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Does Hevein Stabilise or Destabilise
Rubber Latex?
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The acidic protein hevein is the major protein in the lutoid-body fraction of rubber latex. The
purified protein has a stabilising effect on suspensions of rubber particles in the presence of
unfractionated lutoid-body preparations, which conmtain destabilising basic proteins. The
hevein contents in lutoid-body fractions from rubber clones GT 1 and PR 261 are about two
times higher than in that of clone LCB 1320, which may explain the faster destabilisation
of latex from the latter clone after tapping. Hevein and pseudo-hevein bind chitin and can be
isolated by affinity chromatography on a chitin column. Pseudo-hevein binds less strongly to
this material thar hevein, which can be explained by a replacement of a tryptophan residue by
tvrosine in the carbohydrate-binding site of the protein.

The first protein isolated from the lutoid-body
fraction of rubber latex was hevein, a small
acidie, cystine-rich protein' with a polypeptide
chain length of 43 residues®®. The three-
dimensional structure has been determined by
X-ray diffraction’ and NMR spectroscopy’.
Hevein is formed from a precursor protein
pro-hevein of which the ¢cDNA sequence has
been determined®, as a result of several
proteolytic cleavages’™. A minor hevein com-
ponent, pseudo-hevein, differs at six amino acid
positions from hevein®. Hevein was found to
have affinity for chitin and oligomers of N-
acetylglucosamine and inhibits fungal growth'®.

In this paper we show that pseudo-hevein
has a lower affinity for chitin than hevein,

which can be explained by an amino acid
replacement in the chitin-binding site. Gidrol
et al.V reported that hevein is involved in the
destabilisation of rubber particles. In a previous
paper we have reported that we could not
reproduce these results’?, Here we present
evidence that hevein even has a stabilising
effect on suspensions of rubber particles and
that this feature may explain higher latex yields
from rubber clones containing higher hevein
contents in their lutoid-body fractions.

MATERIALS AND METHODS
Rubber latex of the clones GT 1, PR 261

and LCB 1320 of Hevea brasiliensis was
collected at several plantations in Western
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Jaya, Indonesia, cooled in ice and centrifuged at
high speed to collect the lutoid-body
fraction’. This fraction was directly lyophilised
and homogenised (Ultra Turrax; Janke &
Kunkel, Staufen, Germany)} at 4°C in water
(4 mg/ml)y to which 0.5 g/l sodium thionite
was added to inhibit polyphenol oxidases,
alternatively, the lutoid-body fraction was
submitted to repeated freezing and thawing,
followed by centrifigation and lyophilisation
of the supernatant (B-serum). Lyophilised
B-serum was suspended at 4°C in water to
which 0.5 g/l sodium thionite was added. After
centrifugation, solutions were 100% saturated
with ammonium sulphate and centrifuged
again. Precipitates were dissolved in small
volumes of 0.2 M acetic acid and submitted to
gel-filtration on a column of Sephadex G-25.
Second peaks contained hevein and imtial
peaks, other proteins. The hevein containing
peaks were lyophilised and submitted to
reverse-phase HPLC on a Nucleosil 10 Cl13
(30 em X 0.45 cm) with a gradient of 0%-70%
acetonitrile in 0.1% triflnoroacetic acid for
60 min at a flow rate of 1 ml/min. The-eluent
was monitored at 214 nm and ‘the peaks
collected manually, Polyacrylamide gel electro-
phoresis of protein mixtures was performed on
15% gel in sodium dodecylsulphate'*.

C-serum of rubber latex and rubber particles
{clone PR 255) were isolated as described by
Moir'®. The stabilising effects of lyophilised
C-serum preparations and hevein on rubber
particle suspensions in the presence of
destabilising quantities of lyophilised B-serum
were estimated as described by Yeang'®. Chitin
was prepared by acetylation of chitosan as
described by Molano et al.'% 1 mg quantities
of hevein and pseudo-hevein were submitted
to affinity chromatography on a chitin column
(9 em X 1.4 ¢m) in 50 mM sodium acetate,
pH 3.8 with elution of the bound hevein
and pseudo-hevein with [ Af acetic acid.
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RESULTS AND DISCUSSION

B-sera obtained from 1 litre of rubber latex
were lyophilised, suspended in water containing
0.5 g/l sodium dithionite and 100% saturated
with ammonium sulphate. The precipitates were
digsolved in 0.2 AMf acetic acid and subjected to
gel filtration on a column of Sephadex G-23.
Figures I and 2 show the absorbancy patterns
at 280 nm and 260 nm obtained with B sera
from rubber clones PR 261 and LCB 1320,
respectively. The pattern obtained with B-serum
from clone GT 1 is similar to that obtained
from clone PR 261° The second protein peak
contains only hevein (and pseudo-hevein),
while all other proteins are present in the
first one. Weights of freeze dried B-sera, and
of the two peaks, after freeze drying, are
summarised in Table !, together with some
other characteristics of the collected latices.

Less protein is present in B-serum of latex of
clone LCB 1320, than in those of the other two
clones. The lower protein content in the first
peak can be accounted for by the absence of one
of the two hevamine (chitinase) components and
the much lower glucanase content'?, However,
most striking is the low hevein content in this
clone; Iess than 60% of those in the other two
clones, resulting also in a much reduced ratio of
the two protein peaks in Figure 2, compared to
Figure 1. The lower hevein content in B-serum
of clone LCB 1320 compared to those in other
clones is also evident from an electropherogram
of B-serum proteins separated by polyacryl
amide gel electrophoresis in sodium dodecyl
sulphate, although the diffused bands of hevein
in all four samples suggest lower quantities than
the actual contents (Figure 3).

Isolations of lutoid-body proteins have also
been performed starting not with tyophilised
B-sera, but with preparations obtained by
homogenisation of freeze dried lutoid-body
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Figure I Gel-filtration of o 100% saturated ammonium sulphate precipitate of 100 mg hophilised
B serum of rubber clone PR 261 on a Sepbhadex G-25 column (3X350 cm) Elution with
(2 M acetic acid Fractions of 5 0ml were collected

TABLE 1 PROTEIN CONTENTS OF B-SERA AND OTHER CHARACTERISTICS OF
LATEX OF RUBBER TREE CLONES

Rubber tree clone GT 1 PR 261 LCB 1320
Latex yield per tree, per day 550 — 700 ml 650 — 700 ml 150 — 200 ml
B-serum from 11 latex 150 — 170 m] 140 — 150 ml 100 — 125 ml
Weight B-serum (after freeze drying) 93¢ 92¢ 91g
Protein content of B-serum fractions
Sephadex G-25 peak [ 76 mg 72mg 56mg
Sephadex G-25 peak Ll (heven) § 8 mg 89 mg 51 mg
Ratio peak H peak [ 12 12 09
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Figure 2 Gel-filiration of a 100% saturated ammonium sulphate precipuate of 100 mg lvophulised
B-serum of rubber clone LCB 1320 on a Sephadex G-25 column,

fractions. Generally no differences were
observed in properties or quantities of the
purified protein. However, when HPLC was
performed on the second Sephadex G-25 peak
for the separation of pseudo-hevein from
hevein, more of a third peak was obtained from
preparations obtained by homogenisation of
freeze dried lutoid-body fractions than from
B-serum (Figure 4). This third peak represents
modified hevein, in which the N-terminal
glutamate has been cyclised to a pyroglutamate
residuc®. Evidently the procedure to obtain
B-serum by repeated freezing and thawing of
the lutoid-body fraction, is milder than
homogenisation, during which rather high local
energy expenditures may occur.
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Basic proteins destabilise rubber particle
suspensions, and this may be one of the reasons
that rupture of lutoid-body membranes during
rubber tapping causes coagulation of the latex!”.
In a previcus paper we have presented evidence
that purified preparations of hevamine and
glucanase destabilise suspensions of rubber
latex particles, with a relatively much stronger
destabilising capacity of the latter protein'Z.

Yeang!® has described that the cytoplasm
fraction (C-serum) of rubber latex has a
stabilising effect on a suspension of rubber
particles. We have repeated these experiments
by estimation of a creaming effect on a suspen-
sion of rubber particles by the addition of
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Figure 3. Polyacrylamide gel electrophoresis in sodium dodecylsulphate cn a 15% gel of ca 50 ug
quantities of lutoid-body fractions of clones GT [, PR 261, LCB 1320 and RRIM 600
(gifi from Dr. H.Y. Yeang, Rubber research Institute of Malavsia, Kuala Lumpur, Malayyia).
The lefi/right lane indicates standard profeins with known Ms in kDa.

B-serum, and the protection exhibited by
increasing amounts of C-serum (fable 2). In
addition to B- and C-serum we have also added
hevein to the suspension. Hevein is an acidic
protein. It has been claimed that this protein
also destabilises suspension of rubber particles
because being a lectin it may bind glycoproteins
surrounding rubber particles''. However, rubber
particles are part of the cytoplasm'®, which is
not the normal location of glycoproteins'”,
Therefore it is not surprising that we could not
reproduce the destabilising effect of hevein'?,
Our current observations indicate that the acidic
hevein even stabilises suspensions of rubber
particles. We could confirm the observations by
Yeang® that increasing quantities of [yophilised
C-serum have a stabilising effect, as indicated
by scoring creaming (7able 2) and flocculation
(not shown) of mbber particle suspensions. As
shown in Table 2 the presence of 0.5% hevein in

the mixtures decreased creaming. Although a
longer incubation time (10 h) increased the
creaming score, compared with that after 1 h,
the stabilising effect of hevein was still evident
from the data presented in Table 2. However,
the presence of hevein had less influence on
the flocculation properties of the mixtures
(not shown).

Rubber latices from clones GT 1 and PR 261
coagulate slower than that of clone LCB 1320,
although they contain higher quantities of the
positively charged destabilising proteins
hevamine and glucanase. In a previous paper'”
we have suggested that a high glucanase
content in latex may cause more degradation of
callus tissue and therefore a longer lasting latex
flow. However, the hevein content may be a
more predominant factor and if this protein has
a stabilising effect on suspensions of rubber
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Figure 4 Reverse-phase HPLC separation of hevein components.
Peak 1: pseudo-hevein; Peak 2 hevewn. Peak 3: second munor component
Top preparation from B-serum, Below preparation from freeze-dried bottom fractron
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TABLE 2. STABILISING EFFECT OF C-SERUM AND HEVEIN PREPARATIONS OGN
RUBBER PARTICLE SUSPENSIONS

No hevem (3.5%

C-serum Yeang!® Current rescarch Current research
15 min 1h 1h 10h
1% 1.8 1.8 0.8 1.2
2% ND 1.6 0.3 08
5% i.4 1.5 0.0 0.6
10% 1.0 1.1 0.0 0.4
20% 0.5 10 0o 02
50% 0.0 0.0 ND ND

Test suspensions contained 1% rubber particles (wev), 5% treeze dried B-serum {w/v) and mdicated
quantities of freeze-dried C-serum (w/v) and hevemn (w'v) in water. Creaming of ‘zone |’ rubber
particle suspensions after 1 h or 10 h was measured as described by Yeang'®, with the results cxpressed
on a scale from 0.0 (no ¢reamng) to 2.0 {maximum extent of creaming). Results are the mean of four
experiments ND, not determined
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Frgure 5 Affimitv chromatography of hevain Proteins were eluted with | M acetic acid
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particies, 1ts much lower content 1n latex of
clone LCB 1320 (Table 1) may result in faster
coagulation

Probably antifungal propertics of hevemn
are more relevant Van Parys et al’ have
demonstrated 1ts chitin-binding antifungal
propertics Chitm and N-acetylglucosamine
binding properties of homologous domams n
other proteins have been demonstrated by
crystallographic®® and quantitative binding
stuches?’ The glucosamine binding site of
hevemn has been investigated by 'H-NMR
spectroscopy” and by CIDNP nuclear magnetic
resonance studies®® Crude preparations of
hevemn contam a small amount of a pseudo-
hevein, a variant of which 1t 15 not known 1f 1t
has any physiological function An mteresting
difference between pseudo-hevein and hevein
15 the replacement of a tryptophan residue
by a tyrosine at position 21 of the sequence
m the carbohydrate binding site We have
mveshigated the mfluence of this replacement
by mvestigation of the eluhon properties of
hevem and pseudo-hevein during affinity chro-
matography on a chitm column Figure 5 shows
mndeed that pseudo-hevein elutes earlier than
hevein, m agreement with a lower binding
strength to thus polysaccharide
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