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Improved Extraction and Determination of Some Glycolytic Enzymes in the Human Erythrocyte 

I n  t h e  h u m a n  e r y t h r o c y t e ,  d e t e r m i n a t i o n  o f  m a x i m a l  
e n z y m e  a c t i v i t y  in  v i t r o ,  a l t h o u g h  o n l y  l o o s e l y  c o n n e c t e d  
w i t h  in  v i v o  m e t a b o l i c  f l u x e s ,  m a y  be  u s e f u l  for  m a n y  
p r a c t i c a l  p u r p o s e s  ( s c r e e n i n g  for  e n z y m e  de f ec t s ,  c l i n i ca l  
t e s t s ,  e tc . ) .  W i d e l y  d i v e r g e n t  r e s u l t s  in  t h e  l i t e r a t u r e  ~-~ 
p r o m p t e d  u s  t o  r e c o n s i d e r  h e m o l y s i s  t e c h n i q u e s  a n d  a s s a y  
m e t h o d s  for  c r u c i a l  g l y c o l y t i c  e n z y m e s .  S h o r t  s o n i c a t i o n  
a n d  m o d i f i c a t i o n s  of  t h e  a s s a y  m i x t u r e s  Were fo l l owed  
b y  s ign i f i c0 ,n t ly  h i g h e r  a c t i v i t i e s .  

Materials and methods. R e d  cel ls  w e r e  o b t a i n e d  f r o m  
v e n o u s  b l o o d  f r e s h l y  d r a w n  f r o n l  h e a l t h y  a d u l t s  o f  b o t h  
sexes .  P l a s m a  a n d  l e u c o c y t e s  w e r e  r e m o v e d  b y  s u c t i o n ;  
t h e  r e d  cel ls  w e r e  w a s h e d  3 t i m e s  w i t h  a n  i s o t o n i c  b u f f e r  
( Tr i s (hydroxyme thy l )aminome thane  ( Tris) 17 raM, MaC1 
153 m M ,  pFI  7.5). T h e  l e u c o c y t e  c o n t a m i n a t i o n  w a s  less  
t h a n  1000/~xl. 

H e m o l y s i s .  3 d i f f e r e n t  t e c h n i q u e s  w e r e  e m p l o y e d :  
1. S o n i c a t i o n :  t h e  p a c k e d  r e d  cells ,  r e s u s p e n d e d  a t  2 0 %  
in  i s o t o n i c  Tris-buffer (see a b o v e )  w e r e  s o n i c a t e d  for  
5 sec  w i t h  a ] 3 r a n s o n  son i f i e r .  2. F r e e z i n g  a n d  t h a w i n g  
a n d  3. h y p o t o n i c  s h o c k  w e r e  p e r f o r m e d  a c c o r d i n g  t o  
MARKS 6. 

A s s a y  o f  e n z y m e  a c t i v i t y :  T h e  s t a n d a r d  a s s a y  p r o c e d u r e  
b y  B~CH~R e t  a l J  w a s  m o d i f i e d  in  t h e  f o l l o w i n g  p o i n t s  
( c o n c e n t r a t i o n s  a r e  g i v e n  a s  ~ m o l e s / m l  t e s t  s o l u t i o n ) :  
h e x o k i n a s e : A T P  4 .95 i n s t e a d  of  1 .65;  p h o s p h o f r u c t o -  
k i n a s e : A T P  0.66 i n s t e a d  of  1 .65;  a l d o l a s e : f r u c t o s e -  
1, 6 - P  2 12 i n s t e a d  o f  4; g l y c e r a l d e h y d e -  3 -P  d e h y d r o g e n a s e  : 

A T P  8.3 i n s t e a d  of  1 .65;  3 - P - g l y c e r a t e  k i n a s e : A T P  8.3 
i n s t e a d  of  1 .65;  p y r u v a t e  k i n a s e : p h o s p h o e n o l p y r u v a t e  
1.6 i n s t e a d  o f  0.8. T h e  p H  of  t h e  t e s t  m i x t u r e  w a s  8.2 
for  h e x o k i n a s e  a n d  p h o s p h o f r u c t o k i n a s e  a n d  7.6 for  t h e  
o t h e r  e n z y m e s .  

Results and discussion. T h e  a c t i v i t y  of  t h e  7 g l y c o l y t i c  
e n z y m e s  t e s t e d  a t  25 ~ a n d  37 ~ in  t h e  3 d i f f e r e n t  h e m o -  
l y s a t e s  a r e  g i v e n  in  T a b l e  I.  T h e  b e s t  y i e l d s  w e r e  o b t a i n e d  
b y  s h o r t  s o n i c a t i o n .  T h e  h y p o t o n i c  s h o c k  p r o c e d u r e  g i v e s  
u n s a t i s f a c t o r y  y i e l d s  a t  b o t h  t e m p e r a t u r e s .  F r e e z i n g -  

1 G. FORNAINI and M. Boss/J, It. J. Biochem. 18, 185 (1969). 
2 G. W. L6HR and H. D. WALLER, Dt. med. Woehenschr. 86, 27 

(1961). 
3 G. W. L/JHR and H. D. WALLER, Dr. meal. Wochenschr. 86, 87 

(1961). 
4 S. M. RAPOPORT, in Essays in Biochemistry (Ed. P. N. CAMPBELL 

and G. D. GREVILLE; Academic Press, London and NewYork 
1968), vol. IV, p. 69. 

5 p. CARTIER, iIl Exposds Annuels de Biochimie Mddicale (Ed. 
P. BOIJLANGER, M.-F. JAYLE and J. ROCHE; Masson, Paris 
1969), p. 25. 

6 p .  A. MARKS, in Methods in Enzymology (Ed. W. A. WOOD; 
Academic Press, NewYork and London 1966), vol. 9, p. 131. 
T. BirCHER, W. LUH and D. PETTE, in Hoppe-Seyler/Thier]elder's 
Handbuch der physiologisehen und pathologisch-chemischen Analyse 
(Ed. K. LANG and E. LEHNARTZ; Springer-Verlag, Berlin-GSt- 
t ingen-Heidelberg-NewYork 1964), Bd. 6, Teil A, p. 292. 

Table I. Influence of hemolysis procedure and temperature on the activity of some glycolytie enzymes in the human  erythroeyte 

25~ 37~ 
Sonication Freezing Hypotonic Sonication Freezing Hypotonic 

shock shock 

Hexokinase 8.5 4- 3.5 6.2 4- 1.9 7.3 ~ 1.6 ~ 20.0 4- 2.9 15.8 4- 3.8 14.8 4- 5.9 ~ 
Phosphofruetokinase 274 4-4- 49 239 4- 49 ~ 145 -4- 40 469 ~2 40 437 ~= 76 ~ 265 -4- 44 
Aldolase 514-t- 7 45=t= 12~ = 1174- 11 1 1 7 ~  13~ 764- 16 
Glyceraldehyde-3-P 1701 4- 180 1747 -t- 435 ~ 1308 4- 275 3023 4- 648 3209 ~= 309 �9 1993 -4- 444 
dehydrogenase 
3-P-glyeerate kinase 2736 -1- 497 2355 4- 554~ 2329 -t- 415~ 4171 -4- 678 3675 4- 335~ 3975 4- 914~ 
Pyruva tek inase  1584- 22 1464-t- 48 ~ 954-  22 3 3 4 i  29 3094- 53~ 2434- 32 
Lactate dehydrogenase 1567 4- 127 1143 4- 189 1313 4- 256~ 2531 4- 108 2332 4- 659 a 2261 ~= 434 a 

Mean values of 6 experiments ~- SD. The activities are given as [xmoles substrate transformed/h/ml packed red cells. ~ Differences with respect 
to the sonicated cells are not  sign!ficant ( P >  0.5). 

Table II. Comparison between sonicated red cell glyeolytie activities (TabIe I) and tile highest literature values 

25 ~ 37 ~ 
Glycolytic activity Results by Glycolytic activity Results by 

LOHR AND WALLER 2~ 3 RAPOPORT 4 

Hexokinase 8.5 ~_ 3.5 21 4- 2.9 20.0 -4- 2.9 14 
Phosphofructokinase 274 ~_ 49 97 • 15 469-4- 40 205 
Aldolase 51 4- 7 56 i 4.8 a 117 i 11 80 
Glyeeraldehyde-3-P dehydrogenase 1701 4- 180 1083 4- 160 3023 4- 648 1800 
3-P-glyeerate kinase ~. 2736 4- 497 1580 q- 247 4171 4- 678 2250 
Pyruvate kinase 158 4- 22 t79 =t= 32 a 334 4- 29 360 
Lactate dehydrogenase 1567 4- 127 932 4- 104 2531 4- 108 2050 

Mean values 4- SD. The activities are given as [xlnoles substrate transformed/h/ml packed red cells, a Differences are not significant (P > 0.5). 
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t h a w i n g  hemolys i s  gave  t he  same  range  of va lues  as 
sonica t ion ,  excep t  in  t he  case oI hexok inase  a t  b o t h  
t e m p e r a t u r e s  a n d  of l a c t a t e  d e h y d r o g e n a s e  a t  25~ 
Compar i son  of our  resu l t s  w i t h  t h e  h ighes t  ac t iv i t i es  
found  in t he  l i t e r a t u r e  ~-~ shows t h a t  son ica t ion  accom- 
p a n i e d  b y  mod i f i ca t ion  of t he  t e s t  compos i t i on  leads to  
b e t t e r  yields in t he  case of m a n y  glycolyt ic  ac t iv i t ies .  
As shown  in Tab le  I I ,  phospho f rue tok inase ,  g lyceralde-  
h y d e - 3 - P  dehydrogenase ,  3 -P-g lycera te  k inase  and  l a c t a t e  
d e h y d r o g e n a s e  t e s t ed  a t  25 ~ were s ign i f i can t ly  h ighe r  
t h a n  r epo r t ed  b y  L6HR and  WALLER~, 3. A s t a t i s t i ca l  
a s ses smen t  of t he  ac t iv i t i e s  a t  37~ was no t  possible,  
because  t he  co r re spond ing  I~APOPORT 4 d a t a , d o  no t  con- 
t a i n  s t a n d a r d  dev i a t i on  and  n u m b e r  of sample  values.  
However ,  our  ac t iv i t i es  were h igher  b y  40% or more  in 
t he  case of hexokinase ,  phos pho f r uc t ok i na s e ,  aldolase,  
g lyce ra ldehyde -3 -P  d e h y d r o g e n a s e  a n d  3-P-g lycera te  
k inase  s. 

Zusammen/assung. Die Akt iv i t~ i ten  v o n  7 g lykoly t i -  
schen  E n z y m e n  w u r d e n  in n o r m a l e n  mensch l i chen  E r y -  
t h r o z y t e n  gemesseu.  Kurze  Ul t raschal l -H~imolyse  u n d  
modi f iz ie r te  T e s t - B e d i n g u n g e n  f i ihr ten,  ve rg l i chen  m i t  
den  h 6 c h s t e n  Wer t en ,  zu s ign i f ikan t  h 6 h e r e n  Ak t iv i t / i t en .  
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Spec i f i c i ty  of P o t a t o  Kal l ikre in  I n h ib i tor s  for Ka l l ikre ins  

P o t a t o  ka l l ikre in  i n h i b i t o r  has  been  in i t i a l ly  d i scovered  
b y  TVVERLE et  al.1 a n d  pa r t i a l l y  pur i f ied  on  th i s  m a t e r i a l  ~, 3. 
However ,  de ta i l s  h a v e  n e v e r  been  e luc ida ted  on  t he  in-  
t r ins ic  mate r ia l ,  m u c h  r e m a i n i n g  obscure.  I n  t h e  p r e sen t  
paper ,  inh ib i to rs ,  a c t ing  specif ical ly on  h u m a n  p l a s m a  
kal l ikre in ,  were  d i scovered  in p o t a t o e s  a n d  s tud ied  as  to  
t h e i r  pu r i f i ca t ion  a n d  proper t ies ,  i nc lud ing  t h e i r  i nh ib i -  
t o r y  specif ic i ty  aga ins t  m a n y  k inds  of ka l l ikre ins  or pro-  
t ease  enzymes .  Our  f ina l  pu rpose  was  to  c lar i fy  t he  p a t h o -  
logical  roles or m e a n i n g s  of k in in  l i be ra t ion  in b lood b y  
m e a n s  of d e v e l o p m e n t  of such  specific inh ib i to rs .  

S ix teen  k inds  of J a p a n e s e  a n d  22 foreign po t a toe s  were 
e x a m i n e d  to  screen t h e i r  con ten t s .  P o t a t o  ka l l ik re in  inh i -  
b i t o r s  (PKI )  were found  to c o n t a i n  60-190 ka l l ik re in  
i nh ib i t o r  un i t s  (KIU)  pe r  g in  va r ious  k inds  of po ta toes .  
The  J a p a n e s e  p o t a t o  'Danshaku-Imo' was m a i n l y  used for 
our  s t u d y  a n d  c o n t a i n e d  a b o u t  140 K I U  pe r  1 g of th i s  
f resh po ta to .  Pu r i f i ca t i on  of P K I  was  pe r fo rmed  b y  t he  
c o m b i n a t i o n  of sa l t ing  o u t  w i t h  a m m o n i u m  su lpha te ,  
d ia lys is  aga in s t  water ,  DEAE-ce l lu lose  t r e a t m e n t ,  chro-  
m a t o g r a p h y  on  co lumns  of CM-cellulose, CM-Sephadex  
a n d  h y d r o x y a p a t i t e ,  a n d  t h e  ' A m p h o l i n e '  e lec t rofocus ing  
m e t h o d  ~. Two k inds  ot i nh ib i t o r s  were found  in po t a toe s  
and  t h e i r  isoelectr ic po in t s  were p H  5.6 a n d  p H  6.4. B o t h  
were i so la ted  in h o m o g e n o u s  form, checked  b y  disc- 
e lec t rophores i s  and  u l t r acen t r i f uga t i on .  Molecular  we igh t s  
of these  i n h i b i t o r s  (pI 5.6 a n d  p I  6.4) were m e a s u r e d  as 
follows : 

Inhibitors Ultra- Gel-filtration Calculation from 
centrifugation (Sephadex G-100) amino acid 

analysis 

pI 5.6 24,200 25,000 23,388 
pI 6.4 28,700 26,000 22,814 

B o t h  were read i ly  soluble  in n e u t r a l  sal ine so lu t ion  a n d  
u n s t a b l e  on hea t ing .  

E a c h  2 i nh ib i t o r s  were p r e - i n c u b a t e d  w i t h  va r ious  pro- 
teases  a n d  t h e  i n h i b i t o r y  ac t iv i t i e s  a t  less t h a n  50% inh i -  
b i t i o n  were m e a s u r e d  on  t he  dog v a s o d i l a t o r  s, estero-  
lyr ic  6,7, case ino ly t ic  s a n d  f ib r ino ly t i c  9 ac t iv i t i e s  (Table) 
a n d  c o m p a r e d  w i t h  t h a t  of Trasylo l  (bovine  lung  kall i-  
k re in  - t r y p s i n  - inh ib i to r ) .  Pur i f ied  P K I  i n h i b i t e d  h u m a n  

p l a s m a  ka l l ik re in  ( ac t i va t ed  w i t h  acetone)  s t rongly ,  hog  
p a n c r e a t i c  ka l l ik re in  a n d  h u m a n  p l a smin  ( s t r ep tok inase  
a c t i v a t e d  euglobul in)  on ly  s l ight ly  a n d  b o v i n e  t r y p s i n  a n d  
a - c h y m o t r y p s i n  also s l ight ly,  whi le  Trasy lo l  ha s  b r o a d l y  
s t rong  ac t ions  for  hog  p a n c r e a t i c  kal l ikrein,  h u m a n  
p l a s m i n  a n d  b o v i n e  t ryps in ,  a n d  s l ight  ac t ion  for h u m a n  

Inhibitory effects of potato kallikrein inhibitors and trasylol 

Enzymes Method or PKI PKI Trasylol 
substrate pI 5.6 pI 6.4 

Human plasma dog assay ~ 24,800 24,000 9,700 
kallikrein 
Hog pancreatic dog assay ~ 3,680 9,000 46,000 
kallikrein BAEE 6 208 313 12,025 
Trypsin casein s 11 11 51 

BAEE 6 240 280 400 
c~-Chymotrypsin casein s 25 40 47 

BTEE 7 140 110 142 
Human plasmin fibrinolysis 9 229 �9 246 �9 43,100 a 

Numbers are inhibited units per txmole of inhibitors, Frey units 
by dog assay, Kunitz's units by caseinolysis and ~zmoles of substrate 
(BAEE, BTEE) hydrolyzed per min. Inhibitory units per tzmote of 
inhibitors are expressed as based on the molecular weights of PKI, 
25,000 (assumed), and trasylol, 6500. ~ Inhibited human euglobulin 
equivalent to the original plasma volume (ml/~zmole of inhibitors). 
BAEE, Ne-benzoyl-L-arginine ethylester; BTEE, benzoyl-L-tyrosine 
ethylester. 
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