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his  e x p e r i m e n t a l  mode l  of pho tosyn thes i s ,  used J B  as 
e lec t ronic  s h u n t  be t w een  ch lo rophy l l  as accep to r  a n d  
O H -  as e lec t ron  donor .  

A F A D H 2 - J B - O  2 e lec t ronic  s h u n t  a ccoun t s  for a n  
uncon t ro l l ed  dep le t ion  of t he  cell of N A D P t t  2 a n d  NADH2,  
wh ich  m e a n s  lack of ene rgy  a n d  of anabo l i c  capac i ty .  
The  u n d e r d e v e l o p m e n t  of t h e  e m b r y o s  in j ec t ed  w i t h  J B  
m a y  be  exp la ined  b y  this .  

ONCtII a n d  SALVAREJ 7 found  t h a t  m a c r o p h a g e  r eac t ion  
(in r abb i t s )  is cond i t i oned  b y  an  in tense  biological  oxida-  
t ion.  I n h i b i t o r s  of t h e  t r i c a rboxy l i c  cycle, or genera l  
i nh ib i t o r s  of r e sp i r a t ion  such  as a m y t a l  or KCN, do no t  
af fec t  th i s  process.  E l ec t ron  accep to r  dyes  l ike m e t h y l e n e  
blue,  m e n a d i o n  b isu l f i te  or p h e n a z i n  m e t h o s u l f a t e  s t imu-  
la te  r e sp i r a t i on  a n d  i n h i b i t  phagocytos i s .  

Therefore ,  s y n d a c t y l i s m  induced  b y  J B  m a y  be  ex- 
p la ined  b y  t h e  i m p e d i m e n t  on  m a c r o p h a g i c  t r a n s f o r m a -  
t ion  of t he  m e s e n c h y m a l  cells a n d  d imin i shed  a c t i v i t y  
of t h e  h igh ly  aerobics1 m a c r o p h a g e s  u p o n  t h e  in te r -  
d ig i ta l  t issue.  Th i s  agrees  w i t h  t he  f i nd ing  t h a t  l i m b  
buds  t r a n s p l a n t e d  on  t he  a l lan to i s  s grow b u t  deve lop  
syndac ty l i sm.  Lack  of va scu l a r i z a t i on  a n d  i n a d e q u a t e  
ene rgy  s u p p o r t  p r e v e n t s  m a c r o p h a g i c  r eac t ion  a n d  phago-  
cytosis  in  th i s  case. 

Syndactylism produced by JB and its reduction derivatives 
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Fig. 1. PoIarographic reduction wave of riboflavine + JB. 
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Fig. 2. Yeast respiration activated by J13. 

O 35 Controls 92 0 
A 65 JB 57 100 
t3 65 DES + DMA 50.7 0 
C 65 DES + DMA 53.8 0 

In series A, eggs were injected in the 29 HH stage with 10 [zg JB. 
In series B, the equivalent amount of DES + DMA injected resulted 
from the reduction of 10 [zg JB by catalytical hydrogenation (with 
Pd on BaSO4). In series C, the same amount of JB was used, but 
reduction was performed by boiling with excess ascorbic acid. 

Zusammen/assung. J a n u s g r i i n  B m i t  o x i d a t i v e n  Fer-  
men t en ,  i n sbesonde re  m i t  d e m  FAD,  geh t  eine K o m p l e x -  
v e r b i n d u n g  ein, die e ine S y n d a k t y l i e  zur  Folge ha t .  Die  
A b b a u p r o d u k t e  des J a n u s g r i i n  13 (DiXthy lsa f ran in  u n d  
p -Dime thy lan i l i n )  w i rken  zwar  gleich tox i sch  wie das  
J a n u s g r i i n  B, h a b e n  abe r  k e i n e n  S y n d a k t y l i e - E f f e k t .  
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I n h i b i t i o n  o f  P h o s p h o g l u c o m u t a s e  b y  G a l a c t o s e  1 , 6 ' D i p h o s p h a t e  

P h o s p h o g l u c o m u t a s e  (~-D-g lucose- l ,6 -d iphospha te :  e- 
D-g lucose - l -phospha te  phospho t r ans fe r a se ,  EC 2.7.5.1) 
ca ta lyzes  t he  i n t e r co nve r s i on  of g l u c o s e - l - p h o s p h a t e  a n d  
g lucose-6-phospha te .  A two s tep  m e c h a n i s m  has  been  
proposed  1 : 

G l c - l - P  + E P i c _  Glc-1, 6-P 2 + E 

Glc-1, 6 -P  2 + E ~_ Glc-6-P  + E P  

where  E P  is t he  p h o s p h o r y l a t e d  e n z y m e  a n d  E is t he  
u n p h o s p h o r y l a t e d  enzyme.  RAY a n d  ROSCELLI 2 h a v e  re- 
e x a m i n e d  t h e  role of glucose 1, 6 - d i p h o s p h a t e  in  t he  phos-  
p h o g l n c o m u t a s e  r eac t ion  a n d  h a v e  sugges ted  t h a t  glucose 
1, 6 - d i p h o s p h a t e  is a n  a b o r t i v e  p r o d u c t  of t h e  e n z y m e - P -  
s u b s t r a t e  complex  a n d  is n o t  an  ob l iga to ry  i n t e r m e d i a t e  

in  t he  reac t ion ,  b u t  i t  serves  to  p r e v e n t  t he  dep le t ion  
of EP ,  t he  ac t ive  e n z y m e  species, b y  p h o s p h o r y l a t i n g  
t he  d e p h o s p h o e n z y m e .  GOUNARIS e t  al. a h a v e  conf i rmed  
t he  resu l t s  of RAY a n d  I{OSCELLI 2. 

I t  would  seem reasonab le  t h a t  a n  ana log  of glucose 
1, 6 - d i p h o s p h a t e  such  as ga lac tose  1, 6 - d i p h o s p h a t e  m i g h t  
be  a n  i n h i b i t o r  of t he  p h o s p h o g l u c o m u t a s e  reac t ion .  The  
use of such  a n  i n h i b i t o r  m a y  be  useful  for e luc ida t ing  
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the role of glucose 1, 6-diphosphate in the phosphogluco- 
mutase reaction. Galactose 1,6-diphosphate was syn- 
thetized chemically and tested as a possible inhibitor of 
the phosphoglucomutase reaction. 

Galactose, glucose-6-phosphate dehydrogenase and glu- 
cose-l-phosphate (Grade 5) were from Sigma Chemical 
Company, Anhydrous phosphoric acid was from Matheson, 
Coleman and Bell. Other chemicals were of reagent grade. 

Galactose-6-phosphate was prepared according to the 
procedure described by LEVENE 4, 5 except for the prepara- 
tion of the diacetone galactose ~. Galactose-6-phosphate 
was acetylated to form the tetraacetate by the same 
procedure used to acetylate glucose-6-phosphate v. The 
1, 2, 3,4-tetraacetyl galactose-6-phosphate was phospho- 
rylated with anhydrous phosphoric acid by a slightly 
modified MACDONALD'S procedure s as used for the prepa- 
ration of glucose-l-6-diphosphate 7 except that  the phos- 
phorylation temperature was 56~ The product was 
purified as previously described for glucose 1, 6-diphos- 
phate v and 204rag (0.28 mmoles )were  obtained from 
487 mg (1.08 mmoles) of the tetraacetate.  Inorganic phos- 
phate was removed 7 and 168 mg (0.24 mmoles) of galac- 
tose t ,6-diphosphate as the tetracyclohexytammonium 
salt was obtained. The ratio of total  phosphate to acid 
labile phosphate (7min at 100~ in 1N H~SO4) was 
1.8: 1. No reducing sugars or inorganic phosphate were 
found in the product. The product migrated as a single 
spot (7 min phosphate spray) on paper chromatography 
on Whatman No. 3 with methanol-formic acid-water 
8 0 : 1 5 : 5 v / v  containing 0.2g of EDTA/100ml  as the 
mobile phase. 

The galactose 1, 6-diphosphate inhibition of the phos- 
phoglucomutase reaction was determined by the coupled 
enzymatic assay described by RAY and ROSCELLI ~. I t  
was necessary to use glucose-l-phosphate free of glucose 
1, 6-diphosphate (Sigma Type V) since inhibition was not 
observed with glucose-l-phosphate (Type 1) which con- 
tains sufficient glucose 1, 6-diphosphate for the reaction 
to proceed normally. I t  was also observed that  low levels 
of galactose 1,6-disphosphate stimulated the phospho- 
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Inhibition of galactose 1,6-diphosphate with respect to glucose 
1,6-dlphosphate in the phosphoglucomutase reaction. Double reci- 
procal plot of velocity versus glucose 1,6-diphosphate concentrations 
at galactose 1,6-diphosphate concentrations of O--O, Zero; Q--O, 
0.5raM; [3--[3, 1.0raM; I1--11, 1.5raM. The Ki for galaetose 
1,6-diphosphate was determined from the secondary plot of slope 
versus galactose. 1,6-diphosphate and was 0.34 raM. Galaetose 
1,6-diphosphate was added prior to the addition of substrate and 
cofactor. Glucose !,6-diphosphate was added to start the reaction 
and the low rate observed with galactose 1,6-diphnsphate was sub- 
tracted from the rate in the presence of glucose 1,6-diphosphate 
to correct for the small amounts of glucose 1,6-diphosphate pre- 
sumably in the synthetized galactose 1,6-diphosphate. 

glucomutase reaction slightly until 2 mM was reached 
and at higher concentrations it was inhibitory. The initial 
stimulation was probably due to traces of glucose 1,6- 
diphosphate in the galactose i, 6-diphosphate. 

This initial rate with galactose i, 6-diphosphate was 
subtracted from the rate when glucose 1,6-diphosphate 
was added to the reaction (see Figure for details). The 
double reciprocal plots of velocity versus glucose 1,6- 
diphosphate at varying galactose i, 6-diphosphate con- 
centrations were linear. Galactose i, 6-diphosphate was 
a linear competitive inhibitor as evidenced by the fact 
that the secondary plot of the slope versus galactose 
I, 6-diphosphate was linear (Figure). From the Figure, 
the llm for glucose 1,6-diphosphate was 2.6X 10-SM 
which is similar to the reported value ~ and the K i for 
galactose i, 6-diphosphatewas 0.34 raM. 

The data presented in the Figure shows that galactose 
1, 6-diphosphate is a competit ive inhibitor with respect 
to glucose 1,6-diphosphate in the phosphoglucomutase 
reaction. The probability exists that  the chemically syn- 
thetized galactose 1,6-diphosphate contained traces of 
glucose 1, 6-diphosphate which would explain the low 
rates observed with galactose 1,6-diphosphate. The 
solvent system used does not separate glucose 1,6- 
diphosphate from galaetose 1, 6-diphosphate and even 
if it did it would be doubtful if the small amounts 6f 
glucose 1, 6-diphosphate could be detected. Commercial 
sources of galactose contain trace amounts of glucose 
and if the galactose used for synthesis contained 0.01% 
glucose and since the chemical yields of glucose 1, 6- 
diphosphate 7 and galactose 1, 6-diphosphate are similar,  
the concentration of glucose 1,6-diphosphate at mM 
galactose 1, 6-diphosphate would l~e 1 • 10-TM which is 
sufficient to give an appreciable enzymatic rate. 

The kinetics of the inhibition by galactose 1, 6-diphos- 
phate are linear competit ive which suggests that  galactose 
1, 6-dJphosphaie is binding at the glucose 1, 6-diphosphate 
binding site which would argue against galactose 1, 6- 
diphosphate acting as a poor substrate. Galactose 1,6- 
diphosphate is a relatively poor inhibitor (Ki = 0.34 raM) 
though the Ki may be slightly lower since it is probable 
that  galactose 1, 6-diphosphate is not the pure a isomer. 
~V[AcI)ONALD 9 has shown that  galactose-l-phosphate syn- 
thetized by a similar procedure is about 50% ~ and 50% 
fi isomer 1~ 

Zusammen/ass~ng. Chemisch synthetisiertes Galaktose- 
1,6-Diphosphat wird als Hemmer des Glukose-l,6-Di- 
phosphats in der Phosphoglukomutase-Reaktion be~ 
stimmt. 
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