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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 .  

1 j .  E. KIRK, in The Arterial Wall (Ed. A. I. LANSING; Williams and 
Wilkins, Baltimore 1959), p. 161. 
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Methods. Sod ium ac t i v i t y  was d e t e r m i n e d  b y  m e a n s  of 
a sod ium-sens i t ive  glass e lec t rode  (G 502 Na,  Rad i ome te r )  
re fer r ing  to a s a t u r a t e d  ca lomel  electrode.  T he  electro-  
m o t i v e  force (EMF) of the  cell was  m e a s u r e d  w i t h  a 
V i b r o n  33B e l ec t rome te r  and  recorded  w i t h  a Grass  
Po lyg raph .  The  e lect rodes  were m o u n t e d  in a t h e r m o -  
s t a t e d  (20~ m i c r o t i t r a t i o n  a s sembly  (Radiomete r ) .  
T i t r a t i o n s  were pe r fo rmed  w i t h  c o n t i n u o u s  s t i r r ing  b y  
a d d i n g  to 2 ml  of c h o n d r o i t i n  su l fa te  (sodium form) in t he  
a t m o s p h e r e  of n i t r ogen  po r t i ons  of 0.01 ml  of 2 M  solu- 
t ions  of sucrose, chol ine  chloride,  l i t h i u m  chlor ide  or 1 M  
ca lc ium chloride,  a t  2 ra in  in te rva ls .  B l a n k  t i t r a t i o n s  were 
r u n  in t he  same  way,  us ing  NaC1-Tris (same sod ium 
ac t iv i ty )  i n s t ead  of c h o n d r o t i n  sulfate,  in order  to  t ake  
in to  accoun t  t h e  effect  of d i lu t ion  as well  as t he  d i rec t  
effect  of t he  t i t r a n t  on t he  E3/[F of t he  cell. The  whole  set  
of t i t r a t i o n s  was also pe r fo rmed  a u t o m a t i c a l l y  w i t h  a 
R a d i o m e t e r  t i t r a t o r  a n d  a u t o b u r e t t e ;  t h i s  yielded s imi lar  
results .  To ta l  sod ium c o n t e n t  of t he  work ing  so lu t ion  of 
c h o n d r o i t i n  sul fa te  was  d e t e r m i n e d  b y  f lame p h o t o m e t r y .  
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Fig.  1. Release of Na  + f r o m  c h o n d r o i t i n  su l fa te  b y  a d d i t i o n  of 
sodium substitute. 2 ml of 0.020M (monomer) chondroitin sulfate 
(sodium-form) titrated with 2 M solution of the substitute. Reading 
are corrected for change in the volume. Circles represent the variation 
corresponding to ~ 0.1 my, the precision of the assembly. 
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Fig.  2. The  r a t i o  of b o u n d  t i t r a n t / b o u n d  sod ium as a f u n c t i o n  of 
the ratio of the free ions. Calculations are for concentrations. 'Titrant 
bound' -- Na liberated. 'Titrant free' -- titrant added - Na liberated. 
'Na free' = Na concentration from Na + activity in the medium. 
'Na bound' = total sodium content (Flame photmetry) - Na free. 
(For calcium the ratios are: #Ca Free/Na Free; #Ca Bound/Na 
Bound). 

Chond ro i t i n  s u l f a t e  in t he  sod ium form isola ted f rom bo-  
v ine  nasa l  sep ta  was o b t a i n e d  f rom M a n n  Resea rch  
L a b o r a t o r y .  The  free acid in p r e p a r a t i o n s  of l i t h i u m  
chlor ide  and  of chol ine chlor ide was neu t r a l i zed  w i t h  t he  
respec t ive  hydrox ide ,  t h a t  in ca lc ium chlor ide  b y  ca lc ium 
ca rbona te .  All r eagen t s  were a n a l y t i c a l  grade.  

Results, The  add i t i on  of l i t h i u m  or chol ine ions to  t he  
t i t r a t i o n  m e d i u m  displaced sod ium ions f rom the  b i n d i n g  
sites of c h o n d r o i t i n  sulfate.  This  was  read i ly  a p p a r e n t  in  
t h e  increase  of E M F  as shown  in F igure  1. This  p r o p e r t y  
is no t  sha red  b y  sucrose wh ich  p roduced  a ba re ly  signifi- 
c an t  increase  of E M F ;  t he  m i n o r  change  in p o t e n t i a l  
obse rved  in th i s  case is due  to an  u n a v o i d a b l e  change  of 
br idge  p o t e n t i a l  and  to t he  fac t  t h a t  t he  b l a n k  (NaC1- 
Tris) m a y  no t  be an  ideal  r e p l a c e m e n t  for c h o n d r o i t i n  
sulfate.  I t  was conf i rmed  in th i s  s t u d y  t h a t  t he  b i n d i n g  
a f f in i ty  of ca lc ium ion, even  on a n  equ iva lence  basis,  is 
m u c h  h igher  t h a n  t h a t  of e i the r  l i t h i u m  or choline.  This  
is i l l u s t r a t ed  in F igure  2 which  rep resen t s  t he  d i s t r i b u t i o n  
of t he  2 states,  free or bound ,  of t he  t i t r a n t  ion added  to 
t he  t i t r a t i o n  med ium.  Whi le  essent ia l ly  no ca lc ium ion 
exists  in t he  free s t a t e  so long as b i n d i n g  si tes are ava i l -  
able, a ce r t a in  a m o u n t  of l i t h ium and  chol ine  does r e m a i n  
u n b o u n d .  A t  the  beg inn ing  of t he  t i t r a t i o n  t he  slope re- 
p r e sen t ing  t he  effect  of l i t h i u m  or chol ine  is close to  45 ~ , 
wh ich  m e a n s  t h a t  t he i r  a f f in i ty  for b i n d i n g s i t e s  is a t  t h a t  
m o m e n t  equa l  to  t he  a f f in i ty  of sodium. As t i t r a t i o n  pro-  
gresses t he i r  slope becomes,  however ,  more  acu te  ind ica t -  
ing t h a t  the  a f f in i ty  of b o t h  chol ine  and  l i t h i u m  ions is 
ac tua l ly  g rea te r  t h a n  t h a t  of sod ium ion. The  a f f in i ty  of 
ca lc ium for t he  b ind ing  sites of t he  c h o n d r o i t i n  su l fa te  
molecule  is cons ide rab ly  g rea te r  t h a n  t h a t  of sodium,  
l i t h i u m  or choline. 

Disc~tssio~z. These  e x p e r i m e n t s  h a v e  shown  t h a t  l i t h i u m  
and  chol ine ions are equa l ly  able  to  displace sod ium ion 
f rom the  b ind ing  sites of t he  c h o n d r o i t i n  su l fa te  molecule.  
The i r  a f f in i ty  for b ind ing  appea r s  to  be  a l i t t le  g rea te r  t h a n  
t h a t  of sod ium ion b u t  cons ide rab ly  less t h a n  t h a t  of cal- 
c ium ion. As expected ,  sucrose does no t  share  th i s  prop-  
e r ty  and  in these  e x p e r i m e n t s  no ion was ava i l ab le  in  t he  
m e d i u m  to displace sod ium f rom i ts  si tes on t he  chon-  
d ro i t in  su l fa te  molecule.  L i t h i u m  and  chol ine  ions, used 
as subs t i t u t e s  in physio logica l  sal t  solut ions,  are t h u s  no t  
! ikely to a l te r  t he  c o n f o r m a t i o n  of a macromolecufe  such  
as chond ro i t i n  su l fa te  to  a n y  grea t  e x t e n t ;  t he  t o t a l  
change  of h y d r a t i o n ,  or of t he  v o l u m e  occupied b y  such  
molecules  will t h e n  be  more  d e p e n d e n t  u p o n  o the r  p rop-  
er t ies  of t he  specific coun te r - ion  r a t h e r  t h a n  on  i ts  
b ind ing  aff ini ty .  Sucrose, or lactose,  should  no t  of i tself  
change  t he  c o n f o r m a t i o n  of t he  macromolecule ,  excep t  
insofar  as i t  a l ters  t he  col l igat ive p roper t i e s  of the  med ium.  
W h e n ,  however ,  sucrose is s u b s t i t u t e d  for sod ium in a 
physio logica l  m e d i u m  i t  will  leave t h e  b i n d i n g  si tes 
read i ly  ava i l ab le  to  d i v a l e n t  ca t ions  such  as ca lc ium a n d  
magnes ium.  Such  ions, b ind ing  to 2 si tes a t  a t i m e  m a y  
p roduce  a ' sh r inkage '  of t he  p o l y a n i o n  a n d  in so do ing  
could reduce  t he  capac i ty  for ho ld ing  w a t e r  of p ro te in -  
po lysaccha r ide  complexes  in t issues.  Such  a d i rec t  cor- 
r e l a t ion  be tween  t he  size of t he  free f luid of t h e  ex t ra -  
cel lular  space and  the  r a t io  of m o n o v a l e n t  to  d i v a l e n t  ions 
in physiologic  so lu t ion  b a t h i n g  t h e  isola ted a r t e r y  has  
r ecen t ly  been  obse rved  and  s t ressed 3. 

The  p r e sen t  s t u d y  r ep roduced  in v i t ro  w h a t  has  pre-  
v ious ly  been  infer red  f rom in v ivo  exper imen t s .  Thus  

V. PALATe, B. K. GUSTAFSON a n d  S. M. FRIEDMAN, Can.  J .  
Phys io l ,  P h a r m a e .  d8, 54 (1970}. 
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FRIEDMAN et  al. 4 showed t h a t  t he  r a t  ta i l  a r t e r y  per fused  
w i t h  pa r t i a l  (30 mM/1) s u b s t i t u t i o n  of sod ium b y  lactose 
p roduced  a loss of sod ium f rom t he  'cel lular  space '  ( this  
t e r m  includes  pa race l lu la r  ma t r ix )  ; such  a w i t h d r a w a l  did 
no t  occur  w i th  chol ine  chlor ide  as subs t i t u t e .  I n  th i s  case, 
i t  is l ikely t h a t  sod ium was lost  for 2 reasons :  t he  t a k i n g  
over  b y  d iva l en t  ca t ions  of t he  b i nd i ng  si tes p rev ious ly  
occupied b y  sod ium ions, a n d  sh r inkage  of t h e  ex t ra -  
cel lular  space. 

I t  is conc luded  t h a t  t he  ion exchange  p roper t i e s  of t he  
po lyan ion ic  pa race l lu la r  m a t r i x  can  be  invo lved  in t he  
responses  of t i ssues  which  are obse rved  du r ing  experi-  
m e n t s  i nvo lv ing  ion s u b s t i t u t i o n  in t he  med ium.  This  
poss ib i l i ty  m u s t  be  especial ly careful ly  cons idered  in t he  
case of t issues such  as ar ter ies  which  con t a i n  s u b s t a n t i a l  
a m o u n t s  of these  ma te r i a l s  5,6. 

Rdsumd. I1 a r r ive  s o u v e n t  que l 'on  doive s u b s t i t u e r  
l ' ion  de sod ium dans  les so lu t ions  physiologiques .  U n  
effet  pa r t i cu l i e r  en  est  la comp6 t i t i on  du  s u b s t i t u t  vis-~- 
vis les ions de sod ium li6s au  sul fa te  de chondro i t ine .  

Nous  d 6 m o n t r o n s  que ie sucrose ne  d6place pas  ce t te  
po r t i on  du sod ium li6, alors que Ies ions de l i t h i u m  et  de 
chol ine poss6den t  une  g rande  aff ini t6 pou r  ces sites de 
liaison, aff ini t6 mo ind re  c e p e n d a n t  que celle de l ' ion  de 
calcium. Les cons6quences  phys io logiques  qui  en res- 
so r t en t  son t  discut6es.  
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Zur DNS-Synthese  in Spermatogonien hypophysektomierter Ratten 

65 m g n n l i c h e  Ra t t eD (Sprague-Dawley)  m i t  e inem Ge- 
w ich t  yon  280-310 g (10. Woche)  w u r d e n  n a c h  der  
1Kethode yon  REISS, ])RUCKREY n n d  HOCHWALD1 hypo-  
p h y s e k t o m i e r t  u n d  zu ve r sch iedenen  Z e i t p u n k t e n  (10, 15, 
20, 30, 40, 80 u n d  130 Tage) n a c h  der  Ope ra t i on  gleich- 
zeit ig m i t  den  Kon t r o l l t i e r en  get6te t .  E ine  S t u n d e  v o r h e r  
e rh ie l t en  die Tiere 0,8 ~zCi/g K 6 r p e r g e w i c h t  t t  3 T h y m i d i n  
(spez. Aktivi t~i t  5 Ci /mM) i.p. inj izier t .  

Von  j e d e m  Tier  wurde  ein Teil  der  I todenkan~i lchen  
(20-60 mg) in Soluene gel6st u n d  im Liqu idsc in t i l l a t ions -  
s p e k t r o m e t e r  gemessen.  V o m  res t l i chen  Gewebe w u r d e n  
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tD, Hodengewieht, Kontrollen (g); O, Hodengewieht, hypophysecto- 
mierte Tiere (g); �9 cpm/mg Kontrollen; ~,  cpm/mg hypophysecto- 
mierte Tiere. 

A u t o r a d i o g r a m m e  m i t  I l ford  G5  E m u l s i o n  herges te l l t  
u n d  anschl iessend H.E.  gef~irbt. 

Der  H o d e n  ver l ie r t  n a c h  H y p o p h y s e k t o m i e  deu t l i ch  
an  Gewicht ,  es a t r oph i e r en  die Samenkan~i lchen,  die 
Leyd igschen  Zwischenzel len,  die S p e r m a t i d e n  u n d  Sper-  
m ien  1. U n g e a c h t e t  dieser R e d u k t i o n  l~isst s ieh bei  den  
h y p o p h y s e k t o m i e r t e n  Tiered  ein m a r k a n t e r  Ans t ieg  der  
D N S - S y n t h e s e  pro  m g  H o d e n  fes ts te l len  (Figur).  t?;ine 
Erk lXrung  dafi i r  l iefern die Ergebn i s se  der  A u t o r a d i o -  
graphic,  die zeigen, dass  das  m a r k i e r t e  T h y m i d i n  aus-  
schliesslich in die S p e r m a t o g o n i e n  - de ren  Ante i l  p ro  Ge- 
w ich t se inhe i t  infolge der  A t roph i e  der  a n d e r e n  Zel lklassen 
a n s t e i g t -  e i n g e b a u t  wird. I n  den  S p e r m a t o g o n i e n  k o n n t e n  
s u c h  zahl re iche  Mitosen b e o b a c h t e t  werden,  die o f fenbar  
zu eiDer V e r m e h r u n g  des Zell typs,  ohne  S p e r m a t o h i s t o -  
genese f i ihr ten.  

Bei  der  A u t o r a d i o g r a p h i e  b e s t e h t  im Schni t tp rS@ara t  
vol ls t i indige ~ b e r e i n s t i m m u n g  m~t den  Ergebn i s sen  
f r t iherer  U n t e r s u c h u n g e n  2. Die dor t  auf  die zus/i tzl ich 
durchgef f ih r te  par t ie l le  H e p a t e k t o m i e  bezogene  S t imu-  
l i e rnng  der  D N A - S y n t h e s e  im H o d e n  h y p o p h y s e k t o -  
m ie r t e r  R a t t e d  is t  of fens icht l ich  aussclaliesslich das  Er -  
gebniss  der  H o d e n a t r o p h i e  n a c h  H y p o p h y s e k t o m i e ,  well  
n u r  die we i t e rh in  Nukle ins~ure  s y n t h e t i s i e r e n d e n  Sperma-  
togon ien  t ibr igbleiben.  

Summary. A t r o p h y  of the  tes tes  was induced  b y  
h y p o s e c t o m y  of rats .  Whi le  t he  d i f f e ren t i a t ion  of spe rma-  
l ids  a n d  of spe rma tozoons  was inh ib i ted ,  D N A - s y n t h e s i s  
and  mi toses  of t he  s p e r m a t o g o n e s  con t inued .  

LucIA WIEST und  H. WRBA 

fmli tul  /~r Krebs/orschung der Universiti# Wien, 
Borschkegasse 8a, A-7090 Wien (Osterreich), 
78. Februar 7970. 

1 M. REISS, H. DRUGKREY und A. HOCHWALD, Endokrinologie 72, 
243 (1933). 

2 H. BRANDLR, H. WRBA und H. RABES, Naturwissenschaften 53, 
85 (1966). 


