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. and fo ici# oqnivolonoe boWoon adoiTÜm mid tliym iaq, mid botnoon (^loaiino 

and oytoaine. % "*ray 'd iffrao tioa  otudioo on o ry o ta llln e  fib:(?eo o f 

a lk a li motal, s a lts  o f MA (Wlllcinoe otokoo 6 JUnon, 1955) Watôoa37 ŷ .yr\y- 7:\''7 r "zz: -7:7 /Z'̂ iyiyy-'y-'07Zylr-'iyi/'/y '' ' 77\ yz. yy-yry- y; /-'. xyi; -̂v y , ■. '7i_.r -y -''̂7z- "y -y./.. /! 777/;/' =/.a: \y7vê̂ ';.7.:/yy''.'-yy '
 ̂ ' r - \ , :

di B riok {l955) .to  %)odtnl# 0  % o 'ô trao tn ro  o f na tlyo  WA ao oouo lo tl%

' ô f .tao ri0it""ho%(loâ h o lio a l poiyim olootidb olimlno o f opposite p o la rlt^ f*



'ïocaroBi) yioighboiir onalyslu of the ) B i basoB lh\o sinoo,

qonfirmod that the ohninu are of opposlto polarity. (Joasô

6 Ko mb erg) lUXA)# Siie bnsou are on the imcido of the n'oleoala-

do, that thorô is ' hyd;ho6on bonding hotvoon' tho pyrimldim hoooo of the - 

om strand mid "Wio pwlnq haoos of tho otuoxs U?ho planoo of tho 

aro:mtlp rings of the hhooo/azb at migleo to tho oom330n' mclo
' . ' '-y- ■ ■ ' . . .

of tfhp hol:U>oa, and L.itaol:;o{l oe top of oooh o th o r* 5Tao‘ dipole 

nomoat̂ ho#boa tWonooboolvo %)#o#"palro aooôimt for tho oWiillty of. 

MA (lOeyoo Minoco 7 1962)̂  - %&ero .ere 10 base parlrn per torn of the 

doiibla_hpllz'#motm7o# i?lth'54A 'ln Might po%' turn, Tho DHA nmloonlo 

hao ztvo 'grohvoo', ;one ohall6%yZ2A aorpm hotneon tho,%rd:̂ gea bonded 

btrondo; and oho. deep24A howdoa thônon hoiidod adjanont otrondn#

. (fho oMorod Dtrmtiw of thb iĥtivo. red#li%ro ?)olmiern of DBA - 

can ho dootroÿod in'thé prooGselmow. â .̂donatiwkWn; Igho nopàratlon 

of tho two otrmlde.and the cUpimiptioa 6f #iq hmo ptaolKlng fdrooo/aro 

aoooi#anlO(i by inoroaoea la nX/k̂wiolet ahôorption -ôt 2G0 Other " ^
. ' /..t . - : - .. - ' ?:..>'.“ <■ ?'. ?. v.'* t j-t-.•■:■■•■ ■ - .> •- ", z.. ••• ---t «,#; ,: .. . :,-*•. v •••f '.• ... v/ ", - -- -\" 1 ,, : -■:■ .# • • > f -.- ; •■ - '̂ v ::.-j--.ûi a .».- ■ ■-:# . . .'x .. ■ j • v',# r x'. j; ? ' :■..,. »• •.• ■!«-■. . •

- / f  / y - ' : : ' y y ; ; 7y;;e,7.7'4y7-777-̂

methodo pf/dotoqtioa Inolndq optical rotato;̂  dlupm?qion# 'oiruular' . ' 

diohroloiüÿ md vzWoometry,. as woll ao physlobl motliqdq of separation of 

hatl-vo and donàtnrod DBA* Do:aatn:mtlqh.oan ho' hro%ht ehoat by Iiigïi / 

tmaporatnrosp .osntremoo of ph, rdaovml of lonp̂ osrhy tho addition of 

yiariono qrgah:iq roagaiits (aldoholo, glybolo!) amidoo,. ellphoMo and .

hoterooyolio oiRlnoe, fmhdtltntod hroao, liionoXoD aulphoxldos) or oortaln
7 - , y - ;  "  \  . ' - ' \  '- "  ' ,
ànlohn #o .etraotwo,of thin DBA ooa vary

hetTmpa oomxilotbly Inulatod single' otrando of randomly oollcd DBA, wiiloh 

la lwY\rorelhly donatvredp. to. DBA that 'lo altaost natiAro* ̂ DarŴ 

rohatviratiOfi after wltMzwa], of the agent,



' im t #10 o:?tont dopondo w  the. method .of donatitrâ tlo )i mid on
' \  ' ' ' ' ■ ‘ ' , ' . ' . ' ' ' 

r ■ ' tho %v)o o f  Wifi e#g* whoüier or not i t  hab oovalont jor

(Dookorp & Oeiaüooh^^^k, IÔ6 4 )* .don tlo  donatnration b y  tho .

" ' ' ' .  ̂ , . . 
/  ' /romoval q f lons 'dâring  d ia ly o is  oon ho almoot'oom%)loWy rovorood'.

. by the a d ü itip n  o f 40ms (M ii Ohc^'gaffp 1966)*, More dotq lle&
' ' '  '  '  -, ' . '  "  ' \  '  ' '  '

' o f the o trno turo  o f intorm odiatoo betwoon'native caid
7"7 a,77 "7' . 7 4 77c.AX\7. j f.- /% , (77-77: hi/'77I ^ a - -  7̂ ;, 'f  7:f7 7%:'i7yf '' k-‘‘c747 7:̂ 77'f.7V7; 77̂ 7̂7-'7y.f'7z,b v7;7à::k/7.''v7.̂ '/7i7Ŷ7:'z\777-77 77/- '' : ' i -■ 77r7',.7/:ff77/̂- 7.7 fw; / 7 f  ’̂ 'Xô ■ w*-”./.747 7 77li 17'7 iiv;"- .7

7 ' domviiurcd ))7IA hi Wo boou' jiiaAO asing verioau toolipiquQOp ao iio ta d  by

fa leook ( i 9 6 0 )* %Etô:c#cdiatos,wMoh are n o t■ d<rkvotaJ)lo by n ltra y lo lo t 

; ' . aboorptioa, bu t th a t ezciot^at'tbmporotiu^os below m elting  tomneratiire

{jire thought to  hare cireao o f /otràW  adpcïratioa w ithou t d io ru n ticn  o f

. 'the .Mae etncidng# . .  ̂ . , , - .  . . ' . -
7 , ' ' ' /  '7  . : ' . . ' ' '

' ' 1 0  , , la  v ivo f m o tio n  mid otruotm?e , ' . - ,

’ ' I t  is  mow. w e ll established' th a t tlia  ocqMePo o f h a m o  in  MA 
\  ; " /  . . \ \  . . ' y  . .  ̂  ̂ ,

' ' oontcrUifj coded gonotio imfoènatiom fo r  tlio  oynthcsilf; o f M lg b o ll bo
; ' /  ' -  '  7^7_ . V'  :

protb ino. (biaobpiworp d.95Y,L ' * ; 7 ' "  ■ 7 .

' ■ ' B iffe ro n t foraio o f ÏM il OffOlat. in  b iffo rcm ’tt £o'ms o f l i f o *  In

7MA vlruoem i t  'ib , oontaihod w ith in  the pzoto;ln o%)wld :W a ooutraotod
, ' '. . ‘ ■ K ■ ' .x'l

f  03A11* MoloGUlar x^oiglits vasy f  2?0)n 10 to  2 :%: 10 de l to m  in  d iffé ra n t

' vi%%um#, tfüio MA ona boow, as oinglO 'O r ' doubletstrandod, end b lth e r

l i ‘noara o r though a ll  slsigle Gtrmidod WtA Oo fa r  '£omA :lo '

olroulm?* B a c te ria l DBA dktste  In  ond (tho% h oocaelonal3.y up to  fe w )
'  '  ̂ , ’ ' ' . "  . ' ' '

n lio ie o id 'in  the oon trc-b f the c o ll,  m û  thercz io  2^2 » /b e ll *

Ualrns. ( 1963a (rad b) iucXiafeu V;ho3,o. oiroalara. l^îiâ o f jnolofaûtw? weiGdt
b ' ' ' /  ! ' '"  '7 ' ' / '  ' '   ̂ '

,2#8 5(1 10 # l t o 6  froBi J!:ophq%;î bh ia 7 # ^ !3!hiu ouppm?to tho theo%T\ . '

' that# IIÏSO vlraooop tho MA o f bne te rla  may osotet - la  ono moloou3,e o f - 

' ' DBA p e r  oMbmoeomo. ; , .



l i l i i ï i i i i i l a i l i i i i l i / ®
.In  the b w o ryo tio  c e ll MA :lo oontdinod ln  oX̂ romodqmoG iv ltM u  

a d io tlh o t miclettUo .ïlio  oliGmioèl oometltuento o f ehromodomeo lao lW o 

' ' BiMg MÎÏA, 'p ro to in s  -(banlo and a o iâ io )’ and d ive la n t ions. XIvd pgyolocl 

7 o t^ o tu ro  io. u t i l l ,  however, in  doubt# analyolo by l f i lk lm  (1956)

has ohown #iat tWbeoio p>x)t0lmig %A'otmlaoo cM. hietozioozaro boimd,

■' nrobably olootmotatleaily,. to -the shallow greoovo of'tlio DM double

, holl5c* L'ipdele of/ehromooomo s truo tu ro  have boon wuggostod by i;y;oooe
:& È # # @ ^ % A j0 n 7 ) i# % n 7 ^ 0 % % % ï% 7 7 7 n f:% i0 0 7 ^  77%^;.
' , (1953). a n d. Baylor (196:1) mid- thoorlori'ou the ohrom itid  foldicng,’ by

■“ .'buBratT-(1965)'#'7'7 .n , .' , ' 7 .

la aMltioa to"bho nuoXous§ D# - in ju/oooxat la the mitochondria

; imà otlipr'oytoplaomio orgaaollaa .(CIraaioîc 6 (41bor, 196?)# Blootroa

ïïilgro£]Ooj>y of mi'.tOGliondsxlal MA from monoo fibrbblo/jt oello by iWd
% #^@ ##@ :77#77% x!;^7M 77l777 '% 7.#\% xW #77@ % :0777% % 7% % 'W @ 7^

7' (1966) shows it to, bo ùirouiâr with two to oisc DBA rlngo im one _ -

îiîitoohoutb?10TïU lllhê/' appoa-r to bo (#taoh.od in plaoüo to tîio iilt'00'noad:e:ioJ.

îaof;'!bro,ne# Difforonocs botoooa mitoalioadrial BHA of aos.wial îæ ^aX lim .

o e llo  and o f leulm0W.o louoooyteo hpvo boon slioim by Oloyton a t (1966)

I  D la  viyq  motubollem

- . Incorpora tion  o f la b e lle d  %jrpourooro in to  3)BA %mo f l r o t

7' invoetigatod. in 194 2 by von Kitior m%âyoit Hoveay* sinùo thoa -tkie

' tooM lquo hae b@ea w ide ly uood fo r  gat^u^iag 'îïhe meoMâlomo o f DBA

' ' ' oyathoole 1%'v ly o # - ' ' ' ' . ' 7 '

In  bao te ria  DBA oyntW elo Ooom.*o througfiout th e . c e ll oyolo

(hhho Ù l?ardQOs I960 ), though ia higher orgaalomô Wè. eyathoslf,; oooupiec

Only a email p o rtio n  o f the c6Xl oyole. In  tissu o  I t  takoo

 ̂plaooz shortly bofêmitoDiô, /' ‘ ' '* ' .



oyathoelo in EsoK̂ooll wcw -sliovm to take Dl&oa by,
\ ^  C^s^.eegftorYs^ •«'tj^t*is«pu,fW- , , ,  < ,

. ■ ■ 7 ' A ' ' ' ’ ’, . - ,
oomlGonGGWatiVG ro p llo a tio n  In  the olanalo o^q^orimont by Moeeléon

OAUl Stahl (195 )̂* Further inoight to the p:eohlom ptas - prmûuèoâ by

■ Ual:a),fr) {1965a and 1>) i n  hie aator&Adlog%'r,ph.e of the-27Dplicatdon of

tho I'kiohfj GO 11 ohromosoao.. Tlie daughter rings wore J:K-ide Iw ŵldî rsot'̂

:lonal ĵÇ̂'doOaooivative reeplioation and remo/iaod attached to tho

etarkU'Ag point ttotil. Gomplotilon.* DBA eyatheule took placo at a fo rk '

ab the :?ato of 35 . Wo al3.ow umvincling of #%e eti'amle at the

. ' meooeeâry epeoci for ayxithesie. (10̂000 iw*/sda*) he poetulatod a- .

èivivel at the starting point* Ilelmetotter (i960) clai?jis ïnmltiplo

' zraplioation foxiwr- i n  the one ohromoaomo# ■ - -  ■ ■ ■■ ■■ . -

: In hl̂ ier organlsma replication Wceu plaoe at a. nmilior of

different pointe on tlio ohromoqome acr different rates (stubhlefiold &

% . Jiaeller?, 1962 l{k\ylor-1965)* Oolenion and fbigefnmi (1968) lievo

isolated a raplloatln̂;: fork in. 3;m3i3'aalian replicatigig JPIA, anxl electron -
' ’ ’ ' . . Y /' miorogi'A'̂ ’-phe phow it to have 2*5 % 10 did tons/fork and the dunghteh. 

eterade to he oc-mplotoly native* Bulbkiw .(1965) postulated that .the 

renlioatloiii .of ÆK in -human ohromonomos mkeo nlaoo at 'a rate of

, 3lecohtly tiio nivotiro of newly caoithesifxxX DMA has boon zlnvoetlga%: 

, by vdrlouo g)7onp8# gldnon (196.6) laolatod rapidly labelled bacterial 

‘i)hA by CQtmto:eoitrrd.nt dletrlbutlon, and foimd it to be more denatured 

, than the hulk JWA** Okiawakl and hin aosooiateb̂ cmd Olshi haw shdvm . 

by short puluo labelling ' tha'ü newly oynthoqilsed DMA ami bo scmaraîod 

from the 7mlk DBA. oa l%rdro:iyapatita on GsOl gazadlenta* It , was 

ohôvm to be alnglo otràïided by suooeptiblllty to Gîconuoleaeo I



and of low. moleoular weight % alko&lao nuorooe gracllontG*
.A sooond latormedlato. of 3aolooula,r wol̂cjiht'wao detootod b y

' lomg'or pD%nd tf|>,iôl.i was oi3oontiall;y dimblootra-mlod oitlioiigh

I t  had al g re a to r a f f in i t y  fo r  n ïtro c e liû id 'æ  powder tlia v f the  b u lk  -  •
' ' :' ' 7 v \ ,  \g  7 \  , \  "

'  DBA (6cBœ,kq.&'03{AWsl# 19668 OkgWdl gt 0̂**. 1960$ Olbhl, 1968a', b q*),

-Rosoaberg had Oayalierl (1968) îmg;g0Dt, ,howowr# ; that thrlra low .

radleouldr vroiglrt, pa/rtly, donateecKl DBA ooouca during ooll lyoio#

ly o ls  producou ai^oar 'in  th o  DBA vAiioh low ers tho  m olting^'tonx)ora.#rro* . '

. . -T ' 7 ■ lilmllor'Work on aùwlÿ pynthooif̂ ied 5)tlA has lieeai porfosHOcl la

.munirtallsuX' oyntemc* . % o le t t l , ;Mivuq:llOuAt'̂ LauriO?athop;io, «ïèautour A,-

(teonoyitoh (lp67)zworking with- adcitoo oellŝ found that the ' newly

bŷkthOGiriod B5A bus of low molGoniar weight and, had a higher âfflnit;*/ '“

for IMC than the 'bulk BHA a3.though its houyant density on OpOI and '

7 Oo.jBÔ wan .1;ho ';Oamo as that of T/ho bu'U'̂ DBA* ' ICiioy ouggôoted that its - '

■ otrùoturo warn' iutoxfubcllary hetweon hativo onkl donaturod 1IIÂ* hioljomnai ‘

' and his colloitgiion ('fovkoda', Horiyaua, lynqh '&, hlohoriiian, 1968) havo

performed slrd.lar mtudioq with mwly qyathoGlaod MA. from 3:bg6noràtl%

rat liver and found It to bo low molooular wel̂ t, but Inoroaslng v&th

longI;h of pulse* Balikê tho beotorial systomo it -was lcmblo*-rrkGnndoS,

. a lthough  i t f j  r :'U o o e p tib ility  to  mconuelbaoo X was ' e X ig h tly  thim

the hull: 3t7A, ' Jsi coutraot to.this Xk̂avl (1967) has dotoétcü short
' ' 7 7 '' ' ' 7' ' 7 - 7 , -  . ; ' 7, y  ' - '

oogkionto of olnflo. niumTidod IMA. in’ lymphooytb ohromosonxos by otu-'lioa •
7. ; : ' ' ' ' .. '7  / ' ' ' ' ' 7

: with ;zXnorr-ïSooln labelled nî.oXco‘kldo Ohklpora*



e

P r o p o r t io n  o f,  DBA v i ' t ÿ o

: . /  A ji'a lte rn a tive  aim m aoh'to the W Alerptdnaing.of MA cynthcolo 

io ito a tto M o to â  reoôantruGtiom ia  v itro *  kM o hap boonmidertakon ^
;-' " ■ ;•: , .. x; . . ;.?̂ •• A.. - ‘  x v* > .<:■•■ ■■- vv i '.,. '*. /. A r, . - ■  ̂ ••:•.• i. ..." ■ ...i ; - .;-(- ..•, tï' îSKï*W'^^1'W;»'X#pWKi*,6î6*î^f.- ■ ■ „ ..ŷ. '-' a . •' ••' "  -i ... '.: ,‘. '; : -a : *, f ..-TL, .• c .-. x. ••• . ., -■ , :- ?T .- -. ■: .̂y. : ... ^ .:•

t%9i% the onqyiiq DBA'poXymorawo, and w ill;b o  desert,bod lu/bhlG  oeotion ' 

'W .o% w it!i7a '8urvby o f'th e  ooomwendo qmd.pro%>ortieo o f the oaRymo*.

: . I I -  A , . ' a w g w A m  V ■• . ' ' ' ■ . ■ ' ; ■ ' ■ ■ ■  .

, ' _ ' OTllAlttoXootâtlyifc’a’ftùi'OïîaDÔ ■'Kî'îîAirity ( s o  S « 7 « 7 » t * ) »  \«Æ eh ' ,:

, ' ohoD . bo  ,ro fe r re d  to'throu8l?Di;,t uo D M  p o ly a e ra o e , T fau '.firo t repo#e(l

' ■ i n  1956 In  3 ^1 »  b;y iCo:e#org"e g-roup "(.CoraOorg, hehman.z& >

raiv:.™, 1 9 5 6 )* Sinqo' 'then i t  has booa 'fimud i n  a iraVltitudo *of oKuev '

.. -orgatdLemos 3k;^gill;uq (OkaWâl 6 1 9 64 )$ . \  %
' ' '  7 . \  7  ' :

' O w n , W ik i . 6 «mwgiÿ 1 9 6 6 ) ,  rogdaoratlAig u ' =
' : ' ' ' ' ' ' ' 7

3 ? a tliv 0 r (DoI)Am& P u tte r, 71957)5 (M J m i, lg 60a)s
% 7 7: A '1 %

7 v^ trlo w  .1959%)# 3D*r!rlioh.eQOi'tOG#imow o o llo  -

' (Davideon, K o ir u$ I^oArdle, 1958), %,anaoohi%tu aeoiton^tim oitv
\  7: '' 7' ; ;  :

' oollG  (0Üe%AGrd&Boir, 1966)g TM.kor 256 fiW ond (korlong.^i^Ayillic^^ïio,

' .1965); .ÿj'fcieno ((m d ^H W lle iy io r,'1 9 6 4 )y  w 1

' (Brewer & Huooh,' 1966)$' ao% u rch in  embryoo (Doebi; îW ia  & 1967)#- :
' ' ' ' ' A ' ' ' /  7 . s ' ' ' : \

In  a d d itio n ' to  theoo, IM u q tio n  o f MA po%Aoraoe afto%* phogo/ ,

r I

. ii^&fdotiga hao been foomds (Apoohlan & Kornberg, 1962);

((vtm li#:# huoàq 41 ICôrabaj.̂ g» 71968)$ %  (B tW w !;, Anonu 6 Benomm, IggOa),
: ' ' '  ' . "  ' . ' ' ' ' ' ' " '
'  ̂ In fe o tio u  o f mavmualiau fdpsuoo /hy ao vM in i v in iseo  lias a lso :?ory/:ltcd

the in d w tlo n  o f new DBA polyi^WraooB^#. Shopo fibrom a ( Ohowg & 7 .

’ 7 g ' . .
\ Modee,, 1 9 68 )§ hevpea %)e:eudorabias, pa%viiua@ polyoma,-

 ̂ 7 \  ' ' ' 7 ’ " ' _ '-
ycooia ia  anû. adonovlruq (^/oviowed by K e ir, IggO)*
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'z77;77/z7/7; 7 ;.7 :/:7 ;xg 6 l);* .y_ # e re 7 i8 /à 7 rë ^W .:ê ê m m ÿ.f^  .maii&Weae . l o w  7'

; 7 . . u ro  e # 8 l '  lU ued a. q ï la h t ' ià # 3 ? p o r a t lo h  o f  : # h 6 h u o le o t i#

7 ,7 7 d 7 ...7 7 ..,7 7 \7 :d e 6 % ÿrlb b ]m o le ô tid e e ':4 .q 'g W e ryé â ',(B o ;^^^^  .7 .

ü?|io ouiiyma has been p m - l f lo d  5 9000 f o l d  t o  a  h o m o # h e b #  : fo rm ■ • ' 7 77-4-7 " 

'':-v. -/ ;777' 7'-1 O ^ lo h a rd p p ii'^ -g o g t l ld k ra a t$(' 1 9 ç 4 )#^7!'A  - i^ m lh o 7 a o l& -. ' ;7 :

{u77 'v . a m ly e l q ' { ^ 7 h q ê a : '^ : $ ô A  '$ 8 / Ipg'^OdO* 7ghe7 . ?.

. \ ; z : 7, o m # e ; iA \ g o % 6 e # 7 Q f / & 7 8 l% le 7 # o % 0 # l# : 'o h #  ' 7 - '-
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to : 0 k rr Î) do inxwo poly cl(/W f) isyivXheola* ITori (3.906) haVqgd . ■••

separated iûio from /X ua li(g u (:q fao bâ lib É 7 '-One.. ifô'~mom'" -■ !.. -':' : -7
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prodiiot a tra irlu  w ith  o x ro iil#  Wïg tcW l#è#7:oôht!à^ -..} "(y  :7

\'ys. : yy -)m olèbti'dG 87T:% ib^ a s  ln lt la to rB # - :a ''5 d  7 th W è 'y ,b  - a t l3 .1 ; b o w ld e m b le  ' ' '  '
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V'..'77_, 7'. 7 7 ;h a vo ;r# e # e d 7 d t\tb :j5 b ;à ‘|iig^xl^Mraached.-molec#q>y_.{0éhildkraut, y . ,  '. 7
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-■M̂rgogqqùB;,lŷ /(M Jidttepm hy. / Ïg 6 $  )> ' z ' - " hdw éver,: ■-

 — -



A
A
+

Ë ■g
'H. '

' A
ki : O;. ' » '. # W

W - t z-d
to to

rt M +
t l +<L1., :.-«■■ - "îB . ■ rs- ■ /"S
K;: ,'.'R . -, <; . «c;M':.: ■
0 . 0 . A Ap.. • Pu w w

d:

I
+

Sî
■ P

I
A w

tV-F

0.
w
«
o

.1

I♦H'

%
<U

1/

Q A
A

i .' ’- :<. +
-' ‘ 'd Pt-

' -r-a.+ +
' 04

A
r-’[ • (y '.■■ 0) : %

■;-....- 0 ■ m ■ w
U rt rt + 4

■ A N t.)
. m . * .- ■■ 0 .. S'
< .;■ XÎ - ■ B -v-%

,

E-h u ■ K  '
g;■ . 0 M ■

' . ■ PI . O z ,o p P

V.| ■/ . P̂ ' pH o

r 0

A

-'; *rt
G*Ph

' : a.

e

o
LetM

A -

I ;w

«'ti
g

to

: &
r
rt

■■ s »
ÏA

CO
O eM 0 • o
0 '">X M

. s Vh
.■ o Cl) D><U"1 W+> ,rt q 0

rt m, ,. 0 D: ■'• A
Tl : Vi . w . Q;to H O O ' ■•■.' r“t,Q. It

•H ,, -■ ■■■' . g -• Q. ■A-. '' pî
-d * ■ ■ O o P
a M U N•H . O N
m Pt PH PI
, « * . ' V
«-). w ro 'd' ', to



b o tl\o r reêpebte-.

a l l  à"

Àvàoë07#t';awé4ri#ywWésè7:tW%%# êyAz'zy'r .- 7 /':

— ■ .  :  ,  ■

-
i'Jiagû spooiried DMA polÿï,ioraooü have boon lilgMly purifJod

f. , o -î 4'"'••■?/ z..;: - ' ,r

ybq';h#lVo.7

,DrbWuGt' b f. "tlié'T4-'aË^')T5'7i8:;.dovàlbhtiÿ'b b m i d ' - ' ÿx'lmer. %y.:7'" /. .

y77 77"-=;7.:; Ibop! -wh#é,.#ib9# Ï 0onle doubloĜ )̂̂  , of ;::7y'77r 7',

7i-77v..y.. '//m 'y  p7.^BA’7 # W  po lam brA se  l a '  yA7 '

''77i-À%: 'y )/.7':. .wheh%t#7di^ /

B »  , . « « t  of * ,  S5 . . . .  . W  M .10Ï1 ...1

a o tiv iiy  (PtAU'.i.b, M>mâ & I3o0omu. 1960b).

.'7 ■ -‘A. ■. : 3aJ7-. :...y}y-yy A) .'BvlunuoL-'''.## uliQ T4 polyja'.ëraeo is  coded fo r by the .914 
'y  7 . - . “ ' ■ • . ;
y :A- A)- .A .M'y ,  : gehome ÿzag: prodWcd %  bo , iPciiii (ipBg ) who /found % "77777; .-7

:y 7' /  - 7'7yy)'9.7.%#D9:^#WA.7#^li#7$îy9 \y i#i-& ''W ip#at#07

y'l'-y: '- ;.7\7'':7K727f':?, %O\lAa6iÿ,;.ind'u!6qd7%%#08'':db###yà 77777 7:y

7;yy 7;7y77''7'7)7y0±#Wlé#è'7à^ of omibuuoië#êy#d#h7thl'8^^^^^

' oo3?tn:lu in  1i).a oaco of T2 polymorooo? 'Bosscl (igbg) has yoportcd

7y7'7;. it no isolation oi n. proioin zWuçpd p&f ?%7.%7wiih a ,

ff.'à \/\;7-''z77:yy.7mdtatw& \(thë<$b!^ëipa#7'§mié')y#i6^^ 7D6ïÿm̂ rà8e7/.;7/7:7y7 r ;.ty/
' • y

aotxvi'iiy blît .fjfcLli .Uî’iübaiîis ci-ïamioldace £ie'&,U'itf »  . . , .

y>/zv

A v - r :, r / z ;



1) -■ ' y  là /U çm ikgÆ iæ aâ.' ' - ’

:Oî|A polymorane hao been woXl o lun n iu ta ris  eâ :ln 'baoto'ixlal 

oyùtc'iaü, 'n iv irln vo G tlg a tio a  o f the maïïiïnallan. ensyxao has lagged fa r  

- be liln fl# ' Ih la  lo  p r im a r ily  m am sio  most mnmnaXlan aystoma aro n o t 

amoiviblo to  la rg ':* 'sa a le  p a r lf io a t lo n  proocduroo *

T/ie most eX̂ oimXrolj rrbudlrcX jôaïuaalrlau WL pa?ymorasé''-iqzvf;'y;< ••'■' 7 yy) 

t ’ho u a lf  th^uimo mnyrae ylvlô i has been p a r ifila d  2 0 0 -fo ld  frm V /thë..7v$/'\ " < ■

o:mMo ny ooplfiD'/rla o z tra a t by Xonacla A J'jolltva ( I 965)*  OSio y  "AA'y /  A '
7 : '7 7 'yyà lA /fyAya TA, Ay y  A AA y f  A; y : Aç \A ÀÀyAÂ; y/A ) y: ' 7 . A 7 f  7 7 / 7  ̂ <7:̂  ' ; A. /=

la  GEdoRUolqaoo fro o , bu t I t  coiroalno trao o fj o f Gxamiefi.ovmîo .a G tiv lty  . ■ ' ■..
A; ■'■; ■■' A/' 'A.A: AAA/.. z,'.' : Zy; AAA'A'A A'Az T".'AAT A: " 7" * : AAAAy / A - ?<; //''%'/ AAAA' /AA-'’ ''7 zZ-'̂ /'AA'.vZ/f'y. ̂ A z.. z A ... ■,

(D ollura, 1953b ? ' Yoïlcdn (A D o llm i, 1£)69), Tho GnrgfAio Iiaa , I lk a  tho ' 

]3 o e to ria l }pnn'>}fiiomhiitv.ao n o k lv lty  1960a)a7:z-Itr:: yAA
 ..........  .. ...  ....■ ' H

m oloùu lcr n v rlg jit, ao cloL'Grmi’aod. by go3. f i l t r a t io n ,  is  1*1 % 10' '\z :

 ( } '-o llw i, lS'65a) ,  t^ioagb. 1 to  aed:lmo:atat:lo.n-7oooff*? o1 o n t'ln ^  'baa l*'‘fAivSi \o<
'  '  '

IIItra o o n tr lfD g a tio n  la  ^77"7a (Yonrda.:& Dollimo,

ICho ' onsiiyiao u t ll ia o s  a l l  fow ?zdèm^;f^TiboauGloQslde t;d.pîioypIiatoo 

• and rcocjU’Vroo moA;no^iim ions and a (BolluiUg iqGOa) &

Danalnrod WnX is a }uUoh b r t ta r  p rb io r ith m r n a tiv e  * altlKm gh t h q : r # i b 7 

o f  i ‘.ho p rim in g  a,b;0 I t lo a  v a rie s  \ri tk  -thd '"îÿ% h ) *' A: d?hl8AAA% •• tr>

probab ly  ro f.lo o tn  6)ithu:a the  e x te n t o f denatured DMA iu  tlio  suppbÉe0.ÿAA. f 

nrrktvo j.WAp o r . i t s  ooxia o f  d o n a tn ra tio n ,% = : -, •. .-■■ ■ . .v -

■ ■ . . -Tlio prodnoi» o f ,\î;_v'nthQSio v ilth  a .a lng loystraoded prlm 'or .'.ie
' 7 "" 'X'77\\i'-Y Ai-é'y A. ._.yAAAVA ygf '7.̂ , 7 \7A,.y Ay' ' y '  ̂y7\. ' ..7 ? 7%7> A " z A. /' )'/ '7 ). . A \7 ■g; ' Â ÂAf ./f ' T_ - ' 77; ̂  ' V' / ' A; 7{ 7..ÿ , 7 •

(lo 'ab lc-^trauded Wk rcpraacAntlng 100/7 re p ll'o a tio i \ (B ollüm ,

D o lliu :), 19b3b)* fe u a ity  g ra d ie n t an a lys is :..o f..t:-io prociaot ofz r 

. /ao lyado ii^ 'ia tcr re p lio o /b io n , howovoz', showed tU oro to  bo a Io n  do no lty  

in l^o rvo d in to  co n ta in in g  a l l  the p r i i & o i » y  $0 )ÿ#p llQ # igm 7:;7 /77 . A-A.Ay:/./': 

. . (D o llii'a , 1966]))* ‘3 ic  produot hm bho same ra tJ o  o f ‘bnsco (D d lltm i, 1960b):y



' ' 'I 88 o f ;  J q % 0  è t  \

' //xr;-:.// r\^Bo% 3A% '.W B';M 80r,bm n..qW p% ^eg,,

y ' y , # ë ' : ÿ r q ^ e D : q é \ ' .

. '-i i W y l ' l i ' ÿ3 ? è # z iq e ';o f -/bhê »’ v ' '̂- \ .:' '.

y ■' : .;in i t ia t e  tWy%\#4^ latos?) 1.̂  èê%)W#Ie fmm

■ yr'Im-- 'bho' 'ôbncHCG o É  à # t h é  ; l e  '8lOY#ÿ-:ama'' tMo ' : :■■ ' ’

y'":;' -p ro iÂ iQ ty is ,, qo Y A lom tlÿ ' : . 1 ) 0 t h e  B63,1W'; : ; , y ';̂

■ • y y ^ ^ ' i ï y ^ y '  - H - y - : ' > y y y  y > -
Ab ' v/o11 8.0 tb.0 rcop lA ca ti-î/e  ;dna. poXrfi^oif?o.sOi* w h ie h  l ia e / ' t l io  /y-y ' - vy"

; prbpéÿ:l;ioj.î doocîribod abovegX^dalf tliym io éoiitailas a iio tlib r ;Ve%r. s im ile ^ !' / : 

■A a; . en^m% loim:n ao t\io p,dd;lMon , IM , W bleb t id jr l t  i:;ah%ërà è - : p '; y %

y: y y.fMo'bnaÿ^mo une i*:iiHvh foimfi ’In  bhe nnoloiup bÿÿ .- - r  yypy;

.>a ;:0'mleIlW<:W (19(‘>1) and W8% (î(3;alçow^̂ j Go^teogéor^^opoiilos

& O finollaliioÿ îpfiR? Qol\mi'M>imi Si Ua-ooll̂ îJaA: i $ 6 6 ) # Z : ' -•.

./-%0/%#01OÏ%ÿ%:4^4P%3L*ll3Oa%Qleotideà::wW^^^^

-'{-yCÀiB JthhlMtioa of ; btliG -̂' # 3M&:''';' v,p-'̂ y'

\ • tŝ rlpho’opndtoa# ‘l'hô q̂xisyMo ' oaxi àido Imooï̂ pùràtq-rcmé-, s^ilmmidleoticlo loei*

;’,: hiolooXLlù îyom  thé'- oo ;a roopôM ,ln f; x’:U ?om iG léo.d l# 'pb:e lW o8% Kato«

y A 'y .# â % Â ';( ï0 0 })y M y  ; % 6 l# o d '  t W  : ,y ';y-:y-% \  ; -

yy :' ■ ; qh%"o##lm pr6tëin%: ë f d à lf mid ÿIt''ië. Bimilas? • tô  the -■ OanélieKid - i >

ày:,\.y'én:'5yiao*



M ia######-
Xonofla Ù f l% 5 )  have BonaOTucd o:rboplcjmiié -

th.-ffiiiio a fi(lit:lo? i nolyi4o;caa:: fr^on 1;!io re p lio a titv o  'Dô3,yLio3?GO0«

I t  (l‘ua?03=fj f:co?i tI).G toG îîiInal a d d ib lo ïi :ui oeing' aKlo to

y; " ' ' - ' ' ̂ ■ ■ ' % tl% l8m ll(iodao3gT lho:m ioIeotldoo 'ao primoii?, (B o llim #  ' I 968 ) » -Bicoe - „

roQiLlipa XÎQ hnnfQ a t lo a o t phoophato fp?oiipo o lth o n (;li pq lym e jÿ ica tlo ii

dp.n ocim*? in the  aboonoo o f an In it ia to r "  a ftex ’ a la ^  poi^iod (Kàî'o^ 

dOTÿalvcOÿ lla v to  ù fn llra û y  19^7 ) * fh e  en%%o oan fvuio^iporeato n ra lll ‘

, yy:̂  l y y tyy: o f  ' ly i io n n a lo o t ld o o  b a t  c l f f f 0:0*0

' y, ' '-l,y y rthp^laS A ) lziou3%)oy;atocl f d  t h o ' ^hë i4W q#0^àtiQ h^

A y p f ;'a>ffeboirooloo bloc x n ld b ito  -fn i'tho ia actiôïK iÿ:;#M e-;‘ïm o3:é^' 'en d# ïe @ '; '-a  ' y 

■'and lao tlio y  o n lj inoorpozatod outo the  ondss (iCato ^  19'57)*

.ÿl.ay--. I  -ay-.ay^yy y.: un̂Q •j^y'toplaando capiviuo pùlym6:E:'l8ôB' dAT? a t ' %  àppi!b3Clmht0%':\

V ÿ /y  : , ; 3rato th q n '.tW  otber-ytriphùëphatosÿ^i^ie rèaqyth^

oîwm o poli'juüi'lss.-,» a in .-fc u ï p t -ra cq îta l :coto (î-Caio e t ml «, 19̂ 7 P

' :  « - « — ' « « ) .  ' .  .. . ■ ,

:':h:./ ;\'bSr.:r: '

X a ;% y  y y t '
to rjü 'd jia l a d J .itlo n  iti vKlo ho molio oonolÿBoxi?o lkû v/eKi ao

 ̂ a  • . -
' \7:dl(b:t)0'A^6pqI^drs3»x:y%%yhW#b%#ô3^yfqrm#Iba\dA#)vdiïdQrpb%?:8tioii':'e3:ooë^^^

' y ■:■ . . . . . . .  . .  ;
th a t o f the  û thox, anhabxvvboo,^ 'hut in hotoropoIyR or fo:8ria‘i;:lo:a dGleP

Ib V G O ltff a t  a l * 5  l9 G d )*  ■ . y roy'yyp'

y.- IV ■y^axyyglig^yg^^otigfodf ythé'-'td3kd.p:àlyk^^ le  ' s t f I I I ; .  /

i'Od:xu:nOAÿ rdthuoph ICWo? {19'o9) hr:j Lopf̂ootod that :it :uo.p bo y :a " ;

of tlio x.pĵ J.uoHvo O'ooi'viHOa 'jlV-a: dP ao v\-,t no cnr.Ulwnoo ta Btappo??t ■ ;=

toio aj'oxd' ;! .‘Via too io%7 moleoolâ YA?.'a'''b of (holloâ , %966a)* ’



-y'Oy T J: a . -b ^ à k fy  y  : - :b''y':.\:''''yy : / y f  :y t :
.' y \  '; yb-' \:y-;'- :y/b '- ' Aâ ;endÿméyifîmm- ^ ' à t !;i zWÔ5?p()%t i ,%. d é b ^ q ^ b ô m  ' - ÿ-' -

(̂nsÿmG/: ;/%

" ' "  ' ' '' 'b d b " 'ô ih d e  -' :y-ÿ\ ' . %

(Mantoa'vdàOQ$\yl964#y::;M%t#qx/^nny fÿoxAyyy y :-. .-,

th o  c a ï f  t lœ m ÿ y è W  ; I t  ;% #3Ll8e8-' n # iÿ 0 .  i# 4 y % y p r ë '#

y/y:'v \':-'ŷ '' ü -tô 'É e h a # % 'è â '# # ÿ fm iê y .5 ^8 ë È b lè 8 'y  o o l i -  a h d W e '- ia b 'D ^ e fe rM h g  k' :ÿy r

. p o l3 rd (A -*f) au piton:*? to n a tilv o  3MA, / y  / y f y f y f

.;: ' - -MA pol̂ jsiorafie haü been )mxlfiod RgÔfolâ feOLi the non**#

r_y_ yt  / 'Iy 'K to to h e '0 h 3  q fy W t--  ï iy è :^ V (% të Ip r ;B ^ ^  by:y

by y y ': : 'y y y ity ÿ r0 f0 ra ',% a t iife /À A ''p M % B e f ':b b^y^beb- !y':

/:.C :\/yyyy':'y ''\/\:/^ 5 ^ e ïë t lv ë -D Q q i3 ^ iù e ;o f;ÿ # ï 'ir0 b Æ m & :^ ^

, '," 'byly ''po%mQi:a#8'h%ypk#to0â_%t::êiffërehf;.àt#eà̂ ' =;,

y-, y y D W l ; #  '̂( 1963 ) - :' o%â Æ -. the':-%tlo'. 6f dénatû d̂y

y. '.'; ' . .y;.: tq: :a%atlvè.-prlmoâîpo'̂ îei'éao''' Ihôaoe&t̂ yithyMie ttio' rat b"--'

. y  :_ Ay'yy

v-b'/yyy'by:. p q 8 $ ib lÿy# a G !0 ÿy  i 8 ' ' # # p â # h ï e y  o o n 4 re ^ t ih g ''# t iy e ^ ^  .

' . '  :y A 'ofypôïan^o%'am/:.bv :b-a;.;

-. ; a y yyy  % /  à ù js W l ' / l # p ÿ  ywàsoryëhô -'.a lï b ( l9 6 p .) $; b ^ 4 ; ; :: y ÿ

y.- y  ;'y .y$ o^0

:y :yy y ' cV iT lm e d ' t o ;  W a lk e ry ^ g ë .jG ^ 'q to ^ W p P ^ A b ^ ^

..; .' . b y y . e . . # \ R é d o M Q o è m f l ^ è a y t h a ^ t o q ô h o ê y o f .  Wyy%:.: -Ay,, y . '  

y:y-,.:- to '/to t- lto e É ^ 'y W h iô h y ^ to  ;"



y y

■■ '

I I  3> i i i )  ■ ' ■ ■ . . ■ ;

BoM ft HolicJ.no>? (1964) îuwo p a w M e ily .p iyy fie '’ y)îTA , 

po3œe:CcVjo from uolrCnlo o o l l  ertmox^o of t-celüo (uoroo X/brohlaétë) aa :%r;
• . : ; y O y y y : y : y y :  :

%#ïq a t a\IO'^#ld/g?:*0#0ryyy:

.(IppG ), havQ

a imolocT pol̂*ïQ3?aoo xu h-*ooIlo uîiicU u%il$ses' iiWlVe yyb

b,. 3hth é : ̂ 4'‘adoÿtôplpàïa|q;4tŴo-f 

. donatixrjecl iKH* . , . -

II B Iv) bÎQltGQ Qifeyo

;; ' ; B ii’a io  & *Fo?c (1965) 5?Qp02?tod molem? oiicl qytopI#m lo ' ••:y f

x̂olyxaoicaoeD iCron momco collo nhloh ' &iffër -,1m ' rê#mi80. to

y pïl :' ma^ghé'al^ : 'èadb lomë $ "'.pi# td  h ip tive  %mâ lienafhrddb--.y y-

BïïA .prinQX’o# " '

II K ¥m:malic:n [^imow GOII0 *

i) jlnoites co lle  ' • ' bY'-/Ty\ -a y. ■■:■ ■'•

6yyy}i#bva'b;Sor^ ,to4;:3^dbcDlloâ^dea/ih:.^ b; yÿbab\':\

hfnro hoon t;o:eklnyT xv:lth W h  x^olymoraso ■•'••b'-'-; ''-

sncltGfî-*txmiwjjT ooXXü* Ivho .hr.cK?.GohUt« yÿéy&ially!bpq^ifiédv-• y., b . ■

oacl found to 'bo voiy Pæ̂ rlXm? to t1*e calf tbÿm#''-emBymie :-:($héphoM - &b",:;' --' -- ::' %: 

Ko:l:cj 1965)♦ I t  haa a roifciroraont fo r  BtïÀ- pÿimp?i'; p m f ô i i ! # l 3 r i ' ='• 

. (Kolr^ Blmulo u, bnûolllo^ 1962)* An puvXfîoatiun px’ooooclc tiio   ̂

jKVcforenco incroasoo (Fihophoi'd Kol?.»g 196Ô)V • 0#3%' /tob̂ho,;-; K: y y,

yÿbë6w%E^;;::pf.%  .p rto ing  a c tl# .tÿ ;;d f

p:vOüuG:b\y and ÿ***ph,oaphato tô isialo, (Keitsv'ï9fiS)iy #ob.,.; 7 b ■

'ÿb'p^^db:#qpi;^ëïÉym(^0qitmyldndÿy'&^^ }

- mtm^nmeo ioBsb Claloiiim a*act Bino rlouo avq ppworful Inhibiteurs'' d$ (the :.y ' : ̂ b..' 

QU'4YCicùp and idO’bb 'atiEïi'ilatoü tho roaotloa 5«*10 fold̂ Trcoaneablj oy
■.ayy:,y.



% b''rB#ym 0yl0 ,.;-prO 'ueqtedÿ:' GO#tot8^y

7they;:mA3iiGG /

"tyyAo1bTiî€ î̂Xÿ>.r.'îOvM'i'i«byf»jMi‘fsS-i-Virn'Va-'''0‘5i-1i‘̂ hirr1nH>:1 •-Abnnn.y'frb'i oîi hr»

bybbivKb.'' yT'cb' 'p # y t W ï : W ^ t # a ' -

nn

x^onXioüÀyXvo o?'iŝ,v.i:ie (8ho3)ke:8<'L 1965 )*

II Eli) iTalkpr. 256 _ee:mlnooa3;üp3̂!a - ' ' ' -

iYchox* inwAiv eyetokiB akooe BVfA polyraoroaoon novo ’boon Btiiclieû 

. «•; . . c ro  tho-fWulkQs? 256-^uaroiîiouoraoamv (x te lo n g -  ë  iW li l to W ) .^ $ 9 (W V  t h e ..

- FlG:me3:Wob3.1pg Qî-mylmma (Pollrm è 1950)' ead the l^o v lk o îî

Uope/üeu:. Ifdü), Aaoÿ- irco rAuxlv.v to tlio othor ïuev-Kuûlan.

oaBŷûo3» a . . '

îiCGûntdy liothueMMg lialnorai ubfîhyitli (igdo) Um q  YoimÂ thoro 

tn  ho a tcMlnal additdor polryiacwaoG %n tho oytoplfV;’fA of In?her 

. 256  ̂eW the ■ reopldeatlte onuŷo te ho %n tlxd ymoloar - ■



'

y ; - H  F 3SI&..

'. yy_; -bb _ y-, b y''bbi;:y/7bbb\8aa:;WW#$%?:̂ mbÈ̂  /'. ̂

e '. ':' '"}'\' 7.y/:':: yb'Itllsblodatod ' 1%' #G imôlol, 'GGOoolâtoâ''%?!# t%. ôb̂ îdàoboneë'p'( dôrihg ' aè--,
. - . : - ■ 

y. :\i y I t  cpponro to -#ïè oytoplaom at othm? ttodo^brye.ya.: .
; ■ . ■■ y , : . ' • -y ■
' ' I  . '. ; “-■■ ■ i : ;i - yy(M%B%a'#' 1963 ) « %hq ommyme ■ 10 ydetebtahWyto #é':b#l 3 y; v : --y y. f

: ......... .' . :bbÿ:bb%#b##\
:'." ; av b ̂ a. >/:' â 0dno0 bf/05cogo%om: jO%@ Wt la ao3?e:'ù t̂lvêyt t̂h

'■ ■ : '  .

■ . . y - (liasia bî uUne\yaaduo:'»P 1963)p I t  nûU/lnes nattra :Oîh\ at au 0*5 fold 

% yay ., ‘ r̂ x'oater ôffloloxiey #a%- don,ttnrad BIÎA (loob  ̂ ¥ z n ia  DubyglpüY)

yarM)'g2g8rwgggœ%)l̂  ̂  ̂ • .

- BIA ixïlÿiiiorafû aotlrlt^n to the hmolûi of y*dio àynoIn‘caLorif?l5î*

- b. fh. y -y :. ÿc '; divldto^ ' .  pol;\rqGp̂ li^ i: qltoà:/moü!d -M b b b e W b 7 ?yb -■

. &limoh (19654966)* ' \ . ' " ' ' ' /

m e r &b%)hona^ : - ' - \  -

À-'.y'/_/: ' lou.yvtlj t'̂ y/70 o hccra .̂.ovtraaX rapo:atn of pfîA po%mo:vaaù

I n  mltoohondria* ’ T/:UiteX'a1ïor'̂ o:e (1966) aropartod I t  iû yonmî  and a:u?.oo 

■■'y„. y,yy thon 'Xi Iaug baeu foxvtd Xn :vai; llvcjx mlbu t̂houdrla ()/a:eoopq Ty 

1967  ̂ Küiiboxd> OhojrdloaOf ^oWiédcr h  Beluaùh  ̂ 1967)$ and lu 

y.'"' à ly- ab':/b-\y#iym i^à'wi:!î odp%ïiim%3̂ #4Ghohâ ^̂

by"'::':%-y: 3ho c'û^)yh\o hao booe» piuHlod Yxoii rat llvor icftochoiiclria
-y -y- \ y  ̂ ^

(K df ô 1968g . Meyo3? 'fr Slmp̂ un»,, 1968)$ and roc|ui*roü tho four ^

Il ; yf :-y yby y .b yto\;poto#ô 'by..by; '
'

y y..yyy'.yy 'y'yY;y9é̂i#lA#qç̂ÿ.,.t(b6$y 'pô3̂q;#36;;'to

iv&CüaiBû: iKvtlve »M s îBcrc. I #  moBb «Wld.rç ukurciokx^qMo :lo Ite  

Vy ' Tftî.y nrrLoil vrs’oi'eccuioe i‘o.v BtiiiLvo witoGlwftolt'J. Jy'iA >.*a-Sho»iftei' " "y:\-yi
■ ■■■'; y ■■ ■ .y ■■■ :' ' y&'0K o-tîtor-' tiOlîï'OCB (Kt’l f  ti Oh'ihÿ 3.968). '

:y .yy ;:y iyy /ay :yyy !:;& 4m ayyya"yyyn ;y  yayyyyyy y y y y y y y -
w y y : # y y : # # y m y y y ; % y 'y : % y y # m a y y .



--à- l iA a  mmmiia ila h  *;.: ;■ ; - . yy:"; ,yyy

!Col;y:'i\arüeü 5ncli\oorl in  Ma'tt:ia.l:l/jai co?.1g after? "oWio iu fo o tlo u

:erj.üoût);y boeu 3:wlav;nd by Ko:l:a ( i9 6 0 ),

IX  I  d i f f o:rLyjyeu__ , Xu BwA fjrqm ‘̂ ’nxqouo nnuw oB* 7'bbyby '. :y9

FroM 'hlrhi k%\mej o f tlio  p.vjporUloa o f lOlbl iml}mô aso fro i'i 

yariouci oystoiao’ I t  omi tie Boon th a t /bWro io  aood yoiridonoQ fo r  to a ib la iv  •
y  ' .

filffe ro iio o a  :lu tho pol̂ TioraoGn th a t ' os»uiot be ozmloined by -. liT berfeM pÿ'y 

c o tlv ltlo o  in impuro onsyme pro}}aratio:ao* . - .

Tho oOBt ;olo'ni.f:lG aut d tffc ro u o o  lo  tho/îî o f uCjiipXato roq,ul:ccki3i%'i)* 

B o llm i (1966b) has p ^ ^ o a to d  th a t tho poly/aoroaGO urXjiqd I j j  denatured 

BÎJA ip?y luolc an ^IhH /biatj.où oito^® (prosGat la  the  

polyjporoeoy b tln ^  I t  to  l i r l t id t e  nyathoa^ i] oa doublo otranxlod 

))ihU Ho cniya’oy^tccl th a t tlia  >)olyacr:lrjatlos3. and In it ia t io n  e itc \o  cru  

Oil d i f fe ro n t n iihm il W vihioh p u riÇ io a tio ;:! hoo' üopam ted liib 'tH a ‘.badC :of 

tho t r ‘l f  thyim o ^̂anÿvif; buy n o t da, tho ncyo o f 'b ic hao to ie ia l onyyao* 

j^ahaa \.1960) p co iu la to d ' th a t 3)HA x)0?yjaoxxu>G ooatc iao  rarxouri oah?%iito 

daoludla/c a ^h/ody;e-̂  ahloh. faecO.itatoD iiax^lnclia^y- o r the h o lla  « ih.a 

p o s o ih y M tj o f- th o  haotox’inX  on’/.y-to ho lu f; ooactiraobod in a o la i la r  

yfaohdoa jpuut now ho 3?o«G\?alimtod in the l ig h t  o f the  fin d in g ' tlP:vb it*  

lo  8 s in g le  -po lyp ep tide  ' o h c ia   ̂ {liagduad trb a l*^  1960)*

:*loportcHl Aolooulcb/ v/cig’h to  o f %)olypio:er̂ oe m/o very s im ila rs

Saqà* 109,000;. T4 112,000̂ 5̂ 96,000$ o a lf

may t;o11 ho 'thqb ano- ocoh cbmpocod o f a oiag:lo polypeptide c k rln  

(:dagluud o t,a l* ^  I960; Oouli;.w>, a t o l* $ I960; O tencrt nh a l* . I960 eg



' B o llim  1965a)* ,■ Oa th e  o th e r Jicad t lio  urdno a o id  eom poo ltion  o f  

' ^4  po lyaorauo a m i ^ y ju  o o .li po lyao roso  'd irro re  q u i to  ooae ifA jraW y* 

lî hd t4  po lyno raso  hc\u 35 h c lf'^ o y o tia e  roo idnou  aon^ravaO. \.d th  thrcx.' 

for q p ll  •* Iheroaop nhera/bliCGo GUdpliychryX-arocpo ucoo bloMyd.

'' t lio  fg  and a b o ito s -^ tw io u r o o ll OBsyaos looo  a o t: lr ; lV  bho Ogdh* ooX:l 

oasyuto docïs n o t, Ivhiu s:iay,ro:K):*70Gout s t ra o t ir a l:  o lifro ro u c o s  b itn cG ii 

th e  oaeyiaaa po:aa:ltr?:lag tl,io  o:K,lotoraoo-of su lm a lta  in  tho  [tà  and o th e r

polyaoraB eo* - . -. -
' '

‘.èüo a o o ü o îa tlo n  o f  othcu; oasyac c io id r lt io D  xrk’hli polyiaorvafjo 

.p:'?opair;î;:loiu'î lu  n o t y o t v s o ll cnoiigh on tab llah-od in  Moet oas^'iao 

I te o iY .m n iio n n  to  d r w  oono?uelono arogradrng (AlATcronnao hetncon prdyao'?8rjon 

fro : '3 d if f o r c iî t  sou:eooOi

I I I  ' ' l*ho K o lo  o f  Blîà ' Polyaorcaoo in . v ivo . I  .•,

A '?.iiü .ir iv iv o  Q ito  and o tc to  o f  p o lyao rnso  ' . .

Billon (15)63) fomid that all thoIdïïA polynornoo of Boeh * co31

v;aa coraplorod to # 0  }>WA, mid ' ICadoyn, udtsui A ‘lolrgl (1964) oho .d
• . rlbô

.that vhoro cao a dooŝnxaolcopŝotolu oonualnlng DWA and RW& pô3y!iâdraGQ0*

In tho Guoaiyotlo cell tho uitmtimi- is farther eoraplioctod by the

cppyrout cx:icrb0iioo of tlxo enzymo^in the miolciio and the oytaplaenig

' though it noa rjeoinrj m t'ho moll outohliuhoci that ' "àôtlvely

‘ ongogod lu Oui uynthouln lo oomploxod in the uuclouo, nhoreno the

oytoplasHiia polymaraoG roprenouto oithor nomly oyy#hoal8#ÿ':' Âolreoxly

mod" onsyrao (Mttloflold, fWovosm A Vavi;QCoiip 1965|.'à'XlèMlA.:

 ̂r(ollo:lii05?, i;)C>4v ffuBlag 1363)* k'to.\o ic ai.no Q¥i&eaqelthat: e;h lor.ob

mmo of the polymerauo la the oytoplaoa in on. -I- ■'■■ A

inolatioa through loaliago of the uolnblo oaryao froa thonmolemi . .-

' ' (Salth & Kolr# 1963 g ‘lain A QolOi,'1964)*f  ̂ .



'rir.AmrallÂill%̂:'b%ùMïë. 'of'{bîiM'oo%Tae±Bm;ù -.

\" /k'f'
ilttie Ï8 : Wddrëtood b&b̂ ooî #o * o r MA êt hocio.

iU îC lo i ixX̂ O O 0 l& q :ÿ t  d iirfG r0 % k ':0 j)8 ^^  -I ' : 

-  y o A ia  t l io  c a l l  o y c Ie ^ M v o  nhoua' t h a t  c ^ to p la n ia ié -  ïà à tb re ia a a ' i n i t i a t e ^ l , g l  f  A l  

: '; î iL 'A , ;q ÿ i i to 0 8 id / . ( l^ q ç d q #  T h o ro  a r c  t l io W lo u  t l i a t i t W i i A  A:'^

• -■ ■' ■ l e v e l s  -. ' 6 f  I D W A : p r b o t i r a o r B  a 4 a y  . ' 'a o ’i ' v l î î ' : - t l i e  . g b n t r o l , o f  s m i t h e o l e  n l â ^ e A ^ - v v v - : G ': - : '

- :  '  ^

7 'iy # e ir ; :% Ÿ Q lq ;â à 4 -# é ;A lé Ÿ è % A q f. :^

14 ' i l  .:' A A - f  'v v ' ' A"

( Boimélâer: .& 'iWmellA' I ;: ':;#gdergqp ' j- ; hao '■

xA 'I^ '^V fo tdeeod '' u^ïô ra la t lo n n h ip , ';b é % w e e n ':à e '4 è h g :y à e a Iiu V ô lv M c la "d ÿ ff '7' r- yo I;;7  A  

, , , o y a th e e ls  cnid TAIX r e p l iq a t iO à y ; !  i;.:,u>.. .'■̂ .-4%i-:\ ÿy:-I' \\/ :  .,'"ç-Av y ..iky A/.c'I 

^AAr--- Ih e  D ta te  o f  tù o  IM à të ià p la io  10 '/ ' A X '" ' " ' -':.

A Y••'■■:••- r o p l i o a t io n  s in c e  I t s  u s ï ia l -o iW tonm ont o f  'h is tohes '.- ’I h .  th é  := 31.-.
::i;l ' I':"

o rg a n is a s . and I t s  d o u b le  ' s t r m id e d ; f o r #  a re  I h h lb i 'b ù iy  t o  m ost .; •:-. "... rg v y v  : a i :  

;' ■ ; •'.' m r i'a m llc n  p o iy a e rn s o s  ( B a a l l l (& ,p h i l p o t $' 19631 ■■■ s e te l îM c r  A 3 b « n W \.A %  .■ ',.

.. y'jv-' 3 965) * Oracle p ro p a ra t io n 0 ;-é fM A ^ .- iM o la te d  fro m  Eoeh* .gqIiI e e llo \A i% i& % '' :A l  

: 'A s A " i:% ^ jiln b  ëtcü?VA%'ion h cvc  ë '7 d W ln i;b h e d 'v t^  fo3?;Dî% '/;';':- ^,:0

■'AiA'ApoXyîHQraeOÿ b u t  i f  th o s e  M A  ÿ ^ p s ^ t i è m  % W  /W iÇ lr r a ô t l v l t y  . -':

\7AA'-A4b m r r i î i l  (8 c h a ib o rg e r&  G lé g o l A 8 à ilM m i$ '4 :9 $ Y r)% A '% A '''8 yh#  ,' 7;.:

f x  . ; '': /4 B o la to d  m m lo l  o co it^s  Im -'thë - c h o e n b e io f f ' A: A - ' -

J3WA, b u t  o n l ÿ v i f i t h è y  a r ô  i s o l a t e d  d u r in g  i i iO 'p e r io d  o f j l i t à f ,. AA A

A.A'h AiA '"if#athoD lo (Brcevies? u liü$c%/:%96$) i ■-.-'SÿntlK'ole Increanca i f  native.31À;"

,' ' '■ ■ vl a;A* •':.-"A.ànd üpœiiinè are ad#d/ëu^#8tl% :,th% t.ayai^ieslc dépende on :tW /A'

I .., v;y. -'aÿaàlàbility..of :,#é 4e#la#;(B rëw er:'#% 8<^ :19g6.)*;.' lïoro recentlyÀ;..;":--''/
a:: IT/::':'
Yu- y /' :'''î '\/i.:̂ thè.-S8me\%6rl<èrê:h#Brptoduhêd:ovldéno0. 6f' avhea'Wsênsltlvo Gubntanqê" '
A/h A/j##:/:A| r6iA#'AAAc##A:AAz:.%- #:#::A#Ai/'AiA'i;:AAA
A;' :.\;t=Ai;'sAA: AAiwhio%f .lM.tiatè8:Cëltqslsf&:%d'to (Bro\;or':&A<A\\
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3yl6S)# B u ttia  & Romberg (1966) ohovod lim itG d  BhA ayntlxooie 

in  the abacuoci o f ozzoQcyiov/j 3M. nn iog  orzngeueno dûorjj?i'boatxoIioon:UlO 

triphosphatoG  vnû. ooH  e o lls  troa toc l 'w ith  t-ric»4l})T4 o r *

A A  '̂'7 ' -. '., :\3 '\A ' '

uaOsjimolQoMQ X ah leh T70i»ld ao tivuuo  the I)îlA oinoo nyathoozls \?an no t 

doteqtod la  asidonaclGaao^deflclom t' im taato# _ % .

> : ' ' voJomn mid 35oaho.rflt (I9 6 0 ) hxwe demonstratocl the  o rle to n co

o f a !COîl and 00 s o n s ltiv a  re a c tio n  i n  Eogh# o o li t li ie h  lo  aocGssnry

/G ô ïi'AMA/SMithQSiSÀ^JaUtIh o t: f o r  : b f - : - y

oij\gllo*^st.rciicioul 3itA o f j6'XlT4* Sh,ls rm ;̂gce;'l.îs tm  oaGrgy ruooidx'lxig^iatiO E-. ■- 

nh loh noÂTvortB the  M ii in to  <a r.o o t'rln in g  ou ^'lOocsslMo to n p la to  -̂ 7.

p o o s ih fy  tho  W nim dlag o f tho IFIA'* ■ ‘ y .

P h ll.llp s  ( l$ 6 0 ) 'has ro p o rto fl à froyâ o r3 f  thyan-": \;hie-h

düAïo/lurofj D)R a’ lcf is ;-n o t aa eadoxh'wnloc!;;o*

'y & II s(lAI/ï;W mGOhmiismf; p;C.A|Iffl., fjyfithoG ip* ' I'-v ■'■ I-a-.

. ' . Slaoo Oaim o '(1963) ohouoA lAnvb In  y to o BaA n yu tlio n is

ta tx is  v)lo.cuï lu  both, ntrauds 6ii'nfltauoouu?;v' and m rld irc o tio n a li-y  tho ro
oAAf % - AWAlAu; AA;.' A 4 A ' AA AAA 'I; i l  A lA lJ A : m: 7 y À} y ( 71/7 .::yyA7y.'y : Ay à-O -1 Ay A Ay';
jÿhqgy'M 031 the  lApûhoAiinmo lmro3.vM$' \'W A 'n b i^ é ra s

.  s^».ath.os:ls€B lAyi tho  ûivcûr/ion  l»o» 5^^ 9* a long tho

bu t 3^-^ 5^ a long tlio  t:-m >lato; , thbW , to A # 'q ÿ iâ e h b ^  

oqan)3'ia tho 3?ever8o

io  (Ic-aoastr.ato 3^^ a>uthor:in n s ijig  ymiJrJlY in  tho  o:\lS  l-hyunn.

VfOrArinal a d d itio n  roa ctlou g  i>rovod unsucooosfnl (Admis a hmlcg 1966)#

IfliG d iscove ry  o f okazah i(s a ca ly  s^ynthcpiscâ o llgoa iio 'leo  ll/io n  

(:ù iîiro d iio tio a  % ,d)î o f the onoymo po lyx iuo loo tldo  Irgoso has olnco 

\)\% oyi&ë&yâ'':8atigfaqtpr3fytm isuor_to./thO vnroW .#i4.y ÿ 'A
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’ J?c)3g-mtolcot.ido m ill re p a ir a a ing lo ' break in  mio

crk^amà o f  a doi#lq«rotr;nidod 3)HA by jo in in g  a 5 ®—phoDphai;o tom ilaa l

dGtGàteà:

\a8" G\:#fàêto3?#yî;% t' k i s : fquA ': .0?% lBfG0'^d>g|Mw-' 0011-':'

,an/i hno boon p3ir ; lf lo d  flOD*^fold from ra b b it bdme w:X0:-oVp m it ûn thooo 

oyatomOv the .cttfantnr iLu AW# l,!ov/ovor thoy rcsomblo tho o c ^

4%ë8e;-:Ètoqéyto,:a%ïaô'aàq

( h lt l f io ,  I'lmmorr.irra, OuIxXaoky ù G c llo rl)^  1967 ; 39ookor$ yyup % jnffor 

ci F irao ita j 3.5)67$' MndahX & .kdoliucno X96G)* ^. A soeoud lUuO%ondio;LG/,. 

ioYMA îuioTi '̂lDÀ'tO oonmo^oiU, has boon Ideninlfiod (Oi;lvorn,^ .fK ii, g Lchmon  ̂

XSXiB)*

%b.o raquJ.roKioirt- fo r  tho ll(p.\r,o i-a BPA. oyo.thooio has boon 

doi'x^oo'bxatod by Porcocl à  Rlohcrdooa. ( I 967) ujjlng f4 ' «̂tH’kuir.o ulu.ch 

Induce a. toaperalfire n o a ritixe  Xlgxoo* 0?o%ik:i^u group hove ohox.a/l 

Rtmo that''there.;W:qo'6iTWl8M0h'0f:^l%q:)ILynq#l^

synk'io.olsod )jJi\ strao,dj o/î; high t>;xperoturor-^ (SuglîszotOy Okrv/mM IS 

Okasaklÿ 1968)* \   ̂ = - .

‘cue diooovcuy o f ?)o3yniioJ,ootldo lig a s o  vmi tho OkaBakifrag'xoutü 

A;led}tq; p o o tn la tlo n o  o f a stiiodol f  t o : I s W W r  t o" ; A

in o  other p'k.-'-id by ’̂'rornvx^OG-chlrcatio-'if oyjrUieolr, o f ol:igom%3/"O'kidcr:^ 

v liic lij. wh(\u 00,:I f3 c ücd. afo je:l:aod by Vac J.igcUio, „ fix  tb iu  .mpohOLii' rex 

ck'‘ij)loy?]c:'at fo r  uho 490 mo3 coalon o f PDA no3en#':oaoo pGr'coXi v>f Atjaa* yoH  

ooiilo, uo vJoiioA.ioocl (klo!xa:cd(xmg llA?i?fik:eaiv!;y ebx^shian A Koraborfg 15)64}
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j'

gho of f'̂ lA ayut?iaoirj w uld bo l3io:,?aanoil aM  mako # u ' . ' f  ' v

10^ iVXQlQxyhliloü polyTiicrclsod/èim̂/iiîcolooî̂ ^̂. of. ôsyme Io,e ;Mio r. ;.

ny r̂Uhosio by 1;bo KgAi* oo3A DoldmorisG ' '1:-'':'% %̂ ■'■ C

boia«xviîiU)J.o iTl'îîa iA),o :ti\ vilrcfrfigmv orrIQ<̂à8e#w;palro/îïiia4' y y 

(Donbooffor? A Uio:»/er> 19̂ >50 .OfXl«/n. ] .@ 0 g Ooô|>05?/:̂ s;-l|ëXa8tè.t:fe03?> 11958) #■.• ; ÿ 

\éio objeütioa to :uîiild ïoà(McM.ù£ xb ' il: ' In  boopmlilgly : { 

inoieocolii^ly do'abtful that aï?ytDM polyraoxyirjo pua. i # t l a t p ■' ̂ ■

Btfa.nd 0 ÿ Binoe the lUK̂éoBoe ■ .of y.olff̂omsaleoticlé -ilaltlatorB ̂ : 'drt of.:- aa
. -, ' ■■ ■ ■

’ oiidorAîclo.?.uo ÿ ùtvà accotait for aipr, appacout iiaimtiatGd Bpithorjf o

pvLvyib&?.ÿ;;:æ (itualaail o.t 19.68 ) *. 0 tMièSf .ôa : tW ; :

of hl#/àym.thoalq'fby tCp 3#A polyriorâo ih the ypradeadë of bliGoiiBolootictca'

had led-: Steiiaf$;;ot al* (196oh) to propoee that-bligonaolGotidco for*rjDd

bj bréhkdôwA;'OfÂ#o hoot call PïïAj or of ÿ-.'-raot an

initiators for ITd/V’Byntheoie (idia’* 2)#' After they porcfomod thoir

fmio tion the ihitiàtùrd doüM ; pAèeiîhëatïÿ. bè ; réWf éd %% e%o%m6Ïeâab : f : . '

.'if tiWr' soqûonco vroro not bntirdlÿ- • côôîplomahtsrÿl’tî tthé ; ;tdamXâtè) ÎDWA-i

The problem of hov/ the ïîM beooraeo donabiirod haB elreadÿ.::b'eeiiMibGhpaedf '

lu those modela it lo posoible that - more;--, tliàĥdiïéf'èpëolôa f-V i

poly/ioraae oould’ho iîivolvodÿ tima ĉplaircdjig pÿ ̂morë -=%

polymerase :opecioo in  the coll (Cavalier! & .ÇaiToilÿ:;.1960; fheÉih8'btj:̂ y

1967  ̂ ïîori et al# 31966g hiadoay Ca Adamâ -19685 Mruie ù Pozn̂ 1966#"'-a

Eqd'êsy:&967ÿ':zi9G0Xiï;-A foŴtW'tuA'vG'A 1;.̂

toiv-dnal addition, imizyrwj coiVid bo Timalsavpdÿ o*oV ‘iiî gouIcI pax̂uicipatè

in  tî:ic- eyutTienla of the ‘.olit'piuiclootido luitla-oora. , . -



jOufjlvaid ̂  tü.j^ (i960) iu'vo prodiiGOcl a modified modol that 

ra q u lro o  u o ith o r  o llfAXO U olootldoo aïox* the  :OïïA to  ho pi-xvrionairarod 

(}7:l&% 9*) At lo popslblü'thfxt t'hlfi aeehivrdon 0(%omA: in baotoriaX 

' WJ\ oynthanlo and tlxo provlono ono in othox’ eyatoma.

Bpoyar? (196g) bIiovjocI that polymeraoe partlcipatoo ' in  the 

üoleotiou o:C x i i O ' b a t  iVaooo A F3;oo80' (1967) :anAX̂oot 

ulth üO'ùio f̂ enotic ovldoneo that the po3y:uora(!o üpùolflclty lloa in tUe 

roôGotiori of Incoming; trXphoOphatoo vjhidh do not the oorroet ■
-
.laaee*̂pair* ilall & hehnaa (i960) donouotratocl vitro that

mialworpDX'atlon of cllllfi no toad of dOr.Td) al o% a poljdG teaplato”

T;lth à ĝx'oator frequency idiqn a smtaat" hl-IA polyüieÿà%e/d%̂ %v,

}io\ïovûr̂  there wao no dlfforenoe heti/coû the. matant mid uild«*tyj>cj

:;,:r)pblÿÿiéra#W,̂ i-iif5inoo’̂’:î)oratüî  mto polyÂd(Â̂É)': In/plàoë" ■̂va':-

of dmoh (inbotltabioa of fiasrieoxiiiu dons' hyhËmglhieoe' ';̂6ho ■ ■,

intjreeacoo )iiieineo3?pu.vablon uhloh conXd auplfdn hov iBanganoso iouo can x

Intlnoo rduto-tioac l;o. jjgch# ooli T.nd %4 (homer00 à itmcon̂ 1951»

. Org;ol ct I965), In - opposition ; t;o ' the- models in -fige * lo

the gioneblo evlcloiioo of ICubltoGhek of a; maater thed)a'ee&it

diïTéd#-'%mt%io8l8 of both claûitei? s t r a n d s # f  ff --

that the I'-"'a-': nito of the iiolyneraee aoooaaodcvbcn'oafBlnccmmi?; ■''■'f:; ■,:■■■''ù
■

; '%tŷ ô#ÿhaî a1)88eT*ped:rvanU the replicating Daeié-pair in ‘tîiëtparqâtfv 

strands (Knbitsclioky 1966#' - Kidjitschek & hondorsonp 1966), Ihhin is 

not Biroportod the f of only oiiv irdphos'phatQ IrXnO'Xné alto in ’

' itooh* QûlifOl'IA polym0x\q.BO (hnglmid ot aU$ 196(3),. JcUlo (196Y) Xnn

model in nldch tharo day $- and,: (#$: 4)
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A“ mvbé;îîi‘(?iî ' i ü ’étràiÿcl-'v/oulid--bo yWmsmltteà to. both 'daiightes? 

 ̂ /: t s i ' â i i d o « 'X - v y h é ^ T c ià G '' :% 6 Y - in  ' t l i è " . ù t h 0 % ? . . ; 8 t % r % â  \ v o % l ^  i h o b  'ib e  ' ' '

'•, T :̂aOBG& 0%»- V '■

,'... '-\. V'.- V :•’.• •• • '-A-'’'èomplo;bO;Amdoiej3:UanctLl'iiô‘ of #0 îmohmllsme :bivolveâ lii MA • _. '

; .'■ s .y\̂ '8ÿh#0Olè : has • 'ailll/aot,. boem, ihisplte; of -thé, memy 'm oont. -: - . : .

'■■- ••'.■ -'.-.r-:.ë#'à]âo08ÿ ' #e ë&ab t ' - rolè;'- df - .DM) nolMoî aW "ami.. 1#-in vivo! : •

,. %mêdhQ5ij.Bâè''l8/still--,tho‘ mhjeqt;for-âudh.-ôonjeqtûrù* AîIiq baot̂ rxal

' • ; %)h%0'''p6'l̂ ë althùàgi W l ï T . pdmp̂èd \9ltâ;;bW' y..' ^

'•. -'■ •• imàmiallml.pbV^iiïQphQQBi‘-'#llI;:pÿ080%.}W ..ĉitêptions■ oonoQismrüîg.-."..'

' y '■; T'.-■;lnb:fiv4 .raë8h#%8mo rOf.%ot rqqulrè''̂  qzGoearohÿ./.} !, ', ■:

'.•, \ :"lmolD.d;h'zg' goxietio! ptWleàg'/'fqr. ’fàllGj?' ' r ' _ .  •■, /S-

ÿh© \m0ohs3)lsfio-ofyrMA 'withê lë: .éÿdtëmB ' .of' îiG'oosel.tÿ;: •

'/ ':'Y'..different, là.W:;lëaet'.'a:.fow■:rêjpecta from.''tîiésofoma, of'life. ;-. • "■■■ 

.;. rsmd ‘théir. "polymoraaéa"therefore''morltcâeparaliè- ëtudy#. • ■ ■■■■' . .

' ',!. " : .":■ ■ ■:. ' ' 'f v]MrthQ:èËoi?0g :ÿâ mamiailëk : Doïymôràa'ogs' liavé toojfi bUomu to '. - f
? :̂AV'

..':.:v/1iave som©;..dlfforont,.oharaot̂ riatlbow-':aâd -tiimour.oeil.•poiÿmerase may ••• • •

' %.b:y:%)rëaeï#';̂ etfpromooo ;f.SinoQ,'tho;;'̂ so ”of,oontrolvof.',grow:bh

; :■ oé'.By ïïiàmiBaïioil : oeil iàhéri table it Implioo ti-ohaoAO in  tkp genôtlo . '

' -ff :! A Information oontent̂ bir'liV- thb >3qoré8slqn;;of this ,lmforma.tlon* ' stMloc of 

 ̂ ;.Y''thO'b;apohcmipm • and j doâtrol'b'ôf /:3)FA, ' 8yn%08l8.. rsyeal differencea

f/ln-thO' •lovélafôf. ;'ln#lyeâ'',in-'.DNA8ÿa%0ôlâ WtftWae maÿ Üo "• "

'■■' ;,•-•• •;•■ :;_bk:'aomëqiiènôe.'rathé.i*l'-than.*& oéus.o- 'of/•ÊtèP.'igmnôy*■ -anA,.’a.tudies. on tîio' ''

• ■;...•‘-.- cmalitativb' 'differànoeo'- In.-pir̂ÿiiiô ' laebîmrdoraa .màÿ. .wôXl?% ■ moré fruitful-, ; :,';

f- .%0' 'ùl)vlon8:'''lmÿoÿ# :ù.ïv:#ë':- .of 3)KA\and /ff f

:..' •; bûrront.'laèk offdbfliiiitlve- lïifôrmatlôa,pivdte'-nhyaloal' ànd kiïiotlo! .

'' j- - : ;.%o('MWpërtles'-were. thô :starting point- • for . .thé proeont work»: b • Fartlmr ■'otudios



.*

3 S

■ ' thdroforo;'carzdod o#/,pm;':'ône of ■ thQ̂eott̂ liahqd -îâdmuaiiaïi

ic/y-poaynqraoe'i'aÿq@ • mmblyj' \tbp MA pôXyméraBÿ- of ,temlsohÜt3;-: • \ ■'

■■ vr

■' V.- :



3 4.

, .  ...
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. ; ' V . - T  •■'■ ' / -

A .TV- ',f . 4. V-b '_ \ .

•■■ : '■'■■• ' • • : (he.* )oS0 i •• (opQdlal- • àwae-gmâo)yAmâ .pmohàmà. frbm - ïtim i ! . , \
, ;y ■ . -4  ̂ 4 y  , , y-.  ̂ \

■ tiQoeavoh fcb o ra to rie a 'f• î te  .To^k^"m à ' 'Qo@% • (o p tic a l gÿàdo) from the ' '. ' ■

. IfOTBhav/ d to iioaX  '0o*-9 QieyGlandçfOhioè.; Other inorgahio ùhémloàlo : /' ' y f

: _ uerq gmdog ivhomver pooalblog and pnrohaeed from 33DH -

y ■ B ioolieiiiioals ̂ ,Paolep ■ Boroot'^ •. - te le  baeo . ( ■ )  -, wa-o. obtained ■ y ;

'■;’ ■ ' y'.from the aigma (Bohdon) GhémioaX- ùo*t- lsondon̂ _ ■ éiaeolved; in  yzator and -,;.
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M A 'a it l i  du  eqna-I tro lriuo  o f  ehlo5?jfo:^a«"looaTyl a lo o b o l

v/v)» î?ho interphaeo formocl bowoon tha tuo In;yQ/?c v:ac ro- 

oxtracitod by s.\5nuepoM:lng in'OBO# mid ,;b?oat;Ui.g vifth'eodlPM dodeoyl ■

oalpho/uo nnd oh3.orofo:m'^anyl oI goIxoI  as bofo:co # I f ,  a fa r t lio r  

o ig o l.f'lo ïu ît lu te rpaaee uao i t  ra s  re-^'CrstraOted royjc-iJ'i'bailXy p.rî

before m.itil lx> \hv:\ nogligl3)Io* X'ino 1)111 vkio prcc'cvip.itaci frcmi tau pooled 

top Iry o ro  o f eve :^ G a:trcotioa by H 'v o l;  o f obao-luto o tb a \io l and r o - ’

. ' ’ û‘if..oû lvod  là  Y0oîr’)O« ‘B aiioraatdo rlb o m io lo a e o  v/an o/idccl to  2 0 and 

th e  o o ln tlu a  jaicaabatod a t  50 a im , 9he ‘ONA \/ae \thon  o;:>jtro.otod

'to io e  by add ing  1 vo l#  o f  - ( x t / v )  r o d lo t l l lo d ,  phomol' in  880. 9!uo

etba.uol jX V Q ù in ita tlono  L'ore po:in?o.iiùod • and th e  })iïA vaB  (iiu o o lvo d  in  ,

0*02 IVH'J.îl avid dialyoccb agaiuiut 0*02 iViCOI fo:o l6a:e*  ̂ Aoid'^eoiubXo 

baolrg)>'omido woro B;px>vmt̂  -2';b '

,11 A ( i l l )  ' ' boncyteo/^lpn of  W A ■ . . . - . ' ■ . '' ' - - ' \  -

DMA a t 1 to  1 .5  uao hoatocl fo r  10 K-iln* a t XOQ’ or.d thon
'  '  '  ' '  ' '  '

\  :L'ai)ld%y ooolod to  0^* ,. \/Uoro pooe ib lo  -Ikm'Wh. x:an d ilu te d  up to  f iv e  

fo ld p v lth  \ 7a t0r  i'o  oarjuro douatiivaulon (U avaX ierlg -douoff

A D o o c]# e rg $ '\l9 5 ^)* y" . ; - ‘  ̂ ^

I I  A (iv ) pbrp?a0 tp rio a tio a  of. the J)tlA /

' O odim ontauiou 'v e lo c ity  oaialyrjëc o f bho niTA ■coj.uttiona vjoro 

porformaci bn t lio  Bpiiibo Model E u lfe io e n tr^ lfu g ’e umimg 11*7# o p tio e  

j£oo ilethodR  X I b ( i ) ( b ^ .  and th o  e e d ia cm ta tio n  u o o fflo ic n k a  

ra'fp^od f roPî ■ # ■ th e  lo v jo r ■ v a liie o ■ boring ' f o r  ■ th e  ' )iioro e-:;.to:as iv o ly

yy:.yyyyO pËrlflüd .A;ppÿd%imat'0 ÿàlüoeyrofy u o i g h t  o f  th o  DîïA

vArto oalciïlatcd from ito ned̂mou dation :c%to lu oa.crono âcnciity grvbloato
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- ÜüOl oqntXllminm ultraoontrlfngation of thü/Oj}TA on Oïialytical

and propr/L'éVülTO iiitraopiiurlfî geB■-0ethodii XX >J(i)(e)'ai#"XI
; a'- .y. . /  .uy ;T , , \y - : '- -  '; v-r.! y ”'.-/.. • r \ y  . , : . - \  y \  yy^y a '/,. : - A : . h y J % y  ■' ; ' : -.yy.'.;,, '

U . . '
y:ÿ: / ' î \ ' : ' m 8 # ÿ G 0  yiBÀ-ytoy

' /?'. : ' xWW'ypraduôed. -Whèn̂imtl'ü ahdy%éf̂tr:'d0h(̂#îs)'d

BOdloontod togaBlior* ;::■ -y.: /yyi ./.....:■ /

calf thymuc BI.4 proparod h j tho'motiiod of Hay-et
-' '/ '"' . y ■:• "'■’ y "0' ,/ ' y/'y /Pÿ/y/ig - y//A .4"./%:'/ 'y-..": ; -''■•>/c'/-’ yy//'-\ - .'' ' :' y// y/ y.////yÿy./ /: y //;/;: ■ .'■ ' ■“■ ■ vy •'

(1952) foimd to Go#rdn- deno/fcûd 3)MA at a Icvol of 2*!>>y (m/ xt) of 

the total DBA. (jolmoosi &_ haokomhlg 1950)* ' _

Tho protoiii Gontout of tho )#A og dotortytlviod l);/- th'r lüothcd of

lownfg hOGobroogĥ Idirr ilaadoll (19530 ''"'O.O 2̂fî(rj/iv)*

llio propazntlon. of Mâ polymoraso up to (Kll fruotionatloa
4 <“

\/oGg v/lth ïttl'D.or Youj atiouG g porfo’uaod dofiorlbcïd '(\y Bhop̂iord u ICo.ir 

. (1966)* .411 opQ'vatlouo ysovb emrrlod ont a t OwJ*** , . \

(1) - ■ • ■ ■ ' ■ ■■ . •

-"'y: V:

. - îiïlQQ iniiooitlatocl l'at)zàporitqueal.ly 6#g tlajo provioivoly ulth O.fml* ' of

aooltoo'̂ timnuz' fluid* lh,o oolla woro yithdraim luto 2«*5 vol* of PB8'and 
washed in  PB8 and • * •

:?,3Hae(llatol,Vÿ or.etorod at for up to 1 year#
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W '

%ho coliu îroro asicîpo'aclod in  5 to 15 vo3« of Boffor 3 and 

ctlrryiiptoO. 'in a 14)tto5>JslYGh‘1oîj) XuTiriogonilror. 2 to 3 'OOiM-'or. at ItfJ

pooulo olonxanoo); lAerm anfSlnXQirc for r̂coviopyily :C>.y>?;on, eol3og

bnt more m'cnx̂ un coo nary for frcfih <̂oX1b (fOOG rov./abu for 20 ecu, ) 

cud for ooDooutrated ocdl uaopcuulouc, 33iuriwtion of tho ucllry ucu 

follor/od miorouoc>piun.llly ruling cxyotol -vlolot ri t/clii j% ' (\i/\? )lu  

■ ■ -> O,̂ ln*»o,ltr:lo aoî , %he liberated nnoloi' olumpèd together la largo 

vlollO.e to tho nal;od oyo« Solid KUl rao thou cddod to tho 

ouupDurjlon to (hlÿrU . , . - > .

■■'■ . (b) \

' , , X'W:,oollo. wero.ousspondod BulTos?

; -;d& Sonipîùho at p'owG%* (G%>pro:̂* Y â#8)yfô; ;Wô715y'Be0*y'b

llhia oao aufflolout to the oello said umlel* Ohortor tlwoo ■■

, of oouioatlou jùiptuucd the cell ualla only* / ' . ,

r c  « ( m )  m ^ a m r i y y . , . m 8 Q . # p ' A ' '  ■ ■ ' ■ ■ . -

high uppoci aupozaict:oit, f3Âtotlous of tho dlnruptc.d oollü norc 

' P' pro%xi:;\:d by oeutzlfagatiou of tho cHornr>tcd urepcr.atlbmo at lOb̂COOg 

for I h7?* on tho rotor no* 50 of ühe opl̂aco h'odol h pi'0%)07r&tlvo 

ultr<locmtrlfugo* ' ’ ,fa ' - / ' - ' . r

:o; B{to-) ■ . 9!&jwgaa^'ga%lai ' y  ' " ' ' ' ' ’ •■ ■
- ,/‘-'M,~yv \ , ry  ./..' %t ■'■ '...yy.- .yy-yy ,-y ^y-yy'-yy-.' -y i . y y / y  y y/, y.-- /  y' yi/'-' i:,y-' y. - yy. ' '- y ' = ; ; : ■ ■' y...,- ' j'/":. 'y ”; .y:;

O*SMVc0otlo cold sfldcd dropp'Jao to tho lOĝOOOg nUpornctaut
/ ; f yl.y.f'y, ' 1 "ytV̂v . f" y/ f-A ' p./y'! y y:' .̂ ff' ; O' ty. 'V ;'4.iff y! " !f'âf v"' \.y". gh' ' f ' ̂ 1 : ,. ' ' . ff t ,y ̂ ' ''

fl%:ld at (f at a pH notor$ rniih couotaut otlr.ubig mitll tho pH foil to 5*
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rjGd:bj.o# \/üB d>;yaadla1:0lp' :̂iUBpo.UdQd; :t:a Du :\fo r 44 %- ty/o n lou  mcrr^ivi

pcuueu Cm  c, pentlo rircnug?'»- th o  m h itn ro  a  oA• iĤo.âSlvohjcm uuun. '

I f  a  aouccndra tcd  üo^nvAlQu o f i>:x'>to:byVni, m o  rauicUx.d a. yyfo/Oiiyor

L u ffo r  (D o ffo r  # )  oau Ufiod and X^xo pH o f ôho fii3 o -l ouupouoloa \.{0;
contained

c>hocI-:ecU M’ho p3fj oxiX /G lpitatc} i- .doriatîrcad p ro ta lu  vArioh o o iû c l'ho . 

romovod bj d o u trifiig a v lto u  a t 50D«?00g* ‘ ' .

. I I  B(y )  Amaou:Ut"te‘'^'3^hato fra o tio u a tio a  -
o ’ . ' ■ V i' f  ;0; ' ' O’ ' . ^#1# ' i#ù«wa9*p#f*:a ' , . , ; 0% ■ y y - • y " .̂ '■, '' ' y  \  r >C , .- ' y'„ - O ... %  ̂ y  ,

r*atoi?atod  ̂ e t

pH 7#5$ v/arj ndclod d ronu lüp  a  fe ;o t1 îo  lu to  th o  oiVJ^;no oô lntrlcM  to

2%o ao;à iirat:lou^ \7 j.th  tio:a0tivat a tlsn -lng#  A fto r  lOzAlu# # th o  o llg h t
. -

y" c'yyyyproolpluccî;0, form od trarj romovod hy gom iaz lfiiga tlou ' f o r  liX Æ i* au

lOÿOOüg cm th o  G.'!ÿ]Oi'il. m ig le  h.oad o f  th o  IB  Goutr:l:l\\gO i, 9.0

'th e  scaporuatqat B o liitio ra  v/arj adtlod f it c t l io r  to  4l>y ocvticratle:-!

iVnù. th o  p roo ipa ta 'üo  aodim ontea %  o G H trlfu g a tio u  h b  h o fo ro * ' # lo  - 

p r o q lp it r tü  ra e  d lo d o lvo d  ih , D u ffu r 44 a #  ctlalÿ-Gôd fo r  4h:\u n p a in o t 

B u ffe r  44 a t  romovo th o  ' ' '
, ' . V :, ,. . - '-j- V

I I  3 l(v l)-  Ga i RO t 5?at:lon

ly Ç '/ 'f  f'c  : .Oopliaûcc .G^lgO ,a3..1ouod. th  .wUp3.1„for a t  J leao t l  f 0-7.0 ova ..: - ■,. . .

d lo t i l le â  p a te r  a t  0   ̂ onâ  l u  0*03IWIU1. ead CalihAfaùH f o r  7. tla ^  eaohp*

p p lU #

o ln r iy  :h ito  a g laoe  oolrjü^u (lilêJ lOhom# u  5#2on*)t, ïcho appro-^atiia % oe 

fo r  O f)l f l l t r a ü io a  m e  th o  4900A kooyclirnm  l^ro tcm . 'i^xo :üx^ot t^gon

,  tuMi\g paaood th rough  th e  HCG 49124 p o r lo ta lx io  pmp oo that ' th o  

■ . ' otuaplo m e  ppjapod npwardo U m A X fû  the? oolim a# 9 h o  p u tle ô  ta re  from  

th o  to p  o f i l io  m \lv ^ h i Ji\B üouplod tu- chu fle n a u iu l’ï u f  th/3 B'{h 49QOt\
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xn rho of a;.ur'j tu  a f)?:lfiîvû iioĉ'LCl̂avfoj/,

of tliat cloDos:d1)od % Slioplioiî l 6 {196S)* Bc'̂üî* aor̂cw üoa'Ùù:Woâ

'■̂feo .follov;;lïig copîBùÀiGUic *:ln 0*25ïal* i l«5/imolQO of # 6-Y ̂ lolos :V:
- , , y . , ;

of. nn J.5 y%oIoa of KOX̂  of Ifi7j?â̂ o)î 7 *5  ̂ - .

!5^>M:>lofî o f  loi'OOT/vOotbaool^ S llu /iu o lo o  c n n h  o f  OMv?,

3 0 >*-5ùa/TaDlGTj o f. f  ( 2  ±0 5 1 0  ̂ ooimt a, ) g '

JLVS* of lioat Aeaatm:'oa ))WA'<'fu#>lo;v0{, oncl 100̂ )̂00of pioforl:,!

■aont.o:lnfy?f-; Oif'\ po%%0/:a90« po ro 'to ljri pjoivo %303."foiino(l V3A fo

OSX̂Î/AOg -, ■ ' 1 ' '
' . ' ' . ' ' ':A

Ë 10 ImomUatio^ (% W . #  31*̂  ̂in  a nliDloU)fi \hvbor̂  haxh.% .-. .

t;oo oo,mdod imb 211 3h1 * ot-oppo3?od tiiWug aud wen Kfoppoci lyy

pXaxrlxi^ -%o W )0 8  in  loo . ' Idioj oo’d!Ul\oo qboixzd at - ) ( f  c/c
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.  - M '

: ' I I 0 (11) jB m  d  ,
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()i3ĝg0 ri l#0) nno qedimantedlW the game ooll and-rotor no above, at 44p - 
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7 7 7  ̂v-'A;;. -, d 'th ÿ  -u |^ è r  ■■with, a: P asteu r • p lp o ttO p j and ; th'é'- X W çr ' by  - pimo t ü r l%  / t l ie  bottom  .

’’A" 7 7 -y •■•:•• ■ ' b f  '% b '''W )8 g,• ‘b ro a t ’-bar©• waa- 'WcoaAbhroùkhout'..# e - ; ^ - o è n t r l f ü M a t l o a  •
- - y; Y7 ;y:yyvyy :'yyy:77:yysyyi; ay;y,/:y7vy:y' y y. 7 y
.7 '■ , 7' ■' A- aonarà tlèm  .ib fi'iè ÿb rG •• to AmglMaia7'a7ooaétant7- tem pera tu re  o f  3?:*--:'"A' ':■ ' '
^7 -  : ;77::A'A7h -.A3 7 /7 '^  7 7 7ÿyA.yx. y.y iy ÿ rA .d y /  .,.7 ... ' -  ̂ y y7;d:':A '

:,3%..,7 '7  7.7--'' '■ 'fe-.'Bîfâ ' in :e e 6h ;:l£ ^e r;uà? r 'à g te m ilü è d ,^b o r% ).tlè h 7 6 y5 3 .2 6 0 , b u t■ th io ' ' - y

A/y;..;.; _.;■ :% 8 '->cutftë :ÿ3 laêô iià 'itlVé"è iheg7tîié •''•Ibœ r' '(c te tra n )- - l 'a ÿ o r '-g iivo 'M g h -lù la n W #' '■
A . d ' 'A 7. 777:7 ^ 7  : ':.:\::7r\AAyg d ' - : : / '  -: . ru - 'A A  A'A" '

• •... ;■ ■ ,7 A- A7'Who57'mdtho&ù-ûseè Aîo^é' d i f o d t 'measurGmèirt.df ’' i lv - th o '• M à -’xMèsré 7 .'• -•  ••.
:< 7y.y::;;7:yad77\.:-7..;A '̂7d .dnAAAAf dyy/ry:/ ; 7:77y
- 77 ,y'..;'.' uppllgub3l0dyr..ba^ytho;i:#Qro^33ur ^Mothodo I I  , ■■ 7 ; -7

:.- ■;7ddê7 A y77:A73iàidioAyy; A/:777:!"7'y ; 3̂ 77;;// y y::!;':; :̂ y :;3.
- :■•'/. 7 dy;.....;.7 .7v7 :7:7 'y ' - '77 /à ; 7A.yy-y ; .X Ay^y:/.y.7dA=:d'..-7 . yAA-7 7 !' '-'-■ 7.:- y 37A7'. ... A3 ; .

7 '.. A;,/ :>■:■ porform od b y . th o  m otW d o f  W / r ÿ ,  -Mosobrough,
s _.y::;7yyy:y..',yy,:7..:y .7...//y.77y7;7777..y7y/::7:y y-Ay: .7:7./:/
■-.; ,.; y- :■;.- y -.A ferr.d , k m i d e l l )* ... @10 • p5 /o to lîi;'cbaoen tr^m oag ; g f  --M à•.p o l^ o ra s è  7

:■ Ay • ■ y3 ' • ■ y frà o .tlo n ü . dlBBoZvGd.'’M .Buffos?, 4  :Wéro. alvmvG .idèterminedxiviAthQ:.presonco - ;

" y.y' A 3. : ^7 y ;O f;0 *X  m l*7 o f 'B u ffo r  4y:%''dûmparrlDOUyMth-;a staM àrd 'ôuhve-/pr0 |)ardd3 ■ '-y 7 

A'37'33y ■ •V 'xA d ith y /vo ^ 'ih g  Q /iW uts o f  : DSA.'lariO*!- ml.*/'O f '.B iif fe r  4 * ' A'yy 7 ' - A A-A - /. . y ; ;  '
/ :7X7y..:/yÿ7 7 7 :' - yyy ;:yA;.3"7:. :7̂ ::;3:A 7
'■' ,;A ; f e  F (v):":' a 7̂ - M A  Estlm atîdnay- "'-7 7 07 .'-AyA 7 - :  A 'A d  7 .-. -yyy yy . -y :■•■ :;-:.;y-.

'■37;' '. d  .d y  -7A7..437yA;MA t';6iç7A%àWmdalod..:dl#Gtl^^^^ b ÿ - -ù ï 't ra v l'o le t3a W o fp tio à ''U 0 ln g 3 # 0 . - - 3" 

77'7.7 A ' y:733.;.'dulatlbaqhip'3 'd o l i i t io ÿ ;p f ' '42#5y?g,33of hoé a m -d';I#0#7_ y'  y

' 3'...37"7 ' ' .77:3./'' /;-3'7̂ orG doqupute,, & d tëË a:b ig tlgm  Aue^^d -mude;bÿ tliè ' Mxkm (igG g) y  7 / '.

■y'y ., " . ' ;. ;:.3'' ::m o d l# o a .tl6 k 'g f  3'thê IMrtoiiyiiÇt^ypâ: (19§6)# ^^h is -m o d ifio a tio a .o d a lo B -dô\m7 

;3,... 3' :'.3 "'the.'volm igg3\% er0% .:..'lnor0aëli%  ^ th e 'x s e a s lt lv ltA * : ■ 3..' ' " ..'A 337' 3y - ' y y
■'7:/ y; - :,;\7;/y/ ; c ;r;:.;7,.;::;y7-'■ : -:yAyy.7;y/:7y,y7/;y"̂ ^

7 •. :. ..v..d-- '7- 3 ' .7y 0702ml* gfy.î2D7..pôrohî.orlo-- aol d. -nuo. 16'  # o y I ) A -qgmiplo; Im 7,.,; \

;3"3 ■■■. 3 -y ;y.73 ;0*2GiÀ*7.'7uW3 .lnù#ate5.3:'fqr..3Ô \m %  d'-,qtdpperoâ3W id .# . CCho';" ; ' ^

; ■■■A3 3.gômplé,Oâs oooled';and O iiS SyB ildo f/A teB ùrton ,;rQ àgéat;;'add0d 3.(O*3gà o f  A / ■

■ ' ' 3' ■ A. ; ■ v3 âlphoiai^Iàm ineÿ. gOml# ;:ôf -g le io là ! a œ t ig ' ualdg70#.5mX..'..of3 eono*.'7d8d/v. tb  • '

" ' '̂ 7 -y. ;■'■ ' yr, ;3 # ip l i  0 *1 5  = .I*6ÿA3ap0#Mp%)ÿ4^dms added jû 0 1  .before u se )*' ,, "

■̂■773 A7



■ ' ù rto rln g  dark fdr-.I6hr#.'.a t ..r.ôoà;''tomÿoratwo.,m ÿ  'p re o ip ita te  ;J '■

. . ' ' y'tmq removed %r oeMrlfugatlgm,. mid the .dotoĵsriaed/'qa- #o\!mlqam
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FIGURE 5
Comparison of protein concentration curves o£ DNA

polymerase at and 20̂

Ê ch assay (0.25 mlO contained the following; TrisrHCl, pH 7.5, 6 k\ 

(moles; KGl, 15 (moles; MgSÔ 1.5 pmoles; 2-mercaptoethahol,3 .5  

(moles; BDTÂ 0.1 (mole; DMA (heat denatured̂  70 pg.; dATP, dCTP, 

dCTPj 50 m(inioles each; [â P̂]-dTTP (1.9 x 10^ counts/min./{mole) 50 
mjimoles# Incubations were for 1 hr. at 37̂ . The protein concentra

tions are indicated opposite.

  0~---------  Soluble extract prepared at Ô .

Soluble extract prepared at 20®,
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FIGURE 6 , ■ ; • ,

Chromât OR'raphy of DNA ptplymegase on Sephadex.Ĝ lSQ

20 ml. of a supernatant fraction containing 386 rag* of pfptein/6àl. ' . 

v;ere applied to the column and eluted with Buffer 4B. - 7 ml., fractions

were obtained and assayed for DNA polymerase as described in Fig.'S f  

(variations: 8 pmoles of tris-HCl, pH 7.5/assay; specific activity
„ 3p  ̂ 6

of [a P]-drrP was 4.9 x 10 counts/rain./(Limole). Each DNase con- 

tained the same Quantities of tris-HCl, pH 7.5, KCl, MgSÔ 2-mercapto-

ethanol and EDTA as the DNA polymerase. In addition there was 10 pg.
32 3 '- -of heat denatured [ ‘"P]-DNA (2.9 x 10 counts/min./pg. ). Incubations

were for 1 hr. at 37̂ . .

  Protein

o-  DNA polymerase activity

.gj  DNase activity
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DNA DEGRADED BY DNASE ( % )
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' prepared Jbÿ contains much' more. o;t that ensyme than .an '

. . ajiimoniim loulphato/pfeorlpitato* hater ' attempts ..ualng,: the ï):laf lo Ultra.-r ;

\ f 11 ter. to 6 onoentràt 0 - the. D# : polymerasê Ins tend of the harsh bzeatment 

:of pH5 pz'eciTjitatlon applied to. the dilate phrlfled jenbyme :p3?epsmtlong. 

resulted in no apparent loos of aotivity during the oonoentrâtion ■ - 

;'process# other, enŝmie preparatlo3.ia.were.applied- to. the colminp'.a ..

: 105»000g Supernatant,' f'inaction pre%)ared by homogénisation, a; pH5: . ■'

; 'ù̂preolpltate fiyiotioh. and an aimonlim sulphate fraction and in, all

cohos there was a slight ovor̂ DEaso, peak with the ' ,

.polyi'ieràao peak*- Some, of the DMA p.olymorase previously %)ie%:)az'ed on 

. the; cqlùmn. was. ;peôÿclGd in' ah attempt ;to attain complote separation, -.l --

hut ' there t/as s ti 11 an overlap ;. of the, peaks #.. Although there was an .

. almost negligihlo amount hf, ÎMàçoipŝesent, there was a , large loos. .-. 

;of polymorace. activil̂ . duxlng; the;rehy*oling#  ̂' ^

MW'iihw poimoraga, ; •...- -•

' W -; ' , ■’ • DM'ÿoiymerhse froin.-hscites-tumour oel3.a is clearly a' ■ •

■ :■. lahile onsyme as -has been shown. hy the losses in activity incu:o:ced . ,

'. duirUig fraôtipnâtion: on: SophaddX "(%Xi3p# High temperatures, freezing ,'.

■ and :thsY;ing,: stprĉe at well, as many other -

': ,% factors known, to Idenature protôixis are haẑâful: to the onsyme# {Chose .

' effects can. .he minimis ed. by : the pro s eiïoe. of gly d or ol, DHA and proteln 

-'à as Twell as the conditions previously found to he) optimal for storage 

' of .the JonsyiBoJ (Methods ;Bvii)'̂ ' ' hi Ï .■ y
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tlié' prGQonoo of : glycorol(\6?0 ̂

,-:0-v



mmm. ?

Effect of

The DNA polymerase assay conditions were as described for fig, 5 (vari-

afonss 8 pm les of tris-HCl, pH 7.5/assay, specific .activity of ■;
32 6[o, P]-dTTP was 3.9 % 10 counts/ftiin*/pmole). Incubations were for

1 hr. at 37̂ , and protein concentrations were as indicated. -

A The enzyme used had been twice fractionated on Sephadex G-150.

B The enzyme used had been fractionated on Sephadex G-150

in the presence of ferritin, and so contained approximately 0.5 mg. ■ .

of ferritin/ml. . ' . . . .

G — DM polymerase stored in 25% glycerol,i

and assayed in 10% glycerol.

- O ’—— DM polymerase stored and assayed in the

absence of glycerol. ;
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Bffect on glycerol on thé DM polynterase time curve

The assay conditions v/ere the same as in Big, 7. The enzyrae was'that 

used in Fig. 7A* ' •

" ^ 8 - r 334 pg. of enzyme'£ra,ctioniproteih/assay,'; Storied

' in 25% glycerol and assayed in 10% glycerol.

_ :0 —  410 pg, of enzyme fraction jprotein/assay,̂  stored

and assayed in the absence of glycerol.' • 

a 67 pg. o f enzyme fraction pmtèin/assày5. stored

in 25% glycerol and assayed in  10% glycerol.

 _ o—— 84'|ig. of enzyme fraction protein/assay5 stored

and assayed in the absence of glycerol.

FIGURE 9

Glycerol concentration curve

The assay conditions were the same as in Fig. 6 . Specific activity 

of [a'̂ P̂]«dTrP was 3.9 % 10̂  counts/min./pmole. The protein con

centration was 150 pg./assay. Incubations were at 37̂  for 2 hr. 

Glycerol was present at the indicated concentrations.
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FiCm E 10

on.dénaturation of DMA

p.1 ml portions (255 ug. of protein).of enzyme dissolved in Buffer 4B 

in the presence or. absence of 40% glycerol v/ere incubated at 45 for 

the times shown and then assayed under the standard conditions. The 

specific activity of [c(. /Pj-dTTP was 6,5 x 10 couhts/min./pmple.

DMA polymerase incubated at. 45̂  in 40% glycerol

and assayed in 16% glycerol,

o DMA.polymerase incubated and assayed in the

absence of glycerol.

PIĈRB 11

Effect of glycerol on dénaturation of 

' \y • -V by freezing and thawing

The enzyme preparations described in Fig, 10 were repeatedly quickly

frozen and thawed/ and assayed under the standard conditions. The
■ ,  3 2  ' . ■ ' ■ ■ ■ '  6  ' ' ■ ' ' :specific activity of [a P]-dTTP was 8,6 x 10 Vcounts/min./priiole.

-— —: , DNA polymerase in 40% glycerol during freeze/

thaws and assayed in 16% glycerol.

o—- : DMA polymerase imthe absence of .glycerol

; . during freeze/thaws and assays.
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PIGURB 12
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Bffect of denatured DMA on dénaturation of DMA

polymerase by incubation at 45̂

0.1 ml. portions of DM polymerase in Buffer 4A were incubo/ted at 45̂  

in tie presence or absence of 70 pg. of denatured DMA for the times 

shown. The remaining activity was assayed under the standard con

ditions; no more DM was added to those already containing 70 pg.

The specific activity of [a^^P]-d‘ITP was 3.9 k 10̂  counts/min./

(jaaoie.

A Bephadex purified enzyme was used (134 pg. of protein/portion).

D 20-45% aimnonium sulphate enzyme fraction was used (136 pg. of

protain/portion).

DNA polymerase in the presence of 70 pg. of 

heat denatured DM.

DNA polymerase in the absence of DNA.
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'  . ■; Ih-'nconiy' Ungtaiicea, "thicA, DMÂÿôlymoraad nas;. ‘v* ; ■’ '

.'■■ •••:•• •■ m ôÿo,.iil:-dilute .pti?iiUed-'‘aolutaons@. 0%'̂ d8ti%)'g;_tHat--'pirnt 'e in ■•'

'.■;: ' ' ĥE) a ̂ roteotive offodti ,oa the. -omjmoé • ' â • -polŝîiidrasé ; "o'onùontrâtioa

y; ■■• _aiW0>F V/aa .Dorfomed.^ï ï la tho, firdt 8(#_ of.' tùhoü: B8A -/ % _ 

V ’ • / •ims. addefl tovÿiva a; opuatmit cohoentration of "protein, at , '': ' y ■'■ • v.y 

. ■• '•. • ;‘JîhG>'-2?dfôùlts. la 1 .̂ : nhoÿ: .tho.-' prptpotiVG aetlcm :•.. ,

. ’ df. Drotela*'- $he;klndtlo aupootd af y'tode-resulto.-aŝev’âoalt . %

'■'■■y' y 'l;'£îp3?cy fuiyr ih-iïl'ôt ̂ - y ' V ' :' '’ y' y' ' ̂ \ ' ‘ .. :=''. \ y ■ ’ . y.' ,,,; ■■;.

.'/'■ y',y, 3  ■' -  y ■ y ■' ' / -

.;. „..y vv -y:; ’y.' .: 0*lnl# pdrtloao 03. ))MA polymezcaBo aeÿe. otorçâ at varlouü -••/ 

t':;.: -' .y. .terApe3?attç'de :'.'f6iy_va3yyliiy;' lehgî o qf time .and then kept at V?C®ùntii :

. y ': âamĵoA altogether*.. ; The reoaltü (Pig#lA) mioii stimulation bf ' hilA ■ ' • .

y , :.;*, :pblymd3?abe;_ àetivl̂ r iThea the onŝmo nas stos?Gçl at ;4'̂ for up to 1- y/oek̂

V. y - tot Its; _aôtlvity,.:thea fell off. :eaj)l(?ly'irXth-’a- half’ llfo- of;'about ■

.■'.; ,, '(. '$'.days'..' ;'I’he. ipblytibrĉQ- otprbd at y?ioosi tempomtureilaci.a'half' life ^
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y ' labilOÿ with a'-half-.life.'.'of about lb (hiÿ's g poaelbly becàusortheso - 

' ' .’■ ;y '•■ samplob • weîe•'almost' thabing-.tliile ' being transforred• • to. •..iluta

y- '-it- appGÔro % - that '/'golsmiorase'- ' etôes ybotter ' at tèiappmtHirqŝ ;a. little above 

■y-'. '. f reoRliW b?âtho3? : than a. little bdlowê  ̂ :<.:f - y y '’a'f'.'’- i'- ’ . -.y

. ''IIl' \';y - o'.DM;P̂Ÿ%mgl8ê;icm̂ / -y.; -■'y-y y ' f

' ̂ . ' .'. ' . V '. - .
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•; ’ ■ y ;(Myî60̂yprboipitatQ,y£’raetion,y'thougly IhnlatorystudieB a; ̂ 5ophade:K>-..y.; %' 

y ' , purified enaviae.. was .used; and-..similar results ibero- obtained. ' Initially _



FIGURE 13

Effect of BSA on a DNA poiyraejrase concentration curve

The standard assay conditions wore used, though there were 8 (irnoles 

of tris«HCl, pH 7.5/ assay* The specific activity of [a P]«dTfP 

was 2.6 K 10̂  counts/min./fjinol'e* The enzyme protein concentrations 

were as indicated.

BSA present in the assay giving a total protein 

concentration (BSA + enzyme protein) of 390 pg.

■o  No BSA present.

FIGURE 14 .

Effect on DNA polymerase of storage at different temperatures

0,1 ml. portions of Sephadex purified DMA polymerase containing 450 pg. 

of protein dissolved in Buffer 4A were stored for the indicated number 

of days at the indicated temperatures. They were then removed to -70  ̂

and stored t i l l  day 18 when all the samples were assayed for DNA polŷ  

merase activity by the standard procedure.

—— ©---- Samples stored at -15̂

o  Samples stored at 4̂

A—  Samples stored at 20̂
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IC3,netxcB of dTTP incorporation into DNA

The standard assay was used with the concentrations of dTTP varying 

as shown- The enzyme used was ;172 pg- of a 20-45% ammonium sulphate 

fraction and incubations were for 45 min.

V, the velocity of the enẑ mie reaction is expressed in mfMoles 

of the radioactive deoxynucleotide incorporated into, an acid in-, 

soluble product/mg* of protein/45 rain. .

Sj the substrate concentration is measured in m̂ moles of dTTP/ 

assay. .

30—  Reaction measured by [ H]-clATP incorporation^
■ ÔSpecific activit^  ̂ = 10,4 x 10 disintegrations/ 

rain./pmole.
3?Reaction measured by ta'̂ ’'P]-dTrP incorporation 

specific activity = 3.5 x 10̂  counts/min./piiiole<
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îCiiiei’ics of Incorpoaration of deoxyrlbonûclèoalde triphosphate 

into' DMî Linewep-ver-Burh plot

The standard assayjmo used# The concentration of one radioactive- 

triphosphate vjae .varied, ïdille'maintaining the other three at 50 . .  V'> 

mpiioies/assay# The enzyme lieed for A»' and C was): a' Sephade):! puri

fied fraction (500 pg,/assay) and for D a 20-45% ammonium sulphate 

fraction' (172 |jg./assay)• ' Incubations ware'for .45 min*'-- ; - -v '

VI the velocity of reaction .̂ is expressed in m̂ uoles 6f the.radio

active deoî:yribonucleotide incorporated/mg. of protein/45 -min* , ; > 

Sj the substrate concentration? is expressed in mpmoles of thé ; ; ■ 

radioactive deoxyriboaucleoside triphosphate/assay*

Specific Activity of [â P̂]-dATP was 2,5 x 10̂ counts/min̂4«nole

Specific Activity of [â P̂]-d®P, wa,a 2.1 % 10̂ coirats/mlnVftiiole •
30 A

Specific Activity of [a, "'P]-dCTI? was 3,1 x 10 counts/mine:

Specific Activity of [â P̂j-dTTP was 3*5 x 10̂ counts/min./pmoX.e
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PIGURB 17

Effect of the other: daoicyribonucleoside* triphosphates '—̂  —    ------------ —,- Ti-" ir ' I -T--»i  I l f  I |-I r"i 11 1 |—I II I, ' I M ' mil )• t ■ii.iaiti

on the Kinetics of the incorporaticm of dTTP

The standard assay was performed with the =e:̂ceptioh ?of the = deoggyribo-
■■"-■ ■'  ̂ - of 'f; ■-'nucleoside triphosphate concentrations. There was; 172: |ig#!^SO«45%''

ammonium sulphate fraction of enzyme per assay* Incubations were'

for 45 rain*- . ■ , /; ' ■'

The specific activity of [â P̂]*-dTï’P was’3.6 x 10̂ 'cOunts/min*/|jmole

V| the enzyme velocity is expressed in mpniolas of dTtîP iiicorporated/ 

mg* of protein/45 min* .  ̂ : ... . . _

S3 the substrate concentration is expressed in mpmoles/assay of each. . . 

triphosphate whose concentration is varying (and equal to m(jnioles, of 

dTlT/assay)* . ,

□--- dTTP alone ■
g— _ dTTP and dATP -

O  dlTPj dATP and dCTP
c----- - dTTP 3 dATP 3 dCTP and dGTP.
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PIGtîRB IS '
Hill Plot of the concentration curve'of: ali four 

deo>ryribonucieoside triphoophates together

The results of the concentration curve of ali 4 triphosphates*to»

fcether (see Pig„ 17) are, replottecî as Log against Log s,

V v;es determined from the Lineï?eaver-Surk plot in Pig. 17B. - - • • riuu:
V, the reaction velocity is esspressed as mjimoles of dTf# incorporated/ 

mg. of protein/45-min. . , . ; ,. •

S) the substrate concentration is expressed as mpmoles/assay of each 

of the four triphosphates present at equal'concentrations.
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FieuRB 19% . ./■ :■ ' _ . ' , % .

peim t i !  rod DNA k in g  t ic s  d l f  f  er'en t  DI# po l ÿmerà sè ; '

' • ' ' ■ ' . ■ •  f r a c t i o n s " ............. ..

The standard  DMA polym erase assays were c a r r ie d  pu t us ing  v a r io u s

co n cen tra t io n s  o f  denatured a sc ite s» D M  as p rim e r as in d ic a te d f ' The'

s p e c if ic  a c t i v i t y  o f  [c(, ''F l-ç îlTP  ima ,5.6 10 co im ts /m in ./u m o le . I*%

C ubations were f o r  1 h r .  a t 37 • , ■ ' ' •

A R: B a re  s u b s tra te  concen tîra tio n  cu rve s3 C h  D a re  th e  b in e w e a y e r- , ; '

Burk p lo ts ;  B Bi F a re  th e  H i l l  p lo ts ,  the  V va lues  having  been  ̂ '
. • mass ‘

ca lc u a te d  from  C*& D. : • ' ' . < ' '

V ,  th e  re a c t io n  v e lo c i t y  is  expressed as mpriioles o f  d lW . i/n c o rp o ra te d / 

mg. of p r o te in /h r .  . ' ^

s , th e  s u b s tra te  v e lo c i t y  is  expressed as pg, DMA/assay.

t>——“ in A, C Si B, 115 (ig. of Sephàdex purified DMA

polmerase/assay . % • ' '

o—— in Bj D & F, 110 pg. of 20-45% ami‘aon5.um sulphate

frac‘ii>n of DNA polymerase/assay
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Time curves at different concentrations of DM polymerase

The: standard assay was performed but it  was sealed up 3-*fold for B & 

G. ' 0.05 ml. portions were withdrawn at the indicated times of incu-

bation at 37 . The specific activity of [<x P]̂ d'TrF/was‘4.3 % 10

couiits/mia./piiiolG in A, and l.:9 % 10 cotmts/min./(Mol6 in B & C.

The enzyme used was a Bdplmdex; purified fraction ' . . , \

A ; . '37 pg. of enzyme fraction protein/assay ; ; ■

Bf ;■ ;ô5 pg. of enzyme fraction protein/equivalent standard assay .

Cy y -130 pg. of engyme fraction protein/equivalent.standard assay
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FIGÎÎRB 22

Inhibition of DM polymerase by h,iba.tane

Varying amounts of hibitane vjcre added to each standard assay. Incu

bations were at 37̂  for Ihr. The specific activity of [a^^P]-dïTP 

was 2*73 K 10̂  counts/min./pmole. There was 195 pg. of Sephadex 

purified DNA polymerase/assay.’
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• FIGURE 23

Sedimentation of DNA polymerase, native DNA and DNA,1 Wi, idiiNW'i * I" "nr mm iw, m i -w* w*#*:* n#* ## I'l m u»,'i, #

polymerase + DNA, in sucrose (dissolved in water)

density gradientsL*  ■TTMJiwijwin*Tiin iWMWiMuf I

0*4 ml. of en%yme and/or DNA were layered on top of -5^25% sucrose 

gradients which were then spun at 50,000 rev./rain, in the Spinco Model 

L ultracentriftige in the SN50 rotor for 3 hr. (Methods IX D i i  a).

The gradients were harvested after passage through the Spectronic 505 

spectrophotometer where the ^ 2 0 0  recorded and approximately 30 

fractions (0.17 ml.) were collected# This normal polymerase assay 

components (including denatured DNA) were added and the standard assay 

performed. The 0.4 ml# samples applied to the gradient contained;

A 0.7 mg. of a pH 5 ppt# fraction of DNA polymerase

B 0.3 mg. of native ascites-DNA

C 0.7 mg. of a 20-45% (NĤ )SÔ  ppt. of polymerase and 0.3 mg.

of native ascites-DNA

The specific acitvity of [o/^Pj-dlTP was 8.7 x 10̂  counts/min./pmole
'Ôin A, and 9.5 x 10 counts/min./jjiuole in C.

DNA polymerase (counts/min. incorporated/hr.)

Native DNA (a^^g)
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Sedimentation of DM polymerase, denatured DM, DM 

polymerase + denatured DM in sucrose (dissolved in va: 

water) density gradients

The method used was the same as that In Pigi 23, except that centri

fugation v;as at 43,COO rev./min* for 3 hr.

:

The 0.4 ml# samples applied to the three gradients contained

A 0*7 mg. of 20r457o (NH.) SO ppti fraction of DM,polymerase ̂id ,
B 0.3 mg. of denatured aècites-DM

C 0.7 mg. of DM polymerase + 0.3 mg. denatured DM

The DM polymerase in each fraction was measured by incorporation . 

of [̂ H]»dATP of specific activity 40.2 % 10̂  disintegrationo/min./ 

jjnole and the radioactivity determined on the Nuciear-Chicago Liquid 

Scintillation spectrometer. v-

—— ----- DM polymerase (disintegrations/min./assay)

WNA (%2Go)
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The effect of DM polymerase on the aédimentatbn • 

of DM in sucrose (dissolved in 0.03 M-tris-HCl.

pH 7.5, 5 m M~2-mere&ptoethanol) density gradients

Tvjo sucrose. density gradients were performed as in Fig. 23 with sucrose 

dissolved in Buffer 2. 37hc 0.4 ml. samples-applied to the gradient 

contained:

A 0,3 mg, of native ascites-DNA

B 0,3 mg. of native ascites-DNA +0.7 mg* of DNA polymerase

fraction (atfiîiionium sulphate fraction)

Copies of the traces from the Spectronic 505 spectrophotometer

are shown.
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The e f fe c t  o f  d if fe re n c e s  in  the  b u f fe r  com position

so iv e n t on t ] M P i } , ,.9É^?ÏJÙ 

polymerase in  the  presence o f  n a tiv e  DNA

0 ,4  m l, samples, c o n ta in in g  0.7 mg. o f  ammonium su lpha te  f ra c t io n , o f

DNA polymerase and 0 .3  mg. o f n a tiv e  ascites-D NA, were la ye re d  onto

each o f 5 sucrose g ra d ie n ts , the  sucrose f o r  which was d is so lv e d  in

water, and B u ffe rs  2-5 as in d ic a te d . A l l  f r a c t io n s  were assayed

f o r  DNA polymerase a c t i v i t y  under the  same c o n d it io n s  and denatured

"'2DNA was always added as p rim e r. The [o f  1?]-dXTP d if fe r e d  in  s p e c if ic

a c t iv i t y  and 9.5 x l ( f  counts/min./{.sTiOle f o r  w ater and B u ffe r  4A,
/ <*

9 ,0  X 10 co un ts /m in ./p m o le  f o r  B u ffe rs  2 and 3, and 3.3 x lO ' c o u n ts /

m iu ./um o le  f o r  B u ffe r  5,
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TABLB 4

Percentage DNA Polymerase remaining in sucrose density 

gradients in the presence' of native DNA, in different

sucrose solvents

Sucrose solvent % DNA Polymerase 
activity (water = 1 0 0 )

Water 100

Buffer 1 29

, Buffer 2 ^ 28

Buffer 3 , 43

Buffer 4A , 68

Buffer 5 75 i

5-25% sucrose gradients dissolved in water or buffer as 
indicated were used for sedimentation of native DNA with 
DNA polymerase as described in Fig. 23. After harvesting 
the gradients the fractions were assayed for DNA poly
merase under the standard conditions and the total poly
merase units/gradient were expressed as a percent-of those 
recovered when waterwas the solvent.
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p.gd ijii en t  a t  j-Oîi o f  D Wa s e J^î-'osence ojo àbBjsnc^e o f

native-DMA In  sucrose (d is s o lv e d  i n . u ate?:) . •

d e n s ity  g ra d ie n ts "  ■

The DNase jn repa ra tion  was a pH 5 p p t, o f  DMA polymerase.. The grad

ie n ts  wore m ere ly a repeo.t oi: those performed f o r  .DMA-polymerase (F ig s , 

23A and ( ;) . The g ra d ie n ts  a'ere ha rvested  in to  18 f r a c t io n s  and th e  

Disease assay com ponents , in c lu d in g  10 ug. o f  denatured yhy:h. ]'

DN.A' added, - . - . ' ' -

A 1 ,4  mg, o f  pH 5 p p t. p ro te in  wa.s a p p lie d  to  th e  g?;adient;(, ' - ,

B 0 .7  mg. o f  pH 5 p p t, p ro te in  P 0 ,3  mg. o.f n a tiv e  DMA
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TABLB 5

molecul̂ r weights of

DNA polyméirase and DNase

'■ s " '■30,w: '' ' Molecular weight (approx,)
.......%' \ r{̂ " —....■ ...........  ' -
Haemoglobin (standard) / 3.97 64,500

pNA:'poly«ièrasé \ t A \ r 154,000

DNase 4,3 73,000
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'üWi Bolymerase a c t i v i t y  in  the  absence o f  p rim e r

Two polymerase assays, sca led  up 2 ,- fo ld , with, no DMA p.rimer and 35 nipmoles. 

o f  [a^^P j “ ciTTë (13, 3 x 10''  ̂ coun ts /m in ,/{..a io le ) were set up, The te s t  

assay co.ntained 370 pg, o f  Sephadex puriDed enzyme, ,and the c o n tro l " : - 

310 |ig* ox PSA. 0*05 tfîl, E;amples were 'w ithdrawn a t the  tim es in d i 

ca ted  and J-'.O) pg, o f  enzyme added to  th e  te s t  and 155 p.g, o f  BSA added 

to  the  c o n tro l,  d is so lve d  in  0*05 m l. o f  B u ffe 3: 4A, a t h o u r ly  in te r v a ls  

as in d ic a te d  by the  a rro w s . The re s u lts  are co rre c te d  f o r  the  d i lu t io n s .

  à   Test : . /

— A   C o n tro l .

MGmg _28

Comnarison between p r im in g  a b i l i t i e s  o f  n a tiv e

and denatured DMA ' :

DNA c o n c e n tra tio n  curves were perform ed w ith  n a t iv e  and denatured DMA 

which had been fu r th e r  p u r i f ie d  (Meth.ods X.I A i ) .  The enzyme was a 

Sepliadex p u r i f ie d  .fra c t io n  (357 p g ./a ssa y ). The s p e c if ic  a c t i v i t y  o f  

1-dTTP was 5 ,1  x 10^ co u n ts /m in ./p m o le .

—- })enatured D?7\

Q   N a t  iV  e DNA
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p o in tr j ak DMA eoauoi^ axg c?M ittod ), ira tlv o  iOiTArh J-c-. :y;A\

liOv/o'v“o.v ;hii t ile  r, ai(;u iveoCj in  imoh lonia c f fo o t iv o  oaicl doou n o t 3'oaohv'

LIÙ optlhiuirt concentreb ion# A t ‘iO ni’*/aorjay n a tiv e  n M  r t  ;.
'

and H t /aoo&iy ^20^5 o f uenoh;m?Qd M A . ■ ■

(' . llC fc o t o f 'Cime o f d o n a tu ra tio a ^  txoxl DlAv o o n o o n tra tio n  ■

d u ring ' d o n a ta ra tlo a  on I'bo 3)rimln#^ a h iJ , it j.

0 .2 m l. p o r tlo iiü  o f .DIT A v;cro lu  .‘abed ■ s e p a ra te ly  a t 100®
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bo s p in  doim the  ooM onoaM ou on th e  c ides 0 f  ' the?h0)e^^'0/ ^ h e W t h e Y 'T _ / 'A /  ; 

poIyiaorauQ aueoy coa^ponontu and on^yme ncDjo ndded:#id;ÀthoA 

a h l l i t y  o f the  DdA assayed, .ir ig . £iO oho jo  tiuac o f  douati o ra tio n

 _  ... p lo b tc d  a y a in e t onayitie v o lo o i’by a t • f f e o e ’;d if fe re n t,  ,DI/v'W ôiîoéntiV oïohB i:’:̂  =-■•

h: 'A(/hLL;à' '  s re  a l l  a lik e  in  iJ iu ir  opblmmi ï."- :  '-

A' bhoiiph tb cy  d i f f e r  a fb e r  loi%p:or a t yAP;'A .
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FIGURE 30

B ffe c t Oj? con cen tra tion  o£ DMA w h ile  undergoing 

heat d é na tu ra tio n , and o f  the tim e a t 100 o f  DMA,

on i t s  p rim ing  a b i l i t y  •*W5#TO ÉTS’Prïî«®l3̂Jft<t**»*îi-HTWr‘* tüKM &6r#

0.3 ml, portions o f  n a tiv e  aseitas-DMA were hea ted ;ir i  small c e n tr ifu g e  

tufees a t 100 fo r  va riou s  tim es (as in d ic a te d ) and were stoppered a f te r  

the f i r s t  30 sec# to  m inim ise evaporation* They were then plunged 

in to  an ice/water bath, and c e n tr ifu g e d  to  sp in  down any condensed 

steam on th e ir  inside w a # . DMA pplymerase (0*143 mg ./a s s a y ) and the
to the appnz'prialt'e \jo(ume of .ONAp; . ; ■ ,

o th e r assay components were added„and incuba tions  were performed fo r  

1 h r .  -

Ai , DMA present a t 0*1 m g#Ail, v;hile  denaturing , and the assays;

- performed at 20 pg* of DNA/assay
jO DMA was present at 1 mg*/mi, whilendenaturing, and at. 100 |jg#/

assay . / / A:

C DMA was present a t 1*5 mg * /nil. while denaturing and a t 60. pg,/

irAr'A assay '.  ̂  ̂ 1̂ ). :
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1 \r i ' ' D rvo n tl. o f ixeoCmot <>:C D5fi nol),h;iorr,oa ao ldo»*

• , A ,

/i DMA polyiA0iea,£JO-:œ£',O'Mon v;ay pGivCo-t'̂iKX’l iiticXer ogüclltionü . 

to uox:l’;ny)j of tlio )Mà /aiicl xtho maotlon ' iJizLirvc

v;afj appfioU drlvootX̂y' \fltii added i?.abivc and donatî reci-Mâ on toy 

y/ f :f.f oüüj0010(1' to GOiiki\LCi\;atlon au fon o'

i']Ohr* an dooonlobcl in ïïothddB i) lib# ’Bio prolmorp .tnid j'lurkor WJ\u
a

■ Xwo:j?è oa)ijiOïibtèetĉn ninoo thio %;ae î̂orc ■ .liôiiôoncouo and of hrlybop 

' '" ;/moleonXo.r 'wdight than the aoeiteo hHÀ (eee DlooiiBBion II);: pi

sho\:3 the 3'onn.lto ’n) boïTiîB of and coiinte/nD.n* 3U tlio fraoklono*

0̂, j of ' ie dno to the p*nimc;c and prodnct 'hEA add'iiio ;f?oMainde:e

lo  h'fc addod moj.'hm? 'DEAs. Biez-O' is only oli:lah.t sono,ration, of tUo
- - . '

no/uiiro end - donatmxm, jTdA iiiarke:c.s #, : th b  dehatmreâW sedïniëhti^i/f fa r th e r

v.doymethe. :t%he; .  Bie radioaoti^ity -forms, '#6 ( peaks,oriof snail ono
.

1 ÿ ̂ .oorre0hbMl%, tô : dënatürêdf ̂ iWd = à ̂ longer ; broMàr: meàk ̂probaMy >

corroonoucbXng to ;-Small*:' hetë##m)hs -aoid .:ptetîiMthhièlk>lîhona\olco bidon,
;  . '

*fhe poXyjiioraso prqd#t bbfo# #as al so

anally nod 'by njCAĥoollnloso, oln;o]jicit(vrro,phŷ. as _deso3?lbed': in tliG

fo) lowing: ooo tions. ■ ■ ' '

Vi p - o f  JKiW Cïûlllïlo^e . -■■ : .

tGoImiqiio is  desorrbod in  iiotho'ttS'.F :a ) .y f 'ln it la lly  

these 3?Gsults i/Oj/e oOiiiplieated by-the prcsonue o f g lyccrcfl in  'bho - 

poly more so reaction  nodiruii, (fly o o ro l, retarded the laoveîX'Ut o f, non-

inooicporatod noo-iiyriboiiaGloosidG triphosphabo so th a t i  bn ïl,^ yalno na-s
X- L: oK; f  h f  d 'f Af xxxhsO' iji'/.f /'"f'-io'o'Xr ':y'%(i':''iY -01 XoX:;f -: ;<a "'•h'VXf i,‘“ .. '.ao / -f a '. ^
rodnood from 0.£^4 to  approx. 0 * 4 0  in  the prononce o f 2%' g ly ce ro l#

A spot o f p;lyoofo l-applied tm bop o f a oanplo already on'the 

ohj.'onatograüî had a ^sim ilar e ffe c t.
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CsCl density gradient centrifugation of the . 

product of i)NA polymerase

A standard DNA polymerase reaction mixture (with only 20 pg, of heat
■ odenatured salmon testes DNA) was incubated for 5 hr, at 37,. 0,2 ml.

reaction mixture + 0.01 ml, each of native and denatured salmon testes 

DNA (20 pg, of each) were layered on top of 5 ml. of CsCl solh. (13.5 

g of CsCl in 10 ml, of 0,08 M-tris-HCl, pH 7.5). This was subjected 

to centrifugation at 35;(X)b g for 40 hr. (Methods D i i  b), The ra,dio- 

activity and B of alternate fractions were, determined.2JO . ' :

counts/min.
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Gliromatography of the product of DMA polymerase 

OÎ1 sheets of DEâE 'celXuloèe : ::. - ’

A standard polymerase reaction scaled up two»fold tincubated; at ,.

37̂ and 0,05 ml. samples withdrawn at the times indicated. V they

were applied to DBAB«-cellülose paper and sijbjectéd to descending

chromatography in 0,75 M ammonium bicarbonate, pH 8iô. ' Copies,of 
3, ' : ' 'A A:.;;,:/:' -/w;.

the scans from the Huclear-Chicago Actigrapit Xïî are shown -,

plotted against',the Rp values* '.A, = ' '-A-/ , . - -- ■ '
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aMoimtc of phace eolation oud the phaneo oopara'teci aa dcccrihod- in ' /frf./.f 1 

Methods f fhc DTI/l ooneoatrablons eeẑs/.mo'asaréd'ihÿrvtheiUf . tf ;>
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Fractionation of native, arid denatured DM in..,-, 

polyethylene glycol-dextv:an two phase systems

AsciteS"DMA at 0.1 mg./ml. was dialysed against 0*01 M*-phpsphate 

buffer, pH 6.8 overnight. 1 mi. portions of native DMA, heat- 

denatured DMA (10 rain, at ICO ) and 0.01 M phosphate buffer, pH 

were added to various vôlumes of phase soln. [13.3% dextran -*

10% polyethylene glycol (̂ Vvr)] as indicated. After thorough shaking 

and centrifugation, all at 1̂ , the of diluted portions of the

layers was measured and the partition coefficients calculated'after 

subtraction of the appropriate blanks.

 0----- Native DMA

 o—* Denatured DMA
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Pmctionation of the product of DNA polymerase - in 

polyethylene rdycol-dextran,two phase system

Samples of a standard DI# polymerase reaction with 20:pg. ,of denat- ‘ 

tired aSciteS”DNA primer/0.25 ml. were diluted, dialysed a.nd f?:aGtion- 

atcd in the two phase system as described in the text*, Denatured 

DNA (zero time), and native DM Controls v;sre performed and their 

partition coefficients are indicated* .. . .

; : ~ dm concn. measured by micro Burton method
' ■ ' - ' ■ ■ ' ■ .  : ■ ■ . ■ ' ■ ■ • ■ " : .  -32 " - "-, ; —— o  DM product concn* measured by P estimation

—— %.DWA replicated (detemined by ‘̂ P incorporation)
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I Purification of DNA polymerase
The two great iproblerns encounteired during^uï-ification of 

DMA polymerase from Lahdschîîtz àscttes-tumour Cells were the rer % 
moyal of interfering activities and the prevention of loss of enryme 
activity. In neither case was the problem solved with complete 
success, and siiocess at solving one could only bè achieved at the 
expense of the other. A balance Was therefore sought, in which%̂ - 
there was maximum removal of interfering activities with the;  ̂

minimum êoss of enzyme. '
'i A Removal of Interfering Activities

fractionation of DMA polymerase oh Sephadex G-150 afforded 
almost total separation of DNase and polymerase. Ninety-nine per 
cent of the DNase was removed from the polymerase peak by this one 
step (Pig. 6). However, the remaining DNase was significant and : : 
accounted for a 4-8% breakdown of [-^P]-DNA to acid soluble material. 
This Was equivalent to approximately 1-2 mpmoles of nucleotide V  
rendered acid^sBluble/hr./mg. of protein. The lower figures were  ̂

for polymerase preparations which had undergone pH 5 precipitation 
and ammonium sulphate fradionation before gel filtration whereas : • 
the higher figures were for initial extracts applied directly onto 
the column.

The polymerase batches which were pooled and resubmitted to 
gel filtration contained virtually no DNase after recycling, since 
Ç 0.5% of the P-DNA was rendered acid-soluble in 2 hours as 

determined by chroniatography on DBÀÉ-Celiülpse paper. % ^  . M
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equivalent to < 0.15 mfjmoles of nucleotide released/hr./mg. 
of protein. However, the polymerase activity of the recycled 
fractions was reduced by about 50%.

By the same criterion of chromatography on bBAB paper the 
|)b!tymerase was endonuclease free. Hiis method is,,however, 
relatively insensitive since oligonucleotides of chain length 
greater than 30 remain at thé origin (Furlong, 1966). The more 
sensitive test which was not performed is the assay with circular 
DNA since à single nick converts the mdlecule to the linear form 
which has very different sedimentation properties from the cir
cular form.

On the synthesis side using low concentrations of denatured 
dNa as primer, up to 30% net replication of the primer was achieved 
after 5 hours incubation. The specific activity of the pooled 
polymerase fractions was about 6-10 mpmoles of dTMP incorporated/ 
hr./mg. of protein, corresponding to 24-40 mpmoles nucleotide in-̂  

cprporated/hr./mg. of protein.
The actual degradation by DNase during the polymerase reac

tion cannot be calculated accurately by extrapolation of the 
results of DNase assays and polymerase assays, since the conditions
are somewhat different. The DNase assays are performed with 10

32 ' 'j.ig* of denatured P-DNA from Bsch. coli and about 50^200 pg. of
enzyme protein imthe absence of triphosphates. The polymerase
assays were performed with 50 (ig. of denatured ascites DNA and up
to 500 pg. of protein in the presence of the triphosphates. It
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is very possible that exonuclease activity is inhibited under 
replicating conditions; the T4 phage exonuclease, which is assoc
iated with the polymerase, is greatly inhibited by triphosphates 
(Goulian, Lucas & Kornberg, 1968). Also the DNase may not act 
on the product if it is double stranded since ascites DNase is 
generally much more active on denatured rather than native DMA.
On the other hand if the DNase is an exonuclease acting at the 
3*-0H terminals it will preferentially degrade the product.

It seems unlikely that the remaining exonuclease activity 
is associated with the polymerase molecule since recycling of tie 
enzyme permits further removal of DNase. The ratio of optimal 
activities of polymerase to DNase is 1.8 for T4 polymerase and 
2.8 for Bsch. coli D M  polymerase (Richardson, Schildkraut, Apo- 
shian & Kornberg, 1964). Although the corresponding ratio for 
the optimal activities of the ascites enzyme(é) cannot be given 
it is extremely unlikely that, even if repeated recycling of the 
enzyme did not remove all exonuclease, such a low ratio of optimal 
activities of the two enzymes would be found.

The enzyme appeared to possess no triphosphatase activity 
judging by the unaltered Rp value of the dTTP peak after chroma
tography on DBAB paper. no apparent broadening or split
ting of the peak after up to 5 hours under polymerase reaction 
conditions. After acid treatment of the polymerase reaction 
medium there were two significant peaks demonstrating that degradf 
ation products were detectable. According to Furlong (1967) 
there are significant differences of about 10% between the Rp
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values for the deoxyribonucleoside mono- and triphosphates, and 
presumably the Rp value of the diphosphate, although not quoted, 
is intermediate* It is conceivable, however, that the triphos
phates other than dTTP may be enzymically or thermally hydrolysed. 
The purine triphosphates obtained commercially tended to contain 
more di- and monophosphates than thet pyrimidine triphosphates indi
cating that they are more labile. The soluble extract, pH 5 pre
cipitate and 20-45% ammonium sulphate fraction were found to con
tain negligible deoxyribonucleoside triphosphatase activity by 
Shepherd (1965).

I B Loss of enzyme activity
The labile nature of the enzyme was a constant problem 

especially during purification. Activity was lost during pH 5 
precipitation though this could be minimised by speed and using 
concentrated protein solutions. Substantial activity was lost 
during Sephadex fractionation. This method of enzyme fractionation 
was chosen as being gentle, but Yoneda & Bollum (1965) lost activity 
of the terminal addition enzyme during gel filtration on Sephadex 
G-200 (though less on G-lOO).

Freezing and thawing inactivated the enzyme, and incubation 
at 45^ resulted in complete loss of activity in 20 min., in both 
the Sephadex-purified enzyme and a 20-45% ammonium sulphate pre
paration, when dissolved in Buffer 4A. This contrasts with Shep
herd & Keir*s ( 1966) finding of complete inaciivation within 2 niin.,
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explicable possibly by the protection afforded by the components of tKe 
buffer solution, ,

The enzyme can be partially stabilized by high protein con
centrations, D #  or glycerol. Stabilisation of labile enzymes by 
protein, although well known, is little understood (Putnam, 1953). 
Possibly the enzyme may dissociate,into inactive subunits at low 
concentrations, as does L-glutamic dehydrogenase (Olson & Anfinsen, 
1952, 1953; Kubo et , 1958), The SSA addéd to the eluting 
buffer during Sephadex chromatography prevented some loss of poly
merase activity. Gottesman 8i Canellakis (1966) found that BSA 
protected their more purified fractions of the terminal addition 
. enzyme. -

Protection of an enzyme by its substrate against dénaturation 
is also a well known phenomenon (Bernhard, 1968à), and the stability 
of the enzyme which was prepaid by sonication rather than homogen
isation was possibly due to the presence of oligonucleotides bound 
to the enzyme. Inactivation during dialyses following ammonium 
sulphate fractionation may be due in part to the removal of these 
protective oligonucleotides. Of considerable interest in this 
connection is the recent report of purification of Micrococcus 
lysodiekyticus D M  polymerase on a column of DNA bound to a cellu
lose matrix (Litman, 1968). In this method DNA polymerase binds 
more strongly than the other proteins and is selectively purified 
■ as well as protected.

The studies with glycerol have demonstrated its protection 
of the enzyme.; ; Rat testes DNA polymerase is stimulated 2-4 fold
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by glycerol (Calvin, Kosto & Williams-Ashman, 1967), The inode of 
action of glycerol is uncertain but it is known to protect enzymes 
against dénaturation; it has à very marked effect on the cold- 
inactivated enzyme 17-p-hydroxysterdicl: dehydrogenase (Jarabak,
Seeds & Taladay, 1966); Tîie storage properties of DMA polymerase 
(Fig. 14) show that the polymerase loses activity more quickly 
at 20^ than at temperatures below 20° so it cannot be classified 
as a cold-labile enzyme. The protective effect of glycerol may 
be due to its effect oil the structure of the water molecules around 
the protein surface (Jarabak et al., 1966). This would be espec
ially important during freezing and thawing of the enzyme.

The ascites polymerase is considerably more labile than the 
Bsch. coli enzyme, the most purified fraction of which can be stored
for one year at 0° with only 20% loss of activity (Richardson, Schild
kraut, Aposhian & Kornberg, 1964). This reflects a difference in 
structure of the enzymes. The ascites enzyme is sensitive to sul- 
phydryl agents and therefore is likely to resemble the T4 polymer
ase with its many cysMne residues, rather than Bsch* coli poly
merase with only 3 half-cystine residues and which is not inacti
vated by sulphydryl blockers. Breakage of some of the disulphide 
bonds by sulphytjtjîl blockers would cause collapse of the secondary 
structure and inactivation of thé enzyme, whereas the bacterial 
enzyme would be able to withstand more severe conditions. 2-Mer- 
captoethanol greatly minimises this inactivation in ascites poly
merase (Keir & Shepherd, 1965).
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' XI Sucrose density gradient, Btudiés

The, results of the sucrose gradient centrifugations of DNA 
and D M  polymerase appear anomalous in Many respects. The native 
DNArsedimented very slowly in the sucrose-water solutions (Fig.
23B) though more rapidly, in suerose-bUffer solutions (Fig. 25A); 
denatured DMA sedimented slowly regardless of the inclusion of 
buffer (Fig. 24B). A possible explanation of this is that the 
ascites D M  preparation.is considerably degraded during, or before, 
isolation. The native double helix could contain many single 
strand nicks so th^t denaturing would release low molecular weight 
D M  fragments of much lower sedimentation coefficients. The 
occurrence of slow sedimenting native D M  in the pure sucrose solf 
utions (Fig. 23B) is probably caused by partial dénaturation of 
the DM, releasing low molecular vjeight,DM in the absence of 
other ionic species. The inclusion of p.02 M-tris-HCl and 5 mM- 
2-mercaptoethanol was sufficient to prevent; this dénaturation.

The actual sizes of the native D M  species in the sucrose 
gradients (in the presence of buffer) have been calculated very 
approximately using the relationship of Burgi & Hershey (1963) for 
two DNA molecules of molecular weights M..and M which sediment 
distances D and D respectively under thé same conditions of. 1 'a ■ . —, ^
centrifugation.

0.35D.

°2 \  "2 )

The Standard taken for thé calculation was the sedimentation of T7
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phagé DM: by Olshi (1968a). -This commimication, in: Fig* 7A, 

shov/0 that native T7 DM sedimented 19/30 dowii the;S ml; tube of 

the SW50 rotor; pf the Spineb Model t, while; spinning at 36,000 

,;rev.vfeih. ̂ XlpS hfl'l//̂ /%e:isedimenta of ascites

: DM Isi buffered sucrose at '50,000 rev./mim (204̂ 0̂00 g)V for 3 hours 

• .is ;-:Shown in-Pig;-: .25Av' Tlierefore the equivalent distance sedimen- 

ted : by,the,T7;DNA under thé feame .conditions of sedimenta tion is 

èo  ̂  ̂*̂ ; = ‘0*915; : The’ molebtilar weight of T7 DMA was

■‘.taken -as,. 35 X;:,lOVydàltons (Harpt, '.:.Kràsna-';&':.-Zimm,,, l965;).'-‘;';- These ■

values o f D:,’ and and the distances sedimented by each o f the.Tv _ \ " ■ ' y - . . \  ^

three:; peaks o f'as c ites  DNA (F ig ; 25A) ;shbstituted in to  the .■ 

Burgi and Jïérshey equation. The inpleculâr i^eight o f each of the 

three pèàlfs Was found to be 7 3: 10^, 6 x 10^ and 2 X 10^ corres

ponding to 200, 13CK) and 6200 nucleotides ih; length* "

Similarly by»comparison with denatured T7DWA Tcf.Oishi 

'/(1968a), Fig. 7B], the bulk of the denatured ascites DM in buffered 

sucrose gradients (not shown) which sëdiëents in■a very broad peak 

with a meah at % of the distance down the tube extending over the 

top % of the gradient, has à molecular weight of 5 x 10 corres

ponding tOyl̂ %Op nuc led tides. ''Vcî'/

./The existence-'of this very ■ low/molecular/weight';DM is more 

likely to be caused by DNase action rather than mechanical Shearing, 

Since the latter is ii\inimai wit  ̂ ibW iRpi/ecular v;èight DM* The 

significance of the triple peak is unknown. -

In  the, presence o f polymeraèe^^the native and denatured DM 
3o Dot .

solutions sediment s im ila r ly  in  the suerose-water gradients ( c f .
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Fig* 23C'and Fig. 24C). Since any bindépç of proteins to DM 

probably takes place oa top rather than in the gradient, and since 

the polymaraae tms dissolved in Buffer 4A containing 0.15 M-KCl, 

the studies with native DM are likely to reflect binding with more 

highly native DM than would be present in the pure sucrose gradf 

ients in the absence, of the polymerase preparation. This was 

confirmed by assaying the polymerase in the native and dehàtlirdd
s

DM "complexes"; i f  the polymerase-DM complex was assayed in the 

presence- and, absence of further denatured DNA primer the activity 

of the polymerase-denatured DM complex was the same in. both in

stances, but the activity of the polymerase-native DM, complex in 

the absence of added denatured DMA was only 4% of the level in its

presence. . - • . . .

The native DM binds with approximately half the polymerase

in the sue rose-water, gradient, and the other,. DM peaks, as well 
the

as much of̂ main DM peak, are probably caused by binding with 

other proteins in the polymerase preparation* It  is difficult 

to ascertain whether the polymerase binds to the denatured DM 

(Fig* 24) since there is only a very small increase in its sedi

mentation* However̂ since the denatured DNA is of much lower 

molecular weight than the native DM a smaller increase in sedimen

tation rate would be expected when the polymerase binds to denatured 

rather than native DNA. Since there was only one polymerase peak

in the presence of denatured DNA, all Cor none) of the polymerase

was bound to the DNA.
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In connection with the occurrence 6f oligonucleotides present

in  less purified polymerase preparations (Discussion IB) ,  evidence 

supporting this theory is shown in Figs. 33A and the pH 5 pre

cipitate polymerase fraction has à shoulder which sediî ents at a 

greater rate than the remainder of the polymerase,-and which is 

absent'from the ammopium sulphate fraction and which may represent 

polymerase bound to oligonucleotides.

i ' In the buffered sucrose gradients DM-protein aggregates, are 

formed which sediment to the bottom of the tube,, explaining the 

apparent loss of ultraviolet absorbing material in the gradient 

when native DM is sédimented with protein (cf. Figs. 25A and 25B). 

The polymerase is completed :in this aggregate in'a somewhat un- 

assayable form in 2 or 3-component buffered sucrose gradients. 

However, i f  the gradient contains 0.15 M !(G1 there appears to be 

no binding of the polymerase .to DM. This is in agreement withV 

Kornberg*s group, who find that binding of poly d(A-T) to Bsch* coli 

polymerase is strongly inhibited by 0,3 M potassium phosphate 

buffer. This may possibly explain the absence of.bindinggof the 

calf thymus polymerase to DM since in these studies the sucrose 

was dissolved in 0.05 M phosphate buffer (Yoneda Si Boliumy 1965). 

Similarly Chang & Hodes (1968) could not detect binding between , 

either of their Shope fibroma polymerase© and DM*. Their sucrose, 

gradients contained 0,1 M potassium phosphate buffer* . Billen 

(1963) was able to reconstitute binding between DNA and Bsch. coli 

polymerase giving a sedimentable complex, using sucrose gradients 

in which the sucrose was dissolved in a buffer at pH 7.4 containing
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0,01 M-tris, 1 m,M-sùdCinic acid and, 0.01 M-magnesiimi chloride* 

Ksdoya et a l., (1964) isolated from Bèch. colA a. deoxyribonucleo- 

protein complex containing polyiierase using sucrose gradients in 

which the sucrose was dissolved, in. 1.0 m .M t̂ris,. 10 m M-magnesium 

chloride, pH 7.4 i t  is therefore possible that ,any failure to 

observe binding of polymerase,to. DNA is explicable by, the presence 

of inhibiting .amounts, of certain ions* ■

Alternatively the ascites polymerase may have an especially 

high affinity for the ascites DNA .preparation used., As/discussed 

previously its native structure may contain many single strand 

nicks, Bnglund et al., C 19.68 ) showed that the Bsch.. coli poly- 

merasé only binds : at nicks of ends of native DMA , though through

out the length of denatured DMA. /

. Originally these experiments were performed to examine 

specificity of binding between polymerase and;DNA from the same 

origin, as was demonstrated for virus RNA/dependent RNA,polymerase 

for its own RM (Haruna & Spiegelmahj 1965). ,/ However since many 

ndn-relatèd.prot.ëins, .including BSAj bind to DNA, and more than 

half of the DNase of a pH 5 polyinéraso-préparation was found to 

bind (Big. 27:) and since /there/ was '.similar binding between calf - 

thymus DNA and ascites polymerase/(not shown) there was no ëyî  

dencé to support any specificity of binding.

Tlie Bsch. coli polymerase shows no specificity for the type 

of DNA, though it cannot bind to native DNA in the absence of 3*- 

OH groups (Engltihd et al*, 1968



////;■■ ' ■/.//Thèaer f̂esiîltë:.raise .thé;:possibility that the binding which

'"■ , \  .// - ' .dccùrs .is./nqn-spepi  ̂ -binding rather than :enzyriien/̂ ^

't'èiîbstrate/binding,,.: especially sihce/there is inhibition in the

,, .pregeac,e,,o%.p,,15,:NrKCi;. ; During tile,Zife sss^y the optimal:,,;
/;i ' activity: .is.. .aqhï'eyed''in Kthe ̂ presence ̂ of -0,05 / and at 0.15 ■

‘ : :,/%/ ;B!-KCly the/iapti'v̂ ^̂  ̂ was reduced/by .70%, (Shepherd & Keir, l9ô6 );

.:// The resuits of determination of and'molecular-.weights- /•,'■/v ' , ■ ' 20 ,w - . , '
, _  //j:;( Table.; 5),. give/xesults;.higher .-than' those for other polymerases (of. /

' '. fddnetiop../ ■ The method of determination may be res- -

/ / ' / / /  /. /'"pqnaible for-/this/since/the'-'tjarge .difference in sedimentation rates .

//  ' / . .yk,,/'0̂ \hnemo# .polymerase.ivill/c#sej'a/dbnsiderable error. .

Mprèbver/f'the,#'èaëurement'8y.wefè:-'perfoàmed':with a.pH 3/precipitate >

/ /ehẑ mie if raction; Miich ./may,, ;as ..previously.mentioned, contain-small ■

V '.-M/ /'/' ' // ./,oïi'gonucl.'éofideè b.ound to /the polymerase causing : an inxease in 

its:.sedimentation rate. . /, ■

/"''-//// ' ; H I:  Effect of incubation time and, protein concentration on

''/'./-/i:, /\- DM polymerase reaction rate/

■' ’■ / Time curves frequently showed;,a slight concave curvature

, ' v >, upwards (Fig. :6>5 the. possible significance of this: will be dis-

: / cussed later; Apart from .̂this./upwkrd ;euryature,/'deviation from

; / linearity in the pplymerase reaction with time is almost certainly

' '' //̂ /V.caused:mainly'by/dénaturât ion- of. the protein with time; the lower 

':///f/- -the : protein/assay, the lower the period of linearity. /The addition . 

A:%/. of more enzyme and triphosphates at regular intervals increases

/ the period of net synthesis (ResultsHID), though the contribution



of the breakdown of triphosphates -towards-cessation of the resetioo 

i'B minimal, judging by the unchanged values -of' dTTP in chroma- ' 
tography on - DBAS,paper. The apparent slowing dotm of the poly

merase reaction -may also be caused by the action of*,DNase "since the 

higher'the ratio of product to primer the greater will be the-ratio 

of product to primer degraded by DM so*

, A8/previously mentioned (Results* HID) :the deviations from 

linearity,do not invalidate the aubstmte and--protein concentra*̂ . ' 

tion curves. ■ , , \ , '

. The non-linearity of the protein'concentration curve-is some

what anomalous. - These results were not obtained by-Shepherd (1965) 

who showed linearity of activity with protein concentration up to ■ 

12Q.' jjg/aseay for the crtide extract pH-5' precipitate and ammonium 
sulphate fraction, and a subsequent tailing off. The present * 

results slibw an upward curvature up to at least- 5(X> pg/assay for - 

all polymerase fractions (see Figs. 5> 19)* It  is unlikely
to-be caused .by - inactivation of • the enzyme at low. protein concen

trations since it  was s till apparent in the presence of BSA (Fig.

13) and of glycerol (Pig. 7). / :

/■■ - ...Such upward curvatures are attributed to the presence of an 
activator in the enzyme preparation (Mxo,n*% ,Webb, 1964). Similar 

results were obtained with sea urchin..embryo,/DNA polymerase but- 

after pretreatment of the DM' primer with DNase the protein con

centra tion'curve became linear (Loeb et-al., 1967). This would, 

suggest that the product of DNase digestion is acting as an 

activator. A similar result would be expected i f  the DNA poly-
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merase contained oîlgoniîcXeotidés as initiatp.fà (the state of the 

primer and the effect of oligonucleotides -will'be discussed in the 

following section). I f  the presence of either oligonucleotides 

or of D%se ill’ the polymerase preparation were responsible for the 

shape I of' the’ concentration curve it  would' be; expected tha t the ‘ 

characteristics of the curve would be'greatly altered at diffèrent 

stages of enzyme purification.* This was not found'to be the 

case. ' ■ ’ ■  ̂ ' ' -

' ’  ̂ Another possibility is that polymerase molecules associate 

to dimers at higher concentrations 'and that thiS’is 'a more? stable, 

or more efficient and perhaps even necessary, structure for poly

merisation. - ' ’ ' '

XV Kinetics of incoriioration of deoxyribonucleoside triphosphates
••~~i'*ii II nil II III' II I III r 11- ii|ii I nil ~ii h "1(11 • i^rT|-i-nr~irriP~ I' uV iiln ii*  iHi| iil ■ m n p i r u i n II n n 'i |i*i i iw  nni \ \~K nun  mi ■■ irt ii.il ■' ■ * -fr "'rfîH'ti i î xi 1*^1 Hi»' mm* »m ■)in*~ n ^ iw x w ft r#  T "  rf 11 | ,

The kinetic studies with-DNA polymerase from asdtes cells 

are subject’to criticisms of non-validity since the enzyme was 

not a pure protein* ' There may be"significant non-specific binding 

of the other proteins in the preparation to the DM or triphos

phates. In addition the triphosphate kinetics were performed 

with an ammonium sulphate fraction, which contains some DNase, 

though some of these were repeated without any apparent differences 

using a Sephadex fraction. ,

The striking point about the concentration curve of one tr i

phosphate, while maintaining the others at their saturating concen

trations of 50 mpwies/sssay, was that the level of incorporation 

of that particular triphosphate when present at low concentrations 

was much lower than that of the other three triphosphates (Fig. IS).
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Indeed, in/the absencê of One triphosphate the* incorporation of the; 

other three was only reduced to 20% of the level ' in: the presence : 

of all four, ■ This also occurs With other' mammalian polymerases; , 

the Calf thymus enzyiae: in the absence of one triphèspimte displays 

incorporation amountihg to 10-30% of maximal ' incorporation, the vv~ 

level depending'on Ivhich triphpsphate is absent-CBollum, *1960a)î ■ 

Màntèavinos'(1964) found the corfespdnding figure for regenerating 

rat” liver polymerase to be 17%*' This'incorporation’coUld be* 

caused by the presence of endogenous supplies'df"the absdnt t r i

phosphate, by synthesis'of the. tfibhosphatè froîn* endogenous 

supplies of the precursor's, of by conversion of another triphosphate. 

Alternatively the ptoduct'may be completely la&%lng in the missing , 

base; this carnba düé to D 'copying a portion" of'the template 

contaimig little  or none of the complementary;base to'the missing 

triphosphate, 2) miseopying Of the template 'allowing another 

nucleotide tO be ihcbrporàted in place of;tho missing one, 3) 

non-template specified synthesis'# ' ' In connection with this last 

explanation Shepherd Keif (1966) showed'that in'the presence of 

the full complement of triphbëphates the : product' of ascites' poly

merase has the same dinttcieotide frequency as the primer, and non- 

templaté specified homopoiymer formation îs very low# However ' .

there could be non-template specified heterdpOlyiner formation since 

this has recently bèèn demonstrated with thé'Càif'thyimts cyto- 

plaë'mic terminal addition engtirie f Ratcliff et a l., 1968)ï

So when performing réaction kinetics with one labelled tr i

phosphate at a iowét ;̂concëi&Sîon-thon"the'''btheiT''three3 thé velô
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C i t y  o£ the total polymerase. reaction i .e# total nucleotide, incor** 

pot at ion, is not directly p.ropbrtional: to the. incorporation of 

' label,./  ̂The liii values of, the triPlWphates, in Fig. 16,

.u therefore.measure, the concentration, of, that triphosphate at half ,

, the V, \o f incorporation Of,that triphosphate, and npt itë con-

centration at half the V /. of total nucleotide incorporation. .' - max ■■, ' ' ■... ' ' ■ "
Xt/can be seen by inspection of, Big,.(15./that'!th value 1® ; ;

, larger. than the, latter. ■■ .„;The .,fo:mer;yaÿué,'_ is/also ̂ more likely to ■v. 

<, represent,, true-ppXyinerase. template/Gopying, since ncn-templatè * ,

;> specified. .nyntheais'iisjjauspeptadtp,rinfluenc- the latter value. ; /.

A.-'Xt"'wasVprobably:because.,of vsimilar..difficulties that Bnglund 

•' ^/a^>/(I.h6 8 -X-resorted, to/equilibrium-d40:.lyAe,s: to aneasure the {"h 

, equilibrium: constants of the tripIiospliatep/WithpBsch. coli poly- 

merade,.'to Qb.tain values, in the; $bsèp̂ C/-qf/ppl^ne îsation . “In  

support,, of the validity of performing studies; in the, presence 

‘of polymerisation the following adaptation . of , Michaelis-Menten 

kinetics for- the incorporation, of one triphosphate In the .presence 

■ of saturating amounts'of the ether substrates,, is jpresented.

/; 0onsider. all the enzymê  : to be bound to the template DM-,

D, and an oligonucleotide, 0, to which during the pormal reaction 

- nueieotidos are added according .to template spécification (the 

rationale and kinetics of formation of this complex will be dis- 

. cussed later). This .complex, then exists as DED and the incor-, 

portion of a nucleotide into the oligonucleotide can be represented 

: in a simplified version; as . . ...

, DEO /+ ,NTP DEON , DEO
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Ip' the last Btage(s) of the reaction; the ensyme cov4|ently bonds .

the nucleotide to the oligomtcleotide and movéa along the length?

Oned oligonucleotide and thé DMA,. (

Porftbe incorporation of a specific= triphosphate the BNA -

requires to have the complementary base to that,triphosphate ,,

adjacent to the binding site of that triphosphate, e..g., for the

incorporation of f

. 020 t  /dTTP . DEOT pBO y"'
' • a'- ' ■ ' ' - '■ '

where DBG represents the DNA-ensyme-oligpnucleptide; complex, so

that an adenine moiety on. the templatê  DNA is:adjacent to the

active site Specifying the incorporation of: the thymidine nucleo-.

tixJe.- : -■ .. . ,

V, ■ The total enÈyne B is* completed-so that

i[E] =., [DEO], t  [DÉOT] + [DEO] + [DEOG]; *  [)» ]; + [DBOA]' +. [EbO] + [IeOC]..

Since there is equivalence of adenine and thyminê  and of cytosine

and guanine in the template. DM, . , . .

[ B ] = 3 [BÉO] +. 3 [Bsor] + 2 [&Ô] + 2 [&0C ]
G4C ' ■ ■ ■ '■ *’I f  the “ jr . ratio of the template is x then ^

" apBO] + 2[&0C] = 2x[DB0] +

- so that 3%f%) " [DBO] + [Bsqr]

(This expression does not hold if  there Is significant accumulation
>'a , '' '* ■■■■ ' ■ - ■ ■ *'■ *' ’■ ’■ ■ * ■

of DEO at the rate-limiting step)

In the incorporation of dTTP

, ® [deot]  ... \  . .



i l  8
- .yi'â.;. the- equilibrium, or substrate', constant,for' dTTP, and is

: ;t'aken' as;’-;béihgî>qual'toyii ,, the-Miclmelis'constant.,

Let thé.rate..of: thé réaction ba y ■

'y'/Then v ■=/ k [ DBOP1 — —̂ ( 3 )

where k is thé .velocity constant for'̂ dTTP incorporation* The
, maximum velocity ; V 5- for dTTP incorporation will occur when, ■

. : '. ■.; • ■ •',,■'■■■ max > , ;

[Dsor]: = v I k )

max 2(3/tx)- 

Substituting C3) and (4) into (1)

« '“ / j , , ,  : ,

or k[DBO] = V - v 5 )
;■■. ' y ' . ma.x
Substituting (5) and (3) into (2)

' ' :  ̂ _ Wma%- v )
: y e / : y / , " /

, Rearranging litis; gives the classic ;LineW(gaver-Burk plot; of
-max . Km .

'<11 can bééSéèh frOm Equation (4) that ¥ is 'dependent on'>■ " ,, max
the base ratio of/the template DM, ahd since K is dependent on 

Equation (6 ), it  is-also dependent on the base ratio*' ' itîàx , . . . .

; .These results are valid only i f  the incorporation of dTTP is
' raté limiting, lé, in the presence of saturating, levels of the

other triphosphates; and of DMA. If  the other reactions of poly-
meraae are raté limiting the situation becomes very complex* The
1C of dTTP Increasea as the other triphosphate concentrations m
diminish (Fig. 17)* The Hill plot of the variation in concen-
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tration of all four triphoBpîmfes maintaining them at equal concen

trations has a gradient of 3.0 (Fig, 18). The significance of 

this is not readily explicable. The Hill plot has been put to 

use by Changeiix (1963) for analysis of allosteric interactions in 

threonine, deaminase where hb states that the siope(of the Hill plot 

is a measure of the interactiohicoefficient and is less than or 

equal to the number of allosteric binding sites. The equation 

has also been, used for analysis of isocitrate dehydrogenase 

(Atkinson, Hathaway & Smith, 1965) where it  was emphasised that 

the slope corresponds to the number of sites only when the inter

actions between the sites are strong. Therefore, i f  the kinetics 

of a polymerising enayme can be compared with those of a more stan

dard type of reaction, the significance'of the slope is that the 

enÈjmie contains at least three different allosteric sites for tr i

phosphates; obviously four sites is a more attractive number.

However there would appear not to be a specific site for 

each triphosphate since the presence of only one triphosphate at 

high saturating concentrations activates the sites almost as fully 

as having three triphosphates at saturating concentrations (cf. 

the linearity of the tineweaver-Burk plots, Pig. 17B),

Speyer (1966) has produced genetic evidence suggesting allos

teric siteCs) in T4 polymerase but Bnglund et al. (1968) find only 

one triphosphate site in Each, coli polymerase. However mammalian 

and T4 polymerases have many features in common, and differences 

from Bsch. coli polymerase, so it  is possible that the number of 

active sites may be another difference.



\ f ;  n'-V - /Another' pqsslble ihterprétatioh 'n ili plot ié that ; ■■<

'■■: v'; ' ' i-.siOD'e. 'méaAuréS/éng,théÿÀ/typë';:df̂ ;./ Under tétnpl£̂ d/<:é- .

'. •:/■,; .spec Lfled condilHdnŝ -thé ihcorporatioà 'of one triphosphate is/ : .

' 7  .;■- //Adepehdeat; 6h /thrèê other -teactiohp ':i;*e*E'the':<inGO'fpofatlpn ,of/the

;■ ' / triphp8phates#7y%:Tn\'th;#̂  of these --

V/ i riphpëphàtep- _ât'}'sàtuf %th# otherB:'$re at low-

1 //;" ''çoncentfa;t&>hsi7tW/ôyètalf'syathesiS/doee/hdti'refXect'-teî l̂àte

, ;/ ;;%.;/;'specifi;catiÿh:|;à̂  'df qhS;triphosphate<is ' self ■■

v;:'' /"/ -7 ./ \ 7 /limiting;/ Y:fif = this/escplanatiph were; .'synthesis'directed- 'by a

. /■' ,/'C, ' / " 7  ''hQïJk>pplÿmer/teîïïpiàte-':wooid/obey/fir'st;;ofdef'kinetics'with respect 

_/ ;_* / y ' - ,-ta ;the/6'#iplemen# in’-lhd/'pfesénçé/''pf'low/level's-of the

'/:-7 = ■■ ;': ot her :/Wiree'triphosphates*/. '.If ths<thsoi*y; of/-'three aliostèric'

' ' ’ ' ;■ sites were true mbitipla order l^ihetles .would'-still' be' observed.

/ ;,/ /-'-/:•;- /,Y Simila.r /réàults.',imve->not been ; obtained .with other polymerase,

, / : . '7systems77f: Beyersmann &'Schramm (1968) ekicüîated the K , value for. -r/y-'7 ...-%- '7; - /-'.../' 7 \. ' . /7-' - ' m.
'/i< / ; % L - / / P o % m e f a s e , ^  prèSismâbly by ;aitaring; the concehtration.-of all 

/"I'fbur y'triphos#%.#S7!a maintaining; H:hem ht/done entrât ions 'equal-to

'/, eaGh,0thér.>-';àhd'''Ô  ̂ a liheay'Mhefeayer-Burh-plbt, Chang & ' /

;7;7 ''' / ;';., ' /';Hodes,..(1968also showed iinearVkinetics;.undpr the ' same conditions ' '

' "i.,’ .■/"' 'V '/':/jThis.-"su#ge8tS\. thatthe./apparentinteràc-tions/Obtained' with- " -

-/.kfheEasc-itéÈ:/Sn be ;^xplicabie by lack of , sufficient enzyme

/ / ’ / . j , . ,  ;; •-: putificati.on>' ; /Thè,; triphosphates', may bind noni-specifidal 1 y, to '

/:'7 '>,; ■ -the/other;proteins, in/the-'poiyijierasé/pfepa-ration.. .,This-’particular

‘ ■///;'■■- ‘ ;fesult.-'froiii"Ï# Hill plot-.%?as.:-drawn::,.wa$.-̂ obtained/using 'an -

7 anmtonium' suiphhte fraction-which contains substantial nuclease

u



which may function preferably infthe absence of polymerisation*'

The actual K vaiüès obtained, (Fig* 16), ranging from 5-16 

■ \pM4 are of fhe same order though;'slightly/..lower than those reported 

In, the literature:- Beÿersmànn & Schramm ttsitig *Esch, coli poly- 

mefase obtained a'K Value of 2 x lo" viiolébfnùcleo tide/1 it  re 

(20 ji4);'. Ghang Sï Hodes ClOôS,) using Shdpe fibroma polymerase 

, obtained the values of 46 yt&î for native pNA and 160 pM for denatured 

DM5 usihg the. same method of determination; Btiglund et al* ( 1968)

, using the, :technique; of equilibrium dialysis/obtained values for 

each triphosphate, ranging from 12-147 pM for - Each * 'col i polymerase.

V The role of DMA in the ascites ;DNA.pbiymerase • reae t ioh

The eiizyrue requires DMA primé r for react ion and the slight 

incorporation of/radioactivity infthe/abgence of added DMA is 

probably due to small quantities of oligonucleotides in the poly

merase reaction media. It would appear that the best,primer is 

not ‘completely denatured DM as judged by the variation in the time 

of dénaturation curves (Figy '30,);. , Ihe optimum time of dénatura

tion varies with the concentration Of DM; while undergoing dénatur

ation,: and the increased priming ability:after short times, of 

dénaturation :ls more appâtent with the more concentrated DNA 

solutions; This is probably because àt low DM concentrations 

dénaturation of DM will occur more readily so that the.inter

mediate optimal primer will only occur momentarily*

: What is the structure of thiq intermediate? The original . 

ascites DM as already discussed. is very heterogeneous and generally 

of low molecular weight* . Mien DM dénatUres the, two strands
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separate and the base stacking is disrupted (see Introduction IB ). 

However, i f  the DNA is-composed, of native DM containing single 

strand nicks partial dénaturation will remove short oligonucleotides 

from the structure,before separating strands with long stretches 

of complementarity. In completely denatured DNA ,tlite base stack

ing is disrupted and the strands assume a, random coil formation* 

These stages of dénaturation are depicted in Pig. 35 and the best 

primer (Pig. 35B) is one in which the base stacking is maintained 

and there are long stretches of single stranded DM. This primer 

is siîîllar to priming by DM which has been subjected to exo- 

nuclease I I I  digestion. ,,

However-, on the other occasions the DM was denatured by 

heating to 100̂  for 10 min* and there could be assumed to be.little 

or no double stranded regions* Having postulated that the ideal 

primer is partially double stranded DM whereon, the polymerase 

can perform a “repair” r̂eaction the completely denatured primer 

will have to rearrange itsêl'f to a suitable primer. This is 

supported by evidence for two DMA binding sites; the denatured 

DMA concentration curve is sigmoid, the Lineweaver-Burk plot is 

curved, and the Hill plot is linear with a slope of 2.0 suggesting 

two allosteric.binding, sites for DMA* Keir (1965) originally 

postulate ,̂ two b[|;nding sites on thq basis of kinetic studies of 

the inhibition of polymerase by Actiaomycin D*

One DMA molecule will act as an initiator and will bind to 

the enzyme at its 3*-0H terminal. Th& other DNA strand which
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has some regions of complementarity to the initiator strand will

bind to the polymerase'at some point in the middle of its length

adjacent to the 3*“CH terminal of the initiator (hig, 36A)*

Oligonucleotides already bound to the DNÂ or to the poly-

merase should therefore increase the reaction rate and make the

kinetics first order» Oligonucleotides were shown to stimulate

polymerase by Keir (1962) and more recent studies by Goulian (1968)

and by Steuasrt et al* (1968b) confirm this*

In the absence of Oligonucleotides à .denatured molecule

can make itself a suitable.primer by doubling back on itself forming

a loop. This mechanism hgs bben demonstrated for T4 and T5 phage

induced polymerases (Goulian et àl,, 1968; Steuart et al., 1968b)

and for ithe calf'thymus enzyme (Bollum 1964; Bollüm-, 1968). This

explains why poly d(A-T) is such a good primer since it  can easily

either double back on itself or two separate strands could easily

anneal with overlapping ends*

A lag phase béfore commencement of the reaction In the absence

of initiator oligonucleotides occurs with the calf thymus enzyme,

which, is not apparent in the presence of initiator oligonucleotides

and reflects the time required for the DMA to double babk along

itself (Bollum, 1968), A slight lag phase or concave upwards

time curve has been observed for ascites polymerase (Pig. 8)

though this was not apparent i f  thé reaction was commenced by
oadding ensyme, previously heated to 37 , to the other reaction 

constituents previously heated to 37°( Pig. 20), The total lag
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phaae is unlikely to be caused t>y the reaction medium' taking a long 

time' to reach 37̂  (normally the reaction was commenced by trans

ferring the assay tubes from ice to 37 )̂. Heating the DM to 37̂  

prior to the commencement of thé' reaction by the addition of. poly

merase would allow partial as’sodatioh of the DM and hence reduce 

or remove the lag phase.

The native DMA concentration curve though not quite linear 

continues to show increase in reaction rate %%th increase in DM 

concentration to at least 170 pg. (Fig, 29). This suggests that 

thé reaction is merely the repairing of single stfan'detl ènds in ■ 

the native DNA and that "effective template" concentration curves 

of native and denatured DM might be similar. Second order kine

tics are hot observed with native DM since one double stranded 

DM is bound to thé en%yme so that each of thé twO' binding sites 

is occupied by one strand (Fig, 36B).

Also the apparent discrepancy between the Bsch, coli DM 

polymerase having one binding site for DM (Bnglund, et al. , 1958) 

compared with two for ascites DM is resolved since the DNA used 

to measure the binding with Bsch. coli polymerase was poly d(A-T) 

in a haitpin conformation. The polymerase coiM then bind the one 

DNA molecule at two sites, one site per DM strand (Fig* 36C).

VI The reaction product' »

The GsCl density gradient centrifugation of the product 

revealed it  to contain much low moiecUlaf weight oligonucleotide 

sinCe most of the radioactivity did not .sediment very far down the
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■ tube; Çent3:lfùgation was teminated before ëquilibriiim so that

Separation on the basis of' sisô as well as buoyant density was 

■achieved. % -.Thé, ̂ 'z'adioac t ivity %aS. • acid-p#‘é;çipi;tâtablé ■‘•since the 
y : method of a ssay: demand ed. th i s ; - ; DBABvcellulose chromatpgmphy 

/-;y; j' ; ;of the’ product before; bèing applied on top of the CsClysolution . 

confirmed the presence,of oligonucleotides and chromatography of 

' the radioactivity in some, of the fractions after centrifugation 

confirmed that it was due to oligonucleotides, . Furlong (196.6)

: showed that : oligohùcleotidcs of length greater than 30 nucleo- 

; tides remained at the origin. A broad double; peatc. near the

■ origin:WaB formed When the product.-before centrifugation was_ sub- ..

, - jected to. chromatography on ̂ DBAE .celliiiose, /About half the product 

was at- the Origin and about half had moved slightly and therefore 
'-''-Was '.less- than 30 nucleotides in', length. , In a previous GsCl centri- 

.. ^  of . the product, the product was dia 1 ysed^tensively for
/: 4 0  hours to remove non-incorporated radioactive dTlT, It  was

y found that , very little  radioactivity remained after dialysis

: suggesting that the dialysis tubing was permeable to the low mole-

,/• ; v' cular weight prodtict, 'y-/-'y y-'

' In these-eicperiments/the ensyme. used had only been subjected 

to chromatography on.:Séphade:: 150 onee and so contained signi

ficant DNase.: 'Since long periods ̂ of five hours, incubation were

used substantial degradation of DNA probably occurred. Most of 

the product appeared to be separable from the bulk of the primer.

; . ’small- molecular weight products might also be caused by syn-
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thesis on small oligonucleotides ii^pite of the primer being 

salmon testes DM in placé of the degraded ascites DNA. Since 

the product was of low molecular weight under these conditions, 

it was difficult to determine whether it  was native or denatured,

Therefore further studies were performed using polymerase 

which had been recycled through Sephadex, and the products after 1,

2 and 3 hours were investigated using the polyethylene glycol, 

.dextran two phase system (Results VIC;). Using this technique the 

product was shown to be double-stràndëd in^pitè of there being only 

10% replication. This may be due to the denatured' DNA molecules 

partially annealing forming suitable primers. This annealing 

may be very unstable initially so that the DNA separates into 

the lower layer in the control, but after a little  DNA synthesis 

most of the primer and product DNA will behave aS double stranded. 

(Fig. 37 -the thick lines represent the newly synthesised product)* 

Bollum (1968) found that all the primer DNA was completed into a 

non-single-stranded form a.t only 50% replication using calf thymus 

polymerase- He postulated a triple-stranded form containing one 

product molecule and two primer molecules, 3uch a complex may 

also exist in the ascites system explairmg wdiy all the primer 

behaves as dbuble-stranded DNA after only 10% replication.

Therefore, although it  is now established that the product 

of the ascites polymerase reaction is double-stranded, further 

studies to ascertain its length and whether it  is covalently bound 

to the primer require a well characterised primer, subh as poly
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ISO
d A. of îaQmogeneous length, and an enzyme which in of high specific 

activity and.100% free of DNase*
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