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Relationship Between Latex Yield of Hevea and
Rubber Biosynthesis In Vitro
C H. WOO and E. E. EDWIN
Fresh latex from Hevea trees in regular tapping was incubated with radioactive precursors
to evaluate the efficiency of rubber biosynthesis and clonal productivity. High-yielding clones
were found to incorporate substrates into rubber more effectively than low-yielding varieties.
Individual variations were, however, too pronounced to provide a reliable criterion for the
selection of potentially high-yielding trees.
The 'bottom fraction* is considered essential for the conversion of acetate, but not mevalonate, into rubber. The paniculate structures in latex may thus be important in enzymes
catalysing the metabolism of acetate to mevalonate.
MATERIALS AND METHODS

The biosynthesis of rubber is an aspect of isoprenoid biosynthesis which has evoked much
interest since RUZICKA (1953) postulated the
biogenetic isoprene rule linking all terpenoids
to a common precursor. CHAYKIN, LAW,
PHILLIPS, TCHEN AND BLOCH(1958) andLYNEN,
EGGERER, HENNING AND KESSEL (1958) followed up this hypothesis and successfully
identified the compound as 3-methyl but-en1-yl pyrophosphate, or isopentenyl pyrophosphate (IPP). With the discovery of mevalonic
acid (MVA) by FOLKERS, SHUNK, LINN, ROBIN-

Fresh Hevea latex was collected at 8.00h in the
morning in ice-chilled flasks during the first
half-hour of flow. The clones selected were in
regular alternate-daily tapping in small- and
large-scale trials at the R.R.I.M. Experiment
Station. Latex samples were brought to the
laboratory within one hour of tapping.
Radioactive materials for the study were obtained from the Radiochemical Centre at
Amersham, Bucks, U.K. DL-Mevalonic acid2-C14 lactone (5.01 mc/mM) was purchased as
a solution in benzene. The solvent was evaporated at about 50° in a nitrogen stream, an
appropriate volume of 0.2% sodium bicarbonate solution was added and the lactone was
hydrolysed by heating 20 minutes at 50°C. The
salt form of the substrate was used. Aliquots
were dispensed into incubation vials using an
Agla micrometer syringe.
Aqueous solutions containing sodium acetate-2-C14 (27.4 mc/mM) were dispensed similarly ; the activity of a comparable sample was
also checked on each occasion.
Whole latex, when centrifuged lightly for
ten minutes (1000 g), separates into two distinct layers — an upper white suspension of
rubber in serum and a light yellow bottom
layer containing the heavier latex particles.
The top layer 'white fraction' was used in the
experiments.

SON, WlTTREICH, HUFF, GlLFILLAN AND SKEGGS

(1959), the general pattern of isoprenoid
synthesis emerged and the details of the pathway were worked out by several workers (see
CLAYTON, 1965). Arising out of these developments, rubber biosynthesis was discussed by
FOURNIER AND TUONG (1961) and

BONNER

(1963). It is now widely accepted that rubber
is synthesised by a series of reactions, starting
with acetate -*-MVA-s-IPP-»polyisoprene.
This study was aimed at using these intermediates to measure the biosynthetic efficiency
of latices of Hevea brasiliensis from clones of
different yield potential. If biosynthetic efficiency could be correlated with yield, it might
be possible to evaluate the future yield potential of immature trees. With this view, the relative biosynthetic efficiencies of clones known
to differ in latex yield were assessed.
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blast from a hair drier (Figure 2). This procedure gave uniformly thin rubber films which
were purified in two stages: they were first
heated at 100°C for 1 hour with 10% (w/v)
KOH solution to eliminate protein, and were
then washed twice with ethanol and extracted
with acetone for 3 hours in a Soxhlet apparatus to remove steroids, carotenoids and
other lipids. The rubber samples thus obtained
were radiochemically pure (in view of the unchanged specific activity of material subjected
to repeated ethanolic precipitation). Efficiency

(or percentage) incorporation was calculated
from the radioactivity of the precursor and the
rubber obtained after incubation.
Radioactivity Measurements

The activity of C14-rubber was determined
either by combustion to C14 O2 or by scintillation counting.

Figure 1.

View of constant temperature latex

incubator.

Dry rubber content was determined from the
weight of the coagulum (dried in a vacuum
oven for 16 hours at 70°C) obtained by adding
5 % (v/v) acetic acid in methanol to a weighed

latex sample.
Incubation with Latex and Recovery of Rubber

Incubation procedure, recovery and determination of the radioactivity of the resultant
rubber were based on the method of ARCHER,

AYREY, COCKBAIN AND MCSWEENEY (1959).
Latex samples, approximately 250 mg each,
were pipetted into tubes (of 12 mm diameter)
containing the C14-substrates and the mixtures
were rotated rapidly to ensure complete mixing;
they were then rotated slowly in an incubator
at 30°C (Figure 1). After 20 minutes (C14MVA) or 1 hour (C14-acetate) of incubation, a
drop of glycerol was added to the latex and
the tube was rotated slowly to spread the latex
round its wall; it was then dried in a hot-air

Figure 2. Apparatus for the filming of latex
by hot air.
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TABLE 2. CLONAL MEANS FOR
PERCENTAGE INCORPORATION OF
MEVALONATE INTO RUBBER

In the first case, 20-25 mg rubber were
'combusted* in the reagent of VAN SLYKE,
PLAZIN AND WEISIGER (1951) for organic materials (mixture of KIOs-KgCraO? and phos-

Mean percentage incorporation

phoric acid—20 % fuming sulphuric acid) and

the Nuclear Chicago Model GW1 Carbon-14
glassware system was utilised for COa collection.
Radioactivity was measured by a Nuclear
Chicago Model 6000 Dynacon electrometer.
For scintillation counting, 10 mg rubber
samples were dissolved in the scintillator solution (Nuclear Enterprise 213) and the activity
established by a Tritium Scintillation Counter,
Type 6012 (Isotope Development Ltd, Berkshire, England). Counting efficiency, determined by addition of hexadecane-2-C14 as internal standard, was usually about 70% and
the background 'noise' was usually less than
one count per second.

precursor

take of mevalonate-2-C14 into rubber. Each

group comprised five clones whose yield,
girth and number of latex vessels were already
known (RUBBER RESEARCH INSTITUTE OF
MALAYA, 1964). The latex yield in ml/day was
recorded throughout the experimental period.
The trees had similar girths but there were

Low yielders

5

6.7

35

22.9

12.4

52.2±32.9

groups of clones (in rubber production) on the
basis of mevalonate incorporation.
This finding was tested further on three
clones from large-scale trials. In this series,
incubations were carried out for 20 minutes
only, with latex diluted by an equal volume of
tris-buffer (pH 7.2) containing 0.4M mannitol.
Six trees per clone were studied on the same
day and three of these were reinvestigated.
Table 3 shows the mean percentage incorporation, mean yield in g/t/t at the time of the experiment and the annual mean yield for the
ninth year of tapping (see RUBBER RESEARCH

Yield
No.
Girth No. of
of
(in.) latex vessel
clones g/t/t ml/day
rings
21.9

80.5 ±8.7

overlap, the results showed that it was statistically feasible to distinguish between extreme

TABLE 1. MEAN YIELD, GIRTH AND
NUMBER OF LATEX VESSELS OF
TWO GROUPS OF CLONES

23.9

High

ically higher mean than the low yielders, the
relative mean difference being 17%. Although
the range was obviously so large as to give an

marked differences both in the number of latex

194

75.0±14.8

of precursors. The high yielders had a numer-

vessel rings and in the yield of rubber.

47.5

91.8±4.2

Table 2 outlines the mevalonate incorpora-

Rubber by Latex of Various Clones
Table I outlines the characteristics of highand low-yielding clones in regard to the up-

5

Low

tion at two levels of substrate concentration.
The means were obtained from the values for
latex from twenty trees, comprising four specimens from each clone. Significant differences
in mean efficiences of incorporation were established in the experiment employing the low
level of precursor, and these values were directly related to yields. Differences, though not
significant, were also found using high level

Incorporation of Radioactive Precursors into

High yielders

Low yielders

Mevalonate Incorporation

RESULTS

Clonal
group

High yielders

INSTITUTE OF MALAYA, 1964).
Latex yields showed that RRIM 600 pro-

duced the greatest amount of rubber whereas
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TABLE 3. INCORPORATION OF
MEVALONATE IN THREE CLONES

Annual
mean

yield*

Mean %
incorporation

S.E.

(g/t/t)

Mean
yield
(g/t/t)

RRIM600

86.3

81.9

32.4

5.4

RRIM 501

50.3

25.1

18.6

5.4

RRIM 612

42.6

22.4

21.3

6.2

Clone

* Ninth year of tapping.
10

20

30 40

50

60

70

80 90

% incorporation/20 mm

RRIM 501 was only slightly better than RRIM
612, Of the three clones, the high yielder was
differentiated only marginally from only one
of the other two clones. The latter clones gave
similar rates of incorporation.
It was found that although clones gave an
average yield equal to their annual mean yields,
the yields of individual trees of that clone
could be variable during any one sampling
period. The relationship between yield of
latex and efficiency of incorporation was such
that incorporation increased with yield. These
results are illustrated in Figure 3 which shows
tree regression curves for three clones (two
separate lines because RRIM 501 and 612 have
identical regression), yield of latex being plotted
against efficiency of incorporation. Efficiency
of incorporation varied with tree yield within a
clone, but eifective differentiation of high- and
low-yielding clones on this basis would only
be possible by statistical analysis of a large
number of individual measurements.

Figure 3. Relationship of latex yields to percentage incorporation of three clones.
between trees and days was shown to be otherwise. This suggested that the variation might
be due, for example, to differences in the degree
of damage to sub-cellular components of latex
collected on different days; the results also
showed that removal of die 'bottom fraction',
which is known to contain fragile particulate
components, does indeed have a bearing on
rubber biosynthesis.
The uptake of both acetate and mevalonate
into rubber in latex from high-, intermediateand low-yielding clones was investigated
using either whole latex or the centrifuged top
fraction (Table 5).
TABLE 4. ACETATE INCORPORATION
FOR THREE TREES THREE TAPPING DAYS

Mean percentage incorporation of
three experiments

Acetate Incorporation

A possible explanation for the wide range of
incorporation obtained with latex samples from
the same clones w'as obtained in preliminary
experiments with acetate. Latex from three
trees was obtained on three occasions during
a five-day period, and incubations, in quadruplicate, were made with each sample (Table 4).
The results showed that although tree and day
variations were not significant, the interaction
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1

2

3

1

11.9

12.8

13.5

2

10.9

5.5

19.9

3

6.9

7.2

5.0
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TABLE 5. MEAN YIELD, D.R.C. AND PERCENTAGE INCORPORATION OF SELECTED CLONES

Yield in g/t/t
Clone

Acetate incorporation!
d.r.c.*

MVA incorporation!

latex

fraction

White

Whole
latex

White
fraction

48.37

3.16

0.77

63.5

80.4

43

47.33

0.55

0.22

71.2

76.9

32

46.00

0.53

0.19

65.2

78.5

8th
year

year

RRIM 600

69

86

RRIM 501

54

RRIM 618

31

Whole

9th

*Means of thirty latices.
fMeans of four replicate incubations of four tapping days N = 16.
JMeans of four replicate incubations of six tapping days N = 24.

Analysis of the results in Table 5 showed a
high sampling variation for acetate incorporation values. It also revealed that the 'clones x
days' component of variation was present in
whole latex incubations, but not in incubations
of 'white fraction'. Incorporation of acetate
was related to yield of the clones when these
were distinctly different. In contrast, no such
relation was found for mevalonate incorporation. However, when white fraction was incubated with mevalonate, the high yielder
(RRIM 600) was significantly better than the
intermediate yielder (RRIM 501).
The differences in means between whole latex and white fraction for acetate incorporation
was significant for the high-yielding clone only.
For mevalonate incorporation, significant differences between whole latex and white fraction were found for all three clones.

and chosen at random, lead to the same conclusion, but it is equally obvious that the variations are too great to permit any reliable distinction of high- and low-yielding specimens
simply on the basis of incorporation experiments. Until the factors responsible for the
variation are more clearly understood and
some means devised for their control, there is
little prospect of utilising the biosynthetic activity of the latex of immature trees as a criterion
of their future yielding ability.
Important observations emerged from attempts to reduce the number of variables determining the uptake of precursors into rubber.
Significant 'trees X days* interaction and a resultant high coefficient of variation was noted
on many occasions. The coefficient of variation
was reduced and the significant component
became non-significant when incubations were
conducted with the top fraction of latex. The
source of variation thus seemed to be attributable to the particulate 'bottom fraction'. On
the other hand, the results showed the 'bottom
fraction' to be essential for the conversion of
acetate into rubber. It accordingly appears that
'bottom fraction' particles affect rubber biosynthesis in vitro in two ways; they tend, in
confirmation of the results of ARCHER (1964),
to inhibit the incorporation of mevalonate but
promote the uptake of acetate. In connection
with the latter aspect, it has been reported by

DISCUSSION

Studies by D'AUZAC (1965) of specially selected
trees of clone PR 107 have shown a biochemical relationship between incorporation of
radioactive sodium acetate into rubber and
the latex yield of the trees. Using chosen pairs
of high- and low-yielding trees growing in a
monoclonal plot, he found that the efficiency
of rubber biosynthesis from 2-C14-acetate was
distinctly lower in the low yielders. The present results, based on trees from different clones
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CHAYKIN, S., LAW, J., PHILLIPS, A.H..TCHEN, T.T. AND
BLOCH, K. (1958) Phosphorylated intermediates in
the synthesis of squalene. Proc. natn. Acad. Sci.

ARCHER AND AUDLEY (1967) that the conversion of fi-hydrory-p-nethyl glatoryl CoA to
rubber in vitro is dependent on the presence of
a fraction composed mainly of lutoid particles.

U.S.A.,44,998.

CLAYTON, R.B. (1965) Biosynthesis of sterols, steroids
and terpenoids. Part 1. Biogenesis of cholesterol
and the fundamental steps in terpenoid biosyn-
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