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SUMMARY 

i.  Phosphorylat ive glycolysis has been demons t ra ted  in cell-free extracts  of 
hyda t id  cyst  scolices. An appropria te  phosphate  pool appears to  be necessmy for 
opt imal  i~  vitro activity. 

2. Hyda t id  cyst scolices contain four hexokinases catalyzing specifically the 
phosphorylat ion of glucose, fructose, mannose  and  glucosamine. 2-deoxyglucose is 
not  phosphoryla ted by crude or purified preparations.  The four hexoses are phos- 
phoryla ted  in position 6. Glueo-, fructo-, and mannokinase  activities are inhibi ted 
by glucose-6-phosphate, while mannose-6-phosphate  inhibits only glueo- and manno-  
kinases. ADP inhibits compet i t ively  fructose phosphoryla t ion by  fructokinase. 
Glucokinase is sensitive to  PCMB, the  inhibition being partiaUy reversed by eysteine. 

3- Cell-free preparations of hyda t id  cyst  scolices contain in addi t ion  to various 
phosphatases,  myokinase,  phosphoglucomutase ,  phosphoglucose, and phospho- 
mannose  isomerases, phosphofructokinase,  aldolase, glycerophosphate  dehydrogenase,  
and  lactic dehydrogenase.  The extracts  could also catalyze muta t ion  of fructose-r- 
phosphate  to fructose-6-phosphate and isomerization of glucosamine-6-phosphate to 
glucose-6-phosphate. 

]Nq'RODUUTION 

The view tha t  glycolytic reactions form part  of the mechanism of lactic acid format ion 
by  some parasitic helminths  has gained suppor t  through the demonst ra t ion  of various 
enzymes which take par t  in the  phosplmrylat ive oxidation of glucoseX, *. However,  
it should be kept  in mind tha t  the  presence in cell-free extracts  of enzymes involved 
in the series of reactions usually designated as the  EMnlmN-MEYERnOV process does 

The abbrev ia t ions  used thrEmghout are :  A I)P, aden(mhiediphosphate ;  ATP, adeno~inetri= 
pho.~phate ; AM]' .  adenos ine -5-phospha te  ; DPN,  oxidized d iphosphopyr id ine  nucleot ide  ; D P N I | ,  
reduced d iphosphopyr id ine  nueleot ide ;  TPN.  oxidized t r i p h o s p h o p y r i d i a e  nucleot ide ;  T P N H ,  
reduced t r i phosphopyr id ine  nucleot id~;  G-6-I ' ,  glu¢. 'ose-b-ph~sphate; G - l - P , g l u c o s e - l - p h o s p h ~ t o ;  
F-6-I  >, f ructose-( i -phosphate ;  F - t - P ,  f r uc to se - i - p hospha t e ;  ~[-6-P, mannose -6 -phospha t e ;  GNI-I a- 
(~-P, ghm~samine-6-phosphate ;  i l l ) P ,  f fuc tose-~ ,6-d iphosphate ;  Gly-P,  a -g lyee rophospha te ;  
DAP,  d ihydroxyace~one  ph6spha te  ; GA P, g lyce ra ldehyde-3 -phospha te ;  PCMB, p-chlororaereur ie  
benzoa te ;  TCA. tr ichloroacetJ~ acid. 
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not  necessari ly indicate  t ha t  t hey  are ac tua l ly  taking par t  in the  ca rbohydra t e  
metabol i sm of the cell i~ vlvo. Thus,  Tricld~d!a spiralis larvae, whose lactic acid 
product ion  under  aerobic or  anaerobic  condit ions is negligible a, have enzymes for 
glycolysis,  including an ac t ive  lactic dohydrogenasc  t. A similar s i tuat ion has  been 
observed in the cells of Coryl~ebaolerium arcatD~ovoraf~s 5. 

Lactic  acid is, f rom a quan t i t a t ive  s tandpoin t ,  the most  impor tan t  end-produc t  
of the  anaerobic  and  aerobic glycogen fermenta t ion  b y  whole hyda t id  cyst  scolices% 
Al though earlier work  in this l abo ra to ry  suggested the possibi l i ty tha t  lacta te  might  
be  p roduced  in. this organism through a metabol ic  sequence resembling the  E31BDE~'- 
MEYERltOF c y c l e  ?, n o  critical d a t a  exist concerning the mechanism of anaerobic  
c a rbohyd ra t e  degrada t ion  in E. gramdosus. "[he present  exper iments  yield evidence 
for phosphory la t ive  glycolysis as  a metabol ic  p a t h w a y  to lactic acid in cell-free 
prepara t ions  of hyda t i d  cys t  scolices. Fur thermore ,  the  presence of four specific 
hexokinases,  ca ta lyzing respect ively tim phosphoryla t ion  of glucose, fructose,  man-  
nose, and  £1ucosamino in cell-free extracts ,  is repor ted,  and part ial  purification and 
certain proper t ies  of the  enzymes  arc described.  

3[ETHOI)S 

Parasitological mal,'rial 

Liver  hyda t id  cys t  scolices were obta ined  from newly s laughtered sheep as 
previous ly  describedL 

Enzy~ne preparations 

The scolices were washed  3 or  4 t imes wi th  3o-4o  vol. of e i ther  distilled wa te r  
or  o .oo i  M KH.~PO 4 buffer, p H  7.o. The supe rna tan t  fluid was removed  b y  suction. 
The scolices were then suspended in an ~ppropr ia te  a m o u n t  of one of the  above 
media,  as  descr ibed in tables  and figures, and d i s rup ted  at  2 -4  ° in a French  pressnre 
cells a t  a pressure  of 5,0oo lb . / square  inch. The prepara t ion  thus  o'btained was cen- 
t r i fuged at  2o,ooo × g for 6o rain a t  2 ° in an In terna t iona l  refrigerated centrifuge 
{Model PR-2 ,  head No, 29 o) and the  superna tan t  fluid used as  a source of enzyme.  
Since pre l iminary  evidence suggested the possibi l i ty  of the  presence of more than  
one hexokinase  in the  scolices, the supernata~lt  fraction of o .oor  M K H e P O  a (pH 7.0) 
ext rac ts ,  ob ta ined  as  indica ted  above,  was f rac t ionated  wi th  the  aid of hydroxyl -  
apat i te  ° as follows. Approx ima te ly  o.8 to I.O g (dry  weight) of hydroxy lapa t i t e  
suspended  in o.ooz a~I KHzPOa buffer of  p H  7.o was  centr i fuged in a Iusteroid t ube  
at  io ,ooo  >, g for IO rain ~nd the supe rna tan t  fluid discarded.  To the hyd roxy lapa t i t e  
pellet  8 .o-~o.o ml of the  supe rna tan t  f ract ion containing 7o.o-90.o mg tota l  protein  
wore added  and  tho rough ly  mixed  wi th  the gel wi th  the aid of  a st irr ing rod. The 
mix tu re  was then  centr i fuged a ~ z o , o o o  :-. g for Io  rain at  --° and  the supe rna tau t  
fluid discarded.  The  gel was then  e lu ted  s tepwise with 5.o-6.o ml  por t ions  of KH~PO~ 
buffer, p H  7.0, of increasing ionic strength,  from o.oo5 M to  o.~-~ M. Each  e lua te  
was assayed  for hexokinase  ac t iv i ty  as described later. Act ive  eluates  could be s tored  
for 3 - 4  days  wi th  only  slight loss in ac t iv i ty .  However ,  when the eluates  were frozen, 
8 o - I o o  % of the  ac t iv i ty  was lost over a 24-48 h period. All the  above  opera t ions  
were carr ied ou t  at  2 -4  °. 

Ace tone  powder  ex t rac t s  were prepared as foUows. Dis t i l led-water-washed 
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scolices suspended in lO.O-I2.o ml of distilled water  were added dropwise into 4 ° eel. 
of cold acetone ( - -  1o °) under  constant  magnet ic  st i rr ing and  centr i fuged a t  3,500 "< g 
for zo rain at  --- io% The supe rna t an t  fluid was discarded and the sediment  washed 
with 30 eel. of cold acetone ( - - z o  °) and centrifuged.  The sediment  was washed 
finally with 2o eel. of cold, anhydrous  e ther  ( i  io  o) and the powdered mater ia l  was 
spread ill th in  layers on filter paper  and  dried a t  room tempera ture .  The mater ia l  
was stored at  - -  2o ° in a vacuum desiccator over CaCll unt i l  used. For  assay  of enzymic 
act ivi ty ,  25o mg of acetone powder were suspended in 2.5 ml of distilled H 2 0  and  
homogenized in an all-glass Po t te r -Elveh jem homogenizer immersed in crushed ice, 
and  ext rac ted  during 30 rain a t  room tempera ture .  The s l ight ly  opalescent super- 
na t an t  fluid remaining af ter  centr i fugat ion a t  2o,ouo x g for 60 rain at  ~ was used 
for the assay. 

.4 nalytical proee~htres 

Overall glycolysis was es t imated  in the Warburg  appara tus ,  at  pH 7.6, and  a t  
38 ° in an a tmosphere  of nitrogert conta ining 5 % carbon dioxide. The gas mix tu re  was 
passed over hea ted  copper to remove traces of oxygen.  A glycolyt ic  reaction mix tu re  
similar to tha t  of L~ P..~GE lu, with ATP replaced b y  ADP,  was used. The enzyme 
preparat ion was mixed with the medium in the main c o m p a r t m e n t  of the  chilled 
XVarburg flasks before these were placed in the bath.  After  7 rain of gassing and  3 min 
of equilibrium, inorganic phosphate ,  conta ined  in the  side a rm of the  vessel, was 
t ipped into the mmn compar tment ,  at  which t ime the zero-time flasks were removed.  
The criteria of ac t iv i ty  were the appearance of lactic acid, as de te rmined  in al iquots 
of the reaction mixture  af ter  deproteinizat ion with cold TCA 11 and  the  net  up take  
of glucose xe af ter  deproteinizat ion with Ba(OH)s-ZnSO413. Inorganic  phosphate  and  
pyruvic  acid were determined according to LE PAGE l't and  FRII~DEMAN AND HAUGI~:N 15, 
respectively. 

Hexokinase activit ies were measured by three procedures. In  the first me thod  
disappearance of hexose was de termined as follows. Protein and  phospha te  esters 
were precipi ta ted with Ba(OH)~-ZnSO41a and  hexose ut i l izat ion de te rmined  f rom 
the difference between the free hexose concent ra t ion  of the control  and  final samples,  
AYP being added to the zero-time tubes immedia te ly  af ter  deproteinizat ion.  Glucose, 
mannose,  and  glucosamine were es t imated  according to NELSON'S m o r  HAGEDORN 
AXl) .]ENSEN'S ~z procedures;  fructose, by  the  method  of ROE~; 2-deoxyglueosc, 
according to SoLs A.XD CIt:X.XE TM, In  the seco-~d nmthod,  decrease in labile phosphate  
was es t imated  on aliquots of the react ion mix ture  which wcrc hea ted  in I.O N H , S O  a 
at  IOO ° for I I  rain 1° and  after  removal  of a n y  turb id i ty ,  inorganic phosphorus  was 
determined according to LE PAGE 14. Final ly,  hexokinase activit ies were followed 
spect rophotometr ica | ly  by determining the format ion  of G-6-P in the presence of 
TPN,  Zwischenferment ,  and an excess of ei ther  phosphogiucose isomerase or  both  
phosphoglucose isomerase and phosphomannose  isomerase, as required. The rate of 
reduct ion of TPN determined at  340 mt~ const i tu tes  a measure of the hexokinase 
reaction I°. In soma e~.ses, iden*ifieation ~f the end-product  of the hexokinase reaction 
was achieved by paper ch roma tog raphy  of the sugar phosphates  conta ined  in the 
barium-soluble, alcohol-insoluble fract ion it, wi th  methanol ,  formic acid, and  water  
as solvents is. 

Phosphoglueomutase  ac t iv i ty  was determined spcctrophotomt~trically. The G-6-P 
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formed from G - I - P  was  oxidized b y  T P N  in the presence of Zwischenfermeit t  and 
Mg++ and the  increase in optical  dens i ty  at 34 ° nat, due to the  reduct ion of T P N  
followed. 

Phosphohexokinase  was also measured  spcc t rophotomet r ica l ty  b y  the test  
suggested  b y  "$VARHURG ANn C.HRIS'rlAN O-a. The  formation of H D P  from F-6-P  by  
the  act ion of phosphohexokinase  was es t imated  b y  following the decrease in opticai  
dens i ty  at  34 ° m ~  due  to the  reoxidat ion of D P N H  in the presence of excess crystall ine 
muscle  aldolase ,and GIy-P dehydrogenase .  Phospha tase  activi t ies were determined 
essent ial ly according to WFI,~I',Ac:tl z*. Phosphoglucose  and  phosphomannose  iso- 
merases  were followed spee t ropho tomet r i ca | ly  according to  SI.nlX~a, TM. Myokinase 
(adenyla te  kinase) was  de tec ted  b y  coupling the enzyme to the  hexokinase  reaction. 
In  the  presence of eXCESS yeas t  hexokinase,  glucose, and Mg ++, glucose was phos- 
pho ry l a t ed  b y  the A T P  formed ill the  myokinase  reaction and  the rate of format ion 
of G-6-P  was  followed spec t ropho tomet r i ca l ly  at  34 ° mr* in the  presence of Zwisehen- 
ferment  and T P N ,  the increase iil opt ical  dens i ty  due to the  reduct ion of T P N  now 
being a measure  of  myokinase .  

Pro te in  was  de te rmined  according to the me thod  of XV.XRI~t:R(~ ANt) CHRISTIAN 27 
or  b y  the tu rb id imet r ic  procedure  of Kt, NITZ ~. Volatile f a t t y  acids were es t imated  
quan t i t a t i ve ly  b y  s team-dis t i l la t ion and t i t ra t ion  e~, acctyl  phosphate ,  b y  the hydrox-  
ama tc  m e t h o d  of LIPMANN AND TUTTLE a°. 

All spec t ropho tomet r i c  de te rmina t ions  ~xerc done in a Beckman  model  D U  
spee t ropho tomete r .  6.22. io  ~ was used as the  molecular  ext inct ion coefficient of 
D P N H  and T P N H .  

Reaga~l s  

Phosphoglucose  and phosphomannose  isomerases were p repared  from rabbi t  
muscle according to SI.EIN -'*.5.',in Crystall ine muscle  aldolase and Gly -P  dehydrogenase  
were p repared  b y  the m e t h o d  of TA'~'LOR ct el.  at and  BEISENHERZ et e l .  nO-, respectively.  
ZwischenfErment  was ob t ldned  by  ex t rac t ing  5o g (dry weight) of commercia l  brewer ' s  
yeas t  wi th  o.I  J~I NaHCO~ s a t u r a t e d  wi th  95 75 N2-5 % COo for I6  h at  37 °. There- 
a f t e r ,  KORNIIERG'S procedure  was essent ial ly  followed -~a. .Sodium p y r u v a t e  was 
p repared  according to  PRICE AND LEVINTO~.:, "31, F - I - P  from H D P  under  the  act ion 
of  crystal l ine muscle  aldolase 3z, and assayed  b y  its 7 rain acid-labile contents .  Fruc tose  
(Nutr i t ional  Biochemicals  Corporation) was recrystal l ized from methanol ;  glucose 
(Analar) and  mannose  (Merck) were reerystal l ized from ethanol ;  2-deoxyglucose and 
M-6-P (Nutr i t ional  Biochemicals  Corporat ion)  as well as glucosarnine (Pfanstiel  
Chem. Co.) w e r e  used  wi thout  fur ther  purification. T P N  (Sigma) was 92 % pure  
when  as sayed  wi th  Zwisehenferment  and G-6-PaZ; D P N  (Sigma) was  90 °o pure when 
as sayed  according to  COLOWlCK, KAPLAN Argo C I o r r l ~ ;  D P N H  was a gift f rom Dr. 
E.  C. WEINBACH, Nat iona l  Ins t i tu te s  of  Heal th .  U.S. Publ ic  Hea l th  Service;  H D P  
and  F-6-P  (Schwarz),  the  bar ium soars, were s tandard ized  according to  RoEIT; 
G-6-P  (Sigma), the  bar ium salt,  was  s tandard ized  spec t rophotomet r iea l ly  at  34 ° m ~  
front the  a m o u n t  of  T P N H  formed  in the  presence of an excess Zwischenferment  
and  Mg++Z~; G-r -P ,  ATP,  and  A D P  (Sigma) were s tandard ized  b y  their  7 rain acid-  
labile contents .  All c o m p o u n d s  ob ta ined  as bar ium salts were freed from bar ium 
before use. 

i Relereuces P" :02. 
":i 



94 ~l, ac ;osm,  n. AmXW~NA YOn. 3 4  (x959) 
| 

RESULTS 

Acetone powder  ex t r ac t s  of hyda t i d  cys t  scolices g lycolyzed glucose to  the ex t en t  of 
a p p r o x i m a t e l y  e moles of lac ta te  per mole of glucose util ized (Table I). Concomi tan t ly ,  
2 moles of added  p y r u v a t e  d i sappeared  f rom the  med ium and  2 moles of inorganic  
phospha te  were esterified in the  comple te  sys tem ot TaMe I. W h e n  glucose was 
omi t t e d  from the  medium,  lact ic  acid p roduc t ion  was only  0,59 /,moles per mg 
prote in ,  as c o m p a r e d  wi th  1.49 ~moles  of the  comple te  sys tem.  I t  was concluded 
t h a t  the  lactic acid p roduced  in the absence  of  added  glucose was der ived  from H D P .  
In the  absence of H D P ,  glucose phosphory l a t i on  was nil and  lactic acid p roduc t ion  
d ropped  to  o . I / , m o l e  per  mg prote in .  The small  lact ic  acid p roduc t ion  in the  absence 
of added  H D P  m a y  be a t t r i b u t e d  m a i n l y  to  the  ac t i v i t y  of lactic dehydrogenase ,  
which is present  in these ex t rac t s ,  r eox ida t ion  of D P N H  at  p H  7.0 being readi ly  
carr ied out  b y  ace tone  powder  ex t r ac t s  in the prese~ce of p y r u v a t e .  C o n t r a r y  to  
what  has been observed  in o t he r  tissues, such as t u m o r  homogena te s  x°, upon  wi th-  
drawM of fluoride, glycolysis  was reduced  to  some ex ten t ,  as shown in Table  I. 

TA RLE I 
GL"x 'COLYSIS  I N  ,'tCI~'.TONE PO'O,'I)F.~R F ; X T R A C T S  OI;' | t ' I k 'DATID C3t 'S'f  S C O L I C E S  

Complete system. 25.o f, moles KHCOa;  I .o ltmoles D P N ;  ,5 .o  l i tanies  nicotinamide; 2.o/tmotes 
AL)P; e.o/,moles HDP; ]o.o itmoles NHzPO a butler, pH 7.6 (side arm} ; 5.o itmoles Na-p.vruvqte: 
45.o/,moles I~:F; 15.o 1orioles MgCI~; 5.o/mxoles glucose; o.25 ml acetone powder extract. Final 
volume, l .o ml ; gas phase. 95 ~, Nz'-5 o~ COz. Incubated h*r 3o rain at 38 c, Reacti~m stopped either 
with TCA or Ba[()HIo-ZnSO I. The figures represent the averages of at least three determinations. 

zl Gltt¢OS¢' Zl L~ICtt;~t¢ 
q~'StJ.'Pn II~HOI£S '-~lg~FO~i~l /JIPI0t¢~ mgOyoteil$ 

Complete o. 74 1.40 
.Minus Glucose 0.59 
Minus H DP o.o o, * o 
Minus 1 ~'- 0.60 1.08 
Minus pyruvate-F - o. 24 o. i o 
Minus AI)P o.o o. t 6 
Complete plus hexokinase i. 14 t .OS 

The  need of fluoride and  added  H D P  for  op t ima l  a c t i v i t y  suggests  t h a t  dephos-  
phory la t ive  react ions  compe te  with glucose phosphory la t ion ,  the  fo rmer  react ions  
being p r e dominan t  in the  absence of  a sui table  inhibi tor  such as fluoride, or  an 
app rop r i a t e  phospha te  reservoir ,  as H D P .  As a result ,  glucose phosphory l a t i on  
decreases or is comple te ly  abolished. 

Added  A D P  was necessary  for demons t r a t i ng  glycolysis in ace tone  powder  
ex t rac t s  of h y d a t i d  cys t  scolices (Table I). W h e a  A D P  was replaced  b y  A T P  or A T P  
plus AMP, the  level of l ac ta te  p roduc t ion  was of the  same o rde r  of magn i t ude  as t h a t  
observed  wi th  ADP.  This obse rva t ion  suggested the  presence of an ac t ive  myokinase  
in the acetone  powder  ex t rac t s .  On add i t ion  of A D P  to the  e x t r a c t s  in the  presence 
of Mg ++, glucose, yeast  lmxokinase,  T P N ,  and  Zwischenferment ,  T P N  was reduced  
(Fig. x), a demons t r a t i on  t h a t  A D P  w~,~ being conve r t ed  to  A T P  a n d  AMP, the  
fo rmer  then  t ransfer r ing  its t e rmina l  phospha te  g roop  to glucose b y  the  ac t ion  of 
hexokinase ;  t he  G-6-P thus  formed being in tu rn  oxidized by  T P N  in the  presence 
of Zwischenferment .  
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In the absence of pyruvate,  which was addeul to act as a substrate for the reoxi- 
dation of D P N H  formed furing glycolysis,  glucose phosph0rylation markedly dropped 
(Table I). A similar observation has been made in A scaris  lumbricoides +r and Tric ldnel la  
s~iral is  '1 cell-free extracts.  

0.150[ 

Fig,  I+ M y ( ) k i n n s e  a c t i v i t y  (,f h v d a t i d  cv.~t ~ ~  
,,,+et,,,,e V,,,,',te, o+xh+a,+t.-++ "i',,. o. oo[ 

mixture  c<mtained 5.o fzmole MR('12; zo .o  ~ ~ol 
l~moles g]vcvlg lvc ine 'bul ier  of lJF[ 7,+~; z .o lrtg 
yeas t  hexokinase ;  o. zS Hmoles  T P N ;  0. 4 U. 
Zwischenferment ;  5*o .o  tg protein acetone  <xo 
powder  extract ;  tilml v<{lutne, 3.0 ml.  The g ~ ~ ,  • ~ [ ~ o  . 
b lank ctavctte conta ined  the  SallZC component,~ IO + O 

cxc, .pt  AI)I'. l(e:tction started by a d d i n g - . o  
t t m~des :~. [ ) I ~. ~20 

0 1 2 3 4 5 6 7 8 O 10 
Mir~ 

In the anaerobic breakdown of glucose to pyTuvate, of the four ATP synthesized, 
one is utilized for the phosphorylation of glucose to yield G-6-P, this reaction being 
catalyzed by hexokinase;  thus,  when glucose is the substrate utilized for glycolysis,  
hexokinase becomes the rate-limiting enzyme,  which appears to  be the case in our 
system; glycolysis  was appreciably increased upon the addition of hexokinase to 
the complete  system,  thereby indicating that acetone powder extracts  are not a good 
source of hexokinase (Table I). 

The effect of fluoride upon glycolysis  indicated tke presence in acetone powder 
extracts  of phosphatases  which could hydrolyze not only ATP but also some of the 
intermediate phosphoryhtted sugars. The phosphatase act ivity  el  the acetone powder 
extracts  was tested by incubation for 3o s i n  at 38 ° with various phosphorylated 
sugar derivatives and the nucleotides,  ATP, ADP,  and AMP. ATPase,  fructose 
diphosphatase,  and glucose-6-phosphatase were the most active of all the phosphatases 
studied. The hydrolysis of A D P  was slower. G-z-P was not hydrolyzed at all and 
F-6-P,  M-6-P, and AMP, only to a small extent  (Table II). The fructose diphosph~tase 
was corrected for the amount  of tructose-6-phosphatase of the extracts.  

"J.'ABI+I. r. II 
I+HOSI+HZkT,~.SF. A C ' r l V I T I I ' : S  O F  A C I +;TON I b  P O X V I . I E R  .I~.'K'£L~ACTfi O l  e H Y D A T I D  C' t 'ST SCOLICI~:,% 

Stlbstratem, 4.o /tnxoles: .Xlg('l 2, 5.0 /~lltolc.~; l+u|fer glyc_vlgl.vcine, [+H 7.(), 2 o , o  / /moles;  o, t mt 
ttcetont, powder  extract .  /:inal " . ' O | l l l l l t ' ,  o . . t O  n i l  [nc|tl)ated for 30 s i n  at 3 ~;~, Reactiort stopped 

with rl'('A. 

hzoJ'ganic  1 ~ 
"Nltb$'~¥1l/t" .r,'P|lo,tes I~zg pJ'c+l#i.~ 

A T P  o .  74 
H I ) I  > cJ,t~, 7 
G-h- l' 0.5 t 
A I )  ] '  o . 4 4 .  
.",I -~+- l + o . 2  7 ,. 
A M  !'  ,J. z 7 
F-o - !  > o. i .t 
f i - t  + P  o .o  

Refe,a~es p. z o a .  
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W h o l e  h y d a t i d  c y s t  seolices excre te  ae rob i ca l l y  and  a n a e r o b i c a l l y  smal l  a m o u n t s  
of  acet ic  acicl 6. A c e t o n e  p o w d e r  e x t r a c t s  c o n t a i n e d  v e r y  smal l  a m o u n t s  of vola t i le  
f a t t y  acids, b u t  no  inc rease  o f  t h e m  was  o b s e r v e d  a f t e r  i n c u b a t i o n ,  n o r  was  f o r m a t i o n  
of  a ce ty l  p h o s p h a t e  d e t e c t e d  in t he  e x p e r i m e n t s  r e p o r t e d  in T a b l e  I .  

A q u e o u s  h o m o g e n a t e s  a n d  the i r  s u p e r n a t a n t  f rac t ions ,  as well as a ce tone  p o w d e r  
e x t r a c t s  of  h y d a t i d  c y s t  scoliees, c a t a l y z e d  the  p h o s p h o r y l a t i o n  of  g lucose ,  f ruc tose ;  
m a n n o s e ,  a n d  g l u c o s a m i n e  in the  presence  of  A T P  a n d  Mg +÷, 2 - d e o x y g l u c o s e  was  n o t  
p h o s p h o r y l a t e d .  I t  is k n o w n  t h a t  G - 6 - P  inh ib i t s  bra in ,  muscle ,  a n d  l iver  h e x o k i n a s e s  ~ 
the re fore ,  i ts effect,  as well as t h a t  of  M-6-P,  was  t e s t ed  on  the  h e x o k i n a s e  a c t i v i t y  
of  the  scolex p r e p a r a t i o n s .  G - 6 - P  inh ib i t ed  the  p h o s p h o r y l a t i o n  of g lucose ,  f ruc tose ,  
and  m a n n o s e ,  as it does  w i t h  b l a i n  h e x o k i n a s e  a~. H o w e v e r ,  M - 6 - P  o n l y  inhi l) i ted 
g lucose  and  m a n n o s e  p h o s p h o r y l a t i o n ,  f ruc tose  p h o s p h o r y l a t i o n  no t  be ing  a f fec ted  
( 'Fable I I I ) .  This  o b s e r v a t i o n  s u g g e s t e d  t h a t ,  c o n t r a r y  to  w h a t  has  been  o b s e r v e d  
for yeas t  zu a n d  b ra in  m hexok inases ,  t he  phosphory l ,~ t ion  of  glucose,  f ruc tose ,  m a n n o s e ,  
a n d  g luc0samine ,  cou ld  be c a t a l y z e d  b y  ind iv idua l ,  specific e n z y m e s ,  as  ha s  been  
r e p o r t e d  for  S d d s l o s o m a  m a n s e h i  ~-. This  h y p o t h e s i s  was  con f i rmed  w h e n  s u p e r n a t a n t  
f r ac t ions  of h y d a t i d  c y s t  scolex  h o m o g e n a t e s  were f r a c t i o n a t e d  wi th  the  a id  of  h y -  
d r o x y l a p a t i t e  as  desc r ibed  u n d e r  mETrtODS. T h e  c lua tes  o b t a i n e d  w i t h  K H a P O  a 
buf fe r  of  p H  7.0 of mola r i t i e s  v a r y i n g  f rom o . o i  to  0.05 M c a t a l y z e d  o n l y  t h e  p h o s -  

"I'ABLI~ I [ I  

E F F E C T  O F  G - 0 - P  A N ' I )  M-O-P oN T I | F :  I I E X O K I N A S E  A C T I V I T I E S  O ,F  ' , ' S U I ] I g R N A T A N T  

F R A C T I O N S  O F  H Y D A T I I )  C Y S T  ~COI. . I ,~X A O U F . O u s  . E X T R A C T S  

Substrates, 7.1.1o -a .~1: ATP, 6.0 linioles; MgCI2, 15 /tmoles: giycylglyeine buffer, lJl] 7.o 
xo.o /imoles; NaF, ] o , o  pmolcs; 0.20 ml supernat~nt fraction; filial vohilne, o.5o nil; incubated 

for 30 ti~.in at  38°. Reaction stopped with l-la((iPl)e-ZnS( 14. 

li'clatire mt~ el pdJosphgrt'htlilm o~ 
+4 ddi l  irJits Alola ril.l' 

G ~ ltf os~" ].'rit c?o.~,, . l l  cl ~lliOSe 

G - 6 -  P 

31-6- P 

- -  1 o o  I tqD I ( 1 0  

5.7" l o -~ 41~ O ,  .Sz 
2.8- l o -a 7 7 8-" (,6 

"-" ! O 0  | O 0  T O 0  

5 . 7 " 1 ° - a  ~i 0 l o o  2 5  

2.S- io --a 95 i o c ,  73 

TABI.E IV 

I+U R I F I C A T  I O N  O F  H Y D A ' I ' I  I'1 C Y S T  S ( 2 O L F . X  1t I , ; X O K I N  ASI'='S 

System its in TatJle Il l .  with the except.ion that  neither glycylgivcine I)utter nut title,ride were 
added for the as.~tty of eht~ites. 

Fra t rC ion  , : o h + m e  m !  T o t a l  pr~teim~ 
lll,g 

¢~nmtrs o~ .Ite~ose p tn , sphory la ted  p e r  m g  prote in  

~l l lcose 1;rtlrlos," .llff,i izost' G/ l i ta$~t ln  i'it,' Ip 

Supernatant 8.5 7-t.5 [.-, o. 77 o.83 o,z8 
o.~!=-~.o 5 31 eluate 0.o I .~4 o.o 3o.o o.o o.o 
0.05-0.07 31 eluate b.o [ .8 o,o o.o 9.7 o.o 
o.17-o.18 3I eluate ¢i.o 5-.l 7.4 o.o o.o o.o 
o, 19-0.2o 3a r eluate 6.0 2.4 o.<> o.o o.o 2. t 

lee.fevences p.  ~o2. 
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phory la t ion  of f ructose;  0.05 to  0.o 7 3~/ phospha te  buffer eluates  ca ta lyzed  the  
phosphory la t ion  of on ly  mannose ;  an eluate ca ta lyz ing  glucose phosphory ta t ion  was 
ob t a ine d  be tween o.I  7 to  o.x8 i~t phospha te  buffer ;  finally, the f ract ion eluted with 
o.~ 9 to  o . 2 o ~ I  phospha te  buffer was .~pccific for glucosamine phospho ry l a t i on  
(Table IV). The  ATPase  ac t iv i t y  of the  purified kinases was negligible. The &-,, values 
for  ATP,  Mg++, and subs t ra tes  for purified gluco-, fructo-,  and mannokinases  are  
shown in Table  V./~'m for f ructose was lower for h y d a t i d  cys t  f ructokinase  than  for 
the  S c h i s l o s o m ~ ,  enzyme'* or  brain ts hexokinase ,  while Km for glucose was of the same 
o rde r  of magn i tude  for hyda t i d  cys t  seolices and  Scl~islosomt~ glucokinases% much  
higher  t ha n  for  brain hexokinase  TM. On the  o ther  hand,  Nm for  ATP was much  lower 
for  h y d a t i d  cys t  glucokinase than  for the  corresponding Svh i s to so~na  enzyme z anti 

h i g h e r  than  brain hexokinasc  Is. H y d a t i d  cyst  scolex hc, xokinases resembled thc 
S e l d s l o s o f n a  enzymes  ~ as far  Km for Mg ++ is concerned.  

BERGER Ct a l. m found  nc~ evidence for  essential  - SH groups in yeast  hexokin~ts(.'. 
How e ve r ,  brain hexokinase  is inhibi ted by  sulfhy(lryt  inhibi tors  TM. H y d a t i d  cysL 
scolex hexokinases  are sensi t ive to  su l fhydryl  inhibitors,  such as PCMP,. Fo r  demon-  
s t r~t ing this  effect, react ion mix tu res  conta in ing  glucokinase;  PCMB; IO.O t,molcs 
MgCle; a nd  5.0 /~moles glucose in ~x final vo lume of o . 5 o  ml were incuha ted  during 
Io  rain a t  room t e m p e r a t u r e ,  the  tubes then  were placed in it ba th  at  38 -~, the reac t ion  
s t a r t ed  b y  add ing  8.o / ,moles A T P  and  incuba ted  for an addi t ional  30 rain. The  

"I'ABLI~ V 
[k' t i  z XrALUE.% F O R  P V R I t " I E f }  f l V I ) A T I D  C~'S]"  SCOLI' . ' ,g | 1 F . X f } K I N A S I [ S  

System ns in "['able i V .  

K" m (mo~tt~,it 'r) 

G l u ¢ ( ~ s e  I , O  7 -  l O  4 

F r t i c t o s e  I , . 2 .  I o t 

Mann(,se 1,5- r~ t 
A ' [ ' I  ) 2 -S '~"  I o  "1 I " 1 0  :l 3 . ~ .  i { ) . ' ~  
"~lg ~ ~ 1 . } 3 .  I O - ; J  ] - I O  ;1 2 . 2 .  ] ( j  - ; |  

"I" A I~ 1 ~ E  ",." [ 

] N L I I B I T [ O N  O F  P U R I I . ' I F D  G I . U C t ) K I N A S E  l~.~t" l ) (_ '~[~r{  A N I )  I ' R t ) T I { C T [ O N  I I Y  L -C '~ ' .~ 'FEINE 

S vst tyln  a s  indicated in t h e  text. 

.'I,Id~tic.Jl|.~ .11111~| ~J.'t.~" 

X ' ~ m e  - -  - 4 . o  - -  

I'CM I~ i -4"  ] o . - 3  2 .  t.~ 3 ~ 
-'.5" to "~ 0.75 ,~ l 

I)CMB plus t .  F" to s 
I.-C3-steine I l _ t • I 0 r ~ 3 I i ~  ~ 2 

I ' C M B  p lus  ; ' 5 "  z o :~ 
L - C y s t e i n e  I . . ~ "  I o - ~  I .~.~ ] - ~  

m&" p ~ t c i r t  "" 

:i. l~¢/ere,~ces p. I-)2. 
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ac t iv i ty  was inhibi ted b y  PCMB and this  effect could be ~ar t i a l ly  reversed whea  
L-cystcinc was included dur ing the Io-min incubat ion  period (Table VI). 

A D P  has been repor ted  as a non-compet i t ive  inhibitor  for S c h i s t o s o m a  gluco- 
kinase z and as a compet i t ive  inhibi tor  for bra in  hexokinase  ~s. A D P  also inhibi ts  non- 
compet i t ive ly  liver f ructokinase 4~. As for the h y d a t i d  cyst  scolex enzymes  concerned,  
A D P  inhibit~ compet i t ive ly  fructokinase,  i ts  inhibi tory  effect being reversed b y  
increasing the  concentra t ion of A T P  (Table VII) .  

TABLE VI I 
CO,%:H~IgTITtVI~ INI - I t I¢ ITIO .~  O F  I t U R I F I I , ; I )  I ; R U C T O K I N A S I d  L4"t" A I ) [  ) 

I .5.O ] ~ n / o l e s  A Ig(Tl~ : 5.o pmoles frtlctose; 0.2 mt enzyme; other additions as indicated. Incubated 
for 3o rain at 3 8:'. React ion stopped with Ba(OH)2-ZnS()  t. 

F r u c t t ~ e  *¢;ilizedion p e r  ~;~t~ prate*'tt 
~'.~ttit~f,e rote  

. ' t D I  ~ 8 , 5 .  r . ' - *  .~I . . I T P  1 .7"  ~o--'-" 3 I  . ' I T I  ~ 

I f t t }  l O 0  

2 . , ' q 5 " 1 o  4 .1] S -  l O O  

5"7 lo -4 ,11 -t'9" 81~, 

Yeast  ~ and Sc .h is tosoma z hexokinases  ca ta lyze  the phosphory la t ion  of  glucose. 
fructose,  mannose,  and glucosamine in posit ion 6. On the  o ther  hand,  rabbi t  test is  
glucokinase m and liver f ructokinase  4s ca ta lyze  the phosphory la t ion  of glucose and 
fructose respect ive ly  in posi t ion I. Supe rna t an t  fract ious of h y d a t i d  cys t  scolcx 
homogenates ,  as well as acetone powder  ext rac ts ,  were not  sui table  for s tudy ing  the 
site of phosphoryla t ion ,  since they  conta ined  phosphoglucomutase  and were moreover  
capable  of cata lyzing the conversion of F - I - P  to F-6-P,  which in turn  was isomerized 
to G-6-P (Fig. 2). These prepara t ions  conta ined also phosphoglucose  and phospho-  
mannose  isomerases (Fig. 3)- However ,  purified g!ucokinase conta ined  little phospho-  
g lucomutase  ac t iv i ty .  This miuinaized the possibi l i ty  tha t  G - I - P  would  be conver ted  
to G-6-P, since it is the  end-produc t  of the  reaction. W h e n  the ac t iv i ty  of glucokinase 
was followed b y  the format ion  oI G-6-P according to  m e t h o d  3 (see under  .METHODS), 
the  rate of format ion  of G-6-P f rom glucose and A T P  was much  grea te r  than  f rom 
G-x-P (Fig. 4), thus  indicating t h a t  glucose phosphory la t ion  occurred at  posi t ion 6. 

Al though homogena te  superna tan t  fractions could  ca ta lyze  the  convers ion of 
F - I - P  to F - f - P ,  purified f ructokinase prepara t ions  were free f rom this ac t i v i t y  and 
the ra te  of fo rmat ion  of G-6-P from F-x-P  in the  presence o1 muscle phosphoglucose  
isomerasc was nil, while appreciable amoun t s  were formed from fructose a n d  AT P  
(Fig. 5)- Conclusive evidence tha t  phosphory la t ion  of fructose occurred  in posi t ion 
6 was ob ta ined  b y  two addi t ional  procedures.  In  the  first one, react ion mixtures  
containing IO.O/,moles fructose,  8 .o/zmoles  ATP,  I 5 / , m o l e s  MgCla, and enzyme in a 
final volume of o.5 ° m l  were incuba ted  for 2 il at  38 °, deprote in ized wi th  TCA, initial  
and  final samples f rac t iona ted  according to LE P;x(;v: n and the sugar  phospha tes  of 
the  barium-soluble,  alcohol-insoluble fractions ehromatographed  on paper  ta. A spo t  
with an RF value of o.43 was ob ta ined  in the  final samples,  as  compared  wi th  an R~ 
value  o~ o.42 for an authent ic  sample of F-6-P  and of o.3o for F - I - P .  In the  second 
procedure,  when the  ac t iv i ty  of f ructokinase  was de termined s imul taneous ly  b y  

~,'[e~e~2ces p. Io2.  
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m e t h o d s  I and  2 (see METHODS), a g o o d  corre lat ion  b e t w e e n  the  sugar  ut i l i zed  a n d  
the  decrease  in ac id- labi le  p ixosphcte  was  obtainedt,% 

M a n n o s e - 6 - P  appeared  a lso  as the  e n d - p r o d u c t  of purif ied rnannokinasc  a c t i v i t y  
of h y d a t i d  c y s t  scol ices .  N o  f o r m a t i o n  o f  G - 6 - P  from m a n n o s e  and  ~XTP was  observed  
w h e n  m u s c l e  p h o s p h o m a n n o s c  isomera~se w a s  o m i t t e d ,  while T P N  was reduced when  
p h o s p h o m a n n o s e  i s o m e r a s e  was  present  (Fig .  6).  _. ~. 

Fig.  Z. P h o s p h o g l u c o m u t a s e  a n d  p h o s p h o f r u c t o m u -  
t a s e  a c t i v i t i e s  of a q u e o u s  h o m o g e n a t e  s u p e r n a t a n t s  
of  h y d a t i d  c y s t  seo l i ces ,  T h e  e x p e r i m e n t a l  c u v c t t e  
c o n t a i n e d  o . z 8  t t m o l e  T P N ;  t o . o  l~moles  MgCI_~: 
xo.o /*moles  g l y c y l g l y c i n c  buf fe r ,  p i t  7 .6;  0.2 17 
Z w i s c h e n f e r m e n t .  T h e  b l a n k  e u v e t t e  c o n t a i n e d  a l l  
the c o m p o n e n t s  b u t  t h e  s u b s t r a t e .  R e a c t i o n  s t a r t e d  

b y  t h e  a d d i t i o n  of  4 . 9 / , m o l e s  o i  s u b s t n t t ¢ .  

J - Phos~homannose 
o. oo  . . . . .  

~I- | ~ ~ Phosphoglucose 

~0.I0 // ---a Pho spl~*g'UC e ~ arnl r,e 

~0 
O 1 2 3 

Mi~ 

/ G - I - P  

?°= / 

[ /  
OiO~ I I ' i 1 ' - -  o 1 2 3 Min 

Fig.  3- | ' h o s p h o g l u c o s e .  p l ~ o s p h o m a n n o s t . ,  mid  
p h n s l d a o g h t c o s a m i n e  i s o m e r a s e  a c t i v i t i e s  of 
s u p e r n a t a n t  f r a c t i o n s  o f  a q u e o u s  h o m u g e n a t e s  
of  I ' ,yclatid c y s t  sco l i ces .  S y s t e m  fur  p h o s p h o -  
g l u c o s e  a n d  p h o s p h o m a n n o s e  i s o m e r a s e s  was,  
mo.o / , m o l e s  3IgCl_o: ro .o  /tmoles glyc]y lRlyc ine  

buf fer ,  p H  7 .6 ;  o . 2 8 / z m n l e  T P N ;  0 .4  U. Z w i s c h e n f e r m e n t :  zoz t tg  p r o t e i n  s u p e r n a t a n t :  f ina l  
v o l u m e ,  3 .o  ml .  R e a c t i o n  s t a r t e d  b y  t h e  a d d i t i o n  of  2.0 H m o l e s  s n b s t r a t e .  T h e  b l a n k  c u v e t t c  c o n -  
t a i n e d  t h e  s a m e  c o m p o n e n t s  bnL for  t h e  s u b s t r a t e .  S_vstem for  p h o s p l m g l u c o s a m [ n e  i s o m e r a s e  was,  
8 . o / ~ m o l e s  A T P ;  o . o 8 / * m o l e  T P N  ; 0. 4 U Z w i s c h e n f v r m e n t  ; 5.0 t emoles  ~IgCl_~ ; t o . o / i r o n i e s  g lycy l -  
g l y c i n e  bu f fe r ,  p H  7.6.  R e a c t i o n  s t a r t e d  b y  a d d i t i o n  of  5.0 p m o l e s  g l u e o s a m i n e .  T h e  b l a n k  c u v c t t e  

c o n t a i n e d  t h e  s a m e  c o m p o n e n t s  m i n u s  g l i acosamine .  F i n a l  v o l u m e ,  3 .o  mL 

Fig .  4- F o r m a t i o n  o f  G - 6 - P  f r o m  ghncnse  p l u s  A T P  ~ 2 o o  
a u d  f r o m  G-I  P b y  p . r i f i e d  h xxla t id  c y s t  sco l i ces  
g h t e o l t i n a s e .  T h e  e x p e r i m e n t a l  e u v e t t e  c o n t a i n e d  
4 .o  / ,nxoles  A T P ;  ] o . o  l~trufles ~Igf_'12; o.2 U. "~ 
Z w i s e h e n f e r m e n t :  o. v4 l l m o l e s  T I ' N :  t o . o  t emoles  o 
g l y c y t g l y ¢ i n e  b u f f e r  of  p H  7.6;  i 8 o . o  /~g p r o t e i n  
g l u c o k i n a s e .  T h e  b l a n k  c u v o t t c  c o n t a i n e d  t h e  s a m e  ~ o.loo 
c o m p o n e n t s  b u t  sub~ +- " .s .  P - a c t i o n  s t a r t e d  b y  
t h e  a d d i t i o n  o f  e l ' a c t  e . o l ,  n l o l e s g l u c o s e  o r G ~ t - P .  --= 

Fina.i  v o | u m e ,  3 .o  ml .  

v o£3 
0 

a20O 

G l u c e s e  +ATP 

~ G - I - P  

1 2 3 4 5 
M in  

~ FruetOse÷ATP 

Fig.  5- [ : o r m a t i c m  of  F - 6 - P  f r o m  f r u c t o s e  p i l l s  

i 
CXKIO ~ A T P  a n d  f r o m  U-I - I "  b y  p u r i f i e d  h y d a t i d  c y s t  

/ s c o l i c e s  fn ,  c t o k i n a s e .  S y s t e m  as  in  Fig .  4, wil;h 
30 .0  , t g  p r ~ t e i n  f ruc tok ina :~e  a n d  600 .0  U. vnosc le  

the a d d i t i o n  e l  e i t h e r  4 .o  pine ,  los f r u c t o s e  o r  
F I p F -n - [ ' .  T h e  b l ~ n k  e u v o t t e  c o n t a i n e d  t h e  s a m e  

c o m p o n e n t s  t t l i nus  s u b s t r a t e .  

a~tevences p. zo-,. %B 
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Fig .  6. F o r m a t i o n  of  M-6- I  * f r o m  m a n n o s e  a n d  
A T P  w i t h  or w i t h o u t  m u s c l e  p l a o s p h o m a n n o s e  

~-O.~OC Monr.0sa+ATP i s o m e r a s e  b y  puri f ied h v d a t i d  c y s t  s eo l i ce s  m a n -  
n o k i n a s e .  S y s t e m  as  in Fig .  5 w i t h  16o,o  / i g  
p r o t e i n  m e m n o k i n a s e  a n d  zoo  U, m u s c l e  p h o s -  
p h o m a n n o s e  i s o m e r a s e  as  i n d i c a t e d .  R e a c t i o n  

c5 s t a r t e d  b y  t h e  a d d i t i o n  of 4 . 0 / t m o l e s  m a n n o s e .  
0 ex is t  T h e  blanl~  c u v e t t e  c o n t a i n e d  al l  t i m  c o m p o n e n t s  
'- b u t  t h e  s u b s t r a t e .  

~ N O  pho.5~:~Oo~anno'qe u 
/ ~ m W • • ~ l.,5,~rrler'D~E' . ~ uln . . . . . .  

0 :1 r ' ,o  
. , 1  Con~plet e 0"(3(3 1 2 M~n 3 ~- ~ ~y~tern 

e / 
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Fig,  7- P h o s p h o t r u c t o k i n a s c ,  a ldo lase ,  a n d  G l y - P  ~ ~ / ~ - - - 4  Mi0Lls AIdolase 
(ff hy( I~ t id  cyst scolices ~eq-frce extracts, Corn- .= / ~ .  __~Wlinus Aldolase 0r¢l 
ple te  s y s t e m :  T r i s ( h y d r o x . v m e t h y l ) a m i n o m e -  ~ ~ ~ ' ~ G l y - P  dehydrogenase 
t h a n e  buffer  {"Tris" b u t f e r ) , p H  7-5, i o o . o / ~ m o l e s ;  =mo.os0 
.V['IJ~ 4.o l t m o l c s ;  DPNIr~, o ."  l t m o l e ;  ~lgCl  2, 
5.0 lemoles :  musc l e  a ldo lase ,  z o o . o  p g  proze.ln; 
m u s c l e  G I v - P  deh.vdrogena.~e, ( ~ . o p g  prote in:  
s u p e r n a t a n t  of  byda¢ id  c y s t  s co l ex  h o m o g e n a t e ,  0,0 
r.21 m g  p r o t e i n .  F i n a l  v o l u m e ,  3.0 mI.  R e a c t i o n  O 1 2 Min "4 
s tar ted  wi th  4 . o l t m o l e s  of  F - 6 - P .  T h e  b l a n k  
c u v e t t c  c o n t a i n e d  1t~O. A contro l  c u v e t t c  read  a g a i n s t  H o e  c o n t a i n i n g  t h e  s a m e  c o r n l m n e n t s  

b u t  F - 6 - P  w a s  used as  a correc t ion  for t h e  e n d o g e n o u s  r e o x i d a t i o n  of D P N H .  

Although glucosaminekinase  was  not  s tudied as  extens ive ly  as the other kinases,  
evidence obtained indicates that  g lucosamiue is also phosphorylated  in pos i t ion  6, 
since a decrease in acidqabile  phosphate  corresponding to  the a m o u n t  of  sugar uti l ized 
was observed when the act iv i ty  was assayed  according to  m e t h o d s  x and 2. 

Aqueous  homogenate  supernatant  fractions could also catalyze  the deaminat ion  
of  g lucosamine-6-phosphate  to G-6-P. This could be demonstrated  b y  incubat ing the  
supernatant  fractions with glucosamine,  yeast  hexokinase ,  Mg ++, and ATP;  G N H ~ - 6 - P  
formed by the act ion of hexokinase  on g lucosamine  in the presence of  A T P  was  
converted to G-6-P, which in turn oxidized T P N  in the presence of  Zwischenferment  
(Fig. 3). N o  reduction of  T P N  was  observed when g lucosamine  or A T P  were omit ted ,  

The fol lowing reactions were also catalyzed by the above  supernatant  fractions:  

I?-O-P + A T P - - ~  H I ) ]  ) + A D P  + H ~" {t )  
H I ) P - - >  ]).~k] "~ + G A P  (~) 
D A I '  + I ) P N H  + H ~ ~ G l y - P  + D P N  (3) 

s u m :  F - 6 - P  + A T P  + D P N H  + H + ~ G I y - P  + D P N  + A'IDP + t-1 + + G A P  

When supernatant  fractions were incubated in the  presence of ATP,  D P N H ,  Mg ++, 
crystalline muscle aldolase and Gly-P  dehydrogenase,  D P N H  was reoxidized upon  
addit ion of F-6-P (Fig. 7). The supernatant  fractions contained sufficient a m o u n t s  
of aldolase and Gly-P dehydrogenase  to catalyze reactions (2) and (3) in the absence 
of added muscle enzymes,  a l though at a lower rate. I t  should be realized that  A T P  
was  resynthesized in this sys tem oxving to tile presence of myokinase  in tile super- 
natant  fractions (Fig. I). 

The fact that  these preparations could catalyze the conversion of F - I - P  to F-6 -P  
suggested the possibil ity that  hydat id  cyst  scolices might  contain,  in addit ion to 

l¢.elercnces p. zo..'. 
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H D P  aldolase, an F - I - P  aldolase. However ,  no spli t t ing ac t iv i ty  was found when 
aldolase was assayed  according to SIBLEY AND LEHNINGER "t4, with F - I - P  as sl lbstrate.  

D I S C U S S I O N  

The exper iments  repor ted  here demons t ra te  tha t  under  appropr ia te  exper imental  
condit ions,  cell-free ex t rac t s  of h3:datid cyst  scolices are capable  of degrading glucose 
as well as  H D P  to lac ta te  by  the react ions of the  E m b d e n - M e y e r h o f  scheme. Al though 
not  eve ry  enzyme of this  cycle has been individual ly  assayed,  the entire react ion 
sequence appears  to be covered" b y  the present  exper iments .  As Table I shows, H D P  
was required for glucose phospho~-Eclation, none being observed  when H D P  was 

• omi t t ed  from the  react ion mixture .  H D P  appears  to serve, as in insect mater iaP  z, 
as a phospha te  reservoir. The impor tance  of an  adequa te  phospha te  pool is s tressed 
b y  the effect of fluoride. W h e n  dephosphory la t ing  react ions were not  co~ttrolled b y  
the addi t ion  of fluoride, the  rate of glycolysis was  marked ly  reduced.  Dephosphory la -  
l ion of var ious  glycolyt ic  phosphory lu ted  intermediates ,  as well as of ADP,  ATP,  
and AMP,  was ca ta lyzed  b y  ace tone  powder  ex t rac t s  of hyda t id  cys t  scolices (Table II).  
W he the r  dephosphory la t ion  of ATP and  A D P  was ca ta lyzed  b y  specific enzymes  or b y  
nonspecific apyrases  remains  to be established.  The possibi l i ty  tha t  A D P  was not  really 
hydro lyzed  bu t  t r ans formed  into ATP  and A M P  b y  the act ion of myokinase ,  ATP being 
in t a m  hydro lyzed  by  an ATPase,  should  be contempla ted .  AMP was also dephos- 
phory la ted  to  a small  ex ten t ,  indicat ing the  presence of a 5 '-nucleotidase.  Glucose-6- 
phospha tase ,  which has been repor ted  only  for a few tissues ~6, was  also present.  

Present  evidence indicates tha t  hexokinases  m a y  be classified mainly  into two 
• groups:  (a) those  kinases which non-specifically ca ta lyze  the phosphoryla t ion  of 
: var ious  hexoses, such as  yeas t  z~ and brain 18 hexokinases;  (b) hexokinases  which spe- 
: cificaUy cata lyze  the  phosphory la t ion  of individual  hexoses, such as liver fructo- 

kinase 4a and  the Sddstosoma enz3nmesL The hexokinases  of hyda t id  cys t  scolices belong 
:; to this  second group,  glucose, fructose,  mannose ,  and  glucosamine being phosphory l -  

a t ed  b y  individual  kinases, each one separable  from the others  b y  protein fractiona- 
:: t ion procedures  (Table IV). The E. gramdos.us enzymes  differ from hexokinases  of 
:?ithe first type ,  as  well as from ScMstosoma kinases in their inabi l i ty  to phosphoryla te  
2 - d e o x y g l u c o s e  and  in some kinetic characteris t ics .  Another  difference with tim 
Sahistosoma enzymes  is the  compet i t ive  inhibit ion of f ructokinase b y  ADP,  while 

: A D P  inhibi ts  non-compet i t ive ly  Sahistosomtt glucokinase ~-. G-6-P does not  inhibit  
:~the Schistosoma f ructokinase  2, while inhibit ion of the  corresponding Eddnocoacus 
• •enzyme b y  this  es ter  is evident .  However ,  as in the  case of the  Sddstosoma enzymes,  
:: each hexose was phosphory l a t ed  in posi t ion 6 by  the Edduococct~s kinases. 

Ceil-free prepara t ions  of hyda t i d  cyst  scolices have  phosphofructokinase  ac t iv i ty ,  
as  well as  aldolase and Gly-P  dehydrogenase  (Fig. 7)- The role of the reaction b y  
which F -x -P  is conver ted  to F-6-P is not  clear, F-x-P being unable  to serve as a sub-  
s t ra te  for an aldolase react ion as descr ibed for jack  bean seeds*L 

• : An interest ing finding seems to be  the  conversion of GNHo-6-P  to G-6-P (Fig. 3). 
:: Al though  the  revers ibi l i ty  of this react ion was not  s tudied,  it could represent  a pa th-  
:ifway for the  synthesis  of  GNHz-6-P.  Whe t he r  this react ion represents  a simpel 
.i d iaminat ion of GNI-I~-6-P or  whether  some in te rmedia te  such as F-6-P  is formed,  
;i~:..:remains to  be  established. 

,ii:Re[¢~'ences p. toe .  
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