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M e t a b o l i s m  in Porifera VI. Role of the 5,6 Double  Bond and the Fate of the C-4 of Cholesterol  During  
the Convers ion  into 3 ~ - H y d r o x y m e t h y l - A - n o r - 5 a - S t e r a n e s  in the Sponge  A x i n e l l a  v e r r u c o s a  
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Summary. During  the  convers ion of cholesterol  into 3 ~ -hydroxymethy l -A-nor -5  e-choles tane  by  the  sponge Axinella 
verrucosa, the  carbon-3 of th is  l a t t e r  or iginate  f rom carbon-4 of cholesterol .  Cholestanol  moreover  does no t  seem an 
in t e rmed ia t e  in th is  conversion.  

The mar ine  sponge Aximl la  verrucosa conta ins  ex- 
clusively s t a n d s  wi th  a 3/~-hydroxymethyl-A-nor-5a-  
choles tane  nucleus (1) car ry ing  conven t iona l  s a tu ra t ed  
and A l~-unsaturated Ca, C9 and  C10 side chains1. I t  has  
been repor ted  t h a t  the  sponge does no t  incorpora te  
ace ta te  into A-nor-s teranes ,  b u t  it  conver t s  readi ly  
[4-14C]-cholesterol into 3/~-hydroxymethyl-A-nor-Se-  
cholestane,  and  in the  r ing con t rac t ion  carbon  4 of the  
cholesterol  nucleus is no t  lost, nor  does it furnish the  3 
~ - h y d r o x y m e t h y l  ca rbon  of the  A-nor-choles tane  ske- 
leton 2. We have  now examined  this  t r ans fo rma t ion  in 
more  detai l  and  we show t h a t  the  label is located at  
pos i t ion 3 of t he  A-nor-choles tane  skeleton.  

T r e a t m e n t  w i th  i sopropenyl  ace ta te  and sulphuric  acid 
of the  nor -ke tones  (part  s t ruc tu re  2; mg 100, specific 
ac t iv i ty  4.31 •  ~ dpm/mg)  mix tu re  der ived  f rom the  
3 f l -hydroxymethy l -A-nor - s te ranes  wi th  specific ac t iv i ty  
4.22 • 104 d p m / m g  recovered f rom the  sponge fed wi th  
[4-1~C]-cholesterol a gave the  enolace ta te  mix tu re  (part  
s t ruc tu re  3, 70 mg;  N M R  singlets  a t  d 2.1, 1.0 and 0.67 
for CHACO-, 10- and 13-CHa's, respect ively) .  This was 
conver ted ,  on ozonolysis a t  -20  ~ to  the  seco-ketoacids  4 
(24 mg af ter  pur i f ica t ion on silica gel co lumn chromato -  
grafy;  no molecular  ions in the  m.s.,  peaks  for M+-H~O 
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Carbon-3 of the A-nor-steranes is derived from the carboI1-4 of 
cholesterol. 

a t  m/e 414, 400 and  386, and base peaks a t  m/e 360, 346 
and 332 or iginat ing by  loss of CH2CH2CO=H and H t rans-  
fer; N M R  singlets in CDC13 at  1.14 and 0.74 for 10- and 
13-CHa's; also charac te r ized  by  m.s. of the  cor responding  
m e t h y l  es ters  (CH~N~}, M+/e 446, 432 and  418 and  base 
peaks  a t  m/e 360,346 and 332). Schmid t  degrada t ion  of 
4 (12 mg), pe r fo rmed  in a s t a n d a r d  m a n n e r  4, gave labelled 
CO2, recovered as BaCO a which  was d i rec t ly  coun ted  in 
the  presence of Packa rd  Cab-O-Sil. The rad ioac t iv i ty  
recovered  in BaCO a accounted  for ca. 60% of the  1~C in 
4. In  the  same reac t ion  condit ions,  4-acet i lbutyr ic  acid 
s imilar ly afforded CO 2 in ca. 60% yield. On the  basis  of 
these  resul ts  i t  is a p p a r e n t  t h a t  the  ring con t rac t ion  in- 
volves t he  fo rmat ion  of ca rbon-ca rbon  l inkage be tween  
C(4) and  C(2) of cholesterol ,  whiie the  carbon-3 furnishs  
the  h y d r o x y m e t h y l  carbon.  

Next ,  expe r imen t s  have  also been per fo rmed  to es tab-  
lish the  role of the  5,6 double bond  of cholesterol  in this  
conversion.  

Axinella verrucosa was fed wi th  a 1:1 mix tu re  of 
[4-14C]-cholesterol and  [7a-aH] -cholestanol,  this  l a t t e r  
p repa red  by  hydrogena t ion  of [7~-aH~ -cholesterol  ac- 
cording to  SMITH and GOAD s. After  240 h incubat ion,  
sterols were recovered f rom the  l ight pe t ro leum ex t r ac t  
of the  lyophil ized t issues and, af ter  addi t ion  of car- 
rier cholesterol ,  were c h r o m a t o g r a p h e d  on silica 6. The 
choles terol -choles tanol  f ract ions were h y d r o g e n a t e d  on 
p la t inum-charcoa l  and  crystal l ized to co n s t an t  specific 
ac t iv i ty  and co n s t an t  al l :  14C rat io (Table), while the  

3H : laC ratios of the 3fl-hydroxymethyl-A-nor-steranes isolated from 
A. verrucosa after administration of [4-1~C]-cholesteroI (3.2 • 106 
dpm/mg) and [7~-aH]-cholestanol (6.65 • 108 dpm/mg) 

aH (dpm) 14C (dpm) 3H/14C 

Administered substrates 7.2 • 10 T 2,8 • 10 ~ 2.54 
Recovered A-nor-steranes 1.65 X 106 1.13 x 106 1.46 
Recovered substrates %54 • 106 3,15 • 106 3.02 

The incubation conditions are given in reference 2; lyophilized ani- 
mals weighted 19.5 g from which 170 mg of reerystallized A-nor- 
stanols mixture were recovered. 100 mg of carrier cholesterol were 
added before chromatographic purification of the crude 'eterol 
mixture. 

Biogenetic conversion of cholesterol into 3/~-hydroxymethyl-A-nor- 
eholestane. 

A-nor -s te ranes  f rac t ion  was processed as repor ted  ill re- 
ference 2 (crystal l ization,  hyd rogena t i on  of the  ~ 22 double 
bond,  chromic  acid ox ida t ion  to the  cor responding  car- 
boxyl ic  acids and  crystal l izat ion) and counted  (Table). 
The 3H: 14C rat io observed  for the  A-nor-s te ranes  was  ca. 
half  of the  rat io ill the  admin i s t e red  subs t r a t e s  and  ac- 
cordingly  the  8H: 1~C rat io for the  recovered unchanged  
subs t r a t e s  was higher.  So it seems a p p a r e n t  t h a t  t he  
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sponge utilizes p re fe rab ly  cholesterol  dur ing the  biosyn-  
thes is  of the  A-nor -s te ranes  and cholestanol ,  a l though  i t  
can act  as precursor  of these  lat ter ,  does no t  seem an 
in t e rmed ia te  in the  convers ion of cholesterol  into 3fi- 
h y d r o x y m e t h y l - A - n o r -  5 ~-cholestane. 
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Summary. During  pos tna t a l  deve lopment ,  MAO ac t iv i ty  in the  thyro id  g land of male ra ts  increases unti l  d a y  16, when  
adul t  values are reached.  

Monoamine  oxidase (MAO, E.C. 1.4.3.4) is a degrada t ing  
enzyme ca ta lyz ing  ox ida t ion  of p r i m a r y  and  secondary  
amines.  MAO has  been found  in var ious  t issues of diffe- 
r en t  an imal  species t. I t  is p resen t  also in the  t hy ro id  
gland 2. The final p roduc t s  of MAO ac t iv i ty  are a ldehyde  
and  hydrogen  peroxide.  H y d r o g e n  peroxide  enzymat i -  
cally genera ted  in the  t hy ro id  under  the  ca ta ly t ic  in- 
f luence of peroxidases  is needed for oxida t ion  of iodide to 
a more  react ive  s ta te  (I+)3. The H202-peroxidase sy s t em 
par t i c ipa tes  also in t he  synthes is  of t hy rox ine  and tr i-  
i odo thyron ine  4. t3AUDHUIN 5 has found t h a t  the  ac t iv i ty  
of MAO in the  thyro id  gland is subs tan t i a l ly  higher  in 
compar ison  wi th  o ther  t issues and localized in b o t h  mi to-  
chondr ia  and  microsomes.  I t  is no t  known whe the r  th is  
enzyme  has a direct  effect  on the  biogenesis of t hy ro id  
hormones .  However  the  significance of MAO in the  
t hy ro id  is suppor t ed  by  the  presence  of ca techolamines  in 
t hy ro id  tissue. 

The a im of the  p resen t  work  was to  s t u d y  the  ac t iv i ty  
of MAO in the  t hy ro id  gland of ra t s  dur ing  pos tna t a l  
deve lopment .  

Materials and methods. Wis ta r  albino male  ra t s  were 
used. The animals  were killed by  decapi ta t ion .  Thyro ids  
were removed,  placed in to  ice-cold 0.25 M sucrose and  
homogenized  in a glass-Conies  homogenizer .  Detai ls  of 
the  assay for MAO have  been descr ibed by  WURTMAN 
and  AXELROD 6. The reac t ion  mix tu re  con ta ined  25 /~1 
(6.25 nmol) of t r y p t a m i n e  C 14 (specific ac t iv i ty  2.7 mCi/ 
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Fig. 1. Cl~-indolacetic acid production during 20 min incubation vs. 
amount of tissue. 

mmol,  Amersham,  England) ,  250 #1 of 0.5 M po tass ium 
p h o s p h a t e  buffer  (pH 7.4) and  var ious  a m o u n t  of t issue 
homogena t e  in a final volume 0.3 ml. The react ion,  carried 
ou t  a t  37 ~ was s topped  af ter  20 min  wi th  2 N HC1 and 
the  rad ioac t ive  p roduc t s  were ex t r ac t ed  in to  10 ml of 
to luene;  4 ml  of to luene ex t rac t s  were measured  for radio- 
ac t iv i ty  in 10 ml  of Bray ' s  solut ion by  a Packa rd  scintil- 
la t ion counter .  The ac t iv i ty  of MAO during ontogenesis  
was assayed in 0.5 mg samples  in t r ip l ica tes  and  two 
series of expe r imen t s  were performed~.  

Results. Figure 1 shows the  effect  of va ry ing  concen- 
t r a t ions  of t hy ro id  t issue upon  the  ra te  of C14-indolacetic 
acid format ion .  The a m o u n t  of acid was p ropor t iona l  to 
concen t ra t ion  in the  range be tween  0.1 and 1 mg. The 
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Fig. 2. MAO activity during development ill 0.5 mg thyroid incu- 
bated for 20 rain. Means of 10 values ~ SE (results of experiments 
1 and 2 were pooled). 
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