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the  size of the  fronds. The fresh and dry  weights  of the  
plants  also increased considerably  in 1/3 s t rength  
HI:TN~R'S med ium conta in ing 5 p p m  of aspirin and in 
M-medium supplemented  wi th  1 p p m  of aspirin. The  
former  increased by  300% in 1/3 HUTNER'S med ium and 
250~ in M-medium;  the  la t te r  increased by  200% in 1/3 
HOTNER'S med ium and 150~ in M-medium (Figures 1 and 
3). 
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Figs. 1-4. Effects of different concentrations of aspirin on fresh and 
dry weights of Lemna gibbs G3 cultivated on 1/3 strength HUTNER'S 
medium (Figure 1) and g-medium (Figure 3). Note the multiplication 
rate (MR) and flowering (F1) in the presence of various concentra- 
tions of aspirin in 1/3 HUTX~R'S medium (Figure 2) and M-medium 
(Figure 4). 

The  most  interest ing effect of aspirin, however ,  was on 
the  ini t ia t ion of f lowering under  long-day conditions.  In  
1/3 s t rength  HUTNER'S medium,  Lemna gibba G3 plants  
cont inued to grow and mul t ip ly  bu t  did not  flower. W h e n  
these plants  were subcul tured on a similar  med ium supple- 
men ted  wi th  aspirin (5 ppm) the  flowering was discernible 
4-5 days af ter  inoculat ion.  The  m a x i m u m  percentage  of 
f lowering plants,  i.e. 33% was obta ined in a med ium con- 
ta ining 2.5 ppm of aspirin while 16%, 20%, 15~ and 4% 
flowering plants  were recorded at  1, 5, 10 and 20 p p m  
respect ive ly  (Figure 2). No flowers were produced in 25 
p p m  aspirin. At  higher  concentra t ions  (50, 100 and 250 
ppm), aspirin proved  toxic  and plants  failed to grow. 
Aspir in 's  effects were similar on plants  grown in M- 
medium,  bu t  occurred at  s l ightly lower concentrat ions.  
Signif icant  f lowering took place even at  0.1 p p m  while 
the m a x i m u m  was a t ta ined  at  1 p p m  (Figure 4). In  this  
nu t r ien t  med ium 20 and 25 p p m  of aspirin p roved  toxic.  
The plants  did not  mul t ip ly  at  these concent ra t ions  and 
died 2 days after  inoculation.  

This is the only repor t  where aspirin has been demon-  
s t ra ted to induce flowering. Since aspirin is considered to 
be a copper-chela t ing drug, we believe tha t  the  meta l  
which influences f lowering in L. gibbs G3 is most  l ikely 
copper. These conclusions are in general  agreement  wi th  
our earlier observations3,K However ,  the  mechan ism by 
which copper  regulates f lowering remains to be invest igat-  
ed. This and other  related questions are under  s tudy  and 
results will be repor ted  subsequently.  

Zusammen/assung. Die Zugabe yon Aspir in in geringen 
Konzen t ra t ionen  (ppnl-Bereich) zur N/~hrl6sung der 
Wasserl ins (Lemna gibba G3) beeinflusst  das W a c h s t u m  
sowie die Vermehrung  und induzier t  die B1/itenbildung. 

1 D. R .  B H A L L A  a n d  P .  S .  S A B H A R W A L  

Department o/ Botany, University o/ Kentucky, 
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M o l e c u l a r  W e i g h t  E s t i m a t i o n  of t w o  C a r b o x y l i c  

Two principal  esterase bands designated as A and B in 
order of decreasing mobi l i ty  and dist inguishable by  the  
ex ten t  of the i r  hydro lyz ing  ac t iv i ty  have  been separa ted  
from cellular ex t rac ts  of Escherichia coli by  hor izonta l  slab 
electrophoresis  in polyacrylamide-agarose  gel 1. 

The aim of this work  was to es t imate  the  molecular  
weight  (M.W.) of these esterases (carboxylic ester hydro-  
lase, E.C.3.1.1.) in strains differing by  esterase electro- 
phoret ic  pa t t e rn  by  molecular  sieving effect in poly-  
acry lamide  disc-electrophoresis.  

Materials and methods. Of 25 strains previous ly  exam-  
ined for esterase pa t t e rn  K12, HB14, HB10 and t lBlS were 
selected for fur ther  s tudy.  The  bacter ia  were grown on 
min imal  salt  med ium supplemented  wi th  glycerol and 
were harves ted  during the  logar i thmic  phase. The  cellular 
ext rac ts  were prepared  by  sonic t rea tment .  Detai ls  have  
been previous ly  described 1. 

The  molecular  weights  were inves t iga ted  by disc- 
electrophoresis  according to the  me thod  described by 
HEDRICK and SMITH 3 who have shown that when the 
acrylamide concentration of gel changes, the electro- 
phoretic mobility of a globular protein varies as a 
function of its molecular weight. 

The buffers and gel solutions were the same as those 
described by DAVIS 3. Gel columns were formed in glass 

Ester Hydrolases of Escherichia coU 

tubes  80 m m  long wi th  an in ternal  d iamete r  of 4 mm.  For  
small  pore gel, t i le bis acry lamide /ac ry lamide  weight  
rat io was kept  cons tant  at  1/30 and the concentra t ions  of 
acry lamide  var ied  f rom 6% (w/v) to 11%. Each  run  
conta ined the  same small  pore gel concentrat ion.  The 
following reference proteins  were used for the  establish- 
men t  of the  cal ibrat ion curve. Bovine  serum a lbumin  
(Pentex), M.W.:  monomer,  67,000; dimer,  134,000; 
t r imer,  201,0004; Ova lbumin  (Worthington),  M.W.:  
monomer,  43,500 ; dimer,  87, 0005; fi-lactoglobulin (Serva), 
!V[.u 35,0005. 

The sample gel solutions were composed of 0.15 ml of 
large pore solut ion and 5 ~zl of sample conta ining 250 tzg 
of pro te in  for crude ext rac ts  of E. coli, 5 ~g ior  monomer  
and dimer  of bovine  serum albumin,  100 ~g for t r imer  of 
bovine  serum albumin,  5 ~g for monomer  of ovalbumin,  
200 ~g for d imer  of ovalbumin,  10 ~g for fi-lactoglobulin. 

1 PH. GOULLET, J. gen. Microbiol. 77, 27 (1973). 
2 j .  g. HEDRICK and A. J. SMITH, Arch. Biochem. Biophys. 726, 

155 (1968). 
3 B. J. DAvis, Ann. N.Y. Acad. Sei. 721,404 (1964). 
4 j .  ZWAAN, Analyt. Bioehem. 21, 155 (1967). 
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Fig. 1. Plot of the Iog. of the esterase mobility versus gel con- 
centration. O, strain K12; O, strain HBI~; A, strain HB18; A, 
strain HB10. A), esterase bands A; the lines of esterase bands of Kle 
and HB~0 are practically superposed. B), esterase bands 13; upper: 
snperposed lines of esterase bands B 1 of KI~ and HB14 ; lower; 
superposed lines of esterase bands B e of HB~0 and HBle. The negative 
slopes are noted oil the figure. 
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Fig. 2. Plot of the negative slopes versus the molecular weight of 
reference proteins. BSA I, II and III: bovine serum albumin mono- 
mer, dimer and trimer. OVALB I and I!: ovalbumin monomer and 
dimer. ~-LACT: /~-lactoglobulin. A: esterase band A. B: esterase 
band B. 

The b romopheno l  blue was the  t r ack ing  dye. Elect ro-  
phoresis  was pe r fo rmed  at  room t e m p e r a t u r e  in a model  
1200 appa ra tu s  f rom Canalco. The cur ren t  was ad jus ted  
to  abou t  2 mA per  tube  unti l  the  dye  f ron t  had  migra ted  
into the  small  pore gel, and  t h e n  a cons t an t  cu r ren t  of 
5 m A  per  tube  was ma in t a ined  unt i l  the  dye f ron t  had  
migra ted  to 40 mm.  Af te r  electrophoresis ,  t he  dye  f ront  
was marked  by  inser t ion of metal l ic  wire t h rough  the  gel. 
E v e r y  effort  was made  to insure t h a t  all expe r imen ta l  
condi t ions  were cons t an t  and  reproducible.  

The esterases were s ta ined wi th  mix tu re  conta in ing  
30 mg of indoxyl  ace ta te  (Sigma) in 3 ml of ace tone  and  
150 ml of 0.15 M phospha t e  buffer  p H  7. Af ter  60 min  of 
incuba t ion  at  room t e m p e r a t u r e  w i th  agi ta t ion,  the  gels 
were r insed overn igh t  in water .  The reference p ro te ins  
were visualized wi th  Amidob lack  10 b. 

Tile relat ive mobi l i ty  (Rm) of esterases or reference pro-  
te ins  is the  rat io (%) be tween  the  d is tance  of p ro te in  
band  and the  d is tance  of dye front .  For  each concent ra -  
t ion of acrylamide,  the  R~  value of esterases and reference 
prote ins  was the  average ob ta ined  f rom 4-6 runs. To 
obta in  molecular  weight  es t imates  for esterases,  the  
relat ive mobil i t ies in gels of d i f ferent  acry lamide  con- 
cen t ra t ions  were compared  wi th  t he  mobil i t ies  of p ro te ins  
of known molecular  weight  2,5-8. 

Results  and discussion. Table  I shows the  es terase  
mobil i t ies ob ta ined  by  disc-electrophoresis  using 7% 
(w/v) acrylamide.  The esterase band  A of HBls  migra ted  
as the  esterase band  B or K12. The esterase bands  t3 
p resen ted  2 types  of mobi l i ty :  BI (fast mobil i ty)  for K~e 
and  HB14; B 2 (slow mobil i ty)  for HB10 and t lBls .  These 
results  conf i rm the  da t a  previous ly  ob ta ined  by  hor izonta l  
slab electrophoresis  1. 

Figure 1 (A) and (B) indicates  the  effect of var ia t ions  of 
acry lamide  concen t ra t ions  on the  esterase mobili t ies.  The 
plots  of 100 log (Rm• versus gel concen t ra t ion  
resul ted in s t ra igh t  lines. As po in ted  out  by  HEDRICK and  
SMITH 2 parallel  lines reveal  occurrence of pro te ins  of 
ident ical  size bu t  d i f ferent  charge, and  non  parallel  l ines 
reveal  exis tence of pro te ins  of d i f ferent  size; the  negat ive  
slope (10 tg  ~) of the  lines is re la ted to molecular  size. 
Thus,  the  parallel  or superposed lines f rom the  Figure 1 
show t h a t  there  is not  a s ignif icant  difference in molecular  
size be tween  esterase band  A of HB~s and those  of o the r  
strains.  The same is t rue  for esterase bands  Bt and B2. As 
is no ted  on the  Figure,  the  negat ive  slope of t he  bands  t3 is 
larger;  the  molecular  size of esterase bands  B is t h e n  
grea ter  t h a n  t h a t  of esterase bands  A. 

Table I. Rm values obtained by disc-electrophoresis using 7% aeryl- 
amide 

Carboxylic ester hydrolase bands Eseheriehia coli strains 
K12 HB14 HB10  HBls 

A 82 ' 78 81 71 

B 71 69 54 53 

5 D. RODBARD and A. CttRAMBACH, Analyt. Biochem. gO, 95 (1971). 
6 N. A. ATA~ASOV and D. G. GIKOV, Clin. chim. Acts 35, 213 (1972). 
7 j .  p. Rosso, P. FORGET and F. PICHINOTY, Biochim. biopbys. 

Acta 327,443 (1973). 
s A. C. S~UM and A. J. ~[ARKOVETZ, J. Bact. 118, 880 (1974). 
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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. 

PH. GOULLET% 10 

Laboratoire de Microbiologie, Facultd de 2VIddecine 
Xavier-Bichat,  Universitd de Paris  VII ,  
27, rue de l'Ecole de Mddecine, F-75270 Paris-Cedex 06 
(France), 7d October 7974. 

9 With technical assistance of Madame DANIELLE BILLOW. 
10 Service de Microbiologie, H6pital Beaujon, 100, Boulevard du 

G6ndrai Leclerc, F-92110 Clicby, France. 

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). 


