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ABSTRACT 

When Chlorella emersonii, a green alga, 
was cultured in the presence of 20 ppm 
AY-9944, a number of sterols accumu- 
lated which appear to be intermediates of 
sterol biosynthesis in this organism. The 
sterols isolated include 14a-methyl-er- 
gost-8-en-3/3-ol, 14a-methyl 24S-stigmast- 
8-en-3/3-ol, 14or-methyl ergosta-8,24(28)- 
dien-3/3-ol and 40t, 14~-dimethyl 24S-stig- 
mast-8-en-3/3-ol. Smaller quantities of 
several other sterols were found in addi- 
tion to the normally occurring AT-ergos- 
tenol, chondrillasterol and AT-chondrilla- 
stenol. Control cultures were found to 
contain, in addition to the normally 
occurring sterols, smaller quantities of 
most of the sterols isolated from AY- 
9944 inhibited cultures. AY-9944 is a 
specific inhibitor of AT-reductase in cho- 
lesterol biosynthesis in animals. However, 
since C. emersonii terminates sterol bio- 
synthesis one step prior to the AT-reduc- 
tase step, AY-9944 apparently inhibits 
sterol biosynthesis prior to this step in 
this organism. The accumulation of 
14a-methyl sterols in treated cultures 
suggests that AY-9944 is an effective 
inhibitor of the 14cz-methyl removal in C. 
emersonii. 

INTRODUCTION 

The hypocholesterolemic drug trans-l,4-bis- 
(2-chlorobenzylaminomethyl) cyclohexane di- 
hydrochioride (AY-9944) is a well known 
inhibitor of the reduction of 7-dehydrocholes- 
terol to cholesterol in animals (1-3). Recently 
AY-9944 has been shown to be an inhibitor of 
sterol biosynthesis in algae (4,5). However it 
seems certain that rather than being a AT-reduc- 
tase inhibitor, AY-9944 is primarily an inhibi- 
tor of the reduction of the A14 double bond in 
the AsA4 sterol biosynthetic intermediates 
described in these reports. 
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Previous studies in this laboratory involved 
the use of Chlorella ellipsoidea, a green alga 
that normally produces only As sterols. When 
such unpredicted intermediates were obtained 
with this alga, we felt some insight into the 
mechanism of inhibition by AY-9944 might be 
gained if the effect of AY-9944 was determined 
on an organism that does not normally carry 
out the AT-reductase step at all, viz., an alga 
synthesizing only A7 sterols. Chlorella emer- 
sonii is such an organism (6). The effects of 
AY-9944 on sterol synthesis in C. emersonii (if 
any) must therefore be on steps other than 
AT_reductase. 

EXPERIMENTAL PROCEDURES 

Chlorella emersonii var. emersonii, Shihira 
and Krauss, Maryland Culture Collection No. 2 
(Indiana Culture Collection No. 252) was cul- 
tured axenically in 15-1 carboys on basal 
inorganic medium supplemented with 0.5% 
glucose as previously described (5). AY-9944- 
treated cultures were grown in the same way as 
the controls except that at the time of inocula- 
tion AY-9944 was added to give a final concen- 
tration of 20 ppm. Cells grown at this level of 
AY-9944 produced ca. 50% the yield of control 
cultures. Sterols were extracted from freeze- 
dried cells with CHC13/CH3OH 2:1 v/v and 
after saponification were partially purified by 
digitonin precipitation as described by Doyle et 
al. (7). 

Further purification and separation was ac- 
complished using alumina anO AgNO34mpreg- 
nated silica gel and Anasil B column chromatog- 
raphy. Gas liquid chromatography (GLC) was 
carried out with a Glowall Chromalab Model 
A-110 gas chromatograph.  These methods 
have been previously described (4,7). 

RESULTS AND DISCUSSION 

Both quality and quantity of sterols were 
markedly altered when C. emersonii was grown 
in the presence of 20 ppm AY-9944. Total 
sterol extracted from control and treated cul- 
tures was 2.3 mg/g and 1.7 mg/g dry weight, 
respectively. Relative retention times (RRT) of 
sterols from control cultures indicate that the 
major sterols are identical to those described by 
Patterson (6). They are thus identified as 
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TABLE I 

Quantitative Comparison of Sterols from Control and AY-9944-Treated 
Cultures of Chlorella emersonii 

Control 

Sterols % of sample #g/g dry wt 

AY-9944-Treated 

% of sample /~g/g dry wt 

24-Methylene cycloartanol 0.3 6 tr a tr 
24-Dihy droobtusifoliol 0.8 19 0.2 2 
4ct, 14a-Dimethyl 24S- 
Stigmast-8-en-3~-ol 0.4 8 0.3 4 
14a-Methy l-er gost- 8-en- 
3~ol 0.9 22 3.4 57 
14a-Methyl 24S stigmast- 
8-en- 3/3-ol 0.4 8 9.8 165 
14a-Methyl-ergosta- 
8, 24(28)-dien- 3/3-ol 0.8 19 3.6 62 
Obtusifoliol 0.2 5 tr tr 
Cycloeucalenol 0.0 0 tr tr 
A 7-Ergostenol 16.3 390 42.6 720 
a 7-Chondrillastenol 8.6 200 9.8 165 
Chondrillasterol 70.8 1650 29.2 500 
5c~-Ergosta-7,22-dien- 3/3-ol 0.5 12 0.4 7 

Total 100.0 2339 99.3 1682 

atr = trace; indicates less than 1 /~g/g dry wt. 

A7-ergos teno l ,  chondr i l l a s t e ro l  and  AT-chon-  
dr i l las tenol  (Table  I). 

Obvious  qual i ta t ive  and  quan t i t a t i ve  differ- 
ences in  the  ini t ia l  gas c h r o m a t o g r a m s  ( on  
SE-30 co lumns )  of  t r e a t ed  cu l tu res  inc lude  the  
presence  of  five ma jo r  peaks  ins tead  of three ,  
the  presence  of  one  c o m p l e t e l y  new ma jo r  
peak,  a large increase  in the  AT.ergos tenol  peak 
or a c o n c o m m i t e n t  decrease  in the  chondr i l la -  
s terol  peak.  

A l u m i n a  c o l u m n  c h r o m a t o g r a p h y  separa ted  
? . 

the  s terols  i n to  4 , 4 - d l m e t h y l ,  4 - m e t h y l  and  
4 -desme thy l  f rac t ions .  Fo l lowing  convers ion  of 
these  f rac t ions  i n t o  the  aceta tes ,  the  sterols  
were f u r t h e r  separa ted  and  pur i f ied  on  AgNO 3- 
i m p r e g n a t e d  silica gel co lumns .  Sterols  thus  
separa ted  were suf f ic ien t ly  pure  for  an accura te  
d e t e r m i n a t i o n  of  the  R R T  of each  s terol  
ace ta te  on  th ree  GLC sys tems (3% SE-30, 1% 
QF-1,  3% HiEff-SBP) as previous ly  descr ibed  
(5).  

Posit ive i den t i f i c a t i on  of  these  s terols  is 
based  on  compara t i ve  R R T  data  of  free sterols  
and  ace ta tes  w i t h  pub l i shed  values (8)  and  wi th  
a u t h e n t i c  c o m p o u n d s .  I den t i f i c a t i on  was based  
on  the  charac te r i s t i c  m o v e m e n t  of  the  com- 
p o u n d s  on a lumina  and  AgNO3-si l ica gel col- 
umns .  

A quan t i t a t i ve  c o m p a r i s o n  of  c o n t r o l  and  
t r ea ted  s terols  is p r e s e n t e d  in Table  I. A more  
t h o r o u g h  check  of  s terols  f rom con t r o l  cu l tu res  
revealed the  p resence  of  small  a m o u n t s  of m a n y  
of  the  s terols  f o u n d  in the  t r ea t ed  samples .  
Signif icant  quan t i t a t i ve  changes  in s terols  of  the  

t r e a t ed  samples  are as fol lows:  p r o d u c t i o n  of  
the  th ree  ma jo r  s terols  was r educed  f rom 96 to  
82% of  the  to ta l  s te ro l ;  chondr i l l a s t e ro l  was 
r educed  by  the  greates t  a m o u n t  ( 1 6 5 0  to  500  
/~g/g d ry  wt,)  while  AT-ergostenol  near ly  dou-  
b led  ( 3 9 0  to  7 2 0  pg/g dry wt) ;  and  there  were 
large i n c r e a s e s - a s  great  as 2 0 - f o l d - i n  the  
140l-methyl A8 sterols.  

Obvious ly  AY-9944  has a p r o n o u n c e d  ef fec t  
on  s terol  b iosyn thes i s  in  C. emersonii .  Accord-  
ingly AY-9944  mus t  be more  t h a n  a AT-reduc- 
tase i n h i b i t o r  in this  organism.  

The  po in t  or  po in t s  of th i s  i n h i b i t i o n  are n o t  
clear f r o m  the  da ta ;  h o w e v e r  the  fo l lowing  
possibil i t ies are pos tu la t ed .  A l t h o u g h  20  p p m  
of  AY-9944  was requi red  in th is  s t udy  and  only  
5 p p m  of  t r ipa rano l  was used  by  Doyle  et  al. 
(7) ,  the  resul t  of  AY-9944  i n h i b i t i o n  is near ly  
ident ica l  to  t r i pa rano l  i n h i b i t i o n  in C. emer- 
sonii. Cons ider ing  the  re la t ively  large accumula-  
t ion  of  1 4 a - m e t h y l  s terols  (17 .3% of  to t a l  
s terol  in  t r ea t ed  cul tures ,  3.8% in con t ro l  
cul tures) ,  t he  i n h i b i t o r y  act iv i ty  of  A Y - 9 9 4 4  
m ay  be similar  to  t h a t  p o s t u l a t e d  for  t r ipa rano l ,  
i.e., i n h i b i t i o n  of  14a -me thy l  removal .  

The  ra t io  of  n ine  c a r b o n  to  t en  c a r b o n  side 
chains  (0.25 and  1.0, in  c o n t r o l  and  t r ea t ed  
cells, respect ive ly)  is in te res t ing .  This  is due in 
large measure  to  the  great  increase  in A7-ergos- 
tenol .  This c lear ly provides  the  poss ib i l i ty  t h a t  
A Y - 9 9 4 4  may  be i nh ib i t i ng  the  second  alkyla- 
t ion  reac t ion  in the  side chain .  This large 
b u i l d u p  of  AT-ergos tenol  o the rwise  c a n n o t  be 
expla ined.  The  increase  in 2 4 - m e t h y l e n e  corn- 
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p o u n d s  f rom 1.3% of to t a l  s terol  ( c o n t r o l )  to  
3.6% ( A Y - 9 9 4 4 - t r e a t e d )  also suggests t h a t  AY- 
9944  m a y  i nh ib i t  the  s econd  a lky la t ion  reac- 
t ion.  

In  conc lus ion ,  w h e n  these  data  are c o m p a r e d  
w i t h  data  previous ly  r e p o r t e d  (4 ,5)  f rom AY- 
9944 - t r ea t ed  C. ellipoidea, i.e., a large accumu-  
l a t ion  of  As ,  14 s terol  dienes and  lesser a m o u n t s  
of  A8(9 )  m o n o e n e s ,  the  p r imary  sites of  inh ib i -  
t i on  by  AY-9944  in s terol  b iosyn thes i s  of C. 
ellipsoidea are pos tu l a t ed  to be at  s teps 2 or  3 
in the  sequence  s h o w n  be low:  

14a-methylA 8(9)sterols 1.1-1~A 8,14sterol 2 dienes 
A8(9) sterols - - - ~ A  7 sterols 

AY-9944.  Only  at  the  h igher  level are the  
! 4 a - m e t h y l  r emova l  and  the  second  a lky la t ion  
inh ib i t ed .  The  absence  of  any  iden t i f i ab le  
A8(9) ,14  i n t e r m e d i a t e s  in  C. emersonii offers  a 
second  more  exc i t ing  p o s s i b i l i t y - p e r h a p s  C. 
emersonii does n o t  carry  b iosyn thes i s  t h r o u g h  
this  r o u t e  at  all. 
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