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Summary 

It has been suggested by some authors that during amphibian development, 
due to the higher glucose-6-phosphate dehydrogenase (EC 1 1 1.49) activity 
compared to that of 6-phosphogluconate dehydrogenase (EC 1.1.1 43), 6-phos- 
phogluconate could accumulate m the embryo tissues and regulate the channel- 
hng of glucose-6-phosphate mto glycolysls Here, on the base of the specific 
actlwtms of glucose-6-phosphate dehydrogenase, 6-phosphogluconate dehy- 
drogenase and glucose-6-phosphate lsomerase (EC 5 3.1.9) found m the em- 
bryos of Bufo bufo during development, it is discussed whether 6-phospho- 
gluconate can accumulate and play a regulahve role on glucose-6-phosphate 
metabohsm m the anuran embryo 

Introductmn 

The egg and the embryo of amphibia carry out an active glycolysls [1,2] and 
show detectable actlvltms of glucose-6-phosphate dehydrogenase (EC I 1 1 49) 
and 6-phosphogluconate dehydrogenase (EC 1 1 1 43) [3--5] 

The homogenates of Bufo bufo and Rana esculenta oocytes metabohze 
6-phosphogluconate and nbulose-5-phosphate to lactate [2], whmh would indi- 
cate that the whole pentose phosphate cycle is carned out by such blologmal 
materials 

The pentose phosphate cycle plays a major role during embryonm develop- 
ment, where active syntheses of nuclem acids, hp~ds and proteins occur, by 
furmshmg pentoses, intermediates for ammoacld biosynthesis and NADPH for 
reductlve processes 

During the embryonm development of Rana plp~ens [3,4], of the sea urchm 
[6,7] and of Ascans lumbnco~des [8],  after fertfllzahon, there is an increase m 
glucose-6-phosphate dehydrogenase and 6-phosphogluconate dehydrogenase 
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act:vlty, moreover, during chink development,  the fluctuations of  glucose- 
6-phosphate dehydrogenase act:v:ty have been related to cell prohferatlon and 
to the DNA content  of  the embryo [9] 

During the development  of  chink brain [10] ,  from stage 4 to stage 20, the 
activity of glucose-6-phosphate dehydrogenase and 6-phosphogluconate dehy- 
drogenase fluctuate and the former is about  twine the latter 

Wallace [3] found that homogenates of  embryos of  developpmg Rana 
pzptens showed increasing glucose-6-phosphate dehydrogenase and 6-phospho- 
gluconate dehydrogenase activity, to a ratio of  10 to 1, respectively. The same 
author [ 3] suggested that, due to the lower 6-phosphogluconate dehydrogenase 
activity, as compared to the glucose-6-phosphate dehydrogenase actlwty :n the 
embryo,  6-phosphogluconate,  whmh is a powerful  mhlb:tor of glucose-6-phos- 
phate lsomerase [11,12] ,  would accumulate and regulate glucose-6-phosphate 
part l tmnmg by modulatmg glucose-6-phosphate :somerase actlwty But m the 
cytosol  of  Bufo bufo and Rana esculenta oocytes  [2] ,  it has been shown that 
6-phosphogluconate does not  mhlb:t  lactate productmn from glucose-6-phos- 
phate, m rat kMney [13] ,  the admmlstratmn of  6-ammo-mcotmamlde,  an m- 
hlbitor of  6-phosphogluconate dehydrogenase, does not lower lactate ymld 
from glycolysls 

Smce the assay condltmns used by Wallace [3] to detect  6-phosphogluco- 
nate dehydrogenase were somewhat,  different from those used by more recent 
authors [14--16] and, moreover, :t seemed antffmahstm that cells m active 
prohferatmn were under glycolytm block, it was decided by the author of  the 
present work to detect  6-phosphogluconate dehydrogenase act:wty during Bufo 
bufo development  Glucose-6-phosphate lsomerase and glucose-6-phosphate 
dehydrogenase actlwtms also were assayed, due to the close relatmnshlp w:th 
glucose-6-phosphate metabohsm and 6-phosphogluconate dehydrogenase 

The assays of  6-phosphogluconate dehydrogenase, glucose-6-phosphate dehy- 
drogenase and glucose-6-phosphate lsomerase were carrmd out  on the cytosols 
prepared from Bufo bufo embryos,  as described m Matermls and Methods, to 
avoid NADPH reoxldat:on by respiratory chain or mmrosomes In Wallace's 
work [3] ,  where embryo homogenates were used, no mention :s made about  
the addltmn of mhlbltors of  mltochondrml resp:ratory chain to the reactmn 
m:xtures to prevent NADPH reoxldatmn 

Materials and Methods 

Embryos 
Bufo bufo adults m amplexus were captured near Rome Ovulation and 

fertlhzatlon occurred m the laboratory The eggs were cultured at 12°C m tap 
water Jelly was removed from early embryonm stages by treatment  w:th 4% 
sodmm-tluoglycolate at pH 8 60 m a ratio of  1 1 (v/v) The embryos of  Bufo 
bufo were staged by reference to Rugh [17] 

Cytosol preparatton 
At each selected stage, 200 embryos,  after three washes m 0 10 M tr:ethanol- 

amine at pH 7 60, were suspended m the same medmm up to a volume of 5 ml 
and homogemzed with a Potter  homogemzer at 4°C The homogenate  was then 
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Fig 1 Spec l fm ac t lv l tms  of  6 - 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 ,  g l u c o s e - 6 - p h o s p h a t e  d e h y d r o g e n a s e  and  

g l u c o s e - 6 - p h o s p h a t e  l s o m e r a s e  m the  c y t o s o l  f r o m  Bufo bufo e m b r y o s  d u n n g  d e v e l o p m e n t  At  e a c h  

se lec ted  s tage,  200  e m b r y o s  w e ~  w a s h e d  t h r e e  t i m e s  w i t h  0 10 M t r l e t h a n o l a m l n e  at  p H  7 60 ,  t h e n  

s u s p e n d e d  m the  s a m e  m e d m m  up to  a v o l u m e  o f  5 ml  and  h o m o g e m z e d  H o m o g e n a t e  w a s  c e n t r i f u g e d  at  

110  000  X g fo r  120  m m  S u p e r n a t a n t  co l lec ted  by  a sy r inge  w a s  used  fo r  e n z y m a t i c  assays  E n z y m a t m  
assays  w e r e  c a r r m d  o u t  spec t rophot~omet r lca l ly  at 3 0 ° C  F o r  r e a c t m n  m i x t u r e s ,  see the  t e x t  P r o t e m s  w e r e  

d e t e c t e d  by  b m r e t  m e t h o d  Values  p l o t t e d  are m e a n s  o f  d u p h c a t e ,  t n p h c a t e  or  q u a d r u p h c a t e  assays  o f  

t h e  s a m e  cy t o so l  S E never  e x c e e d e d  5% o f  t he  m e a n  

centrifuged at 110 000 × g for 120 mm m a SW 50 rotor with a Spmco 
Beckman L-50 centrifuge After the centnfugat lon the cytosol (supernatant) 
was collected from the tube with a syringe, to avoid contamination by the 
pellet and upper hpldm layer 

Enzymatic assays 
Enzymatic actlvltms were detected by a Perkm Elmer Model 356 recording 

spectrophotometer,  at 30 °C, following the NADP + reduction at 340 nm Kinet- 
ics were of zero order w]th respect to substrate, cofactor and 1on concentra- 
tions The reaction mixtures for 6-phosphogluconate dehydrogenase, glucose- 
6-phosphate dehydrogenase and glucose-6-phosphate lsomerase were accordmg 
to Bergmeyer [16] 

Protein assay 
The protein content  of the cytosols was detected by the method of bmret, 

treating samples w~th 1% sodmm-deoxycholate m a ratio of 1 1 (v/v) 

Reagents 
Reagents were purchased from Sigma and Boehrmger. 

Results and Discussion 

As it is shown m Fig 1 the speclfm actwltms of  glucose-6-phosphate lsomer- 
ase, glucose-6-phosphate dehydrogenase and 6-phosphogluconate dehydrogen- 
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ase gradually increase from stage 3 to stage 8, when a maximum is reached 
After stage 8, glucose-6-phosphate ]somerase and glucose-6-phosphate dehydro- 
genase specffm achvltms decrease very fast until stage 11, whale 6-phospho- 
gluconate dehydrogenase reaches a minimum at stage 13 After the respective 
minima have been reached, the three enzymatm acbv]tms mcrease agam up to 
stage 15, where new maxima are located, and then again decrease From Fig 1 
a close par~lehsm ~s also evident, between the developmental curves of  the 
three specific achwtms, whmh would suggest a coordinate expressmn of the 
three enzymes studmd here Also m rat uterus [18 ] ,  during pregnancy, glu- 
cose-6-phosphate dehydrogenase, 6-phosphogluconate dehydrogenase and gly- 
colytm enzymes are parallelly expressed 

F~g 1 shows that glucose-6-phosphate ]somerase achwty is enormously h~gh- 
er than glucose-6-phosphate dehydrogenase and 6-phosphogluconate dehydro- 
genase achwtms and the latter is always h~gher than the former during all the 
early development 

Assays of  glucose-6-phosphate dehydrogenase and 6-phosphogluconate de- 
hydrogenase actlvltms have been carried, at some developmental stages, on the 
m toto  homogenate  by the author (unpubhshed results) to rule out differences 
w~th respect to the cytosol,  and the 6-phosphogluconate dehydrogenase/glu- 
cose-6-phosphate dehydrogenase ratms were substantmlly the same both in 
cytosols  and m m toto  homogenates  m the presence of  KCN, rotenone or 
ant~mycm A 

On the basis of  the findings shown m Fig 1, ~t is suggested that the 6-phos- 
phogluconate dehydrogenase and glucose-6-phosphate dehydrogenase achvltms 
found by Wallace [3] during Rana pzp~ens development could be explained by 
specms differences or by the different experimental cond~tmns used Moreover 
Broyles and Stnttmatter [4] found that during Rana p~p~ens development 
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p h a t e  d e h y d r o g e n a s e  s p e c z f m  a c t l v l h e s  m t h e  c y t o s o l  f r o m  Bufo bufo e m b r y o s  d u r i n g  d e v e l o p m e n t  
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glucose-6-phosphate dehydrogenase/6-phosphogluconate dehydrogenase ratios 
differed from those found by Wallace [3]. 

The maximal actlvltms of the three enzymes shown m Fig. 1 could be related 
to two maxima of cell prohferatmn and DNA synthesis [9], the hrst at the 
blastula stage, the second at rotatmn. Tentatively, at stages 8 and 15, there 
would be maximal expression of the genes codifying for glucose-6-phosphate 
isomerase, glucose-6-phosphate dehydrogenase and 6-phosphogluconate de- 
hydrogenase 

Fig 2 shows that the fmdmgs in Rana p~plens by Wallace [3] and Broyles 
and Stnttmatter [4] differ from ours durmg Bufo bufo development, the 
6-phosphogluconate dehydrogenase/glucose-6-phosphate dehydrogenase ratio 
being always higher than 1 and becoming about 3 at stage 17 Then, smce 
6-phosphogluconate dehydrogenase activity is, dunng Bufo bufo development, 
higher than that of glucose-6-phosphate dehydrogenase, it seems unhkely that 
6-phosphogluconate be able to accumulate and mhlblt glucose-6-phosphate 
lsomerase, so lowering glucose-6-phosphate channelling into glycolysls 

As it is shown m Fig 2 glucose-6-phosphate lsomerase activity is so many 
times higher than the 6-phosphogluconate dehydrogenase and glucose-6-phos- 
phate dehydrogenase achvlties that, tentatively, the high glucose-6-phosphate 
isomerase actlwty m Bufo bufo embryo and m almost all ammal and plant 
hssues could be a physmlogmal defence against glucose-6-phosphate lsomerase 
inhibition 

The author, on the basis of the fIndmgs discussed in the present work, 
suggests that it is unhkely that 6-phosphogluconate can accumulate and regu- 
late glucose-6-phosphate metabohsm during anurans development where gly- 
colysls, hke in almost all the other bmlogmal materials, is responsive to more 
sophistmated regulatory mechanism based on energy charge and citrate level 
[2]. 
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