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Abstract-During germination scrine was shown to lx taken up from the endosperm by the cotykdons and partly 
translocatcd to the hypocotyl. Up to 1.7Y/, of the [“CJscrinc taken up by the seedling was involved in phytostcrol 
synthais in which the hypocotyl was the most &ctive plant part. Compared with [ 14C]sucrose. scrinc was found to bc 
12 times more effective in this synthesis. From the data obtained it could bc caRtdated that this ammo acid may yield 
about 7 Ye of ail the free stcrols in an ctiolatcd seedling of Eupburbia futhyris, making this substrate a suitable marker in 
steroi synthesis in endospermous szcdlings. 

Ih-TRODUCTlON 

For a number of plant spccics the composition and 
synthesis of stcrols have been invcstigatcd [l-3]. In most 
casts lab&d mevalonic acid was used as a tracer but 
mcthioninc, lcucine and vaiine were also found to bc 
involved in triterpenoid synthesis in plants [4d]. In a 
previous paper [7] we reported the involvement of 
various amino acids in triterpcnc synthesis in the lattifers 
of Euphorbia iarhyris seedlings. The contribution of these 
substrates (normally taken up from the cndospcrm) 
towards the total triterpcne production was estimated to 
bc a few pcrccnt. The 4dcsmethybtcrols WMC also found 
to contain significant amounts of “C after [“Cl-amino 
acid uptake. In the latex 4-dcsmcth 

r 
lstcrols arc dctstabk 

as traces only and the obtained [ ‘C]phytosterols or+ 
inatcd outside the laticiferous system. Of all the ammo 
acids used, scrine tended to be more spc&calIy invotvcd 
in phytostnol synthesis. The total quantity ofaminoacids 
produced by the endospcrm during gcrtnination can bc 
cstimatcd and the metabolic fate of thcsc substrates can bc 
studied quantitatively after active uptake by the seedling. 
WC used this system to study the involvement of xrinc in 
phytosterol synthesis in an intact plant and the results 
obtained with Eu~~~b~a iathyris seedlings are prcscntcd 
in this paper. 

RESULTS AND DlSCUSSJON 

About 7 days after the onset of germination a massive 
breakdown of proteins occurs in the endospcrm and the 
resulting mixture of amino acids was shown to contain 
about 4.54; of scrinc [7]. As not all the amino acids 
produced are taken up immediately by the cotykdons a 
significant modification of the ammo acid composition 
may occur. 

if for example “C-labcllcd alanine, glycinc or scrine 
were fed to the cndospcrm of dinting castor * 
they wcrc found to bc converted to susrosc in s&u. This 
was ~mpanicd by the production of glutamitu which 
appcarcd to act as a sink for atnide nittogcn [S]. To 
bypass a possible scriac metabolism in Euphwbia lathyris 

endosperm we analyscd the amino acid composition in the 
free space of the cotyledons. Results in Table 1 dcm- 
onstrate that ~ncstillfo~a SY/,ofthcaminoacid pool 
ready for uptake by the seedling 

In a previous paper it was shown that excised coty- 
ledons with a part of the hypocotyl attached were very 
us&l in substrate uptake and metabolic studies [7]. A 
time-coursccxpcrimcnt on [U-t’C]scrinc uptake by these 
tissues revealed thrt about 100% of the 20 nmolcs of 
substrate suppbcd to one pair of ootykdons was taken up 
within 10 hours (Fig_ 1). In the same period lab&cd 4- 
dcamcthyistcrols, 4a-mcthylstaob and 4,4dimethyl- 
stcrols (tritcrpcnob;) wcrc synthcsizcd. Phytostcrol syn- 
thesis kvekd off aftcr about 40 hr as was found for the 
triterptnols. The la-twhylsterols reached a maximum in 
“C-content afta20-3Ohrofincorporation.Thedamsse 
thereafter is in support of their role as intermediates in 
phytosterol synthesis. Scvcral triterpenolsarc supposed to 
play a similar rok in stcrol synthesis but a constant “C 
level in this fraction indicates that not all the triterpenols 
synthesized arc to bc considcrcd as intcrmcdiatcs. The 
ester fraction, containing tritcrpcnc esters and sterol 
esters and squaknc continual to ~mulatc “C in the 
60 hr incorporation p&xi. As kss than 47; of the 
phytostcrols was found to ooxr in the ester&d form no 
dctaikd analysis of the “Cdistribution in this complex 
fraction was carried out in the course of this study. 

If scrine was taken up by the cotyledons of intact 
growing seedlings similar results of ‘“C distribution over 
the apoiar lipids wcrc obtained (Table 2). 

After three days of incubation with [U-‘4CJscrine. the 
latex cxpelkd after in-ion contained a tram of 
[“C]triterpmols. Tbc hypocotyl proved to be the most 
effective plant part in phytostcrol synthesis. In the coty- 
ledons the tritcrpcnolr and the cstcr fraction accumulated 
a considerable amount of ‘*C. If [ U-‘*C sucrose was fed 
to the sccdiing substantial amounts of z 14C]tritcrpcnc5 
wcrc mcasurcd in the latex after three days of incorpor- 
ation. In the cotykdons only 5.39: of the labdcd apolar 
lipids wcrc found to bc stcrob. The hypocotyl was again 
more productive in the ctaboration of these compounds. 
TWO diffcrcnt “C distributions over the three classes of 
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Tabk I. Ammo arid camp 
sition in Ihe free w of the 
cotyledons of Euphwbia Lhyts 

pm01 

Aspartarc 2.1 
Threonine 3.4 
scnnc 5.0 

w=w~ 7.0 
Glutamate 3.7 
Glutamine 21.7 
Rolim 13.9 
GlyCilU I.5 
Alanine 3.5 
VOliIU 8.2 
Methionine 0.7 
lsoktine 8.1 
Leucilu 6.1 
TyTczWnC 22 
Phmylatanine 3.9 
Ornirhinc 0.3 
Lysinc 2.1 
Histidme 2.4 
Argininc 3.0 

lipids in the hypocotyl after [ “CJscrine and [‘4C]sucrose 
supply indicate that both these substrates have their own 
translocation profile and metabolic fate. A substantial 
conversion of scrinc into sucrose is not lo be anticipated. 
Similar incorporation patterns in hypocotyl and coty- 
kdons were also observed when excised cotyledons with a 
variable hypocotyl kngth were used. Results presental in 
Table 3 show that the longer the hypocotyl the more 
[ 14CJstcrols were prod& and in tissues of 2 cm and 
longer only 4-.5% of the label in the apolar lipids was 
measured in the 4a-mrthylsterols. Comparativdy. too 
much radtitivity was aazumulatcd in the tritcrpcnols to 
consider this fraction as sokly an intermediate in phyto- 
stcrol synthesis. 

Gas chromatography revealed that 80% of the fra 
stcrols cochromatographd with sitosterol, two other 
peaks co-chromatographal with campcstcrol (13 “/b) and 
stigmastcrol (70,/d At the end of the germination period 
(when the endosperm was completely absorbed) the total 
stcrol content of the ctiolatcd seedling was found to range 
from 18 to 22 pg. If we assume that in phytostaol 
synthesis scrinc is converted to pyruvatc via 3-phospho- 
serinc, 3-phospho-hydroxypyruvatc, 3-phospho- 

glyocrate* 2-phospho-glycerate and phosphocnolpy 
ruvate, its contribution to these lipids can be estimated 
quantitatively. Therefore 18 molazuks of SerinC 8n 
required to produse one mokculc of squalen~ and 27 
carbon atoms of this linear tritcrpene end up in the 
phytostcrol carbon skeleton. Using [U-‘4C]scrinc SOO”,; 
of the “C is incorporated into the stcrols, the otbcr SO% 
is lost as CO1. Therefore the radioactivity measured in the 
4dcsmcthylstcrolsreflcctsonly SOy<ofthe [U-‘4C]serin~ 
used in this synthesis. From the data presented in Table 2 
it can be cdculatal that 1.7 % of the string supplied was 
metabolized to sterols. A similar calculation for sucrose 
reveals that only 0.14 “/: of this substrate ends up as a 
phytosterol. Therefore scrine is about 12 times more 
effective in this synthesis than susrosc. 

lime (hl 

time (h) 

Fig. I. Uptdc of [U-“CJscrinc (2822 Bq) and “C incorpor 
don into esters (A), trikrpcnob (A). C-methybkrob (m) and C 
dcsmcthylstcrols (0) tytsau time by a sin&e pair d co+dons 

wirh 0.5 cm hypocoryl. 

As was calculated before [7]. the endospcrm of a single 
sad of Euphorbia lahyrk may produce 130 qoks of 
sucrose and about 29moks of amino acids. After 
depletion of this storage tissue at the end of the gcrmi- 
nation period 0.17 mks of sucrose have been used to 
produce 38 nmoks of sterols ( IS.7 rg). If 5 o/O of the amino 
acids enter the cotykdon as scrinc the available 
1.45 woks of serinc will yield about 2.8 nmoks of sterols 
( = 1.15 pg) The c&dated value for total stcrol synthesis 
in an etiolatai seedling is thus in the saw order of 
magnitude as the stcrol level mcasurcd at the end of the 
germination period. Although wine yields only 7 X of the 
phytosterols in etiolatcd Euphorbh lorhyris seedlings it 
may be used as a marker in 4dcsmcthylstcrol synthesis in 
plant tissues, bypassing all the possible disadvantages of 
mcvalonic acid or mcvalonate as discussed in detail by 
Banthorpe er 01. [9]. 



Saitu in staol syn~hds in E&o&a 

Latex GXykdOrU Hypocotyl Total 

(B@ (Bs) (BQ) (es) 
-- -.-.-- _.___ 

Saint Esters 0.0) 14.15 4.87 19.06 

(1850 Bs) TriIrrpmob 0.51 9.85 I.71 I207 
Staols - 4.91 II.10 16.01 

Sucrose Esters 6.35 45.23 41.32 9290 
(33 630 Bq) Tritapcnols II.16 36.10 26.62 73.88 

Staob - 4.51 Il.64 221 

Tabk 3. I naqmration & ‘y into tritapeaok C-mcthylstcrols and 4ksmethyistaols by 
cotyledons (cots) and hypocotyl (hyp) of an &upho&a Luhy& Lcadlings after [U-“C]scrine 

uptake (2937 Bq) by the excised cotykdons with 0. I. 2 or 7 an hypocotyl aft&cd 

Tritapcnolr 
4a-Methylstcrols 
Staoh 

COIS cots+lanhyp 

(W (es) 

3.m 3.46 + 0.82 
283 205 + 0.27 
6.33 5.91 +2lO 

cets+2an hyp 

(es) 

4.10+ 3.20 
214+0.44 
5.51 + 7.61 

a~s+?cm hyp 

(es) 

266+ I.19 
I .24 + 0.66 
247+ II.45 

III3 

EXPERl%a.NTAl. 

Phrs. Seedlings ofEupho&a lath* L were grown on moist 
sand at 22= in the dark. Twclveday-old seedlings with a 9-10 cm 
hypocotyl length were used in all the incorpetotion aperimmts. 

Incor~ation cxperknrr After ranoval of thcendosperm the 
cotykdons of intuzt seailings were prtial with a snugly fitting 
25 fi aphry t&d with a IabdJai subatnte soln. Groups of 
seven *s of cxcisal cotyledons wcfc incubated in I.5 ml cup6 
containing 100 jd substntc soln. Incorporation occurred in the 
da&at=. 

Rdoi.sotopes. L-(U-‘YZ&rine (IO mCi/mmol) and [U- 
‘rCjsuuosc. (3@Zi/mmol) were pur&sal from Amenham 
international Scrinc was diluted with non-lrklkd tine to 
supply C&I pair of cotykdons with m nmaks of this subatnte. 
Both set& and [‘?&crosc were diluted with unlabcllal 
300 mM SuQose soln. 

Lipid l xrtncrim~ Turuea were frozen. rduxcd in Me&O and 
cxtrrnal with petrol (4OXl”) u duuibcd in ref. [IO]. The petrol 
cxtncts wct~ sepuatal on silia pl G TLC plates devdopbd In 
~ohcuM_EtO~(5:I).Rderrnoesmc~~actuo- 
matography by spraying with chlorosulphonic acid-HOAc (I : 2) 
and hated to 905; for 2 min. -pings of the corresponding 
fMions were suspmkl in 3 ml aliquots of Me,CO-petrd 
(w) (I : I), diluted with 2 ml of H,O after ngorous sh&ing 
and antrifuged in a taMetop antrifugc. The petrol fcpnion was 
used for “c as.uy. Stnols were analysai by GLC usirg 3 t; SE- 
3Oat 255”. Quantitative data were obtained with kchokstancas 
internal standard [I I]. 

Armno acids. After removal of the endorperm, 60 pairs of 
cotykdons were rinsed for 2 saz in Hz0 (0”) ar~I subuqucntly 
extract4 with Ha0 (0”)for 2 min.Aminoscids wcrcadsorbaion 
a Dowex (H’)column (5 x 0.3an)andclutaiwith2 NNH.OH. 

IhcelustcorusP%tly~~edpndMll~withmLKB~no 
acid uulyser. Experiments were carriai out in dupliatc. Grwpr 
of mn seedlings or pairs of cotyledons were & in the 
tncorpontton experiments but the data presented in this paper 
refer to one se&in8 or pair of cotykdons. 
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