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Formation of radioactive gallic acid in Rhus and Acer leaves from labelled compounds 

EXFERIENTIA 31]12 

C o m p o u n d s  fed Metabol ic  per iod  Leaf  age R a d i o a c t i v i t y  (dpm) of 
(h) 0.6 ml  of the  MeOH-HC1 

l ea f - ex t r ac t  of 

Specif ic  a c t i v i t y  D i s t r i bu t ion  ~ 
(dpm/DMol) of gall ic of r a d i o a c t i v i t y  
ac id  in gall ic ac id  ( % ) 

Rhus A cer Rhus A cer Rhus A cer 

Phenylalanir~e U-14C 

Shik imic  acid-UA4C 

7 Juvenile 21865 -- 
23 Juvenile 51599 -- 

7 Mature 10914 16848 
23 N~ature 10789 18977 

7 Juvenile 91475 -- 
23 Juvenile 93666 -- 

7 Mature 26468 25787 
23 Mature 16513 22213 

414 - -  0.16 - -  
417 - -  0;23 - -  
217 417 0.24 0.31 
322 7~5 0.42 0.46 

206 - -  0.04 - -  
556 -- 0.11 -- 
898 380 0.53 0.22 

2649 8 5 3  2.46 0.51 

~The r a d i o a c t i v i t y  (dpm) of 0.6 m l  of the  MeOH-HCI  e x t r a c t  ( to ta  ! vol. ,  10 ml) was  r e g a r d e d  as 100%.  

a def in i te  period,  each  sample  was r insed in water ,  
b lo t t ed  a n d  weighed.  The  c u t - u p  leaves were d ropped  
in to  boi l ing  0 .5% methanol-HC1,  h e a t e d  for a few 
m i n u t e s  a n d  t h e n  cooled w i t h  t a p  water .  The  e x t r a c t  
was  d e c a n t e d  and  t he  res idue t h o r o u g h l y  e x t r a c t e d  
w i t h  t he  same  so lven t  un t i l  i t  b e c a m e  colourless.  The  
c o m b i n e d  e x t r a c t  was  accu ra t e ly  m a d e  u p  to  l 0  mt  a n d  
0.6 ml a l iquo t s  were  c o n c e n t r a t e d  to a smal l  vo lume ,  
spo t t ed  on p a p e r  and  a two-d imens iona l  c h r o m a t o g r a m  
p r e p a r e d  b y  deve lop ing  f i rs t  in  ~r - H O A c  - t-I20 
(6: 1: 2) and  t h e n  6 % acet ic  acid. The  c h r o m a t o g r a m s  
were a i r -dr ied  and  e x a m i n e d  in UV- l igh t  (256 nm)  before  
a n d  a f te r  exposure  to  a m m o n i a  v a p o u r  w h e n  gallic acid 
and  o the r  c o m p o u n d s  were de tec ted .  The  iden t i f i ca t ion  
of gallic acid h a s  been  m e n t i o n e d  in a p rev ious  r e p o r t  5. 
T h e n  t he  c h r o m a t o g r a m s  were covered  X - r a y  f i lm 
(Sakura ,  non-sc reen  type)  a n d  exposed for 36 days.  The  
a u t o r a d i o g r a m s  o b t a i n e d  were c o m p a r e d  w i t h  t he  spots  
obse rved  above,  an d  t he  spot  c o n t a i n i n g  gall ic acid was 
cu t  f rom the  c h r o m a t o g r a m  and  p u t  in  a v ia l  c o n t a i n i n g  
10 ml  of sc in t i l la tor ,  wh ich  cons is ted  of t he  m i x t u r e  of 
t o l u e n e - -  2 ,5 -d ipheny loxazo le  (DPO) - 1 ,4-bgs(2-methyl-  
s ty ry l ) -benzene  --  t r i t o n  X-100 (3 1:10 g: 1.5 g: 1.5 1). The  
r a d i o a c t i v i t y  of gallic acid was measu red  in a P a c k a r d  
l iqu idsc in t i l l a t ion  s p e c t r o m e t e r  Model  3385. A b l a n k  area  
of t he  c h r o m a t o g r a m ,  e q u i v a l e n t  to  the  gallic acid spot,  
was  used as control .  The  gallic acid in t he  e lua te  f rom the  
c h r o m a t o g r a m s  was m e a s u r e d  s p e c t r o p h o t o m e t r i c a l l y  a t  
274 n m  a n d  q u a n t i t a t i v e l y  d e t e r m i n e d  b y  compar i son  
w i t h  t he  s t a n d a r d  cu rve  of t h e  a u t h e n t i c  specimen.  

W h e n  phenylalanine-14C o r  sh ik imic  acid-14C was in- 
f i l t r a ted  in to  leaves,  t he  i nco rpo ra t ion  r a t e  of ~4C of b o t h  
precursors  in to  gallic acid was found  to  be  cha rac t e r i s t i c  
of t he  species Rhus or Acer a n d  t h e  age of the i r  leaves. As 
shown  in t h e  Table ,  t he  m a t u r e  leaves  of Acer buergeranum 
ut i l ized p h e n y l a l a n i n e  a n d  sh ik imic  acid as good pre-  

cursors  for p roduc ing  gallic acid a t  t he  a b o u t  same  ra te .  
U n f o r t u n a t e l y ,  gallic acid in  the  juven i le  Acer leaves was 
insuf f ic ien t ly  r ecovered  for t he  t r a c e r  analysis .  On t ke  
o t h e r  hand ,  in  t he  juven i le  leaves of Rhus succedanea, 
t h e  i nco rpo ra t i on  ra t e  (as %) of phenyla lan ineA4C into 
gallic acid was  a b o u t  2 or 4 t imes  t h a t  of sh ik imic  acid-t~C. 
tr~ con t ras t ,  p h e n y i M a n i n e  was effect ive  b y  on ly  a b o u t  1]~ 
to 1/6 as m u c h  as sh ik imic  acid for t he  syn thes i s  of gallic 
acid in t he  m a t u r e  Rhus leaves. T h u s  t he  f o r m a t i o n  of 
gallic acid in t he  A cer leaves  seems to proceed b o t h  f rom 
di rec t  d e h y d r o g e n a t i o n  of sh ik imic  acid and  f l -oxidat ion 
of t he  p h e n y l p r o p a n o i d  a t  the  m a t u r e  stage.  On t he  o the r  
h a n d ,  t h e  b iosyn thes i s  of gallic acid in the  Rhus leaves 
m i g h t  proceed p re fe ren t i a l ly  b y  ~-ox ida t ion  of t he  phenv l -  
p r o p a n o i d  der ived  f rom p h e n y l a l a n i n e  a t  t he  juven i l e  
stage,  and  in preference  b y  d e h y d r o g e n a t i o n  of sh ik imic  
acid a t  t he  m a t u r e  stage,  respect ively .  

Summary.  The  inco rpo ra t i on  of 14C-labelled pbeny l -  
a l an ine  and  sh ik imic  acid into gallic acid b y  t he  leaves of 
Rhus succedanea and  Acer buerger~um sugges ted  t h a t  
two a l t e r n a t i v e  p a t h w a y s  could exis t  for  t he  b iosyn thes i s  
of gallic acid, and  t h a t  t he  p re fe ren t i a l  rou te  for t he  acid 
f o r m a t i o n  seems to be in f luenced  b y  leaf  age a n d  species 
of t he  p lan ts .  

N .  I S H I K U R A  6 

Department o/Biology,  Faculty o/Science, 
Kumamoto University, 
Kumamoto 860 (Japan), 1 August  7975. 
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help  d u r i n g  the  course  of th i s  work .  

I n c r e a s e d  Co l lagen  and  G l y c o p r o t e i n  C o n t e n t s  of the  D e n e r v a t e d  C r e m a s t e r  M u s c l e  of the  
B o n n e t  M o n k e y ,  Macaca radiata 

Transec t ion  of gen i to femora  ! ne rve  resul t s  in  all increase  
in  a lkal i -soluble  col lagen and  in a progress ive  a t r o p h y  of 
t h e  m o n k e y  c r e m a s t e r  muscle  1. However ,  t h e  pool  size 
of n e u t r a l  sal t -  a n d  acid-soluble  a n d  insoluble  2 col lagens 
of t h e  d e n e r v a t e d  muscle  a re  no t  known.  W e  have ex- 
a m i n e d  w h e t h e r  th i s  increase  in collagen, due  to dener-  
r a t i o n  a t r o p h y ,  was ref lec ted  u n i f o r m l y  in al l  t ypes  of 
co!lagens. 

The  a n i m a l  care  a n d  surgical  p rocedure  for t r a n s e c t i o n  
of the  geni tofemo#al  ne rve  in a d u l t  male  b o n n e t  macaques ,  

1 R. V. KRISHNAraOOIZTHY, H.  RAHAMAN a n d  K. SRIHARI, Expl .  
Neurol. 46, 389 (1975). 

2 A. J. BAILEY, in Comprehensive Biochemistry (Eds. M. FLORKIN 
and E. H. SToTz, Elsevier PubL Co., Amsterdam 1968), rot. 26B, 
p. 297. 
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Macaca radiata, w a s  s i m i l a r  to  t h a t  d e s c r i b e d  p r e v i o u s l y  1. 
60 d a y s  a f t e r  n e r v e  t r a n s e c t i o n ,  t h e  c r e m a s t e r  m u s c l e  w a s  
i s o l a t e d  f r o m  t h e  a n a e s t h e t i s e d  a n i m a l s  a n d  d i v i d e d  i n t o  
2 u n e q u a l  t r a n s v e r s e  h a l v e s ;  t h e  s m a l l e r  o n e  w a s  u s e d  fo r  
h i s t o l o g i c a l  e x a m i n a t i o n ,  w h i l e  t h e  o t h e r  w a s  w e i g h e d  a n d  
u s e d  fo r  c o l l a g e n  e x t r a c t i o n .  T h e  m u s c l e s  f r o m  n o r m a l  
a n i m a l s  s e r v e d  as  c o n t r o l s .  C o l l a g e n o u s  f r a c t i o n  of  t h e  
m u s c l e  w a s  i s o l a t e d  a f t e r  e x t r a c t i n g  s a r c o p l a s m  a n d  
c o n t r a c t i l e  p r o t e i n s  a. T h e  n e u t r a l  sa l t - ,  ac id -  a n d  a l k a l i -  
s o l u b l e  a n d  i n s o l u b l e  c o l l a g e n s  w e r e  f r a c t i o n a t e d  a c c o r d -  
i n g  to  t h e  r a t i o n a l e  d e s c r i b e d  b y  J A c K s o N  a n d  CLEARY I. 
T h e  p r o t e i n  of  e a c h  f r a c t i o n  w a s  e s t i m a t e d  b y  m i c r o k j e l -  

Table I. Distribution of neutral salt-, acid- and alkali-soluble and 
insoluble collagens in the denervated cremaster muscle of bonnet 
monkey 

Fraction mg collagen/g wet muscle Incidence of 
change on 

Normal Denervated denervation 

Neutral salt-soluble 3.68 ~_ 0.24 9.19 ~ 0.31 Increase 
p < 0.001 

Add-soluble 0.98 • 0.08 0.88 -L 0.06 No change 
p > 0.01 

Alkali-soluble 68.7I -L 1.78 92.68 ~ 2.01 Increase 
p < 0.001 

Insoluble collagens 25.14 i 1.31 54.46 5~ 1.08 Increase 
p < 0.0Ol 

Glycoproteins 3,13 • 0.98 8.62 ~- 1.03 Increase 
(rag hexose/g protein) p < 0.001 

Values are X • SD of 6 observations. 

d a h l  m e t h o d .  T h e  h y d r o x y p r o l i n e  c o n t e n t ,  o n  h y d r o l y z i n g  
t h e  f r a c t i o n  in  6 _N HC1 for  3 h a t  12 lbs  p r e s s u r e  in  a n  
a u t o c l a v e ,  w a s  e s t i m a t e d  b y  W o e s s n e r ' s  m e t h o d  ~. T h e  
g l y c o p r o t e i n s  w e r e  e x t r a c t e d  a n d  e s t i m a t e d  a c c o r d i n g  t o  
t h e  m e t h o d  of  W e i m e r  a n d  M o s h i n  5. 

T h e  l o n g i t u d i n a l  p a r a f f i n  s e c t i o n s  o f  t h e  d e n e r v a t e d  
m u s c l e  s t a i n e d  w i t h  i r o n - h e m a t o x y l i n  s h o w e d  a c c u m u l a -  
t i o n  of  c o n n e c t i v e  t i s s u e  (F igure ) ,  w h i c h  m a i n l y  c o n s t i -  
t u t e s  t h e  c o l l a g e n s  a n d  g l y c o p r o t e i n s  in  t h e  m u s c l e .  
F r a c t i o n a t i o n  of  t h e  c o l l a g e n o u s  m a t e r i a l s  r e v e a l e d  
(Tab l e  I) t h a t  d e n e r v a t i o n  i n c r e a s e d  t h e  a lka l i -  a n d  n e u -  
t r a l  s a l t - s o l u b l e  a n d  i n s o l u b l e  c o l l a g e n s ,  w h e r e a s  t h e  
a c i d - s o l u b l e  c o l l a g e n  c o n t e n t  r e m a i n e d  u n c h a n g e d  o n  
d e n e r v a t i o n .  T h e  g l y c o p r o t e i n s  s i g n i f i c a n t l y  i n c r e a s e d  o n  
d e n e r v a t i o n  ( T a b l e  I).  T h e  h y d r o x y p r o l i n e  c o n t e n t  d i d  
n o t  v a r y  in  t h e  ac id -  a n d  a l k a l i - s o l u b l e  co l l agens ,  b u t  
i n c r e a s e d  s i g n i f i c a n t l y  in  n e u t r a l  s a l t - s o l u b l e  a n d  i n s o l u b l e  
c o l l a g e n s  (Tab l e  I I ) .  

T h e s e  r e s u l t s  d e m o n s t r a t e  t h a t  t h e  d e n e r v a t i o n  of  t h e  
c r e m a s t e r  m u s c l e  i m p a i r s  t h e  t o t a l  t u r n o v e r  of  d i f f e r e n t  
c o l l a g e n  f r a c t i o n s ;  s i n c e  n e u t r a l  s a l t - s o l u b l e  c o l l a g e n  a r e  
k n o w n  to  be  t h e  p r e c u r s o r s  6, ~ fo r  i n s o l u b l e  co l l agens .  T h e  
s o l u b i l i t y  of  c o l l a g e n s  in n e u t r a l  s a l t  s o l u t i o n s ,  a c i d s  a n d  
a l k a l i s  v a r i e s  as  t h e  m o l e c u l e s  u n d e r g o  i n t r a m o l e c u l a r  a n d  
i n t e r m o l e c u l a r  c r o s s - l i n k s  a n d  s i m u l t a n e o u s l y  m a t u r e  to  
a t t a i n  a s t a t e  o f  i n s o l u b i l i t y  a n d  m e t a b o l i c  i n e r t n e s s  ~. 
T h e  v a r i a t i o n s  o f  ' these  c o l l a g e n  f r a c t i o n s  in  t h e  d e n e r -  
v a t e d  m u s c l e  s u g g e s t  i n d i r e c t l y  t h a t  t h e  loss  of  ' t r o p h i c  
i n f l u e n c e  d u e  t o  d e n e r v a t i o n '  r e s u l t s  in  m o d i f i c a t i o n s  in  
t h e  c r o s s - l i n k s  of  t h e  c o l l a g e n  f ibri l .  I n c r e a s e  in  g l y c o -  
p r o t e i n  leve l  is in  c o n f o r m i t y  w i t h  t h e  f i n d i n g s  of  ANDREW 
a n d  APPEL s, w h o  r e p o r t e d  a n  i n c r e a s e  in  s ia l ic  a c i d  
c o n t e n t ,  a c o n s t i t u e n t  of  g l y c o p r o t e i n s  o n  d e n e r v a t i o n  o f  
a r a t  m u s c l e .  V a r i a t i o n  in  t h e  h y d r o x y  p r o l i n e  c o n t e n t  
in t h e  p r e s e n t  r e s u l t s  d e m o n s t r a t e s  t h e  o c c u r r e n c e  o f  

a M. BARANY, 1~. BARANY, T. RECKARD a n d  A. VOLeE, Arch .  
Biochem. 13iophys. 109, 185 (1965). 

4 1). S. JACKSON alld g.  G. CLICAR"I, in Methods o/ Biochemical 
A*mlysis (Ed. D. GLICK, Interscienee l?nblishers, New York 
1967, vol. 25, p. 25. 

a R. J. WrNZ*.IeR, in Methods o/ Biochemical A*zal),sis (Ed. l). 
GLICK, Interscience Publishers, New York 1955), vol. 2, p. 279. 
I). S. JACKSON and J. P. BENTI~XY, J. biophys, biochem. Cytol. 7, 
37 (1960). 

7 i(. I(UHN, M. DURRLrTI, F. HAMM~RSTEIN a n d  G. W. KORTING 
Z. physiol. Chem. 336, 4 (1964). 
C. G. ANnREw and S. H. APPEL, J. biol. Chem. 248, 5156 (1973). 

Low power (• 70) photomicrograph of normal (a) and denervated 
(b) cremaster muscle of bonnet monkey; sectioned longitudinally 
and stained in iron-hematoxylin. 

Table II. Variations in the hydroxyproline content of collagens in 
the normal and denervated cremaster nlusele of bonnet monkey 

Fraction mg hydroxyproli~e/g collagen 

Normal Denervated ' 

Incidence of 
change on 
denervation 

Salt-soluble 146 • 12 189 _L 8 Increase 
p < 0.001 

Acid-soluble 128 i 6 124 ~7 9 No change 
p > o.01 

Alkali-soluble 138 Jr- 12 132 2~ 16 No change 
p > 0.01 

Insoluble 142 i 16 181 ~_ 18 Increase 
p < 0.00i 

Values are X -b SD of 5 observations. 
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chemical  modif icat ions  of the  s t ructure ,  since such 
modif icat ions,  even  in the  collagens of organisms sub jec ted  
to  env i ronmen ta l  stress, have  long been  recognized 9. 
Recen t ly  TRELSTAD 10 and  HAY n have  descr ibed 4 dif- 
fe rent  molecular  species of collagens which  represen t  dif- 
fe ren t  s t ruc tu ra l  gone products ,  I t  s t ands  to  reason 
therefore  t h a t  t he  'loss of t rophic  influence '  in the  
c remas te r  muscle due to  60-day-chronic- t ransec t ion  of 
the  nerve  br ings for th  the  q u a n t i t a t i v e  and  qua l i t a t ive  
changes  in the  collagens, which  imply  the  i m p a i r m e n t  of 
the  act ion of specific s t ruc tu ra l  genes ~2. 

Summary. Denerva t ion  of geni tofemoral is  in the  b o n n e t  
m o n k e y  for 60 days  resul ted  in a s ignif icant  increase in 
neu t ra l  salt-soluble,  alkali-soluble and insoluble collagens 
as well as glycoproteins .  The hydroxypro l ine  con t en t  of 
t he  sal t-soluble and  insoluble collagens in t h e  muscle  in- 

creased on denerva t ion .  These changes  are discussed to 
imply  the  i m p a i r m e n t  of t he  act ion of specific s t ruc tu ra l  
genes. 
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M u t a g e n i c  Effect  of E t h i o n i n e  on  Candida lipolytica 

Ethion ine ,  t he  s t ruc tu ra l  analogue of meth ionine ,  was  
f irs t  syn thes ized  by  DYER in 19381 and  was shown to  be 
d e t r i m e n t a l  to  rats ,  and  la te r  b y  o ther  workers,  to  m a n y  
microorganisms  at  a level of abou t  2 mg per  ml. I t s  
effects,  as so far known,  is t h a t  i t  can compe te  wi th  
me th ion ine  for enzyme-b ind ing  sites and  t h e r e b y  inter-  
fere wi th  me th ion ine  metabol i sm.  Regu la to ry  m u t a n t s  
of microorganisms  have  been  ob ta ined  wi th  res is tance  
to  e th ionine  which  overproduce  meth ion ine  2-4. Dur ing  
our  a t t e m p t s  to  isolate e th ionine  res i s t an t  s t ra ins  of 
Candida lipolytica, we observed  t h a t  e th ionine  itself can  
induce mu ta t i ons  in th is  organism to auxo t rophy ,  mor-  
phological  var ia t ion  and  poss ibly  res i s t an t  to the  analogue 
itself. 

Table I. Effect of UV-irradiation on survival and ethionine resistance 
in Candida lipolytica 

UV-dose Survivors Frequency ot ethionine resistant 
(rain) ( % ) strains ( • 10 -4) 

3 days 6 days 

0 100 0 0.178 
2 100 0.355 0.550 
4 6.980 0.822 1.031 
6 0.021 -- -- 
8 0.003 6.950 8.130 

Table II. Effect of ethionine on survival and mutagenesis in Candida 
lipolytica 

Ethionine Survivors Petitecolonies Auxotrophs 
concentration (%) ( X 10 -4) (%) 
(mg/ml) 

E th ion ine  mutagenes i s  in th is  case was  suspected  when  
UV-i r rad ia t ion  was employed  to mutagen ize  the  cul ture  
for isolat ion of e th ion ine- res i s t an t  strains.  T h e  non-  
i r rad ia ted  contro l  samples  of the  cul ture  when p la ted  out  
on e th ionine  began  to  show not  only  the  morphological  
var ia t ions  b u t  also a s ignif icant  n u m b e r  of e th ionine-  
res i s t an t  colonies. The following procedure  was ad o p t ed :  
5 ml  celt suspension of C. lipolytica, conta in ing  a b o u t  105 
ceils per  ml f rom exponen t i a l  g rowth  phase,  was i r rad ia ted  
wi th  U V  of 10 Ergs  per  m m  2 per  sec for different  per iods  
of t ime ranging  f rom zero (control) to  8 rain in open pe t r i  
dishes. Af te r  overn igh t  refr igerat ion,  the  cul tures were 
p la ted  ou t  on ma l t  agar  con ta in ing  10 mg DL-ethionine 
(Koch L igh t  Labs.  Ltd.)  pe r  ml. They  were also separa te ly  
p la t ed  ou t  w i t h o u t  e th ion ine  for viable  count .  All t he  
p la tes  were incuba ted  a t  30 ~ 

The inac t iva t ion  of cells due to  UV and the  corre- 
sponding  e th ion ine- res i s t an t  m u t a n t s  among  the  survivor  
can be discerned f rom d a t a  in Table I. The e th ionine  
p la tes  were observed for colonies and  da t a  are p resen ted  
for observa t ions  made  on the  3rd and  6th days  of incuba-  
t ion.  The control  w i t h o u t  UV-i r radia t ion  showed no 
e th ionine  res i s t an t  colonies on the  3rd day, bu t  on the  
6th day  t h e y  were seen a t  a f r equency  of 0.178 • 10 -4. 
In  the  i r rad ia ted  samples,  e th ionine  res i s tan t  colonies 
were observed on the  3rd d a y  itself, bu t  in all cases a 
s ignif icant  increase in the i r  f requency  was recorded on 
the  6th day.  All the  e th ionine  plates,  b o t h  UV- i r rad ia ted  
and  non- i r rad ia ted  showed  morphological  va r i an t s  of 
wrinkled,  pe t i t e  and  coloured colonies. 

The UV- induced  e th ionine  res is tance  is clearly ev iden t  
b y  i ts  p ropor t iona l i ty  to  UV-dose  (Table I). However ,  
t he  emergence  of e th ionine  res i s t an t  colonies in t he  case 
of non- i r rad ia ted  cont ro l  cul ture  over  prolonged incuba-  
t ion,  as well as the  occurrence of morphological  var ian ts ,  
could no t  be sa t i s fac tor i ly  explained.  I t  was probable  
t h a t  these  m u t a t i o n s  were  caused b y  e thionine  itself a f ter  
prolonged periods of co n t ac t  wi th  the  ceils. 

0 100 0 0 
1 66.6 0.6 0 
2 59.2 4.0 0 
4 48.1 7.0 0 
8 7.4 8.5 1.8 

12 3.7 9.8 1.0 
16 3.7 9.0 2.0 
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