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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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plasma kallikrein. I t  was found tha t  bo th  P K I  had only 
weak  inhib i tory  actions, 250-1250 K I U  per  Creole of P K I ,  
against  h u m a n  sa l ivary  and ur inary  kallikreins. F r o m  
these results, P K I  seems to be one of the  po lyva len t  pro- 
tease inhibitors,  especially specific and some typica l  inhi- 
b i ters  for human  p lasma kallikrein. 

Also t h e y  were about  2.5 t imes  s t ronger  t han  soybean 
t ryps in  inhibi tor  (SBTI,  2 t imes  crystallized) which is a 
typica l  p lasma kall ikrein inhibitor ,  against  human  plasma 
kallikrein. However ,  t hey  did not  inhibi t  Seratia protein-  
ase and pronase-P,  and were inac t iva ted  by digest ion of 
pepsin, papa in  and Seratia proteinase.  Deta i led  differences 
in inh ib i tory  specifici ty be tween  2 inhibi tors  (pI 5.6 and 
pI  6.4) are now under  invest igat ion.  

I t  was recognized t h a t  the  Jnhibitors had po t en t  anti-  
i n f l ammato ry  act ions in rats  wi th  carrageenin eden~a and 
CM-cellulose pouch exuda te  by  reducing edema s t rength  
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Fig. 1. Inhibitory effect of protease inhibitors on liberation of kinin- 
like substance from acidified rat serum in vitro. Rat serum was 
acidified to pH 4.0 with acetic acid and incubated with protease 
inhibitors at 37 ~ Released kinin-like activity was checked by dog 
assay. --, control; . . . . . . .  , Trasylol, 1034 KIU/ml serum; 

, soybean trypsin inhibitor, 1.034 mg/ml serum; . . . .  , 
potato kallikrein inhibitors, 1051 KIU/ml serum. 
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Fig. 2. Inhibitory action of protease inhibitors on liberation of 
activated plasma kallikrein by acidification of human plasma in 
vitro. Human plasma was adjusted to pH 5.0 with hydrochloric acid 
and incubated with protease inhibitors at 37 ~ Liberated kallikrein 
was measured by dog assay. , control; . . . . . .  , Trasylol, 
1) 64 KIU/ml plasma, 2) 10 KIU/ml plasma; . . . .  , potato 
kallikrein inhibitors, 1) 64 KIU/ml plasma, 2) 10 KIU/ml plasma. 

(85 % inhibi t ion s ta t is t ical ly  significant  at  p 0.05, 2 h af ter  
i.p. in ject ion of the  par t ia l ly  purif ied inhibi tor  both  
mixed,  1 rag/100 g body  weight) and exudat ions  of leuco- 
cytes (82% inhibi t ion af ter  2 h i.m. injection,  same 
dosage) and proteins  (19% inhibi t ion af ter  6 h i.m. injec- 
tion, same dosage) respect ively,  bu t  t h e y  had no action on 
egg whi te  edema which is p robably  induced by his tamine.  
They  inhibi ted the  format ion  of the  kinin-l ike substances 
wi th  edema-producing  ac t iv i ty  f rom ra t  serum when 
acidified in vi tro,  especially by acetic acid 1~ (Figure 1) 
and also inhibi ted p lasma kall ikrein ac t iva ted  jus t  f rom 
human  plasma by acidif icat ion in v i t ro  (Figure 2). Such 
inhib i tory  actions on the  kal l ikrein-kinin sys tem were 
much  s tronger  t han  Trasylol  and even soybean t ryps in  
inhibi tor  (Figures 1 and 2). These results indicate  t h a t  
kinin(s) released by  p lasma kall ikrein m a y  act  as a 
media to r  in some in f l ammato ry  s tates  and t h a t  the  inhi- 
bi tor  blocked the  react ion to some extent .  

I n  potato,  var ious  protease  inhibi tors  which seemed to 
be proteins  or peptides,  had  been reported,  bu t  the i r  rela- 
t ionship or detai led informat ion  have  remained  obscure. 
F r o m  the  results we examined  on po ta to  chymot ryps in  
inhibi tor  I, k indly  supplied f rom Dr. C. A. I~YAN I1, i t  had 
no inhibi tory  act ion against  bo th  human  plasma and hog 
pancreat ic  kallikreins, while it  showed more than  10 t imes 
s t ronger  act ion than  P K I  against  h u m a n  sa l ivary  and 
ur inary  kallikreins. P K I  was clearly recognized as dif- 
ferent  f rom th i s  chyrr/otrypsin inhibi tor  I f rom these 
behaviours ,  and also observed to be different  f rom the  
po lyva len t  protease inhibi tors  in po ta to  recent ly  repor ted  
by  K. I-IocHSTRASSER et  al. 1~, in which s t ruc tura l  amino  
acids composi t ion was no t  consis tent  wi th  t h a t  of our  P K L  
name ly  while P K I  contained meth ionine  and less half- 
cystine,  inhibi tors  isolated by  HOCttSTRASSER conta ined 
no methionine  and fair ly more half-cystine.  As for o ther  
inhibi tors  isolated f rom potato,  some of their  proper t ies  
were different  f rom those of P K I ,  especially as to hea t  
s tabil i ty,  pur i f icat ion methods,  and so on;  therefore  our 
P K I  examined  in this s tudy  mus t  be new inhibitors.  

We are interes ted in the  possible select ive actions of 
these inhibi tors  on var ious kall ikreins and proteoly t ic  
enzymes,  and would like to elucidate  the  pathological  roles 
of kinins by  means  of using such specific inhibi tors  of 
kinin-l iberat ion.  Inves t iga t ions  are now being cont inued 
and detai led papers  will be published in the  near  future.  

Summary. Two po lyva len t  protease inhibitors,  ac t ing 
especially on p lasma kallikrein, were isolated f rom pota-  
toes. Some of their  physicochemical  and biological  pro-  
pert ies were invest igated.  

Zusammen/assung. Aus Kar tof fe ln  wurden  2 poly-  
va len te  Pro teaseninhib i toren  im besonderen fiir P lasma-  
kal l ikrein isoliert. Einige physikochemische  und biolo- 
gische Eigenschaf ten  der Inh ib i to ren  wurden  charakter i -  
siert. 
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