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S T R U C T U R A L  D I F F E R E N C E S  IN T H E  N U C L E I C  ACIDS OF 

SOME TOBACCO MOSAIC V I R U S  S T R A I N S *  

I. MONOPYRIMIDINE NUCLEOTIDES IN RIBONUCLEASE DIGESTS 

K. K. R E D D I  

Virus Laboratory, Umversity o/Cali/ornia, Berkeley, Cali/. (U.S.A.) 

Attempts  to correlate the distinctive biological differences exhibited by the tobacco 
mosaic virus (TMV) strains with the chemical composition of their protein and nucleic 
acid components have been made 1. The pufine and pyrimidine composition of their 
nucleic acid part2, 3 and that  of ribonuclease resistant residues (precipitable by 6% 
trichloroacetic acid) obtained after exhaustive digestion of each of the nucleic acids 4, 
have been found to be similar. If tile nucleic acids represent the genetic material 
of viruses ~,s, it would seem that  the nucleic acids of viral strains must differ in at 
least some structural features. Although there is no difference in the base composition 
of the strain nucleic acids and their ribonuclease resistant residues, it is probable 
that the way the individual nucleotides are arranged in each case might be different. 
Hence it was thought an examination of ribonuclease digests might reveal some 
differences in ttle intramolecular distribution of pyrimidine nucleotides in the nucleic 
acids of TMV strains. 

" This investigation was supported by grants  from The Rockefeller Foundat ion  and the United 
States Public Health Service. 
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The present communication deals with the quantitative estimation of mono- 
pyrimidine nucleotides, uridylic acid and cytidylic acid, present in the ribonuclease 
digests of each of the nucleic acids of four strains of TMV. The monopyrimidine 
nucleotides were found to be the same in amount in the digests of the nucleic acids 
of the strains, TMV, H R  and YA, while in the digest of 3I strain nucleic acid these 
were present in significantly larger amounts. This appears to be the first evidence 
of the structural differences in the nucleic acids of different strains of a virus. 

MATERIALS AND METHODS 

Nucleic  ac ids  were i so la ted  from the  purified p r epa ra t i ons  of each virus  according to the me thod  
of COHEN AND STANLEY ? aS mod i f i ed  b y  KNIGHT 2. 

Panc rea t i c  r ibonuclease  used in these s tud ies  was a c rys ta l l ine  p repa ra t ion  ob ta ined  from 
the  W o r t h i n g t o n  Corpora t ion,  Freehold.  New Jerse.v. 

Rate of appearance o/pyr imidine  mononucleotides in the ribonuclease digests o! T M V  nucleic acid 
In  order  to es tab l i sh  condi t ions  for the  t r ea t i ng  of nucleic acids  of different  s t r a ins  wi th  ribu- 
nuclease a p re l imina ry  e x p e r i m e n t  was done wi th  TMV nucleic acid. F ive  mg of nucleic acid 
were dissolved in 0. 5 ml of o.o2 M p h o s p h a t e  buffer a t  pH 7.6. To th is  was added  t 25 y of ribo- 
nuclease  dissolved in 0. 5 ml of o.o2 M phospha t e  buffer a t  pH 7.6, and  the m i x t u r e  was incuba ted  
a t  room t e m p e r a t u r e  (23°). At  known  in t e rva l s  of t ime  (Fig. 2) o.18 ml a l iquo t s  were wi thdrawn ,  
placed on a \ V h a t m a n  3 mm fil ter  paper  (55 × 24 cm) in a band  at  a d i s t ance  of ~o cm from 
the  top  of the  fil ter paper,  and  dr ied in a cu r r en t  of air. On the same paper  a m i x t u r e  of cy t idy l ic  
acid,  ur idyl ic  acid, guany l i c  acid and adenyl ic  acid was run side by side. The c h r o m a t o g r a m  
was developed in isopropanol-water--ammunia so lven t  sys t em s for 24 hours a t  room t empera tu re .  
The developed c h r o m a t o g r a m  was dried a t  room t e m p e r a t u r e  and  Fig. I is a pho tog raph  of the  
c h r o m a t o g r a m  of 12-hour r ibonuclease  diges t  t aken  accord ing  to the  modified t echn ique  of SMITH 
,X.XD ALLEN ~. Band  2 in Fig. x cor responds  to the  reference spot  con ta in ing  adenyl ic  acid, cy t idy l i c  
acid and ur idyl ic  acid. Band  2 was e luted wi th  dis t i l led  wa te r  and  the e lua te  was concen t r a t ed  
to d ryness  in a v a c u u m  des icca tor  over  a n h y d r o u s  CaC1 v The residue was t aken  up in o.~ ml 
of o.oi N HCI. An a l iquo t  was placed on a W h a t m a n  3 mm filter paper  and  the c h r o m a t o g r a m  
was  developed in isopropanol-HCl-water so lven t  sys t em TM for l~q hours a t  room tempera tu re .  After  
d ry ing  the  c h r o m a t o g r a m  a t  room t empera tu re ,  i t  was viewed under  u l t r av io l e t  l ight.  Only  two 
spots  cor responding  to cy t i dy l i c  acid aml  ur idvl ic  acid were noticed.  These were marked  with 
a pencil,  cu t  ou t  and  e lu tcd  wi th  o.o~ N 
IlCI. Thei r  a m o u n t s  were de t e rmined  • . . . . .  

F rom th i s  p r e l imina ry  e x p e r i m e n t  a 
digest ion period of i 2 hours  was chosen for 
the  reac t ion  of nucleic acids  of different  t l  
s t ra ins  wi th  r ibonuclease.  i 

i 

i 

1 
Fig. x. C h r o m a t o g r a m  of 1--hour  ribo- 
nuclease diges t  of TMV nucleic acid a t  -3 ° 
and  pH 7.6, developed in isopropanol 
(7o0 ml), wa te r  (3oo ml) and  o.35 ml N i t  3 
solut ion,  per l i t re  of a i r  space for 24 hours  
a t  23 °. O, origin of c h r o m a t o g r a m :  Band  
i ,  a m i x t u r e  of di-, tri-  and  te t ra-  etc. 
nnc lco t ides ;  Band 2, m o n o p y r i m i d i n e  
nuc leo t ides ;  S 1, reference subs tance ,  gua- 
nyl ic  acid;  S 2, a m i x t u r e  of reference sub- 
s tances,  adeny l ic  acid,  cy t idy l i c  acid and 

ur idyl ic  acid. 

13 z 

Digestion o[ nucleic acids o/different strains u,ith ribonuclease 
Two mg of the  nucleic acids of four different  s t ra ins  of "|'MV 2,".~z were dissolved in o.z ml of 
o.o2 M phospha t e  buffer a t  pH 7.6. To each was added  50 ~, of r ibonuclcase  dissolved in o.2 ml 
of o.o2 M phospha t e  buffer a t  pH 7.6 and the  mix tu re s  were incuba ted  a t  ro(~m t e m p e r a t u r e  ( '3  °) 
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for I2 hours. At the end of this period o.2 ml of each of the digests was wi thdrawn and chromato-  
graphed. Cytidylic acid and uridylic acid were separated and estimated as described above. The 
results are given in Table I. 

RESULTS AND DISCUSSION 

In the ribonuclease digests of TMV nucleic acid, only the monopyrimidine nucleotides, 
uridylic acid and cytidylic acid, were observed and this is in accordance with the 
earlier observations with the yeast ribonucleic acid ls,14. There was a gradual increase 
in the appearance of cytidylic acid and uridylic acid in the digest with time and this 
attained a maximum by I2 hours and remained so after digestion for 18 hours (Fig. 2). 
In I2-hour and IS-hour digests, about 50% of uridylic acid and 46% of cytidylic acid 
present in the intact TMV nucleic acid were found. 

The amounts of monopyrimidine nucleotides in the i2-hour ribonuclease digests 
of TMV, HR and YA were the same, while in the digest of M-strain nucleic acid 
there was a significant difference (Table I). Since the base composition of all the 
strain nucleic acids (TMV, HR, YA and M) is the same*, s, the greater amount of 
monopyrimidine nucleotides in the ribonuclease digest of M-strain nucleic acid can 
be attributed only to the difference in the arrangement of the pyrimidine nucleotides. 
Since pancreatic ribonuclease is a highly specific phosphodiesterase, which hydrolyses 
only secondary phosphate esters of pyrimidine ribonucleoside 3'-phosphates 15,s, is, the 
appearance of monopyrimidine nucleotides in the ribonuclease digests indicates that 
two or more pyrimidine nucleotides were linked together in the nucleic acid chains 
without intervening purine nucleotides (Fig. 3). The appearance of larger amounts 
of monopyrimidine nucleotides in the ribonuclease digest of M-strain nucleic acid is 
a clear indication of the occurrence of a larger proportion of pyrimidine polynucleotide 
segments than in the nucleic acids of TMV, HR and YA. 
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Fig. 2. Time course of liberation of monopyrimidine nu- 
cleotides, uridylic acid and cytidylic acid in the i2-hour  
ribonuclease digest of TMV nucleic acid. Reaction mix- 
ture consisted of 5 mg of TMV nucleic acid in 0. 5 ml 
0.02 M phosphate  buffer at pH 7.6 and 125 ~' of pancreatic 
ribonuclease in 0. 5 ml o .o2M phosphate  buffer at  pH 7.6, 
incubated at  23 c. O - - O  uridylic acid; 0 - - 0  cytidylic 

acid. 

Pu u 2 3 C'~'~5 

py I 2 3~5 
\ 

py I 2 3 ~5 
\ 

Pu I 2 3 ~ ' ~ 5  

\ 
Fig. 3. Diagram of polyribonucleo- 
tide chain. P = phosphate  group;  
pu = purine;  py = pyrimidine; R '  
and R "  = rest of the chain; ~ indi- 
cates the point  of cleavage by riho- 

nuclease 
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TABLE I 

M O N O P ' : R I M I I ) I N E  NUCI .EOTII )ES ,  U R I D Y L I C  ACII) AND CYTII )YLIC ACII)  iN THE TWELVE 11OI;R 
RIBONUCLEANF.  I)IGE.%'I'S OF "['1~|\" STRAIN NUCI .EIC ACII)5; 

UA ( "-'l 
Preparation . . . . . . . . . . . . . . .  

% o/total :" m~ .\'A ..I vcrage o/ total Strain No. "~'rag .\'A Average /_'.,I in +\'.-I • CA in .\+A 

1 1 2 ~ .  2 ~ o . N  

"1"51V 127"5  5 TM 7 7 O'() 45" 7 
2 1 2,";.,"; 7() .o 

1 124.9 71.1 
I t R 1 2 0 . 8  48. 1 7.¢'5 4 Z .o 

2 I I ().() 7 t').O 

1 2 ~ . 2  7(>.3 
Y :\  1 t 24  .o  . t9 .3  7';-'; "t 5 .o 

1 1 9 . S  h 1.2 

1 165.4 zo7.7 
.M 2 172.0 l 7~.  I 70 .S  IOO-9 107" [ ()1.2 

3 t 70.4 ~ t 2.S 

U.\  = tlridylic acid; C.\ = cytidylic acid; NA = nncleic acid. 
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SI ;MM A RY 

The nucleic acids obtained from fimr strains of tobacco mosaic virus were digested with crystalline 
pancreatic ribonuclease at  23" for 12 hours at  pH 7.0. The monopyrimidine  nucleotidcs, uridylic 
acid and cvtidvlic acid, were isolated from such digests and estimated. Significantly greater quan- 
tities of pi, rimidine mononucleotides were released from the nucleic acid of M strain than from 
those td strains, TMV, H R  and YA. From this result it was concluded tha t  the intramolecular 
distr ibution of pyrimidine nucleotides in the nucleic acid of M strain dilters from those of strains, 
TMV, f IR and YA. 
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