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Tae prosces of crguessing gowciie follonwilion WP SALgnany Gusi
ecide in proper sequsmce during proteis synthesis usually requires the
RRA polymerase catalyzed synthesis of a strand of BHA complomsntaxy to
DHA. Recent expariments reported at thisg Sywposium snd elsewhere suggest
that oRHA (mescenger RXNA) synthesized in vivo is complementary to only one
of the two strands of DNA (Robison and Cuild, 1963; Marmur, 1963; Splegelman,
19635 Wood and Berg, 1963). The miElA becomes bound to ribosomes, pethaps
forxing a polyscmal aggre;ate and the amino scids may be carried to these
sites and ordered in corcact sequence by speciflic tramsfer ERA spacies,

It §{# possible that mRN/. codewordas are read from a fimed point by sucleotide
saquences in tramsfer RiiA complementary to those in mENA codewords.

Thus coding arzors during protein gynthesis may be minimizad by tha
requirenent for corre:t recognition at thres successive stepai that s at
the DRA- omitBlA, wREA-tTensfer RNA (or other intezwediate), end amiso ecid-
transfer ENAe gctiviting enzyme levels. Little is known about the mechaniems
which iopart specificity st tha last two steps.

Soma Pactorxs Inflwencing the Mes r Bffict () Pol ieotides

The effecte of base composition, catalytic ability, molecular waight,
and sacondary siructure upon the messanger activity of gsyanthatie polymucleo-
tides will be considered at this time,

The mensenger activity of synthatic polynucleotides may be related zo
its moleculer waight, In E; goli extracts, poly U containing morve than 100
uridylic acid residues per chain has greater template activity then smaller
chains (Matthael et sl 1962), but oligo A fractions couleining as faw as
9-10 sdenyiic acid residues per chain zecently have been found by Jonas at al.
(1963) to dtrect polylysina synthesia, Also, in yesat extracts oligo U
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cnuclectides may be degreded

by nucleases more ropldly then polynuclectides and thue appear to be les
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cfficient as templates for protein synthesic, BNA chain-length must be

considered when compering template activitieg of different RMA fractionsg

Also, secondary structure of DMA greatley influences its messenger
activity,, Whgn poly U is mixed with poly A, double- and triple~ sironded
helices are fermed v nich are completely ingctive in divecting polyphenyl~
alauine synithesis {Mirenberg and Matthaei, 1961). 0ligo A also ferms
helices with poly U, and the:extent of inhibition of polyphenylalanine
synthesis can be ccrrelatéd.ﬁith oligo A chain~length and oligo A-poly U
helix stabilicy Nlrenbc"g et 81,1963). In addition, Singer et al,{1963),
have investigated a series of copolymers containing varying amounts of
U znd ¢ and have found that guanine~rich polyirers countaining a high degree
of oxdered secondéry structure {perhsps due o G-C iInteracticns) elso sre
inzctive as templates for protein synthesis. These results suggest that
R¥A with a high proportion of helical structure may have little template
activity for protein synthegis., Recent experiments have showmm that poly
U-poly A helices do not bind to ribosomes, and for this reason may be
unable to direct protein synthesis {Cukier and Nirvenberg, unpublished
resules). It also is possible that small, locaslized areas of oxdered
structure may gerve as perlods in protein synthesis.,

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

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

length and secondary structure of different RWA preparations are assumed to be
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approximately oqual, the dats of Table I suggest that nucleotide content
may not influence greatly the overall template efficiency of miiNA., Poly
Uy poly UC, poly ACG and poly UACG contaim 1, 8, 27, and 64 triplets
respectively, and the preparations of these polyasucleotides shown in
Table I have been found to direct 1, 4, 9, and 10 amino scids, respectively,
inte protein. The escential point is thet approximately the same totsl
quantity of smino acids were directed into protein by each polynueleotide.
Although these duta must be interpreted with csre because the same foctor
mey not limit the incorporation rate of cach amino acid, they suggest thst
the polynucleotide prepsrations may have approximetely equal template
efficiencies and that most nucleotide sequences mady be able to gode for
amine @cfids. Although nonsense sequences mey cxist, thus fax, moue have
baen demonstrated definitively.

Polynucleotides conteining &1l base coubinations now have heen used to
direct protein synthesis in E, goll extracts, A qualitative summery of these
data is presented in Table 2., Only those polynuclectides containing the
miniowmm bases necessary to direct sn smino acid into protein are shoum. For
example, phenylalanine is directed into protein by poly U and other U con-
taining polymers; houever, since other bases are not required, phenylalanine
is 1isted only under poly U. Poly U, poly A, and poly C direst phenylalanine,
lysine snd proline, respectively, into protein. Folylysine synthesized in
Eg coli extracts under the direction of poly A hag been found to contain 3-15
lysine residues per chain (Jones, Yaron, Sober, Heppel and Nireaberg, un-
published results). No wessenger activity has been demonstrated fer poly G
(Notthaei. et al , 1962), but the highly ordored structure of poly G might

megk template seotivity, However, @& polynucleetide composed euly of hypoxeuthine
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(poly I) with less secondary structure than poly G, still has not baen found
to direct axino acids into protein. Since hypoxanthine can replace G in
REA cods words, tha 2-amino group of G does not appesr £o be essantial for
coding smino acids (Basilio at al, 1962, Niexnberg and Jonas, unpublished
data).

Rach polynucleotids composed of 2 different bases has 8 triplets,
but 00 polymer has been found to direct more than 6 different amino acids
into protein. Poly UC is unigus fn that it codes for only & awmino acids,
even though all UC triplets appear to function as codewords (see Coding
Ratio Sectiom). It i» ixportamt to note also that polynmucleotides comtaining
only two different bases direct with grest specificity almost all amino
acids into protein. These findings undoubtedly reflect basic moletcular
characteristics of both the zecognition process and the gonexal nature of
the codae.

Ihe Coding Satio

A sories of poly AC and poly UC preparations with different proportions
of bagses were synthesized and thelr activities {n gtimulating cell-fres amino
acid f{ncorporation futc protein were determined,

As showm in Fig. 1, poly AC directa tha incorporation into protedin of
proline, histidine, threonine, asperagine, glutamine and lysioe at licaar
rates for 13-20 minutes. Resctions were terminated after 10 minutes of
incubation, vhile the rates of fucorporation were etill linear.

In Table 3 is presentad an exsmple of the data obtained for each of
the five poly AC preparations taested. Thae theoretical preportions of the



B
four doublet and eight triplet parmutations wipscted in randomly~oidered
poly AC (corntaining 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 waeze divected into
protein, and the raiative proportions of each amino acid incorporated, 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 scid 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 abscicsiz, Nucieotide sequence io arbitrary, end eath cuvve
reprasents only one of the thyee possible sequence permmutstions. As noted
befors, the gum of the frequencies of the triplets AAC and ACC equals the
frequancy of the doublet AC. Thus the AC curxvs represents either the doublat
AC, or tha sun of the two triplets AAC plus ACC. Also shown are the obsarved
c“~ amino actd incorporvation data. Each point rvepresants e diffarent poly
AC preparation with the indicated base-ratio. As showm in Fig. 2, the ob-
sarved focovporetion of C17- histidine ogrees woll with the theoretical fre-
quangy of the triplet ACC and diffors markedly from both the AAC triples and
AC doublet curves. Tho data also demonatrste that the cbserved inmcoxpozations

" asparagine and c“‘- glutamine agres well with the fraquencies

14, threoaine is sivilaz

of both C
of AAC triplets. In contrast, the incorporation of C
to the expected frequencies of eithar thes doublet AC, or the two triplats,
AAC pluo ACC. Therefore, threonine sppears to de ceded either by a doublet
ox by two triplets, and it is not possidble to differentiate batween these
alternatives ou the basis of these data.

In Pig. 3 ave presemted the template activities of poly AC preparatiocne

W, proline and c“- lysine. The experinmentally obtained incorporation

for C
data indicate that proline is coded either by the doublet €C or by the two
tripiets CCC and CCA. Cl' lysine appeazs to bs coded by the triplet AMA.

o pmtng Asid In . zed by Poly UC, The data of Fig. 4 show
that proline is directed into protein aither by the doublet CC oz by the sum
of the two triplets CCC and OCU. C'%-pheuylalentine eppears to be coded efther
by the doublet UU or by tha two triplets UUU and UUC. It 48 ifmportant to

oots 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 UUC would code

for phenylalanine,

In Fig. 5 are shoun 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 UUC and UCC. Coding of serine or of
leucine by one, rather than 2 triplets is not indicated. It is important
to note that if serine is coded by triplets, one triplet would have to
contain 2 U residues and the other 2 C zesidues, Triplet words for leucine
also would contain either 2 U or 2 C residues,

These experiments strongly suggest that histidine, asparagine, glutamine
and lysine are coded by triplet words and that the RNA code 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 basis of the available data; however, a uniform code con-
taining ounly triplets would sppear more probable.

The Current Codeword Dictiomary., 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 is arbitrary.
Fifty of the 64 possible triplets have been assigned. Almost all amino
acids can be coded by polynucleotides containing 2 different bases,

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

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



such words,

It scems clear that moest amino acids arve coded by multiple words,
Furthermore, multiple words corresponding to omne amino acid often diffex
in base composition by only 1 nucleotide. These observations glso suggest
that nucleotide sequences in multiple words often ngy be identical. A
triplet code may be constzucted wherein correct hydrogen boanding between
Z out of 3 nucleotide pairs may, In some cases, suffice for coding, ovx
altexnatively, a base at onz2 position in the triplet sometimes may palr
optionglily and corréctly with 2 or nore bases, Tt shovld be noted that a

ziplet 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
avsilable,

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 species of leucine transfer RHA recognize
different codewords in synthetic polynur:leotides; however, additional data
presented at this symposium by Benzer and by von Bhreastein and Gonano
suggest that codevword specificity in directing leucine incorporation msy
be greater with synthetic polynucleotides than with natural mRNA. ;s_gg

important to emphasize the possibility that randomlv-ovdered synthetic
polymucleotides may test the cell's potential to recognize codewords, and

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

mutatfon. Thus uBNA synthesized by 2 cell may not cantain as many codewords

as randomly-ordered polymucleotides.



oy b v - wp % Py
guthealiged oy have slmilae slruchures,
.

Wor euawiple  phenvislaniae, iyrosine and (replophan asre devived from
shikimie acld, and soolevcine, valine snd 1sucine are synthesized fromn

1

geto butyrria, ENA codewords covresponding to ihegs amino acids s

gucl comparigons svgyest that & frmmiy of smins acids way peron we
a family of codevords whoze members confuian alwilar bapes . Although ws

all amine acids 10 thie patiern, encugh addiiional examples mey be oo

1o wariant the suggesiion that such relationshipe reflect 2ither th

7

thongyy dotdopmen’ of the code, oy the recognition of anviestldes n vodar
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OLIGODEOXYTHYMIDYLATEFDIRECTED POLYLYSINE SYNTHESES

The chemical synthesis of oligodeoxymuclectides by the method of
Khorana and his associates (1561, 1962) and the demonstration of an olligo-
deoxymucleotide~dependent synthesis of polyribomucleotides, catalyzed
by RMA 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 al, 1962), oligo 4T
(oligodeoxythynmidylate) has been used to direct poly A, and subsegquent

polylysine synthesis, as folleows:

y A Qeedl -y Poly A + PP

2) Lysine PBOMY AL _ L L L. e e e eeeaa Polylysine
E. coli Extracts, etc. 4 ey

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

Poly A was synthesized 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 Flg. 7, were added, After further incubation, incorporation of clé-lysine
into polylysine was determined by precipitation with a TCA - tungstate
solution (Gardmer ct al, 1962),.

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

reaction mixtures, and that cli-pap incorporation was proportional to the



mf-pmd\mt syathesized in the pre-

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

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

=product in
0.7 N EDR and separating the suclectides by paper chromstography. The redio-
gcivicy 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, respectively.
Thws, olinp d‘r‘ g.gizm stimelated the synthesie of poly A of sverage chalin
length i«70 pA {ademnylate) residuass. These data econfimm similsr results
abtaingd by Ferth et al (1961) and Felaschi et al (1963).

Falaschi at al {1963) alsoc demonatzsted that olige 47 chains are
aot siongated by the addition of (pA) residuss o the free 3-hydromyl endse
of oligs 4T chains, and 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 datermine unequivocally whether
oligedeoxymclisotides fumetion only as tesplates in this system.

After incubating ategs I

resciion mimtuzes af 370, atage 17 components ware slded ss dscerided ia the

%

legend sccompanying Fig. |7 . Ho docresss dn & ~lysias incorperatice wee

foumd in the abssace of oligo 4T, wharvean the edditfon of 1.2 mumoles of

i4

(pdT) rasidues in oligo d’rm”% seisslaied €7 -lysine fncorporation at a
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SOSLOfil W SUASE L DeSnUL N BRI, R

kch::.T“i’;ca'*.”i.r.m and Bexg, 1962 to catalyze a THA
£zom ATP (in the absence of UIP; GUP and CIP Under these conditions,
poly A syuthesized under the divescilon of calf thymus BFA stimulated cm«
lysiza ducogpnzaiieon,

Papiw chromatography of polylysine as described in the iegend
accompary ing Fig. 8, permits sepavation of lysine peptides of diffzrent
chain lcogths. Pepntides containing aspproximately eleven or more lysine

gesidues remain 2t the ovigln, vwhereas the mobilities of smaller peptides

ave ar followys lysime x di=} > i:'«*iv } getras » penta- » hexa- > hepta«:}

5

¢

s-'} nona~ > deca-lysine, As shown in Fig. 8, wmosi of the Glé'cas:@:inmz
| sy.ihesized in the presence of olige di’l 3e1t renained at the ovigin after
chrvmatogiuphy. Digestion with Crypsin couverted the G?‘éapmduz;& almost
quatitatively to peptides vhich migrated with free, die, tzie, and tetre-

lysine chrzacteristics.

in sizpamte expezimengs the Gz&*pmé et was eluged £rom thz owipin.
An aliquoi was hydoolyzed cowpletely with HGL, and anothew, with trypsin,
Both aliquots were chavomatogvaphed as before. One f:musgmt kaving the
characterlotic movilicy of free lysine was found foilowing aeid hydzolysis.

£y
After digastion with trypsinp, (}1

“epzoduciss with the ezpected wobilities of
. , 1%

§ree; di-, tri-, and cetra-iysine weze found. Ia addition the C =

polylysine which remained at the ozigin was choum to coniain carboxyle

t s " R .
tezminal cz =lysire zesidues by a hydrazinolysis method {(Alwbori et al, 1952).

Effect of lfolecular Weight wpon 2he Activity of Oligo dT, Palaschl et al.

{1963} deuonstyated that oligo dT chains containing less than & residues
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TADLE 1. TEIRPLALE ACTIVITIES F 1, 2, 3 AND 4 BASE POLYWUCLEOTIDES

POLYNUCLEOTIDE U w A6 UACG
U 100 47 - 56
BASE RATIO c - 53 32 13
MOLES=FERCENT A - - 46 5
G - - 22 25
POSSTBLE TRIPLETS i 8 a7 64
c.anno ACIDS DIRECTED PHE PHE LYS ILEU  PRO
INTO PROTSIN
LEU ALA BET LYS
SER ARG CYSH ALA
PRO SER VAL ARG
THR GLY THR
GLU-NH, TRY GLU-NIL,
ASPHH, THR ASRNIL,
RIS PUE HIS
PRO LEU
SER
14
TOTAL ™ =ANINO
ACID INCOBPORATION
(WIQS) 3023. 2.9& 2.22 5909




Legend for FTable 1.

Sz2e teost for cdetails.

Ccdeword nucleotide sequences are arbitrany.



TAELE 2,

SUIBIARY COF CODING DATA

U

POLY A G
PHE LYS FRO =

POLY UA w U6 K AG cs UAG
TR LED LEU #I1S ARG ARG BEY
LEY SER VAL ASP<NH, GLU ALA AsP
HEY cYs GLU-NH, CRU-NH, SER
ASE <R, TRY THR Asp® i

SR

A



Logend for Table 2.
(nly thosa polyaucloniides condaining the winimal mushar
of baases nccasstry o atimulale oo anino seid 4nts protein
ars ghowa.,  Amlne zceldo eodad by homopolymuclectides axe

not listed sgain ander rendomly~crdered polymucleotides,

' Reported by Wahba et al {1963)



CCHPARISCH! DEVVEEN AMINO ACIDS INCONPCRATED
ATD BRA CODEECRD FTHEQURNCIRS

)¢ TN . - T B ity » 10 N AL 4 B T2 8 9 COPER T A LI 2y 1 50 S0P A £
e s ot - e %, . X
Theoretical Godeword ¢ smino Leids Incorporated into
Precuency in foly AC Con~ Protoin
Mbeoite 5 A FREQUENCY OF
teinivg 47% & and 55% C
14
GURLE 14 MOTES 8T T-ANING ACTDS
FOURLETS YRIPLETS ¢ mAIIHD ACTD HRROLES © CEMING L0
IRCORYORATED THRGEPORATY:
pozcant paresn

12'3!}. 2211 Af Q.; ?49 n‘é‘ L?SXI:‘?E 163 }.{306

A 240 AAC 11.7 ASDARICINE 192 11,6

GA 269 A0A 13,7 GLUTAMINE 157 6.3

0o 28,1 cah 11.7 YHRECNINE 93 26,3

T i A 13.2 BESTIDING 159 5.4
5 “G. 1 i -] 4 e % °

fobal 160.0 400 12,2 PROTITE 550 32,6

CAC 13.2 e i

€eC 4.9 Totol 1685 Total 160.0

Tetal 105.0



LICERDS FOR TABLRS

Legend for Table 3 °°  Tach reacticn minture centained the following compenernts
in g fival wvolumey ¢ 0,85 9l QY ¥ Tric, pH 7.&; 0.091 ¥ saguesiuvn asclaley
BOOT MY Te & v 9 -3 " I “3 . s . 1p“3
.03 MEC 1 € 3w 20 7 M omeresploethancl; A 10 T M AP, S w19 T M

potassiwn pheophiconclnyravate) % ug of cvystallias phosphosncloyruvate

~4 " cils_

3 4 3
cauine acid;

binase {€ziif, Corp, Flochem, Research); 0.3 1 10

{spprouingtaly 30,000-3150,000 counts/winuto/reaction wduntuve); 3.2 z

10 11 cach of 19 &m

~L emino acide ":.t.wa the Gmumﬁyim geidy 15 pp of
zolvuuclcootide vhen spocified; end 1,1 mg B, goli oreinccbatad 8-30

srotein (Bivonberg ond Motilisef, 1%1} Roaction wintuves wore ingulated
and gounting vevs

0 - 3 » 4 L3
at 377 for 10 simules. Probein precipitation, washing

Thae theorotionl fraquenciss fn pernent, of devblats gnd ewipls

£

in polynvclantides wora cesloulgted as foYlauws: The frogusncy of b Czip-
ie AMA in this poly AC puoparation would bo .47 o .47 = .47 n 100 -~ 0.9
pergent, The deublel freguency fox CA would be .47 8 .53 = 160 = 24.9
psrcant,

The pumoles of cach asdno agid incorporeted 4n the abtseuze of poly-
sielootide wave: 1dysine, 303 asparegiuns, 5&; glutanine, 453 thresnine, 40

istidina, 26; przoline, 36,



TABXE 4

SUMMARY OF CORING RATIO DATA

14

CODEWORD®

C™ - MHINO ACID TRIPLET DOLBLET
HISTIDDNE ACG -
ASPARAGINE CAA -
CLUTAMIKE A4C -
LISINE ABA -
THRIORTNE CCA 4 ACA or AC
DROLINE CCC 4 CAC + CUC ox CC
BEENVLATAKTME UUU 4+ DCO or UU
SERTIE CUU + CCU or CO
LEUCINE UTC + UCC or UG

* Muclectide sequences ave arbitvaxy,



SU:EARY OF RVA CODIWCuDS

ANIRO STIN

AT

23 SRS
PR 12 -

BIASDR
AE?.&&E 0 AGE
LYeIgE i"m
GRMTAE
CLUTANMIES
ﬁ?f’f TIER
WISTIOLER
.‘{..0"”‘?'0 ".i{”@
LESCINS
PhoE 45053
PETHEOHIRE
PEWILALAKING
FROLIVE
SERIHE
TERROTING
TEREIURILY
TERISING
VALTNR

EIE T

%
CE8
&7

‘ol

ACA
117N
[Lined
CAA
EAC
BEG
ACC
12k
GUG
&0
UG
GOy
€eg
fitur]
CAC
83

AVY
L H

LU COTC WORDS %
uest ALE!
AL oect
AUA &S
Gent CaA!

RN QAG]
&GH AGgy!
A0A (g4
LLHT
T4
L4 Boe
KA
Ty
L HHH a
VB BLG!
CAA
Y

mw»t-g— -

rey

3
15

% Ardlerery nucleotide saguence.

¥ Proboble



= z B g
TABER O, RETAVTONSHID BETVED

> 5T

i AWIED ACIVE QF SILMILAR METARCLID OR

OR STRUCTURE AMD WHEIR RNA CODEWGEDS

IGIN

ARCMANIO DICARBOXVYLIC AMTL ILEU, VAL, i8Y

AMING ACIDS ACIDS AND AMIDINS TAMILY
338 ouy AEPMKHz AAY ILED JUA
11419 DAG UAA
YR (4N AP b6 TAL UG
ZTRY vee Giy AUG IRy ULk
AMG BUA
[EH3i8
G?;ﬁ*??ﬁz ATC Gl

AiC




o R LB NI o b

,q iy

TRILTY

IRCORPonRTION
(upmolas)

i e AT AT AT T T

14
& ~LESLYE

IHCOREOUATION
{frimoles)

BT X R W R WE O SRR o SN RS e AT, (A

7o "0‘103 olizo 6126 1’5 Go?.fﬂ?
-3

17 munnles oligo 6?7 o 6.8 0.337
-3

L7 mpaoles okizo d‘i’g a1 12,0 G.406

P A

v BOAN e B 3 WL R o ) L TN TN T AR TR T TR AN BT

The eonpopants of ¢he roaction mintuves &ad condiviong arg &rgopid

o e G

fw the legendtaccompanging PFig, 5 and 7



Thow 18ts of | amiss Aoid Lwieorperelder. Jneh pretelnm & rzobed vy

poly AC (base rat.ic < A, 4 pexvent end &, %3 percent). Reaction m’xiure

compooents ave degeribed o tha legend of Tebdble 3.

LEYR

vimer dndicaicd by Dhe a

Errn Y .- ) oy P | - b S T AT S
TEA 8L 3. Tho soxples werc healted at 20

wirtiren ¥l T el {

mlrnures. by !led 3
LT © e e e T A S o TR Theopl carde b e o hay g o el

Wi Topuveosnt TOA aw 3. Redlonoilvivy messuraronis wer

ey g g ey ge oy )
[AE Iy PRSI S AL Aa
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Fig. 6

Characteristics of C »poly A syntheals 4n RNA polymerase {stagel)
recetion mintures., In the figure cn the laft, reactlon mizntures were
fnoubated ot 37° for 15 mt nutes, then were depreieinized and washed with
& percent TCA 4t 2%, The syebols 4n the figure on the wvight represeni ths

follcwling: A, =~ polymer; ¢, + 1.2 sumoles of buse reafdues in oligo d‘l*«l&

Each stege I raoction minture contuined the followlng In a final volume

of L3325 ml: & x WO M Tris, pH 7.65 4 x 1" M MgCl,; 16 7 u WGl g

1.2 x 10'2 # mercaploethencl; 1.6 x 1u M 8»”1Q~ATP, tetrelithium sult
(Gehmare BloResearch, Ing.}) and 20 pg E. coli R¥A polymerase protein

{20 units {Chanl..rlain and Berg, 1952) ).



rg. 7

Charecterictice of oligo dY,, ,, directod syntheslo of ci4

-poly-
lysten. The eytdols vepresent the following: @ , winus oligo 4T; 4,

plus 1.2 mproles {pdT) reeiduas in olige 47 15-16° ¢ pius 2.4 oumolces {vdT)
ragidues in 0ligo 4T, 4 4.3 @ plue &.8 mmolen (DET) residucs 4n oligo
ériB-l&‘ conponents of stage ¥ raacticon mintures ave as noted {n the

legen? of Fig. 6. Stego IT reactfon mintures contained, fn 0.23 wl:

6 x 10 M Teis, p¥ 7.8, 2 = 1070 1 1CL; 1.2 = 107 K magnostuw

-4 3

N ’2 u - %

acetetey Suw 10 T M unclz; 1.2 = 19 © ¥ mevcaptocthanoly 2.8 u 10
. - -3

AP 5219 2 2 BSYZ: 5 x 10 T M po esslum phosphocuolpyruvate; S pg

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 M
polynerans puotein {20 units {Chapderiain aud Borg, 1562)) and 1.1 mz
B, ¢olii entuact protoin (Wirvenkbseg and Motthaed, 1981). Szage T wearticn

mintuzes were imeubated et 37° for 15 mimuies before the additisn of

stzge 11 coupouenis,



¥ig. 8
_ ) - o e TR 7 S S
Chropatographic analysis of the Q™ ~polylysins synthesized in
staga I plus stage IT resction mirtures under the dircction of oligo
afora eud after tryptlic digestion. Tha syudols
eouzesent the follovwing: 9, wmiwmss olizo dT; £, plus oligoe dgiB»iﬁ:

fellowed by trypbic digestion. Resotions wevs

R
N 13+18
Aved et - L] o . . &2
cerviod cul as deserivad din the legeands of Plguraes € and Aftor
lrn eeen T I w90 g = - en o
incubnting stago IZ reaction miutoves st 37 for 30 minutes, the vo-

ether, concentyated in vasuo, and the wesi

ﬁ

S poper in & golvent sinilar o that dozoribed by ¥Waley and Woraon
1203} combaining pyridinafn-busyl eleholfocetic acidfmtow = &J8/277 vwiv

£a2 506 houws.



uwMOLES C'*AMINO ACID

INTO PROTEIN
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PERCENT CODEWORDS IN POLY AC
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PERCENT CODEWORDS IN POLY AC
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PERCENT CODEWORDS IN POLY UC
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PERCENT CODEWORDS IN POLY UC
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mu MOLES €' AMP INCORPORATED
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pp MOLES C'4 - LYSINE INCORPORATED
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COUNTS / MINUTE C!4-LYSINE

CHROMATOGRAPHIC POSITION OF LYSINE PEPTIDES
POLY- LONGER

LYSINE OLIGOPEPTIDES PENTA- TETRA-  TRi- DI- LYSlN_E
RARNN, '
2400 |— ? ” —
- | -
i
2200 |- | —
N ' | _
h !
2000 |— “ ,' =
| 1! " —
plus oligo dT | '| |
I800 |— plus Trypsin I I —
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N N i
A |
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i /plus oligo dT :' _
i
1000 |~ A —
!
. [ b
800 |— =
600 [— ‘ —
400 [— —
200 - ' -
o 1 | | T I N
o 1 2 4 6 8 10 12 14 16

INCHES



