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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. 
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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). 
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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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lef t  a residue of 76 mg  which was recrysta l l ized f rom e thy l  
ace ta te  and again gave  b rown bronze crystals  (35 mg). 
This  compound  was ident i f ied as cynodon t in  by  means  of 
MS, I R  and UV-vis ible  spectra  in full  ag reemen t  wi th  t he  
d a t a  presented  by  o ther  au thors  10,11. 
On compar ing  the  compounds  I I  and I l l  wi th  cynodont in  
(I), we remarked  a s t r iking s imi lar i ty  be tween  the  physi-  
co-chemical  propert ies  general ly  used for thei r  identif ica- 
t ion.  We  measured  the  same UV-vis ib le  spectra,  de tec ted  
sl ight  differences in the  IR- spec t r a  only  when using pure  
samples  (figure 1) and were unable  to obta in  any  separa-  
t ion on silica gel th in- layer  pla tes  using 8 solvent  systems. 
However ,  a v e r y  good separa t ion  be tween  I and I I  was 
achieved by  applying gas-l iquid ch roma tog raphy  (GLC) 
using a recent ly  described me thod  12 (figure 2). I t  was sur- 
prising to  measure  the  same re la t ive  retentioi1 t i m e  for the  
t r imethyls i ly l  e ther  of I and I I I ,  indica t ing  t h a t  the  pig- 
m e n t  of C. luna ta  is in fact  cynodont in .  This  was p roved  
by  high resolut ion MS. A molecular  formula  was found in 
ag reement  wi th  t h a t  of cynodont in .  

1,4,5,8-Tetrahydroxy-2,6 - 
-dimethylanthraquinone 
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Fig. 1. IR-spectra of I and II (in KBr). 
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This  resul t  p rompted  us to re- inves t iga te  the  na tu re  of the  
red p igmen t  produced  by  the  several  species of fungi as 
described by  Coombe e t  aI. Unfo r tuna t e ly  i t  was no t  
possible to inves t iga te  the  original s trains since t h e y  had  
been discarded 13. Therefore  we s tudied the  p igment  pro-  
duct ion  in some CBS strains of the  same species. The  red 
p igment  was isolated f rom cultures of Curvular ia  genicu- 
la ta  (Tracy et  Earle) Boedi jn  (st. asc. Cochliobulus geni- 
culatus  Nelson) CBS 220.52, C. ramosa  (Bain.) Boedi jn  
CBS 179.36, C. tr ifoli i  (Kauffman) Boedi jn  CBS 187.49, 
Drechslera  spicifera CBS 274.52 and D. sorokiniana CBS 
139.29 and CBS 140.31. I n  addi t ion the  red compound  
was isolated f rom C. luna ta  (Wakker) Boedi jn  var.  aeria  
(Bat is ta  et  al.) M. B. Ell is  CBS 294.61 and from D. dema-  
t ioidea (Bub~k e t  Wroblewski)  Subram.  et  Ja in  CBS 
303.50 and D. setar iae (Sawada) Subram.  et  Ja in  [st. 
asc. C. setariae (S. I t o  e t  Kuribayashi)  Drechsler  ex  
Dastur]  CBS 143.29. The red p igment  of all these s trains 
was ident i f ied unambiguous ly  as cynodont in  (I). 
F r o m  the  results, i t  m a y  be concluded t h a t  I I  does no t  
exist  as a na tu ra l  substance.  In  their  article, Boh lmann  
et a l )  described the  e lementa l  analysis of the isolated 
p igment  and of 3 of its der ivat ives ,  viz. the  te t raace ta te ,  
the  d ibenzoate  and the  te t rabenzoate .  The percentages C 
and H repor ted  for the  p igment  agrees mos t  closely wi th  
the  calcula ted percentages  C and H of the  d ime thy lcom-  
pound  I I .  The  va lues  C and H repor ted  for the  t e t r a -  
acetate,  ho~vever, correlate  well with the  calculated values  
of the  t e t r aace t a t e  of cynodont in .  E x a c t  conclusions can- 
no t  be d rawn  from the  percentages  C and H given for the  
di- and t e t r abenzoa te  of thei r  isolate. Coombe e t  al. ~ 
c la imed t h a t  I I  was present  in fungi because the  isolated 
compound  showed the  same UV-visible  spec t rum in pen-  
t ane  as syn the t ic  I I ,  and the  na tu ra l  and synthet ic  pig- 
ments  could not  be separa ted  by  TLC using 4 so lvent  
systems. The  present  work  shows t h a t  this is insufficient  
for comple te  character iza t ion.  
Phys ico-chemical  data.  Cynodont in  (I): MS m/e  286 
(M +, CxsHloOs) ; M+ 232.7: t rans i t ion  286 + -+ 258+ + 28 
(CO) 14; •max (E tOH) :  243, 297, 474 sh, 484, 506 sh, 517, 
542, 554,  603 nm. 1 ,4 ,5 ,8-Tetrahydroxy-2,6-dimethyl-  
an th raqu inone  (II) : mol .wt  300.06598, calc. for C1,HI~O e 
300.06338; 2max (E tOH) :  247, 300, 475 sh, 484, 508 sh, 
517, 543, 555, 602 nm. Compound I I I  (identified as cyno-  
dontin) : mol .wt  286.04945, calc. for C15H1oO . 286.04773. 
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Fig. 2. GLC separation of I and II  as trimethylsilyl ethers. Peaks: 
I chrysophanol (1,8-dihydroxy-B-methylanthraquinone, RRT: 1.00); 
2 I (RRT: 1.68); 3 II  (RRT: 1.78). 
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