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SUMMARY : Microsomes isolated from corn embryos (Zee mayo) were shown to 
catalyse the 0-4 monodemethylation of 28-[~H],24-methylene cycloartanol [. 
leading to the corresponding 4~-methyl sterol, cycloeuca[enol 5. ~n enzymatic 
assay has been developed for the 4,4-dimethgl sterol 4-demethy[ase in higher 
plants. The demethglation process ~as sho~n to involve a 4-methyl, 
4-hydroxymethyl derivative 2 ~h[ch can be considered as the immediate 
metabolite of ! by the 4-methyl o×idase. Compound 2 is further metabolized 
into 5 through a 4-methgl-4-carboxy1[c acid 3 and a 3-keto-4~-methyl 
intermediate 4 ~hich ~ere identified. The conversion of I into 5 requires 
MADPH and molecular oxygen. The initial oxidative step ~as strictly dependent 
~pon molecular oxygen, MADPH or MADH, and strongly inhibited by cyanide, 
~hereas the overall process uas completely insensitive to CO and to specific 
[nhibitors of cytochrome P-450. It is concluded that in Zea ma:is microsomes, 
the C-4 demethylation of I results from a mull[step process invol,oing a 
terminal oxygenation system sensitive to cyanide which is distinct from 
cgtochrome P-450 and in particular from that involved in the 
14~-demethylation of obt~sifoliol. ©1990AcedemicPress, Inc. 

Biosgnthes[s of cho les tero l  in mammals and ergostero l  in fungi 

involves the ox ida t i ve  removal of  three methyl groups from lanostero l  : the 

14~-methyl is f i r s t  removed and is fol lowed by t~o successive demethy[ations 

of both C-30 and C-31 methyl groups of the 4,4-dimethyl  precursor Ci ,2).  In 

contrast ,  resu l ts  from biosynthesis studies in higher plants ind icate that  

the f i r s t  methgl to be removed during the conversion of cyc loar tenol  to 

phytostero ls  is located at the C4-posi t ion (3 ,4) .  The 14~-methyl oroup is 

QBBREVIQTIOMS 

8C : gas chromatography ; TLO : thin layer chromatography ; 8C-MS : gas 

chromatography-mass spectrometry ; l~o : concentrat ion producing 50% 

i n h i b i t i o n .  

24-methylene-eycloartanol  ~ : 4.4,14~-trimethyt~5~-ergosta-gB,19-cyelo-24C28)- 

en-SB-ol ; cycloeucalenol 5 : 4a,14~-d[methyl-5~-ergosta-gB,19-cyclo-24(28)-  

en-38-ol ; obtusifoliol : 4~.14~-dimethyl-S~-er~osta-8,24<28)-dien-3B-ol ; 

24-methylene [ophenol : 4~-methyl-5~-ergosta-?,24(28)-dien-38-ol. 
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l o s t  n e x t ,  a t  the o b t u s i f o l i o l  l e v e l  (5),  a f t e r  c [eauage of  the 

9B,19-cgclopropane r ing of cycloeucalenol 5 ,  In addit ion, res~lts from these 

studies suggest that ~4-methglene tophenot [s the most probable s~bstrate of 

the second 0-4 methyl group elimination (4 ) .  

In this i n i t i a l  r e p o r t ,  we d e s c r i b e  for the f i r s t  t ime a microsomaI 

p r e p a r a t i o n  i s o l a t e d  from a h i g h e r  p l a n t  which c o n t a i n s  a c g a n i d e - s e n s i t i v e  

enzgme and [s f ~ n c t i o n a i  [n the o x [ d a t i u e  conuers ion  of 24-meth~[ene 

c y c l o a r t a n o l  1 to c g c l o e u c a t e n o [  S. In a d d i t i o n ,  we r e p o r t  the success fu l  

isolation bg manipulating cofactors, of three intermediates in the 

demethglation p r o c e s s .  

M~TERI~LS ~MD METHODS 

~ u t h e n t i c  m a t e r i a l s  : C g c l o a r t e n o l  was i s o l a t e d  from Ind ian  op[~m marc 
as d e s c r i b e d  p r e u i o u s t g  (13) (mp=99-100°C, MeOH). C g c l o e u c a l e n o l  5 was 
extracted from t a l l o w  wood (Eucalyptu~ myc~ocoz~) k i n d l y  p r o v i d e d  by P r o f .  
R.A. Massy Westropp [~delaIde, ~ustralia) (mp=139-t40°C, MeOH). Cgc[oedcale- 
none 4 was sgnthesized as described preuiously (7) (mp=81-g3°C, MeOH). 
M[(l,5,9)-tr[methyl-decul]-4~.lO-dimethy[-8-aza-trans-decal-Sg-ol 6 was 
synthesized as prev[ouslg described (149. 

24-methylene c~cioartano[ [. This compound was synthetized starting 
from cycloarteno[ [.to be reported) ; (mp=120-12£°0, MeOH); >98% 8C p~ritg). 
~]i control data, IR, MS, *H-MMR are in full agreement with the structure o£ 1 
and literature data, 

dg-[SH]-24-methg[ene c~c[oa£tanol : This compound was prepared bg 
enzgmatic methglation of cgc[oarheno[ in the presence of [methgl-~H]-~dome[ 
(~OO uCl/uMoie) (~mersham~ and purified as described before tlt). The resulting 
28-[~H]-24-methglene cgcloactanol was dilL[ted with cold material to a specific 
radioactiuitg of 1.0 UC£/NMole. It showed a single peak in GC and a single 
radioactiue band on TLC. 

4 , 4 - d i m e t h ~ [  4 7 d e m e t h ~ l a s e  a s s a  9 : M i c r o s o m e s  (pH 7 , 6 )  w e r e  p r e p a r e d  
f~om m a i z e  s e e d l i n g s  a s  d e s c r i b e d  p r e ~ i o u ~ l g  ( 5 ) .  In  t h e  s t a n d a r d  p r o c e d ~ F e  t h e  
microsomes t0 .75  m[ : 4 mg p r o t e i n )  were i ncuba ted  a e r o b i c a l l g  in the presence 
of 24-methgtene c y c l e a r t a n o l  ClO0 pM), e m u l s i f i e d  w i t h  Tween 80 ( f i n a l  
c o n c e n t r a t i o n  [ g / t ) ,  1 mM MADPH, 1 u n i t  g t u c o s e - 6 - p h o s p h a t e  dehgdrogenase,  tO 
mM g l u c o s e - 6 - p h o s p h a t e  and o the r  a d d i t i o n s  as i n d i c a t e d  in t a b l e s  and f i g u r e s .  
Unless o the rw i se  s p e c i f i e d ,  the r e a c t i o n  m i× tu re  c o n t a i n e d  0 ,2  pM 
M - [ ( i . 5 , 9 ) - t r i m e t h g l - d e c g i ] - 4 ~ - i O - d i m e t h g t - 8 - a z a - t r a n s - d e c a l - 3 B - o l  6 to 
e l i m i n a t e  coneom£tant m e t a b o l i z a t i o n  of c g c l o e u c a t e n o l  5 bg c y c i o e u c a i e n o i -  
o b t ~ s i f o l i o [  isomerase and subsequent s t e r o l  m e t a b o l i z i n g  enzymes p resen t  in 
o~r system k7) .  I n c u b a t i o n s  were con t i nued  a e r o b i c a l l y  a t  SO°C w i t h  g e n t l e  
s t i r r f n ~  f o r  4 h, d u r i n g  which the r e a c t i o n  proceeded l i n e a r l y .  

assa~ w i t h  t r i t , , , l a ted  s ~ b s t r a t e  i : T r i t i a t e d  [ ( 0 .15  uOi, I00 uM) was 
i ncuba ted  w i t h  the a f o r e m e n t i o n e d  c o n d i t i o n s  and s t e r o l s  were e x t r a c t e d  as 
d e s c r i b e d  p r e u i o ~ s t g  ( 5 ) .  The r e s i d u e  was ana igzed  bg TLC on s i l i c a  ~e[ ~s ing  
CH~Ct~ as so luen t  £two m i o r a t i o n s ) ,  The 3 - k e t o  d e r b o a t i u e  4 (band e) (Rf = 
0.553 was sepa ra ted  from 4 , 4 - d l m e t h g l  s t e r o t s  (band d) (Rf = 0 . 4 4 ) ,  4~-methgt  
s t e c o l s  (band c) (R£ = 0 , 3 7 ) ,  4 -demethy l  s t e r o t s  (band b) kRf = 0 .26)  and from 
the mixture of the 4-hydro×gmethgl 2 and 4-carboxgtlc derivatiue 3 when present 
(band a) (Rf = 0 , 0 2 - 0 . 0 8 )  (F ig .  1; ~ ,B ) .  These f l u e  f r a c t i o n s  were e t u t e d  
separatelg and the associated rad ioact lu i tg  determined. The overall conuerslon 
r a t i o  was c a l c u l a t e d  from r a d i o a c t i v i t y  a s s o c i a t e d  w i t h  r e m a i n i n g  s ~ b s t r a t e  
£band d) and with the products formed (bands a,b,c and e) ; for standard 
incubation times (4 h), a ueFy low amount of radioactluitg was associated with 
band b attesting the blockade by 6 of the metabo[izat[on of 5. The rate of 
24-methglene cgcloartanol demethylation act[u[tg ~as calculated from the amount 
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of ~ added and the conversion ratio. Compounds present in each of the three 
aforementioned bands d,e and c were identified by i) com[gration with 
a~thentic standards on TLO, ii) tR relative to cholesterol and coinjection 
with authentic standards in 80 (Or1?, ~OOT 25mx0.25 mm), [i[) 8C-MS anaI~sis 
(LKB 900OF, 70 eV) and comparison with MS of authentic standards. 

8ssa~ with ~.nlabelled substrate I : In the case of incubations under 
conditions where both compounds 2 and 9 (band a) and demethgl sterol 
metabolites (band b) were not detectable or negligible, a routine assay was 
performed using unlabelled I. In that case the aforementioned bands e,d and c 
were eluted together and the mixture of substrate and products analyzed by 80 
using a silica-fused capillary column (~COT, 25 m × 0.25 mm) coated with OV 17, 
(230°C to 280°C), (2~O/min) ~slng hydrogen as carrier gas. 24-methylene 
cycloartanol ! (t~ = 1.428), its demethylation metabolites cycloeucalenone 
(LR = 1.340) and cycloeucaleno[ 5 (tR = 1.284) ~ere clearly separated on this 
column (Fig. 1; C,D). The overall conversion ratio was calculated from the 
areas of the peaks of compounds i, ~ and 5 and corrected from the value 
obtained in the boiled assay (<0.05 for a concentration of I = i00 ~H). The 
overall 4-demethylase activity was deduced from this conversion ratio and the 
amount of substrate added. 

I d e n t i f i c a t i o n  of metabol i tes 2 and 3 : Experiments d i rec ted £o the 
accumulation of 4 hydroxymethgl- 2 and 4-carboxgllc acid intermediate 3 ~ere 
car r ied  out wi th the 100000 x g supernatant r esu l t i ng  from cen t r i f uga t i on  of 
microsomes (30 m[) t rea ted  wi th  a mixture of sodium cholate and Emulphogen ( to  
be published elsewhere). This s o l u b i l i z e d  f r ac t i on  (30 ml) was s t r i c t l y  
depleted from endogenous HAD + and HRDP + by preincubat ion (15 min., 30°09 in the 
presence of the HRDH and HRDPH generat ing systems. I t  was incubated in the 
presence of i ( I00 ~M ; 4 ~Ci) wi th the standard procedure used fo r  the 
microsomal preparat ion wi th the three fo l low ing  modi f icat ions : 1) a 10 ~H 
concentrat ion of HRDPH was used instead of i mM, [ i )  the reac t ion  was stopped 
by adding i ml methanol and i i i )  the pH was adjusted to pH 3 before ex t rac t i on  
wi th d i e t h y l - e t h e r .  Band a (Rf = 0.02-0.08) (1,1 ~Oi) was e luted and t rea ted 
wi th 200 ~l of a fresh so lu t ion  of dlazomethane (OH~H~, 0.15 H in e ther ) ,  f o r  2 
h at O°C. Fol lowing evaporat ion to dryness of tHeM ~ and EteO, the residue was 
acetg la ted using a i / I  mixture of ace t ic  anhydride and pgr id ine  under standard 
condi t ions.  The reac t ion  mi×t~re was chromatographied ($[0~, hexane/RcoEt E/4) 
leading to a rad ioac t i ve  band (Rf = 0.75) (0.9 ~Ci) which was e lu ted.  8C-HS 
analys is  of th i s  f r ac t i on  shoved only 2 components in a I to 2 r a t i o  which were 
respectively identified as 4,14~-dimethyl-4acetoxymethyl-5~-ergosta-Y8,1~ 
-cgclo-24(28)-en-3B-gl-acetate ? and 4,14~-dimethg-4carbometho×y-5~-ergosta 
-Y8,19-cyclo-24(28)-en-3B-yI acetate 8 (Table £), 

RESULTS 

24-methylene. cyc loar tano l  C4-monodemethwlase : 

i d e n t i f i c a t i o n  of 24-methylene c~cloartanol  metabol i tes 

assay condi t ions and 

The u b i q u i t o a s  presence of  c y c l o e u c a l e n o l  5 in h i g h e r  p l a n t s  and the 

observation that cgcloartenol is from afar the best substrate of 

Rdomet-A~-sterol C24-methyltransferase in higher plants (B) led us to consider 

24-methylene cgcloartanol ! as the most probable physiological substrate of the 

f i r s t  04 demethylat ion in these organisms. Incubation of i wi th microsomes from 

Zea m ~  in the presence of HRDPH, a HRDPH regenerat ing system, molecular 

oxygen, and 0.2 pH of 8 a potent i n h i b i t o r  of cgc loeuca leno l -ob tus i foL io l  

isomerase (?) ,  al lowed i d e n t i f i c a t i o n  of a 4-monomethyl s te ro l  metabo l i te ,  

cgcloeucalenol 5, demonstrating that  condi t ions have been obtained to study 
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removal of ene o£ the 4-methyI g r o u p  of ~. Under these condi t ions the use o£ 

radiolabetled ~ allowed preparative resolution of the rema[n[n~ s~bstrate ~, 

cycloeucaIenol 5 and another metabolite produced in low amount which could be 

identified as cyctoeucalenone 4 (see Materials and Methods) (Table i, Fig. t). 

In the case of incubation in absence of 6 the overall conversion of 1 was 

similar, but product 5 was further metabolized into obtusi£olioi, 32-NOR- 

obtusifol[oi, 24-methylene lophenol and 4-demethyl sterols by the microsomes 

(Datas not shown). In order to attempt to accumulate any possible intermediate 

metabo[ites and to assess precisely the requirements of the demethylase system, 

we manipulated the cofactors composition and conditions of  the i n c u b a t i o n .  The 

results of such modifications on the nature and amount of metabolites produced, 

and on the overatI demethylation Fate are described in Table 2. In the presence 

of its regeneratins system, MRDPH was shown to be abte to sustain the overall 

demethylation process. In contrast, absence of MRDPH regenerating system as 

welt as elimination of NADPH and s~bstit~tion by HADH as electron donor, led to 

the accumulation of the 3-keto, 4~-monomethyl derivative, cycloeucalenone 5, at 

the expense of 5, without reduction of the overal[ demethylation rate o£ I ,  In 

addition, results from Table 2 indicate that endogenous pyridine nucleotides, 

after complete reduction by their regenerat[ns systems, are sufficient to 

sustain the demethylation Process. However, under these conditions, the 

reduction of d was stronsly decreased. In order to strictly el[m[nate any 

Table 1 . SO-MS R analysis o£ s~bstrate and metabol[tes by the 04 demethylase system 

Component t ,  re la t ive 
_to c h o l e s t e r o l  in 

OV 17 OV 1 

Molecular ion Prominent frasment ion 
percent relative abundance 

mle (~) 

24-methyLene 1.428 1,389 440(45) 425(58) 422(94) 407<100) 
c y c t o a r t a n o l  i 379(43) 357(6) 353(24) 

300(?0) 285C20) 

4-methy l ,  4 acetoxymethyt  2.437 1,943 540(10) 525(11) 480(18) 466(9) 
3B-acetate derivative Z 465(11) 420(44) 407(11) 

405(13) 300(25) 

4 -methy l ,  4 carbomethoxy, 2.286 1.833 526(24) 511(6) 467(49) 466(100) 
3B-aceta te  d e r i v a t i v e  8 451(26) 407(9) 401(5) 

341(30) 300(24) 

cyctoeucalenone 4 1.340 1.294 424(100) 409(43) 381(38) 341(36) 
326(74) 300(32) 299(74) 
297(21) 285(13) 

cyc toeuca leno l  5 1.284 1.285 426(31) 411(,50) 408(100) 393(83) 
3 4 3 ( 3 )  3 0 1 ( 2 5 )  3 0 0 ( 4 1 )  
285(41) 283(20) 

) 7o  eV 
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5 

b c d e 
Origin 

Radiochemica[- (R,B) and 8as chromatographic 

25 30 35 
Retention time (min) 

assa 9 (C,D) o f  24__~ 
methyiene cycloartanol-4-demethyiase. 
Tr i t ia ted [ (0.15 pOi, i00 uM) ~as incubated in the standard assay 
conditions (see Materials and Methods), 0.75 ml o~ microsomes, 4 mg 
of  protein. 
R,B : Radiochromatogram scan of T.L.C. plate showing production of 
cgcloeucalenol 5, cycloeucalenone 4, 4 methgl, 4-hgdroxgmethgl- 
plus 4-methgl and 4-carbo×glic acid intermediate 3 from tritiated !. 
UnlabeIled standards : b) sitosterol ; c) cgcloe~ca[enoi ; d) 
24-methglene cycloartanoI ; e) cgcloeucalenone, A : boiled 
microsomes ; B : 4 hr. incubation in the presence of ? (0.2 ~M), The 
oueral[ amount of  radioactiultg recoueFed was 70~ ; O.D : 
corresponding gas chromatogram (OVI7 col~mn) of the pooled fractions 
migrating as c, d, and e. 0 : boiled microsomes ; D : 4 hr. 
incubation in the presence of B (0.2 pM). 

traces of oxidized pgridine nucleotides the q-methyl demethglase complex ~as 

solubilized from the microsomes bg mean of detergent~ Incubation of the I00000 

g s ~ p e r n a t a n t  [n  t h e  p r e s e n c e  o f  b o t h  ~ D H  a ~ d  M~DPH g e n e r a t i n g  ~ g s t e m s ,  ~nd o f  

a l i m i t i n g  concentrat ion of M~DPH ( i0  pM), led to the accumulation of two other" 

intermediates which after derivatizat[on were identified as the 

4-hgdro×gmethgl- ~ and t h e  4-carbo×glic acid der[ua£iues 3 .  ( s e e  Materials and 

Methods). In addition data from Table 2 show that the initial step of the 

C4-demethgiation process ~as fuiig dependent upon molecular oxggen since none 

labelled metabo[ite could be detected in anaerobic conditions. F[naltg, this 

initial oxidative step was shown to be s~sta[ned by the presence of either 

MRDPH or MRDH. 

Effects of i n h i b i t o r s  on the enzgmic demeth~.lation sgste__mm 

In  o r d e r  t o  g e t  m o r e  i n s i g h t  a b o ~ t  t h e  n a t u r e  o f  t h e  e n z y m a t i c  s g s t e m  

[nuolued in the demethglation process, the 4-demethglase was challenged with a 
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Table 2 • Influence of cofactors on 24 methglene-cgcioartanol-4 methgl demethglase actiuitg and 

repartition of metabo[ites 

ncubat[on content ~ Percent metabol izat ion of tritiated 1 in 

4-methyi,4-bgdroxgmethg[ cyclo- cycle- Overall relat[ue 

derivative 2, 4-methg[, eucalenone 4 eucaleno[ B 5 demethgiation 
4-earboxg[ic acid 3 Pate 

crosomes + a i r  + 1 mM NADPH + PSI 3 ° 

~iled microsomes + air + I mM MADPH + PSI 0 

crosomes + a i r  + 1 mM NADH + I mM NADPH ? 
PSI + RS2 

crosomes + Argon + 1 mM HADPH + PSI + RS2 0 
8Lu + 8Lu 1 - o x [ d a s e  

crosomes + a i r  4 

crosomes + a i r  + PSI 3 

crosomes + air + RS2 3 

crosomes + a i r  + RS1 + RS2 5 

.crosomes + air + 1 m~ MADH + £S~ 4 

Lcrosomes + aiF + i mM MRDH + RS2 + RSI 0 

.crosomes + air + 1 mM MRDPH 0 

~D ~ and H~DP + depleted 31 
{lO0000g) c + air + I0 pM HADPH 
PSI + RS2 

~D ÷ and MSDP ÷ depleted 10 
( l O 0 0 0 0 g )  + a i r  + 20 ~M MADH 
RSI + RS2 

~D + and HADP + depleted 0 
(lO0000g) + a i r  

12 $6 100 

0 0 0 

4 S? 96 

0 0 0 

6 O 14 

18 0 30 

70 2 105 

53 9 94 

?0 3 108 

49 21 99 

85 4 125 

0 0 44 

40 0 ?0 

0 0 0 

) A l l  incubations are performed in the presence of 6 (0.2 pM), B) Including, when present, the tow 
amount (<3%) of 4-demethyt s tero l  formed, c) lO0000g s~pernatant resu l t i ng  from the cent r [ f~gat ion 
of so tub i l [zed microsomes, a) Data represent the mean of two to four  experiments, the standard 
dev ia t ion was 2~.  

$1 : HADPH regenerating s~stem = 8[~6P + 8[uBP dehgdrogenase 
$2 : MADH regenerating sgstem = EtOH + alcohol dehgdrogenase, 

T a b l e  3 . E f f e c t s  o f  i n h i b i t o r s  on 2 4 - m e L h g t e n e - c g c t o a r t a n o t  4 - m e t h g [  

demetbgtase a c t i u [ t g  

I n h [ b [ t o r s  demethg[ase a c t i v i t y  * 

none  100 

CM- 8 × 10 -e M 50  

ON- 50 x 10 -6 M 5 

m e n a d i o n e  5 x l O - 6 M  95 

menadione 50 x IO-6M 39 

O0 saturated iO0 

LaB I?0250F 100 x 10-6M 100 

Tetcgc lac ts  100 × lO-SM 100 

~) normatized a c t i v i t y  

1 0 3  
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series of inhibitors. Data from Table S show that the 4-demethylation was 

potently inhibited by cyanide (Iso = 8xlO-6M). In addition the electron 

acceptor menadione proved to be an inhibitor presumably by diverting the flow 

of electrons from NRDPH to the oxidase. In contrast the 4-demethylation was 

insensitive to carbone monoxyde and to azoie derivatives known to ligand the 

ferric iron atom of the protohem of Cut.P-450 such as LRB 170250F, a potent 

inhibitor of the plant obtusifoliol 14~-demethylase (9) or Tetcyciacis, a 

potent inhibitor of kaurene hydroxy[ase (I09. 

DISCUSSION 

We have described herein, for  the f i r s t  time, a microsomal preparation 

isolated from a higher plant which can demethylate one C-4 methy[ oroup of 

24-methylene cycloartano[ ! ,  y ie ld ing cgcloeucalenol 5 under conditions 

blocking i t s  concomitant metabotization by COl .  Under these interrupted 

c o n d i t i o n s  the  v e r y  low amount o f  l a b e l l i n g  i n c o r p o r a t e d  in  the  4 - d e m e t h y [  

s t e r o l  f r a c t i o n ,  when compared to  a h i g h e r  i n c o r p o r a t i o n  in  t h i s  f r a c t i o n  i n  

absence of  COl inhibition, supports the idea that elimination of the second 

methyl oroup at C-4 is carried out by a distinct enzymatic system, with a 

distinct substrate specificity. This situation would be in contrast w i t h  that 

observed in mammals where the removal of both 0-4 methyl groups is carried out 

successively by the same enzymatic system (I). We could determine experimental 

conditions which allowed accumulation and characterization of three 

intermediates (2, 3 and 4) involved during the demethylation process of !- 

This resu l t  is c lear ly  indicat ing the fo l lowing sequence of reactions f o r  the 

ox idat ive demethylation of ~ : ~->2->-3>-4>->5 (F[o. 2). Moreover, compound 

can be considered as the immediate metabolite of I by the terminal oxygenase 

involved in the 4,4-dimethyl stero[ 4-methyl demethylation process ; compound 

is most probably fur ther  oxidized into the 4-carboxyl ic acid der iva t ive  3 by 

this oxidat ive system. The question to knou uhether the 4~ or 4B methy[ group 

is loss during th is in ~]mro demethwlation process is now under invest igat ion 

( 3 ) .  Studying the ef fects of the presence, nature, and oxidat ive state of 

pgridine nucleotides on the nature and amount of each of these metaboIites led 

to the fo l lowing conclusions : i )  these metabol[tes are produced by a 

succession of at least three d i s t i nc t  enzymatic reactions with d i s t i nc t  

1 o 2 c l i p  H 3 02 '4  5 

Fi@~re 2 . Pathway for the demethylatlon of 24-methylene cwcloartanol I_ by 
M~v~ microsomes. 

Z e ~  
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cofactor requirements, i [ )  reducing equivalents are transferred from e i the r  

MRDH or MRDPH to the o×idase. This last  resu l t  support the idea that two 

electron transfer pathaags are operating as i t  has been previously proposed for  

other oxidation reactions (11), [ i i )  reduction of the 3-kelo intermediate is 

s t r i c t l y  MRDPH dependent and apparently strongly inh ib i ted by MRDP*, When 

challenged with a series of i nh ib l to rs ,  the 4-demethglase system responded in a 

way indicat ing that cytochrome P-450 is not involved in the removal of the C-4 

methyl group which in turn involves the pa r t i c ipa t ion  of a cyanlde sensi t ive 

enzyme. R p o s s i b i l i t y  would be the pa r t i c ipa t ion  of cytochrome b s as an 

intermediate electron carrier associated with the react ion. Indeed cyt.b~ was 

detected by spectral measurements (129 in lhe microsomal preparation (0.15 

nmole/mg protein)  and in the so[ubi l lzed f ract ion (0.18 nmole/mg pro te in) .  

These resul ts c lear ly  show that two d i s t i nc t  oxidat ive systems a c e  responsible 

respectively for the oxidative removal of the C14=- and C4-methgl group of 

plant sterol precursors. Taken together the results presented herein indicate 

that in Zea mays microsomes, the removal of  the first 0-4 methyl group of 

4,4-dimethyl-sterols involves a mechanism similar in many respects with thal 

functioning in mammals (1). The properties and characterization of the 

particulate plant enzymes responsible for these individual reactions are now 

being investigated. 
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