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Abstract-When fresh potato tuber slices were incubated with [1-‘4C]-sodmm acetate, cycloartenol was heavily 
labelled but no radioactIvIty was recovered m 24-methylene cycloartanol and free sterols If potato slices were 
aged for &24 hr before feeding with radioactive acetate, a rapid increase of the label m the sterol precursors 
and the free sterols was observed The free sterol content was 5 x higher after agemg for 24 hr Isofucosterol 
synthesis was especially stimulated The synthesis of sterols during the agemg process seems to be related to the 
appearance of a cycloartenol CZCmethylase and may be linked to a biogenesis of membranes 

Nomenclature (1) 4,4,14a-trimethyl 9fi,19@yclo-5a-cholest-24-en 3fi-01, (2) 4,4,14a-trimethyl 9b,19/3-cycle-Sa- 
ergost-24(28)-en 3,/&01, (3) 4a. I4r-&methyl 9~,19/&cyclo See-ergost 24(28)-en 3,0-01, (4) 4q I rlcc-dlmethyl Sc+ergosta 
8.2428)-dlen 3/1-01, (5) 4r-methyl Sr-ergosta 7,24(28)-then 3,!&01, (6) ergosta 5,24(28)-dlen 3/(-01, (7) stlgmasta 5,Z- 
24(28)-dlen 3p-01, (8) (24R)-24 methyl cholest S-en 3fi-01, (9) (24R)-24 ethyl cholest 5-en 3/!-01, (10) (2483-24 ethyl 
cholesta S,E-22(23)-&en 3fi-01, (11) cholest 5-en 3b-01 

INTRODUCTION 

NUMEROUS metabolic changes are initiated by the excision of slices from storage tissue, 
such as the potato tuber When the slices are aged aerobically, a process here termed 
“agemg”, there 1s a marked increase in respiration rate,‘s2 synthesis of protein3 and RNA 4 
The activity of a number of enzymes is also stimulated, for instance the enzymes associated 
with carbohydrate5*6 and phospholipld’-’ metabolism. Evidence for de nova synthesis of 
enzymes in ageing slices from storage tissue has been presented by several workers.“,” 
These metabolic events are accompanied or followed by ultrastructural changes m cellular 
organelles, such as changes in the size of nucleoli12 and the formation of polynbo- 
somes.13”4 Wlllemot and Stumpf’ postulated that all these events may be associated with 
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biogenesis of membranes. Sterols appear to be umversal constituents of higher plant mem- 
branes15-” and, for this reason. may be considered as membrane markers. To contribute 
to the elucldatlon of membrane morphogenesls, we studied the effects of ageing on sterol 

metabolism m potato tuber shces. In the present report, we ~111 show that agemg promotes 
de nouo synthesis of lsofucosterol. Part of this work has been reported in a prehmmary 
form l8 
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FIG 1 “C-ACTIVITY OF S~~ROL WI-CLIRSOKS AND FKL~ SILKOLS I\ 3 LXPLRI,MFN~S or %cii INC; WRFOKMID 
AbftR VAKIOI!S STORAC;L PtKlOIX Ol- POTAl TI IIFKS 

In all experiments, sixes were fed with [‘“Cl-acetate over d 2hr period Expt 1 5 Dee 1972, expt 
2 16 Jan 1973, expt 3 I1 Apt-11 1973 Closed circler nmoi,g drq ut of 3-tiesmeth~lstcrols (arerqe 

of the three cuperlments) 

RESULTS 

Isolatron ofsterol precursors andfree sterols jkor?z non-aged potato tuber slices 

The sterols identified m potato tuber are similar to those reported for a large variety 
of higher plants: “) cycloartenol(1). 24-methylene cycloartanol(3), cyclocucalenol (3), obtu- 
slfollol(4), 24-methylene lophenol (5), 24-methylene cholesterol (6), lsofucosterol(7). camp- 
ester01 (8), sltosterol (9), stlgmasterol (IO), cholesterol (1 1) Von Ardenne (or al lo showed 
the same dlstrlbutlon of these sterols m potato leaves However 24-ethyhdene lophenol 
which 1s present m the leaves could not be detected m the tuber. In contrast. lsofucosterol. 
which was not identified m the leaves was found In large quantltles m the tuber. 

effect of ayeing on free sterol brosyutilesls 

Potato tuber shces were aged for O-32 hr at 25” After various periods of agcmg. the shces 
were incubated m [l-14C]-sodium acetate at 25” for 2 hr It 1s assumed that the ‘“C-actl- 
vity corresponds to sterol blosynthesls during these 2 hr. The steroidal content which 
occurred m tuber slices after each agemg period 1s expressed m nmol Figure I gives the 
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” GOAD L J and GOODWIN T W (1971) Prnqrc.ss VI Ph\~forlror~~st~ 1 (Rtn-INIIOLD. 1. and Lrwsc HIT% Y cds). 
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mcorporation of the 14C-label into free sterols and their precursors found in three exper- 
iments which were performed after various periods of tuber storage. The quantitative 
results for experiment 1 (5 Dec. 1972) correspond to the data presented in Table 1. 

TABLE I “C-A~~~~~~~~~ AND QUANTITIES OF STFROL PRECURSORS AND FREE STEROLS DURING AGEING OF POTATO 
TUBER sLIcEs (EXPT 1) 

Time of agemg 0 
(W 

4 8 24 32 

Cycloartenol 

2CMethylene 
cycloartanol 

Cycloeucalenol 

Obtuslfohol 

Isofucosterol 

(Sit , st1g ) 
Chol , Camp )* 

dpm 14C 
nmolt 

1 

dpm 14C 
nmol 

{ 
dpm 14C 
nmol 

{ 

dpm “%Z 
nmol 

{ 
dpm 14C 
nmol 

dpm 14C 
nmol 

340000 
75 

3000 
2 

0 

0 
- 

0 
65 

0 
13 

440 000 420000 270000 220000 
14 16 5 3 

26000 40000 222 000 12oOQO 
2 45 115 5 

11800 12500 7800 5300 
05 15 06 06 

9300 8200 6700 4400 
03 06 03 02 

10400 11700 17900 33000 
12 23 34 41 

0 200 800 2300 
15 21 25 35 

* Sit = sitosterol, Stag = stigmasterol, Chol = cholesterol, Camp = campesterol 
t nmol,/g dry wt These values are essentially relative because they do not take mto account the losses durmg 

the purlficatlon procedure 

In non-aged slices (time 0), it was observed that only cycloartenol was radloactively 
labelled The 24-methylene cycloartanol was not labelled. Also no radioactivity was re- 
covered m 4cx-methyl sterols and in 4-desmethylsterols (Table 1, Fig. 1A and B). Therefore 
blosynthesls of sterols seems to be blocked after cycloartenol synthesis After only 4 hr of 
ageing, “C-actlvlty appeared m 24-methylene cycloartanol. The radloactlvlty increased and 
was maximal after 24 hr of agemg. The high specific radioactivity of 4,4-dimethylsterols 
during ageing 1s probably due to the rapid turnover of these products which is m agree- 
ment with their role as precursors in the biosynthesis of phytosterols.” The appearance 
of the 14C-label in 24-methylene cycloartanol coincides with the appearance of 14C- 
radioactivity in the 4a-methylsterols (cycloeucalenol and obtuslfoliol) and in the 4-des- 
methylsterols (isofucosterol). 

Isofucosterol was not labelled in non-aged potato tuber slices (time 0) Table 1 and Fig. 
1C. The label occurred exclusively in aged slices and increased with time of ageing. The 
results also indicate a parallel increase in the isofucosterol content during ageing and this 
increase seems to be dependent on the storage time (Fig. 1). The other 4-desmethylsterols 
(sitosterol, stlgmasterol, cholesterol and campesterol) were much less labelled than isofu- 
costerol (Table 1, Fig. ID). However, an increase in their quantities was observed (Table 
1 and Fig. 1). 

Table 2 gives the relative percentages of the 4-desmethylsterols during ageing. The per- 
centage of lsofucosterol increases significantly. In non-aged potato tuber slices, isofuco- 
sterol constituted 30% of the total 4-desmethylsterol fraction and after 32 hr of agemg, It 
accounted for 60%. Durmg the same period the percentages of sitosterol and cholesterol 
decreased and those of stigmasterol and campesterol remained constant. 

The distribution of “C-activlty was further determined. Table 3 gives the “C-activlty 
and the specific radioactivity of the individual 4-desmethylsterols after 24 and 32 hr of age- 
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mg. The highest 14C-activity was associated with cholesterol, a component which repre- 
sented only 3”,6 of the sterol fraction The specific radloactlvlty of cholesterol (1 5 ~C’I/ 
kcmol) was 10 x higher than the specific radloactlvlty of sltosterol (0 13 ,Ki/~cmol) or stlg- 
master01 

In non-aged tissue the stcrol ester content ( I7 4 nmol) was very similar to the free sterol 
content (13 4 nmol) The sterol ester content decreased greatly after 8 hr of agemg and as 
compared to free sterols rcmamed very low. After 24 hr of agemg, “C-actlvlty was re- 
covered m the sterol esters but It was much lower than that of the free sterols. 

TArjL_;- 3 14P C) ?.:-i ..7., 

C-A< ,, y1 I r A-\i7 377CEIZ a.lXm~~ r? vii3 12 mr31vmLnL ri-rstsm i~yTS~.‘KCjL % rh iwT* ru 11113LR sTLr<-ES 
41 TFR 24 AYL) 32 HK OF AGLING (LXI’T 1) 

____ ___-. -~ 

14 hr 32 hi 
dpm 14C (pCl/pmol) dpm 14C (~1CI~pmol) 

______ 

Cholesterol 1 I?0 0 30 2100 1 50 
Sltostelol 700 004 900 0 10 

Stlgmasterol 380 0 04 460 006 
Isc~lucostrlol 52 100 0 5 so300 0 81) 

-___ 

Specific radloactwlty of Isofucosteryl acetate was determmed after 4gNO,-TLC The other J-desmethylsteryl 
xetatcs here further analyscd by GLC The mdwldual ateryl acetdtcs were recovered usmg nn effluent splitter 
AS dcrcrbed m Expermwual and thelr specllic radIoactIvity wrls determmed 

DISCUSSION 

In agemg potato tuber slices, there was a strong stlmulatlon of the txosynthesls of sterol 
precursors and free sterols and this blosynthesls occurred for more than 24 hr Agemg 
seems to act particularly on lsofucosterol blosynthesls Isofucosterol did not seem to be 
synthesised m non-aged potato tuber shces in which it constituted 30’% of the 4-desmethyl- 
sterol fraction But quantitatively It became the most important sterol durmg ageing and 
Its amount was 10x higher after 24 hr of agemg. The mcorporatlon of 14C-acetate into 
the other 4-desmethylsterols (sltosterol, stigmasterol, cholesterol and campesterol) was 
much lower. However, a 3S5 x increase m their content occurred durmg the agemg pro- 
cess. What IS the reason for the very low “C-actlvlty m these sterots durmg early agemg 
when, m contrast. their absolute content Increased? During agemg large quantltles of lsofu- 
costerol were formed m potato slices It has been postulated that m higher plants ~sofuco- 
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TABLE 4 ‘V-ACTIVITI~S ANY QUANTITIES 0~ 4-DESMETHYLSTEROL ESTERS COMPARED TO THOSE OF FREE 4-DESMETH- 

YLSTEROLS (EXPT 3) 

0 
(hr) 
x 24 

l5ofucosterol 
dpm 14C 0 8300 52100 

Free nmolt 3 17 50 
sterols 

Sterol 
esters 

(sit stlg, 
chol . )* camp 

4-desmethyl- 
sterols 

’ { dpm 14C 0 0 4600 
nmol IO 13 47 

dpmL4C 0 0 500 
nmol 17 5 8 

The 4-desmethylsterol esters were not separated by AgN03-TLC 
* Sit = sltosterol, Stag = stlgmasterol, chol = cholesterol, camp = campestcrol 
t nmol/g Dry wt 

sterol IS the precursor of sltosterol and stlgmasterol. 2’*22 If the proposed pathway occurs 
m potato tuber, then it may be assumed that de novo synthesised lsofucosterol 1s diluted 
m the large precursor pool in turn decreasing the ’ 4C-radioactlvlty which is recovered 
from sltosterol and stlgmasterol The hypothesis that some of the 4-desmethylsterols (slto- 
sterol, stlgmasterol, cholesterol and campesterol)are not synthesised de novo but come from 
bound sterols (esters, glycosides and acylglycosldes) cannot be excluded. The decrease of 
sterol esters and then possible conversion to free sterols during the first 8 hr may explain 
the mltlal rapid increase of free sterols, but the large increase over a 24 hr period 1s difficult 
to explam m this manner because the steryl esters were not highly labelled The steryl 
acylglycosldes which occur m large quantltles m potato tuber23,“4 would be another possi- 
bility as a free sterol source. 

The dlstrlbutlon of radloactlvlty m the individual 4-desmethylsterols after 24 and 32 hr 
of agemg showed the occurrence of a relatively high “YZ-activity in cholesterol. However 
cholesterol constituted only about 5% of the 4-desmethylsterols. These results can be taken 
as evidence that cholesterol IS syntheslsed de novo m agemg potato tuber slices. Its high 
specific radioactivity may have resulted from a rapid turnover of cholesterol. 

Further agemg of potato tuber slices seems to act specifically on the transformation of 
cycloartenol mto 24-methylene cycloartanol. The latter compound which was not synthe- 
sised m non-aged potato slices was formed after only 4 hr of agemg The formation of 24- 
methylene cycloartanol from cycloartenol would involve the partlclpatlon of a C24-meth- 
yltransferase, a key enzyme m sterol biosynthesis. Indeed all the 4-desmethylsterols occur- 
ring m potato tuber, with the exception of cholesterol, have one or two supplementary 
carbon atoms m their C17-side chain. These carbon atoms result from a transmethylatlon 

reaction with the partlcipatlon of S-adenosylmethlomne Our results suggest a regulation 
m the sterol biosynthesis at the C24-methyltransferase level. 

It should be noted that Ben Abdelkader et al.‘” observed changes in phosphohpld meta- 
bolism with the same material and under the same condltlons of agemg. for instance the 
mductlon of oleylcoenzyme A desaturase synthesis. 

” ARMAREGO, W L F, GOAD, L J and GOODWIN, T W (1973) Ph~tochrrmstry 12, 2181 
” BAISTLD. D J (1969) Phytochemrstry 8, 1697 
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*4 DLP~ROY, R. DIIPERON, P and THIERSAULT, M (1971) C r Acad S-r Paris 273, 580 
” BUN ABDELKADFK. A, CHERIF, A, DEMAU~RE, C and MALLIAK, P (1973) E~ropectn J Bmhem 32, 155 
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The metabolic behavlour of potato tuber shces during agemg 1s commonly viewed as 
a rejuvenation phenomenon2h mvolvmg a derepresslon of the genome and the mltlatlon 

of protein synthesis. Ben Abdelkader and Auderset ’ 4 observed that these changes during 

agemg were associated with the appearance of polyribosomes which were attached to en- 

doplasmlc reticulum Castelfranco rt LI/ ” found that if potato tuber shces were aged for 
24 hr and then incubated with radloactlve cholme, most of the radioactlvlty was recovered 
m a fraction enrlched in dictyosomal fragments. All these results suggest that ageing seems 
to be associated with a blogenesls of membranes Therefore we think that potato tuber 
slices constitute good material to study the role of sterols m membrane morphogenesls. 

EXPERIMENTAL 

P~eparntm of potato .sl~rs and ayrrny condmony Cylmdera 9 mm dla were cut from potato tubers. Solanur~z 
tuberown, ev BmtJe Shces 2mm thick were prepared, washed several times in cold H,O and then aged for 
various times at 25’ on a shaker m the dark IO g samples of fr tissue were shaken m 10 ml of 0 1 mM CaSO, 
The agemg medmm was changed every 4 hr and the operation was performed under aseptlc condltlons The aged 
tuber shces were incubated for 2 hr m IOml of 0 1 mM CaSO, contamlng l-14C NaOAc (5 /~Cilrnl) After 
the mcubatlon the discs were washed, trozen <md lyophllred 

Isolcctznn ofsternl\ The lyapluhxi shces wc_reextiactxd 3 x V&I 50 ml CHC!, -MeOH (2 1) The extract.. were 
bulked, evaporated to dryness. dlssolvcd m basic MeOH- H,O (I 1) to remove tree fatty acids Under these con- 
dltlons sterol esters were not hydrolyzed The free sterols and sterol esters were extracted from the mixture with 
hght petrol and were separated on TLC with cyclohexane EtOAc (9 I) as the solvent (2 runs) Four groups of 
products were separated 4-desmethylsterols, 4cx-methylsterols, 4,4-dlmethylsterols and squalene mlxed with 
esters Each band was scraped off and eluted Sterol esters were hydrolyzed by refluxmg m MeOH contammg 
6% KOH for 30 mm under Nz and rhe non-sapomfiable hplds wele extracted with light petrol. then chromato- 
graphed as described above Ldbclled [‘4C]-4,4-dimethylsterols. 4a-methylsterols and 4-desmethylsterols were 
acetylated with Ac~O-[~H] The crude acetates were first separated by TLC with cyclohexdne ttOAc (9 1) as 
solvent then continuously for IX hr by AgNO,-TLC’wlth the solvent cyclohexane- C,H,, (7 3) With th~b system, 
the cycloarlenyl acetate ~‘1s separated from the 24-methylcnc cycloartanyl acetate. the acetates of obtuslfolyl 
and cycloeucalenyl were sepdlated from the 24-methylene lophenyl acetate, the acetates of 24-methylenc choles- 
teryl, lsofucosteryl and 3rd band conslstmg of a mixture of 4-desmethylsterol acetates (sltosterol, stlgmasterol, 
cholesterol and campesterol) were sepdrated The 4-desmethylsterol a&tates here analysed by GLC-equipped 
with a FID before and after AgNO?--TLC Glass columns nacked with l’>, OV-17 and I”,., SE-30 on chromosorb 
W-HP were used at 270‘ Quantltatlve determmatlons werd made by measurmg peak ‘ireas which were compared 
with a standard II-C~~H,, Included with the test sample An effluent sphtter was used to study the rddloactlvlty 
dlstrlbutlon and samples were trapped m glass tubes at room temp The radIoactIvIty associated with each com- 
ponent was assayed usmg a iiquld-scmtllfatlon spectrometer Radloactlvltles of . 14C and “H were measured at 
each step of the purlficatlon procedure Specific radloactivltles of the lsoidted products were calculated as de- 
scribed previously 28 Radloactlvltles of ‘H were also used to calculate the quantltles of each compound 

Iden@ntlon of LFofucosterol After AgNO,--TLC, the band correspondmg to lsofucosteryl acetate was ana- 
lysed by GC -MS usmg a column packed with 1:; Dexsll at 270” Only one peak was obtamed and corresponded 
m relative retention time to an authentic sample of lsofucosteryl acetate The MS showed d fragmentanon pattern 
ldentlcal to that of the data m the hterature ” rnje (relative mtenslty) 394 (16) [M ‘-MeCOOH]+. 296 
(100) [M’~MeCOOH~~C,H,,]‘, 255 (3,X) [M’ -MeCOOM--C,,,H,,]‘, 213 (14,8) [M’-MeCOOH JZ,,H~~]’ 
The presence of a strong peak at m/r 296 (base peak correspondmg to a MacLafferty type rearrangement) wns 
evidence of a 2 configuratlon ” 
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*9 KNIGHTS B’ A’and BROOKS, C J W (1969) Phytochemrstry 8, 463 


