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The distribution of thiouracil in nucleic acid of tobacco mosaic virus 

The  incorpora t ion  of th iouraci l  in to  tobacco mosa ic  v i rus ,  first obse rved  b y  JEENER A N D  R O S E E L S  1, 

was  conf i rmed b y  ]V[ATTHRWS 2 b y  t he  cha rac te r i za t ion  of th iour idyl ic  acid ex t r ac t ed  f rom the  
v i rus  nucleic  acids.  T h e  p re sen t  s t u d y  describes the  d i s t r ibu t ion  of th iourae i l  in t he  polynucleot ides .  

~S-2- th iourac i l  was  app l ied  to de tached  tobacco  leaves infected wi th  tobacco mosa ic  v i rus  
unde r  t he  condi t ions  descr ibed b y  JEENER 3. T he  leaves  were t h e n  frozen, g r o u n d  and  t he  sap  
expressed  and  h e a t e d  to  55 °. Coagula ted  pro te ins  were spun  off a t  io ,ooo r .p .m. ,  and  t he  super-  
n a t a n t  l iquid was  cen t r i fuged  a t  4o,ooo r .p .m,  for 3 ° rain in the  "4 ° ' '  ro tor  of the  Spinco prepara-  
t ive  centr i fuge.  T h e  res idue  was  r e suspended  in wa t e r  a n d  the  cen t r i fug ing  repeated.  The  v i rus  
was  t h e n  t a k e n  up  in 2 M  NaC1 and  t he  solut ion hea t ed  to ioo ° for IO minu tes .  Hal f  a v o l u m e  
of e thano l  was  added  and  t he  coagula ted  v i rus  protein,  which  con ta ined  a t race  of rad ioac t iv i ty ,  
was  s p u n  off. The  nucleic  acid was  prec ip i ta ted  f rom the  s u p e r n a t a n t  l iquid by  the  addi t ion  of 
3 vol. e thanol .  

The  nucleic  acid was  t r ea t ed  wi th  pancrea t i c  r ibonuclease  a t  p H  7.0 a t  37 ° for 3 days ,  and  
t he  h y d r o l y s a t e  was  concen t ra t ed  and  c h r o m a t o g r a p h e d  on W h a t m a n  No. 3 MM pape r  in iso- 
p r o p a n o l - N H  3 for 72 hour s  4. A fu r the r  separa t ion  was  t h e n  ob ta ined  b y  electrophoresis  a t  p H  3-5 
a t  r igh t  angles  to t he  c h r o m a t o g r a p h i c  sepa ra t ion  (2 h a t  20 V/cm).  Th i s  t r e a t m e n t  sepa ra te s  
t he  cons t i t uen t s  of a r ibonuclease  digest  into  easily recognizable groups  5. Because  of t he  close 
s t r uc tu r a l  s imi la r i ty  be tween  th iourac i l  and  uracil,  c o m p o u n d s  con ta in ing  the  former  subs t ance  
would  be expec ted  to occupy  posi t ions  near  those  in which  the  var ious  uracil  c o m p o u n d s  appeared .  
T h e  pos i t ions  of t he  va r ious  subs t ances  were found  in three  ways .  Ul t rav io le t  p h o t o g r a p h y  s 
localized absorb ing  areas  due  to pur ine  and  py r imid ine  der ivat ives ,  p h o t o g r a p h y  of f luorescence 
unde r  acid condi t ions  showed t he  posi t ion of guan ine  c o m p o u n d s  7, and  r a d i o a u t o g r a p h y  located 
th iouraci l  compounds ,  which  were in too smal l  concen t ra t ion  to show absorpt ion .  By  th i s  m e a n s  
th iour idine ,  th iour idyl ic  acid, adeny ly l th iour idy l i c  acid and  guany ly l th iour idy l i c  acid were 
recognized.  An  addi t iona l  c o m p o u n d  charac ter ized  by  h a v i n g  a low R F va lue  in i sopropanol-NH 3 
and  a h igh  e lec t rophoret ic  mob i l i ty  was  also noticed.  This  subs t ance  had  the  proper t ies  which  
one would  expec t  of th iour id ine  3' : 5 ' -d iphospha te .  For  conf i rmat ion,  th is  c o m p o u n d  was  electro- 
phoresed  m i x e d  wi th  a u t h e n t i c  t h y m i d i n e  3 ' : 5 ' - d iphospha t e* ,  which  should  be closely s imilar  
to the  former  wi th  respec t  to charge.  At  p H ' s  5.0, 7.4 and  9.2 these  two c o m p o u n d s  m o v e d  wi th  
t he  same  e lect rophoret ic  mobi l i ty ,  t h u s  conf i rming t he  n a t u r e  of tile ex t r a  compound .  Addi t ional  
r ad ioac t ive  c o m p o u n d s  were p re sen t  in sma l l  a m o u n t s  ev iden t ly  cor responding  to smal l  poly- 

T A B L E  I 

R E L A T I V E  R A D I O A C T I V I T I E S  I N  V A R I O U S  N U C L E I C  

A C I D  H Y D R O L Y S A T E  F R A C T I O N S  A F T E R  i 

I N C O R P O R A T I O N  O F  3 6 S - T H I O U R A C I L  I N T O  T O B A C C O  

M O S A I C  V I R U S  

Compound isolated go o/total 3~ S 

i .  th iour id ine  4 
2. th iour idyl ic  acid 37 
3. th iour id ine  3'  : 5 ' - d iphospha te  25 
4. adenyly l th iour idy l ic  acid 12 
5. guany ly l th iour idy l i c  acid 8 
6. unhyd ro lyzed  "core"  14 

Fig. i .  Separa t ion  p a t t e r n  of c o m p o u n d s  de- 
r ived f rom r ibonuclease  t r e a t m e n t  of thiouraci l -  
con ta in ing  tobacco mosaic  v i rus  nucleic acid. 
Mix tu re  was  appl ied a t  top  r ight ,  followed by  
c h r o m a t o g r a p h y  in i sopropanol-ammonia  in a 
ver t ical  d i rect ion and  electrophoresis  a t  p H  3.5, 
nega t ive ly  charged  c o m p o u n d s  m o v i n g  towards  
the  left. Black spo t s  due  to th iouraci l  metabol i tes ,  
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wi th  n u m b e r s  cor responding  to those  in Tab le  I. Other  spo t s  due  to n o r m a l  f r agmen t s  f rom digest ,  
as  indicated,  the  le t ters  referr ing to t he  initial le t ters  of the  nucleot ides ,  t h u s  A U  is adenyly l -  

uridylic acid, C is cyt idyl ic  acid,  etc.  

* The  t h y m i d i n e  3'  : 5 ' - d iphospha te  was  a gif t  f rom Dr.  A. M. MICHELSON. 
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nucleotides.  The  resul ts  of t he  two-d imens iona l  separa t ion  scheme  are i l lus t ra ted  in Fig. ~, and  
the  re la t ive d i s t r ibu t ion  of r ad ioac t iv i ty  is shown  in Table  I. 

Thiouraci l  t h u s  seems  to occupy  severa l  of the  posi t ions  in the  nucleic acid of th i s  v i rus  
which  are  no rma l ly  occupied b y  uracil.  T he  re la t ive ly  large p ropor t ion  oft  h iour id ine  a n d  th iour i -  
dine d iphospha t e  l iberated b y  r ibonuclease  f rom th iourac i l -con ta in ing  v i rus  nucleic  acid is 
s t r ik ing.  Because  of t he  k n o w n  specificity of th i s  enzyme,  it  follows t h a t  th iourac i l  ha s  a t e n d e n c y  
to be concen t ra t ed  a t  ends  of polynucleot ide  chains,  and  par t i cu la r ly  more  a t  one end  t h a n  
the  other .  

H. GEORGE MANDEL* 
Agricultural Research Council, Virus Research Unit, Molteno Institute, RoY MARKHAM 

Cambridge (England) R . E . F .  MATTHEWS** 

1 R.  J]~ENER AND J. ROSEELS, Biochim. Biophys. Acga, I I  (1953) 438. 
s R.  E.  F.  MATTHEWS, Biochim. Biophys. Acta, 19 (1956) 559. 
s R.  JEENER, Biochim. Biophys. Acta, 13 (1954) 148. 

R.  MARKHAM AND J.  D. SMITH, Biochem. J., 52 (1952) 552. 
6 R.  MARKHAM AND J.  D. SMITH, Biochem. J., 52 (1952) 558. 
6 R.  MARKHAM AND J.  D. SMITH, Biochem. J., 45 (1949) 294. 
7 j .  D. SMITH AND R. MARKHAM, Bioehem. J., 46 (195o) 509. 

Rece ived  J a n u a r y  I6 th ,  1957 

* This  work  was  carr ied ou t  du r ing  the  t enu re  of an  A d v a n c e d  Fel lowship f rom the  C o m m o n -  
wea l th  Fund ,  New York,  while on leave f rom the  D e p a r t m e n t  of Pha rmaco logy ,  The  George 
W a s h i n g t o n  Univers i ty ,  W a s h i n g t o n ,  D.C., U.S.A. 

** P resen t  address :  D e p a r t m e n t  of Scientific and  Indus t r i a l  Research ,  P l an t  Diseases  Divis ion,  
Auck land ,  N e w  Zealand.  

On the substrate specificity of glucose oxidase* 
Glucose oxidase  (notat in)  is an  e n z y m e  genera l ly  considered since t he  ex t ens ive  work  of KEILIN 
AND HARTREE1, s as h igh ly  specific for glucose.  T he  ac t iv i ty  re la t ive  to glucose wi th  more  t h a n  
f if ty re la ted  c o m p o u n d s  t e s ted  was  found  to be  of t h e  order  of 1% or less. Th i s  h igh  specif ici ty 
p r o m p t e d  i ts  app l ica t ion  to t he  e s t i ma t i on  of glucose in t he  presence  of o the r  suga r s  s. The  de- 
pendence  on a m a n o m e t r i c  m e t h o d  ha s  ac t ed  as some  sor t  of de te r ren t ,  wh ich  ha s  p r e v e n t e d  
a wide u t i l iza t ion  of glucose oxidase  as a n  ana ly t ica l  tool. The  recen t  a d a p t a t i o n  of glucose ox idase  
ac t iv i ty  to color imetr ic  me thods ,  inc lud ing  i ts  s implif icat ion to  a pape r  t e s t  4, will u n d o u b t e d l y  
cons ide rab ly  increase  t he  scope of t he  ana ly t ica l  u t i l iza t ion  of glucose oxidase.  I n  a t t e m p t i n g  
to  fill in cer ta in  gaps  of i n fo rma t ion  we h a v e  found  t h a t  2 -deoxyglucose  is a fair ly good s u b s t r a t e  
for glucose oxidase.  Th i s  is i mpor t an t ,  no t  on ly  because  of t he  enzymic  in teres t ,  b u t  also because  
of t he  increas ing  significance of 2-deoxyglucose  as an  inh ib i to r  of  glucose m e t a b o l i s m  ~. 

For  t he  screening  of possible  s u b s t r a t e s  and  compe t i t ive  inh ib i tors  we have  uti l ized t he  
" T e s - T a p e "  of t he  Eli  Lilly C o m p a n y ,  which  was  k ind ly  m a d e  ava i lab le  to u s  by  Dr. J.  L. R. -  
CAI~I~ELA. P re l imina ry  t e s t s  wi th  low concen t ra t ions  of glucose indica ted  t h a t  the  reciprocal  of 
t he  t ime  requi red  to ob ta in  a s imilar  degree of color could be used  wi th in  cer ta in  l imi ts  as  a 
s e m i q u a n t i t a t i v e  t e s t  of  e n z y m e  ac t iv i ty .  In  some  ins tances  t he  obse rva t ions  were comple ted  
m a n o m e t r i c a l l y  3, us ing  a p repa ra t i on  of glucose oxidase  k ind ly  suppl ied  by  t he  S igma Chemical  
C o m p a n y .  

The  s ignif icant  resu l t s  are s u m m a r i z e d  in Table  I. The  re la t ive ly  h igh affini ty and  m a x i m a l  
ra te  w i t h  2-deoxyglucose  obvious ly  p r e v e n t  the  u t i l iza t ion  of glucose oxidase  for t he  e s t ima t ion  
of glucose in t he  presence of 2-deoxyglucose .  The  m a i n  reason  for o ther  re la ted c o m p o u n d s  being 
poor  s u b s t r a t e s  appea r s  to be  a decrease in t he  aff ini ty of  t h e  e n z y m e  for these  c o m p o u n d s  wi th  
respec t  to  glucose.  W e  h a v e  observed,  bo t h  wi th  t he  Tes -Tape  a n d  manomet r i ca l ly ,  t h a t  a t  o,o 5 M 
concen t r a t ion  t he  ra te  wi th  m a n n o s e  is a p p r o x i m a t e l y  1 %  t h a t  wi th  glucose,  in a g r e e m e n t  wi th  
KEILII~ AND HARTREE1; b u t  t h e  ra te  of  m a n n o s e  ox ida t ion  is essent ia l ly  p ropor t iona l  to t he  
increase  in concen t ra t ion  up  to a t  least  o. 5 M.  Glucosamine ,  as  could be expected ,  is no t  oxidized 
by  t he  e n z y m e  as  t he  g l u c o s a m m o n i u m  ion, b u t  it  is a subs t r a t e  in t he  un - ion i zed  fo rm which  
prevai l s  in a lkal ine m e d i u m .  On t he  o ther  hand ,  t he  fac t  t h a t  t he  a p p a r e n t  ac t iv i ty  wi th  ma l tose  
can  be comple t e ly  p r e v e n t e d  by  h e x o k i n a s e - A T P - M g  clearly indica tes  t h a t  some  mal to ly t ic  
a c t i v i t y  is p r e sen t  in t he  p repa ra t i on  of glucose oxidase.  Lack  of paral lel  ac t iv i ty  on m e t h y l -  
a-glucoside  m a k e s  it  e a sy  to u n d e r s t a n d  w h y  t he  a p p a r e n t  ox ida t ion  of ma l tose  was  originally 
in te rp re ted  as genuine  1. The  ox idase  ha s  no s ignif icant  aff ini ty for 1,5-sorbitan,  a l t hough  it  can 

* This  inves t iga t ion  was  pa r t l y  suppo r t ed  by  a g r an t  f rom the  Lilly Resea rch  Laborator ies .  


