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A t t e m p t s  of C h e m i c a l  M o d i f i c a t i o n  of T h r e o n i n e  

W e  h a v e  e x a m i n e d  t h e  f e a t u r e s  of  p a n c r e a t i c  b o v i n e  
r i b o n u c l e a s e  ( R N a s e  A) a f t e r  r e a c t i o n  w i t h  t h e  o x i d i z i n g  
s y s t e m  f o r m e d  b y  d i m e t h y l s u l f o x i d e - c a r b o d i i m i d e - p h o s -  
p h o r i c  a c id  1-a to  v e r i f y  t h e  s e l e c t i v e  o x i d a t i o n  of  t h e  
a l coho l i c  g r o u p s  of s e r i ne  a n d  t h r e o n i n e  r e s i d u e s  p r e s e n t  
in  t h e  p r o t e i n .  

T h e  e x p e r i m e n t a l  c o n d i t i o n s  for  t h e  o x i d a t i o n  of s u c h  
r e s i d u e s  w e r e  s t u d i e d  a l r e a d y  in  m o d e l  p e p t i d e s  (di- a n d  
t r i - p e p t i d e s )  a n d  w e re  r e p o r t e d  e l s e w h e r e  1, 2 

IRNase  A m a i n t a i n e d  t h e  fu l l y  e n z y m a t i c  a c t i v i t y  w h e n  
t r e a t e d  w i t h  D M S O  a t  v a r i a b l e  t i m e s  in  a g r e e m e n t  w i t h  
t h e  d a t a  of  IRAMML~R ~. T h e  a c t i v i t y  d e c r e a s e d  u p  to  
8 5 %  of  t h e  i n i t i a l  v a l u e  a f t e r  a 7 8 - h o u r s  t r e a t m e n t  w i t h  
D M S O .  

T h e  r e t e n t i o n  of  fu l l  a c t i v i t y  w a s  a l so  o b s e r v e d  in  t h e  
p r e s e n c e  of  b o t h  D M S O  a n d  p h o s p h o r i c  a c i d  T h e  p r e s e n c e  
of t h e  e l e c t r o p h y l i c  a g e n t  D C C I  in  D M S O ,  on  t h e  con -  
t r a r y ,  c a u s e d  t h e  b i o l og i ca l  a c t i v i t y  to  d e c r e a s e  u p  to  a 
5 0 %  w i t h i n  4 h ;  a t  t h e  s a m e  t i m e  t h i s  r e a g e n t  i n d u c e d  
a n  a g g r e g a t i o n  of t h e  p r o t e i n  as  i n d i c a t e d  b y  g e l - f i l t r a t i o n  
on  t h e  ( 1 . 8 •  140) G-75  S e p h a d e x  c o l u m n  e l u t e d  w i t h  
0 . 1 3 / / a c e t a t e  b u f f e r  p H  5. T h e  c h r o m a t o g r a p h i c  p a t t e r n  
r e p o r t e d  in  F i g u r e  1 (sol id l ine) i l l u s t r a t e s ,  in  fac t ,  t h e  
p r e s e n c e  of  m o r e  p r o t e i n  c o m p o n e n t s  h a v i n g  d i f f e r e n t  
m o l e c u l a r  size.  

T o  a s c e r t a i n  w h e t h e r  s u c h  a n  a g g r e g a t i o n  w a s  i n d u c e d  
b y  D C C I  we  r e p e a t e d  t h e  s a m e  e x p e r i m e n t a l  c o n d i t i o n s  
d e s c r i b e d  b y  SCHERAGA ~. T h e  d o t t e d  l ine  in  F i g u r e  1 
s h o w s  t h e  c h r o m a t o g r a p h i c  b e h a v i o u r  (on t h e  G-75  
S e p h a d e x  c o l u m n )  a f t e r  r e a c t i n g  R N a s e  A w i t h  t h e  
w a t e r - s o l u b l e  c a r b o d i i m i d e  (W S C )5  in  a q u e o u s  s o l u t i o n .  
O n l y  a p r o t e i n  c o m p o n e n t  a p p e a r e d  in  a p o s i t i o n  v e r y  
c lose  to  t h e  o n e  o b s e r v e d  for  n a t i v e  R N a s e .  T h i s  r e s u l t  
i n d i c a t e s  t h a t  t h e  d i m e t h y l s u l f o x i d e  s o l u t i o n  of  d i cyc lo -  
h e x y l c a r b o d i i m i d e  i n d u c e s  t h e  f o r m a t i o n  of m o r e  p r o t e i n  
c o m p o n e n t s  a t  d i f f e r e n t  m o l e c u l a r  w e i g h t .  A t  t h i s  p o i n t  
we  s t u d i e d  t h e  p o s s i b l e  o x i d a t i o n  of  R N a s e  A a t  a con -  
c e n t r a e i o n  of t h e  o x i d i z i n g  s y s t e m  D C C I - D M S O - H ~ P O  4 
r a n g i n g  f r o m  0.35 to  10 ~ m o l e s  p e r  ~ m o l e  of R N a s e  A. 

T h e  T a b l e  s u m m a r i z e s  t h e  f i n d i n g s  o b t a i n e d  a t  d i f f e r e n t  
c o n d i t i o n s .  A g r a d u a l  a n d  c o n s i s t e n t  d e c r e a s e  in  e n z y m a t i c  
a c t i v i t y  p a r a l l e l  to  a p a r t i a l  d i s a p p e a r a n c e  of t h e  t h r e o n i n e  
a n d  s e r i ne  r e s i d u e s  w a s  n o t e d  in  a n y  ca se  o n  i n c r e a s i n g  
t h i s  m o l a r  r a t i o .  T h e  e f f e c t i v e  - e v e n  if l i m i t e d  - m o d i f i c a -  
t i o n  of t h e  a l coho l i c  g r o u p s  p r e s e n t  in  IRNase  A is i n d i c a t e d  

and Ser ine  R e s i d u e s  in R N a s e  A 

a lso  b y  t h e  c l e a v a g e ,  w i t h  N H 2 O H - H C 1 ,  of  p e p t i d e  b o n d s  
as  i n d i c a t e d  b y  p o s i t i v e  n i n h y d r i n  r e a c t i o n .  

T h e  p a p e r  c h r o m a t o g r a p h y  (No. 1 W h a t m a n  p a p e r ;  
P a r t r i d g e  e luen t )  of  o x i d i z e d  R N a s e  A a f t e r  N H e O H  HC1 
t r e a t m e n t  h a s  s h o w n  t h e  p r e s e n c e  of  3 n i n h y d r i n  p o s i t i v e  
s p o t s  w i t h  a R I  0, 0.22 a n d  0.34 r e s p e c t i v e l y .  T h e  N H 2 O H .  
HC1 t r e a t m e n t  of  n a t i v e  R N a s e  A, u n d e r  t h e  s a m e  e x p e r i -  
m e n t a l  c o n d i t i o n s ,  i n d i c a t e d  no  d e t e c t a b l e  f r a g m e n t a t i o n .  

I t  w a s  o b s e r v e d  t h a t  t h e  D C C I / D M S O  s y s t e m  c a u s e s  
t h e  a g g r e g a t i o n  of IRNase  A e i t h e r  in  t h e  p r e s e n c e  o r  in  
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Fig. 1. Gel-filtration on a (1.8 • 140) G-75 Sephadex column eluted 
with 0.1M acetate buffer pH 5 at 25~ Optical density at 570 urn, 
measured after colorimetrie reaction with ninhydrin, is expressed as 
a fullction of the elntion volume. - O - |  chromatographic pat tern 
of RNase A (Worthington product) reacted with DCCI/DMSO 
system. - - ,  chromatographic pat tern of RNase A reacted with a 
water-soluble carbodiimide (WSC) 5 in aqueous solution. 
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Oxidative conditions of threonine (Thr) and serine (Ser) residues of RNase A by DCCI/DMSO/HaPO 4 System 

RNase A s DCCI DMSO HeO H3PO 4 Time Yield in oxidized Activity b 
(h) aminoacid o (%) (%)-  

Thr Ser 

Paper chromatography (R f) 

Before After 
NH2.OH 
treatment  

1 4900 - - 4 100 0 0 
1 4900 - 4 100 
1 4900 - - 78 85 
1 1535 600 0.8 4 100 
1 2.4 1535 600 - 4 0 0 50 0 0 
1 0.35 4000 600 1 4 100 
1 2.0 2550 - 0.8 4 22 38 70 
1 4.3 1237 600 0.8 4 15 34 20 0 0; 0.22; 0.34 
1 10.0 2010 - 1.7 7 18 26 15 0 0; 0.22; 0.34 

The molar ratio between RNase A and DCCI/DMSO was calculated on the basis of the alcoholic residues content (15 Thr + 10 Set). b Acti- 
vity percent after elimination of DMSO. Enzymatic activity was measured as initial velocity of RNA hydrolysis s. o After due correction 
for the acidic hydrolysis losses 9. 
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t h e  absence  of t he  p r o t o n a t i n g  a g e n t  HaPO 4. The  pa r t i a I  
ox ida t ion  of t he  p r o t e i n  t akes  place, on  t he  con t r a ry ,  
only  in the  presence  of phosphor i c  acid as ind ica ted  in 
t he  Table .  

The  large a c t i v i t y  change  c o n c u r r e n t  w i th  t he  pa r t i a l  
ox ida t ion  of t h r e o n i n e  a n d  ser ine is v e r y  l ikely due  to  
aggrega t ion  of R N a s e  A induced  b y  DCCI. Of course a 
pa r t i a l  d e n a t u r a t i o n  of t he  p ro t e in  respons ib le  for the  
a c t i v i t y  loss c a n n o t  be  unde r - e s t i m a t ed .  F igure  2 r epor t s  
t he  c h r o m a t o g r a p h i c  p a t t e r n  of oxidized R N a s e  A, which  
shows a res idue  15~o e n z y m a t i c  ac t iv i ty ,  on  t h e  G-75 
Sephadex  column.  Also in th i s  case more  pro te ic  com- 
p o n e n t s  were o b t a i n e d  b y  gel-f i l t ra t ion.  

The  presence  of a n  a l t e red  c o n f o r m a t i o n  of R N a s e  A 
caused b y  t he  above  t r e a t m e n t  was i nves t i ga t ed  b y  
c i rcular  d ich ro i sm m e a s u r e m e n t s  in  t he  far  u l t r av io l e t  
(Rousse l - Jouan  d i c h r o g r a p h  II).  The  d ichroic  spec t ra  of 
na t ive  RNase  A and  oxidized R N a s e  A h a v i n g  15% 
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Fig. 2. Gel-filtration of RNase A reacted with the oxydiaing system 
DCCI/DMSO/HaPO 4. The experimental conditions are the same as 
m Figure 1. 

e n z y m a t i c  ac t i v i t y  were compared .  The  CD s p e c t r u m  f o r  
n a t i v e  R N a s e  reproduces  the  dichroic  b a n d  w i t h  a 
m i n i m u m  a t  222 n m  ( c h a r a c t e r i s t i c  of n-a* pep t ide  
t r a n s i t i o n  of e-helix) and  t h e  larger  b a n d  a t  208 n m  
associa ted  w i th  t he  ~-a* pep t ide  t r a n s i t i o n  of ~-helix ~, 7. 
A s l ight  sh i f t  t o w a r d  lower wave l eng th s  of t he  d ichroic  
b a n d s  re la t ive  to  oxidized RNase ,  i.e. to  220 and  207 n m  
respect ively ,  and  a d r a m a t i c  decrease  in the i r  m a g n i t u d e  
were observed.  The  large [0] va lues  d i m i n u t i o n  f rom 
8600 to 1600 and  f rom 10,500 to 2500 a t  220 n m  and  
207 n m  respec t ive ly  is e v i d e n t l y  due  to a loss of o rde red  
s t ruc ture .  

The  I R - s p e c t r u m  of K B r  pel le ts  ( P e r k i n - E l m e r  Mod. 337 
Spec t ropho tome te r )  of R N a s e  modi f ied  b y  t he  oxyd iz ing  
sys t em shows no  apprec iab le  dif ference f rom t h a t  of 
n a t i v e  R N a s e  A. I n  b o t h  t h e  cases m a x i m a  a t  1650, 1530, 
1450, 1405, 1240 cm -~ were present .  

The  resul t s  r epor t ed  in th i s  no te  al low us to  conclude  
t h a t  a chemica l  modi f i ca t ion  procedure ,  successful ly 
employed  w i th  models,  c a n n o t  of ten  be a p t e d  to p ro t e in  
because  i t  inf luences  d r a m a t i c a l l y  t he  seconda ry  or 
t e r t i a r y  s t ruc tu re .  

The  p re sen t  me thod ,  however ,  can  be useful  in  sequence  
s tudies  t oge the r  w i t h  o the r  chemica l  or  e n z y m a t i c  m e t h o d s  
of cleavage. 

Riassunto.  ~ s t a t s  s t u d i a t a  la possibilit& di modif ica-  
zione dei res idui  di T r e o n i n a  e Ser ina  p re sen t i  he l l s  
R N a s e  A da  p a r t e  del s i s t ema  oss idante  D C C I / D M S O /  
I-IaPO * gi& u t i l m e n t e  i m p i e g a t a  in  pep t id i  model lo  1, 2. 
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The  B i n d i n g  of S o m e  S o d i u m  S u b s t i t u t e s  to Chondro i t in  Sul fate  

The  need  for sodium-f ree  physiologic  so lu t ions  calls for 
the  use of subs t i t u t e s  to m a i n t a i n  isotonic i ty .  The  mos t  
c o m m o n l y  used ones are lactose  or sucrose, chol ine  
chlor ide  and  l i t h i u m  chloride.  Such subs t i t u t i on ,  how-  
ever,  m a y  a l te r  t h e  p roper t i e s  of t he  t i ssue  i n c u b a t e d  or 
pe r fused  b y  af fec t ing  t he  s t a t e  of t he  p ro te in -po ly -  
sacchar ides  which  c o n s t i t u t e  t he  ' g round  s u b s t a n c e '  a n d  
i n t e r s t i t i u m  in general .  W h e t h e r  in t he  n a t i v e  fo rm of 
p ro te in -po lysaccha r ides  or in p a r t l y  degraded  forms such  
as chond ro i t i n  sulfate,  t he  po lysacchar ides  of t he  connec-  
t ive  t i ssues  are  i m p o r t a n t  polye lec t ro ly tes ,  more  pre-  
cisely, polyanions .  These  macromolecu les  will immobi l i ze  
ca t ions  as counte r - ions  and  t he  k ind  and  c o n c e n t r a t i o n  of 
these  will d e t e r m i n e  t h e i r  d o m a i n  a n d  t h e i r  e lectr ical  
field and,  in t u rn ,  d e t e r m i n e  h y d r a t i o n  as well. These  
po lyan ions  are  b road l y  d i s t r i b u t e d  a n d  are p resen t  in  rela-  
t ive ly  large a m o u n t  in t he  a r t e r i a l  walD. FRIEDMAN and  
FRIEDMAN 2 h a v e  s t ressed the  role t h a t  th i s  ' pa race l lu la r  

m a t r i x '  can  p lay  in a l te r ing  vascu la r  geomet ry  a n d  affect-  
ing pe r iphe ra l  vascu la r  res is tance.  E q u a l l y  i m p o r t a n t  
physiological  effects m a y  be  a n t i c i p a t e d  in o the r  t issues.  
I t  seemed t h u s  p e r t i n e n t  to  examine  t he  aff ini t ies  of t h e  
c o m m o n l y  used sod ium subs t i t u t e s  for such  polyanions ,  
of which  chond ro i t i n  su l fa te  was  chosen  as an  a p p r o p r i a t e  
r ep resen ta t ive .  I t  was  observed  t h a t  whi le  l i t h i u m  a n d  
chol ine s u b s t i t u t e d  eff ic ient ly  for sod ium on t he  b ind ing  
sites of th i s  macromolecnle ,  lac tose  lef t  these  sites avai l -  
able  to  o the r  ions of t h e  med ium,  t h a t  is, in t he  case of 
physiological  solut ions,  essentia,lly to  p o l y v a l e n t  ions 
which  possess an  in t r ins ica l ly  h igh  b ind ing  aff ini ty .  
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