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I t  appears  t h a t  a G6P -dehyd rogenase  is p resen t  in all species, except  in the  larval  s tage  ol 
]:.chznococcus. This  enzyme  is TPN- l inked .  In the  few cases where a weak react ion with I )PN ~ was 
obta ined,  th is  n lus t  p robab ly  be a t t r i b u t e d  to the  fact  t h a t  G6P  is also deconlposed by  way  of the  
E m b d e n - M e y e r h o f  glycolytic p a t h w a y .  GA6P -dehyd rogenase  is also p resen t  in all species, except  
in Echiuococcus-larvae. I t  is specifically T P N- l i nked  and  a lways less act ive t h a n  G()P-dehydrogenase.  
The  a n l o u n t  of both  e n z y m e s  is re la t ively  lo~x in p lanar ians  and  t r ema todes  and  very  var iable  a m o n g  
cestodes.  A mzelida and  especially parasi t ic  n e m a t o d e s  have  a h igher  c o n t e n t  of bo th  dehydrogenases .  
The  e n z y m e  con t en t  in the  la t te r  group is comparab le  to t h a t  of the  bac t e r ium Aerobacte~, cloacae, 
which is known  to have  an act ive s y s t e m  of the  h e x o s e - m o n o p h o s p h a t e  ox ida t ive  routeS: these  
hac ter ia  conta in  a b o u t  1.2 un i t s  soluble ( ; 6P-dehydrogenase  and  abou t  o. 3 un i t s  of soluble GA6P-  
dehydrogenase  per granl  l iving mater iaP .  

In  a s y s t e m  con ta in ing  o.05 M Tris  buffer  pH  7.46, 35 #mole  sod ium g lucona te -6 -phospha te ,  
o .8 / ,n lo le  TPN+,  44 / t mo l e  py ruva t e ,  4 ° un i t s  r abb i t -musc le  lactic dehydrogenase  and  o.2 un i t s  
G A 6 P - d e h y d r o g e n a s e  f rom the  female geni tal  t r ac t  of Ascaris lumb~'icoides, sedoheptu lose  was 
formed, and  de tec ted  by  paper  chronmtogra t )hy .  

These  resu l t s  show t h a t  a nun lbe r  of worms,  free l iving and  parasi t ic ,  con ta in  the  e n z y m e  
s y s t e m  for the  h e x o s e - n l o n o p h o s p h a t e  oxida t ive  route,  or a t  least  a closely related one. 

One of us  (J.D.L.) is indebted  to the  Na t ionaa l  Fonds  voor  \ ¥e t enschappe l i j k  Onderzoek  for 
a grant .  R. VERCRUYSSE iS indebted  to Prof. MASSARa" for working  facilities. 
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Enzymic synthesis of guanosine and cytidine triphosphates: A note on the 
nucleotide specificity of the pyruvate phosphokinase reaction 

The  recen t  isolat ion of t he  p h o s p h o r y l a t e d  der iva t ives  of uridine,  cy t id ine  and  guanos ine  raises 
t he  ques t ion  of t he  exac t  nucleot ide  specifici ty of a n u m b e r  of e n z y m e s  which  h a v e  been s tud ied  
employ ing  u sua l l y  adenosine,  and  s o m e t i m e s  inosine, nucleot ides .  P y r u v a t e  phosphok inase ,  the  
e n z y m e  ca ta lyz ing  t he  t r ans fe r  of p h o s p h a t e  f rom p h o s p h o p y r u v a t e  to a nucleoside d iphospha te ,  
ha s  a l ready  been shown  to be  act ive  wi th  ADP* ,  I D P  and  U D P  1-3. I t  h a s  now been found  t h a t  
p h o s p h o r y l a t i o n  of G D P  and  C D P  is also ca ta lyzed  by  this  enzyme.  

In  th i s  s t u d y  p y r u v a t e  phosphok inase  was p repared  f rom rabb i t  musc le  as described by  
KOm~BERG AND PRICER 4. The  ma te r i a l  ob ta ined  by  this  p repara t ion  a p p r o x i m a t e d  in pu r i t y  t he  
ma te r i a l  repor ted  by  t hem.  Ac t iv i ty  was m e a s u r e d  by  coupl ing t he  reac t ion  to lactic dehydrogenase  4. 
The  su i tab i l i ty  of a nucleot ide  as an  acceptor  in th is  reac t ion  was,  therefore,  observed  as t he  ox ida t ion  
of r educed  d iphosphopyr id ine  nucleot ide  (DPNH)  m e a s u r e d  a t  34 ° m # ,  in the  coupled reaction.  
P h o s p h o p y r u v i c  acid (bar ium salt) was  the  gift  of Mr. W. E. PRICER, Jr.,  and  D P N H  was prepared  
chemica l ly  wi th  s o d i u m  hydrosul f i te  5. 

I t  is bel ieved t h a t  each of t he  nucleot ides  employed  was  free of o ther  nucleotides,  except  where  
indicated.  W h e r e  possible, severa l  i n d e p e n d e n t  samples  of each nucleot ide  were employed.  The  
sources  of the  nucleot ides  were as follows: 

ADP,  ob ta ined  f rom Sigma Chemical  Co., St. Louis ;  
IDP,  (i) f rom Sigma Chemica l  Co., and  (2) k ind ly  suppl ied  by  Drs. K. KORAblASHI AND M. UTTERS; 
UDP,  (I) p repared  f rom U T P  ~ (Pabs t  Labora tor ies ,  Milwaukee,  Wisconsin)  by  i ncuba t i ng  wi th  a 

c rude  y e a s t  hexok inase  p repa ra t ion  and  isolat ing t he  p roduc t s  by  an ion  exchange  c h r o m a t o g r a p h y * * ,  
and  (2) p repared  by  hydro lys i s  of U D P  N-ace t y l ami no  suga r  c o m p o u n d s  f rom Staphylococcus aureusS; 

GDP,  (i) by  hydro lys i s  of guanos ine  d i p h o s p h a t e  m a n n o s e  f rom hen ' s  ov iduc t  9, and  (2) f rom 
S igma  Chemical  Co***; 

* AMP,  ADP,  ATP,  IMP,  IDP,  ITI ' ,  UMP, UDP ,  UTP ,  CMP, CDP,  CTP, GMP, GDP,  G T P  are 
t he  5 ' -mono- ,  di- and  t r i p h o s p h a t e s  of adenosine,  inosine, uridine,  cy t id ine  and  guanos ine  respect ively .  

** This  p repa ra t ion  of U D P  con ta ined  a b o u t  5 % UMP.  
*** Bo th  p r epa ra t i ons  of G D P  con ta ined  5-IO % GMP. 
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CDP,  prepared  by t r a n s p h o s p h o r y l a t i o n  be tween  A T P  and  CMP *1° and  isola t ing t he  p roduc t s  
by  anion e x c h a n g e  c h r o m a t o g r a p h y .  

Each  of the  nucleoside d iphospha t e s  employed  served as a p h o s p h a t e  acceptor  in the  spectro-  
pho tome t r i c  tes t  (Fig. i). The  rela t ive ra tes  of reac t ion  with ADP,  GDP,  IDP,  U D P  and  C D P  (each 
a t  a concen t ra t ion  of abou t  4 '  1°-~ M and  wi th  
p y r u v a t e  phosphok ina se  l imiting) were ioo, 19, 12, 
3 and  2 respect ively.  q.O0~ 

0 90~ 

0.80~ 

p h o s p h a t e  indicated,  0.2 p.'lI p h o s p h o p y r u v a t e ,  0.70~ 
0.075/xM D P N H ,  and  lactic dehyd rogenase  in 
0. 5 ml. o.I M p o t a s s i u m  phospha te ,  0.004 M ~a60C 
MgC12, p H  7.0. At  A, p y r u v a t e  phosphok inase  was 
added  in t he  re la t ive a m o u n t s  of i (ADP), 2. 5 "~0.50C 
(GDP), 12. 5 (CDP) and  12.5 (no nucleotide).  At  B, 
an  excess of p y r u v a t e  phosphok inase  was added  ~ 0.40C 
to t he  l a t t e r  three.  The  a m o u n t s  of nucleoside di- 
p h o s p h a t e  added  and  D P N H  oxidized were as ~0.306 
follows: 0.05 2 /Z2~ r ADP,  0.049/z31 D P N H  oxidized;  
0.043 ftM GDP,  0.039 113l D P N H  oxidized;  0.o53 0.2000 

/tM CDP,  o.o49 lzM D P N H  oxidized. 

Fig. I. Reac t ion  of p h o s p h o p y r u v a t e  wi th  ADP, 
GDP and CDP catalyzed by pyruvate phosphoki- 
nase. Each cuvette contained the nucleoside di- 

ADp~'I 

f J I I I I J P 
s 1o 15 20 25 30 35 40 1,5 

t'linotes 

In  order  to d e m o n s t r a t e  t h a t  t he  cor respond ing  t r i phospha t e s  were formed in the  reaction,  
i ncuba t ion  m i x t u r e s  were e lec t rophoresed in 0.02 M c i t ra te  buffer, p H  5.111. In  each case a nucleot ide  
was  fo rmed  which  h a d  a g rea te r  mob i l i ty  t h a n  the  nucleoside  d i p h o s p h a t e  (relative mobil i t ies abou t  
I . i  : I). The  c o m p o u n d s  fo rmed  wi th  ADP ,  IDP,  U D P  and  C D P  had  t he  s ame  e lect rophoret ic  mobili-  
t ies as t he  cor respond ing  t r i phospha te s* .  No sample  of G T P  was avai lable  for compar ison .  

In  order  to isolate GTP,  a larger scale i ncuba t ion  was carr ied ou t  wi th  4 8 / z M  G D P  (Sigma), 
8 5 / z M  p h o s p h o p y r u v a t e  and  e n z y m e  in 30 inl 0.004 M p o t a s s i u m  phospha t e ,  0.003 M MgC12, 
p H  6.9. The  course  of t he  reac t ion  was  followed by  r e m o v i n g  a l iquots  and  a s say ing  for p y r u v a t e  
wi th  D P N H  and  lactic dehydrogenase .  At  the  comple t ion  of the  reac t ion  (3 ° minu tes )  the  incuba t ion  
m i x t u r e  was r u n  on to  a c o l u m n  of Dowex- i  CI (2 % cross-l inked),  and  t he  p roduc t s  e lu ted  by  g rad ien t  
e lu t ion  emp loy ing  m i x t u r e s  of NaC1 in o.oi  N tIC1. 

Two u l t rav io le t  absorb ing  peaks  were observed.  The  first, e lu ted  a t  a b o u t  0.05 M NaC1 in o .oi  N 
HC1, con ta ined  3 # M  of nucleot ide.  This  c o m p o u n d  had  the  s ame  c h r o m a t o g r a p h i c  and  electro- 
phore t ic  behav ior  as GMP, and  was also found as an  i m p u r i t y  in the  s t a r t i ng  mater ia l .  A second 
peak,  e lu ted  a t  a b o u t  0.25 M NaC1 in o.oi  N HC1, con ta ined  3 9 / z M  nucleot ide.  The  c o m p o u n d  
recovered f rom th i s  peak  by  charcoal  absorp t ion  and  e lu t ion h a d  an  R F in e t h a n o l - a m m o n i u m  
ace ta te -ve r sene  12 smal le r  t h a n  GDP,  and  a mobi l i ty  in 0.o2 M ci trate ,  p H  5.1, g rea te r  t h a n  GDP.  
I t  con ta ined  2.8 moles  of to ta l  p h o s p h o r u s  per  mole of guanos ine ,  1.9 moles  of which  were labile 
in i N HC1 in 15 minu te s .  Guanos ine  was ca lcula ted  f rom the  257 m/~ absorp t ion  us ing  12,4oo as 
the  mola r  ex t inc t ion  coefficient. Ul t rav io le t  absorp t ion  spec t ra  be tween  22o and  31o m #  in o.oi N 
HC1 and  o.I N N a O H  cor responded  to the  acid and  alkal ine spec t ra  of guanos ine .  B y  th i s  evidence 
t h e  c o m p o u n d  ha s  been charac te r ized  as guanos ine  t r i phospha te** .  

Nucleoside  d iphosphokinasen,14,  is was  a b s e n t  f rom the  e n z y m e  p repa ra t ions  employed .  I t  is, 
therefore,  bel ieved t h a t  the  severa l  p h o s p h o r y l a t i o n s  ca ta lyzed  by  p y r u v a t e  phosphok ina se  are direct  
react ions,  a n d  do no t  involve  t he  i n t e r m e d i a c y  of ca ta ly t ic  a m o u n t s  of adenos ine  nucleotides.  
Recen t ly  severa l  o ther  reac t ions  have  been found  for p h o s p h o r y l a t i o n  of UDP,  CDP,  IDP,  and  
GDP~, 10, n ,  lS--19. 

I wish to express  m y  apprec ia t ion  to Drs.  H. M. KALCKAR, L. A. HEPPEL,  and  E. S. MAXWELL 
for m a n y  s t i m u l a t i n g  d iscuss ions  du r ing  tile pas t  yea r  and  for ass i s tance  wi th  several  of the  prepa-  
ra t ions.  
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* CMP and  CTP  were k ind ly  suppl ied  by  Dr. A. FRIEDEN of the  P a b s t  Labora tor ies .  
** The  isolated G T P  has  also been found  to reac t  wi th  AMP in the  presence of an  e n z y m e  purified 

f rom calf l iver wi th  fo rma t ion  of two nucleoside d iphospha t e s  13. 
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Increased liver glucose-6-phosphatase activity after 
cortisone administration* 

The behavior of liver glucose-6-phosphatase under physiological and pathological conditions 
has been under  invest igation in this laboratory.  Studies of the glucose-O-phosphatase reaction ill 
normal fasting animals 1, and in precancerous,  neoplastic ~-, regenerating, foetal and new born liver a 
have focussed our a t tent ion on the regulation of this enzymic activity in tissues. 

I t  has been known tha t  high doses of cortisone resulted in pe rmanen t  diabetes in ra t  '1, charac- 
terized by hyperglycemia and glycosuria, hlsulin resis tant  "cortisone diabetes" showing very high 
blood sugar  levels and glycosuria was also described in h u m a n  5. The increase in tile quan t i ty  of 
carbohydra te  after cortisone adminis t ra t ion has been a t t r ibuted  to increased gluco-neogenesis and 
there is also evidence tha t  some phases of the carbohydra te  utilization are inhibited 6. Recently 
however, it was demonst ra ted  tha t  cortisone adminis t ra t ion caused a striking increase in the rate 
of glucose product ion v. Since glucose product ion from the liver is related to the rate of hydrolysis 
of the glucose-6-phosphate ester, it seemed of interest  to s tudy  the glucose-6-phosphatase reactilm 
in the liver of animals t reated with high doses of cortisone. The prel iminary results of this investigation 
are reported here. 

Young male Wistar  rats  of zoo grains of weight were injected with 1 ml (25 mg) of cortisone 
acetate ( Cortone , Merck ) zntramuscularly,  dally for five days and were killed by decapitation 
on the sixth day. Control animals received in lectIon of the vehicle , m which the cortisone is dissolved. 
Animals were mainta ined on Purina Fox  Chow and water  ad libih¢m until  sacrificed. Livers were 
pooled and the homogenates  were prepared for enzymic studies as described in a previous communi-  
cation 2. The glucose-6-phosphatase activity was measured by  the method of CORI AND CORI 8 using 
a 15 minutes  incubat ion time. Liver glycogen was determined by  the method of GOOD, KRAMER 
AND SOMOGYI 9 employing the NELSON'S adapta t ion  of the SOMOGYI method for glucose m. The enzymic 
activities are expressed per wet  we igh t  nitrogen, per average cell basis and also per liver weight /body 
x~ight  ratio. Total  nitrogen was determined by the micro-Kjeldahl procedure. Nuclear counts were 
done by the method of PRICE AND I,AIRD 10 as modified by ALLARD et aI. 11. 131ood glucose was deter- 
mined by the method of FOLIN-Wu. 

The prel iminary results are shown in Figs. 1 and 2. The results are presented as percentage 
changes from the control values which are taken arbitrari ly as ioo %. 

Fig. i shows tha t  cortisone injection increased the blood glucose level by 78 %. The well known 
glycogenic effect of cortisone on the liver is also il lustrated in Fig. i. When liver glycogen is expressed 
on per cell basis the increase in glycogen content  after cortisone adminis trat ion is higher than  when 
data  are expressed on the conventional  gram per cent wet  weight basis. 

* This project  has been suppor ted  by  grants  from the Cancer Research Society, Montreal, National 
Cancer Ins t i tu te  of Canada and Damon  R unyon  Memorial Fund  for Cancer Research Inc., U.S.A. 

** The cortisone acetate and vehicle was kindly supplied by  Dr. J. H. LAURIE of Merck and Co., 
Montreal. 


