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Absfract-A bound, nonaysable, water soluble fration from which squalene, 4&dunethyl sterols, 
4a-methyl sterols and stcrols arc released by treatment with alkalme pyrogallol or DMSO has been shown 
to occur m leaves of the hrgher plant, Khlonchoe blossfeldmnu. The sterol compos~tlon of tis and a second 
bound, water-soluble sterol fractmn, broken down by acid treatment, were d&Ient and both were s~gnifi- 
cantly d&rent from the composition of the free sterol fra&on Possible metabohc roles for bound, water- 
soluble sterols and thev hosynthetic precursors are considered 

INTRODUCTION 

A BOUND, water-soluble sterol fraction that is refractory to extra&on with organic solvents 
and from which free sterols are released after treatment with alkaline pyrogallol has been 
reported to occur m yeast’s2 and Eugkna gracihs. 3 These bound, water-soluble forms of 
sterols from yeast are considered by Adams and Parks2 to be non-covalent saccharide 
complexes. They were non-dialysable and could be broken down by solution in dimethyl 
sulphoxlde (DMSO), chromatography on silica gel and digrtonin precipH.ation. I now 
report the occurrence of slmllar bound, water-soluble sterols together with their similarly 
bound biosynthetic precursors, squalene, 4+dimethyl sterols and &-methyl sterols in 
leaves of the higher plant Kalanchoe biossfeldzana. 

RESULTS AND DISCUSSION 

Aqueous extracts from leaves of both vegetative and flowering K. blossfeldiana, after 
exhaustive extraction with organic solvents, were found to contain bound squalene, 4,4- 
dimethyl sterols, 4a-methyl sterols and sterols. These substances were released from their 
bound, nondialysable form either by treatment with alkahne pyrogallol or by solution in 
DMSO. They were then separated by TLC and analysed qualitatively and quantitatively 
by GLC. Bands from TLC plates corresponding to squalene and the other three groups of 
substances were extracted and mdlvidual substances were Identied by comparison of their 
GLC retention times with those of authentic samples on two or more different stationary 
phases. Free counterparts of the bound substances referred to above were isolated from 
the orgamc solvent extracts, separated by column chromatography and TLC then analysed 
by GLC. 

Table 1 shows that the amounts of free and bound water-soluble sterols and their 

1 B. G ADAMS and L W PARKS, Biochetn Btophys Res Commun. 28,490 (1%7). 
2 B G ADAMS and L. W PARIS, J Ltpui Res. 9,8 (1%8) 
3 R D BRANDT, G OURISSON and R J PFIYCF!, Wochem Blophys. Res. Cornmutt. 37,399 (1969) 
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brosynthetic precursors found m leaves of both vegetatrve and flowering K. blossfeldiana 
are smular. Amounts of these bound, water-soluble substances present are cu. O-1 per cent 
of their free counterparts. The somewhat lower amounts of bound, water-soluble sub- 
stances obtamed after dralysis of an aqueous fractron could be due to loss durmg the dialysis. 
Prior to the alkahne pyrogallol treatment referred to in Table 1 the aqueous fractron had 
been subjected to prolonged treatment with mineral acid. 4,4-Dimethyl sterols, 4a-methyl 
sterols and sterols were extracted after this acrd treatment in amounts cu. 50 per cent of those 
obtamed after alkaline pyrogallol treatment. Organic solvent extracts of leaves of K. 
blossfeldiuna contained fatty acrd esters of 4,4drmethyl sterols, h-methyl sterols and 
sterols m amounts that were much lower (ca. 2 per cent) than those of the bound, water- 
soluble forms shown in Table 1. 

Fraction 

Amounts @g/g dry wt of k!af)* 
L r I 

4,4_Dunethyl 4aMethyl 
Squalene sterols sterols Sterols 

c 
Y 

I 

Free loo0 (750) 7401(7501) 1100 (1350) 
Water soluble @%-acted after alkaline 0 29 (1 1) (0 15) 0 13 (@14) 3 0 (3.3) 

pyrogallol treatment) 0 17 
Water soluble (extracted after DMSO 0.70 39 

treatment)~ 
Water soluble (non-dlalysable, extracted (0 30) (1.2) 

after DMSO treatment)? 

* Data from leaves of flowermg K blossfelduma are shown m p-theses. Amounts determmed by 
GLC, approximate fractional error f 0 2. 

t Squalene and sterols only exammed 
$ Determmed by welghmg 

Srgnmcant differences were observed m the sterol composmon of bound, water-soluble 
and free sterols from Euglena gracrh. 3 These sterol fractrons from leaves of K. blossfeeldzana 
also had different cornpositrons by GLC analysis, the results of which are shown 111 Table 2. 
Similar GLC analysis of the free and bound, water-soluble 4,4_drmethyl sterol and 4a- 
methyl sterol fractions showed the presence of cycloartenol and cycloeucalenol respec- 
tively along wrth larger quantrtres of umdentrfied substances. Cycloartenol and cyclo- 
eucalenol are considered to be brosynthetrc precursors of the phytosterols.4 No lanosterol 
was detectable m any fractron. These quahtatrve results above were determined with leaves 
from vegetative K. blossfeldiana and were essentrally the same wrth leaves from the flowering 
plant. The presence of squalene m both free and bound, water soluble form, released after 
alkaline pyrogallol and DMSO treatment, was determined, after TLC, by GLC analysis 
on four different statronary phases. 

Previous work m other laboratones, l--3 has demonstrated the presence, m two lower 
plants, of a bound, water soluble, and nondralysable sterol complex which 1s resrstant or 
partially resistant to acid and alkah degradatron and from which sterols are released by 

4 P. BENVENLWZ, M. J. E. HEWLINS and B. FRITIO, European J. Blochem 9,526 (1969) 
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TABLET. CQ k@OSlTION OF FREE AND BOUNLl, WATER SOLUBLE STEROL FStAClTONS FROM LBAVES OF Vli5ETATlVB 

Kalanchoe blossfekima 

Composltlon (%)* 

Sterol fraction fl-S~toeterol Campesterol 28-Isofucosterol Stgmasterol Cholesterol 

Free 79 13 7 0 <l 
Water soluble (extracted 

after acid treatment) 70 1 8 6 14 
Water soluble (extracted 

after alkalme pyrogallol 
treatment) 57 0 26 9 7 

Water soluble (extracted 
after DMSO treatment) 49 0 26 16 9 

Water soluble (non- 
dAysable, extracted after 
DMSO treatment)t 55 0 23 15 7 

l Determined by GLC peak area measurements, approxnnate fractional error f O-1. 
t From leaves of flowenng K blossfeldma 

alkaline pyrogallol treatment, silica gel chromatography, solution m DMSO and Qgltonm 
precipitation. The present results demonstrate the occurrence of a similar bound, water 
soluble nondialysable sterol complex in a higher plant together with similarly bound, 
water-soluble sterol biosynthetic precursors, squalene, 4,4-dimethyl sterols and h-methyl 
sterols. To the author’s knowledge this IS the tit report of any such bound, water-soluble 
form of squalene, 4+dimethyl sterols and h-methyl sterols m plants or ammals. The 
nature of these water soluble forms is uncertain, although Adams and Parks’ suggest that 
they m&t be large non-covalent saccharlde complexes. 

Adams and Parks1*2 found that the water-soluble sterol complex from yeast was partly 
decomposed by acid. Brandt et ~1.~ have suggested the possibility of two dlstmct water- 
soluble forms of sterols from E. gradis, one from which sterols are extracted after acid 
treatment and the other from which sterols are extracted after alkahne pyrogallol treatment. 
The results presented here (Table 2), which show a significantly different sterol composltlon 
for water solubihzed sterols liberated after these two dfierent treatments, also suggest the 
presence of two dlstmct bound, water-soluble sterol forms m leaves of K. blossfeldmna. In 
addltlon, it seems likely from the compositions m Table 2, that the bound, water-soluble 
form that IS broken down by alkahne pyrogallol 1s the same as that attacked by DMSO. 

With regard to any possible role that bound, water-soluble components of sterol 
blosynthesls might have in plants, several posslblhtles exist. They could, for mstance, 
represent a completely water solublhzed and separate sterol hosynthesls or act as reversible 
and transportable extraparticulate reserves for sterol hosynthesis associated mth cell 
particles A recent study5 of sterol blosynthesls unth fractionated plant cell paticles has 
mdlcated that, as m animals, plant sterol biosynthesis is associated mainly with the mlcro- 
somes and the aqueous supernatant after nucrosome precipitation, that is a soluble cell 
fraction There exists also the posslbihty that bound, water-soluble squalene and its 
metabohtes could be concerned with then mtercellular transport and metabolism. 

s F F KNAPP, R. T. AEI(EL and H J. NICHOLB, Piknt Physzol. 44,442 (1969). 
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As wnh the photosynthettc E. gracdts,3 leaves of K. blossfeldtana contain much larger 
amounts of cholesterol in bound, water soluble form than m its free state. One mterpre- 
tation of this tiding is that the water-soluble complex contains a pool of the sterols needed 
by the plant m a form translocatable either inter- or mtracellularly. Cholesterol, for 
example, is a known biosynthetic precursor of plant progesterone6 and ecdysterone,’ both 
animal hormones. It could equally well be the precursor of oestrogens*-10 which have 
been found m plants and may have some hormonal role therem.11s12 Cholesterol could also 
serve as the biosynthetic precursor for various other plant steroids. 

Further mvesugations into the occurrence and nature of bound, water solubilixed 
terpenoids are m progress. 

EXPERIMENTAL 

Ch romntography 

Columns of alurmna (Grade III) were eluted w&h PE (PE = lrght petroleum, b p 40-60’) contaming 
increasmg amounts of ether. Fractions were monitored by TLC. Squalene was eluted wrth PE, sterol esters 
wrth 25-40 % ether, 4,4-dunethyl sterols and 4emethyl sterols 45-70x ether, and sterols 7090% ether. 

TLC plates of smca gel (250 p thrck) were eluted twrce Hnth CHCll. Separated components were vtsual- 
lzed under u v light after spraying wtth 0 1 ‘A ethanohc berberme hydrochloride. Approximate R, values 
were; squalene 0 95, sterol esters 085, 4,aethyl sterols 0.65, 4a-methyl sterols 0.55 and sterols O-45 

GLC was carried out wtth a Pye 104 dual column chromatograph fitted wrth dual flame iomxation 
detectors. Separated (TLC) 44duneth~l sterol. &methyl sterol and sterol fractrons were auantnatively and 
quahtatwely analysed‘on two_dttIerent-cola, 1% OV-17 and 1.5% XE&O at 248” and 238” respe&vely. 
Squalene was analysed on four drtferent columns, 1% OV-17,1*5 % XE-60,2% SE30 and 2% DEGS at 
234”. 205”. 234” and 200° respectively Sdanixed glass columns (1 5 m x 4 mm i.d.) were packed wtth liamd 
phases adsorbed on Gaa-Chrom Q (ScnOO mesh) except m the case of 2% DEGS which was adsorbed on 
Chromosorb W (80-100 mesh) and packed mto a t&nixed glass column (2 m x 4 mm r.d ) Nitrogen carrier 
gas flow rates were 60 ml/min in all cases. Compounds were ulenttfied by the tdentny of thetr mtentmn umes 
with those of authenttc samples. Amounts of 4,4&methyl sterols, 4amethyl sterols and sterols were 
determinedbyGLCpeakareameasuremen ts usmg hnear detector response cahbrations wrth cholesterol. 
Pure cholesterol was the only standard avadable m sutBcrent quantmes for thrs purpose but tt was antrct- 
pated that all the compounds measured wrth it, beii chemically very sumlar, would have a sumlar detector 
response. Amounts of squalene were determmed smnlarly, by GLC, usmg pure squalene for the cahbratton 
of detector response. 

Extraction ad Isolation from Pkmt Matenal 
(a) Lyophihxed leaves from vegetatrve (24 5 g) or flowermg (19.6 g) K blossfehbana were macerated wrth 

acetone (500 ml) then refluxed 111 the same acetone for 2 5 hr After tiltration the plant material was extrao- 
ted a further three times by refly with CHCl,-methanol (2:1, 5OOml) and filtermg. The combmed 
filtrates (acetone and CHCl,-methanol) were evaporated to dryness zn l~cuo then chromatographed on a 
cohunn of ahmmra Fractions contammg squalene, 4,4_dunethyl sterols, rlcr-methyl sterols and sterols were 
collected, combmed as appropriate, and m all except the case of squalene, further puntied by TLC pnor to 
GLC analysts. The combmed column fractions contammg sterol esters were first punlied by TLC then 
sapon18ed (see below) and the non-sapomflables separated by TLC prior to GLC analysts 

After the extraction with orgamc solvents, described above, the remammg plant matertal was refluxed 
three tunes wrth water (500 ml) and filtered The combined aqueous tlltrates were evaporated to dryness 
an vucuo and treated with aqueous methanohc HCl (see below), and then, after ether extractton, neutrahxatton, 
and evaporation to dryness m vucuo, treated with alkahne pyrogallol (see below) and further extracted with 
PE Components of these two orgamc solvent extracts were separated by TLC prtor to GLC analysts. 

6JAFW~ ~r~oux, P C. HIRSCH, S. M MUNAVALU and E CASPI, Blochemutry 7,3248 (1968). 
‘H H SAUW.R.D BmandE. IIEFIUANN, Phytochem 7,2027 (1968) 
* A. -AN~T and H JACOJU, 2 Physrol Chem; 218,104 (1933) 
9 E. m. S -T. Ko and R. D m, Phytochem 5.1337 (1966) 

lo B. SKARZ~N&I, Nature 131,766(1933) _ _ . _ _ 
I1 J. Ko~cswrcz, Naturwrss. 56,287 (1969) 
I2 J. Korcswrcz, Natutwiss. 57,48 (1970). 
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(b) Froxen (-40”) leaves from vegetative (146.7 g fr. ti, 15.6 g dry wt., dekrmmed by lyophihxatlon of 
a sample) or flowenug (309.7 g fr. wt., 19% dry wt.) K. blossfeIdhu were broken and allowed to thaw out 
and soak m 80% ethanol (500 ml) for 2 days at room temperature. After fWWkm the plant matenal was 
maceratedWlth80%~ol(400ml)andallowedto~forldaybeforsfil~andreaoalrinem80% 
ethanol (300 m& 1. day). The combined extra& were concentrated rn cucuo to Ttn aqueous suSpens10n 
(250 ml). This was ad,lusted to pII 7.5 with 2 N NasCOs and extra&d wlth ethyl acetate (4 x 50 ml), then, 
after adJustment to pH 3 with 2N HCl, extmekd wtth ethyl acetate (6 x 100 ml) and with n-BuOH (4 x 
15Oml). The aqueous remrunderafferalltheseextractionswasevaporatedtodryness~n.Thedryresidue 
from vegetattve leaves was treated wtth DMSO (see below) followed by PE extraction. The drv restdue from 
flowe&g leaves was m&solved m water (25 ml) and dial&d agamstwater (8 x 100 ml) for-3 days. After 
evaporatron of the non-dralyxable material to dryness in tmcuo it was treated with DMSO (see below). The 
mnuutes of components extracted mto PI3 after the above two DMSO treatments were analyzed dueotlv 
by GLC. - 

Methoa3 for Release of Bound Lzprdr 

1 Ester sqwn&zt~on Sterol ester fraettons were refluxed under nitrogen with 6% KOH in 90% 
aqueous methanol (5 ml) for 4 hr. The cooled reaction mixture was then dduted wtth water (2 ml) and 
extra&d with PE (3 x 5 ml). Combmed extra&s v&m washed with 2N HCl, 5 % NaI-ICOs and water then 
dried over NasSO* before evaporating to dryness zn vccuo. 

2 Wuter soluble. (a) Aq methunobc HCZ Dned material from the aqueous extracts was stured at room 
temperature for 5 days wtth cone HCl-water-methanol (1: 2*3,3OO ml). After drlutton wtth water (200 ml) 
the suspensnm was filtered and extracted wtth ether (3 x 100 ml) Combmed extra&s were washed with 5 % 
NaHC& and water before drymg over Na$% and evaporating to dryness zn uacuo. 

(b) Alkalm pyrogdol. After the ether extraction desertbed in 2a above, the mukuing a&c aqueus 
solution wss neutralized with 4N NaOH before evaporauon to dryness in uuc~. The dry restdue was then 
refluxed for 2 br wtth 0.5% methanohc pyrogallol sohWm-6O% KOH-methanol (3:2*3, 25Oml). The 
cooled rcaetnm mtxture was extra&d with PE (4 x 75 ml) and combined extracts were washed with 
2N HCl, 5 % NaI-ICOs and water then dried over Na&IO~ before evaporatmg to dryness tn cucuo. 

(c) DMSO. Dry residues of aqueous extracts were heated on a steam bath for 2 hr w&h DMSO (10 ml). 
The cooled and filtered reaction rmxtum was extra&d unth PE (3 x 5 ml) Combined extra&s were washed 
wtth water then dned over NasSO, before evaporatmg to dryness in tmcuo. 
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