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was fed to  m a t e d  B. trispora t h e  pe rcen t age  incorpora -  
t ions  a n d  d i lu t ions  ind ica t ed  t h a t  th i s  was  a more  eff ic ient  
p recursor  t h a n  was 2-~4C-mevalonate u n d e r  c o m p a r a b l e  
condi t ions .  
P e r c e n t  i nco rpo ra t i on  (and d i lu t ion  factor)  in :  

(Ib) (la) 

f rom 14C-fl-carotene 2 . 5 %  0.9% 
( • 220) ( X 3,700) 

f rom 2-14C-mevalonate 0 .03% ,, 0.6% 
( x  8,800J ( •  11,200) 

Such  d a t a  also sugges t  t h a t  t he  ke tone  (Ib) is a p recurso r  
of t h e  a lcohol  (Ia). 

T h r o u g h  t he  cour te sy  of t he  H o f f m a n - L a  R o c h e  Com- 
p a n y  of Basle,  a s ample  of 11, 12-3H~-retinyl ace t a t e  was  
avai lable .  R e t i n a l  is k n o w n  to occur  in  P h y c o m y c e s  a n d  
seemed a possible  i n t e r m e d i a t e  be t w een  f l -carotene a n d  
(II).  The  c o m p o u n d  was fed to m a t e d  B. trispora and  t h e  
isotope was ve ry  ef fec t ively  i nco rpo ra t ed  in to  t r i sporo l  
a n d  t he  t r i spor ic  ac ids :  in  (II), i nco rpo ra t i on  1.3%, di lu-  
t i on  • 50; in  (Is), i ncopora t i on  1.9%, d i lu t ion  • 450. The  
pur i f ied  m e t h y l  es ter  f rom (Ia) was  deg raded  b y  ozono- 
lysis of t h e  ace t a t e  followed b y  LiA1H 4 r educ t i on  s, 
pu r i fy ing  t he  r e s u l t a n t  diols as t he  p -n i t robenzoa te s .  The  
p r o p a n - l , 2 - d i o l  d e r i v a t i v e  [from C(s), C(9 ) and  9-Me of 
(Ia)] was v i r t u a l l y  i nac t ive  and  t he  ( - ) - 4 R - p e n t a n - l , 4 -  
diol d e r i v a t i v e  9, f rom C(10)-C(14) of (Is), c o n t a i n e d  48% of 
t h e  aH or ig ina l ly  found  in (Ia). Af te r  conve r s ion  of t he  
p e n t a n d i o l  in to  1 - t r i t y l o x y p e n t a n - 4 - o n e  a n d  base -ca ta -  
lysed exchange  in D20,  21% of t he  or ig ina l  aH [of (Ia)] 
was re ta ined .  I t  follows t h a t  in t he  or ig ina l  (Ia) a t  leas t  
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21% of t he  t o t a l  3H was a t  C(11) (or, less p laus ib ly ,  C(10) ) 
a n d  a t  leas t  27% was a t  C(lz) (or less p laus ib ly ,  C(ta) or 
C(14)). 

The  n o m i n a l  d i s t r i b u t i o n  of aH in t he  r e t i ny l  a ce t a t e  
which  was fed is equa l  be tween  Cm)  a n d  C(li), b u t  since 
t he  syn thes i s  inc ludes  cis-trans i somer i sa t ion  of a doub le  
b o n d  a t  Cm)  t he  ac tua l  at-I d i s t r i b u t i o n  m a y  well  h a v e  
been  unequa l .  A n  u n e q u a l  d i s t r i b u t i o n  of aH b e t w e e n  these  
2 pos i t ions  m a y  a l t e r n a t i v e l y  h a v e  ar i sen  d u r i n g  t he  bio-  
syn thes i s  of (Ia). F u r t h e r m o r e ,  in t he  d e g r a d a t i o n  of (Ia), 
d u r i n g  LiA1H 4 r e d u c t i o n  of t he  ozonide,  C(n ) is t r a n s i e n t l y  

to  a ldehyde  C=O a n d  y to a n  a lkoxy l  an ion ,  a n d  hence  
v e r y  l iable  to  aH loss (as H2). Thus ,  a l t h o u g h  some aspec t s  
of t he  d a t a  will on ly  be  clarif ied b y  more  de ta i l ed  exper i -  
men t s ,  our  fa i lure  to  a ccoun t  for some 52% of t he  3H 
p re sen t  in  (Ia) is expl icable  a n d  does n o t  a f fec t  t he  m a i n  
conclus ion  t h a t  t h e  r e t i ny l  a ce t a t e  was  c o n v e r t e d  in to  
t r i spor ic  acids b y  a d i rec t  route .  I n  t h e  u n p e r t u r b e d  
sys tem,  we p r e sume  t h a t  r e t ina l  is t he  more  p r o b a b l e  in- 
t e r m e d i a t e  a n d  t h a t  th i s  is fo rmed  b y  t he  n o r m a l  b reak-  
down of fl-carotene.  

The  overa l l  b iosyn thes i s  of t he  t r i spor ic  acids,  and  inci-  
den t a l l y  t he  ' pos i t ive  f eedback '  n a t u r e  of t r i spo ra t e -  
m e d i a t e d  caro tenogenes is ,  are the re fore  es tab l i shed .  The  
m e c h a n i s m  now prov ides  a clear  chemica l  bas is  for unde r -  
s t a n d i n g  o b s e r v a t i o n s  t h a t ,  in m u t a n t s  of P h y c o m y c e s  
w i th  defec t ive  /3-carotene synthes is ,  in wh ich  r e t i na l  is 
also a b s e n t  ~~ b o t h  ' g a m o n e '  p r o d u c t i o n  n a n d  t he  resul-  
t a n t  sexual  d i f f e ren t i a t ion  12 are i m p a i r e d  13. 

Zusammen/assung. Aus Blakeslea trispora wird  eine 
neue  V e r b i n d u n g ,  Tr isporol -C isoliert ,  ihre  S t r u k t u r  auf-  
gekl/ ir t  u n d  die B io syn the se  der  v e r w a n d t e n  Tr i spor in -  
s / iuren aus  f i -Carot in u n d  re t ina l  u n t e r s u c h t .  
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Character izat ion of B y - P r o d u c t s  of Fus icocc in  in Culture Fi l trates  of Fusicoccum amygdali Del.  

Fusicocc in  is a h igh ly  ac t ive  p h y t o t o x i c  m e t a b o l i t e  
p roduced  b y  s u b m e r g e d  cu l tures  of t he  p h y t o p a t h o g e n i c  
fungus  Fusicoccum amygdali DelA. I t s  s t r u c t u r e  (I) ha s  
been  e luc ida ted  in these  l abora to r ies  2, a n d  i n d e p e n d e n t l y  
conf i rmed  a t  Impe r i a l  College, L o n d o n  3. 

T h i n - l a y e r  c h r o m a t o g r a p h y  (silica gel G, 8% p ropan -  
2-ol in  chloroform) of cu l tu re  f i l t ra tes  of F. amygdali con-  
s i s t en t ly  shows, besides  fusicoccin, smal l  a m o u n t s  of 6 

subs t ances  w i t h  lower  Rf  values.  I n  w h a t  follows these  are 
i nd i ca t ed  as F I I ,  F I I I  . . . .  F VI I ,  in order  of decreas ing  
c h r o m a t o g r a p h i c  mobi l i ty .  4 of t h e m ,  n a n m l y  F I I ,  F I I I ,  
F I V  a n d  F VI I ,  are also fo rmed  w h e n  d i lu te  so lu t ions  of 
fusicoccin are i n c u b a t e d  a t  room t e m p e r a t u r e  in  buf fe r  
h a v i n g  t he  s ame  p H  (abou t  7.0) of t he  cu l tu re  b r ew  d u r i n g  
t he  p r o d u c t i o n  phase ,  and  p r o b a b l y  arise n o n - e n z y m i c a l l y  
f rom fusicoccin in t h e  course of t he  f e r m e n t a t i o n  ~. A m o n g  
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t he  6 by -p roduc t s ,  F I I I ,  F IV  and  F V I I  are b y  fa r  t he  
m o s t  a b u n d a n t ,  t he  o the r  3 subs t ances  be ing  p re sen t  on ly  
in t r ace  a m o u n t s .  

The  p r e sen t  pape r  r epor t s  t he  chemica l  cha r ac t e r i z a t i on  
of c o m p o u n d s  F I I I ,  F I V  and  F VI I ,  and  conclus ively  
d e m o n s t r a t e s  t h e i r  i d e n t i t y  w i t h  t h r ee  p r o d u c t s  p r e p a r e d  
f rom pure  fusicoccinS. 

The  b r o w n  oily res idue lef t  in e thy l  ace t a t e  a f te r  
c rys t a l l i za t ion  of fusicoccin 4 was dissolved in ch lo roform 
and  f r a c t i o n a t e d  on  a 'F lor is i l '  co lumn  b y  e x t e n d e d  wash-  
ing w i t h  chloroform.  E a c h  f r ac t ion  was t e s t ed  b y  t h i n  
l aye r  c h r o m a t o g r a p h y  (silica gel G, 8% p ropan-2 -o l  in  
ch loroform,  su lphur ic  acid spray) .  Af te r  fusicoccin, wh ich  
emerged  first,  a ve ry  smal l  a m o u n t  of F I I  appeared ,  fol- 
lowed b y  F I I I  and  F IV, and  f ina l ly  b y  a m i x t u r e  of F V, 
F VI  and  F VI I ,  n e a t l y  s epa ra t ed  f rom F I I I  a n d  F IV. 
A p p r o p r i a t e  f rac t ions  were pooled;  those  c o n t a i n i n g  mix-  
t u r e s  of F I I I  and  F I V  were f u r t h e r  f r a c t i o n a t e d  b y  
c h r o m a t o g r a p h y  u n d e r  t h e  s ame  cond i t ions  descr ibed  
above ,  whereas  F V I I  was  o b t a i n e d  pu re  a f t e r  r epea t ed  
c h r o m a t o g r a p h y  on  silica gel (Machery  a n d  Nagel  S -HR,  
50% benzene  in acetone) .  B y  these  p rocedures  F I I I ,  
F I V  a n d  F V I I  were o b t a i n e d  c h r o m a t o g r a p h i c a l l y  pure.  

C o m p o u n d s  F I I I ,  F I V  a n d  F V I I  gave t r i ace ty l -  
fusicoccin (II)  2 on  t r e a t m e n t  w i t h  acet ic  a n h y d r i d e  in d ry  
py r id ine  a t  room t e m p e r a t u r e ;  F I I I  a n d  F IV, as well  as 
Iusicoccin itself, were c o n v e r t e d  in to  F V I I  b y  0 .1N  
N a O H  (30 m i n  a t  r oom t e m p e r a t u r e ) .  These  resu l t s  indi-  
ca ted  t h a t  t he  3 subs t ances  isola ted f rom t h e  cu l tu re  
b r ew  h a v e  a close s t r u c t u r a l  r e l a t ion  w i th  fusicoccin.  

Compound F IIIT:  C3eH5~o12, E e ] ~ + 1 1  ( c = 0 . 1 5  in 
e thanol ) ,  ~max < 215 rim. T he  I R - s p e c t r u m  in t he  region 
850-3700 cm -~ was  s upe r i m pos ab l e  u p o n  t h a t  of fusicoc- 
cin, whereas  i t  was  qu i t e  d i f fe rent  in  t he  region 720-  
850 c m - L  The  N M R - s p e c t r u m  clear ly ind ica t ed  t h e  same 
fea tu res  obse rved  in fusicoccin,  n a m e l y  a v iny l  on  a 
q u a t e r n a r y  carbon ,  a n  olefinic p r o t o n  on  a trisubstituted 
double  bond ,  a n  O-Me, two  O-Ac, 2 seconda ry  a n d  3 
t e r t i a r y  C-Me groups.  T he  mass  s p e c t r u m  was also v e r y  
s imi la r  to  t h a t  of fusicoccin,  showing  t h e  molecu ia r  peak  
a t  m/e 680 and  s t rong  signals  a t  m/e 408 (aglycone),  205 
(monoacety lg lucosyl ) ,  69 (C5H9+), and  43 (CHACO+). The  
subs tance ,  wh ich  is a n  i somer  of fusicoccin,  ha s  been  
n a m e d  iso]usicoccin. 

Isofusicoccin  was also p repared ,  t o g e t h e r  w i t h  mono-  
deace ty l fus icocc in  (see below),  on  t r e a t m e n t  of fusicoccin 
(100 mg), d issolved in m e t h a n o l  (5 ml), w i t h  0 . 0 5 M  
b o r a t e  buffer  p H  8.8 (8 ml). Af te r  4 h a t  room t e m p e r a -  
ture ,  t he  m i x t u r e  was e x t r a c t e d  w i t h  ch loroform a n d  the  

e x t r a c t  f r a c t i o n a t e d  b y  c h r o m a t o g r a p h y  on a co lumn  of 
silica gel (Machery  a n d  Nage l  S-HR) .  P ropan-2 -o l  (8% in 
chloroform) Muted f i rs t  some u n r e a c t e d  fusicoccin;  th i s  
was  followed b y  isofusicoccin a n d  l a s t  b y  m o n o d e a c e t y l -  
Iusicoccin.  F r a t i o n s  c o n t a i n i n g  isofusicoccin were pooled,  
e v a p o r a t e d  in vacuo,  a n d  t he  res idue dissolved in ace tone  
a n d  r ep rec ip i t a t ed  w i t h  l igh t  p e t r o l e u m  (bp 30-50 ~ The  
a m o r p h o u s  solid was c rys ta l l ized  f rom e thy l  ace ta te -  
c ic lohexane :  m p  89-92 ~ EelS5+ 10 ( c=  0.79 in e thanol ) .  
RI  in  4 so lven t  sys tems,  IR- ,  N M R -  and  mass  spec t ra  
were iden t ica l  to  those  of c o m p o u n d  F I I I .  Calc. for 
C36HssOl~-lH20: C, 61.87; H, 8.30; f o u n d :  C, 61.50; H, 
8.19. 

Compound F IV: C34H54On, [ ~ 1 ~ + 1 8 . 5  ( c = 0 . 1 2  in 
e thanol ) ,  kma x < 215 nm.  The  I R - s p e c t r u m ,  as w i t h  t he  pre-  
ceding  compound ,  was  aga in  v e r y  s imi lar  to  t h a t  of 
fusicoccin. The  N M R - s p e c t r u m  ind i ca t ed  the  occur rence  
of the  s ame  groups  obse rved  in fusicoccin, w i t h  t h e  on ly  
d i f ference  t h a t  a single O-Ac group  was p r e sen t  in  th i s  
p roduc t .  This  was  conf i rmed  b y  t h e  mass  s p e c t r u m  wh ich  
showed  t h e  molecu la r  p e a k  a t  m/e 638. F u r t h e r m o r e ,  t he  
ag lycone  peak  a t  m/e 408 was  sti l l  p resen t ,  t hus  i n d i c a t i n g  
t h a t  t he  miss ing  ace ty l  group is t h a t  on  t h e  glucosyl  
moie ty .  This  was  co r robo ra t ed  b y  t he  o b s e r v a t i o n  t h a t  
F IV, c o n t r a r y  to  fusicoccin, is ox id izab le  w i th  per ioda te .  
N M R - s p e c t r a  y ie lded ev idence  t h a t  t he  O-Ac g roup  can-  
n o t  be loca ted  on  e i the r  of t he  seconda ry  alcoholic  func- 
t ions  of t he  aglycone  moie ty .  C o m p o u n d  F IV, therefore ,  
co r responds  to monodeacetylfusicoccin (III) .  

Monodeace ty l fus icocc in  was p r e p a r e d  on t r e a t m e n t  of 
fusicoccin (100 mg), d issolved in m e t h a n o l  (5 ml), w i t h  
aqueous  0 . 2 M  sod ium b i c a r b o n a t e  (8 ml). Af ter  30 m i n  a t  
28 ~ t he  m i x t u r e  was worked  u p  as  r epo r t ed  a b o v e  for  
t he  p r e p a r a t i o n  of isofusicoccin.  On ly  smal l  q u a n t i t i e s  of 
u n r e a c t e d  fusicoccin a n d  of isofusicoccin were o b t a i n e d  
b y  th i s  procedure ,  a n d  t he  conve r s ion  to monoace ty l -  
Iusicoccin a m o u n t e d  to  6 0 - 7 0 % .  Af te r  c rys ta l l i za t ion  
f rom cyc lohexane ,  t he  c o m p o u n d  h a d  m p  78 -80~  if 
h e a t e d  above  t h e  m p  (15 m i n  a t  110~ th i s  rose to  102-  

r~125 + 19.5 (c = 0.72 in e thanol ) .  RI  in 4 so lven t  sy- 104~ L JD 

s tems,  IR- ,  N M R -  and  mass  spec t r a  were iden t ica l  w i th  
those  of c o m p o u n d  F IV. Calc. for Ca4H~4Oli: C, 63.95; H, 
8.46. F o u n d :  C, 64.16; H, 7.92. 

Compound F VII :  C32H5~O10, [ ~ + 9 . 0  ( c = 0 . 9  in 
e thanol ) ,  kmax< 215. T h e  I R - s p e c t r u m  showed t h e  ab- 
sence of O-Ac groups ;  th i s  was conf i rmed  b y  t he  N M R -  
spec t rum,  wh ich  also ind ica t ed  t h a t  t he  o the r  f ea tu res  
cha rac t e r i s t i c  of fus icoccin were sti l l  p resent .  The  mass  
s p e c t r u m  showed t he  molecu la r  p e a k  a t  m/e 596, and  

H 

OR a 
RzOm~/"-.~CHzOC(GH,)zGH~GH, 
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R~, R==COCH~; R,, R4, 8s=H 
II R,,R=, R=R,,,Rs=COCH3 
III R,,=COCH3; R=, R=, R,, Rs= H 
IV R,,R=, R=, R4, Rs=H 
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IR-spectra were recorded in KBr pellets with a Beckman IR-9- 
spectrophotometer. NMR-spectra were recorded on a Varian HA- 

.. 100 apparatus (internal reference TMS). optical rotations were 
measured with a Perkin Elmer 14 polarimeter. Mass spectra were 
recorded on a MS-902 (GEC-AEI) spectrometer. Melting points are 
uncorrected. 
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s t rong  peaks  a t  m/e 366 (deacetylaglycone) and  69 
(C5H9+). Compound  F V I I  mus t  therefore  be dideacetyl- 
[usicoccin (IV). 

Dideaeetyl fus icoccin  was  p repared  on t r e a t m e n t  of 
fusicocein (200 mg) in me thano l  (4 ml) wi th  0 .1N N a O H  
in me thano l  (4 ml). Af te r  30 rain a t  room tempera tu re ,  the  
solut ion was neut ra l ized  wi th  HC1, the  me thano l  r emoved  
in vacuo and the  residue ex t rac ted  wi th  chloroform. The 
chloroform solution, washed  several  t imes  wi th  water ,  was 
evapo ra t ed  and the  residue crystal l ized f rom dry  e thy l  
ace t a t e  to  give a solid wi th  mp  183-187~ if t he  crude  
c o m p o u n d  was hea ted  only briefly wi th  e thy l  acetate ,  or 
if the  solvent  was no t  dry,  the  crys ta ls  had  m p  116-117 o 
(microanalysis  showed a con ten t  of 0.5 moles of wa te r  per  
mole of compound) .  [e]~ + 9.5 (c = 0.76 in ethanol) .  R f  in 
4 solvent  systems,  IR-,  NMR-  and mass  spec t ra  were 
ident ical  wi th  those  of compound  F VII .  Calc. for 
Ca2H52010: C, 64.43; H, 8.77. Found :  C, 64.20; H, 8.84. 

The s t ruc tures  of compounds  F IV and F V I I  therefore  
appea r  to  be f i rmly  establ ished,  bu t  fu r ther  work  is re- 
quired to ob ta in  full e lucidat ion of t h a t  of F I I I  (iso- 
fusicoccin). I t  is qui te  possible t h a t  the  fo rmat ion  of iso- 
fusicoccin from fusicoccin only involves a reversible 
r e a r r angemen t  concerning the  acetyl  group p resen t  in the  
glucose moie ty  ; it  was in fact  observed t h a t  on brief t rea t -  
m e n t  a t  room t e m p e r a t u r e  wi th  0.2 M sodium bicarbonate ,  
isofusicoccin yields no t  only monodeacety l fus icocc in  bu t  
also some fusicoccin. 

While  isofusicoccin is near ly  as phy to tox i c  as fusicoccin 
in the  assay wi th  t o m a t o  p lants ,  monodeace ty l fus icocc in  
and  dideacetylfusicoccin  are respect ively  12 and 100 
t imes  less ac t ive  ~, 9. 

Riassunto. Dai brodi  di col tura  di Fusicoccum amygdali 
Del. sono s ta t i  isolati  un isomero della fusicoccina (iso- 
fusicoccina), una  monodeacet i l fus icoccina,  in cui m a n c a  
l 'aceti le  sul residuo del glucosio, e la dideaceti lfusicoccina.  
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Chit in in the C e p h a l o c h o r d a t a ,  Branchisotoma floridae 

Although chi t in  has been  repor ted  in all the  major  
i nve r t eb ra t e  phyla  except  in the  Pro tozoa  and Echino-  
de rmata ,  it seems to be to ta l ly  absen t  in the  Chorda ta  1-5. 
Dur ing  the  course of an inves t iga t ion  of the  skeletal  
t issues of pro toehorda tes ,  we de tec ted  chi t in  in t he  gill 
bars  of the  cephalochordate ,  13ranchisoloma /lor$dae 
(Figure 1). 

2VIaterial arzd methods. Gill bars  were isolated f rom sur- 
rounding  t issues by  a modif ica t ion of the  procedure  out-  
l ined by  PmLLIS 6. "Whole thoraces  of B. /loridae were 
mace ra t ed  in a war ing b lender  wi th  an equal  volume of 
5% K O H  solution for 24 h. The c reamy suspension was  
passed th rough  graded screens w i th  openings  of 1.165, 
0.589, 0.295 and 0.147 m m  wi th  the  aid of suction.  
S t anda rd  Tyler  screens, cus tomar i ly  used for geological 
invest igat ions ,  were f i t ted  to a Buchner  funnel  wi th  the  
aid of mask ing  tape.  The suspension af ter  th is  f i l t ra t ion 
consis ted  of gill bars,  fine t issue debris  and dissolved con- 
s t i tuents .  Cent r i fugat ion  of the  suspension at  approxi -  
ma te ly  1000 r ev /min  for 15 rain isolated the  gill bars,  and 
t h e y  were washed wi th  12N HC1 to free t h e m  of all 
soluble materials .  Different ia l  cent r i fugat ion  for periods 
of 15 rain in a small  in te rna t iona l  clinical centr i fuge com- 
p le ted  the  pur i f ica t ion procedure .  The gill bars  were t hen  
r epea ted ly  washed wi th  wa te r  and boil ing me thano l  unt i l  
t h e y  were no longer pos i t ive  to h is tochemica l  tes ts  for 
pro te in  and lipid. The gill bars  thus  ob ta ined  were 
t r ea t ed  as required for demons t r a t i ng  the  presence  of 
chit in.  

Results. Gill bars  wi ths tood  t r e a t m e n t  for 15 rain in 
s a tu r a t ed  aqueous K O H  solution a t  100 ~ Af te r  washing  
in dist i l led water ,  the  a lkal i - t rea ted  bars  were coloured 
b rown  by  iodine in KI  solution, becoming  violet  when  
th is  was  replaced by  di lute  H~SO 4 (Figure 2)7. Alkali- 
t r ea ted  bars  were soluble in minera l  and acetic acids. 

Unde r  these condit ions,  b o t h  cellulose and chi t in  are rela- 
t ively  s table  in alkali, bu t  the  above colour reac t ion  and 
solubil i ty in acids are proper t ies  shown only by  chit in.  

Chitin,  a po lymer  of 2-acetamido-2-deoxy-~-l)-gluco-  
pyr~nose (N-acetyl-r>glucosamine) ,  yields D-glucosamine 
on acid hydrolys is  and N-acetyl -D-glucosamine on 
enzymic  degrada t ion  s . The  theore t ica l  value of n i t rogen  
for purif ied chi t in  is 6.9% 2. The gill bars  in the  specimens  
t h a t  we examined  d isp layed  these react ions.  

The mater ia ls  were hydro lyzed  in sealed tubes  wi th  6 N  
HC1 at  160 ~ for 6 h. Af te r  d ry ing  the  hydro lysa t e  over  
P20~ and KOH,  the  res idue was t aken  up in wa te r  and  
run  on a pa r t i t i on  c h r o m a t o g r a m  agains t  D-glucose and  
D-glucosamine hydrochlor ide ,  using 6 d i f ferent  so lvent  
mixtures .  The c h r o m a t o g r a m s  were sprayed  wi th  ani l ine 
h y d ro g en  ph tha la t e ,  si lver n i t ra te ,  or the  Elson  and  
Morgan reagents .  A subs tance  behav ing  like g lucosamine 
(or galactosamine)  was p resen t  in large amounts ,  bu t  no 
glucose was de tec ted .  On convers ion  to  the  cor responding  
pen tose  by  the  STOFFYN and  JEANLOZ procedure  139, the  
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