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Abstract-Gibberellic acid-induced germination of hazel seeds was accompanied by little change in the sterol 
content of the cotyledons. Dormant and germinating cotyledons rapidly incorporated [2-14CjMVA into squa- 
lene which was slowly converted to sterols. Gibberellin treatment induced an increase in the incorporation of 
[2-14CJMVA into cotyledon esterified sterols. An increase in free sterols occurred in the germinating embryonic 
axes, with increase4 relative amounts of stigmasterol and campesterol in the free 4-desmethylsterols. Germination 
was accompanied by increased incorporation of [2-14C]MVA into free and esterified sterols in the embryonic 
axes. 

INTRODUCTION 

HAZEL seeds (Corylus avellana L.) require either prechilling or gibberellic acid pretreat- 
ment to induce germination.’ With such experimental material it is possible to divorce 
the biochemical events due to germination proper from those due to hydration.2*3 Gibber- 
ellic acid (GA) treatment enhances the activity of enzymes responsible for mevalonate acti- 
vation and decarboxylation.4 Increased mevalonic acid (MVA) activation probably repre- 
sents (providing endogenous substrate is available) increased terpenoid synthesis. Triter- 
penoid and sterol analyses have been reported for seeds of pea,’ maize,‘j Calendula’ and 
species of the Cruciferae.8 Biosynthetic investigations with whole pea seeds have been 
reported by Baisted’s group’-l3 and Bennett et a1.l4 have reported a time course for sterol 
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.synthesis in Happlopuppus in the post germination stage. The present report deals with 
the effects of GA treatment on sterol metabolism in the isolatable organs of hazel seeds. 

‘RESULTS 

GA treatment resulted in germination of the seeds, the radicle emergence being 37”,b at 
6 days and 100% at 9 days. The water treated seeds did not germinate. The fresh weight 
of the water treated cotyledons increased over the period of treatment from 20 to 32g,‘lS 
pairs of cotyledons. GA treatment resulted in a further increase in fresh weight. the weight 
of 15 pairs of 12-day-old GA treated cotyledons being 52g. The dry weights of the I-I,0 
and GA treated cotyledons did not change. 

GA treatment also resulted in increases in the fresh and dry weights of the embryonic 
axes. The fresh weight increased from 0.8467 to 109.02 g/250 axes and the dry weight from 
0.1587 to 5.19 g/250 axes. 

Sterol anulysis 

Cotyhhs. The levels of fast and slow Liebermann-Burchard reacting free and esteri- 
fied sterols in the cotyledon tissue of germinating seeds showed little change (Table 1). 
Esterified sterols were present at concentrations too low for accurate analysis. Free sterols, 
however, were fractionated by TLC (see Experimental) into 4-methylsterols (a group which 
chromatographed with 4,4-dimethylsterols, 4x-methylsterols and amyrins) and 4-desmeth- 
ylsterols. The relative amounts of 4-methylsterols and 4-desmethylsterols remained con- 
stant with germination (Table 2). 

TABLE I. THE STEROI. CONTEXT OF COTYLEDON ISSUE FROM GA AND H,O 'TK~.ATI-D SEFIX 

Free sterols* Esterified sterok* 

Sample 
Fast 

reacting? 
Slow 

reacting+ 
Fast 

reactingt 
Slow 

reacting? Total* 

Dry seeds 0,274 13,694 0.066 0.657 14.69 1 
3 days H,O 0.236 12,603 0,075 0.499 13.413 
3 days GA 0,210 12+I41 0,067 0.448 12,766 
9 days H,O 0,356 12,828 0,043 0,499 13.726 
9 days GA 0,336 13.760 0,040 0470 14.606 

* mgjl5 Pair cotyledons. 
f Liebermann-Burchard slow and fast reacting sterols. 

GLC on 0V17 of the cotyledon 4-methylsterols gave eight peaks. The identities of the 
4-methylsterols were not established, but the major component co-chromatographed with 
/3-amyrin. GLC of the 4-desmethylsterols demonstrated the presence of sitosterol, stigmas- 
terol, campesterol and traces of cholesterol. A slight decrease in sitosterol and correspond- 
ing increases in campesterol and stigmasterol occurred in both H20 and GA treated coty- 
ledons (Table 3). 

Embryonic axes. Germination of the embryonic axes was accompanied by large in- 
creases in the total sterol content (Table 4). The increase was accounted for by increases 
in fast and slow Liebermann-Burchard reacting free sterols with only slight increases in 
esterified sterols (Table 4). The levels of esterified sterols in the 12-day-old GA treated plu- 
mules, radicales + hypocotyls, and cotyledonary petioles were too low for further analyses. 
The relative amounts of 4-methylsterols and 4-desmethylsterols in the free and esterihed 
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sterols are given in Table 5. An increase in the relative amount of 4-desmethylsterols 
occurred in the free sterol fractions and of 4-methylsterols in the esterified sterol fractions 
of the axes from GA and water treated seeds. 

TABLE 2. THE RELATIVE AMOUNTS OF DIFFERENT STEROLS IN TBE FREE &ROL 

FRACTIONOFCOTYLEDON TISSUEFROM H,O AND GA TREAT!ZDSEEDS 

Sample. 4_Methylsterols* 4-Desmethylsterols* 

Dry seeds 35 65 
3 days H,O 24 16 
3 days GA 29 71 
9 days Hz0 21 19 
9 days GA 24 76 

* Expressed as a percentage of total free sterol. 
Amounts of sterols were determined by GLC using Sa-cholestane as an in- 

ternal standard. 

The esterified 4-methylsterols were further fractionated by GLC into 10 peaks. Eight 
of these corresponded to the component peaks of the free 4-methylsterol fractions of the 
cotyledons. The free 4-methylsterols of the embryonic axes gave nine components by GLC 
which corresponded to nine of the component peaks of the embryonic axis esterified 4- 
methylsterol fractions. Further identification was not carried out although the quantitati- 
vely major component of the 4methylsterol fractions again co-chromatographed with /?- 
amyrin. 

TABLE 3. THERELATWEAMOUNTSOFSTEROLSINTHEFREE~DESMETHYL- 

STEROL FRACTIONOF COTYLEDON TISSUEFROM GA AND H,O TREATED 

SEEDS 

Sample Campesterol* Stigmasterol* Sitosterol* 

Dry seeds 2.88 0.49 96.63 
3 days H,O 4.84 0.93 94.23 
3 days GA 4.23 1.42 94.35 
9 days H,O 6.75 1.45 91.80 
9 days GA 4.99 1.21 93.80 

* Expressed as a percentage of total free 4-desmethylsterols. 

The free. 4-desmethylsterol fraction of the embryonic axes contained campesterol, stig- 
mastrol, sitosterol and traces of cholesterol. The relative amounts of campesterol and stig- 
maser01 increased with germination (Table 6). The esterified 4-desmethylsterol fractions 
contained largely campesterol and sitosterol with only trace amounts of stigmasterol and 
cholesterol. The relative amounts of sterols in the esterified 4-desmethylfraction showed 
little change with germination (Table 6). 

Radioisotope experiments 

Whole seeds. [2-14C]MVA was administered to the seeds during imbibition. The seeds 
were then divided into two groups and each treated with either GA solution or water. The 
dry weights of the H,O and GA treated cotyledons were constant, but the fresh weights 
increased. The fresh weight of the water treated cotyledons increased from 30 to 35 g/20 
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pairs of cotyledons and of the GA treated cotyledons from 29 to 41 g/20 pairs of cotyle- 
dons. At least 30% of the radioactivity was recovered in the cotyledon lipid fractions. Only 
small quantities of label were recovered from the embryonic axes. 

TARLE 4. THE ST~KOLCONTFNT~F EMBRYOYIC AXLSO~ GA *\KL> H,O TK~ATW 
SEEDS 

Sample 

Free sterols* Esterificd sterols* 
Fast Slow Fast Slow 

rekctingt reactingt reacting? reacting+ Total* 

Dry seeds 
3 days Hz0 
3 days GA 
6 days Hz0 
6 days GA 
9 days H,O 
9 days GA 

12 days Hz0 
12 days GA 

Whole axes 
Plumules 
Radiclcsi 
Hypocotyls 
Cotyledonary 

petioles 

0.085 @690 
0.045 0,760 
0.030 0.700 
0.050 0.550 
0.065 I.140 
0.045 @670 
0.195 3.650 
0050 0,760 

0.190 0,680 I.645 
0,155 0,400 I.360 
0,150 0.710 I.590 
0.085 0.760 I.445 
0.160 0~700 2.065 
0,150 0,820 I .6X5 
0.235 0.800 4.X80 
0.140 0,640 I .500 

0.979 15.090 0.264 0.813 17.146 
0.527 8.283 0,075 0.301 9,186 
0.256 4.669 0.06X 0.301 5.294 

0.196 2.138 0,121 0.21 1 2,666 

* mgi250 axes. 
t Liehermann Burchard slow and fast reacting stcrols 

Cotyledon lipids were fractionated on alumina (see Experimental) to give hydrocarbons, 
free sterols and sterols derived from esters. TLC of the hydrocarbon fraction gave only 
one radioactive product which co-chromatographed with authentic squalene. Radioacti- 
vity in squalene, total sterols and free and esterified sterols is expressed as a percentage 

TARLE 5. THE RELATIW AMOUNTS OF DIFFERENT STI:KOLS IN THE. FK~F AXI) 

ESTERIFIED STEROL PRAC‘TIONSOI AXES FROM Hz0 RNI) GA TREATED SEEDS 

Sample 

Fret stcrols Esterified stcrols 
4.Methyl- 4-Dcsmethyl- 4-Methyl- 4-Desmethyl- 

sterols* stero1s* stcrolst stcrolst 

Dry seeds 
3 days H,O 
3 days GA 
9 days H,O 
9 days GA 

12 days H,O 
12 days GA 
Whole axes 
Plumules 

Radicles + 
hypocotyls 

Cotyledonary 
petioles 

26 
32 
20 
12 
8 

16 

10 
I1 

II 

9 

74 14 X6 
68 15 X.5 
80 17 8X 
XX 24 76 
92 36 64 
X4 27 7X 

90 
x9 1 

x9 
i 

levels too low for analysis 

91 
J 

* Expressed as a percentage of total free sterols. 
t Expressed as a percentage of total estcrified sterols. 
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of the total radioactivity recovered in triterpenoids (Table 7). The percentage of radioacti- 
vity recovered in total sterols increased with H,O or GA treatment, but was greater in 
the Hz0 than the GA treated tissue at 12 hr, 2 days and 4 days. Gibberellic acid treatment, 
however, stimulated the incorporation of radioactivity into the esterified sterol fraction. 

TABLE 6. THERELA~VEAMOUNTSOFSTEROLSINTHEFREEANDE~RIFIED~-DESMETHYL-STEROLFRAC~ONSOFAXES 
FROM GA AND Hz0 TREATEDSEEDS 

Free sterols Esterified sterols 
Sample Campesterol* Stigmasterol* Sitosterol* Campesterolt Stigmasterolt Sitosterolt 

Dry seed 6.95 1.71 91.34 5.64 Tr. 94.36 
3 days Hz0 7.04 1.39 91.57 4.12 Tr. 95.88 
3 days GA 6.75 1.85 91.40 4.31 Tr. 95.69 
9 days Hi0 7.87 1.76 90.37 5.70 Tr. 94.30 
9 days GA 19.50 7.11 73.39 4.37 Tr. 95.63 

12 days Hz0 8.19 2.08 89.73 4.15 Tr. 95.85 
12 days GA 
Whole axes 15.91 9.71 74.38 

(average) 
Plumules 14.90 9.25 75.85 

levels too low for analysis 
Radicles + 18.52 1061 70.87 

hypocotyls 
Cotyledonary 14.31 9.28 76.41 

petioles 

* Expressed as a percentage of total free 4-desmethylsterols. 
7 Expressed as a percentage of total esterified 4-desmethylsterols. 

Free sterols and sterols derived from esters were fractionated by TLC (see Experimental) 
into groups corresponding to 4,4-dimethylsterols + amyrins, 4a-methylsterols and 4-des- 
methylsterols. The radioactivity recovered in the free 4,4-dimethylsterols, 4or-methylsterols 
and 4-desmethylsterols is expressed as a percentage of the radioactivity recovered in total 
free sterols (Table 8). Similar changes were found in the cotyledons of both GA and Hz0 
treated seeds. The percentage incorporation into 4-desmethylsterols was high but declined 
to less than half the initial value within 96 hr whilst the percentage incorporation into 4- 
methylsterols increased over the same period. Radioactivity in the esterified 4,4-dimethyl-, 
4cc-methyl-, and 4-desmethylsterols is expressed as a percentage of the radioactivity re- 
vered in the total esterified sterol fraction (Table 8). Most radioactivity was found in the 
esterified 4,4ditiethylsterols in cotyledons of GA and Hz0 treated seeds. 

TABLET. RECOVERYOFRADIOACTIVITYFROM[~-14C]MVA~~ TERPENOIDFRACTIONSOF COTYLEWNSFROMSEEDS 
TREATEDWITHEITHER GA OR Hz0 

Sample Total sterols* Free sterols* Esterified sterols* Squalene* 

12 hr Hz0 36.52 26.95 9.57 63.48 
12 hr GA 16.35 11.86 4.49 83.65 

2 day Hz0 44.35 32.69 11.66 55.65 

2 day GA 36.82 16.46 20.36 63.18 

4 day H,O 58.16 43.98 14.18 41.84 

4 day GA 47.23 29.11 18.12 52.77 

10 day HZ0 71.90 61.77 10.13 28.10 

10 day GA 72.35 48.03 24.32 27.65 
- 

* Expressed as a percentage of the total radioactivity recovered in triterpenoids. 
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Embryonic axes. Embryonic axis tips were incubated with [Z-’ 4C]MVA for 24 hr before 
extraction (see Experimental). The radicle emergence of the GA treated seeds was 265: at 
6 days and 100% at 11 days. The fresh weight of thk germinating embryonic axes increased 
from 0.1619 to 3.16 g/50 axes and the dry weight from 0.0219 to 0.1720 g!50 axes. The Hz0 
treated seeds did not germinate and the fresh and dry weights of the embryonic axes 
remained unchanged. 

TABLE 8. Rtcovfxy OF RAUfOACnVITy FROM [2-‘“C]MVA IN I’HE DWFERENT STEROLS OF THF FRfifi ,ANII ESTf.RIFIED 
STEROL FRACTIONS OF COTYLEDONS FKOM SEEDS TRLATLI~ WIM EJllfER GA OR Hz0 

Sample 
Free sterol fractions* 

4.4-Dlmeth#erols 4x-Mcth~lsterols 

12 hr Hz0 
12 hr GA 

1 day H,O 
1 day GA 
4 day HZ0 
4 day GA 

10 day H,O 
10 day GA 

12 hr Hz0 
12 hr GA 
I day HZ0 
1 day GA 
4 day Hz0 
4 day GA 

10 day H,O 
10 day GA 

9.70 9.70 
12.83 19.42 
12.65 21,57 
30-20 25.30 
47.7 1 26.64 
44.77 25.75 
45.14 19.96 
36.78 19.14 

Esterified sterol fractions+ 
37.24 3 1 .Oh 
46, IO 23.45 
SO.67 ‘1.67 
44% 23.85 
55.50 25.81 
39.63 27.18 
48.21 25.54 
54.94 22.73 

SO.60 
67.75 
65.78 
44.50 
25.65 
29.4x 
33.90 
43~OX 

3 I .70 
30.45 
27.66 
3 I .sL) 
18.6Y 
31.59 
26.25 
22.33 

* Expressed as a percentage of radioactivity found in total free sterols. 
t Expressed as a percentage of radioactivity found in total esterified sterols. 

Extraction and purification of terpenoids was as described for cotyledon tissue. TLC 
of the hydrocarbon fraction gave only one radioactive product and this co-chromato- 
graphed with authentic squalene. Germination of the embryonic axes was accompanied 
by an increase in the percentage recovery of radioactivity in free and esterified sterols 
whereas that in squalene decreased from 62 to 29/6 (Table 9). Only slight increase in per- 
centage incorporation into free and esterified sterols occurred in the embryonic axes of 
Hz0 treated seeds. The results indicate that germination of the axes was accompanied by 
increased incorporation of squalene into total sterols. 

TABLE 9. RECOVERV OF RAIXOA( ~IVITY FROM [2-i4C‘]MVA IN T~RPLNOID ERACTIOKS 01. f.hMRyOPUIC AXIS f.RoM 

SFEDS TREATf_D WITH I~ITlfI~R GA OR H20 

Sample Total sterols* Free sterols* Ester&d sterols* Squalene* 

24 hr imbibed 36.67 20.58 17.09 
3 day H,O 34,50 18.76 15.74 
3 day GA 45.55 22.99 22.56 
6 day H,O 35.05 12.86 32.19 
6 day GA 65.88 36.26 29.62 

I1 day H,O 47.35 28.14 19.21 
11 dayGA 97.87 59,.54 38.33 

-. * ‘: ?“r..~~d as a percentage of the total radioactivity recovered in triterpenoids. 

62.33 
65.50 
54.45 
64.95 
34.13 
52.65 

2.13 
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Radioactivity recovered in free and esterified 4,4dimethylsterols, 4cr-methylsterols and 
4-desmethylsterols is given in Table 10. The percentage radioactivity in free 4,4-dimethyl- 
sterols was initially high whilst that in free 4cr-methylsterols and free 4-desmethylsterols 
was low in axes of Hz0 and GA treated seeds. Germination produced an increased incor- 
poration of [2-14C]MVA into free 4-desmethylsterols with a decrease into free 4,4-dimeth- 
ylsterols and free 4a-methylsterols. Slight changes in incorporation of radioactivity 
occurred in the esterified sterol fractions of H,O and GA treated axes. 

TABLE 10. RECOVERYOF RADIOACTIVITY FROM[~-'%]MVA IN THE DIFFERENT STEROLSOF THE FREE AND ESTERI- 
FIEDSTEROLFRACTIONSOF THEEMBRYONICAXESFROMSEEDSTREATEDWITH EITHER GA OR H20 

Sample 
Free sterol fractions* 

4,4-Dimethylsterols 4a-Methylsterols 4-Desmethylsterols 

24 hr imbibed 62.2 21.9 
3 day HI0 62.8 23.6 
3dayGA 65.4 23.1 
6 day H20 48.6 25.8 
6 day GA 28.2 26.7 

11 day Hz0 35.1 21.4 
11 day GA 17.8 8.6 

Esterified sterol fractions+ 
24 hr imbibed 54.2 21.8 

3 day H,O 49.6 31.0 
3 day GA 59.3 23.5 
6 day Hz0 43.0 30.1 
6 day GA 46.0 34.0 

11 day HI0 43.2 31.6 
11 day GA 39.2 32.2 

* Expressed as a percentage of radioactivity found in total free sterols. 
t Expressed as a percentage of radioactivity found in total esterified sterols. 

9.9 
13.6 
10.9 
25.6 
45.1 
42.9 
73.6 

24.0 
19.4 
17.2 
26.9 
20.0 
25.2 
286 

DISCUSSION 

The constant total sterol content in germinating cotyledons contrasts with the decreases 
reported for germinating cotyledons of pea5 and bean.’ 5 The sterol ester content of hazel 
cotyledons was low compared to results reported for maize scutella tissue.” Although in- 
creases in the relative and total amounts of fast Liebermann-Buchard reacting esters are 
reported for maize6 and Culendula’ little change was observed in hazel cotyledon tissue. 
The constant composition of the 4-desmethylsterol fractions in hazel cotyledons agrees 
with the relative amounts of 4-desmethylsterols in the free sterol fractions of germinating 
maize scutella6 and the total sterol fractions in germinating pea seeds.5 

The rapid incorporation of [2-14C]MVA into squalene in Hz0 and GA treated cotyle- 
dons suggests that the enzymes catalysing the conversion of MVA to squalene were present 
in non-limiting amounts. Similar results have been reported for pea seedsg*‘0T’3 and the 
suggestion made that isoprenoid biosynthesis is regulated by the supply of MVA. Baisted 
et al. have reported that “C-squalene is incorporated solely into P-amyrin in the initial 
stages of pea seed germination and only later is it incorporated into sitosterol. They sug- 
gest that this represents a recapitulation of the evolutionary chemical history of the seed.’ 
Certainly the results reported here suggest, if such an argument is viable, that a similar 
evolutionary sequence is not evident in hazel seeds. 

IS DIIPI:RON. P.. DI:LAGE, H. and DUPERON R. (1967) Compt. Rend. SOC. Biol. 161, 1792. 
PHWO 13/2-c 
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The pattern of incorporation of [2-‘4C]MVA into cotyledon free 4.4-dimethylsterols. 
4sc-methylsterols, and 4-desmethylsterols can be explained on the basis of substrate avail- 
ability and changes in the relative activities of enzymes catalysing the cyclization of squa- 
lene and the conversion of cyclic products to bdesmcthylsterols. 

The increase is total sterol content of the germinating embryonic axes agrees with 
reports for maize,” pea,” bean’” and C~~let~~l~rl~.~ The increased sterol levels were 

accounted for by an increase in free sterols. The decreasing relative amounts of 4-methyl- 
sterols in the free sterol fractions may be due to the synthesis of large quantities of 4-des- 
methplsterols in axes from GA treated seeds and the conversion of 4-methylsterol precur- 
sors to 4-desmethylsterols in the axes of H1O treated seeds. The increases in relative levels 

of campesterol and stigmasterol in the free 4-desmcthylstcrol fractions of germinating 
hazel axes are comparable to results reported for pea axes.’ Kemp czf (I/.” report increases 
in stigmasterol in free and esterified sterol fractions of roots but not shoots of germinating 

maize seeds. 
Grunwald has shown that free sterols are active in controlling alcohol-induced pcrmeabi- 

lity in beet discs’” and barley roots.” The changes in the composition of the free 4-des- 
methylsterol fraction of the embryonic axes of germinating ha/e1 seeds may he related to 
changes in the permeability of constituent membranes. Gibberellic acid treatment may al&t 

specific membrane permeability and activity by inducing sterol changes. Phospholipids, 
an important class of functional and structural membrane lipid are also affected by GA 
treatment of hazel seeds. “J 

[2-i4C]Mevdlonate was rapidly incorporated into squalene in the axes of H,O and GA 
treated seeds. Germination was accompanied by a massive increase in label in the free 4- 
desmethylsterols. The increased synthesis of free 4-methylsterols and fret 4-desmethyl- 
sterols may indicate a structural role in newly synthesized membrane material. 

The significance of the high relative incorporation of [3-13C]MVA into 4.4-dimethyl- 
sterols of the csterificd fractions of cc~~~lcdons and ;IYCS of HIO :rnd G,I trcatcd seeds is 
difficult to assess. The occurrence of biosynthetically important ox-muth~lstcrols and 
4,4-dimethylsterols in a predominantly or partly esterified form has been reported in other 
tissues.“- 24 The function of stcrol esters is still unknown, although it has been suggested 

that they are involved in intracellular transport mechanisms.” The occurrence of, and 
rapid incorporation of radioactive precursors into csterified forms of biosynthetically im- 
portant sterols suggests that the biosynthesis of 4-desmcthylsterols proceeds via esters. 
However, this suggestion is incompatible with evidence indicating the formation of a 3- 

ketone as an essential step in the conversion of cycloartenol to phytosterols’5 and lanos- 
terol to cholesterol in animalsZ” 

*’ GKUNWALD. C. (1968) Phr Ph~~.sio/. 43, 484. 
” GRL’UWALD, C. (1971) Plunr Physiol. 48, 652. 
’ ’ ~&WRY, P. R.. PINFIfu). N. J. and S~‘OBAR’~. A. K. (1972) P/7~,lo~/1c,n?ist,l, I 1. 1139. 
I’ BARNARD, M. J. and RIZIU. W. W. (1967) C‘h‘vn. I&. 997 9%. 
” WILLIAMS, B. L.. GOAD. L. J. and Goouwr~. T. W. (1967) PI1!.tocke,jlivn!,6, 1137. 
” NAGASAMPAGL B. A.. Rowt,. J. W.. SIMI’SON. R. nnd GOAD, L. J. (I 971 ) Pit~lochr,,risr~~, IO, 1 101. 
22 KNAPP. F. F. and NICHOLAS, H. J. (1969) Phyto&,~~~i,st~y 8, X91. 
23 KEMP R. J. and M~RCEK, E. 1. (196X) Bio&~r. J. 1 IO, I I I. 3 
l4 PAASONEN. P. see GOAII. L. J. (1967) Z~po~oi~~s in P/unt.s (PKIIXIAM. J. B.. cd.). pp. 1% 190. .4cademic Press. 

London. 
” Rtrs, H. H.. M~KCI:R. E. 1. and GOODWIN, T. W. (1966) B~o~vI. .I. 99, 7’6. 
” LINIIREKG. M.. GAY~SUII. F. and BLO~II, K. (196.3) J. R;o/. Ck~~/rt. 2.18, 1661. 
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EXPERIMENTAL 

Chemicals and plant material. Most lipid standards were commercial samples. Campesterol was obtained as an 
impurity in sitosterol supplied by R. N. Emanuel Ltd. Dr. L. J. Goad provided samples of cycloartenol and 
cycloeucalenol; lophenol was a gift from the MRC steroid collection. All solvents were redistilled prior to use. 
Light petroleum (b.p. 4(t60)“) was used throughout. Fruits of Corylus acekma. L. (Kent Cob Nuts) were 
purchased from R. Gould, Mereworth. Kent. 

Sterol analyses. After deshelling and sterilizing, the seeds were imbibed and placed in Petri dishes containing 
20 ml 3 x 10e4 M GA or H20. Samples(l5 pairs ofcotyledons or 250 embryonic axes) were harvested at regular 
intervals. Tissue was extracted in acctonc and the residue cxhaustivcly re-cxtractcd in hot acetone in a Soxhlet 
for 6hr. The bulked extracts were reduced in vol.. diluted with aq @7”,, (w/v) NaCl and the lipids extraced in 
Et20 by phase separation. The Et,0 extracts were dried and reduced to dryness. Samples for saponification were 

redissolved in absolute EtOH, 60% (w/v) aq. KOH added (1 ml/9 EtOH), and boiled under reflux for 60 mm. 
The non-saponifiable material was extracted in Et,0 and reduced to dryness under vacuum. The lipid residues 
were redissolved in a small vol. petrol. and fractionated on columns of Brockman III aluminah,27 (Woelm acid. 
log alumina/g lipid). Elution was as follows (1 vol. = 10 ml solvent/g alumina): 

Frc~c,liort I. I vol. petrol: hydrocarbons. squalcnc. 
I-r~I<ril)rr 2. I LOI. ‘“,, 1:1,0 In pcl~ol: I vol. J”,, Lt10 in perrol: stcl-01 c\tcrs. 
Frucfion 3. 2 vol. 40y0 Et,0 in petrol: sterols. 
In analytical experiments fractions 1-3 were collected separately and fraction 2 saponified to release free 

sterols. However, in the isotope experiments fractions 1 and 2 were bulked, saponified and the non-saponifiable 
material applied to a second column of grade 111 alumina and eluted as follows: 

Fruction 1. 2 vol. petrol: hydrocarbons, squalene. 
Fraction 2. 2 vol. 40% Et,0 in petrol: sterols derived from esters. 
TLC. (1) Hydrocarbons: chromatographed on kieselgel G thin layers impregnated with rhodamine 6G. in 

either: (a) Hexane.‘7 R, standard squalene 0.78; or (b) Petrol. C,H, (3:2).‘* R, squalcnc 0.68. (2) Ster.ol ethos: 
chromatographed on kieselgel G thin layers in C,H, hexane (2:3).‘3 R, for standard syualene and cholesterol 
palmitate were 0.76 and 0.45 respectively. (3) Sterofs: Free 4,4-dimethylsterols, 4%.methylsterols and 4-desmethyl- 
s,terols were separated on rhodamine 6G impregnated layers of kicselgcl G in either: (a) CHCI, :’ (b) EtOAc-C,H, 
(1 :S);” or(c) Heptane-EtOAc (22: 3).’ I 4,4-Dimethylsterols and 4a-methylsterols were incompletely resolved by 
one migration in any solvent system. However four migrations particularly in solvent system (b) resulted in the 
separation of three groups which correspond to standard lanosterol, cycloeucalenol and sitosterol. 

GLC. Sterols were separated on a I.5 m x 8 mm o.d. silanized glass column of 3% OV17 on 8& 100 mesh gas 
chrom Q at 250” in Pye 104 gas chromatograph. Argon at 60 ml/mm was used as carrier. 4-desmethylsterols 
were separated as free sterols with 5x-cholestane as internal standard. 4-Methylsterols were separated as trimeth- 
ylsilyl ethers” (TMS) with Sr-cholestane as internal standard. Liebermann-Burchard Reaction was carried out 
by the method outlined by Kemp et a1.6 Calibration curves were prepared with ergosterol (fast reacting) and 
sitosterol (slow reacting). 

Radioisotope experiments. Whole seeds. Seeds were deshelled, the distal ends removed, and the seeds stood on 
the cut surfaces in Petri dishes containing a total of 16 ml D,L [2-r4C]MVA (8 pmol, 80 PCi) in 0.04 M phosphate 
buffer, pH 8.0. The soln was taken up by the seeds within 6 hr. The seeds were washed in dist. H,O and placed 
in 9 cm Petri dishes containing 10 ml of either HZ0 or 3 x IO-“ M GA with 50 pmol cold D,L-MVA lactone. 
Samples of 20 seeds were extracted and assayed for radioactive terpenoids at regular intervals after imbibition. 

Wound callus at the cut surface was removed before analysis. Embryonic axes. Seed tips were removed (50 per 
treatment), incubated in 3.75 FCi D,L [2-‘4C]MVA (0.375 wmol) for 24 hr and the embryonic axes dissected out 
and extracted. Seed tips were used in the isotope feeding stage since isolated axes could not be maintained in 
a healthy condition for the time of incubation necessary for sufficient label to enter sterols and sterol esters, 
Radioactivity was determined on a Nuclear Chicago Mark 1 model 6860 liquid scintillation counter. The scintil- 
lant was 5 g PPO and 0.3 g POPOP in 1 I. toluene. 
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