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In 3he preceding paper of this series subsiantisl egreement was found
hetween the experimsatally dstsitalned lsiters of the genetic codel"é and
sming acld replecements in nitrous acid mutanis of (ctacco messlic msﬁﬂ'{
Iue 2 deaninetion of certair bases, treatmens of nucielc acids with HNOQ,
:oxia 10 base suhstitutions in the polynuclicotide chains and hence {o
ahziges of thoir pucleotide seequence&"?, Guanine is converted ¢ nantiaine,
adenine to hypoznnthine, snd cytosias t6 uracil. Uracil s pot changed, In
the cage of tchaceo mosais viras RNA; controlisd HNO, trestment can laad
o deaminetion of & alngle base and, as a result of the base change, to the
substitution of en amino actd for another at & specific location in the poly~

6 that the conversion

peptide chzin of the protein coas, It has been assumed
of guanine o xanthine, a base which i3 not pregent in nucleic scids, is
ievarted {guanine taking the place of xanthine) when the RNA is rapiicated
80 ihet no muiaticn ocours. Iz a similer way, when adenine 45 doemineted
&5 hypoxarthine, which like xanthine {5 not nomolly present in nucleic acids,
cusnine 43 supposged to teke ths place of hyponauthine after replication of
the RNA. In this case, howsver, guanine is substituted for the originel
tdenine {(A—G replacement) and mutstion occurs. Deamination of cytosine
% vracil lsads directly %o a C—U replacemant,

Hypoxanthine can be substituied for guanine, i.e. inosinic zcid (I) for
guanylic actd {G), in syathetic pelynucleotides with retention of their cading

cherecteristics for, as previcusly m&edé. poly Ul {5:1) was equivaient o



poly UG {5:1) in rogard to thoss amino acids {cysteine, glycine, f1ymo=-
pharn, and valine) which are coded by U~ and G-containing letters. In
iine with this sbeervotion, treat:aont with HNO, confeired upon poly UA
{c:1} the cuding chavacteristics of poly UG {511}, o.g. cystelne and
valing {ncorporation was substituted for isoleucine and tyrogine {ncorpor-
silon. Thie i3 the test tube counterpatt of amine acid replacements in
HNT2 mutants of takacco mosel: virug, On the othar hend, deamination
of guanine to xanthine by treatmant of poly UG {5¢1) with HNO, sliminated
the stimulation of valine incorporation caused by the untreated pelymer,
7ius, contrary 0 hypoxanthine, xanthine cannot replace guanine in the
gonstic code. An account of these experimerds s given in this paper.
Preparetisng end methods. - These wars tha same as in previous wosks
unless otherwise specified. Poly Ul {5:1) was propared with Azotohscier
polyaucleotide phosphorylase! from o minture of uridine 5'~diphosphate snd

inosine 5°~diphosphate in molar ratio 511, Its sedimentation coecfficient was

6.3 3,
Deamination of polynucleaildas, = 720 mg of scdium nitrite were added

to a solution of 6 mg of polymer in 9 mi of 20% acetic acid. After standing
&t room tamperature with occesional shaking for one hour (experiment 2,
Tabls 2) or two hours {experiment 1, Table Z), the solution was dialyzed for
-6 nsours ageinst distilled water, with several changes, and the polymer re-

cewerad by lyophilization. In the casa of poly UA (5:1), deamination of the



adsaine residuss appesred $o be neer comnletion in 35 minutes as judged
by extensive loss of the cupacity to stimuisie the ircorporation of isc-
levcine into acid-inecluble products in the Epcherlcina coli systerm,
Besiaits. = Experiments with poly Uk 2s shown in Tabie 1 poly U?
{31} stimuiated the incorporaticn of phenylalanine, cystelae, valine, gly=-
cine, and tryptophan {experiment 1) srd leuctne {axperiment 2)s Altkough
tho sctivity of this poiymer was somewhet lower than that of poly UG {5:1}
{ci.Tabie Z), the phe/cys, phefvel, phe/gly, phe/try, and pho/leu tncoi-
Porzidon razlod, given in the last column of the tabie, were in reasonable
agreemant with the coivesponding ratios for poly UG (5:1) (ci. Table 2 of
precading paper‘}o This proves that hypoxanthine can replace guanine in

ghe genetic code,

NG ~treated polymers: The results of experimenis
with: poly UA, UG, and UC are shown in Table 2, In addition to the changos

that can be specifically ascribed to deaminstion, treatment with HNO, re~
sultsd in & pronounced overall decrecse in the activity of the polymers,
This wae reflected by an 85% and 70% decrease of the capacity of poly UA
{5:1} to stimuiate the incorporation of phenyalanine after treatment with
HNO, for 2 hours (expsriment 1) and 1 hour {experiment 2), respectively.
The reasen for this decrease in activity is unknown. Nevertheloss, the
chengs in coding charactertstics of poly UA, due to A~-I conversion by de-

amination, was readily apparent. Before deamination, poly UA promoted the



facorperation of isoleucing, leucine, and tyroeing but not that of cystelne
and valine. Deaminstion largely aliminaied the Capacity o admulate in-
cosporation of iscleucine and tysosing and brought forsh stimulation af tia
incorporation of cystelne and valine, Stimulation of leucine incoiporation
was largely retalned in agreement wizh the z'.mdmgi' that leucine is coded
by 2UL2 and 2UIG (or 2ULL Table 1} beatdos 2UIC letters.

Ireatwent of paly UG {5:1) with HNC, {guanine~xanthine conversion)
virtuslly eliminated ail activity of this polymer, Phenyalanine incerpore~
ton was drastically decreased and valine incorporation was wiped outwo
Thus, in sharp contrast to hypoxanthine, xanthine is unabie to substiguts
for guanine in the genetic code,

The experiment with poly UC (511) showed retention of phenyalsnine
{code letter YUU) and marked loss of serine {code letter 2U1C)Y incorporation
activity following treatment with HNO; for § hour {C—~V conversiond, Since
the activity toward phenylalanine was retained, contrary to the marked drop
observed witi: poly UA, it is lUkely thet a non-specific decrease in activity,
caused by HNO, trestment, was compensated by an incresse due to conver-
sion of poly UC, which sodes fur phonylalanine and other amino acids, %0
poly U which codes for phenylalanine only,

Piscugalon, ~ As showa in this paper HNO; trestment of synthetic poly-
nuclectides, used es artificial messengers for protein syathesels in the

Ee _coli system. leads o amino acid replacements like those observed in



HEQ, mutanis of tobacea mosaic vitus, However, multiplicetion of the
virie involves two procasses viz, replication of the RNA and transcrip~
Hor ¢f ity cuda Into & plyaentide sequence, OQur model e¥periments

with palyaucieotides relate only to the affsct of HNO; on the transcripiisn
of the mesysge.

Tho finding that hypoxanthine can replace guanine in amins acid
ceding s not surprising Ir: view of the similarity of these two bases with
regard to hydrogen bonding., Poly I has been showsn to farm DNA-ithe,
double-stranded helical complexes with poly C12*12, The stability of the
hypoxanihine~Cytosine pair is of the order of magaitude of that of the
adentne-uracil pair os the melting out temperature of poly A + U (61 in
0.15 M NeCl=0, 15 M sodium citrate) is only about 10 degrees higher than
that of poly 1 + G}3, Therefore, hypoxanthine in poly UI triplets {e. g.
UUR would peir with oytosine in complementary "adaptor 14 triplets (AAC)
of cysteine or valine transfer RNA. However, the guenine~-cytosine pair,
with three hydrogen bonds, is held together more tightly then the hypo=
xanthine~cylosine pair with only two hydrogen bonds. The lower efficiency
of poly Ul es compared with poly UG, noted in a prévious section, migh
be a reflection of thn difference. Our observations are in line with the
findingl® that deaxy ITP could replace (with 25% efficlency) deaxy GTP in
DNA synthesis by DNA polymerese. The further finding reported in this
peper that xanthine cannot replace guanine in coding, although epperently



not azpiatnable in 2erms ¢f hydrogen bonding propertics (ar :antiing is
similar to zuenine in thie respect), Lz also in line with the failure of
decxyranthosias iphosphate o replace deoxy GIP in the DNA polymerces
swaemlsa in viow of these results, revorsal of the gusaine—xanthine
corvarsion {guanine taking the place of xenthine} on replication of HRQ
treited tobacco mosels vitus ANA, is unlikely, Deamination of guanine
s 1cre likely to yield an RNA that {3 uneble to replicate {iethal mutation).

Modification of the coding characteristics of synthetic polynucieotidss
with agents oter than HNQ, miglht throw Mgt an the moede of action of
certain mutagenc, Several amiro acid replacements in tobscoco mosalc
virua protein have been brought about by treatment of the virus with beomi-
nading and alkylating agems"?. However, the relationship between the
cbastved replacements and the chemical effects of these mutagens on tha
rucleic acid bases is obscure,

Summary. - Hypoxamhine can replace guanine in amino acid coding for,
like poly UG (511}, poly Ul {5:1) stimulated the incorporation of cysteine,
glycine, leucine, wystophan, and valine ito acid-~insoluble producis in the
Ee coli systam to the seme relative extent. Trestment of synthetic polyau=-
cleotides with nitrous acid modiiled thelr coding characteristics as expected
from the deaminstioa uf adenine to hypoxanthine and cytosine to uracil.

Faly UA loat its coding spacificity and acqulred thet of poly UL, and poly UC
jezt its activity to stimulete the incorporation of serine but not thet of



phenylalanine. Deamination of gucnins o xanthine, by trestment of poly
UG with nitrous acid, wipad out the activity of this polymer to siinmulate
valine incorporation, Thus, contrary to hypostanthine, nanthine cannot
raplaca guseine in omino acid codiag,
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TABLE 1

EFFECT OF FGLY UL{5: 1) ON AMINOACID INCORPORATION IN E. COL]SYSTEM®

Lxpert= Amino acid Without Wwith Net Ratio*
ment pely Ul poly Ul
Neo.
3 Phenylalanine 0,18 9.14 8.96 o
Cysteine 0.15 1. 28 1.13 7.9
Valine 0,21 2,24 2,03 4,4
Glycine 0.17 0,56 0. 39 23,0
Tryptophan 0.12 0.51 0.39 23,0
2 Phenylalanine 0.10 4.91 4,81 —oace
Leuctne 0, 26 1.51 1.25 3.9

*mumoles/mg ribosomal protein. *Ratio of phenylalanine incorposation to
that of the amino acid in question.



TABLE 2

EFEECT OF VARIOUS FOLYNUCLEOTIDES, BEFORE AL APTER TREATMENT WIH HNO;,

OGN AMING ACID INCORPORATION IN k. COL2 SYSTEM™
Experis Ardns said Polynucleotide
ment VA (5:1) ue 511 UC i5:1)
Na, Beiore After  Before Afger Before  After
HNOQ, HNO, HNO, HEO; HNO,; HNO,
1 Phenylelenine 18,9 2.4 22,4 0,07 e -
iscleucine 49 0,95 - - - .
Valine ] 0.4 [ 93 Q - s
3 Phenylalanine 11,8 3,6 ——— - 15,8 14,1
1soleucine 1,5 c.07 —— —— sun  eue
Leucine 1.7 0. 30 m——— —— v -~
Tyrosing .3*}' M —— — —— -
Cysising ] 2‘.}3 . -~ oo ~e
Valine 9 0.33 ~— ———— ——- ——
Serine - —— — o 33 5,1

“values given refer o net incorparation {in mumoles/mg ribosomal protein) after
subtraction of smell hlank incorporation without polynuclectide,



