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A l o w  m o l e c u l a r  we ight  g l y c o s a m i n o g l y c a n  f r o m  the H u m a n  aorta  z 
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Summary. A low mol .w t ,  dialyzable  g lycosaminoglycan  was isolated f rom h u m a n  aor ta  and was found to  be homo-  
geneous on 2 d imens iona l  electrophoresis .  As judged  b y  i ts  e lec t rophore t ic  mobil i t ies  and  its hydro lys is  by  chondro i t in  
sul fa tase  ABC, i t  was concluded t h a t  th is  h i the r to  u n k n o w n  g lycosaminoglycan  is an oversu l fa ted  chondro i t in  sulfate.  

The h igh  mol .wt  g lycosaminoglycans  of t he  ar ter ia l  wall  
and  o the r  t issues have  been  ex tens ive ly  inves t iga ted  and  
have  been  pos tu l a t ed  to  p lay  i m p o r t a n t  roles in main-  
t a in ing  the  s t ruc tu ra l  i n t eg r i ty  of extracel lu lar  matr ices .  
However ,  few s tudies  have  been  d i rec ted  t oward  the  
ident i f ica t ion  of o the r  as ye t  undescr ibed  g lycosamino-  
glycans  (GAGs). The p re sen t  inves t iga t ion  was under -  
t aken  to  isolate and  par t i a l ly  charac ter ize  these  h i the r to  
u n k n o w n  GAGs of t he  h u m a n  aorta .  
Materials and methods. Rela t ive ly  normal  h u m a n  aor tas  
which  were ob ta ined  a t  au topsy  were s t r ipped  of the i r  
adven t i t i a  and  minced.  Af te r  exhaus t ive  de l ip ida t ion  and  
subsequen t  drying,  the  ar ter ia l  t issue (in a typ ica l  exper i -  
m e n t  3 g were used) was suspended  in a p H  7.6 buffer  and  
diges ted  wi th  150 mg of recrys ta l l ized  papa in  a t  60~ 
for 8 h. The ob ta ined  hyd ro ly sa t e  was centr i fuged,  arid 
the  s u p e r n a t a n t  solut ion dia lyzed a t  5 ~ aga ins t  4 1 of 
dist i l led wa te r  for 48 h. The resul t ing outs ide  solut ion was 
c o n c e n t r a t e d  b y  f reeze-dry ing  and  appl ied to a Dowex  
50-X2 (H-cycle) co lumn (5 •  cm) which  was t h e n  
washed  wi th  500 ml of water .  The eff luent  con ta in ing  the  
low mol .w t  (1MW)-GAGs was concen t r a t ed  and  chro-  
m a t o g r a p h e d  on a Dowex  l - X 2  (Cl-cycle) co lumn 
(1.2 • 12 cm). Af te r  wash ing  wi th  0.5 M NaC1, t he  GAGs 
were e lu ted  s tepwise  by  increasing the  ionic s t r eng t h  of 
the  e lu t ing  solution.  
2-dimensional  e l ec t rophores i s  on cellulose ace ta te  was 
carr ied out  as descr ibed  earlier a, 4. E n z y m a t i c  hydro lys i s  
of t he  1MW-GAGs was pe r fo rmed  wi th  chondro i t inase  
ABC 5, and  the  e x t e n t  of d iges t ion was assessed by  analysis  
of t he  resul t ing hyd ro ly sa t e  by  th is  e lec t rophore t ic  
technique .  

Results. C h r o m a t o g r a p h y  of t he  acidic, low mo l .w t  com- 
p o n e n t s  of the  ar ter ia l  t issue on Dowex  1 yielded 4 frac- 
t ions  (figure 1). Only  f ract ions  2 s and  4 af forded the  p ink  
color charac ter i s t ic  for uronic acid by  the  Bi t te r -Muir  
reac t ion  7. As judged  b y  2-dimensional  e lect rophoresis  
(figure 2), the  ma jo r  f rac t ion  (peak 4, figure 1) con ta ined  
a single GAG whose  e lec t rophore t ic  mobi l i ty  did n o t  cor- 
r e spond  to  those  of au then t i c  GAGs3, 5. In  t he  first  
d i rec t ion  of e lect rophores is  the  1MW-GAG exh ib i t ed  a 
mobi l i ty  similar to  t h a t  of hepar in .  However ,  in the  
second di rec t ion  i ts  mobi l i ty  was  grea te r  t h a n  t h a t  of 
chondro i t in  sulfate  C which  exhib i t s  the  h ighes t  mobi l i ty  
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Fig. 1. Chromatography on a Dowex l-X2 column of the low mol.wt, 
acidic compounds present in the proteolytic digest of the intima and 
media of the human aorta. The column was equilibrated with 0.5 M 
NaC1 and subsequently developed stepwise by increasing the NaC1 
concentration of the eluant to 1.0 and 2.0 M. The resulting effluent 
was monitored for uronic acid by the method of Bitter and Muir 7. 
The glycosaminoglycans were eluted in the fractions that are indi- 
cated by the dark areas. 

Fig. 2. 2-dimensional cellulose acetate electrophoresis of the 1MW- 
GAG of the human aorta. The first direction of the electrophoresis 
(lst) was performed in pH 3.2 pyridine-formate buffer at 185 V for 
70 mill and the second direction of the electrophoresis (2nd) in 0.1 M 
Ba(Ac)2 at 100 V for 6 h. As references chondroitin sulfate C (CSC) 
and heparin (HP) were applied at the same point of application ( • } 
and run simoultaneously with the 1MW-GAG. 
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of t h e  k n o w n  GAGs 3, 5. I n  e n z y m a t i c  s tud ies  i t  was  found  
t h a t  c h o n d r o i t i n a s e  A B C h y d r o l y z e d  th i s  mucopo ly -  
sacchar ide  a l m o s t  comple t e ly  s. F u r t h e r ,  t h i s  c o m p o u n d  
a c c o u n t e d  for  a b o u t  90% of t h e  1MW-GAGs a n d  for 
a p p r o x i m a t e l y  1% of t h e  t o t a l  GAGs  a of t he  ao r t a .  
Discussion. Li t t l e  a t t e n t i o n  ha s  b e e n  pa id  to  t h e  possible  
ex is tence  of 1MW-GAGs in va r ious  t i ssues  a n d  fluids. To 
da t e  because  of t he  ex i s t ing  s e p a r a t i o n  t echn iques ,  these  
c o m p o u n d s  are ove r looked  a n d  d i sca rded  d u r i n g  frac-  
t i ona t ion .  However ,  w i t h  t he  a v a i l a b i l i t y  of t he  new 
2 -d imens iona l  e l ec t rophore t i c  p rocedu re  ut i l ized in t h e  
p r e s e n t  s tudy ,  ~xg-quantities of GAGs  can  now  successful ly  
be  inves t iga t ed .  Thus ,  we decided to mod i fy  t he  ex i s t ing  
f r a c t i o n a t i o n  p rocedu re  a n d  ut i l ize  t h i s  e lec t rophore t i c  
m e t h o d  t o  d e t e r m i n e  w h e t h e r  h i t h e r t o  u n k n o w n  1MW- 
GAGs exist .  
As to t h e  c h a r a c t e r i z a t i o n  of t he  i so la ted  1MW-GAG, t h e  
d iges t ion  w i t h  a Specific hyd ro l a se  ( chondro i t inase  ABC) 

i nd i ca t ed  t h a t  th i s  G A G  is a c h o n d r o i t i n  sulfate .  More- 
over,  t h e  2 e l ec t rophore t i c  mobi l i t i es  of t h i s  c o m p o u n d  
sugges t  t h e  p resence  of an  ove r su l f a t ed  mucopo lysac -  
char ide .  
The  s ignif icance of an  ove r su l f a t ed  1MW-chondro i t in  
su l fa te  is d i f f icul t  to  assess on  t h e  basis  of t he  ava i l ab le  
i n fo rma t ion .  A l t h o u g h  i t  could  eas i ly  be  specu la ted  t h a t  
t h e  aor t i c  1MW-GAGs m a y  be  due  to  incomple t e  degrada-  
t ion  of t h e  ove r su l f a t ed  por t ion  of t he  h i g h  M W - G A G s  or  
due  to i n c o m p l e t e  synthes is ,  i t  is neve r the l e s s  i m p o r t a n t  
to  cons ider  t h a t  th i s  h i t h e r t o  u n k n o w n  G A G  m a y  in fac t  
be  a new e n t i t y  requ i r ing  de ta i l ed  chemica l  a n d  biological  
ana lys i s  for  i t s  comple te  iden t i f i ca t ion .  

In control experiments carried out to assess the elfect of papain 
and of incubation at pH 1-2 on high mol.wt GAGs, it could be 
established that to dialyzable mucopolysaccharides were tormed. 

Cynodontin, the tetrahydroxyanthraquinone of Curvularia and Drechslera species 
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Summary. T h e  red  a n t h r a q u i n o n e  d e r i v a t i v e  i so la ted  f rom severa l  Drechs l e r a  and  C u r v u l a r i a  species h a s  been  ident i -  
fied as c y n o d o n t i n  ( 1 , 4 , 5 , 8 - t e t r a h y d r o x y - 2 - m e t h y l a n t h r a q u i n o n e ) ,  a n d  n o t  as t , 4 , 5 , 8 - t e t r a h y d r o x y - 2 , 6 - d i m e t h y l -  
a n t h r a q u i n o n e  as r epo r t ed  earl ier .  B o t h  p i g m e n t s  showed  s imi la r  phys i co -chemica l  p roper t i es .  A good d i s t i nc t i on  could 
be  o b t a i n e d  b y  gas- l iquid  c h r o m a t o g r a p h y .  

I n  t he  course  of a s t u d y  on  ti le p r o d u c t i o n  of me tabo l i t e s ,  
especia l ly  a n t h r a q u i n o n e  p igmen t s ,  p roduced  b y  species 
of Drechs lera ,  we a lways  iden t i f i ed  t he  i so la ted  red  t e t r a -  
h y d r o x y a n t h r a q u i n o n e  as c y n o d o n t i n  (1,4, 5,8-tetrahydro- 
x y - 2 - m e t h y l a n t h r a q u i n o n e )  (I), b u t  found  n e v e r  1,4,5,8- 
t e t r a h y d r o x y - 2 , 6 - d i m e t h y l a n t h r a q u i n o n e  (II) ,  t h e  pig-  
m e n t  r e p o r t e d  b y  B o h l m a n n  e t  al. 1 for C u r v u l a r i a  l u n a t a  
(Wakker )  Boed i j n  (st. asc. Cochl iobolus  l u n a t u s  Nelson  
e t  Haasis) ,  a n d  s u b s e q u e n t l y  for  Drechs l e ra  spicifera  
(Bain.)  v.  A r x  (st. asc. C. spicifer  Nelson) 2, D. so rok in i ana  
(Sacc.) Sub ram.  e t  J a i n  [st. asc. C. s a t i vus  (S. I to  e t  
K u r i b a y a s h i )  Drechs le r  ex Das tu r ]  3 a n d  also severa l  o t h e r  
C u r v u l a r i a  species 2. Since t he  d i m e t h y l a n t h r a q u i n o n e  is 
s o m e w h a t  u n u s u a l  ~ a n d  p rov ides  t h e  on ly  exam pl e  of a n  
a n t h r a q u i n o n e  in w h i c h  C - m e t h y l a t i o n  would  occur  in  i t s  
b io syn thes i s  5, we dec ided  to  m a k e  more  i n t ens ive  e x a m -  
i n a t i o n s  of t h e  ex is tence  of t h i s  p i g m e n t  as a n a t u r a l  
subs t ance .  
The  or ig ina l  n a t u r a l  I I  was  n o t  ava i l ab le  ~ and,  therefore ,  
we re- i so la ted  t h e  p i g m e n t  f rom cu l tu res  of t h e  C. l u n a t a  
s t r a i n  used b y  B o h l m a n n  a n d  his  co-workers .  T he  i so la ted  
p r o d u c t  was  c o m p a r e d  w i t h  n a t u r a l  c y n o d o n t i n  (I) a n d  
s y n t h e t i c  I I ,  wh ich  we syn thes i zed  accord ing  to F l u m i a n F .  
The  i d e n t i t y  of t h e  s y n t h e t i c  p r o d u c t  was  conf i rmed  b y  
h igh  re so lu t ion  mass  s p e c t r o m e t r y  (MS). 

HO 0 OH 

H: R- OH 3 

HO 0 OH 

C u r v u l a r i a  l u n a t a  N R R L  2380 s was  c u l t i v a t e d  in a 
m e d i u m  c o n t a i n i n g  p e p t o n e  (mic rob io tone  Oxoid) 5 g, 
glucose 50 g, MgSO 4 �9 7 H , O  0.25 g a n d  K 2 H P O  4 0.25 g 

pe r  l i ter  de ionized  water .  E r l e n m e y e r  f lasks of 300 ml,  
each  c o n t a i n i n g  100 ml  of m e d i u m ,  were i n c u b a t e d  as 
sti l l  cu l tu res  a t  24 ~ for 18 days.  Myce l ium col lected f rom 
9 f lasks was  e x t r a c t e d  wi th  e t h y l  a ce t a t e  us ing  a ~ ' a r i n g  
b lendor .  Af te r  e v a p o r a t i o n  of t h e  so lvent ,  t he  res idue 
(447 mg) was t r e a t e d  w i t h  l igh t  pe t ro l eum,  b p  40-60 ~ 
for r e m o v a l  of t h e  f a t t y  ma te r i a l .  The  r e m a i n i n g  m a t e r i a l  
(21 mg) was recrys ta l l i zed  f rom e t h y l  ace ta te .  B r o w n  
c rys ta l s  (4 mg) w i t h  a b ronze  lustre ,  de s igna t ed  as com- 
p o u n d  I I I ,  were ob ta ined .  D r y  we igh t  of t i le  myce l i um 
a f t e r  e x t r a c t i o n  was 4.4 g. 
Drechs l e ra  ha lodes  (Drechsler)  S u b r a m .  e t  J a i n  CBS 
273.52 was  g rown  as surface  cu l tu re s  on  Czapek  Dox  
m e d i u m  s u p p l e m e n t e d  w i t h  0 .05% yeas t  e x t r a c t  (Oxoid) 
and  1 ml/1 m e d i u m  of a t r ace  e l emen t s  solut ion,  p r e p a r e d  
accord ing  to  K i t t o  e t  al. 9, for  14 days  a t  24~ Mycel ium 
f rom 6 E r l e n m e y e r  f lasks  (100 m l  med ium/ f l a sk )  was  
col lected a n d  also e x t r a c t e d  w i t h  e t h y l  ace ta te .  R e m o v a l  
of t he  so lven t  fol lowed b y  wash ing  w i t h  l i gh t  p e t r o l e u m  
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