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Ababaet-The free, esteritkl and glycosylated sterols and the pentacyclic triterpene esters of developing Sorghlun 
bicolor grains were analysed by GLC and GC-MS. All the pentacyclic triterpenes were completely esteritkl but were 
not detected until 24 days after anthesis. Lupanol, multiflorenol, a-amyrin and isoarborinol were identified in the 
mature grains as components of the triterpene fraction but no 4,4dimethylsterols could be found at any stage of 
development. A sixfold increase in total sterol per grain occurred during development. At 8 days after anthesis, 
t&isofucosterol was found to he the second most abundant steryl ester. Campesterol was the major steryl glycoside 
and obtusifoliol was the major Cmonomethylsterol. 

INTRODUCTION 

More than twenty sterols and triterpenes have been 
isolated from the mature grains of Sorghum bicoh [l] 
but neither cycloartenol nor any other 4.4dimethylsterol 
was found. By contrast, relatively high concentrations 
of pentacyclic triterpenes were present and all were 
completely ester&d [2]. 

Baisted [3] reported that pea seeds incorporated 
mevalonic acid-[2-‘*Cl into cycloartenol at early 
stages of their development but in the mature seeds 
radioactivity was recovered in fl-amyrin. This implies 
that a common precursor such as squalene-2,3-oxide 
may be diverted from sterol to pentacyclic triterpene 
synthesis. We suggested [I] that a similar switching 
mechanism may operate in S. bicolor and that this 
may help to explain the apparent absence of 4&limethyl- 
sterols and the abundance of pentacyclic triterpenes 

l Preseat add_Departmeat of Biochemistry. Tbc 
University of Liverpool, P.O. Box 147, Liverpool M9 39X. 
England. 

reported for the grams of a variety of grasses [4]. The 
results presented here support the view that pentacyclic 
triterpene biosynthesis may occur in developing seeds 
at the expense of sterol biosynthesis [S]. It seems that 
no detectable cyclixation of squalena2&oxide to penta- 
cyclic triterpcnes occurs during the development of 
S. bicolor grams until at least 12 days after anthesis. 
However, despite the absence of pentacyclic triterpenes 
from the immature grams of S. bicolor, 4,4dimethyl- 
sterols could not be detected. 

RESULTS AND DISCUSSION 

Triplicate batches of gram were harvested from plants 
of S. bicolor at intervals of 8, 12. 24. and 48 days after 
anthesis (DFA). Between 24 and 48 DFA a reciprocal 
increase in dry weight and a decrease in fresh weight 
of the grains was observed (Table 1). The grains were 
sorted into their respective age groups after harvesting 
and were dried in vucuo before homogenization and 
Soxhlet extraction first with acetone and then with 

Table 1. The fresh weight, dry weight and lipid conteut of developing S. bicolor grains 

Age of grains (Days after anthesis) 
8 12 24 48 

Fr. wt g/100 grains 1.34 4.40 6.40 6.21 
Dry wt g/100 grains 0.27 1.19 3.26 4.30 

Neutral lipid 
nut/g dry v+t 
mg/lOO graima 

Glycolipid 
me/B dry wt 
mg/lMI grains 

29.5 ( f 1.3) 19.3 (* 1.5) 28.6 (k 1.1) 34.7 (*0.9) 
8.1 23.0 98.3 149.0 

9.3(f1.3) 5.4(*0.9) 3.5 (*o.l) 1.9 (*0.4) 
2.6 6.5 11.4 8.1 

Phospholipid 
ma/s dry wt 6.8 (* 1.7) 5.1 (kO.7) 
mg/lOO grains 1.8 6.1 

Figures in parentheaix arc standard errors of mam, 3 replicates. 
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3.1(*0.3) 1.6 (kO.2) 
10.0 6.9 
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chloroform-methanol (2: 1). The lipid obtained after 
each of the two extractions was combined to give a 
total lipid fraction. The various total lipid fractions 
were divided into two portions. The first was separated 
on silicic acid columns into neutral lipid, glycolipid 
and ph~pholipid (Table 1). The steryl glycosides were 
isolated from the glycolipid by PLC and subjected 
to methanolysis. The neutral lipid was separated on 
alumina columns into fractions containing steryl and 
triterpene esters and free sterols. The free sterols were 
purified via their digitonides and the esters were cleaved 
by satiation. The second portion of total lipid was 
saponified directly and the total sterols and triterpenes 
were isolated by alumina column chromatography 
and PLC. 

Analysis of the unsapouifiible lipid from the 8 and 
the 12 DFA grains (Table 2) gave no evidence for the 
presence of either pentacyclic triterpenes or 4,4dimethyl- 
sterols. By 24 DFA however a significant concentration 
(47 pg/lOO grains) of pentacyclic triterpene was present 
which continued to accumulate to a final concentration 
of 339 pg in the 48 DFA grains. The pentacyclic triter- 
penes of the 24 and 48 DFA grains were completely 
esterified. 

GLC analysis of the triterpenes from the 48 DFA 
grains (Table 3) indicated the presence of similar com- 
pounds to those previously found in the grains of the 
parent generation [l]. The unsaponiiiable lipid from 
5OOg (fr. wt) of 48 DFA grain was chromatographed 
on alumina giving a crude sterol and triterpene fraction 
which was subsequently treated with digitonin. The 
sterols and triterpenes recovered from the digitonides 
were further purified on an alumina column and by 
PLC. The triterpenes were acetylated and resolved 
into four component bands by argentation PLC. 
GLC of the least polar band (R, 0.66) (Table 3) showed 
that this was a mixture of at least four compounds. 
Further analysis by GC-MS showed that each of 
these compounds had a MW of 468. The MS correspond- 
ing to the first peak and the last peak eluted from the 
GLC column (Table 3) were almost the same. Each 
showed a base peak at m/e 218. They were ident%ed 
on the basis of GLC and MS evidence as fi- and a- 
amyrin respectively [6]. The MS for the major com- 
ponent (74%) of this mixture indicated that it was ~5, 
amyrin [73. The fourth triterpene eluted immediately 
after S-amyrin on GLC (Table 3) and it gave an MS 
showing an intense ion at m/e 301. This is a characteristic 

Table 2. The percentage composition of the total sterols and triterpenes and the glycosylated sterols of developing S. &color grains 

8 

Age of grains 
(days after anthesis) 

12 24 48 

Cholesterol 
Campester 
Stigmasterol 
Sitostcrol 
28-Isofucosterol 
24-Ethylidcne-Sa- 

cholest-7en-3jGol 
Wg dry wt 
pg/loO grains 

Glycosylated 4-demethylsterols 

0.8 0.7 0.5 0.2 
24.9 27.0 28.5 31.2 
27.4 26.5 16.9 17.7 
35.2 35.5 44.2 42.7 
9.8 8.3 7.6 6.2 

1.9 1.9 2.3 2.0 
940 ( rt 7.0) 614 (f4.0) 320 ( + 7.0) 308 (It: 7.9 
258 731 1042 1324 

Choiesteroi Campeater 
Stigmastcrol 
Sitosterol 
WgdryM 
pg/lOO grains 

t Total-~monometbylsterols 

11.3 9.5 6.6 36.6 29.5 28.1 2:: 
21.0 20.0 16.3 10.0 
3I.l 40.7 48.6 54.6 
31 (It: 1.0) 16 (Jt 0.5) 9kil.O) 2 w.5) 
8 19 30 9 

Obtusifoliol 42.1 30.0 34.6 11.7 
2~Me~yl~elophenol 25.4 41.5 17.2 31.6 
24-Ethylidenelophenol 32.5 28.5 48.2 56.7 
w/g dry wt 16 (jz0.z) 10 (*o.sI 8 (k0.s) 4(zt0551 
p&l00 grains 4 12 25 17 

2 Total pentacyclic triterpenes 

Lupanol 
&Amyrin 
Lupeol 
Muitiflorenol 
Wg dry wt 
K3/1~ Brains 

WD N/D 9.0 16.3 
N/D 6.4 15.4 
N/D 

$z 
44.6 55.9 

N/D NP 40.0 12.4 
- - 14(fl.O) 79 ( f 2.0) 
- - 47 339 

Figures in parenthesis are standard errors of the mean, 3 replicates l comprises free and esterified 4demethylsterols. + Found 
exclusively in the free form. $ Found exclusively estcrified. 
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Table 3. R, values and retention times of the pentacyclic triterpene acetates isolated from mature S. bicolor 

grain8 

Triterpcne acetate 
GLC stationary phase 

R, value$ OV-17. QF-1 t SE-333 

p-amyrin 0.66 1.55 1 .I9 1.42 
&Ullylin 0.66 1.63 (1.86) 1.94 1.51 
isoarborinol 0.66 1.74 200 1.60 
a-amyrin 0.66 2.00 2.20 1.73 
Lupanol (W 0.50 1.60 (1.70) 1.51 1.41 
Lupeol 0.28 1.88 (2.10) 1.86 1.60 
Multitlorenol cy) 0.59 2.00 (2.27) 2.10 1.83 

* 3 % OV-17; 225”; N, 40 ml/min; RR, Sa-cholcstane to cholesterol and cholesteryl acetate 0.37 and 0.26 
respectively. t 2.5%QF-1; 205”; N, 25 ml/min; RR, 5ucholeatanc to cholesteryl acetate 0.21. $ 1 y0 SE-33; 
225” ; N, 25 ml/min ; RR, Sa-cholestanc to cholestcryl acetate 0.345 10 % AgNO, impregnated Si-gel developed 
in pure CHCI,. 
Ali JZ,‘s arc r&tive to choleatervl acetate and tlmrrea in parenthe& are for the free compound relative to 
chol&terol. 

fragmentation of 13,14dimethylated triterpenes. Equally 
intense ions at m/e 453 (100 %) and 393 for loss of a 
methyl group and a methyl group plus acetate respec- 
tively, supported our view that this was isoarborinyl 
acetate [7]. The presence of the pentacyclic triterpene 
femenol in S. bicolor is also a possibility. Both isoar- 
borinol and its stereoisomer, femenol, have similar 
MS fragmentation patterns and are reported to be 
constituents of Sorghwn and other species of the Andro- 
pogoneae [4]. 

E!ach of the remaining triterpene bands obtained 
after argentation PLC gave a single peak on all three 
GLC phases used (Table 3). The most polar band (RP.28) 
was identified as lupeyl acetate and was quantitatively 
the most abundant triterpene found in the 48 DFA 
grain (Table 2). The R, RR, and MS of the other two 
triterpcne bands were very similar to those of triterpenes 
X and Y previously found in the parent grains of S. 
bicolor [l]. The triterpene acetate from the 48 DFA 
grains (R, 0.59) corresponding to triterpene Y gave 
an MS having peaks at m/e 315 (3%). 301 (4’4 and 
262 (49 “%) respectively. These ions represented fragments 
containing the aatoxy group as they were shifted 
to m/e 273 (3 73, 259 (29%) and 220 (71%) in the free 
compound. An intense ion at m/e 205 observed in the 
MS of both the free and acetylated compound (63% 
and 52 y0 respectively) probably comprised rings D and 
E. The overall MS data suggested that this compound 
was multiflorenol, a A’ unsaturated pentacyclic 
triterpene. 

The MS obtained for triterpene X (R, 0.5) showed 
few intense peaks above m/e 150. Molecular ions at 
m/e 428 and 470 were obtained for the free and aatylated 
compound respectively. Weak ions observed in the MS 
of the acetylated derivative at m/e 427 (M+-43) and 
367 (M+-AC + 43) indicated the loss of an isopropyl 
group from the molecule. This fragmentation is indica- 
tive of a saturated triterpene of the lupane series. Intense 
ions at m/e 205 (100%). 191 (70%) and 123 (lOO”A 
supported this assignment [7]. From the overall GLC 
and MS evidena, triterpene X was identified as lupanol. 
This 38 compound does not appear to have been 
previously reported in a living organism. Both multi- 
florenol and 24-methylenecycloartanol have similar 
GLC R,‘s [l] but GC-MS analysis of the triterpene 
fraction from 24 DFA grains indicated that the enhanced 

concentration of multillorenol found at this stage 
(Table 2) was not due to thepresena of 24-methylene- 
cycloartanol. 

One possible explanation for the absence of any free 
pentacyclic triterpenes from the grains of S. bicolor 
and the failure to detect cycloartenol is that cyclization 
is mediated by protein bound complexes [8]. The 
transformations involved in the biosynthesis of 4- 
monomethylsterols from squalene-23-oxide may occur 
in S. bicolor utilising triterpen~yclase or triterpenc 
carrier protein complexes [9]. If such intermediates 
were tightly bound, the sterol moiety may be resistant 
to organic solvent extraction. Further, the pentacyclic 
triterpenes of S. bicolor were extracted solely as their 
esters and it may be that these compounds are released 
from analogous squakne-2,3-oxide-protein complexes 
after cyclization as a result of eaterification. They may 
alternatively be esterified by active e&erases immediately 
upon release from the cyclase. It is notable that 24- 
methylenepollinastanol was found to be the major 
component of the tightly bound sterols and the sterol 
esters of Muss sapienturn but only a trace was found to 
occur in the free form [lo]. 

The total 4-demethylsterols of S. bicolor grains 
increased continuously throughout development (Table 
2) rising from 258 to 1324 pg/lOO grains between 8 and 
48 DFA. The highest rate of sterol accumulation (118 
&day) occurred between 8 and 12 DFA and was 
accompanied by a high stigmasterol:sitosterol ratio. 
Between 12 and 24 DFA, total Cdemethylsterols 
increase by 311 c(g/lOO grains. Most of this increase 
(2OOpg) appeared to be due to the accumulation of 
sitosterol. If sitosterol is the major precursor of stig- 
master01 [I 11. these results suggest that a marked 
decrease in the activity of sitosterol C-22, C-23 dehydro- 
genase takes place after 12 DFA. The steryl glycosides 
showed a rise and fall throughout the development 
period (Table 2) similar to that reported previously for 
Calendula ojkinalis seeds [12]. At 8 DFA campesterol 
appeared to be the major steryl glycoside (36.6’4 
but as time progressed, the proportion of campesterol 
decreased so that by 48 DFA the percentage composition 
of the steryl glycosides was similar to that observed 
with the grains of the parent plants. Neither 28&o- 
fucosterol nor its A’ isomer were found as glycosides 
in developing S. bicolor grains. It is possible that these 
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Table 4. The percentage composition of the free and the esterified edemethyl&erole of developing S. bicolor grains 

Free edemethylsterols 

Cholesterol 
Campetiterol 
Stigmasterol 
Sitoaterol 
28-Isofucoaterol 
24-Ethylidene-Sa- 

cholest-7cn-3/&ol 
Proportion of total etcrol 

occurring in the free form 

Esterified 4-demethylsterols 

8 

0.5 
26.5 
27.9 
38.5 

5.7 

0.9 

94.2% 

Age of grains 
(Days after anthesis) 

12 24 

0.8 0.7 
28.3 29.7 
24.7 20.7 
40.5 42.7 
4.4 5.1 

1.3 1.1 

967% 938 % 

48 

0.8 
26.5 
18.4 
48.6 

4.4 

1.3 

91.3% 

Choleaterol 
Camptsterol 
Stigmasterol 
Sitoaterol 
28-Isofucosterol 
24-Ethylidenok- 

cholest-7cn-3/?-ol 
Proportion of total sterol 

occurring eaterified 

11.9 12.5 4.9 3.7 
18.8 23.2 27.0 26.2 
11.7 13.3 9.2 12.2 
38.7’ 39.8. 47.3 48.8 
19.0 11.3 11.1 9.1 

t t t t 

5.8% 3.3% 6.2% 8.7% 

l Includea approximately 8 Y0 stigmastanol. t = traces. 

sterols may be destroyed or isomer&d by the acid 
conditions of methanolysis [ 133. The steryl esters 
comprised 5.8 % of the total sterol at 8 DFA and 8.7 % 
at 48 DFA. At 8 DFA an exceptionally high propodon 
of the ester&d sterol was 28&ofucosterol(l9 o/a) com- 
pared with the free form (5.7y’. Similarly steryl esters 
contained a higher relative proportion of cholesterol 
(11.9 “/d than the free sterol fraction (0.5 YJ. In general, 
the proportions of free 28-isofucosterol and cholesterol 
showed little chadge throughout development but the 
proportionsoftheaesterolsintheesterfractionsdecreased 
signilicantly (Table 4). The marked variation in the 
percentage composition of the free and esterified sterols 
in the young grains was also accompanied by a qualita- 
tive difference. GLC analysis on QF-1 of the steryl esters 
from the 8 and 12 DFA grains indicated the presence 
of approximately 8 % stigmastanol [14], but this 
sterol did not appear to exist in the free form, nor did 
it appear as a glycoside. Stigmastanol was not found at 
all in the 24 and 48 DFA grains but in germinating S. 
bicolor grains [ 1sJ this sterol t-e-appeared together with 
Sa-&mast-22cn-38-01. 

EXPERIMENTAL 

Chine of S. bicolor (Linn.) Moench Pers DC36 purchased 
from Gunsons Seeds Ltd were. sown in pots at 20” and grown 
under fluoreaamt lighting until 40 days old. The young plants 
(about 45cm tall) wers transferred to a glasehouse under 
natural light conditiona. The following datea wen recorded : 
(a) The date that the infloreacencz of each plant emerged 
(about 180 days after sowing). 
(b) Tbt date that all the florets had-exserted anthers. This date 
w811 designated anthesis and occurred on average 6 days after 
emergence. 

Lipid extraction. Batches of grain (15-25 g fr. wt) were 
harvested sorted and dried. Each batch was homogenized and 
re!luxed first in Me&O and then in CHCI,-MeOH (2: 1). 
BHT antioxidant (O.OOSO& was added to all extracting solvents 
CW. 

Column chromatography. Aliquots of lipid were separated 
on Mallinkrodt S&AR CC, nilicic acid 200-325 mcah into 
fractions containing neutral lipid, giycolipid and phoapholipid. 
The neutral lipid was further scparatat into hydrocarbon, 
triterpene ester with steryl ester and fme sterol fractions on 
A&O, columns (Woelm anionotropic, Brockmann grade III). 
UnsaponiBable lipid wax separated into trite- Cmono- 
methylsterol and Qdemethylxterol fractiona rexpectively on 
A&O, columns eluted with petrol containing increasing 
amounts of Et,0 [ 173. 

Digitonin precipitation. The free sterole obtained from AllQ 
column chromatography were pptd with 1% digitonin in 60 % 
EtOH and regenerated with DMSO [18]. Triterpenes aE 
incompletely pptd from digitonin [ 173. 

Saponifiation. Aliquota of total lipid and the xteryl ester with 
triterpene ester fractions we.re refluxed for 90 min in 8% KOH 
in 80% MeOH under N,. 

TLC and PLC. Thie was carried out aa den&bed by palmer 
and Bowden [2]. The glycolipida were separated on Si gel 
developed with CHQ,-MeOH-HOAc (65 :25 :8). Triterpenex 
were acetylated and -ted on Si gel plates impregnated 
with 10 % AgNO, and developed in pure CHCI,. 

Methanolysis. The steryl glycorider were cleaved with 0.65 M 
methanolic HCI prepared from dry MeOH and acetyl chloride 
(20 : 1). 

GLC. Glass columns (2 m x 1.5 mm) were ud packed 
with either 3% OV-17. 2.5% QF-1 or 1% SE-33. Operating 
conditions are given in Table 3. Quantitative determinations 
were made on OV-17 calibrated with standard cholesteroL 
The trivial names of the 24a epimm campcsterol and sitprterol 
are used throughout the text but it is now recognieed that 
variable amounts of the 24/I epimem may be present in higher 
plant.9 [19]. 

CC-MS. Multiflorenylacrtate : m/e 468 M +(2), 453(2). 408(3), 
262(49), 202(23). 315(3), 301(4), 241(13). 229(18), 218(8). 205(52x 
191(10), 189(16),Iaoarborinylacetate:m/e468(M+-35),453(1OO), 
408(22), 393(100), 383(4). 315(10x 301(100). 289(10), 241(90), 
229(28). 218(10), 205(zS), 191(28), 1890, Lupanyl acetate: m/e 
470(M + -4). 455(3), 41q3). 395(31).427(2). 367(2), 287(28). 274(35). 
259(31), 245(17). 231(16); 218(32), 205(100), 191(70), lSp(40). 
12WloO). 
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