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Flavonoids of Arctostaphylos uva-ursi (Ericaceae) 

The  genus  Arctostaphylos (Ericaceae)  con t a in s  25 
species, t h e  m a j o r i t y  of wh ich  are  r e s t r i c t ed  in d i s t r i b u t i o n  
to W e s t e r n  N o r t h  Amer ica .  Arctostaphylos uva-ursi (L.) 
Spreng,  (bearber ry)  is wide ly  d i s t r i b u t e d  in N o r t h  
America ,  especia l ly  Canada ,  a n d  ha s  been  shown  to  be  of 
two cyto logica l ly  a n d  morpho log ica l ly  d i s t ingu i shab le  
var ie t ies  (var. adenotricha Fern .  and  Macbr .  2 n = 26 and  
va t .  coactilis Fern.  a n d  Macbr .  2 n = 52). 1, 2 d .  uva-ursi 
oar.  adenotricha would  a p p e a r  to  be  r e s t r i c t ed  in i ts  
d i s t r i b u t i o n  to N o r t h  America ,  whereas  va t .  coactilis is 
also found  in E u r o p e  a n d  As ia l -a .  

R e c e n t  s tud ies  h a v e  d e m o n s t r a t e d  t h a t  a t h i r d  v a r i e t y  
of A.  uva-ursi is r e s t r i c t ed  in i ts  d i s t r i b u t i o n  to e l eva ted  
regions of t h e  C a n a d i a n  Rockies  a n d  Alaska  2. This  
v a r i e t y  has  t he  same  c h r o m o s o m e  n u m b e r  as var .  
coactilis b u t  is morpho log ica l ly  d is t inc t ,  a n d  is referred to  
in th i s  p a p e r  as ' s t i p i t a t e ' .  

As p a r t  of a c o n t i n u i n g  s t u d y  of th i s  species complex,  
50 samples  of b o t h  oars.  adenotricha and  coactilis, as well  
as 6 samples  of t he  r a r e r  ' s t i p i t a t e '  fo rm were assayed  for  
f lavonoids .  

F r e s h  leaves  of each  v a r i e t y  of Arctostaphylos uva-ursi 
were e x t r a c t e d  w i t h  80% e thanol .  Excess ive  ch lo rophy l l  
was  r e m o v e d  w i t h  mu l t ip l e  a l iquo ts  of pe t ro l -e ther .  Two- 
d i m e n s i o n a l  p a p e r  c h r o m a t o g r a p h y  of hyd ro lyzed  a n d  
n o n - h y d r o l y z e d  e x t r a c t s  showed  a t o t a l  of e leven  fla- 
vonoids .  The  m a j o r  ag lycone  p r e s en t  was que rce t i n  a n d  
t he  m i n o r  ag lycone  myr ice t in .  S t a n d a r d  m e t h o d s  were 
used to e s t ab l i sh  f l avono id  ident i t ies4 ,  5 (UV, Rf 's ,  

f luorescence,  s p e c t r o p h o t o m e t r y  and  d i rec t  compar i son  
w i th  k n o w n  s t anda rds ) .  

F ive  que rce t in  monoglycos ides  were iden t i f i ed  a f te r  
pu r i f i ca t ion  a n d  hydro lys i s  (Table) and  2 m y r i c e t i n  
monoglycos ides  as well  as 2 que rce t in  diglycosides.  I t  is 
of i n t e r e s t  to  no te  t h a t  all  t h e  f l avonoids  encoun t e r ed  are 
f lavonols  showing  a s o m e w h a t  p r i m i t i v e  b iochemica l  
profi le  ~. The  absence  of ce r t a in  I l avonoids  in  t he  s t i p i t a t e  
form (myr ice t in  3-0  a rab inos ide ,  que rce t in  3-0  a r ab ino -  
side and  que rce t in  7-0 glucoside) m a y  well  ind ica te  a 
phy logene t i c  di f ference be tween  t h e  l a t t e r  and  i ts  more  
c o m m o n l y  d i s t r i b u t e d  re la t ives .  

The  res t r i c ted  p h y t o g e o g r a p h i c  d i s t r i b u t i o n  of t he  
' s t i p i t a t e '  fo rm especial ly  i ts  occurrence  in  suspec ted  
glacial  refugia  of t he  R o c k y  M o u n t a i n s  and  Alaska  ~, h a s  
led t he  a u t h o r  to  suspec t  t h a t  b iochemica l  markers ,  such  
as f lavonoids ,  m i g h t  be of va lue  in e s t ab l i sh ing  p l a n t  
refugia l  boundar ies .  Such  s tudies  are a t  p r e s e n t  u n d e r  
way.  

Rdsumd. Darts t ro is  var i6 t6s  d'Arclostaphylos uva-ursi, 
j ' a i  t r o u v 6  les f l avano ides  s u i v a n t s :  a rabinos ide-3 ,  
glucoside-3, galactoside-3,  diglucoside-3,  ru t inoside-3,  
rhamnos ide-3 ,  g lucos ide-7-querce t ine  a n d  arabinos ide-3 ,  
g lucos ide-3-myr ice t ine .  J ' a i  d4du i t  une  corr61ation en t re  
la d i s t r i b u t i o n  l imi t6e  de ce r ta ins  d ' e n t r e  ces I lavonoides  
e t  les localit6s, en  Am6r ique  du  Nord  qui  on t  4chapp6 a 
la g lacia t ion.  

K. E. DXNFORD s 

Distribution of flavonoids ill Arctostaphylos uva-ursi 

Varieties 

adenotricha coactilis stipitate 

Myricetin + + + 
M 3-0 arabinoside + + -- 
M 3-0 glucoside + + + 
Quercetin + + + 
Q 3-0 galactoside + + + 
Q 3-0 glucoside + + + 
Q 3-0 rhamnoside + + + 
Q 3-0 arabinoside + + -- 
Q 3-0 diglucoside + + + 
Q 3-0 rhamnoglucoside + -c + 
Q 7-0 glueoside + + -- 
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The Role of Glycine in the Biosynthesis of Steroids1 

W e  h a v e  p rev ious ly  r epo r t ed  I t h a t  [2-14C~ glycine,  
[3-1~C] serine, [S-methyl-14C] me th ion ine ,  [14CJ f o r m a t e  
and  o t h e r  p rogen i to r s  of ' one -ca rbon  un i t s '  can  ac t  as effi- 
c i en t  s u b s t r a t e s  for  t h e  fungus  Cochiobolus miyabeanus to  
p roduce  r ad ioac t ive  oph iobo l in  B - a s e s t e r t e rpene  wh ich  
can  be  der ived  f rom meva lon ic  acid. In t e re s t ing ly ,  [1-14C] 
glycine led to poor  i nco rpo ra t i on  of r a d i o a c t i v i t y  ind ica t -  
ing t h a t  d e a m i n a t i o n  of g lycine  to acet ic  acid d id  no t  occur  
to  a n y  apprec iab le  ex ten t .  W e  be l ieve  t h a t  [3-14C~ p y r u v i c  
acid or e q u i v a l e n t  is a n  i n t e r m e d i a t e  in  t he  b i o s y n t h e t i c  
pathway I. 

VVe report in the Table our observations on the bio- 
synthesis of isoprenoids by Saccharomyces cerevisiae ~ in 
presence of labeled amino acids. Since the side chain of 

ergosterol  carr ies  an  ' e x t r a '  m e t h y l  g roup  k n o w n  to  be  
der ived  f rom one c a r b o n  donors  such  as me th ion ine ,  i t  is 
essent ia l  to  d i scoun t  t h e  r a d i o a c t i v i t y  car r ied  b y  th i s  
m e t h y l  g roup  in e v a l u a t i n g  t he  i n c o r p o r a t i o n  of rad ioac-  
t i v i t y .  Ergos te ro l  f rom yeas t  pur i f ied  b y  p r e p a r a t i v e  TLC 
was sub jec t ed  to  slow ox ida t i on  w i t h  c o n c e n t r a t e d  n i t r ic  
acid;  an  a r o m a t i c  a c i d - l - m e t h y l - 2 , 3 , 5 , 6 - t e t r a c a r b o x y -  

a) Studies on Biosynthesis. Part VI. For Part V, see A. K. BosE, 
K. S. I~HANCHANDANI and B. L. HnNGUND, Experientia, 27, 1403 
(1971). b) Presented at the 164th National Meeting of the American 
Chemical Society, New York, August, 1.972. 
H.- P. KLSlN, N. R. EATOS and J. C. MURFt~Y, Biochim. biophys. 
Aeta 13, 591 (i954). 
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Isoprenoid biosynthesis by Sc~ccharomyces cerevisiae 2 

Specialia EXPERIENTIA 29/8 

Substrate added Spec. act. of amino acid, Spec. act. of metabolite, Incorporation of Overall isotope 
(dpm/mM: I~) (dpm/mM: I~) 1~C (%) dilution s I~/I~ 

[2-1~C] glycine (30 ~zC, 10 mE) 499 • 106 ergosterol (as digitonide) : 0.05 2000 
260 • l0 s 
squalene (as hexahydrochlo- 0.04 2500 
ride) : 200 x 108 
saponifiable fraction : 
955 epm/mg 

DL-[3-1~C] serine (40 txC) + 936 x 10 ~ ergosterol (as digitonide) : 
260 X 10 a 0.02 4500 

L-serine (10 mE) squalene (as hexahydro- 
chloride) : 250 X 103 0.02 3700 

L1-14C] glycine (40 v.C, 10 rag) 667 • l0 s no appreciable counts in 
ergosterol or squalene; 
saponifiable fraction: 
590 cpm/mg 

benzene- was obta ined which is known 3 to be der ived f rom 
the  carbons of the  A, B, and C rings of ergosterol.  I n  one 
b iosynthet ic  exper iment  ~ using [2-14CJ glycine (spec. act., 
166 • 106 dpm/mM), ergosterol (spec. act., 129 • 10 ~ d p m /  
mM, sp. incorporat ion 3.5%) was degraded to th is  acid 
(spec. act.  268 • 102 dpm/mM) .  In  v iew of the  known effi- 
ciency of the  methy lene  carbon of glycine for me thy l  trans-  
fer in b iosynthet ic  reactions,  i t  is no t  surprising tha t  most  
of the  r ad ioac t iv i ty  of ergosterol was accounted for by  the  
' ex t ra  m e t h y l  group' .  W h a t  is s ignif icant  is t ha t  the  acid 
possessed appreciable r ad ioac t iv i ty  demons t ra t ing  there-  
by t h a t  C-2 of glycine was being used eff icient ly enough in 
isoprenoid synthesis  in spite of compet i t ion  wi th  side- 
chain methyla t ion .  [1-1~C~ glycine conferred l i t t le  react-  
i v i ty  on ergosterol a l though the  f a t ty  acid f ract ion was 
labeled near ly  as eff icient ly by  this  substrate  as by  [2-x4C] 
glycine. 

I n  subsequent  exper iments  w i th  yeas t  an  even more  
direct  l ink be tween  glycine and steroid biosynthesis  was 
found. Squalene, the  established precursor  of m a n y  steroids, 
could be isolated f rom the  metabol i tes  produced by  S. 
cerevisiae. Purif ied th rough  the  crystal l ine hexahydro-  
chloride, this metabol i te  showed substant ia l  r ad ioac t iv i ty  
(spec. act., 460 X 108 d p m / m M )  in an exper iment  w i t h  
[2-14C~ glycine. I n  contrast ,  when [1-14C] glycine was used 
ve ry  l i t t le  ac t iv i ty  was present  in the  ergosterol  or the  
squalene produced;  the  saponif iable fraction,  however,  
was appreciably  rad ioac t ive  (see Table). 

I n  another  series of exper iments  ra t  l iver  homogena te  
prepara t ions  5 were incubated  wi th  var ious  ~C-labeled 
substrates;  cholesterol  f rom these exper iments  was found 
to be radioact ive.  I n  case of glycine, the  methy lene  carbon 
was incorpora ted  near ly  10 t imes  more eff iciently than  the  
carboxy carbon;  [3-14C~ serine also was found to label  
cholesterol  eff iciently 6. 

I n  view of our observat ions  repor ted  here on fungi, yeas t  
and ra t  l iver  preparat ions,  i t  is ev iden t  t h a t  biosynthesis  
of steroids and terpenoids  f rom amino acids tha t  can pro- 
duce 'one carbon uni ts '  is a general  phenomenon.  I t  is 

therefore  i m p o r t a n t  to s tudy  the  role of amino acids f rom 
the  prote in  pa r t  of d ie t  in the  format ion  of cholesterol  in- 
dependent  of the  cont r ibut ion  f rom fats and carbohydrates .  
Current ly  cholesterol is considered to be s t rongly impli-  
cated in atherosclerosis and hear t  diseases. The  recent  re- 
por t  by  CAsPI et  al. ~ t h a t  in v ivo  incorpora t ion  of the  S- 
me thy l  carbon of meth ion ine  into cholesterol  takes  place 
in normal  and tumorous  rats  is fur ther  evidence for the  
h i ther to  unrecognized pa thways  f rom amino acids to iso- 
prenoids.  

Zusammen/assung. W~Lhrend der Biosynthese  yon Cho- 
lesterol mi t  homogenis ier ter  Ra t t en lebe r  wird E2-1~C] des 
Glycins viel  besser e ingebaut  als [1-1~C]. Saccharomyces 
cerevisiae produzier t  radioakt ives  Squalen (ausser Ergos-  
terol  mi t  Rad ioak t iv i t~ t  des RingsysLems) mi t  E2-~4C] 
Glycin und mi t  [3-t4C] Serin, aber n icht  mi t  [1-1aC; Glycin. 
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Occurrence of N-Imidazolepropionylhis tamine  in the Soft Tissues  of the Philippine 
Gastropod Drupa concatenata Lam. 

The only N-acyla ted  h is tamine  der iva t ive  so far found This  communica t ion  describes the  occurrence of large 
in the  l iv ing organism is N-ace ty lh i s tamine  which has amounts  of N- imidazolepropionylh is tamine  in me thano l  
been t raced in the  ur ine of several  mammals ,  and in some ext rac ts  o f . t h e  to ta l  soft tissues of Drupa concatenata 
tissues, including nervous  t issue 1-5. Lain.,  a gastropod of the  Phil ippines.  


