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S T U D I E S  ON T O B A C C O  L E A F  R I B O N U C L E A S E  

II .  M E C H A N I S M  OF ACTION* 

K. K. REDDI 

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

In a previous communica t ion  the purif ication and propert ies  of r ibonuclease occurring 

in tobacco leaves were repor ted  1. The  present  communica t ion  deals wi th  the mecha-  

nism of its act ion on ribonucleic acid. The results recorded here show tha t  the tobacco 
leaf r ibonuclease cleaves all the in ternucleot ide  linkages in r ibonucleic acid giving 

rise to nucleoside 2 ' :3 ' -cyc l ic  phosphates.  The  enzyme has no act ion on pyr imidine  

cyclic nucleotides while it slowly hydrolyses pur ine  cyclic nucleot ides to nucleoside 
3 ' -phosphates  exclusively.  

EXPERIMENTAL 

Tobacco leaf ribonuclease (TLRNase) was prepared from Turkish tobacco leaves according to the 
procedure of FR1SCH-NIGGEMEYER AND REDDI 1. Tobacco mosaic virus nucleic acid (TMV-NA) was 
prepared using the heat-denaturation method~, a with some modification 4. Prostatic phospho- 
monoesterase was kindly supplied by Dr. MORRIS LONDON. Dried Crotalus adamanteus venom was 
obtained from Ross Alien's Reptile Institute, Silver Springs, Florida. Pancreatic ribonuclease was 
a crystalline preparation obtained from the Worthington Biochemical Corporation, Freehold, 
New Jersey. The purine and pyrimidine bases, nucleotides and cyclic adenylic, uridylic and 
cytidylic acids were obtained from Schwartz Laboratories Inc., New York. The cyclic guanylic 
acid was prepared in the laboratory using the action of TLRNase on TMV-NA and the details of 
the procedure are given below. 

Fractionaliou, idenli/icaliou and estimation o/ the products/ormed by 

hydrolysing T M V - N A  with T L R N a s e  

The react ion mixture ,  conta ining 2 mg TMV-NA in 0. 4 ml of o. i M a m m o n i u m  aceta te  

buffer at pH 5.I, 200 units  of T L R N a s e  and a few drops of toluene,  was incuba ted  at 

36° for 18 h. Four  such complete  digests were subjected to paper  chromatography.  
Aliquots  of o . i  ml were placed in a band at  a distance of i o  cm from the top of 
W h a t m a n  3 mm filter paper  (55 × 24 cm) and dried in a current  of air. The  chromato-  
grams were developed for 24 h at  room t empera tu re  in a solvent  system containing 
isopropanol  (700 ml), water  (300 ml) and 0.35 ml N H  a per l i ter  of air space ~. The 
developed chromatograms  were dried at room t empera tu re  and Fig. I is a photograph  
taken according to the modified technique of SMITH AND ALLEN 6. This procedure 
f rac t ionated  the hydrolysa te  into four dist inct  bands numbered  i to 4 in order of RF 
wtlues (lrig. i). The bands were cut  out  and eluted by allowing tile distil led water  to 

run along them. The eluates of each band from all the chromatograms  were combined 

* This investigation was supported by grants from the Rockefeller Foundation and the 
United States Public 1 lealth Service. 
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and  concen t r a t ed  in vacuo at  room tempera tu re .  Tile chemical  
na tu re  and  the  amoun t s  of the  subs tances  present  in each of the  
bands  were es tab l i shed  by  using the following procedures .  

Fig. ~. Chromatogram of the hydrolysate obtained by the action of TLRNase 
on TMV-NA for 18 h at pH 5.I and 36°, developed in isopropanol water-NH 3 B~ 
solvent system for 24 h-at room temperature. O, origin of chromatogram; 
B i, guanosine 3'-phosphate; B 2, adenosine 3'-phosphate; B 3, guanosine 
2', J-cyclic phosphate; B 4, adenosine 2', 3'-cyclic phosphate, cytidine 2', 3'- Ba 

cyclic phosphate and uridine 2', 3'-cyclic phosphate. 

Band I 

(a) Electrophoresis at pH 3.5. An a l iquot  of the  e lna te  was 
sub jec ted  to pape r  e lect rophores is  in 0.05 "~/ a m m o n i u m  formate  
buffer a t  p H  3.55. Only  one spot  cor responding  to guanyl ic  acid  ~3 
was observed.  The  spot  was e lu ted  wi th  ti le d is t i l led  water .  The 
e lua te  was concen t r a t ed  to dryness .  The  dr ied  res idue was hydro -  
lysed  wi th  70-72 % HC104 and  the  digest  af ter  d i lu t ing  with  equal  B, 
a m o u n t  of dis t i l led  wa te r  was sub jec ted  to paper  c h r o m a t o g r a p h y  
in i s o p r o p a n o l - H C l - w a t e r  solvent  sys tem 7 for 18 h at  room tem-  
pera ture .  One spot  cor responding  to guanine  was observed  on the 
ch roma tog ram.  This  evidence and  also the  posi t ion of band  I in 
the  c h r o m a t o g r a m  deve loped  in i s o p r o p a n o l - w a t e r - N H 3  solvent  sys tem suggest  t ha t  
b a n d  I conta ins  guanos ine  2'-  or 3 ' -  or 5 ' -phospha te  or a m ix tu r e  of all the  three  
nucleot ides .  

(b) Action o/snake venom. Reac t ion  mix tu re  consis t ing of e lua te  equiva len t  to 
5 7 phosphorus  in 0.5 ml  of 0.05 M veronal  buffer (pH 8.5) con ta in ing  o .o i  ,1[ MgSO~ 
and  IOO ), snake  venom was incuba ted  at  37 ° for 2 h. No inorganic  phosphorus  was 
found. Adenos ine  5 ' - phospha t e  when incuba ted  under  the  same condi t ions  gave rise to 
adenos ine  and  inorganic  phosphorus .  Hence  the band  i does not  conta in  guanosine 
5 ' -phospha te .  

(c) Action o/phosphomonoesferase. Reac t ion  mix tu re  conta in ing  e lua te  equiva len t  
to 5 7 phosphorus  in o.5 ml of o . I  21I sodium ace ta te  buffer at  p H  5.1 and 0.05 ml of 
phosphomonoes te rase  also in ace ta t e  buffer, was i ncuba ted  at  37 ° for 2 h. All of the 
phosphorus  was found as inorganic  phosphorus .  Hence the band  I conta ins  guanosinc 
2'-  or 3 ' - phospha t e  or  a m ix tu r e  of bo th  the isomers. 

(d) Chromatography in (NH4)2 S04-isopropanol-sodimn acetate solvent svsh'm. An 
al iquot  of the  e lua te  was p laced  on W h a t m a n  No, I filter paper  and  deve loped  ill a 
solvent  sys t em conta in ing  s a t u r a t e d  (NH4),,SO4 in w a t e r - i s o p r o p a n o l - M  sodium 
ace ta t e  (80:2:18)  5. One spot  cor responding  to guanosine  3 ' -phospha te  was obsorvod. 

All the  above  d a t a  go to show tha t  band  I conta ins  guanosine  j - p h o s p h a t e  only. 

Band 2 

By using the same procedures  used for the  ident i f ica t ion of the  subs tance  in 
band  I, evidence was ob ta ined  to show tha t  band  2 conta ins  only adenosine 
3 ' -phosplmte .  

Relerences p. 39r. 
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Band 3 

(a) Electrophoresis at p H  3.5. An al iquot  of the  e luate  was sub jec ted  to paper  
e lect rophores is  at  pH 3.5 in the  manner  descr ibed above.  One spo t  cor responding to 
guanyl ic  acid was observed.  The spot  was eluted,  the  e luate  was concen t ra t ed  to 
dryness  and  hyd ro lysed  with 70-72 % HCIO~. The c h roma tog ra m of the  digest in 
i s o p r o p a n o l - H C l - w a t e r  solvent  sys tem showed one spot  corresponding to guanine.  
This  evidence and  also the  posi t ion of band  3 in the ch roma tog ram developed  in 
i sop ropano l -wa t e r  N H  3 solvent  sys tem suggest  t ha t  band  3 represents  a guanine-  
con ta in ing  nueleotide other than guanosine 2'- or 3'- or 5'-phosphate. 

(b) Action o~ o.2 N HCl. To an al iquot  of the  eluate,  N HC1 was added to br ing  the 
final concent ra t ion  of the acid  in the  to ta l  mix tu re  to o.I  N. The mix tu re  af ter  holding 
at  room t e m p e r a t u r e  for 4 h, was sub jec ted  to c h r o m a t o g r a p h y  in i sop ropano l -  
w a t e r - N H  a solvent  system.  The spot  cor responding to a mix tu re  of guanosine 2'- and  
3 ' -phospha tes  was observed  on the developed ch romatogram.  The subs tance  in band  3 
appears  to be guanosine 2 ' ,3 ' -cycl ic  phosphate .  

(c) Actio~ o~ phosfl/>rnoJ~oesterase. Condit ions for hydro lys i s  were the same as 
descr ibed above.  No inorganic phosphorus  was released. However ,  the  e luate  which 
was t r ea ted  with o. i N HC1 at room t e m p e r a t u r e  for 4 h was ac ted  upon by  the enzyme 
and all of the phost)horus was found in inorganic form. 

The  above  evidence goes to show tha t  baud  3 contains  guanosine 2 ' ,3 ' -cycl ic  
phosphate .  

l~aud 4 

(a) Eleclrophoresis al pH 3.5. Three spots  corresponding to cy t idy l ic  acid, adenyl ic  
acid and ur idvl ic  acid were noticed.  These were eluted separa te ly ,  concen t ra t ed  and 
hydro lysed  with 7 ° 72 % HC!() 4 as descr ibed above.  In  the c h roma tog ra m of the 
digests in i sopropanol  HC1 water  solvent  system,  spots  corresponding to cytosine,  
adenine and uraci l  were observed.  This evidence and the posi t ion of band  4 in 
i sopropanol  water  NH a solvent  sys tem suggest  tha t  in band  4 there  are three  
nuch,otides conta in ing adeniue,  cytosine and uracil.  The following exper imen t s  were 
done to es tabl ish their  ident i ty .  

(b) A clio~ o~ o.z N HCI. The exper imenta l  condi t ions were the same as descr ibed  
above,  The ac id - t rea ted  eluate  when chromatogra t )hed  in i s o p r o p a n o l - w a t e r - a m m o n i a  
solvent  system occupied the same posi t ion on the ch romatogram as a mix tu re  of 
corresponding noncvclic nucleotides.  

(c) A cli(m o~ phosphomom~eslerase. Phosphomonoes te rase  did  not  have  anv act ion 
on the eluate.  The cluate  af ter  t r e a tmen t  with o. i  N HC1 for 4 iT at  room t e m p e r a t u r e  
was acted upon bv  the enzyme and all of the phosphorus  appea red  in inorganic  form. 

(d) .,lclioTt o/ paJzcrcaHc ril)omlclease, o.2 ml of o.I  M bora te  buffer a t  pH 7.6 
conta in ing cluate  equiva lent  to Io y phosphorus  and 2o y pancrea t i c  r ibonuclease  was 
incuba ted  at  3 ( /  for IN h. The digest was subjec ted  to c h r o m a t o g r a p h y  in the iso- 
propanol  water  NH a solvent  system. The de \ ' e loped ch romatogram showed two 
dis t inct  bands ;  one occupied the same posi t ion as t ha t  of the  reference spot  conta in ing  
cy t idy l ic  acid and ur idyl ic  acid and the o ther  tha t  of cyclic adenyl ic  acid. Pancrea t i c  
r ibonuclease is known to hydro lyse  slowly the pyr imid ine  cyclic nucleot ides  while the 
l)urine cyclic nucleot ides  are unaffected a. 

A'c/crcl~ces [. 39r. 
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The above results show that band 4 contains the 2',3'-cyclic phosphates of 
adenosine, cytidine and uridine. 

The amounts of the nucleotides present in the bands were determined spectro- 
photometrically and the results are given in Table I. 

T A B L E  I 

CHEMICAL NATURE AND THE AMOUNTS OF SUBSTANCES PRESENT IN 
EACH OF THE BANDS [N THE CHROMATOGRAM OF THE DIGEST OBTAINED BY THE ACTION OF T L R N A s E  

ON T M V - N A  FOR 18 h AT 360 AND p H  5-t  

C h r o m a t o g r a m  w a s  d e v e l o p e d  in i s o p r o p a n o l  w a t e r - N H  3 s o l v e n t  s y s t e m  s 

Band. No. % ol total % ol total % ol total % ol total 
(Fig. t) Nature o] the substance GA in TMV-NA AA in TMV-NA CA in TMV-NA UA in TMV-NA 

I G u a n o s i n e  3 ' - p h o s p h a t e  40 .0  
2 A d e n o s i n e  3 ' - p h o s p h a t e  
3 G u a n o s i n e  2 ' ,  3 ' - c yc l i c  

p h o s p h a t e  6o.o 
4 A d e n o s i n e  2", 3 ' - c y c l i c  

p h o s p h a t e  
C v t i d i n e  2', 3 ' - c yc l i c  

p h o s p h a t e  
U r i d i n e  2', 3 ' - c yc l i c  

p h o s p h a t e  

12. 3 

87.7 

I O O  

I O O  

G A  = g u a n y l i c  a c i d ;  A A  = a d e n y l i c  a c i d ;  CA = c y t i d y l i c  a c id ;  U A  = u r i d y l i c  a c id ;  T M V - N A  = 
t o b a c c o  m o s a i c  v i r u s  nuc le i c  ac id .  

Base composition o/dialysable fragments formed during the degradation o/ 
TMV-NA with TLRNase 

Reaction mixture containing 5 mg TMV-NA in 0.5 ml of o.I M ammonium acetate 
buffer at pH 5.1 and 12o units of TLRNase was dialysed at 360 against 4 ml of o.I M 
acetate buffer at pH 5.1. At definite intervals of time (Fig. 2) the outside dialysate 
was replaced with a fresh amount of 4 ml acetate buffer. The dialysable material was 
concentrated to dryness. The residue was hydrolysed with 72 % HCI04 and the base 
composition was determine&. These results are given in Fig. 2. 

Actiot~ of TLRNase oI~ cyclic lmcleolides 

The reaction mixture containing 500 ?, cyclic nucleotides in 0.2 ml of o.i M ammonium 
acetate buffer at pH 5.1 and 12o units of TLRNase was incubated at 36° for IS h. 
Suitable blanks were run side by side. An aliquot was placed on Whatman No. 3 
filter paper and developed in the isopropanol-water-ammonia solvent system for 
24 h at room temperature. The dried chromatogram was viewed under ultraviolet 
light, the spots were marked with a pencil and eluted with o.oi N HC1. Their amounts 
were determined spectrophotometrically. The results are given in Table II. 

m~scLrs _~.xD i~scvssJox 

The hydrolysate of TMV-NA obtained by the action TLRNase for i8 h at 3 6~ (pH 5.1) 
when subjected to chromatography in isopropanol-water-NH 8 solvent system, 

t?ejerences p. 3 9 r ,  
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TABLE II 

HYDROLYSIS OF CYCLIC NUCLEOTIDES BY TLRNAsE FOR 18 H AT pH 5.1 AND 37 ° 

% hydrolysed to 
Cyclic nucleotides corresponding nucleoside 

J-phosphate 

G u a n o s i n e  2', 3 ' - p h o s p h a t e  21.2 
A d e n o s i n e  2' ,  3 ' - p h o s p h a t e  lO. 5 
C y t i d i n e  2', 3 ' - p h o s p h a t e  o 
U r i d i n e  2', J - p h o s p h a t e  o 

1.4 

g 

I.C 
"5 

o. . ,  Ill1 

Guonlne 
= Ad0o,oe C ~ y ~ 0 .  A C,,0H O_ A CH~O, O. A 

Very Slow 
/ 0  0 OH 0 C~,t~i~e 0 OH 0~ • " " 

O = #-OH + Hydrolysis O =15-O H 
6 O=P-OH 6H 

o .  0 

0 0 Hydrolysis 0 OH 0 OH Phosphorus + 0 ~= (0  
O=1~- OH Migrotion O=P-OH ( 

=P- H 
O~ and Cleavage CH20H O. C OH I 

c. .  o .  c 

o OH + \ / 
I st hour, 2nd hour, 3rd hour, 4th hour, 5lh hour O = P-OH 

Fig. 2. Composition of dialysable () 
m a t e r i a l  f o r m e d  d u r i n g  t h e  c o u r s e  of ¢'Hz 0 .  b. 
d e g r a d a t i o n  of T M V - N A  b y  T L R N -  H ~ W ' ' ~ ~ ~ l  

ase  a t  p H  5.1 a n d  360 . 

F ig .  3. T h e  a c t i o n  of T L R N a s e  on  a O, OH 
p o l y r i b o n u c l e o t i d e .  A = a d e n i n e ;  0= P-OH 
G = g u a n i n e ;  C = c y t o s i n e ;  U = ¢ 

u r a c i l ;  R = r e s t  of t h e  c h a i n .  R 

O=P-OH 

H ~ O ~  

H I i H 
/ O  ~ N °  Action 

O= P-OH 

resulted in the separation of 4 distinct bands (Fig. I). Band I contains guanosine 
J-phosphate;  band 2, adenosine 3'-phosphate; band 3, guanosine 2',3'-cyclic 
phosphate and band 4, a mixture of adenosine 2',3'-cyclic phosphate, cytidine 
2',3'-cyclic phosphate and uridine 2',3'-cyclic phosphate (Table I). The TLRNase 
brings about complete disruption of all the internucleotide linkages in ribonucleic acid 
to give rise to nucleoside 2', 3'-phosphates of both purines and pyrimidines. The purine 
cyclic nucleotides are slowly hydrolysed to nucleoside 3'-phosphates exclusively while 
the pyrimidine cyclic nucleotides are resistant to fur ther  action of the enzyme. The 
enzymic cleavage proceeds via intramolectflar transphosphorylation followed by 
hydrolysis in the case of the purine nucleoside cyclic phosphates. Tile mechanism of 
its action is summarized in Fig. 3. The action of TLRNase differs from that of pan- 
creatic ribonuclease which hydrolyses only secondary phosphate esters of pyrimidine 
ribonucleoside 3'-phosphatesa,S, 9. The mode of action of this enzyme appears to 
resemble to some extent that of the enzyme in pea leaves 1°, n. 

Even though the TLRNase brings about the cleavage of all the diester bonds in 
ribonucleic acid, at least in the initial stages of digestion it appears to favour certain 

Re/erences p. 39 z. 



VOl.. 2 8  ( I958)  RIBONUCLEASE IN TOBACCO LEAVES II 391 

b o n d s ;  t h u s  d u r i n g  the  first  h o u r  of  d iges t ion  the  d i a lysab le  f r a g m e n t s  are  r ich  in 

g u a n i n e  a n d  poor  in c y t o s i n e  (Fig. 2). These  resu l t s  i nd i ca t e  t h a t  t h e  e n z y m e  has  

m u c h  m o r e  p re f e r ence  for s e c o n d a r y  p h o s p h a t e  es ters  of guanos ine  3 ' - p h o s p h a t e s  a n d  

m u c h  less p r e f e r e n c e  for s e c o n d a r y  p h o s p h a t e  es ters  of c y t i d i n e  3 ' - p h o s p h a t e s .  
H o w e v e r ,  g i v e n  t i m e  all  t h e  d ie s t e r  b o n d s  are  c o m p l e t e l y  b r o k e n  d o w n  b y  the  e n z y m e .  

T h e  resu l t s  p r e s e n t e d  in T a b l e  I I  show t h a t  T L R N a s e  s lowly  h y d r o l y s e s  p u r i n e  

cyc l ic  n u c l e o t i d e s  whi le  t he  p y r i m i d i n e  cycl ic  nuc l eo t i de s  are  i ne r t  to  i ts  f u r t h e r  ac t ion .  

Of  t h e  two  p u r i n e  cyc l ic  nuc leo t ides ,  adenos ine  2 ' , 3 ' - p h o s p h a t e  is h y d r o l y s e d  m u c h  

m o r e  s lowly  t h a n  g u a n o s i n e  2 ' , 3 ' - p h o s p h a t e .  
T h e  T L R N a s e  can  be  used  w i t h  a d v a n t a g e  to  p r e p a r e  b o t h  p u r i n e  a n d  p y r i m i d i n e  

cyc l ic  nuc leo t ides .  I t  can  also be  used  for d e t e r m i n i n g  t h e  p y r i m i d i n e  nuc leos ide  2 '-  or  

3 ' - p h o s p h a t e  end ings  in a p o l y r i b o n u c l e o t i d e .  
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SUMMARY 

The mode of action of tobacco leaf ribonuclease on iibonucleic acid has been studied. Unlike the 
pancreatic ribonuclease this enzyme cleaves all the diester bonds and gives rise to purine and 
pyrimidine cyclic nucleotides. While the pyrimidine cyclic nucleotides are inert to further action 
of this enzyme, the purine cyclic nucleotides are slowly hydrolysed to nucleoside 3'-phosphates 
exclusively. Even though the enzyme disrupts all the internucleotide linkages in the ribonucleic 
acid it appears to have much more preference in the initial stages of digestion for guanosine 
3'-phosphate linkages and milch less preference for cytidine J-phosphate  linkages. 
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