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Abstract-The incorporation of radioactivity into sterols by transmethylation of methionine-[r4C- 
methyl] was studied in mung bean hypocotyl sections. Young hypocotyl sections (1 cm) synthesized 4 
times more radioactive sterols than older sections (5 cm). The transmethylation reactions may be rate 
limiting in older tissues. Wounding has only a quantitative effect on sterol biosynthesis, as seen by incor- 
poration experiments with MVA-[2-r4C]. Naphthalene acetic acid (NAA) stimulates sterol biosynthesis 
in both wounded surfaces and intact tissues of mung bean hypocotyl sections. 

INTRODUCTION 

Sterol biosynthesis occurs mainly in the 1 cm zone 
(region of elongation growth) of etiolated mung 
bean hypocotyls, and the sterol biosynthesis capa- 
city diminishes from the 1 cm zone to the 3 cm and 
5 cm zones of the hypocotyl [l, 21. The rate limit- 
ing step for sterol synthesis in the older tissues (3 
cm and 5 cm zones of the hypocotyls) might be 
found in the conversion of cycloartenol into 
sterols. NAA stimulates this conversion rate and 
so may stimulate the overall sterol biosynthesis. 
Baisted [3] studying sterol biosynthesis in peas, 
and Hartmann and Benveniste [4] in potato tuber 
discs, suggested that the enzyme S-adenosylmeth- 
ionine-AZ4 sterol methyl transferase could regulate 
sterol biosynthesis. This too implicates a regula- 
tion between cycloartenol and the 4-demethyl- 
sterols. We now provide more direct evidence that 
this enzyme regulates sterol synthesis in the young 
and old mung bean hypocotyl sections, although 
other regulating enzyme systems cannot be 
excluded. In our previous experiments [l, 21 we 
studied mung bean hypocotyl sections, each hav- 
ing 2 wound surfaces, and the criticism could be 
made that the results were due to wound effects. 
We now show that wounding the tissues has only 

a quantitative effect on the incorporation of label 
from MVA-[2-‘4C] into sterols and that the pre- 
viously reported stimulation of sterol biosynthesis 
by NAA takes place in both wounded and intact 
tissue. 

RESULTS AND DISCUSSION 

Because of the suggestion that the activity of S- 
adenosyl methionine A24 sterol methyl transferase 
could regulate sterol biosynthesis [3,4] and as we 
found that sterol biosynthesis may be regulated at 
a point between cycloartenol and the 4-demethyl- 
sterols [ 1,2], we studied the incorporation of label 
from methionine-[14C-methyl] into 4-demethyl- 
sterols, 4-monomethylsterols and 4,4-dimethyl- 
sterols in the 1 cm (young, growing) and the 5 cm 
(older, non-growing) zones of etiolated mung bean 
hypocotyls. Castle et al. [IS, 61 showed that the 
alkyl groups at C-24 of sterols are introduced by 
a transmethylation from S-adenosyl methionine. 
The A24 sterol precursor, cycloartenol, is methy- 
lated to produce 24-methylene cycloartanol. A 
second transmethylation will lead to the conver- 
sion of 24-methylene lophenol into 24-ethylidene 
lophenol [7]. 
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1 and 5 cm zones. The reduced sterol synthesis 
in the 5 cm zone cannot be explained by a reduced 
synthesis of cycloartenol (the starting material to 
be transmethylated). because in previous studies 
we showed that in both the 1 and 5 cm zones 
the 4.4-dimethylsterols became equally labelled 
from applied MVA-[2-‘4C] [l, 21. Thus the 
reduced sterol biosynthesis found in the 5 cm zone 
is further proof that the rate limiting step lies 
between cycloartenol and the 4-demethylsterols. It 
is also clear that not only the 4-monomethylsterols 
become labelled, but also the 3,4-dimethylsterols. 
thus implicating the transmethylation of cycloar- 
tenol. The labelling of these 2 groups of sterols was 
more pronounced in the 1 cm zone of the hypoco- 
tyls. This indicates that the transmethylation reac- 
tions become rate limiting in the 5 cm zone of the 
hypocotyl. However, other enzyme systems may be 
limiting for the conversion of the labelled 4,4- 
dimethylsterols and the 4-monomethylsterols into 
the 4-demethylsterols. 

The applied NAA has no clear effect on sterol 
biosynthesis, but it is known that auxins stimulate 
protein synthesis in mung beans [8], and this may 
interfere with the stimulating effect of NAA on 
sterol biosynthesis. 

The wound surfaces (outer 2 mm segments) of 
the I cm zone synthesized more sterols than the 
middle segments of the sections (Table 2). In the 5 
cm zone the sterol biosynthesis capacity is much 
lower, as seen also from Table 1 and from our pre- 
vious work [I. 23. In both cases NAA has a stimu- 
latory effect on incorporation of label from MVA- 
[2-‘4C] into the sterol fraction as reported earlier 
[2]. If we take cpm sterols/cpm 4.4-dimethylsterols 
as a measure of the conversion of cycloartenol into 
sterols, it is clear that NAA stimulates sterol bio- 
synthesis by stimulating the conversion rate of cyc- 

loartenol into sterols in both the wound surfaces 
and the central segments of the sections. Thus 

The results obtained with the 1 cm and 5 cm 
zones of the hypocotyls after an incubation period 
of 3, 6 and 20 hr in methionine-[14C-methyl] with 
(for the 20 hr incubation period only) or without 
2 ppm NAA are summarized in Table 1. 

The incorporation of label by transmethylation 
from methionine-[ 14C-methyl] in the sterols of the 
1 cm zone is much higher (cu 5 x ) than in the cor- 
responding 5 cm sections. The labelling of the 
sterol fraction increases with incubation time, in 
both the 1 cm and the 5 cm zone, as expected. 
Because there is no significant difference in uptake 
of methionine-[‘4C-methyl] between the 1 and 
5 cm zones of the hypocotyls, the lower incorpor- 
ation of label into the sterols in the 5 cm zone can- 
not be explained by a lower uptake of precursor. 
As expected, the uptake from the medium also in- 
creases as a function of incubation time in both the 

Table I. Radioactivity recovered in the different sterol bands 
after TLC 

The medium before each incorporation expt contained O@f 
k~M:‘3 ml Methionine-[‘4C-Methyl] (2.7 x i0” cpm). Values 
are given in cpm. counting efficiency beins 70”,,. 
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by stigmasterol. Ergosterol increased the leakage 
of betacyanin. The ethanol-induced leakage of 
electrolytes from barley roots can be reduced by 
cholesterol and campesterol. Sitosterol and stig- 
master01 had no clear effect in influencing leakage. 
In animal systems, the ease of incorporation of dif- 
ferent sterols in the membranes of erythrocytes 
and in liposomcs is in the order: cholesterol > 
campesterol > sitosterol > stigmasterol [ 14- 161. 
Thus the possibility exists that a changed permea- 
bility of the cell membranes due to a changed stig- 
masterol:sitosterol ratio is concerned with the ter- 
mination of elongation growth in the older mung 
bean hypocotyl sections. Besides the supposed role 
of sterols in membranes, they may function as pre- 
cursors of steroid hormones such as corticoster- 
oids, that were found to double the growth of 
mung bean roots, to double the lateral root 
number and to stimulate the hypocotyl growth by 
about 60?:, [ 171. 

For each treatment. 25 ?-day-old ctiolatcd mung bean sccd- 
lings (P/~~x~o/rrs UU~YU.S Roxb.) with a hyp&otql length of 6 cm 
were sclccted. The 1 and 5 cm mncs from the top of the 
hypocotyls were removed in dim gt-ten Ilght and soaked in Hz0 
for 1 hr. Sections were dried on a filter paper and incubutcd in 
3 ml medium for 20 hr with continuous shaking. 

Inc~orpot~cro~z cupwimc~tt.5. Various hjpocotyl sections were 
incubated in ? ml methionine-l”C-methyl] soln. sp. act. 50 
mCi:mmol (0.04 LImoI = I.7 /~c‘i: dark, 2.3 ) for 3. 6 or 20 hr or 
in Z ml MVA-LZ-‘“Cl soln. sp. act. 0.015 mCi:mmol (4 pmol = 
(IQ6 ItCi: dark, 23’) for 20 hr with continuous shaking with: 
without 2 ppm NAA. After Incubation. the sections wcrc rinsed 
with Hz0 and the vol. made up to 50 ml Aliquots Marc counted 
in a liquid scintlllator. 

I%srrih~rt/o/~ 01 rndtoacrivit~~ 111 r/w .wc~tio/u. Hea~usc NAA 
stimulated the elongation growth of the sections of the I cm bq 
about 45”,, compared to the control sections, each section w;as 

divided into 5 equal parts. The various parts were collected in 
scintillation vials, squashed, and the countin medium (I ml 
H,O and 3.4 ml of a soln containing 4 g PPO m 500 ml Triton 
X 100 and I 1. toluene) was added. Because wound surfaces in- 
corporated more label from added MVA-[2-‘“Cl. the outer 2 
mm (called “wound surfzlcos”) and the central section9 were 
extracted separately. 

Steroi L,Y~JYI~~;o~~ trr~d tr~~u/~~.sis. The non-saponifiable lipid 
fractions were submitted to TLC’. The bands corrcspondmg to 
the sterols. -I-monomethyl- and -t.J-dimcth4lsterc,ls \\erc 
counted 111 a liquid scintlllator [I. 21. 
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