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Table II. Common and distinctive characteristics of carboxylie ester hydrolase bands A and B 
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Carboxylic ester Acetyl esters ButyryI esters Heat inactivation DFP inhibition Approximate M. W. 
hydrolase bands hydrolyzed ~ hydrolyzed ~ (60 ~ ~ (10 -4 M) ~ 

A + -- -- 52,000 

B + + + -- 63,000 

+ ,  Esterase activity; , no activity. ~ Previous results obtained from 25 strains of E. cell by zymogram procedure in aerylamide-agarose gel 1. 

Moreover ,  t he  es terase  b a n d s  A of K~2 a n d  HB10 h a v e  
n e g a t i v e  charges  g rea te r  t h a n  H B ~  a n d  H B l s ;  t h e  
es te rase  b a n d s  B of K~2 and  HB14 h a v e  nega t i ve  charges  
g rea t e r  t h a n  HB10 a n d  HBls .  T he  c o m p a r i s o n  of t h e  
slopes of t h e  es terase  l ines w i t h  those  o b t a i n e d  us ing  
reference p ro t e ins  a l lowed a n  a p p r o x i m a t e  e s t i m a t e  of 
molecu la r  we igh ts  (Figure  2). The  va lues  were a b o u t  
52,000 da l tons  (:L 5%) for  es terase  b a n d  A and  63,000 
d a l t o n s  ( •  5%) for es terase  b a n d  B. 

I n  conclusion,  t h e  resu l t s  o b t a i n e d  b y  molecu la r  
s iev ing  effect  in  p o l y a c r y l a m i d e  gel e lec t rophores is  
d e m o n s t r a t e  t h a t  t he  ca rboxyl ic  es ter  hydro la ses  A a n d  B 
of E. coli are d i s t inc t  in molecu la r  weight .  T he  v a r i a t i o n s  
in  es terase  m o b i l i t y  a m o n g  t he  s t r a ins  a p p e a r  to  be  t he  
consequence  of differences  in  molecu la r  ne t  charge.  The  
two  molecu la r  we igh t  p a t t e r n s  s u p p l e m e n t  t he  charac-  
ter is t ics  o b t a i n e d  p rev ious ly  (Table  II) .  

Rdsumd. Des @lectrophor6ses 5. d iverses  c o n c e n t r a t i o n s  
d ' a c r y l a m i d e  m o n t r e n t  que  les ca rboxy l iques  es ters  
hydro lases  A e t  B d'E. cell poss~dent  despo ids  moMculaires  
d i s t i nc t s :  52,000 et  63,000 da l tons .  Les v a r i a t i o n s  de 
mobi l i t6  observ6es  selon les souches  p r o v i e n n e n t  essen- 
t i e l l emen t  de diff6rences dans  les charges  61ectriques. 
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Calcium and pH Homeostasis  in the Snail (Helix 
W h e n  snai ls  (Helix aspersa 1 a n d  H. pomatia 2) are 

exposed  to 5 - 1 0 %  COs, t h e  c o n c e n t r a t i o n s  of b i c a r b o n a t e  
a n d  ca lc ium in t h e  h a e m o l y m p h  rise in  a p p r o x i m a t e l y  2 : 1 
ra t io  a n d  r each  new s t e a d y  levels in 2-6  h, w i t h  negl igible  
change  in sodium,  p o t a s s i u m  a n d  m a g n e s i u m .  W i t h  t he  
i m p o r t a n c e  of ionic b a l a n c e  to cel lular  f unc t i on  in mind ,  
we h a v e  s tud ied  t he  r e su l t i ng  r e l a t ionsh ip  be t w een  p H  a n d  
free calc ium.  The  resu l t s  i nd i ca t e  a n  u n e x p e c t e d l y  slow 
rise in c a r b o n  d ioxide  t ens ion  a n d  also a n  a p p a r e n t  homeo-  
s tasis  of t he  ionic p r o d u c t  [Ca++]. [COg] a t  va lues  well  
above  t he  so lubi l i ty  p r o d u c t s  for ca lc ium ca rbona t e .  

Materials and methods. H y d r a t e d ,  fas ted  snai ls  (H. 
pomatia) were exposed  to  5 - 1 0 %  CO 2 in O 3 or in fused  w i t h  
150 m M  CaCI=. t t a e m o l y m p h  was d r a w n  f rom cannu lae  
t i ed  in to  t h e  opt ic  t en t ac l e s  ~ for t he  d e t e r m i n a t i o n  of 
p H  1 and  t o t a l  ca lc ium =. C o n c e n t r a t i o n s  of free ca lc ium 
were ca lcu la ted  on  t h e  a s s u m p t i o n  t h a t  1 m M  of t h e  
t o t a l  was  b o u n d  to  h a e m o c y a n i n  (Figure 2) a n d  t h a t  t he  
on ly  o the r  b o u n d  ca lc ium was t h a t  of t he  ion pa i r  
C a l i C O  +. I n  t h e  e x p e r i m e n t s  on  t he  effects of c a r b o n  
dioxide,  i t  was assumed,  for  t he  ca lcu la t ion  of concen t ra -  
t ions  of C a l i C O  + a n d  also CO i ,  t h a t  t he  t o t a l  b i c a r b o n a t e  
concen t r a t i on ,  inc lud ing  free I-ICe;-, Ca l iCO ~ a n d  
MgHCO a +, was  in i t i a l ly  a t yp i ca l  30 m M  a n d  t h a t  i t  rose 
w i t h  t o t a l  ca lc ium in 2 : 1 rat io.  T he  d issoc ia t ion  c o n s t a n t s  
of C a l i C O  + and  M g H C O ~  were b o t h  t a k e n  ~ as 160 m M  
a n d  t he  c o n c e n t r a t i o n  of m a g n e s i u m  was t a k e n  as 10 raM.  
I n  t he  in fus ion  e x p e r i m e n t s  t he  c o n c e n t r a t i o n s  of ionized 
b i c a r b o n a t e  were ca lcu la ted  f rom t h e  p H  of samples  
equ i l i b r a t ed  a t  20~ w i t h  2~o CO~e; t he  c a r b o n  d ioxide  
t ens ions  in v ivo  were ca lcu la ted  f rom th i s  a n d  t he  in r i v e  
pH.  

pomatia): Effects of C02 and CaCl~ Infusion 

Results and discussion. Figure  1 shows, as a repre-  
s e n t a t i v e  example ,  t he  t i m e  course of t h e  changes  in t o t a l  
a n d  free ca lc ium a n d  in CaHCOg and  p H  in t he  h a e m o -  
l y m p h  of a snai l  exposed to  8 .7% CO S. F igure  2a  shows 
ti le r e l a t ionsh i  p be tween  p H  a n d  ionized ca lc ium for 
7 snai ls  equ i l ib ra t ing  w i t h  5 - 1 0 %  CO 2. D u r i n g  these  
changes ,  t he  p H  mos t ly  falls as the  c o n c e n t r a t i o n  of ca lc ium 
rises and,  since t he  level  of b i c a r b o n a t e  rises a long  w i t h  
t h a t  of calc ium,  i t  follows t h a t  the  t ens ion  of c a r b o n  
dioxide  increases  w i t h  s imi la r  t i m e  course - r a t h e r  t h a n ,  
say, s tab i l iz ing  in 10-20 ra in  as in  Man. The  de lay  of 
severa l  hou r s  i nvo lved  in t he  a t t a i n m e n t  of t h e  new 
s t e a d y  s t a t e  is the re fore  largely  due  to  slow e n t r y  of 
c a r b o n  d ioxide  (most  of w h i c h  becomes  b i ca rbona t e )  
r a t h e r  t h a n  to  a n  i n h e r e n t  s lowness in b i c a r b o n a t e  
genera t ion .  A t  n o r m a l  r a t e s  of m e t a b o l i s m  ~, m o s t  of t he  
a c c u m u l a t i n g  c a r b o n  d ioxide  could in a n y  case be  
metabol ic .  

The  ave raged  in i t ia l  a n d  f ina l  va lues  of p H  and  ionized 
ca lc ium for t h e  same  7 snai ls  are shown  in F igure  2b. The  
c o n t i n u o u s  cu rve  cor responds  to  a c o n s t a n t  ionic p r o d u c t  
[Ca++].ECOg], of 3.6 m M  2, chosen  to  be  t he  ave rage  
p e r t a i n i n g  in t he  snai ls  whi le  st i l l  in  air. The  near-  
c o n s t a n c y  of t h e  ionic p r o d u c t  in  each  snai l  suggests  t h a t  

1 R. F. BURTON, Comp. Biochem. Physiol. 37, 193 (1970). 
R. F. BURTON, Comp. Biochem. Physiol., in press. 

3 I. GREENWALD, J. biol. Chem. 741, 789 (1941). 
5 H. WESEMEIER, Z. vergl. Physiol. 43, 1 (1960). 
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Mean values ( •  standard deviations) of total calcium, ionized bi- 
carbonate, pH and PCO 2 in the haemolymph of 4 snails just before 
and just after infusion with 1 ml of 150 mM CaCI2, and also 3.4-6.3 h 
later (final samples) 

Before After Final 
infusion infusion sample 

Total calcium (raM) 10.5 ~z 3.4 20.7 ~ 1.8 14.7 • 1.5 
Ionized bicarbonate 
(raM) 26.0 -L 4.9 20.8 • 4.2 16.5 ~ 2.6 
pH 7.77 ~ 0.05 7.65 zL 0.06 7.60 ~z 0.02 
PCO 2 (mm Hg) 14.1 -t- 2.0 14.3 -4- 1.1 13.1 • 1.8 
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Fig. 1. Changes in total and free calcium and in CaliCO + and pH 
in haemolymph of a hydrated snail placed in 8.7% CO 2 in O 2 at time 
zero, 
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Fig. 2 (a). Relationships between pill and ionized calcium for 7 snails 
equilibrating with 5-10% CO 2 in 02. (b) Average initial (O) and final 
(0) values of pl-I and ionized calcium for the same snails. Initial 
concentrations of total calcium averaged 8.3 ~ s.d. 2.3 mM. The 
continuous curve represents the relationship between pH and [Ca ++] 
corresponding to a constant value of [Ca ++] �9 [CO~]. This is 3.6 mM ~ 
if pK( for carbonic acid is taken as 9.50. The broken curve represents 
the relationship between pH and [Ca ++] that is needed if the amount 
of calcium bound by haemocyanin * in a 2% solution (containing 
also 10 mM magnesium) is to remain constant at 1 raM. 

the  h a e m o l y m p h  could be in equi l ibr ium wi th  solid 
calcium carbonate ,  bu t  in fact  it  is h ighly  supe r sa tu ra t ed  
wi th  respect  to b o t h  the  c o m m o n  forms, aragoni te  and  
calcite, and  can remain  so because of the  presence  of 
phospha t e  and  pe rhaps  o ther  crysta l  poisons t h a t  p r even t  
nucleat ion.  (The solubil i ty p ro d u c t  for calcite a t  20 ~ and 
the  ionic s t r eng th  of snail  h a e m o l y m p h  is app rox ima te ly  
0.1 m M  2, while t h a t  of aragoni te  is abou t  60 ~o higher6). 
There  is so much  calcium ca rbona te  abou t  t he  body  t h a t  
there  p r e s u m a b l y  exists  some b o d y  fluid t h a t  is in 
equi l ibr ium with  it. If b ica rbona te  and  calcium ions could 
readi ly  move  f rom the  h a e m o l y m p h  into  th is  fluid and  
there  precipi ta te ,  t h e n  the  concen t ra t ions  in the  haemo-  
l y m p h  would quickly fall. This could be p r even t ed  by  an 
opposing act ive t r anspo r t  of one or more  of the  following 
ions: Ca++, H+, O H - ,  HCO~ and  CO~. To explain  t he  
cons t ancy  of ECa++] �9 [CO ~) in the  h a e m o l y m p h ,  one need 
now only pos tu la te  t h a t  the  mechan i sm of ion t r a n s p o r t  
opera tes  to ma in t a in  a co n s t an t  e lect rochemical  po ten t i a l  
g rad ien t  for the  t r a n s p o r t e d  ion(s) - as can the  sodium 
p u m p  in ra t  d i a p h r a g m  7 - and t h a t  t he  o ther  ions are in 
equil ibrium. 

Calcium and hydrogen  ions have  opposi te  effects on the  
m e m b r a n e  po ten t i a l  of a par t icu lar  neurone  in the  bra in  
of H. pomatla and  CHRISTOFFERSEN8 has suggested t h a t  
these  effects migh t  provide  a stabil izing mechan i sm ill 
acidosis. Figure 2b shows t h a t  ionized calcium rises on 
average by  11.5 m M  per  p H  uni t  and th is  compares  well 
wi th  the  value t h a t  is needed  to  p r e v e n t  changes  in 
res t ing  po ten t ia l ;  t o  judge f rom CHRISTOFFERSEN'S 
Figures  lc  and  6b, th is  is 6-13 m M  per  p H  unit .  

Four  snails were each infused t h ro u g h  the i r  cannulae,  
w i thou t  a p p a r e n t  ill effect,  w i th  1 ml  of 150 m M  CaC18 
over  9 rain. H a e m o l y m p h  was sampled  jus t  before this  and 
again 11-16 rain af ter  the  infusion and  2-4 more  t imes  
over the  nex t  3.4-6.3 h. H a e m o l y m p h  b i ca rbona te  was 
di luted by  the  infusate  and, since FCO 2 was l i t t le  changed,  
the  p H  fell (Table). B ica rbona te  concen t ra t ions  t hen  fell 
fu r ther  to  new s teady  values, while calcium concent ra-  
t ions  fell w i thou t  stabilizing. As previous ly  found  S, 
b ica rbona te  (total) and calcium left the  h a e m o l y m p h  in 
less t h a n  2:1 ra t io  (mean r a t i o = 0 . 9 3 : 1 ) .  Values of 
[Ca++] �9 ICOn] rose as a resul t  of the  infusions,  bu t  a lways 
eventual ly  fell below- pre- infusion values, being lower on 
average t h e n  by  31 • s.d. 16~o. If t he  same mechan i sm 
opera tes  here, in reverse,  as in resp i ra to ry  acidosis, i t  
seems t h a t  calcium m u s t  also leave the  h a e m o l y m p h  by  
ano the r  mechan i sm no t  involving b icarbonate .  

Rdsumd. Dans  l 'hOmolymphe des escargots  (Helix 
pomatia) traitOs avec le CO2 le calc ium ionique augmen te  
et le p H  d iminue  de telle fa~on que le p rodu i t  [Ca++]- [CO ~ ] 
ainsi que l 'associa t ion du calcium avec l 'hOmocyanine 
re s t en t  k peu pros cons tan t .  Le t e m p s  requis pour  
a t t e indre  une s i tua t ion  s table  est  regl6 par  l 'entrOe lento 
du CO2. AprOs in ject ion de CaC1 v [Ca ++ ] et  [HCO~] 
d iminuen t ,  ainsi que le p rodu i t  [Ca++3 �9 [CO~]. 
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