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A s t r ik ing  fea ture  of the  ov iduc t  c h r o m a t o g r a m  is the  p r e d o m i n a n c e  of ur id ine  nucleot ides .  
For exanlple,  adenos ine  t r i p h o s p h a t e  ha s  no t  been found,  and  the  a m o u n t  p resen t  m u s t  be ex t r eme ly  
small  compa red  to a n y  one of the  u r id ine  nucleot ides .  A ma jo r  func t ion  of ov iduc t  is the  syn thes i s  of 
g lycopro te ins  con ta in ing  N-ace ty lg lucosamine  and  m a n n o s e  9. *. I t  also con ta ins  n lucnpolysacchar ides  
( including both  hya lu ron ic  acid and  chondro i t in  sulfate1°). These  facts  sugges t  t h a t  these  nucleot ides  
m a y  be the  m e a n s  of ac t iva t ion  of glycosyl  res idues  for incorpora t ion  into protein,  and  for syn thes i s  
Of son le  m u c o p o l y s a c c h a r i d e s .  
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* A m a n n o s e  con ta in ing  nucleotide,  guanos ine -  5'  p y r o p h o s p h a t e  mannose ,  has  also been identif ied 
in ov iduc t  (J. L. STROMINC, ER, Federatio~z Proc., 13 (1954) 3o7). Th i s  c o m p o u n d  is ident ical  to the  
c o m p o u n d  isolated f rom yeas t  by  C.aBIB AND LELOIR (J. Biol. Chem., 2o0 (1954) 779). 

Effect of substrate structure on the aldolase equilibrium* 

The purpose  of th i s  c o m m u n i c a t i o n  is to call a t t en t i on  to a re la t ionship  be tween t he  s t r uc tu r e  
ot the  a ldehyde  c o m p o n e n t  and  the  equ i l ib r ium c o n s t a n t  of aldolase reac t ion  sys t ems .  

In  the  aldolase reac t ion  

(i) D-3-phosphoglycera ldehyde  .~ d i h y d r o x y a c e t o n e  p h o s p h a t e  ~ D- f ruc tose - l ,6 -d iphospha te  

va r ious  a ldehydes  m a y  replace 3 -phosphoglycera ldehyde  (GAP) b u t  d i h y d r o x y a c e t o n e p h o s p h a t e  
(DAP) appea r s  to be specificl.~,a,4, ~. \Vhen " fo re ign"  a ldehydes  react  wi th  DAP,  cor respond ing  
k e t o s e - l - p h o s p h a t e s  are formed (i.e. D-f ruc tose - l -phospha te  f rom D-glycera ldehydeL3 and  D-xylulose- 
l - p h o s p h a t e  f rom glycolaldehyde3).  MEYERHOF el aL 1 observed  t h a t  the  aldolase reac t ion  was fully 
reversible wi th  G A P  or ace ta ldehyde.  On the  o ther  hand ,  f r u c t o s e d - p h o s p h a t e ,  readi ly  formed f rom 
D-glycera ldehyde and  DAI '  in muscle  ex t rac ts ,  was no t  de t ec t ab ly  spl i t  when  added  to such ext rac ts ,  
sugges t ing  " i r revers ib le"  format ion .  More recent  work2, 6 has  shown  t h a t  c rys ta l l ine  musc le  aldolase 
does effect some  cleavage of f ruc to se - I -phospha t e  which is grea t ly  e n h a n c e d  by t r a p p i n g  or enzymic  
r emova l  of reac t ion  products .  

\Ve have  e x a m i n e d  the  effect of " fo re ign"  aMehydes  on the  equ i l ib r ium sys t em resu l t ing  fronl 
the  ac t ion  of aldolase + i somerase  on f ruc tose - I ,6 -d iphospha te .  The  course of the  reac t ions  toward  
new equi l ibr ia  was  followed by  e s t i m a t i n g  DAP.  o ther  ke tose - I -phospha te s ,  and  free aldehydes1,7, ~. 
F rom the  new equi l ibr ia  reached t he  a ldehydes  tes ted  fell in to  two categor ies :  (A) a ldehydes  caus ing  
comple te  d i s appea rance  of D A P  from m e d i u m  (DL-glyceraldehyde, f l -hydroxyprop iona ldehyde ,  and  
f l - hyd roxybu ty r a ldehyde ) ;  and  (B) a ldehydes  which caused  e s t a b l i s h m e n t  of a new equ i l ib r ium in 
which s igni f icant ly  large a m o u n t s  of D A P  ren la ined  ( formaldehyde,  ace ta ldehyde ,  p rop iona ldehyde ,  
f l -me thoxyprop iona ldehyde ,  DL-lactic a ldehyde,  and  D-glycera ldehyde-3-phosphate) .  

If the  " fo re ign"  a ldehydes  condense  with D A P  in s t r i c t  ana logy  wi th  the  " n a t u r a l "  aldolase 
reac t ion  (no excep t ions  are known to date) t hen  it is seen t h a t  t he  new ke to se - I -phospha t e s  formed 
f rom ah tehydes  of group (A) m a y  ex i s t  in the  s table  py ranose  conf igura t ion  s ince a free hydroxy l  
group is p r e sen t  a t  c a rbon  6 (i.e., D-fructose (L-sorbose) 1 -phospha te  f rom DL-glycerahlehyde;  
5 - d e s o x y f r u c t o s e - l - p h o s p h a t e  f rom f l -hydroxyprop iona ldehyde ,  etc.). However ,  the  ke tose - t -phos -  
p h a t e s  p roduced  f rom a ldehydes  of group (B) have  no hyd roxy l  a t  ca rbon  6 and  m u s t  ex i s t  as the  
less s table  furanoses ,  or as acyelic s t ruc tu re s  (i.e. f ruc tose -z ,6 -d iphospha te  f rom D-glycerahiehyde-  
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3-1)hosphale; 5,0-didesoxyfructose t -phosphate  from propionaldehyde, e/c.). These lmdings thus 
suggested tha t  therlnodylmmic stabilization alforded by formation of cyclic hemiacetal forms of 
the aldol producl  is a major  factor attecting the equilil>rium constant  of aldolase reaction systems. 

To test this idea crystalline l]lUSCle aldolasc, free of triosc phosphate  isomerase, was allowed 
to act on three representat ive O-carbon ketose I-tYhosphates of kllo\vl3 high puri ty:  the pvram)sc 
fructose-~ phosphate  (synthetic2."), the /urtu.~se fructose-I ,6-diphosphate (chromatographically 
purifiedn~), and the presumably a~vtlic 5,0-dides(~xyfructosc 1 t)hosphatc (pret)ared enzymically 
and isolated as crystalline .\g salt1°). The equilibrium constants  (l(e,1) were determined by following 
the reactions in the direction of cleavage by llleasuring I'urmation of alkali-lal)ile P ~>r free aldehyde; 
(Tal)le 1). 

"l'.\ l~,I,t  :. 1 

:\I_I)OI.\SlC I';OUILIHRIUM CONSTANTS 

Nttbslr,th: 

l)-l"ructose- l t)hosphate 
D-fructose- J ,0-diphosphate 
5,(>-<lidesoxy fruct~)sc- I -phosph ate 

lq'.~bablc K F~mfi~,'lff, tlioll 

[ )yranose 2.8 • I o 6.11 
lturalloSe i. l<q. i 0 1 .1l 
Open chain 0.0" io 3,11 

Reaction sys tems contained sul)strates in range frolll o.oo0 to 0.030 ill Hltd from o. 13 to 3.3 mg 
crystalline isomerase-free aldolase per ml at pH 7.o. Temperature,  37'. Figures are averages from 
at least 3 experi inents run to apparen t  equilibrium. The considerably greater extent  of cleavage 
o f  fructose-~-phosphate seen by HI~:Rs AND KUSaK.X 6 coukt not be confirmed with our synthetic 
sample. 

It  is clear that  l(,q for the three sul>strates varies in accordance with the generalizatiou made 
above. The sugar having  the most  stable configuration (pyranose), f ructose-l-phosphate,  showed 
an extent  of cleavage at apparen t  equilibrimn which was very slight but  easily ineasurable. /(eq for 
fructose-l ,0-diphosphate,  the most  stable possible form of which is/uram~id, agreed well with values 
already reportedS,n; it is nearly two orders of magnitude higher than tha t  of fructose-I-phosphate.  
lCcq for 5,0-didesoxyfructose-l-phosphate,  which can exist only in the open-chain form (or as a very 
unstable  four- or three-nmmbered cyclic hemiacetal) is substant ia l ly  higher than tha t  of fructose- 
1,6-diphosl)hate, in good agreeinent with Keq for cleavage of 5-dcsoxyxylulose ~-phosphate (also 
acyclic) calculated from data given by MI~.YERHOFLS. 

The aldolase equil ibrium nmy thus  consist of two separate reversible reactions: (a) enzymic 
aldolization of dihydroxyacetone phosphate  and an ahlehyde to yield an open-chain ketose-L-phos- 
phate,  and (b) formation of pyranose,  furanose, or other, less stable, ring forms from the open-chain 
structure.  The latter reaction probably  occurs non-enzymically, although euzymic catalysis is not 
excluded. The formation of the stable pyranose ring is titus tilt eHectixe " trap" ,  accounting for the 
relative " irrevers ib i l i ty"  of formation of fructose-~-phosphate in the ahlolase system. Only when 
the cleavage products  are removed, either enzymically or by carbouyI t rapping agents, is fructose- 
l -phosphate  readily and extensively deaMolized. 

/(cq for the three subs t ra tes  tested should reflect the relative thermodynalnic  stabil i ty of 
pyranose,  furanose, and open-cl-Jain forms of fructose-1-phosphate,  for which lie direct ineasurements 
have been reported. Aqueous fructose s(~lutions at equilibrium ( - o )  contain about  8o~)~ pyranose,  
and COPe furanose12,1a,l"L The equil ibrium concentrat ion of open-chaill form is less certain, but  
calculations based on the few data axailable15,l~, 1T suggest an amount  of the order of o. lq~,. if the 
equil ibrium concentrat ions for pyranose, furanose, and acyclie forms of fructese-l phosphate  are 
assumed to be approximate ly  similar to those of fructose, then the equilibrium constants  listed in 
Table I dilfer from each other in the expected directions and by magnitudes consistent  with the 
expl~'tnation offered. 

The foregoing thernm(lynamic interpretat ion of the aldolase equil ibrium is based on the energy 
content  of the initial an(l final states. It is therefore independent  of the source or sul)strate speci- 
ticity TM of the enzyme or catalyst, the rates of the reactions involved, and the reaction mechanism. 
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Calc ium ci t rate  in an insect 

The onthecae  of all  I ' r ay iug  Mant ids  so far examined  con ta in  slnall  r ec tangu la r  c rys ta l s  adher ing  
to or embedded  in t im prote in  nlenabranes of which the ootheca  is formed. The c rys ta l s  o r ig ina te  
ill a large g land  located in the be l ly  wall  of t i le seventh  ven t ra l  s t e rn i t e  or sub-geni ta l  plate,  and  are 
added  to the  secret ions  from the  col leter ial  g lands  at  the t i m e  of laying.  The purpose  of this  n(,te 
is to descr ibe the  chemica l  na tu re  of the crystals ,  each of which is con ta ined  in a pro te in  envelope 
of compl i ca t ed  s t ruc ture .  

Under  the microscope t i le  c rys ta l s  w i th in  tile ven t ra l  body-wal l  g land appear  iden t i ca l  with 
those f(mnd in t i le  oothecae.  They  v a r y  in size l int  average  d imens i (ms  are 5 ~. 3 ;< I p, and when 
al lowed to set t le  ou at s l ide they  appea r  r ec t angu la r  and s t rong ly  b i re f r ingent  wi th  the  opt ic  ax i s  
a t  abou t  45" to the edge of the  crystals .  Solne t imes  the  c rys ta l s  have  c leaved para l le l  to the  hmg 
edge and these th in  p la tes  lie on tl~eir sides. In this  view they  are t rapez i form and are l ) i refr ingent  
with the opt ic  ax i s  in a p lane  para l le l  to the  long edges of the crystal .  J u s t  before laying,  the g land 
is packed  full, i.e. there  is a vo lume  of several  cubic  mm of crystals .  \ \ : i th in  the gland a few c rys ta l s  
of anl , t l ler  subs tauce  were observed,  h a x ' i n g  lie 1,irefringence DAld a more ehmga ted  forll/ .  

By X-rays  and  infra-red the  c rys ta l s  have  been ident i f ied  as ca lc ium ci t ra te .  Igy reac t ion  of 
ca lc ium chlor ide  and sodium c i t r a t e  insoluble  c i t ra tes  were ob ta ined  t h a t  had a va r i e ty  of s t ruc tu res  
accord ing  to X-ray  and infra-red tests.  The ca lc ium c i t r a t e  iden t ica l  with the c rys ta l s  in the  insect  
was formed wheu 15o II1[ O. t *11 calc iuln  chlor ide  was mixed  with Ioo illl o. t :11 s o d i u I u  c i t r a t e  and 
al lowed to s t and  in a ta l l  cyl inder ,  whereupon the ca lc ium c i t r a t e  slowly prec ip i t a ted .  This  p r ec ip i t a t e  
was washed,  dr ied in air, and tile ra te  of de hyd ra t i on  followed over  l'2()r. Changes in the vapour  
pressure  occurred at  weigh ts  cor responding  to the h e x a h v d r a t e  and the t e t r ahyd ra t e ,  while hea t ing  
a t  i o o ' C  gave  an a p p r o x i m a t e l y  anhydrous  product .  "l'i~ree types  of X ray powder  d iagranl  were 
o b t a i n e d  cor responding  to the  hexahydra t e ,  t e t r a h y d r a t e  a l ia  t i le  anhydrons  form as jus t  detined. 
On the  bas i s  of the i r  X- ray  d i a g ra m  and infra-red absorp t ion  the  c rys ta l s  produced bv the  Mant is  
were ident i f ied  as the  h e x a h y d r a t e .  

Sexeral  t h ings  are n o t e w o r t h y  concern ing  lhcse  crystals .  They  are formed wi th in  protoph~smic 
l l l en l l i r anes .  They  show t h a t  a biological  nlechal l iS l / l  exis ts  for a very grea t  COllCelltr21tiol/ ()f c i t r a t e  
as calciunl  c i t ra te .  These special  devices  suggest  t h a t  the c i t r a t e  p lays  an i m p o r t a n t  pa r t  in the 
t r ans fo rma t ion  of the col le ter ia l  g land  pro te in  into ti le h ighly  cha rac te r i s t i c  ri/>bon-like e lements  
of the  ootheca.  In mos t  respects  the Mant i s  ootheca  differs lna rked ly  from the be t te r  known  cockr(~ach 
ootheca;  bu t  we n lay  recal l  t h a t  the left  col le ter ia l  gland in the cockroach cou ta ins  the s t ruc tu r a l  
p ro te in  of the ootl loca and large q u a n t i t i e s  of calciuin oxa la te  1. The funct ion of th i s  ca lc ium oxa la t e  
iS unk l loWU suppress ion of ca lc ium ions is one poss ib i l i ty .  111 cont ras t ,  t i le  Mant i s  shows no oxa la te  
(or citrate} c rys ta l s  wi th in  the  col le ter ia l  ghmds, l int  cMcium c i t r a t e  is added  from a sepa ra te  g land  
dur ing  p roduc t ion  of the  ootheca.  
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