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Chromatography of trypsinogen 
T h e  use  of t r y p s i n  as a specific hyd ro ly t i c  r eagen t  in s tud ies  on t he  chemical  s t r u c t u r e  of p ro te ins  
h a s  e m p h a s i z e d  t h e  need  for p r epa ra t i ons  of th i s  e n z y m e  possess ing  a h igh  degree of enzymic  
h o m o g e n e i t y .  A t t e m p t s  in th i s  l abo ra to ry  to pu r i fy  t r y p s i n  by  c h r o m a t o g r a p h y  on t he  polycar-  
boxyl ic  acid res in  IRC-5  o (XE-64),  in t h e  m a n n e r  accompl i shed  for o the r  basic  p ro te ins  1, h a v e  no t  
been  successful .  Therefore ,  t he  c h r o m a t o g r a p h i c  behav io r  of t r yps inogen  was  s tudied ,  w i th  t he  
resu l t s  r epor ted  in th i s  c o m m u n i c a t i o n .  

The  t h r ee  samples  of t r y p s i n o g e n  inves t iga t ed  h a d  all been  p repa red  by  t h e  m e t h o d  of 
KUNITZ AND NORTHROP ~, b u t  on ly  one con ta ined  no de tec tab le  a m o u n t  of t r yp t i c  ac t iv i ty ,  as  
s h o w n  in Table  I. The  c h r o m a t o g r a p h i c  behav ior  of t he  th ree  s amples  was  also found  to be different.  

Fig. I. C h r o m a t o g r a p h y  of t r y p s i n o g e n  on a 0.9 × 15 cm c o l u m n  
o f  t h e  s o d i u m  fo rm of IRC-5o  (XE-64) a t  4 °. E l u t i on  was  per-  
f o rmed  wi th  a o. 13 M p h o s p h a t e  buffer  (o. I5 M in respec t  to Na+), 
p H  6.o, a t  a r a t e  of 4 ml /h .  A s imi lar  c h r o m a t o g r a m  was  ob ta ined  
b y  t he  use  of a o . 2 M  p h o s p h a t e  buffer,  p H  5.8. T he  effluent  was  
col lected in I ml  f rac t ions  a n d  ana lyzed  wi th  n i n h y d r i n  3. a, 1o m g  
of  once-crys ta l l ized  t r y p s i n o g e n  ( W o r t h i n g t o n  Biochemica l  Corp.), 
c o n t a i n i n g  a b o u t  5 ° % MgSO 4. b, r e c h r o m a t o g r a p h y o f  t he  f rac t ions  

a t  t h e  peak  po in t s  of a c h r o m a t o g r a m  s imi lar  to  t h a t  s h o w n  in a. 
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E N Z Y M I C  A C T I V I T Y  O F  T R Y P S I N O G E N  S A M P L E S  

E n z y m i c  ac t i v i t y  was  de t e rmi ned  wi th  benzoyl-L-arginine  amide  (BAA) as subs t r a t e .  Dupl ica te  
reac t ion  m i x t u r e s  were prepared ,  cons i s t ing  of 0.2 ml  t r yps i nogen  solut ion,  0. 5 ml  t r yps in  so lu t ion  
for ac t iva t ion ,  and  0.o 5 ml  N N a O H .  The  t r yps i nogen  (1.37 m g  con ta in ing  a b o u t  5 ° % MgSOa) 
was  dissolved in i .o  ml  o . i3  M p h o s p h a t e  buffer,  p H  6.o. The  t r yps in  (o.004 mg) was  dissolved 
in i .o  ml  o . o f M  t r i s - (hydroxymethyl )aminomethane  buffer, p H  8.o, con ta in ing  o . 3 M  CaC1 z. 
Ac t iv i ty  was  d e t e r m i n e d  in one reac t ion  m i x t u r e  i m m e d i a t e l y  a n d  in t he  o ther  a f te r  s t a n d i n g  
a t  4 ° for 23 h ;  in each  case, t he  so lu t ion  was  w a r m e d  to 25 °, o.5 ml  B A A  solu t ion  (o .o34M , neu-  
t ra l ized wi th  N a O H  a n d  dissolved in o . o f M  t r i s - (hydroxymethyl )aminomethane buffer, p H  8.0) 
was  added ,  a n d  0.o 5 ml  a l iquots  were r emoved  a t  5 rain in t e rva l s  and  p ipe t t ed  in to  t e s t  t u b e s  

con ta in ing  o.I ml  o.05 N HC1. The  acidified a l iquots  were 
Sample Trypsin units Trypsinogen units ana lyzed  wi th  n i n h y d r i n  8, and  t he  p h o t o m e t e r  read ings  

were p lo t ted  aga ins t  t ime  for each react ion.  Un i t s  of ac t iv i ty  
are  g iven  by  t he  slope of t he  init ial  pa r t  of t h e  curve,  ex- 

< 0.05 1.55 pressed  as change  in  reading/ra in .  Ac t i v i t y  before ac t i va t i on  
2 o.16 1"52 is a s s u m e d  to be a resu l t  of t he  presence  of t r yps in ;  t he  
3 0.23 1.o6 difference in ac t iv i ty  before and  af te r  ac t iva t ion  is a t t r i bu -  

tab le  to t ryps inogen .  

P r e l im ina ry  e x p e r i m e n t s  showed  t h a t  successful  c h r o m a t o g r a p h y  of t r yps inogen  a t  25 ° was  n o t  
possible,  p r e s u m a b l y  owing to t h e  ins tab i l i ty  of t he  zymogen ,  and  all s u b s e q u e n t  e x p e r i m e n t s  were 
ca r r i ed  ou t  a t  4 °. Curve  a in Fig. I shows  t he  resu l t s  ob ta ined  wi th  Sample  i ( W o r t h i n g t o n  Bio- 
chemica l  Corp., Freehold,  New Jersey) .  The  peak  a t  2o ml  accoun t ed  sa t i s fac tor i ly  for all of t he  
n i n h y d r i n  color a n d  ac t iva tab le  z y m o g e n  added  to t he  co lumn.  U n d e r  t he  s a m e  c h r o m a t o g r a p h i c  
condi t ions ,  however ,  t r yps i nogen  Samples  2 and  3 (from different  sources) did no t  g ive  a peak  
a t  a b o u t  20 ml.  W i t h  Sample  2, 60 % of t he  appl ied n i n h y d r i n  color appea red  as a long p l a t eau  
s t a r t i n g  a t  t he  c o l u m n  v o l u m e  a n d  t e r m i n a t i n g  in a peak  a t  76 ml.  W i t h  Sample  3, a ta i l ing  
peak  j u s t  beh ind  t h e  co lumn  vo l ume  and  a large peak  a t  8o ml  (which, however ,  did no t  reac t  
as  a p ro te in  in t he  p rocedure  of LOWRY et al. 4) accoun ted  for 64 % of t he  appl ied n i n h y d r i n  color ; 
a t o t a l  r ecovery  of 6 % of t h e  appl ied ac t iva tab le  z y m o g e n  was  ob ta ined  in t he  effluent  f rac t ions  
a t  t he  pos i t ion  of t r yps inogen  Sample  i .  T h a t  t he  difference in c h r o m a t o g r a p h i c  behav io r  of  t h e  
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t h ree  samples  is no t  a resu l t  of t he  presence  of t r y p s i n  was  d e m o n s t r a t e d  by  c h r o m a t o g r a p h i n g  
a m i x t u r e  of t r yps inogen  Sample  I and  t r yps i n ;  t he  pos i t ion  of t h e  t ryps inogen  peak  was  no t  
al tered.  

I n  order  to de t e rmine  t h e  c h r o m a t o g r a p h i c  behav io r  of t r yps inogen  sub jec ted  to  a m i n i m u m  
of chemica l  man ipu l a t i ons ,  f resh  beef panc rea s  was  ex t r ac t ed  wi th  o . 2 5 N  HzSO 4 in t he  m a n n e r  
descr ibed by  KUNITZ AND NORTHROP *. T he  ex t r ac t  was  d ia lyzed  in t he  cold aga ins t  o.oi N HC1, 
first  in a Visk ing  23-32 cas ing  ove rn i gh t  a n d  t h e n  in a 20-32 cas ing  for 5 h, in an  a t t e m p t  to r emove  
t r y p s i n  inhibi tor .  Appa ren t ly ,  however ,  inh ib i tor  was  still present ,  for t he  ex is tence  of t r yps inogen  
in t he  dia lyzed ex t r ac t  could no t  be d e m o n s t r a t e d  b y  t he  m e t h o d  descr ibed in Table  I. The  di- 
a lyzed  ex t r ac t  was  lyophilized,  t he  d ry  powder  was  m a d e  up  in a b o u t  I/IO t he  original  v o l u m e  of 
dist i l led wate r ,  and  a por t ion  of th i s  so lu t ion  was  c h r o m a t o g r a p h e d .  Ac t iva tab le  z y m o g e n  in an  
a m o u n t  equ iva l en t  to 8 un i t s /g  f resh  t i s sue  (see Table  I for t he  defini t ion of a unit)  was  found  
in  t h e  effluent a t  t he  pos i t ion  a s s u m e d  by  t r y p s i n o g e n  Sample  i,  Since t he  to ta l  a m o u n t  of z y m o g e n  
placed on t he  co lumn  could no t  be de te rmined ,  it  is no t  k n o w n  w h e t h e r  all of t he  t ryps inogen  
of t he  panc reas  is of t he  t y p e  rep resen ted  by  Sample  I, or w h e t h e r  the re  is also p resen t  some  
of t h e  var ie t ies  r ep resen ted  by  Samples  2 and  3. 

The  c h r o m a t o g r a p h i c  resul ts ,  cons idered  in con j unc t i on  wi th  t h e  d a t a  in Table  I, d e m o n s t r a t e  
clearly t h a t  more  t h a n  one t r y p s i n o g e n  can  exist .  If, as  seems  likely, only  a single molecular  
species is e labora ted  by  beef  pancreas ,  t h e  o the r  t ryps inogen(s )  could on ly  h a v e  ar i sen  as a resul t  
of s econda ry  changes ,  p robab l y  induced  by  enzymes .  I t  appear s  t h a t  t he re  m a y  be a g roup  of 
t r y p s i n o g e n s  a n d  t r yps in s  ana logous  to t he  severa l  c h y m o t r y p s i n o g e n s  and  c h y m o t r y p s i n s  a l r eady  
k n o w n  to  exis t  ~,e. 

The  c h r o m a t o g r a p h i c  condi t ions  descr ibed in th i s  c o m m u n i c a t i o n  are  useful  for t he  purif ica-  
t ion  of t r y p s i n o g e n  of t he  t y p e  exemplif ied b y  Sample  i .  C h y m o t r y p s i n o g e n ,  t he  m o s t  probable  
c o n t a m i n a n t ,  is r e t a rded  m u c h  more  b y  t h e  co lumn.  The  pur i f ica t ion  of t r yps inogen  Sample  i is 
i l lus t ra ted  in Fig. I, b. Ac t iva t i on  of such  purif ied t r y p s i n o g e n  shou ld  prov ide  t r yps in  free f rom 
o the r  p ro teo ly t ic  enzymes* .  
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* The  c h r o m a t o g r a p h i c  pur i f ica t ion  of t r y p s i n o g e n  on IRC-5o  ha s  also recen t ly  been  accom-  
p l i shed  i n d e p e n d e n t l y  by  P. J.  KELLER a n d  H.  NEURATH (personal  c o m m u n i c a t i o n  f rom Professor  
NEURATH). 

Effect of chloramphenicol on protein and nucleic acid 
synthesis in isolated thymus nuclei* 

Chlo ramphen ico l  ha s  become  an  i m p o r t a n t  tool  in t he  s t u d y  of t he  possible  re la t ionsh ip  of p ro te in  
and  nucleic  ac id  syn theses .  I n  some  s y s t e m s  1,~ ch lo ramphen ico l  inh ib i t s  p ro t e in  syn the s i s  w i t h o u t  
affect ing nucleic  acid syn thes i s ,  while  in others3, 4 b o t h  p ro te in  a n d  nucleic  acid s y n t h e s e s  are 
s t r ong ly  inhibi ted.  A comple t e ly  different  effect h a s  been repor ted  b y  ALLFREY et al. ~ in isolated 
c a l f - t h y m u s  nucle i  where  ch lo ramphen ico l  (at a concen t r a t i on  of 3 . 2 - l o - * M )  failed to  inh ib i t  
t h e  incorpora t ion  of 14C-amino acids  in to  nuc lea r  prote in .  As th i s  effect sugges t s  t h a t  p ro te in  
s y n t h e s i s  in nucle i  m i g h t  differ s o m e h o w  f rom t h a t  in o t he r  sys t ems ,  we h a v e  inves t iga ted  in 
more  detai l  t h e  effect of ch lo ramphen ico l  on  b o t h  14C-amino acid incorpora t ion  in to  p ro te in  and  
3~p-or thophospha te  incorpora t ion  in to  t he  nucleic  acids  of isolated c a l f - t h y m u s  nuclei .  

* Th i s  i nves t iga t ion  was  suppo r t ed  by  a research  g r a n t  (C-3199) f rom The  Na t iona l  Cancer  
I n s t i t u t e ,  U.S. Pub l ic  H e a l t h  Service, and  by  The  H e r m a n  F r a s c h  F o u n d a t i o n .  


