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Foiloviin;; is tne ti'anoL'-tion of'~ a t1 ,y

11--, -ca in tao-l I ISin-*Lanua~o paiioLJ ____l

(J ournul ofi ,1icx-ob jioao6y0 !).'..:oLoT Lfl Ufl0-
bi olo~,y 1i~o 6, 19G5, Pac;es 129-33. t %""s Sub-
.alitted on 6 Jun 1964.7

It is knoan that the chatical activity of' oytcsilno (o0;.,i
ofV -..ts corivatlves) in DN'A during ti-o reaction vith 1r:* roxyl,''..ino.-1

difr Ivrm the activity oil tais base in froe nulozido(ro:

~ ;odll,1061; P'reese aria associates,, 1061; and othroi:',. 2i
c.L2..o.c,,o may be conditioned by two c..uoos: £i:t tho il
a ioo > tively cimrged polymner, and secondly,. in w-oJL tc
baSo aro storicaiLly f'ixed by ineans of the 1omtOf 01'~oo t,-o~n

~oJjbet%-een the pairs of' basus in thl-e two 0o.o~tr 11 1:
o.L 4.acireforc any specif~ic cytosino base willl roact wii.

.,,druyamine only upon disruption of the centirety of the h~uO
bonds *it is necessary to noto th~at in t~ie schUemo of teo ro:act~ioz
of' aydroxylaminu with cytosine (Verwoord and as i I OClt05.s 10-6L)
tnero iLs a Joininf- of' the second xnlocule of'hdoya~n
t!.e liberation of' az;nnnia, T2he e~au with which tiis to
flows slioulu be determined by the lability Of t110 ""!1111 02o~ 1
cyto.sino at the 6th carbon atom, which by means o2 hydro .o n
bound %with ,uanino,

it is 1Unown t!Ltt hou tin, lo.As to brectkdown of tue hiych1,o-Cmr
boncas botwoon tho two chains of Thus at a tomn)0orattu'eClQ0
to 63 the-Ire iS a comploto splittin,.. of' tiine,4d2 in tho i ol '
Lx~ctorio)i~e. Consequently the am~ount of~ cytos3ino int ~tVo
stAto' zhoulc incre~ise wita an incrocso o.L" toiiicraturo, Ln ao
..t,, in thyius D~a-considerable increase ac notoed in t h o tPoLo
o2' tau reoaction of' hydroxylainino with cytosine in rio '~t
tiiw aialo -ous i'eaotion 'In native DNA* By itool~ yL1ain
di~d not oxort any noticoable danaturin(: o1'aet On iQanu "1W,,
CUid not influonce its hyporohroznic ei~'0t (ijrOZOVa and-:JU~

1c-I1. )t the saiao tinae tlie i,,atrix, activity o.L '*' is rdaucod
* .,- oro shar,)ly af ter troutmont with hydroxyLai.no of dken,, tur. d .. ld

not naieDi~A (3elmaan, 1964), .4, ttI rsi~t ~~~:
only trout:ient of donuktured (heatod) tran1'oriii-ij; D.~ ,

* w.LtA nit'rouo acid made it Possible to obtain a na~ u..iber oj.'
tra,,i1'ormod rosistant mrarxers to 5 various ant-lbiotics (h'!orn ,4id

.,or ott 961)



inr Ulio viorl b,. i2reee and 6track (1962) it wau j tt
t~sQa~Qf1~o2tnc~nn~D.;.k of tao prototro.! .ic .2w;:i o2~

t~i '%.t1I .I~Ydroxylumlnc at a trerrofoI (;0-000 ol, L:,,jCr

a c InmcJ. b y u ons 1 d;r,,bl a itano ii cat 1 io: 02 izo ;a.
tv .~,il: o1 tyJ10~~;0 L is pxtbb3 taat toc2~tC

3.ficuVtiLon saould bo aif.1'rent in tsio induction of tttoa
V~iuzoianisms or in so=. speocific or,;uniam onl divol~o

loc- , if ono 1koo,) in mind the possibility of ii :~do'n
i., t c Liv a1 .lity" 2aroa, mut-aLen (Lovolez;C, 16XO) 0 a
-U~rn Lwxbi.ityr of~ loCi 1may be doteminodj bota by vLaeir uL

ux toil tnl o 'U.I. mzaj and byj tkleir Aetoro~onoity oiln air I,,2.

.III j'tjC.ys1:;, coiiductod by Vroosc and 6traoz, t~' tha t ntI.;v~
izoJatod frc,, icrobes posesses a 10Ossr CLaCity to 1"oaCt

vi miiuta:;en thaan D- .i which is packed i"n the h, ;- of a -;a 4.zti
1o (froqruoncy of ,,,,utation iii T-1 phaje wiar. ,,vater by :iaty

1000 tLaezm thian in transforinn DUA of .3, subtlis). >iaan
tit .Zpe ci.ic structuros in pha o Dii are m2ore fsil or

,xata;en tan in DJ.iA of i3. subtilis.

Lbuvin~ an Investi :atIon of tao reaction o2 hl:~:va
c-%tosine in aii d Dait was noted I.,~or C2L "

,wsvmcl t.i oL incub"--iton *tmo ciianao2 04. sln~ Ou.. ' * n.

~. DA uz2c otz)rs of tno raoloculu ar, . %ditumd ovon 'U
and i,:nt;Ia~ioloculoar denaturation incroaso!; vilti Ln -Icw1-,,( oZ
*Lulatlivo (17ojer an~d Tihomas, 1961; v'vidusonol:,~ 1032 iro:e
Davison, 1063).

"telluling- fromi whAt was said it can~ be c_:.cctod tia ttrt.at
of :;aoiua bacteri)IiaiSo '1-2 ,.Itit nycloxylai~ilnu at Ic..

te veatre should load to an .iLcroi,se Ln tri rn o of tlho rvoton
.. it yd,(roxyi.atiylcytosino In ~IaaCe 1%;. both In tiiu ini'liLil anIC

~nta~a~o ~a anoI causo a aonsL,. urable a ci 2.t ~
t: Z~Qtimo It wias aiso QO b~to ox.)ocCt ta.t ~t Cw

'L ito of mutation would b,3 c 'Lfrent on ~~aO~ata ol
aiu d, ciled to oneek tae coi-ructnons or bot~i ~.t! i~
.;oal -n anLI~ysiS was mnade~ u2 -'1nc4uct.*on of r- and 110-11atLatlon: 0 2.-

.;:nt reatm~ent of u: tx'ucollt;J.ar '1-2 pha~o with 1 _ olutlon o.'6

~i'.iatciby% me~ans of dilution o2' tro ItCod ha~In iu
±n~aor baoetcavi- strai-i6 we u . ool I

OIL tota..l a;ai~unt of 4,otive i a:e purte2.D . t.,
'L t.i riutai.en, nna2.ysis of' induction of i:.~oaad2~

orption of~ tr,.ated phnoo and , ~ coli2 a .nito
Curin,; analy.4is or induction of nh-ruttion.,

2.



10i1 ure 1. iroatiront of extraceJllular T-2 pha-a vithi 1 .. o1 -tion
of laydroxyl1umino (*1 1AM ~ACl), pH1 6.0 600, n. 1i nirno
acetate buffer (pli 3., 1 1,i iiO1, 37O) of pha-o after ott
treatniont withl hydroxylainine.
1. - '21'eat3Jont witli hydroxylamino (p11 6,., 600); 2 - ondurano~ at
600 of Lintrelated phage (control); 3 - andux'anco 01' trQLt thaj
in acetate buflfer; 4 - endurance of untreatud phaLse in aoitawo
buZfi'or (control) .
IKoy,- (a) 1lj of survivinG phage particles; (b) tim or tr~tot.,01
(in minutes) .

~,2o 4I
/Vo

IsU 20 #0 it toI
-)"#.f 4FlP~kAY (/NMM)@

v'i,: -re ~.Induction rj' r- aiid hO-mutationz; ol' -2 2hu;e tj
troactiwt with hydroxylamino-(p4l 6.0, 600) ~dwnt*t6 ~..j
Is Ic pt in acotato buffer (nuzmiibr of mutuntr to surv.*'v~flJ *

1 - induction of r-imattions; 2 - induction 01' ~:ttu
- .1miuction or r-mutcations durin- mairkoc A. 0j. ~ ~ .

* n %ot"o buiL'r; 4 -tests on r-3rautanta 'n
=nt;6 .ted haj n ifuotate buffer (control).

.K:(U) number o: r-mutantso, z/y/xl0-b/; (L)) nwuifb% ' orL i.%-"tzo.-,O
*.V%.0~/;(c) time of treatent (in rninuto).



y~iynin (~0O)was multisi-ocic. aovievoi-, doat.h o1'jaf
in Only after a cortain "Lnterv-v.l ol time. T1ho number of -~.t

i~ x, s ;Q 't to survi vin:; i'ncreased li±nearly t1-OUL,,hOUt ti-e WVG22.-
oi' treatment, while tiio induction of' f-uaio; orlt±

oau intorval of tiiiio Lollowioc a rilore complA~ de,)ondo.-co ('~.2

DLurinz, the calculation of mutagenic activity of hydroxyl-minQ
it ca.:n be assumeod without 6reat error that during' the flx-zt 10
miinuteos of treatment tine rate of survival compri-sed 100j.% and,
conzoquontly, induction - the increase of' absolutU'e nwuibur of ii;utant

fom or tinis interval. of tim~e - can bo expreSsed as a .1unction
oj. do4;o of 2uta,,:en - tixio of treatment, Tile ti.ao of treatmnent,
aqual to 60 minutor,, made up the conditlonal unit of dose.

Induction o.2 both r- and hO-rnutationz at 60Q0 proceeded at a
considerably g-retor rute than at 37O (Fjr j5).

'nother poculiarity of ti-e process of ia.-utati.on of~ lia-e at
600 was thae cons icerably Greater lability of the r-sys tor in
corparison with tiw h-systeme

/4

.............

-

i;ue3, Induction of r- and hc-nutations of T-2 paO drii ,
tzrcatrnont w-.ith hydroxylamine (pl1 6.0, 600) ("aoiuto valuvs).
I. - induction of' r-mutations (600); 2 - induction of r-:.utatio ..
(670) (uontx'ol); b - induction of hO-mutations (:OO0); t. - i~o
tion of h0 -rutationz (370) (control); o - tarts on r-.-,utant--
(unreatedi pilae) (control); G - tests on h0 -rautatnt.- (untro"..te 1

i.Cy: (a) wvora-e nwuibor of r-uiutants *)er dish, m~; (b) ..vera,,u
nuxiiLor of h0 -miutcants per dish, rg; (o) Dose oV mutaons ~

4.



On tho oasis o"' rccorlbination . cnetic tcz-tr it L-, dr~s~
rta at al.- thle time vhnon1 x sez".ionts on tho ,-,net.*'c r.ia,, ol' '2-,'-1 ca~
iophaf-e; (rI, x-ll, rnh) have a quite lar,,L ex tunt, -ino li-locw;
consiciorably smaller In saze (Shtrayzwinr)er and ;'ran'Clin,
,jnc tiie action oi' hydrox~yl niin on 't~ ihal 0 ... , is C(;" co. ",.n 11
only by a chanlao in hydro.xyrlothiyl,,,yto ;ine, than ti *" d - Ci;o 'n
wi(* oosii-t o~f the two onetio areuL:, whiich iwais inot(a dX'
t.;le,-tiAoflt o!' rruta~con at 600 may be connoctod with tho *r v-niouz;
lun -,th or with hetajror-oneity on pairs of' bases of aie-~~y
11othay2cytosine (G-1-,~C . Sectors of DlIj with ace x'uation-, of
of are i=6 stably bound and,, consequently, shoula be iaono
~i:-6s-41;nt to hetnH.Ieatin6 up to 600 -alone did not laud to an
i.-cruaso of? imutant fVorms, Therefore muta; enosis under tnese Uun-
ditioni cann ot be explainod,, taicint, Into considera.t'-ion only tho
1LosibIlitios of' a certain dedurinization of~ ("Preeses iAbO).

It was shown in a number of~ workcs that t*hs-, ,,ita,an.Lc atv
ol' hlydroxylawino cun be chaiijed 12~ oxtraceil.ular '- toh~
Is tr~eated (4chuster and Vielmet~or, 1061), and tilso tho

tobacco nooqaic virus (-'.'chustor and iittzaan, 1963) vit.' v-arious
Al vi2.uos f7or the meidium., 'n 4-nereaso in thidcto ol' 1r.utants

asalso obsevved with an increase in thu concentration ofyno.
u.,:ino (Fres et al.j 1961; roose and Strack, 106~2),

.Lecordine; to the arran,.;oment of Vorwourd, oloi;t-'a.ct
oil' cytosino withi hydroxyluinine several -ntariiidiat; roaction .::'odi.cts
;.Vr ZArnod. low.-ever, up to now it is unknowUn wiilca oi* *&'-.i-;o
io tiio .,iost res .,;onsible 'or the mutation of'cct, sincu i;'Lit, 02
theo rn,.otions in each of' the *ihasuz have booin .'tUdied littlo.
iusod on certain findin,,,s (Schuster and 'iittrnan, lQ1 0e6c,2as)

.o~i Li Interruediato roaction products ana also tau cihd ~Mc
(araJ.)ay tuake u? the function of thypi. na, thus a

Liity of' localizod -.rutation. dere' the inItial A1*oJ.i'-..
bazus coivert intoo an p ~air. TIhe convertud cytosio ill wct
.. j Ln ,.nulo,; of thyriino duo to the fLoct Ciat, of~t J .i.

... rro~~en at A.-l can 2arone OfO)orlJ With ti-10 *44-L 0.'au:i
d oeoW n o t Intoraot storioa3.ly with the iiydro,;un atoza ,.-! Of'~
Un&. seondly, it is naely thu ilydi'exyl i iino- Or 1zto" , Lu t
Liuo 6t.1 c&rboin atom of chuinud eytosine which C~n uorvo L&s~

:.~~uc.~o~,~ioin; the forna uon or a bond ~~. i
o1, 'iin.It can be assumed that tile bus. .o iwuttiun fuLc, ok
;-yd~ro~vyla.1no is conaoctoci with tho 1'orinration oZ urael. or'
liko con,-)ouflC±, sifloo the transitlon of otnor ' intor::i0U iato 1, o

.o~tacts inlto rare taultoraerico, thyiiino-lilco fu-m .1414Ulc oi
* otud with a supplementary oxponditure u&* ..ury 12oi t~wi&-

h~ ~xofi thi's wori was a chock o " zioo~t. o.' t2
studied the indluction of r-.Mulkationz ini u;tr a cu-' I r

'22 .~y~which was treated with hiydroxyluiino (..70) z'Vr C.



intorva). o,' tino (6 hoars). The''an vie tracooi taio 0116u.aIcu of 1
2o-, scvoroj. l1oars in an acotato lbtu'er (A 5.O, 61/1)) * u.-.d on t
arr~rL oi~icnt of the ruaction ofC hydroxylLwiinu with cyto,';I-l ' at C

lo:ivalaio for tho moditun there is a Lya- fom Ato .6LrLC.
in th~tinterval olf tilne wie took probes £'or an analyaiz olr Z~t
nu~iiboi' ol' active )~~ articles andi mutants, hLeiiovu2l ol '~aa;r
-uz acliovudiby l13-]iour dial, sis In runnint. wator. 121io coritrl
wv Ln.yo which durinG the sazie interval off timec wast found In an
accotato bufi'er (see Piu 3).

'Lo roonuts of the tests snovied (F3 ) that vurvi*vnl of
hiydroxylaiiiine-treated johage (at Qikl 6.0) was accorapaxnicd by &n
incroase in the nuinbor of r-mutants. jit the samea time In a con-
trol experiment only inactIvation of phaee was noted, and not thec
.iduction of r-mutations,

Conclusions

L. JI-Orcatmont of extracellular T-2 bactorio~pha:-e ihydcc-
amine at 60(tied to an increatse inthe rate ol' induction ol" r-
h'-m .-utants 'nl connection with an inraeIn tho rate o," thQ e-c
ti'on o.C hydroxylamine with h-ydroxyraothylcyto inu in hL .du

to a break in the hydro-en bonds and an increz.se in tna iLnitial
rato of the reuction,

2. The different incroaseu in the rate of' rautation in r- arnd
h- onetic loci was conditioned by the 'hateroiuity of" t~larea
based on G-1.10 )airs of bases. B~y moans of the solactio., of t~r
ature in combination ith treatment by rnutaren, it is jrobably
-)ossible to achieve a Greater selectivity of mttntion.

6. T'he ohun,-o in tho course of the roaction of yoylin
witih Oytosina (hydroxymothylcytosino in D.'A of T-2 ~~o)t ~
side of forav;izton of uracil or thymine-1ik,. compound:;, 4zic t

a joa tor do-~roe than other internediato compounds Iu eO i.-e-
sibla for muatation ohan ;es, led to an increase In thie r:atQ VJf
inductilon of r-3nutationso
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