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Biochemical Process in Latex Vessel Plugging

of Hevea brasiliensis
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Biochemical Process in Latex Vessel Plugging of Hevea brasiliensis
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Dept. of Biochemistry, Faculty of Science, Prince of Songkla University, Hat-Yai.
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Abstract

Rubber latex is a viscous white liquid synthesized and stored in latex vessel. Besides a
major liquid cytosol (C-serum) content in rubber latex, various suspended particles, in
decreasing quatities, are rubber particles, lutoids and Frey-Wyssling complex, respectively.
Rubber tapping was performed by making cuts across latex vessels. The rubber tree has a
mechanism to minimize its metabolite lost due to tapping by forming plug ai the tapping site
in order to retard latex flow. An early electron microscopic study revealed the presence of
rubber particles and lutoid debns at the plugging site to impede latex flow. Our present study
on the biochemical process in latex vessel plugging of Hevea brasiliensis suggests the
involvements of two cooperative processes. One is enzymatic dependent leading to lutoid
bursting and another is non-enzymatic dependent involving specific aggregation between
rubber particles and lutoid membrane debris.

Upon 1apping, the opening end of latex vessel is exposed to atmospheric O» which in
turn promotes actvities of several oxidases leading to production of active oxygen species
including superoxide (O5°'-) , hydroxyl radical (OH-) and H»O . These active oxygen species
wiil cause lutoid membrane damage. The process may begin with reduction of quinone into

semi-quinone by the NAD(P)H oxidase or NAD(P)YH quinone reductase on Iutoid membrane.

In the presence of O, the semi-quinone can auto-oxidize into quinone by producing Oy— .
The reaction between O»— with surrounding H2O» results in formation of OH- ( Fenton &

Haber-Weiss reaction). The OH- will cause damage to the unsaturated double bond of farty
acid in lutoild membrane and lead to membrane breakage. Consequently, peroxidase and

polyphenol oxidase in latex cytosol will wulize H20+ and Os, respectively to oxidize

hydroguinoe subtrate into its corresponding guinone product, hence increasing further chance

on serti-quinone and active oxygen species production. However, opposite outcome may also



occur if there are other substrates such as C-serum phenols competing with hydroquinone for
these enzymes. Whichever substrate is utilized, the reactions catalyzed by peroxidase and

polyphenol oxidase will result in decreasing HyO5 and O, contents, respectively. Accordingly,

we found direct correlations between level of bark peroxidase and C-serum phenols with
rubber yield per tapping, r=0.76 and .91, respectively.

The bursting of lutoid will lead to an exposure of lutoidin, possesing lectin activity, on
its membrane. The lutoidin will agglutinate particle particles. The aggregation of rubber
particles is a non-enzymatic process involving recognition of glycoprotein (rubber particle-
lutoidin binding protein, RP-LBP) on rubber particle by its receptor site on the lutoidin.
These specific bindings led to rubber plug formation in latex vessel to retard flow. The
agglutination of rubber particles can be demonstrated in vitro by mixing lutoidin, purified
from lutoid membrane with rubber particles. In the in vive sitnation, after lutoid breakage its
membrane debris remained suspending in latex cytosol where another glycoprotein that can
bind to lutoidin (cytosol- lutoidin binding protein, C-LBP) was also found. Therefore, it is
seen that both RP-LBP and C-LBP will have to compete for lutoidin binding and only with
the former that rubber particle aggregation can be formed to impede latex flow. Accordingly,
the level of C-LBP is directly proportional to rubber latex yield per tapping, with r=0.97,

The results obtained from purification and chracterizations of proteins involved in latex
vessel plugging on the enzymutic process including NAD(P)H quinone reductase, peroxidase
and polyphenol oxidase and the non-enzymatic process leading to rubber particle aggregation
including lutoidin, RP-LBP and C-LBP can be summarized as follows:

NAD(P)H quinone reductase (QR) was prepared from B-serum, obtained from bottom
fraction of ultracentrifuged fresh latex, by repetitive freeze-thawing. Upon IEF, several QRs
were found with pls of 4.6, 5.0, 6.2, 6.7 and 7.4 The most dominant form of QR possesed pl
value of 6.2 and M, of 57 kD upon SDS-PAG. Different substrate specificities on QR were
detected as follows: p-benzequinone>menadione>plumbagin>juglone>duroquinone,
respectively. Dicumarot was found to inhibit QR activity. Optimum pH was observed at 8
while pH stability ranging from 6-10. QR is heat stable up 10 70°C.

Peroxidase was prepared from excised Hevea bark strips obtainded after tapping. The
bark peroxidase was capable to convert phenols isolated from C-serum fraction of centrifuged
latex into polyphenolic forms. The peroxidase was purified to homogeneity by size exclusion,

ion exchange and affinity chromatography. SDS-PAGE and gel filtration chromatography



indicates that purified peroxidase is composed of a single polypeptide of M, 50 kD. The
enzyme has a pI of 3.5. The K, values for o-dianisidine and HyO, were 20 and 18.6 UM,
respectively, and the K; values for KCN and NaNj for these substrates were 10 pM and 2.7
mM, respectively.

Polyphenol oxidase (PPO) was prepared from B-serum by repetitive freeze-thawing of
bottom fraction obtained from ultracentrifuged fresh latex. The B-serum was subjected io

acetone precipitation and the solubilized precipitate was further purified through CM-
Sepharose columh. Two PPO were obtained, PPO-I and PPO-II with M, under SDS-PAGE of

32 and 34 kD, respectively. Both PPOs possess pl of 93 and have optimum pH and

temperature ranging from 5-8 and 35—400(3, respectively. They are heat up to 60'C. The K8

values of PPO-I for dopamine and L-dopa are 2.08 and 8.33 mM, respectively while those
for PPO-I are 2.12 and 4.76 mM , respectively.

Lutoidin was isolated from lutoid (bottom) fraction of centrifuged rubber latex under
acetone precipitation. Lutiodin was extracted from the acetone precipitate in buffer containing
02% Triton X-100 and purified to homogeneity after chitin and DEAE-Sepharose column.
The M, upon SDS-PAGE is 17 kD with native M, obtained by gel filtration of 276 kD
It is able to agglutinate rubber particles and erythrocytes from .either rabbit or mouse. The
hemagglutination or lectin activity of lutoidin can be inhibited by several glycoproteins such

as fetuin, asialofewin, ovomucoid, mucin, asialomucin  but not L) -acid glycoprotein

L

mono- or di-saccharides. Similarly, the ability of lutoidin in inducing rubber particle
aggregation was also inhibited by fetuin but not monosugar like GleNAC. Lutoidin is heat
stable up to 60°C and its pH stability ranging from 5-10.

RP-LBP was isolated from rubber layer obtained after ultracentrifugation of fresh latex.
The zone 2 of rubber layer facing aqueous C-serum phase with white jelly-like appearance
was isolated and washed with isotonic buffer. RP-LBP was then extracted in the presence of
0.2% Triton X-100. Acetone precipitation was performed on the extruct and resultant pellet
was solubtlized and dipped in boiling water for 2 min. RP-LBP was further purified from
supernatant obtained after heat-treatment by passing through gel filtration and ion exchange
column chfomalography. Purified RP-LBP possessed M. of 120 and 24.5 kD upon native
PAGE and SDS-PAGE, respectively. The pl value was determined to be 5.4 while pH

optimum ranging from 5-8. [t could stand heat at 60 C for more than 30 min. The RP-LBP



was able to inhibit hemagghutination induced by lutoidin with highest binding efficiency since
its concentration required for inhibiion was lowest in comparison with other glycoprotein
inhibitors used under the same study. In addition, the lutoidin binding capacity of RP-LBP
was abolished upon chitinase treament.

C-LBP was purified from C-serum fraction in middle aqueous phase obtained after
ultracentrifugation of fresh latex. The purification procedure involved ammonium sulfate
fractionation, gel filtration and ion exchange column chromatography. Purified C-LBP
possessed M, of 40 kD upon SDS-PAGE. The native molecular weight obtained after gel
filtration was 204 kD. The pI value was around 4.7 while a2 broad range of pH atibility was
observed from 6-10. It is heat stable up to 50°C. Purified C-LBP could inhibit both rubber
particle aggregation and hemagglutination induced by the lutoidin. These inhibitions are,
however, abolished with pre-treatment of C-LBP with chitinase, similar to that observed with
RP-LBP. Moreover, a direct correlation between latex C-LBP level and rubber latex yield per
tapping was also found.

In conclusion, the biochemical process in latex vessel plugging of Hevea brasiliensis
begins with the production of active oxygen species by a group of oxidase enzymes. These
destructive active oxygen species then causes lutoid membrane destabilization leading to an
exposure of lutoidin. The lutodin, also possessed lectin activity, will agglutinate rubber
particles by binding specifically with glycoprotein (RP-LBP) on rubber particle surfuce. The
aggregate thus formed will impede or eventually cease latex outflow. Overall compounds
involved in this process are functioning as coagulating factors. On contrary, there is also a
group of anti-coagulating factors such as peroxidase and C-serum phenol playing role in
reducing the amount of active oxygen species and C-serum glycoprotein (C-LBF) which
competes with RP-LBP in binding with lutoidin in forming rubber particle aggregate. It was
founid that the levels of these anti-coagulating factors are directly and highly correlated to the
amount of latex yield per tapping. Hence, the anti-coagulating factors shouid be applied as

potential markers in characterization and selection of better-yield rubber clones.
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