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Proteins of Dialysed C-serum Supernatant
Sub-fractions Elicit Anti-Proliferative Activity on
Human Cancer-Origin Cells

E. SUNDERASAN™#, NORAZREEN ABD RAHMAN™, K.L. LAM™¥,
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Dialysed latex C-serum fractions have been investigated for anti-proliferative activity against
human cancer origin cell lines. The present report describes further fractionation of dialysed
C-serum supernatant (DCS) and analysis of the sub-fractions that elicit anti-proliferative
activity on HepG2 and MDA-MB231, the test cancer origin cell lines. DCS was fractionated
through a Sephacryl S-200 column, and the eluents were pooled into four sequential sub-
fractions, named DCS-F 1, -F2, -F3 and -F4. Cell viability assay revealed that anti-proliferative
activity was confined to DCS-F2 and -F3. Furthermore an improved anti-proliferative activity
was discerned in the recombined active DCS sub-fractions. DCS-F2 and -F3 were subjected to
two dimensional polyacrylamide gel electrophoresis, subsequent MALDI-TOF/TOF analysis
and database searches revealed the presence of a number of proteins that have been shown to

be implicated in anti-cancer activity.
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Natural rubber latex is a complex colloid made
up of rubber particles, lutoid bodies and Frey-
Wyssling complexes suspended in an aqueous
medium rich in proteins and other solutes.
When centrifuged at high speed, fresh latex
separates into three main fractions consisting
of an upper layer of rubber particles, a clear
aqueous phase or C (centrifuged)-serum,
and a bottom fraction largely made up of
lutoid bodies'?. C-serum contains most of
the soluble substances normally found in
plant cells, including proteins, amino acids,

carbohydrates, organic acids, inorganic salts
and nucleotidic materials™*.

C-serum and its constituents have been
implicated in multiple biological properties®”’.
However, the first potential therapeutic
application of C-serum was suggested when
a sub-fraction of C-serum was shown to
exert specific anti-proliferative properties
against cell lines of malignant origin'’. In
subsequent experiments, boiling of C-serum
in water bath resulted in accumulation of a
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large amount of whitish precipitate; most
proteins would have precipitated along with
other heat labile constituents as a result of
heat denaturation. Anti-proliferative activity
was found diminished in the boiled C-serum
fractions, evidently, the loss of activity reflects
on the heat sensitive nature of the active
constituents''. On the other hand, dialysis
against distilled water resulted in an improved
anti-proliferative activity in the C-serum
fractions. Increase in anti-proliferative activity
in DCS and dialysed C-serum precipitate
(DCP) was particularly evident against
HepG2 — hepato adenocarcinoma cells; the
lowest LCs, value was detected in dialysed
C-serum supernatant (DCS)". As dialysis
would have eliminated most small molecular
weight solutes (<3000 Da), it was then
speculated that the active constituent ought
to be of protein origin — the predominant
macromolecules (>3000 Da) that remain in
either soluble or insoluble state in the dialysis
tubing. The diverse proteins of DCS and DCP
were recently discerned in two dimensional
polyacrylamide gel'*.

The present report describes gel filtration of
DCS as a further step of fractionation, while
cell viability assay serves as a guide to narrow,
down on the eluted sub-fractions that elicit afiti-
proliferative activity. The active sub-fractions
were electrophoresed on a two dimensional
polyacrylamide gel and the resolved protein
spots were subjected to MALDI-TOF/TOF
analysis, followed by searches for similar
entries in protein databases.

EXPERIMENTAL
Preparation of Dialysed C-serum Fractions
Latex was collected from field grown
RRIM 600 trees at the Rubber Research

Institute of Malaysia Research Station, Sungai
Buloh. To prepare C-serum, fresh latex
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collected in chilled flasks was fractionated
by centrifugation at 44000 X g for 2 h at 4
°C. The latex separates into three distinct
parts on high speed centrifugation. To prepare
C-serum, the upper layer (rubber cream) was
carefully removed and C-serum was prepared
from the remaining supernatant, based on a
method previously described'.

The subsequent fractions of C-serum
were prepared by dialysis using SnakeSkin™
(Pierce, IL, USA) tubing with molecular
weight cut off 3000 Da against distilled water
for 48 h at about 5°C. A whitish precipitate
(DCP) was recovered from dialysed C-serum
by centrifugation at 20000 X g for 30 minutes.
Both DCP and the supernatant (DCS) were
then lyophilised and kept desiccated until
further use.

Chromatographic Separation of Dialysed
C-serum Supernatant (DCS)

Prior to chromatography, lyophilised DCS
was reconstituted (0.03 g/ml) in 0.05 M Tris-
HCI pH 8.0. The UV absorbing (254 nm and
280 nm) eluent of DCS was recovered as 2
ml consecutive fractions following filtration
on a Sephaeryl S-200 (GE Healthcare Life
Sciences, - Piscataway, NJ, USA) column.
The elution profiles of DCS based on optical
density (254 nm and 280 nm) of the individual
fractions were plotted, the consecutive UV
absorbing peaks were pooled, dialysed against
distilled water and then lyophilised until
completion:” Multiple gel filtration runs were
then: performed to recover sufficient quantity
of pooled sequential DCS sub-fractions,
named sub-fraction 1 (DCS-F1), sub-fraction
2 (DCS-F2), sub-fraction 3 (DCS-F3) and
sub-fraction 4 (DCS-F4). All four DCS
sub-fractions were then lyophilised and
kept desiccated until further use. A portion
of the lyophilised DCS sub-fractions was
reconstituted with 1 X phosphate-buffered
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saline (PBS; AMRESCO, Solon, OH, USA).
Serial dilutions of DCS sub-fractions were
performed to prepare working concentrations
ranging from 2 to 2000 pg/ml.

Measurement of Cell Growth Inhibition in
Cell Viability Assay

Cytotoxic effects were measured using
standard 3-(4,5-dimethylthiazol-2-yl) 2,5-
diphenyl tetrazolium bromide (MTT) assay
(Sigma Chemical Company, St. Louis, MO,
USA) after cell treatment with C-serum or its
fractions for a predetermined time points i.e.
24, 48 and 72 hours. The assay was developed
based on the method described by Mossman'?.
Absorbance (OD) at 570 nm was read using
a spectrophotometric plate reader (Multiskan
spectrum; Thermo Electron Co., Waltham,
MA, USA) and proportions of surviving cells
were calculated as:

OD of drug-treated sample -
OD of blank
OD of control - OD of blank

X 100% ... 1

All experimental data were derived from at
least three independent experiments.

Electrophoresis, Protein Detection and

Identification

Two dimensional polyacrylamide gel
electrophoresis (2D-PAGE) was carried
out with isoelectric focusing for the first
dimension on [PGphor (GE Healthcare Life
Sciences, Piscataway, NJ, USA) and SDS-
PAGE for the second dimension with Mini-
Protean II apparatus (Bio-Rad Laboratories,
Hercules, CA, USA) according to the
manufacturers’ instructions. The 7 cm IPG
strips, pH 3-10, containing 100 pug samples
were dissolved in IPG buffer (with freshly
added 18 mM DTT) and placed in porcelain
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strip holders. The strips were overlaid with ~1
ml mineral oil and rehydration was performed
at 20°C for 16 hours. This was followed by
isoelectric focusing at constant voltage of
500V for 30 min, 1000 V for 1 h and thereafter
at 5000V for 1 hour. After isoelectric focusing
the strips were soaked in equilibration buffer
for 10 min before loading on to 12.5% SDS-
polyacrylamide slab gels and electrophoresed
at constant current of 30 mA for 45 minutes.
Upon completion, the gels were stained with
Coomassie brilliant blue R250 to detect the
separated proteins. Protein spots were excised
from 2D gels, subjected to mass spectrometry
(MALDI-TOF/TOF) analysis at Proteomics
International Pty Ltd, Australia. The protein
samples were trypsin digested and peptides
extracted according to standard techniques'.
Peptides were analysed by MALDI-TOF/TOF
mass spectrometer using a 4800 Proteomics
Analyzer (AB Sciex). A search was performed
on the MS/MS data to identify proteins of
interest against the entire taxonomy order
Viridiplantae using Mascot sequence matching
software (Matrix Science) with Ludwig NR
Database.

RESULTS AND DISCUSSION
Gel Filtration of Dialysed C-serum
Supernatant (DCS)

Various gel filtration matrices including
Sephacryl S-200 have been successfully
employed to fractionate latex sera proteins
prior to further biochemical investigations' 7.
In the present research, DCS was fractionated
through a Sephacryl S-200 column, and
light absorbance of the resulting individual
fractions was measured at 254 and 280 nm. A
graph was plotted to depict the UV absorbance
values against the eluted fractions. Then, the
eluted fractions of DCS were pooled into
four sequential sub-fractions, which were
named sub-fraction 1 (DCS-F1), sub-fraction
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2 (DCS-F2), sub-fraction 3 (DCS-F3) and
sub-fraction 4 (DCS-F4) (Figure I). Both
UV absorption value and gain of volume
were taken into account to limit number
of individual fractions that would make up
each pooled sequential sub-fraction. The
rationale was also to ensure sufficient amount
of proteins (UV absorbing constituents) are
present in each pooled sub-fraction to test for
anti-proliferative activity using cell viability
assay. In any case, each pooled DCS sub-
fraction would contain a reduced range of
protein population compared to the original
DCS, facilitating downstream 2D-PAGE and
MALDI-TOF/TOF analysis.

Anti-proliferative Activity of DCS Sub-
fractions against HepG2 and MDA-MB231
Cells

A preliminary cell viability assay performed

on all four DCS sub-fractions revealed that
DCS-F2 and -F3 were active against HepG2

Fl1
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and MDA-MB231, the test human cancer
origin cells, while DCS-F1 and -F4 lacked
anti-proliferative activity (data not shown).
Repeat assay performed with the determined
concentration range (0 - 1 pg/ml) of the
active DCS-F2 and -F3 sub-fractions showed
that proliferation of Hs27 — non cancer origin
cells, remained relatively stable, whereas
that of HepG2 and MDA-MB231 cells
were noticeably suppressed at 24, 48 and
72 h post-treatment. In general, DCS-F2
elicited a stronger anti-proliferative activity
compared to DCS-F3; their effects on
HepG2 and MDA-MB231 cells at 72 h post
treatment is shown in Figure 2(a and b). An
attempt was then made to evaluate the effects
of recombined DCS-F2 and -F3 on the test
cancer origin cells. Interestingly, an increased
anti-proliferative activity was detected in
both HepG2 and MDA-MB231 cells with the
recombined active DCS sub-fractions (Figure
2c), which indicates a probable synergistic
growth inhibitory effects of the active
constituents.
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Figure 1. Elution profile of dialysed C-serum supernatant (DCS) separated through a Sephacryl S-200
column. The pooled DCS-F1 (collection tubes 1 — 90), DCS-F2 (collection tubes 91 — 177), DCS-F3
(collection tubes 178 — 331) and DCS-F4 (collection tubes 332 — 463) sub-fractions are indicated.
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Proteins of the Active Dialysed C-serum
Supernatant Sub-fractions

2D-PAGE and Coomassie blue staining
revealed that DCS-F1 contained proteins
mainly in the medium molecular weight range,
DCS-F2 contained the proteins in medium
to low molecular weight range, DCS-F3
contained fewer proteins and mostly in the
low molecular weight region, while only one
protein spot was detectable in DCS-F4 (the
active sub-fractions, DCS-F2 and DCS-F3 are
shown in Figure 3). This observation showed
that sufficient molecular weight sieving of
DCS proteins was achieved by the gel
filtration technique. A total of 43 prominent
protein spots, i.e. 33 of DCS-F2 origin and
ten of DCS-F3 origin were selected for
further analyses as among them would
be candidates that elicit anti-proliferative
activity. Gel plugs containing the protein
spots were first digested with trypsin and
the resulting tryptic peptides were subjected
to MALDI-TOF/TOF analysis. Identities
of 31 protein spots were determined from
database searches performed on MS/MS
peptide sequence data (7able ). The matching
proteins that were captured from the databases
were then browsed for information on functio-
nality and relevance in anticancer property.

Protease inhibitors and latex cystatin
(cysteine protease inhibitor) were common
constituents of both DCS-F3 and -F3. The
beneficial effects of plant protease inhibitors
have been attributed to their multiple
regulatory activities, this include up-regulation
of connexin 43 and MAPK phosphatase 1 and
down regulation of EGF/TGF-a. and urokinase
plasminogen activator, which are invaluable
markers in malignancies. With a host of
other regulatory activities, protease inhibitors
appear to suppress carcinogenesis at different
stages including initiation, promotion and
progression'®"”. The abundance of protease
inhibitors in DCS-F2 may explain the strong
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anti-proliferative activity elicited against
HepG2 and MDA-MB231 (Figure 2a, b).
Perhaps a smaller number of these proteins
detected in DCS-F3 could explain its weaker
anti-proliferative activity. On the other hand,
the improved anti-proliferative activity in the
recombined active DCS sub-fractions (Figure
2c) could be attributed to the increased quota
of protease inhibitors, although a synergistic
effect of these operating in concert with
other proteins would be a more plausible
explanation.

Malate dehydrogenase was among the
most abundant protein detected in DSC-F2;
this protein however was absent in DCS-F3.
Elsewhere, malate dehydrogenase has been
prominently detected in a fraction of Gynura
procumbens that 1is active against breast
cancer cells®. Malate dehydrogenase activity
is generally implicated in the reversible
NAD"-dependent-dehydrogenase reaction
in TCA cycle*. It has been reported that
glucose 6-phosphate dehydrogenase activity
is antagonised by malate dehydrogenase in

dehydroepiandrosterone  (DHEA)  treated
hepatocellular carcinoma rats®. Glucose
6-phosphate  dehydrogenase is the key

enzyme regulating the first and irreversible
step of pentose phosphate pathway which
provides ribose-5-phosphate, a precursor
for DNA synthesis in cell proliferation. The
demand for ribose-5-phosphate to cater for
de novo DNA synthesis has been shown
to increase during the promotion phase of
carcinogenesis®. Therefore the abundance of
malate dehydrogenase in DCS-F2 may lead to
suppression of ribose-5-phasphate synthesis in
HepG2 and MDA-MB231 cells, which in turn
leads to suppression of cell proliferation.

Three previously characterised allergenic
proteins i.e. Hev 2.2 (prohevein; a lectin), Hev
b 7 (patatin) and profilin® were detected in the
active DCS sub-fractions. With the exception
of some plant lectins that are known to induce
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Figure 2. Viability profile of test cancer-origin (HepG2 and MDA-MB231) and non-cancer-origin
(Hs27) cell lines at 72 h post treatment with determined concentrations of (a) Dialysed C-serum
supernatant sub-fraction 2 (DCS-F2), (b) Dialysed C-serum supernatant sub-fraction 3 (DCS-F3),
and (c¢) Recombined dialysed C-serum supernatant sub-fractions 2 and 3 (DCS-F2 and -F3).
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TABLE 1. LIST OF IDENTIFIED PROTEINS IN DIALYSED C-SERUM SUPERNATANT
SUB-FRACTION 2 (DCS-F2) AND SUB-FRACTION 3 (DCS-F3)

Gel Spot Identified protein Accession no. Score MW Sequence
(kDa) coverage (%)
DCS-F2 /1 Latex allergen Hev b 7 QI9SEMO 587 42822 30
DCS-F2/2 Latex allergen Hev b 7 081984 511 42735 25
DCS-F2/3 Uncharacterised protein MORV17 113 27120 9
DCS-F2/4 Latex allergen Hev b 7 QI9SEMO 50 42822 10
DCS-F2/5 Putative uncharacterised protein A9PF66 83 33683 4
DCS-F2/6 Putative uncharacterised protein A9PF66 64 33683 4
DCS-F2/7 Malate dehydrogenase F6HZKO 94 38949 5
DCS-F2/8 Malate dehydrogenase F6HZKO 271 38949 19
DCS-F2/9 Malate dehydrogenase BINBW3 341 35637 28
DCS-F2/10 | Malate dehydrogenase F6HZKO 471 38949 29
DCS-F2 /11 | Malate dehydrogenase FK6HZ0 207 38949 7
DCSF2/ 12 Fructose-bisphosphate aldolase CIJ958 294 38830 9
DCS-F2 /13 | Fructose-bisphosphate aldolase CIJ958 295 38830 9
DCS-F2/14 | Fructose-bisphosphate aldolase CIJ958 240 38830 9
DCS-F2/15 | Uncharacterised protein MORV17 230 27120 17
DCS-F2/16 | Uncharacterised protein MORV17 64 27120 9
DCS-F2/17 | Uncharacterised protein MORV17 208 27120 17
DCS-F2/18 | Profilin I3SDB5 151 14077 24
DCS-F2/19 | Protease inhibitor HPI Q6XNP7 128 7542 28
DCS-F2/20 | Protease inhibitor HP1 QO6XNP7 180 7542 31
DCS-F2/21 | Protease inhibitor HPI QO6XNP7 250 7542 44
DCS-F2/22 | Protease inhibitor HPI QO6XNP7 263 7542 44
DCS-F2/23 | TrxHS5 Thioredoxin 11SSJ1 143 12879 33
DCS-F2 /24 | Uncharacterised protein MI1BLCS 102 14162 9
DCS-F2/25 | TrxHS Thioredoxin 11SSJ1 119 12879 17
DCS-F2/26 | Latex cystatin E8Z9H3 296 11248 39
DCS-F2/27 | Latex cystatin E8Z9H3 537 11248 48
DCS-F2/28 | Latex cystatin E8Z9H3 297 11248 47
DCS-F2/29 | Uncharacterised protein M1CHXO0 139 15019 17
DCS-F2 /30 | Putative uncharacterised protein C5YHF4 186 10341 31
DCS-F2 /31 | NDK2 Nucleoside diphosphate kinase ~ 11SN94 259 16463 33
DCS-F2 /32 | Putative uncharacterised protein C5YHF4 227 10341 31
DCS-F2 /33 | NDKI1 Nucleoside diphosphate kinase ~ 11SN93 596 16338 35
DCS-F3/1 Protease inhibitor HP1 QO6XNP7 175 7542 41
DCS-F3/2 Protease inhibitor HP1 QO6XNP7 316 7542 88
DCS-F3/3 Latex cystatin E8Z9H3 189 11248 29
DCS-F3/4 Uncharacterised protein MO0OSQI12 68 10122 22
DCS-F3/5 Hev 2.2 Q6JYQ7 80 21855 5
DCS-F3/6 Hev 2.2 Q6JYQ7 73 21855 5
DCS-F3/7 Hev 2.2 Q6JYQ7 66 21855 5
DCS-F3/8 Uncharacterised protein C5YHF4 207 10341 31
DCS-F3/9 Polyubiquitin 065332 177 51316 8
DCS-F3/10 | Peptidyl-prolyl cis-trans isomerase F8RW92 219 17982 33
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Figure 3. Coomassie blue stained protein spots of, (a) Dialysed C-serum supernatant
sub-fraction 2 (DCS-F2) and (b) Dialysed C-serum supernatant sub-fraction 3 (DCS-F3),
electrophoresed on a two-dimensional polyacrylamide gel (2D-PAGE). The numbers correspond
to the protein spots analysed using MALDI TOF/TOF, as shown in Table 1.

apoptosis via activation of caspases”, the role
of the other two proteins remain elusive in
cancer research. Interestingly however, Hev
b 13, an allergenic esterase of latex origin*
was recently shown to exert anti-inflammatory
effects in mice with induced arthritis® and
colitis®®, presumably by interacting with cells
from the immune system, thus, raising the
possibility of finding therapeutic value in
other allergenic proteins.

Fructose bisphosphate aldolase detected
in DCS-F2, belongs to a group of enzymes
that function both in glycolysis and
gluconeogenesis?’. Members of aldolase family
have been implicated in certain malignancies,
for example, depletion of an aldolase isozyme
was recently shown to significantly reduce
lung cancer cell tumorigenicity and capability
of migration®®. To date however, there are
no reports on anti-cancer activity exerted by
exogenous aldolases. Similarly, thioredoxin, a
protein that is involved in a spectrum of critical
function in plants including programmed cell
death®” was detected in DCS-F2. This too
appears to have counterparts that support
cancer cell growth™!,
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Nucleoside diphosphate kinases (NDKI
and NDK2) were detected in the active DCS
sub-fractions. Transfection of NDK cDNA
into highly metastatic breast, melanoma,
prostate and squamous cell carcinomas
and colon adenocarcinoma cells has been
shown to significantly reduce the metastatic
competency of the cells in vivo®™. Elsewhere,
intracellular NDK has been shown to interact
with many proteins that are involved in
cellular signal transduction in angiogenesis
and tumorigenesis®. In addition, a number of
proteins that lacked significant entries in cancer
research, along with eight uncharacterised
proteins and three putative uncharacterised
proteins were detected in the active sub-
fractions.

In conclusion, cell viability assay guided
fractionation of DCS has successfully narrowed
down the sub-fractions that were active
against HepG2 and MDA-MB231. A number
of proteins that are possible contributors to
the anti-proliferative effect on human cancer
origin cells have been identified from the
active DCS sub-fractions. These findings call
for additional preclinical investigations to
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evaluate the overall beneficial effects of the
active sub-fractions that would pave the way
to develop an effective drug delivery system in
view of eventual use in therapeutic treatment.

ACKNOWLEDGEMENTS

This work was supported by the Malaysian
Rubber Board (SEAC grants S2011/BTP/
2012(24)/373 and S2013/BTP/2014(24)/460)
and Universiti Sains Malaysia. The skilled
technical assistance of Mr Mony Rajan
and Ms Azlina Azharuddin is gratefully
acknowledged.

Date of receipt: May 2014
Date of acceptance: January 2015

REFERENCES

1. MOIR, G.FJ. (1959) Ultracentrifugation
and Staining of Hevea Latex. Nature,
184(4699), 1626—-1628.

2. YEANG, H.Y. (1988) Characterisation of
Rubber Particle Destabilisation by B-serum
and Bark Sap of Hevea brasiliensis. J. nat.
Rubb. Res., 4(1), 47-55.

3. ARCHER, B.L., BARNARD, D,
COCKBAIN, E.G., DICKENSON, PB.
AND MCMULLEN, AL (1963) Structure,
Composition and Biochemistry of Hevea
Latex. In: The Chemistry and Physics of
Rubber-Like Substances, Bateman, L. (Ed)
New York: John Wiley & Sons, Chapter 3.

4. ARCHER, B.L., AUDLEY, B.G., MCSWEE-
NEY, G.P. AND TAN, C.H. (1969) Studies
on the Composition of Latex Serum and
‘Bottom Fraction’ Particles. J. Rubb. Res.
Inst. Malaya, 21(4), 560-569.

5. YEANG, H.Y. (1988) Destabilisation of
Hevea Latex by Bark Sap: Involvement of
High Density Rubber Particles in Latex. J
nat. Rubb. Res., 3(2), 115-126.

57

6. BEALING, EJ. (1981) Quebrachitol Synthesis
in Hevea brasiliensis. J Rubb. Res. Inst.
Malaysia, 29(2), 111-112.

7. WAJANT, F. AND FOSTER, S.
Purification and Characterisation of
Hydroxyl Nitrile Lyase from Hevea
brasiliensis. Plant Sci., 115(1), 25-31.

(1996)

8. DAS, G., ALAM, B, RAJ, S., DEY, SK,,
SETHURAJ, M.R. AND SEN-MANDI,
S. (2002) Over-exploitation Associated
Changes in Free Radicals and its Scavengers
in Hevea brasiliensis. J. Rubb. Res., 5(1),
28-40.

9. DARULIZA, KM.A., LAM, K.L., YANG,
K.L., PRISCILLA, J.T., SUNDERASAN,
E., AND ONG, M.T. (2011) Anti-fungal
Effect of Hevea brasiliensis Latex C-serum
on Aspergillus niger. Eur. Rev. Med.
Pharmacol. Sci., 15(9), 1027-1033.

10. ONG, M.T., YANG, K.L., LAM, K.L., ONG,
G.A. AND SUNDERASAN, E. (2009)
Susceptibility of HeLa (Cancer-origin)
Cells to a Sub-fraction of Latex B-serum.
J. Rubb. Res., 12(3), 117-124.

11. LAM, K.L., YANG, K.L., SUNDERASAN,
E. AND ONG, M.T. (2012) Latex C-serum
from Hevea brasiliensis Induces Non-
apoptotic Cell Death in Hepatocellular
Carcinoma Cell-line (HepG2). Cell Prolif.,
45(6), 577-585.

12. SUNDERASAN, E., NORAZREEN ABD.
RAHMAN, LAM, K.L. YANG, K.L.
AND ONG, M.T. (2013) Cell Viability
Assay Guided Fractionation of Natural
Rubber Latex Sera. J Rubb. Res., 16(3),
195-202.

13. MOSMAN, T. (1983) Rapid Colorimetric
Assay for Cellular Growth and Survival:
Application to Proliferation and Cytoto-
xicity Assays. J. Immunol. Methods, 65(1-
2), 55-63.

14. BRINGANS, S., ERIKSEN, S., KENDRICK,
T., GOPALAKRISHNAKONE, P, LIVK,



Journal of Rubber Research, Volume 18(1), 2015

15.

16.

17.

18.

19.

20.

21.

A., LOCK, R. AND LIPSCOMBE, R.
(2008), Proteomic Analysis of the Venom
of  Heterometrus  longimanus (Asian
Black Scorpion). Proteomics, 8(5), 1081—
1096.

SUNDERASAN, E., SAMSIDAR HAMZAH,
SHARIFAH HAMID, WARD, M.A,
YEANG, H.Y. AND CARDOSA, M.J.
(1995) Latex B-serum f-1,3-Glucanase
(Hev b II) and a Component of the
Microhelix (Hev b IV) are Major Latex
Allergens. J. nat. Rubb. Res., 10(2), 82-99.

ALENIUS,H.,KALKKINEN,N.,REUNALA,
T., TURJANMAA, K. AND PALOSUO,
T. (1996) The Main IgE-Binding Epitope
of a Major Latex Allergen, Prohevein, is
Present in its N-terminal 43 Amino Acid
Fragment, Hevein. J. Immunol., 156(4),
1618-1625.

FARIDAH YUSOF, WARD, M.A. AND
WALKER, JM. (1998) Purification and
Characterisation of an Inhibitor of Rubber
Biosynthesis from C-serum of Hevea
brasiliensis Latex. J Rubb. Res., 1(2), 95—
110.

KEPPLER, D. (2006) Towards Novel Anti-
Cancer Strategies Based on Cystatin
Function. Cancer Lett., 235(2), 159-176.

DE MEIJIA, E.G. AND DIA, V.P. (2010) The
Role of Nutraceutical Proteins and Peptides
in Apoptosis, Angiogenesis and Metastasis
of Cancer Cells. Cancer Metastasis Rev.,
29(3), 511-528.

HEW, C.S, KHOO, B.Y. AND GAM,
L.H. (2013) The Anti-Cancer Property
of Proteins Extracted from Gynura
procumbens (Lour.) Merr. PLoS ONE, 8(7),
e68524.

TOMAZ, T., BAGARD, M., PRACHA-
ROENWATTANA, 1., LINDEN, P, LEE,
C.P, CARROLL, A.J., STROHER, E.,
SMITH, S.M., GARDESTROM, P. AND
MILLAR, A.H. (2010) Mitochondrial
Malate Dehydrogenase Lowers Leaf

58

Respiration and Alters Photorespiration
and Plant Growth in Arabidopsis. Plant
Physiol., 154(3), 1143-1157.

22. KIM, J.,, KIM, S.H. AND CHOI, H. (2008)

23.

Dehydroepiandrosterone Supplement
Increases Malate Dehydrogenase Activity
and Decreases NADPH-dependent
Antioxidant Enzyme Activity in Rat
Hepatocellular Carcinogenesis. Nutr. Res.
Pract., 2(2), 80-84.

YEANG, H.Y., ARIF, S.A.M., FARIDAH
YUSOF AND SUNDERASAN, E. (2002)
Allergenic Proteins of Natural Rubber
Latex. Methods, 27(1), 32—45.

24. SITI ARIJA M. ARIF, HAMILTON, R.G.,

25.

26.

217.

28.

FARIDAH YUSOF, CHEW, N.P, LOKE,
Y.H., NIMKAR, S., BEINTEMA, JJ.
AND YEANG, H.Y. (2004) Isolation and
Characterization of the Early Nodule-
Specific Protein Homologue (Hev b 13), an
Allergenic Lipolyic Esterase from Hevea
brasiliensis Latex. J. Biol. Chem., (279),
23933-23941.

TEIXEIRA, L.B., EPIFANIO VL. AA.,
LACHAT, JJ, FOSS, N.T. AND
COUTINHO-NETTO, J. (2012) Oral
Treatment with Hev b 13 Ameliorates
Experimental Arthritis in Mice. Clin. Exp.
Immunol., 168(3), 285-290.

TEIXEIRA, L.B. EPIFANIO, VL.AA.,
LACHAT, JJ, FOSS, NT. AND
COUTINHO-NETTO, J. (2012) Oral
Treatment with Hev b 13 Ameliorates
Experimental Colitis in Mice. Clin. Exp.
Immunol., 169(1), 27-32.

MARSH, JJ. AND LEBHERZ, H.G. (1992)
Fructose-bisphosphate ~ Aldolases:  An
Evolutionary History. Trends Biochem.
Sci., 17(3), 110-113.

DU, S., GUAN, Z., HAO, L., SONG, Y.,
WANG, L., GONG, L., LIU, L. QI, X.,
HOU, Z. AND SHAQO, S. (2014) Fructose-
bisphosphate Aldolase A is a Potential
Metastasis-Associated Marker of Lung



E. Sunderasan et al.: Proteins of Dialysed C-serum Supernatant Sub-fractions Elicit

Squamous Cell Carcinoma and Promotes
Lung Cell Tumorigenesis and Migration.
PloS ONE, 9(1), 1-7.

29. FOYER, C.H. AND NOCTOR, G. (2005)
Redox Homeostasis and Antioxidant
Signalling: A Metabolic Interface between
Stress  Perception and Physiological
Responses. Plant Cell. 17(7), 1866—1875.

30. POWIS, G., MUSTACICH, D. AND
COON, A. (2000) The Role of the Redox
Protein Thioredoxin in Cell Growth and
Cancer. Free Radic. Biol. Med., 29(3-4),
312-322.

59

31. BIAGLOW, J.E. AND MILLER, R.A. (2005)
The Thioredoxin Reductase/Thioredoxin
System: Novel Redox Targets for Cancer
Therapy. Cancer Biol. Ther., 4(1), 6—13.

32. HARTSOUGH, M.T. AND STEEG, PS.
(2000) Nm23/nucleoside  Diphosphate
Kinase in Human Cancers. J. Bioenerg.
Biomembr., 32(3), 301-308.

33. YOUN, B., KIM, H.D. AND KIM, J. (2008)
Nm23-Hl1/nucleoside Diphosphate Kinase
as a Key Molecule in Breast Tumor
Angiogenesis. Expert Opin. Ther. Targets.
12(11), 1419-1430.



