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dy ing  l a t e r  in  each  of t he  t r e a t e d  groups  h a d  recognizable  
asci tes  a t  au topsy .  I n  t he  second g roup  the re  were 6 in-  
de f in i t e  ' s u rv ivo r s '  w h i c h  were obse rved  for 2 m o n t h s  
a f t e r  t h e  e x p e r i m e n t  was  t e r m i n a t e d .  

E]/ect on transplantable epidermoid carcinoma DC5. 
Twelve  6 -mon ths -o ld  DC5 t u m o r  b e a r i n g  female  M A / S p  
mice  were t r e a t e d  w i t h  150 m g / k g  p u r i n - 6 - y l t r i m e t h y l -  
a m m o n i u m  chlor ide  da i ly  i n t r a p e r i t o n e a l l y  for  one  week. 
A f r a g m e n t  of DC5 c a r c i n o m a  was  i m p l a n t e d  u n d e r  
s ter i le  cond i t ions  w i t h  a t r o c a r  i n to  t h e  left  ax i l l a  10 days  
before  t r e a t m e n t  was  s t a r t ed .  E q u a l  n u m b e r s  of a n i m a l s  

Daily dose Survivors Response- Test/Control (T/C) 
(mg/kg) Animal weight Tumour weight % (T/C) 

change (g) (mg) 

165.00 06/10 01.7/04.4 10 /1478.0 
160.00 07/10 00.2/02.7 39.0/1716.0 02 
80.00 08]I0 --00.6/02.7 56.0/1716.0 03 
40.00 10/10 00.3/02.7 67.0/1716.0 03 
20.00 09/10 00.2/02.7 94.0/1716.0 05 
20.00 04/10 --00.3/01.4 0.0/1499.0 
10.00 08/10 --00.4/01.4 22.0/1499.0 O1 
5.00 08/10 00.3/01.4 338.0[1499.0 22 

se rved  as controls .  A t  t he  s t a r t  of t r e a t m e n t  t u m o r s  
r a n g e d  f rom 2 to 5 m m  in d i ame te r .  T h e  g r o w t h  of t h e  
t u m o r  was progress ive  in all  con t ro l  a n i m a l s  d u r i n g  t h e  
d u r a t i o n  of t h e  expe r imen t .  I n  all  t r e a t e d  an ima l s  t he  
t u m o r  decreased  in size b y  t h e  t i m e  t r e a t m e n t  was s t o p p e d  
a n d  was  n o t  p a l p a b l e  in  two  an imals .  However ,  5 d a y s  
l a t e r  i t  b e c a m e  a p p a r e n t  t h a t  t h e  t u m o r  h a d  r e s u m e d  i ts  
g r o w t h  in  all  an ima l s .  The  s u r v i v a l  of t he  t r e a t e d  a n d  
u n t r e a t e d  a n i m a l s  is s u m m a r i z e d  in F igure  3. 

To o b t a i n  f u r t h e r  da t a ,  t h e  c o m p o u n d  was s u b m i t t e d  to 
t he  Cancer  C h e m o t h e r a p y  N a t i o n a l  Service Cen te r  for 
r ou t i ne  screening.  T h e  c o m p o u n d  h a d  no  ef fec t  a g a i n s t  
t r a n s p l a n t a b l e  s a r c o m a  180 or a g a i n s t  l eukemia  1210. 
However ,  i t  was effect ive  a g a i n s t  c a r c i n o m a  755. The  dose 
response  cu rve  is s u m m a r i z e d  in t h e  Table .  

Zusammen]assung. P u r i n - 6 - y l t r i m e t h y l a m m o n i u m c h l o -  
r id  wurde  syn the t i s i e r t .  Es  erwies sich als ein h~imopoet isch  
tox i sche r  A n t i m e t a b o l i t ,  w i r k s a m  gegen E h r l i c h  Asci tes-  
T u m o r ,  DC5- u n d  Ca 755-M~usekrebs.  

j .  P. HORWITZ a n d  V. K. VAITKEVlClUS 

Detroit Institute of Cancer Research and Henry Ford 
Hospital, Oncology Division, Detroit (Michigan), August 14, 
1961. 

A Fungus Pigment of Novel Type, and the Nature 
of Fungus 'Lignin' 

The  presence  or  absence  of l ign in  in  fungi  h a s  b e e n  
d i spu ted ,  d i s a g r e e m e n t  a r i s ing  p a r t l y  ove r  t he  c o n s t i t u t i o n  
of c e r t a i n  funga l  m a t e r i a l s  a n d  p a r t l y  ove r  t h e  de f in i t ion  
of a l ignin.  I t  is we l l -known  t h a t  t h e  f ru i t s  of m a n y  h ighe r  
fungi  c o n t a i n  h y d r o l y s i s - r e s i s t a n t  s t r u c t u r a l  ma te r i a l s  
w h i c h  are  of a r o m a t i c  n a t u r e  a n d  m a y  be  p o l y m e r i c ;  a 
m a j o r  d i f ference b e t w e e n  the se  a n d  t r u e  p l a n t  l ignins  is 
t h e  v i r t u a l  absence  of m e t h o x y  g roups  f rom t he  t yp i ca l  
funga l  samples  z. I n  Daldinia concentrica a n d  al l ied species 
of Ascomyce te s  t h e  a r o m a t i c  c o m p o n e n t  of a hydro lys i s -  
r e s i s t a n t  s t r u c t u r a l  s u b s t a n c e  in  t he  f ru i t s  is fo rmed  b y  
enzymic  o x i d a t i o n - p o l y m e r i s a t i o n  a n d  is a p a r t l y  q u i n o n -  
old  d e r i v a t i v e  of 1 , 8 - d i h y d r o x y n a p h t h a l e n e ~ .  I n  o t h e r  
species s imi la r  'me l an i z i ng '  e n z y m e s  p r o m o t e  t he  de-  
pos i t ion  of s t r u c t u r a l  m a t e r i a l s  in  d i f f e r en t i a t ed  sexua l  

s t ruc tu res ,  t h o u g h  t h e  s u b s t r a t e s  h a v e  se ldom b e e n  
iden t i f i ed  a. Mate r i a l s  of t h i s  k i n d  r e semble  m e l a n i n s  
r a t h e r  t h a n  l ignins.  

The  case is d i f f e ren t  w i t h  m a n y  Bas id iomyce t e s  w h i c h  
fo rm superf ic ia l ly  ' w o o d y '  sporophores .  W e  h a v e  f o u n d  
t h a t  severa l  p i g m e n t e d  species of t h i s  k i n d  produce ,  even  
in  v e g e t a t i v e  mycel ia ,  s u b s t a n c e s  w i t h  t h e  a b s o r p t i o n  
spec t r a  of o x y g e n a t e d  c i n n a m o y l  de r iva t ives .  A s imple  
e x a m p l e  of such  C6C a m e t a b o l i t e s  is t h e  m e t h y l  p - m e t h o x y -  
c i n n a m a t e  of Lentinus lepideus 4. The  more  c o m p l e x  

z j . W .  FOSTER, Chemical Activities o/Fungi (New York 1949), p. 99. 
-- I{. FREUDENBERG, in K. PAECH and M. V. TRACEY, Moderne 
Methoden der P/lanzenanMyse (Berlin 1955), vol. 3, p. 499. 
J. D. Bu'LocK and D. C. ALLPORT, J. chem. Soc. 1958, 4090; 
196o, 654. 

3 p. E. BARBESGAARD and S. WACNER, Hereditas 45, 564 (1959). 
4 G. EBERHARDT, J. Amer. chem. Soc. 78, 2832 (1956). 
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I 0 I A 

HO ( h CH=CH- C=CH.C(OHJ=CH. CO 
I II 

HO ~ / , 3 ~  Hispidin (I), m.p. 254 ° 

CO,Me 
r 

R'COCI ~ R.COCH.COCH a 
AeCH2COzMe,Na 

m.p. 105-106 ° 

l O I 
R. C=CH " C(OMe)=Ctt • CO • 

CHiN 2 veratraldehyde, 
m.p. 164-165 ° Mg(OEt)~ 

~ ~ a q .  NaOH 1 Ba(OH)~ 

R • CO2H R • COCH2COCH~CO2H 

m.p. 110-11~2 ° 

l heat 

• R • COCHzCOCH a 
H~O, I30 ° 

m,p. 90-92 ° 

1 O t 
CH 3 • C=CH - C(OMe)=CH • CO 

R = 3,4-dimethoxystyryl. 

All compounds gave correct analytical data. 

p i g m e n t  f rom a fungus  desc r ibed  as Inonotus obliquus 
(Pets.)  ( ' chagi ' )  c a n  be  b r o k e n  d o w n  to  coni fery l  a n d  
s i napy l  d e r i v a t i v e s  w h i c h  i t  is t h o u g h t  de r ive  o r ig ina l ly  
f rom t h e  l ign in  of t h e  h o s t  t ree  6. W e  ourse lves  h a v e  s t ud i ed  
f r u i t - b o d y  c o n s t i t u e n t s  of Polyporus hispidus (Bull.)  Fr . ,  
a l i g n i n - a t t a c k i n g  w h i t e  r o t  w i t h  a n n u a l  b r a c k e t - s h a p e d  
frui ts ,  f ound  in B r i t a i n  a l m o s t  exc lus ive ly  u p o n  ash  t rees  
b u t  occur r ing  less se lec t ive ly  e lsewhere .  

Alcohol -so luble  p i g m e n t s  c o n s t i t u t e  u p  to  4 %  of t h e  
d r y  we igh t  of i m m a t u r e  P. hispidus f ru i t s  a n d  compr i se  
a m i x t u r e  of m e t h o x y l - f r e e  pheno l s  w i t h  a b s o r p t i o n  
m a x i m a  a t  255 a n d  370 m~z; t h e  p r inc ipa l  c o n s t i t u e n t  w i t h  
th i s  s p e c t r u m  we h a v e  n a m e d  h isp id in ,  a n d  t he  deg rada -  
r ive  and  s y n t h e t i c  rou te s  s u m m a r i z e d  he re  show i t  t o  be  
t h e  eno l l ac tone  of 3 , 4 - d i h y d r o x y c i n n a m o y l a c e t o a c e t i c  
acid (I) e As t h e  f ru i t s  m a t u r e  t h e y  b e c o m e  r a t h e r  d a r k e r  
in  co lour  b u t  m e a n w h i l e  t h e  a m o u n t  of a lcohol-soluble  
p i g m e n t  decreases  cons i de r ab l y  a n d  h i sp id in  a n d  o t h e r  
m o n o m e r i c  pheno l s  d i s a p p e a r  a l toge the r .  T h e  p i g m e n t  
becomes  po lymer i c  a n d  f i rmly  b o u n d  to  t h e  s t r u c t u r a l  
m a t e r i a l  a n d  s i m u l t a n e o u s l y  t h e  f ru i t -bodies  b e c o m e  
t o u g h e r  a n d  t h e i r  f ib rous  ' w oody '  s t r u c t u r e  more  pro-  
nounced .  Th i s  p o l y m e r i s a t i o n  a n d  ce l l -wal l -b inding  of t he  
pheno l s  is ef fected in situ b y  ox idase  enzymes ;  w a t e r  ex-  
t r a c t s  of t he  i m m a t u r e  f ru i t s  (which  d a r k e n  r a p i d l y  w h e n  
bruised)  h a v e  v e r y  s t r o n g  ca t echo t  ox idase  a c t i v i t y  a n d  
a c t i n g  on  h i sp id in  or  c rude  p i g m e n t  e x t r a c t s  b r ing  a b o u t  
r ap id  o x i d a t i v e  p o l y m e r i s a t i o n  in vitro. No g rea t  a m o u n t  
of q u i n o n o i d  m a t e r i a l  is fo rmed  b u t  t he  cha rac t e r i s t i c  
a b s o r p t i o n  s p e c t r u m  of t h e  m o n o m e r i c  p i g m e n t s  becom es  
b r o a d e r  a n d  more  diffuse.  

The  p i g m e n t e d  s t r u c t u r a l  m a t e r i a l  of m a t u r e  P. hispidus 
f ru i t s  c a n  be  descr ibed  as l ignin- l ike  in t h a t  i t  is non -  
q u i n o n o i d  a n d  resu l t s  f rom t h e  o x i d a t i v e  p o l y m e r i s a t i o n  
of s u b s t a n c e s  such  as h i sp id in  based  on  a p h e n y l p r o p a n e  
skele ton.  F r o m  p r e l i m i n a r y  resu l t s  th i s  also seems to  be  
t r ue  for va r ious  r e l a t ed  species. The  m a t e r i a l  differs  f rom 
p l a n t  l ignins  in  t h a t  t he  m o n o m e r  pheno l s  are  n o t  m e t h y l -  
a t e d  a n d  m a y  c o n t a i n  o t h e r  s t r u c t u r a l  e l emen t s  (e.g. t h e  
p y r o n e  r ing  in h ispid in) .  W h e t h e r  t he  CsC * g roup  in  
h i sp id in  is de r ived  f rom b r e a k d o w n  p r o d u c t s  of t he  hos t  
l ignin,  or  f rom m o n o m e r i c  pheno l s  of t he  h o s t  (e.g. coni-  
ferin, aesculin,  etc., in  Fraxinus), or f rom de novo syn-  
thes i s  b y  t he  fungus,  is as ye t  unce r t a in ,  b u t  i t  m a y  be  
s ign i f i can t  t h a t  v e g e t a t i v e  P. hispidus myce l ium,  w h i c h  
is n o n - p i g m e n t e d  on  m o s t  cu l t u r e  media ,  c o n t a i n s  
h i sp id in  etc.  w h e n  g rown  on b locks  of ashwood.  

Zusamrnen[assung. I n  den  F r i i c h t e n  des h 6 h e r e n  Pi lzes 
Polyporus hispidus b i lde t  s ich in situ ein l ign inAhnl icher  
Stoff  d u r c h  O x i d a t i o n - P o l y m e r i s a t i o n  v o n  P h e n o l e n  des  
P h e n y l p r o p a n t y p s ,  haup t sXch l i ch  H i s p i d i n  (I), dessert 
S t r u k t u r  als E n o l l a c t o n  de r  3 , 4 - D i h y d r o x y c i n n a m o y l -  
acetessigsAure e r k a n n t  wurde .  

J.  D. B u ' L o c K  a n d  H.  G. SMITH 

Department o/Chemistry, The University, Manchester (Eng- 
land), August 2 t, t 96 t. 

5 E. V. LOVlAGINA, A. N. SHEVRINA, and E. G. PLATONOVA, Bio- 
khimiia 25, 640 (1960). 

6 j .  D. Bu'LocK, Folia Microbiologica a, 64 (1960). - J. D. Bu'LocK 
and H. G. SMITH, J. chem. Soe., in press. 

C o t t o n  W i l t  a n d  C a l c i u m  A c c u m u l a t i o n  

I n  ear l ier  c o m m u n i c a t i o n s  1,~ we h a d  discussed t he  
d e r a n g e m e n t  in meta l l i c  s t a t u s  (K, Ca, Mg, a n d  Mn) in 
w i l t - r e s i s t an t  (Co 2) a n d  wi l t - suscep t ib le  (K 2) c o t t o n  
p l a n t s  g rown  in soils i nocu la t ed  w i t h  t h e  wi l t  f ungus  Fusa- 
rium vasin[ectum. D a t a  on  t h e  p e r c e n t a g e  loss or  ga in  of 
t h e  e l e m e n t s  were p r e s e n t e d  t o g e t h e r  w i t h  f igures  for  t h e  
a c t u a l  q u a n t a  of these  in leaf  s amples  f rom 18 d a y  old 
h e a l t h y  a n d  in fec ted  p l a n t  s . F u r t h e r  cr i t ica l  s t u d y  of t he  
ca l c ium l ines revea led  t h a t ,  in  a d d i t i o n  to  t h e  c h a n g e s  in 
ca l c ium c o n t e n t  in  these  p l a n t s  as i n d i c a t e d  b y  t h e  s p e c t r a  
a t  4226.7 ~k ( U l - n e u t r a l  a tom) ,  t he re  was  a more  in te r -  
e s t ing  d i f ference  in t he  a m o u n t s  of ionized ca lc ium,  as was  
e v i d e n t  f rom the  spec t r a  a t  3933.7 A (Vl- ionized a tom) .  
T h e  m o s t  i m p o r t a n t  fac ts  can  be  s u m m a r i z e d  as follows: 

I n  t h e  h e a l t h y  s ta te ,  t h e  r e s i s t a n t  p l a n t s  h a d  g r e a t e r  
a m o u n t s  of ionized ca l c ium t h a n  t h e  suscep t ib le  ; fol lowing 
infec t ion ,  t h e r e  was l i t t le  c h a n g e  in t he  r e s i s t a n t  p l a n t s  
whi le  in  t he  suscep t ib le  ones  t he  q u a n t u m  increased,  pa r -  
t i cu l a r ly  in t he  in fec ted  b u t  a p p a r e n t l y  h e a l t h y  p l a n t s  
whe re  v e r y  s t r o n g  l ines were  n o t e d  (Figure) .  (The leaf  
ana lys i s  was  ca r r ied  o u t  w i t h  a M e d i u m  Q u a r t z  Spec t ro -  
g raph ,  e m p l o y i n g  L u n d e g £ r d h ' s  Spa rk - in - f l ame  t e c h n i q u e  
as de ta i l ed  earlier1.) As no  c o m p a r a b l e  ionized ca l c ium 
lines were p r e s e n t  in  t h e  s t a n d a r d  spec t ra ,  t h e  a c t u a l  
q u a n t i t i e s  could  n o t  be  ca lcu la ted .  Never the les s ,  t h e  

1 T. S. SADASIVAN and R. KALYANASUNDARAM, Proe. Indian Acad. 
Sci. 43B, 271 (1956). 

2 T.S. SADA$IVAN and L. SARASWATHI-DEvI, Curt. Sci. 26, 74 (1957). 


