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Glucose-6-phosphate and gluconate-6-phosphate dehydrogenase in worms 
F r o m  recent  i nves t iga t ions  i t  becomes clear  t h a t  the  hexose -monophospha t e  ox ida t i ve  rou te  

is an i m p o r t a n t  and  wide-spread  p a t h w a y  of c a r b o h y d r a t e  metabo l i sm.  This p a t h w a y  has  been 
de tec ted  in severa l  t i ssues :  m a m m a l i a n  organs  1, ang iosperms  ~, yeast3, 4 and  some bacteriaS, 8. I t s  
presence in o ther  p h y l a  of the  an ima l  and  p l a n t  k i n g d o m  has not  ye t  been s tudied .  This  would  be 
of in te res t  for c o m p a r a t i v e  b iochemis t ry .  

We s tud ied  the  presence of g lucose-6-phospha te (G6P)-  and  g lucona te -6 -phospha te (GA6P) -  
dehydrogenase  in severa l  worms,  mos t  of t h e m  paras i t i c  ones. The l a t t e r  were i so la ted  from freshly 
killed, infected animals .  All the  worms were washed  in phys io logica l  sal ine or d is t i l led  water ,  sus- 
pended  in twice  the i r  we igh t  o.o 5 M Tris buffer p H  7.46 and  d i s rup ted  in an al l-glass homogen ize r  
in the  cold room for a few minu te s  un t i l  a un i form pas te  was  obta ined .  Some species of worms  were 
too ha rd  to be comple t e ly  crushed by  th is  procedure  and  were p rev ious ly  t r e a t ed  in a micro-b lendor  
or c rushed by  g r ind ing  wi th  sand.  E x t r a c t i o n  proceeded a lways  wi th  Tris buffer a t  o ° for 3 ° minutes .  
The t u rb id  mass  was  cen t r i fuged  a t  o ° a t  5ooo g for 1-2 hours  and  the  clear  or opa lescen t  s u p e r n a t a n t  
was used a t  once for the  enzyme  de te rmina t ions .  

The dehydrogenase  a c t i v i t y  d e t e r m i n a t i o n s  were car r ied  out  a t  room t e m p e r a t u r e  (22 ° C) in 
the B e c k m a n  spec t ropho to lne t e r  model  DU a t  34 ° m/~. The enzyme  m i x t u r e  con ta ined  o.o 4 M 
Tris buffer pH  7.46, o.o2 M Mg ++ o.3o #mole  TPN+, 2 / , m o l e  sod ium g lucona te -6 -phospha te  or 
4.5 # m o l e  sod ium glueose-6-phosphate  and  o. i  ml  s u p e r n a t a n t ;  f inal vo lume  3.1 ml. The resul t s  
are col lected in Table  I. 

T A B L E  I 

The a c t i v i t y  of soluble  g lucose-6-phosphate-  and  g lucona te -6 -phospha te -dehydrogenases  in several  
worms,  expressed  as enzyme  un i t s  per  g ram l iv ing  ma te r i a l  (a u n i t  is the  a m o u n t  of enzyme  able 
to reduce 1 #mole  T P N  + per m i n u t e  in  the  condi t ions  of our  exper iments )  and  correc ted  for the  

b l a n k  value.  

Organisms 
T P N  DPN 

G6P GA6P G6P GA6P 

I. P l a t y h e l m i n t h e s  
Free- l iv ing :  p l ana r i ans  

Polycelis nigra o. 185 o.o5o o o 
Euplanaria torva o.o5o o.o25 o o 

Paras i t i c  : t r e m a t o d e s  
Fasciola hepatica (catt le) o.o7o-o.17o o-0.035 o o 
Dicrocoelium dendriticurn (sheep) o . ioo  0.065 o o 

Pa ras i t i c  : cestodes 
Anoplocephala per[oliata (horse) o.3oo-1.53o o.12o-o.24o o o 
Moniezia benedeni (sheep) o .o8o-o . lo  5 0-0.02o o o 
Taenia saginata* (man) 0.04 ° 0.025 
Taenia pisi[ormis (dog) o.2oo 0.075 o o 
Echinococcus granulosus 

(hyda t id  cys t s  f rom horse-l iver)  o o 
Dipylidium caninum (dog) o.2oo o . Ioo o o 

II .  Pa ras i t i c  n e m a t o d e s  
.4 scaris lumbricoides (pig) 

(dermo-muscu la r  layer) 0.20o-0.270 o ,o9o-o . loo  o.o15 o 
(female r ep roduc t ive  sys tem) o.5oo-1.6oo o,12o-o.23o o o 

Parascaris equorum (horse) 
(dermo-muscu la r  layer) o.690 0.240 o. i  io  o 
(female r ep roduc t ive  sys tem)  o.83o 0.230 O.Ol 5 o 

Toxacara canis (dog) o.7IO 0.430 o o 
Ascaridia galli (fowl) o.195 o.13o o o 
Ascaridia columbae (pigeon) o.300 o.125 o.020** o 
Heterakis gallinae (fowl) O.lO6 0.034 o o 
Strongylus edentatus (horse) o.o65-O.lOO o.o3o-o.o45 o o 

I I I .  Anne l ida  
Tubilex tubi/ex 0.260 0.055** o o 
Lumbricus terrestris 0.580 o.19o o o 

* ob t a ined  from an ind iv idua l ,  b y  a n t h e l m i n t h i c a l  t r e a t m e n t  w i t h  r ic inus  oil and  p u m p k i n  seed. 
** the  reac t ion  s topped  before comple te  r educ t ion  was  obta ined.  
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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. 


