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REACTION OF TRYPSIN WITH ORGANIC PHOSPHATE INHIBITORS 

by  

B. A. K I L B Y  AND G. Y O U A T T  

Department of Biochemistry, The Medical School, The University, Leeds (England) 

I t  h a s  been found  t h a t  the  pro teo ly t ic  ac t iv i ty  of  t ryps in  can  be inh ib i ted  comple te ly  by  cer ta in  
p -n i t r opheny l  p h o s p h a t e  esters,  and  t h a t  t h i s  process  is a ccompan ied  b y  t he  l ibera t ion  of p-ni t ro-  
phenol .  

T r y p s i n  so lu t ions  were p repared  in o.o 5 M bora te  buffer, p H  7.6, con ta in ing  o.o25 M CaC1 v 
Crysta l l ine  t r y p s i n  was  used.  The  pro teo ly t ic  ac t iv i ty  of t he  so lu t ions  was e s t i m a t e d  b y  ANSON'S 
haemoglob in  m e t h o d  1, a n d  t h e  mo l a r i t y  of ac t ive  t r yps i n  ca lcu la ted  a s s u m i n g  NORTHROP, KUNITZ 
AND HERRIOTT'S* va lue  of (o.17 T.U.)  mHg b. P.N. for pure  enzyme.  The  p h o s p h a t e  es ters  were dissolved 
in isopropanol and  d i lu ted  Io-fold wi th  t he  borate-CaC12 solut ion i m m e d i a t e l y  before use. Equa l  
vo lumes  of e n z y m e  a n d  inh ib i to r  so lu t ion  were mi xed  and  i n c u b a t e d  a t  25 °, and  t he  n i t rophenol  
l ibera ted  was  e s t ima t ed  a t  i n t e rva l s  by  m e a s u r e m e n t  of  t he  absorp t ion  a t  4o00 A us ing  a qua r t z  
spec t ropho tomete r .  A s imi la r  solut ion w i t h o u t  t ryps in  was  i n c u b a t e d  in paral le l  a n d  used as t he  
cont ro l  in  t he  opt ical  de ns i t y  m e a s u r e m e n t ,  so t h a t  compensa t i on  was a u t o m a t i c a l l y  m a d e  for t he  
n i t ropheno l  l ibera ted  by  s p o n t a n e o u s  hydro lys i s  of t he  ester .  The  ca l c ium ions p re sen t  s tabi l ized 
the  t ryps in  8 and  negligible se l f - inac t iva t ion  occurred unde r  t he  expe r imen t a l  condi t ions  used.  

Resu l t s  wi th  two es ters  are s u m m a r i s e d  below. 

I. Diethyl p-nitrophenyl phosphate, (E tO)a (p -NO, .CsH,O)P:O (also known  as  E6oo  and  paraoxon)  

T r y p s i n  concen t ra t ions  in the  i ncuba t ed  so lu t ion  were var ied  be tween  2. 7 • lO -6 a n d  9.3" IO-S M 
and  t he  ester  concen t ra t ions  be tween  io -z a n d  lO -3 M.  The  es ter  was  in considerable  excess  a n d  i ts  
concen t ra t ion  r ema ined  effect ively c o n s t a n t  du r ing  t he  incuba t ion .  Ni t ropheno l  libera~tion followed 
pseudo-un imolecu la r  k inet ics  and  reached  a c o n s t a n t  and  m a x i m a l  va lue  in 4 to 48 hrs  depend ing  
on concen t ra t ions .  The  ra t io  of t he  n u m b e r  of molecules  of n i t ropheno l  l ibera ted  to n u m b e r  of 
molecules  of e n z y m e  inh ib i ted  was found  to be 2.16 -4- o.15 (mean of 26 expts . ) .  Af te r  incuba t ion ,  
t he  e n z y m e  was comple te ly  inhib i ted .  

II .  O,S-diethyl O-p-nitrophenyl thiophosphate, (EtO) (EtS) (p-NO 2.CeH40 ) P : O 

T r y p s i n  concen t ra t ions  var ied  be tween  9.3" IO-e a n d  1.2. io  -~ M a n d  t he  es ter  concen t r a t ions  
be tween  5 '  lO-4 and  IO -a M.  Th i s  es ter  was more  reac t ive  and  comple te  inh ib i t ion  and  n i t ropheno l  
l ibera t ion  were effected wi th in  1-  3 hrs.  The  molecules  n i t ropheno l :  molecules  e n z y m e  rat io  found  
was 2.Ol ± o.15 (mean  of 21 expts . ) .  

I n  t h e  above  calculat ions,  t he  m o s t  genera l ly  accepted  va lue  of 36,5oo for t he  M.W. of t r yps in  
ha s  been used.  Lower  va lues  down to 34,ooo have  been repor ted,  and  a va lue  of 34,9oo would  give 
a ra t io  of e x a c t l y  2 f rom our  data .  

HARTLEY AND KILBY 4 have  shown  t h a t  when  c h y m o t r y p s i n  is inh ib i ted  by  E6oo,  one molecule  
of n i t ropheno l  is l ibera ted  for each  molecule  of  e n z y m e  inhibi ted,  while  JANSEN, NUTTING AND BALLS 5 
have  shown  t h a t  c h y m o t r y p s i n  inh ib i t ed  by  diisopropyl f luo rophosphona te  (D.F.P.)  con ta ins  one 
equ iva l en t  of phosphorus .  B y  analogy,  t h e  overa l l  reac t ion  of t r y p s i n  wi th  E6oo  or ana logues  m a y  
be wr i t t en  : 

T ryps in  + 2 (EtO)aPO(NOvC~H40) > 
T r y p s i n -  [ (EtO)~PO~ + 2 NOvC6H4.OH . . . .  (I) 

M e a s u r e m e n t s  were m a d e  of the  ra te  of l ibera t ion  of n i t ropheno l  f rom the  s y s t e m  t r y p s i n - E  600, 
u s ing  excess  E6oo  and  working in t he  range  in which  t he  s y s t e m  followed f irs t-order  kinet ics .  The  
ve loc i ty  c o n s t a n t s  were found to  be propor t iona l  to t he  concen t ra t ion  of E6oo  and  no t  to i ts  square ,  
t h u s  e l imina t ing  a t e rmolecu la r  reac t ion  as in t he  overal l  equa t ion  (I). The  observed  resu l t s  m i g h t  
be expla ined  e i ther  by  pos tu l a t i ng  a single ac t ive  cent re  in t he  t r yps in  molecule  which  reac t s  in i t ia l ly  
w i th  one molecule  of  inhib i tor  in a slow ra te-cont ro l l ing  react ion,  followed by  a fas t  reac t ion  wi th  
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a second molecule  of  inh ib i to r ;  or  by  pos t u l a t i ng  t he  presence of two act ive  cen t res  which  reac t  
independen t ly ,  i.e., t r yps i n  behaves  as  if i t s  molecular  weight  was  ha l f  t he  accepted  value.  

Conf i rma to ry  a n d  c o m p l e m e n t a r y  evidence  for an  equa t i on  of the  t ype  (I) h a s  been found  
i n d e p e n d e n t l y  b y  JANSEN a n d  co-workers  e who h a v e  shown  t h a t  t r yps in  is inh ib i t ed  b y  D.F .P .  and  
t h a t  t he  a m o u n t  of p h o s p h o r u s  in t h e  inh ib i t ed  crys ta l l ine  t r yps in  p roduc t  cor responds  to an  equi-  
va l en t  weight  of  2o,ooo. 

A fuller  a ccoun t  of t h i s  work  will be pub l i shed  later .  
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BEMERKUNG 

zu  DER ARBEIT YON A N N E M A R I E  W E B E R  UND H A N S  H. W E B E R ,  

Zur Thermodynamik der Kontraktion des Fasermodells* 

Der F reund l i chke i t  yon  H e r r n  K. H.  MEYER (Genf) v e r d a n k e n  wir  die Auskun f t ,  dass  die viel- 
f/fltig u n d  auch  yon  u n s  a ls  WIEGAND-SNYDER-Gleichung bezeichnete  Gle ichung  schon  vorher  von  
GERKE 1 u n d  in v e r w a n d t e r  Ar t  yon  LEBLANC UND KR6GER ~ abgele i te t  wurde.  

Fe rner  h/ilt  es Her r  K. H. MEYER fiir m6glich,  dass  die g e m e i n s a m e  Zi t ie rung yon  E. W6HLISCH 
u n d  K. H. MEYER als Au t o ren  der  t he rmok i ne t i s chen  Theor ie  der Elast iz i tAt  zu Missvers tAndnissen  
f i ihren k6nn te .  U m  solche zu vermeiden ,  sei erg~,nzt : Die t he rmok ine t i s che  Theor ie  als  solche s t a m m t  
v o n  W6HLISCH s. W6HLISCH aber  dach te  s ich  - -  en t sp r echend  d e m  dama l igen  S t and  der  Fasers toff-  
Chemie  - -  diese K e t t e n  als  Ke t t en ,  deren  in s ich s ta r re  Einzelgl ieder  ganze  Molekiile, Mizellen oder 
Kr i s ta l l i t e  seien. W ~ h r e n d  W6HLISCH die M o l eku l a r s t r uk t u r  der K e t t e n  n u r  a n d e u t e n d  behande l t  
ha t t e ,  b a u t e  K.  H. MEYER 4 die Theor ie  gerade nach  der  Seite der moleku la ren  S t r u k t u r  aus  du rch  
die E in f t ih rung  der  in s ich flexiblen Fadenmoleki i le .  K. H. MEYER gab der Theorie  d a m i t  die Form,  
in der  sie heu t e  fas t  a l lgemein  d i sku t i e r t  wird. 
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