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Abstract

In the first of this three paper series, an in vitro latex coagulation was shown to arise from aggregation of rubber particles (RP) and
lutoid membranes. RP aggregation was shown to be induced by a specific Hevea latex lectin-like protein (HLL) present on the lutoid
membrane. In this second paper, a binding protein (BP) ligand counterpart for HLL was identified. This RP-HLLBP, having a specific
interaction, with HLL was isolated from RP and characterized. The protein was extracted feom the small RP in the presence of a sui-
factant (0.2% Triton-X-100) and further purified to homogeneity. Purification steps included acetone precipitation, heat-treatment, and
column chromatography. The presence of RP-HLLBP was monitored by its ability to compete with erythrocytes in the hemagglutination
inhibition (HI) assay. The purified RP-HLLBP had an HI titre of 1.37 pgml~', a pJ value of 5.4, optimum activity at pH 5-8 and was
thermostable up to 60 °C. On SDS-PAGE a single glycoprotein with M, of 24 kDa was detected while on native PAGE the major M,
was about 120 kDa. The purified RP-HLLBP was shown to inhibit latex coagulation. Chitinase, but no other glycosidase tested, abol-
ished its HI action and inhibited HLL-induced RP aggregation in a competitive dose dependent manner. This indicated the presence of,
and role for, N-acetylglucosamine residues in the binding recognition. The Hevea latex lectin-like protein can thus be referred to as a
Hevea latex lectin. Based on protein identification by peptide mass fingerprinting, the RP-HLLBP was confirmed to be the small rubber
particle protein (SRPP). This work has unambiguously determined the role of an intrinsic RP glycoprotein (RP-HLLBP or SRPP) as a
key component in formation of the rubber latex coagulum.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction tion of 0.1 pm (van den Tempel, 1952; Gomez and Moir,
1979). Three distinct zones with RP have been separated

Rubber particles (RP) are colloidal components present by means of ultracentrifugation of fresh latex (Moir,

in natural rubber latex. They comprise 30-45% of the 1959). The largest RP particles are found in the uppermost
whole latex volume. The size of RP in fresh latex varies = Moit’s zone 1 (Southorn, 1969; Yeang et al., 1995). Due to
over a wide limit, from 0.02 to 3 um (Southorn and Yip, a large area occupied by zone 1, its RP diameter of
1968; Gomez and Hamzah, 1989) with maximum distribu- 1.55 ym, as well as those as large as 3-6 um, had been
reported (Dickenson, 1969). In Moir’s zone 2, the size of

— RP varies from 0.05 to 0.25 pum and those in Moir’s zone
= 1?3];1 2in the- seﬁc.; ‘]Proteins sl::eciﬁcally involved in Hevea rubber 3 are of a lower average size (0.035 -0.2 ym) (Hamzah

and latex = . £

pen&:'::sgg;:gd?:::uthor. Tel. 466 3:?;:9 065; fax: +66 74 446 656. and Gomez, 1982). Two major RP proteins of 14.6 and
E-mail addresses: wrapepun@yahoo.com, rapepun.w@psuac.th 24 kDa had been classified as proteolipids and identified
(R. Wititsuwannakui). in washed RP obtained from ultracentrifuged fresh latex
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(Hasma, 1987, Wititsuwannakul et al., 2004). The genes
encoding these two major proteins were found to be most
abundant in the analysis of the Hevea lacticifer transcrip-
tome (Ko and Chow, 2003). A deduced amino acid
sequence obtained from a full-length c-DNA encoding
the 24 kDa protein was shown to have a high homology
to that of the 14.6 kDa protein (Oh et al., 1999). Both
the 14.6 kDa (Hev bl), a first latex allergen reported in gen-
eral population, and 24 kDa (Hev b3) proteins are major
latex allergens in patients with spina bifida (Czuppon
et al., 1993; Alenius et al., 1993; Yeang et al., 1996). The
major rubber particles protein of 24 kDa has been sug-
gested to be tightly associated with small rubber particles
and also involved in rubber biosynthesis (Oh et al., 1999).
A later study on micromorphology and Hevea rubber par-
ticle protein characterization has indicated that the 24 kDa
core protein might not be the protein necessary for rubber
biosynthesis (Singh et al., 2003). The exact role for the RP
24 kDa protein remains to be verified and discerned upon
further careful studies, so the ambiguity could be resolved.

In this paper, a protein present on the smaller RP (the
rubber layer zone 2 of centrifuged fresh latex) was purified
and shown to be a specific binding protein for the Hevea
latex lectin as well as being an inhibitor of latex coagula-
tion. This binding protein on the RP surface serves as a
specific receptor for the latex lectin interaction and sequen-
tially mediates the latex coagulation.

2. Results and discussion

In our previous paper, the aggregation of small RP was
shown to be induced by HLL (Wititsuwannakul et al.,
2008). Although both the 14 and 24 kDa RP proteins were
detected by SDS-PAGE in the Triton X-100 extracts of
either large (Moir’s zone 1) or small (Moir’s zone 2) RP,
the 24 kDa protein was found to be more abundant than
the 14 kDa (Fig. 1) in the small RP. This was in contrast
to the large RP where the 14 kDa was a dominant protein
{data not shown). The washed small RP were, therefore,
used for the extraction of the RP bound proteins.

2.1. Purification of a rubber particle surface protein as a
HLL binding protein

RP bound protein was extracted from the washed small
RP with 0.2% Triton X-100 present in the extracting solu-
tion mixture. The procedure used for successfully extract-
ing the RP protein is similar to that employed for
extracting either hydrophobic proteins or membrane-
bound proteins (Barondes, 1986). The RP extracted soluble
protein was shown to interact strongly with the Hevea latex
lectin (HLL) as a specific binding protein (BP) and was
thus designated as a HLL binding protein (HLLBP). In
the previous report (Wititsuwannakul et al, 2008) the
HLL was shown to cause either aggregation or agglutina-
tion of RP. Consequently, because washed RP was the
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Fig. 1. SDS-PAGE analysis of the purified RP-HLLBP. The gel was
stained with Coomassie Brilliant Blue R250. Lane S: standard proteins;
lane A: crude RP protein extract obtained after acetone precipitation of
the washed rubber particle protein extract; lane B and C: as in A but after
further heat treatment; lane D and E: purified RP-HLLBP from the
DEAE-Sephacel peak fraction.

source of the lectin binding protein, the RP protein was
thus designated as RP-HLLBP. The crude extracted RP-
HLLBP prior to its purification showed strong inhibition
of the HLL-mediated rabbit erythrocyte hemagglutination.
It was further purified to homogeneity by the purification
protocol described in the Section 4. This included acetone
precipitation, folios\{ttcli by heat-treatment and chromato-
graphic separation “using Sepharose 6B (Fig. 2) and
DEAE-Sephacel (Fig. 3) columns, respectively. The cyto-
chrome P450 protein of 53 kDa had earlier been reported
as the major rubber particle protein in guayule (Pan
et al,, 1995). However, in our analysis of the Hevea RP pro-
teins by SDS-PAGE with acetone precipitation of the RP
solubilized proteins showed mainly two major bands of
about 14 and 24 kDa proteins (Fig. 1). They were consid-
ered as the intrinsic proteins of Hevea RP with a few other
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Fig. 2. Chromatographic profile of partially purified RP-HLLBP on a
Sepharose 6B column. Acetone precipitated protein from a washed rubber
particle protein extract was subjected to heat treatment before being
loaded onto the column.
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Fig. 3. Chromatographic profile of pooled active fractions from the
Sepharose 6 B column on a DEAE-Sephacel column.

minor protein bands that likely resulted from association
of the tightly bound bottom fraction membrane as earlier
described (Wititsuwannakul et al., 2004). These extra and
other contaminating proteins with higher molecular weight
were sensitive to heat-treatment, unlike the two major 14
and 24 kDa proteins that are more heat stable. The purified
RP-HLLBP, obtained after the ion exchange chromatogra-
phy, showed a single protein band of 24 kDa by SDS-
PAGE (Figs. 1, 4 and 5) and had a specific HI titre of
1.37 pgml~' (Table 1).

2.2. Characterization of the RP-HLLBP properties and
interactions

The purified RP-HLLBP produced a single band ca.
24 kDa on SDS-PAGE (Figs. 1 and 4) and major (ca.
120 kDa) as well as minor (ca. 130 kDa) bands on the
non-denaturing native PAGE (Figs. 4 and 6). This result
indicated that the native RP-HLLBP was a multimeric pro-
tein, either pentameric (major) or hexameric (minor)
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Fig. 4. SDS-PAGE (i) and native-PAGE (Ii) of purified RP-HLLBP,
stained with Coomassie Brilliant Blue R250. Lane A: standard protein
markers; Lane B: purified RP-HLLBP (30 pg).
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Fig. 5. Calibration curve for subunit molecular weight determination of
RP-HLLBP on SDS-PAGE.

Table |

Purification protocol of RP-HLLBP

Step Total activity Total Specific HI Yield
(HI titre unit*) protein (mg) titre® (pg mi™') (%)

Acetone precipitate 1.79 x 10° 574 3.20 100

Heat treatment 8.32 x 10* 241 2.89 46

Sepharose 6B %}g x 10° 170 1.75 57

DEAE-Sephacel 1.50 x 10* 22 1.37 9

* Hemagglutination inhibition (HI) titre unit is defined as the reciprocal
of the lowest dilution that gives detectable inhibition of agglutination of
rabbit erythrocytes.

® Minimal concentration of RP-HLLBP required for detectable HI.
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Fig. 6. Calibration curve of standard marker proteins for native molec-
ular weight determination of RP-HLLBP on native-PAGE.

depending on the affinity of subunit association. The 24-
kDa protein had been previously identified as an RP asso-
ciated intrinsic protein (Wititsuwannakul et ai., 2004), but
with no assigned function. The findings of RP-HLLBP
activity indicated a possible role for this protein in latex
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coagulation. Based on protein identification by peptide
mass fingerprinting data (Fig. 7), this 24 kDa protein is
confirmed to be the same as that previously identified
(Oh et al., 1999) as SRPP and as the Hev b 3 latex allergen
(Yeang et al., 1996, 1998). However, these reports did not
provide any convincing evidence for a specific role. Our
finding of RP-HLLBP activity might resolve this issue
(see Table 2).

The RP-HLLBP is an acidic protein. Isoelectric focusing
resolved a single major component (p/ ca. 5.2), and a minor
component (p/ ca. 6.0) (Fig. 8). These p/ values obtained
are in agreement with pH stability ranges of 5-8 for the
active RP-HLLBP (Fig. 9). The heterogeneity of the
(native) intact protein on isoelectric focusing may reflect
a tendency for associating among itself into either penta-
meric (major) or hexameric (minor) forms, similar to those
observed under the non-denaturing PAGE (Fig. 4). The
native active form of RP-HLLBP was heat-stable up to
60 °C. Above 60 °C up to 80 °C, the HI activity dropped
sharply to 50% remaining and at 90 °C and 100 °C only
20% remained (Fig. 10). Among all the proteins extracted
from RP by Triton X-100, the 24-kDa RP-HLLBP was
the only glycoprotein. On SDS-PAGE analyses of the sep-
arated proteins, the 24-kDa protein band was the only one
that was stained by PAS and Alcian blue dyes (Fig. 11).

The purified 24-kDa glycoprotein, RP-HLLBP, had a
4.25% (w/w) neutral sugar content as determined by the
phenol-sulfuric acid method that is commonly employed
for neutral sugar analyses. Treatment of the glycoprotein
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Fig. 7. RP-HLLBP tryptic digest mass spectrum from peptide mass
fingerprinting analysis by MALDI -TOF mass spectrometry.

Table 2
Effect of glycosidase treatments on HI activity of RP-HLLBP

Treatment

HI activity (% control)

1. RP-HLLBP* {conirol) 100
2. As | + galactosidase (30 U) 100
3. As | + glucosidase (30 U) 100
4. As | + neuraminidase (0.15 U) 100
5. As 1 =+ chitinase (0.15 U) 0

* The amount of RP-HLLBP was 40 jig in a total assay volume of 30 il
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Fig. 8. Isoelectric focusing of RP-HLLBP. The gel was stained with
Coomassie Brilliant Blue R 250.
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Fig. 9. pH stability of RP-HLLBP.
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Fig. 10. Temperature stability of RP-HLLBP determined by the HI
activity.

with different glycosidase or glycohydrolase enzymes
(galactosidase, glucosidase, neuraminidase and chitinase)
followed by assaying for remaining HI activity showed that
only chitinase completely abolished HI activity. The
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Fig. 11. SDS-PAGE of RP-HLLBP, stained with Coomasie Brilliant Blue
R250 (1), PAS (11) and Acian blue reagent (I1I). Lane S: standard proteins;
Lane A and B contained 150 and 100 pg of partially purified RP-HLLBP
obtained after heat-treatment.

decrease in HI activity was proportional to either the con-
centration or units of the chitinase enzyme levels applied
for treatment (Fig. 12). Hence, the RP-HLLBP contains
N-acetylglucosamine residues involved in the binding rec-
ognitions by the Hevea latex lectin-like protein which can
now be referred to as Hevea latex lectin. The purified
RP-HLLBP has a specific HI titre of 1.37 pg ml~" in the
specific HA inhibition assays. The minimum concentration
of RP-HLLBP required for detectable hemagglutination
inhibition is much lower than those reported for glycopro-
teins from non-latex origin (Wititsuwannakul et al., 2008).
Perhaps this is another illustration of the high specificity
that can exist in biologically important specific recognition
phenomena and biochemical specific interactions. Nor-
mally these specific reactions between a ligand and its
receptor are signaling events leading to some specific cellu-
lar response. In this case it would seem that the intrinsic
RP-HLLBP ligand reacts with its natural latex lectin recep-
tor to facilitate latex coagulation and plugging of the latex
vessels.

% H.L. activity

T T Py T o
0 5 10 15 20 25 30 35
Chitinase {unit X 10%)

Fig. 12. Effect of chitinase on RP-HLLBP activity.

2.3. Inhibition of latex coagulation by purified RP-HLLBP

A complete latex coagulation process occurred after
mixing appropriate amounts of washed lutoid membrane
with RP, as indicated (Fig. 13, tube C). The protein content
ratio, ca. 1:54, of lutoid membrane debris to RP found in
the rubber coagulum were similarly shown in earlier report
(Wititsuwannakul et al., 2008). This indicates a single
lutoid membrane complexing several rubber particles.
Accordingly, from an electron microscopic study of latex
vessel in Hevea bark, the destabilized lutoids had been
shown to have numerous small rubber particles zone 2 vari-
ety adhering to their surfaces (Yeang et al., 1995). All the
lutoid membrane debris disappeared from the bottom frac-
tion due to their rapid aggregation with the RP. However,
a prior incubation of the lutoid membrane with purified
RP-HLLBP was found to reduce the extent of their ability
in aggregating the RP. The higher the amounts of the sol-
uble RP-HLLBP added to the pre-incubation mixtures, the
higher were the remaining amounts of unaggregated lutoid
membrane in the bottom fraction (Fig. 13, tubes D-F).
These results indicate that HLLBP, in either soluble or sus-
face-bound forms was specifically recognized by the lutoid
membrane HLL while the surface-bound HLLBP was nec-
essary for the latex coagulation.

2.4. RP-HLLBP as'the latex coagulating factor

The assay developed to monitor the HLL induced aggre-
gation of RP (Fuchsin staining) (Wititsuwannakul et al.,
2008) was used to test the possibility that the specific func-
tion of RP-HLLBP, the lectin binding protein, was associ-
ated with latex coagulation. HLL was preincubated with
various amounts of purified RP-HLLBP followed by addi-
tion of the washed small RP. RP-HLLBP inhibited the
HLL-induced RP aggregation in a dose dependent manner
(Fig. 14). The amount of stained RP aggregate without the
RP-HLLBP was sequentially reduced as the BP level
increased until it was completely abolished by the BP. How-
ever, when RP-HLLBP was pretreated with chitinase, but
not by other glycosidase enzymes, there was no reduction
of the stained RP aggregate (Fig. 15). These results indi-

A B C D E F

Fig. 13. Centrifugation of suspensions A-H, 0.5ml each. A: washed
lutoid membrane, containing 1.2 mg protein; B: washed rubber particle,
with 64 mg protein, C: A+ B; D-F: (A + RP-HLLBP) + B, the total
amounts of purified RP-HLLBP in D-F were 15, 45, and 90 pg,
respectively.
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Fig. 14. Inhibitory effect of RP-HLLBP on HLL-induced rubber particle
aggregation. The HLL (2.5 pg) was preincubated with either assay buffer
only (A) or buffer solution containing 5 (B), 20 (C) or 40 (D) pg of RP-
HLLBP before testing in the rubber particle aggregation assay as
described Section 4.

( A B c D
Fig. 15. Effect of various glycosidases on the inhibition of HLL-induced
rubber particle aggregation by RP-HLLBP. The RP-HLLBP (40 pg) was
preincubated with either (A) galactosidase, 15 U; (B) glucosidase, 1.5 U;
(C) neuraminidase, 0.075 U or (D) chitinase, 0.075 U, before testing its

inhibitory eflect on HLL-induced rubber particle aggregation as described
Section 4,

cated that N-acetylglucosamine on the RP-HLLBP was
actively involved in the specific binding recognition. A sim-
ilar role has been postulated for the N-acetylglucosamine
sugar on the RP glycoprotein receptor, in mediating polyva-
lent bridging between hevein and RP (Gidrol et al., 1994).
Although chitinase was demonstrated to have a negative
effect on the HLL-induced RP aggregation, this effect was
considerably reduced in the presence of Ca**, previously
shown to promote the HLL agglutinating activity (Wit-
itsuwannakul et al., 2008). The chitinase and Ca®* are both
lutoid vacuolar constituents and are concurrently released
upon bursting of the lutoids. Hence, the contents and levels
of the exposed HLL binding sites on the ruptured lutoid
membrane might be key limiting factors in promoting latex
coagulation. This agrees well with the reports of a high cor-
relation between lutoid bursting and the latex vessel plug-
ging indexes (Yeang and Paranjothy, 1982; d’Auzac,
1989). These findings indicate that the small RP with the
intrinsic 24-kDa surface glycoprotein receptor acts as a
coagulating factor in the rubber latex coagulation process.

3. Concluding remarks

This proposed physiological function for the RP-
HLLBP or SRPP is strongly substantiated by previous

findings on the tight association of the 24-kDa protein with
the small RP surface (Oh et al., 1999). Therefore, the logic
of these findings is that the highly abundant small RP, less
than 0.36 pum in size and accounting for ca. 95% of the total
RP population in Hevea latex (van den Tempel, 1952;
Gomez and Hamzah, 1989), has an important role in the
latex coagulation process.

4. Experimental
4.1. Chemicals

DEAE-Sephacel, glycoproteins, sugars and chitinase
were from Sigma. Biogel P-300 was from Bio-Rad
(USA). All other chemicals were of reagent grade.

4.2. Purification of RP-HLLBP

The washed RP suspension, prepared as previously
described (Wititsuwannakul et al., 2008), was extracted
with 5x vol. of 0.2% Triton X-100 detergent. The mixture
was stirred overnight at 4 °C and centrifuged to obtain the
supernatant. Two volumes of cold acetone was added,
mixed well and kept on ice for 10 min. The solution was
then centrifuged at 10,000g for 10 min at 4 °C. The acetone
precipitate was dissolved in 50 mM Tris-HCI, pH 7.4 (buf-
fer A) and again centrifuged at 40,000 for 10 min to sep-
arate the supernatant. The first step for purifying the RP-
HLLBP was to heat the resuspended acetone precipitated
solution at 70 °C for 5 min followed by immediately plac-
ing it in an ice bath and centrifuging at 40,000g for
10 min to remove the precipitate. The supernatant was con-
centrated and subjected to further purification on a Sephar-
ose 6 B column (1.4 x 70 cm) previously preequilibrated
with buffer A at a flow rate of 12 ml/h at 4 °C. After load-
ing the sample, the column was eluted with the same buffer.
Fractions of 2 ml were collected and their absorbance mea-
sured at 280 nm. An HI assay was performed in all frac-
tions. The fractions containing HI activity were pooled,
concenirated and further purified on a DEAE-Sephacel
column (1.8 x 8 cm), preequilibrated with buffer A. After
loading the sample, the column was washed with the same
buffer until the absorbance at 280 was below 0.005. The
column was then eluted using the same buffer containing
0.3 M NaCl. The fractions containing high HI activity were
pooled, desalted and concentrated for further characteriza-
tion studies.

4.3. Assay of hemagglutination inhibition (HI) by RP-
HLLBP

The activity of RP-HLLBP activity was measured by its
ability to inhibit hemagglutination induced by HLL. Each
25 pl of RP-HLLBP sample was 2-fold serially diluted with
hemagglutination buffer (TBS), containing 0.9% NaCl in
50 mM Tris—HCI buffer, in a microtitre U plate. This was



R Wititsuwannakul et al. | Phytochemistry 69 (2008) 1111-1118 117

followed by the addition of HLL sotution {25 pl) that pos-
sessed a titre of 4 hemagglutination units. The solution was
mixed and incubated at room temperature for 20 min
before the addition of 50 ul of a 2% (v/v) rabbit erythrocyte
suspension into each well. Hemagglutination was recorded
after incubation for 1 h at room temperature. The mini-
mum concentration of inhibitors that caused 100% inhibi-
tion of hemagglutination activity of the HLL was
calculated. The inhibition activity was expressed in term
of hemagglutination inhibition {(HI) unit or titre.

4.4. Effect of glycosidases on HI activity of RP-HLLBP

7.5 ul aliquots each containing 40 ug of partially purified
RP-HLLBP were incubated with 7.5 ul of glycosidase
enzymes with various activity units (galactosidase, 30 U;
glucosidase, 30 U; neuraminidase, 0.15 U and chitinase
0.15 U or as indicated) for 30 min at room temperature.
After incubation, the HI activity of RP-HLLBP was deter-
mined in each reaction mixture as described above (see the
previous section),

4.5. Effect of RP-HLLBP on HLL-induced rubber purticle
aggregation

A solution (15 pl) containing 2.5 pg of HLL, isolated
and purified as described previously (Wititsuwannakul
et al., Paper #1 in series), was incubated with 15 pl of var-
ious amounts of the RP-HLLBP from 5 to 40 pg. Incuba-
tion without the RP-HLLBP served as the control. After
incubation for 30 min, the rubber particle aggregation
assay was performed by adding 30 pl of rubber particle sus-
pension to the mixture. The rubber aggregate formed was
scparated and observed as described previously (Wit-
itsuwannakul et al., 2008). '

4.6. Effect of glycosidases treated RP-HLLBP on HLL-
induced RP aggregation

Aliquots (30 p!) containing partially purified RP-
HLLBP, obtained after pretreatment with various glycosi-
dases (galactosidase, 15 U; glucosidase, 1.5 U; neuramini-
dase, 0.075 U and chitinase, 0.075 U) as described above
were incubated with 2.5 pug of HLL for 30 min. After the
incubation, a washed RP suspension (30 pl) was added to
the assay mixture and incubation was continued. The com-
plete assay mixture was then stained with Fuchsin. The
rubber aggregate formed was separated and observed as
described previously (Wititsuwannakut et al., 2008).

4.7. Effect of pH and temperature

The effect of temperature on the HI activity of RP-
HLLBP was determined by incubating a RP-HLLBP sam-
ple at various pHs (for 1 h) or temperature (for 30 min) as
indicated. The mixtures were then adjusted back to pH 7.4
or 4 °C and assayed for HI activity.

4.8. Carbohydrate determination of RP-HLLBP

The neutral sugar content of the RP-HLLBP was deter-
mined in a scaled down version of the phenol-sulfuric acid
method of Dubois et al. {1956).

4.9. Polyacrylamide gel electrophoresis

PAGE was performed either in the presence or absence
of SDS by the method of Laemmli (1970) and stained as
indicated.

4.10. Glycoprotein staining

SDS-PAGE of partially purified RP-HLLBP was sub-
jected to PAS staining according to the method of Zacha-
rius et al. (1969) and Alcian blue staining as described by
Wardi and Michos (1972).

4.11. Polyacrylamide gel isoelectric focusing

Isoelectric focusing was performed on a 5% polyacryl-
amide gel with 2% Biolyte 3/10 ampholytes in Bio-Rad
minigel IEF apparatus {(Model 111 Mini IEF Cell). The
potential difference was increased stepwise according to
the manufacturer’s instructions.

\
4.12. Latex coagulation inhibition assay

Fifty microliter aliquots each containing a washed lutoid
membrane suspension with a total protein content of
1.2 mg, prepared as previously described (Wititsuwannakul
et al,, 2008), were mixed with 50-200 ul of the purified RP-
HLLBP with various amounts of protein as indicated and
incubated for 1h at room temperature. Two hundred
microliter of a washed RP suspension with protein content
of 64 mg or dry rubber content of 120 mg, prepared as pre-
viously described (Wititsuwannakul et al., 2008), was then
added. The final volume of the mixture was maintained at
500 u! by adding TBS buffer and thoroughly mixed. After
additional 30 min incubation, the mixture was scparated
at 10,0600 rpm for 20min in a microcentrifuge. The
amounts of the decrease in the size of rubber coagulum
and increase in the size of remaining bottom lutoid mem-
brane obtained after the final incubation were visualized
and compared with the latex coagulation control tube. A
mixture containing 50 ul of washed lutoid membrane,
200 pl of washed RP suspensions and 250 ul of TBS was
used in the latex coagulation assay control. The washed
RP assay control contains 200 ul RP suspension and
300 ul TBS and the washed lutoid membrane control,
50 pl lutoid membrane suspension and 450 pl TBS.

4.13. Protein identification by mass spectrometry

The electrophoretic band corresponding to the 24 kDa
RP-HLLBP was excised and digested with trypsin. A pep-
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tide mass fingerprint (PMF) was produced by analysing the
digested protein with a Bruker Bifiex III MALDI-TOF
mass spectrometer, The resulting PMF was compared with
the calculated masses of all tryptic peptides that can be the-
oretically produced from the sequences corresponding to
sl Hevea brasiliensis proteins in SWISS-PROT and
NCBIar public protein databases. The protein that yielded
the best match between the theoretical and experimental
mass values was identified to be a small rubber particle pro-
tein. The MALDI-MS analysis was carried out, under a
requested service, at The University of Minnesota Center
for Mass Spectrometry and Proteomics.

4.14. Protein determination

Protein concentration was determined by the method of
Lowry et al. (1951) using bovine serum albumin as a
standard.

Acknowledgements

This work was supported by grants from the Thailand
Research Fund. The authors thank Dr. Alan B. Hooper
for his help on requesting the MS analysis service, Dr.
Brian Hodgson for his critical reading of the manuscript
and Dr. Atiya Rattanapittayaporn for her assistance in
the graphical work.

References

Alenius, H., Palosuo, T., Kelly, Y., Kurup, V., Reunala, T., Makinen-
Kiljunen, S., Turjanmaa, K., Fink, ], 1993. IgE reactivity to 14-kD
and 22-kD natural rubber proteins in latex-allergic children with spina
bifida and other congenital abnormalities. Int. Arch. Allergy Immunol.
102, 61-66.

Barondes, S.H., 1986. Vertebrate lectins: properties and functions. In:
Liener, LE., Sharon, N., Goldstein, 1.J. (Eds.), The lectins: properties,
functions and applications in biology and medicine. Academic Press,
New York, pp. 438-452.

Couppon, A.B., Chen, Z., Rennert, S, Engelke, T,, Meyer, H.E., Heber,
M., Baur, X., 1993. The rubber elongation factor of rubber trees
(Hevea brasiliensis) is the major allergen in Iatex. J. Allergy Clin.
Immunol. 92, 690-697,

d’'Auzac, J., 1989. Factors involved in the stopping of flow afler tapping.
In: d’Auzac, J., Jacob, J.-L., Chrestin, J. (Eds.), Physiology of Rubber
Free Latex, CRC Press, Florida, pp. 257-285.

Dickenson, P.B., 1969. Electron microscopical studies of the latex vessel
system of Hevea brasifiensis. J. Rubb. Res. Inst. Maiaya 21, 543-
559.

Dubois, M., Gilles, K.A., Hamilton, J.K., Rebers, P.A., Smith, F., 1956,
Colorimetric method for determination of sugars and related sub-
stances. Anal. Chem. 28, 350-356,

Gidrol, X., Chrestin, H., Tan, H.-L., Kush, A., 1994. Hevein, a lectin-like
protein from Hevea brasifiensis (rubber tree) is involved in the
coagulation of latex. J. Biol. Chem. 269, 92789283,

Gomez, ].B., Hamzah, S., 1989. Particle size distribution in Hevea latex -
some observations on the electron microscopic method. J. Nat. Rubber
Res. 4, 204-211.

Gomez, 1.B., Moir, G.F., 1979, The ultracytology of latex vessels in Hevea
brasiliensis. Malaysian Rubber Research and Development Board,
Monograph No. 8. Rubber Research Institute Malaysia, Kuala
Lumpur.

Hamzah, §.B., Gomez, 1.B., 1982. Electron microscopy of ultracentrifuged
fractions of Hevea latex, I. Top-fractions. J. Rubber Res. Inst. Malay.
30, 161-173.

Hasma, H., 1987. Proteolipids of natural rubber particles. }. Nat. Rubber
Res. 2, 129133,

Ko, J-H., Chow, K-S., 2003. Transcriptome analysis reveals features of the
molecular events occurring in the laticifers of Hevea brasiliensis (para
rubber tree). Plant Mol. Biol. 53, 479492,

Laemmli, UK., 1970. Cleavage of structural proteins during the assembly
of the head of bacteriophage T4. Nature 277, 6806835,

Lowry, O.H.,, Rosebrough, NJ., Garr, AL, Randall, RJ., 195]. Protsin
measurernent with the Folin phenol reagent. J. Biol. Chem. 193, 265-275.
Moir, G.F.J., 1959, Ultracentrifugation and staining of Hevea latex.

Nature 184, 1626~1628.

Ch, S.K., Kang, H,, Shin, D.H., Yang, J., Chow, K.S., Yeang, H.Y.,
Wagner, B., Breiteneder, H., Han, K.H., 1999. Isolation, character-
ization, and functional analysis of a novel cDNA clone encoding a
small rubber particle protein from Hevea brasiliensis. J. Biol. Chemn.
274, 17132-17138.

Pan, Z., Durst, F., Werck-Reichhart, D., Gardner, HW,, Camara, B.,
Comish, K., Backhaus, R.A., i995. The major protein of guayule
rubber particies is a cytochrome P450: characterization based on
cDNA cloning and spectroscopic analysis of the solubilized enzyme
and its reaction products. J. Biol. Chem. 270, 8487-8494,

Singh, A.P., Wi, S.G., Chung, G.C., Kim, Y.S., Kang, H., 2003. The
micromorphology and protein characterization of rubber particles in
Ficus carica, Ficus benghalensis and Hevea brasifiensis. ]. Exp. Bot. 54,
985-992.

Southom, W.A., 1969. Physiology of Hevea latex flow. J. Rubber Res.
Inst. Malay. 21, 494-512.

Southorn, W.A., Yip, E., 1968. Latex Aow studies. III. Electrostatic
considerations in colloidal stability of fresh Hevea latex. J. Rubber
Res. Inst. Malay. 20, 210-2150.

van den Tempel, M., 1952. Electron microscopy of rubber globules in
Hevea latex. Trans. Inst. Rubber Ind. 28, 3063-308.

Wardi, A.H., Miches, G.A., 1972. Alcian blue staining of gtycoproteins in
acrylamide disc electrophoresis. Anal. Biochem. 49, 607-609.

Wititsuwannakul, R., Pasitikul, P., Kanokwiroon, K., Wititsuwannakul,
D., 2008. Hevea latex lectin-like protein in mediating rubber particle
aggregation and latex coagulation. Phytochemistry 69, 319-347.

Wititsuwannakul, D., Rattanapittayaporn, A., Koyama, T., Wit-
itsuwannakul, R., 2004. Involvement of Hevea latex organnelle
membrane prodeins in rubber biosynthesis activity and regulatory
function. Macromol. Biosci. 4, 314-323.

Yenng, H.Y., Cheong, K.F., Sunderasan, E., Hamzah, §., Chew, N.P,
Hamid, 5., Hamifton, R.G., Cardosa, M.J., 1996, The 14.6 kD rubber
elongation factor {Hev b 1) and 24 kD (Hev b 3) rubber particle
proteins are recognized by IgE from patients with spina bifida and
fatex allergy. J. Allergy Clin. Immunol. 98, 628-639.

Yeang, H.Y., Paranjothy, K., 1982. Initial physiclogical changes in Hevea
latex flow characteristics associated with intensive tapping. J. Rubber
Res. Inst. Malay. 30, 31-36.

Yeang, H.Y,, Ward, M.A_, Zamri, A S., Dennis, M.S,, Light, D.R., 1998.
Amino acid sequence similarity of Hev b 3 to two previously reported
27- and 23-kDa latex proteins allergenic to spina bifida patients.
Allergy 53, 513-519.

Yeang, H.Y., Yip, E., Hamzah, S., 1995, Charucterization of zone 1 and
zone 2 rubber particles in Hevea brasiliensis latex. J. Nat. Rubber Res.
10, 108-123.

Zacharius, R.M., Zell, T.E., Morriscn, J.H., Woodlock, J.J., 1969
Glycoprotein staining following electrophoresis on acrylamide gels.
Anal, Biochem. 30, [48-152.




