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Materials and Methods. Female  W i s t a r  rats ,  weighing  
200-250 g, were p r e t r e a t e d  w i t h  2 • 10 ~g/kg ricin,  i.p. 
R ic in  was p r epa red  b y  us (BALINT 5) w i t h  the  he lp  of 
KOBXRT'S m e t h o d  a n d  i t  h a d  a t r ue  r e semblance  to a 
Merck ' s  p r epa ra t i on ,  wh ich  was s t a t e d  also to h a v e  been  
p roduced  accord ing  to KOBERT'S m e t h o d  (E. M E R C K  
Ltd. ,  D a r m s t a d t ,  W.  Ge rmany ,  Charge  No. ; Br-23-1776- 
W. 42721-722721). The  p r e p a r a t i o n  was an  u n f r a c t i o n a t e d  
r ic in  w i t h  h i g h  e n o u g h  pu r i t y .  I t s  LDs0 va lue  on  r a t s  was  
38,15 :k 0,412 [zg/kg, i.p. (BALINTS). 

B e t w e e n  t he  2 r i c in  doses, 4 days  elapsed,  a n d  t he  ex- 
p e r i m e n t  was  car r ied  ou t  on  t he  3rd d a y  a f t e r  the  second 
r ic in  dose. The  an ima l s  be long ing  to t he  2 con t ro l  groups  
rece ived  t r e a t m e n t  as follows: Cont ro l  g roup  No. 1 was 
t r e a t e d  w i t h  2 • 0.25 ml  sterile,  pyrogen- f ree  n o r m a l  sa l ine  
solut ion,  i.p., whi le  t he  con t ro l  group No. 2 received 
2 • 80 m g / k g  p h e n o b a r b i t a l  (sodium-sal t )  i.p. B o t h  
con t ro l  groups  rece ived  t he  t r e a t m e n t  a t  t he  same t i m e  
when  r ic in  was admin i s t e red .  E a c h  of the  groups  c o n t a i n e d  
15 animals .  

After t h e  a b o v e - m e n t i o n e d  p r e t r e a t m e n t ,  t he  an ima l s  
were na rco t i zed  i.p. w i t h  100 m g / k g  h e x o b a r b i t a l  
( ' E v i p a n - N a t r i u m ' ,  Bayer ,  W. Ge rmany)  and  t he  sleeping- 
t i m e  was measured .  As ' s l eep ing- t ime '  was cons idered  t he  
t i m e  i n t e rva l  wh ich  e lapsed f rom t he  in jec t ion  of hexo-  
b a r b i t a l  t i l l  t h e  an i m a l s  t o l e r a t ed  ly ing  on t h e i r  back .  

Dur ing  the  exper imen t s ,  e lec t ron  microscopic  inves t i -  
ga t ions  were car r ied  ou t  also, on a n o t h e r  group of an ima l s  
which  rece ived  t he  same t r e a t m e n t .  The  resul t s  of these  
expe r imen t s  are r epo r t ed  elsewhere (BALINT 6) b u t  to  
show the  h y p e r t r o p h y  of t he  s m o o t h  endop lasmic  re t icu-  
lum (Figure 1). The  increase  in t he  dens i ty  of t he  whole  
t r e a t e d  cell is one of t he  mos t  no t i ceab le  features .  

Results. The  e x p e r i m e n t a l  resul t s  were ana lyzed  
s ta t i s t i ca l ly  w i t h  the he lp  of S t u d e n t ' s  t-test a n d  are  
l i s ted  in t he  Table .  

Discussion. The  results ,  l i s ted  above,  give f u r t h e r  
suggest ions  t h a t  r ic in  m i g h t  h a v e  a n  i n d u c t i v e  effect  on 
t he  d rug  m e t a b o l i z i n g  e n z y m e  s y s t e m  in t he  liver.  This  
e x p e r i m e n t a l  resu l t  appea r s  un ique  in t he  l i t e ra tu re ,  as 
no m a t e r i a l  of p l a n t  or igin is k n o w n  to h a v e  th i s  effect, 
and  no  m a t e r i a l  w i t h  so h igh  molecula r  we igh t  (about  
66.000-70.000) as r ic in  is k n o w n  to h a v e  a s imi lar  effect. 
F u r t h e r  i nves t iga t ions  are necessa ry  on th i s  ques t ion  s . 

Zusammen/assung. Vorve r suche  m i t  Rizin,  dem toxi -  
schen  P r o t e i n  yon R i z i n u s s a m e n  (Ricinus communis) 
e rgaben  e inen  Verk i i rzungsef fek t  der  H e x o b a r b i t a l -  
Schlafzei t  bei  R a t t e n ,  was Iiir e inen  i n d u k t i v e n  Ef fek t  
auf  das  d rogenabhXngige  me tabo l i s che  E n z y m s y s t e m  der  
Leber  spr icht .  

G.A.  BALINT 9 

The effect of riein on the hexobarbital sleeping-time on rats 

Treatment Sleeping-time (min) P 
Mean values 4- S.D. 

Physiology Department, Medical School, 
Makerere University, P.O. Box 7072, 
Kampala (Uganda), 76 April 197d. 

Control (normal saline) 102 • 12 
Control (phenobarbital) 57 • 15 < 0.05 
Ricin 68 + 16 0.05 
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Isolat ion of T h r o m b i n - E  and the  Evolut ion  of E n z y m e  Act ivi ty  f r o m  P r o t h r o m b i n  1 

As a p re requ i s i t e  for t he  c lo t t ing  of blood, t h r o m b i n  
m u s t  f i rs t  be  der ived  f rom p r o t h r o m b i n .  The  p ro teo ly t i c  
a n d  esteroly~cic func t ions  of th i s  e n z y m e  are dissociable  
proper t ies ,  and  d u r i n g  t he  a c t i v a t i o n  of p r o t h r o m b i n ,  
es terase  a c t i v i t y  appea r s  first .  This  is fol lowed b y  t he  
emergence  of p ro t eo ly t i c  a c t i v i t y  or t he  capac i ty  to  induce  
t he  coagu la t ion  of f ibr inogen.  This  l a t t e r  p r o p e r t y  t h e n  
d i sappear s  l eav ing  on ly  es terase  ac t iv i ty .  These  fac ts  
were p re sen ted  in severa l  pape r s  f rom th i s  l a b o r a t o r y  
b e g i n n i n g  in 19572-4 . A t  t h a t  t ime,  t he  t echno logy  of 
p r o t e i n  c h e m i s t r y  was no t  a d e q u a t e l y  deve loped  to 
enab le  a n  i n t e r p r e t a t i o n  of t h e  a c t i v a t i o n  sequence  in 
t e r m s  of p r o t e i n  s t ruc tu re .  

W h a t  s t r u c t u r e  does t h e  p r o t e i n  h a v e  w h e n  t h e  e n z y m e  
can  hydro lyze  p - to luenesu l fony l -L-a rg in ine  m e t h y l  es ter  
(TAMe), and  how is i t  changed  w h e n  th i s  p r o p e r t y  is 
r e t a ined  whi le  t he  capac i t y  to  clot  f ib r inogen  evolves  and  
s u b s e q u e n t l y  d i sappear s  ? This  repor t ,  based  on  t he  use of 
t e c h n o l o g y  p rev ious ly  descr ibed  ~-9, p rov ides  i n f o r m a t i o n  
on  t he  ques t ion  f o r n m l a t e d  above .  T h r o m b i n  has  t h e  
c a p a c i t y  to  h y d r o l y z e  TAMe a n d  to  ' c l o t  f ib r inogen ' .  I r i s  
a two  cha in  s t r u c t u r e  in  w h i c h  t he  A cha in  is connec t ed  to  
t h e  B cha in  b y  a d isul f ide  b o n d  1~ Our  new e x p e r i m e n t s  
serve to demonstratethat the B1 portion s of the B chain 
is removed by autolysis and the remaining structure, 

called t h r o m b i n - E ,  possesses on ly  t he  qua l i t y  to  hyd ro lyze  
TAMe. W e  p re sen t  a s imple  p rocedure  for t he  i so la t ion  of 
thrombin-E and the BI chain. We have found that the 
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Fig. 1. Purified prothrombin viewed as a single chain after reduction 
and alkylation. In the model, the molecular weight (69,800), with 
carbohydrate included, is proportional to the length assigned to each 
fragment. Each bond broken by autoprothrombin C or thrombin is an 
arginyL The NH2-terminal amino acid for R fragment is threonine. 
Thrombin, as well as autoprothrombin C, can remove PR fragment. 
From prethrombin to prethrombin-E requires autoprothrombin C. 
From thrombin to thrombin-E requires thrombin. Prethrombin-E 
has esterase activity. By breaking its Arg-Ile bond with autopro- 
thrombin C, the B1 portion of the B chain is free and the structure 
is that of classical thrombin. By autolysis, the B1 chain is broken 
from the B chain, and the active histidine site which it contains can 
no longer function. Thrombin-E has only esterase activity. In the 
prothrombin activation sequence, there is one pathway as follows: 
Prothrombin -+ Prethrombin + PR fragment -+ Prethrombin- 
E + 0 fragment -+ Thrombin -+ Thrombin-E + B1 chain. 
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Fig. 2. Activation of purified bovine prethrombin (2.3 mg/ml) with 
purified autoprothrombin C (0.14 mg/ml) in 0.05 M Tris-HCI in 
0.9% NaC1 at pH 7.8 and at 30~ No calcium added. 
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Fig. 3. Thrombin after autolysis oil Sephadex G-100 column (2.5 • 93 
era) in 0.1 M ammonium bicarbonate, pH 8.0. Flow rate 19 ml/h. 
Fraction volume 6 ml/tube. Fraction A was B1 ehian. Fraction B was 
thrombin-E and fraction C unidentified thrombin autolysis products. 

f i rs t  es terase  ac t iv i ty  is associated wi th  p r e t h r o m b i n - E ,  
which  is a single chain po lypep t ide  (Figure 1). I t s  molecular  
weight  and  amino  acid compos i t ion  are ident ical  w i th  
t h a t  of t h rombin ,  and  it is conver t ed  to  t h r o m b i n  by  
breaking  an Arg-Ile bond  wi th  a u t o p r o t h r o m b i n  C 
(Factor  Xa) 11. 

Our expe r imen t s  are cons is ten t  w i th  t he  conclusion 
t h a t  all 3 enzymes,  namely ,  p r e t h r o m b i n - E ,  t h rombin ,  
and t h r o m b i n - E ,  have  an act ive serine si te ,  bu t  ti le t31 
chain, wi th  its ac t ive  his t id ine ,  is the  s t ruc tu re  which  
accounts  for func t iona l  var iabi l i ty .  In  p r e t h r o m b i n - E ,  B1 
chain is bound  wi th in  a s t ra igh t  po lypep t ide  chain,  in 
t h r o m b i n  it is free to  func t ion  as the  NH2- termina l  end 
of t he  B chain, and  in t h r o m b i n - E  it is absent .  

We found special condi t ions  for ac t iva t ing  purif ied 
p r e t h r o m b i n  which  serve to  d e m o n s t r a t e  t he  es terase  
ac t iv i ty  of p r e t h r o m b i n - E .  Only a u t o p r o t h r o m b i n  C 
(Factor  Xa) was used (Figure 2). Es te rase  ac t iv i ty  devel-  
oped, bu t  only a smal l  a m o u n t  of t h r o m b i n  c lo t t ing  
ac t iv i ty  was genera ted .  Th roughou t  t he  ac t iva t ion ,  
the  two-s tage  p r e t h r o m b i n  assay yie lded the  full t h r o m b i n  
t i t re  possessed by  the  puri f ied p r e t h r o m b i n  at  the  outset .  
By  using po lyacry lamide  gel e lect rophoresis  in the  pre-  
sence of sodium dodecyl  sulfate, we could iden t i fy  
p r e t h ro mb i n -E ,  a small  a m o u n t  of t h rombin ,  and  the  0 
f ragment ,  f rom the  n o n - t h r o m b i n  NH~-terminal  por t ion  
of p re th rombin ,  in the  ac t iva t ion  mix ture .  We  have  
isolated the  0 f r agment  f rom the  react ion mi x t u r e  and  are 
in the  process  of de te rmin ing  its p r i ma ry  amino  acid 
s t ructure .  The p r e t h r o m b i n - E  has also been isolated 11, 
bu t  as an inac t ive  protein .  We  are cur ren t ly  a t t e m p t i n g  to 
isolate p r e t h r o m b i n - E  in its ac t ive  form. Difficult  separa-  
t ion  problems exis t  because t h r o m b i n  and p r e t h r o m b i n - E  
have  s imilar  proper t ies .  Their  ne t  charge and  molecular  
weights  are similar.  

I n s t ead  of conver t ing  p r e t h r o m b i n  to p r e t h r o m b i n - E ,  
the  usual procedure  is to conver t  it  comple te ly  to  
t h rombin .  The classical t h r o m b i n  which  t h e n  arises 
f rom p r e t h r o m b i n  has esterase and 'c lo t t ing '  act ivi-  

Table I. Proteolysis of purified thrombin at 4~ pH 8.0 

Days Proteolytic ~ Specific b Esterase �9 Specific b 

0 280,000 9,300 280,000 9,300 
5 170,000 5,700 280,000 9,300 

10 142,000 4,700 290,000 9,700 
15 101,000 3,400 305,000 10,200 
20 56,000 1,900 340,000 11,400 
25 23,000 770 365,000 12,100 o 

Activity in U/ml. ~ Specific activity in Ulmg. o When 12,100 is 
corrected for loss of B1 chain, the value is 14,500. 

Table II. Inactivation of enzymes with purified antithrombin, 
TLCK and DFP 

Enzyme Anfithrombin TLCK DFP 

Prethrombin-E Inhibited Inhibited Inhibited 
Thrombin Inhibited Inhibited ~ Inhibited 
Thrombin-E Inhibited Active Inhibited 

Esterase and clotting activity inactivated. 

11 L. E. McCoY, D. A. WALZ and W. H. SEEOERS, Thrombosis Res. 
3, 357 (1973}. 
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Table III. Amino acid composition of thrombin-E and related preparations 

EXPERIENTIA 30]10 

Prethrombin 0 Fragment Prethrombin-E Thrombin Thrombin-E B1 chain 

Lysine 26 2 23 24 17-18 5 
Histidine 7 0 7 7 5 3 
Arginine 29 7 22 22 15 5 
Aspartic acid 44 16 29 29 23-24 7 
Threonine 19 5 13 13 11 3 
Serine 23 8 14 12 12 5 
Glutamie acid 49 14 35 34 29 8 
Proline 25 8 9 16 17 12 5 
Glycine 35 11 22 25 19-20 5 
Alanine 24 9 15 15 12 5 
Half-eystine 12 4 8 8 6 2 
Valine 24 5 17 21 17 6 
Methionine 5 0 5 5 4 1 
Isoleueine 15 1 22 15 11 12 4 
Leueine 36 8 24 28 22 12 
Tyro~ine 16 4 11 11 8-9 2 
PhenylaIanine 16 3 13 12 9-10 2 
Tryptophan 12 2 10 10 5 2 
Total residues 417 107-108 306 308 237-242 82 
MW amino acids 47,506 11,744-11,873 35,549 35,552 27,647-28,292 9,272 

Beckman amino acid analyzer. Hydrolysis for 22, 48 and 72 h. For threonine, serine, half-cystine, methionine, and tyrosine, an extrapolation 
to zero was made for loss during hydrolysis. Tryptophan, method of DUGGAN and UDESFRIEND ls. 

ty18. Mater ia l  w i th  the  h ighes t  specific ac t iv i ty  
ob ta ined  to  da te  was ob ta ined  by  isolat ion of the  t h ro m-  
bin f rom an ac t iva t ion  mix tu re  consis t ing of pur i f ied 
p r e t h r o m b i n  + puri f ied a u t o p r o t h r o m b i n  C -7 pur i f ied  
Ac-globulin (Factor  V), phosphol ip id  + calcium ions. The 
puri f ied p roduc t  forms crystals,  and consists  of an A chain  
bound  to  the  13 chain by  one disulfide bond  la, 14 

For  the  purpose  of p repa r ing  t h r o m b i n - E ,  which  has 
only  esterase ac t iv i ty ,  we isolated t h r o m b i n  f rom a purif ied 
p r e t h r o m b i n  ac t iva t ion  mix ture .  This  was set  aside for 
autolysis  (Table I) a t  4~ a t  p H  8.0, in 0.2 M a m m o n i u m  
bicarbonate .  The c lo t t ing ac t iv i ty  gradual ly  declined, 
while the  es terase  ac t iv i ty  r ema ined  and  even increased.  
Dur ing  the  autolysis ,  a p rec ip i t a t e  fo rmed  and was 
isolated by  centr i fugat ion.  I t  p roved  to  be the  B1 frag- 
m e n t  of the  B cha in  of th rombin .  

Af ter  1 m o n t h  of autolysis ,  the  mix tu re  was passed  
th rough  a G-100 Sephadex  column. This  is a sa t i s fac tory  
m e t h o d  for isolat ing B1 chain as well as t h r o m b i n - E .  
In  the  f i rs t  fraction,  there  was no enzyme act iv i ty .  I t  was 
an aggregate  of pure  t31 chain.  T h r o m b i n - E  and some 
he terogeneous  mater ia l  appeared  in separa te  f rac t ions  
(Figure 3). The puri f ied t h r o m b i n - E  was ident i f ied  as a 
single componen t  by  several  criteria, in.cluding disc gel 
electrophoresis .  W i t h  the  ul t racentr i fuge,  we found  
S~ = 2.69 --  0.008 X, where  X is p ro te in  concen t ra t ion  
in mg/ml .  In  0.1 M KC1, p H  7.2, a t  59,780 rpm,  20~ 
65 ~ angle, the  schlieren p a t t e r n  consis ted of a single peak.  
An al iquot  of the  t h r o m b i n - E  was reduced and  a lky la ted  
for the  purpose  of isolat ing the  A chain, ident ical  w i th  
t h a t  in t h rombin ,  and the  B2 chain (previously called 
fi-chain s). 

Each  one of the  enzymes  was subjec ted  to  d i f fe rent  
kinds of inhib i tors  ; namely,  1. d i i sopropy l f luorophospha te  
(DFP) which b inds  to an act ive  serine site residue of 
serine prote inases ,  2. tosyl-L-lysine ch lo romethy l  ke tone  
(TLCK) which b inds  to  all ac t ive  h is t id ine  residue 15, and  
3. pur i f ied bovine  a n t i t h r o m b i n  I I I  which  combines  w i t h  
t h r o m b i n  in a mu tua l  deple t ion  sys t em 16. The concent ra-  
t ions  a t  p H  7 were D F P  5.5 • 10 -4 M, T L C K  2.6 • 10 -3 M., 
and  a n t i t h r o m b i n  puri f ied by  the  m e t h o d  of MONKHOUSE 17 
was used in 'excess ' .  W i t h  one except ion,  the  enzymes  

were inac t iva ted  by  each one of the  inhib i tors  (Table II).  
The except ion  was the  ref rac tor iness  of t h r o m b i n - E  to  
TLCK,  which  is accounted  for by  the  fact  t h a t  it  has  no 
B1 chain in which  the  essent ial  ac t ive  center  h is t id ine  is 
found.  

The amino  acid analyses (Table I I I ) ,  ac t iv i ty  measure-  
ments ,  and facts  abou t  the  B1 chain  of t h r o m b i n  are all 
cons is ten t  wi th  the  i n t e rp re t a t i on  t h a t  esterase ac t iv i ty  
is the  first  to  arise f rom p r o t h r o m b i n  and  is associated 
wi th  a single chain  s t ructure .  U p o n  cleavage of an Arg-Ile 
bond,  t h r o m b i n  forms. W h e n  the  t31 chain  of t h r o m b i n  is 
removed  by  autolysis,  the  two chain  s t ruc tu re  re ta ins  
only  esterase ac t iv i ty .  

Rdsumd. La p r 6 t h r o m b i n e - E  a seu lement  une  ac t iv i t6  
est6rasique et,  apr6s la pe r t e  d ' u n  lien Arg-Ile,  elle pro-  
voque  la fo rma t ion  dlune t h r o m b i n e  pro t6o ly t ique  
compos6e de 2 chaines  ( A e t  B) liges dans  une maille 
bisulfide. A la suite d ' u n  proc6d6 de d6composi t ion  auto-  
lyt ique,  la chaine B se d6tache et  on ob t i en t  la t h r o m b i n e  
est6rasique form6e par  2 chaines A e t  B,. On a in t rodu i t  
de nouvelles  m6thodes  pour  l ' i so lement  de la t h rombine -  
E. L ' a n t i t h r o m b i n e  et  le D F P  neu t ra l i sen t  e f fec t ivement  
les 3 enzymes.  
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