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albumin-v-globulin mixtures. This unusual protein frac- 
tion electrophoretically resembles the peak formed when 
y-globulin alone is sonicated. 

The electrophoretic data and other evidence suggest 
that  ultrasound causes tl~e formation of an albumin- 
globulin complex. Moreover, while the complex retains 
certain solubility properties of v-globulin, those of albumin 
seem obscured. The total  protein content of salt pre- 
cipitable v-globulin fraction has been shown to increase 
after whole serum is sonicated 3. The sonically formed 
complex probably contains an outer layer of v-globulin 
surrounding the albumin molecules. Hence, 0nly a single 
new fraction residing in the fl-globulin region can be 
distinguished electrophoretically after exposure of albu- 
min-v-globulin mixtures to ultrasound. 

The atypical electrophoretic patterns observed in some 
diseases probably denote the presence of unusual proteins. 
Changes in electrophoretic behavior following sonic treat- 
ment likely depends upon the quanti tat ive and qualitative 

nature of the proteins in serum. Ultrasound might be 
useful for detecting the presence of certain abnormal 
serum proteins. 

Zusammen[assung. Normale und abnorme Seren sowie 
gereinigtes menschliches Serumalbumin und Serumglobu- 
lin, wurden vor und nach Ultraschalleinwirkung auf elek- 
trophoretisches Verhalten untersucht. Die Unterlagen 
deuten auf eine Bildung aussergew6hnlicher Komplexe 
zwischen gewissen Serumproteinen, wahrscheinlich Y- 
Globulin und Albuminfraktionen, dutch ultrasonische 
Frequenzen hin. 
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J a n u s  G r e e n  B and  E x p e r i m e n t a l  S y n d a c t y l y  in C h i c k  E m b r y o s  

Very small amounts of Janus green 13 (JB) injected 
into the amniotic fluid of incubated eggs (in the 29 Ham- 
burger-Hamilton (HI-I) stage) lead to syndactyly in  all 
survivors 1, 2. 

According to HAVEMANN 3, J B  (diethyl-safranine-azo- 
p-dimethylaminobenzene) can be reversibly reduced to 
leuco-Janus green B, a hypothetical intermediary com- 
pound, which on further reduction splits by an irreversible 
process into pink diethyl-safranine (DES) and p-dimethyl- 
aniline (DMA). This is the final reduction stage in the 
living cell, while a leuco-DES, which can be obtained by 
catalytical hydrogenation, is instantly oxidized into pink 
DES by O v 
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As JB electively taints in green living mitochondria, 
an interference of the dye with biological oxidation has 
been assumed ~. We actually found an interaction between 
JB and riboflavine, the active site of FAD:  (1) JB reacts 
with dihydroriboflavine and forms a water-insoluble 
greenish compound. No interaction between JB and ribo- 
flavine could be observed in the visible range of the 
spectrum. (2) The reduction of JB  with ascorbic acid is 
accelerated by small amounts of riboflavine. (3) The 
polarographic reduction wave of riboflavine shifts to 
more positive values on the addition of JB. In Figure 1 
the molar ratio of the compounds is presented. 

In an experimental model, we observed that  very small 
amounts of JB  exert stimulation on yeast oxygen uptake, 
as determined by polarography in paraffin-oil sealed 
media. Glucose has been added to yeast suspensions in 
7.2 pH phosphate buffer (Dulbecco isotonic medium for 
tissue cultures), until further addition of glucose did not 

increase the rate of oxygen uptake. Then, progressive 
amounts of JB  were added, increasing respiration rate 
up to 45% over the maximal level attained by saturation 
with glucose. 

The same experiment was repeated with acetaldehyde 
as food instead of glucose, for starved yeast. The results 
obtained were most similar to those with glucose (Figure 2). 
As acetaldehyde is directly oxidized by the respiratory 
chain 5, this similitude suggests an action of the dye upon 
this common metabolic pathway. 

As long as oxygen concentration could be maintained 
by constant air bubbling, above approximately 50% of 
saturation, JB was not reduced by the yeast and the 
respiration stimulus persisted. In lack of aeration, O 2 
concentration of the medium rapidly fell and JB was 
reduced to pink DES, while oxygen uptake sank to very 
low values, assumedly by toxic action. JB rapidly turns 
into pink DES in the allantoic fluid of the chick embryos, 
so it had to be investigated whether the dye itself or some 
of its reduction products is actually responsible for the 
syndactylism induced. 

A comparative testing of JB  and the equivalent 
amounts of the reduction compounds (DES+DMA)  
proved that  only the dye itself is teratogenetical. How- 
ever, a toxic effect of the reduction products, as concluded 
from the high lethality, can be admitted. 

I t  can be assumed that  JB  has an action upon the 
respiratory chain (at least in yeast) forming a FAD-JB  
type complex. The respiration stimulus observed suggests 
an electronic shunt role of this complex. 1ViETZNER 6, in 
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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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