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Simulfaneous_pepfide and oligonuelee+ide formation Was'obserred

in reaction m?x#ures of_aminobacid, nucleoside triphosphate, imidazele,
and MgClz.v Ar 7OOYC'in solufions.fhef were evaporated to dryness the
formation of pepfide fordbhe and pro wae greafes#ewifh'CTP relefivev |
to ATP, GTP, and UTP. Lysine exhibiféd a preference for GTP and
glyciﬁe for UTP At amblenf Temperafure in solufnon a+ pH 7 8, CTP ‘
- was preferred by glyc1ne, but at pH 8.7 UTP was preferred The
-glyc1ne'nucleo+|de phosphoramldafes,were also detected and cheracferized
in reactions at 40° C. The glycine—rea¢+ion preference for CTP at
pH‘7.8 and UTP.a+58.7 suggested that the basicity of the nucleoside _
rriphosphafe Qas involved'in increasing'fhe pepfide yield. CTP hear
.neufral|fy is the most basic nucleoside frlphospha+e and the basic
antonac form UTP could fac«llfafe pepflde formaTton at pH 8.7. These:
dafa, fogefherVWIfh information on fhe compieXIng of poly(C) by GTP,
led +o the experlmenfally approchable hypofhesus that GTP, by formlng

a basic frlplex between the cytosine residues adJacen+ To the pepTldyl
adenosine and aminoacyl adenos:ne at the termini of two proto- tRNAs
would promote peptide bond synthesis between fhe aminoacy] residue

and peptidyl residue.
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l. InfroducTion

We have examined mleures of amlno acid, nucle051de Trlphosphafe,
»nmldazole and M9012 as a model sysfem.fhgf allows’ investigation of (1)
simul+aneous appearaﬁce of oligopeptides and oligonucieotides, (2) reactions
invol&ed in the establishment of the protein biosynthetic ba%hways, and
(3) possible specific chemical relationships befween nucleofidés and.
amino_acids. Magnesium ifon was included -in the system because of its
catalysis of amino acid adenylate anhydride formation frém the amino aéid
. and ATP (LoWensTein, 1958; Ryan & Fox, 1973). Imidazole was used because
of its céfalyfic.role in acyl and phosphoryl fransfer reacfioﬁs (Weber &
~ Lacey, 1975; Ehler & Orgel, 1976; Sfephen-SHerwood_gi_éL., 1974) énd.fhe
condensation reactions of presumed amino acid imidazolides and nucléofidé
imidazolides (Weber & Lacéy, 1974; Weimann'gi_gl#, |968; Ibanez et al.,
I97I).' Peptide formation from glycine, ATP, imidazolé( and MgCI2 fn T%e.
sQlid‘sfa+e has recently beén reported (Lohfmann &'Orgel, 1973; Sawai
et al., 1975).

In the present investigation pepfide_formafioh from amino acids +haT
possess one hémogeneous'anfiébdon (namely, phe (AAA), pro (GGG); gly (cccy,
and:Iys (UUU)) was examined.in the solid state fn'fhe pfesence of the four
nucleoside triphosphates -- ATP, GTP, CTP, UTP. This invesfigafion was.
undertaken because of the correlaflon of hydrophoblc properfles of the
amino acids and their anticodonic nucleotides, The hydrophob|C|+y of whlch
decrease in the sequence:-Phe (ATP) > Pro (GTP) > Gly (CTP) > Lys (UTP)
.(LaCey & Weber, 1975). Previohsly,'aminO'agidé with similér'polarifieé
were shown to have Similaﬁ'coddns (Woese et al., 1966; WOese,:i973) and

polyanhydro amino acids were found to exhibit selective in+erac+fons'wi+h
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polynucleotides (Fox et al., 1971; Fox, I974). It was thought Théf amino
aéid pdlymerizaTion mighf be facilitated whenﬁfﬁey were heated with the
nucleofidé having a similar hydrophobic character and resembling its
anticodon nucleofides. In 6+her words, phe might polymerize best with
ATP, pro with GTP; gly with CTP, aﬁd lys with UTP. In addition, peptide
‘formation was éxamlned in solution at émbienflfempera+ure and aT,4OO C

for glycine with the four nucleqsidé triphosphates.

2. :Maferfals.and MeThods-

, L-Lysiﬁe, L-proling, phenylalanine frfmer andVTeframer; and glycine
pep*ideé were Qb+afned'from‘5igma Chémica] Co. nycine, ATP (afsodium),
dinucleoéide ménophosbhéfes, and.DL-alénine were purchased frém Caibiochem.
Phenylalanine dimer, GTP (disodium), CTP (disodium), UTP (trisodium), poly
(A), poly(G), poiny), and l4C;L-IYSine'were purchased from Schwarz/Mann;
Lysine pepfides.wére_qbfafned frém Miléé Laporafories.and proline pépfidesv,,

Ye-atp, "o-giycine, 'dc-L-

from Vega-Fox. 'New.England Nuclear sUpplied*
phenylalaniné, and |4C—L—proline. LéPhenyialaniné'was purchased from the

Aldrich Chemical Co. All those reactants were used as received.

2.1. PepTide formation in solutions evaporated to dryness at 70° C for

each of the amino acids (phe; pro, gly, and lys) with each nucleoside

triphosphate (ATP, GTP, CTP, UTP)

Threé-fenfhs milliliter solutions fhaf;éonfained 0,!0 M"écfamino acid;_
0.10 M nucleoside +ri§hos§ha+e (frisodium salt), 0.10 M_MgClz, and 0.30 M
"~ imidazole Qere heated in 13 x 100 mm open test tubes jn an oveﬁ:24_hr at
70-75° C. An 0.10 ml solution of idenfical'eomposifioﬁ was allowed to stand

24 hr at ambient temperature in order to provide an unheated control. No
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affempfvwas made fo confrol the pH during The reaeron. Pepfide formation
was assayed by co- chroma+ography with sfandards obfalned commercually in
fhe fwo—dumensnonal paper chromaTographlc sysTems depicted in Fig. |. For
phe and gly fhe amino acids and peptides were Qisuafized by autoradiography
and the areas of the chromatogram containing these substances were cut out
and counted in fﬁe liquid scin+illa+ion "cockfeiI" Aquasol-2. For pro and
‘yslfhe amino acids were treated the same but due to low yield ofdradie; -
active pepfides it was necessary tfo visUalfze their carrier peptides by
spraying with ninhydrin and heating to 800 C for 5 minutes. Subsequently

the ninhydrin-visualized spots were cut out and counted.

2.2. Peptide formation for glygjne in solution at ambient +empefa+ure

and'af,doo C with each nucleoside +riphospﬁa+e
| Two-tenths mllsolufionvfhaf contained d.lO»M_|4C-glycfne,_O.JO M.hdcleo—
side triphosphate (Tridosium-ealf), 0.10 M MgCl., and 0.30 - 1.2 M imidazdje
werevallowed to stand at ambienf Temperéfuré'S days in eealed small vials
(I m! voi.) +ha+ had Sfﬁl chlofdform added to prevent bac*eriaj growth.
‘The'analysis of pepTides Wae Cafried out as described eerlier fdt glyeine,
-excedf‘fhaf glycine and ifs»pepfides were located on.The_chrome+edram by
their fluerescehce under- long-wave U.V. This ffuoreScence apbeared’affer
The.chromefegram was. dried in an air £ low for 24 hr and intensified with
exfension of the drying time. A similar reacffon was run at 40° C for 6
days wiTh 0.6 M imidazole, except Tﬁaf fhe solution volumes were 0.10 ml.

In both the above;experimenfs_ndcledfide-amino acid adducts were
observed. These products were eluted fromvfhe.chromafogrem and reehroma+o4
graphed. Their Rf values relafnve to glycine fdr the glycune adducts of
AMP (ADP), GMP. (GDP), CMP (CDP), and UMP (UDP) were respecflvely, 0. 48 (O 207,

0.24 (0.09), 0.36 (0.13), and 0.55 (0.14).. These adducts were eluted and
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one-half of each treated with 0.1 N HCI for 1.5 hr and the other half
-treated with 0.1 N NaOH for | hr. Chromatography revealed that these

substances were stable in base but hydrolyzed yfelding glycine in acid.

"2.3. ApAp formation from ATP in the presence of ala oé¥bhe -
14

Finy mlcrollfer solutions of 0.80 M " 'C- ATP (dusodlum salt), O 80 M

DL—alanlne 0.80 M MgCI2, and 3.2 M lmldazole were heated |n 13 x 100 mm

S

open fesf fubes in an oven'24 hr af 70-75° C. pA'formaflonvwas assayed

by co~chromatography with s+andard ApA-in the chrematoéraphic‘sysfem shown

in Fig. 2. Chromafogreehvaas‘performed wi%h.unfreafed reécTion'producf

and with reacTion product that waslfreefed.wiThvacidiphospheTase type |V

obtained from'fhe Sigma Chemical Co. The'phosehafase treatment Qas done at

ambient +emperé+ure for 3 hr with 0.9 mg/ml of'ehzyme;.O.IB mg/mi carrier_

ApA, and 5 mM of the nueleofide in the reaeffon mfxfdre in O;IO M emmonidm

phosphafe at pH 4.8. 7 : o . | ' : %
A sumllar reacflon was performed with 0.2 ml soluflons of O 10M ATP- :

: |4C (Trlsod;um salf), O.IO M phenylalanine, 0.10 M MgCLZ,'and 0.3 M or

‘0.6 Mﬂimidazole in open and sealed small vials (i.O ml vol.) at several

temperatures and for varying lengfhs bf time. ApA was assayed as described

above.

3. Results e | - - - -
Fig. 3 (a—d).depie+s pepfide'fermafiqn.for_fhe_fQur amino acids each .

of whichvpesseSSes one homogeneous aﬁficodoh, pﬁei(AAA); pre fGGG), gly

(CCC), and lys (UUU). ~ Peptide formation was carried out in the presence

of Mg+2, |m|dazole, and each of the nucleoside +r|phospha+es ATP GTP, CTP

UTP that resemble the hombgeneous an+|codons of these amino acids. As seen
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in Fig. 3 (a,b) ehe and ero,»which are L-amino acids with uncharged side
chéins; yield with CTP the greafesf.amounf'er.pepfide for each degree of
polymerization. Peptide formation was the lowest with ATP. The data for
glycine (Fig. 3c) are more‘difficu[T to interpret because of formafion of
glyci:e producfs_ofher than peptides. ‘The yields.of these products, which
could be peptide adducts of the nucleotides or inorganiczphosphafe decrease
in the sequence CTP. (7.6%), GTP (2.3%), UTP (1.5%), ATP (Q;S%).-'lf'fhe gly

peptides are bound’ae nucleotide or phosphate derivatives, the CTP and GIP

values shown in Fig. 3c might be low. This contention is reinforced, as

shown in Fig. 4, since CTP forms the mosT‘pepTidevin a similar reaction
with glycine (0.3 M imidazole), except that the reaction was. carried out
in solution at ambient temperature.

As depicted in Fig. 3d, the basic amino acid L~lysine prefers_GTP for

~ peptide formation.. An unknown product (Unk. A) is also shown because its

ion—exchange behavior on cellulose phosphate suggests +ha+_+he.unkn0wn is
e-linked dilysine. Fig. |d shows that this subsfanee miérafed very close
to the a-1inked dilysine standard on cellulose phosphate. |f this is the
case then the e-linkage is preferred in this reaction sysfem, | |
bFigure 4 shows The forma+ien of diglycine fn solution at ambient Tem—
perature for 3 days with Mg+2, imidazole, and the four nucle051de +r|phos—
phates. At pH 7.8 with 0.3 M lmldazole the mos+ dlg!ycxne is formed w»+h

CTP. As the pH and imidazole concenTraT|on are lncreased dlglyC|ne

»formaTion (ncreases most with UTP. = At pH 8. 7 UTP is preferred 5|gn|f|can+|y

over the other nucleoside triphosphates.’ SpecTrophoTomeTric measurements
of ATP (ADP) and AMP eluted from the chromatograms show that only about 2%

of the ATP (ADP) has hydrolyzed to AMP during the reaction. The low yield
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of peptides Is dﬁe primarily +0 +he slow reaction rate. |f the remaining
98% of the ATP (ADP) were to reacf‘a? the same efficiency, the yield of
the reaction WOUId_be about 5%. |
.Figure 5 shows several controls of glycine pepfide formation in a

+
reaction mixture of glycine, ATP, Mg 2

, and imidazole heated in ssaled
vials at 40° C for 6 days. Omissién of Mg+2 reduces the yield To.SO% of
“that of the complete system. Substitution of 5'-AMP for ATP or of 2,6;
tutidine for imfdazole feduces the yield to that of an unheated cqnfrol
that was frozen at -20° C.
| Table | shows diglycine formaTion in the same reaction shown in Fig. 5.
Another product of +he‘reac+ion;‘Theinucleofide—glycine phoébhoramidafe, was.
deTecféd by éuforadiography.v Thié‘prodqcf wasbcharacferized by béihg a_U.V.
quenching spot confaining I4C-glycine'fha'l' was stable in base and hydrolyzed

in acid to yield free 4

C-glycine. The data show that ATP yielded the least
phosphoramidafe,_resulTing in a high diglycine*phosphorémidafe ratio.
Figure 6 shows several experiments in which the formation of ApApﬁ was

Y4c_atP, Mg*?, and imidazole.

assayéd in reacfibn mix*urés of amino acid,
fn Fig. 6a the amino acid was alanine and the reaction was carried. out in
fhegdry state at 70° C_for | day. .ApApn formation was measured with pHosf
phatase treatment as noted by the whole bar and without phosphatase TreaTmenT 
as represented by the sfrfped area of the bar. The only significant forma--
tion of ApA is noted on sahples treated wifh aéid phosphatase. This indicates
that the primary product is ApAp, ApApp, or ApAppp, which are hydrolyzed to |
ApA by phosphatase. The yields are very small, about 0.05%‘ Controls in
which the reacfion_mixfure was not heaTéd'or in'which 5'-AMP was substituted-
for ATP, or 2,6-lutidine for imidazole, show significantly less ApA. The

14 | ' '

C-ApA product was further characterized by digestion with snake venom

phosphodiesterase to yield épproximafely-SO% adenosine and 50% 5'-AMP.



Fig. 6b shows ApApn formation aT_severaT Témperafures in the solid state
and in solution with phenylalanine. The data indicate that ApApn forma~

tion occurs only in the solid state.

4, Discussioq

Tﬁe oligonucleo+ide ApAph was formed in the solid state in mixtures
of émino acid, ATP, imidazole, and MQCIZ. This reaction mixture also
forMé oligopeptides, as discussed below. .Higher oligomeﬁs-bf Ap may be

present but were not identified. As shown below, the oligonucleotide

(ApApn) probably forms via the adenylate imidazolide (Weimann et al.,
1968; Lohrmann & Orgel, 1973).

Peptide formation has been shown to occur in %he solid state at 70° C
in mixtures of each of the four amino acids, phe, pro,_gly, and lys, and
the four nucleoside Triphosphafes, ATP, GTP, CTP, and UTP, in the presence
of Mg+2 and }midazole. As showh below for ATP, the mechanism qf the
solid state reactions at 70° C may involve the amino acid nucleofidyl
anhydride (Katchalsky, 1973), whiéh could be fbfmed by reaction of the
amino acid with either the nucleoside triphosphate (Lowenstein, 1958;
Ryan & Fox, 1973) or nucleoTidé imidazolide (Lohrmaﬁn & Orgel, 1973;
Sawai et al., 1975).

The amino acid nucleotide anhydride could react with (l) an amino -
acid to yield peptides (Katchalsky, 1973) or f2) imidazole to yield the
amino acid imidazolide (Lacey & White, 1972), which subsequenfly reacts
with an aminovacid to yield pebfides (Weber & lLacey, 1974) or with the
ribose hydroxyl of a nucleotide to yield the ester (Weber & Lacey, 1975).

The ester's behavior in the solid sfafe is unknown but in solution it would



brobably hydrolyze Instead of yielding peptides (Weber & Lacey, 1976;

Schuber & Pinck, (974a).

amino actd,  ‘amino acid Imid. . - . AMP ~ amino acid
ATP — } adenylate -———————;)” ———) adenylate

Mg+2 anhydride - imidazolide : ester

-
E
o

‘adenylate ' A - : -
~ imidazolide _ ApA _ pepfldes.

Imid. = imidazole

Solution reactions at 40° C for 6 days with glycine yieldéd two stable
products, glycine‘pepfides and glycfne nucleotide phosphorémfdafes. The
absence of'phosphoramidaTés of glycine pepfides'indicafes that when the
carboxyl gfoup is.acfivafed fﬁe aminovgroub is free and an protected as a.
phosphoramidate. The high ratio of diglycine to glycine nucleotide phos- ‘ 
phoramidates in the reacfionlaf 4OOVC suggests the bossibilify Théf ATP was
’seleéfed.in'evolufion to acfivaferamino acde‘beéause of‘ifsipreferehfial
_ ‘reaction wifh'fhe-éarboxyl group of amino écids TO'yiéfd.The'adenylaTé
anhydride rather than reaction with the amino group Td'yield‘Tﬁe adenyléfe' 
phosphofamidaTé. A preference for ATP in acfivafing‘amfno acids has béén

reported (Ryan & Fox, 1973).
| ~ No anticodonic preferences were exhibited in pepfide formafjoh.wifh the
amino acids and The.nUCIeoside Triphosphafes. Instead, CTP yielded the
greatest amount of‘pépfide for 2 of the 4 amino aéids at 709.Cvin the solid
state. CTP was a[so.prefefred by glycine at pH 7.8; however,_UTP gave

maximum yield of peptide at pH 8.7. These results suggest that the basicity



of the nucleotide fo phosphate may enhance peptide formation. At pH 7.8,
CTP (pK 4.8) is the most basic nucleos!de triphosphate. At pH 8.7 the

. baSié anionle form of UfP (pK 9.6) may be promoting peptide synfhesis.v
‘At pH 8.7 the basic énionic form.ovaTP (pK 9.3) would aleo be present
but no enhanced pepfide formation Qas found, perhaps because'of steric
factors. _
| The poss'b|ll+y fhaT the basicity of CTP promofes pepTIde formaf:on,
+oge+her with the observed ‘presence of 2 cyfldlne residues in The unlversal
»CCA.fermlnus of t-RNAs, led +0 .an examination of the l|+erafure‘on The
properfies of;poly(C). At pH 6.0_polka) beginerfo form_é_hemibrofona%ed
“'duple*'offgarallel sffandsifhaf is most sTabIe_af pH 4;5 (Guschlbauef,j975;
Laﬁgridge_& Rieh,‘l963), Protonated triplexes with a C, C+, Gvsfoichiomefry |
form befween pdly(C) and bQIy(G), oligo G, GMP, GTP, aﬁe guanesihe-(Tﬁiele

& Guschlbauer, 1971 Howardief al., 1964; Sarocchi et al., 1970; Ts'o &

T Huang,‘1968) In complexes beTween poly(C) and 3'-GMP the Traplex beglns

to form aT pH 6. 6 and Trlplex formation Is complefe at pH 5.15 (Sarocchl
 egi_gL., 1970). . GTP has been shown to form a 2C-1G . triplex with poly(C) at
'foom_femperefure a+ pH 7.0v(Te!o‘& Huang,119685. The formation of this
GTP Trfplex is accompanied by a phase Transifieh in which the complex
tprecibifafes; .‘ >> | |

"This information hae led us to the hypothesis that GTP ceuld.pfomofe :
peptide bond formafieh befween prfmifiVejpepTidyl t-RNA and éminoécylf
teRNA species by formation ef a proTonaTed»Tripiex with fhe cyTOEiné |
reS|dues near the. Termlnus of these prlmlflve t—RNAs, as deplcfed below.
_Thls primitive system may have had more than Two cyfos:ne resndues near

the terminus-in order to promote GTP binding.
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Terminus of pépTidyl_rj ' TérminUs of éminoacyl 

profo-feRNA » proTo—f—RNA‘ 
As shownjin Fig. 7 fhis‘ﬁypofhesfs ié réinforCdeby The excel lent poSiTjén}ﬁg‘
of fhe.éhihQ grou§ dfv}he aminé acid esfer of fhe.férminal.édenoéine of_Sné""
strand near fhé carbonyl group of the peptidyl ester Qf'fhe'fefminal o
.adenosfne of +He secondﬁsfrand. This.posffioning.ﬁs afforded by Thej
- ZC—IG‘Triplex of GTP‘wffh fhe final Cyfidjne réﬁidues:bf the two sTrandé;
The profon involved in the 2C-1G triplex, which lieé'below”fhe terminal
adenosiné fesidUés,‘is1déno+ed by (+) in Fig. 7. ff_is pogsiﬁle that Tﬁe |
amino aéidveéfer with a pK of 7.5 -~ 7.8 (SchUbér &‘Pinék; |§74b;'Wo|fehdén,
1963) prqvidés fhevprqfon necessary for formation of fhe'Terminél pr§+ona+ed-
2C-16 Trfpléx. ‘Thié bossfbilifyvdepends uppﬁ The_bésfcify'éf_Tfipdex wiTh
GTP. The formafidn of the poly(C)-GTP fripfex at room temperature aﬁd:af-
pH 7.0 suggests that the basicify;of tThe +riplex:ié éﬁfficiénf to briég
abquf delocafizaf{on,of-fﬁe proton -on the amino acid (i;g;, the proton is
shared by the Triplex ahdvam}no grodp of the amino,acfd). |
.This hypofhesis‘is presented because of the Threé poS$ibje modes by

which it could promote peptide bond synthesis with the esters of
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o[fgbnucleofides; Theefriplex ) pos}fions the amino acid and pepTidyl
ester for reac+lon, (2) provtdes a basuc envnronmenf for deprotonating ~
+he amino acid, and (3) removes the reactants from soluflon and contact
wl+h water. This model is consistent with the lnvolvemenf of GTP in the
blnding of aminoacy! t- RNAs to the pepfldyl +ransferase s:fe in confem—
.perary profeln_blosynfheSls (Haselkorn.& RoThmanfDenes l973) but the
contemporary syefem probably does no+'usevfriplex‘formafion between GTP

and the cyfosine residuesvof the t-RNAs in peptide bond formation.
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Tribute

The quesfion of the origfn df fife and the evolufienéry system -
ThaT Ied To it was one of greaT InTeresf to Professor Onsager
Although | never “heard him express it in The Terms | think of ift,
"~ his prlnC|paI theorem in lrrever5|ble Thermodynamzcs to The effecf
that the rate of enTrOpy increase should be minimized in an open
system seems to me to be the underpinnfng of the deve!opmenf of-
IiVing systems on fhe Eaffh; It is'only with the eppearance,of Tﬁe“
efganized energy.Transducing systems that are'living'+hings that
the rate of entropy increases, at least fn‘+he locale of the Earth's
surface, eould be minimized..

:Melvin Calvin
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Legends. to Fiqurés

'Elg;_l: 'Two.dimensional ¢hroma+ographyﬂqf fhe homopept i des of (aj phenyl-
alanine, (b) p}oline, (é) gI?cfne, and_(d)ulysiné. Chroma+dgraphic soivenfs:
(1): n=butyl alcohol, acetic acid,‘wafer (4:l:5 v/v), ubpervphase,'IB Br.;
'(2); §a+ura+ed ammOnfum sul fate, formic acid, water (3:2:6 v/v), 6 hr.;

(3): h-bufyl;aICoﬁol, acgfic acid, water (4:!:5”v/v),'dpper phaéé, 18 hr.;

.(4):sa+uf$+ed'ammoniqm_sUlfafe; formic'acid; water (20:1:4 v/v),'6bhr,j ‘
(5):n-propylbalcohol,‘wafer (3£I Q/v),:48 hr.; (6): n-propyi alcohol, 1 M
poTassfum acetate (3:I>v/V),'48fhf.;_(7):0,4 M potassium ?ce+$+e, 3.5 hr.;
(8):hépropylAélcohol, f M pdfassium aéefafé (7:3 y/y),A24 hr. -.Phe;‘pro, and
gly’chromafograpﬁed on Whatman #1; f&s chromatographed on Whatman P8I
(ceflu[ose phospHafe)._.. | | |

‘ Fig. 2. Two dimensional chromafography of ‘mono and;Oligoﬁucleofides on

Whatman #2; Chromatographic solvents: (N: I M ammbniﬁmﬁacefafe, 95%

éfhyl.éfCOHol (4:1 y/v), }9 hr.;'(2): séc—buTyI aICohoi, tefT-buTYl aicdhol,'

water-(44:7:49 v/v), 24 hr.

'ng; 3f'.Pep+ide forméffon in'The'dry state at 70° C k24 hr;f'for each éf
the amfné,acfds; phenYIalanjne, proline,.egCiné, and fysineIWifh each of
the nucleoside triphosphates, ATP, GTP, CTP,'and uTP. Pebfidé values for
phe, gly, and lys were ndf'correéfed because‘ambien+'+empera+ure conffbls
yielded insigniffcanf amounfé of peptides. Peptide values for proline

‘were éofrecTed'by subfracfing the pepfide values observed_in controls fhaf
stood 24 hr. at ambienf'fembera+ure; During'feéctfbh fhe,pH dropped from .

7.6 to 6.9.
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Legends to Fjgurés (éonfinued)

Fig. 4. Diglycine formafion_in solution at ambienf'femperafﬁre for 3’ days
with glyéine iﬁ,The presence of each nucleoside Trfphosphafe. .The diglyéine
values are corrected by subtraction of confrol‘yalues of reaéffons.+haf
did ndfzcon+afn'+henhqueoside tripnosphate.. Thése valués wefe'0.04|,

0.046, and 0,052 for 0.3 M, 0.6 M, and |.2 M imidazole respectively.

Fig. 5. Control experiments onig{yciné’pepfide formation in/solu+ion_fn
sealed vials at 40° C for 6 days. Sfriped bars = diglycine; open bars =

frigiycine.

Fig..é; (a) ApA fofmé%ioﬁ in ala.sQ[ﬁTiohé:Héé+éd'To drYness»aT 760;C fOr‘
24 hf. ‘Céi:referﬁ to the comblefé'SysTem;i C—2'éon+ajnéd double The |
imidazole of the éompfefe system. In the last two reacfiéns.an-equivélénf
amount of 5'-AMP Wasisubsfifufed for ATP andv2,6—lu+idiﬁé for imidazoief-’
»Thevsfrfped portion of the bér graph represeﬁfs‘ApA béfOre aéid ph@sphafase
treatment; Thé.whore-bér rébresenTS.ApA.affer.phospﬁafase'#reafmenf.'

(b) ApA formation (in The'preéence.of phe) in the dry-sTaTé and in‘éo{ufidn
“at séverar‘femperafﬁfes.. The firéf.vélue éT_eaéh fehperéfure refers to
reécinns wffh'O;B_M'imidazéle;.fhe Sécond;Vaiue'refers Tb reac+ions‘wi+h .
O.6_M imidazole.':YieIds befofe’and‘affef phosphatase Treéfmenf are_sﬁown
in the same way; . |

: Fig. 7. Phofographaéf the émjno aéid ester of the 3'—hydroxyfrdf the _
Terminél aqenOQIné Qf CpA ahd the peptide eéfer of The'BT—hydroxyl.of the

_ fermihal adenosine of an‘adjaéenT'CpA with the C'rééidues of the two df-
nucl eotides lfnked_by GTP. (N) denotes hydrogen of amino group of amino.
acid, (C) deﬁofes carbdnyl group df peptide, aﬁd (+) denotes profon beld_._

by the 2C-1G triplex (it lies bélow the terminal adenosine residues). The

-



=17~

" Legends to Figures (continued)

binding arrangement was that proposed by Howard et al., 1964, for the

binding of GMP by paralle! poly(C) strands.

" Tables

TABLE 1 -
Diglyciné and nucleofide—glycine’phosphoramidafe formation in solution of

40° C for 6 daYs with each nucleoside Triphosphafé.

~ NucleotideGlycine Ratio of

Diglycine _ : - diglycine to -
phpsphgréquafe - phosphorami date
ATP 0.59 o066 . 0.8
et 0.33 - 2.66 - 0.12
cTP . 0.35 | 1.77 . 0.20

UtP o038 142 - 0.27
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