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Fig •.. 1. · Appearance· curve 
\.;. , .. ; ... + ,., .. ' .. _.,.· ...... ···,~ 
for ·Leu· revertants· ·1.n·· a·'·' 

_sel~ctive~ medium .. with,n .. = .. --
.. ·,. 6; ~·: '"• ' ·. _, 
-· 2 ·10 ' ·cells~ : J.n ·'a··· colony._ 

-~:· ._,_ ., _<_.,__~ . ,-,~ .• ..-·- -'"' </: ••• :._-~-

Abscissae: : . days ::; after 
. ' 

-~-~"'transferring_,_. _colonies·-- of 

NA3..;.24 strain ·c:eiis' dn th~ 

~e~eC::tive medi~' without' 

ieucine. 0, ordinate~ i daily 
• ' !'• : < ' ,.· .... I ., 

1.ncrease c :Ln .. the number of 
) . . - ,~ • ~ ·..; • • ,. ., '\f ,_ •. , " 

colonies·' with '··revertants 

from :the:--'sample"o:f t(,;, 1000 

colohles'. 

'J 

J 

~; ,:~

'• 

.::! 
~ ,., •""· ,'- ::""· y,~.~;· ... ~ ' ·;.::<.· -t"'" ~- ~ 

based on the following·. experimental data. ·.Gamma-irradiation· .. . ' - ,. ·- . '. . ... · ·., -· ;·. . .· ";' ·:-.~ ' _, :· .. ;} "".- ,... .. .._. ~~ ... 
of. strain 'NAJ-24 cells'~ transferred' to· the'• selective ·'medium"'· 

' ,-.~ • '"'",,· •J ,·:..' ; ,;._'~ _.-:!_'., -~+ {) •> ,~ <', .• ·,.. .•H ,_ f' 

resulted iri ':ir:tc:r;ea~ing_,_ number ... o~: .Leu -revertants' ,in·_ the '· 
second wave; while the number of .. re.Jert~nts' in th~' 'fir~t wave !•' 

}. '-" - •. ' ;> ' ''·'t\'· f'>, ·' ,'- ~- .. ~< > ··:·, ··~·\: -- '> ·.,-

did'not change" Similar results-were obtained.after adding a 

small .amount of leu~in~ c2' ~g/l,) ,to the 'selecti~e ~edlum~ 
r' ', . .·. '·· \ ' . . . • ,.. ·, ·r~- .. - - ': ·, .. _ ' ·} ~ ~. ~' -- . . : .~ ' {! 

Finally, gamma:-:-irradiation "'of. cells 24. hours·· before their 

tra~sfer to th~. ~elec~i ve <med~um :inc:eas~s . ~~~:·.: ri\un:>'~~ of , 
revert~r:tts ·in _til~ c:!!:r;st.~w~ye, ___ '\i~ge·t:he,_n_~-~-;- ~()f __ r.~vertant~:~ .. · .. · 
in the second .wave. did not change. We can,. add ·another"· 

' ~ - .',;. '- . - -"". ~ 

imp~rt_an~, arg_ll111_ent !=:o ~h.E!:. ~.bC?ye:lliE!A.1:ioned ,ones. 
Cells of original strain NAJ-24 were grown .. in .. 20 , .. test 

• •• -- < : _:--· • ..... ·- • -~-.' '-~ •• -~.- '.:" ' l." \,'- -.:.• •.• • • •• ~ ..... , ~.;, .,.;, 

tubes, filled with. a liquid ,nutrient, medium until there were ' ' 7 . ·. ,· "\ ; ' ' : ' ' ' " '' ., '"' '", ,· ' ' ' '' 
2·10 -.cells in 1 tuJ:>e.·Then the cells we.re precipitated ~in a····· 

centr-ifuge,; .the .:remaining medium .w~s. washed off, the. cells 
~ • ~-. --~~·. - .- :·o -,_.- ''~}"';' .... _ -; '" ,. ':'""f ~ '_': " .• ' , . 

were. re'suspended ::in a ' siiiall amount 'of. 'water and plated in 
-:. •. -~. _- . ··_.~-~-: ~.- . ·-t'~._- --··:1...-·r' . ~··,, ·:· ':..-~·--~':""~ ~--_: .... _:., ,.·· --. :~ :: .. ·.· -~-

separate ···PetrJ. dishes , with a -leucine-free · medJ.um. .The 
- ·_~'· .. -· :,.,.,: ·.•· ._,., 'r·_" .,..· :;,/. ·-.· . · .. ,-1:- -,~-~-~:· • ·>·· ... ~.· ~~'"' 

experiment was ·•repeated three 'times, the'. results 'b£dng','the 
---: ";-;:·t··-{_..-..,_··.- -~·-··.--~i,--:·~.rf.\~~,..,. --~ :'-.~· ,': , __ '\f' ~=--·<· .-_.:_;:·.· .... -·!··.·~ 
same:" Table 1'·shows the results of one of the exper1.ments. 

.. ~. ~ .. n•:;~. ·."'.,:·I ;-·~.~}[2 \_.~."'.-<,~-. . ,:..-:.'.' !.f :::-
i;:' 
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Table 1. -,_,,~I~E-DEPEN~~N_T ~PEARANCE OF NA3-24 

' ~ ,. No •.. of .. newly. arising, colonies on day: Number of coldnies · :. .... ·; .. ,._ . -- . -· 
Tube 

8 9 10 11 
In first In second 

4 ·5 6 3 7 2 wave: 

1 

2 

3· 

4 

5-

6: .. 
'··' 

7 

8 

9 

10 

~- : ..:: . 

860 .~o_?, o ... · o .. 4 
0, 0 o. ';13 

6 

4 

5 0 ·( 0 ,. 2 

.. 180 .. 66 0 , 0. , L 
J ,__,_.,. :,tj. '4 ·- _,.' . 

•, 34. 11 .o. o, .... ,o' 
140 116'. 0 . ,o,, . 3 

98 15 2 

60 13 0 

45 11 0 

0 

1 

2 

0 

l 

1 

0 

1 

... 1 

3 

0 

0 

0 0 0 0 .. o 

0 

0 

,o 
o' 

0 0 
• .J 

0 0 

0 0 

]." 0 

0 '0' 

0 1 

0 3 

0 

11ur;i:,;:i_o, .. ,o. ;0. .. 2 '• ·. 0, ,,,l 

0 

.0 

0 0 

0 1 

0 0 

0 -·0 
L 

1 7 

0' '0' 

1 ,;,0 

0 8 

o· 3 

0 

0, 

\ 1260 
·' 17 

11 

246 

45 

256' 

115''-

73 

56 

0 

',~;' 

3 

1 

1 

5 

3 

1 

'2 

0 

3. 

12 . 96. 104 .. 'o 
'.~ '; ~ . . . 

0 

0 

0 

0 

0 

0 1 o ... : .. P .o , .• o._ 
0 

0 

.o 
,0 : 1>··2!?!> .:h-c:L1 

0. 13~·· 550 218, 3. 
' ~1 ~· • ~ -·· ' • 

0 ·. 0 

14 ... ,>.: :::?-L4o.;8 o ....... o ... 1 

0 .. 

0 ,1, 

o_.;. ,1 .o .• -c: .• ;<.c 771 

2. 0 . ' 48 
'r ""'"· 

15 

~6 

17 

18 

19 

.45 
14, 

190 

0 0 

') 6, ,0 

64 0 

600 178 0 

0 

0 

0 

0 

0 

0 
J; 

2 

0 

0 

3 

0 

0 

0 

1 

0 0 

,,0, _,3._, .• 4 0 ; .. -

1 

0 

0 

0 

0 ' 0 ' 1 

~5c 

.?_O,:c.:. 
254 

•.,778 

' 20 
> • ~ ' 

Total 2946 1256 1j~ 0 21 9 3 '9 10 20'' 4215 

The fi~st< 
wave ..1 

..::L·i~! 

The sec~nd ~; The''t'hird Sl ' X =222 : 

·~ave~·· · ;;,a.v-e·£ron't. ·;u2 ,;.i17649 

1 '~ 
1 

.. ,2 

-1 .,,....,·,_., 

.o '1 
~ j ... '•: . 

·: ::t),:/..: 
.0,,, 

33 
: ;:~;;, -1. 

=1.74 

=2~31 

~ .• ' •. ;. r:; '"'.~~. "':' . . ' : ,; ; : 
The . data obtained from 19 cultures are given. Cells. of 

·~· f , :·.... • • • • _,_.,~ ~ --~- .; ,• •k·•~'""'·· '·-\ 

strainNA3-24 were grown in test tubes with a liquid nutrient 

inediuin_ .. ·f~om' 2·103'·~a· 1~-~iJ7 cell~. The;/~~~is we~e wa;hed"~ith 
.wa~ei~ ;..~susperici~Ci ~~d pl~ted o~· seiecti~~ pl~t~~- i~~h ~umbe~ 

'·, : .. ~-_,.-~ -~ ··,. ;··-~_, ~~-~ -.}. ~.--.1-_' •. :--_:' ,'"i ~·j. .. --·: • .;;'~·...f.-".;.:·~,. ......... .-_·!~ 

given represents the sum of newly arising colonies for each 

tube on a given day after plating. 

,~, ... ,.,.... ........ __ .,... __ -- - --~---~-·-

,, 4'"·'"' ;; ~ 
~ r:, 
~· 
t:! ~u~.-4 ~--:<:-L.~- ··:~ ;._..,.'\.'-i ;-,,., •! 

'· ·-· ~; ~" :- ,; .. ..... 
;.\~~; .... _;;. 

i ~ t 
.L 

~~-:;·~· _" ; .-,• ~ ~;' 'I ,i. ·~ .•, ~ '}.-~·· .. ; ... :~.-<('~ ,. ·,'::),:;:·,; ~:~:. 
T~e:s;e re~ul~s, show, that. for· the first • wave the mean 

numbe! of revertants. in one test tube ,(x~ =:= 222) is, much 

smaile,r :than the dispersio~- ~f, the_ .. ~ean ~cur=· 1176_49)·:-,~F:~;. 
.. the_ second • wave. the mean and. the dispersion ... of the mean have 

.. . .. . : - . . 2 t. . .. c ' .. . .. . . 
_Cl()~,e_yalues .. (x2 :::.1.14,.u2 ."': .. =:=, 2.31). In the former .c~se .. we_ 

have ,a,, "jack-:-pot distribution", described ·in experiments by .-· ... _· " .. " . _. ... · ·. ; . . . .. . .. .. ) 

LURIA and DELBRUCK (1943) and indicating that reyertants were 
• -,<; :: \ . •. •• r ·' {~ <-; ;:· · · ,_ ·· ·: .: s • : ·. ~· : r .r:~ : ~ . 

formed 'before inoculation of the selective medium. In the 

other case the ·distribution ·'is ·close, to . the .Poisfion one, 

which shows·· that· ·revertants -·occurred.; just''" in ·the- selective~ . 
medium as rare independent events. 

Appearimd~· .~f reve~tarits in the; second and third waves 

cannot be·,ex~lained ... on· the. assu1~iptiori .that~ieveriants ·of:tfie' 

second an(( ttiird '~a~esc: Je;z.~ '!o'i:-~~d ;',b~foi~rfh~'\'r,~:nsfer but 

:~~~·aJ"·~d .:~t' · 1~~e :~~~au~~:i{;i~aii -~~id~ii·~~!f~n-·;~te 'un~-;;~--t~; 
· cond~t~ons of. no select~ve advantages .or .. because of large 

siz_e, . ~f . ~h~ -~olo~;·;:-- ~hl~~-. ~~de _it·, ; diff icui t to.. detect 

-:revertants~ It. !oilo0s._froin'a' furfiler ~et::-C>i .. exp~~i~~~ts~ 
· :···-~· ~-:+'"r ·· ;,c ... ·- .. ,, • ,;<-· .,..·.;':'tf' .-· -·<:-__ ·.;~'-··~·''- -,:-;. .. :·.•,,.,"', .-· ••.. "'; 

Revertants of different morphology from the first~ second.and 

third waves. ·(a. total· of 18 .mutants) "-·'wer'et individu:ally· ·niixed.' 

with cells of·the original' strain in the. ratio of 1.revertarit 
~ -'.·-.--,··:::_,4 ·-~~-· ':,_., .. ~ -~,_,:;.,;: ...... >!.. :_ .::.'..:..r:. ~-·,_.- :::.~ ,., ~·_·'"" ·-~ ~-.~ ._ 

to 1·10 cells of the original strain in 1 inoculum. Plated 
,;_',,'-;• '.·.-r- ~- -~"\~' :• ~'" ~-:.--.,::;::i ;'( '.-;'-1:_~~-·.,t· i--~~ 

in this way, · ·'the 'colonies were- growri ·on a solid culture 
. . .. , , ,, ,,, ·· .c',· • •-•·;.' c,CF 6~ 

medium .. until' ... the'- number· of.·cells~~·iri:'.a ·'colony·-reached·'3 ·10 ·;·--

Then·. they were transferred to the selective medi'um' without. 

leucine. , The:;·.resuits:~:_of' aH' experimerits .. <:from ;·this·\ s~t · 

unambiguously -showed ~that ther~ was no delay;:tn~ app~arari~ei 6f!i: 
a],l .. revertan_ts from ·,the, .three'. waves;. ·All checked • reverta~ts :'? 
we~e'- ,detectE!d .·already, :in the·•::first' wave~: :,The, results·: of .. S 

detecting_ 6·;revertants fromlthe second wave :.and 5 ·revertants.', 

from .. the third- .wave are .. given· in Tables• 2·;,md 3 respectively.:, 
, • ·• • ,.._ •. o• • - - o - ~ • • 

Th~!; I'-: rever_tants , from. _the :second and;, third 'wav~;; :c have 

the same multiplication rate i and are as ccimpetiti ve . w,i th ;, 

cells of the original, strain a~·, the-revertants-~from; the first . ·' ~-~ ,. . -~-- . . ~~-~ . - .. . 
wave. .• ,·_ . ~: ;;; <,' 

"-'" ..... \ 

Using the ... number .. of.-·,revertants .. -in.>·the'' first_ wave> to· 
< • • • ,_. --·- •• - "" ••• -!"'' 0 • "~·-- -.· - ......... ' -.. • " • • 

estimate the number of revertants in the culture at the 

5 ,. 
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2. APPEARANCE OF SECOND-WAVE REVERTANTS IN ._JOINT 
CULTIVATION WITH ORIGINAL NA3-'24STRAIN CELLS 

'· ,. 
' -~ :1 r; ',. _~:"·;dr ."" .. , 

.Number of revertiuits on 1 plate in: first 'wave 
n .k 

1 3 ~. 4 ~ 5 
,. -~ . 

o· 5 :io0±10 . 38±6 136±22 ':71± 9 
- ; ,. 

104±11 

1:io4 ' ·5 
-·-~~ ;~~-j~-f -~ . .:~;:· 

. 114± 9. 52±6 142±22 76±10 113±17 105± 9 
0 i~' ~i<) l :: r '.;"'·' 1 t·. ' ;:; ;; .. _, -ro-·;. 

:~.1~4- 5 105±14 '· 4_3±6 122±18 '. 73±; 8 107±12 ·_105±10' • .. 

'£ 

~-' : :::: L·: .. ,, :_,;, ;; ··.; 

Table -3. , ·APPEARANCE OF THIRD-WAVE REVERTANTS. INc JOINT 
- .. , - , CULTIVATION WITH OR~{HNAL N~3:-24 STRAIN _,CELLS "''''<. " 

. '! ~ '£·_:- ·.·,·: ~.-}_' ·'~ ... "' .. .;, : . ' ··~·?· ..... ~· 

..., I( r~ .. :\,. .-1~:-.·i~-;;.).~-~1 ,.-_ .:·i)~.·r:..,A· 

·-n) 
of .revertants on ,1 plate in first ·, ·,wave 

.~.·.::~'. •.• -~~~--~;~ _;~. ~- • ••• ,f t 
·' -· ~ . ' 

~; ,· . ' .. .'.,· 
150±13. ..... -;;:-)·~: . srt"• 0 .o 

t·;;:c 

·-0..-•1.3•104 ,:--.5~- ·,rr 160±10 .... --- • '..! ! :.. .. ~" • " . ·-

'5'·i;5~fo4 ·s .:.:ni'48±24 
:> ·L _: , o·;.6 t 
24 3.4•10:' 5 
•y_:;~ : :.':. . .i. t-.;<: 

f :; • ·,·,: 
143±24 
._.,.. { ~ \. ' ' 

·· ;.: 3_ '{r<~--

• i 

·.160'± 8 103±20 
' l t.. -· ;'"\ :-.• .. ·' l-~' ; ~ ~ 

154L6 

165±'9'' 

141±15 

' . 

?9±·6 

121±16 
~r ;·;.:_. 

;14.5~1? 

\',.-A'·,:_ 

5- ~ 

:,,, ,91± 8 --<! 
~- • ' : '~ " ")o ' .. 

163±9 

: 127±8 '., .. 93±11 >• 

'---~ ·•. . 125±ll; - 154±8 

,<,155±8 
':'.'!• '. 

137±17. 

.; .. Leu~- ·revez:tants of different morphology from r the ··second 

and third: vaves r.iere .. individually mixed:riith cells of.·ori.ginal 
strain ·NA3-24;dn the. ratio of.' 1 revertant· to: 1·104 ' cells·'of 

the, original strain ·-in 1 •inoculum. Plated in fhis•· vay, 'the 
colonies·'vere gr.ovn·. on a' solid lcultur·e medium· at~' 30°~ >··Then 

they. vere" transferred to· the 'selectiv~;medium ·vitllf?iit: .leucine: 
The dat~ ·on appearance' of' these ·rever_tants in~ the' first'' vave 
are:. given; ~ -- · · _, < :,:·;~ · ··1> ·• ' ·;, · . -~in·; 

·· t ·is -the: time· of.icultivati~:m i~· ~;lu:rt~:t~iit'inediuin (hou~:S'j~ 
n is the number of NA3-24 strain cells in i colony, •.-•·· 

•" ~ '· ' ,.. .. :·.~ .... r '~' ,,i,· •. '.;, i_-..·!··,- "':'·~--~~· 
k· ~s' the -number: of I plate~;: ·in the ·exper~ment;'' ·· , .. · · · 

.::j·rc · 3 "i :· ·; J:l.;,) ~.;_ .:_':' ~-4 .'£" J ~:.:; ':) 

6"\ 

!l 
(~ 
; ( 

~~J. 
., 

'·_(" 

moment of transferring the cells to the selective medium, we 
mar1aged .... to reve'al·/ adaptive': :·mutage~esis ... in ::the" exi>on~ritial 
phase. bf:: the culture'·:: growth~--t'or : Sacch'aromyces • 

1 ~eretfisici.'e 
. cultivated. :<in .. "solid riutderif"·mecii~ . with' differ~ht·' "ie~dine 

· •. . . • - • · .,._ ~ _ { "' r~ ~ • , .;,. ·- ~- ... , . ~. < .. ; ~ ~ ~ ~- o: , • ,. -, -. .... ; 

content (Fig~ 2) ;··shortage of _leucirie in a medium·~leads"'to an 

increase in the reversion~ ratE!' of·•· the leu2-i" niuiation' .:a'riii. 
• -· • • - • - ' ,- -- ~ ·~ • .-. ~ ~ .... ., . ,""" ' . • $ ' " .4 ~- ,·" i· ,. ' < •• ~. ·y ~ 

does not affect the reversion rate 'of ·the lys1-1'.:-'mutatiori~. "··•· 
.-.,!'' 

"' ;y 

....... ~-~-<', 't· 

Fig; 2.- •·· Rates· of spontan~ous :.c1 0 -e..--'-'----'---,------·--· _ _;_ _____ , 
intraloc'us reversions 1 o{'C" ~ . ~,, .•. · 

leu2-1 (.C:.) : and'Ays£:.:.1.~ 'cdj · 
,-.,•{ 

mu~ation in NA3-24 .strain {;1 0 !.1 

cells' c cultivated '' on t·Jii~dia nj'-; ·:::L.'! !· 
' c: . ~ 

witli'';", 'different.·: . leucine·'·~ ,;;;·.; 
: '- -~ '' ~ ' ,•- ~">'I.'- :-·-·-~-~)·-~- --,' i••i<---"~ ~ 

content. ·" The ''frequency ·is · i;'1 0 -s 
"l ; ·'· .- . -~-~ ,' "-, ' . • --' ,_.,. ~?et: ' _ .. 

expressed'· in 'terms of· mutants·' · 1 ;··'· 
, __ ,,c;.,tr=~-..' , ... c_--t .<;"';";; r-•. ~<~:{·-.·-" ::~"rl "~' 1---...l""'r 
per· cell'' per'· generation;" .. -. ~··-

-----~ .. .:~~ . .. t;~j{,)(_ .... ;;~-: .<t: 

}3.::-~·a-·~: -~_.:.,· ·~-.~- .. _.,-~·< ~-:·;·~ ·:··~· 
.. ' ' ·,, ~~~ci~;,·~~ncentra;i~ri. m~}l : 

L tt.~- ~ ,;_ ·5·, _ .. , j-;...;(., ,_ ~1\-." '-·1 

.'!:L . ..:. •":/1·;··:.·~ ··~-~/J:~J . ,_~),, .,.\..:~-f ~J .... ·~ ' '·"-;;.¥ (, 

'·•: :. 1:_;,_:_:; ~J~~ .(j..~'- ~\,>,.! g~J' 
~- _,_,... 

__ ;,:·\:' w .. ; .. ··~"£;;::£.~ " \ ~\~.:.. \ •>·-

r:··_:.::,~il- ~-:)ti ~:.:-!.:.. :~t!.:.) ~Jt\~t :~~'~. _ /~;'. ;-:'.;J·:-.:~r;;~.- _ .. r1f~. -~C.f::::.:; 

.> ::r <·~he 1C:a_~';l:, :,eP.o~~ed,,: ~n ~he:I!>~pe~,:.~¥ CHE_Pt11;Wo;.;;, ~IIG,IOV~:;-__ 
TSENOVA and BRUNSKOVA, (1989),' ,indicate·;· formation .. :of, 

spontaneous s~~charom;~es .. ~~r~visia~·-. mutants .. d~~i~~·. 'oNA 

~~~ii6~ticm. spontane~;~.-.m~t~nt~·~ did _ri~tc.:~cc~~~- :i~-~~t_h~-~':;lag. 
~~~i~d;' ~t~~i?.~~':Y .-~~a~~. b~~;.t~e ·c~~~~~~-- gr,?lrt:h,anci G~7ph~~-e:, 
~f the cell cycle _where .there.is no.DNA replication. ~on th,is· 
st~ength . ..;e a:;c;ibed ·f~~~t·l~~"'~£· ~ev~,;tarit~.:-i~ ~he s~lec~ive~ 
~;dl~ . (th~ :.'second .. .,;~.;~. ~f~ ·a~~earlJci.e) .,to,._'~esic:lual \·~~ll ~ 
g:;owth c~~sed by . ~ r~~ldual , leucl~~- .pool;. in ,c~lis~.:;:ThE! 

...• ~ ' ' ;. '·--' '·. •. .·' .J .,, ' •• ~' •. «' -· • .. • <" • ' ~ ' • • • 

maqni tude, o.f. thi~. re'!lidual. gro~h ,.,can,, _be,: eva~uate!l:. fro!Jl, the. 
~axlnn,:~· mut~tl~n -~ate. ~bs~~ed in our experiments <_wj,th ·JIIe4ia:. 

7 '· ' ' ,_. 
containing :o.3 mq/1 ,of leucine .(R "'.J.~lO- ·r•revertants per cell 

::_.. ... ·-~·'·· • ·~·.<. ...... -. '-•· '--·~--·'-'. -~ -- .. . ' - ~. ·~-- ~ .•' ·""'" ... 

per generation) and: .. from the number of,.revertants. in .,the. 
[: ' ,• •' • ,< \ H J< i: •-::-", < " <" "' • ' • • • • 0 • f ,_• ~ -- •' ' - < , "c , • _, ~ • 

7 



',: 
'v4' : •·. ·'·, 

second wave of appearance. Calculation shows .that if only_10% 
"' ./ ·' k • ...... "•. _, -~ •• ,. - > • ~ '.· - • .. ,,_ --· • -~ • ,. < • ~' _. • • • - ••• • -

of all ,cells . transferred. to .. the,,selective, medium. divided, it, 
,.· .; -~.J ••• : •• .i._, .• ;.,. -~:· '· . ' ~>·-~". '¥ .. >•"'·• ··•. ·-.~ '. .··· .. ':.:>... ·- .. ~ ' c 

would .jus~,i~y, "t:~e · numb~r ~f , sec_ond-wave .re~erta~ts obs.erved, 

in·. our. ,experiment. The .scatter in; ,the . number of.~ cells.:· in. 
--· . ~·.;._•,_, _; ,,:,. . _ "· .• .:,, ~'-'"-!".._,•, '";"' 1\.:.·~, ,. , , ; _ . ~ ., , c.· ., 

colonies. and the experimental , error. do . not . allow the .10% 
f.J"~ d j.' • - .,; ·· ·i' ·" "'-- ·' ~ ' ' ·' ·•' ,· <.c' •'.- -·· ·• I • .._ <-- ' •, • • • -· •· • , ·, 

increase .inthe number of;cells in,a.colony.to.be,registered 

dire~tly •. ,Mi;r~scoplc l~v~stiga~i~~ of eel~ ~usp~nsion~ 
showed that ~ithln .14 da~s of ' i~cubation of cells in~.· a ' 

selective:_medium the .number, of '·cfells. in 1 colony fluctuates 
...... ; : ~. ,_.. ._, ' . ' -; . .. ' .• ,. ':... ,.., :;:-

within the limits of the experimental error:·.equal to, 20% ~·:For. 

:this reason we . tried·, to evai~ate the.· .residual ~row~ll· 
:· . • • .i.~~~·- ~ • ,l: • • •• '~-

magn1tUde 1nd1rectly. .; .- .. '' ·: 1 ,3·.:::L. . .• 

, . · After growing NA3-24·~·'stra'in .cells in a culture ·medium we 
) • "., • • " • .'·'• - •. " •• , " -:;.., •• - - 1 >...-~ •" __ : • • ... >, • • • ••• • ... 

:transferred:' them to a 'leucirie:..:free, selective' medium and.,to 
~ • 0 o,: , ot·~·. ~··~'_t}•' ,>, -'" 

0 -~--· 0 ·~-f,• 

:1eucine~free medium with 6N-;hydroxy-aminopurine .(HAP),. which 
'--~~--~·-,_~ .. -!-' .• ;· ~ · .. f'. '•';*.· ··-'~·· ., J, ••• ' ·;:- ,-·-· ... ·~. .. •• ·-'" 

'is an analogue of aden1ne ... (SHCHERBAKOVA and .. PAVLOV ~1993). 
~ o -~,.,·:''~'" \, .<"' .; ,t) #'.''.,( -i< '.!.• ·~_:;,~.vi 

Substitution of HAP for adenine' in DNA. during.<DNA'. replication 
: i., • • ·' • -~!" ., .. ,. ~' • -"0.• ..... : .·' ·.;~~/·· '-";·:.t ... .,,·· ...... ·· -~~,.'1'-:';.f-'_: ,. 

·results~::in a· ·great" number of direct mutations. After keeping 

·c~lls ·ik a~(s'e.fectlv~ . medi~nf'wl th and wi tho~t HAP to'r. 1, . ·2 .: a~d 
3 'days'' ~'the"' cc)l~nies were transferred. to a medium'•- with 

o:-aminoadipate for 
+ . -

determination of direct : mutations 
ADP ---+ adp (CHATTOO et al. 1979). Three days 

cells in a selective mediu~ ~l'i:hout . HAP did not l·ead" to 
keeping of 

.... ,~ . ·~ ,~- .. ~ "'-"-..'; ~·& ·~"'. ,_ .l ,' ""1" •• ...:-·~. t • 

format1on of adp -mutants~·wh1le keep1ng 1n a se~ect1ve med1um .. 
·r --·· ~'··.,,_ .. , . .- , .. ,~, .. ,, :"--;-~ .. _:r,•'tt ~"-~ "!"' • ."-<;'·.' ·~·-·"": ,-,-~]'"",-('':~.-5 

with HAP·resulted'in forinati()n'of 12 adp ;..mutants'.(ri =·9·10, 

N:,~-, 1260) .'''Prellmiriary e~pel:iments shbwed that the f~~quency 
•" -' ' - "'- ' ,• - ' ... ' '.. . -,.9 ' . ' "'' . ··-of ·direct· .. ·adp -mutations·•· is· below> '1·10· .. ·· when···cells · are 

; . .· .~- •"}' • .. ~ ~ . ,, . . _,, f' ···- ,~1-: .··. :· .• ., -- - ' \l''-'"'" .• ,r,;.--::. .,·~· ,.- ~ *'-~ ·"'·~ 
cultured'':1n· a • medium without HAP~· If:· a.':. medium w1th HAP '1s 
'' ' ' -~ ' ' •• '. ' ' ... ,. ," t• ·" ' . -.' -., '· , •.. >• - ,. ' .... -7 : ,, . •' •"i ,' '·, 

used, .the mutat1on. frequency· increases up to 3 ;10 ~ · W1 th the 

freq\iency' of· , adp -7mutants ' pe~ ceil 7 'per generation/ equaf yto 
3 :io::;7 ' . 'the''' resfdua1':ic)i·owthc;; in\ the~' selective:· medium is' 

esfimat'ecf fo be; 4~8%i~Of· the total number of C~ll~i •transferred 

t() . the, s'elective mediun\: Obviously; . this increase . ca:nnot be 
registered' directly~';·:';: • ':C. ': .. 

1 { ::-; There''is-an~ther ~pnenomenon ass'oclated · t.fith. formc:ttiori of 

spontaneous,,, mutations, which we obse~ed when stud}Tirig 

8 

,ii_ 

adaptive- mutagenesis. It is partial,· disappearance ·:·"of2 · 
.• A• . ~ 

reversions· as the selective pressure was reduced. If a 

culture with revertants "is,,transferred from a medium with low 

leucine content to a medium with·a higher leucine content, a 

P~r:t.,of rev~~tantf> cUsapp.ears. (Fig.: 3)·>They:,disappear in the 

per~od :betwe~n t_he end, of ,,t~e G1-;-phase, and :th~ ·beginning -of. 

. :the S-phase. of, the next cell ·cycle. ,It is "newborn" 
0 ~ e ~· > 0, j > -..._' - - > • 

reversions just formed,::· in th~, previ~us . phas'e ·of. DNA 

repl~c:,ati~~ that disappear:,·: (LY{!BIMOVA · <:tnd.; CHEPURNOY, 19,92; ' 

D. F. STEELE; unpublished observations). It: is .not ,.improbable 

th~t _ ~hls p~enol!lenon ls. .a.- ~a~ifest~~io.n',,:.of . adapthre 

mutagen·esis or. ,is .closely "related.-to it-.· In 'any, c'ase,. it ca.ri·;, 
• • • ' ···' ' ~ < ~ ' • • •""- ' • • • ... • • - ' • ' - ' " "' ... • 
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3. .• .Partial •' ··.:· .·.. '•. + 
.. disappearance ... ,,of" Leu 

• • ... • ••• •• 0 • • ~: < <:· ' 

.~~yer:t(i!,l~S ,,;:·(:J r· ~ .'~fter 
·.transferring NA3-24 . strain . .,. - _,. ' - ' ~· - "' ,.,. ·~:, · .. --·~' .. ~- . . ' 

cell, . colo.nies '· · from_. ,.the, 
i " :~.-- ··.·.:; ,:. . --·.. . . . . . '_'.: ·,. "'-~ ... 

medil;lm .w"i~ll ·.3 mg!_l,. (II~) oL 
leucine on the medium with 

~~0-(Q), 10' (6) and 5 (V') 

mg/1 of leucine. Transfer 

from the .me~~um, with·,J. ,mg/1 

·of leucine . on the medium 
• ~·- ~· 'l ' ' " 

with the same j mg/L(D) 

of l~uci~~ doe~.not le~d.to. 
. ' . . , ,.-. '~· 

disappearance .~,of 
re~ertants. ·The ar~ow p~i~t· 
at the moment of.transfer. 



be . used . in furth~r investigations 
spontaneous . ge_ne mutation. 

of the 
;,; 

nature . of 
';/; 

~t:~"~:·~~·J~~ 

~· CONCLUSIONS '' '-.. :f ). ', Li;~~ 

> rro sum tiJ;/i: we wou1ci like to 'stress that>· using ·.formation" 
of'reversions of ·}eu2-1 mutktio~· in 'sacchar~myces cerevislae; 
as·;an' example we. managed to 'demonstrate . the presimce 'of: 

adap~i ve ; ~utagenesis in.: ·;the ' exponential ph~se ~ of c~lture . 
growth for cells cultivated :i'n-'media· with'different 'leucine.· 
content.~ The mutation frequency. of 'lys1-1 did not ch~~ge ln 
this 'case .. Re,;.er~iorii~of. leu;-1 mutation' are formed ·ln the. 

co~rse of DNA~·r~pl::rcation.''The reverf;ion frequ~ncy depends· on 

the medium in 'whlch the cells ar~ just at the moment of DNA 
1 /-:;:. ,. < ' • -:·· < 

replication. Adaptive mutagenesis is also observed after 

transferri~g c~lls t~ ~ .. f;eledti~e' ;;~dium, whi~h is a result 

ot · resiciual. growth tnCI~fl:>:th~ ·~o~d.itions of. acute. leucine ' :;./"'' .~> ...... ·· ~~:: __ :. ,:·''·/'"'~~ '<·-, :·;\ ·;.',,"".,:_,~-
shortage.''·'A ·great' number ,of revertants' during the resid-qal' 
growth. in the selecti:.,e meclium is .. caused by a high mui~~i~n 
fr~qilency·~lth fe~:ceil divisions. As the iele~tive pressu~e 

:_ • ,. - ' ' ., . : . - .:··· • ... 7. -~ ' '~ ' ( ;_.. • • • ~ - > ' . - ~ ·: .... 

ded·eas·es/ :i:Iisappearance':';:(reversibility?) 'of"_:the "newborn"'' 
' ' • • • ' f - • ..:.. • -; ., -2 . ';~-·. <::;. • • ' • 

reversionsis observed. 
"\ ... ~! 

-~ 
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Jiro6HMOBa K.A., MeJibHHKOBa JI.A., qerrypHoii A 
MarrTHBHhlH MyTareHe3 Saccharomyces cerevisia 
MHC-penJIHKaD;HH JJ:HK 

Ha npHMepe o6pa3oaaHH.si peaepcnii MyTa:u; 
cerevisiae ]l.eMOHCTpHpyeTC.si HaJIH'IHe a]l.anTHBHOr 
a.TibHoii <f>a3e pOCTa KYJibTYPhl npn KYJibTHBHpoaa 
HbiM CO]l.ep)KaHHeM JieHD;HHa. qaCTOTa My~poBaH 

-· H3MeHS!eTc.s~. PeaepcHH o6paayroTC51 a xo)l.e penJIE 
30BaHH51 peaepCHH 3aBHCHT OT TOI'O, Ha KaKOH cpe)l 
B MOMeHT penJIHKaD;HH .D:HK. ManTHBHhlii MyTa 
rrepeHOCa KJreTOK Ha CeJieKTHBHYIO Cpe]l.y KaK CJif 
yCJioBHHX pe3Koro He]l.oCTaTKa neii:u;nHa: OCTaTO'II 
aaHHIO 6onbmoro 'IHCJia peaepcoa Ha ceneKTHB1 
llaCTOTbi MYTHpoaaHH.si rrpH Ma.TIOM 'IHCJie ]l.eJieH 
CeJieKTHBHOI'O ]l.aBJieHH.si HMeeT MeCTO <f>eHOMeH H 
HbiX" peaepCHH. 

Pa6oTa BhlnOJIHeHa B Jia6opaTOpim .si)l.epHhlX : 

llpenpHHT O!YheJ\HHeHHOro HHCTHT)'Ta siJ\epHbiX HCI 

Lyubimova K.A., Melnikova L.A., Chepurnoy A.I. 
Adaptive Mutagenesis in Saccharomyces cerevisia, 
of Mis-Replication of DNA 

The presence of adaptive mutagenesis in the , 
cells cultivated in media with different leucine c< 
formation of reversions of leu2-1 mutation in sa. 

·mutation frequency of other genes is not changed.: 
course of DNA replication. The reversion frequenc 
which the cells are just at the moment of DNA repli< 
is also observed after transferring cells to a selecti 
of residual growth under the conditions of acute 
number of revertants during the residual growth 
caused by a high mutation frequency with few ce 
pressure decreases, the"newborn" reversions dis; 

The investigation has been performed at 
Problems, JINR. 
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