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Table III .  Effect of various drugs and sulfhydryl reagents on cyclic 3', 5'-nucleotide phosphodiesterase of various tissues 
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Enzyme activity (% control) 

Guinea-pig Beef Rat Human Rat Rat 
heart heart heart platelet platelet brain 

Compound Concentration low low high 
(mM) Km Km Km 

Mersalyl 0.2 41 24 38 54 30 -- 84 
2.0 28 11 -- =- 5 31 -- 

Meralluride 0.2 56 42 54 6y~ 46 -- 8i 
2.0 33 9 -- --  3 67 -- 

Ethaerynic acid 2.0 65 14 33 17 22 45 12 
Phenylmereuric acetate 0.2 10 30 47 47 35 -- 56 

2.0 4 22 . . . . .  
Methylmercuric chloride 0.2 46 54 66 76 62 -- 94 

2.0 24 33 -- -- 7 28 -- 
Mercuric chloride 0.2 32 37 37 26 23 -- 87 

2.0 8 8 -- -- 2 15 -- 
p-chloromercuribenzoic acid 0.2 48 56 56 69 41 -- 100 

2.0 35 21 . . . . . .  
N-ethylmaleimide 2.0 95 74 -- I -- -- -- 
Iodoaeetamide 2.0 100 -- -- -- -- --  --  
Iodoacetie acid 2.0 95 . . . . . .  
Theophylline 2.0 75 53 -- -- 36 92 -- 

Incubation conditions were as previously described. The amount of the substrate [H a] c-AMP used wag as follows : a) 35 nmoles for the guinea- 
pig heart, rat brain and rat platelet preparations, b) 4.38 nomles for the beef heart preparation (equal to the reported Km value2~), c) 0.38 
nmoles for the rat heart preparation (equal to the Km value of 3.0 • 10 -s M as determined in this laboratory), d) 60 nmoles and 4.13 nmoles 
for the human platelet enzyme (equal to Kru values of 4 • 10 -6 M and 3.3 • 10 -5 M respectively as determined in this laboratory). 

e n z y m e  is of phys io log i ca l  i m p o r t a n c e .  Since s u l f h y d r y l  
r e a g e n t s  h a v e  b e e n  s h o w n  t o  i n h i b i t  t h e  ba sa l  b u t  n o t  
t h e  A C T H  or  N a F  s t i m u l a t e d  a c t i v i t y  of a d r e n o c o r t i c a l  
a d e n y l  cyc lase  17 d r u g s  u sed  in  t h i s  s t u d y  m a y  be  e x p e c t e d  
to  e l eva te  in  v i v o  c - A M P  levels  in  t h e  n o r m a l  ca t echo l -  
a m i n e  s t i m u l a t e d  h e a r t s  bs~ , inh ib i t ing  c - A M P  p h o s p h o -  
d ies te rase .  

P l a t e l e t  a g g r e g a t i o n  can  be p r e v e n t e d  b y  e l eva t ed  
i n t r a c e l l u l a r  levels  of c - A M P  l*; t h e r e f o r e  t h e  p r e s e n t  

17 L. A. KELLY and S. B. KORITZ, Biochem. biophys. Acta 237, 141 
(1971). 

18 E. W. SALZMANN and L. L. NERI, Nature Lond., 22d, 609 (1969). 
1~ R. E. A. GADD, g. CLAYMAN and D. HEBERT, Experientia 27, 1339 

(1971). 

o b s e r v a t i o n  t h a t  t h e  o r g a n o m e r c u r i a l  d iu re t i c s  i n h i b i t  
p l a t e l e t  c - A M P  p h o s p h o d i e s t e r a s e  m a y  a c c o u n t  for  t h e  
i n h i b i t i o n  of p l a t e l e t  a g g r e g a t i o n  in  v i t r o  19. 

Rdsumd. DiffCrent  ComposCs o r g a n o - m e r c u r i e l s  a ins i  
q u e  l ' ac ide  ~ thacr in iq t l e  i n h i b e n t  les p h o s p h o d i e s t C r a s e s  
de  I ' A M P  cyct ique ,  du  co~ur de  cobaye ,  de  bceuf  e t  de r a t ,  
des  p l a q u e t t e s  de  r a t  e~ de  l ' h o m m e  a ins i  q u e  d u  c e r v e a u  
de ra t .  
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Department o] National Health and Wel[are, 
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Effect  of  A g e  on  D i s t r i b u t i o n  of  Ac id ic  G l y c o s a m i n o g l y c a n s  in N o r m a l  H u m a n  Urine:  
Spec ia l  Re ference  to  P r o p o r t i o n  of C h o n d r o i t i n  Sul fate  A to  the  C - I s o m e r  

T h e  q u a l i t a t i v e  a n d  q u a n t i t a t i v e  a n a l y s e s  of u r i n a r y  
acidic  g l y c o s a m i n o g l y c a n s  (AGAG) ill r e l a t i on  to  connec-  
t i ve  t i s s u e  d i s o r d e r s  a re  t h e  focus  of i n t e r e s t  a n d  s t u d y .  
T h e r e  is no  gene ra l  a g r e e m e n t ,  h o w e v e r ,  r e g a r d i n g  t h e  
p r o p o r t i o n a l  c o n s t i t u e n t s  of A G A G  i l l  n o r m a l  h u m a n  
ur ine ,  t h o u g h  p r e v i o u s  s t ud i e s  h a v e  i n d i c a t e d  t h a t  t h e  
m a j o r  c o m p o n e n t s  of  u r i n a r y  A G A G  are  c h o n d r o i t i n  
su l f a t e s  A a n d / o r  C 1-8. A g e - d e p e n d e n t  c h a n g e s  of  t h e  
exc r e t ed  u r i n a r y  A G A G  in n o r m a l  h u m a n  h a v e  b e e n  
r e p o r t e d  w i t h  r e s p e c t  to  t h e  c o m p a r a t i v e  c h a n g e s  of  t h e  
A G A G  r e s i s t a n t  t o  t e s t i c u l a r  h y a l u r o n i d a s e 4 :  d e n n a t a n  
su l fa te  ( c h o n d r o i t i n  su l f a t e  ]3) o r  h e p a r a n  su l f a t e s  5. I n  
t h e s e  c i r c u m s t a n c e s ,  w e  h a v e  s t u d i e d  t h e  ef fec ts  of  age  on  
a poss ib le  c h a n g e  of  u r i n a r y  A G A G  in n o r m a l  sub j ec t s ,  

c h o n d r o i t i n  su l f a t e s  in  p a r t i c u l a r ,  a t  t h e  d i s a c e h a r i d e  
s u b u n i t s  b y  a n  e n z y m a t i c  a s s a y  w i t h  chondro i t i na se s~ ,  7. 

1 N. DI FERRANTE, J. lab. c!in. Med. 61,633 (1963). 
2 D. P. VARADI, J. A. CIFONELLI and A. DORFMAN, Biochim. 

biophys. Acta 147, 103 (1967). 
E. WESSLER, Biochem. J. 122, 373 (1971). 

4 D. ALLALOVF and A. BER; Biochim. biophys. Acta 201, 61 (1970). 
5 N. TANIGUCHI, Clin. cbimJ Acta 37, 225 (1972). 

K. MIJRATA, T. ISHIKAWA and Y. OSHIM~,, Clin. chim. Acta 28, 213 
(1970). 

7 I~. MURATA, T. HARADA, T. FUJIWARA and T. FuRuHASHI, 
Biochim, biophys. Acta 230, 583 (1971). 
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Materials and methods. U r i n a r y  A G A G  were f reshly  
o b t a i n e d  f rom 24-h spec imens  of n o r m a l  sub jec t s  r a n g i n g  
in age f rom 3 to  80 years  in  b o t h  sexes a n d  were  p r e p a r e d  
b y  t he  m e t h o d  r epo r t ed  in  p rev ious  pape r s  s, 7. T he  u r i n a r y  
spec imens  were a d j u s t e d  to p H  5.0, p r e c i p i t a t e d  w i t h  
c e t y l p y r i d i n i u m  chlor ide  (15 ml  of 5% solution/1 of 
urine)  b y  s t a n d i n g  for 24 h a t  4 ~ a n d  col lected b y  cent r i -  
fuga t ion .  Fol lowing sequen t i a l  wash ing  w i t h  e t h a n o l  a n d  
water ,  t h e  spec imens  were  d iges ted  w i t h  p r o n a s e - P  
(20 rag/1 of urine)  in  1/15 3/1 p h o s p h a t e  buf fe r  (pH, 7.8) 
for 72 h. Af te r  cold t r i ch lo roace t i c  acid was a d d e d  to  a 
f ina l  c o n c e n t r a t i o n  of 10%, t h e  s u p e r n a t a n t s  were dia lyz-  
ed aga ins t  r u n n i n g  t a p  w a t e r  a n d  concen t r a t ed .  Crude  
A G A G  were  t h e n  p r e c i p i t a t e d  b y  a d d i t i o n  of 4 vol. of 
e t h a n o l  a n d  k e p t  a t  4 ~ ove rn igh t .  T h e  u r i n a r y  A G A G  
were app l ied  to Dowex  l - X 2  co lumns  (C1 form,  200-400 
mesh)  to  s epa ra t e  g lycopept ides  wh ich  were e lu ted  w i t h  
0.25 3/ /NaC1.  The  A G A G  e lu ted  a t  t he  3.0 3 / /NaC1 were 
dialyzed,  c o n c e n t r a t e d  a n d  sub jec t ed  to  t he  fol lowing 
e n z y m a t i c  a s say  for  c h o n d r o i t i n  su l fa te  i somers  w i t h  
chond ro i t i na se -ABC s. 

Chond ro i t i na se -ABC was p r e p a r e d  f rom Proteus vulgaris 
a n d  pur i f i ed  t h r o u g h  DEAE-ce l lu lose  c h r o m a t o g r a p h y %  
The  e n z y m a t i c  a c t i v i t y  was e x a m i n e d  aga ins t  s t a n d a r d  
c h o n d r o i t i n  su l fa tes  ~~ w h e n  t he  e n z y m e  was  used for 
a n a l y t i c a l  procedure .  

A d e q u a t e  a m o u n t s  of u r i n a r y  A G A G  ( a p p r o x i m a t e l y  
200-300 ~g) were  comple t e ly  d iges ted  w i t h  chondro i t i na se -  
ABC (1 uni t )  a t  37~ for 120 m i n  n .  T he  re su l t ing  un-  
s a t u r a t e d  d i sacchar ides  were app l ied  on  a f i l te r  p a p e r  
( W h a t m a n  No. 1) a n d  t he  desa l t ing  p a p e r  c h r o m a t o g r a p h y  
was  m a d e  in n - b u t a n o l - e t h a n o l - w a t e r  (52 : 32 : 16, in vol.) n .  
Descend ing  p a p e r  c h r o m a t o g r a p h i c  s e p a r a t i o n  of t he  un-  
s a t u r a t e d  d i sacchar ides  was t h e n  ca r r ied  o u t  in  I - b u t y r i c  
acid - 0.5 3// a m m o n i a  (5:3,  in  vol.) for  48 h a t  room 
t e m p e r a t u r e  6, 7, ~L Th e  s e p a r a t e d  u n s a t u r a t e d  d i saccha-  
r ides v isua l ized  u n d e r  a Mine ra l i gh t  a t  232 n m  were 
i nd iv idua l l y  cu t  ou t  a n d  e l a t ed  w i t h  dis t i l led water .  The  
q u a l i t a t i v e  m e a s u r e m e n t  of t he  e lu ted  u n s a t u r e d  d isaccha-  
r ides  was  i n d i v i d u a l l y  pe r fo rmed  b y  t h e  b o r a t e  carbazole  
r eac t ion  ~. The  p r e l i m i n a r y  e x a m i n a t i o n  revea led  t h a t  
t h e  va lues  could be  e s t i m a t e d  w i t h  no t  more  t h a n  7% 

error.  I n  th i s  procedure ,  t he  A G A G  re s i s t an t  to  c h o n d r o i t i n  
ase-ABC r e m a i n e d  i n t a c t  a t  t h e  or igin on  t he  p a p e r  
c h r o m a t o g r a p h y .  

Results and discussion. The  a m o u n t s  of A G A G  in 24-h 
u r i n a r y  spec imens  were d i s t r i b u t e d  be tween  2.3 m g  and  
5.2 m g  a n d  the re  was no t r e n d  in a g e - d e p e n d e n t  changes .  
The  und iges t ed  u r i n a r y  A G A G  a c c o u n t e d  for 9% to  
18% of t he  A G A G  a n d  t h e i r  a m o u n t s  t e n d e d  to  increase  
w i t h  advanc ing-age .  T h e  F igure  i i lus t ra tes  t h e  a n a l y t i c a l  
resu l t s  of u r i n a r y  c h o n d r o i t i n  su l fa te  i somers  in  n o r m a l  
sub jec t s  a t  t he  u n s a t u r a t e d  d i sacchar ide  uni t ,  where  t o t a l  
a m o u n t s  of c h o n d r o i t i n  su l fa tes  were expressed  as 100%. 
The  u n s a t u r a t e d  4-sul fa ted  d isacchar ides ,  w h i c h  were t he  
deg raded  p r o d u c t s  of c h o n d r o i t i n  su l fa te  A a n d  d e r m a t a n  
sulfate,  cons i s ted  of more  t h a n  ha l f  p a r t s  of t o t a l  u n s a t u r -  
a t ed  d i sachar ides  in  chi ldhood.  B u t  i t  decreased  signific- 
a n t l y  w i t h  a d v a n c i n g  age. D e r m a t a n  sul fa te  exis ts  in  
qu i t e  sma l l  a m o u n t s  in  n o r m a l  h u m a n  ur ine  ~, s, 6 so t h a t  
t he  va lues  o b t a i n e d  as u n s a t u r a t e d  4-sul fa ted  d i sacchar ides  
were des igna ted  as c h o n d r o i t i n  su l fa te  A. 

Contrar iwise ,  chond ro i f i n  su l fa te  C (measured  as un-  
s a t u r a t e d  6-sul fa ted  d isacchar ide)  was  composed  of 30 % 
to  40 % of t o t a l  c h o n d r o i t i n  su l fa tes  in ch i ldhood  and  i t  
t e n d e d  to  increase  w i t h  a d v a n c i n g  age. Accordingly ,  the  
p r o p o r t i o n  of t he  c h o n d r o i t i n  su l fa te  A to t h e  C-isomer  
decreased  w i t h  t he  a d v a n c e  of age, as shown  in t he  F igure  : 
t h e  r a t io  was h ighe r  t h a n  1.0 in  ch i ld ren  whereas  i t  was  
lower  t h a n  1.0 in  a d u l t s  Mter  adolescence.  I t  is n o t e w o r t h y  
t h a t  t h e  p r o p o r t i o n a l  changes  of these  m a j o r  u r i n a r y  
A G A G  occur  a t  adolescence.  

s Chondroitinase-ABC degrades chondroitin sulfates A and B to the 
unsaturated 4-sulfated disaccharides and chondroitin sulfate C to 
the unsaturated 6-sulfated disaceharides; the detailed information 
appeared in ref. s,7,% 

s T. YAMAGATA, H. SAITO, O. HABUCm and S. SUZUKI, J. biol. Chem. 
243, 1523 (1968). 

10 Generous gifts from Dr. M. B. MATH~WS, University of Chicago. 
1t H. SAi:ro, T. YAMAaA~rA and S. SuzvI~L J. biol. Chem. 2d3, 1536 

(1968). 
12 T. BITTER and H. M. MUIR, Analyt. Biochem. 4, 330 (1962). 
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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  
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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 ~ 


