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The  c o n t e n t  of n o n s u l f a t e d  c h o n d r o i t i n  su l fa te  i somer  
inc reased  w i t h  t he  a d v a n c e  of age. I t  shou ld  be  of i n t e r e s t  
to  k n o w  t h a t  t he  a m o u n t  of t he  n o n s u l f a t e d  i somer  is 
q u i t e  t h e  reversed  of t h a t  of c h o n d r o i t i n  su l t a te  A. 
T h i s  m a y  be  i n t e r p r e t e d  b y  our  p rev ious  f ind ing  t h a t  
c h o n d r o i t i n  su l fa te  A a n d  c h o n d r o i t i n  coexis t  i ndepend -  
e n t l y  or  f o rm  d e p e n d e n t l y  n n d e r s u l f a t e d  c h o n d r o i t i n  
su l fa te  A in  n o r m a l  u r i n a r y  A G A G  7. The re  was no  signif-  
i c an t  change  in ove r su l f a t ed  c h o n d r o i t i n  su l fa te  w i t h  
a d v a n c i n g  age. 

These  a g e - d e p e n d e n t  changes  of u r i n a r y  A G A G  in 
n o r m a l  sub jec t s  would  ref lect  t he  effect  of age on  t h e  
d i s t r i b u t i o n  of A G A G  in b o d y  connec t ive  t issue.  Fo r  
example ,  KAPLAN a n d  IV[xYER 13, a n d  MATHEWS and  
GLAGOV 14 r e p o r t e d  t h a t  in  h u m a n  car t i l age  c h o n d r o i t i n  
su l fa te  A decreased  s ign i f i can t ly  w i t h  a d v a n c i n g  age, 
whe reas  t he  C-isomer decreased  mode ra t e ly .  Consequen t ly ,  
t h e  r a t io  of t he  A- i somer  to t he  C-isomer in t he  h u m a n  
ca r t i l age  decreased  w i t h  t he  a d v a n c e  of age. Thus ,  t i le  
age - re l a t ed  changes  of u r i n a r y  AGAG,  c h o n d r o i t i n  su l fa te  
i somers  in  pa r t i cu la r ,  shou ld  be  a n  i m p o r t a n t  p a r a m e t e r  
w i t h  respec t  to  a g e - d e p e n d e n t  f unc t i on  of A G A G  in b o d y  

, connec t ive  t i ssue  15. 

Rdsumd. Le su l fa te  A de c h o n d r o i t i n e  es t  u n  ac ide  
g lycosaminog lycanes  p r inc ipa l  chez les en f an t s  n o r m a u x .  
Mais ce t te  s u b s t a n c e  d i m i n u e  avec  l 'age, t a n d i s  que  le 
su l fa te  C de chond ro i t i ne  a une  t e n d a n c e  ~ a u g m e n t e r .  
I1 en  r6sul te  une  d i m i n u t i o n ,  de Fac t ion  du  su l fa te  A sur  
le su l fa te  C. L a  p r6pond6rence  d u  su l fa te  C de chond ro i t i ne  
se man i f e s t e  apr~s l 'adolescence.  I1 a u g m e n t e  con t inue l le -  
m e n t  au  cours  de la vie. 
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Changes in Density of Organelles from Neurospora 

I n  t he  course of a s t u d y  of t he  b iochemica l  cha rac t e r -  
is t ics  of t he  ' g lyoxysome- l ike '  par t ic les  (GLPs) i so la ted  
f r o m  Neurospora crassa 1, we obse rved  t h a t  t h e i r  d e n s i t y  
was a f fec ted  b y  t h e  g r o w t h  cond i t ions  a n d  b y  t h e  i so la t ion  
p rocedure .  I f  over looked,  these  fac to rs  m i g h t  p r oduce  a 
c r o s s - c o n t a m i n a t i o n  of t h e  organelles ,  l ead ing  to  e r roneous  
conclus ions  r ega rd ing  t h e i r  t r ue  e n z y m e  con t en t .  On t he  
o t h e r  h a n d ,  such  a l t e r a t i ons  m i g h t  p rov ide  a v a l u a b l e  too l  
for  i m p r o v i n g  t he  s e p a r a t i o n  of t he  o r g a n d i e s  a n d  
ga in ing  i n f o r m a t i o n  on  t h e  b i n d i n g  of enzym es  on  t he  
par t ic les .  The  pu rpose  of t h i s  r e p o r t  is to  assess t he  
effect  of:  1. t h e  c a r b o n  source p rov ided  in t he  g r o w t h  
m e d i u m ,  2. t he  t o n i c i t y  of t he  m e d i u m  in  w h i c h  t he  
pa r t i c les  are  suspended ,  on  t he  m e a n  dens i t i es  of b o t h  
m i t o c h o n d r i a  a n d  GLPs .  

Material and methods. Neurospora crassa (wild type ,  
L i n d e g r e n  + )  is g rown  a t  30~ in  a s h a k e n  (200 s t rokes /  
min)  l iqu id  m e d i u m  S. Derepress ion  of t he  g lyoxy la t e  
cycle enzymes  is ach ieved  e i the r  b y  t r a n s f e r  t o  a s imi la r  
basa l  m e d i u m  c o n t a i n i n g  40 m M  a c e t a t e  as t he  on ly  car-  
b o n  source, or  b y  g rowing  t h e  mo ld  in a comple t e  m e d i u m  
s u p p l e m e n t e d  w i t h  a c e t a t e  (110 m M )  a n d  w i t h  a decreased  
sucrose  c o n c e n t r a t i o n  (14 m M ) .  H o m o g e n e i z a t i o n  is 
pe r fo rmed  as descr ibed  e lsewhere  1, in  a com p l ex  m e d i u m  
m a d e  0.4 M in sucrose. Crude pa r t i cu l a t~  pel le ts  are  
o b t a i n e d  b y  3 successive cen t r i fuga t ions  a t  5 0 0 •  

(10 min) ,  3,000 •  (30 min)  a n d  10,000 •  (45 m~n). E v e n  
t h o u g h  t he  b u l k  of t he  m i t o c h o n d r i a  s e d i m e n t s  a t  
3,000 •  t he  pe l le t  of t he  las t  c e n t r i f u g a t i o n  (P 3-10 K) 
was chosen  for th i s  s tudy ,  a f t e r  i t  was  shown  t h a t  t he  
m i t o c h o n d r i a  s e d i m e n t i n g  in b o t h  pe l le ts  e x h i b i t  t he  
same d e n s i t y  p a t t e r n .  The  P 3-10 K pe l le t  is suspended  in 
va r ious  c o n c e n t r a t i o n s  of sucrose, i m M  in  E D T A .  The  
suspens ion  (10-12 m g  pro te in )  is e i t he r  l ayered  on  t he  
surface  of a 3 2 - 6 0 %  ('W/W) l inear  sucrose g r a d i e n t  (1 m M  
in EDTA) ,  or  l aye red  w i t h i n  t h e  g r a d i e n t  a t  a p o i n t  
co r r e spond ing  to  i t s  own dens i ty .  The  i sopycnic  cen t r i fu-  
ga t ion  is car r ied  ou t  a t  100,000 •  for 8 to  16 h in a Spinco 
S W  27 rotor .  The  g r a d i e n t  is col lected in  1 ml  f r ac t ions  
a n d  e n z y m e  ac t iv i t i e s  are  m e a s u r e d  b y  e s t ab l i shed  
procedures .  As a rule,  i soc i t ra te  lyase  (IL) a n d  N A D  
isoc i t ra te  d e h y d r o g e n a s e  (NAD I D H )  were used  as m a r k e r  
enzymes  for  G L P s  a n d  m i t o c h o n d r i a  respect ive ly .  

Results and discussion. The  f i rs t  set  of e x p e r i m e n t s  
(Table) shows t h a t  t h e r e  is a co r re l a t ion  b e t w e e n  t h e  
level  of I L  derepress ion  a n d  t he  ave rage  d e n s i t y  of t h e  

1 M. J. KOBR, F. VANDERHAEGHE and G. COMBI~PINE, Bioehem. 
biophys. Res. Comm. 37, 640 (1969). 
G. W. BEADLE, Physiol. Rev. 25, 643 (1945). 

Table I. Correlation between the derepression of isocitrate lyase (IL) and the mean densities of particles isolated from Neurospora crassa 

Density of: 

Growth conditions IL activity Mitochondria GLPs 

58mMsuerose 
Transferto 40mMacetate, 7 h 
Transferto 40mMacetate, 24 h 
Mixture 14mMsuerose - l l0mMace ta te  

0.70 1.182 1.205 
5.00 1.184 1.210 

10.2 1.194 1.219 
12.0 1.205 1.215 

IL activity in [xmoles of L (+)-isocitrate cleaved per h and per mg protein; densities in g • cm -3 at 20 ~ 
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part icles.  The equi l ibr ium dens i ty  of b o t h  mi tochondr i a  
and  GLPs  is a f fec ted  by  the  na tu re  of t he  carbon  source. 
The same g rowth  condi t ions  which  are known to  derepress  
the  g lyoxyla te  cycle enzymes  and some of t he  Krebs  cycle 
enzymes~, 4 br ing  abou t  an increase of t he  a p p a r e n t  
dens i ty  of b o t h  organdies .  We  do no t  know of any  
publ i shed  repor t  d e m o n s t r a t i n g  a he te rogene i ty  of e i ther  
peroxisomes  or glyoxysomes.  The he te rogene i ty  of 
popula t ions  of r a t  l iver  m i tochondr i a  appears  to  be 
associa ted wi th  an a l te ra t ion  of t he  balance  be tween  
enzymes  of the  Krebs  cycle, suggest ing t h a t  an enzyme 

defici t  m a y  al ter  s ignif icant ly  t he  membrane - l i p id  t o  
p ro te in  ra t io  of an organelle,  and  thus  decrease i ts  ne t  
dens i ty  5. However ,  mi tochondr i a  ex t r ac t ed  f rom repressed 
cul tures  of Saccharomyces cerevisiae are bo th  denser  and  

M. J. KoBR, G. TURIAN and E. J. ZIMI~{ERMAN, Arch. Mikrobiol. 52, 
169 (1965): 

4 R. B. I~'LAVELL and J. R. S. FINCHAM, J. Bact. 95, 1063 (1968). 
G. D. GREVILLE, Citric Acid Cycle (Ed. J. M. LOEWENSTEIN; 
M�9 DEKKER, Pubhsher, New York and London 1969), p. 1. 
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Activity profiles of isocitrate lyase (--&--) and NAD isocitrate dehydrogenase (--�9 in sucrose gradients after isopycnic eentrifugation 
of particulate fractions (3,000-10,000 • g) isolated from Neurospora crassa. The pellets are suspended in various concentrations of sucrose 
(A) 32% ; (B) 40% ; (C) 50%, and layered in the gradients as indicated by the arrows. Profile D: GLPs from gradient C diluted to 39.5% 
sucrose and layered as indicated by the arrow. Activities in ~moles of isocitrate converted per h and per fraction (1 ml) ; % sucrose concentra- 
tion in the gradients measured at 20 ~ 
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la rger  t h a n  those  i so la ted  f rom cul tures  derepressed  b y  
e t h a n o l  6. Th i s  c o n t r a s t s  w i t h  t he  d e n s i t y  p a t t e r n  charac-  
t e r i z ing  t he  m i t o c h o n d r i a  f rom Neurospora. This  dis- 
c r e p a n c y  resu l t s  p r o b a b l y  f rom t h e  ac t ive  l ip id  a n d  
phospho l i p id  syn thes i s  assoc ia ted  w i t h  t he  f o r m a t i o n  of 
new m i t o c h o n d r i a  t r iggered  in t he  yeas t  b y  c a t a b o l i t e  
derepress ion  ~. 

The  second set  of e x p e r i m e n t s  (Figure) shows t he  effect  
of va r ious  c o n c e n t r a t i o n s  of sucrose  on  t he  organel les .  
P 3-10  K pel le ts  were  p r e p a r e d  f rom a cu l tu re  de repressed  
b y  t r a n s f e r  to  40 m M  ace t a t e  for 1 day.  E a c h  pe l le t  was  
su spended  in 32% (1.137 g x  cm-3),  40% (1.176 g x  cm -3) 
a n d  50% (1.230 g x  cm -a) sucrose  (1 m M  in E D T A ) ,  a n d  
t h e  suspens ions  were sub jec t ed  to  i sopycnic  cen t r i fuga -  
t ion .  The  f r a c t i o n a t i o n  profi le  of t h e  pe l le t  suspended  in 
32% sucrose  shows 2 d iscre te  peaks  of I L  ac t iv i ty ,  a t  
1.143 g x  cm -s and  1.219 g x  cm -3 r e spec t ive ly  (Figure  A). 
T h e  c e n t r i f u g a t i o n  p a t t e r n  of t he  pe l le t  in 40% sucrose 
i nd i ca t e s  t h a t  t he  ' l i gh t '  p eak  of I L  is now sh i f t ed  to  a n  
a p p a r e n t  dens i t y  of 1.169 g x cm -8, whereas  t he  m a j o r  p e a k  
r e m a i n s  una f fec ted  (Figure  /3). F ina l ly ,  in  t he  g r a d i e n t  
o b t a i n e d  f rom t h e  pe l le t  su spended  in 50% sucrose, all  
of t he  I L  a c t i v i t y  is conf ined  to a s ingle p e a k  w i t h  a m e a n  
d e n s i t y  of 1.219 g •  cm -3 (Figure  C). R e c e n t r i f u g a t i o n  of 
t h i s  b a n d  a f t e r  d i lu t ion  to  39.5% (1.173 g x  cm -3) sucrose 
(1 m M  in E D T A )  gives t he  I L  profi le  p l o t t e d  in F igure  D. 
The  p rev ious ly  h o m o g e n e o u s  b a n d  is now  spl i t  in  two ;  
t he  f i r s t  one r e t a in s  i ts  or ig ina l  dens i ty ,  t he  second one 
equ i l ib ra t e s  a t  1.180 g x cm -3  

The  v a l u e  of 1.219 g x c m  -a r ep resen t s  t he  t yp i ca l  
d e n s i t y  of G L P s  i so la ted  f rom derepressed  cul tures .  
T r e a t m e n t  w i t h  lower  sucrose c o n c e n t r a t i o n s  yields  a n  
a t y p i c a l  p o p u l a t i o n  of bodies  whose  dens i t i e s  closely 
a p p r o x i m a t e  to  t h e  d e n s i t y  of t h e  suspend ing  m ed i um.  In  
c o n t r a s t  to  t h e  GLPs ,  t h e  dens i t y  of t he  m i t o c h o n d r i a l  
s t r o m a  is una f f ec t ed  b y  these  change  in t o n i c i t y  of t h e  
med ium.  Regard less  of t he  sucrose concen t r a t i on ,  t he  
N A D  I D H  peaks  cons i s t en t l y  a r o u n d  1.195 g x c m  -3 
However ,  ou r  resu l t s  do n o t  p rec lude  t h e  poss ib i l i ty  t h a t  
more  sub t l e  Mte ra t i ons  of t h e  m i t o c h o n d r i a  m i g h t  t a k e  
place, for i n s t a n c e  a s t r i p p i n g  of t he  ou t e r  m e m b r a n e .  

Th i s  sh i f t  of d e n s i t y  a f fec t ing  t h e  G L P s  u p o n  d i lu t ion  
r e m a i n e d  u n n o t i c e d  a t  t he  t i m e  we r epo r t ed  t h a t  a N A D  
m a l a t e  d e h y d r o g e n a s e  was assoc ia ted  w i t h  t h e m  ~. 
W e  now u n d e r s t a n d  t h a t  t h i s  resu l t  was  a n  a r t e f ac t  
r e su l t i ng  f rom our  pu r i f i ca t i on  procedure .  Comple te  
s e p a r a t i o n  of G L P s  I rom m i t o c h o n d r i a  b y  r a t e  cent r i fu-  

ga t ion  d e m o n s t r a t e s  t h a t  t he  p a r t i c u l a t e  m a l a t e  dehydro -  
genase  a n d  c i t r a t e  s y n t h e t a s e  are  specif ical ly  assoc ia ted  
w i t h  t he  m i t o c h o n d r i a  (to be  r e p o r t e d  elsewhere).  

The  l ab i l i t y  of mic robod ies  in  h o m o g e n i z a t i o n  med ia  is 
a d i f f i cu l ty  exper i enced  b y  m a n y  inves t i ga to r s  1, s. F r o m  
our  da ta ,  i t  appea r s  t h a t  G L P s  e x h i b i t  a h i g h  s ens i t i v i t y  
to  t he  t o n i c i t y  of t he  s u r r o u n d i n g  med ium,  wh ich  is 
a p p a r e n t l y  assoc ia ted  w i t h  t he  suppres s ion  of a pe rme-  
ab i l i t y  ba r r i e r  m a i n t a i n i n g  t he  d e n s i t y  cha rac t e r i s t i c  of 
t he  i n t a c t  par t ic les .  Once t h i s  p e r m e a b i l i t y  b a r r i e r  is 
abol ished,  t he  G L P s  assume  t h e  dens i ty  of t he  su r round -  
ing med ium.  However ,  even  these  a l t e red  par t ic les  do no t  
release r ap id ly  t h e  b u l k  of t h e i r  e n z y m a t i c  c o n t e n t  as t h e y  
do, for ins tance ,  u p o n  aging  for 3 h a t  r oom t e m p e r a t u r e ,  
or  u p o n  t r e a t m e n t  w i t h  T R I T O N  X-100. 

I n  conclusion,  t he  a p p a r e n t  d e n s i t y  of t he  G L P s  
i so la t ed  f rom Neurospora u n d e r  our  e x p e r i m e n t a l  con- 
d i t ions  is a f fec ted  b y  2 i n d e p e n d e n t  fac tors :  1. t he  n a t u r e  
of t he  c a r b o n  source in t he  g r o w t h  m e d i u m ;  2. t i le t o n i c i t y  
of t he  suspend ing  med ium,  The  dens i t y  of t h e  mi to -  
chondr ia ,  however ,  is d e p e n d e n t  on ly  on  t he  g r o w t h  
condi t ions .  

Rdsumd. Des m i t o c h o n d r i e s  et  des pa r t i cu les  pos s6dan t  
ce r ta ines  ca rac t6 r i s t iques  des pe roxysomes  on t  6t6 isol6es 
du  Neurospora erassa p a r  c e n t r i f u g a t i o n  i sopycnique .  
Lorsqu 'e l les  son t  ex t r a i t e s  d ' u n e  cu l tu re  r6prim6e,  les 
m i t o c h o n d r i e s  on t  une  dens i t6  a p p a r e n t e  de 1,182 g x cm -3, 
les pa r t i cu les  peroxysomales ,  de 1,205 g •  cm -3. Isol6es 
d ' u n e  cu l tu re  c o m p l 6 t e m e n t  d4r6prim6e,  les dens i t6s  
respec t ives  son t  de 1,205 g •  cm - a e t  de 1,219 g x  cm -3. La  
dens i t6  a p p a r e n t e  des pa r t i cu les  peroxysomales ,  ma i s  
non  celle du  s t r o m a  mi tochondr i a l ,  e s t  f o r t e m e n t  affect6e 
p a r  des chocs  h y p o t o n i q u e s  m6naggs.  

M. ] .  t4~OBR a n d  FRANCINE VANDERHAEGHE ~ 

D@artement de Biochimie, Universitd de Gen~ve, 
30, quai de l 'Ecole de Mddecine, 
CH-1211 Gen~ve 4 (Switzerland), 73 April 7973. 

6 W.K. NEAL, I-I. P. HOFFMANN and C.A. PRICE, P1. Cell Physiol., 
Tokyo 12, 181 (1971). 

7 D. JOLLOW, G. M. KELLERMAN and A. W. LINNANE, J. Cell Biol. 
37, 221 (1968). 

8 R. B. FLAVELL and D. O. WOODWARD, J. Bact. 105, 200 (1971). 
9 Supported by SNSF grant No. 3.575.71. 

Inh ib i t ion  of Rat  T e s t i c u l a r  M o n o a m i n e  O x i d a s e  
X - I r r a d i a t i o n  1 

M o n o a m i n e  oxidase,  a d e a m i n a t i n g  enzyme,  (MAO,. 
M o n o a m i n e  : O 2 ox ido reduc ta se  (Deamina t ing )  EC. 1.4.3.4.), 
and  endogenous  5 - h y d r o x y t r y p t a m i n e  (serotonin,  5-HT),  
a s u b s t r a t e  of t e s t i cu l a r  MAO are b o t h  n o r m a l l y  p r e sen t  
in  r a t  testes2-~ and  h a v e  been  s h o w n  to  undergo  changes  
w i t h  m a t u r a t i o n  of t h i s  o rgan  s. 5-HT, a r a d i o p r o t e c t i v e  
agent ,  is decreased  in t h e  h y p o t h a l a m u s  7, blood, a n d  
spleen s, a f t e r  i r r ad ia t ion .  Inc reased  a m o u n t s  of 5-hy- 
d roxy indo le  acet ic  acid (5-HIAA)  ( d e a m i n a t e d  p r o d u c t  of 
5 -HT m e t a b o l i s m  b y  MAO) a p p e a r  in  t he  u r ine  s, 10 a n d  
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