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W i t h  t h e  l ) - a m i n o  ac id  o x i d a s e  t e s t  i t  w a s  s h o w n  t h a t  f l a v i n - a d e n i n e  d i n u c l e o t i d e  is t he  
p r o s t h e t i c  t t av iu  of Y1, Y2 a n d  IgTF **. S m a l l  a m o u n t s  of i ron  were  c o n s i s t e n t l y  found  in Y t  a n d  
E T I :  a t  a r a t i o  of one  i r o n  to  s ix  <>r m o r e  t l av ins .  T h e  s i g n i f i c a n c e  of t h i s  s m a l l  a m o u n t  of i ron is 
no t  c lear .  N<) o t h e r  m e t a l s  were  f o u n d  in t he  f l a v o p r o t e i n s  a t  a s i g n i f i c a n t  level ,  e x c e p t  for c o p p e r  in G. 
In  v i e w  <>f t h e  f i n d i n g s  rep( ) r t ed  a b o v e  t he  a c t u a l  role  of c o p p e r  in G wi l l  h a v e  to  l ie r e i n v e s t i g a t e d .  

(;, Yz a n d  Y2 can  be  s e p a r a t e d  a n d  prepare<l  in  h i g h  p u r i t y  f ronl  a l l  e x t r a c t  of m i t o c h o n d r i a l  
a c e t o n e  p o w d e r  in {me p r o c e d u r e  i n v o l v i n g  o n l y  s even  s teps .  E T F  of h i g h  p u r i t y  is o b t a i n e d  in a 
s e p a r a t e  four  s t e p  p r o c e d u r e  f ro I l l  t h e  s a lne  source .  I ) e t a i l s  <if t h e s e  p r o c e d u r e s ,  s p e c t r a l  t h i / r i te  
t e r i s t i c s  a n d  c r i t e r i a  of pur i ty ,  of t h e  new l t a v o p r o t e i n s  wi l l  be  r e p o r t e d  e l sewhere .  
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The occurrence of a direct oxidative pathway of carbohydrate metabolism 

in the fly Musca domestica L. 

The  c a r b ( ) h y d r a t e  mcta l>ol i sn l  of 1 ) i p t e r a  h a s  b e e n  s h o w n  to be s i m i l a r  to  t h a t  found  ill  o t h e r  
a n i m a l s .  In  t h i s  g r o u p  of insec t s ,  t i l e  o x i d a t i o n  of g lucose  to  CO 2 a n d  w a t e r  is m e d i a t e d  b y  t h e  
u n i v e r s a l l y  a c c e p t e d  g l y c o l y t i c  s c h m n e  I a n d  c i t r i c  ac id  cycle'- ' .  An i n v e s t i g a t i o n  of t i l e  m e t a b o l i s m  
of t h e  f l i gh t  m u s c l e s  of t h e  h o u s e f l y  ha s  reveale<l  t i l e  p r e s e n c e  of a n o t h e r  r o u t e  b y  w h i c h  g lucose  
m a y  be m e t a b o l i z e d .  T h i s  a l t e r n a t i v e  d i r e c t  o x i d a t i v e  p a t h w a y  a p p e a r s  to  be e s s e n t i a l l y  s i u l i l a r  
to  t h a t  o p e r a t i n g  in  h i g h e r  a n i m a l s  a 6 a n d  p l a n t s  7. 

The  e n z y m i c  a c t i v i t i e s  of g l u c o s e ~ ) - t ) h o s p h a t e  d e h y d r o g e n a s e  a n d  6 - p h o s p h o g l u c o n a t e  de-  
h y d r o g e n a s e  were  a s s a y e d  s p e c t r o p l l o t o n l e t r i c a l l y  a c c o r d i n g  to  ( ;LOCK AND M c  LEAN 6. T i l e  r e g l c t i o n s  
pnmee<l as  folh>ws: 

( ;hw<)se-fl-ph<>sph a t e  
(1) (;hlc<)se-I,-ph<)sl>hate : "I'I 'N . . . .  ~ 6 - p h < ) s p h o g l u c o n a t e  t T I ' N H  2 

d e h y d r o g e n a s e  

(2) f l - p h o s p h o g l u c o n a t e  I T | ' N  f l - p h o s p h o g l u c o n a t e _ + r i b u l o s e _ 5 _ t ) h o s p  h a t e  + CO'a t TI>NtLa 
• deh  y d r o g e n a s e  " 

F ig .  I i n d i c a t e s  t h a t  b o t h  d e h y d r o g e n a s e s  were  a c t i v e  in  t h e  p r e s e n c e  of t h e i r  r e s p e c t i v e  s u b s t r a t e s .  
W h e n  to  t he  s y s t e m  was  a d d e d  l ac t i c  d e h y d r o g e n a s e  w h i c h  is c a p a b l e  of r e a c t i n g  w i t h  Tl 'NH,aS 
p y r u v a t e  was  r a p i d l y  r e d u c e d  d u e  to  t he  o x i d a t i o n  of TI>NH=o. I t  can  be  s e e n  t h a t  g l u c o s e - 0 - p h o s p h a t e  
d e h y d r o g e n a s e  is a p p r o x i m a t e l y  t w i c e  as  a c t i v e  as 0 - p h o s p h o g l u c o n a t e  d e h y d r o g e n a s e .  Bo th  e n z y m e s  
w e r e  speci f ic  for TI>N. 

The  r e a c t i t m  I u i x t u r e  w i t h  0 -ph<) sphog lucona t e  as s n b s t r a t e  a c c u l u u l a t e d  a pr<>duct which  
r e a c t e d  p o s i t i v e l y  on t he  o rc ino l  t e s t  a n d  was  p r o b a b l y  a p e n t o s e .  

The  break<l<)wn of r i b o s e - 5 - p h o s p h a t e  to  s e d o h e p t u l o s e - 7 - p h o s p h a t e  is  c a t a l y z e d  b y  p e n t o s e  
p h o s p h a t e  i s o m e r a s e  a n d  t r a n s k e t o l a s e a ,  4. S e d o h e p t u l o s e - 7 - p h o s p h a t e  is t h e n  c o n v e r t e d  t<> h e x o s e  
m o n o p h o s p h a t e  b y  t r a n s a l d o l a s e  5. The  a c t i v i t y  of t r anske t<f l a se  w a s  m e a s u r e d  a c c o r d i n g  to  HORECKI+;R 
('1 {ll, 4. T h e  r e a c t i o l l  p r l ) cee<]s  a s  f i d h ~ w s :  
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(3) Ribulose-5-phosp hate --~ Tr iosephosphate  + "act ive glycolaldehyde" 

(4) Triosephost)hate ~ DPNH2 -+ ~,-glycerophosphate F DPN 

Overall reaction : 

l{ibulose-5 phosphate  q- D P N H  2 --~ ~t-glycerophosphate [- I )PN m "act ive glycolahlehyde" 

]{ecause these insects possess an active ~t-glycerophosphate dehydrogenase t, DPNH,  a shouhl be 
()xidized if tr ioseph(:sphate is a product  ( ) f  pentose breakdown. The data  in Fig. 2 iudicate a n  active 
transketolase as measured l)y the rapid oxidation of DPNH~ in the presence of ril)ose-5-phosphate 
which was pr~)hal)ly tirst converted t o  ril)uh)se- 5 ph()sphate by pentose ph()sphate isomerase. 

[ 
Fig. I. Glucose (~-phosphate a n d  (,-phosph(> / 
gluconate dehy'dr()genase activities()f housefly / l l l u s c l e  hon/ogenate.  The renction cuvet te  °~ 52 
contained ()o H:ll of MgC12, 0.20 H31 of TPN, 
45 ° H M  of glycylglycine buffer pH 7.0, o.4 ml ~ 4B 
of h~msefly homogenate  (2.9 mg dry wt) and ~_ 4 4  

in: 1. '3/~.'11 of (; 0-1' and 9 H3I 6-I)-G; l 1. ~ .40 
q/~11 ~)-I' (;; 1II. No sul)strate; IV. (;hlcose ~ .36 
(, phosphate  (lehydrogenase corrected for .J 3 2  

() 15hosph(}ghlc{mnte dehy(Irogenase act ivi ty  ~ .2B 
(1 I1). Total \ 'olume was 3.o ml. The reaction ~ .24 
WltS ru I ]  t i t  25 C {ll/d u l e a s u r e m e l l t S  were o 20 
made in a lk~ckman [)17 spectrophotometer ,  z_ . , 6  

The tissue was prepared by homogenizing 5 ° ~ .,a 
th()races of 3-day old female flies for ~ minutes  ~ .08 
in cohl o.971, KCI solution, tiltering through o~ .04 
muslin and centrifuging at 35oog for Io __m 0o  
l l l i n u t e s .  The clear superna tan t  was used. 
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S T O I C H I O M E T R Y  O F  RIBOSE-5-PHOSPHATE CONVERSION 

The reaction mixture  contained 9 It ,ll r ibose-5-phosphate,  
7(5 I131 of glycylglycine buffer p H  7.4, 3 °o H .1l of MgCI 2, 
3.o ml of tissue (21.6 ing dry wt) and enough water  to 
make total wflume of 15.o nil. The incubat ion period was 
8o rain at 25 C. All values were corrected for endogenous 
activity.  The hmnogenate  was prepared in distilled water  
as already described omit t ing the centrifugation.  Fifty 

thoraces from newly emerged flies were used. 

l{ibose-5-phosphate consumed 0.o I~,11 
Triose formed 1.8 ItM 
Heptulose formed [. 3 itM 
l texose formed 2.8 HM 

Fig. 2. Transketolase act ivi ty of housefly muscle homo- 
genate. The reaction cuvette  (curve II) contained 2o B3l 

of MgCI2, (5 H:ll of cysteine hydrochloride,  o. 4 ltSI of thianline pyrophosphate ,  0. 3 1131 I)PNH2, 
12. 5 ItM of r ibose-5-phosphate , I92 ltM of glycylglycine buffer p H  7.0, 1 ml of homogenate  
(,.0 mg thoraces/m1). Blank cuvette  {curxe I) contained no substrate .  The tissue was prepared by 
homogenizing ,o thoraces from 3-day old female flies in 5 ° m l  of ice cohl 0.9% KCI solution for 
i minute,  tiltering through musliu aud centrifuging at 35oo g for to minutes.  The reaction was run 

l i t  25 '  (" i l l ld u l e a s u r e l l l e n t s  w e r e  i l l a d e  i l l  a l ~ e c k m a l l  I ) lT  s t ) e c t r o p h o t o m e t e r .  

The occurrence of triose iu this reaction mixture,  as verified by chenlical analysis, is shown 
in Table 1. Heptulose and hexose were also present.  The large amounts  of hexose suggests t ha t  
heptulose was rapidly converted to hexose by transaldolase.  The s toichiometry of the reaction 
indicates tha t  the sun1 of triose, hexose and heptulose appearing was 5.9 I ~M as compared with 
O.o !~11 of penfose disappearing. Hence it appears  tha t  in houselty muscle t lomogenate two pentose 
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p h o s p h a t e  molecules arc conver ted  to heptulose  and trMse phosphates .  The heptuh}se ph{}sphatc 
can react  fur ther  to form hexose phost)hates.  
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l.e prdsent  vo lume compor te  quu t re  pa r t i e s :  l.a premibre est consacrde it l '6 tude  des l)ropridtCs 
phys iques  et  ch imiques  du g lu ta th ion .  I Tn exce l len t  ar t ic le  de CALVIN discute  la cons t i tu t ion  ch imique  
des mercap ta l l s  et des d isul fures ;  le spect re  u.v. du g lu t a th ion  indique  que ce dernier  existc,  au moius 
en par t ie ,  sous forme thiazol ine.  I!ne dtude de }~I,;NESCH t'[ a[. montrc  que dans  les ddrivds thi{H, 
marne r e l a t i v e m c n t  simples,  le groupe ,qH est  pa r t i e l l emen t  impl iqu6 dans  un sys tbmc off son 
hydrog6ne  forme un pon t  avec l ' azote  amind;  ce t)ont 6 tan t  dd t ru i t  par  I 'urde fl forte concent ra t ion .  
\VIFLAND donne un expos(} clair  e t  comple t  des t r a v a u x  rdcents  conee rnan t  la chimie du g lu ta th ion  : 
la rdact ion avec Ies conlposds carlloi/y] a l )out i ssa l l t  il la forlnation de sen l in le rcap ta l s  setnble devoir  
jouer  un r61e imt)or tant .  

l .a  deuxibme par t i e  concerne les mdthodes  de dosage et  de caract ( ' r i sa t ion des COlnpOsds 
su l fhydrylds .  Apr6s une revue des mdthodes  classiques,  due it I'ATTERSON ET [.AZAROW, et uric dtude 
de lu c h r o m a t o g r a p h i e  sur  pap ie r  du g lu t a th ion  et  de ses p rodu i t s  d 'hydro lyse ,  par  (;UTCHO ET 
LAUFER, on y rencont re  un in td ressan t  exposd de I{ARRNF'I'T ET SELIC, MAN sur les mdthodes  r6ccmment  
raises au po in t  pour  la d6tect ion h i s toch imique  des ddriv6s su]fhydrylds  et  des disulfures,  n o t a m m e n t  
fl l 'uido du 2 ,2 ' -d ihydroxy-6 ,6 ' -d inuph thy l  disulfure.  

La  t rois i lmm par t i e  cuncerne plus pa r t i cu l ib remen t  les mdcanismes  b iochimiques  auxque l s  
prend  p a r t  le g lu ta th ion .  Une excel lente  r ue  d ' ensemble  sur  l ' oxvda t i on  et  la rdduct ion e n z y m a t i q u e  
du g l u t a t h i o n  est  due g VENNESLAXD ET CONN. l.a b iosynthbse  du t r i pep t ide  est  t ra i tde  par  SNOKF 
ET BLOCH, et  pa r  ,~,TRECKER ET S'rl.;KOL, et  son rdle darts les rdact ions  de t r a n s p e p t i d a t i o n  est  6tudid 
pa r  HANFS el al. : les r6act ions de t r ans fe r t  du radical  7 - g l u t a m y l  font  l ' ob je t  d 'un  ar t ic le  de \VAI~;LSCH. 
RACKER discute  l ' imi )or tance  du g l u t a t h i o n  en r an t  que coenzyme dans  divers  syst¢'mes e n z y m a t i q u e s  
p lus  ou moins  complexes,  l.e rdle des compos& sul fhydrylds  comme accepteurs  de grout)es acyl  fair 
l ' ob je t  d ' une  6tude particuli~?rement in tdressan te  de STADTMAN; l ' ac t ion  des t h i o l t r an sace t y l a se s  3: 
es t  soul ignde;  il es t  assez r e m a r q u a b l e  qu ' une  subs tance  aussi  s imple  q u t  H2S puisse atre un exce l len t  
accep teur  de groupes acyl, alors que la cys tdine  et  le g lu t a th ion  son t  p r a t i q u e m e n t  iner tes  g ee po in t  
de vue. l ,a  ques t ion  si difficile des re la t ions  en t re  la prdsence de groupes  thiol dans  la cellule et  h~ 
croissance est  c l a i r emen t  exposde pa r  MAZIA. 

l~a qua t r i bme  pa r t i e  est  consacrde aux  aspects  c l in iques  et  aux  ac t ions  phys io logiques  du 
g lu ta th ion .  Quoique  le nombre  des obse rva t ions  raf}portdes soit  considdrable,  les donudes a l )para issent  
ici muins  pr6cises, et  le r61e du g lu t a th ion  y est  moins n e t t e m e n t  ddgugd que dans  les trois  premihres 
part ies .  

I )ans  leur  ensemble  les exposds c o n s t i t u a n t  le prdsent  vo lume suut  d 'uue  hau te  tenue;  de plus 
chacun  est  su iv i  d 'une  discussion qui se rdvble s ouve n t  au moins aussi  i m p o r t a n t e  que l 'exposd 
lui-mdme. Une exce l len te  p rdsen ta t ion  et  une a b o n d a n t e  b ib l iographic  a u g m e n t e n t  encore la va leur  
d ' un  ouvrage  don t  la lec ture  s ' impose  it t o u t  scient if ique ddsireux de s t  ma in t en i r  au couran t  du 
ddve loppemen t  d ' un  chap i t r e  de la b iochimie  qui  dev ien t  de jour  en jour  plus impor t an t .  

el.. [;RO:~IAGF;O'r (Paris) 


