 and Kimmel, A., Academic Press, 359-371.
en . 101, syrAS6, hsd17, A—, relAl, supE44, i X
Aiac-pro), [F, raD36, proAB, laclRiZAM15) 2. Hanahan, D. (1.983) J. Mol. Biol. F126B166., 557 58.0.
3. Maniatis, T., Fritsch, E.F., and Sambrook, J. (1982) in:
w JM108 (4) endAl, recAl, syrA96, thi, hsdR17, relAd, Molecular Cloning: A Laboratory Manual, Cold Spring
supEdd, A(lac-pro) Harbor Laboratory, Cold Spring Harbor, NY.
CUMI09(4)  endAY, recAl, syrASS, thi, hsdR17 A AR, o il B N0l 1) 11558
: gy . b ) . ) X
EF'- ,,263)3‘r;£ﬁkéuf251g;b¢w15%(,30 ProAB) 5. Murray, N. (1977) Mol. Gen. Genet. 150, 53-58.
IM109 L. echil. eyelBE. T huedf " 6. Gough, J. and Murray, N. (1983) J Mol. Biol. 166, 1-19.
endAl, recAl, syrAS6, thi, hsdR17 (r.=, m.t), . 7 %
(DE3) (4) relA, supEad, A(lac-proAB), [F", traD36, ) 7. Frischauf, A., et al. (1983) J Mof.. Biol. 170, 82.7 842.
proAB, laclPZ AM15), M(DE3) 8. Huynh, T., Young, R.A., and Davis, R. (1985) in: DNA
Cloning Volume 1, Eds. Glover, D., IRL Press Ltd, 56-110.
JM110 (4) rpsL, thr, leu, thi, lacY, galK, galT, ara, tonA,
tsx, dam, dem, supE44, A(lac-proAB),
[F’, traD386, proAB, laclPZAM15)
LE392 (5) F=, hsdR574 (r.~, m.), supEd4, supF58

Dilezité
genotypy:

auxotrofie

- suprese

restrikce

lacZ

piitomnost plazmidd

pfitomnost profagu

pritomnost Tn a IS

reparace

rekombinace
rezistence k fagim



Table 15. Descriptions of Common Host Mutations.

Gene Phenotypic trait Gene Phenotypic trait
symbol Mnemonic alfected symbol Mnemonic affected
arahA Arabinose L-Arabinose isomerase recA Recombination general recombination,
repair of radiation damage
araC Arabinose regulatory gene: activator and induction of phage
and repressor protein lambda
dapD Diaminiopimelate Succinyl-diaminopimelate recB
aminotransferase’ and recC  Recombination recombination and repair
of radiation damage
endA DNA specific endonuclease exonucleaseV subunit
galk Galactose galactokinase rectE Recombination locus of rac prophage
exonuclease VIl
gall Galactose Glucose-l-phosphate
uridylyltransferase recfF Recombination recombination and repair of
] ] radiation damage
gyrA Gyrase subunit A, resistance or 3
sensitivity to nalidixic acid relA Relaxed regulation of RNA synthesis:
. stringent factor, ATP.GTP
Hf(1) A phages with a normal 3’ pyrophosphotransferase
repressor (cl) gene are
inhibited from the lytic cycle.  rpsl Ribosomal 308 ribosomal subunit
The lysogeny frequency protein, small protein S12
is greatly enhanced x
. . supB, supC, Suppressor suppressors of ochre
hisS Histidine Histidyl-tRNA synthetase supG, supl, (UAA) and amber (UAG)
supM, supN, mulations
lacl Lactose regulator gene; repressor and sup0
protein of lac operon
; supD, supE, Supressor supressor of amber
lacY Lactose galactoside permease anﬁDsupr ” mnﬁaﬁons
lacZ Lactose p-D-galactosidase thiA Thiamine Thiamine thiazole
i requirement
leuA Leucine a-lsopropylmalate synthase 3 2 3
. tonA T-one outer membrane protein
leuB Leucine B-Isopropylimalate receptor for ferrichrome,
dehydrogenase colicin M, and phages
metA Methionine homoserine transsuccinylase . ¥1475: ancge0
s G tonB T-one uptake of chelated i iron
me8 Methionine cystathionine a-synthase and c?(anobalamsn
mitiA Mannitol Mannitol-specific enzyme Il ' . :
of phosphotransferase xylA Xylose D-xylose isomerase
system Miscellaneous
P2 (2) A phages containing the red - host does not contain an episome
and gam genes of A are
growth inhibited by P2 F host contains episome with stated features
lysogens
c A bacteriophage lambda DNA is not integrated
proA Proline a-glutamyl phosphate into genome of bacterial host
reductase
B — > References:
roh o m N
pr a-glutamyl kinase 1. Hoyt, A., (1982) Cell 31, 565-569.

2. Kaiser, K. and Murray, N. in DNA Clomng Vol. 1, Eds
Glover, D.IRL Press Ltd. 1-47. .



Table IHA. Mutagens Used for Bacteria

A;&parent in vivo Additional 4 .
Mutagen specificity advantages Disadvanﬁagw
2-AP transitions A: T s G:C in some cascsL a

(2-aminopurine)

5-BU
(5-bromouracil)

NH,OH
(hydroxylamine)

Sodium bisulfite _
Mutator gene
(mutT)

EMS
(ethylmethane
sulfonate)

NG
(nitrosoguanidine)

ICR 191

Nitrous acid

UV (ultraviolet
radiation)

.Mu-1 phage 5
a Aalix

e

Spontaneous ...
' (no mutagen)

transitions A: T & G C
transitions A:T s G:C

specific transition
G:C-'A:T

specific transversion
‘AT —-+C:G -

transitions and trans-

~versions

transitions and trans-
versions; induces small
deletions at low rate

frameshifts; small
insertions and deletions

transitions and probably
transversions; deletions

transitions and probably
transversions; deletions;
possibly stimulates inser-
tions and chromosomal
rearrangements

insertions; some
deletions

no treatment

required

powerful mutagen

very powerful
mutagen

powerful mutagen

random induction
of non-leaky, polar,

weak mutagep

must depress
normal thymine
incorporatioq;
weak mutageén

in some casesla
weak mutagen

weak mutagen!

genetic constriic-
tion required |

dangerous to
handle

dangerous to

handle; frequent

secondary mutations
|

compound difficult
to obtain

high amount of
killing required for

good mutagene!sis

high amount of]
killing required|for -
good mutagenesis;
certain strains too
sensitive

transitions; transversions;
insertions; deletions
(frameshifts)

fion-feverting
mutations

wide spectrum of
mutations; no com-
plications due to

secondary mutations

low level of
mutants; many
siblings in each
culture




- Stanoveni k¥ivky pieZiti bakterzié'ihféh bunék po piisobeni mlité;genu :

Pocet
bunék

/

<

Davka (koncentrace/cas)

~ Stanoveni poftu mutant v jednotlivych intervalech piisobeni mutagenu
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Survival (N/No, e—e)
Efficiency of mutagenesis (M/N, O—0O)
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Fig. 7.5 A dose-response curve after treatment by a mutagen. A suspension of the
cyanobacterium Synechocystis PCC6714 was irradiated with UV light for increasing doses
(i.e. increasing lengths of time). Aliquots were then plated on normal medium (measure
of survival, curve A) and on the same medium complemented with pF-phenylalanine, a
toxic analogue of phenylalanine, to determine the induction of pF-phenylalanine
resistant mutants. These are expressed as their concentration (/unit volume) in each
sample (curve B) and in proportion of total viable cells in each sample (curve C). (After
Astieret al., 1979) N, N, = viable cells; M = mutants.



POSTUPY PRI IZOLACI MUTANT

O Skrining (vyhledani mutant na zaklade ﬁozorovatelné zmeny
fenotypu: Rust na indikatorovych mediich (utilizace cukru - tvorba
Id<ys<ﬁlgn - zmena pH - zmena barvy) - podobne jako pri odlisovani

ruhu

O Obohacovani (zvySovani poctu mutant)
B penicilinova metoda.
B inkorporace radioaktivniho prekurzoru (radioaktivni sebevrazda).

O Selekce (rust za podminek, pfi nichz roste jen mu_ta]nt,,buﬁki/(
standardniho typu neprezivaji nebo nerostou /pozitivni selekce/,

nebo nerostou mutanty, ale bunky standardniho typu prezivaji_
/negativni selekce/ - napr. rezistence/citlivost k vnéjsim faktorum

O Replikovani (prenos kolonii na medium s odliSnym slozenim:
chybeni zivin n. rustovych faktoru, pritomnost inhibitoru rustu
(aminokyseliny, antibiotika, bakteriofagy, aj)



IZOLACE MUTANT REZISTENTNiCH K ,
ANTIBIOTIKU NA GRADIENTNICH PLOTNACH

antibiotikum
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Razitkovani (Replikovani)
Mutants do
not grow

Incubate

Master plate;
growth on
complete medium

Press plate
onto velveteen Velveteen with
imprint of all
colonies
Velveteen:
sterilized
Plastic hoop ——

Transfer imprint
of colonies to
fresh media

Wooden block —

(a)



Pocet
bunék

Plotny bez e
streptomycinu| #x%:

L)
y s e ®
b

Prenos
pomoci razitka

Cists

Plofny bez .
kulturg Str

sfrep’rochind

Plotny s-:
streptoraycinem

Obr. 293. Schéma postupu pfi nepfimé selekci mutantt razitkovou metodou.



Izolace auxotrofnich mutant penicilinovou metodou

auxanografie
Redén 1072 01m|

e O =/ =
T
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Ozdrena suspenze Bunky vyrostlé vkom-  Zredéné inokulum 2 minimdlni pidy Kompletni  Minimalni
bunék prototrofniho pletni pidé senékolik-  promytgch bunék  se provede rozsev  plida puda
kmene se kultivuje  rat promyji ve fyziolo~-  se naockuje domi-  na plotnu 2 kom- % |
v kompletni pidé  gickém roztoku. nimalni pidy klera  pletni pldy. TataZ kolonie se naockuje
24 hodin. obsahuje 100 aZ 300mj. ~do kompletni i minimain
penicilinu v 1ml. pudy. JestliZe vyroste jen
V této plide preiji v kompletni pidé, zhame-
jen auxotrofni mutanti. nato, Ze predstavuje kion
Prototrofy rostou a tudiz ;:E;rgjg;r;;:ﬁ?;ﬂ
- j
hynou, auxo‘f,rovf,m TUtanty 2a prifomnosti k’rjeré 1arni«
nerostou a prezivaji nokyseliny roste na mini-

(negativni selekce) malni pdde.



_ SCHEMATICKE ZNAZORNENI POSTUPU PRI STANOVENI
NASLEDNOSTI REAKCI PRI BIOSYNTEZE AMINOKYSELIN POMOCI
AUXOTROFNICH MUTANT

.. enzym ,
antranilova y y bIOkada

A- kyselina - B- indol C- tryptofan v v :
@———@®)—- © @ stndargn typ  PFEMENY

Trpl_ @ . Mutant ¢.1 A- a #,b
Fenotypy sefnahromad'uje
mutant Trpz_ @_-_® Mutant &2 B- b +/, C
P nahromadtuje

Trp3_ ® —® @ ‘ miantés | C- ¢+ d

sgnahromadup
Mutanti skuping ¢-3 shmuIUﬂ v rusfu mutanty skupiny
&1a2.Toznamend , ze mutant &.3 syntetizuje produkt;
. kierq krus’ru vqladup mutanfi skupmg c.1a 2. Ztoho
je 2ejmé, Ze u mutantll skupmg ¢.1a 2 je mutacl
zastaven nékter] ze stuphld biosyntézy tryptofanu,
kferg predchazl stupni, kter] jezasfaven u mutan-
ti skuping &.3.
Tento test ukazuje , Ze mutanti skupiny &1 jsou stimulo-
. vdni mutanty skupmg c.2 a tito opét mutanty skupi-
ny ¢€.3.To znamena, ze u mutantd skupiny &.1 je zas-
taven ngkterg 2 prvmch stupdl biosyntézy trypto-
fanu , po kterém nasledu_;e stupen reprezeniovang
muianfq skupiny ¢.2 a pak skupiny .3,

Tento fest dokazuje , de mutanti skupin ¢.23 3 syn-
tehzur meziprodukty fryptofanu potfebné k rus-
tu mutantl skupiny &.1.

Lze fedy uzavrit, Ze mutanti skupiny &.1 potfebu;ji k ristu meziproduki
syntetizovan] mutanty skupiny ¢.2 a tito potfebuji meaiprodukt
syntetizovan mutanty skupiny &.3.



FENOTYPOVE ZDRZENI

Prodleva v

Case pred tim,
nez je mutace
detekovatelna

(vecestvni mntace)

STAV DNA V BUNCE SEGREGA(CNI LAG

(dominantnf mutace)

Doba, ktera je
nutna k tomu,
aby mutace byla

Mutace.probih4 v Estetnd na vsech ko P iich
’ zreplikované DNA Ch romozomu

Mutantnf fenotyp se neprojevuje,
JelikoZ cytoplazma jest& obsahuje
produkt genu standardnfho typu.:

Projevi se mutantnf fenotyp

Completion of replication

[ GENERACE

OO :

/ \Prvni déleni buiiky

P

Buﬁky__s;andardnﬂw typﬁ #

Mutant phenotype will appear
as soon as wild type gene
_.product is sufficiently diluted
or gone from cytoplasm.
Mutant cell number begins to
Increase at next cell division.

/ \Druhé buniné d¥lent
Increase in
mutant cell 3

number occurs
g **at[next'div'ision.

l

l

Buiiky stadardnfho typu  Mautantnf buiiky



VZNIK SEKTOROVYCH KOLONII JAKO
DUSLEDEK SEGREGACNIHO LAGU

Pocet chromozomu na bunku




|zolace supresorsenzitivnich mutant

Tyto mutanty maji nesmysiny kodon v nékterém z gent. Vyskytuji se

v mnozstvi 1-1,5% mezi mutanty jakéhokoliv znaku. Detekuji se tak, ze
se do mutantll vnese transdukujicim fagem alela supresorového genu
(sup-) — Ize vnest téz na plazmidu.

Jestlize se kolonie mutant daného znaku (tj. rGznych mutant v tomto
znaku, nejen sus!) prerazitkuji na selektivni plotny s fagem, ktery
obsahuje supresor vyrostou jen ty, které nesou mutaci podmin  énou
vznikem nesmysiného kodonu, nikoliv ty, které maiji ji ny defekt v
pFislusSnem genu.



IZOLACE SUPRESORPOZITIVNICH MUTANT (Su+)

(supresorovych) )
Reverze koddnu UAG

lac*
dvojnasobny mutant trp~(UAG

@ Su”Llac*Trp™

Tato buika obsahuje
koddny amber vgenech lacatrp
' Vznik nové
Dlkaz: vheseni

, supresorové alely
faga se Su+,

jednostupnova reverze
reverze fenotypu

Mutace v genu sup
(gen pro tRNA)

lac™(UAG)
trp (UAG)

Dlkaz: vneseni faga se sus, ktery

: ; Su* Lac* Trp*
na tomto kmeni poroste e n

Bunka vlevo ma amber mutaci v geneoh lac a trp. Vpravo jsou

znazorneng dva fypy revertantl Lac®. Jeden se vg’woni vzhikem

nové supresorové alely a druhy vznikl reverzi v koddnuy
amber



PRIKLAD SUPRESOROVE MUTACE A JEJI DUKAZ

reverze

KRIZENIM

Mutace, reverze a supresorova mutace genu A

GenAje _,csouéésﬁ L
fryptofanového  ~~w p* sup At Standardni fyp
operdny | -

(tryptofan se tvor)

a3 sup A" MufantgenuA
(trgpiofan se netvoF7) \ e .
Ai/wp o N g . Vznik )
H : o - ~ *—  supresorove
Revertant Supresorovy mulfant
(tryptofan se tvori) {tryptofan se lvoff) mutace (SLI+)
H
Ditkaz supresorové mutace
}.&‘. : supf« Standardni fyp
X
A—- - -
A= sfzp.i,—-_ Supresorov(j Su pA =
._-,I_EL. : )
l e mutantni alela
' e I genu pro tRNA
; i X s schopna
sup .
- suprimovat
A* l sup A"
I e
A + v vV . o -~
- sup A ystepr se puvodni

T mutant genu A



TEORETICKE PREDPOKLADY FLUKTUACNIHO
TESTU (LURIA A DELBRUCK 1943)

O

O

Pravdepodobnost mutace Jbe velmi nizka, ale stejna pro
kazdou buriku (10-°-10-10 b/generaci)

Uvazujeme-li urcitou kulturu, pochazeji z jedneé bunky, pak
na konci kultivace bude pocet mutant odrazet dobu, ve
které mutace vznikla (tj. ve které generaci). Vzhledem k
nizké pravdépodobnosti mutace Ize predpo Iadat ze i pocty
mutant v jednotlivych klonech budou rozdéleny podle
Poissonovy rady - to proto, Ze zalezi na generaci, ve ktere k
mutaci doglo. Proto se budou vyznamne lisit pocty mutant v
jednotlivych kulturach a v kultufe, kde byly bunky
péstovany dohromady.

Pr| fyziolo dglcke adaptaci reaguji bunky na pritomnost latky
rostre to pusobi jako indukcni agens, které indukuje
aptivni odpoved’ (napf. tvorbu enzyng) apod Pocet

reaguyuch bunék z ruznych kultur (klonu) je z ruba stejny.



. Mutace?
Zména znaku <
Fluktuacni test StrS StrR

Adaptace?

I Kontrola: dukaz citlivosti
Bujonovd vychozi kultury ke

kultura
T Come streptomycinu

StzqB

Stejny poéet - .., 2 .
bunJék Zésobni H

=

Yeddno na 1. 103 bunék/ml - : \\

mgazzzésegge' JUBUEE o be

Rl Pocet kolonii Agarovd plotna
5 il PR ! Inkubace 24-36 hod ng Plotné bez sg strepgomy-
Piotpu se strep- Is repﬁomyginu cinem

; |
omycinem Obsah zkumavek vylit na

.@. " plotny se streptomycinem
OO .O@@OO@.@ ~ Tozsev pro_stanovent
celkového poétu bundk

.@@ Prikezné rozdily v podtech |
| “kolonii na: jednotlivych plotndch
I . . Vypocet chi-kvadratu a stanoveni priikaznosti rozdili

‘PFibli¥ing stejné
" poéty.kolonii



Zavislost kone €éného po €tu mutant na dob €&, v niz mutace prob éhla

Culture 1 Culture 2
Generation
“ 1st /O\
* 3
./ \O O O
/\ "\ 2nd y'\ f\
\ f .
\ v " v
@ @ O O @ O O O
/ / -| f f |
\ 3rd / /\* r;\ \\
/J /\4. f\ v\‘ ! Vo \
°7°,'§0<\>90 A5 2 A B O W
/ \ 4th / I f Vo ‘-\ \
AANNLNNNN = A4 0 LIV
® @ ® ® @ ® ®8 ® OO O OOOOO ® 6 @ ® OOCO®@® OO O0OO0OO0OO0Oo

1 mutace: celkem 8 kolonii 2 mutace: celkem 6 kol onii



Pocty rezistentnich bakterii z nerozd élené kultury a samostatnych kultur

Alikvoty z nerozd élené kultury | Samostatné kultury
Aliquot no. No. of resistant bacteria Culture no. No. of resistant bacteria
1 14 1 1
2 15 2 0
3 13 3 3
4 21 4 0
5 15 5 0
6 14 6 5
7 26 7 0
8 16 8 5
9 20 9 0
10 13 10 6
11 107
12 0
13 0
14 0
15 1
16 0
17 0
18 64
19 0
20 35




PROVEDENI FLUKTUACNIHO TESTU

Ma se rozhodnout, zda rezistence ke streptomycinu je
vysledkem adaptace nebo mutace (zda jsou mutanty pritomny v
kulture pred vystavenim bunék selekénimu agens nebo se
objevuji az pote)

1. Ovéri se, zda je vychozi kultura citliva k streptomycinu

2. Rada zkumayek s mediem bez streptomycinu se nao¢kuje
malym a stejnym mnozstvim bunek

3. Stejné mnozstvi bunék se naockuje do Erlenky
s objemem, ktery je souctem objemu v jednotlivych
zkumavkach

4. Kultury se ponechaji inkubovat 24 hod

5. Kultury se vyseji ve stejném mnozstvi na plotny se
streptomycinem

6. Vyhodnoti se pocty kolonii na jednotlivych plotnach a
srovnajl se

7. Vypocte se 2 a stanovi se, zda existuji priikazné rozdily
v poctech kolonii na plotnach

8. Prikazny rozdil v poctu kolonii na Rlotnéch,z jednotlivych
kultur ve srovnani s pocty na plotnach z jedne kultury
svedci o tom, ze rezistence ke streptomycinu vznikla
mutaci.



REPARACE MUTACNE POSKOZENE DNA

O . PFimé reparace
1. fotoreaktivace

2. dealkylace

EED>

0 B. NepFimé reaparace Geneticky aparat
[ |

1. Excizni reparace pro reparaci DNA
O bazova ,
O nukleotidova - velmi konzervativni
O fizena meEyI’aci - - asi 100 genﬁ

B 2. rekombinacni /pos’grepllkacnl/ - distinktni dréhy,

B 3. reaparace kroslinku :

ktere se mohou
O C. Inducibilni reparace prolinat
B 1. SOS-odpovéd
B 2. adaptivni odpovédi

O na alkylacni poskozeni
O na environmentalni stres



TYPY REPAROVATELNYCH POSKOZENI NA DNA
= m (b) ©

IRRRRRRRREE BERRRRRRRRR SERERARERTN
HEEEENENERRR LLLLLEX L LLLQQA)/L\J
(d (e) ¥y ()
IRRERRRERERR SEREREREROE LTTTINTTTT
AEEERNERNER ARRRER RN LELLLIN L
Lstziom s 2 2000 KROSL i

Fig. 8.1 Classification of repairable lesions. (a) Missing base; (b) incorrect base; (c)
modified base (distorting the double helix); (d) single-strand break; (e) double-strand
break; (f) interstrand cross-link.

5 5
| |
[ 1
| |
| |
“0-P=0 O=P=0 - ’
& i Vznik AP mist =
HyC H,C nejcastéjsi spontanni
o |_ o< ¥  mutace (depurinace je
AR AT AT 100x &ast&jsi nez
H \! |/ H H \: 1/ H ) . _J
. T depyrimidinace)
(? H (I) H
| |
| 1
I |
3 3

Fig. 8.2 Formation of an AP (apurinic/apyrimidinic) site.



(a)
Pyrimidine residues linked

Adjaceqtd thymine between carbon atoms
AERIRHES 5 and 6 of each ring
Reactive ‘ 3
double [‘ B s "
bonds —=—— uv - oLy gl
V. light N
Sugar-phosphate
backbone
(b) Pyrimidine residues linked

between carbon atom 6 of thymine
and carbon atom 4 of cytosine

Reactive
groups

Adjacent thymine (3°) Distorted sugar-phosphate
and cytosine (3') residues backbone



STADIA FOTOREAKTIVACE

TTTTTTTTTITTT

L/ AL L

\

(b)
[T

1

DNA obsahujici dimer

fotolyza
(dsDNA, ssDNA)
Vazba fotolyazy v misté I
dimeru (6-7 bp)
FADH2

Monomerizace dimeru za <
pritomnosti svétla (365-400 nm) Folat/deazaflavin

uvolnéni fotolyazy

zachyceni svétla



3 h Y
5 * Lo L] L] L | L.J L | o 3
JE A U
A C G G A A T C T A
pe——t—ae L= ===~
*_‘RO?,L
tyminovy dimer
\ UV ozafeni.
b} T=T ¥
Do L ol b !
A C G A AT T A
¥ 5
(-]
Fotolyaza se vaze
na tyminovy dimer v DNA.

5 3
3 5
RO
fotolyaza )
e aktivovana Stépeni vazeb dimeru.
absorpci
modrého svétla

3

'*-RO.;.

Uvolnéni enzymu,

S'W?
T 6 E € T T A & A T
L A



Alkyltransferaza: 60-Metylguanin-DNA-
metyltransferaza (°0-MGT= Ada-protein)

nemetylovana forma ~ metylovana forma

; Transkripc¢ni
"’*/C-‘%H aktivator
S-methyleysteine

Figure 19-29 Direct reversal of DNA damage by an alkyltransferase. Methylation of a guanine
residue by nitrosoguanidine (NG) is repaired by this novel process. The NG adds a methyl group (CH,)
at various sites in the DNA, including an oxygen atom at position 6 of guanine (left). This disrupts the
hydrogen bonding of guanine to a cytosine. The repair is accomplished by a methyl-acceptor protein,
one of the enzymes known as alkyltransferases. A cysteine residue on the protein acts as the methyl ac-
ceptor: it binds the CH, group, thereby restoring the guanine to its original state (right). (Erom P.
Howard-Flanders, “Inducible Repair of DNA.” Copyright © 1981 by Scientific American, Inc. All rights
reserved.)



BAZOVA EXCIZNI REPARACE

(a) 5

TTTTTTT s
Vyétépeni wlv Rozpoznani chybne baze

, o - glykozylazou, vznik AP-mista
chybné baze “

5 i

Preruseni cukr-

OTTTTTTTTTT] TTTTTTTTT] fosfétovy'/chvang _
Lilk LI0L], S L dllod 11, AP-endonukleazami
OH :
l A\H,gkavsilvendonudease A i
OTTTTTTTTTT] [TTTTTTTTT] | Odstranéni dR
ULl JLLL, L1k, LI11], Schyb&jici bazi
/ PhO_H \ Deoxyriiiphosphodiesterase
OH Class IT (e)
endonuclease I I | [ I | | ] | I | DNA pol I
5' p ymerase
P k\wﬁﬁ Resyntéza chybéjiciho
wlr ' useku, spojeni mezery DNA-
| ligdzou
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Deaminace cytozinu.

§ 3
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I & i)

l Navazani
uracil-DNA-glykozylazy.

glykozylaza ™,

AP-misto o
Vystépeni uracilu ( U ).
5'% 3
reecTr T AEATCGET
. g L 22 g 2 & D& L & &L 2 .
‘ [
chybgjici Cukr-fosfatovy zbytek je odstranén
nukleotid AP-endonukleazou
\ a fosfodiesterazou,
5‘q L) L] L] - - L ] L] L] - - L] - ‘ 3’
LT R T L
A G A A G T T A [
3'M 5
*.RO*
lednozreot;zwl’\ DNA-polymeraza.

e el e S e
T & T T MG AT 8T
- &k 2.8 2 4 2 ¢ & L 2 % 2 -

#“f?r
misto opravy DNA-ligaza.
5 3
L B S 2
A A T T A A



Substrate

Products

DNA-GLYKOZYLAZY PUSOBICI NA POSKOZENE DNA

Enzyme

Ura-DNA glycosylase
Hmu-DNA glycosylase
5-mC-DNA glycosylase
Hx-DNA glycosylase

Thymine mismatch-DNA
glycosylase

MutY-DNA glycosylase
3-mA-DNA glycosylase

3-mA-DNA glycosylase 11

FaPy-DNA glycosylase

5,6-HT-DNA glycosylase
{endonuclease III)

PD-DNA glycosylase

DNA containing uracil

DNA containing hydroxymethyluracil
DNA containing 5-methylcytosine
DNA containing hypoxanthine

DNA containing G-T mispairs

DNA containing G- A mispairs
DNA containing 3-methyladenine

DNA containing 3-methyladenine,
7-methylguanine, or 3-methylguanine

DNA containing formamidopyrimidine
moieties, or 8-hydroxyguanine
DNA containing 5,6 hydrated thymine-

moieties

DNA containing pyrimidine dimers

Uracil + AP sites
I—Iydroxymethﬁuracil + AP sites
5-methylcytosine + AP sites
Hypoxanthine + AP sites

Thymine + AP sites

Adenine + AP sites

3-Methyladenine + AP sites

. 3-Merthyladenine, 7-methylguanine, or

3-methylguanine + AP sites

2,6-Diamino-4-hydroxy-5-N-methylfor-
mamido-pyrimidine and 8-hydroxy-
guanine + AP sites

5,6-Dihydroxydi-hydrothymine or
5,6 dihydrothymine + AP sites

Pyrimidine dimers in DNA with
hydrolyzed 5’ glycosyl bonds +
AP sites

Source: E. C. Friedberg, G. C. Walker, and W. Siede, DNA Repair and Mutagenesis. ASM Press, Washington. D.C.



NUKLEOTIDOVA EXCIZNI REPARACE (SHORT PATCH REPAIR)

(©)]

L R RN A R RN RN RN AR AR AR OR RN RN R R AR R B DNA ObsahUJiCi pOékozeni (T'T,

O NNy R RN NN NE NN EENN RN NN

chybny par bazi aj)

Vazba UvrA2B1
disociace UvrA

5 w&’«‘sfgf‘ég‘* S s B
TTTTTTTTTTTTTTTTTIT T T

©

T yytvoreni preincizniho komplexu

LJLLLLEV LI s

UvrABC

g g vazba UvrC
excinukleaza

vytvoreni incizniho komplexu Stépeni
cukr-fosfatové kostry

4-5b -x-- 8b

l o DNApol L
DNA helicase 1 3

(e)

R BIEERRRRRRRRRRRRRRRR R AN
[OETENRRNRTRARARNEANRRANAGE

vystépeni kratkého oligonukleotidu o
délce 11-13 b

Oligonucleotide
containing lesion

TITTTTITTITTI0ITTITTITTT

{”HIIIIIIIIIIIIHIII resyntéza ChybéJl’Ciho Useku DNA _ Jako
templat slouzi retézec bez poskozeni

W spojeni mezery DNA-ligdzou

[ FERREN AR

R RRRRRRRARRARRRRYAR
ETERNNNRRENNRNRREEE!




excinukleazova
aktivita

tyminovy dimer

S—'r1'1''r'rr-|''rrrr1'.'r'r"r'n'1"r-r1-r'r1—‘3'

3‘ 5

Q.P.o
@ ﬂ Polypeptidovy trimer obsahujici 2 kopie

proteinu UvrA a 1 kopii proteinu UvrB
rozpoznéva pokozenou DNA
avaze sc nani,

g ¥

3 L

+Ro,

S pouzitim energie ziskané z ATP dochazi
k ohybu DNA a ke zméné konformace
proteinu UvrB; dimer UvrA se uvolfiuje.

ATP

@@ - ADP + P

RO

),
g o g
Protein UvrB se vaze na komplex
UvrB-DNA,; protein UvrB vytvafi zlom
na 3-stran& a protein UvrC na 5'-strané.

UvrD-helikaza uvclfiuje
c vyStapeny oligomer.
ATP

TITEQTITTTT i

[

@ DNA-polymeraza | nahrazuje
protein UvrB a zapliiuje mezeru
s vyuZitim komplementarniho

fetézce jako matrice.

R O,

DNA-ligaza spojuje zlomy

trtiasai, ponechané polymerazou.

nukleotidl \
S=TTTTTTTTTTITTTITTTITITITTTITTIT ¢
[ R R L



Metylace DNA mistné-specifickymi metylazami

Rodicovska molekula

Old strand

Dcerfiné molekuly DNA
New strand TwO MOLECULES OF , . .
kratce po replikaci

dcé?cﬂ,.d

PIn¢ metylované dcené
molekuly DNA




REPARACE RIZENA METYLACI (REPARACE
NA DLOUHOU VZDALENOST)

GATC€— (methylated)

V—— CTAG
T Newly f{ynthcsized
C strand (not yet
methylated)

a-shaped
DNA loop

MutS rozpozna chybnou bazi a vytvori
smycku na DNA, na kterou se vaze
MutL, coz umozni navazani a aktivaci
MutH, ktera stépi G v GATC - poté
DNA-helikdza odmota jednoretézec a
ten je nahrazen reparacni syntézou

(d)

Mismatch
(a) CH;
l Parental strand
e S ST

DNA
helicase II
Site of original
® mismatch l Uer
g

5’_
3
I : Repair
synthesis
A-C—> A-T DNA

polymeraza III



(a)

(b)

(c)

(d)

(e)

(6]

g)

wo

DNA
polymerase

Y Vo

\_/ Lesion

Daughter-strand ~ DNA

gap

w o, o W

Rec A protein

Lo 1w

-ﬂ\

Holliday
junction

Synthesis of
missing DNA

DNA polymerase I

UJU1 010-)

S=

=
e

DNA ligase

ww oW

Key: Parental DNA

; newly synthe

ized DNA

polymerase I

1

2
3
4

POSTREPLIKACNI
REKOMBINACNI REPARACE

Vznik mezery pri syntéze DNA

vazba proteinu RecA

navozeni homologniho parovani
neporuseného a poruseného retézce

reparacni syntéza DNA podle sesterského
retézce

rekombinace homolognich fetézcd

v V4 [o) V4 V4 . 7 .
poskozeni zustava v jedné z molekul a je
opraveno pozdé&ji



REPARACE MEZIRETEZCOVYCH SPOJENI
(CROSS-LINK)

Vystépeny

(a)

(b)

(G]

(@ 5°

(e)

) 57

(g)

dvouretézcovy

fragment

\

N~

Interstrand

l Cleavage cross-link

47 /\35
N\

‘ 3°-5"digestion

Strand
exchangeY
!

k Excised
oligonucleotide

Strand
exchange

XC

"\ Three-stranded

‘ intermediate

Y

l Cleavage

mmmm e

+ — Repair

12 bp I synthesis

9b 3b

—sister duplex

" Key: - . Z : (;rossflink_ed dupleg; _

3°
5°

DNA obsahujici cross-link

Komplex UvrABC
(endonukleaza) rozstépi cukr-
fosfatovou kostru na jednom
retézci po obou stranach

DNA-polymeraza I rozsiri
mezeru svou 5°-3°
exonukledazovou aktivitou

Za Ucasti RecA dojde k
vyméné Fetézcl ze sesterského
duplexu (rekombinacni
reparacni nahrada)

Komplex UvrABC vystépi
oligonukleotid obsahujici cross-
link

Mezera je zaplnéna podobné
jako pfi nukleotidové excizni
reparaci (DNA-polI, DNA-
helikdza, DNA-ligaza)



SOS-ODPOVED

geny din = damage induced, SOS-genes (31 geni
u E. coli)

. Indukce SOS mutageneze

. Excizni reparace dlouhych Gsek

. Zvysena schopnost reparace ds zlom
. Indukce profagli (lambda, P22, f80)

. Indukce tvorby kolicin

. Zmirneni restrikce

. Inhibice buneécného déleni

OO0O00000
NOUMLWNER



SOS-odpov éd u E. coli

JexA

%@ Nucleoprotein //@b
filament §

I‘EC ]

Neindukovany stav: represor LexA Po indukci: sSDNA se vaze na RecA
za tvorby nukleoproteinového

se vaze na operatory asi 30 SOS- _ iy oo
genu a reprimuje jejich expresi filamenta, které vaze LeX a St epi ho,
coz vede k expresi SOS-gen U



PRUBEH SOS-REPARACE

LexA
(a) ,%,\‘\
DNA bez poskozeni m?
a2, o -3 T 4 & 202000 i = A
S Ofrec A] " TO[Eex AL [OL_X 1077 O Y1 "TO Z]
¥ \
o - I;-A [ AAA
= operator ec . - o
P Slaba exprese vsech genu
dh Ah AR
dAh dh 4k
(b) A
- */_\ ez ¥ o
s Silna exprese vsech genu
s n
X SRS () [7:1 IUI?EYHI . 2 X O (&) H I (& A
\ v v
e = ....

L ! ; 3 ecee —d AAs
Poskozeni - essce 11 AAA
DNA

Key: Proteins # Lex A; mm Rec A; ® X mY A Z,
wm inactive & inactive '

} Rec A protease; } Lex A repressor.

= activated 4n activated

LexA = dimer, podrobujici se autokatalytickému stépeni za ucasti RecA* (koproteaza)
helikalni filament RecA-DNA



SOS-MUTAGENEZE (ERROR-PRONE = CHYBY
NAvozuJici) - POSLEDNI ZACHRANA

(a)

o umu = UV-indukovana
W\ mutageneze
| — DNA-polIII vytvaFi
®) komplex s proteiny

UmuC, UmuD a RecA,
cimz dochazi k inhibici
opravy cteni

DNA

polymerase III UmuD se pﬁSObenim
o RecA méni na UmuD ',
——T reaka:evje v,éak pomalejsi
nez stepeni LexA a proto
Urmu D’ je prednostneé
l Umu C indukovana standardni
@ i S0S-odpoved - ke =~
5 > stepeni UmuD dochazi az
5,___L pFi vysoké hladiné RecA
3¢ w, i
© Key: Parental DNA— i newly synthesized DNA = Mutace faga lambda




Regulace SOS-mutageneze u E. coli

A
LexA

2% OFF Pred poskozenim reprimuje LexA
umuD  umuC . . ° v v
transkripci SOS-genu v€etné operonu
Fimee umuDC

Po mirném posSkozeni DNA se RecA
vaze na ssDNA za tvorby RecA-
nukleoproteinového filamenta, které
se vaze na LexA aten je Stépen —
dochazi k expresi vSech SOS-genu
vcetneé umuDC (trimer UmuD,C)

P b s Po vysokém poskozeni se nahromadi
g § % D RecA-np filamenta, ktera pak navodi
LA S 1 T Stépeni UmuD a vytvori se UmuD’,C.

— UmuC vazany na UmuD’ , je
DB DO DR . mutagenni polymeraza, ktera je

filaments
schopna replikovat mista s
poskozenim za vzniku chyb (vklada

nahodn é nukleotidy).

D

------GG-----GGI—---GAG-

_‘|'|'_‘|°|'_T|‘



SCHEMA SOS MUTAGENEZE

DnaB helicase

DNA Pol lil | Stalled

B clamp

\ RecA nucleoprotein

filament
UmuD’,C )

(ol 1) Diplacec

DNA-polymeraza V

Silné poskozeni DNA
RecA-ssDNA (RecA¥*)

Komplex UmubD " ,C

pUsobi jako mutagenni
polymeraza

=

\ Pol Il

UmuD’,C

TLS = translesion synthesis



Dalsi mutagenni polymerazy u bakterii

Polymeraza IV — produkt genu dinB u E. coli (jeden z SOS geni)
- Je pfibuzna proteinu UmuC

- gen dinB je regulovan represorem LexA

- pfi replikaci vytvari chyby i na neposkozené DNA

- vytvari mutace v DNA infikujicich fagl lambda

untargeted mutagenesis (UTM)

Biologicka funkce?? —umoz nuje replikaci DNA poskozené jinymi
typy poSkozeni nezt émi, ktera zp tsobuje UV



REGULACE ADAPTIVNI ODPOVEDI
K POSKOZENI VYVOLANEMU ALKYLACH

(a) ada-regulon
“““““““ [P ada JalkB] TP ni’k:‘\'[::: [PTaid B
"""""" A v \
WY = LR R A A
aktivace aktivator
Ada transkripce
(b) - P G
‘. i " " \
AT T CHy L "
S e e T T [P ada [alk B] """ TPTaIk A] "~ [PTaids
CH wems= st Al
- Y4 ’ WWW=: ‘A:
indukujici \__// 4 s
signal ’
;‘_:"::_Key:.Pruteins: m Alk B; @ Alk A; A Aﬁ]\j'.B; : ;;ng;]:g } activator forms o Ada

Ada-protein = alkytransferaza, Alk-proteiny = glykozylazy



Regulace adaptivni odpov édi

aidB

ada alkB alkA

I ——

l
'

=5
Ada  AIKB

L =

Ada  AlkB
— O

o\_%;e Ada ~Me
=G

Activation to
transcriptional
activator

11 2| Suicide inactivation

&
Me Me

V bunce bez poskozeni se nachazi
jen nékolik molekul Ada proteinu. Po
posSkozeni DNA alkylaéni latkou
prenasi Ada protein
(metylatransferaza) alkylové skupiny
z metylovanych fosfatll DNA na
aminokyseliny umisténé na N- konci
sve vlastni molekuly, ¢imz se
konvertuje na transkripéni aktivator
(1), nebo pfenasi alkylové skupiny z
metylovanych bazi na
aminokyseliny na svém C-konci, coz
vede k inaktivaci Ada-proteinu (2).

Ke vzniku (1) dochazi jen p ¥i
silném poskozeni DNA, p Fi
nizkém poskozeni jsou pouze
odnimany metylové skupiny z
bazi a protein Ada se inaktivuje.



O Vystaveni E. coli netoxmkym koncentracim peroxidu
vodiku vede ke zvyseni nasledne schopnost|

korigovat DNA poskozeni zpusobované vyssimi
davkami této latky.

O Adaptace k oxidativhimu stresu je nezavisla jak na
alkylacnim poskozeni, tak SOS odpovédi, a
nevyzaduje ada, lexA nebo recA proteiny.

O Vv prltomnostl peroxidu je indukovano nejméne 30
protemu ze dvou regulond. OxyR funguje jako
pozitivni regulator deviti gend, z nichz &tyfFi byly
identifikovany: katalaza/peroxidaza,
glutationreduktaza, mangan superoxiddismutaza, a
NAD(P)H-dependentni alkylhydroperoxidreduktaza.



Table‘ 4.3 Mutators in E. coli

moderate

Map
position
" Locus (min) : Specificity Strength Defect (if known)
mutT 2 AT— C:G transversions ~ Moderate  Prevents incorporatien
: of A:8-oxodG mispairs
by hydrelyzing
8-0x0dGTP
mutH 61 GC—ATand AT—GC Strong Lacks methyl-directed
transitions; frameshifts mismatch repair system
mutL 95 GC—ATand AT—GC Strong Lacks methyl-directed
7 transitions; frameshifts mismatch repair system
mutS 59 GC—ATand AT—G:C Strong Lacks méthyl-directed
transitions; frameshifts mismatch repair system
avrD 86 GC—ATand AT—G:C Strong Lacks helicase II
(mutU) ' transitions; frameshifts _and the methyl-directed
: mismatch repair system
mutD 5 All base substitutions; Very Altered e subunit
frameshifts strong of DNA polymerase III
mutY 64 G:C— T:A transversions  Moderate Lacks glycosylase that
corrects G:A and 8-oxodG:
mispairs
mutM 82 G:C— TA transversions  Moderate Fapy glycosylase
(8-0x0dG glycosylase)
mutA 95 AT—=TA, GC—TA, Moderate
and A:'T— C.G trans-
versions
mutC 42 AT=TA, GC—TA, Weak/
and AT— C:G trans- moderate
versions
dam 74 G:C—ATand AT— GC Moderate Lacks DNA adenine
transitions; frameshifts methylase
ung 56 G:C— A:T transitions Weak/ Lacks uracil-DNA
moderate  glycosylase
sodA 88 Weak Lacks superoxide
dismutase, manganese
OxyR 89 Weak Lacks positive regulator
of oxidative damage
genes
polA 87 Frameshifts; deletions  Weak/ Lacks DNA polymerase I







