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ibe process of exgressing gevetie $oloiws o w7 SAdgnang Guiie
acide in proper sequence during proteia synthasis usually requires the
RFA polymerase catalyzed synthesis of a strand of ENA complemsniary to
DRA. Recent experiments reported at thig Sywpooium snd elsewhere suggest
that oBNA (mescenger RNA) synthesized in vivo is complemgntary to only ona
of the two strands of DNA (Robison and Guild, 1963; Marmur, 1963; Spiegelman,
19625 Wood and Barg, 1963). The mBNA becomes bouad to ribosomes, perhaps
forwing a polysomsl aggre;ate and the amino scids mgy be carried to thesge
sites and ordered in corvect sequence by specific transfer BNA spacies,

It is possible that wRN. codeworda are resd from a fixed point by sucleotide
saquences in tremsfer RjiA complementary to those in mENA codewords.

Thus coding arzors during protein synthesis may be minimized by tha
requizement for corre:t recognition at three succsssive stepai . that &{s at
the DA~ miNA, wRNA-fransfer RRA (or other intexmediate), end awino scid-
transfer ENA- activiting ensyme levels. little s known about the mechaniens
which impart speciffcity at the last two steps.

Some Pactoxs Infliuencing the Mes r Bffict 0 Pol ieotiden

The effecte of base composition, catalytic sbility, molecular waight 9
snd secondary sl.ructure upon the nmeazonger activity of synthatie polynucleo-
tides will be considered at this time.

The me/senger activity of synthetic polynucleotides nmay be related to
its moleculer waight, In E; goli extracts, poly U containing more than 100
uridylic aci/d residues per chain has greater template activity then smaller
chains (Matthaol at al 1962), but oligo A frections conteining as faw as
9-10 sdenyiic acid residuas per chain vecently have been foumd by Jonas at al.
(1963) to dtrect polylysine synthesia. Algo, in yeast extyacts oligo U



of rvcrere ohofin Tencth LI opaniecls Jfron
cnuclectides may be degreded
by uuclgases nove repidly than polynucleotides and thus appear to be les
efficient ac templates for przotein synthesic, BNA chain-lengih must be
considered when compzring templste activities of different BNA fractions.
Alzo, secondery structure of RNA greatley influences its messenger
activity. When poly U is mized with poly A, double- and twiple- stranded
helices are 50?§cd vn'ch are completely inactive in diveciting polyphenyl-
alanine synthesis {Wirenberg and Matihaei, 1961). Oligo A also forms
helices with poly U, and the:extent of inhibition of polyphenylzlanine
synthesis can be ccrrelatéd.ﬁith oligo A chain~length and oligo A-poly U
helix stability (Nireubc"g et 81,1963}, 1In addition, Singer et al,{1963),
have investigaeted a series of copolymers containing varying amounts of
U and € and have found that guanine-rich polymers containing a high degree

of o*ccred vccsruary structure {perhsps due to G-C intezacticns) elso sre
inactive as templates for protein synthesis. These resulis suggest that
RNA with a high proportion of helical structure may have little template
activity for protein synthesis. Recent experimenis have showm that poly
U-poly A helices do not bind to ribosomes,; and for this reason may be
ungble to direct protein synthesis {Cukier and Nirenberg, unpublished
results). It also is possible that small, locslized areas of oxdered
structure may serve as perlods in protein synthesis.

It is difficult to compare directly the messenger efficiencies of
different polynucleotide pzepa rations because the efficiency is modified by

molecular size and secondary structure., However, if the average chain

length and secondary structure of different RNA preparations are assumed to be
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spproximately oqual, the date of Yeble I suggest that nucleotide centent
may net influence greetly the overall template efficioncy of mBNA, Poly
Uy poly UCy poly ACG and poly UACG contaim 1, 8y 27, and 64 triplets
respectively, and the preparations of these polymucleotides shown im
Table I have been found to direct 1, 4, 9, and 10 emino selds, respectively,
inte protein, The essential point is that approximately the same totsl
quantity of emino scids were directed into protein by each palynucleotide,
Although these data must be interpreted with csre because the same factor
mey not limit the ineorporation rate of each amino acid, they suggest thar
the polynucleotide preparations may have approximately equal template
efficiencies and that most nucleotide sequences may be abie to code for
amine @oids. Although nonsense sequences mey cxist, thus fer, mone have
baen demonstrated definitively.

Polynucleotides containing &1l base coubinations now have heen used to
direct protein synthesis in E, goll extracts, A qualitative summery of these
date is prosented in Table 2, Only those polynucleotides containing the
minionm bases necesssry to direct sn amino acid into protein ere shewn. For
example, phenylalanine is directed into proteinm by poly U and other U eon-
taining polymers; houever, since other bases are not required, phenylalanine
is listed only under poly U, Poly U, poly A, and poly C direct phenylalanine,
lysine snd proline, respectively, into protein. FPolylysine synthesized in
ke coli extracts under the direction of poly A hag been found to contain 3-15
lysine residues per chain (Jones, Yaron, Sober, Heppel and Niremberg, unm-
published results). No wmoessenger activity has been demonstrated fer poly €
(Natthaei. et al , 1962), but the highly ordorad structure of poly G might

magk template sectivity. However, @ polysuclestide composed culy of hypoxanthine
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(poly I) with less secondary structure than poly 8, still hae not baenm found
to direct amino acids into protein. Since hypoxanthine can replace @ in
REA cods words, ths 2-amino group of G does not appesr to be essentisl for
coding aaino acids (Bastilio et al, 1962, Niexnberg and Jonas, unpublished
data).

Rach polynucleotide conposed of 2 differcnt bases has 8 triplats,
but 0o polymer has been found to direct more than 6 different smino acids
into protein. Poly UC is uniqus in that it codas for only & smino acide,
even though ali UC triplats appear to function as codewords (see Coding
Ratio Section). It 4s fmportsat to note aleo that polynucleotidss containing
only two different bases direct with grest specificity almost all amino
acids into protein. These findings undoubtedly reflect basic molecular
characteristics of both the zecognition process and the genexal nature of
the coda,

Ihe Coding gatio

A saries of poly AC and poly UC preparstions with different proportions
of bases were synthesized and thelr activities in stimulating cell-free smino
acid fncorporation {nto protein were determined,

As chowm in Fig. 1, poly AC directs ths incorporation into protein of
proline, histidine, threonine, asparsgine, glutamine snd lysine at iinear
rates for 15-20 minutes. Resctions were terminsted after 10 minutes of
incubation, uvhile the rates of incorporation weze still linesr.

In Table 3 is presented an exawple of the deta obtained for each of
the five poly AC preparations tested. The theoretical proportions of the
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four doublet and eight triplet parmutations wipscted in randomly~-oidered
poly AC (cortaining by analysis; 47 parceat A and 32 porcent £) arxe showm
in the firat and sacond columms rvespectively. In ¢he thind end fourth

colunais are shown the pumoles of each cu’

-gnine aclic directed into protein
by this polymer. A total of 1685 puwoles of awinoc scida waze divected into
protein, and the raiative proportions of each amino acid imcorporated, inm
percent, ara shown in the last column,

The & doublat parmutstions do not contain anough spacific fnformation
to code for the 6 amino acids incorporated, whereas the information content
. the 8 triplec worde is sdequate. Tha parcent incorporaticn of lysine,
asparagine, glutavine and histidine agress well with triplst codewozrd fre-
quencies; but not with doublet fraquencies. If ell triplets were read, some
suino acids would respond to 2 or more codewords, for 6 amino acids would
then be coded by € words. In such cases, the sum of tha triplet frequencies
would have to be compsred with ths corresponding smino acid incorporation
data. For axsmple; 1f CAA and CCA both coded for one amino acid; the sum
of their frequencies is 24.9 porcent; which camnot be distinguished from the
frequency of the doublet CA (also 24.9 percent). Therefore this sxperimental
approach msy allov determination of the coding ratio for some, but not all,
awino acids.

Analyois of a series of polynucleotides with varying base-ratios per-
wmits comparisons to be made with greater accuracy. The empected statistical
relationship between codsword frequancy and polynucleotide base-ratio are
presented graphically fn Pigs. 2 and 3. Theoreticsl frequencies in percesnt
of doublet and triplet codewords are shown on the ordinate and the base-ratio



is shown on the abscissz. Neeieotide sequence io arbitrary, and eath cuuvve
reprasents only ona of the thyee possible sequence permutstfone. As noted
befors, the sum of the frequenctfes of the triplets AAC and ACC equale the
frequency of the doublet AC. Thus the AC curve repsesents either the doublat
AC, or tha sum of the two triplets AAC plus ACC. Also shown are the obsarved
c“~ muino acid incorporation data. Each point vepresents e different poly
AC preparation with the indicated bsse~ratio. As shown in Fig. 2, the ob=
sarved incorporetion of C'%- histidine sgress well with the theoretical fre-
quency of the triplet ACC and d4ffexs markedly from both the AAG triplet and
A2 douvdblet cuzves. Tho data also demonstrste that the cbsorved incoxporatione
of both c“ = asparagine gnd cu- glutamine agres well with the fraquencies
of AAC txiplets. 1In contras:, the incozporation of clé. threoaine is similar
to the expocted frequencies of eithar the doubleg AC, or the two triplets,
AAC plus ACC. Therefore, threonine sppears to de ceded either by a doublet
ox by two triplets, and 1t is uot possidla to differentiate batween these
alternativas on the basis of these data.

In Pig. 3 are presented the template activities of poly 4C preparations
for ¢~ proline and 1. 1ystne. The experiventally cbeained tncorporation
data fodicate that proline is coded either by the doublet CC or by the two
triplets CCC and CCA. G- Lysine appeszs to bs coded by the triplet AAA.
M-tetno Astd Tacorporation Directed by Poly UC, The dats of Pig. & show
that proline is directed into protein sither by the doublet CC ox by the sum
of the two triplets COC end OCU. G'*-phenylalentne eppears to be coded efther
by the doublet UU or by the two triplets UUU end UUC. It 4e important to
nots that £f the codeworde corresponding to thece amino scids aze triplets,
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both CCC and CCU would code for proline and both UUU and UUG would code

for phenylalanine,

In Fig. 5 are shown the poly UC-directed serine and leucine incor-
poration data. Both serine and leucine appear to be coded either by the
doublet UC, or by the two triplets BUC and UCC. Coding of serine or of
leucine by one, rather than 2 triplets is not indicated, It i3 {mportant
to note that if serine is coded by triplets, one triplet would have to
contain 2 U residues and the other 2 C residues. Triplet words for leucine
also would contain either 2 U oz 2 C residues.

These experiments strongly suggest that histldine, asparagine, glutamine
and lysine are coded by triplet words and that the BNA cade cannot be com-
posed only of doublets. Threonine, proline, phenylalanine, serine and leucine
were found to be coded either by multiple triplets or by doublets, These
data are summarized in Table 4, A mixed doublet-triplet code cannct be
excluded on the basls of the available data; however, a uniform code cone
taining only triplete would appear more probable.

The Current Codeword Dictionary., Assuming for the present that all amino
acids are coded by triplets, current approximations of RNA codewords may
be summarized as shown in Table 5. Nucleotide sequence 1s arbitrary.
Fifty of the 64 possible triplets have been assigned. Almost all amino
acids can be coded by polynucleotides containing 2 different baces,

Since polynucleotides containing 3 bases direct protein synthesfs as
efficiently as polymers containing only 2 bases, it seems probable that

most 3 base words are recognized. Tentative assiguments are given for



such words,

It seems clear that most smino acids are coded by wultiple words,
Furthermore, multiple words corresponding to ome amino acid often differ
in base composition by only 1 nucleotide, These obzervations also suggest
that nucleotide sequences iIn multiple wovds often way be identical, 4
triplet code may be constructed wherein correct hydrogen bonding between
2 out of 3 nucleotide pairs may, ln some cases, suffice fov coding, or
alteznatively, a base at one position in the triplet sometimes may palr
optionally and corréctly with 2 or more bases, Tt should be noted that a
triplet code of this type in some respects would bear a superficial re-
semblance to a doublet code and would be in accord with all of the dats
available,

The coding data obtained thus far clearly indicate that most nucleotide
sequences can code for amino acids with great specificity. Weisblum et al
(1962) have zeported that multiple specles of leucine transfer RHA recognize
different codewords in synthetic polynucleotidess however, additional data
presented at this symposium by Benzer and by von Bhreastein and Gonano
suggest that codeword specificity {n directing leucine incorporation may

be greater with synthetic polynucleotides than with natural mRNA. Iﬁ is

important to empbhasize the ggsaibilitz that raadomlv-ordered synthetic
polynucleotides may test the cell's potential to recognize codewords, and

tygt the entire potential may not be utilized in vivo, except perhaps during

mutacfon. Thus nBNA synthesized by a cell may not cantain as many codewords
as randomlyeordered polynucleotides.
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sizad m vive froms the game precurger, oF have similae slruciures
Fov euawiple  phenyislaniue, iyrosine and (rvplophan are depived from

snitimie acld, end ioolevcine, valine end 1rucine are syvnihegized fromwn

caeto butyraie, BWA codewords correeponding 1o {heso amino aods oo

Such comparisons evgrest that & frinily of amins 8cids way re D ee

a famnily of codevords whoges members contidn almilar basea Sliho

21t amine geids i ihie pettera, enough addiiionsl examples : ey be olied!

‘o warrant he suggesiien that guch relationshine reflect sither the ev.iy -

bl
tonmay dot -lopment of the vode. oy the recognition of auslectides in scdae

words by aoune woods. The latter bag been nroposed by Woese 118637 anid

alac is ¢ cussed by Weinsiteln in this dumpesivm,
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OLIGODEOXYTHYMIDYLATEFDIRECTED POLYLYSINE SYNTHESEIS

The chemical synthesis of oligodeoxymucleotides by the method of
Khorana and his associates (1581, 1962) and the demonstration of an ollgo~
deoxymucleotide~dependent synthesis of polyribomucleotides, catalyzed
by RNA polymerase {Furth et al, 1961, Stevens, 1961, Chamberlain and Berg,
1962, Falaschi et al, 1963), provided an opportunity to study their ability
to stimulate cell-free amino acid incorporation. Since poly A serves as a
template for polylysine synthesis (Gardner et s}, 1962), oligo 4T
(oligodeoxyihymidylate) has been used to direct poly A, and subsequent

polylysine synthesis, as follews:

1) Atp OlLi oodgmerase -~y Poly A + PP

2) wysime BOLY AL L L . L. . .. ... ....d Polylysine
E. coli Extracts, etc, 4 =

In addition, natural DNA and poly U have been shown to direct polylysine
synthesis,

Poly A was syathesized in RNA polymerase oligo dT reaction mixtures
(stage I) as described in the legend accompanying Fig., 6, and then components
supporting amino acid incorporation into protein (Stage II) as in the legend
of Fig. 7, were added., After further incubation, incorporation of clé-lysine
into polylysine was deteruined by precipitation with a TCA - tungstate
solution (Gardmer et al, 1962),

The data of Fig. 6, shou that cl4=-AMP incorporation was dependent
upon the addition of oligo dT13.34 (13-14 nucleotides per chain) to stage I

reaction mixtures, and that clA-AMP incorporation was proportional to the
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mf-pmd\mt gyathesized in the pre-

The avarsge chaim length of the €
senge of oligo 41’1‘13‘_1!!) was detesmined by deprotainizing the resction miztures,

resersdug Che Gj'éam by peper chromatogrephy, hydrolyzing the cu’

=product in
0.7 N EDR and separating the auclectides by paper chromstography. The redio-
ec:ivity of adenceine, sdencsine-3' {2')~5°'-diphoephete end sdenosing=3° {2°})e
runophogpknte vas found to be 339, 308 and 22,900 counts pex minute, wespectively.
Thwus, olinp d‘r‘ g.gizm stimelaced the synthesie of poly A of sverage chalin
length (1«70 pA {ademylate) residuas. These data confism similsr results
obtainid by Furth st sl (1961) and Falasehi ot al (1963).

Falaschi at al {1963) alsc demonatzsted that olige 47 chains are
aot siongated by the addition of (pA) residuss o the free 3-hydromyl endse
of olige 4T chains, aznd have cbiained avidemce vhich suggests thet oligodeozy-
amcleotides serve &z templates vather then primera. Although cuxr ENA polymerase
praparations were purified 100-150 foid {(Chesderlaiv snd Berz, 1962), we have
degected unprimad nucleotide incorporaticn under other conditions. Further
mzyme purification will be necescary to datezmine unequivocally whether
oligedeoxymcisotides fumetion only as tesplates in this system.

After incubating ategs I

resciion mimtuzes af 370, atags I components ware slded ss dscerided ia the

%

legend sccompanying Fig. |7 . Ho d{ocresss dn O ~lysine incorperatice wee

found in the abssace of oligo 4T, whavean the edditfon of 1.2 mumoles of

i4

(pdT) rasidues in oligo d’rm”% seisslaied €7 -lysine Zncosporation at a
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{chambezlsain and Bexg, 1962% ¢ NA dependent synihesis of poly A&

£zom ATP (in the absence of UIP; GIP and CIP). Under these conditions,
2 . > * 1, LS - - [:.
poly & syuthesized under the divsciion of calf thymus BUA stinuiazed Cl -

lysiza iazovpozazion,

Pa

5]

v chvomatography of polylysine as described in the iegend
accompary ing Fig. 8, permits separation of lysine pepiides of different
¢hain leagths, Peptides containing approxiwately eleven or more lysine
gesidues zemain at the ovigln, vhereas the mobilities of smaller peptides

- -y AN \ " o oy Cn e g ~, 30 om 3
ave as followys 1lysime  di= ft:s:?.v f;r tetra= % pentas » heggae > nepta«}

. . o s e 14 .
octsﬂ;> nomav;> deca=lysine. As shown in Fig., 8, wmosi of the §° -produck
sy.thesized in the presence of oligo d?13,1& renained at the ovigin after

. . 4
chivmatogiuphy. Digestion with trypsin converted the € -product almost
quatitatively to peptides zhich migrated with free, die, £rie, and tetza-
lysine chrzacteristics,
: . 14 ) . .
Ia scpavate espeziments the € -product was elused from thz origin.
. . . 14
Both aliquots were chromatographed as before. One € -spot haviag the

ckharacterlutic mebilicy of free lysine was found following acid hydzolysis.

£ . cqsos
Afecer digastion with teypsin, Gl oproducis with the ezpected wobilities of
. b
free; di=, trie-; and tetra-iysine weze found., Ia addition the Clw-

polylysine which remained at the ozigin was shova co contain cazboxyle

T

terminal € 5elysime residues by a hydrazinolysis method {Akabori et al, 1952),

Effect of !folecular Weight wpon she dctivity of Oliso dF, Falaseki et al.

{1963} denonstrazed that oligo dT chainms containing less than & residues
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TADLE 1, TRIPLATE ACTIVITIES OF 1y 2, 3 AND 4 BASE POLYNUCLEOTIDES

POLYNUCLEGTIOE U ue ACG UACG
U 100 a . 56
BASE RATIO c - 53 32 13
HOLES<-PERCENT A - - 46 5
G - - 22 25
PUSSTBLE TRIPLETS 1 8 27 64
c'-anmo ac1ps pirecTED PHE FHE LYS ILEU  PRO
INTO PROTSIN
LEU ALA MET  L¥S
SER ARG CYsH  ALA
PRO SER VAL ARG
TR R

GLU@NHZ TBY G‘dﬂnﬂﬂz

ASP-HH, TIR ASRNIL,
HIS PHE HIS
PRO LEY

SER

10TAL ¢4 Ammo
ACID INCOBPORATION
(mumoles) 3.21 2,91 2,22 5009




Legend for Fable 1.

Sze tout for detadls.

Ccdeword nucleotide sequences arve arbitvary.



TABLE 2,

SUIBIARY OF CODING DATA

-~y

POLY G
PHE LYS FRO "
POLY UA e U6 A AG c5 UAS
TR LED LED HIS ARG ARG BRY
LEY SER VAL ASP<NH, GLU ALA Azp
HEY CYsi GLU-NH, CRU-NH, SER
ASE=IiH, TRY THR Asp® TR°

e



Logend for Table 2,

(54

Only those polyauclontides sontadniag the minfwmal wmuhay
of ba2es nocossery e stimulate on anfuo seid €5 protein
are showa,  &mino zeldo codsd by homopolymuclectides axe

net listed gaain under rendomly~cvderad polymucleotides,

“Predicted

' Reported by Wahba et al {1963)
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00
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LR

TEEH AMIRO ACIDS IRCORPCRATED
CODEHORD FREOUSLCIES

SR ATy o3

th

?r
-
o

R TR Dev-g

AN 22,1
AG 24,9
G 24,9
€S 28,1

Tokal 335:6

coreticsl Codeword
svency in Poly 42 Ecn*
S 15.\;\3 47’; ﬂ. J.L\d ’Jt‘n

33 TRIPLECS

poTcont

AAL 304
AAC 31,7
AGA 33,7
Can 11.7
CCA 13,2
ACC 33,2
CAC 13,2
€oC 14,9

SN T TTATIN

Toral 165.0

170 % 2 AR

T AT e T R T Ao #R R 3i IET

propeeen

CI¢~%m~ro Leidns Incorno

Erotez }
FREQUENCY OF
14
14 MOLES CFT-AMTNG ACTD
G -AKIND ACKD ot -~ o .1,“
IRCORVORATRD THOCEPORATEY
parecni
LYSIND 183

ABPARLD NG is2
GLUTAMINEG 157
THREONING 4£é
HYSTIDINE 159
PROL.UIE 350

28
.6
.3
25,3
0.6
32,6

- ey

Tobal 180.0



LICENDS FOR TABLRS
Legend for Table 3 °°  Tach raceticn miiture centained Che following compenernts
ina final voluee ¢f 0,25 gl 0,1 ¥ Trig, pH 7.8; 0,81 B magvesive csstale

. «3 - - -3
I: €310 H mereapeoethancl; 1 nm 10 7 W AYP; 5w 10 ° o

A ]
[3ce
1159

<y

2.0 |

i3

potansiun phosphiconcinrrovate; § ug of crystallias phosphosnclpyruvate

binase {€ziif. Oorp. Ficchem, Reseerch); 0.8 % 1077 M ¢ wazine acid;

~ausino geid; 18 pg of

sravein (Wivorberg ond Motthoed, 1961) Rosction wistures wore ingubated

0 a 3 » 2 »
2% 377 for 10 nimuies. Probein precipitation, vashing, and oo

Tha thoorotionl fraguenvias in porcent, of doublats and ewipiats

. 2 oau . .
wy of the ezig-

in polynvclantides were csloulated as Follous: The Erogun
1et ArA in this poly AG proparseticn would ba .47 x .47 B W47 1 100 ~ 10,4
percent, The deublel frogusncy for CA would be .47 x .53 s 100 = 2,
percent,

The ppwoles of each asdwno agid finecrporated in the abssuce of oy

histidine, 26; proline, 36.



TABXE 4

SUMMARY OF CORING RATIO DATA

Mo mamvo AcIo TRIFLET  CODEVORD# DOUBLET
RISTIODE ACC -
ASPARAGTNE CAA -
CLUTALIFE ALC -
LISTAE AAA )
CHRTORTNE CCA + ACA or AC
CROLINE CCC + CAC + CUC ox CC
PETNVLATARTLE OU 4+ UCB or UV
SERINE CUU + ¢Cu ot CU
LEGCINE UIC + T0C ot OO

* Mueclectide sequences ave arbitvaxy,



g

AR OF EVA COOPWOMDS

ARIBRO A010
LRGSR 0

ASPARTIO ACID
CISTRIPR
GIMTAMIT A0ID
CLUTAMTER
GEYOIEG
HIBTIHLES
12012007
YEUOINS
IYSIER
WEYLATANING
FROLIVD
SERINE
TEREBLTING
TEYFIOREAY
FTYRIZIHI
VALTER

PIaIE WS

L COTE Woms

MY

&pe
wiste

ACA
Gl
L6
CAA
EAC
BEG
ACC
12k
GUG
&0A
UG
GOy
€eg
[itu1]
CAC
83

AVY
ey

uest
ACH
ATA
Geat

At
AGA
A0
&gyt
54
oo
&AL

L
cou
L4

CAA

BT

aCE'
s
ACT'
caa'l

OAGH,

acg'
Ca6

{10

CCa
BLG"

(¢

Py

oy

¥ Probable

¢ Awbitrery uuclaotide saguence.



TABLE 6, RELAVIONSHIP BETWELN AWIEO ACIDS OF SIMITAR METARCRLIO ORIGIN

ﬁ

OR STRUCTURE AMD WHEIR RNA CODEWGEDS

ARCMANIO DICARBOXVYLIC AMTL ILEU, VAL, i8Y
ANMING ACIDG ACIDS AND AMIDIS PAMILY
338 ouy E%?MKlz AN ILED JUA

313 AL UAA
TYR UiA LEP NG VAL [3giE

ZTRY e GLU AUG IRy Ui
AMG BdA

[FHiY
ATC Gl
AiC

A e T R T tr ST 2 Y v S 2P St e IR e T gt
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Thow 1wt of 7 amiss somid luwiorpererler Tnte prefelin & raoied oy

poly AC base rat.c - A, 4 percent omd I, 3 percent). Reaction mixiture

compupents ave described in the legend of Teble 3.

™ 412 a 2 T o Y ]
fooudefiong vere siopped at the

Indizaieod by e addivs

~ . - e T -~ . 4 iy PO | o [ - MY N
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Fig. 6
s : . 14 N

Chergeteriatics of ¢ "-poly A synthzais 4n RNA polymerase (stagel)
recctlicn minturea., In the £iguze on the lafe, veactlon mizntures wers

- » o - -
fncubated ot 377 for 15 minmutes, then wers deproieinized and washed with

. 0

S percent TCA 4t 37, The synbols in the figure on the right represent the

follewing: 4, - polymer; ¢, + 1.2 pumoles of buse resfdues in oligo dg‘l%lé

Each stege I veocctlon minture comtulned the follovwlng in a final volume

of C.Y25 nl: 4 x E.L-?' M Trds, pH 7.6; 4 1(,-5 M ﬂgalg; 1(:"‘5 H Erinﬁlzg
1.2 x 10-2 ! sercoptoethancl; 1.6 x 1™y &»CM-A’EP, tetralithiim sult

(Gehwswz BloRescarch, Inc.); and 20 pg E. coli BUA polymerasc protsin

{20 untts {Chacl rlazin and Berg, 1952) ).



Mg. 7

Chareseteristice of oligo d’13~14 directod synthesio of c"-poly-
Iysfer. The eyndolo vepresent the following: 8 , wimus oligo 4T 4,
plus 1.2 mproles {pdT) reeiduas in olige 47 15+16° ¢ pius 2.4 oumoles {vdT)
vasidues in oligo aFyg.345 plue 4.8 mmpien (pdT) residucs 4n oligo
ETya;40 CORponents of stoge I veection mintuyres ave ae noted {a the

legen? of Fig. 6. gtego I reactfon mintures contained, 4n 0.23 wl:

6 x 107 M Teis, p 7.8, 2 = 1070 # 1gCL 3 1.2 = 107 K magnostuw

-4 2 3

acetate; 5 100 MGl 1.2 = 107 M mavcaptocthenoly 2.8 u 10
. 2 -3

MAEP; 5210 7 2 ESL; 5w X0 T M poesslua phoephosucipyruvate; 5 pp

veystalline phosplicounlpyruvaro hinase {Crlif, Corp. Biochem, Becoavch)s

- %

- ki
2 5 10™ 18 each of 10 L-amino acids; 2 z 1077 ¥ ¢ hLrlysine (Rucloar

Chicego Corp.) with spacific vedicactivity of 48 mnuviesfonsie; 20 ug XA
polynerans puotein {20 units {Chapderiain and Borg, 31562)) and 1.1 mz
B, ¢oli entuact protoin (Wirvenkbseg and Mobtthaed, 19€1). Szags T weartion

mintuzcs were imeubated et 370 for 15 mimuies before the addition of

stzge 11 coupouentis,






























