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INTRt)IIUCTION 

In I95O CAPUTTO, LELOIR, C.\RDINI AND P.\I..\I)INI l isolated from bakers  yeas t  the 
coenz)q~ne for the enzymic  conversion of ga lac tose - i -phospha te  (Gal-I-P) into glucose- 
I -phospha te  (G-I-P)  in galactose a d a p t e d  Saccharomyces /ra qilis. They  showed this 
coenzvme to be uridine pyrophosphoglueose  (UPPG) and in 1951 LEL()IR 2 demon- 
s t r a t ed  the presence in galactose adap t ed  S . / r a¢ i l i s  of the enzyme galac towaldenase  
which es tabl i shed  the equi l ib r ium:  

ll,l~(;lucose :.:~ (" PP(;alactose (>) 

LEL()IR '2 found the equi l ibr ium point  of this react ion to be 75% U P P G  anti 25% 
UPPGalac tose  (UPP( ia l ) ,  and pos tu la ted  tha t  the G a l - I - P  to G - I - P  conversion was 

brought  about  by  the two s tep  react ion:  

I 'PI ' ( ;  ( ;al-t-l '  ~ L:PI'Gal 4- (;-t-P (2) 
t ' l ' l ' ( ; -  : : -  - - - - : -  U P l ' ( ; . a l  ( t )  

This pos tu la te  was shown to be correct by  K.\I.CK.\R, BI~.XC;AN(;;\ .\gl> MI'NcH-PETER- 
SEX 3 who demons t r a t ed  react ion (2) in ex t rac t s  of galactose adap ted  S./ragilis. 

U P P G  m a y  be es t imated  1)v means of the. pyrophosphoro ly t ic  split  (reaction 3), 
ca ta lysed  bv the enzvlne uridvl t ransferase from yeast  t,';,6. 

(PP( ;  pvrophosphate ~ ('ridinc (.-[-P (3) 
Triphosphate 

(IvI'P) 

I n this  case the G - I - P  is es t imated  speetrophotomctrically by conversion to glucosc-6- 
phosphate  (G-6-P) with subsequent  oxida t ion  by the t r iphosphopyr id inc  nucleotide 
(TPN) l inked glucose-6-phosphate  ( lehydrogenase.  Al te rna t ive ly ,  UPP( /  may  be 
es t imated  by  the d iphosphopyr id ine  nucleotide (I)PN) l inked dehy(trogenase from 
liverT, ~. 

t 'PPG -Jr 2 I ) I 'N'  - ,  uridine pyrophosphoglucuronicacM -- _, I)PNII (4) 
(UPI ~ ghlcuronic acid 

In both of these react ions (3 and 4) the A Ea4 0 of the pyr id ine  nucleotide reduct ion 
gives an es t imate  of the UPP( ; .  

* lCeit Mcnmrial l¢,t,scarch l"clh,w. 

l?e/erem+'s p. S2,~. 
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UPPGal may be estimated by a combination of either reactions I and 3 or 
I and 4, extracts of galactose adapted S. /ragilis usually being used as a source of 
the galactowaldenase, now more correctly termed UPPGalactose-4-epimerase (c/. 
KALCKAR AND MAXWELLg.) 

Recent preparations of UPPG from yeast, made by the present authors by the 
method of CAPUTTO et al. 1, have given anomalous results when assays by reactions 
3 and 4 were compared, and this has led to the demonstration of UPPGal in these 
UPPG preparations. At the same time it has been found that preparations of glucose- 
6-phosphate dehydrogenase from brewers yeast contain UPPgalactose-4-epimerase , 
as also do extracts of S./ragilis grown on a glucose medium. 

MATERIALS AND METHODS 

UPPGlucose was prepared from bakers yeast (Distillers Company Ltd.) by the method of CAPUTTO 
et al 1 and purified by ion exchange chromatography (CABIB, LELOIR AND CARDINI10). 
T P N ,  8o% purity, adenosine triphosphate (ATP) (crystalline disodium salt), hexokinase (Type 2) 
and glucose-6-phosphate dehydrogenase (Practical, Type II, Lot No. 95-I38, 0.82 K.U./mg) were 
obtained from Sigma Chemical Co., St. Louis, Mo., U.S.A. The latter enzyme is free from 6-phos- 
phogluconate dehydrogenase. 

DPN, 95% purity, and G-I-P were obtained from Boehringer and Soehne, Mannheim, W. 
Germany. 

Gal-x-P was prepared by the method of KRAHL AND COR111. 
Zwischenferment was prepared from dried brewers yeast (Kongens Bryghus, Copenhagen) 

by the method of LEPAGE AND MULLER 12. This preparations contains, in addition to glucose-6- 
phosphate dehydrogenase, the enzymes uridyl transferase and nucleoside diphosphokinase 5, is. It 
is free from 6-phosphogluconate dehydrogenase. 

Uridyl transferase was prepared from dried brewers yeast (Kongens Bryghus, Copenhagen) 
by the method of MUNCFI-PETERSEN*. 

UPPG dehydrogenase was prepared from calf liver by the method of STROMINGER, MAXWELL, 
AXELROD AND KALCKAR 8. 

Phosphoglucomutase was prepared by the method of •AJJAR 14. The preparation was taken 
as far as the 'second heat filtrate'. 

Saccharomyces/ragilis (National Collection of Yeast Cultures No. loo) was grown in the me- 
dium of DAVIES, FALKINER, WILKINSON AND PEEL 15 containing 2% glucose, harvested after 36 
hours at 3 °0 and lyophilised. The galactose adapted organism was subjected to two 24 hour cul- 
tures in the basal medium containing 20/o galactose before growing for 36 hours in the galactose 
medium and harvesting as for the non-adapted organism. 

Extract  of S. /ragi l is  were prepared by extracting 0.5 g of the dry powder with 2. 5 ml 2.2% 
(NH4)2HPO 4 solution for 18 hours at 0% followed by centrifugation and dialysis of the supernatant 
against running distilled water for 4 hours at 3 °. 

Paper chromatography of sugars was carried out on Whatman No. i paper in ethyl aceta te-  
pyridine- water (2/t/2) and in n-butanol- acetic acid-water (4/i/5), the positions of the sugars being 
located by the aniline hydrogen phthalate reagent of PARTRIDGE le. 

Ionophoresis of sugars in borate buffer was carried out on Whatman 3 MM paper strips by the 
method of CONSDEN AND STANIER 17. 

RESULTS 

Comparison o/ the assay o/various UPPG preparations by the pyrophosphorolytic and 
dehydrogenase reactions 

Fig. I shows the results of the assay of UPPG preparation 5 by means of the pyrophos- 
phorolytic reaction (curve b) and the UPPG dehydrogenase reaction (curve a). The 
theoretical ,4Es4 o for the TPN reduction in the first reaction is 0.62 for o.I /~mole 
UPPG and for the DPN reduction in the second reaction is 1.24 for o.I ~mole UPPG. 
It will be seen from the results presented that both reactions give a .4 E34 o correspond- 
ing with the UPPG present. 

References p..528. 
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Fig. x. The assay of U P P G  preparat ions  bv the 
UPPG dehydrogenase  reaction (a) and by the 
nridyl transferase reaction (b). Curve (a): O. lO 
! lmole  UPPG/5  incubated with 2o tH U P P G  
dehydrogenase ,  0. 5 t~mole DPN and o.I M 
Tris buffer pH 9. '  to x.o ml. ( 'urve (b): o. lo 
/tmole UDPG/5 incubated with Io / ,moles 
MgCI 2, 2. 5 / ,moles cysteine, 5 ° !A phospho-  
glucomutase,  o.5 mg zwischenferment,  o . '5  
/~mole TPN,  i.o !,mole pyrophosphate  and o.t 
M Tris buffer pH 7.8 to i ml. React ion  started 
with  p vrophosphate .  Corrections made for con- 

trois run without  UI 'PG an (a) 

Fig. 2. The assay of UPPG/7 by the UPPG 
dehydrogenase  reaction and the uridyl  trans- 
ferase reaction. Curve (a): o. IO/lmole UPPG/7 
treated as in ( 'urve (a) Fig. x. Curve (b): o. xo 
l~mole UPPG/7 treated as in ( 'nrve (b) Fig. 1. 
Curve (c): o.xo l,mole UTI '  and 0. 3 tmmle G q -  
P incubated with 0. 5 units  purified uridyl  trans- 
ferase 6, 2o / A U P P G  dehydrogenase ,  0.5 !,mole 
I)PN and o. I M Tris buffer pl 18.5 to i .o ml. ( 'or- 
rections made for controls  run without  I~PI'G 

in (a), pyrophospha te  in (b) and U'I'P in (c). 

and wi thout  pyrophosphate  in (b). 

Fig. 2 shows the results of the corresponding assays on UPPG preparation 7. In 
this case tile A Eaa 0 in the pyrophosphorolytic reaction (curve b) corresponds with the 
expected UPPG content from the E2e 0 of the preparation, but the A Ea4 o of the UPPG 
dehydrogenase reaction indicates that only approximately 4o% of this UPPG reacts 
with the UPPG dehydrogenase. Curve c (Fig. 2) shows the result of tile sinmltaneous 
formation and dehydrogenation of UPPG in the presence of uridyl transferase, UTP, 
G-I-P and UPPG dehydrogenase. In this case the zl Eaw is that expected from the 
amount of UTP present. 

The results of similar assays on UPPG preparation 8 are presented in Fig. 3. 
In these experiments, curves a and b correspond to curves a and b in Fig. 2: curve c 
in this case shows the result of the pyrophosphorolytic reaction using highly purified 
uridyl transferas@ and glucose-6-phosphate dehydrogenase (Sigma). 
Here again the results by the two methods do not give comparable values. The data 
presented in Figs. 2 and 3 indicate that there is present in UPPG preparations 7 and 
8 a substance which reacts in the pyrophosphorolytic system to give G-l-P, but 
which will not react with the UPPG dehydrogenase. It was thought likely that this 
substance was UPPGal, and that the zwischenferment preparation and either the 
purified uridyl transferase or the glucose-6-phosphate dehydrogenase (Sigma) 
contained the enzyme UPPGalactose-4-et)imerase. 

The effect o/ UPPGalctctose-4-epimerase on UPPG preparations 

In order to test the possibilities indicated above, it was decided to react the UPPG 
preparations 7 and 8 with UPPGalactose-4-epimera~se prior to assaying with UPPG 
dehydrogenase. Extracts of galactose adapted S./ragilis were used as a source of 

Re/erences p. 52N. 



524  G .T .  MILLS, E. E. B. SMITH, A. C. LOCHHEAD VOL. 2$  (1957) 

0.7 

0.6 

0.5 

0.4 
Z~E~ o 

0.3 

0.2 

OJ 

M:nutes 

Fig. 3. The assay of UPPG/8  by the  U P P G  de- 
hydrogenase reaction and the  uridyl t ransferase 
reaction. Curve (a) : o. i o/Lmole UPPG/8  t rea ted  
as in Curve (a) Fig. x. Curve (b): o . io  /~mole 
UPPG/8 as in t rea ted  Curve (b) Fig. i .  Curve 
(c) : o . Io /*mole  UPPG/8  t rea ted  as in Curve (b) 
bu t  wi th  o.o 5 uni ts  purified uridyl  t ransferase  
and  o.1 mg glucose-6-phosphate  dehydrogenase  
(Sigma) in place of the  zwischenferment .  Cor- 
rect ions made  for controls  run  wi thout  U P P G  

in (a) and py rophospha te  in (b) and (c). 
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Fig. 4. The effect o f ex t rac t s  o f galactose adap ted  
S. #agilis on the  U P P G  con ten t  of UPPG/7 .  
o . io  /~mole UPPG/7  was incubated  wi th  5 
/ ,moles MgC12, 2o t~1. S. #agilis ex t rac t  and o. 4 
ml o.o25 M Tris buffer p H  7.8 for varying 
lengths  of t ime a t  25 o. The  react ion was s topped 
by  hea t ing  in a boiling water  ba th  for 3o seconds 
followed by cooling and  centr i fugat ion.  The 
U P P G  was then  es t imated  with U P P G  de- 
hydrogenase  and DPN as in Curve (a) Fig. I. 

UPPGalactose-4-epimerase. Fig. 4 shows the results of such an experiment where 
UPPG preparation 7 was incubated with the galactose adapted S./ragilis extracts 
and then assayed for UPPG by the dehydrogenase reaction. 

It  will be seen from Fig. 4 that treatment of UPPG preparation 7 with the S. 
[ragilis extract produces, with time, a progressive increase in the UPPG reacting 
with the UPPG dehydrogenase and that the 6o minute figure approaches the 75% 
UPPG which is the equilibrium value for the UPPGalactose-4-epimerase reaction. 

Fig. 5 shows the same experiment carried out with UPPG preparation 8 (curve a) 
and in addition (curve b) with the zwischenferment preparation replacing the 
S. [ragilis extract. These results indicate that the zwischenferment is acting in the 
same manner as the extract of galacto~ adapted S. ]ragilis, which strongly suggests 
that it contains UPPGalactose-4-epimerase. 

It will be noted from Fig. 3 that a combination of highly purified uridyl transfer- 
ase and glucose-6-phosphate dehydrogenase gives the same ,4 Es4 o in the pyrophos- 
phorolytic reaction as does the zwischenferment preparation. This indicates that the 
former combination of enzymes als ocontains the UPPgalactose-4-epimerase. It was 
found that the uridyl transferase was free from the epimerase but that the glucose-6- 
phosphate dehydrogenase (Sigma) behaved as though it contained the epimerase. 
The results of an experiment in which UPPG preparation 7 was incubated with 
glucose-6-phosphate dehydrogenase for varying times before assay with UPPG 
dehydrogenase are shown in Fig. 6. 

The data presented in Fig. 6 show quite clearly an increase in UPPG on incubation 
with the glucose-6-phosphate dehydrogenase preparation, which confirms the presence 
of UPPGalactose-4-epimerase. In addition however, it will be noted that the glucose- 
6-phosphate dehydrogenase causes a progressive breakdown with time of the UPPG. 
Re/erences p. 528. 
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Fig. 5. The effect of an extract of galactose 
adapted S. [ragilis and of zwischenferment on 
the UPPG content of UPPG/8. Experimental 
details as in Fig. 4- Curve (a) : Incubation with 
20 !,l 5". [ragilis extract. Curve (b) : Incubation 

with o.1 nag zwischenferment. 
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t:ig. t'~. The effect of glucose-O-phosphate de- 
hydrogenase (Sigma) on the I:[ 'PG content of 
UPPG/7. o.o5 tlmole UPPG/7 incubated at 25 ° 
with o.i mg glucose-6-phosphate dehydrogen- 
ase, 5 pmoles MgC12 in 250 HI 0.05 3I Tris buffer 
pH 7.8 for various times. Reactions stopped by 
heating in a boiling water bath for 3 ° seconds 

followed bv cooling and centrifugation. 200 H1 samples were assayed for I.IPPG by incubation 
with 25 /*i UPPG dehydrogenase, 0. 3 t~mole DPN and o.l 31 Tris buffer p l l  9.1 to x.o ml. 
Curve (a) no incubation, curve (b) IO minutes incubation, curve (c) 20 minutes incubation, 
curve (d) 4 ° minutes incubation and curve (e) 60 minutes incubaticm with glucose-6-phosphate 

dehydrogenase. Corrections made for controls run without l 'P l ' ( ; .  

7"he presence o/ ~:t)P(ialactose-4-epimerase in, non-adapted and .~,alactose adapted 
S. /ra,cilis 

The  presence  of U P P G a l a c t o s e - 4 - e p i m e r a s e  in the  zwi schen fe rmen t  and  glucose-6-  

p h o s p h a t e  d e h y d r o g e n a s e  p r e p a r a t i o n s  sugges ted  t h a t  this  e n z y m e  is n o r m a l l y  

p resen t  in non-ga lac tose  a d a p t e d  yeasts ,  and  tha t  the  reac t ion  induced  by  ga lac tose  

a d a p t a t i o n  is r eac t ion  ( 2 ) - - n a m e l y  tile ga l -~-P  ur idv l  t ransferase .  
E x t r a c t s  of lyophi l i sed  S./ragil is  grown on a glucose  m e d i u m ,  and  e x t r a c t s  

of this  o rgan i sm a d a p t e d  to ga lac tose  were  assaved  for U P P ( ~ a l a c t o s e - 4 - e p i m e r a s e  
by  the  m e t h o d  of M.~XWELI,, K.XI.CI,:AR AND ]'It:R'rOX 1~ (react ions  i and  4) and  for 

g a l a c t o s e - i - t ) h o s p h a t e  u r idy l  t ransfe rase  5. 
The  resul ts  of these  assays  are  shown in Figs. 7 and  8. 

I t  will be obse rved  f rom Fig. 7 t h a t  i ncuba t i on  of the  U P P G / I ,  P P ( ; a l  m i x t u r e  wi th  
e x t r a c t s  of N . / r a~ i l i s  g rown on a glucose  m e d i u m  causes  an  increase  in the  U P P G  

c o n t e n t  of the  m i x t u r e  which ind ica tes  the  presence  of U P P G a l a c t o s e - 4 - e p i m e r a s e  
in this  n o n - a d a p t e d  yeast .  The  increase in U P P G  c o n t e n t  is not  as g rea t  as in the  
case of the  ga lac tose  a d a p t e d  o rgan i sm (c/. Fig. 4) and this  is pa r t i a l ly  exp la ined  bv  

the  presence  of an o rgan ic  p y r o p h o s p h a t a s e  which spl i ts  U P P G  and  U P P ( i a l .  It  was 
found  tha t  io  m inu t e s  i ncuba t ion  wi th  the  u n a d a p t e d . 5 .  [ragilis e x t r a c t  ra ised the  

U P P G  c o n t e n t  of the  m i x t u r e  f rom 37 % to 47 °o but  more  p ro longed  i n c u b a t i o n  

caused  cons ide rab le  loss of U P P G .  
Fig. 8 shows c lear ly  tha t  the  G a l - I - P  ur idy l  t r ans fe rase  is on ly  p resen t  in the  

ga lac tose  a d a p t e d  S./ra,gilis. 

Re/cremes p. 5"x. 
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Fig. 7. The effect of an extract of S. ]ragilis 
grown on a glucose medium, on the UPPG 
content of UPPG/7. o.io /~mole UPPG/7 in- 
cubated at 25 ° with 5o t~1S. #agilis extract and 
Mg ++ at pH 7.8, and the UPPG subsequently 
assayed using UPPG dehydrogenase and DPN 
as in Fig. 4. Curve (a): Zero time. Curve (b): 
After IO rain incubation. Corrections made for 

controls run without UPPG 

Fig. 8. The galactose-I-phosphate uridyl trans- 
ferase activities of extracts of galactose adapted 
and non-adapted S./ragilis. Reaction mixtures 
contained O.li /,mole GaI-I-P, 0.05 /,mole 
UPPG, 5 /,moles MgCll, 2. 5 /~moles cysteine, 
5o /~l phosphoglucomutase, o.x mg Glucose-6- 
phosphate dehydrogenase, 20 t~1 S. /ragilis ex- 
tract, o.25 /.,mole TPN and o.i M Tris buffer 
pH 7.8 to i .o ml. Curve (a) : S. #agilis grown on 
glucose medium. Curve (b) : S. tragilis grown on 

galactose medium. 

Analysis  o~ the hexoses present in U P P G  preparations 

U P P G  prepara t ions  5, 7 and 8 were hydro lysed  in o .oi  N HC1 for IO minutes  at  ioo  °, 
neut ra l i sed  and sugar  ch roma tog raphy  carr ied out  in bu tano l - ace t i c  a c id -w a t e r  
and  in e thyl  a c e t a t e - p y r i d i n e - w a t e r .  P repara t ion  5 showed the presence of only  
glucose, whereas prepara t ions  7 and 8 showed the presence of both  glucose and 
galactose.  Ionophoresis  on paper  in bora te  buffer a t  p H  8.6 gave results  for all three  
prepara t ions  which were ident ical  with those found from paper  ch romatography .  

Glucose and galactose were es t imated  in neut ra l i sed  hydro lysa tes  of U P P G  
prepara t ions  7 and 8 by  enzymic methods.  For  the glucose es t imat ion,  the  react ion 
mix ture  contained ATP (I.O /,mole), hexokinase (I mg dia lysed free from con tam-  
ina t ing  glucose), TPN (0.5 /,mole), glucose-6-phosphate  dehydrogenase  (0.5 mg), 
MgClz (5/ ,mole) ,  U P P G  hydro lysa te  and o. I  M-Tris  buffer pH 7.8 to a final volume of 
I ml. The  A E340 is a measure  of the  glucose present.  

For  a combined  glucose and galactose es t imate ,  use was made  of the  galacto-  
kinase and  the Ga l - I -P  ur idyl  t ransferase present  in ex t rac t s  of galactose a da p t e d  
S./ragil is .  In this  case the react ion mix ture  contained 25/,1 of the  galactose a d a p t e d  
S. /ragi l is  ext rac t ,  5o/,1 phosphoglucomutase  prepara t ion ,  2. 5 / ,mole cysteine and  
o . I / , m o l e  U P P G  in addi t ion  to the mater ia l s  ind ica ted  above.  In this  case the  
A Es4 o gives a measure  of the glucose plus galactose.  

The results  of these es t imat ions  showed tha t  the glucose/galactose ra t io  for U P P G  
prepara t ion  7 was 38/62 and  for p repara t ion  8 was 56/44. 

These results  correspond very  closely with the U P P G / U P P G a l  rat ios de te rmined  
enzymica l ly  (Figs. 2 and 3). 

Re/erences p. 528. 
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DISCUSSI()N 

The mechanism of galactose utilisation in galactose adapted microorganisms has 
been a t t r ibuted to the following pa thway  of reactions 2, 5, ~9: 

Galactose -b A'I'P .-+ Gal i P + AI_)I' (galactokinase) (5) 
( ;al-l-P -- UPPG ~ (;.l P -I- I'PI~Gal ((;al-i P uridyltransferase) (2) 

U Iq)G ~ " ['H-'Gal (!lPl)(;alactose-4-epimerase) (i) 

It was shown by CARDINI ANI) LELOIR 2° that  the galactokinase act ivi ty of S. / ragi l is  
is increased twenty  fold when this organism is grown on galactose and it has been 
assumed that  reactions (I) and (2) are induced as a result of galactosc adapta t ion s. 
I t  has been found in the present work however, that  UPPGalactose-4-epimcra-se 
occurs in non-galactose adapted yeasts whereas reaction (2) only occurs in galaetosc 
adaptcd  yeasts. The enzyme UPPGalactosc-4-epimerase has been detected in a 
zwischenfcrmcnt preparation from brewcrs yeast, a commercial ghlcosc-6-phosphatc 
dehydrogenase preparation and in extracts  of S./ragilis grown on a glucose medium. 

The presence of UPPGal  in some UPPG preparations from bakers yeast, which 
is clearly established by the i)rescnt results, is not surprising in view of the prcscncc 
of UPPGalactosc-4-cpimcrase in non-adapted yeasts. The present work indicates 
that  the equilibrium point of the UPPGalactose-4-et)imerase reaction is probably 
the same in non-adapted and galactose adapted yeasts, namely 75 °'o UPPG and 
25 % UPPGal .  The varying proportions of UPPGal  in the UPPG isolated from yeast 
may  be a reflection of the differcnt metabolic states of the yeasts used, the UPP( ;a l  
content  depending upon the rate of its utilisation in some metabolic t)athway, possibly 
polysaccharide synthesis. 

I t  has not proved possible to dctermine the relative activities of UPPGalactose-  
4-epimerase in galactose adal)ted and non-adapted yeasts in view of the presence oi 
organic pyrophosphatases causing a breakdown of the UPPhexoses. 

The present work indicates the necessity of assaying UPPG preparations isolated 
from },east (and other sources) by both the UPPG dehydrogcnase reaction (4) and 
also by the pyrophosphorolyt ic  reaction (3) in order to obtain a true assessment of 
the UPPG content and of any UPP(ial  contamination.  Preparations of UPPG free 
from UPPGal  may  l)e made from UTP and G-I -P  by the method of MUN(:H-PE'rERSV.N, 
KALCKAR AND SMH'H 5 cmt)loying the purified uridyl transferase of MUN('H-PETv;RSEN 6. 
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SUMMAt:Y 

Some preparations of uridine pyrophosphoglucosc from bakers yeast have been found to contain 
considerable amounts (up to 6o°I,o) of uridine pyrophosphogalactose. Tile enzvme, uridine pyro- 
phosphogalactose-4-epimerase has been identified in non-galactose adapted yeasts as well as in 
yeast grown on a galactose medium. The significance of these findings is discussed. 
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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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