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ON C A R B O H Y D R A T E  METABOLISM  IN H O M O G E N I S E D  

SEA U R C H I N  EGGS ~ 

OLOV ~ N D B E R G  ANn L. E R N S T E R  

W ~ m r  Gmn ~ G  S~ckhohn ~ w ~ e ~  

INTRODUCTION 

The question of the enzymat~ alterations in dev~oping sea urchin eggs and larvae 
has long been the subject of intense study. Since WARBURG showed that  ~ i f i z a f i o n  of 
the sea urchin egg w ~  connected w~h an increase in respirat~n, many attempts have 
been made to explain the mechanism for this increased oxidation. The question wh~h 
substrate is b~ng used has given rise to many theories. 0HMAN 1 suggested that  ~pids 
would be the chief source of energy; he based th~  theory upon the low respffatory 
quotient of the eggs after fe~ilization as wall as upon anaiyses of the Hpids. HUTCHINS 
et a~ suggested, after analyfis of the ammonia Hberated upon ~ f l i z a t i o n ,  that the 
increased oxidation would be due to the oxidation of proton.  RUNNSTR~M ~ found that  
monoiodoacetic add  did not inhibit the increased respiration occurring after fertilization 
and therefore concluded that glycolyfisin the usual meaning of the word did not take any 
part in this phenomena. 0RSTR6~ AND LINDBERG ~ and LINDBERG s have shown that  
the carbohydrate reserves decrease rapidly in eggs of certain sea urchin spe~es after 
fertil~ation. BOREI ~ reinvestigated the question of the altered resp~at~n in the ripening 
and newly ferfifized egg in an intenfive manner with the hdp  of the Cartefian-diver 
technique, and found that  the respirat~n confisted of two components, one which var~s 
and one wh~h remains con~ant.  RUNNSTR6M ~ and ZIELINSK~ analysed the alterations 
in the phosphate fractions during development of the newly-fertilized egg but found 
only small change~ LINDBERG s sugge~ed in studies on homogenised eggs that  carbo- 
hydrate ~ metabolised over hexos~6-phosphate and phosphoglucon~ a~d. 

That  research on the sea urchin egg has produced so many opposite results may 
be explained to a large extent  by the fact that different spe~es of sea urchin often show 
remarkably different metabolic reac tors .  This may be of great help, however, to explain 
the fignificance of the different reactions. 

The intention of the present investigation was to inquire ff an estetificat~n of 
phosphate takes place in a respiting homogenate of sea urchin eggs and wh~h reactions 
can reMase energy for such pos~ble estefifications. 

METHODS AND MATERIALS 

The m~etiM u ~ d  w ~  ~ n ~ n ~ o ~ s  ~ o ~ M ~ s ,  wh~h spawns ~ the 
Swedish W ~  from ~ e  ~ d  ~ F ~ y  untfll a p ~ o x i m ~ d y  ~ e  2 ~ h  ~ March. 

~ T ~ s  work  has  been s u p p o r t e d  by  a ~ a n ~  f rom A h ~ t r a n d s k a  ~ .  
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Respirat%n measurements were carried out with the Warburg apparatus at 6 ° ~. The 
preparation of eggs free of jelly coating was car~ed out as follows: Approximately 
IO ~pe %mMes were used for every expeNment. The eggs were filtered through gauze 
and washed on the centrifuge at the lowe~ speed. The jelly ~yer  was removed by treat- 
ing one vMume of egg suspenMon with one volume of o.oo5 N HC1 in sea water. The 
p ,  of the sMution became approximatMy 5. The suspenMon was cent~fuged Hghtly and 
the hard-packed eggs, free of jelly coating, were washed three times with sea water. 
In case not M1 the jelly coating had gone into solut%n, the process would be repeated 
with somewhat stronger add, without damage to the eggs. At the last washing the eggs 
were centrifuged more strongly, approximatMy iooo r.p.m, for two minutes. This 
whole process requked that the temperature be below 8 ° C. When the centrifuging 
was fin~hed, the tube was pNced in a beaker filled with ice. 

For the preparat%n of the egg homogenat~ a phosphate buffer was prepared 
conM~ing of 5o ml 3 % NaCI, 5 ° ml 3 % KC1, and 2 ml I M potassium phosphate buffer 
P~ 7.7. To 6 ml of this buffer solution at o ° C was added 8 ml of the hard-packed egg 
mass, by means of a pipe~e with a large opening. The tube was shaken several times 
with a veAical mot%n to disrupt the eggs completely. Then o.6 ml of o.i M MgCI~ 
was added, and, after shaking, also o.6 ml I M NaF. In later expe~ments this mixture 
was supplemented with I ml of DPN s" contMning i mg and I ml of o. i% pyocyanine 
and o. 5 ml adenylic acid containing 5 mg. Of the viscous liquid thus obtMned 2 ml 
were added to every vessd. 

The Warburg ve~els with additions were prepared in advance and placed in a tray 
contMning ~e. In the center cup 2 N NaOH was placed for absorption of the CO~ 
formed. The incubation time for the different expe~men~ varied because the durat%n 
of the activity of the homogenates was different. Most of the experiments were carried 
out so that the respiration cmfld be measured every five minutes, and when the oxygen 
consumpt%n began to show a di~inct tendency to decline the incuba~on was stopped. 
The incubation pe~ods of the experiments therefore had to vary between 2o and 4 ° 
minutes. After termination of the incubat%n the contents of the vessel were fixed with 
IO ml of lO% tfich~roacetK add, and the filtrate made up to 5o ml volume. AHquo~ 
of 3 ml were used for phosphate analyMs according to the method of F~ke and SubbaRmv, 
Easily-hydrolysaMe phosphate (designated in the tabMs as "ATP") was determined 
as the difference between the orthophosphate and the oAhophosphate obtMned after 
IO minutes hydrolyMs at IOO ° in I N H~SO~. Total phosphorus was determined after 
combu~%n with sulphuNc acid. For the determina~on of Mkali-labiM phosphorus, I ml of 
the trichloroacet~ add  filtrate was treated with 4 ml of 2 N NaOH, and was neutralised 
after five minutes with an equivaMnt amount of sulphu~c add  plus an excess suRable 
for the phosphate determinat%n. 

The reason that none of the expe~men~ were carried out on diMysed mate~al 
N that  the respiration of the homogenised eggs diminishe~ very rapidly; the difference 
between o ° and the optimum egg temperature of 6 ° is too small to permit inhibition of 

degrading reactions by cooling. 

* Abbrevia~ons : 
DPN = DiphosphopyrM~e nu~eo~de 
TPN = TriphosphopyNdine nucMoMdc 
ATP = AdenosMe tNphosphate 

References p. 477. 

HMP = Hexo~ monoph~ph~e, an cqu~bfium m~- 
~ of ~ u ~ 4 ~ n d  f f u ~ e ~ h ~ p h a ~  

HDP = H e ~  d ~ ~  
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EXPERIMENTAL 

RUNNSTROM ~ and LINDAHL 10 determined dehydrogenase activity in sea urchin egg 
homogenates with the Md of the methylene blue decMofisation m~ho& The reason 
that  they employe~ th~ method in~ead of the more quantitative Warburg method 
is that  the respirat~n was too low to be determined in the~ homogenates. By first 
removing the jelly co;~ting kom the e~gs it has become posMble to obtain a homogenate 
the respirat~n of which is eas~y measurabM in the Warburg apparatus. For this reason 
we have at tempted to confirm t h o r  resul~ with this metho~ and were able to suppo~ 
compMtMy t h o r  date concerning the effect of DPN and pyocyanine. As s u b . r a t e  glucose 
was used, which, as shown in Table IV, proved to be oxidi~d more rapidly than any 
other substance tested. Possibly th~ effect may be par t icuhr  to S~ongylo~n~otgs droe- 
bachiensis. 

Table II shows that homogenised sea urchin eggs are well able to make use of the 
energy Hberated in respirat~n for estefificafion of phosphate. This esterification was 
markedly increased without any increase in respirat~n by the addition of adenylic 
add.  As seen from tim table, a la:ge amount of the organic phosphate formed was an 
easily hydrolysable phosphate esler, probably mMnly ATP. 

TabM III  shows that glucose exerted a powe~ul s t imulat~n of respiration, and t h a t  
this increased respiration was coupled wffh an esterificafion of phosphate. The varia- 
t~ns  in the respiration vMues in th~  table were hrgely caused by the different interva~ 
during which the sea urchins were kept in the aquarium and by the varying times 
requ~ed for preparat~n of the egg homogenates. See Mso BOREI ~. 

In Table IV, ghmose, HMP, and HDP, with and without ~doace t~  add, were 
compared as sub . ra t e s  for respiration and phosphorylation. AH ve~Ms contMned sodium 
fluoride. It  may be seen that glucose and HMP were approximately equivMent as sub- 
strates for respiratio~a, ~u t  that HDP was definffely in~fior. The presence of mono- 
iodoacetic a~d (0.005 M) exerted no inhibff~n but rather appeared to be slightly 
stimulatin~ The format~n of MkMV~bfle phosphate could not be detected with any 
substrate in the presence of monModoacefic add. Since anMyMs of easily hydrolysabM 
formed ~ unfo~unately imposMbM in the presence of large amoun~ of hexose mono- 
phosphate and espedaHy hexose diphosphat% only the vMues for o~hophosphate are 
included in this experiment. 

The s u b . r a t e  wh~h demonstrated the best phosphorylation was glucos% but 
reservat~ns m u~  be made because of posMble phosphatase adion on the phospharylated 
substrates. Experiments were also c a ~ d  out wffh glucon~ acid and fibose as sub- 
strates, but, as has been previously demon~ra~d  ~, these substances had no effect on 
respirat~n. 

DISCUSSION 

It  ~ evident from the present investigation that the utiHzat~n of carbohydrate 
in the homogenised eggs of S~ongylocen~otus droebachiensis ~ different from the Mas- 
Mcal metabolism in mammalian tissues in the following respects: Glucose markedly 
increases respiration and ~ not even surpassed by hexosemonophosphate. Hexose di- 
phosphate was, at Mast in the fluoride4nhibited sy~em, shown to be less rapidly 
oxid~ed than glucose. M o n M o d o a c ~  add  did not inhibit the oxidation of glucose, HMP 

Refe~nc~ p. 47~ 
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or HDP. Since o.ooi M monModoacetic and  Mmost completely inhibits the reaction: 

P h ~ p h o ~ y ~ m M e h y d e  + DPN + ADP + PO~ ~ ~ 
phosphog~cefic a~d + DPNH~ + ATP 

t ~ s  reaction may be of Mss impo~ance for the respirat~n in the u n ~ z e d  sea urch~  
egg. T ~ s  proce~ ~ the first, after the MdMa~ and isomerase reactions for s p l i ~ g  of 
HDP, to req~re  a dehydrogenation. T~s  ~gn~es  that the ~dMase reaction is of fitfle 
impo~ance on the oxidation of carbohydrate ~ h o m o g e ~ d  sea urch~  eggs. As 
further evidence a g ~ n ~  the pa~icipation of aldolase, ff was shown that no Mkali- 
labile phospha~ accumulated in the pr~ence of mon~odoacefic add  and the sub~ates 
~ucos~ HMP, and HDP. 

D e s ~  these differences in mechanism for the most well known b~akdown of 
carbohydrate in mammafian tissue and the one in sea urchin eggs, both mecha~sms 
are capaMe of uti5fing the energy obtMned ~ r  the %rmafion of energy-rich phosphate 
bonds. The highest ratio between the estefificafion of phosphate and the oxygen uptake 
was obtMned in fully-ripened eggs at the b e a n i n g  of the f ipen~g season. 

In an earlier ~ u d y  LINDBERG 5 sngge~ed that carbohydra~ m~abofism in the 
unfertifized and newly-fertilized egg proceeds through the pa~icipafion of Warburg~ 
"Zwischenferment" and tr iphosphopyri~ne nucMofide wffh the ~ r m a t ~ n  of phospho- 
g]uconic acid from hexo~-6-monophosphate. As h~s b~en mentioned this reaction 
requires TPN instead of DPN. In Table I ff has been shown that  DPN ~ nec~sary ~ r  
the oxidat~n of ~ucose. OCHOA AND KORNBERG TM have however proved that DPN may 
easily be phosphorylated to TPN by ~spiring fiver fi~ue. Whether this phosphorylation 
reaction can take place in the sea urchin egg is not known but may be pos~ble. 

Another posMbi~ty ~ that a non-phosphorylat~g oxidation of ~ u c o ~  might take 
place. The f a ~  that  the oxidat~n cf ~ucose in homogeni~d eggs ~ coupled with the 
e~efif icat~n of phosphate makes th~  reaction appear u n f i k ~  F u ~ h e r m o ~  ~ u c o ~ c  
acid ~ not oxi4i~d by  egg homogenates whereas phospho~uconic acid can be oxidi~d. 

~nce  pyocya~ne  can d i~c t ly  o x ~ i ~  reduced cozyma~ ~ ff appears ce~Mn that  
lhe hydrcgen ~ansport  ~ys~m has no f t m ~ n  in the phosphorylat~n by t~e system 
under investigation. In other word~ despite aH differences, the o ~ d a t ~ n  of ~ u c o ~  
may produce phosphate esterification in a manner Mmilar to the ordinary tfiose pho~ 
phate oxidation. 

TABLE I 
E X P B R I M E N T S  S H O W I N G  T H E  E F F E C T  O F  D P N  A N D  P Y O C Y A N I N E  O N  T H E  R E S H R A T I O N  O F  

HOMOGEN~ED SEA URCHIN EGGS 

W K ~  ~ F . . . . .  
W ~ F  . . . . . . .  

H~O 

3 . 7  2 

1.50 

Oxygen uptake in ~M 

P~a~ 

6 . 5 0  

5 . 9 1  

DPN 

3.18 
2.42 

DPN + pyocyaninc 

1 0 . 2 0  

7.71 

Pyocyanine o.1 ml o.I %. 
Diphosphopyridine nucleotide o.i ml containing ~ I mg. 
Each vessel contained 5 ° m~romolcs of glucose. 

R ~ m m ~  p. 477. 
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T A B L E  I I  

EXPERIMENTS SHOWING THE EFFECT OF ADENY~C A~D ON RES~RA~ON AND PHOSPHORYLA~ON 

E x . I  1 6 I I I  1948 

4 ° m N u ~ s '  
~ c u b ~ n  

Ex. 2 13 I I I  1948 
~o m i n u ~ s '  
i n c u b a t ~ n  

Ex.  3 1 4 I I I  1948 
45 m i n u ~ s '  
i n c u b a t ~ n  

~ u ~ a ~  

" A T P ' ~ r m e d  
N o n ~ y ~ M y ~ M e  
P ~ s  ~ r m e d  

o.I mg  D P N  

[lm, I 13 mg 14 
4 -1 3.5 
o.o 7.8 

i .4 0 . 2  

1.4 7 .6 

O 3 4.2 5.2 5.0 

P - u p t a k e  5.5 4. I I I .o 
" A T P ' ~ r m e d  0.6 0. 4 4-3 

N o n ~ y d r o ~ M e  
P ~ s t e r s  ~ r m e d  4.9 3.7 6.7 

~ u ~ e  

E a c h  vessel  con ta ined  5 ° m ~ r o m o ~ s  of 

3.5 3.I 
8.2 8.2 

0. 4 1.2 

7.8 7.0 

I mg D P N  
+i~ 

~ c  ~ d  

3.I 
8.2 

2.1 

6.1 

4.7 5.2 

2.8 9.6 

lucose, o . i  m N a F  and  3 m ~ r o m o M s  MgCI~. 

T A B L E  I I I  

6.2 

12.3 
4.1 

8.2 

EXPERIMENTS SHOWING THE EFFECTS OF GLUCOSE ON RES~RATION AND PHOSPHORYLATION 

Ex.  I 17 I I I  1948 
20 m i n  i n c u b a t i o n  

Ex .  2 2 o l i i  1948 
5 ° m ~  ~ b ~ n  

Ex .  3 2 i  I I I  1948 
3 ° m in  i n c u b a ~ o n  

~ u ~ a ~  

" A T P ' ~ r m e d  
N o n ~ y d m ~ m M e  P ~ s  ~ r m e d  

% 
~ u p t a ~  

" A T F  ~ r m e d  
N o m h y d m ~ M e  ~ e s t e ~  formed 

~ u p t a ~  
"ATP"-Iormed 

Non-hydro ly sab l e  P-es ters  ~ r m e d  

0.86 
1.5 

- - 2 . 9  
4.4 

2.88 

3.7 
1.3 
2.4 

1 . 8 2  

2.9 
- - 0 .  7 

3.6 

Z.6I 
1.9 

'3.I 
5.o 

lO.15 
4-3 
.3.6 
7-9 

5.5 ° 
3-9 

- - 5 . 5  
9.4 

Ex .  4 17 I l l  1948 O 3 2.6o 4.14 
65 min  i ncuba t ion  P - u p t a k e  o.o 2.1 

Ex .  5 18 I I I  1948 O 2 1.3I 2.54 
3 ° ra in  i n c u b a t i o n  P - u p t a k e  0.8 3.4 

E a c h  vessel  con t a ined  D P N  = o.1 rag. For  o the r  add i t i ons  see t ex t .  
AH va lues  in  the  t ab l e  a re  expressed  in  micromoles .  

R ~  ~ ~ 7 .  
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T A B L E  IV 

E X P E R I M E N T S  S H O W I N G  T t I E  E F F E C T  O F  M O N O I O D O A C E T I C  A C I D  O N  R E S P I R A T I O N  A N D  P H O S P H O R ~ -  

L A T I O N  I N  T I l E  P R E S E N C E  O F  G L U C O S E ,  H E X O S E M O N O P H O S P H A T E  A N D  H E X O S E D I P H O S P H A T E  I N  

H O M O G E N I S E D  S E A  U R C H I N  E G G S  

Withou t  iod~xtcc~c acid With  -iodoacetie acid 
M~romolcs  

I~s{,--~ gh,,'r,~" Iqn~t;-i..itd p ' H2(, ] ;;',, . . . .  e i ! [mp i l h ! p  

Ex.  i 21 I I I  1948 
2o min incuba~on  

Ex.  2 22 I I I  1948 
3 ° min  incnba~on  

. . . . . .  Ex'45 min incubat ion  3 23 I I I  1948 

I 

~_ % o.6 j 3.5 2.5 0.7 

o.~ 1.1 
2.2 o. t 

1 ,  4 

3 . o  

4.2 2.7 

2.3 1.6 
0.2 1.2 

2. 9 1.6 
2. 5 I .I  

. . . .  

t.5 

Each vessel conta ined DPN, adcnylic  acid, and N:~F in the  same concen t ra tmns  as in TaMe II1. 

Concent ra t ion  of glucose --  ioo mic romdes .  
. . . .  H m p  = 5 ° 

",, monoiodo:~cefic Hdp  -= 5o acid' = o.oo 5 m. 

SUMMARY 

The homogenised eggs of S~ongy~cenlrogus droebachiens~s are able to oxidNe ~ucose.  This 
o x i d a t ~ n  is marked ly  accelerated by the  addi t ion  of d iphosphopyNdine  nucleot idc and pyocyanine.  

The veloc~y of oxida t ion  of glucose N at  ~ a s t  equal  to the  ox ida~on  of hexosemonophosplmtc ,  
and N conNderable more rapid t h a n  the  ox ida t ion  of hexose d iphosphate .  

Monoiodoacefic a ~ d  does not  intfibit  the  o x i d a t ~ n  of glucose. 
Upon  the  incubat ion of hexose d iphospha te  wi th  homogenised eggs in tlm presence of mono- 

iodoace~c a n d ,  no fornla~on of alkali hibile phospha te  could be demons t ra t ed .  
The oxidat ion  of glucose is coupled wi th  the  esterif icafion of phospha te .  

R~SUM~ 

Les ~euN h o m o g 6 n 6 ~ s  de S~ongyNcen~oms droebachiensis sont  capaMes d 'oxyder  le glucose. 
Cette oxyda t ion  est  cons id6raNement  acc~6r6e par  l ' addi t ion  de diphospho-pyNdine-nucMotide  

e t  de pyocyanine.  
La vitesse d%xyda t ion  du glucose est  au moins ~gale ~ celle de l%xyda~on  de l 'hexose mono- 

phospha te  e t  el!e est  consid6rMflement plus rapide  que l%xyda~on  de l 'hexose d iphosphate .  
L % ~ d e  monododac6~que  n%rr6tc  pas l%xydat ion  du glucose. 
Apr~s avoir  incub6 de l ' hexosed iphospha te  avec les mufs homogbn~s6~ on n 'a  pu d 6 m o n ~ e r  

aucune f o r m a ~ on  de phospha te  labiIe en m~ieu alca~n. 
L%xydat ion  du glucose est li6e ~ l~st6Nficafion du phosphate .  

Z U S A M M E N F A S S U N G  

DieseD~d~ln~i;~e~rtc~rc~i~uf~n~!;~ngDY:;~ons;~t~;ydr'r~d°'eb~hln ~ ~ ndkSnnenpyocyaninGluk°sedeu fl ~h°Xyd~re n'~_ 

scMeunigt.  
D ~  G e s c h w i n d ~ k e ~  der  Glukose-oxydafion ist  der  der  Hexosemonophospha toxyda~ion  min-  

de se r t s  glMch und b e ~ A c h l ~ h  schneHer als die der  OxydaNon yon Hexosediphosp~at .  
Mon~odesNgs~ure  h e m m t  d ~  Glukoseoxyda t~n  nicht .  
Bei Inkuba t ion  von Hexosed iphospha t  mi t  homogen i s i e r~n  Eiern,  bei AnwesenhNt  von Mono- 

jodesMgsgure, konnte  keine BiMung yon  MkMi-labiMm Phospha t  gez~g t  werden.  
Die Oxydaf ion  von G~kose  ist mi t  der  Veres terung von P h o s p h a t  verbunden.  

References p. 477. 
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