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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' 
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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 
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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 
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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 



10 

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 
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