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T A B L E  I 

DEPENDENCE OF D P N H  OXIDATION ON THE SIMULTANEOUS PRESENCE OF YEAST ENZYME, 
GLUCOSE-6-PHOSPHATE AND I D P  

The  v o l u m e  of the  reac t ion  m i x t u r e s  was  i .o  ml. E a c h  con ta ined  Tris  buffer  p H  7.5 (50/~M), Mg 
(20 izM), g lu t a th ione  (I / tM),  and  i m g  pro te in  con ta in ing  p h o s p h o h e x o s e  isomerase,  phospho -  
f ruc tokinase ,  and  aldolase. W h e r e  indica ted  the  following addi t ions  were m a d e :  g lucose -6-phospha te  
(z t~3I), I D P  (3 It3I), U D P  (2 pM), A D P  (1. 5/~M) and  yeas t  e n z y m e  (2 mg). At  the  end of a 4 ° 
m i n u t e  i ncuba t ion  period the  reac t ion  was  s topped  wi th  25/*1 perchloric  acid. After  5 m i n u t e s  the  
m i x t u r e s  were neu t ra l i sed  wi th  p o t a s s i u m  h y d r o x i d e  and  centr i fuged.  IOO #1 a l iquots  were t h e n  
ana lysed  for tr iose p h o s p h a t e  by  add i t ion  of aldolase, i somerase ,  a -g lyce rophospha t e  dehyd rogenase  
and  D P N H .  In  order  to e l imina te  t he  effects of res idual  t r i p h o s p h a t e  in the  sys t em,  pairs  of t ubes  

were read  aga ins t  each other.  

read E~:cessDPNH 
Reaction mixture containing against Reaction mixture containing oxidised 

(UM) 

I D P  + Yeas t  e n z y m e  
Glucose -6-phospha te  + yea s t  e n z y m e  
Glucose -6 -phospha te  + yea s t  e n z y m e  
Glucose -6 -phospha te  + yea s t  e n z y m e  
Glucose -6 -phospha te  + I D P  
Yeas t  e n z y m e  
Yeas t  e n z y m e  

I D P  + Yeas t  e n z y m e  + g ~ c o s e - 6 - p h o s p h a t e  0. 3 
Glucose -6 -phospha te  }- yeas t  e n z y m e  ~- I D P  0.25 
Glucose -6 -phospha te  q- yea s t  e n z y m e  + U D P  o 
Glucose -6 -phospha te  ÷ yea s t  e n z y m e  + A D P  1.5 
Glucose -6 -phospha te  + I D P  + yea s t  e n z y m e  o.29 
Yeas t  e n z y m e  + I D P  o 
Yeas t  e n z y m e  ~- g lucose -6-phospha te  o 

of yeas t  enzyme,  g lucose -6-phospha te  and  I D P  for t he  oxida t ion  of D P N H .  This  ox ida t ion  is t a k e n  
as evidence for the  fo rma t ion  of f ruc tose- i  : 6 -d iphospha te  by  the  p h o s p h o r y l a t i o n  of f ructose-6-  
p h o s p h a t e  by  I T P  ar is ing f rom IDP,  and  t h u s  for the  d i s m u t a t i o n  of IDP.  U n d e r  t he  s ame  condi t ions  
U D P  was  comple te ly  inact ive,  while A D P  exh ib i t ed  g rea t  ac t iv i ty .  I t  has  no t  ye t  been de t e rmined  
w h e t h e r  it  is yea s t  adeny l  k inase  which  exh ib i t s  t he  inosyl  k inase  ac t iv i ty ,  or w h e t h e r  the re  are 
two enzymes .  However ,  a n u m b e r  of ba t ches  of ex t r ac t  have  shown  g rea t  adeny l  k inase  ac t iv i ty  
wi th  negligible inosyl  kinase.  Adeny l  k inase  is also m u c h  more  stable.  Hence  i t  is l ikely t h a t  t he  two  
reac t ions  h a v e  different  act ive  centres .  

W o r k  on the  ident i f icat ion of t he  p roduc t s  of t he  t r a n s p h o s p h o r y l a t i o n  as I T P  and  I M P  is 
in progress.  The  m a r k e d  ins tab i l i ty  of t he  e n z y m e  has  so far  p reven ted  i ts  fa r - reach ing  purif icat ion.  
A brief su rvey  failed to d e m o n s t r a t e  it  in a m l m b e r  of an ima l  t issues.  
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Further observations on the effects of ribonuclease on living root-t ip cells 

I t  h a s  been  recen t ly  s h o w n  by  KAUFMANN AND DAS 1 t h a t  r ibonuclease  p roduces  va r ious  mi to t i c  
d i s t u r b a n c e s  in growing onion roots,  ind ica t ing  t h a t  t he  e n z y m e  p e n e n e t r a t e s  t he  l iving cells. Ribo-  
nuclease,  when  ac t ing  on l iving root - t ip  cells, also p roduces  a considerable  inh ib i t ion  of t he  
incorpora t ion  of labelled a m i n o  acids, w i t h o u t  exe r t ing  a n y  m e a s u r a b l e  effect on t he  o x y g e n  
c o n s u m p t i o n  (BRACHETZ). These  obse rva t ions  provide  fu r t he r  evidence for the  h y p o t h e s i s  t h a t  
r ibonucleic  acid p l ays  an  i m p o r t a n t  role in pro te in  syn thes i s  (CAsPERSSON 3, BRACHET4). 

More recen t  e x p e r i m e n t s  h a v e  s h o w n  t h a t  c rys ta l l ine  r ibonuclease  (Armour ,  I mg/ml)  s t rong ly  
inh ib i t s  t h e  g rowth  ra te  (measured  wi th  a c a t h e t o m e t e r  eve ry  3 ° minu tes )  of l iving onion roots :  
the  inh ib i t ion  of t he  increase  in l eng th  (means  of 15 exper imen t s )  was  35 % dur ing  t he  first hour ,  
77 % du r ing  t he  2nd h o u r  and  88 % dur ing  t he  3rd h o u r  of t he  r ibonuclease  act ion.  These  va lues  
are in good q u a n t i t a t i v e  a g r e e m e n t  wi th  t he  inhib i t ions  u sua l ly  found  for the  incorpora t ion  of labelled 
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glycine or phenylalanine into the proteins of the growing roots. Oxidized ribonuclease, which has 
little or no enzymic activity, usually did not  inhibit growth;  inhibitions, when observed, were 
delayed and of a quant i ta t ive ly  much lower order. 

Protein synthesis  in growing roots has been followed by measuring the tyrosine content  (Folin's 
method)  in roots whose growth rate was s imultaneously observed with a ca thetometer  focussed on 
a fine glass capillary inserted into the root, (~--io mm from the tip: a net synthesis  of proteins, corre- 
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Fig. I. Growth  rate of onion roots. RNase:  addi- 
tion of Armour  ribonuclease I mg/ml  H20:  
washed with distilled water. RNA:  addition of 
ribonucleic acid (I %). Exper imen t  performed 
on the same onion, cut into two parts.  All solu- 

tions were aerated. 

sponding to an average of 2 - 3 %  per hour  (c/. 
ROBINSON AND BROWN 5) occurred during a 24 
hours  growth of Io 20 mm. Inhibi t ion of growth 
by ribonuclease thus  presumably  means t ha t  the 
enzyme actually inhibits net protein synthesis in 
living cells. 

I t  is interesting to note tha t  the inhibition 
of growth produced by ribonuclease in the living 
onion roots is partially and temporar i ly  overcome 
by addition of yeast  ribonucleic acid (Schwarz; 
purified on colunm). As shown in Fig. i, a 3 hours  
t r ea tmen t  of the roots with ribonuclease usually 
irreversibly inhibits growth when the onion is 
transferred to distilled water;  however, if the 
onion is pu t  in 1% ribonucleic acid instead, a 
resumpt ion of growth is found in most  experi- 
ments.  The inhibition of growth in roots t reated 
with ribonuclease for 3 hours, and subsequent ly  
t reated with 1% ribonucleic acid is, on the 
average (7 experiments),  only 5 o°/o, whereas it 
is 9o % when roots, from the same onions, are 
placed in distilled water. 

Ribonucleic acid (i %) seems to exert  a 
slight and t rans i tory  s t imulat ing effect (3o% 
during the first hour) on the growth of intact, 
unt rea ted  onion roots ; later on, an inhibition sets 
in progressively, in accordance with tlUSKINS '6 
and KODANI'S 7 findings tha t  ribonucleic acid 
produces mitotic abnormali t ies in onion roots. 

T rea tmen t  of living onion roots with ribonuclease, even for as long as 20 hours,  does not  modify 
appreciably the free amino acids/proteins ratio; this finding seems to rule out  the possibility tha t  
ribonuclease acts by  releasing a proteolytic enzyme in the living cells. Such a possibility was to be 
considered in view of the recent results of LUNDBLAD AND HULTIN s, who found tha t  ribonuclease 
considerably enhances the proteolytic activity of lyophilized sex urchin eggs. 

Finally, it is worth  ment ioning tha t  ribonuclease (the oxidized enzyme used as a control being 
again completely inactive) inhibits the incorporat ion of labelled phenylalanine into the proteins to 
a much  greater  ex ten t  (in the case of shor t  t rea tments)  than  the penetrat ion of the same marked 
amino acid into the free amino acid fraction. Table l gives the results of a typical exper iment  and 
shows tha t  the p r imary  action of ribo- 
nuclease is less on the actual penetrat ion T A B L E  I 
of the amino acid inside the cell than  on " - 
the synthesis  or tu rnover  of the proteins. Duration o! action Inhibition o/penetration in the !ree amino acids Inhibition o! incorporation 

In  conclusion, the experimental  evi- o/ribonuclease ]raction (in q/o) in proteins (in %) 

dence so far obtained is in favour  of the . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
view tha t  the integri ty of ribonucleic acid 3o rain (~ i _' 
is essential for protein synthesis  in living 6o min o 32 
cells. However,  the possibility t ha t  ribo- 90 min t i 44 
nuclease, acting as a basic protein and not  2 h m oo 
as a specific enzyme, combines with ribo- 3 h 36 65 
nucleic acid wi thoutbreaking it down to 6 h 7 ~ So 
a large extent  cannot  be excluded: the zo h 74 84 
beneficial effects of yeast  ribonucleic acid 
on the  growth  of the ribonuclease-treated 
roots  could then be explained on the  basis of a competi t ion between the native ribonucleic acid 
and the added yeast  ribonueleic acid for ribonuclease. 
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Preparation of a sodium salt of 3-phosphoryI-D-glyceric acid 

Soluble salts of 2-phosphoryl-D-glyceric acid and 3-phosphoryl-D-glyceric acid, free of heavv 
metal  ions, were needed in studies of phosphoglycerate  mutase  now in progress in this laboratory.  
The synthesis  of a sodium salt of 2-phosphoryl-I)-glyceric acid has been described by  BALLOU 1. 
A sodium salt of 3-phosphoryl-D-glyceric acid may  be prepared from the purified ba r ium salt bv 
the following procedure. 
Procedure 

3-Phosphoryl-D-glyceric acid (3-PGA) was isolated as the ba r ium salt from a yeast  fermentat ion 
mixture  =. The bar ium salt was recrystallized three t imes before conversion to the sodium salt*. 

9-5 g of Ba3PGA. 2H20 was shaken wi th  200 ml of a I : I s lurry of Dowex 5 ° (Na +) for 2 hours. 
The mixture  was filtered and the resin was washed twice wi th  25 ml port ions of water. Total  volume 
of filtrate and washings was 15o ml. The solution, at  pI-I 7, was concentrated in vacuo to 30-4 ° ml 
and filtered if not  clear. Absolute methanol  was added to IOO volumes and then n-hexane was added 
to appearance of the white  salt and/or  appearance of a second phase. The mixture  was stored at 
room tempera tu re  to complete precipitat ion of the sodium salt. The salt was removed by centrifu- 
gation and washed wi th  acetone. After drying in a vacuum oven at  55 °, the stable white powder 
amounted  to 4.5 g- Yield = 75 % as Na23PGA. The compound lost no weight on drying over P2Oe 
at  780 for eight hours.  

Calculated Element analysis /or CsH~O~PNa2 Found 

0/0 C I5.68 15.48 ]] 
O,/o P 13.48 13.1o 
% N a  20.0o 19.87 

[a]~0 = - - 7 3 5  ~ ± 8 ° (--0.82% I d .cm tube, c = I . I I  mg as the free acid) in 113 volume of 
25 % (w/v) (NH4)6Mo:O2:.4H20***. 
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* Mr. LEWIS PIZER, a graduate  s tuden t  of this depar tment ,  has prepared the sodium salt from 
the bar ium salt of phosphoglyceric acid as supplied by  Schwarz Laborator ies  Inc., New York, wi thout  
fur ther  purification. Yield = 37%. 

* *  Minimum value. 
*** The high rotat ion of 3-PGA in molybdate  solution is well known ~. Customari ly  such measure- 

ments  have been made in 1/3 volume of 25% (NH4)6MoTO24"4H20 (8% molybdate  in the final 
mixture) at neutral  pH.  The writer  2 has observed, however, tha t  nei ther  concentrat ion of molybdate  
nor  p H  are critical. The same rotat ion was observed in mixtures  containing from 2. 5 to 12. 5 % 
molybdate  and at  p H  values from 7 to 4. The rotat ion is lowered in alkaline solutions. 


