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SUMMARY

Young plant parts of Hoya species incorporate exogenously supplied acetic acid and mevalonic
acid mainly into phytosterols; triterpenes are synthesized mainly in older plant tissues. Sugars
are the only efficient substrates in biosynthesis of latex triterpenes. This synthesis occurs in
all laticifer containing parts of the plant and is not related to sterol and triterpene biosynthe-
sis of laticifer surrounding tissue.

1. INTRODUCTION

1.1 Freshly tapped latex of several plant species is able to
synthesize latex specific compounds from naturally precursors
The in vitro biosynthesis of rubber in Hevea brasiliensis from acetate (BAN-
DURSKY & TEAs 1957), from mevalonate and isopentenyl pyrophosphate
(ARCHER et al. 1963), triterpenol biosynthesis from acetate in Euphorbia helio-
scopia and E. cyparissias (PONSINET & OURISSON 1967), and alkaloid biosynthe-
sis from tyrosine in latex from Papaver somniferum (FAIRBAIRN et al. 1968,
BoHM et al. 1972) lead to the view that expelled latex in several cases is more than
vacuolar sap only (FAIRBAIRN et al. 1968).

It may not be concluded that all latices are capable to in vitro synthesis of
their constituents. Isolated latex of Euphorbia helioscopia and E. lathyris were
incapable in converting m-tyrosine into m-hydroxyphenylglycine and 3.4
dihydroxyphenylalanine, both occurring in the latex of these species (Liss
1961, MULLER & SCHUTTE 1971). Incorporation of amino acids into latex
proteins could neither be stated in isolated latex of Strophantus scandens,
Asclepias curassiva and ten Euphorbia species (MEISSNER 1966), nor was pipe-
colic acid converted to 4-hydroxy pipecolic acid and 4-amino pipecolic acid by
isolated latex of Strophantus scandens (SCHENK et al. 1962). Attempts to achieve
in vitro rubber formation with Cryptostegia grandifiora latex were uniformly
completely negative (STEWART 1948).

Porovict (1926) described synthesis of latex particles in a parietal cytoplasm
of Ficus carica and their subsequent excretion into a large central vacuole, as
did Trécul in Musa (TRECUL 1867). More recently Pfinder observed a riboso-
merich wall lining cytoplasm in Euphorbia lathyris laticifers (Pfinder, quoted
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by Moritz 1967). MARTY (1968) supplied electron optical evidence for a
polyterpene particle synthesis in the parietal plasmatic layer of Euphorbia
characias laticifers. This plasmatic layer is considered to be retained at tapping
(BoBILIOFF 1925, Liss 1961, MoriTz 1967, GROENEVELD 1976b) and therefore,
in accord with Bobilioff’s view the expelled latex may also be regarded as a
vacuolar fluid. :

In latices triterpenes occur together with usually small amounts of polyter-
penes in latex particles. As their biosynthesis from acetate or isopentenyl
pyrophosphate could not be achieved in tapped latex of several Hoya, Dischi-
dia and Euphorbia species (GROENEVELD 1976b). latex triterpene biosynthesis
was assumed to occur within the parietal cytoplasm of the laticifers. In the
present study, therefore, triterpene synthesis was studied by incubating stem
parts with labelled precursors.

Besides in latices, triterpenes have a widespread occurrence in the plant
kingdom (BoITEAU 1965) and their biosynthesis has been investigated by many
workers (e.g. AEXEL et al. 1967, KasprzuK 1969, BAISTED 1971, REES et al.
1966, GoopwIN 1971). In the present work two Hoya species were investigated :
H. australis R.Br. ex Traill having white latex with triterpene cinnamates as
the main constituent of the latex particles (GROENEVELD 1976a) and H. carnosa
R.Br. having a translucent latex, without triterpene particles.

1.2 General description of the plants and the laticiferous system
H. australis and H. carnosa are epiphytic climbers. Their root system is poorly
developed. Leaves arise in pairs and their growth starts normally at the 4th
internode (counting from apex to base), which means that the end of the stem
over a length of about three internodes is leafless. A typical growth pattern is
presented in fig. I which demonstrates a growth of up to 2 cm a day. In the
third internode the vascular cambium develops and secundary xylem and
phloem become visible in the fourth internode. Except in the roots, the latici-
ferous system occurs in all parts of the plant. Like that of other Asclepia-
daceae as Cryptostegia grandiflora (BLASER 1945, ARTSCHWAGER 1946), it is
of the non-articulated, branched type also characteristic of many Apocyna-
ceae, Moraceae and Euphorbiaceae (SCHMALHAUSEN 1877, SCHAFFSTEIN 1932,
VREEDE 1949).

In the internodes laticifers occur in very large numbers in the cortex, pith
and phloem regions of the bicollateral vascular system. Just below the nodal
plane the latex tubes branch freely in all directions, and connections between
pith and cortex laticifers by radial latex cells could be regularly observed, as
has been reported for Beaumontia grandiflora (WOODWORTH 1932), Ficus
species (VREEDE 1949) and Asclepiadaceae in general (TREIBER 1891). In the
leaf they occur mostly in the midrib region and near the veinlets. In longitudinal
sections the laticifers appear as thin walled elements completely filled with
uniformly sized particles (GROENEVELD 1976 a, b). Light optically no parietal
cytoplasm is visible. Non-articulated laticifers are multinucleated (TREUB 1879,
MAHLBERG 1959, Rao & MALAvIYA 1966a, b); several nuclei were observed
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in the young laticifers of Hoya carnosa. Lutoids occurring to a considerably
degree in Hevea (RUINEN 1950) and several other latices (SOUTHORN 1964) could
not be detected in Hoya latex.

2. PLANTS AND METHODS

Plants. Vegetatively propagated Hoya. plants were cultivated in the greenhouse
on a gravel culture and parts of well growing plants were used in all incorpora-
tion experiments.

Incubation. For incubation with radioactive substrates parts of internodes
of 0.5 grams fresh weight were sliced into discs of about 0.5-1.0 mm thickness.
These discs were transferred to S ml incubation vials and moistened with 0.3-
0.4 ml of water containing 5-10 uCi 2-'4C sodium acetate (58 mCi/mmol)
or 5-10 uCi DL - 2-14C mevalonic acid (10.9 mCi/mmol). These vials were
placed in a covered beaker, water was added to maintain the viability of the
plant tissue and incubated at room temperature with illumination by two 40
Watt TL-tubes placed 30 cm above the vials.

In other experiments more intact internodes were placed in 40-150 ul
aqueous isotope solutions which were completely absorbed within 6 hours.

The incubation of chopped stem tissue was terminated by adding 2 ml etha-
nol. They were subsequently saponified as described earlier (GROENEVELD
1976b), extracted with petroleum ether (40-60) yielding the unsaponifiable
components. Total terpenoid extracts were made according to a slightly
modified method of GRUNWALD (1970). Frozen plant parts were chopped and
extracted with acetone in a soxhlet apparatus during 2 hours. Acetone was
evaporated and the residue dissolved in a 10 ml mixture of equal parts of
ethanol 96 %, and petroleum ether 40-60. Water was added to obtain two layers
and the petroleum ether fraction was cleaned by extracting once with ethanol
909 and subsequently evaporated. :

Latex tapping. After incision with a razor blade expelled latex was taken up
in 20 pl micro-capillaries and suspended in a 1 ml K,HPO, solution resulting
in a homogenous stable particle suspension (GROENEVELD 1976a, b). The first
incision was made within 2 cm from the site of isotope application. Triterpe-
noids were extracted completely with petroleum ether (40-60) after adding an
equal volume of acetone, followed by vigorous shaking. Petroleum ether
extracts were chromatographed on 5 g alumina columns (Brockman, grade
II-I1I) yielding separate fractions containing (a) hydrocarbons (squalene) and
triterpenyl/steryl esters, (b) 4,4-dimethyl sterols (and triterpenes), (c) 4a-
methylsterols and (d) sterols (Goap & GOODWIN 1966) as described earlier
(GROENEVELD 1976b).

Thin layer chromatography. TLC of samples (7500 dpm minimum) for
radiochromatographic scanning purposes was carried out on 0.25 mm silica
gel G and developed twice in cyclohexane-ethylacetate (9:1, v/v) (BENVENISTE
1966) separating sterols, 4a-methylsterols, 4,4-dimethylsterols(and triterpenes),
triterpenyl/steryl acetates, triterpenyl cinnamates, triterpenyl/steryl palmitates,
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carotenes and squalene. Squalene, f-amyrin palmitate, f-amyrin cinnamate,
-acetate, f-amyrin, sitosteryl acetate and sitosterol were used as reference
compounds. The ester fractions and acetylated triterpenes and sterols were
separated on silica gel G thin layer plates impregnated with 159 AgNO; (w/w)
and developed in benzene-petroleum ether 40-60 (3 :2, v/v) (BARNA & DuTTA
1967). p-amyrin cinnamate, f-amyrin acetate, cycloartenyl acetate, 24-
methylene cycloartenyl acetate and sitosteryl acetate were used as references.
Spots were detected by spraying with chlorosulfonic acid-glacial acetic acid
(1/2, v/v) and heating at 120°C for 5-10 minutes. After hydrolysis of the ester
fractions and extraction of the unsaponifiable lipids the pH was adjusted to 1
with HC1 and long chain fatty acids were extracted with petroleum ether and
aromatic acids with ethylacetate containing 2 9 cinnamic acid.

Radioactive counting. Samples of lipid extracts were dissolved in 10 m! of
scintillator containing 4.5 g PPO-POPOP Premix P/1. of toluene (A), aliquots
of diluted latex particle suspensions were dissolved in 10 ml of scintillator solu-
tion consisting of 5 g permablend I (Packard), 800 ml dioxane, 48 g naphtalene
and 110 ml cellosolve. and essayed in a liquid scintillation spectrometer. After
thin layer chromatography radioactive spots were detected with a radio chro-
matogram scanner, scraped from the sheets and counted in scintillator (A).

Isolation of cell organelles. After slicing into 1 mm discs 3 grams of stem tissue
was homogenized with an Ultra Turrax mixer for 20 seconds in 15 ml 0.02 M
glycylglycine buffer at pH 7.5 containing 0.5 M sucrose. The homogenate was
filtered through four layers of cheese cloth to remove the cell debris; the pH was
adjusted to pH 7.5 and the extract was centrifuged according to the following
scheme (TOLBERT et al. 1969): 30 minutes at 700g removing whole chloroplasts;
broken chloroplasts and peroxisomes were precipitated at 6000g during 20
minutes, and the mitochrondrium fraction was precipitated at 39,000g during
30 minutes. The 6000g and 39,000g pellets were resuspended with a Potter
tube in 1.5 ml 0.5 M sucrose containing glycylglycine buffer and layered on a
discontinuous sucrose gradient in the same buffer. The 2.5-2.3-1.8-1.3-0.5-
0.35 M sucrose gradient was centrifuged for 2 hours in a SW 50 L Spinco rotor
at 35,000 rpm. All operations were conducted at 2-4°C. After the run the
gradient was frozen and separate fractions were excised, thawed and the lipids
were extracted as described for the latex particles.

Identification of triterpenes and sterols in Hoya australis. In Hoya australis
the triterpene cinnamates and acetates are the major compounds of the latex
particles. Chromatography of the triterpene esters on silica gel G thin layer
plates impregnated with AgNO; and developed in benzene-petroleum ether
(40:60. v/v) (BARNA & DUTTA 1967) revealed three spots cochromatographing
with samples of authentic f-amyrin cinnamate (Rf 0.67), -amyrin acetate
(Rf 0.54) and cycloartenyl acetate (Rf 0.40). After saponification and sub-
sequent acetylation the latex triterpenyl cinnamates revealed triterpenyl
acetates which cochromatographed with authentic samples of f-amyrin acetate
(major compound). cycloartenyl acetate and 24-methylene cycloartenyl acetate.
After acetylation the free triterpenes present in latex also cochromatographed
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with these references. Gaschromatographically the presence of cycloartenol,
24-methylene cycloartenol and f-amyrin could be demonstrated and o-
amyrin cochromatographing with f-amyrin in argentum thin layer chro-
matography appeared to be present in the free and esterified triterpenols.
B-amyrin was found the major triterpenol of the esters, 24-methylene cycloar-
tenol in the free triterpenols.

Fragmentation patterns in gaschromatography-mass spectrometry of the
H. australis latex triterpenols mentioned were in agreement with those of
authentic samples and identical to the patterns described in the literature
(DierAssI et al. 1962, ApPLIN & HORNBY 1966, AUDIER et al. 1966).

In latex phytosterols are present as traces only (GROENEVELD 1976b). In
extracts of plant parts the sterols were separated into three spots (after saponi-
fication and acetylation) on AgNO;-impregnated thin layer plates. The major
compound cochromatographed with the common phytosterols, sitosterol,
stigmasterol and campesterol (Rf 0.45). Two other spots with Rf <0.45 have
not been identified and are stated with a Rf value relative to sitosterol. The
4o-methylsterols, absent in latex, were not investigated in detail, neither the

4. 4-dimethylsterols of plant tissue as the pentacyclic and tetracyclic latex triter-
penes cochromatograph with this fraction. In Hoya carnosa only appreciable
amounts of sterols were found in the unsaponifiable fraction. The presence of
sitosterol in this plant species was already reported by KERN & HASELBECK
(1942). 4,4-dimethylsterols and triterpenes and their esters could be detected as
trace components only in thin layer chromatography.

3. RESULTS

3.1 Incorporation of acetic acid-2-*C and mevalonic acid 2-14C
into the 44-dimethylsterols and sterols by chopped internodes
of H.australis

Preliminary investigation showed that no qualitative differences within the
radioactive unsaponifiable lipids were obtained in chopped leaves and stem after
24 hours’ incorporation of acetate and mevalonate. In the present work stem
parts were used because they can be sliced more uniformly resulting in more
reproducible quantitative data. In all experiments the internodes used were
numbered from the stem apex which means the youngest internode numbers
one (fig. 1). Chopped parts of internodes (up to 0.5 g fresh weight) were
incorporated with 2-14C- acetate during 24 hours and radioactivity in the
unsaponifiable lipids was measured. Results of typical acetate incorporation in
H. australis are presented in fig. 2. The data were obtained by separating the
unsaponifiable lipids on thin layer plates and after scanning of t.l.c. sheets,
zones corresponding to the appropriate standards and radioactivity were
scraped from the plates and measured in a scintillation counter. The results
were in agreement with those obtained after chromatography on alumina
columns. In general a percentage of incorporation of 0.9-2.7% was found.
Similar experiments were carried out with 2-'4C mevalonic acid. For this
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lengthem Fig. 1. Growth curves of internode and
sl leaves of Hoya australis cultivated on a
gravel culture: average temperature at day
24°C, at night 20°C, relative humidity
40-60 9. The leaf length is represented by
the average length of leaf laminas in each
pair of leaves. The first growth curve
of leaves corresponds with the apical leaf
pair at the 9th internode. The numbers at
the internodes growth curves correspond
with those of the first 2-14C acetate in-
corporation experiment (fig. 2).

purpose parts of internodes nr. 1 + 2, 3, 4, 5, 6, 8. 10 and 12 were sliced in
0.5-1.0 mm thick sections and incubated during 24 hours. Results of a typical
experiment are presented in figs. 3, 4a and 4b. They demonstrated that all
parts of a Hoya stem can incorporate acetic acid and mevalonic acid into
unsaponifiable lipids. In all parts of the stem about equal amounts of label
were incorporated but the distribution of radioactivity after 24 hours’ in-
corporation appeared to be different in each internode. In the youngest inter-
nodes mainly sterols were formed, while the labelled 4.4-dimethylsterols gra-
dually appeared in older internodes. The 4,4-dimethylsterol-to-sterol radio-
activity ratio became rather constant from the Sth internode onward. The dis-
tribution of radioactivity within the sterols and triterpenes was also determined
in relation to the internode number. In stem segments which had incorporated
acetate or mevalonic acid the relative amount of the sitosterol fraction of the
sterols diminished strongly with age (fig. 4b). Within the 4,4-dimethylsterols
of the first internodes 4+ 609 of the radioactivity was localized in the a- and
B-amyrin fraction, but this percentage decreased gradually to about 359 in
the 5th internode and remained fairly constant at increasing internode number
(fig. 4a). All plant parts showed some radioactivity in the first eluted hydrocar-
bon containing fraction in column chromatography. On silica gel G thin layer
plates developed in hexane about 90-959% of this fraction cochromatographed
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with squalene, in argention thin layer chromatography all radioactivity remain-
ed at the origin as did authentic squalene, and carotene. In general thisfraction
got little radioactivity and has therefore not further been studied.

3.2 Incorporation of 2-'*C mevalonic acid into sterols and
44-dimethylsterols of Hoya australis versus time

Results of these experiments are presented in fig. 6. The data obtained indicate
that within a 24 hours’ incubation period the sterol fractions steadily increased
in radioactivity while the hydrocarbon(squalene)-activity decreased already
after 1!/, hour. The 4a-methylsterols are fairly constant and the 4,4-dimethyl-
sterols decreased absolutely after 6 hours. The final relative distribution after
24 hours is similar to that presented in fig. 3.

3.3 Incorporation of mevalonic acid into sterols and 4.4-dime-
thylsterols of six other Hoya species
In these experiments internodes were used which had just fully developed leaves,
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0 s 0B Fig. 5. Distribution of radioactivity between
BN B Hoyacamosa squalene, 4.4-dimethylsterols, 4a-methylsterols
N ) Hoya motoskei and sterols after 24 hours incorporation of 2-14C
W ) Hoya diversifolia mevalonate by various internodes from several
S Hoya cinnamomifolia - Hgyg species. Legenda as in fig. 2. Experimental
)  Hoya longuifolia details are given in the text.
BN SRR ) Hoya lacunosa
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Table 1. Incorporation of radioactivity from 2-14C mevalonic acid (9 ¢Ci) into the non
saponifiable lipids and its distribution (%) between squalene, 4.4-dimethylsterols. 4a-
methylsterols and sterols for various internodes of H. carnosa. Percentages are calculated as
was done for H. australis (fig. 2).

internode squalene 4.4-dimethyl 4a-methyl  sterols total dpm
sterols sterols recovered in
% % % % unsaponifiable
fraction
1+2+3 1 34 13 52 3.420.000
5 2 46 20 32 2,038,000
7 2 51 18 28 3.034,500
9 2 59 15 24 3.072.000

as is the case with the seventh internode of H. australis. The results, shown in
fig. 5. do not much differ from those of H. australis. Remarkably, the pattern of
incorporation of mevalonate and acetate into the various lipids was the same
for plants as H. carnosa and H. motoskei, both having colourless translucent
latices without triterpene particles, and for Hoya species which have white
latex. In addition internodes of different ages of Hoya carnosa incorporated
mevalonic acid in the same way as Hoya australis tissue did (rable 1). In the
youngest stem parts phytosterols of the sitosterol fraction were major com-
pounds. while in older internodes most radioactivity of the 4.4-dimethylsterols
cochromatographed with f-amyrin (table 2a and 2b).

34 Incorporation of 2-'*C mevalonic acid into sterol, 4,4-dime-
thylsterols and the corresponding ester fractions of Hoya au-
stralis by different internodes

Slices of different internodes were incubated with 2-14C mevalonic acid and
processed after 24 hours. The petroleum ether extracts of these internodes were
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Table 2a. Distribution of radioactivity between the amyrin fraction, the cycloartenol frac-
tion and the 24-methylene cycloartenol fraction of the 4,4 dimethylsterols of H. carnosa
after 24 hours incorporation of 2-'*C mevalonate by various internodes.

internode Amyrin cycloartenol 24-methylene
fraction fraction cycloartenol fraction
% % %

1,23 21 52 27

5 50 41 9

7 52 36 12

9 48 42 10

Table 2b. Distribution of 4C incorporated into the different sterol fractions of H. carnosa
after 24 hours incorporation of 2-'4C mevalonate by various internodes. The sterol frac-
tions indicated by rrf 1.00 ran coincident with sitosterol, the other sterol fractions are indicated
by a Rf-value relative to those of sitosterol.

internode rrf 1.00 rrf .88 rrf .67
1.2.3 62 11 27
5 41 24 35
7 37 22 41
9 33 25 4?2

separated on silica gel G thin layer plates and in column chromatography.
Labelled hydrocarbons, esters, 4,4-dimethylsterols and sterols appeared to be
present. The ester fraction was saponified and submitted to column chromato-
graphy again to obtain the 4.4-dimethylsterols and sterols of the ester fraction.
Complete distribution of radioactivity is given in table 3. With increasing
internode number the ester fraction exhibited a relative increase which was
apparently caused by 4.4-dimethylsterolester synthesis. The relative amount
of radioactivity in the free sterols and esterified sterols diminished in older
internodes and is in agreement with the first incorporation experiments. The
ester fractions of older internodes, which contained mainly 4,4-dimethylsterol
esters cochromatographed with authentic B-amyrin palmitate on silica gel
G thin layer plates but, subjected to argention chromatography only about
109, of this fraction still did so. Other spots of radioactivity with mobilities
smaller than f-amyrin palmitate were present but they did not run coincident
with f-amyrin cinnamate and f-amyrin acetate.

3.5 Incorporation of isotopes by more intact plant parts

Most apical stem parts above the first internode (up to 0.7 cm length) and stem
parts consisting of the first and second internode were incorporated with
2-14C mevalonic acid. 50 gl isotope solutions were administered and absorbed
within five hours by the internode parts. Radioactivity was found after 24 hours
in the hydrocarbon (squalene), 4,4-dimethylsterols, sterols and their esters.
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Table 3. Distribution of *C between squalene, sterols and sterolesters in different inter-
nodes of H. australis after 2-14*C mevalonic acid incorporation during 24 hours.

internode 2 3 5 7
% % % %

squalene 1.5 2.8 0.7 1.6
4,4-dimethylsterol esters 15.8 13.1 32,6 37.8
sterol esters 6.6 59 2.7 2.3
4 4-dimethylsterols 18.1 194 31.7 29.6
4a-methylsterols 8.5 5.7 8.7 12.3
sterols 49.5 529 23.3 16.6

Table 4. Distribution of '*C between squalene, 4.4-dimethylsterols. sterols and their esters
after 24 hours incorporation of 2-'#C mevalonic acid by excised stem parts of H. australis.

stem internode
apices 1+2
% %
squalene 334 7.1
4 4-dimethylsterol esters 9.9 10.0
4 4-dimethylsterols 234 12.3
sterol esters 33 5.7
sterols 29.2 65.5

From the data presented in table 4 may be concluded that as far as the intact
internodes are concerned mevalonic acid yields the same incorporation pattern
as obtained in chopped plant tissue. The stem apices incorporated a remarka-
ble amount of '4C into the hydrocarbons. After addition of squalene and for-
mation of squalene hexahydrochloride by the method of Goap & GoobwiIN
(1966) 709/ of the original radioactivity remained after two recristallisations,
which indicates that squalene is the main labelled component of this hydrocar-
bon fraction.

To obtain latex from incubated plant tissue 10 cm long apical stem parts were
used. From the basic parts of these stem parts thin slices were cut off until
no latex exuded and a clear wound surface was obtained. These stem parts
were placed immediately in different 50 ul isotope solutions which were ab-
sorbed within six hours. The turgor pressure was restored after 24 hours and
latex could be tapped again from these stem parts. Data presented in zable 5
show that only the latex obtained from stem parts that had absorbed label-
led sugars had incorporated radioactivity into the petroleum ether solu-
ble latex compounds. After the latex had been tapped, lipids were extracted
from the remaining stem tissue and submitted to thin layer chromatography.
In all cases radioactivity in the 4.4-dimethylsterols and sterols was measured,
but radioactive triterpenyl cinnamates could only be established in stem parts
which had absorbed labelled sugars. Very much of the radioactivity of the
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Table 5. Recovery of *C in latex, petroleum ether extracts of latex and the rest of the plant
after absorption of solution of isotopes by 10 cm apical stem parts of H. australis. After in-
corporation during 24 hours, stem parts were cut into two parts of equal length and processed
separately as was the expelled latex.

latex petroleum ether extracts
latex apical basal
stem part stem part

dpm dpm dpm dpm
2-14C acetic acid 7.5 pCi 2,600 - 1,080 1,765,000
2-14C mevalonic acid 1.9 uCi 5,100 - 615 325,000
u-14C leucine 1.5 uCi 1,850 - 4,800 67,000
u-14C glucose 7.5 uCi 32,500 14,600 9,100 132,000
u-14C fructose 8.0uCi 21,300 11,400 5,600 91,700
u-14C sucrose 3.5 uCi 14,600 7,200 3,400 70,500

mevalonic acid and acetic acid fed stem parts was retained by the internode to
which the isotope solution was applied.

Summarizing these incorporation experiments it may be stated that exoge-
nously supplied acetate or mevalonate are not incorporated into latex triter-
penes. Regarding the time course study of the incorporation of mevalonic
acid into sterols it may be assumed that these precursors are incorporated into
the sterols of plant tissue besides some non-latex triterpenes (f-amyrine frac-
tion). Other possible triterpene precursors as leucine and malonic acid are not
incorporated into latex triterpenes. Only sucrose, glucose and fructose appear-
ed to be efficient substrates in biosynthesis of latex triterpenes.

3.6 Incorporation of u-'*C sucrose (8.1 mCi/mmol) into triterpe-
noids of Hoya carnosa and H. australis latex

U-14C sucrose solution was absorbed by apical stem parts of 20 cm length,
which were subsequently incubated for 40 h at 27°C in a moist atmosphere
after which the latex was tapped. Latex and the tissue from which it was ob-
tained were extracted and radioactivity of the triterpene-sterol fractions and
their esters were measured. The data in table 6 show that in H. australis the
major part of the incorporated carbon-14 occurred in the triterpene esters of
the tapped latex (acetates and cinnamates). The synthesis of sterols (which are
virtually absent in latex) is apparently of minor importance. In H. carnosa
latex no radioactive triterpenes and sterols could be detected. The rest of this
plant showed a very low incorporation rate into the triterpene-sterol fraction
which is undoubtedly due to absence of latex particles in this species. In the
triterpene ester fraction of H. australis latex both the acid (cinnamic acid) and
the triterpenol component were labelled. Radioactive cinnamic acid was
demonstrated by radio-gaschromatography of the prepared methyl cinnama-
te (WARNAAR 1976), while the labelled acetylated triterpenols of the ester frac-
tion were demonstrated in argentum thin layer chromatography and radio-
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gaschromatography. The radio-gaschromatogram presented in fig. 7a shows
a roughly equal specific activity of the triterpenols in the latex triterpene esters,
which is in agreement with the quantitative data obtained in argentum thin
layer chromatography of the same fraction (table 6). 1dentical results were
obtained with the free triterpenols (fig. 7b, table 6). Gelfiltration of labelled
latex particle suspensions on 35 cm sephadex G-100 columns as described
earlier (GROENEVELD 1976a, b) showed that 97.5-100%/ of the radioactive
triterpenes was eluted in the particle fraction. The distribution of radioactivity
within the ester fraction of the remaining stem tissue was similar to that measur-
ed in latex esters. Synthesis of triterpenes esterified with long chain fatty acids
could not be established as in stem parts to which 14C-acetate or '*C-mevalonate

Table 6. Incorporation of *4C from u-!*C sucrose into (latex) triterpenes of H. australis
(33.8 uCi) and H. carnosa (22.5 uCi). Experimental details are given in the text. Figures
derived after: 1) separation on alumina column, 2) separation on argentated thin layer sheets.
3) saponification and extraction with ethylacetate.

a) consist of a- and g-amyrin, cycloartenyl and 24-methylene cycloartenyl cinnamate.

b) may contain labelled long chain fatty acids.

Latex Tissue Tissue
Hoya australis H. austr. H. carnosa
2184 mg 1632 mg
dpm x 103 dpm x 103 dpm x 103
total activity 1485
petroleum ether extract 1098
hydrocarbons!) 3 31 47.6
triterpene and sterol esters?) 744 1019 124
free triterpenols!) 139 192.4 19.7
free sterols!) 34 19.7 10.8
esters:2)
cycloartenyl acetate 98.5(13%) 149.6 (14%,)
a- and f-amyrin acetate 242 (33%) 314 (30%)
triterpenyl cinnamates®) 404 (54%) 585 (56%)
triterpenols of the esters?) 503.5 664 5.1
24-methylene cycloartenol 61.5 (12%) 94.2 (14%)
cycloartenol 90.5 (18%) 110 (17%)
o- and f-amyrin 351 (70%) 459 (69%)
sterols of the esters 53 10 9
cinnamic acid3) 117.2 163.4 6.4%)
free triterpenols:
24-methylene cycloartenol 66,6 (48 %) 80.5 (42%)
cycloartenol 41.4 (30%) 33.8(18%)
o- and f-amyrin 31.6 (23%) 78 (41%)
ratio triterpene esters/free triterpenols 5.35 53
ratio triterpenol of the esters/free
triterpenol 3.6 346
14C recovery in triterpenes 1.2% 1.5% .

(% of supplied *C)
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Fig. 7a. Radio gas chromatogram of the triterpene esters of H. australis latex separated as
acetates on 39 SE-30 at 245°C. 5a cholestane (1) was used as internal standard; 2. f-amy-
rin acetate. 3. a-amyrin acetate 4. cycloartenyl acetate and 5. 24-methylenecycloartenyl
acetate. upper curve: activity trace. lower curve: trace of mass.

-

5 43 2 .

Fig. 7b. Radio gas chromatogram of the triterpenols of H. australis latex separated as
triterpenyl acetates on 39 SE-30 at 245°C with 5a cholestane as internal standard. 2. §-
amyrin acetate, 3 a-amyrin acetate 4, cycloartenyl acetate 5, 24-methylene cycloartenyl
acetate lower curve : trace of mass. upper curve: activity trace.
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had been administered. Gaschromatographically the acetylated triterpenols of
both fractions were identical. Very probably these radioactive compounds were
localized in latex constituents which were not expelled at tapping. The very
low incorporation of carbon-14 into the triterpene and sterol esters (even less
than into the saturated hydrocarbons) in H. carnosa tissue supports this view.

From the results obtained it was concluded that the labelled ester fraction
or particularly the triterpenyl cinnamates synthesized after sucrose feeding
could be used to investigate quantitatively latex triterpene biosynthesis. The
distribution patterns of radioacitivity of the free triterpenols of latex and stem
tissue were not identical. Probably triterpenols of non-latex origin may be
synthesized simultaneously to an unknown extent, or latex triterpenols prior
to their esterification are present in this fraction. On the other hand sterols are
synthesized and intermediates in this synthesis may contribute to the radio-
activity of the triterpenols. The locus of radioactive latex triterpenols which
remained after tapping in u-'4C sucrose incorporation experiments was in-
vestigated by means of cell fractionating.

A 20 cm apical stem part was incubated with u-14C sucrose during 20 hours.
After tapping the tissue was homogenized and cellular fractions were prepared
according to GRUNWALD (1970) in a phosphate buffer. As all fractions, cell
debris, nuclei, chloroplasts, mitochondria and microsomal fractions contained
radioactive triterpenyl cinnamates a contamination with latex particles was
assumed. Adding some labelled latex to non-incubated stem material resulted
in a similar distribution of radioactive triterpene esters over different cell
fractions. The isolation procedure for peroxisomes described by TOLBERT et al.
(1969), revealed a number of fractions in discontinuous gradient centrifuga-
tion of the 6000g and 39,000g fractions in which radioactivity was present and
latex specific organelle fractions could be shown. (H. carnosa was used for
comparison.) In density gradients of both fractions at the top a very thin film
of latex particles was present and at the upper half of the 0.5 M sucrose layer
(density 4+ 1.07). distinctly separated from the chloroplasts at interface be-
tween 1.3 M and 1.5 M sucrose, a particulate fraction was present in which latex
triterpene esters occurred. The latex triterpene esters containing particle frac-
tion with density of 1.07 was present in freshly tapped latex as a trace only. The
distribution of radioactivity within the triterpene esters was similar to those in
latex particles of the top layer with a density of 1.008-1.045 (GROENEVELD
1976a).

As in H. carnosa a particulate suspension was present at the interface be-
tween the 1.8 and 2.3 M sucrose layers, corresponding with the peroxisomes
locus described by ToLBERT. This fraction contained no neutral lipids and was
most abundant in stem tissue compared with equal quantities of leave tissue
(both in H. carnosa as in H. australis).

For comparison different internodes of a single plant were incubated for 30
hours with u-1*C sucrose and total lipids were extracted after freezing. Data
obtained are presented in table 7. They show the qualitative incorporation
patterns in the triterpene ester fractions are uniform in all stem parts. Most
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Table 7. Distribution of radioactivity in latex triterpene esters and free triterpenols and
triterpenols of the esters after u-14C sucrose incorporations by 5 cm parts of various inter-
nodes of H. australis. Radioactivity was assayed in the esters after separation on argentated
thin layer plates. Percentage of radioactivity in 24-methylene cycloartenol, cycloartenol and
a- and B-amyrin in triterpene esters and free triterpenols. !) consists of a- and f-amyrin,
cycloartenyl and 24-methylene cycloartenyl cinnamate.

total cyclo- - and triter-
activity artenyl fS-amy- penyl
acetate rin cinna-

acetate mate!) a b c

dpm dpm dpm  dpm 7% % %

Apex + triterpene esters 73,000 11,200 20,100 41,600 25 10 65
1° internode  triterpenols 35.300 16 6 78
o triterpene esters 175,600 26,900 39,100 95,000 23 12 65
3 internode e rpenols 30,600 32 45
o triterpene esters 203,000 33,800 51,700 108,000 26 10 64
4 internode | rpenols 33.900 45 16 39
o triterpene esters 195,000 37,600 56,500 101,000 22 17 61
3° internodes | . penols 32,000 2 2 3
o triterpene esters 98,000 21,000 26,625 51,000 27 14 61
7 internode 41 rpenols 26.630 0 18 4
o triterpene esters 83,500 16,550 23,630 43,400 24 16 59
% internode 4 roenols 16.000 2 17 5
15° internode triterpene esters  17.830 2,190 4910 16,670
triterpenols 3.050

a. 24-methylene cycloartenol; b. cycloartenol; c. a- and f-amyrin.

activity is found in the 4th internode, gradually decreasing in younger and older
stem parts. Very old stem parts still appeared to be able to synthesize triter-
penyl cinnamates. A uniform labelling pattern throughout the triterpenol frac-
tion could not clearly be demonstrated. In most internodes the order of radio-
activity was a- and f-amyrin < 24-methylene cycloartenol < cycloartenol,
but in all investigated internodes the latex specific order of radioactivity (24-
methylene cycloartenol < cycloartenol < a- and f-amyrin) was not observed.

As u-1%C sucrose incorporations into the latex triterpenes were negative
in sliced stem tissue but positive in lengths of more intact internodes the rela-
tion between stem length and ability for triterpene ester biosynthesis was stu-
died. The sixth internode was cut in parts of different lengths and to each 40
ul of **C-sucrose solution (10 uCi) was supplied, which was absorbed within 6
hours. The stem segments were subsequently incubated in a moist atmosphere
during 36 hours, and radioactivity was determined in the various triterpene
esters extracted from the plant parts. The values obtained, presented in fig.8.
show that a minimal stem length of about 8 mm is required to get appreciable
latex triterpene biosynthesis. In all used stem parts a uniform labelling pat-
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dpmx10° Fig. 8. Biosynthesis of latex triterpene esters
g from u-'*C sucrose by stem parts of different
150 | PY length (parts of 6th internode). Data repre-

sent the activity in the ester fraction obtained
in column chromatography corrected for
activity not associated with triterpene esters
in argentum thin layer chromatography.

100 -
50
cm length
o A 1 L
25 50 75

tern in the ester fraction was observed after argentum thin-layer chromato-
graphy. Longer internode parts resulted in irreproducible quantitative data.

When very long stem parts were employed a discontinuous distribution of
radioactive triterpene esters was measured. 200 ul sucrose u-4C (50 uCi) solu-
tion was absorbed by the basal part of a 52 cm long leafless H. australis stem;
70 minutes after the isotope was administered to the 4th internode radioactivity
was detectable with a Geiger-Miiller counter at the stem apex. This radioactivi-
ty increased during the subsequent 16 hours and afterwards remained constant.
After 31 hours #C-incorporation the plant part was frozen, divided in 3.7 cm
segments and processed. The results obtained are presented in table 8, which
shows most radioactive triterpene esters localised in the internode to which the
isotope solution was supplied. The 3rd internode showed relatively little syn-
thesized triterpene esters. The stem apex was apparently not the principal site
of latex biosynthesis. In all segments a rather uniform distribution pattern
within the triterpene esters was present, only into the triterpenyl cinnamates
relatively less radioactivity was incorporated by the apical stem parts.

To investigate the optimal incubation conditions and optimal yield of triter-

penes. parts of the internodes were incubated in atmospheres of different humid-
ity. This resulted in a different degree of water loss during incubation. The parts
with ample water supply showed optimal '#C incorporation (table 9).
The data in fig. 9 demonstrate that labelled triterpene esters synthesis starts
directly after sucrose supply. Maximum incorporation is found after about
40 hours and the amount of radioactivity in the ester fraction did not decrease
during another 40 hours.

Fig. 10 shows the incorporation of radioactivity into the latex triterpenes at
different temperatures. Apparently latex triterpenes are not synthesized at a
continuous temperature above about 33°C, and the optimum was found at
about 26°C. X

As laticifers are present in the pith and cortex of the stem a study was made
of latex triterpene biosynthesis in both systems. A well developed secundary
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Table 8. Thin layer chromatographic separation of labelled triterpene esters of a 52 cm
stem part of H. australis after incubation with u-1*C sucrose. After 31 h incorporation the
stem was sectioned into 14 parts of 3.7 cm each and processed. * indicates the presence of a
node.

dpm/mg fresh cycloartenyl a- and f-amyrin triterpenyl
weight acetate acetate cinnamates
dpm dpm dpm

(apex) 1* 30 2180 2395
2 58 310 5060 5220
3* 66 . 2060 6470 7640
4 119 2710 9560 11270
5 120 2630 10600 11800
6 164 4440 14500 15700
7* 270 7650 21200 22500
8 51 1600 5810 6440
9 20 900 1930 2260
10 - 49 1790 5260 . 5940
11 56 2210 5800 7410
12* 176 8050 14900 25500
13 181 8400 17400 24500
14 158 8450 11800 19900

xylem is present in the fourth internode, so a separation between cortex and
xylem could easily be made. Stem parts were incubated with 22.5 uCi of sucrose
during 40 hours, they were subsequently frozen, cortex and xylem were sepa-
parated and extracted. Results of these experiments, presented in tfable 10
show a similarity in distribution of radioactivity in the various triterpenes. The

Table 9. Incorporation of *C from u-!'4C sucrose into the latex triterpene esters of H.
australis. Distribution between triterpenyl cinnamates. a- and g-amyrin acetate and cyclo-
artenyl acetate. 100 ul solution of labelled sucrose was absorbed by 5 ¢cm parts (a, b and ¢) of
the 5th and 9th internode and incubated during 30 hours in different grades of humidities re-
sulting in a decrease of fresh weight.

decrease in total activity percentage of total
fresh weight incorporated activity
into triterpene
esters
dpm | 11 11
Yo %
Sthinternode a 0.4% 152,500 50.1 26.6 224
b 347 102,000 49.2 234 274
¢ 1559 63,000 . 568 23.0 20.2
9th internode a  19.89% 29,000 53.1 26.0 21.0
b 4 % - 45,000 550 229 21.0
c 0.3% . - 58,700 « A48T+ 218 204

L. triterpenyl cinnamates; I1. - and f-amyrin acetate; I1l. cycloartenyl acetate.
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dpmx«10? Fig. 9. Time course of labelling of latex
. .
triterpene esters from u-'4C sucrose by 5 cm
100 + ° ¢ stem parts of the 6th and 7th internode of H.
australis.
50
hours
o 1 L 3}
10 50 20
dpm.10’
50 -
B ° . . D
° Fig. 10. Incorporations of radioactivity from
u-14C sucrose into latex triterpene esters by
4 cm stem parts of the 5th and 6th internode
oA " 1 >~—ao of H. australis versus temperature, during 18
20° 30° 40°C hrs.

Table 10. Incorporation of 14C from u-'“C sucrose into latex triterpenes in cortex and pith
laticifers. 4th internode H. australis. a) consists of a- and f-amyrin, cycloartenyl and 24-
methylene cycloartenyl cinnamate.

PITH CORTEX
dpm dpm
triterpene esters 140,800 123.000
triterpenyl cinnamates®) 50,600 (36 %) 45,500 (37%)
a- and B-amyrin acetate 32,400 (23%) 34,500 (28 %)
cycloartenyl acetate 54,800 (39%;) 43,000 (35%)
free triterpenols 32,100 44,100
24-methylene cycloartenol 17,050 18.300
cycloartenol 7.350 7.760
a- and f-amyrin 7,200 17.400

ratio triterpene ester triterpenol, being 4.4 in the pith is in accord with the ratio
found in tapped latex. In the cortex a ratio of 2.8 is measured, probably caused
by a relative large contribution of a- and/or f-amyrin of non-latex origin
or contribution of labelled triterpenols prior to their esterification with acetic
acid or cinnamic acid.

3.7 14CO,-incorporation
Apical stem parts of H. australis having at least four full-grown leaves were
supplied with 100 xCi**CQO, during 2-3 hours and tapped after a few days. In
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Table 11. Incorporation of 1#CO, into latex triterpenes of H. australis. 100 uCi *CO, was
administered during 3 hours to an apical stem part having 4 full grown leaves. After 3 days
latex was tapped from stem and leafstalks. Latex expelled from leaf sided petiole part is re-
garded as leaf latex, the remaining parts yielded stem latex.

stem latex leaf latex
dpm x 103 dpm x 103

total latex 187.2 115
petroleum ether extract 147.5 52
triterpene esters 123 43.5
free triterpenols 18 7.3
triterpene esters:
cycloartenyl acetate 244 8.8
a- and f-amyrin acetate 40 12.2
triterpenyl cinnamates 58.4 31.1
triterpenols of the
triterpene esters: 89.6 37.5
o- and B-amyrin 53.2(59%) 24.8 (66%)
cycloartenol 20.4 (22%) 5.3(14%)
24-methylene cycloartenol 16.1 (18%) 7.1 (19%)
cinnamic acid 21.1 10.1
free triterpenols: .
o~ and f-amyrin 3.3(18.1%) 1.3(18%)
cycloartenol 4.1 (23%) 1.6 (22%;)
24-methylene cycloartenol 10.5 (59%) 4.4 (60%)
ratio triterpene esters/free triterpenols 6.8 6.0
ratio triterpenol of the esters/free triterpenols 49 52

general these apical stem parts of well growing plants cultivated on a gravel
culture yielded most radioactivity in the latex constituents after a few days
compared with potted Hoya plants. From the results of a typical CO,-in-
corporation experiment presented in table 11 may be concluded that there is a
rather uniform incorporation pattern in the latex triterpene moiety throughout
the whole plant: all triterpenols and triterpene esters are labelled in quantities
leading to an approximately equal activity distribution as found in the sucrose
incorporated stem parts.

4. GENERAL DISCUSSION

As reported for several plant species excised stem parts of Hoya species can
synthesize sterols and triterpenes from exogenously supplied substrates. But
despite the positive results in latex triterpene biosynthesis from acetate and
mevalonate (PONSINET & OURISSON 1967, GROENEVELD 1976b) in isolated
latices of Euphorbia species and in the non-latex rubber biosynthesis in Parthe-
nium argentatum cuttings (ARREGUIN & BONNER 1950, ARREGUIN et al. 1951)
from acetate, no latex triterpenes could be synthesized from these supplied
precursors in Hoya species. In addition exogenous leucine is not incorporated



246 H. W. GROENEVELD AND J. KONING

into the triterpene moiety of terpenoids present in the latex particles of Hova
australis. Latex particle biosynthesis appears directly related to carbohydrate
metabolism of the plant as sugars are the only efficient substrates in the bio-
synthesis of latex particle constituents. Although mevalonate is incorporated
into the mono- and sesquiterpenes of Mentha piperita oil glands, CO, and
glucose are the most efficient substrates in biosynthesis of lower terpenoids
(Loomis & CrOTEAU 1973). Regarding the negative results in triterpenyl cin-
namate biosynthesis mevalonic acid and acetic acid apparently do not reach
the site where latex triterpenes are synthesized. As only intact stem parts of
sufficient size are active in latex biosynthesis the necessity of a largely intact
laticifer for latex biosynthesis is suggested as was already supposed for protein
biosynthesis in laticifers by MEISSNER (1966).

On the other hand. the required “degree of intactness’ may be overestimated
since mevalonate and acetate are incorporated to a high degree by chopped stem
tissue (up to 40 % in mevalonate incorporation) into terpenoids. Compared with
sucrose both compounds are not easily translocated through intact stem parts
and most radioactive triterpenes and sterols are found close to the site of sub-
strate application. With increasing distance from the site of isotope application
the recovered labelled triterpene moiety decreases strongly. Sucrose is easily
translocated through plant tissues and the found minimal size of the interno-
de may be required for sufficient sucrose uptake to detect triterpene bio-
synthesis, as sucrose is involved in many metabolic pathways in plant metabo-
lism. Hoya carnosa, in which no triterpene particles are detectable in the latici-
fers does hardly incorporate sugars into triterpenes or sterols. Sterol synthesis
from sucrose in Hova australis latex is present, but negligible compared with
triterpene biosynthesis. Therefore latex triterpene synthesis is not directly
comparable to triterpenol/sterol biosynthesis in non-latex cells of this species.
In very young tissue of Hoya australis triterpenes are synthesized in the laticifers
and phytosterol synthesis occurs in adjacent cells as was also observed in
Euphorbia (PONSINET & OURISSON 1968). On the other hand laticifer surroun-
ding cells as those of meristems are supposed to determine laticifer growth
(SCHAFFSTEIN 1932, ARTSCHWAGER 1946, VREEDE 1949). Carbohydrate meta-
bolism and particularly carbohydrate translocation directly influences the
triterpene synthesis in Hoya latex. In general this indirect relation to photo-
synthesis was already observed by PROKOFIEF (1939, 1944) and BLOKHINTSEVA
(1940) in Taraxacum kok-saghyz and more recently by READ (1972) in Lactuca
sativa.

Very probably in sucrose incorporation experiments this compound is not
primarily translocated by the phloem, but at least initially by the xylem. The
relative high rate of sucrose incorporation into latex triterpenes seems mainly
caused by an easy supply of this substance to the laticifer. The distribution of
radioactivity in the triterpene moiety after '*CO, administration is identical
to those obtained after sucrose-'*C absorption. Therefore sucrose-'4C in-
corporation by isolated stem parts into latex triterpenes may be regarded as a
physiological approach in latex particle biosynthesis. Latex triterpenes may be
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formed throughout the whole laticifer system but as far as the stem laticifers are
concerned maximal activity is found in the third and fourth internode, where
secundary growth starts.

Squalene seems a relatively important compound synthesized from mevalo-
nate, in the stem tip of Hoya australis possibly as a result of partly anaerobic
conditions already demonstrated in meristematic tissue in general by RuH-
LAND & RAMSHORN (1938). With respect to the oxygen poor monoterpenes
it is suggested that they are the products of a partially anaerobic metabolism
(SCcHMIDT & VON GUTTENBERG 1953, BURMEISTER & VON GUTTENBERG 1960).
As triterpene biosynthesis is not restricted to the apical parts of the laticifers
near meristematic tissues where laticifer growth takes place, triterpene biosyn-
thesis in Hoya laticifers needs not to be the result of (partial) anaerobic con-
ditions as BEALING (1965) suggested for rubber biosynthesis in Hevea. En-
vironmental factors, as light, temperature and water balance (hydratation)
may influence quantitatively the biosynthesis of rubber in Parthenium argen-
tatum (BONNER 1943), qualitatively the biosynthesis of triterpenes and sterols
(BusH & GrRUNWALD 1973, Kasprzuk 1971, Davis & FINKNER 1972), and
monoterpenes (SCHMIDT & VON GUTTENBERG 1953). With respect to Hoya
australis latex triterpene ester biosynthesis no qualitative effects could be
demonstrated ; quantitatively optimal latex particle biosynthesis was measured
at27°C. :

Popovict (1926) already suggested the latex particle initiation in a parietal

cytoplasm and its subsequent secretion into the vacuole of Ficus carica (Popo-
vicl 1926, c.f. TREcuL 1867). Which type of cell organelle is involved in latex
particle biosynthesis is still not clear.
MARTY (1970) supposed that the peroxisomes play an important role in Eu-
phorbia characias latex particle biosynthesis just as VASILEV (1970) has sug-
gested for terpene biosynthesis An autophagic uptake of rubber particles into
the large central vacuole, present in many non-articulated laticifers (Bobi-
LIOFF 1925, HEINRICH 1970, SCHULZE et al. 1967) is supported with electron-
microscopical evidence of MARTY (1971). The normal plant cell is capable of
sterol biosynthesis from acetate or mevalonate. These precursors do not enter
the laticifers. but sucrose and several hexoses apparently easily do. The com-
partmentalized biosynthesis of latex triterpenes from sucrose found in the
present work may be seen as a physiological support of such a mechanism of
particle biosynthesis.

The triterpenols and their esters occurring in large amounts in the laticifers,
however, are present in particles. The mutual ratios of the various compounds
in such particles are genetically determined (WILDMAN et al. 1946). From a
recent study of WARNAAR & KNOLLEMA (1976) it may be inferred that for
example the particles of Hoya australis contain ten different acids esterified
in a species specific manner with at least four different triterpenols. In addi-
tion latex particles contain species specific amounts of rubber hydrocarbon
with a characteristic average chain length (vaAN DIE 1955) and are coated with
protein (GROENEVELD 1976a). The synthesis of such complexely built particles
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probably can only take place in a structurally largely intact laticifer, of which
consequently a minimum length would be required to ensure the degree of
intactness needed.
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