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and 50 ~g/1 of p h e n y l m e t h a n e  sulfonyl fluoride. The pu- 
r i ty  of the  p r epa ra t i on  was checked by  phase  con t r a s t  
microscopy and  by  b iochemical  analysis  (p ro te in /DNA/  
R N A  ratio).  

In  vi t ro  phosphory la t ion  and dephosphoryla t~on of 
nucleoli. Nucleoli  (0.3 mg protein/nil)  were incuba ted  at  
30 ~ in a react ion med ium conta in ing  250 m M  sucrose, 
100 m M  Tris-HCl, p H  7.5, 20 m M  MgCI~, 100 m M  NaC1, 
6 m M  NaF,  10 m M  DTT and 0.005 m M  (y_a2p) A T P  
(1-1.5 Ci/mmole) t~ At  appropr ia te  t ime intervals ,  ali- 
quots  were used for p ro t e in -bound  32p de t e rmina t i on  ac- 
cording to  the  m e thod  B of REIMANN et  al. 11. The de- 
phosphory la t ion  ra te  due to  phospha t a se  ac t iv i ty  was 
de te rmined  by  di lut ing the  (y-32P)ATP 10-fold wi th  un- 
labelled A T P  in the  react ion mix tu re  af ter  10 min of in- 
cuba t ion  and  measur ing  the  rad ioac t iv i ty  re ta ined  in the  
nucleolar  p ro te ins  dur ing the  following 20 rain. Radio-  
ac t iv i ty  was measured  in a Beckman  LS 100 l iquid 
scint i l la t ion spec t rometer .  All assays were pe r fo rmed  at  
least  in dupl icate .  

Analyt ica l  methods .  Pro te ins  were de te rmined  by  the  
t echn ique  of LOWRY et al. ~2 wi th  bovine serum a lbumin  
as a s tandard .  D N A  and RNA were e s t ima ted  according 
to the  m e thods  of BURTON 13 and CERIOTT114, respect ively,  
by  using appropr i a t e  s tandards .  

Results and discussion. The effect  of T 3 admin i s t r a t ion  
on in vi t ro  ne t  a~p up take  into liver nucleolar  p ro te ins  is 
shown in the  Table.  The results  indicate  a marked  in- 
crease in 32p incorpora t ion  into liver nucleolar  p ro te ins  
(to about  74%) which  takes  place 12 h af ter  T 3 adminis-  

In vitro net 32p uptake into liver ntlcleolar proteins 

Tilne of No. of Net as p Increase Student's 
treatment experiments uptake (%) t-test (p) 
(b) 

-- 16 405~195 
12 6 705~248 + 74 0.001 
24 6 8104_328 -t- 100 0.01 
48 ~ 4 778+307 / 92 0.01 

The net a2p uptake is expressed as pmoles 32p incorporated into 1 mg 
nucleolar proteins /10 rain. The values represent the mean ~ SD. 
In each experiment, mlcleoli pooled from 3 to 4 rats were used. ~The 
rats received a second dose of T 3 24 h before sacrifice. 

t r a t i on  to thy ro idec tomized  rats.  A larger increase has 
been found af ter  24 and 48 h of t r e a t m e n t .  The t ime 
course of in v i t ro  phosphory la t ion  and dephosphory la t ion  
of l iver nucleolar  pro te ins  f rom contro l  and T~-treated 
ra ts  is i l lus t ra ted  in the  Figure 1. The resul ts  ob ta ined  in 
these  exper imen t s  are in agreement  w i th  the  observa t ion  
of G r ~  1~ who d e m o n s t r a t e d  t h a t  the  in v i t ro  tu rn-  
over  of p h o s p h a t e  groups  under  these  condi t ions  is ve ry  
low. In  addi t ion,  i t  can be seen t h a t  T a admin i s t r a t ion  
does no t  induce appreciable  changes  in tile phospha ta se  
ac t iv i ty  of nucleoli  incuba ted  in vi tro.  This  excludes the  
possibi l i ty  t h a t  the  increased a m o u n t  of aep incorpora ted  
into liver nncleolar  p ro te ins  f rom T~-treated ra ts  may  
depend  on a lower dephosphory la t ion  rate.  Therefore,  it  
can be assumed t h a t  the  increased in v i t ro  32p up take  
into nucleolar  pro te ins  is due to a s t imula t ion  of the  
nucleolus-associated p ro te in  kinase ac t iv i ty  induced by  
T a adminis t ra t ion .  

In  ano the r  set  of expe r imen t s  (manuscr ip t  in prepara-  
tion), the  subs t r a t e  specif ici ty of the  nucleolus-associated 
p ro te in  kinase ac t iv i ty  was inves t iga ted .  I t  has  been 
shown t h a t  th is  kinase ac t iv i ty  is able to phosphory la te  
casein and phosvi t in ,  does no t  utilize to  a s ignif icant  
ex t en t  h is tones  or p ro t amine  as subs t ra te ,  and  is no t  
s t imula ted  by  cyclic AMP. 

So far the  physiological  role of the  phosphory l a t i on  of 
nucleolar  pro te ins  has no t  ye t  been defined, a l though 
s tudies  wi th  isolated nucleoli suppor t  the  suggest ion t h a t  
several  h ighly  phospho ry l a t ed  pro te ins  are involved in 
the  assembly  and  processing of prer ibosomal  particlesS. 
According to th is  hypothesis ,  the  increased phosphory la -  
t ion of liver nucleolar  prote ins  induced by  T a adminis t ra -  
t ion to thyro idee tomized  ra ts  may  resul t  in a s t imula ted  
ma tu ra t i on  of prer ibosomal  part icles  and, eventual ly ,  in 
the  well known accumula t ion  of newly formed r ibosomes 
in the  cy top lasm of liver cells. 

Studies  are in progress to inves t iga te  w h e t h e r  the  phos-  
phory la t ion  p a t t e r n  of liver nucleolar  pro te ins  is a l tered 
by  T~ adminis t ra t ion .  
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Inf luence  on the T r y p s i n  Act iv i ty  by the  Side Chain of A r g i n i n e  H o m o l o g u e s  
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Sumn4ary. The N-~-tosyl-p-ni t roani l ides  of homoargin ine  and of the  two shor te r  arginine homologues  were synthesized.  
These compounds  behave  as specific, chromogenic  subs t r a t e s  for t rypsin .  

i n  previous s tudies  1, 2 the  ques t ion arose to w h a t  ex- 
t e n t  longer or shor te r  homologues  could replace L-argi- 
nine in its funct ion  as a p a r t  of biologically act ive mole- 
cules. In  addi t ion  to  o ther  systems,  the  behaviour  of 
t ryps in  t oward  sui table Arg-analogues p resen ted  itself 
as a s imple model  for th is  purpose.  

In  th is  s tudy,  use was made  of N-~- tosyl -p-n i t ro-  
anilides of homoarg in ine  and  the  Arg-homologues  shor t -  

ened by  1 and  2 me thy lene  groups, because,  on the  one 
hand ,  the  tosyl  group causes no racemiza t ion  dur ing its 
a t t a c h m e n t  as in the  case of the  benzoyl  residue 3. On the  
o ther  hand,  the  p-ni t roani l ides  are the  more specific 
subs t ra tes  t h a n  the  cor responding  esters~. 

Materials and methods. The shor te r  homologues  wi th  
the  tosyl  group were synthes ized  in accordance  wi th  the  
m e t h o d  of RUDINa~R 5, tosy l -homoarg in ine  as descr ibed 
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e l s e w h e r e  8,~. KASAFIREK'8 m e t h o d  s w a s  s e l e c t e d  for  t h e  
s u b s e q u e n t  r e a c t i o n  to  t h e  f o l l o w i n g  p - n i t r o a n i l i d e s :  
N - ~ - t o s y l - L -  2 - N H 2 - 3 - g u a n i d i n o p r o p i o n i c  a c i d - p - n i t r o a n i -  
l ide  ( T P A ) .  C t~H~0N6OsS.  HC1 (456.9) m p :  2 2 8 - 2 3 0 ~  
ca l c . :  C 44.69 H 4.63 N 18.39.  F o u n d :  C 44 .90  H 4 .56  
N 18.29.  N-a- tosy l -L -2 -NH2-4-guan id inobu tyr i c  a c i d - p -  
n i t r o a n i l i d e  (TBA) .  ClsH~2N6OsS - HC1 �9 H 2 0  (488.9) m p :  
2 0 0 - 2 0 4 ~  Calc.  : C 44.22 H 5.13 N 17.19. F o u n d :  C 44.47 
H 5.13 N 17.14. N-a- tosy l -L-homoarg in ine-p-n i t roan i l ide  
( T H A ) I  C20H26N6OsS �9 HC1 (499.0) m p :  1 3 4 - 1 3 6 ~  calc.  : 
C 48 .14  H 5.45 N 16.84 F o u n d :  C 48.22 H 5.78 N 16.92. 

Al l  s u b s t a n c e s  we re  c h r o m a t o g r a p h i c a l l y  p u r e  ( s o l v e n t  
s y s t e m  CHaOH/CHC13/NH4OH~on~.  = 10:  1 0 : 5  on  ce l lu -  
l o s e - T L C - p l a t e s ,  R i e d e l  de  H a e n ,  G e r m a n y ,  d e t e c t i o n  
S a k a g u c h i  r e a g e n t ) .  T h e  m e a s u r e m e n t  of  t h e  e n z y m a t i c  
h y d r o l y s i s  w a s  m a d e  a t  25 ~ T h e  c o n d i t i o n s ,  s u b s t a n c e s  
a n d  c o n c e n t r a t i o n s  w e r e  c h o s e n  as  d e s c r i b e d  s. 
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Fig. 1. Tryptie hydrolysis of THA (I), TBA (iI) and TPA (III) as 
a function of pH. Trypsin concentration 7.5 ~zg/inl, incubation period 
10 min, substrate concentration 0.83 �9 10 -3 M, 0.042 M Tris buffer 
(0.017 M CaCI~) pH 8.2, temperature 25 ~ 

Resulls- and  discussion. A s  in  t h e  c a s e  o f  t h e  A r g @ -  
n i t r o a n i l i d e s ,  t h e  c l e a v a g e  of  t h e  s u b s t a n c e s  b y  t r y p s i n  
g i v e s  r i se  t o  a n  i n c r e a s e  of  t h e  e x t i n c t i o n  a t  405 n m .  T h e  
i n v e s t i g a t i o n  of t h e  i n i t i a l  v e l o c i t y  of  t h e  t r y p s i n  d iges -  
t i o n  as  a f u n c t i o n  of  t h e  p H  s h o w s  a b e l l - s h a p e d  c u r v e  
for  al l  3 s u b s t r a t e s  ( F i g u r e  1). T h e  m a x i m u m  is a r o u n d  
p H  8.2 a n d  t h e r e f o r e  in  t h e  r a n g e  of  t h e  A r g - d e r i v a t i v e s  
r e p o r t e d  be fo r e  ~, s 

F i g u r e  2 s h o w s  t h e  r a t e  of  t h e  h y d r o l y s i s  as  a f u n c t i o n  
of  t h e  c o n c e n t r a t i o n  of  t r y p s i n .  F o r  a c o r r e c t  e s t i m a t i o n  
of  t h e  e x t e n t  of  t h e  c l e a v a g e ,  t h e  p u r c h a s a b l e  b e n z o y l -  
A r g - p - n i t r o a n i l i d e  ( B A P A )  w a s  d e t e r m i n e d  in  p a r a l l e l  
m e a s u r e m e n t s ,  w h i c h  is in  a s i m i l a r  o r d e r  as  t h e  t o s y l  
d e r i v a t i v e  of  A r g  s. C o n s i d e r i n g  t h e  h y d r o l y s i s  of  t h e  
h o m o l o g o u s  s u b s t a n c e s  a n d  B A P A ,  t h e r e  is a low r a t e  of  
d i g e s t i o n  of  t h e  c o m p o u n d s  w i t h  a n  a l t e r e d  s ide  c h a i n .  
N e v e r t h e l e s s  t h e r e  is, u p  to  a r a n g e  of 8 ~xg/ml t r y p s i n ,  a 
l i n e a r  d e p e n d e n c e  of  t h e  r a t e  of  h y d r o l y s i s  on  t h e  e n z y m e  
c o n c e n t r a t i o n .  T h i s  f a c t  s u g g e s t s  t h a t  t h e r e  is a s p e c i f i t y  
of  t r y p s i n  for  t h e s e  c h r o m o g e n i c  s u b s t r a t e s .  T h e  l o n g e r  
t h e  s ide  c h a i n ,  t h e  b e t t e r  c a n  t h e  A r g - h o m o l o g u e s  be  
a t t a c k e d  b y  t r y p s i n .  T h e  r e a c t i o n  c o n d i t i o n s  u s e d  irs t h i s  
s t u d y  c a u s e d  no  d e t e c t a b l e  s e l f - h y d r o l y s i s ,  w h i c h  c o u l d  
o c c u r  in  t h e  i n v e s t i g a t i o n  of  t h e  c o r r e s p o n d i n g  e s t e r s  4. 

D u e  to  t h e  m e a n  s o l u b i l i t y  in  t h e  s y s t e m s  e m p l o y e d ,  
t h e  m e a s u r e m e n t  of  t h e  r a t e  of  t h e  h y d r o l y s i s  as  a f u n c -  
t i o n  of t h e  c o n c e n t r a t i o n  of  t h e  s u b s t r a t e  w a s  c a r r i e d  
o u t  o n l y  for  t h e  h o m o a r g i n i n e  d e r i v a t i v e .  T h e  d a t a  ob-  
t a i n e d  r e s u l t e d  in  t h e  K ~  (app)  = 0 . 8 7 .  10 -~ M for  
t o s y l - h a r - p - n i t r o a n i l i d e .  T h i s  v a l u e  is c o n s i d e r a b l y  g r e a t -  
er  t h a n  t h a t  f o u n d  for  t h e  c o r r e s p o n d i n g  A r g  c o m p o u n d  s. 

T h e  r e s u l t s  p r e s e n t e d  h e r e  c o r r o b o r a t e  a n d  e x t e n d  t h e  
f i n d i n g s  p o i n t e d  o u t  b y  o t h e r  g r o u p s  9-t~, w h e r e i n  i t  h a s  
b e e n  e s t a b I i s h e d  t h a t  s u i t a b l e  A r g - h o m o l o g o u s  c o m -  
p o u n d s  c a n  be  sp l i t  b y  t r y p s i n .  St i l l  o p e n  to  q u e s t i o n  is 
h o w  to  c o r r e l a t e  t h i s  f a c t  w i t h  SHIELDS e t  al.  1~ w h e r e  i t  
is r e p o r t e d  t h a t  N - ~ - b e n z o y l - L - h a r  a m i d e  is n o t  c l e a v e d  
b y  t r y p s i n .  
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Fig. 2. Rate of hydrolysis of THA (I), TBA (II) and TPA (iII) as a 
function of the trypsin concentration. Reaction conditions see 
Figure 1. 
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