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Step 2: The 2 supernatants (pH ~ 6) are combined, 
heated in presence of 5 mM fructose-l,6-P~ to 48~ 
within 2-3 min arid after 2 min at this temperature cooled 
with ice water. The precipitate formed is removed by 
centrifugation for 60 min at 20,000• and 4~ The 
supernatant  is dialyzed against 5 1 50 mlVf Tris-C1/0.1 mM 
EDTA/0.2 mM phenylmethylsulfonyl fluoride (pH 7.5) 
at  4~ for 15 h. 
Step 3: The dialyzed supernatant  (150 ml, ~ 20,000 U 
aldolase activity) is chromatographed on a DE 52 column 
(1.9 • 43 cm). The column is packed under pressure (0.7 kp 
cm -2 = 8.75 psi) and equilibrated with 50 mM Tris-C1/ 
0.1 mM EDTA/0.2 mM phenylmethylsulfonyl fluoride 
(pH 7.5) at 4~ Following application of the sample 
(57 ml/h), the column is washed with 50 mM Tris-C1/0.1 
mM EDTA/0.2 mM phenylmethylsulfonyl fluoride/50 m2r 
NaC1 (pH 7.6) until  the absorbance at 280 nm of the 
eluate has decreased to zero. This fractionation step 
removes both un,specific alkaline phosphatase and fruc- 
tose-l,6-bisphosphatase from the aldolase activity con- 
taining fractions which are subsequently eluted with 50 
mM Tris-C1/0.1 mM EDTA/0.2 mM phenylmethylsulfonyl 
fluoride/90 mM NaC1 (pH 7.6) (figure 1). If not  removed, 
contaminating phospho esterase activity would hydrolyze 
the immobilized phospho ester ligand used in affinity 
chromatography. 
Step 4: The fractions containing aldolase activity were 
pooled and subjected to affinity chromatography on a 
fruetose-l,6-P 2 agarose column (0.9 • 6.5 cm) equilibrated 
with 10 mM Tris-Cl (pH 7.5). The apparent maximum 
aldolase binding capacity of fructose-l,6-P 2 agarose is 
3000 U/g dry weight; after binding of this amount  of 
aldolase activity, the activity concentration of the eluate 
is the same as that  of the solution pumped onto the 
column (~-~ 50 U/ml). In order to obtain satisfactory 
purification, the amount  of aldolase applied to the column 
should not exceed 1/3 of the maximum capacity, i.e., 
1000 U per run on the present 4 ml-column. For elution 
a linear phosphate gradient from 10 mM Tris-C1/90 mM 
NaC1 (pH 7.6) tQ 10 mM Tris-C1/90 mM NaC1/100 m3/I 
sodium phosphate (pH 7.6), total volume 2 • 150 ml, was 

applied (figure 2). Elution with fructose-l,6-P~ instead 
of inorganic phosphate did not improve the separation 
effect. The retardation of aldolase appears to be due to 
a specific interaction with the immobilized phospho ester 
ligand. Retardation by ion exchange effects seems to be 
excluded in view of the isoelectric point of yeast aldolase 
at pH 5.510. AH-Sepharose 4B without linked fructose- 
1,6-P~ did not retard aldolase and brought no purification 
of the applied enzyme solution. A summary of the puri- 
fication procedure is given in the table. The yield given 
for the affinity chromatography is the sum of individual 
runs with fractional quantities of the enzyme preparation. 
Amino acid analyses of the purified aldolase closely cor- 
responded with previously reported data TM. The enzyme 
proved homogeneoj~s on starch gel electrophoresis stained 
for protein and enzymatic activity and on polyacrylamide 
gel eleetrophoresis. Polyacrylamide gel electrophoresis in 
sodium dodecyl sulfate showed several lighter fragments, 
possibly indicative of a sodium dodecyl sulfate activated 
protease as observed in the purification of another yeast 
enzyme 18. The purified aldolase when stored at -20~ 
has, after 1 month, still 90% and, after 3 months, 50% of 
its initial activity. Addition of 100 mM 2-mercaptoethanol 
or 0.2 mM phenylmethylsulfonyl fluoride or storage as a 
suspension in 90% saturated ammonium sulfate does not  
increase stability. 
In  conclusion, reduction of the Schiff base formed with 
aminated agarose is a useful procedure for immobilizing 
fructose-l,6-P~ and possibly other glycolytic substrates. 
Affinity chromatography of a prepurified yeast extract 
yielded an aldolase preparation comparable to tha t  ob- 
tained by other procedures~ The non-coincidence of the 
protein and activity concentration curves in the elution 
profile (figure 2) appears to indicate, however, a possibly 
general l imitation of the application of sugar phosphates 
as ligands in affinity chromatography, viz. ion exchange 
effects and/or unspecific retardation of other enzymes 
operating on phopho ester substrates. 

18 S. Yun, A. E. Anst and C. H. Suelter, J. biol. Chem. 251, 124 
(1976). 
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Summary. The organophosphates and carbamates did not inhibit  the isolated tomato pectinesterase. Therefore this 
enzyme cannot be defined as serine-type esterase. The enzyme is inhibited by iodine and the inhibition (irreversible 
and non-competitive) is dependent on the degree of enzyme purification. 

The previous papers 1, 2 described a resistance of pectin- 
esterase (pectin pectyl-hydrolase, EC 3.1.1.11) against 
chemical agents such as iodine, cyanide, formaldehyde 
and others. In  these works, crude preparations of tomato 
and microbial pectinesterase were used. From the 
esterase-inhibitors of DIP-type, the use of diisopropyl- 
phosphorfluoridate on microbial pectinesterase had a 
negligible effect ~. The present paper describes the action 
of various inhibitors of serine-type esterases, as well as 
the action of iodine on the tomato pectinesterase. 
Material and methods. Pectinesterase was prepared from 
ripe tomatoes (Lycopersicum esculentum, var. Immuna) 
as described previously4: the crude product was gained 

after extraction, fractional salting out with ammonium 
sulfate, dialysis and desalting on Sephadex G 25 column. 
The crude product was further purified on DEAE Se- 
phadex A 50 and by chromatography on Sephadex G 75 
column. The fraction with maximal pectinesterase activ- 
i ty  was desalted on Sephadex G 25 column, and this pro- 
duct represented the purified pectinesterase. The isolated 

1 Z.I. Kertesz, Ergeb. Enzymforsch. 5, 233 (1936). 
2 R.J. McColloch and Z. I. Kertesz, Archs Biochem. 13, 217 (1947). 
3 G.B. Mills, Bioehem. J. d4, 302 (1949). 
4 o. Markovi6 and A. Slez~rik, Colln. Czech. chem. Commun. 3d, 

3820 (1970). 
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fo rm of pec t i ne s t e r a se  was  o b t a i n e d  b y  c h r o m a t o g r a p h y  
of t h e  pur i f i ed  p r o d u c t  on  CM S e p h a d e x  C 50 co lumn.  
Th i s  p r o d u c t  r ep re sen t s  1 of 5 mu l t i p l e  fo rms  of pec t in -  
es te rase  p r e s e n t  in  t o m a t o e s  in  d o m i n a n t  a m o u n t  a n d  
h a v i n g  a mol.  w t  of a b o u t  27,000 ~,e. 
T h e  a c t i v i t y  of pec t i ne s t e r a se  was  d e t e r m i n e d  b y  con-  
t i n u o u s  t i t r a t i o n  m e t h o d  on  a u t o m a t i c  t i t r a t o r  (Radio-  
m e t e r  Copenhagen ,  D e n m a r k )  a t  a c o n s t a n t  t e m p e r a t u r e  
in  a glass vessel  u n d e r  n i t r o g e n  a t m o s p h e r e  a t  p H  7.0 a n d  
30 ~ Pur i f i ed  c i t rus  pec t in  w i t h  a degree of es ter i f icat ion,  
65% was  used as a subs t r a t e .  
I n h i b i t o r s :  D i i s o p r o p y l p h o s p h o r o f l u o r i d a t e  (Calbiochem, 
Swi tzer land) .  D i e t h y l - p - n i t r o p h e n y l p h o s p h a t e  (Bayer ,  Fe -  
de ra l  Repub l i c  of G e r m a n y ) .  I s o p r o p y l - m e t h y l p h o s p h o n o -  
f luo r ida t e  (suppl ied b y  D r  J.  Vachek) .  1 - n a p h t y l - N - m e t h y l -  
c a r b a m a t e  a n d  1 -naph ty l -N ,  N - d i m e t h y l  c a r b a m a t e  (pre- 
p a r e d  b y  D r  J.  Socha,  V S C H T  P a r d u b i c e ,  Czechoslovakia) .  
Iod ine  (Merck, F e d e r a l  R e p u b l i c  of G e r m a n y )  used, was  
r e s u b l i m a t e d  a n d  dissolved in  sod ium iodide. 5, 5 ' -Di th io -  
b i s - (2 -n i t robenzo ic  acid) ( E l l m a n ' s  r eagen t ,  p r o d u c t  of 
F l u k a  AG, Swi tze r land) .  All  i n h i b i t o r s  were p r e i n c u b a t e d  
w i t h  t he  e n z y m e  a t  r oom t e m p e r a t u r e  a n d  0.1-1.0 ml  
a l iquo t s  of t h e  m i x t u r e  were  a d d e d  to  15 m l  of 0 .5% 
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Fig. 1. Inhibitory effect of iodine concentration on the tomato pec- 
tinesterase. 1) 1.5 • 10 -7 M pectinesterase (isolated form, specific 
activity 710 [xmole ester hydrolyzed xmin-lxmg prot.-1). 2) 0.8 mg 
of the purified peetinesterase in 100 ml (specific activity 365 p, mol- 
xmin-~xmg prot.-1). 3) 7.3 mg of crude pectinesterase in 100 ml 
(specific activity 47 ~xmolxmin-~xmg prot.-1). Enzymes were pre- 
incubated with iodine for 20 rain. 

p e c t i n  so lu t ion  in  0.15 M NaCI a d j u s t e d  to p H  7.0. I n -  
h i b i t o r y  effect  of iodine was  s t opped  b y  a d d i t i o n  of a n  
excess of 0.1 M Na2S20 3. 
Results  and  discussion. Prope r t i e s  of t h e  ac t ive  s i te  of 
t o m a t o  pec t i ne s t e r a se  were  s tud ied  in  r e spec t  to  i n h i b i t i o n  
caused  b y  o r g a n o p h o s p h a t e s ,  c a r b a m a t e s  a n d  iodine.  No 
i n h i b i t i o n  occur red  w h e n  d i i sop ropy lphospho ro f luo r ida t e  
was used in c o n c e n t r a t i o n s  of 1.5 •  -~ - 1.5 • 10 .2 M 
w i t h  t h e  i so la ted  fo rm of pec t ines t e r a se  in  2.1 X 10 -7 M 
concen t r a t i on .  The  a c t i v i t y  of t he  e n z y m e  was n o t  
c h a n g e d  w h e n  t h e  p r e i n c u b a t i o n  w i t h  i n h i b i t o r  was  per-  
fo rmed  a t  p H  5.2, 5.7, 6.5, 7.0 a n d  7.8 in  0.1 M ace t a t e  
or p h o s p h a t e  buf fers  in  t h e  course  of 24 h.  No i n h i b i t o r y  
effect  was  s h o w n  w h e n  d i e t h y l - p - n i t r o p h e n y l - p h o s p h a t e ,  
i sop ropy l -me thy I -phosphono f luo r ida t e ,  1 - n a p h t y l - N - m e -  
t h y l c a r b a m a t e  a n d  1 - n a p h t y l - N , N - d i m e t h y l c a r b a m a t e  
were used.  Based  on  these  resul ts ,  t h e  t o m a t o  pec t in -  
es terase  c a n n o t  be  def ined as s e r ine - type  es terase .  
The  ac t ion  of iod ine  (Nai l )  showed  a n  increas ing  inh ib i -  
t i on  para l le l  w i t h  pu r i f i ca t ion  of t o m a t o  pec t ines te rase .  
I n  acco rdance  w i t h  p rev ious  papers1,  2, r e l a t ive ly  h i g h  
c o n c e n t r a t i o n  of iod ine  (10 .3 1Vl I2) caused  a n  i n h i b i t i o n  
of c rude  pec t i ne s t e r a se  less t h a n  5%.  C o n c e n t r a t i o n  of 
I 0 - L I 0 - ~  M I S caused  more  than 50% i n h i b i t i o n  w h e n  
pur i f ied  pec t ines t e r a se  was used, a n d  t h e  same  concen t r a -  
t i o n  of iodine caused  9 0 - 1 0 0 %  inh ib i t ion ,  i t s  i so la ted  
fo rm in  c o n c e n t r a t i o n  1.5 • 10 .7 NI in  20 ra in  (figure 1). 
A c t i o n  of a c o n s t a n t  c o n c e n t r a t i o n  of iodine  on  t h e  
i so la ted  f o r m  a n d  on  t h e  pur i f ied  pec t ines t e r a se  as a 
f u n c t i o n  of t i m e  s h o w e d  in i t i a l  s h a r p  increas ing  of inh ib i -  
t i on  d u r i n g  f i r s t  30 min .  2.0 • 10 -~ IV[ I S caused  5 %  inh ib i -  
t i on  of t he  c rude  pec t ines t e r a se  in  100 min,  m e a n w h i l e  
1.1 •  -5 3/[ I S caused  50% i n h i b i t i o n  of t h e  pur i f ied  
e n z y m e  in  60 m i n  a n d  90% inh ib i t i on  of t he  i so la ted  fo rm 
in 60 ra in  (figure 2). 
F r o m  these  resul ts ,  i t  can  be  conc luded  t h a t  i n h i b i t i o n  of 
pec t ines t e r a se  b y  iodine  is d e p e n d e n t  on  t h e  degree of 
e n z y m e  pur i f ica t ion .  Th i s  i n h i b i t i o n  was found  to  be  
i r revers ible .  All  t h e  d ia lyzed  samples  of pec t i ne s t e r a se  
t r e a t e d  w i t h  iodine  for 60 m i n  d id  n o t  show a n y  increase  
in a c t i v i t y  aga in s t  t h e  va lue  of i n h i b i t i o n  of t he  sample  
before  dialysis.  As t h e  Km va lue  of t h e  i n h i b i t e d  a n d  
n o n - i n h i b i t e d  e n z y m e  were f o u n d  to  be  iden t ica I  

5 O. Markovi6, Colln Czech. chem. Commun. 39, 908 (1974). 
6 H. Delince~ and B. J. Radola, Bioehem. biophys. Aeta 274, 178 

(1970). 
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Fig. 2. Time course of inhibition of tomato pectinesterase by iodine. 
1) 1.1 • 10 .5 M 12 with 1.5 • 10 .7 M pectinesterase (isolated form). 
2) 1.1 x 10 -~ M 12 with purified pectinesterase (0.8 mg in 100 ml). 
3) 2.0 x 10 -4 M 12 with crude pectinesterase (7.3 mg in 100 ml). 
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Fig. 3. Inhibition of the tomato pectinesterase by iodine. Data are 
presented in the form of a Hill plot, with the straight line drawn by 
the method of least squares. The Hill coefficient 0.71 was computed 
from the slope of this line. 
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(1.33 X 10 -6 M m e t h y l  D - g a l a c t o p y r a n u r a n o s y l  residues) ,  
a n d  t h e  va lue  of t h e  Vraax of t h e  i n h i b i t e d  one was 
1.8 • 10 .6 mol  m i n  -1 a n d  of t he  n o n - i n h i b i t e d  one 
2.33 • 10 -6 tool ra in  -~, t h e  ac t ion  of iodine  on  t h e  i so la ted  
fo rm of pec t i ne s t e r a se  can  be  c h a r a c t e r i z e d  as non -  
compe t i t i ve .  
I n  o rder  to  d e t e r m i n e  t h e  n u m b e r  of molecules  of iodine  
b i n d i n g  to  t h e  enzyme,  a Hi l l  p lo t  was  used. W h e n  
log [vi/(vo-vi)~ was p l o t t ed  aga i n s t  t h e  log [ I~ ,  where  v i  
is t he  e n z y m e  a c t i v i t y  in  t h e  p resence  of i n h i b i t o r  a n d  
t he  vo t h e  a c t i v i t y  w i t h o u t  t h e  inh ib i to r ,  a s t r a i g h t  l ine 
was o b t a i n e d  (figure 3). T he  slope of t h i s  l ine (0.71) 
i nd ica t e s  t h a t  1 molecule  of iodine  is i n v o l v e d  in t h e  
i n t e r a c t i o n  w i t h  t h e  ca t a ly t i c  s i te  of t he  pec t ines te rase .  

T h e  r eac t i on  of iodine  w i t h  p ro t e in s  can  cause  S H  ox ida-  
t ion,  or i o d i n a t i o n  of t y ro sy l  a n d  h i s t i dy l  res idues ;  
t y ro sy l  res idues  are  i o d i n a t e d  more  read i ly  t h a n  h i s t idy l  
res idues  ~. To a sce r t a in  if t he  i n h i b i t i o n  of pec t ines t e r a se  
w i t h  iodine  could  be  due  t he  ox ida t i on  of free SH-groups ,  
t h e  ac t ion  of E l l m a n ' s  r e a g e n t  on  t h e  i so la ted  fo rm of 
pec t i ne s t e r a se  was  examined .  Neve r the l e s s  E l l m a n ' s  re- 
a g e n t  in  c o n c e n t r a t i o n s  of 10-4-10 -3 M in p h o s p h a t e  buf-  
fer  pI-I 8.0 was n o t  found  to  be  a n  i n h i b i t o r  of 1.1 • 10 -~ M 
pec t ines te rase .  Based  on  t he  resu l t s  o b t a i n e d  w i t h  t he  
i o d i n a t i o n  of t o m a t o  pec t ines te rase ,  t h e  p resence  of t y ro -  
sine in t h e  e n z y m e ' s  ac t ive  si te  can  be  assumed.  

7 W.L. Hughes, Ann. N. Y. Acad. Sci. 70, 3 (1957). 
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Summary. Mn++-s t i m u l a t ed  poly(A) s y n t h e t a s e  a c t i v i t y  of d ia lyzed  a m m o n i u m  su l fa te  f r ac t ion  ( 0 - 5 0 %  sa tu ra t i on )  
of nuc l ea r  e x t r a c t s  f rom r a t  l iver  is d e p e n d e n t  on  sa l t  a d d i t i o n  to  t he  i n c u b a t i o n  mix tu re .  The  co r r e spond ing  soluble  
cy top la smic  a c t i v i t y  is i n h i b i t e d  b y  t he  sa l t  c o n c e n t r a t i o n  requ i red  for nuc lea r  ac t iv i ty .  

Po ly (A  / s y n t h e t a s e  ac t iv i t i e s  (poly(A) po lymerase ,  t e r -  
m i n a l  r i b o a d e n y l a t e  t rans fe rase)  h a v e  been  found  in 
p roka r io t e s  as well  as in  t h e  nuc leus  1-3 a n d  t h e  cyto-  
p l a s m  ~-6 of euka ryo t i c  ceils. E n z y m e s  f rom b o t h  sub-  
cel lular  c o m p a r t m e n t s  of t h e  l a t t e r  o rgan i sms  h a v e  been  
ex t ens ive ly  pur i f ied  2-s; t h e  ques t ion ,  howeve r ,  s t i l l  re- 
ma ins ,  w h e t h e r  t h e y  are s e p a r a t e  en t i t i e s  or t he  same  
e n z y m e  u n d e r g o i n g  r e d i s t r i b u t i o n  u p o n  subce l lu la r  f rac-  
t i ona t ion .  W e  h a v e  found  t h a t  Mn++- s t i m u l a t ed  poly(A) 
s y n t h e t a s e  ac t iv i t i e s  of d ia lyzed  a m m o n i u m  su l fa te  f rac-  
t i o n a t e d  e x t r a c t s  f rom n u c l e u s  a n d  c y t o p l a s m  of r a t  l iver  
ceils, b e h a v e  d i f f e ren t ly  w i t h  r ega rd  to  sa l t  c o n c e n t r a t i o n  
in t he  t e s t  sys tem,  t h u s  p r o v i d i n g  a m e a n s  for  d i s t ingu i sh-  
ing  t h e  2 ac t iv i t ies .  

Methods. Male r a t s  of t he  W i s t a r  s t ra in ,  3 m o n t h s  old 
a n d  we igh ing  a b o u t  300 g were  used.  3 animals ,  f a s t ed  for  
24 h, were  kil led for each  expe r imen t ,  t h e i r  l ivers  w e r e  
w a s h e d  a n d  pooled.  All  t he  s u b s e q u e n t  ope ra t ions  were 
c o n d u c t e d  a t  0 -2  ~ The  o rgans  were minced  and  h o m o -  

1 M.A. Winters and M. Edmonds, J. biol. Chem. 248, 4756 (1973). 
2 .L Niessing, Eur. J. Biochem. 59, 127 (1975). 
3 A. Hadidi and V. S. Sethi, Bioehim. biophys. Acta 425, 95 (1976). 
4 C.W. Chung, H. R. Mahler and M. Enrione, J. biol. Chem. 235, 

1448 (1960). 
5 C.M. Tsiapalis, J. W. Dorson and F. J. Bollum, J. biol. Chem. 

250, 4486 (1975). 
6 A. Corti, J. Wilson and H. G. Williams-Ashman, 9th FEBS Meet- 

ing, Budapest (1974). 
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Effect of increasing concentrations of KCI A or (NH4)S() 4 B on dialyzed Mn++-stimulated poly (A) synthetase activity of ammonium 
sulfate fractions (0-50% saturation) of nuclear and cytoplasmic extracts from rat liver. The experimental conditions are described in 
the text. Each point represents the average of 4 determinations on 4 different pools of livers. The SEM was less than 10%. A-- A, cytoplas- 
mic activity; m--m, nuclear activity. 


