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ABBREVllulORS AND CONVENTIO US.EI> I EPRRU ING 

NUCLEOTID SAND OLIOONUCLEOTID > IN THI S THE3I f'.'! 

For con n1ence 1 t haa been round neoea to clopt 

y tem of abbreviated repr entationa of p7J'1 141 

ol1gonucleot1dea , 1n accordance w1 th the reoo ndat1 

of the International Union ot and Applied Che 1at17 ( 1) . 

l the compounds ec1'1 bed in this the 1 ere deoxyr1 bo 

nucleotide derivative 1th a regular 3'~5' internucleotide 

link.age and the recommended prefix "de- 3', 5' - •• . In 

thi the 1 however the prefix has been omitted. 

C and T are used to represent deoxycytidine and thymidine 

pectively, while pie use~ to revreeent phosphate 

ester1r1ed with the nucleoaide . ~hen p 1 written to th 

right or the ymbol for the nucleoside this indicate the 

pho phate ia eeterit"iecl with the 3' -bJ'droxyl group o the 

n.ucleosi J wh n 1 t 1 o tne l.et'\ , 1 t to S' 

Ur' 

are e 

1 

viationa a n a pte for 

too n 1 t of 1xt • of 1a 

t1 J t SN wr1 

quence t 

n leot'i • 

n l oat . 

0 ytl lyl-

1dy17l- (,•~,· - ~-

xt ot 

.. 

I 
I 

J 



2 

1 om rs in uns citi d proportions. 

Jeveral t e, r 

1n thi thesis , 

ol1gonucleotide 

de crib1ng various t .1.,ie or 1 o ~ , usfld 

~uire def'1n1 tlon. I .,c,,;_, l' •: 3 re 

of identical chain. length. All¥ group of 

iaoplithe , deriv d from d1geot1on of a natur 11.y occurring 

n cle1o acid, will al ., ost oe~ta1nly contain seque oea that 

differ from each other in their b se compo 1t1on. · The 

are t e d CO { CYH'~ I ON/1L isomers . i:ul oli gonuclcotide 

:f'r etion re .i,.I M3 ocnt1ng a 1ngle compo 1 t..i onal i s omer ie 

li kely to (·on:.1 ist of nevoral ".i E lJ ;r-1 .'l.1-tL iso·ner , mich 

diffe r from each other only in actual ~rr gement of 

b se . 

( . : 

Ot her 

D'NA 

RNA 

C 

T 

••• 
!i. A 

bbrevi tions used 1n this thesis are: 

deoxyr1bonuole1o oid 

ribonucleic acid 

deoX7cyti di 

idl 

p 

p,-r11 

• 
1• l r ( 



ClfCO or 
CME-ca.rbod11m1<le 

P1 

tN 

c.n. 
u 

2a 

N-cyclohexyl- N' - ,&- 4-m thyl­
morphol1nium ethyl carbod11m1de 

1norg'l:11c phosohote 

ultraviolet 11ght 

optical dene1 ty 

an enz.;rme unit 

extinction 

r a tio of ext1n,:tlon nt 
280 rap and at 260 m,u 
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Introduction 

(1) The i m79ttttilloe ,ot pNA sec3u;ncge 

Tbe genetic mat e~tal of all animals , plants 

bacteria, one or ntflllY animal and bacterial viruses has 

long been eatubliahcd ae doo,cyribonuoleic acid or 7JN!\ , :m<l 

recent studies (1a) have shown thnt lta ::1aJor fun':tion is 

to carry the genetic 1nf ormut1on reo n1 l"ed by o. cell for the 

asntheniB ot' s1>cc1es e ,e cifio y·otoins . 

Tl is 1nfu"·mation ls atored by t.he nucleic oc1cl 

t:iAoromolcc ,lle 1n tne f .JMJ or a l inP.a r code deter 1nod by 

ita intrinsic nucleotide ne~uenco or pr1Mney s t~ueture . 

The inl'ormat i on in oarr1od in nuoh a wa.v thnt ., a, . .ccific 

sequence or three nucleotides h8Jl3 the obtll t y t o coda for 

one of every type of n~ino uc1d fount 1n prote in. In 

recent years the meeoage cor!"Cnpond.lng to each nucleotide 

tri~let has been oatabl1shed (2). 

!leeideo coding ~or ino ooida , nucleotide ee r111encea 

exist Which &l'e known to cocle ~or ribosomal trans~er RNA•a. 

There are probably O'ther Bequencee wu1ch are 1nvol v•d in 

" 
a variety o.r es,ec1al rolea, the MoNt 1mportont being 



4 

regulating and 1n1 tiating traneor1~t1on ot the genetic 

message into ~ct1onal meaoenger RNA. and tbo initiation 

of DNA ropl1cat1on. Boeouoe little intormation la aYa.11-

able about the actu.s.l arrnngement of basea neoded to etteot 

these tunct1one, a knowledge or tho complete nucleotide 

sequence of a b1olog1call¥ active DNA molecule mq help 

to elucidate the nature of theee extremely important 

processes. In addition it ia hoped that new approaches 

oan be tound toward8 a bettei- understanding or the notual 

changes to DNA caused by mutngens and caN:1nogen1o agents , 

and it is aleo hoped that oome knowledge can be obtained 

of the extent to wh ich deganerate codons exist in genetic 

material , and the fun--· tion of these coo.ons -r,hen the,v do 

ocour. 

(11) The structure of PtfA 
DNA molecules are linear polymer or 

deo~lbonucleotidea linked through 3•-}5• phosphodieeter 

br-1dae•• Bo~ moJor nualeot1dea, two containing purine 

basea (acteniDe end gwm1ne) , and two containing wrtmidlne 

baue (07'0•1ne and thtm1ne) , aN 00 ....... ~.. toun4. A 

te,ranuoleot14e oon,a1n1na an &l't''aD.Jll81lUtnt ot th ee tour 

l>aaee la 111WI nte4 1n tl 1. 

IQ moat aa e e A ol cule oaCUN tn th&t to of 

a double ttigh~ &14 helix c ot tw 0011pl• onta 

\ran.de o~ nucleoti 
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Terra nuclE·o11dc 

cont~ininj ~\\ fout' 

c.ommon nucleosidc.s 
lir'\ked b~ 3' -, s' 
phospho d i~s ~~ 

l,nko.~es. 

F\q~ I 
.. 



' (3). S oche ical con 1 :r tiona atrict th t'orm tion 

or t ble hydro bo d atruoture to '"'"14
""'

6 te 

only pa1Ping bet adenin d t no , or- guaru.n an4 

c7to 1ne. Because ot thi tr1ct1on the two trunda 

h complem ntaey structure • nnd th if the nucl o 1 

que ot tr 4 le peo1t1e4 then th quetice of 

he o r (co ple nt ) etr d can duo d. 

There o exo ptiona to th1 models t DNA 

ot omen 11 bacter1oph e , e . g. the collph s n d 

~ 174, 1• in th form of' a 1ngle cov ently clo a 

circular trand . Some other mlA' • ha been no to 

have circular double- tran d structure (L, 49) . 

Polynu.cleoti do trands re poluri aed in the sense 

th t e eh has a 3' and o. :,; ' ter1unue , and in the w tson­

Cr1ck DAA raodel , th t,To strands of the duplex have 

oppo 1 pol rity . 

A8 con equenoe ot the 3'->-5' pho phodieeter bonding 

of nuoleo 1 a , th 1nt rnuoleot1 linkage oan b broken 

in two po 1 bl way , as 1 aarHDlllH wd 1n tl 2 . 

Thi property hae be to PI tu1 in th1a 1n • 1sa -

1 

(lll) 

' 
l 



6a. 

3~linkage 0- S~\ink~9e 

- CH2,. \ 
0 P- O- CH2 

Ii\ \ ~ 
o· o 

y 
2. 

z. 

F,G. 2. 
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d1 trlbu d 1n o 11 whe 1 t ha rol s 1 the tr l t1on 

ot the DNA net1o in~ tion into ctiv oellul protein. 

The pri e.r,y etruotUN ot o mall biologic ly acti~ 

RNA mol cule h ve be n determined by the of specif'ic 

h,ydJ'ol3tlc eMym s ( ndOnucle e) which o tal;rse the 

cleavage of the polynuoleotide oh ln into 

1 pping and 1dent11"1 ble equence (5, 6). 

Attempts at determination of nucl oti 

ler. ov r-

quenoea in 

DNA have in them in followed along 1m1lar 11nee to th s , 

but th problem 1a considerably ·more difficult than for 

RNA for several reasons: 

a) mo t cells contain many dise te chromosomea. 

the cellul.ar DNA content is normally a complex mixture of 

double-stranded molecule ; virus s, s 11ec1 ly bacteriophage , 

provide the only known source of eequont1all.y homogenous 

DNA. Although the DNA contained 1n the smalleat -bact ri o-

pha 1 single strsnd or nucleotide, 1t till has th 

high molecul r w 1ght of approximately 1.8 x 106, 

contain le t 5,500 leot1 (22). 

b) Inc owle ot t • 11'1ci\1 0 

th few Ul"1:t1 that C p bl ot 

42'04' D p u 0 he e 8'8 8 .. 

1 al t la 

ot la rlc 1 , tt 

o fin ut ai 
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apeoific int rnucl ot1 bon , 4 v r ot these 

h n oribed (7 - 12). ucco f'Ul ot the 

has en t n•i::n-n.dation ind: ed by &ll'G atlc mines , 

pa!'ticul rlS dipbenylami , in acid solution (13t 1b). 

lhe Di A 1 incubated in 661 (v/v) to c oid con\ain1ng 

2 ~ ( /v) d1phenyl ,1ne , tbe a1d c nd1t1o lead to 

q tit t1ve cleavage ot th pur-ine- Olr3r1bo e glyc 141c 

link gee , h1le the st ble pyr1m1din deox.,r1bo e glyao 1d1c 

bonds re completely Ulltot.1ched. Cube quent reaction of 

the res,llt t " ur1n1c acid" with the aromatic a.inin 

involving a ~ limino.tlon mechanism retn.1 t 1n the lease 

of 1notrsan1c pho phate from positions bet een a djncont 

purine nucleo i des yielding pyr1raid1ne nucleootde pho vhatc 

or general !'oroula Pynpn+1 (13) . 'l'he re ct1on 1e ohom 

in figure 3. 

Thi cho~tc 1 re t1on gives reproducible reeult o 

and 1 t i quant1 t ti ve J 1 t p oduoea f:ro ruiy l A ol ule 

eo plex mlxtUl'e ot pypl 141n ee nee 

lensth d b oo po 1t1o • Al ho de ail 4 

Chai 

ho 

en d elopecl f'o~ pal"fltion 

• inlo 

pyr1 

1~ cyto 

n • 

o•i»attl 

t 
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?CT • d OTT t Whioh 1"8111811' in ep ble • 

·a th lo l' nucl eot1 t problem becomes mo 

o plex, 1 ger nu rs or oeq ent1al i omer o 

theoretic 117 oxiot cordl to th genor formul which 

:r l tee n ber or po 1bl equent1 1 om r to the chain 

l ength of th oligon cl ot1 : 

Por the isomer (C
9 

'rb)p +b+1 the number of 

qu t.i 1aomera 1 g1 'by: 

• (a+b) i 
~ X b! 

(iv) the pl'Oaent s tt\k 

In the t'irat part of this atudy, t 

d1geRt1on product from tho otion of di phenyla~1n on 

oalt thymu illL\ 1n acid solution have been paratcd 

far as poB ible by physical methods , char oter1eod, d 

me ure4 quantit t1vely. 

In 4d1~io , an lnvea 

or duc1~ he rel t1 po rt1 

( 1 ) • 

m t ho 

ot eaoh quential 

b co a1t1on 

l 0 



a fully pho pbo~~l ted uba"trat of' t t 

nPn.+1' will O taly the xcm 1 olytla cle ot 

nPn-1 ol1gonucleot1 obt 1.ned by te 1n 

4e hoaphorylatio (16, 17)1 

pCglpTp » OH Jt?pT II + 2 

(ptnPn+1) (Pyn 'n-1) 

The peo1£1c1ty of on ke veno phooJhodie erane 1 

ouch thnt it will uogra·' t .rm1nnlly ph pt.o yls d 

ol1gonucleot1 to 5' -mononuoleotidee, com".n.encing 1t 

att ck at th 3' - te~~inus , whi le tlle spleen cnz e 111 

aatal:,se sir.'11lu.r degT'adfjtion from the 5'-t c"r:'1nus (18) . 

For exa,nple , 1n the ea.ea o'f the (CT2) 2 l11ch can 

xis t ae the fol lo· 1ng t.hNte sequc::1tlnl isomers {a) - (c): 

(5') 

CpCpT 

Cp1pC 

r p:; 

he two t:1 of' 

C + + 

C + 

• ~ 

(3') 

(a) 

(b) 

(o) 

de cts will 

v. 

U?t. RY 
MASS[Y UNIVERSITY 

Neeed i"ollo ' 
? 

+ C 
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It will aeen that mononkcloot1 thvmidine will a!'i 

onl.J' from the ot1on of the spleen enmyme on 1eomer { ) • 

or the snake no nsyme on 1aomer (a) • l! nsurement of 

the amount of thie product in e oh ty of' enzyme digest 

should theretore allow the relative propo~t1ona or thee 

two isomers in the mixture to be determin d. ,!oas\lrement 

of the otner pN>duote will h lp conf irm thes val • 
hown above , t here CL"l be fgr r:1or so(1uontinl 

1so er in tb tetranucleot ide and longer f~aet1ona than 

in the tr1nucl ot1de f'rnction . 'l'he uee of t.l c e two 

nuoleaees alone therefore p?'ove 1nadequute for dotormining 

tho rcloti ve ;,ropo1•tiona of 'Jequo.at 1al i somers in t.hes 

cuuo , although the result of their aetlon · oes proVide 

uoef"ul 1nformatlon. In oth r experiments therotore , 

at.t.e:npte hnve been made to modify the opeeiricitiee of the 

two nucl a , 1n th1 ·1a::, dert vine extrn tools .for th 

1n t.1s tion ot n l eo 1 eq\leJ~ts . A e . mic blocking 

to the t1 used tor 

(, 38, ,,. 41, "2, 3) . 

in W&.l.la.~ • mp 8 • 

. nffll!•,.n b7 

• 



11 

Calf thp DNA 8 pi-ep d by th thod ot K • 
Sim ons d Dounce ( 19) mod1f"1 d by ~!; rgat1.' (20). 

s 

(pho phodieatel"' ee I E. C. 3 .1.4.1. ) 

Phosphodieateras isolated from Ruasel'e viper venom 

wa purchaoed from Cal.B1oohem (Lon / gclea , California, 

(phoepbodioeter II E. C • . 3.1.4.1. ) 

ov1ne pl on pho phod1cs t rs e waa obtain d rrom 

.Jorth1ngton Bioaho ·11c 1 Co ., ( .hold, e J r ~, 

u . n . A.). eh b toh ot e ( 10-1 5 unit ) w 41 aolv d 

1n 1.0 ml ate~ d to 4 f'ro n. 

t 

. A ) -

,., 
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or 0 . 01 J! ug012 • d1alyoe4 ago.1not 0 . 01 .!! TM.a- JJCl, 

pH a.o oonta1nlng MgC12(0. 01 !) , heated at 85 - 90° 

for 10 minutes and coolod on toe . 

ooc11um »:n1 tn,phen.yl phqnphQ\Q 

Sodium P-Jl1 trophenyl phosphate woe obtained from 

the a,-1t1eh Drug Houeee Ltd •• (Poole. England) . 

QqcMum p-n1t;r:2ah§nrv1 th.vm1d1ne- 2• •phosphate 
Sodium p,-nitrophenyl thymi~ine- J '-phosphatc woe 

obtn1nod .from Cal.1Uochem (Los Angeles , California, u. 0
, • .A . ) . 

Ion 21Sh908" rl9a1ng 

1) p---:AE oel~Jµoge ,m12rosrffllUlar) 

·:,batman mic~granular dioth.ylamino ethyl celluloBe , 

DE.32 , wae obtainccl f':rom n. neeve .i\ngel and co. Lt4- (London, Eng.) 

11) Dfl:IS oellJAgge c,1:araw,) 
Cellex D (stan4ard oapac1 ty) wu obtalned tt-oa 

Bio Re4 (toe Angele•• Cal1t'orn1a, u .s . A. ) . It had an 

(Uppea1a. 

oap city ot Ot7 q/ • 

J) 

. 

epbedez 25 waa . obta1ne4 h'ona Pbamaala 

) and u4 a oapao1t, o~ 3. 5 iieQ/s 8114 

part1ole e1 .. ~ "<> 120 JU-• . ' 
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Dowex- 1, Do ex• 2 and Do x- 50 x 8 , all 200-hOO 

obta1ned ~ the Dow Che cal Co pany, 

{)Uchigan, u.: . A. ) . 

'l'rieteyl mine ( reagent grade) w a obt ined from 

Br1t1 h Dr- House Ltd, {Poole , DoMret , ~ngland) . hi 

w s redi tilled after refluxing over KOU pellets for an 

hour , and the rrsc·tlon boiling at 89° collected. 

ftl§thYlamine bicarbonate 
A tock nolution or 2,!! tr1ethyln"'line bic rbonat 

v;ae p pared by alo ;ly d-ropp ing redis tille d triethyl JJine 

into ioe oold d1 tilled wa r through which 002 t'ro dry 

ice was contin ouely bubbled. The rat ot addition of 

tr1eth.ylam1 

during 

t 8. 6 

1 controlled to maintain a pH of about 9 

reaction. The eo1ut1on w 

d ato d t. 4° • 

:tinnlly adj 
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(96 - 1oc,.:: ) formic eid waa obtai d fro 

British Drug Ho a (Poole , .~gland) . 

R agent grade UN w obtained trom ?Jay d B r 

(Dagenham• ~glu.nd) and UV boorbing mater1 rno d by 

pnse1ns a solution thi-ough column of charco l :a 11te 

(511) . The concentr t :ton o~ tho tock solution s deter­

mined from its specific gravity . Ae at~ong u~oa solutions 

ean extract tN ab9orb1ng mate ,.,1 s f'rom rubber tubing and 

some pl astic tubing, the same r bber s topper and pl astic 

t >..tbing ere u:1ed thronghout the work ao that ~oat of th1B 

un~anted material was ooon 11oinated. 

(C ::9arbo4J. imiae or CHCRl 
arb 411m1 wa purchas d rr 1oh Ohe c l 

Comp • 



1, 

Sn venom phoephodie tor ne e aa ay 4 by the metho4 

ot Ruzel and Khorana (21). The assay w rro din a 

c tte containing 100 p mol o o:f' 1'r1e butt r, pH 8 . 9. 

0 . 5 ;UDOle 0£ nitrophenyl thym1d1n&• 5'•phosphat , and 

10 ,umole of g01
2

, in a total volume of 1. 0 mi. l ior 

to the addit ion of the en2yme , t ho cuvette wa e quilibr1ated 

at 37°. on ddition or the enzyme t he 1ncronee 1n optical 

dena1ty duo to he lease of p-ni trophenyl te was measurod 

at hOO !ft/,1• J,n inc ooo in optioal denei ty of 1. 200 Wli ta 

wa take n to be a qui V'U€'nt to the hydrolysis ot .1 ,,wnol 

of' aubetr te . 

Phosphomonoeste~nae ct1v1ty ot thie enzym w 

ohec 4 by 

trom th 

(0 

ur1ng the rel as ot 1 _ aan1c pho ph te 

a b tr t.. 

... t 

• o) . ot 

0 ti • 
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corded at 1 minute tnt PY s . The :r t or rele a or 
p 1 trophenol 1'N>m th ubstrate ae det e 1ned b~ follo ing 

chan · at 410 µ, and o unit w taken the quantity 

of ena liberating 1 }lJllOl of p 1trophenol under 

de~ined oond1t1o t 25° (23) . 

Ch 

,All eopar'at.1o ere carried out on · ,'h tman No . 1 

o.nd 3 MM ch~omotogra hy papeP using aol vent de or1bed 

in the text. 

Ib1n Lf!Yer Chrom togrpphY 
20 x 20 cm glaa plates wero eorubbed with detePgent, 

w hed twice 1n a gl s ·nre wasrter at ao0
, air dried, o.nd 

finally clean d 1 \h acet.one to re r!lO e 1 t:r oe of gren 

MN cellulo 300 F254 (obtained from c ey an4 

1 , OOl'en1 ··1 t G r aJ1¥) '.nixed with a o dm1 um borat 

tluoreao n indicator (24) , i t pro o tion ta 

lo one , (2: 1) , 

4 the 1 

.. " . 
• ,10 • • 

I' ( 

• 
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Compound& w re appl1 d 1 th a 1orop1pett and dr1 d 

1mm dia la ln a etN or wa!"Dl aii- . 

Tanks tor a cending development wore ue d. A satu:rated 

atmosphere waa obtained by lining two 1 e or the tank 

wiih f1lteP p per o 4 in the apv?'Opr1ate olvent . 

faper lif;\IC tJ:8Ph2£SUti8 

A ,. 1les H1volt0 apparatus , :'lhioh coommodtlte eheeta 

of paper 17" x 21" wa Wled. ~lhatman rro . 1 paper , moisten d 

i1th bu:ff'er oolut1on, wa placed over the coolod flat plat 

bet en two electrode eesela filled r.1 th buffe r . The 

paper , th.e ends of which dipped into theae veaf1els , wa 

eand\~1ahed between two sheet of 1nnulat.1ng polythene . The 

two water cooled me tal pl nte held together und r air 

J ree ure , al.lo d a high vol tn gradient to be employed 

without heating trects . The a~ple wBS appl1ed 1th a 

microp1 tte t.o the moist p ">er . All aepar t1on w Mm 

ln torma buf'f r pH 2.1. 

(•1 

( ) . 

a 

1') 

p 

0 

p 

• 
• 
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con, o t hechNJ \o and t photo p C 

p r ~1 a 4 t. of n t'r 00 i t 

ot a con Jt p Ml 0 r hlch dou 1 1.hiclme 

ot o.oos inch g 

4 ld in lo 

e co act pl"int.a 

Developer. 

pol7U\c ehe t w t.1 tl.y st 

wi tb pc1r or pri r te (27) . 

vel pod v:1 th Ilfo d D o hen 

Af'ter being locat~d. tho Dots ,,ere · 'ttl1n d and cut 

as own in fi ·rure li . , hole wa piorced bet•e .n a;'lot a..11d 

apex, the paper ~u ponded by wi coveNJd vd th ;,olythone 

tuh1 ,~n,l. t lo r e e d1p1,ed lnto •:1qt1ll d w r. ! 

woter flow d u~ th p p r by eapillarl t7 d Yo;_.,or ted, 

th n1oleot1 - m tori a~ d awn u.p and cone ntr ted in a 

em, 1 ztea t the apex nrt er ov rn1 t run. The t 

then 

1 

· ppo 1n aluminium ~oil d fol 

_poi t 

t 

• 

t • I • plno d 

u 

• 

r l 



n1 c.reno.l c..ollect.s 
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l 
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cut rror11 cnrort10.1 octrc.rl) 

b. E!uhon 
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ccnJ-r1fuq 2 f-ube 

·,; .,., ;-.::, ,,. 
v v.1-:.... 1 
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v portion a 37° in a atN 

For quant1tativ work, equiv lent areas adjru: nt to 

the nuoleoti pote were cut from the chPomat osr • • The 

w re elut.ed, the optical dem,1 ty (1n UV light) dete~ined, 

and this valuo ed s a • ossure ot the cont1'1but1on m de 

by backgrowu1 nbeorbanee rrom paper, solvent and buff r. 

Ilowev, r , variabl r sul ta ere obt 1ned, tllld attempt 

wa th ref'ore made to construct n otandard ourTe f'or calcul­

ating theoretical blank values for chromatogram run in 

one t'requently u.ed solvent . Thi& method an not v ry 

ndvnntagco1lA , however , na it involved time consuming doter­

min t1on of papar a~eaa and t hei r locat·on on the chromatogram. 

The procedur t"inally ado.r· ted w B the men u.rement of the 

ovt1c l naity o~ the e l uates at 310 µ , here xtran ous 

m tcrial. , but not nucleotide moterlal , absor • Thi re d1ng 

w then ub tr c 4 from tho e t lower a -

l n~h (28) • 

1) ll 

( ) 

l to 15 Yol 

• 
l 

li each~~l" 

t r O 

• • 1 
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aupernatant liquid wao decanted o~r and the m~tf"rial 

washed until tbo etf'luent wae at pH 4, then stirred with 

15 •olu.1tea or o. 5}1. naoo , left for another JO minutes , 

and waohed 1n a t"unnel until the ef'floont wne near neutral. 

The material wan equilibrated by stirring ln a large 

volume ot the required buf'fer, allowing it to cettle , and 

<lecantins, many t1mea over. This procedure also I'O"'oved 

all i"1noe wt1 i0h r,.re generated by ph.yaloal an<l ehem1oal 

breakdown of the cellulose material . The exchanger was 

stored in the wet state. 

(b) Column prepnrat on. Oooluded air waa 

re::iovod f rom o s lurry or the cellulose by meana of a gentle 

vacuum, and the olurry was poured into the gl ass column 

of rcq11ired dimension in as few passes as poooible . When 

the bod waa tormed in aect1ons t he upper l ayera of each 

section were stirred slightly before the next wan added. 

The firat port ot tho column wee allowed to settle be~ore 

the tap was opened. 111.nally t he column beds weN aettled 

b7 passing oovaral bed •olumoa ot s tarting buffer through 

'1'lem. Th!• al ao re w4 • cePta1n amount ot unwanted u.v .­
abaorblng mat rlal from the column. 

11) O•ll ex D 

TM material waa fl'ee4 tr-o11 tine• b7 repeato4 

MtUlns and aeo tattoa troa a 1~ -rolUM ot water, then 

equ11lbrate4 w1 t.h the appropriate butter. Plnall.7 ~ 



21 

:realn wae roaus ~;ended 1n a small volume of' burrer and the 

column poUl'ed 1n as few ntagee as possible. 

For this material , t he recom~~nd.ed ratio of length to 

diameter ot column 1a between 3/1 nnd 10/1. J\a columns or 

this res in were ueed almoBt exclusively for desalting vary 

large quant1t1ea of material , columns of size 3 x 20 ems 

were ueed in most c ases . 

PJ;:eparat1on of DF...AE Sephadex 

The reein wae s wollen in an excess of wator f or one 

hour and the finea removed by repeated decantation. The 

gel wao then wanhed on o f11 ter wi t h 0 . 5 ! HCl, f'ollowed 

by water, 0. 5 M NaOlI , ond water again. The mat erial was 

finally e quilibr a ted ~ith t he appropriate buffer. 

l):oparation ot Ion ti:xohange Resw 

Cation exchangers were washed w1 th 1ot HCl, water till 

neutral and finally w1th 251 NaCl to oonve?'t the 1"08ln to 

the sodium f on. baees NaCl was wa hed out with water, 

and the resin eqU111brate4 with atartins butte•. 

Anion exchange N eina were washed with 2 a l'faou , water, 

and:, I HCl unt11 the optical deneS.ty of the eluate at 260 ¥ 
. . 

wea negl1g1 ble • Finally the resin wae washed wt th water and 

equtllbrated w1'1l atoi-ting butter. 
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Apol1oat1on or Samplfll 

Samples were always dieaolved in the smallest poae1ble 

volwne of starting but1.'er and applied oaret"ully to the top 

ot the column. 

8,alt Gradienta 

A linear inoreaoe in salt ooncentration waa obtained 

with a two-chambered mixing device or the type deoor1bed 

by .Parr (29) . 

Remoygl of Sall from Nucleotide Solution§ 

In oaoes wheNJ tr1ethylam1ne was the only salt present, 

t his oould be readily removed by repented evaporation on 

a rotary evaporator. In other canes where ~ore eff eGtive 

buffering waa required or where non-volatile component• 

(e . g. urea) were added, other means or desalting the 

eoluttona were adopted. 

1) 1Jaeal,t1M on PF,AR a1ll»;J,.011 

A cellex D column waa propared ae 4eacr1bed, and 

the earople applied at pH 9 to 9. 5. Salt an4 urea were 

washed orr with a large volume of 0. 01 ll tr1ethylarn1ne 

bicarbonate at pH o.6 (1500 mla ·needed tor a oolwnri 20 011 x 

3 om) . The nualeot1de waa then quantltat1vel7 recoveNd 

b7 elution wl th 100 .• 200 ml• ot a I \rieth7lalllne bicarbonate , 

p.'i 8 .6, an4 the eluent dned down on a rotary eTaporatol'. 

11) P!•tli&DS on 0Jlu:,qoa1 (44> 
uoleoticla ma~ztial wae a48ol'bo4 onto a column 
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ot oha.rooalseelite (5:1) when the Ga pl o wso appliod at 

pH 6- 7, and UPen und Ral t were washed :fro~ the col wan w1 th 

d.iat1ll ed ?1oter. Rthanolt Nl14011 , (o . g . o . 88);weter 

(50:2s48) was then p seed through the oolurnn until all 

uv- abaorb1ng material had been eluted. Thie solvent was 

removed ~rom the nucleotide materi al b~ rotary evapo~at1on. 

"",8U.mat1on of I'b9!P4901P 

Phosphoruo wao det er~1ned by the method of Chen, 

Torlbara 3nd ~arner {30) , ae modified by Burton and 

I et~raen ( 31 ) . IhOA?horua stantl1.1rt1S nnd the :Ja:ople 

containing up to 8 ps of' phosph,::irua were r,1;,e tted i nto 

tubes and b,..onght up to 8 !T\lB .,,1 t h ~,nteT" and 1J "llS of 

!"eagent (6 1l Hl-:0
4

: 25·• ammon1mn !"'lolybda te:vr1tcr:10
4 

ascorbate (1 s1 a1 : 2) ) . tiach tube ~,an c opped with paraf'ilm, 

nnd incubated a t }7° for 2 hours . The optical donei t y 

at 820 mµ wao pf'Oportional to phoephorus oonoentrntion, 

0 . 1 pmole ot 1m,• ganto pboaphate gt.vS.ns a NSedlng ot 

0 . 71 approx. 
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I enwat1o; or cpl( f:l:lD!uo 011ggnuc11ot1 , 
1) fflA digestion 

.Approximatel.7 1 8 ot DNA wae d1osolved 

in about 150 mls or d1at.1lled water Nld the solution stirred 

overnight in the cold room. A turthe:r 150 mle ot distilled 

water was added to the viocoua solution and the DNA oonoen­

tration was meanured by ?"Ceding the O. D. nt 260 mµ , whe!'O 

1 mg/ml DNA : <. ~. ot 20 (approx. )(20 , ~7) . The fino.l 

oolution was round to contain 1530 mg ot ~NA a t u concen­

trutlon or 5. 1 ms/ml . 

'l'wo volumes ot 3~: (w/v) d.1phenylom1ne 1n 100~ formic 

acid were added, the m1xtU1"8 tranorerred to a glaaa 

stoppered r lo.ak end incubated at 30° in n water bath tor 

19 hours . The ~laak waa shaken af"ter ob ,u\ 30 minutea 

incuba tion to eneure that all the DNA was properly d1eeolve4 

and the temporatUl'e equilibrated. 

en the 1noub tion waa oomplete, an equal vol e 

ot 41at111e4 wateP waa ad4e4 to the re c t.ion aixture, and 

,Ma was t!'aD8ferred to a 2 lit.re aepai-at1ng tunnel, and 

\be minure wu eb•un •1 ,h 2 YOlume• o~ elhor. 'J.'he other 

lqer waa re-extr ote4 with • 1 Yolume ot ••tier, and \be 

co blne aqueo• layen tr-om the • •xt ottena were re-

YOlaN 

ot 41P•' 'hwa · obhlne4 waa oonoentntfl4 on the i-o,_., . 
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e v porator (bath temperatU!'e nol higher th 40°) • 

11) 

A col pproximately 2 x 8 c a of 

described in th m ter1al 

ction and washed 1th w ter till neutral . The digest 

wa pas d through the column and the ertlucnt k pt. Tb 

oolumn wa wn ed wtth dis tilled ·ater until the c.n. at 

260 µ w below 0 . 05 . The combined water t't'luente . re 

oonoontr t don a rotary evaporator to 400 le . The material 

was then trana:ferred to a 11qu1d-11qu1d extractoz. 1 th 

eff io1ent cooling ao that a good head of 11qU1d etheP oottld 

be m intalned in the collecting tube . This g ve a fast 

flow of ether droplets from th 1ntered glae plate up 

through the ·queous digest solution. R mov l of l as t 

tP ce or ro c acid by the etn r w e d to be com-

plete rter 6 hours o~ continuous extr ct1on. 

111) 

s ut:r·1c1ent d1 - et to nt 1n the 

or 500 ms or q Nd tor a oon n1 t 

1 ge 

Thie 

~; I or 1u 

ol p t1 

to 0 

pho phorua con 1 4 tn A 1 

phor 

1noe 28~ ot l 

1 

1 e4 bf diprumylam1ne 

tio (31), Inor anio pho pho was t1 

cri din t 



digest , and the rer..u1red volume of digoot was calculated 

to be 13.3 mlo . The remaining digest. 11019 dried and stored 
0 at 4. 

1v) eenqra\ton qt t~g digest Pt2f!BS1t11nio igopllthg 

A column of PE 32, of dlmene1on 3. 2 x 

60 ems , wao prepared ns dencribed in the metho~ nec tion, 

and oqu111broted w1 th starting buf:f"er. 7 ! 1.iroa/0. 1 ! 
acetic ao1d/pH 5.4, { 32) . Finishing buf'for rocrli.red to 

produce the dea1rod eal t gradient was identical to starting 

buff.'or but 0 . 2 M w1 th I"eapeot to ?laCl. Both bu.ff'ers were 

prepared. deaerated b~ie!'ly • and allowed to stn.nd at least 

a day bet'oro use . 

'rh.e digest . which had been evaporated to ctryness , \•ms 

taken up in about 20 mla of starting buf'fe~ and applied to 

the column through which was passed a further volume of 

starting buffer (oevcml hundred mls) in o~der to remove 

all extraneous tN absorbing material before aa.lt elution. 

Tl-..e elution ot ultr v1olet-abeorb1ng eompononte tro the 

column w a followed with an ultraviolet flow enn1¥ser 

(I ao• Llnooln, ?1obraelta1 u.s.A.). 3.5 lltroa or o oh 

b~eP were put into the ppropr1ato chamber or the 

sradlent apparatu, cmd large ft-actions (20 mla} were 

talten. 'i'he content• ot' OYOPJ oon4 tube weN l'Oad on the 

apeotrop ot, ter at 268.5 mp d theoe r 41A88 recoztded 

Sn the tONl or a ph ot the opt.teal 4ena1 ty or tile 
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)-.) 

r 



27 

l to s a t'unct1on ot t"t-oct1on n ber and alt 

oonoentrat1on. Tho p r t lon obtained 1a 1llustr ted 

fr ctions constituting each ak wore 

pooled and deoalted a!'tor dilution to give a &Cl oono­

entr t1on below 0. 05 M. -
after the pe 

l ut d in thin yst m J t 

containing free purin a d oxtr oou 

non- nucl eotide mat,ri • 

v) ~3 tm rat i 2D intg com,;osi tiontal 1soms.ra 
' 1xtu es of oli gonucleotidca of' ident ical 

lengtl'i but ditterent baoe compoo1 tiona (iso1,,11 the) may be 

further aepm•o.ted by oo.Lumn chromntogr phy on ,~:_:1- .A cellulo e 

1n 7 !1 uren md 0 . 1 11 forrr.u'lt , wi th a line r aalt gradien t 

(33). Johe order o-r emorgenoe of the compo 1t1onal isomers 

1 connistent with t heir 1na1'81ain.g negat1 charg at 

pH 3. 1 to 3. 5 (val 

0 . 1 tf format rl h 

men urod for solutiona of 7 . a/ 

- d dthout 0 . 1 N l - e ct1 ly) . 

D 32 llulo w us d !'or all an lyt1c col 

t • • p r tins 

1n 

I 

1 

1 opl 1 th9 ot ............... l ngth 

~,rftlPsW~,-.-.a, l"I 1 

• 
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1 not oom lctely Wlderatoo4. It 1 interesting to note 

th t qu.ence rich in eytosin ppeatt to be more 

uacopt1ble to tlie type or degradntion. 

The remaining digest co~r poniing to 

1000 rag o-r DllA v, s separated into 1eopl1 th en lattge 

oolumn of 32 before , xcept that on expo nt1 

slt gradient wa ed. Th t ila o~ thia parotion 

n shown in figuN, 1 o . In order to tt-y and r duoc 

spontaneous d'Jgradat1on the .aka ~ere des l tod in the 

shortest posa1ble time and s parat~d 1n the for-mic noid 

y te.m as before . The rA· ·.1lt are 1llustr ted in :figures 

11 and 12. It will be seen that muoh lesa degr d.ation 

occurred. 111 thie pre:, 

An atte:npt w m 

sequence on 

s d X ion eh 

eol x. O 5 

0 1 0 

( 

• lti 

tion. 

to se,9·1.!'ate the 17 t ucloot1 

of D.H'\ ~ Sephadex A 25 (}4) . Th 

converted into the 

,ou~a. and t ol 

3. 0. 

4 

w · bed w1 

Oto 

fo • 
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six peaks were expected, only two peaks were eluted, and 

lt was obvloue that aomo of the nucleotide material had 

been waahe4 out previously with the ealt and that the 

remainder waa 1noompletely rosolYed. The remaining 

matePial waa thoretore 4eealt.e4 and ti-aotionatod on a 

atandaNl DE 32 column in t'ottmate buffer. w1 th the resulting 

elution pa,tern shown in figure 13. Both c5p6 and 

(C 4T)p6 tract.ions were miesing and yields et the remaining 

peaka were lower than expected. 

All material that had been oeparated, desalted 

o.nd dried down woe takon up in a known nmount ot water and 

the optical density at wavelengths 260 mµ, 267 m,.u and 

280 m,u waa measured, at pH 1 • The resill. ts are shown in 

Table,. 

Proa the \'8.luea tor the extinction t 267 ~. the 

number ot mllUmole• ot pyri iCU.ne poP 1000 ms A and 

ptl' 100 atome ot DlfA phoapborua were calotll.ate4 rott 

eaah 011aonuoleo,1da, an4 1heae ftlw,a 0011p 4 with tho .. 

found experl utill, by teN•n ( 27) • and •1 th the aount 

ezpeoted boil a ran~ • .,,....a pot,,aer or \he•-
... OOIIIPO•l •ton. 
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TAI}LR I 

Ol1gonucloot1de S280 - Calculated 

8260 E280 -
pH 1 E260 

(C2T)pl4 1. 38 1. 48 

(Cl' 2)P4 1 . 02 1 . 04 

'1'3P4 o. 68 0. 1 

(C3T)p5 1 . 52 1 . 58 

(C2T2)p5 1 . 18 1 . 24 

(CT3)p5 0. 93 0 . 95 

(C3T2)p6 1 . 17 1 . 36 

(C2T3) p6 1 . 07 1 . 11 

(C'1'4)P6 0. 92 0 . 96 

mol ooe~tioion~ ot optical clensit7 tor p.,r1m1d1ne 

at 267 mJ,l la 9900 

atomic weight ot phospho~ 

100 ms oontains 10 ot 
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then, moles pyr1m1d.1ne/100 gram atoms DNA phosphorus 

• o . D. unite of pyt'iml~tne/100 mg DNA x 1000 x 30. 8 

9900 X 1000 

The ree,1lts obtained are aet out in Table II . 

Fairly good agroe~ent of these reoulte was obtained 

with publicmed values of the relutive abundance of three 

pyrimidine tr1nucleot1des unu three tetrruiucleotides occurr­

ing in calf thymus :mt-. . ·rho theoretical vo.luea s own we:re 

colculntcd according to Jones , b t ocey and Ja t 3on ( 36). 

III Sepprut.ion o.f eecp1onti§L1som~re 

T\urton nnd Petersen ( 1 3) used a ')owex-2 ehlori de 

column nn u. gr odle?nt elution with !fCl for (c 2T)pl.
1 

isomers to 

achieve a pr;s!'tial separation, enalll"'ing th:it all r.iatnrial 

eluted was of the same pyrimi dine composition by deter "ining 

the 
,...280 #t _ 

1 "~ r atio OJ. every u.-aot on. 

Separat,1ons ere atte"lpted in th1e inveatigntion :for 

the !'ractions (CT2)p4, (C2T)p4, (CT2)p2, (C2T)p2 and 

(C 3T)p3, w1 th an HCl grad1ent or 1n eome oa co w1 th UCl/ 

formate , HCl/urea, formate alone , and vaeytng concentration 

ranges o~ HC 1. Roa ins uaod weI'e Do ex- 1 , and -2, and DE 32. 

About 10 to 20 ol)tical density unit o~ nueleot1de ma~orial 

were applied to each column. 
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. (c 

"'~267 (' .... ~ \. f • v • 

(at pH 1 . 0) Wdtn 

!'!Wles ~oles published 
pyr1~1o1ne/ pyr1m1d1ne/ value (27) 

1000 mg 'TiA 100 gm stome (calf thymuo 
(; mmoles DNA · DNA ) f'or 
pJ't'1nid1no/ phosphorus "llOle 

100 mg pyr1 m1di 
phosphate per 100 gm 

atom: 
phoaphoJtllS 

22.0 792 792 792x30. 8 
9900=2 . Ii6 

2. 13 

19. 1 

21 . 0 

17. 3 

5.6 

2 

3. 34 

. 65 

0 . 2 

764 

357 

-9900 

764 
9~ 

454 454 

590 

lfl+O 

117 

158 

6 

99u0 
::,90 

9~. 
~ -9900 
117 
~ 

158 
990 

6 -9900 

2. 38 

1 • 11 

1 . 1.i.1 

1 . 84 

1.37 

0. 37 

o.69 

most 
lost · 

2. 6h 

1 . 28 

1. 39 

1. 99 

1. 53 

1. 27 

0 . 82 

1. 06 

, -;.. 
, ,/' 

:rand0ml7 
arr-anaed 

lymer of 
the a.a 
b 
compooit1on 

2. 92 

3. 86 

1 . 70 

1 .11 

2. 20 

1. 94 

1. 30 

o.a 

0. 98 ~ 
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No aept1rat1on wnn achieved on th.o Im 32 coltl"Dn8 :for 

f41Y oluunt tr.led. und f)ovJCz-2 gove poor ncp:,rutiuno v1h1ch 

wc1-e not i mproved by the une or urea or formate . It 10 

porrnt ble th .lt a 1::oro f;rr-o::ual or a 1'1ne ly cont1~llod HCl 

r~s, t or -r.inL tion 9f_; ~.£'.1~:; •T; t I.al I :.omoz:-o by ";'nzymic._;-~llo de 

i) .4 a!le,,x o.t: cnzyn:cn to ho u~qd 

p.,'O<!r;Cl~rr. ...... .io HO deacr-1.lY..'H~ in t.11l1 mc: tbozl.G Ftcct i on exce_,t 

dm·,n b.f u fHc t or of' f'l ve . ·:1 vc l"C f.Jllc · .... t o t11t1eo contt~in:tnc; 

idcnticnl Nuntlti~ n of 11uf'1'or, ?Ubst-r·ito ·.i11d ~G·H iono 

'.:u.anti ti<10 o~ enzyme (5 pl.) ·;mrc a :.Hloc'l t o euch tube ~nd ·1 t 

mlbou ,11.cn.t intervrtlB 1 ml :;f Nm.:U was added to ouch tnbo to 

oto;_-; tho ro,:ct ion co'!l.t' lotely . '.i.'he ogt.i..cF..1 donBi ty of the 

contont o ot"' each tube wua then detcr-::ninod nt !tOO mp.. ur.:.d 

the rate of cht:t.Q.ge ot optical densi ty detorn1ned graphically • 

. t'm 1ncreaRO or 1. 200 in absorbanoc nndor the de:f1.nod 

cono1ti ono of the ae oy was taken to bo e 1uivnlent to the 

h.1drol$o1e ot 0 . 1 ~ole of e otr te. nnd aa on enzyuie 

un1t theo:reb1c 1y 

minu~ •. tho unlt 

oalculeted to bo· 

dr l ye o 0 . 1 }lmole oab!.\ '"ate per 

th e ,u:;yme oample 
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:For onalytioal pur once. approximately 0. 0.3 unito 

of enzyme wan tmcd to Higoct 10 optical dcnni ty units 

Tf}.g t for :nonoeotc!'t.ne uctlvit:£ in the nnrilm v<:>nom 

pho~pQ,Jdtr.i~tcrnog p:roms1rat ton. 

Thie 'lino done by measuring ony T'elo:Jae of 1no~g~n1o 

phos·-.hat.e . h:, contnmim1tin3 :nonoe~ter:.1!10 , rrom 1.he 

8Ub~tra te p- ni t~oph.cnyl tbymi <l ina-5' -phon;'h >lte . '.i'ha 

:follow>,lnu fmtr ny~tom:J ,'cro set u:p . /ill tuxe 'fl(H'C 

in: ub:-.ted 1'0~ nevc r ul hourn nt 37° im<l the inort.-s ~nic 

,;; ; 1B det · ia~d , 1a dr.: '",;.: to,_c! 1n ti..e :i• . t :,, .. h.1n r:cc :.ion. In 

r,. · 11 tn !Y\0 \· .• 1 in ':' •tt>lc I iI wet>o oot. 1nctl. 

----·--·-------------------------
Nntu"'P of £1 y.,tcm 

( 'lCt up in t ... u .licato) 

Enzyme eubotrnte . btu't'or 
und Mg + ions 

3Ubetrnte, bu!'t'or an4 
•g-1-+ iono 

Ency • buffer on4 g++ ions 

}lr.l-'.>lea of in-organic 
1h..:,a.Jllr- te P''7' ml in tube 
uf'tcr incubetiol\(mean of 
roar v:,1•100) 

0 . 032 

0 . 030 

0 . 012 

-----...... ----------~-----------------d Ltg++ lone o.006 



I w 

contnine no monoe terase 

inorganic pho pba 

that the en p p r tion 

y no (unacooun ble) 

l ed. 

M uppl1ed, t e solution has concentration 

of 10. 5 cl .35 U/mg enzyme. T hea\ t at nt 

desert d ln tho ,, · terial " oection eul d in 3 mla o-r 

olution. most of ich torod 1n s ll lot ln t he 

deep .treoz • 

Tho ay vms perf'o d sor1l:>ed in the metho 

section. The r ate of 1ncroa in optical 1 ty of th 

1 ubat1on mixture we o. o63 unit ~er m1nut . A check on 

the qu.ont1 ty of protein .1:}er enzyme solution was made 

by re ding t.b optical density at 278 ¥• 1h1ch was 2 . 12. 

T Illa 

Unita/i 1n 

• 278 X 1e43 

.21 1 43 

• . ,.o 



11) ])ephoSpQOtylation Of oligO!W£leot1deg 

Contaminating enzyme action in the alkaline 

phoswhat se preparation was apparent when nucleotide 

material woe 1noubatcd with excessive quant iUea of the 

enzyme , or tor very long incubation times, or when lg++ 

ions 'here added to the incubation mixture . Therefore it was 

necessary to deter~ine the minimum quo.ntity of enzyme which 

was sufficient to dephosphorylate about 10 optical density 

W11te of oligonucleotide in a convenient 1ncub tion time of a 

few hours . Ten O. D. units reprenents the maximum a~ount of 

oli_ onucleo tlde from which di gent ion !:Jl"Oducts can be c·.1si ly 

se:.·,:..r•ated by paper. e lectrophorenis an d chromatography . r;,or 

this qua.~tity {approx. 1;um01a), 10 )11 of the alkaline 

phoA , •hataee p-rep:1r ation was used ( -;; . 01, mg/T.l ; 23 U/ mg protein), 

and this appeared to 'lChieve complete dephosr,horylation after 

about an hour of 1ncubntion t 37° and pH 8 . 0 . -~h n this 

yatem was lert to incubate for 12 hour, quite noticeable 

amount or nuoleoaidee could be detected 1n the dig tion 

mixture due to cont 1nat1o 1n th enzyme preparation. 

After 1noub t1on, the nzym " re-noved fro th 

reuotion xt he t1 t 100° r 10 minu • 
olu 1 q: l volum 

chlo to I 1 lcoho (2011) h1 . 0 pl ture4 

h ·• C ntr1 oa .P 4 rotein 

0 11 t in 8 b ' n chlol"Oto da 0 

of 
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ph(lsel the latter oould be :removed with a r aateur J:; ipotte 

to a olenn tube. 

111) U1sest1on with nJll!lte venom v9ogp9o2J.2e~otesR 

5 f11 of the atored enz,rae solution (3 U/nil) woo 

~ound to be adequate ror digeot1ns 1 ,.u:nole o~ dephoe~hor¥lated 

ol1gonuoleotide when incubated ~ogother at 37° for obout 

5 hours , in rrr1.a bu1'for which wae pU 8 . 9 ond 0 . 01 1!, with 

++ Napect to ?ig 1ona . rho ~g lona were eoaentia l for enzyme 

action, but were e seriouA hand1cnp to ubsequent paper 

el~ctrophoresis, when any mover.ent of charged ~ononucleotloee 

or ~ononucleosidos waa prevented by the preoenco or thi~ aalt. 

Charged oligonucleotides wfl!t-e ot'ten not afreo ted in thia 

manner: this might reflect tlle nature of the 'lg•' eff'eot. 

The enzyme waa inactivated after 1ncub~t1on by the 

procedure used tor ~kal1ne phonphatase. 

1•) D1,gent1on ,1~n apleen ihoaphodle~t~t ee 
A tJOlut1on 01' approximatel.7 15 U/Cll ot this 

enz wae atol'84 1n amall lots in \be deep freeze . ruid 

5 ,w. or thi was 1'ounel autr1c1ent to digeat 1 ,umole 

of nucleotitle ma\er1al 1n 2 or J houre. A small amount ot 

8041 tartl'ate •a• adde4 to a1I 41~ a t1on 1xtUNa to euppreaa 

poea1ble oaoe• er e ct1Y1ty (generall.7 5 All ot 0. 0.5 _ 



art i/pmo o:r ) . ~ t,-

10 ot thl alt found also to lnhi bit the d1 

t.1vity to a co xtent. 

.enzyme natured and :removed t olut1on 

ln he U8 87• 

v) 

phospb. taee , pro 1n1 d• and dige ted wt th ana1t v: · nom 

ph phodieateraae and ploen pho vhodiostaras ep ately , 

th digoste bc1na prot.o1n1eed u.(Sc""'" and d!tied down in 

tffl of ir nt 37°. 'l'he .spleen dige t 

a~tted. onto i'.hat-:1 No. 1 chromatogi- ph3' paper nnd the 

d1 st pt"Oducte p r ted by leotrophoreai 1n t'o at 

b P pll 2. 7 at 7 K 1 fora 10 min te • Electrophore 1 

p ra d the d1 a e4 er1al 1nto th co pon t • t"or 

at d.e pil thym1tl.Vlio acid h a net neaatl 

Po•l i cha 

• 

110 



· Fig 16 
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CporpC 

0 

orig in 
~ posihve 

elect-rode 

approximate, po.s,rion oP 
.... -, undigesiect material 

,' \ (iF any) 

\ I 0 ' .... ,_ 

Tp or pT 

Result- oF 2- way separation oF d19esh'on producrs 

from pyri m,aine oli9onucleohde.s . ci) elect"rophoresis 

in ammonium for"'mate buFFe~ pH 2·7 cii) paper 

c.hromat-09f'aphy ( downwards) in n-buranol: ac.et-one..; 
aceh'c. oc.'1ct : 5% NH3 , water (q : 3: z. , 2, 4 ). 



PoOi t1ons or the pyr1mtd1M aucleottdoe an4 nucleoo1&,a 

otter tt-.x>-dirnms1onal Bcpor~tion un.dcr the syetam just 

deacribo4. 

Snake vonom dleater di.pat mixtures could not be 

eepal'nte4 into oomponenU by eleotl'Opboreois because ot 

the Ms++ 1on content, even af'te!' the addition of a ama11 

quantity or EDTA into the onmple . One-dimon91ona1 pa.per 

chromtltogpa~ sepa.rat1ono in So1vent I weN tlUu'eroNt 

UGe4. AlthoUSh goo4 porattono 1n one dimension ore 

achieved with n mixture of co:nmerciall,y obtnined nuoleosides 

and nuc1oot1 a (c, Cp, T and Tp) , the presence ot Mg and 

btltferi ions ln the octual digest t11xtw-e made raesolut ion 

much leeR aatlofactory. 

vt) petgrp1nat1gn or tl¥! QJ1MtttY of asiHGASilli 
1aomore or oompooition (cT2)Pl:t,-

8pleon dieeterase· digoote of (cT2)p4 were 

eepartate4 by olectl'ophoNtola and en8ke venom dieotoraeo 

lJl on,, 4lm,in,U11Qll b,- Sol wat I,. rhe po l t1 ov-
b blna a l tlfte4 b7 Ol8ld.n8 contact print•, 

and e apo o were cut out 

ttoa. 



(e) Results tor Spleen d1eat;raae 

T/,BLE IV 

Nucleotide o:r Opt1CRl Denaiu 
nucleoe1de 260 m,u 267 ID)1 280 m,u. 

C 
(spot that 
m1g:rat.es to 
tho negative 
terminal) 

Cp + T 

0 . 210 

0 . 251 

0 . 755 

40 

.umolee of 
material 

0.075 

o . 069 
Uesn • 0 . 072 

.,U.":lOlea 

0 . 23 ,arnoles · 
(spot that 
remains at t.he 
origin) 

As there should be e qua1 

'i'p 
(spot th"' t 
migrate& to 
t.he positive 
te:rm1nnl) 

o. 540 

quantities or Cp nnd T f'rom o 
dtgePtion or (cT2)p2 , ,AL'Tlolee of 
Cp and T occurring In tr11a digest 
will be taken as ~ ea 0 .1 15 µmoles 

2 

0.510 

o. 36o 

0 .17 

0 . 11 

-:.!e an = 0 .17 
;umolee 

Total material• 0. 47 ..,umole 

Therefore lf' the three aequent1al 1aomera are labelled thwu 

C TT 

TOT 

TTC 

••••• 
••••• 

.-.... 
(a) 
(b) 

(o) 

ihe proportion or (o) ln the 1xture o~ 1a ra · 

• 
,umolea o + ~lea T 



• 0.012 

0 . 012 + 0 . 115 

• 0 . 39 (oi- 39 ' ) 

(b) punl1oute run 

TAJ LE V 

Nucleoe1 de or 
nucleotide 

C 

Cp ,., T 

Tp 

Optical Dene1ty 

260 111µ 267 m,u 280 m,u 

0. 206 
0. 203 

0 . 240 

o. 830 

0.130 
o. 46o 

41 

Jrllolee ot 
material 

0.069 
0.057 

llean m o. 063 
,umole 

0. 249 
'l,MNlfore there 
t s~en to be 0 .1 25 
µmol es ot Cp and 
0 . 125 JUrnOlee of' i.' . 

0 . 219 
0 . 219 

Kenn a 0.219 
,u:nole 

Total material pros nl in the 41geet is theretoN o. 43 ,,umolea . 

The proporl1on ot (o) in the alxtare 1s therefore 0. 34 or 

34=' • Th Nto tile value tor the proportion ot (c) 1n 

the traction, tl'OtD th t deter 1nsit1ona S.• o.36 or 36 . 

l'1'0 reaul ta ot nob • o &eotereu 41 a\lon ot 

thie btnuoleotl&t, the a- t1o ot the cn1<11ne can ent to the 

oytl"7llo ao14 ta all that 1• reqw.red to obtain the r atio 



ot the three isomore in the mixture . 

Results obtained were: 

llnterial 1267 1umolea material 

oyt1 dino ( C ) 0 . 235 0 . 071 

oyt1dyl1c acid c . 282 
(Cp) 

o.oas 

The total cyti dine r nd cyti dylic ncld content in the:ret'ore 

O . 156 µmoles 

The percentage of thia l:iat ertal ocoUJ'r1ng 1n ioorner (c) 

r:nmt be 36 · (aa detr. r 1ned previously) , or 

0 . 056 µmoloa 

Thorefo!'e 0 . 100 .,umolee ocouro in 1aomers (a) ont1 (b) . 

But , 0 . 011 ;mnolee ws.s roel tuumd ~s cyt l dine (C) which can 

only have come trom isomer (a) . 

TheNfore 0 . 029 ,,wnolcs or pJ c ame t'rom isomer (b) . 

Consequently the ratio 

muot be 0 . 071 1 0 . 029 s 0 . 056 

which le approximately f, a 1 s 2) 

1nveet1aate4 . r apid tho4 



43 

be obtnined w1 th paper chromatography tochnt queo o f3p 

emplo7ed. A large variety of solvents t:ao tried. two 

d1mene1onal chromatogt'aphY wan attempted, and different 

adsorbent& were 1nveat1gated.. The following ie bra1et' 

8UMftUU'IY of the t'1nd1nga: 

1) The use of cadmium borate 1n the cellulooe adsorbant 

/ la.vor enables all nucleotide material to show up very 

d1et1nct]¥, wider UV light , as deep brown epote against a 

light ground, and the poo1t1on or thie ~8terial on the 

layer can eas11.V be marked with a pencil . Layer dovelopocnt 

was round to t ake f rom holf to five hours, Bo tha t the 

entire ~rocese of soparo~ion or digent products , f rom 

application of material to elui!on of spots. 1n tact took 

a froo tion of the time needed for the same ope r ations 

involving paper chrometograpJlN. 

11) Acid eolvents euoh as yatt•a (HCl1leopJ10panol:H2oa 
170s41t39) end solvent qelema conta1a1ng formic acid ooul4 

not be usa4 when the adsorbent contatne caclmlwn bor-ate 

1nd1cetor, tol' there n• 1nte.ract1011 between the 1n.41cai oi­

and the a.old, reeult 

atn oelluloN ap_pee.Nd no, to react w1 th 

the. iaot.4, but UV abaorb108 nucleotide o-a r1~ could not 
. . 

·'be eeen at al:l dietlnct.11' qalna\ • baokgrcnmd without 



indicator. Jc1d solvents are particularly uaef'ul in the 

separation o:r nucleot1deeJ non•acidic solvents ~111 epo~Ate 

nucleoaidea ~rom e11oh other and t"t'Olll nucleotides . 1..n 

exaJ1ple ot a aeporation 1n u non.-ac1d1o aolvont is shown 

in f'1gure 16. 

111) 'hfo dimon~ional thin l ayer developru,nt can be 

aided if extraneous material , carried b7 the nolvcnt running 

1n the .first dimeneion, 1a soraped f"l'Om the plate togethor 

w1 th ~ inch of edaorben t material t'rom thta edge ot the 

layel9. This procedu~ helps to koop t..he second sol vent 

rront l"~gulo:r. However , in this etudy, no sul table two­

dimensional ayetom was found employing any comb1nt.tt1on 0£ 

~olVf>nt, as in every cane the applied material bec ome too 

diffw,ed a~t er development to ~ake deteot1on ooay . 

The most eucoeearul non-ac1d1c solvent used waa 

n-butanolsooetone:ooetic aoi4:5~ e 3sH2o (9:Ja212:4) , 

aaturated with 'fllA . Thie auooeaet'ullJ' separ '84 all f'our 

coraponenta ~ a onaJte wno or- eple n die teraae dige t when 

al.N,adl' a ent1cme4 

olual CU.pat 111st. • •N pooi-J.7 paroted because or 

b~tez- 4 a iona prea t . Another •ery efteotlve ool~t 

of' note wa tm
3
,u2osiaoprop ola thanOl (213,617) which 

I 

w,17. adaq tel,J aeparated: nua1eo 1 h'om ·nuoleoti • aner. 



---------------~ solvenl 
front' 

I I , J I 

Traang of Q fhin layer chromafo3ram of the- se;arc,/1017 
of cyftdtfle , cyfidy/,C, crcic( thymir/ine anrJ /hymicly!tc: 
acid /Jy /he,,, solvent n.;.bv(ano/: acefone : aceft'c,, acict = 

So/o NH.J : wafer ( 9: 3: 2: 2: If) on eel I(/ /os e ;owr:ler. T!Je 
chrQmal-01ram also shows rela!/ve ra!e of movement of 
the ftve dephosphory/a/ecl fr/- and /efranvcleolic/es. 



onl,- 6 to o of 

In nearly all 

f'o 4 to ha th 

thi ~1,.HO mull 

by thin· l r ohr 

1 111 tr t.ed 1n t'1 

V) 

1) 

lo ent(f'a~ 11). 

f Val 

me ri 

17. 

all 011 on leo 1 

4 for 

coul. no ; be a 1 ly oved 

14 &olYent • Thi 

d 

r:xper1ru nt in e ti ting the reaction of 

th1 re ,1ge11t w1 th th.Vm1d.vl1c c1d (Tp) ho d th t ry 

high concentration or re gent 1th lo 1neub t l on timea 

were neoe saey if substantial complexing or re ot ~on bet ·,o n 

th ao t ere to achieved. Tb pH of \he o tion 

mixture so appeared to bo cr1 1c 1. 1 1 oho the 

ul ot an x r1 nt ill tr t1 1 e ob rv t1ona, 

w e ef eo ot 4 incub ion t 1 on t 

ct1o c le 1.y. 
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!lelahve rltsl-ances rvn by 
C, Cf, 7, Tp ancl ftve f,-;­
t:1na' t~frC4 nvcleohdes 111 the 
solvent melhar10/: 1"s0j7ropano/: 
NH3 : wafer ( 7: 6 : 2. : .3) on 
cel/vlo.se- powder. 
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morpholinium) ethyl carbodiimide (CMCD) as o lune/ion of lime 
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TAll VII 

Tbr.n1d.Vl1 CM.~-< bo 1 TM. 
oid solution oluti 

20 mg/ 100 pit 1.0 7. 5 s.o 8. 5 

50 /.il 50 JU]. 50Jll - - -
50 ~ 50 ,ul. - 50 .,ul - -
50 pl. 50 ,u1 - - 50 }11 -
50 / l l 50 )Ill - - - 50 )11 

The contents ot o \ube at eaoh pH re dried down 

4 opot d onto cl om to phy paper af'ter 20, 40 d 59 

hour , king 12 a plea in all . All pape were dev: lo d 

1n 1aopropanol:w r (713) at room tempera tum tor 15- 18 hours, 

and UV aboo:rbina cted d el t 4 in the no 

annor. F cont et pr1n it \.'1 8 that t. sol vent 

had C ( 4 0 D 4 , 
d CC ). 

ot e 

4 
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9900, tho ext1nctlon coetticient of the complex CMCD-Tp 

co\lld be taken aa being the some for tb.ie purpose. The 

quantities ot unreacted and reacted th,Jmlt1.)'llo acid for 

each lncUbat i on were theref'ol'O ena1ly oalouloted• and a 

f'igure obta1nod f'o-r the extent to which the react1on had 

taken place f or each ·;ami:-le. It Bhould be noted that C!JCD 

was ulwoYB present in exceso in every incubation. 

A epectl"um ot each of the three compononto wa.B obtained 

on a recording spectrophotometer, r.md a comparison appears 

in f'igure 19. '~here 1s a noticeable shift in the aboorbance 

curve ot thyM1<i:,11c uc1d a:fter t he attachment of a C!~CD 

noleoule , but it will be aeon thnt thin curve bel.lrft no 

traoe o~ the very choractar1Bt1c n r.iectrum of the reagent 

molecule iteelf. 

In thie expc,ri.ment, the :reoct1on appears to have 

prooee&!4 to 1 ta greatent extent aftcn• 30 to I;) houro, thte 

aot1vtty later deereaelng. composition, probably or the 

cucn. coul.4 be oontl"J.bull taolor, ln the decline tn 
. 

to . tlon ~ the c le-z a, .... ,"--""-. 'rhl deollne le certainl.7 

N no,1ceab1e et at alkaline' ;pH oba ne4, pi 8 . , ,. 

fto nc nt tton ~ C J) 1n the 

e ex rtment 1tcia ap x. ,0 W 1. 

ot1on aix~UNJ 11}, 

~lier spe,~1 ta 
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ha4 showed that at 100 me/ml nl oet complete Naction 

would oooUP aner about 70 houre 1nc~ut1on ot t.ho natursl.1¥ 

rtsoous solution. ApoM :rrom viscooiey, other undos1rable 

ottecte of such high concent:ratlc,ns wuld be the _suecept,. 

1b111ty of the solution to depho phoeyl st1on, evapo~ation 

or boote~1al contam1nn tion • . 

'rho errect or Mg++ ions on the reaction wae also 

briefly 1nveat1gatedJ the¥ were tound to decrease the rate 

of react1Gn. At a aoncentrat1o.n ot 0. 015 l! Mg++ , the 

.-eact1on r:ite that h{.ld been previously obacrved in the 

absence of magnost um wa:s reduced by n tl11rd. 
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.Al\hough th1e work has y1elde4 very little 1n the wq 

ot original reoulte, any uaet'l11 point• have beon ea\abliahed 

concerning tochniquea chosen to inw,stlgoto the problem, 

and mnD¥ pittalle bavo boon recognised and noted. 

The diphenylamlne reaction hos been chooon as the 

otart1ng tool in thla sequence 1nveet1gat 1on because 1t is 

pooaible to de:!lOnstl"ate q\11 te concluoivP.l.y its tr'Gedom :Crom 

d1arupt1ns s1do react. toms. Dtu,,.1.ng the renot1on 1noT'gan1c 

phoophtlte io released (as shown in figure :5), until a 

oet-tnin level 1s attained, ~l tfayB charocter1atic of the D"'lA 

epociee undergoing d igeat!ont !Uld avinc1ng the apec1f'1oi ty 

of the act-ton of tho amine . :.ny !nte;:•ter1ng G1de reuctiono 

would be expected to s looly yield P1 • Other exper1menta1 

eVidenoe available includes the toot that phoephomono~sterose 

will releaoe 1noi-gan1o phos_phote £rem P.rnJiln+i pN>duota. 

again unt11 " now atat1o~, P 1 lovel. la i-ceohed, und this 

1e euoh tbot tbO amount cd residual oi-gan.lc orthophosphate 

ia the oo.m& as aoount ot inorsflDic pboaxmate N1eeee4 

tn tb9 original 4egr c1o,1on. '?h!e • t.Talenoe 1• to be 

expeote4 tnoe the or~o pbQQhaa Nllll&lnin& in the 

pJ'l'lm141na :ueoei• att.er 'Ure bent With phataae dhou14 

be ~ pbqipbO'dlea taiOU1)9 3olntna PTP1sl4tne deoQnuoleoat4ee 



so 

and oince in the double-ot.POnded on11' thymua DNA used in 

tMoe experimenta the nur.it>er of purineo oqunla t.ha nu:nbor 

ot pyrim1d1nen, the number of 1ntorpur1ne phoophate groups 

ohould equal t , e number of 1ntcrpyr:Lml4tno phosphate groupo . 

In addition• v a lues obtalned i"or noverol typos of 'ONA for 

the amount ot 1nt-erpur1ne phosphate ogNJe quito olooc,ly 

with the frequone1es ot purine-purine nc o.reot neighboU!" 

f*requeno1cG no datermlnod by tho JYU .. polymorane nyatem (51) . 

Ae a renult of muoh recent etW,..V 1n teohni ,,ueo of' 

column oepora t!.on of nucloot1de mnterial , there hnve boon 

auccos~i'ul m"'t 1.odo doc\lmCnted for t he rosolution or nnaller 

~-yr1nid1ne oe \neneeo, evon though oyotorno availnl>le f'oia 

oe110I'atton of ol1gonuolec tidoo gcnorw.ly nro unsntiofactory-. 

DE 32 celluloee reoin h no been found to give oonn1s tently 

good r-eeul t.e r or t.ho acparntl on of lower membere o~ t 

P1'nPn+1 eei-1ea in t.heoe etuo.ioo, al t no"3h bntohee obta ined 

h'om tho manutooturer(l do diffei- and d1tt1cult1' has been 

oxp81'1onoe4 ln \he reaolut1ol\ ot longer B(omum:ce•• UNta 

hfl.9 been 4 to DBolst al.nloat ovoey aep&r:'ltion atte:npted in 

th1B stud;!. Toal.1 oa 4 Tenett (J2) have shown tl'Ult the 

an4ol'7 bincliq f'o (h7&-ao n b-..-"60) between the 

t nucl oot lde bm!J88 ma, tla duced 

1nv 1w4. o 
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re o idely used. 

'l'he pt'Oble of sep r tion of lo er equene e ha 

been appN>ached ~~ engl s recently. bn olution 

may 11 in the e ot fr mo oo plex exchangers in 

col work such as polynucleoti material with which 

oligonucleoti oould c plex to a )'1ng deg 
' 0 that 

ep ration 1 effect d. The longer prod cta or the 

diphenylamine de~adation of DNA hnve been ucceoa!'ull.y 

ep&rated on microgranul r celluloes columns . $eq nee 

up to 16 nucleotides in l ngth have been obtained from 

c i lf thymus mm, and one elution peuk oorreepvnding to 

Ohkin l ength 19 baa been described :for the D:f.1\ from the 

col1phag :r1 . Thi i c~ the lo.ngas t sequence or pyrim1cl1n e 

yet found in any DN/,. (35) . 

Very little par"' tion of se111ent1al isomers ha been 

achieved in attempts dasorloed in thi~ s tudy , but the 

re~nlta indicate thot 1 t is ce-rtainly poesible that a 

moNt exhaunti Vi 1nve ti ation or sin and lu could 

p od at1 f tory , nl t f"of' the trln leotide 

{C2T)p4, (C2T)p._. (CT
2

)p4 and (CT2 )p
2

• g p rat1 ot 

xtures of eq t1 1 O r ot C n ta1n 11 l oti 

n Ohl lo r 

0 • not 

• 1 tit 1 

a 5' 1 



' 
\ 

' 

acoesaible.tor 1n\eraot1on with the solvent or the 

ohromatoara,hic 8\l;)port . 
r 

I 
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The/propot-tiono ot tbVmi<Une nnd deo,ryoyt1d1ne in the 
' ,· 

var1o\i$' ol1gonuoleot1dee w N obtained by companng th~tr 
,t; 

' I 

rat1p or ext1noUon at 260 and 280 m,u with values 
,,,' I • 

-eet'euloted theoN1ttcoll7 tor vorioue m1xtlll'e8 or integral 
' /' / 

/ molar proportion of tbymidine and ~eoxycyt1d1ne . Thymidine 

'1 
I 

and 1to nucleotides have a value of 0.7 for this ratio of 

extinction, at an acid pH , \..,ereaa deoxyo3t1dine and. 1 t.o 

nucleotldes haTe values o'C 2 . 0 . .'\6 con be seen f'N>m the 

re~ulte, excellent agroemont iH obtnined betweGn calculated 

and ex:>0rir.tcntal results for all composi tlonal it,omere 

separated and measared. 'i'n.i a n·1ov;s that adequate ne,>urut lone 

hove 'been uchicved. 

3xpcr1mento have been aescr1bed Rhore thie method of 

detcr~in1ng com~ooit!on ot u.rlhydrolysed s ingle compoe1t tonal 

iaomoMI can be extended, by comparing tho aboorption spectrum 

ot M¥ ol1go r with oalculntod cW"IGa . The spectral curve 

1• moaaured 1.n 7 uren at three pH Taluoa ond digitieed at 

.\ 1 11µ interval ,.\ 
f Ullle ot the ab 

\ 

UNa at \he • 

toun4 b7 

(52) . Calculated cUJ"lee oono1at1ns ot the 

orption epectN ot mononucleot1dea ln 7 

pH'a aN 009parrecl with tho 

ot a coaputer, to eatabll 

experlmcntall7 

the beat f1 t . 
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:~uonti tative measurements con be made both by UV 

abeoi,.,tton me&aure ente orb~ the determination ot to;aJ. 

phosphorus , but the r~rruer method 1a easier and more 

repr"Oduo1ble and has th.eref'ore been used in th1o study. 

Abeorbancea are meaeu!'8d at pH 1 . 5 and 267 mp, where one 

1aoebeet1o point ooeura in tho apeotra or thym1d1ne and 

deoJcy"cyt1 ~ne . As spectra are pH dependent , so too al'e 

1aoebeet1o points . 

one or the ,noat common d.rawbaoke in the uso of' enzymes 

for specific taske 1s the inolusion in the prepn.ration of 

extr>:llleous contaminating en~ymoe ~hoBO act1Vit1ee interrere 

with those o'I: the enzyme under observation. ~nake venom 

phoaphodiesternae and spleen 1.1hosvhodieeterooc ·::ere s;1ovm 

to have little 1r any marked contM1nat1on, but Dl.kal1ne 

phoopruitane as already noted in the reaults wan found to 
++ have a considerable Ug -1nduc1ble phosphod1o ter~ae 

activity which sroatly interfered with the 1nveet1gat1on 

prcoe4ure. Thie aotivtty wa.a a ppePent on long incubation 

evon without th6 presence or added ua•• lone . Howevei-, it' 

a ~utf1c1ent17 h1Sh concontretion ot the latter wepe 
. 

1ncla 4 ln th reaction ixture, U.p to 50 ot the 

ollaonuc1eot1 a ieate4 •re touud to be Mpeled to mono-
~ i 

nuoleoeidea tnatead or banng been elaply dephoapboeylftted. 
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. \ 
Th two- dimensional aepar t1on y t of p per 

lectrophore ie followed by paper chrom t ~phy was fOWld 
'\\ 

to be excellent for eparation of produot ~-r plcen 
) I • 

phosphodieateraee digestion, bu qU1te u el - _en._ g++ 

ions had been introduced into tho aya t m. The • n '\ ver, 
11 '\ '1, \ I 

were nee e ary !'or dige tion by snake venom phoit,w~{ aterase . 

The beat solution .finally used for the sep ration o:t"<_ ' 
;' \ 

product from diges ion by the latter was one- dim pS1onal 

paper ohrom to aphy as deacr1 bed in the re ul te se'p t1on. \but 

even thia was not completely satisfactory a oecasibnal 

et aking WA experienced. Aleo , undigested m~ter1.al could 

not be adequately separated from produota of diga~tion 1n a 

one- dimensional nystem . 

It 1o now considered that two- dimenetonal papeir ehromato-

graphy would almost certainly have been more suoc t'ul than 

·any other mJthod of separation of tl produc t o~ 9'lake venom 

phosphodie terase d1ge t~ ion atte ·ilpted 1n this tudy . _ How vor, 

thls t ohnique 1 ¥ ry lengt~ and ther 1 

r1 ot Q o the wt pa r duri m 

eompat-ed to o h r p 

th1n 1 

r oho 

tho 

tograph1c 

p. ratio 

- ·,ncreaa d 
I· \ 

pul tion ~ \_dr 1 
; \ 

0 .. 
,<. 

t1 113, 

pro 1 1 ' 
ut a c t1 f c ory ol nt w 

\ 

' \ 
\ 
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round, d d1ge ted Pi could not ep ted :f'r-o 

the elow nuoleotl e • in dvan found 

1 th th1 l r ho re h•.ioffl''\ftAas of resolution (11' tl 

1 r • a not overloa d t t.he origin) , gre t aens1 ti vi ty , 

a1 plic1 t d apee4. Bpota on thin lay ra could r pi<Uy 

b de oted 1n UV light or ry low 1ntena1 ty, d circled 

with a pencil . y pplytng the pencil ry firmly , 

ri or daorbent nc1rcllng the UV ab orbing material 

could be r mo d, d by pplying a< op or water to th 

ieolat d pot and f P.Zing the ontire l oyor, th rrozen 

amplee could be 11 f ted f'rom the plate and placed in a 

tat tube for elution wi th water or cid. 

Th ~ults flnnlly obt 1netl for the r atio of ieomera 

of {CT2 ) a onl.7 roUS}l 1ndicnt1on or the ctual ratio , 

and th1a work ould have en repeated many t1 s o r 

fore 

1 

could consider d. :n ningt"ul . 

he oulta obtained b7 

ntuall7 b very 1 ·•.po~t 

ln tion 

of o ckt C l 

w1 01 1 

1 

C 

The 

uclease 

hen other 

• 
0 

d. 



more exte ve natUN than w e tt mpted here 1 ntial 

t l ea"1! d or the 0 ot tor thi probl • so ething 

raacticm b t e n thymidine d c co oetore t re gent can 

be used under rea n bl oon41 t1o for peci f1c t taohm n t 

to nuoleoti , in e (1uenoe wor • t p o ent he v ry high 

r agen ooncentr t1on found nee s ery ror com-pletc or 

1 o t co pl e reaction m th1a method very 1mpl"' ct1~ • 

.... ever al other me thoda of varf ing 

have been 11ropoecd for the deter~:intttion of equential. 

isomers. ihe estimotion of 1aomer1e components of a.~ 

oligonuel oti fr otion will be made easier by a method 

allowin th i;eoi.f1c removal of one of tile two b Ae 

conot1t te, when dealing w1 th fr,..c t.1onn of the ty 

Pynpn+1 or ~Pn•1• In ddition t hi method 

intere t f or the conai i-otion of the potenti 

b of 

content or 

A l ul , 1n oonJ ction w1 th a d1phenylam1n 

it permit he st1ma t1 n o onl.7 of 

011 nucl ot1 equ no 

• but o ot o f'l 4 

• 
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each 1 nte a d1f'fe nt 

re 1 • it should be poaoible by examining the prod t 

to deduc the oo ecnt.r tions ot v ral or the 1 

W1 th the help of' dat der1 ved f"ro exonualea e tudie on 

th1a sa er1ea o~ 1 ome N , lt is poa l ble to olve 

it not all of the po 1bl ~ nti 1aom oocurrin • 

Cyto ine residue can be remo d r ei ther th original 

1so :re , or f the l atter of'ter their ter 1 pho r..h te 

groups have been removed, and the difference 1n the two 

resul to may itse lf p:rovide u~eful information. 

Thie me t hod 1 pr rticulurly u~eful f o:r ro~olv1ng t he 

ratios of i f'ome l'S containing a l ·,rge propurtion of thymi l.i lne . 

ucle s ee tha t cannot hfdrolyse d1nucleot1des are 

potentially ry et'ul in sequence c1eter-n1 tion, d 

xonucle sea p tic\llarly form this c tegor, . On or the 

o t us :f'ul 1 

XO ucl I . 117 gin at t 

the he 1 not bl 0 C f 

0 5'-t. r din oleoti portion r 
ot1 eh or h1 ta ho 

11 1te4 1 0 4 1n p 

to ( 5) . 



loal od1f1oet1on ot 011 n l oti s 

ay poe ible. For example , tbyl :nlne c 

eeleot1 vel7 -.,1 th cytos1 pH 6, :foPUdns uri d1nss-...1-.uethyl 

ox1 ( ), which will blo k th ction o:f a no 

dieete e when th1 add1 t.1on o pound h been inco:rpo ted 

into oligon laot1 a cont 1n1na 07to 1 • 

Ch-emioal degradation o:f' D A uch as that occurring 

on reaction 1th dephenylamine will never p duoe overlapping 

~rogments ot nucleic acid n t refore the elucidation o:f' 

the oxw:t nature or the pyrimidine sequences can only solve 

a small part of them in ~~oblem. The process w1ll for 

exa!'llpl hav to be repeated for the purine aequences that 

a re ch11:raoterist1c o:f tho opeo1eo of' Y)UJ. in quen t1on• and 

1n ad.di tion, a totally different xpo~1mMtal approach 

tte pted ~ith a vie to combining the two lots of ~at . 

One of .ho ~o t ingeniour. nppro che invol a the labelling 

ot vru-io baa o that tb y c be at their poa1t1cna 

al t A a Pan4 under the elect m1cPOa pe ( '47 • ~) • 

lecttve 1 b 111 ~-··-- a oho n to~ their ab111t 

et wt h or 

t 1• o t 

ot butldi t 

a At 1 
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Th dip 11on prod tr th action or ac1d1c 

diphenyl on c l.t th,y'm dsoJcyTibonuoleio acid h e be n 

epare d 

and th ae produo eh d and e ured 4wmt1tat1vely. 

So po sibl metho of ducing the Nl tiv, 

pr portions or eo.oh uenti 1 1 er 1n n t\11' lla occur-

ring mixt~e or short compo 1 tionally idemtica1 1 omer have 

been 1n · stigated, w1 th peoi emph 1s on the use ot 

exonuoleoee • In dd1 tion atte"Opt hsve been 1:wde o odify 

xonuclea spco1fiotty by ttaahing a chemical blocking 

gent to it su.b troto. 
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