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mﬁ\‘]‘ﬁl A.1 WanI¥i1 N-terminal sequence 28911564 17 kD: DLDVFVTGSF

Cycle Major |Amount| Minor
Number | assigned in assigned
N = C| a.a's |pmoles| a.a's Cycle Comments:
1 D 15 Positive assignment above background
2 L 16 Positive assignment above background
3 D 15 Positive assignment above background
4 vV 15 Positive assignment above background
5 F 12 Positive assignment above background
6 V 15 Positive assignment above background
7 T 14 Positive assignment above background
8 G 9 Positive assignment above background
9 S 5 Positive assignment above background
10 F 8 Positive assignment above background
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

General comments: The sequence was clearly above background.




mi’]\‘lﬁ A.2 NanN13711 N-terminal sequence 28411561 30 kD: GGIAIYWGQN

Cycle Major |Amount| Minor
Number | assigned in assigned
N = C| a.a's |pmoles| a.a's Cycle Comments:
1 G 4 Positive assignment above background
2 G 4 Positive assignment above background
3 | 5 Positive assignment above background
4 A 4 Positive assignment above background
5 | 5 Positive assignment above background
6 Y 4 Positive assignment above background
7 W 2 Positive assignment above background
8 G 3 Positive assignment above background
9 Q 3 Positive assignment above background
10 N 1 Positive assignment above background
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

General comments: The sequence was clearly above background.




A.2 minaanalulaanaanandvan sudaudnnizaalysaw 30 kD
=) =3 é o 1
minaanalulaanaataudvadviia IgG Tallanusmizaallséin 30 kD &

MNuazduaaIsia lid:

Materials and Methods:

a) Immunization Pattern (Table A.3)

First immunization, 10-15 |lg of antigen (purified 30 kD ) was mixed with
Complete Freund’s Adjuvant (CFA) and injected to intraperitoneal of a mouse. First
boosting with 10-15 LLg antigen in Incomplete Freund’s Adjuvant (IFA) was followed two
weeks after the first immunization. The whole immunization schedule is described in

table1. Three days after the final boost, mouse spleen cells were collected for fusion.

Table A.3. Immunization schedule on mouse Balb/c with 30 kD proteins.

Day Manipulation Antigen (LLg) Adjuvant
0 Primary Immunization 10-15 CFA
14 Boost # 1 10-15 IFA
28 Boost # 2 10-15 IFA
32 Boost # 3 10-15 IFA
46 Boost # 4 10-15 IFA
50 Fusion 3-4 day after - -
boosting # 4

b) Fusion of mouse spleen cells with myeloma cells
Prior to cell fusion, the partner (myeloma) cell line was expanded and a
booster injection of antigen administered to the primed animals. On the day of fusion,
the spleens were harvested. Spleen cells and partner cells are washed, harvested, and
mixed. Cell fusion is performed at 37°C in the presence of polyethylene glycol (PEG).

The resulting fused-cell mixture is harvested and plated onto tissue plates. After




incubation with hypoxanthine, azaserine (HA) medium and feeding over 2 weeks , the
hybridomas were then ready for screening.

Cell preparations :

Myeloma cell : A day before performing cell fusion, myeloma cells was
checked under an inverted microscope to make sure that they are not contaminated and
there is enough cells for the fusion.

Spleen cells : The immunized Balb/c mouse was sacrificed and spleen
aseptically harvested.

The cells (myeloma and spleen cells) were counted and assessed viability
in each cell suspension using a hemacytometer and Trypan blue exclusion. Add an
appropriate number of myeloma cells into the entire volume of spleen cells using, cell
ratio of 10 : 1 (spleen: myeloma ) and sediment by centrifugation .

Cell fusion :

The supernatant was aspirated and pellet suspended by tapping the end of the
tube. Polyethylene glycol (PEG) was added while tapping the side of the tube for
thorough mixing. The pellet was separated and suspended under RPMI medium. The
pellet was next resuspended in HA medium, at appropriate volume to bring the cells to
about 1 x 105 cells/well/200ul and dispensed into 96 well plates (200ul/well). Resulting
hybridomas were checked ,about 10-14 days after fusion, under an inverted microscope
and screened for the clone cells with high titer by ELISA method.

c¢) Cloning of hybrid cell by limiting dilution:

Monoclonal antibodies are secreted by the progeny of a single cell that can
produce only a single antibody. Cloning is required to ensure that the problem of
polyspecificity are avoided and the risk of overgrowth by nonproducing cells minimized.
Although cloning can also be performed by the soft-agar technique, clone derived by this
techiqgue must be adapted to liquid culture before the supernatants can be tested. Cloning
by limiting dilution allows direct testing of the supernatants, therefore, 10-14 days after
first limiting dilution, the hybridoma clones can be directly checked under an inverted
microscope and the titer screened by ELISA. The clones having high titer can be
subjected to second limiting dilution for monoclonal antibody with high specificity.

d) Immunoglobulin type checking :

Type of immunoglobulins were checked by using ELISA and isotyping Kkit.

Immunogkobulin standrards in isotyping kit are rabbit anti - mouse immunoglobulin panel

;19G1,1gG2a ,I1gG2b, 1gG3,IgM,IgA,K chain and A chain. Second antibody is goat anti-



rabbit immunoglobulin horseradish peroxidase conjugate. Substrate is TMB peroxidase
and stopping solution is 1% HCI
e) Production of ascites fluid containing monoclonal antibody

A major advantage of using monoclonal antibodies over polyclonal antisera is
the potential available of large quantities of the specific monoclonal antibody. In the
general, hyridoma cells (2-2.5x1 06 cells ) are injected into pristanised Balb/c mice. After a
few weeks, the ascites containing high concentration of monoclonal antibody together
with other proteins is collected. To obtain a purified preparation of the monoclonal
antibody, an affinity chromatography purification is required. A high-titer monoclonal
antibody preparation can be obtained from the ascites fluid of BALB/c (8-9 weeks)
inoculated intraperitoneally with monoclonal antibody — producing hybridoma cell. The
fluids are collected several times following injection of the hybridoma cell.

f) Purification of Monoclonal Antibody

The ascitics fluid obtained from intraperitoneal of BALB/c mice was precipitated

with ammonium sulphate ,at 4OC, at final saturation of 40%. The suspension was
centrifuged at 10,000 rpm for 20 min.  The pellet was dissolved in 0.02 M sodium
phosphate buffer pH 7.0 and dialyzed overnight in the same buffer. A protein A
Sepharose column was equilibrated with 0.02 M sodium phosphate buffer pH 7.0 for 2-3
column volumes, before loading with the dialyzed sample. The column was then washed
with 0.02 M sodium phosphate buffer pH 7.0 and eluted with 0.1 M citric acid pH 3.0

about 5-10 column volumes. Each eluted fraction was neutralized with 1.0 M tris-HCL

buffer pH 9.0 (60 LLI/ml of fraction ). The ODyg, of each fraction was determined and the
eluted peak fractions were pooled and concentrated by centrifugation in concentration

tube and subjected to dialysis by using gel filtration column.

Results and discussion:
a) Result on cell fusion trails
a.1) Mouse number 1

Spleen cells of mouse number 1 immunized with purified 30 kD antigen were
harvest and fused with myeloma cells. Two weeks later, hybrid cells were screened
antibody production by ELISA method . The supernatant from 346 clones of hybrid cells
were used for antibody titer determination. The result indicated 24 clones with high titer
against 30 kD (OD450 > 4.00), 45 clones with titer OD more than 3.00 (OD450>3.00),
and 49 clones with titer OD more than 2.00 (OD450>2.00). The ELISA OD screening
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result and details on the corresponding clone cells applied to microtiterplate were shown
in Table A.4 and A.5, respectively. The clone no. 57, 73, 204, 213, 251, 302, 323, 326

were selected and subjected to first limiting dilution.

Table A.4. The hybrid clone numbers from which their supernatants were applied to

microtiterplate for antibody titer measurement by ELISA method as shown in Table A.5.

1 2 3 4 3 6 A 8 9 10 1 12

A Blank C15 C323 | C302 | C221 | C57 C208 | C242 | C250 | C260 | C268 | C276
B |Blank |Cl6 |C24 |C215 [ C222 [C73 [ C209 | C243 | C251 [ C261 | C269 | C277
C NC Cc17 C210 | C216 | C223 | C230 | C236 | C244 | C252 | C262 | C270 | C278
D NC C18 C211 | C217 | C224 | C231 | C237 | C245 | C253 | C263 | C271 | C279
E PC Cc19 C202 | C218 | C225 | C232 | C238 | C246 | C254 | C264 | C272 | C280
F PC C20 C204 | C219 | C207 | C233 | C239 | C247 | C255 | C265 | C273 | C281
G Cc13 C21 C206 | C206 | C226 | C204 | C240 | C248 | C256 | C266 | C326 | C282
H C14 C22 C213 | C220 | C227 | C235 | C241 | C249 | C257 | C267 | C340 | C283
NC = Negative control; PC = Positive control;

C = Hybrid clone cell exp.; C13 = Hybrid clone cell number

Table A.5. The optical density of antibody produced by corresponding hybridomas in

Table A4.
1 2 3 4 5 6 7 8 9 0 [0 |12
A |004 |[Ouw |Out |Out |103 |Out |099 |081 |085 |073 |157 |3.03
B | 004 [067 |148 |142 |063 |Out |389 |187 |Out |Out |094 |2I2
C  |023 [212 |144 |142 |125 |322 |127 |067 |L23 |057 |09 |061
D | 023 |078 |147 |L17 |067 |130 |L131 |204 |057 |074 |057 |083
E | Ouw |104 |203 |086 |351 |068 |294 |331 |084 |052 |Ld4d |3.15
F | Ouw |066 |140 |339 |139 |138 |L04 |199 |L77 |L33 |093 |L03
G  |251 [097 |236 |150 |138 |Out |L02 |L36 |L95 |L05 |Out |0.97
H | LI0 |278 |Out |L175 |063 [317 |L15 |LI0 |071 |107 |105 |0.75

Out = OD 450 > 4.00 (high titer)
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a.2) Mouse number 2

Spleens of mouse no. 2 immunized with 30 kD antigen under the same
condition as mouse number 1 were harvest and fused with myeloma cells. Two weeks
later, hybrid cells were screened for anti-30 kD antibody production by ELISA method.
The supernatant from 285 clones of hybrid cells were used for antibody titer
determination. There were 10 clones with have high titer against 30 kD (OD450 > 3.00).

Selection was made on 4 most positive hybridomas and subjected to first limiting dilution.

b) Cloning of hybrid cell by limiting dilutions:
b.1) First limiting dilution
b.1.1) Anti-30 kD hybridmas derived from mouse number 1

The selected eight most positive hybridomas from the first fusion were subjected
to limiting dilution. As many as 270 clones were found in the first limiting dilution under an
inverted microscope. There were 69 clones exhibiting antibody titer against 30 kD when
determined by ELISA method. The titer values and their correspoding clones were shown
in Table A.6 and Table A.7, respectively. There were 16 clones with high titer against the

30 kD and clone no. 137, 138, and 170 were chosen for secondary dilution limiting.

Table A.6. Hybridoma clone numbers obtained after first limiting dilution and their
corresponding supernatants applied to microtiterplate for measuring the antibody titer by

ELISA as shown in Table A.5.

1 2 3 4 3 6 7 8 2 10 1 12
A Blank | C100 | C108 | C116 | C124 | C132 | C140 | C148 | C156 | Cl64 | C12 €92
B Blank | C101 | C109 | C117 | C125 | CI33 | C141 | C149 | C157 | Cl165S | C13 €93
C NC C102 | C110 | C118 | C126 | Cl134 | C142 | C150 | C158 | C166 | Cl14 C94
D NC C103 | C111 | C119 | C127 | C135 | C143 | C151 | C159 | C167 | C15 €95
E PC C104 | C112 | C120 | CI128 | Cl136 | Cl144 | C152 | C160 | C168 | Cl6 €96
F PC C105 | C113 | C121 | CI129 | C137 | C145 | C153 | Cl161 | C169 | C17 €97
G C106 | C114 | C122 | C130 | CI38 | Cl146 | C154 | C162 | Cl170 | CI8 c98
H C107 | C115 | C123 | C131 | CI39 | C147 | C155 | Cl163 | C171 | CI9 €929

NC = Negative control; PC = Positive control; C = Hybrid clone cell




Table A.7. The ELISA optical density of anti-30 kD antibody produced by corresponding

clones shown in Table A.6.

1 2 3 4 5 6 7 8 9 0 [u |12

A 037 |025 |040 |026 |3.86 |145 |033 |022 |025 |035 |0.68
B 033 [035 |053 |040 |358 |029 |023 |024 |026 |025 |04l
C 055 |049 [043 |028 |347 |028 |024 |023 |036 |044 |035
D 040 |044 |03 |032 |379 |025 |030 |026 |046 |025 |031
E 041 | 039 [029 [327 [373 [020 |039 |026 |033 |040 |034
E 045 | 043 |027 |281 |382 |032 |047 |028 |0.60 |044 | 030
G 043 | 032 |025 |353 |387 |028 |022 |025 |352 |289 |040
H 029 [033 [035 [372 |239 |024 |026 |029 033 |20l |034

b.1.2) Anti-30 kD hybridomas derived from mouse number 2

Four most positive hybridomas were subjected to first limitation. Two weeks later,
hybrid cells were screened by ELISA method. The supernatant from 178 clones of hybrid
cells were employed for anti- 30 kD antibody titer determination. There were 12 clones
with high titer against 30 kD (OD450 > 3.00) and 4 most positive clones were selected for
second limitation.
b.2) Second limiting dilution
b.2.1) Anti 30 kD hybridomas (mouse no.1) from first limiting dilution

Three selected hybrid clones obtained after the first limiting dilution were

subjected to second limiting to ensure that monoclonal antibody production derived from
one cell only. A total number of 186 clones was obtained from secondary limiting, but only
100 clones showing titer against 30 kD. The titer values and their corresponding clones
were reported in Table 8 and 9 respectively. About 32 clone possesed high titer against
30 kD. These clones were amplified in tissue culture flask for production of monoclonal
antibody, preservation of cells, characterize the type of immunoglobulin and determination

of specificity against 30 kD protein .
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Table A.8. Hybridoma clone numbers obtained after second limiting dilution from which
their corresponding supernatants applied to microtiterplate for measuring the antibody titer

by ELISA method shown in Table A.9.

1 2 3 4 S 6 A 8 9 10 1 12

A Blank | C5 Cl3 1Ccl |29 |C37 |C44 | C52 | C60 | C68 | C76 | C84
B Blank | C6 Cl4 | €22 | C30 |C105 |C45 | CS3 | Cel | C69 | C77 | C8
C NC Cc7 Cl5 €23 | C31l | C38 |C46 |C54 |C62 |C70 |C78 | C86
D PC (@] Cle |C24 | C32 |C39 |C47 |CS55 |C63 | C7T1 | C19 | C87
E Cl (&) Cl7 | C25 | C33 | C40 |C48 |CS56 |Ce64 | CT2 | C80 | C88
K 2 Clo |C18 | C26 |C34 |C41 |C49 |C57 |C65 |C73 |C81 | C8
G a3 Cll | C19 | C27 |C35 |C42 |C50 |CS8 |Ce66 |C74 |C8 | C9
H C4 Cl2 | C20 |C28 |C36 |C43 |CS1 | CS9 | C67 |C75 |C8 | C91
Table A.9. The ELISA optical density of anti-30 kD antibody produced by corresponding

clones shown in Table A.8.

1 2 3 4 3 6 A 8 9 10 11 12

A 021 |3.14 |217 287 [025 |0.156 |0.22 |0.18 |0.21 |0.29 |0.30
B 257 | 275 |0.60 |3.04 |020 |0.168 | 028 |0.15 |023 |0.15 |0.22
C 240 |3.05 |205 |261 |0.198 |0.171 | 021 | 024 |0.18 |0.27 |0.14
D 327 222 | 311 (236 (023 031 |0.16 |028 |020 |0.16 |0.21
E 274 |0.62 316 (325 221 1023 |019 |019 |020 |020 |0.18 |0.21
K 343 | 278 335 (311 1024 1022 |021 |023 |020 |0.17 |0.24 |0.21
G 224 | 040 270 332 1022 023 |024 |020 |021 |0.20 |0.26 |0.17
H 149 |3.01 |3.03 |29 027 |019 |025 |021 |025 |0.20 |0.17 |0.21

b.2.2) Anti-30 kD hybridoma (mouse number 2) from first limiting dilution

Four most positive hybridomas were selected to subjected to second limitation.
Two weeks later, hybrid cells were screened by ELISA method. The supernatant from 206
clones of hybrid cells were determined the titer. The result indicated 82 clones with high
titer against 30 kD (OD450 > 4.00) and 39 clones with OD450>3.00. Twenty most positive

clones were selected for immunoglobulin typing using isotyping kit , ELISA method.




c) Typing of monoclonal antibody

c.1) Anti-30 kD hybridomas derived from mouse number 1

14

Monoclonal antibodies from 33 hybrid clones obtained after the second limiting

dilution were characterized for the type of immunoglobulin by using isotyping kit (Bio-

Rad, USA). The result revealed that 29 clones were IgG2b Kappa class, 2 clones IgG1

with low titer , 2 clones with no antibody secretion and high titer only observed on 1gG2b

and k chain.

Table A.10. Titer values ( OD 450 ) obtained from isotyping kit in characterization of

second limiting of fusion clone (mouse number 1).

Cl14 Cc17 C18 Cc19 C20 C21 c23 C24 blank
IgG1 1.194 1.461 1.124 1.151 1.548 0.995 1.140 1.058 0.042
IgG2a 0.310 0.347 0.232 0.271 0.399 0.201 0.25 0.210 0.042
IgG2b Out 3.971 3.889 Out 3.996 3.879 Out 3.995 0.042
IgG3 0.251 0.343 0.213 0.242 0.396 0.208 0.222 0.191 0.040
IgM 0.404 0.508 0.336 0.402 0.552 0.278 0.386 0.292 0.040
IgA 0.732 0.757 0.634 0.920 0.814 0.587 0.734 0.607 0.092
« chain 3.561 3.79 2.623 3.598 Out 3.735 3.858 Out 0.091
A chain 0.312 0.34 0.238 0.292 0.398 0.218 0.260 0.295 0.051

c.2) Anti-30 kD hybridoma from mouse number 2

Twenty most positive clones, obtained after the second limiting dilution, were selected for

typing of the immunoglobulin. Types of immunoglobulin that produced from these clones

all are all IgM Kappa class since the result indicated higher titer values on IgM than any

other types. All twenty clones were preserved at — 80 © C for the stock. Some data on

characterization by isotyping kit (ELISA system) was shown in Table A.11.
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Table A.11. ELISA OD 450 obtained from isotyping kit obtained from immunoglobulin

characterization among clones derived from the second limiting dilution (mouse no. 2).

CI153 C65 C70 Cl124 C72 C121 C122 C123 blank
IgG1 0.155 0.175 0.157 0.144 0.157 0.134 0.138 0.136 0.042
IgG2a 0.097 0.093 0.095 0.097 0.095 0.089 0.098 0.098 0.042
I1gG2b 0.090 0.093 0.094 0.090 0.094 0.088 0.092 0.092 0.042
IgG3 0.144 0.166 0.153 0.155 0.141 0.145 0.139 0.149 0.040
IgM 2.85 3.15 3.03 3.09 3.08 3.03 2.96 2.82 0.040
IgA 0.125 0.097 0.091 0.097 0.092 0.094 0.095 0.124 0.092
« chain 2.183 2.793 2.062 2.668 2.859 2.551 2.78 2.503 0.091
A chain 0.156 0.144 0.166 0.153 0.150 0.141 0.145 0.134 0.051

d) Purification of anti- 30 kD monoclonal antibody

After loading the sample suspension onto the protein A column, the column was
washed with binding buffer (0.02 M sodium phosphate buffer pH 7.0) and eluted with
elution buffer (0.1 M citric acid pH 3.0). The fractions were collected and subjected to
protein absorbance (OD,g, ) measurement and the antibody specificity to the 30 kD by
ELISA method. The profile on protein OD,g, and antibody specifity OD ELISA were
showed in Figure A. 3, respectively. The eluted fraction with high protein concentration
and antibody titer (fraction 19-30) were pooled, concentrated and kept in new

appropriated buffer.

—®— OD Protein

2 —®— ODELISA

W

0 - T T

OD 280/0D 450

0 10 20 30 40

fraction no. /time (min)

Figure A.3 Column profiles on protein absorbance (OD .5, ) and anti- 30 kD antibody

specificity (ODyso ) of fractions eluted from Protein A column.
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M. 88,000 — — '

-

M,50,700

M35500 oy

M, 28,800 — -
-

Figure A.4 SDS-PAGE of anti-30 kD monoclonal antibodies.
A: Standard molecular weigh marker (daltons) Low range (BIO-RAD);

B: Unbound fraction or washed peak;

C: Eluted peak fractions (30 Llg )
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M, 52,989

M, 30,000
M, 28,491

M, 18,533

Figure A.5 Western-blotting analysis of 30 kD antigen against anti-30 kD mAb
A: Standardmolecular weight marker (daltons) Broad range (BIO-RAD);

B: Purified mouse monoclonal antibodies reacted with 30 kD antigen.

From the correlation profiles on OD measurements, between protein and ELISA in
each fraction, the purified monoclonal antibodies were highly specific to the 30 kD. (Figure
A. 3). The measurement of OD ELISA in washing peak was 3.045 and elution peak >
4.000 indicated column overloading However, the monoclonal antibodies for using in
test kit was selected from elution peak only since it had higher specificity than washing
peak. The purity of the 30 kD monoclonal antibodies was assessed by SDS-PAGE and
revealed 28 kD light chain (Figure A.4) and the specificity of purified the monoclonal

antibodies was also shown by Western-blotting analysis (Figure A.5 ).
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A.2 nsudasalulaavoanandvad sudiaudnnizaalysaw 17 kD
= =3 é o 1 U, 1
minfaualulaauaanaudvedizia Ig6 Selianudumzdaldsin 17 kD lddag
lu31897% progress report  No.1  (Appendix 1) 7la&dl# USHn BarrierMed udnalu

a é Qs Y o . . ' g: U >

laauaauaudvafiziia IgM Tananziun1slivin agglutination test ivinuu 39ldUTudsys
condition lunsfanywiauninsutennylutiagimanzas udidald valulaaues
LaUAUBATAMNIUNIZNG 2 subclass (IgM, IgG) 391880 clone 1U¥NNT switching class
A v Aa o [ & ] . AN veW [
el ld 1w monoclone  AifianudUWIEAL IgG itu udid titer 716N llgIRIn @3

Nuaztduaasdalii:

6 ad

Qﬂnimuamﬁmi

a) MIAANTEAUNY

=) A;I U, o = v {

i lis@w 17 kD mqmﬁ"l,@ﬁmnwammumm@aamiﬁﬁ]x‘l‘*ﬂum:mumi
¥in monoclonal antibody &9'le ﬁﬁ"[ﬂﬁw%m%ﬁu%’mmaﬁuf BALB/c \Wenily 81y 8-9
fUas) lasdlanaudian assazds=anns 10 ug WENAL Freund's Adjuvant lsdaaadIn 1:1

~ A o o a a

a9 A12 ielinuaisueudved

P e a @ A a a ad a
A1319N A.12.  WRAYI condition ﬂ"lia(ﬂﬂiz@quﬂk{wl’waNa@INIuIﬂauaaLLau@ua@ HINAINAY

FWIzsialis@w 17 kD

wyluad woudioudld | sozamil | woudieudl | sezmd | weudaudl | szmeeafl | weude | swmoandl | wewdie | szozamdl
dansafil boost I¥ianSsfl | boost I¥innssl | boost uilldda | boost willdda | boost
2 3 a4 asfis
1 CFA Waw 2 dlansk IFA W& 2 qlansk wleuass | 2 &ansk willan 2 sank wllan 39
T1/56u 17 kD Tulsé@u 17 72 a2 a2
(1:1v/v) 10 kD (1:1v/v)
Ho/dn 10 Lo/

Lﬁaﬁ)ﬂ@”ﬁ’]Léﬁaﬁﬁmmamﬁmumsﬁmé’a Tuldrunoumsvinlouslauwad  orinms
wenlaan Asnansandalululaaueauwanived (Mab) deluséiu 17 kD

b) A1I¥1 limiting dilution

11 hybridoma cell mmnﬁquﬁvlﬁmnaauLLéTn"mﬁm anti-falys@u 17 kD 1%
irasuazinlidaanslu feeder cell suspension (iradiinuanwy BALB/C dn@idudu 10°
cells/ml 283 H medium) lasuSulwldanuidntuvashybridoma cell 0.5-1 imadsangulu
J3uas 200 lulasdas uddsingguaumeldndesganssemindnilamadiasaduladuly

Tulaawlrasan e gINIaTanILaniuaddalisdn 17 kD
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¢) MIATIIWIANNTUAZV89T9AA Immunoglobulin vadlululaanaauaand
vaddaluséu 17 kD

MIATAANNINNZVI289THRa  immunoglobulin - vaslululaauaasd
sansanaaLandvafdallsin 17 kD vhldlasiadauwanaasldséiv 17 kD 0.1 Ug/ml/
Wau aufl 37 °C 1 Tl 89%RN WA block HaueIL 1% BSA aufl 37 °C 1 Falug
nau ifudnainafiazase auft 37°C 1 Talus 899N LANTAAUDY Immunoglobulin aufi

37 °C 1 T7lws §19%au Ua2GAY conjugate linked HRP ouft 37% 1 Talwg §199au LA
TMB substrate auﬁqmmﬁﬁaa 30 w171 weaU T8 1 %HCI 81ue1 OD450 (ELISA)
d) M3 switching class clone @3 Nandatanzlululaanasuanived
subclass IgG
N7 switching class clone ianaaanzlululaauosnoudived subclass
196  Tapfitunaueai
L3819 hybridoma cell #atiluga4 log phase nniwinm st Auudiu Il
fi eI 1@ 20 W w84 anti — mouse IgM (0.5 mg/ml) Linfi 37 °C 30 w1l 1l
asuansianiiufl 800 rpm 7 25 °C 10 w1l 1in 40 LU a4 Rabbit complement
Ui 37 asenioaidos 90 Wil aasunashandudl 800 rpm 7 25 avesn
iad s 10 w1 9N resuspend §m8 medium RPMI (10% FBS) 20 ml ¥iims
310a91u 96 wells plate (200uliwell) Ualw CO, incubator Uszanms 14 Swfiase
check type AMYUNRRINNNNT switching class
FUABUNS check typelfiBUiuszning IgM 71 IgG #1835 ELISATTuaouasil
-coat plate @28 Rabbit anti — mouse IgM a2 Rabbit anti — mouse IgG ‘Liwﬁ37 °C
60 WITlINTuA19E PBS-T 3 A39 1A 1% BSA 1inft 37 °C 60 wflaniuds

@2y PBS-T 3 A3 LaNLRe9as 50 Wiwell Lufl 37 °C 2 Talasanuussaae

'
1 =3

PBS-T 3 39 L@ conjugate anti — IgM, IgG 100 Li/well w37 °C 60 w1l
INUUANGIY PBS-T 5 33 L@ substrate 100 [Li/well ﬂuﬁqmwnﬂﬂﬁaa 30 w1f

{4 1% HCI 100 [iiwell 814 OD.7 450 nm



Nﬂﬂ’ﬁ‘i’)@ﬂﬂd“ﬂ&?ﬁ)'ﬁﬂfﬁdﬂ

9nM13ld condition lumsanszduldséin 17 kD ludainasss wazasnaifan
LIRRINNAL myeloma cell latA% hybridoma technology WWaldt e hybrid clone §a Tu56n
17 kD fAuaINnsaaanssed Usnginfia hybrid clone $1waw 117 laaw uazll hybrid

clone $117% 2 laan (13199 A.13) AxunTanadaniaalysan 17 kD la

a13797 A13. ugeden OD 450 (ELISA) 2aslululaanaauanduanaaliséin 17 kD

svdlaau OD450 (ELISA)
102 117071 4.00
17 119121 4.00

NIATIIROUTHAVDY  Immunoglobulin (subclass) ldAaLRan monoclone i titer
g9 26 clone ¥1@IIANT subclass  WAUIINZI1 monocione  fildaulnajazdl
ANNIUNIZGD IgM  UaziAUIIWIENT 2 subclass (IgM, 1gG) (91390 A.14,15)

L8 o & o A AN o’ o
LAz UIINT WA BILREN  clone V]VL@]%N'W]']ﬂ’]T

monoclone NAAMNTIUNIZNU IgG 11N

@1319N A.14. WANNT Screening LN check titer 321319 1gG (L) WBUNL IgM (819) V89

switching class Waldla 1w

clone 12F

IgG 1 2 3 4 5 6 7 8 9 10 11 12
A 0.736| 0.654| 0.612| 0.649| 0.585| 0.598 0.57| 0.628| 0.616] 0.613| 0.625| 0.682
B 0.648| 0.578| 0.484| 0.501| 0.499| 0.537| 0.528| 0.521| 0.488| 0.579| 0.574| 0.644
C 0.612| 0.521 0.47 0.48| 0.522 0.46| 0.432| 0.448| 0.481| 0.497| 0.496| 0.586
D 0.59| 0.516| 0.432| 0.521| 0.445| 0.436| 0.388 0.43| 0.435| 0.468| 0.506| 0.632
E 0.566| 0.411| 0.418| 0.409| 0.395| 0.447| 0.413| 0.405| 0.475| 0.459| 0.467| 0.511
F 0.533| 0.445| 0.388| 0.369 0.4| 0.399| 0.376| 0.375| 0.415| 0.423| 0.398 0.513
G 0.499| 0.415| 0.412| 0.358| 0.401 0.39| 0.386| 0.379| 0.414 0.39| 0.408| 0.457
H 0.522| 0.411] 0.382| 0.454 0.43| 0.409 0.39| 0.463| 0.397| 0.373| 0.407| 0.463
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IgM 1 2 3 4 5 6 7 8 9 10 11 12
A 1.886| 1.705| 1.793 1.84 1.65| 1.776| 1.683 1.77) 1.661] 1.598| 1.713| 1.619
B 1.706| 1.602| 1.564| 1.542 1.48| 1.617| 1.549| 1.507| 1.477 1.53| 1.568 1.64
C 1.611| 1.438| 1.422| 1.533| 1.488 142 1.295| 1.374| 1.354| 1.447| 1.344| 1.468
D 1.515| 1.436| 1.241| 1.447| 1.291| 1.355| 1.165| 1.281| 1.392| 1.352| 1.362| 1.429
E 1471 1.113| 1.207| 1.223| 1.166 1.69| 1.192| 1.218| 1.261| 1.336| 0.085 1.318
F 1.3358| 1.179| 1.164| 1.078| 1.102| 1.174| 1.107| 1.064| 1.178| 1.199| 0.091| 1.145
G 1.197 11| 1.051| 1.002| 1.044| 1.065| 1.074| 0.998| 1.067| 0.983| 0.096] 1.062
H 1.219| 0.999| 0.999| 1.122| 1.079| 1.073| 0.858 1.166| 1.067| 0.961| 0.151 0.27
msnﬁ A. 15 WANN7 screening Lﬁa check titer 3313149 IgG (L) Wuny IgM (819) Va3

clone 11D

IgG 1 2 3 4 5 6 7 8 9 10 11 12
A 0.756| 0.732] 0.595| 0.628| 0.589| 0.618| 0.628| 0.629| 0.635| 0.648| 0.678| 0.781
B 0.631| 0.565| 0.512| 0.478| 0.483| 0.527| 0.541| 0.471| 0.499| 0.519| 0.517| 0660
C 0.622| 0.553| 0.471| 0.469| 0.474| 0.449| 0.500| 0.449| 0.487| 0.498| 0.548| 0.677
D 0.502| 0.514| 0.455| 0.482| 0.414| 0.419| 0.454| 0.453| 0.494| 0.532| 0.539| 0.669
E 0.519] 0.522| 0.424| 0.406| 0.374| 0.358| 0.371| 0.404| 0.442| 0.499| 0.512| 0.627
F 0.449| 0.438| 0.372| 0.394| 0.348| 0.342| 0.359| 0.391| 0.423| 0.420| 0.453| 0.563
G 0.459| 0.403| 0.367| 0.390| 0.358| 0.352| 0.423| 0.381| 0.370| 0.400f 0.417| 0.480
H 0.489| 0.459| 0.409| 0.386| 0.433| 0.378| 0.386] 0.395| 0.392| 0.394| 0.418| 0.453

IgM 1 2 3 4 5 6 7 8 9 10 11 12
A 1.561| 1.464| 1.325| 1.410 | 1.257| 1.336| 1.237| 1.257| 1.303| 1.303 | 1.383| 1.364
B 1.485| 1.377| 1.330| 1.189.| 0.891| 1.233| 1.192| 1.139| 1.238| 1.255| 1.231| 1.232
C 1.445| 1.346| 1.325| 1.280| 1.356| 1.083| 1.118| 1.120| 1.178| 1.166| 1.210] 1.325
D 1.334| 1.199| 1.138| 1.245| 1.129| 1.047| 1.201| 1.150| 1.141| 1.225| 1.161| 1.252
E 1131 1.219| 1.056] 1.129| 1.014| 0.933| 0.992| 1.030{ 1.040| 1.113| 1.092| 1.123
F 1.014| 0.934| 0.965| 1.017| 0.946| 0.862| 0.785| 0.913] 0.895| 0.894| 0.906| 1.118
G 0.998| 0.913| 0.927| 0.953| 0.948| 0.915| 0.938| 0.928| 0.903| 0.946/ 0.909| 0.968
H 1.172| 0.996| 0.993| 0.976| 1.060| 0.966| 0.826| 0.944| 0.962| 0.890| 0.976| 0.981
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9INMT switching class @337 1 NLUAL AauinAT aztfinda Titer 284 IgM §3g9ndn IgG
o & 9 a o . . ] a ' v & A v vy A

AInUTADIIN1IR switching class dald8natieon 1-2 a3359 nagavieldaaiianlulu
loawlidwan 4 laau Waldnde 1gG laiAeds subclass w@salaslidl titer 289 IgM

mﬁaa%il,aﬂ

A.3 N135@Nn®1 cross-reaction vaslululaanaanandvadnali/sau 30 kD Niaa
li/séiw 17 kD

Wiagann Nalulaauoauandvadee 17 kD AlenaIn1I¥in class switching AN
titer  @AUTIIEN AIUWIIGVNNIIANE cross-reaction Badlulnlaanaalaniuafda
TU56u 30 kD nAdialusdn 17 kD drunIatal wndl cross reactivity fAazanunsalslalu
laauaauanduaddalisdn 30 kDlwmIaTa3uldsaw 17 kD @qy vilwazainuazi

a a a & o

Uiza‘nﬁm‘wmmummu‘lﬂwg@maau

gunsalussisns

M3AN®N cross-reaction 1ag3% Indirect ELISA lasinTiséin 17 kD siadeuiwant
0.1Hg/Maw aufl 4 °C 1 du §1aman 3 afsdan PBS-T block WaudIn 1% BSA aufl 37
°C 1 dalus dawan 3 asaens PBS-T wawlululaanaauanduadsalisan 30 kD fa

Taaulo C87 waz C131 lani3uiieansdt 1:100 wazvhnsidensluSesy auft 37°C 1

77109 S9NAN 3 A39628 PBS-T 16N rabbit anti-mouse immunoglobulin linked HRP 138

=

9197 1 : 1000 aufi 37°C 1 Talus dr9wan ASI67y PBS-T Ly TMB substate aufi

paunniivies 30 WA nyaUfiiTeneny 1 %HCI 81ue1 OD ELISA 450

NANINARBILAS T TDING

NMIATIFBUMT cross-reaction wWunlululaaueauaudveddalysdu 30 kD
nuldsiin 17 kD @835 ELISA wadnngilululaausauandvadanivalaau C 17, 87
Wz C131 §10130 cross-react AU 136w 17 kD I¢ (13197 A.16) lapszauanusimng

TRLAAK 87>131>17 eNUSIAL AINWLIIIUNAENNID T Iaawtrabuaa lululaauaalane

vafndanuiumize (dual specificities) sianalusdin 17 uaz 30 kD iialtluranaseu
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#13199 A. 16. @1 ELISA OD,s, 310 a checkerboard titration wadlaululaauaawanivad
@a 30 kD MNLAaWIRR 87 WAz 131 WAz @a 17 kD NLAanIna 17 3nn13inaa19

serial 1:100 dilution

Blank

0.069 | 0.068 | 0.066 | 0.061 | 0.062 | 0.058 | 0.058 | 0.067 | 0.061 | 0.059 | 0.061

O|m | >

0.072 0.063 | 0.062 | 0.071 | 0.066 | 0.057 | 0.061 | 0.064 | 0.058 | 0.066 | 0.062

D 0.083 | 0.074 | 0.065 | 0.057 | 0.065 | 0.055 | 0.057 | 0.064 | 0.059 | 0.063 | 0.060

E 87 | OUT OuUT | OUT | OUT | 2954 | 1.542 | 1.100 | 0.487 | 0.375 | 0.191 | 0.208

F131 | OUT ouT | 3.04 1.100 | 0.692 | 0.429 | 0.250 | 0.157 | 0.104 | 0.080 | 0.072

G17 | OUT 3.829 | 2.851 | 1.342 | 0.76 0.386 | 0.216 | 0.153 | 0.101 | 0.074 | 0.069

OUT: OD,s =, > 4.00

A4 msnaalalulnanaauandvad Ssdanwsunizeaa 56w 30 kD uaz 17 kD
a1nlaaw C87 uas C131

NWAMINAFOU cross-reaction TiWui1svalaan C87 was C131 saunsnnsaly
Tulnauoauandvaddalisdin 30 kD AsunTa cross react fuldsin 17 kD aavinseldvin
maedounasruignilululaausauauduadnlasudondny  wiaansdudulgiten

cross reaction #2835 Western blot

6 AadA

ainsnkuasIsnTs
a) mufiwdwulululasusauandvadlugasrisany

maduiwulululasueauaudvedlutesiamylasvilas MILANTIUIN
hybridoma cell lu flask l#ldiaadaaudmwiniidasnsnawinluladhtasriaomy waz
MIAANIdUnUeIL Pristane lumItaluutasrinaNanaa ascitic fluid auda hybridoma
cell Uszanms 14 2% NBUNAA hybridoma cell au wInAAINzaa satlszanos 7-10 1%
2 o . o Py . . o . &,
vhnanzTesriasnielal ascitic fluid ¥1¥iN13 purified Tuda |y

a A€ a
b) mvhuignalululaaueauaudved
¥ A o . . ' & ° v A £ o a
bfianzantesriomy  (ascitics  fluid) lruduaaun1siliuIanodieds
. . dll a dd‘ a QG' A Aa

Protein A affinity chromatography #alildlululaausauanduadnuigniuwazlyianm
anniisswaNzihanldndaranasevdall lasrunaunariiuduni ascitics fluid 7
ldunanaznaulildftgadudin 40% fu wanluilsndanaigunnil 4°C Wa9NKURY

il dwiNaiuaznawldsdui 10,000 rpm Huan 20 wf waddaihaznawd la llazans
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AuTuWe ANz auLasrinMT dialysis ﬁauﬁ‘azﬁﬂﬂﬁﬂﬁﬁqﬂ%‘ﬁw%% affinity
chromatography dald I@mzﬁﬁu'umaumi equilibrate 18z wash column @78 0.02 M
sodium phosphate buffer pH 7.0 uazduaows elute lululaauaauandived s 0.1 M
itrate buffer pH 3.0 9MNW39%iN fraction ALFUIINMS elute ﬁv'wm"l,ﬂi'@mmsg}@ﬂﬁmm
{AoUnuszning OD. protein 7 280 nm was OD. ELISA 7 450 nm ranfiazsinluvinls

v v J ¥ AR s a a a v ad
L°ll&J‘ll%‘ll%l,l,ﬂ’]’i]x‘i’)@]‘l.]i&l’]f%I&lI%Iﬂa%aaLLB%@]UB@@’JEl’)ﬁ Lowry

NANINAREILAS I TOING

ﬂﬁsLﬁuﬁiwuaquTuIﬂauaaLLauauaalu“ﬁaoﬁamg} ldu3unmw ascitic fluid YSunmw
30 uaz 35 ml NKYTARZ 10 G faadolaan 87  uay 131 ey Vl,ﬂﬁm'%qﬂﬁﬂy
3% affinity chromatography VléTquTﬂauaau%qﬂ%Eﬂ%mm 6.42 LAz 32 mg/ml %38 0.1926
WaT 4.192  ANAAU I@Umminﬁuﬂ'um']uu‘%qm'%maa“[u‘[uimuaaLLauauaaﬁaﬂmﬂﬁ
nuaulysin 28 kD Kappa light chain (gﬂﬁ' A.6) laannsdanmamandaanudimg
289 lululaausauaudvadannlaas 87 waz 131 daluséiu 30 kD waz 17 kD lagdd
Western blot (gﬂﬁ A7-8) wuilululaanaauendvadlaauiianuswizdanslsanu 17
ez 30 kD

A B C D B C D

—
M, 113,000 —> & »

o - 1 . .

-
_—

31J“?'1' A6 SDS-PAGE maaIquIﬂauaaLLauauaa%aﬁﬂﬁﬁqﬂﬁﬁ’m%% affinity
chromatography A: LLnuIUiaummﬁgﬂu (maﬁu)“um@ low range (BIO-RAD); B: 1/{1
ﬁaaﬁamﬁidﬂizﬂauéﬁﬂIquIﬂauaaLLauauaﬁLLa:Msﬁuﬁu6]; c: Tusauitlaleauniv
Protein A lumsﬁﬂﬂﬂﬂauaauauauaﬁlﬁu‘%qnﬁ D, D: lululpauaateudvad

a agl k3 o s
mﬁgmﬁvlmmﬂiﬂau 87 Uaz 131 ANAIAL.
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-

M, 41,220

M, 20,514 N
—

M, 15,189 —> - <« M, 17,000
A B’
-
M, 52,900 —_— W
M, 29,000 ; 4 €« M, 30,000
M, 21,500 —_—

d a aaAaa v a a Qg
3N A7 wamddenedljismndaseslululaauesuendvedivigns (laau
87) sialus@iunoudian 17 uaz 30 kD lagAT Western-Blot. A: unulusiuunangiu
L = = g ¢ o
(MAFW) U@ low range (BIO-RAD); B, B lululnausauauduadiuignd oo

Un3enulyséiu 17 uaz 30 kD MWy
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=

M, 41,220 —m>

M, 20,514 —>

- - M, 17,000
M, 15,189 —m—>

=
M, 52,900 >
—
M, 29,000 — M, 30,000
M, 21,500 —

{ =) a A U =) ) Qg
3N A8, mamylaneilfismndhaveslululaausauendveduiand (laaw 131)
dalus@uuandian 17 uaz 30 kD law3T Western-Blot. A: uaulus@inanasgiu (@aan)
a a A€ é o aAaa Q
2119 low range (BIO-RAD); B, B”: lululaauaauaudvafiuignd dehujfsonnulysdu

17 W&z 30 kD NS 1AL
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[ Aaa [ {1 A Aa [ '3 A A

A.5 mswwmzjmm’mmmﬂﬁlsﬁuﬁna‘hﬁnmmmw“?uwamnmmmaﬁss&mmﬂuﬂ
& ada A

saau5alag35analu lasurlans

Aad aa L a a a s I ad aa >

aﬁmsmamumﬂﬂmﬂ@ﬂmﬂuﬂauyiﬂmmimmww aduiITNIATINanY
L9 WIRATIASINRINITDEWNANITOTI N8l 10 Wi lagandunannisafand
V09608EHUEIUAN g B89 Membrane uazvhlRiAnUjmvasueudiauniiolu
é’aaamﬁ'ml,auﬁuaaﬁaguu membrane  YIWALLOURONTHAVAIRNIN  label  Nu

LauAUad TanT19UTzNaI8 membrane Tilad19 9 g A9

Sample flow

T line C line

Conjugate pad

Nitrocellulose membrane

Polyester backing

JUN A 9 mwugassInLEnauens 9 maommaﬁﬁad’ﬂﬂiﬁu

sawaznauds 9 ezl A9 Usznaudis Sample pad (SP) Husiuniy
#8814, Conjugate pad (CP) tHusiunwudslululaanaawandvadndinizdaldsdun
ARINMIATIRZAARAINAIY  colloidal gold (conjugate), EIUNUFAINANITIATIA QB
. = =< v a a a A a dd‘o 1 a A
nitrocellulose membrane SBJEHAIINIULAUAUDA 2 TUA @D LLE]%@]‘IJE]@W]%’]LW’]:@IE]MW%V]
% a . ' . ‘é ! ¥ N
ANINIIATIILINDG Test line (T) UacsInaIvaa Control line (C) Fyaauunnazld anti-

mouse Ig iHalflululaauesuauvedilu conjugate uazdugarnofa Wick wie
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Absorbent pad (WeEIUNTNTUAIBENIWTBVBIAAIN AN SP waz¥inlralasng s
Ut membrane l@aenidaiiiad &Iude 9 mmﬁﬂi:ﬂauaglumﬁuwa’maﬂ (cassette
. { Q 1 1 L= L= 1 Q a é |
housing)  Liangaa@Iat IR luEIUTUMBLNIVRIARLNANEAN (sample well) TaiTln
USo SP dhatdaz rariu CP anludasnadilusdundwmznulululaaueawanivad
ﬁa%ﬂu CP azfiaUfjisunuasuandiau-uaudved (Ag-Ab gold conjugate) WazLNaUBy
a7 a1 membrane U3t T 9zt fAi3enues Ab-Ag-Ab gold conjugate 8na3s ¥
v & a a dly d' 0/ 1 1 =) 1 a Aaaa 1
I¥iAuuouduas gold vStamd Wadiadislnadwiim C dellasifalfionszning
anti-mouse Ig UAz Ab gold conjugate ¥lAiAuunuELTIN C ynaRRvhnInasey
o & A o v & a A ' o . A A A
A9%% LaYNMINAFLUAUAULALE 2 WaUUSIH T Uaz C ugadin luaradnafilysaun

@ v = a A . o \ A A Ao
ADINTITNTIV LLRSDUABLIUR 1 LOUUIATK C LLﬁ@\ﬁ'ﬂqlu@naU']\‘]VLNNIIIE@]%VWIQGTT]SGIS’J%

6 ad
Qi/nimuamﬁmi

2
=

a) msﬁﬂmﬁ@umgﬂu,mJmmgmmadq@@mﬁﬁaﬁﬂﬂszﬂauﬁaU%u@amm 9 aath
a.1) M3faaanlululaanaataudvadeny colloidal gold (MAb-gold conjugate)
inluTulnanaauendvodunnauniuamsazats gold colloid #f pH 8.0 lu
2019187% 5 ug 6@ gold colloid 1 ml.7i Optical density (OD) W¥inNL 1 WENNWAIE roller #3e
vertex Wit 20 Wf 9Nty 10% BSA lidanududulumsazats gold ny 1%
nantuwaalusn 20 wit il wanaznoudt 10,000 pm win 20 Wit sulaioly was
Augiuaznauzad gold 13 wssusuanududuves Ab-gold conjugate %8 OD awil
§29M3 1% 10, 20 waz 30 OD Liudu e storage buffer ansiwinlUWuUH conjugate
release pad (CRP) 1381t 10 i /om. aul#usisf 40°C wiu 30 wift waziivlilu
QGWE]ﬂ§ﬁﬁﬁ’ﬁ@@ﬂ’)’]&]%%ﬂﬁgﬂ%i
a.2) MIAIILAUALBALH nitrocellulose membrane
UYSuanuduTuues MAb wae anti-mouse Ig 14 phosphate buffer lainay
Wwuds 1 mg/ml uazsinldwuasus nitrocellulose membrane fivSano 1 LU /em. lapwin
MADb AUt Test line ( T) WeTW anti-mouse Ig figunms Control line (C) il
ﬂulﬁuﬁﬂuﬁauﬁqmwgﬁ 40°C W 30 Wl LLazLﬁu"Li’LuQGWaﬂéi’ﬁﬁaﬁ@@ﬂ’sm%uUiiﬁ;
o
a.3) Mmydsznauganasay
URIUG 9 maa"g@maauvlﬁlm Wicking pad, SP uaz CP fiueae Ab-
gold conjugate LR nitrocellulose membrane ﬁm%ﬁﬁ’m Ab LUsNUU® backing UG

P A o q oo Y 2 o o & 4 PER K
mmmlugﬂ'ﬂ 1 NH @@1%“"]]%’1@ 4 JU. 9IULAIBNGNG LLﬂt%’]“ﬁ%ﬁ’J%Yl@]@vL@ﬂ‘itﬂaUl%
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ARUNARGAN azvl,@i”"g@maauﬁw%’amzﬁﬂﬂmaaﬂﬁ TANaFaU ﬂ'a"LsJ'vlé’l"ﬁ'LﬁLﬁﬂuqa
Waﬁ‘ﬂﬂaﬁwﬁmsﬁ;mi@@mm%u

b) MIFNA LUTAUNNKNRAA U ENITIINTNG
b.1) NN38Na soluble (hydrophilic) protein
ﬁnqdﬁamé’mﬂuﬁmﬁw%@ﬁmm@ 5X5 . uaaeauLsedugudn 9 16
St Usinm 5 n3u laasluludinines snniiwda 50 mM Tris-HCI, pH 7.4 a9y 50
ml. wenduam 2 ou. Weasunaasldihanaiesildanaitedsldsaude 1
b.2) NMIENA insoluble(hydrophobic) protein
*ﬁ,’]qaﬁamé’mﬂuﬁmﬁw%’q%‘mma 5X5 . udrdaueasadudugn o 16
St Usinm 5 03w leaslludnine duaselsvof : wmuas Tusaman 2 : 1
Ui 50 wa. adluuasdatndninesliadin A915 14 w. antiuszimne aselswedu ;
WnuaslWuEs wastdiy 50 mM Tris-HCI pH 7.4 a9l 50 ml. wweidwam 2 w. 1iansy
s ldiharaoinluasaitesslsdudely
¢) msUSunsarnanuTuT Do MAb AlF15lu Test line
USuanudutuuad MAb i phosphate buffer TAIANUENTY 1 Laz 2 mg/ml
uazib lUwuasus nitrocellulose membrane Av5anas 1 Liem. oW MAb Aiduwnis
Test line (T) WazW Anti-mouse Ig 1 mg/ml figumils Control line (C) i ol
LLﬁaluﬁauﬁqmﬁgﬁ 40°C wins 30 w1l waztznauiduganaseusIniunIMn OD 283

Ab-gold conjugate Ananza

NAN1INARBIUA I TOING

éh%%’ugﬂLmﬂumsﬁ'@umq@mn”?ﬁaﬁmlmﬁaaéfuvl,ﬁﬁ'] MAD clone 131 @9dLwe
NalUsAuam1a 30 kD waz 17 kD 1a3ouidu test line ﬁ@dﬁda%i‘uu nitrocellulose membrane
o & 2 wa ! o [ A A o < o
ihlddsznauiduganasenuazfinmquantifdng 9 uiunaiagelassiive B Glf
& 2 =S ™ A A 1 A v % [
dudusnulunmsdinsniseialdsfulugefionns ngi  wanlaanldasana

. . . ' ry : .
hydrophilic protein lunisnaseuniuganaseufieioatuan wui ganeseuliauann
aanulyUsnluaasnarnana be udtilaldnnsana hydrophobic proteinbnny

o A a £ ! a A A o Vo
nageuiuganaseuiaIualuan wodh sansnenanulisdululugelienanaldduim 4
N 5 @ (7190 A7 )laswuidurasuauindiunis T angalugelie L4 anh
L1, L3 wae L5 (13190 A17 ) nefinasan lainsdsuifsuna (@390 A.18) uae
UTnnnudadnigila@ i A19) Allumiana uaz anudntuses conjugate (13197
A.20) MAnunzaniuns dwmasildazaslysdunasannszne wnuea : aaslswesy

W& (@397 A.21)
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%ﬂcﬂyzﬁ;ﬂ '3%'mmﬁ'@€haﬂ'ﬂamﬂqaﬁamaﬁﬁu"maﬁmmmulumm:ﬁﬁa é’@%uqaﬁama
Ilamadn 9 USunm 2 n3u &nals methanol : chloroform U3anas 10 ml lu Falcon
tube TWI@ 15 WA, itae 30 Wifl ﬁqm%{]ﬁﬁaa LLﬂﬂ°§udauqaﬁaaaﬂmﬂmumaomm@hzJ
FNfas Jeineuadnadly petri dish AWIALEN ﬁqmﬂgﬁ 60°C 1w water bath luaaiin
NninazasnaudsTWWeSA 131103 1 18, Tasiwgwn 30 wift shwesmandlaluiy
# 5,000 rpm W% 5 WA thawlafilaUsunas 100 ul woaaaslule sample well V2976
NARAL JOWALUTTNME 10 WATILUANKE NamInagaue1uNals Ui sy las@latng
frogefilinaauazifin 1 Lmuﬁajaaamuwﬁ" o] LLa:é’haﬂﬁaﬁlﬁwammuﬁmmuﬁmﬁ
329 2 UoU NEURIS C uaz T (gﬂ‘ﬁ A.10) FIWMIUTURIDMIANUTUT UV B
MAb #ilfillu Test lineanWamInagausINfusznig OD 189 conjugate wazUSunme Ab
figumils test line wudn 10 OD mmmuﬁm:ﬁﬂﬂNﬁ@qmmaauimﬁumm@a Ab 7 Test
line USuaw 2 mg/ml lag'livinl#ifa nonspecific binding nutiwiwes A wazldwans
nagaufiahiwines A azaplusinanngaiianns (@197 A.22)

@17749% A.18 HANIYN innunochromatography NUAIRNANNAIBENIYIABLIG

Natural rubber gloves Result with IC test
L1 +
L2 -
L3 +
L4 ++
L5 +




INTNN A 18 WAUDIIZUZLINIGN qﬁlﬁaﬁmﬁaamamﬂqqﬁamaﬁﬁuma

nmﬁl%aﬁ'@qaﬁa HANINARDUGFILTANATAUULL IC
30 w1 ++
60 N + +
90 w1 4
120 Wi ++
14 57134 + 4+

Control (UWiWas A)

= o A g = v A £ ad
V\?J'TUL'VWJ D+ RUNUDNINAUIN; NIV + NUINVY RUNYDIANVULVNNVUINYWVBILLOURN test

. 2 & . ad .
line - wugDINaNMInagauLluay le]ﬂi’]ﬂQLLﬂﬁJa‘ﬂ test line

A1319N A.19 mmé’uﬁuﬁsz%d’mﬂ%mmqaﬁa USananiwiwasnlaazanelisdunadann

FLLRLRS

Usnnmgaia qmﬁgﬁm"ﬁi:mmﬁa Tiad A flfazann | wanImesau
5 N34 60°C in water bath 1.0 ml + o+t
2 n3u 60°C in water bath 0.5 ml + o+t
2 N3 60°C in water bath 1.0 ml ++
1 N3 60°C in water bath 1.0 ml -

mmlmq : NNTISLAY chloroform : methanol ﬁ]:i:mﬂiu chemical hood I(ﬂslﬁn water bath

&l chemical hood




TN A.20 WRVBIANULTNTUVEY conjugate (OD) uazUTunns Ab NéUnU Test

line #aN13LAA nonspecific binding WAZNANITATIVABENS
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OD of Concentration of | nagaunuUWiWas A wamm:mﬂﬂsﬁumnqa
conjugate Ab at test line Jaonemetnwinas A
10 2 mg/ml -
20 2 mg/ml +
30 2 mg/ml +
30 1 mg/mli ND

ND = Lilévinnimesau

7199 A21 wavastinesie gnldarmuolsdunanaangeliasnssssunmd

shavastiiiesnldazans | wamahiWesly | wansmeseulusauiazansniu
NAROLNLTANAROL srutinasivsanaseng 9
(control) 1 ml 2 ml
Phosphate buffer saline, pH + + + +
7.4
50 mM Tris-HCI, pH 7.4 + + + + +
Wiwas A ; ++ +

o { A & o i .
%&I’IEILV\@ 1+ = WRUY I(ﬂﬂ"ﬂ’]%’]% + NANYBUFAIANILTUVILOURA T line

- = WRRU
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C line

T line

A B

gﬂﬁ A.10. Wan15¥1n immunochromatography (IC) lagld buffer A (A) uaz a13ana
ngeiiaens fiazanelu buffer A (B)

irmNaﬂsﬁuﬁudwqw@aauﬁﬁ'@umvlﬁﬂ'avlajauymiﬁn WRTDLEUOUBLUWINIINT
ﬁ'@umuaﬁiﬂgﬂLtuwaa’g@maauﬁa:ﬁwmLﬂumsﬁnﬁmaué'wiavlﬂf:
-nws‘i%’nﬁ"lﬁﬂs:ﬁﬂulﬁaaﬁuﬁi’mqﬂ:aqﬁ%ﬁﬂﬁaﬁqlﬁawuwsnmsaaalﬂiﬁuﬁaﬁ'@
nngediansle %@T@ﬂd’sulwrg'LLST’J@:Lﬂumsﬁ'@umgﬂLu.lmaom‘saﬁ'@m’mﬂ'jfm’ﬁﬁ'@um
#utl32Nauvey immunochromatographic (IC) strip GaXiastdnialumynamnludasdu
a%m%’umsﬁ'@uuwiavl.ﬂﬁlzxjuﬁuvlﬂﬁmsﬁwmﬁUazlﬁm"uad IC strip 61991
- ﬁﬂTquIﬂauaaLLauaua@inﬂ‘[ﬂauﬁwﬁmtﬁa 3o conjugate waz Test line
LAZATINNANUIRNIZENTY Lauduaddenailu conjugate wia Test line lanth
checker board
-ANWANAVDY nitrocellulose membrane THad19 9 daaula wazauI Wzl
MINTIIADLIINRIIANG
-AnwnarasmMItWinassiiadng 9 Aldsniueion SAP Wanawhuss
anudumnzlunIasiaaiedng

=2 A . Aa ' a o A [
-ANWINAUDN surfactant TUAFS 9 VINN[T‘W]aﬂ"liﬂzf‘nUIﬂi@luﬂﬂUﬂ%'ﬂﬂ@'ﬂqﬂ



snouis lasiesouaglugdvaninines waztofinanyl lunsasa
luseuiieasny
FnwuavasmItwesasfiadne 9 Alddsmsuieion CRP auaaluas
ANzl UNT AT018E0
-ﬁnmsﬂmﬁuqmmwmmaauimﬂ@aauﬁuqaﬁamaﬁisw"maﬁﬁﬁ‘imu’m
luriasaana

-gﬂLLumJaaq@m’;ﬁﬁaﬁfﬂﬂsﬁmﬁaaﬁuﬁa:ﬂ'@umLﬂumsﬁﬂﬁfuﬂszﬂauﬁm 2 @

Y

a

fa ﬂg@mamﬁaﬁﬂﬁmsﬁgag’lumaow%aums@@mm%u uaztWinas A nltazanslisdn

=

fanaannilesInaannizmne analinedy wunuea udy nimeddInitarauIeriu
waadniiu MiliimIssivesnaitinnasdes 9 Uanm 1.5 m lumauzndaadin
wisonusriWielumeneansnliiuganasaulszanm 20 test iludu

A6 mailululnanaauawduadn lanmuinils ELISA kit asi9wlusén 17 kD
iag 30 kD

dlasanmsiluTulnanassondvedi laaunwamniln ELISA kit oA 17
kD uaz 30 kD a:ﬁﬂsz‘[mﬁamomﬂﬁ'mjﬂsznaumi iedszifinlSunniaslusandivih
IﬁLﬁ@miLLﬁﬁﬂuf@qauﬁ’]mﬁuﬁ%ﬁﬂﬂ%ﬁﬁwﬁmﬁmsﬁqdﬁammaﬂuqaﬁaﬁwﬁm"lﬁ

@ '
(= A

mﬁmmﬂuia;&aﬂszﬂ auqmauﬂ'ﬁmaaﬁuﬁﬂ LLa:ﬁm%'umsﬂ%'ﬁJﬂganmwm DIFWAN

gunynlusza5ns
a) MInEIIENIEAMINzENEIRSUNMIT ELISA thawlUsan 17 uszmia 30
kD TuHAaA i8N
a.1) fmaedauwanlaseag 0.1,0.5,1.0, Lg/ 100ul coating buffer/well vaslulu
laauaa LowduaadIdanusumnzaans 17 uaz 30 kD Uufl 4 °C 1 Aunasanin
f3d1y PBS-T 3a33 1AW blocking solution (§@371:0.5% casein in PBS-T, gasf
2:3% skim milk in PBS-T %38 ggmﬁ& 1% BSA in PBS-T) ﬁ'mm,mmamwia:gmﬂ@ﬂ
MsLANTnRNAZ 200 ul WEINTRUNA 37 °C 1waan 1 $2lusudrd19ie PBS-T 3 a5s
Lfnsadnia3a 100 ul Uufl 37 ssroaidos s 1 5 lusudasnsdny PBS-T 3
ﬂ%ga (i1 negative sample, positive sampleéﬁdﬂi’mwauﬁ’; L8z reagent blank) LONLGN
conjugate FaifiuluTulnauoauanivaadsfinnudumizdans 17 , 30 kDa linked HRP
(direct ELISA ) Ui 37 °C 1 T lanasanniud962s PBS-T 5 ﬂ%ﬁﬂ%@@ﬁﬁﬂﬁwﬁay
PBS L@y TMB substrate 411434 100 LUl /well Lﬁuﬁﬁ@qmwgﬁﬁaa 30 W LGN 1% HCI
% 100 LU UAIYINMTIAA1 OD 450 mﬂf%ﬁﬁﬂﬁiagﬂ%u@auﬂﬁiﬁﬂmLL&?’Jﬁﬁms

s 1 é o s v 1 A s 1 Q
737230208 NTIVNNIFNAAIY 25 ml falIunuaae1e 5 nTd

34



b) MmN TANARaUATIAIMILUIAR17 uaz 30 kD ludratansiiaslas
7% ELISA
b1)  MueIsudmatINiaimiRiIwINgIdans fAINRNAML  PBS
(phosphate buffer saline)lasn1saaa18819 qaﬁamuﬂu%mﬁﬂe]ﬁﬂﬂ%h 5 NINLAN
PBS 25 ml witiwasn 2 Tluseniwihldiduedy Taewz dulsfarion
@379 1U56% 17 Uaz 30 kD
b.2) TumanwmIaTawlisdn 17 uaz 30 kD lagA% ELISA annmsanwm
gnaznaudnsumlusan 17 wsr 30 kD wadredulasld Tululaauos
Lauuduad 0.1 Mg/00 ulwell lumisiafouiwan Lufl 4 °C 1 fu &9 3 a%1 e
PBS-T uazld 1 % BSA in PBS-T 14 blocking solution 200 LI /well Uxfi 37 °C 1
Faluads 3 asshn PBST idudiaiaiun 6 Maga9ar 100 W /ARUULAS
negative control (PBS-T) LLas positive control (standard protein 17 %38 30 kD WRILG
Faamamanlvu)doanslu PBS-T Uafi 37 °C 1 2lasdns 3 asadne PBS-T tdinlulu
Tnausauaudvadide 17 uaz 30 kD linked HRP 7138319 i1 : 1500 1u PBS-TUw{ 37
°c 1 $lusd 5 aSsche PBS-T assgarnudiday PBSIAN TMB substrate 100 LU /
wau Uudi fa 30 mﬁﬁqmwnﬁ fouflanTuia i 1% HCl 100 Wiwell u&¥mia
OD 450

AAN1TNARBILA T TOING

WU3T ELISA @olduadlumsasia e direct ELISA Tagld Tululaaues
wauuAVad 0.1 Ugi 100 W /well TumsiefRowiwan uazld 1 % BSA in PBS-T 1w
blocking solution & 11w89 conjugatetilu Iululaauaananundvafde 17 waz 30 kD
linked HRP 71139979711 : 1500 1w PBS-T (413197 A.22) 91nn131indn ELISA OD 450
PasdradnSuufisunuen OD 450 was lus@uunasgn 30 kD (positive control)
ﬁ‘a%ﬁmﬂuﬂﬁﬂyﬂmgm (gﬂ‘ﬁ" A.11) AmanTamdIanmldsiu 30 kD ludatnigiie
pussHmans 8 dedeld Sawuinfdnszning 03-33.63 pglasfidniaduegi

12.71lg (13197 A.23)
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AN319NA.22  WANIAL38319 conjugate Mranzay Aald condition 6199

1:500 1:1000 1:1500 | 1:2000 1:2500 1:3000
Blank 0 0 0 0 0 0
Negative control (PBS-T) 0.298 0.157 0.094 0.049 0.041 0.041
Negative control (PBS-T) 0.257 0.167 0.088 0.048 0.031 0.037
50 mM Tris -HCI pH7.4 0.294 0.158 0.097 0.01 0.058 0.058
50 mM Tris —-HCI pH7.4 0.33 0.152 0.119 0.038 0.038 0.048
Positive control 30 kD 2.46 1.475 1.053 1.109 0.639 0.577

y = 0.0758x + 0.0936

Positive control (OD 450)

0.5 2
R =0.9822

=) 0.4 -
2
£
2 0.3 <
S
(o}
e 0.2
©
ie]
S
n 0.1 S

*»

0

Eﬂﬁ A11 nanasg sz U uTwuad Tsdin 30 kD (positive

36

control) Lz ELISA ODys

an9f1 A. 23 USanmluséu 30 kD Nfaglugilassdiadnieeg

Glove ELISA OD450 30 kD content
extract # (ng)
1 0.214 1.58
2 0.049 0.58
3 0.438 4.54
4 3.006 38
5 1.641 20
6 0.328 3.092
7 2.643 33.63
8 0.069 0.3
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B. Tassn1sday 2

]
=

A oA A ° [P [ XY 1
nslaanitiuaaIaan u,azﬁnmqmauumwaafﬂsmuﬂm‘lﬁmﬂmsu,wm‘lﬁm'm
gINI

ﬂaﬁgﬁwmUﬂi:mﬂﬁ'ﬂumﬁiﬂLLa:am’%m 1@ asznin I uaAINNNAINITUN
A a a s =i a o o & 1 v o = o
‘nm@mﬂiﬂmulummawwsm‘lﬂummama@!nmmmd6] I@mduwaxummmwuuu
A @ 2 A A 2 & a Aa P A 4 A
DLW (type 1) DITUWITBNIMITULTIITMFD TR 1309970 13A UV D94 L1 IWI T3
dusongrfia wddaatulddgmonundunulisduiaansaildifaanisuiuds 13
wie Sallhwinluanaeglugsaud 5115 kD lusdudenanldun Hev b1 (Rubber

elongation factor); Hev b2 ( B-1,3 Glucanase); Hev b3 (Small rubber particle protein); Hev
b4 (Microhelix component); Hev b5 (Acidic latex protein); Hev b6.01 (Prehevein); Hev
b6.02 (Mature hevein) ; Hev b6.03 (C-domain of prohevein); Hev b7 (Patin-like protein);
Hev b8 (Latex profilin); Hev b9 (latex enolase); Hev b10 (Manganese superoxide
dismutase); Hev b 11 (class | endochitinase) , Hev b12 (lipid transfer protein) Hev b 13
(atex esterase) Iwirwnlusdudlatiminoudrivnlmdanmuiin Hifls Hev b1
waz Hev b3 miulusaui liazansin LAzIARALBHULHIVBIBUNALNY
I@ﬂﬂ%ﬁ;ﬂuﬂ'ﬂ&iﬁﬁ%‘%mﬁ:ﬂ@e]maﬂﬁﬁﬂﬁlﬁwal,muﬂw 100% o3fiasu
Athadnauildsduansmiald 3§°7il,§ﬂwmﬁﬁ;mLL@iﬁﬁq@LLanL@TNaLLsJ'uﬂﬂm:é'u 95%
Waz 99% Aannsvh skin prick test lasldasazanslysaniiadonannringsadiszauaaa
WNTW 0.1 Wz 1 mg/ml @NEIAURIRIUNIT prick aauuﬁmﬁf@maagﬁuwﬁmmd Taaila
1379 (J. Allergy and Clin. Immuno.109, 2002) l@iin13117a allergens Waw 8 wila fivin
U3gn3aniensan Seulsznaudas Hev bl, 2, 3, 4, 6, 7b uaz 7c iU allergen Hev b5 &
L@3HNINNAITYN cloning ANMUINTULI9 .001 89 .01 mg/ml  lUnaseulasnivin skin
prick test Lﬁ'ag]mmmm"h (sensitivity) ﬁ'uqﬂmmmom‘mWﬂﬁﬁLLW"Tﬂiaumﬂmaa‘hmu
62 A Uanginla anundngLines 91.9 % Toawuanud 284 IgE reactivity ¢ia allergen
Hev b5 YNy 65% (qdﬁj(ﬂ), Hev b2 , 63%; Hev b3, 24% ; Hev b4, 39%, Hev b7, 45%
wae Hev b1, 23% (@‘iwq@) IMNWATBIAN sensitivity 7116 11928 W LFWINGIT allergen o
z%wé’zy'é‘uﬁnﬁﬂ'wmag’Lm:ﬁaoﬁum@iaﬂmﬁalﬁlﬁm sensitivity ﬁgaﬁu
mﬂuaamﬂamWﬁsmmamaaIsJLaqamaaéfﬂﬂiauﬁﬁﬂﬁlﬁ@mmﬁ 19
sansoutaldsiudinsnasenldilin 2 ofia de vhefiszansiin wie Miharseenld fu
shafiliazany wia 1fihdsliaan asfiuinlunssuiuwmnianaasmaionsues
Hsznaums azmansafisaamldsiusfiafiazmoinld Wudulngiviniu NNANNG
ﬁug’mﬁvlﬁﬁ’m’ﬁﬁﬂMﬁ%'sﬂﬂiauﬁ'LﬁmiTaarTumzmumiLﬁ@miq@éTumamm{’]am AREL]
LLazﬂmz%"L@TWmﬂuﬁwmawwmﬁiﬂiauagﬂéjwﬁaﬁ"l,&ia:mm{W uaztdusindsznavvad

rubber coagulum s‘fiavl,ﬁlmmiummmu‘[ﬁiaummagmﬂsmLLazagmﬂﬁ’maa@(agmﬂQ
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naad) Nimihidudaugaduluviatiiung (Wititsuwannakul et al 2008, Appendix...)
Iﬂsﬁué’aﬂﬁmﬁ]zﬂuagﬁu LENIWINRAN IUH BN LAZHNNTNAZANIN 08N lALNITRIIAILIN
é’aﬁuﬂm:;ﬁ%’U%avlﬁﬁwmiﬁumiﬂiﬁuﬁﬁﬂﬁlﬁ@mmﬁéfﬂmiﬁnﬂ ENINITNNNNUBILIA

winlds@unieIouanainaynanunasa (bottom fraction membrane, BFM)

gUnsalusz3sns
a) msiespuuIwlUsanniesee
dvhessafinialalng 9 (asmsldmousuginudetalumaivihes e
flasiunsuanzasaumagnass) ldupnéraiadad ultracentrifuge ( 45,0009 , 45 min) Li®
me{"}moaamﬂu%‘:uuuﬁﬂi:ﬂaﬂﬂﬁaﬂmgmﬂma Tunasnsasinlaves cytosol (C-
serum) &g TUiRA0N (bottom fraction, BF) ﬁﬁ%uﬁuﬂaa@ﬁﬂizﬂauvlﬂﬁayamgmﬂ (
luotid W&z Frey Wyssling ) ﬁﬁmmmmﬁaﬁu Twsaldsautuionlasnsdrsds isotonic
buffer ¥inMIFA1L8%AIATEY BF d18M3 Freeze-thaw sgmmﬂﬂ%zaﬁanémgﬁ -20°C @au
nugmnniviad Junpndinvasnadfile (B-serum) aanangIuas BF membrane (BFM)
s3alusdndwianaanain BFM Tasnnsansse isotonic buffer vinnnsanalusdwliazas
ﬁﬁaaﬂﬁ]’m BFM @8 Tris-buffer ﬁfl 0.2 % Triton X-100
b) N19¥i1 allergen specific IgE WAz IgG ELISA assay
iazaouenianfiiulusan BMF (10 pg/mi)Sunas 50 i 1 coat avuw
Wau microplate ¥inn13au 4°c  Junen 18 Falug ‘ﬁwmsémLLauﬁLwﬁ’mﬁ"l&iﬁnﬁ'umm
wiofnaenanlaun3d1s plate $1WIUS asiean tiwesans PBS-T (0.05% tween
20/PBS, pH 7.2) ¥1m73 block microplate @28 2% skim milk fiazanels PBS-T ou #i 37
°C . 2 T3 Uaz §19 microplate 3 A33e PBS-T  daluifiusiainsdsufidasmsariaasly
waw 82 50 Wl (diluted 1:5 628 2% skim milk/PBS) Tagouft 37 °C, 1 Ty, awFILN1I§
microplate 5 ﬂ%ﬂ(ﬁ?&l PBS-T 1§y HRP labeled antihuman IgE %38 HRP labeled
antihuman IgG uduansd vinmsaudl 37 °C, 1 7. ud1819 microplate 4 53628 PBS-

T ANAILNNT substrate 3, 3, 5, 5'- tetramethylbenzidine (TMB) uaravulunien

punnias 30 wifl udmga UJATEEINITEN100 pl 289 IN HCI  uazhldiadn
Aa &’ d (g { .
WIAAUN 450 nm G218 LATBY microplate reader

c) N13%1 immunoreactive allergen I@EJaﬂﬁﬂco-immunoprecipitation
NI immunoreactive  allergen 371 BFM lasandsinaiia  co-
immunoprecipitation  gaNIaISNGUlABMIAAREIN  BFM @2y biotin  #3a  nIvh
biotinylation wa3l15A1 BFM et Ul udunon co-immunoprecipitation ¥inlagn3iin
BFM lusewldtaiuasazany biotin reagent (10 mM Sulfo-NHS-LC-Biotin) 71 4°C 1flu

na 2 Tlaslasmsuginuds  ¥innsmnea biotin reagent &uiinaanlasnisansaae
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UJUinas PBS-M pH 7.4 (0.14 M NaCl, 8 mM sodium phosphate, 2 mM potassium
phosphate L8z 0.01 M KCI)
1311 co-immunoprecipitation laold Seize X Immunoprecipitation Kit (Pierce

Biotechnology) #1 Seize X Protein A gel ldmauny IgG,, subclass monoclonal antibody

(mAb) @8 human FcE (Biodesign International, Saco, ME) laganee disuccinimidyl

suberate (DSS) cross-linker laumitufigaumnivaudunm 1 Talus audansd 5

ﬂ%\‘i %é’dﬁ]’mﬁy‘uﬁﬁmnaw‘ﬁ;&l (350 pl)aavl,ﬂuu anti- human Fc€ mAb conjugated protein
A bead ¥m3dns 5 039 wdranusamsauTisiubiotylated BFM ud¥innstndasms
muﬁqmﬁgﬁﬁaa 1 s Fmsde 5 assudvinmyee immuno-preipitated proteins
28n3a N protein A bead lasnslzidwas pH 2.8 waihlduonldsdules SDS-PAGE
(15%) folUs@uaIna1y adluukuwluiLT®H PDVF L3 blocked LS AT ULH LAY
WIueE 5% skim milk/PBS 714°C Thadw uarshtuny HRP-conjugated streptavidin
LﬁaiﬁaﬁuﬁiﬂuadLﬁu biotinylated BFM proteins ABLNAKA chemiluminescence AT UL

ECL western blotting analysis AN gn1Jexposed AU Kodak X-ray film

NN TNAADIUAS I TN

fin BFM specific IgE fﬂ’mmﬂﬁmjmﬁaﬂéhasi’m'mﬂu 4 ngw (gﬂﬁ B.1) Wuin
dLafy allergen specific IgE mn@haﬂ'ﬁq%'%'uLﬁa@ﬂudwuiidawuqaﬁama (Latex glove
worker, LGW) $1%47% 170 aulyinfiu 0.10 + 0.26 OD lagfiaumuiiies 38 audisien BFM
specific IgE gaﬂh@hmé"zl fwsuaLady BMF specific IgE maaLﬁa@éf’Jamamﬂmjw
CAP’ wuhlszaulnadidssnunguanulisnugiless lasfiaulungs CAP’ §1un 9
Aufisien BFM specific IgE gdﬂ’hmmﬁﬂlwmzﬁﬂﬁju CAP  § 11 91n 22 auiiden BMF
specific IgE gdﬂ’hmmﬁﬂ (0.02 + 0.02 OD) LLa:mj&mqﬂmﬂsu'%msﬁmqmmw (HCW) § 7
970 35 Aufiten BFM  specific IgE gqn'jwmm‘é"m(o.o4 + 0.13 OD) wnlkfineusd 0.06 OD
Faldunanndnads + 2 SD VaIn§y CAP (0.02 + 0.07 = 0.09)lun AR TN
fraghsiraslinauinwsad IgE do BMF allergen whazii$711a% 56, 11, 1 uaz 5 an 970
ngu LGW, CAP’, CAP &z HCWs aN&@ U @1 BFM specific IgE §980 3 auauwIn laun
FSUMANUIRY 4, 248 Uz 253 FIAUVIAD 2.71, 1.40 Uz 0.78 OD ANAIGL HONINTL
f1 BFM specific 1gG ﬁnﬂmﬂ"ﬁ”ﬂﬁjuLﬁa@éﬁaﬂ'nmﬂﬂu 4 ngy (gﬂﬁ B.2) Wudenads
BFM specific 1gG ‘Lun@ju LGW, CAP’, CAP uaz HCWs ¥iniu 0.20 + 0.34, 0.09 + 0.13,
0.02 + 0.04 uaz 0.03 + 0.04 OD AWEGU S InsraefivnaslWnauLInviedl IgG da
BMF #19:031%42% 50, 9, 7 Uaz 15 At 3INN{N LGW, CAP’, CAP uaz HCWs mu&au

wnl N msinIna Fuwrinwadlag1anaLass SD ﬁvlﬁmﬂmjw CAP’



40

auﬁﬂﬁimumﬁu LGW § IgE uaz IgG ¢ia BFM gdﬂ’jﬁﬂ%ﬂ@;wguﬂ vaftanaliu
wingu LGW  Jlamadudaniy BFM S'fiaagliizﬁsmLLazwﬁmﬁmﬁqaﬁamaﬁwamaaﬂm
T qvlﬁuﬁﬂﬂdﬂﬂéjuﬁuq
WONANNTHINN plot UL scatter format (gﬂ'ﬁ' B.3) WUI1A1 correlation 321319
BFM specific IgE uaz IgG 32WINaESUnaNaLa 4, 248 uaz 253 fazdugege uazlanen
OD &3 specific IgG iR 2.64, 1.16 uaz 1.53 aWdeyU (@157197 B.1) lasfl LGW
winey 4 wihinfinuindeoinsuwlsduainens waznaannnisrin skin prick test ALdln
aunavae ssanadulyldinsza 196 T8nTwadeansaausuasdanisuw min FYRIB
"lﬂs";mmzmjm%a co-aggregated NU FcERI ilasanmaiia allergen cross-linking lag
218 IgG e IgE mmiﬁlﬁmﬁadﬁu por-allergenic signal faznuald (Kraft et al, 2006 )
1NN1TINRT immunoreactive allergen laslginaile co-immunoprecipitation WWutnaiia
ARINTRWNTZ FNNTTINT AV epitopes U84 allergen ﬁlz{hmayjﬁy’mm Golsmilon
11311 immunoblot ﬁﬁm‘igtyl,ﬁﬂan’mﬁsmmamao epitopes T1ud2n lagifalddsuan
LGW #anetad 4 wuin 1Uséu BFM auia 55 kD 1l IgE reactive allergen (gﬂﬁ B.4 A)
laalis@usrM dandnaifitSinmegesannlimanindeaniausaduunuldsinldannis
i1 SDS-PAGE (gﬂﬁ' B4 B) udiilold@Suan CAP™ wanuiey P1396 Aliwudn BFM
11564 55 kD 15 immunoreative allergen ¥ G]ﬁs']dj%"&l CAP’ a:iiszau IgE ﬁlgd (Eﬂﬁl B.4
A) %auamlﬁﬁuiﬂummaau CAP ssanalsan 55 kD Fevnualdsandaiiaslide
luganasey shefasrnlaansadfisssnsunlysiuannonemn i ldutuindu
faudlus@n BFM au1a 55 kD Rawalnalfissny Hev b 4 (50-57 kD) u@ Hev b
4 1w latex allergen mﬁaﬁazmmfﬂﬁﬁimag’lu B-serum ¢9%ul1/384 BFM 131@ 55 kD
sahandulusduliszaorinsfialndfivnlfifansud Sedadasrinmstingulasinaiia
memslaaufisussusasaandaly  udilosandSunmlysan 55 kD flagauannlu BFM
pﬁfi’ﬂ"[ﬁvvﬂﬂmuﬁ’lu%qﬂﬁﬂiau 55 kD (s lumsaunsaadlmiain 1l dans primer

fryulaanid wen aINInvii laasa
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Eﬂ‘ﬁl B.1 Relative comparison of specific IgE level from 31 CAP+, 22 CAP, 170
LGW and 35 HCW samples by indirect ELISA. Each data point represents the specific
IgE level in relation to the absorbance value at OD 450 nm. Solid horizontal lines
represent the means of individual categories. These data are representative of three

independent experiments. (Mengumpun et al, 2008, Appendix 3)



OD 450 nm

42

>

A
A
A
AL
A
A
a Laas .
A A
Iy : N A
A
A A A AA
CAP-positive CAP-negative LGWs HCWs

gﬂﬁl B.2 The IgG level from 31 CAP+, 22 CAP, 170 LGW and 35 HCW samples was
assayed by indirect ELISA. Solid horizontal lines represent the means of individual
categories. These data are the representative of three independent experiments.

(Mengumpun et al, 2008, Appendix 3)
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g‘ﬂﬁl B.2 Correlation of specific IgE and IgG levels obtained from indirect ELISA

(Fig B.1 and B.2, respectively). Each data point represents an individual sample from 31
CAP+, 22 CAP, 170 LGW and 35 HCW groups. LGWs no. 4, 248, 253 are shown in the
ellipse area. (Mengumpun et al, 2008, Appendix 3)
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Eﬂ‘ﬁ B.4. Identification of immunoreactive allergen by co- immunoprecipitation

assay (A). Protein mixtures of biotinylated BFM proteins are shown in lane 1. Fractions
collected from incubation with LGW sample no. 4, CAP’ sample no. P1396 and CAP
sample no. P2136 are shown in lanes 2, 3, and 4. Whole protein extract is shown by
Coomassie Blue R250 staining in polyacrylamide gel under denaturing condition (B). BFM

proteins were shown in lane. (Mengumpun et al, 2008, Appendix 3)
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TJusr asudil a@. 1950 LL@iﬂ’J’]@JiﬁVL@] ﬂmvmvlﬂaﬁnﬂmwwaugstﬁagjmﬂ ﬂﬁ]ﬁ;ﬂ'uﬂ'avl,&i

a

Hunitaind lsdulatne Avmihiiisadasiunsihdiduenzdens mafteradu

L 1 b & . . [ J ' o a nf
wzlysduasnansinidu hydrophobic protelmﬁ%a BENULUULLIN TIUINUNNINUIRNT
3 ada a A < “ A 6 o KR 2 [ ]
dedinanguneduadmll  dninemeaasfaaiuiawensuuidymidings lay
2161t inaflany proteomics waz genomics 1Ty atnalsfiou nsnazlduslomigage
NAHRINWIN b FuiudasendonananunugIunmIdunIzLIRMIFIA RN

A& 6

FYTNTIALT UL N EUH

a [ 4 a v ] ' A & .. A &

WaRLWasEIsTINGUTznaudensgas iy cis-isoprene LHaunInua lag
YUABULIINLIA(initiation)  VBINIYNTIFIATILREN99= 05T allylic  diphosphate 1w
priming co-substrate LRIONAILIUN DY elongation %30 prenyl chain extension WWaN3
a§1dLﬂuwa§LNa§ﬂﬁd(Archer and Audley, 1987; Madhavan et al., 1989; Cornish and
Backhaus, 1990). MIFILATIZA allylic prenyl diphosphates AzdadandsLaw oy trans-
prenyl transferase T4 ldwulanlodasnaniagnilusiuzaseumanunsaauazdiuses C-
serum N lawaInIUuLenIN819I7e (Tangpakdee et al.,, 1997; Wititsuwannakul and
Wititsuwannakul, 2001)LLa:VL@TWU’hﬁﬁmﬁwmsé'dmﬁzﬁmaﬁ]:mmmgﬂﬂszéju"l,ﬁﬁ’aU
. . { a a o [P .
allylic diphosphates 11A2148193MN Cs-Cyp LA BInBINTEqUIAGUU 17U Cs < Cyg < Cys
A o A 13

< Cy Cy (Archer and Audley, 1987). Gddasnmsanmnlasaidumnaianis  C-NMR
wunguniisdaslalawiuiivhwihiidugaisudu (initiating species) lumidaliuniian
¢iag IPP WU cis addition Vl,ﬂﬁ“asle] autdu rubber polymer (cis-1,4-polyisoprene) i
trans-allylic diphosphate 372N farnesyl pyrophosphate (Tanaka et al., 1996). ﬂ’«afgﬂ'u
o L ® A | & A o o . o A | A
e liidunnnudreunmasaduundafiaing initiating  species dowiald  InInuga
MI&E4 initating species WIBNNIANNENIVBINEBLNETENT aeindls

ﬂm:;ﬁ%'sl"l@i”wuiwaaagnmﬁ”uﬂaa@ (%aiﬂlﬁawnagnmma)
(Witisuwannakul et al., 2003) LLastJsJLi_liwua\‘la‘%mﬂﬁu%aa(ﬂ(WititsuwannakuI et al,
2004, Appendix 4) ignanTawasonlanasnstuisniinenigaaiuinIad ultracentrifuge Af
drzantnwlunseanefwasonagunu 39 lAinaainnenumsanIiguaei

{ & = A £ a &
pruuaynasniinluedauu unsdnsunenniaeiIgneie g wiailuayna
A & Y = o A A @ v A o & A

prndudaudrswniusulisduanaunmatunaaafiinaidasiuiidanziong Nnga
sanlinIadsiuuusuiun SildlinsmBalidunwnae (@agdduane)las Southom
(1961) lavazianldiroumaluienidsznevlddisayniama (rubber) ayninanasd
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(utoid) U8z aRNA WY H (Frey  Wysling) inlugnwsssumaluvatiiens e
donlganuduaiotnosnsun (reticulum) LLmuaaU@gjhdM%W@@L%M (cytosol) T
619 UI9WAE9BILA38Y ultracentrifuge ﬁﬂﬁm{ﬂmaa@ﬁﬁwmﬁﬂmﬁmsqzyLﬁﬂmm
L§E 58 ILAS BTN UNILIHIIIURAINEND  wBNINEUSOUthom (196185 lagmiignulii

= 1 0 A & iAo v ad o a 6
LAIDUILIILALAA UL T ULARINYINR YN RIIWDRLNDTENY

suct sumBatsenuidulylduesmuzanlosasaymaddiigluriaims lay
Southorn , 1961

Wovnmsusninensae lagnsiiuisndisieies ultracentrifuge At 49,000g 1%
45 W7 mgmﬂ@mqﬁﬂs:namflum’%amm’num:gmmmfi'ml,l,zmaaﬂmﬂﬁu lag
au‘,mﬂmaamaﬂﬁuvlﬂag%”'uuquiﬂmu‘%nmlﬁ%umw:ﬁmgmmWﬁa‘%om'}:a@agﬁasl
Laniiay ﬁaulmy’maaagmﬂgﬂaﬂﬁLLa:LWs’Ea%'wzgnm%mvl,ﬂa%iu%nmﬁumam Faiums
Aunuislszdniniwaasaynaiunaen lunmsvhidaanedenalasamedide
[Wititsuwannakul et al., 2003, Wititsuwannakul et al, 2004 (Appendix4) ;
Rattanapittayaporn et al.2004 (Appendix5)] 39tdumsisButadmiiginues  Southomn
(1961)

miﬁﬂmadﬁmmflmiL?imﬁu%’;ﬁamﬁzﬁmﬂmﬁsmuf: Fadunsinmn
doitosaninarinly I@m:ﬁ’mwﬁme:ﬁmm@maowaama%maﬁaﬁ”n“[mmgmﬂ@m6]
POIIURNNLLTY WD dAnmmguaNidvIanna s sadaduandnuas

LAIDANETIILALN LAY LWiﬂzluaamLmuvl,&iﬁiagami?mmﬁau
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o a 6 1 a s { o
C.1) ﬂ')ﬂ')ﬁ"JLﬂ?’)&‘:ﬁ@ﬂ'J'Mlumﬂm’]dﬂa\?ﬂ%?ﬂ?lﬂﬂwaﬂLNﬂ?H?Jﬁﬁdlﬂ??&‘ﬁTﬂﬂl&l&l

wanlsiinavanniade 9lwaiazhesoun

gunsaluszisns
a) MAAIVULATA UM ATUARE
mm{wmaa@ﬁn‘%mmﬁumaﬁuf RRIMB00 lapsassusromousiiugl$lu
g Wiwuendsieias ultracentrifuge 7 49,0009 e 40 widl ‘ﬁ:ﬁma'«a:gmwﬂ
paniiln 3 Tu %y'uuuqmﬂu%y'umaamgn’mma gunaailusasnadla cytosol (C-serum)
LLa:%”'umaqmﬂumumaaauzmﬂﬁwaaﬂ (bottom fraction, BF) ugnia@uaad BF (U9
measazanatiwes [ 50 mM Tris-HCI (pH 7.4)]ﬁwauﬁm 0.9% NaCl (w/v) $1%3% 3 A%y
LaSUENEIUDDI BF NHIWNNIA982810UA2 (washed bottom particles, WBP) @gn13iu
wondt 45009 (e 30 widt AL lsmmueAuglwiugs
b) MIATLULNALLITUIMNARIATTURAEA
i WBP %%amgmﬂﬁuma@ﬁ'mumiﬁnLLﬁﬂﬂﬁﬂﬁLL@ﬂI@ﬂ"l:ﬂmaum
Twinaudsines 3 wiudanulagmsldieissniu wendnsesuuiusuoanlasnisiiu
LENTILTIWI g 4500g W1n 60 Wifl u§MIR19 3 A39 dasasazanasiwes [ 50 mM
Tris-HCI (pH 7.4)]7iWEaeae 0.9% NaCl (wiv)] WUSIRTaINNLIUTHIWNNTES ( washed
bottom membrane, WBM) (v 13 lunmususluiiugs
¢) MIATLULAZAIIOUNIAL
LENLENEIUBDIAUNNALNVWIALEN WIaLTLITH Zone 2 awfi Moir (1950)
a1y wasmsthuentinenesadasieias ultracentrifuge # 49,000g Lunan 40 Wi
g 3 a%s Momsazaatiines [ 50 mM Tris-HCI (pH 7.4)] Y3a1a3 5 i1 0
amgmﬂmaﬁmumsmd ( washed rubber particle, WRP) (v 15 lunnausfAusluinuds
d) MyBATERUP AT TIFIA TR
Assay mixture  wa3UA3pNEIFIATIERESUSENoUGIBRLUGIN IDP
allylic diphopshate initiator C-IDP, "H-FPP %38 'C-UPP wausuldsdinain WRP
wio WBM lapwawnatilu tuiWas (50 mM Tris-HCI, pH7.7) auneszdaiveinu e
31 WIaanT19 wiauene reagents Suﬂﬁﬁ%m (30 mM KF, 5 mM MgCl, Laz10 mM DTT)
uazdimsidu 20 mM EDTA  asluyjisomuau Tasazldnmsuafigomadl 30°c 1iu
nawn 2 lus udmgauFAznlasmsusiiuds dewinluaria radiolabeled rubber
e) NMYLATEZA radiolabeled rubber AldandFATinGadsamziing
¥msanaznat radiolabeled rubber (CH-rubber w3a '‘C-rubber) #'lda1n
UAFendnanziins lasnsiduenmuanandlily assay mixture udailuusnaznaud

12000g W% 45 wfl Taznaui be lavansluansazans hexane:toluene (1:1) waduwuen
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ndnfiazans lssnsifiaantSanasasuaranaznasn radiolabeled rubber u’%q‘n%( PREE
Flawnsalonmuas  naznaufilaluazanslu toluene USan@s 150 i ﬁm’%qﬂ%(
radiolabeled rubber FEMIANKNAN G280 T lARLTLEUUTINAT 750 pl $1wIn 3 A%y W
aznoudlalazanslu  toluene %amigagium@ scintillation  ugin I dluiedas
scintillation counter LNBALATIZHEWIIAWNLSUTIWENTI9 V89 radiolabeled  rubber 7ile
ol
f) Marhddaazienalag WRP @aan ' 'C-UPP Rubber fig31slag WBM
N 50 mM Tris-HCI buffer, pH 7.7 (37,650 cpm) N&31991n C-UPP lag

WBM 1 incubate U WRP lutit)iWas (50 mM Tris-HCI buffer, pH 7.7) U3a1@3 200 LU
fisznaudis 40 mM DOC, 5 mM MgCl, , 10 mM DTT a8z 1 mM IPP mmiuuﬂgnm’m
37 C 4 4 °Ii’JIlI\‘1 %q@ﬂgmmi@mmmum LRSYINNILEN C-rubber @GT\EJ&&BU@I‘Y]
Aa Ut 9Gu
g) MIIATIZA molecular weight distribution (MWD) V84 14C-rubber

vhansazanla tetrahydrofuran (THF) 713 “C-rubber u’%qw%‘azmﬂagvlﬂ
YINNNTATILRA83D gel permeation chromatography (GPC) lowldFsuasnasuil TSK
gel (Tosho)Adialiloarn 4 aaduif fien exclusion limit §931.01 x 10°, 1.72 x 10°, 1.13 x

10* waz 1.30 x 10°) N3¥ GPC IFgannd 35°C waz THF (Hueare Ndamslnag 0.5

ua/wf vimriadiganauuss (A210 nm) uaz USunma3adues polyisoprene i fraction
d199fignozaanaingufl wiauninidn molecular  mass  lasiIuufinuiy

polystyrene MW markers.

NAN1INARBIUA TN TOING

mnwalugﬂﬁ C1 azmiwindald “c-UPP 1w allylic diphosphate initiator LuatL5w
IﬂsaumaamgmﬂgﬂaﬂﬁuauWﬁa’%a wia aymaniunaea (WBM) uszdniawlunis
guanzipaldnnniegmasswadnis 5 i lasdssEninmwlunsdaneiong
w89 WBM fildannmsld "“c-uPP Wlu allylic diphosphate initiator azgaﬂdwﬁvlﬁa'mmﬂ"ﬁ
“CIPP waz H-FPP Uszanoh 6 uaz 2.5 hanudieu (gﬂﬁ" C.2) I@ﬂﬁﬂ%ﬁfﬂimLaqamao
n9fig1997n “C-UPP Tay WBM fidiamziilaann GPC adluzng 1-4x 10° w8zl MWD
\Jw Uy skewed unimodal (3ﬂ°7i C.3-4) I@m{mﬁfﬂimaqamaawaﬁL;Jﬁﬂ']ﬁdﬂﬁﬂ%
Rududszanm 3 winvdarndwids 9 x 10° 1avinly incubate U WRP Afimsién 60
uM 1PP Tagil MWD uuy unimodal (311 C.5)

wamaaﬂ’ls?ﬁﬂmﬁy’mﬁﬂimaqaﬂ’m fanalaswuuswanloiffeadasny
ATTLIUMITIFILATIERVBILNIBITUTIR ﬁﬂﬁléfmm%ﬁumulmiﬁaﬁuauuﬁaé’mﬁmu

v A 6
VIWNINYIFIRAT (Southorn, 1961) ﬂ‘.IJﬂL‘.Uﬂ 'J']INLE\mﬂﬂ"IGWW ﬂﬂﬁi’]x‘]“ll%luﬁ']{]LlelﬂJ

q
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WIkiTaNauMALd aumagnasd uaz auna wWsIads hdeiu lasdautuaan
o o . a ) < o a
MIFNIEA early elongation Azl3uNNBYMARUKADATIIzNOUGIOUNMANTIFRIULAZ

° [ [y a { 5 &
aumaanasd imaahildwedimasunafifvwaidn (1 - 4 x 107 ) wazll MWD 1w wuu
skewed unimodal WRYIMNUUNITETINIZAU late elongation lﬁﬂﬁwaamai{mdﬁﬁmmmlmyj
£ 5 a £ 4 I3 o @ < X o &
(9 x 107 ) aufieduflaypmasnuwiadin - ey nilazandoeuls rubber

transferase THA¢3 G]ﬁl,m:agjﬁ'uLummumaaa%mﬂﬁdﬂdn

70
%'*C-UPP incorp

~ 60 4 O control | E1 sample T
= A 056 3.32 e
x s504|/B| 062 17.00
£
Q
O 40
o
| %
S 30-
£
& 20 -
=
f 10-

P A o s a e o a '

3N C1 Fradaanedeelas WRP (A) uaz WBM (B) Tadianauiildifiuuiria
INARNUAIUszN e 20 mg uazdl 'C-UPP (354,000 cpm) tilu allylic initiator laglu
Ujisenmuquazld 20 mM EDTA  szeufianssuuaaslugdues % “cupp han

incorporate 1 I lulutanamsftldainnisana toluene/hexane (1:1, viv).
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16
O Control

14 4 B Butanol
a E Toluene/Hexane
=
=] 12 A B
o e,
=
L 10 -
>
© 8 - 5
2
] 4 Y
2 6 I
© i
o s
&) 4 2

B T C

(*c-IPP) (*H-FPP) (*c-uPP)

Eﬂ‘ﬁ' C. 2 anBwaaq allylic isoprene vildaTiguanzienslas WBM (B) UjAsen
30197 200 pl Ysznauad WBM ( Usunasiminuis 20 mg), 60 uM IPP , radiolabeled
allylic initiators [12.5 uM "H-FPP .7 ci/mol(B) or 100,900 cpm ' C-UPP | dwiuifizen
AWl allylic initiator ueifl 15 uM "*C-IPP (15 cifmol) laglu UfATenauquazls 20 mm
EDTA szdufianssauaaslugiues % “c-upp ﬁgﬂ incorporate LiTﬁ"LﬂluIsJLaqamaﬁ"l@T

AINNIRNA toluene/hexane (1:1, viv).
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800 -
= ~1x10
S ] v B
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3 A M @
& 600 - S
= 1 [ in
Q- -
_9_ _|
Q W —
|
S H A
£ 1 il
o
2 [
(&)
= \SAR 52 /./..: Aimrer i miris

3 4 5 6

Log (molecular weight)

gﬂﬁ C3 mﬁmiﬁ:ﬁﬁmﬁﬂmaqamaamdﬁa%ﬁﬂ@ﬂmumad WBM Nanasnaualg
acetone T4 0-20%lasdl UPP 1w allylic initiator 828 GPCYinuen radiolabeled rubber
88n3n origin spot WaIM T luendls @ae TLC udih ldiwseials GPe lasld

>

gannd 35°C uaz THF udizz NdaTmsiva 0.5 wa/mfl vimviadl USunmiss
(A) uazFMIgAnAuLEs 1 A210 nm w89 polyisoprene luagluudaz fraction igna:
2anuINn U7l WiaNNIMAN molecular mass  laglUSuUAiBUAL  polystyrene MW

markers.
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= 500 -
_Q 3-4x1v0
& 4001
= A
<y
5 300+
i i
o L/
— 7]
S 2001
£ .
& 100+
=
o
< 0- ut

3 4 5 6
Log (molecular weight)

gﬂﬁ' C.4 mﬁmezﬁm{mﬁfﬂiuLaqamaama‘ﬁ'a%’]ﬂ@EJ wBM lagd UPP 1Ju allylic
initiator §28 GPC ¥iwan radiolabeled rubber 880N origin spot Wadn13¥in lusnaae
dae TLC uimhlfienzidne GPC lauldamnnll 35°C waz THF Liludane fsasms
Ina 0.5 wa/fi iimyiad UTmSIE (A) uazdnIganiuuas 7 A210 nm 284
polyisoprene lua%ﬂuu@im fraction ﬁgﬂ‘ﬁzaaﬂmnﬂ JUIN w3ouTevnen molecular mass

lagSeufisuny polystyrene MW markers.
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300

200 Ay T {

“C-labeled short-chain rubber
incorp (cpm / fraction)

0. T L
3 4 5 6

Log (molecular weight)

A a (:/ L a 6 o A a A o a 6 A

U 5 myllensdiihwinluanazaswefiwefosasiiiuiiainedwe s
ai19lan WBM (3071 C.3) lulincubate il WRP 7ifin13iéia 60 pM IPP lasti radiolabeled
rubber fiugn’leian origin spot #waan3vh TLC lesedidne GPC lanldamngll 35°C
wae THF 1Juadze 19amIne 0.5 a/wfl  FmsiaandSunased (A) wazenns
A A i \ ' i A A
QanauugI(B) 1A210 nm w83 polyisoprene luagluusaz fraction ignazaanuInn guIi

WIaNNIAN molecular mass lagdTouLisuny polystyrene MW markers.
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C.2) M3 Anv1AmaNLAYaIaRN1A LV\IS'?aé"aﬁag'Yum%'aﬂ'ws'"mm
C2.1) n’;sf@am’f@mulﬁ&f 1-deoxy-D-xylulose-5-phosphate reductoisomerase (DXR)
m&m@m&mmﬂﬁaaﬁ'd f:LmﬂGhdﬁ]’mmgmﬂgﬂaﬂ@T LLaxm!,mﬂmﬂu
LA3DTHIURA  (reticulum) maﬁLﬂum‘l‘,mﬂﬁﬁmmmuﬁaﬁu 2 %y'u AREY G]ﬁ'umgmﬂ
plastid 37N chromoplast L&s leucoplast Tﬂdﬁ“ﬁgﬂﬂﬂﬁ;’ﬂﬂ IDMIRILATEA isoprene
luauna plastid aziduuuy MEP pathway F9zuan@99 N3 e (MVA pathway) 73 HMG-
CoA reductase il rate-limiting enzyme waziiadwl cytosol (3‘].]“71' C.6) u¢in MEP
pathwayfﬂzmﬁﬂ glyceraldehyde 3-phosphate Wae pyruvate %ovlﬁmnmiamm glucose lag
eh pentose phosphate Lﬂumié‘?\‘iﬁmmzﬁ 1-Deoxy-D-xylulose reductase (DXR) 1w rate-

limiting enzyme (Eﬂﬁl C.7)

CO5 MVA, Acetate Glucose
; | Glucose
! e : GAP, Pyruvate
Pk I ;
I ¥ i
¥ Acetyl 'CDA“,_ +—GAF‘, Pyruvate
GAP, Pyruvate J. e .
i HMG-CoA Acetyl-Cod
1-Deoxy-D-xylulose
¢ MVA 1-Deoxy-D-xylulose
IPP IPP IPP

Y & '

™ ono-, Diterpenes [SEEQU iterpenes " Ubi quinune'
Carotenes Sterols

Plastids Cytoplasm Mitochondria

gﬂﬁ C.6 NMIFATA isoprene T 2aSUNULLA (plastid L8z mitochondria) wae L

Tawangdu
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1-Deoxy-D-xylulose  2.C-methyl-D-erythritol

5-phosphate 4-phosphate
rspC :OH ispD
opr T =
)‘n’ KK“OP i > Y'\'O/\ T & L (vgbP)
Pyruvate GAP DXP MEP
0.0
O+ N__NH \'P‘o_ 0. N.__NH
Moo 9 Y sk o fod O
0-pP-0—P-0 0, __N_= —_— 0-P-0—P-0 O, N =
OHOH O O \U {ychB) OHOH 0 O /
- 7 WO oM HO  “OH

IspF N 10"’:0 BLLEE ’)\/\
—_— : —
(vgbB) m d 07 “(gepE) \;1{15) ” idi

“=~~orP DMAPP

Eﬂ‘ﬁl C.7 The non-mevalonate pathway or 2-C-methyl-D-erythritol 4-phosphate/1-
deoxy-D-xylulose 5-phosphate pathway (MEP/DOXP pathway) of isoprenoid

biosynthesis

AInK inaumMayIafs sannashs IPP ldann glucose Aanalianudulylddndunna

mmsnLﬂﬁﬂummaﬁﬁag’lmﬂ%am g5 b L wenslasas

6 AaA
ainsnkuasIsnTs
a) msm‘%uwmgmmﬂﬁa’%a
ihssaaanuuendisiaIoamywniss 1 1700g gannd 10°C Wi
30 w11 1w swing-out bucket rotor Lﬁaa@mﬂmﬂs:me:%d'mmgmﬂ@m 92893181910
PN NIAIL ﬁ’m'ﬁﬁﬁﬂdmﬂ%ouwﬁad’mlmyjLﬂuamgmﬂmaaan"l,ﬂ WA FIUAIIA
fmdalUduuanf 7000g gaunni 4°C win 15 w1l lawld fixed angle rotor 118193290
& & & . o & a A a a A )
upnaanidu 3 TU  TULIITOYUUFA I@s’Lmumw:umgmﬂLWiamqamaaaauau
IETe PR LHRH MMINUTINOUNMALTIURDIAINET? udth lUduuandleinIad
ultracentrifuge i 59,000g amAnNi 4°C W 20 wfl mmimmwnauaumﬂLWnaso 3
A GERIIN oE
a 6 A [ e 14 A o 14 a
b) MIUANLANIANUH  C-prenyl N831991n  C-glucose Imam&mmﬂn
GOy
haymanisssnaionld i lduanlass sonication usd lUana

L1EWERLAIMTT UL NG BWTILAILY 10,000g N 4°C Wt 10 w1H siawladSunas 100
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W BafiFannlusiu 280 g Tlalu reaction mixture 15an@s 500 W Fatlsznaudas 50
mM Tris-HCI, pH 7.8, 10 mM MgCl,, 10 mM DTT, 30 mM KF, 0.15 NADPH, 74 uM
mevinolin (lunsd@ifild ) uaz 1 mM [“Clglucose (5 Cimol) YnmaLadFATmd 37 oC
D 6 72189 WainmIusnNaan ™ prenyl diphosphate @28 1-butanol W&IiNNT
snunynasiladioaanlaslfionlss potato acid phosphatase afianAaATH prenols f
a8y pentane wdi1U3AI1eR@785F TLC UnLHB reverse LKC-18 plate wazlt
acetone/water (19:1, viv) \uaiwe vimadIsuinauamwiany prenols mmgmﬁmmm
vaainlalasandsloszine lolafundonnuienzvivndSanos  radioactive lundanuad
prenols ﬁﬁmﬂ%ad Bioimage analyzer

b) mﬂﬂauﬁ;\‘i cDNA 1831-deoxy-D-xylulose reductase (DXR)

¥lagld PCR product iflanusmzdsldaanuuvainansauiuying

2410w |13 solanesyl diphosphate synthase Tu nudays nlfidudrdanuluniasia
mﬁué’aﬂﬁmmﬂﬁmm‘m%aLﬁmaﬁL@]’%‘U&Jmm{ﬂmamﬁ nniususmvasdusanandld
aninaneanuuy primer LﬁaH‘Lumsm%udaumsﬁugm‘mﬁgmm‘maal,auvlsﬁﬁ 79
Noazdoale (Yoonrum et al, 2008, Appendix 6)

g) MINATNLHNTUEAIB8N MRNA 289 DXR

msanzilagld RT-PCR Tasms amplify total RNA (1n3%) fiuon'le

nniflaiadns 9@e primer floenuuusumizi DXR

f) mim@mmm‘fiagmaa DXR AeluLnas

msm@‘mmm“ﬁagmaa DXR meluaas vilasandeinaiianis Gateway
cloning systemﬁ\‘li’ma:lﬁz}@lu Yoonrum et al, 2008 (Appendix 6)

NAN1INAREIUA I TBING

a1nm33n [ C] glucose 't incubate ﬁuawmmﬂﬁa’éa Tugnwdifien s HMG-
CoA reductase (mevinolin) wudﬁmgmﬂLWﬁaﬁammsna%”’mmi ['“c] prenyl lemane
TH@57uN9 FDP Wwaz GGDP a1n ['Cl glucose  udtSunmfildazifiuindnnindilelu
amwilaidnsladasugs mevilonin (gﬂ‘ﬁ' C8) uaziiesandmineanwin FOP 1w
allylic diphosphate ﬁgﬂ‘l"ﬁlﬂu initiation species TwM3B3UNTTLIUNIITIFIATIER BN
é’aﬁ?uml,mﬂLWﬁaﬁlamwzﬁmﬁwﬁa{N initiating  primer  [WNUWaANaSININ MG ue
diosnndlignenule G]VL@Tﬁwmsﬁuﬂ‘wjﬁmgmﬂLwﬁaﬁalﬂumgﬂ’mﬂmnﬂ plastid
3399 aununmdsuialavinnslaananlod 1-deoxy-D-xylulose reductase (DXR) &9tiln
rate-limiting enzyme lunIsaazh isoprene lag3d MEP lu plastid NMTLE cDNA

library Nia3oylaaninens ivaidunstiugn
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S.F. —

CIS * B

Coo — ‘ o

3‘ﬂﬁ C.8 TLC autoradiogram a3 [14C]prenyl (%ﬁ'dmiﬂ'azlﬁ’ssl acid phosphate) f
¢ nn3 incubate [ C] glucose nuaymaaumaiiads Tuanwilad (lane 1) uazdl
mevinolin (lane2) Nauagjéfw (S.F. = solvent front; Ori = origin) (Yoonrum et al, 2008,

Appendix 6)

nam3laands DXR 9ne19w1s (HbDXR) lawld cDNA library fitesoaldaininens
wudn B HODXR  Usznavludremniis putative ORF (open reading frame) 78 % m3
Sesseuiuanduaiiny DXR Tuiwdngfa L. esculentum (86%), A. thaliana (82%), S.
rebaudiana (82%), and O. sativa (80%) (3ufi C.9 ) laglusAufifianziain HHDXR vz
rznavlddronsaesllu 417 @1 warA@indl molecular mass AU 50.97 kDa
WONINNTHIINLINTZAUNS expression B898% HbDXR ﬁmnﬁq@lulmﬁmﬁamuﬁm
MnTonanuazddusouasfuning  Tszautunansluinens uazunylifiseluluens
15 (gﬂ‘?‘i C.10) 3t HoDXR Alaaswldiniuriefifiinuinnzdavionens ainms
@379904u HbDXR @21 ChloroP algorithm wud1 HbDXR finimezdilu 80 @aeu N-
terminal vz dugrudivhmiailu transit peptide o DXR 111w plastid 3
N0 ERIUNNNANINARBILlANT fuse 81 HDDXR @28 GFP fluorescent @39USIITH
C-terminal  ud i lldlwimad Arabidopsis  Uminginaansawufu HHDXR luuSiamd
\I% chromoplastid (chloroplast) (gﬂﬁ' C.11) S350 m&mﬂLWﬁa'%'ﬁaLﬂumgmﬂwmaa@ﬁ
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thaliana
esculentum
sativa
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brasiliensis
leocpeliensis
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it ol 5

thaliana
esculentum
sativa
rebaudiana
brasiliensis
lecpeliensis
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olb v it o o

thaliana
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brasiliensis
lecpeoliensis
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ol oo o

thaliana
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sativa
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lecpoliensis
coli

Mamwote

thaliana
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brasiliensis
lecpocliensis
coli

mumnony
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1 dl v i v ] [l =1 dl v
wazWAzNgMaInuNsaTeninedaylalawin - Aldlunisasis

S @ . ° o o &
way GGDP @slaiu primer mmumsm’mimaqama Tutuaan

4
WTSRF---NPIPQWLSGGF SLRRRNQGRGEFGKGV
MHSKSSYNLSHLFTGGLSIRRKECSGAEAKRVY,
WSNRGG-AFNQLVDLPFQTRDRRAVSL-~-RRTC =
WTCKSQ--THLLMLOGGFCFKRKDVKLAG-KGI -
BSTKS---SHLTRHLPGGF SLKRKDFGARFGKEVY, =

-VEEAPRQS -[lisle

TGSIGTQTLDIVAENPDKFR
STGSIGTQTLDIVAENFDKFRVV

CALKHENW) KITVDSATLEN

ITVDSATLEN

JGFPITVDShTLEHK

-REVHA
-SEALV
-SEVEV
TAVALV
RO I SLOPTSEL-SEVLA
Q00! PElorveasyoBLESVY
AATN- SVLEBMDMREPOCV DDVLSVMARREVARKEVMRLAS

IRRHREEI{ENI QCAAQLS!
CLE@SRY AVMDDEASAK:

IERH‘IF~yBl ‘
IEHH"LEJ EYDRIEIVIHP
IERH&LFadHaEHIEI”IH
IEAHYLFGMNY DL

477
475
473
473
471
402
398

SlcdS THADFRPACVYV
$3JeSLPQPIQENLEYADLEQ

NIEIVIHP:

IVIHP

?LS

1.8

ﬂANVk

BENEKE"E

gﬂﬁ' C.9 Multiple sequence alignment of the deduced amino acid of HbDXR and

DXRs from four other plants including two of those from bacteria. The residues boxed in

black indicated the positional identity for at least four of six compared sequences. Dashed

indicate gaps introduced in order to optimize the alignment. Asterisks indicate the

NADPH-binding motif. The putative cleavage site is indicated with an arrowhead. The

cDNA accession number are A. thaliana; AF148852, L. esculentum; AF331705_1,

O.

sativa; AF367205, S. rebaudiana; AJ429233, H. brasiliensis; DQ437520, S. leopoliensis;

AJ250721 and E. coli; AB013300. (Yoonrum et al, 2008, Appendix 6)

167
165
163
162
161
88

88

246
244
242
241
240
175
175

332
330
3z2s
327
326
263
263

420
418
416
415
414
348
348
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Inflorescence Seedling stem Leaf Latex

Eﬂﬁl C.10 Analysis of mMRNA expression patterns by RT-PCR. A: mRNA
expression of HbDXR (28 cycles); B: 18S rRNA expression as an internal control.

(Yoonrum et al, 2008, Appendix 6)

BA510IF BAS585IF

HbDXR
-GFP

Eﬂ‘ﬁl C.11 Subcellular localization of HbDXR in Arabidopsis T87 cells. Cells
expressing HbDXR, fused with GFP at C-terminus of GFP and GFP, were observed by
laser confocal microscopy. The panels indicated as BA510IF, BA585IF, and Merge show
fluorescence images of GFP, the autofluorescence of chlorophylls, and the merged image

of green and red fluorescence, respectively. (Yoonrum et al, 2008, Appendix 6)
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a 4 .

C.2.2 m3laawitsian losi solanesyl diphosphate synthase
A A a & a A A ' Aa &
Mo AN Lﬂumgmﬂmmwag‘lumsamm’mmwmwmmu 2 Th
R I Aaa A o A A o A4 o [ o . \
vavin uaziluanynmaniimwissendudainazlininfine19a9nun1Iasng carotenoids U
tatudoyaneanuiansisasaumaidalitasann A8 la¥iNMIINTIATILHM

o . . . . ) . & v { U

§1391WIN  plastidial isoprenoid D% plastoquinone TIONTININ IPP #laxnan MEP
pathway vadaymanaada  wiaansimilaaufsenloiniieades nofudadums

La‘%wﬁagaﬂmauﬁ'@ﬁwLW']:@Tmmstluwmaam aam&mm%lﬁ s396ial1

gUnvalusz3oms
a) msm’%wmganﬁa’%a
ﬁwfwmaa@mﬁmwnﬁama%magum%m #i 1700g gunni 10°C wIw 30
w#i 1 swing-out bucket rotor Lﬁaa@ﬂ’lwummmﬂs:wjnmgﬂ’lﬂ@m quaginenalu
mmzﬁgﬂmﬁlm ﬁwm‘sﬁﬁﬂmuﬂéauuéaahulmy'Lﬂuamgmﬂmaaaﬂvl,ﬂ wdthaIuaIE
fimaolutuueni 7000g gunnil 4°C win 15 w1l lawld fixed angle rotor ‘L{ﬁmoﬁ]zgﬂ
wonoendu 3 T4 %umwzagjuuq@ I@ﬂlﬁ%umaﬁ]:ﬁa%mﬂLWﬁa%:dﬁmﬁaaauﬁu
WUIUADLE MITIUTINEUNAUYILABLAINGT? wdrih lTuusndrsieias
ultracentrifuge 71 59,000g gunNil 4°C WK 20 wifl ﬁ'mﬁia”’mmﬂaumgmmﬂﬁa‘%'o 3
asicoiines
b) n13uLan plastidal isoprenoid
¥N13&Na prenyl lipid aanmnmnauagmmﬂﬁa‘%a 1asmy reflux e
f13azang  chloroform/methanol  (2:1, viv)  ¥hansana blszmelduiualazanadie
chloroform/methanol (1:1) ¥ ldusndls  TLC (Kieselgel 60 F254) lasldansazans
hexane/diethyl ether/acetic (80:20:1, viviv) Wuaasz s ldusin TLC lusaslduas Uv
WELENLEIEIUVEY prenylquinone (R; 0.27-0.59) luanase chloroform/methanol (1:1) ¥in
T uaahldazanslu solvent A (methanol/propa-02-ol; 4:1,v/v) UW&I¥NANSHEN H1%
AANI reverse-phase C18 Symmetry 5 m (3.9 mmx150 mm) AfimsUsuamweians
W& solvent A NU solvent B (mrthanol/propan-2-ol;1:1,v/v) ludSuesvinnu mudanns
s 1 wa/uf Tagdadie3os HPLC uavinnsseais linear gradient 370 50-100% va9
solvent B LT%1381 10 W17 WAIAINGIE solvent B 80 10 W1l LATUURIIAZAILNINTIIN
ubiquinone 10 1w solvent ialFlumsi3aufioy uwasvinnsiuguas platoquinone 7
Ww3suaatlalasiT Hirooka et al.(2003)
C) ﬂ’]ﬂﬂauﬁa cDNA 284 solanesyl diphosphate synthase
vnlasld PCR product Adanusuwzdsldaanuuuanangeuyng
v8410u T3] solanesyl diphosphate synthase lu nudays anlfidudramulunemis
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mﬁué’aﬂénmnﬁaaag@%aLﬁmaﬁm’%'ﬂumm{wmdmﬁ nniusumueadudansle
aniuN@anuuY  primer Lﬁal%'tumsm%umumiﬁugnﬁuﬁmaJmJaaLau"lsnﬁ a4
Neoazdualu (Phatthiya et al, 2007)

d) N3Le38N Hevea solanesyl diphosphate synthase (HbSDS)

Flasmyshuuafiisy E. coli BL21 (DE3)pET32a/HbSDS &slalaauin

SDS #iun91n waafia pGEM T-easy/HbSDS  angniinlilisein SPS uaasaan udavh
N3N SDS 9NN& pellet fraction U4 cell homogenate %é’amiﬂmmﬂ

e) MINATLANINTINVEIHDSDS

1 Aaaa . . A [ 6 a
funaNvadUfA3e0 (reaction mixture) NlTlumsssanzdensludsunas

Va9FTTIANA 0.1 ml §§ 50 mM Tris/HCI buffer, (pH 7.5) , 5 mM MgCl,, 20 mM P-
mercaptoethanol , 50 uM farnesyl diphosphate, 50 uM [1-14C] IPP (2.15 GBq.mmoI_1),
0.5% Triton X-100 W8z 200 ug 24 crude enzyme ﬁ’m’rsﬂuﬁqugﬁ 30 °C w1 1w
1 2l
f) MTIATIZA product AledannAansTNUeIHLSDS
¥MN1TRN@ product prenyl diphosphate AladlenainsUuals butanol ua2
Ifiewlesd potato acid phosphatase HazwiwasiWaaan niwihldusnunuEs TLC
299 reverse-phase LKC-18 lagldaivinazans acetone/water (19:1,v/v) wanii lU3iazi
@Twm'%'aa Bio-image analyzer
g) MINATNLHNITUEAIBEN MRNA 289 HbSDS
Fmieeilagld RT-PCR Taums amplify total RNA (1n5%) fiuon'le

nnLhaldad1y 9628 primer NoanLUUSLWIZNU HbSDS

NAN1INARBIUAs I TOING

NRIININIUIRTT plastidal isoprenoid ‘ﬁlaﬁ’@%’mai&ﬂ’lﬂLWﬁﬁ%deﬂﬁ’]U%qﬂ%ﬁﬂU%%
TLC WAz JtAT¥eny HPLC (31/771" .12) lagwSouifinuny plastidal isoprenoid (PQ-9
uAz UQ-10) fiariaa1n chioroplast waz mitochondria vasly  Umngindumsaiaan
Nsduaiia PQ-9

nam3laands SDS 9N lawld cDNA library Ma3suldarningns wu
fu HbSDS Usznavludrewils ORF (open reading frame) 7 encode n3nazdlu 418 7
wialUsduauna 46 kD (3‘7_/77' C.13) lasmiugasaanvaslisdudinarilu E. Coli azaglu
E‘IJ?JEN recombinant protein Y41 60 kD (31/171' C.14) I@Uagiummamxﬂau ﬁy/df:LWﬁz
Tdsduasnanadsznavldronsaazfiluafia hydrophobic 9 48% luwmeiininasziilu
w9@ hydrophilic 189 28%  uas AnInazlluaanunfeny SDP synthase 1 2849 A. thaliana
70%, ODP synthase 284 E. Coli 46% , GDP synthase W84 Citrus siensis 41%, GGDP (Eﬂ
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1 C.15) WazaN sequence analysis V89 HbSDS lag Predotar program wuinusznauld
fuswpey plastid targeting sequence WaNINNEHIITINNTOAUTUINHAASUHR Lerann
Aanssuvasiawlosd HbsSDS lussafiaildain IPTG-induced E.Coli 418w SDS ilaau
l@aansnasne C,s prenyl moiety (gﬂﬁl c.16) lasanlminsnanianuiumizas allylic
primers  AUAGUGIH  GGDP>FDP>GDP  wananiuIsmanIanunsuaniaanyed
HbSDS mRNAs Vlﬁgdq@‘l,uﬁﬂma S’fjag\miﬂﬂuLLa:muéwﬁumaaﬁudau e bwuns
waaseanluitatfiasn (31/771" C.17) ¢atin PQ-9 lua%mﬂW\Iﬁa‘%amazﬁmﬁwﬁﬁuﬂﬁﬂ
wha luFASeneaiflosvasnizuauns desaturation Aisnfudwiumasine carotenoid
w3 anaviwinfiluans antioxidant adeaEIRUWEARaY ubiquinone 1w mitochondria
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E'}J'ﬁl C.12 HPLC chromatogram of Hevea prenylquinones. (A) Chloroplast
plastoquinone-9 extracted from leaves (B) Frey-Wyssling particle plastoquinone-9
extracted from latex (C) Mitochondrial ubiquinone-10 extracted from leaves. (Phatthiya et

al, 2007. Appendix 7)
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1 AATCACTGGCCTCAAACTCAAACTGATAAGAAACTCCAAGACAAGACACGETCCTATGTGGGCTTATTGGATCCACGCAGTGGAGAACTCCCACTTCTGT
101 CGTCTGTGAAAAGAGAAACTTCTGAACTTGGARACCCATTCGACT TCTTTTATTCTT TTT GATTCT TTCAAGTTT TCCATCAGAACCCTGTTTTGTTTTC
201 TTCTTITCACTCTATTTTCTTGCTGTTTGTTTGGCTTATGGCAAT CTGAACGAGATT TGCTATCTGEETTTTGAT TTGAAGTCAAATTTCTTTGCTTTCT

301 GTTTCTTGTTGAGAAATGATGT CAATGACATGCTACAGTCTTGAT TTTGGAAGGACT GTGTTTGATTTGGCEGCT TGTGGETECTCCTCCAATGCTTCAA
M M 8 M T C Y 8 LDVF GRTJVVPFDILAACGT CS S8 8 N A s I 29

401 TAGATAGGTGTTCAGTGAGGAATTATGCAAGGTCGGT TTATAGGACTTGTAATAGAGACT ATGCTGCTAGAAGAT CGCCCTATTGOCGH GTGC
D RCS VRN VY AR SVYV Y RTOCNUZERDTY AA ARUERSUPUYCRUZERUDSA 62

501 TTGGTGTCEAGTTTCTTCEACCARGGCCCCT CTTTACTTAAC TAGTCAAGATCCTGCTGTAAATTT GAAGGAGT CAAGAGGCOCAATTTCA
W CRVY 8 8 T XK AU PETULULUNGUVYS QD PAYVY NILIKYES SR ROGTZPTIS a5

601 TTGATAAATGTGTTTGAAGCGGTTGCTGGTGATCTCCAGACT CTCAACCAAAACCTCCGGTCGATTETTGETGCAGAAANCCCAGTTTTAATGTCTGCAG
L I WV FEAV AGDTULAG QTTUL¥NOGQEDNILRSTIUVGATENTPVILMSAAIL2Z

701 CTEATCAGATATTTGGTGCTGGTGGGAAMAGGATGCGACCAGCTT TGGTATTCCTAGTGT CARGAGCCACAGCAGARATAGTA TAAAMGARCTCAC
D Q I F G A GG K RMZERUPALTYUFPFILUVSRATA AETIUVAGTLIZ KETLT 162

801 TACGAAACATCGACGTTTAGCAGAGATCATTGAGATGATCCATACTGCAAGCTTAAT TCATGATGATGTACTAGATGAAAGTAACATGCGARGAGGARAA
T X H R RLAZETITIEMSMTIHETA ASILIHEHDDTVILDTESNMEHRGTEK 195

901 CAAACGGTTCATCAACTGTATGGCACGAGGETGGCAGTACTGGCT GGGEATT TCATGTTTGCTCAGT CCTCATGGTACCTAGCARATCTTGAARACATTG
Q@ TV HQULYGTU RVYVAVVLAGTDT FMTFAGQS S5 WUYLAMNTLTEWNTIE 229

1001 AAGTCATTAAGCTTATCAGCCAGGTTATTAAAGATTT TGCAAGTGGTGARATAARGCAAGCATCTAGTTTGT TTGACTGCGATGTTGAACTCGAGGAGTA
v I KL I 8 QV I XKDTFASGETIU KO QASSILVPDOCDJVYVYZETLZETETY 262

1101 CTTGATCAAGAGCTATTACAAAACTGCCTCTTTAATTGCTGCAAGTACCARAGGAGCTGCTATTTT TAGTGGGETGEGACAGCAGTGT TGCTGAACARATG
L I K S8 ¥ ¥ KT A S L I A A STU XSG AATITFS GV DS S YV AZEUGQHM 295

1201 TATGAATATGGTAAGAATCTTGGTCTGTCCTTCCARGTTGTTGACGACGTACTGGAT TTTACGCAGTCAGCAGAGCAGCT GEEGAAGCCAGCTGGCAGTG
Y E Y 6 K N LGLSF QVVDDUVYLDFTGQSATEU QLTGIE KT PA AGS D 329

1301 ACTTGGCAAAAGGGAACCT TACCGCCCCTGTAATATT TGCTCTGGAGAAAGAAC CAAAACTGAGAGAAATCATTGAGTCTGAATTCTGTGAGACTGGTTC
L A KG NLTAZPVTIPALTEIZ KEZPZEXKTILRETITIESTETFTCETSGS 362

1401 TCTGGATGAAGCTGTTGAGTTGETTAAGCAGTCTGEGGETAT TGARAGAGCACAAGAAT TAGCGARGGAGAANGCTEGATCT TGCAATACAGAATCTTAAT
L DEAVYVETLTVYUE XSG QT CGS GTIZ ERA AOQETLA AZIKTEI KA ATDULA ATIUGQQMHNTLHN 395

1501 TGTCTTCCTCGGGGTETATTTCAATCACATCTCARAGARATGGTGTTGTACAAT CTCGAACGGATTGAT TAGTTAGATACTGCT TGATAGGAAACAAATA
C L PRGVYV F Q 8 HLKZEMTYTZLTYNZLTEHZRTITHD 418

1601 TAGGTAAGCTTTACAGGGGTATAAACAGAATAAGCTGGATGAGGATCCTTTATGTAT CAGTGCAGCAATTGT TTTTCTGCAATTGTT TCACCTGAAGTTG
1701 GCCCAAACAGAAATAACTCCGCAAATTTTCTGGTATACAGAT TTTTGTGGCCAT CAATAATGTGAAGCT TCT TTATGTATTTTTGCT GAT TTTCAAARAR

1801 AAAAAAARARMAR

g‘ﬂﬁ C.13 Nucleotide and deduced amino acid sequences of HbSDS. Number of
nucleotide sequence and amino acid sequence are indicated on the left and right,

respectively. (Phatthiya et al, 2007. Appendix 7)
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deduced amino acid sequences of HbSDS are compared with those of solanesyl
diphosphate synthases from A. thaliana (SPS1 GenBank accession no. BAD88533) and
SPS2 GenBank accession no. BAD88534) and Rhodobacter capsulatus (GenBank
accession no. BAA22867). The filed boxes indicate the positional identity of the

sequences. The seven highly conserved regions are underlined. (Phatthiya et al, 2007.
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Eﬂﬁ' C.14 Comparison of the deduced amino acid sequences of HbSDS. The
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g‘ﬂﬁ C.15 SDS-PAGE gel of purified HbSDS. Lane SC and S, soluble protein from
non-induced and induced E. coli cells, respectively; lane PC and P, insoluble proteins
from non-induced and induced E. coli cells, respectively; lane Pu, purified HbSDS; lane M,

molecular-mass markers. (Phatthiya et al, 2007. Appendix 7)
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Fig.C.16 TLC autoradiogram of the prenyl alcohols obtained by enzymatic
hydrolysis of the products formed by the reaction with cell-free homogenate of IPTG
induced E. coli harboring pET-HbSDS (lane 1), non-induced E. coli harboring pET-HbSDS
(lane 2), and E. coli harboring pET-32 (lane 3). (Phatthiya et al, 2007. Appendix 7)
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Fig.C.17 Analysis of mRNA expression patterns by RT-PCR. (A) Control (18S
rRNA); (B) mRNA expression of HbSDS (35 cycles). (Phatthiya et al, 2007. Appendix 7)
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Candida albicans %dLiﬂumm@lmadmiam%ai’ﬂuﬁadﬂ’m (oral candidiasis) lasd
Uszansmwlumsdusodie C. albicans "L@Tﬁﬁq@ wazwuLasduinans anti-candida
RINTONUANNTINLAA uay ﬁm{’mﬁfﬂimaqa Uszanm 10 kD asiulasamsiizai

A £ 0o Ea an . . .
mi?im:ni@almmfg'ﬂﬁwsaumaLmﬁ:ﬁ@;mawumaams anti-candida @8

aUnyaluazisns
Aa A =2
a) wuafizanlelunisdanm
Reference strain C. albicans
b) ATNaRAU
A o & Ay A A 'Y &
MInagaUANUEINIINTeY  lUseudugsnaudnasonlaannionsea 1w
mMIgugimaasgiulavasuandan vinlaansld microdilution technique %1 B-serum
wiaB-serum lugdvasssazaoaznaulisduiianlugae anududu acetone 40-60
uaz 60-80% zgniaspwlildanududueis 9 ldun undilute, 1:2, 1:4, 1:8, 1:16, 1:32,
1:64, 1:128 1w microtiter plate (lagl% serum B 100 LI 138971968 0aw3L8eLTa 100
W ¥iM3198319 serial dilution YSanesgarinowasmaaisuin 100 W) 1nuwas
A a =Y A a o A . S a & |
wwafiSensareniedonll (Meawguanaszu Mac Farland 05 GvazliTeat

5 7 o o ¥ g wal a Aa
Uazanm 107 - 10" ¢/a.) 50 W vimawideadalin ussenmedn@ aungdl 37

°c flwnm 24 wu. lummeseunnazidasdl positive control (Usznauday LTafi

maauﬁummn?}ymv%a) L8 negative control (Usznavuaag 9IMNILR 9L T LI )
c) NMIDUNANIINARDL
mquﬁﬁm’mﬂuwh positive control Hwaldw + %quﬁﬁm’mlmm negative
control  UWaLd® — uaz @hmmLiuﬁuq@ﬁﬁﬂﬁiﬁwaLﬂuauL‘T;lu@h MIC  (minimum
inhibitory concentration) mau%aﬁ?ue]
d) MIn1A1 MIC
vilauld Reference Method 289 National Committee for Clinical Laboratory
Standards (NCCLS) Document M27, No.25 lagTiaanw1s RPMI broth 1581@35 100

W adlunguusdi U-microtiter plate shansazany antimicrobial fidasnisnaseyluviy
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serial dilution 1:2 ﬁ%@ué’aﬂa’nmuéw&u wdduLTe NdaInInasaUANNLU 0.5
McFarland 133103 50 W a9lulunqueinanannuan oniiunga control asifinamny
wnwia 10 plate 11 incubate ﬁqm%gﬁ 35 "C Win amannivias win 12 T2lag wind
mim’%ty@iﬂ@mau%ammsmmﬁLgﬂaa:ﬁmﬂmjmﬁaammuﬁu%waaﬂ’%mmv‘ﬁya
lumsassiuthamniimasaidulavendeamsiiieseslusds
e) MINARDLY Inhibition

1o loop vianlalail C. albicans W1 4-5 lalafi 70 culture agar plate RN

incubate ﬁqmmgﬁ 35-37 °C aniiu w28 Tala Usuanugulasly sterile saline 1

"leﬁ”mm@uwhﬁ'u 0.5 McFarland standard ¥inmsta3auansana Lagld micropipette g}@ﬁ

FaINIINAFBLBLIINT 10 LU RUARILUUKHY sterile disk %mmag}uummnmﬁﬂ‘ﬁ'a%i‘lu
sterile petri dish (B8a83@39Na19) ¥i1N3lnoculate L%aﬁl,@%mlv[ﬁ adlu SDA plate lag
5% streaking (fn61 3 a33) wild Forceps AU disk %aﬁm‘sé’haﬂnmaauag’ 19
1w plate AT incubate 7 35-37°C w1t 16-18 V. dunalasiaiduiuguinaiizes
Inhibition Zone lauld Vernier caliber
f) MsLERYN B-serum §1362081991N1NLNIRA
dhessaninielalng glagldnousutiudsmelumafivinems e
flasiunsuanzasaumagnass) luupnérpiaad ultracentrifuge ( 45,000g , 45 min)
LﬁamefwmaaaﬂLﬂu%uuuﬁﬂizﬂauvlﬂﬁwagmﬂma Tunasvsadiulaues cytosol
(C-serum) e %uﬁuma@ (bottom fraction, BF) ﬁ'lmiamslmgmﬂmaa BF @289n17
Freeze-thaw %ﬁ%ﬂ’]&lﬂ%&ﬁaﬂé%{]ﬁ -20°C sRURUMRYIRad Tuugngrmvanarnle
(B-serum)
9) msﬁm’%qw%w anti-candida 911 B-serum
11 B-serum "fidL@%Uﬂ@Tﬁ]’]ﬂﬂ’]iﬁ’] bottom fraction ﬁ"L@TﬁnﬂmiﬁuLLsmﬁnmd
&9 LWHIUMT freeze-thaw FRUNAUARE e]ﬂ%zaﬁqm%{]ﬁ -20°C LLa:ﬁ'qm%Qﬁﬁao e
woniengulanas B-serum lanazneuas@lan 18ent19M3 anti-candida activity §980
FIANMULTNTUIZHING 70-80% vlﬂﬁ’lufiqﬂ’é@iaiﬂﬂLLF.JﬂN’]%ﬂaé’Nﬁ DEAE-Sephadex G-

25

Namimaamaszﬁmmfwa

a g = a . . .
a) ﬂﬂiﬂﬂﬂiq‘ﬂﬁ LLa‘;ﬂ’mLﬂs’lzﬁmauazﬂwazﬂumaa anti-candida protein
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a £ . . . o o . {
NINNUIEND anti-candida protein 11507 lelasn3in bottom fraction 7

=

wonlanasmstwuegninensse lUrwmsvin acetone fractionation @awuinlusan
anaznauluingnNusNGIIZnIng 60-80% a2s) anti-candida activity (31J°7i D.1) et
active fraction iilU¥in acetone fractionation Hnl454u Usnginle active fraction w9
ANNBURITTWINT 70-80% (gﬂﬁ D.2) lanlidn MIC dazanme 64 Hg/ml (@991 D.1)
waznaim i linelas SDS-PAGE astdwiniiuaulusfunanifasuauiden ue
davnluasaseulas’s Mass Spec (gﬂﬁ D.3) wuiniilus@unan, peak height 10000
i, 19 4721 kD uaziilis@usasiitae 3.817 kD (4760 a.i) uaz 4866 kD (4000 a.i.)
Unagein (gﬂﬁ D.4) %a‘lﬁﬁﬂvlﬂﬁm‘%qwﬁ@iaimmu DEAE-Sephadex G-25 column
(gﬂﬁ D.5) 'l¢ active fraction 7il¥dA1 MIC 27 pg/mi  inlds@wResunuiemaims
inlUSeseilas SDS-PAGE sz aihlufeseilas Mass Spec(gﬂﬁ D.6) Wuindl
peak lUsAunan peak height 25,000 a.i. 4249 4.717 kD uazlis@usad peak height 7500
a.i. 129 4.863 kD. 1NHaiia9d9Ainladn anti-candida protein 71 le3) ﬁmﬁfﬂimaqmmﬁu
4.717 kD.

0-20% 20-40% 40-60% 60-80% 80-95%

o4
67

43
30 ——
20 T
. -

_______ bottom8/5/46 ———cmemeee

—

14 -

gﬂ‘?‘i D.1 SDS-PAGE waslilsaufilednasnissin bottom fraction lUanaznause

acetone TI9ANNBNGA 0-20%. 20-40%. 40-60%, 60-80% LAz 80-95% ANNEGIL
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bottom acetone
std 20-40% 40-60% £0-70% 70-80%

Od —
67—

43 - <

30—

20

I
SN

-std 6 ul
-gample dilute 10x with buffer 10ul
16/6/46

gﬂﬁ' D2 SDS-PAGE 284lUv6uiileénasn13uin bottom fraction lanaznamn
8 acetone T1ANNBNGT 20-40%. 40-60%, 60-70% WAL 70-80% ANEGTL

0 4 AR RN R RN ARIRI R R AR RI RN R

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 86 91 96 101106 111

U7 D.3 n3th anti-candida protein MildanmMnnIanaznausina
Budves lsdiu  70-80% luvinuSandrunaauil DEAE-Sephadex G-25
N - anti-candida fraction
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51l D4 SDS-PAGE 89 anti-candida protein f1ldnasmsvinugns
W1 DEAE Sephadex G-25
Lane 'ﬁ 1 = anti-candida protein ﬁ"l,ﬁmmmsmﬂmﬂau
%18 acetone TANMVBUFI70-80%
Lane “7% 2-3 = unbound fractions

Lane ‘ﬁ 4-6= eluted peak fractions of anti-candida protein

@1319% D.1  Purification of anti-candida protein

Sample Total protein MIC Yield

(Ka) (HLg/ml) (%)

70-80% acetone fraction 3820 64 100
DEAE-Sephadex A-25:

Unbound fraction 3342 0 87

Eluted fraction 496 27 13
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jUN D5  Mass spectrum 284 anti-candida protein #1ldanaznaunaneas

acetone 739 ANNBNA 70-80%

Eﬂﬁ D6  Mass spectrum U84 purified anti-candida protein fldan peak

fraction83AaANY DEAE-Sephadex G-25
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~a g’ 1 : o ln
laswuin anti-candida U3gniien MIC Uszanm 27 ug/ml wazliihmsinluananienzi
@18 Mass Spec (4.717 kD) Nigaanaadny hevein (3U# D6) 1agHANTIATIZH
sautlsznavvedninasiili (A7 D. 2) V8987 anti-candida LIFNT uaz MITEIAIT8

nyaaziluwilang N-terminal @99 :

Anti-candida: EQCGRQAGGKL 11

st sfe sk sfe sk sk sk skoskoskok

Hevein EQCGRQAGGKLCPNNLCCSQYGWCGSSDDYCSPSKNCQSNCKG 43

(CLUSTAL W (1.82) multiple sequence alignment)

@9UUENT anti-candida Wyl B-serum 7fa hevein %dﬁﬂmauﬂalﬂu chitin
binding protein wazlaWuINA anti-fungal activity datafivnarsNsaaewia (Archer,
o o g o ' . £

B.L. ,1960) laglUinmeduAU chitin LW call wall Vaaa  MIIAWWLIN hevein Sgnd

anti- Candida  LHumsduwnulniniardanui@aadslaniannalsa i

@11319N D.2 Amino acid composition U84 anti-candida protein WadTuuisuny hevein

Amino acid Anti- Hevein Hevein Hevein
(residue/mole) candida (11;"31”)5 etal, (11:;;*361” (1\;’72151;1]0110,
Ala 1 1.3 0.8 1

Cys 2 8 8 7.9
Asp 6.4 7.6 5.1 6.2
Glu 5.6 6 3.9 55
Phe 0 0.1 0 0

Gly 5 5.8 3.9 4.9
His 0.9 0.9 1.4 1.4
lle 0.01 0.2 0 0

Lys 2.8 2.1 2.1 2

Leu 2 2.3 2.1 1.9
Met 0 0 0 0

Pro 2.1 2.5 2.1 1.9
Arg 0.9 1.2 1.9 1

Ser 3.4 3.5 5 3.7
Thr 0.9 1.1 0.9 0.9
Val 0 0.2 0.7 0

Try 0.9 1.1 1.9 1
Total 33.91 43.9 39.8 393
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b) Qmawﬁ'@miaanqw%{&E?mﬂuammaa anti-candida protein (hevein)

mimaaugmsaaﬂm%{maa hevein lwnn36uss candida WANBIEWUT Aa C.
albican, C. tropicalis, C. krusei W&z C. glabrata WU hevein mmmaaﬂq“n‘ﬁﬁlumsﬂ'u Ei‘i
candida iﬁﬁﬂaﬁﬂﬁuﬁ:‘[@ﬂmmm guga C. tropicalis > C.albicans> C.glabrata> C. krusei
ANBIAL (g‘ﬂ‘ﬁ D.7 ) U8z nn3uN C. tropicalis %Gﬁﬂ?’llﬂ?@iﬂﬂ’ﬁgﬂgvézﬂﬁ’m hevein
VL@Tﬁﬁq@ mmaaumimmmmmhmsgﬂmﬁmmitmzﬂéjuﬁ’ssl hevein WU 32689
ANuTuTuad hevein Uszanms 30 Ug/ml T4z IOARMTINMEZNGNVR4 C. tropicalis
LLa:ﬁaaagluamwﬁﬁ ca’ WaNagaie  lapninldasdiaineidiwonil EDTA Wauald
faugns Ca nazldmansniaunainzngaues C. tropicalis (gﬂﬁ' D.8) Taugaiin
hevein sANTALMESURUMIY chitin 289 candida  wananuuwiiat chitotriose T91ln
trimer va4 N-acetylglucosamine Foflunringganuas chitin AwuIsiaea chitotriose 1
aw%waﬂ'ug'ammw’ﬁgmaa hevein slumiifuﬂ”'oﬂﬁm%mv@ﬂmaa candida (ms'wﬁ D.3) WA
Alssunalnmisengnivuas hevein lagrwmMILNEsUAUNTS chitin 289 candida

WONIINUUTINLI  hevein ﬁqmauﬁ'@ﬁwu@iaqm%gﬁgﬂﬁﬁimmmmﬂu@a
qm%gﬁﬁ%ﬁaﬂﬁmuﬁo 30 w191 (gﬂﬁ D. 9) WATNUABEAIN pH NIALATAN bAG (gﬂﬁ'
D.10) WA é'hﬂ'uﬂgﬂﬂiaLaau%qﬂ%{ﬁwﬂvlﬁmﬂﬁmmaa C-serum ( Sritanyarat et al., 20086,
Appendix 8) mmmﬁ’mﬁﬁﬁm‘%qu%‘fmad hevein 1ums€1’u§ammﬁmvlﬁuiwaa candida
(314 D.10)

{ a A 2’ . . { ' £ . o &
3971 D.3 8NBWaVBIUNANA  chitotriose ﬁﬂ@ﬂﬂ?ﬁﬂﬂﬂﬂﬂﬁ"ﬂﬂ\‘] hevein lummum

candida

Treatment Fungal growth
inhibition (%)
Hevein Control 100
Hevein + Chitotriose 50
(1 mM)
Hevein + Chitotriose 25
(5 mM)
Hevein + Chitotriose 0
(10 mM)




100 - —e— C. albicans ATCC 90028 100 4
90 —8— C. albicans ATCC 10231 90
80 - 80 4 —
—x— C. tropicalis ATCC 750
g 704 g 709 —e— C. tropicalis ATCC 66029
k= 2 60 4 —a— C. tropicalis ATCC 13803
2 60 - =
= =
e g
£ 50 £ 09
£ 2 10
2 1
g 404 ::D
S 30 =30 A
20 J 20 -
10 4 10 -
0 0 T T T T T T T 1
1.5 3.0 5.9 119 238 475 950 190.0 1.3 30 59 119 238 475 950 190.0
Protein concentration (pg/ml) Protein concentration (g/ml)
100 4 —&— C. krusei ATCC 34135 100 —e—C. glabrata ATCC 90030
90 4 —o— C. krusei ATCC 6258 90 | C. glabrata ATCC 66032
80 4 80 -
5 7 g 704
2 604 Z 60| /
= =
£ g
= 50 4 = 50 4
g 40 :
E) 5 407
< 3 =304
20 - 20 |
10 10 4
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ol ‘ ‘ ‘ ‘
15 30 59 119 238 475 950 190.0 15 30 59 119 238 475 950 190.0
Protein concentration (ug/ml) Protein concentration (pg/ml)

] 3 o & a a . . ) {
Eﬂﬁ D.7 anoua4d hevein IummummiLﬁ]ﬁyL@mImmad candida species 6199 LUD

Lﬁﬂuﬁuqmﬂﬁuquﬁd 1J97@371n hevein (Kanokwiroon et al, 2008, Appendix 9)
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0.3 -
0.25 -
0.2
Q
g 0.15 - v -y without hevein
< .
V‘\r\%\’\
30 pg/ml hevein+
0.1 - 10 mmol I EDTA
0.05 - 30 pg/ml hevein
O I T T i : : ‘
0 20 40 60 80 100 120

Time (mins)

gﬂ‘ﬁ' D.8 mimﬁmﬁﬂmﬂmzﬂﬁjwad candida Iag hevein TutiUiasnd cacl,
1.5 mM (Kanokwiroon et al, 2008, Appendix 9)
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(A1) (A2) (B)

31J°?i D11 (A) BnSwaved hevein lumsdudimaasaiavla Wivamlaula) es C.
tropicalis ATCC 750 (A1) and C. albicans ATCC 10231 (A2) W& NIILRIUINIWAVDY
hevein lumssudsmaasaidvla wSmlauls) was C. tropicalis ATCC 10231 lagans
fusaldsfesanningnsmnm (HPI) & nSuminaaad Al uae A2 a13a2019lu dics 1
Usznaueae 40 wl a3 Tris-HCI buffer , dics 2-5 UYsznauale hevein USum 1, 5, 10 and
30 pg MURGU  @ulunInaass B a1saedndly dics 1 Usznaueiy 40 Wl w89 Tris-
HCI buffer; disc 2 Usznauale 400 ug Va4 HPI; disc 3, 40 ng ¥84 hevein; disc 4-5, 40 ug
299 hevein WRNNL 200 Waz 400 pg V89 HPI enuaau(Kanokwiroon et al, 2008,

Appendix 9)

References:

Archer, B.L. (1960) The protein of Hevea brailiensis latex 4. Isolation and
characterization of crystaline Hevein. Biochem J. 75, 236240.

Kanokwiroon, K., Teanpaisarn, R., Wititsuwannakul, D., Hooper, A.B., Wititsuwannakul, R.
(2008) Antimicrobial activity of a protein purified from the latex of Hevea brasiliensis
on oral microorganisms. Mycoses (2008), doi:10.1111/j.1439-0507.2008.01490.x (in
press)

Parijs, J.V ., Broekaert, W.F., Goldstein, I..J.,Peumans, W. (1991) Hevein: an antifungal
protein from rubber-tree (Hevea brasiliensis) latex. Plata 183, 258-264.

Sritanyarat, W., Pearce, G., Siems, W.F., Ryan, C.A., Wititsuwannakul, R.,
Wititsuwannakul , D. (2005) Isolation and characterization of isoinhibitor of the potato
inhibitor | family from the latex of the rubber tree, Hevea brasiliensis. Phytochemistry
67, 1644-1650.

Walujono, K., Acholma, R.A. and J.J. Beintema, J.J. (1975) Proceeding of the

International Rubber Conference, Kuala Lumpur, 518-531.



81

E.lasonsdan 5
é Q 09: 1 ‘s 1
nsdnsaseangndvasllsdudugilisfies daanalsa uazn1sdszandlanig

AsunAng

E.1 msﬁnm@mﬂuﬁ’ﬁﬂaafﬂsﬁuﬁ’ﬂﬁ'ofﬂsﬁzaamnﬁ’m’mwvﬁ (Hevea protease
inhibitor, HPI)
1a9a1n  HPI Lﬂumsﬁuﬂ'ﬂﬂs&'Laaﬁalwﬁﬁﬁagjluu‘hmﬁaaﬁ%ﬂuﬁaammﬁaga
A @ = 1 di v o £ dql/
AmFNUAUMENWIAETINWa LwaIﬁmmmmVLﬂﬁi:qﬂ@“lﬂ@mm:au Tasiza

gUnsalusz3ins
a) MsLARHNINENg
dhessadinialalng glasldmausugirudtolunafivies e
flasiunsuanzasaumagnass) luugnéreia3ad ultracentrifuge (45,0009 , 45 min)
Lﬁ'al,mmf']maaaﬂLﬂu%uuuﬁﬂs:ﬂauvlﬂﬁaﬂmgmﬂma Tunanswiosiulavas cytosol
(C-serum) LAz %guﬁuma@ (bottom fraction, BF) ﬁﬂmiLLUﬂd’mwadmmﬁLtﬂu C-serum
wazlElunns purify Pl
b) ﬂ’]iﬁﬂﬂ%gﬂ"ﬁf HPI

W C-serum MAupnldanniingnigandsnsvin  ultracentrifugation 'l
anAzNanaly acetone laglwaig % acetone saturatuion éf\‘i‘f: 0-50, 50-70, 70-80 Lax
80-95% euEGL WnTasnnuBuaan e PI gaga lWldlunnaiow Pl

c) N7 assay HPI

weAdIAveas HPI sanInialdlasgainanuaanues Pl Tumssuss
wandlavadanlyy lUsAlas 1o% trypsin 38 gingipain  4NNSHBY  benzoyl-DL-
arginine-p-nitroanilide (BAPNA) %GLﬂuﬁﬂLamﬂﬁﬁﬁ laum3vin stock  solution ‘71'
Usznaudls BAPNA 31131 30 mg s’fjaa:mﬂa%ﬂu dimethylsulfoxide (DMSO)  ua7 1y
dilute 100 L¥ineae 50 mM Tris-HCI pH 80.0 naulsiiu substrate solution %1 C-serum
%38 Pl sample 11 preincubate AU trypsin ( YSu1as 100 Wi, 0.1 mg/ml 14 50 mM Tris-
HCl pH 7.5 )i 37°C {lwasn 30 wifl TesfiUSanassw 300 Lu WEITINTISY
incubation ¢8N13LGN BAPNA substrate solution 133193 500 LLI # 37°C Tl 20
W %Q@ﬂﬁﬁ%ﬂﬂ@ﬂﬂ’lilﬁ&l acetic acid 30% (v/v) inmM3IaUTunmas p-nitoraniline 7
ANEALDANANIN BAPNA 71 OD 410 nm. lag 1 unit w89 Pl activity azivinuySanme
@1 0.D. 7 410 nm fianas 0.1 wiae WWalRewny control T9iud trypsin %38 gingipain

ag_lilu reaction mixture



NANTITNAADIUAS I TN

lav¥imsAnsdaunsaezilu va9 protease inhibitor u%q'ﬂ'§ WamsuSauiiey
iU protease inhibitor V8IWTAUG NNILGFHA protease inhibitor 1ﬁu%qw§ 21FENIY
ANAzNDW C-serum @78 acetone MNTHAMWTUTURT 80-95% (gﬂﬁ' E.1) uaashly
purified B4 ABANI Sephadex G-75 (gﬂﬁ E2) &ssanvousneantdidu 2
isoprotease inhibitors (HPI-1 wa HPI-2) uazlesiueas isoinhibbitorbd purified W1
HPLC (gﬂﬁ' E.3) lauaunsausnle 3 isoinhibitors @8 HPI-1 , HPI-2a way HPI-2b
wasnnswldinlAeneinmsdosdeupasnsnosdln wiounsSeufisuaa
ARpARITURTIWY é’awaiugﬂﬁ (E4) wananuudanuin HPI 1w serine protease
inhibitor ~ ARUTEANSMWEWIaUsz e 14.47-18.15% waldufiilseanBnnginie
Uszanms 57.59 % lumsdiusa pronase. (Eﬂﬁ E.5 Wazenyd E. 1) 289188
Streptomyces griseus Fatlyznavluds proteases Wa8THA bGLA endopeptidases
(serine L@z metalloproteases), exopeptidases (carboxypeptidase Wz aminopeptidase),

neutral protease, chymotrypsin, trypsin, carboxypeptidase, L8z aminopeptidase

v
o o a

{ % £ '
@139 E.1 WAUNITADNNDYUL protease TUAFI G]I@]El HPI

Type of Protease Enzyme Inhibition by HPI
(%)
Serine protease Trypsin 14.47
Chymotrypsin 18.15
Metalloprotease Thermolysin 4.61
Mix-proteases Pronase 57.59
Cysteine protease Papain 7.39
Aspartic protease Pepsin 0
(acid protease) Protease (Aspergillus 0
saitoi)
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Stds. C HPI

kD Stds. HPI

94

67 | —

43 kD

30

20— 16.9 we

14 —‘ - 144 -
107
g1 R

m—

6.2
25

Eﬂﬁ' E.1 SDS-PAGE (A) &z Tricine SDS-PAGE (B) Y84 Hevea protease
inhibitor (HPI) 71 ldannmIanaznamn C-serum @28 acetone T9AMUTNTY 80-95%

0.14 100
HPI-1
P
¥\ HPI-2
0.12 [
g L 50
e 9 '
} 0.10 H &
1
T S
E Lo =
< 0.08 2
& =
@ <<
g £
g o006 .0 £
g 2
= @
= s
0.04

0.02

0.00 T
1] 20 40 60 80 100 120 140 160
Fraction No.

Eﬂ‘ﬁ' E.2 m% HPI 9n3l E.1 14 purified #114 Sephadex G-75 F1ATLHLEARIA
289 HPl 310 % n58usd subtilisin A lagld Azocasein 11 sUaaim
(Sritanyarat et al, 2006, Appendix 8)
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84

Eﬂﬁ E.3 ﬂ’]iﬁ’]‘ﬂ%f,jﬂ§ HPI-1 uaz HPI-2 lagmsusnalunaayyl C18-HPLC lag
72 @28 acetonitrile gradient MuaNTaTaNs 0.1% Trifluoroacetic acid WaAAIA
284 P Hhlagg M3TUGIN1319Tm a4 subtilisin A lagld azocasein uslsmam
(Sritanyarat et al, 2006, Appendix 8)
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1 10 20 30 40 'oL 50 60 69

P = ======c========- Zoldentily Accession No.
At  mememmmmsemsemeee- s ! 55 ARME1318
Citrus E ARIIE C 55 ARNTE363
CHTI-V =m==mmecessemeee- ; \ 48 512897
IVTI = ===emeesese—ee—- : : i 53 P82381
Elder A E A ¥ \ 53 CAABT073
BGIR 48 B2407
VWERE ] E E ¥ A 50 ARNBSB2S
BWI-1 E LP J 51 666
BGIT  ============- c| STBA IIEVE-sea I C ] 44 1112508
ATSI =~ =======------ C| E : RsElix HER-sGF! I 47 P80211
TIMPa (26)=INVLQ======= BKLTNVQTVLNGT ; B 45 CARTB269
SPLTI =---- SDLYVVFLFQB- a1 AAKG5644
BFCI ~ ==========-===-=---HAE-----=~- esLDVELMPRBQNWA 48 CAR57203
TonE PKLTNVETLLNGSAF ] 43 A32067
PFTI  --=--====-==-=--—HAE------- esLoVELHERBoNWA 46 CAA5T307
ASI-T  (8)-QEQNVPLERNYKQALETNTD---T E vofiorefisenn-sFv : 43 P16064
TomW  {27)-DGPEV----IKLLKEFESDSREKG PSITNIPILLNGSIx L F16231
FI-1 {27)-DGFEV----IELQKEFEMN----G SLITNVQILLNGS a7 POB454
CLEI=] ======sme=msss=====e== E e pelE-sFV 44 P81712
WsCI LEVE-TIVEMEYRIDRMRLEUD- - ---—---—--—- 34 PB2677
cI-2a MSSVEKKPEGVNTGAGDEHN LEVE-TIV a5 E01053
MPI STEﬂaaaesan LEVE-SVV 39 CAR57677
vSI --=—#%#*RT PQB-SFV R-AAP 39 1105220A
LTCI AL'FLE}\DI.JR.T E QELEDRPDAVIKMQPEL-5 z: T a7 ARVISIEE
LIE  --—--—"=-- ---TEFG--SELK ﬁ REYFTLHYPQYDVYFLPES-SEVELDERY HV 38 EILXCH
CI=1C =r=====mecse== YPEPTEGSIGASGART J KEEELRDKEMAQIEJI PVD- AMVPLNE P :— SRV 33 F01054

gﬂﬁ E4  anadiaufioudreunsao=ilusening protease inhibitor 913189
HPI) ﬁ’uﬁ"ﬁ'éiw] [ At, Arabidopsis thaliana; Citrus, grapefruit flavedo (Citrus x paradise);
CMTI-V, pumpkin seeds (Cucurbita maxima); LUTI, common flax seeds (Linum
usitatissimum); Elder (Sambucus nigra); BGIA and BGIT, bitter gourd seeds (Momordica
charantia); Grapevine, Grapevine (Vitis vinifera); BWI-1, buckwheat seeds (Fagopyrum
esculentum); ATSI, amaranth seeds (Amaranthus caudatus); TIMPa, tobacco (Nicotiana
tabacum); SPLTI, Sweet potato leaves (Ipomoea batatas); PFCI and PFTI, pumpkin fruit
(Cucurbita maxima); TomE, tomato fruit (Lycopersicon esculentum); ASI-l, adzuki beans
(Vigna angularis); TomW, tomato fruits of wild species (Solanum peruvianum); PI-1,
potato (Solanum tuberosum); CLSI-I, beach canavalia seeds (Canavalia lineate); WSCI,
bread wheat (Triticum aestivum); CI-2A and CI-1C, barley seeds (Hordeum vulgare);
MPI, maize (Zea mays); VSI, broad bean (Vicia faba); LTCI, common earthworm
(Lumbricus terrestris); LIE, eglin C from medicinal leech (Hirudo medicinalis)]. (Sritanyarat

et al, 2006, Appendix 8)
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Ellﬁ E.5 (A) Titration of the three purified isoinhibitor forms of HPI (HPI-1, HPI-
2a, and HPI-2b) against subtilisin A (B) Titration of HPI-2a (‘, <>) and HPI-2b (.,

O) with trypsin (open symbols) and chymotrypsin (closed symbols). (Sritanyarat et al,

2006, Appendix 8)



E.2 n1sAnwqasasiifivas HPI ian13egudy gingipain 289158 Porphyromonas
gingivalis
vlasannien o gingipains \Jw extracellular protease‘uadl,%a Porphyromonas
. . . ° o A & A A & % ] v A A o 6
gingivalis  YwminfidasaanaiaibamisnuandusmananlunsnaldiialsasSriud
anLay (periodontal disease)lat gingipains azvitnadaslusdudinan dayiu uazlnay
A A A o v A . & A & Ay @ v o A
8w 1gG uaz 1gA  lwidealasfmihfndadoanian uandunidunuldnumien
o @ v ' ' &) o Aa ~ A
gudey  Testunuihgumwlugesnanlnadudgmszaumadynimis e
drmaumneana anudilauaznsguatenlalandne  Ssnamedulymindaliiie
NALRONILATENBN 9NN Usznsmemelavadinglusswiassa Sanudes
dasnnizlindiniudluszaugs laswuirdasas 84-93 TannizladSriudaniauiiniay
fatwunand uaz Sasaz 10-30 Aan1zlinszduuus
Lo bsd gingipains Usznaueag Arg-gingipain (Rgp) and Lys-gingipain (Kgp) 5@16@1
lunga cysteine proteases NfAaNITLIzINN "trypsin-like” 3NANTA E.1 2zifind
HPI 81a1T0gues protease NIvha trypsin LAY cysteine proteases AInUIFUlINA

Uszifuanusunalunsguss gingipains d28

gUnsaluszisns

a) MILA38NEe  P. gingivalis

ﬁﬂmiLﬁmL%a P. gingivalis W50 a2 P. gingivalis ATTC 33277 lua1ms
brain heart infusion broth (BHI) ﬁm‘%uﬁ’m yeast extract, hemin LLaz vitamin k waa3i b
wesneleusIenme Hy10%, CO, 10% uas N, 80% QRIVEY 37°C w3 4

b) MIENAL Lara] gingipain maaL%Ta Porphyromonas gingivalis

dninResda P gingivalis ﬁﬁmq 3 % ﬁ’]ﬂ’]i%&lqumfjEIGL‘ﬁIE]LLEIﬂL‘Haa(E]aﬂ
MNUNRESLTART 10,000 rpm w1 20 Wafl ﬁqmﬁgﬁ 4 svrumaidos tAugulanle
wazih lUaneznaudoasdlanfianududun  60% mnifuﬁﬂﬂmum%muﬁameﬁu
aznanfilefd 10,000 rpm Wi 20 Wl @:ﬂauﬁiﬁ%zgﬂﬁﬂmLﬂﬂLﬁa"Lda:%Imuaaﬂﬁazl
uiglulastauaniuianazanslu 50 mM Tris-HCI pH 7.4 waztinlylaezladlus0 mm
Tris-HCI pH 7.4 w1 24 T2 lasfl 4 °C
nniurnlidutuiulasends CM cellulose @@ﬁmaﬂmﬂ dialysis bag ¥ihn13rinaa
ahuﬁ"t&ia:mﬂaaﬂiﬂﬂﬁ’]"lﬂm!mﬁm wanifussazanslusdin (crude gingipain) 137
gunnil -20 °C

c) mﬁ?ﬂ@aaumiﬂ'uﬂgo gingipain @28 HPI

GaulasmuSiues Gusman et al(2000) WweARIAUEITAELULS gingipain

mmsmfa%ﬁ’[mﬂgmmmmsnlumsammmwmwmmao Arg-gingipain @ian3tiay &4
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L§¥AIN benzoyl-Arg-p-nitroanilide (BAPNA) (0.5 mM) %dazmﬂa%isluﬁ'ﬂl,via% 100 mM
Tris-HCI, pH7.4 ﬁﬂi:ﬂauﬁ’m 1 mM CaCl,, 50 mM L-Cysteinelids Lys-gingipain §8
N30 FULEATN N-p-tosyl-Gly-Pro-Lys-p-nitroanilide (Lys-pNA ) (0.5 mM) %dazmﬁagﬂ'
1% 100 mM Tris-HCI , pH 8.0 ‘ﬁlﬂi:ﬂauﬁ’m 5mM L-Cysteine
i HPI fldannsanazdlon C-serum lugasemuidiudu 80-95% wnvin
M33a9uUUENGURes (2-fold serial dilution)uazsinliuiy crude gingipain 1@afi
gwnni37 aseiraiFoiduiaa 30 wi wasnsusadvumamasly udldued
gunnd 377 C (um 20 wit wyaUfisenlasnaidn acetic acid 30%(viv) 1
msazmﬂﬁvl,é”tﬂ’f@mmig@ﬂﬁuLLaaﬁmmmaﬂﬁ'um0 wluuas mrualianuiash
vasionlm 1 piawiiy 1 lulasluazes p-nitroanilide Aiundasmsanmdessans
fumamilung 1 wifl mntwmdimssussiansspasawloiiusuiitess: 50
(ICs0)
MIANENAMITUIVaIGIT U8 fia 0.1mM p-chloromercuribenzoic
acid, 0.1mM N-Ethylmaleimide, 0.5 mM Leupeptin, 0.1 mM EDTA, 0.2 mM

v 1
@« A v

lodoacetamide W&z 0.01g/ml Trypsin inhibitor from soybean ¥ilasyin@8ugINaaINT
NAFILNITNINITIIDIIULUS1AURBILAZLNNL gingipain tNaWIAIMTEUEINSa8a: 50

(ICs) 993537 Ldna Lidnadn

NAN1INARBIUA I TOING

NANIINIIRNA  crude protease (gingipain) ﬁ]’mﬁi’mmam{%gmmﬁgm L%a
Porphyromonas  gingivalis Faluanwiifalsalsiudaniay (periodontal  disease)
gingipain zAvnmihfigesaaaftaifiawion lagdninaesllanaznaudls acetone 7
ANUTNTY 60%  wiaznaulusanlUieanzilasnsvin SDS-PAGE azifinuny
IﬂiauﬁﬁﬂmdﬁmaﬁuﬁmﬁfﬂiuLaqamaa gingipain 13zt 44 -51 kD (gﬂﬁ' E6) e
i HPI s arg- uaz lys-gingipain 1% crude gingipain  fite3oald wuiaanTe
Fusisle TapuseansnwlumsdussduasenulSunm protease inhibitor (gﬂﬁ E.7) lag
@1 specific inhibition %38 1Cs, @@ Arg- Waz Lys-gingipain 299108 P. gingivalis 33277
WinAU 1.387 — 2.663+0.548 pM Waz 1.279 — 2.458+0.06 UM aNNE1AU wazlasdn
ICs, ®1® Arg-gingipain Po9140 P.gingivalis W50 \¥iniU 1.478 — 2.838+0.37 pM L@ b
WUALOARAIG  lys-gingipain a4 P.gingivalis W50 (m‘swﬁ E.1)  ININEBHNANITIAL
leupeptin 1w cysteine proteinase inhibitor ﬁ"[ﬁmmm%a Actinomycetes ®14130188N
ansaasueslisaloaRewIzi arg-gingipain 9EWNIASUSIANTEANY collagen oy P.
gingivalis ldifiounue (ref.....) mM3A HPI sansnduss arg-gingipain lalndiAesiu
leupeptin (A137197 E.2, E.3) uaasin HPI Sdnomudmsulalumasnevieilasiulse
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Uinusioniaula@we 9nu leupeptin - lapataltisdunsaunuenjioue  tetracycline,
. s A = o A o v Ao & L.

doxycline Was chlorhexidine @3lUua281MYINRUNE VLY collagenase activity U84 arg-

L. < AaA o ) o o a ' o o o A . A

gingipain 511:1mﬂg’mu:mﬂm’s&maawamomm@]agﬂ"ﬁ lasvnlddmilawundu 1Aa

mmmauu’%nmﬁay"ﬁmmn %3 UenTInasanInadansudsifeulseaniuTe
9 T I | , , 4 e A X 4 g

81113978 UaNINNUUILYN AL Te Candida albicans TIDVFDLLIITRRY igdule

v AI &/ o v Aa a g T . ) T . é
lama5899u wazvihlimiialsn@awlie candidiasis radtn  (oral candidiasis) 9

wudmﬂmﬁmmqnmaﬂmﬁ Yauaz 10

kDa Std 1 2

34

= -
67 —

43

A0 —

20—

14—

gﬂ‘ﬁ E.6 SDS-PAGE ¥4 130unNuUnaImIinai1uadsintassuaiaa

Porphyromonas gingivalis 8NaNazNaukal8 acetone NANNBNGI 60%
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(A)
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(B) 100
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HPI concentration (uM)

© 100 4
80 -
60 -
40 -

20 A

% Remaining Arg-gingipain
activity

O T T T T T T 1

0 1 2 3 4 5 6 7
HPI concentration ((uM)

3UN E7 amwnmsdudsiansiuvesienlsd Arg uaz Lys-gingipain 628 HPI
A-B = M38U8ININTINTBY Arg- WRE Lys-gingipain V8T8 P. gingivalis 33277
C = NMYIUEINANTIN Arg-gingipain NLanNaNLTa P. gingivalis w50

[ { 1 { a 4 3‘
ANNDY = myﬁmmummgm (S.D.) INMITUATIEH 2 1



v

AN E.2 UROIANIHUEILEARIANTBEA: 50 Va4 arg- WA lys-gingipain 1ag) HPI

Microorganism 50% Inhibitory concentration (ICs)
BAPNA hydrolysis Z-lys-PNA hydrolysis
(arg-gingipain) (Lys-gingipain)
P.gingivalis ATCC 33277
Crude gingipain + HPI 1.387 — 2.663+0.548 uM 1.279 — 2.458+0.06 uM
P.gingivalis W50 1.478 — 2.838+0.37 M *

Crude gingipain + HPI

*

no detectable enzyme activity

[ '
v Ay

@390 E.3 dmsuganTasaz 50 va9a8uidn gdatawlas gingipain

Inhibitor IC,,
p-Chloromercuribenzoic acid 1.562 £0.375 mM
N-ethylmaleimide 559 +0.296 mM
lodoacetamide 3.24 £+0.0035 mM
EDTA 1.12 £0.311 mM
Leupeptin 143 £0.216  uM
Trypsin inhibitor from soybean 4475 £7.53 uM
HPI 2.912—- 5,59 +0.296 uM
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E.2 n1sdnwqasasiinvas HPI dan1sguganisiosaidulazas hepatitis B virus
(HBV)

Lﬁadﬁnmau"lsﬁﬁ protease NS3 1w chymotrypsin-like serine protease ﬁﬁmﬂuém%'u
proliferation %30 replication cycle o4 HBV waz HPI a1nsingnewiiidszansninly
CRTITIR chymotypsin (ms’mﬁ E.1 LLazgﬂﬁ E.5) G?f\‘]ﬁ?u%\m’lauhﬁﬁlzﬂiuﬁufm%{luﬂ’]i
ainv3asuds HBV

gunyoluazasns
a) MIABITASNZI3INY PLC/PRF/5
s3tas9Usznauds MEM (EBSS) + 10% FBS + 2mM L-Glutamine + 1%
non-essential amino acids V‘hmiLgﬂdﬁ 37 °C muld 5% CO,
b) MINATALANITUHINTET19 HBsAg
MINARBUNNBHUE HBsAg: ¥lagiaeuimas PLC/PRF/5 AANAWILLIL

105 cell/ ml 1w 24 well plate HaNa 1ml 1w 37 °C , 24 TY. | aa supernatant “7?\‘1 LAZLAN
1 ml HPI (5.24 mg/ml) Aazaelu 2% MEM lagfidasiunisiieans 1:5, 1:10, 1:20, 1:40,
1:80, 1:160, 1: 320, 1:640, 1:1280, Uaz 1:2560 MNURAL Uy 37 °C , 24 wu. L&
supernatant %13a OD 450 taw1U5u 4 HBsAg Tiaaad Lﬁmuﬁuq@mquﬁlﬁmlu 2%
MEM laglddl HPI

mytanzRdSinm HBsAg lfqmﬂ@aau Monolisa Ag-HBs Plus %893
Diagnostics Pasteur (France) lagsih ELISA plate ‘ﬁlmﬁauﬁ’m anti-HBsAg monoclonal
antibodies 493 3 1fia EumIRzaLFI9TidaINIAN HBsAG mlwgu W 37° C
alMAaMIsUAUIzAINg HBsAg uaz anti-HBsAg ¥1n13&ne plate fesinawsiitite
T%@LLauaLﬁlu‘ﬁlmﬁa L§ia anti-HBsAg monoclonal antibodies peroxidase conjugate%dﬁ 2
IUha UaLeN9aN 3 mﬁmmﬂmlu%qu ﬁu"liﬁqm%gﬁ 40° C s 2 Falus auday
N384 plate e28)(Tris/NaCl, pH 7.4) nniwdvasazanefiiin developer (hydrogen
peroxide W&z O-phenylenediamine dihydrochloride) &9t LLﬁaﬂﬁiaﬂlﬁﬁ’lﬂﬁﬁ%mﬁ
qm%gﬁﬁaﬂuﬁ'ﬁ@Lﬂunm"l,&il,ﬁu 30 Wil awnfu%q@ﬂﬁﬁ%mi@mﬁmm%‘aﬁ%ﬂ ANY
i 2 M nauas 50pl ninlAuUsnm HBsAg laganuaianaiduduiuadlnsen
‘ﬁlLﬁ@%%(@i’]O.D)I%LLGiaz‘ﬁqwﬂEJ\‘] ELISA plate finugIaauuss 450 wiluwas lag
\Wisusuiue 0.0. Ald1n anas3 1w HBsAg AlFiilu positive control

c) ﬂ’]i“(maa‘]_ltm%{ anti-proliferation wa3 HPI ﬁﬁ@ia PLC/PRF/5

ﬂﬂiﬂ@laa‘i.ltm?; anti-proliferation MmlasmiiadSino  cell proliferation L&

cell viability I@U@mi cleavage 284LNR0 tetrazolium WST-1 Lﬂ’é‘lﬂulﬂu fromazan (ﬁ@iﬂ

@) lawandeiawlas] mitochondrial dehydrogenase lu viable cells lag L@38uLTAR
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PLC/PRF/5 finnnumwiuvin 10° cel/ml 1w 96 well plate wawaz 100 Wi 1y 37 °C , 24
TH., 90 supernatant i3 uazifin 100 W HPIazmelu 2% MEM lasfdadumaians
1:5, 1:10, 1:20, 1:40, 1:80, 1:160, 1: 320, 1:640, 1:1280, Uz 1:2560 AW&AU LN 37 °C
, 24 U, \@Y WST-1 10 [ Ynwqa Uy 4 3. 37 °C ¥imsiadh 1 wifl udvinmsiad

g}@ﬂﬁuumﬁ 450 nm

NANTINAADIUA I TN
a é Y o ﬁ a ng d' a v o
nnuanITEddldi HPL Aslgnt MeSowldanmai C-serum  laznns
o a \ a o Lo & o

anaznaudivazdlaulugiinnududy  80-95% lUnaseuganddugin1iaile  HBsAg
(M3 E.3, 3UN E.3) 1InM131@w hepatitis B antigen 62835 Monolisa Ag HBs WU
HPI #3138 U89MT&319 HBsAg 284iBas PLC/PRF/5 lasdn ICs, aalllu dilution ratio
Uszanne 1:74 w30 ANNTNTU HPI Uszanm 70 Ug/ml (9.3 LUM) 1ananuutlan HPI

lunesauaant anti-proliferation Ndi¢ia PLC/PRF/5 wui1 HPI 31n#nensfignt anti-
u

proliferation lagen ICs AaduaasIwnTa0909 1: 36 W30 ANNLTUTY 145.36 WUa/ml

(19 UM) (31971 E4, 3U7 E4)

719N E.3 1osidudnIougelSanmnInaa HBsAg  NRa&I%NNIL309719619 9 284
81382878 HPI 209188 PLC/PRF/5

Dilution ratio Assay
1. No. 1 % Inhibition
' (OD4so) | N0.2 (ODysy) | Average(ODasy)
2560 3.85 3.859 3.855 3.64
1280 4 3.972 3.986 0.35
640 3.866 4 3.933 1.68
320 3.156 4 3.578 10.55
160 2.807 2.977 2.892 27.70
80 2.203 276 2.482 37.96
40 14 1.311 1.356 66.11
20 0.869 0.845 0.857 78.58
10 0.778 0.188 0.483 87.93
5 1.295 1.011 1.153 71.18

Control Test 4.00
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nnanudISafisansald aspartic protease inhibitor M Iiaa HIV Wamsise
i3 lwAvlwinuesdoiufinazaunsald HPE Tumsinsa HBV lditunu laganald
1%@%21’]&&!%11"15?]%{]adﬁu%%agugdﬂ’li?ﬂﬁ’mﬁlad HBV S‘fﬁl,ﬁflumLm;maﬂsﬂﬁué’ﬂLauu,a:
WnSal uananuuisaansald HPI ¥nans HBV aanmnmﬁu:ﬁé’uﬁaﬁugﬂw i

flasnumifadavaslsalaanais

d17190 E. 4 Anti-proliferation activity ¢iataa PLC/PRF/5 NFa&IWN15L38
996119 9 VasaNIaTAY HPI*

% Proliferation of PLC/PRF/5*

Dilution 1: %

5 64.358

10 72.500

20 63.733

40 55.454

80 16.096

160 -4.144

320 -0.043

640 -0.788

1280 -6.147

2560 -0.094

dilution 1 2 3 4 ave sd

5 0.617 0.633 0.677 0.677 0.651 0.031
10 0.496 0.576 0.517 0.517 0.527 0.034
20 0.463 0.478 0.462 0.462 0.466 0.008
40 1.174 1.507 1.616 1.616 1.478 0.209
80 2.107 2.294 2.526 2.526 2.363 0.203
160 2.031 2.427 2.376 2.376 2.303 0.183
320 1.950 2.232 2.281 2.242 2.176 0.152
640 2.294 2.316 2417 2.325 2.338 0.054
1280 2.157 1.929 2.343 2.438 2.217 0.225
2560 2.118 2.362 2.344 2.316 2.285 0.113

control 2.040
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U7 E.3 Monolisa Ag HBs Assay :nTTWLIAIANMUFUNUTIZAING OD450 FadIUN13

130919R1IALAY HPI

OD450
]
=

""""" R=omer

UM E4  Anti-proliferation assay: NTWULAAIANNFURUTIZAINS OD450 FAsIU

NN3L389198138zaN8 HPI
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E.2 m3Ans1amastiazas HPI GamsEsNgNs heveinTumissugouandng

ifiasan HPI limansndugs aspartic protease (a3197 E.1) o
extracellular protease VaduAUA Wd HPI §1a13asuss pronase @9ilsznavldedae
proteases AaTia lawn endopeptidases  (serine WAz  metalloproteases),
exopeptidases (carboxypeptidase L8z aminopeptidase), neutral protease, chymotrypsin,
trypsin, carboxypeptidase LLRe aminopeptidase L‘ﬁ;a\‘i’%’m aminopeptidase ﬁLﬂu%ﬁdlu
intracellular protease YDIUAUAGN I@ULﬁaLLﬂuaﬁ’](ﬂ’mad aminopeptidase faziilonma
aiam%aﬁwmaqw%gﬂnaa hevein é’oﬁf’u’?ﬁamaulaﬁﬁ]:ﬂi:Lﬁumim’%qu"ﬁfmaa hevein lag
HPI

6 ad
gﬂnimuamﬁms
a ada ﬂ? a v A 1
MNUazALAITNIRLILARGA LRI awlklaTIN1TEae 4

NAN1INARBILAZ I TOING
v o ' a £ . . . i
nnuaR e wudt HPI anananlliaiugnd anti-candida 289 hevein (311
E.5) @44 HPI 8713¥WiNNeues intracellular proteases aadliauanao Trailasnn
l} v . o o v . A€ v a A dg =S U
lil#  hevein gn¥any ¥ili hevein awsneangntlafidsfntnmwdan  fowsii
hevein 1ussnaniuw alimanindszgndldlunmsinsmnsunnd uddayanlad

@ ] a £ . . { [ '

liausndszendld HPI i§3ugnTen  anti-candida  Uszianiudlindaugld iou

histatin



—_

N o o~ WODN

gﬂﬁ E.5 MI&3NOND anti-candida 189 hevein lag HPI

Control DW

P1 400 pug + DW

Hevein 40 ug + DW
Hevein 40 ng + P1 100 Lg
Hevein 40 pg + PI1 200 Lg
Hevein 40 g + PI 300 g
Hevien 40 g + Pl 400 g

Control DW

Pl 300 pug + DW

P1 300 pug + hevein 10 ug
P1 300 pg + hevein 20 g
P1 300 pg + hevein 30 Lig
Pl 300 ng + hevein 40 Lig
DW + hevein 40 g

97
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F. Tassn13diag 6
= > q;; a Y > q;; = a g/
n3a3aa §1sdudinananuazasduslsealudianagiainiignenisuas

a

NINAFDUILALUNIAFIRN

PNNBNURAIIIATINTER 4 (miﬁm’%qwﬁazﬁﬂmqmauﬁamaﬂﬂiau
fwdauaudsnaningnany) ldwuinasiusiuanddn da hevein @aillu latex
allergen (Hev b 6) 5a s1sfivhldiiamaui SelafusslomilafiasimaesoaludSunm
guﬁamimaamzé’uﬁﬁﬁn wdnenululasimsteslassmstdes 5 (M3Anm
mseangnivaslusandusolyséion @iaL%aﬁaT‘mLLa:mﬂJizqﬂm“l"ﬁmdmmwwET ) e
wulusdususslusdias 91nen9wn (protease inhbibitor, HPI) sansaeangni 1)
Ell‘i_lf?dl,auvlfﬁﬁ gingipain “?'iﬁé"aaaﬂmmm%a porphylomonas gingivalis Lﬁaﬂamamﬂ
widanlulsadinudniowdendniay 2) sudimaasuidnlaveshhia hepatis B (HBV)
ﬂ’]iﬁuwuﬁﬁﬂiziﬂmﬁﬁﬁ]:ﬁ’l HPI uaz 3) L@INNTIYIN9IUVaY anti-fungal protein/ peptide
I@ﬁﬂaaﬁumigﬂﬁﬁmwaamiéﬁﬂmﬂm intracellular proteases mau%aﬁgﬂﬁﬁmﬂﬁ
ANBRINET anti-fungal 9nE  aetuselinnusndufiedasvinszuInmsiasuNaN

fug9lsALagaIniin Uﬂaluﬂ%mmgo [N TALN IW D BRI LN AN INARAUIZAUNWIARTN
F.1) nmsiases a1sgugalisaiaa (HPI) Tmlsmmgomnmmawvsv

6 ad
gﬂm‘mmmﬁmi
a) MIAILURITIULAINNUN9E
o o A A ' a ° v A v o = o a
hensaannia la b guiniisildinenssvanduiaulasnsdu
nsanasin0.2% dad3nnes)  adldluihene ieldaniwanulunsainiodsiald
WANNTILAIVINBULN LaIFIINAITUENLENEIUVEY fresh serum (F-serum) 8anann
Aaue9lauMIIAHIWLATBITALN I (gﬂﬁ F.1) ¥NANTTINTIV F-serum wauadsin b
N389HI% NIINNWLATAY microfiltration VWA 0.22 luasan Lﬁam%'m%aa;a%wuamm
aumeavifidwdanaglu F-serum aanly udvilwidunsuislasldiadas spray dryer
=) Qg
b) M3tuIgnT HPI
o Ao o 4 < o o Y v
Mg TuuRs ldazanosinnan wadvinldanaznauale acetone lagldnisg
% acetone saturatuion ©9% 0-50, 50-70, 70-80 W&z 80-95% GMNAAL U1TIIAIY
QI = { v YV & ) Ag
ANAIN L6 HPI gaq@"l,ﬂlmﬂu HPI U3gn3D
c) N3 assay HPI
LaAAIAVaY HPI mmm’fmvlé’l@ﬂgﬁnﬂmmmmmmaa Pl lunseue

wanddfvadewlys lUsdes L1ow trypsin W@ gingipain  lwAstiay  benzoyl-DL-
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A & o Aaa o A
arginine-p-nitroanilide (BAPNA) &atluatiaasnnal® lasnsvin stock solution 9
1sznaudis BAPNA 31143% 30 mg e’fiaa:msaglu dimethylsulfoxide (DMSO)  ua7 L
dilute 100 1¥in@28 50 mM Tris-HCI pH 80.0 Aaulgidu substrate solution e

Pl sample 11 preincubate N trypsin (U3u1@3 100 W, 0.1 mg/ml 1w 50 mM Tris-HCI
pH 7.5 )7 37°C Wuen 30 wift TasfiUSmnassan 300 Lu WRINTHSA incubation

fun13Lin BAPNA substrate solution U58103 500 I 71 37°C 1fluiaan 20 wf e
Ujisenlasmada acetic acid 30% (viv) ¥m3IadSunmwas p-nitoraniline ﬁgnamﬂ
98N¥197N BAPNA 71 OD 410 nm. lag 1 unit 189 P activity 9z1ynnulIunman O.D. f
410 nm finaag 0.1 wiae afisuiu control G9lud trypsin w38 gingipain adlu

reaction mixture

NANTTNARSIUAS I TDING
\flagan HPI Lﬂuaﬁﬁagludmmawa@mm‘la Wi TUNad C-serum 71 lanad
el uuendseias ultracentrifuge  w@3TAINa laaNTaT ANl Flung
@383 HPI mm{']smmluﬂ%mmgﬂﬁmﬁzﬁunuqaLmnﬁmmu’m sarusolaUanmn
mu’flué’w‘fu%umaminG]ﬁagﬂﬁm BN IINIRD AT NN WA UEINEINMTLRY
nsaasldlwihenaiteldonssuanduton wasvinmsusnsuaamasnarlaoanainion
sn9udn Taamhluselaglfiedossaoounin vaswmalafile (F-serum) 228 HPI 32w
agﬁuiﬂiauﬁazmﬂﬁﬂﬁﬁﬁagiuﬁﬂmmmmjﬁ@ 115305 F-serum fadowldannsin
619 50 803 AU 28 8a3 (1997 F.1) e F-serum luvnldTunsusislassinmn
seieadspray dryer a2 lanouaz50 nu Famunsathnssananaluazaeinawiorn
wonlusiudningeenanasazay  F-serum  lagdTanaznoudisezdlon (acetone
fractionation) lasifinszAuT9n NI HVES acetone TuiFan g laslusiuilils HPI
fulngazanaznantavnnududs acetone 2w 0-80% Uaz HPI u’%qw‘ﬁgﬁ]:ﬁ
ANATNARTIANNTNTUDT aUT=WINg 80-95% é’agﬂﬁ F.A udnuauldsfuvas Pl
azhdL@iuﬁ'@ua:ﬁm{’mﬁfﬂiwLaqaﬂi:mm 7.5 kDa %zWWi1 HPI ﬁ"l,ﬁﬁmmu%qwé
deutgauazlinisunulusinawma >60 kDa Unagiinainia dlafisuny PI 7
wnpnldann Cserum Fadasldmsiiuusniineniaadasiaios ultracentrifuge T9az1Hin
waulds@in Pl iNeunuL@en (gﬂ'ﬁ' F.2)
fwnIindIanm  activity w89 Pl %agmﬂmmmmmmaa P lunnssusa
activity 284 trypsin Wll’.i’l‘f:’lmd 50 803 b9 total activity 183 HPI %§dﬁ’1ﬂ%§gﬂ"§ﬁ’;ﬂﬂ’]‘§
3% acetone fractionation T9AMNULTNTH 80-95% 1szanmh 260 TIU (trypsin inhibition
unit) anuERTpas HPI I enswiidszanm 5.2 mTIU/mI %GQQIWﬁ’NlﬂﬁLaUGﬁU
szé’um’mlﬂuim‘ﬁq@ (7-70 mTIU /ml) fimamsunnslEasazany Pl (Aprotinin) figna
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1NnUandd §wmIudusInIviaued thrombin protease lumitlasiunsgaiduiiaaly

mItaanalanuld (open heart surgery)]

Fresh latex

[Acid coagulation]

0.2% Formic acid

l

[ Roller mills]

l

F-serum

l

[Spray dryer]

l

[Serial acetone fractionation]

l

Hevea protease inhibitor (HPI)

E‘]Jﬁ F.1 °f1'm1aumiuﬂ%wmiﬁuﬂ’ﬂﬂﬁnaa HPI Mﬂ%mmgwmﬁ’]mawwsw



101

std 0-20% 20-40% 40-60% G0-80% BO-95%

’a
=

gﬂﬁ F.1 SDS-PAGE %84 PI u’%qn%f G4l sin C-serum lUanaznaussasd
Tautrennaududuensg (0-20%, 20-40%, 40-60%, 60-80%, 80-95% auillariald)
Tay HPI 9:0NazNauTI9 80-95%

I 2 3
{ B -

E‘ﬂﬁ F.2 SDS-PAGE wa3 HPI ‘]J%ij“(l?ﬁ %Giﬁ‘-ﬁﬂﬂ’]iﬁﬁﬁ’]‘iﬂ:ﬂ?EIN\‘]LLﬁG F-serum
(lane 2) ldanaznaualuazBlauiie@1dg 0-40% (lane 3); 40-60% (lane 4); 60-80%

kDa 4 5 6

94-
67-

43-
30-

20-
14-

ba.

(lane 5);80-95%(lane 6) aud1aUlay HPI azanaznaus9 80-95%
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797 F.1 USanm activity 289 HPI lla3swldnnihessaaasuaaulugy F.1

A397i Usinasinensaa | U531@3 F-serum VRN HIUIS Total HPI actitity
(L) (L) (9) (TIU*)
1 28.5 16 260 158
2 7.0 3.5 80 34
3 13 6.5 130 68
RIPLY 50 26 470 260

*TIU = trypsin inhibitor unit
1ae 1 TIU 928N1TOAN activity U89 trypsin 31134 2 units 8411 50% @4 trypsin
1 unit 9ztias BAPNA 6 1 umole daun#iil pH 7.8 uazamngil 25 °C

F.2) nsmadaunnsaainzasarssusellsdias (HPI)

flagan HPI sansneengnd  L&SUM3¥Nuad anti-fungal protein/ peptide
lasilasiunisgniansvassnsdanaalas intracellular proteases TﬂdL%ﬂﬁQﬂﬁ’]ﬂ’]Ellﬁ
ANYRIANNENT anti-fungal GINEN7 S9nmT0199z1E HPI lugﬂagu"lwsml,a’%qu‘ﬁgﬁum
snganuanddsianiduudndisusman histatin, lactoferrin ldwnn HPI laidqman
Jaslumsnaliiiamsszasifedde NaINEIRNT HPI u%qw%fﬁm%wvlﬁluﬂ%mmga 1
NAFBUYNY skin irritation  WIaMIAaANNITzAELABIdaRInIINTzANY laglitnasay
WUNBLAY 404 Va9 OECD, Guidelines for Testing of Chemicals (2001) lagldasazane
HPI Y331a3 0.5 ml Taasunianionsedswn 4 Tlasuddvesn sounannuialnd
Pasfmiinszdsdadany 3w Unngildnuenmiuesuazennsuaneaiinig
nszdny wdadela  aanwazdualusnsnu lnu.17/49 % 03-12-48 lag sanUwidw

Insnenaasiazinaluladuisdszinalng (32.) (Appendix 9)
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G.lasonisdon 7

% - Y @ % v & s
mswwmqmwwaau ELISA Lwa‘lmﬂ%mm%mﬂﬁaﬂaamma

Tsauiddnanwlumsldidudsinmslnasasiein - lddunounanms
ﬁﬂi&’l‘i%’ﬂﬂi:mumima%amﬁﬁLﬁmﬁaaﬁ'unwaqmé’umamaﬁ’lma lasamedan lawuin
lunszuaunsasnanilisdundnay 3 wiafifsta é’ﬂmmlugﬂﬁ G.1 lagafiaf 1
u‘flumwLmuiﬂiauﬁﬁqmawﬁaLﬂmaﬂau (Wititsuwannakul et al, 2008a, Appendix 10) 7i
I38N91 Hevea latex lectin (HLL) ﬁEIaéha%iu'%nml,ﬁmummmﬁ”’mlmmmgn’mgmmﬁ‘
P99 I@mﬁagﬂaﬂﬁwﬂaaﬂ waduaInaIfazimindlumawieailiifians
IWNFNALABMALNVINALAN  (small rubber particle, SRP) vl wszand
m’mmmmLmzzﬁ'uﬁ'lLWﬁzﬁ'unajuﬂﬁﬁu"LaL@mﬁLﬂudauﬂsznaumaaiﬂsaumﬁ@ﬁ 2 ﬁag’
ULHIY8I8%NNALNY (Wititsuwannakul et al, 2008b, Appendix 11.) las3aninalaldsdu
@9N&17331 HLL binding protein 2898%NAYN  (RP-HLLBP) Naﬁﬂﬁl,ﬁ@mﬁwmjw
ewhaalUTWYeIgnasdanuaunaeny naneiiuiauend (rubber coagulum) fifluwe
1my,'wa°7iﬁ]zﬁaiﬁtﬁ@ﬂﬂsq@ﬁumaaviaﬁwn uanmnfuamx;ﬁ%’a%wudw HLL 693
anumansamzsusumziumsnilulasnfivssnaviwinsunilivesldsdusian
3 é‘ﬁda:amagﬂummaa cytosolic serum (CS) via G50E19W T (Wititsuwannakul et
al, 2008c, Appendix 12) Tasaenlnalalusdusfiafiin CS-HLLBP  wiaunsldwuin
Usinasasinensi lddensininezudsiwlagassiulSanm CS-HLLBP (gﬂﬁG.Z) LA
CS-HLLBP ﬁ’mﬁ’lﬁlﬂu anti-coagulating factor lunszuiun1iia  rubber latex
coagulation amuluiaalnafiianals (gﬂﬁ G1) @9inliséin CS-HLLBP Fagnib g
\Huenisd (biomarker) singmwlumslnavasiiens lunmsWauidugenasey indirect
ELISA tRa3auSunm CS-HLLBP luvnens
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‘Lutoid ~ = ’ d .-_-

Lutoi
‘¥ cw?

4 @ 1=HLL

v=RP-HLLBP

@‘ @ﬁ @' =SRP
£} ﬁl O #=CS-HLLBP

gﬂﬁ G.1 Proposed model for rubber latex coagulation: the intrinsic latex lectin
(HLL) on the lutoid membrane vs. its insoluble or surface-bound rubber particle ligand
(RP-HLLBP) and soluble C-serum binding protein ligand (CS-HLLBP). The bursting of
lutoid particles will lead to the exposure of HLL that can bind to either RP-HLLBP on the
rubber particles, leading to the formation of a rubber coagulum, as depicted in process
A or to the soluble CS-HLLBP, forming no coagulum, as depicted in process B. The
coagulation of rubber latex will take place whenever process A exceeds B (i.e. at the
distal open-end of the latex vessel upon tapping).

(Wititsuwannakul et al, 2008¢c, Appendix 12)
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180
# Dry rubber (g) < Fresh latex (ml)
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3‘].]“71' G.2 Correlation between rubber yield and CS-HLLBP activity (H.l.) per
tapping (n = 22 ) (Wititsuwannakul et al, 2008c, Appendix 12)



106

gUnvaluss3sms
a) M3LA3un CS-HLLBP 13gns

e lwmansash Il D weondandnsusnsuondvaansunziullsan  cs-
HLLBP lawshld@anszeny  ussloasnanmununaspiudmsumadiensiisanmlysiin
CS-HLLBP TaeA% indirect ELISA 33nmsiassaiuannsisinensaasniiuwliionaandy
U6 G]I@mﬂ%aaﬂumﬁm‘%agd (ultracentrifuge) fA1NL37 59,000 g 1utran 45 Wil
it autopipette QaLaLaNITEINYDY  C-serum Lﬁa’Lﬁﬂmmdaﬁm%’uﬁm’%zﬁﬂ%{
11564 CS-HLLBP nnﬁ’m'%qnﬁ%mnnﬁn C-serum Amunwldunanlusandonie
ammonium sulfate AszaUAMUTUTY 70-80% naznawldsaudildviazasludninas
Tris-HCI, pH7.4 ansaiansazaelusaud ldunanlusdusnasanitede cold acetone
511035 2 i iiuaznanlasldiaiosiiuudrazansaznandastiminasoiadaanuilsln
ﬂ%mnLL@ilﬂuﬂ%uﬁ@sﬁﬁaUﬂd'}ﬁv’oﬁlﬁalﬁmsazmmﬁmﬂmﬁu*’ﬁumaﬂﬂiﬁuga eyl
Aazeauanlysauiifowalndidsanulysin CS-HLLBP lasvihansazanslusawlusiim
aaaul gel infiltration (Bio-Gel P300) WazlAUTILTINGWIE fraction 718 activity V89 CS-
HLLBP g4 ssazaslusdunasamniiuaaaui gel infiltration wiezndelysawli

a

a { v & = g; 1 o v
aha A Inazlaandalysdin CS-HLLBP wssnhaiasaluauda ldaiunsanseviile 2

=)

3580 57usn ihasazanslusawlUruaaauil ion-exchange (DEAE-Sepharose) 53712
ﬁwiﬂsﬁu‘ﬁ'a;Jilumsazmﬂlﬁaguummmuuﬁameo‘,wnﬂﬂsﬁu CS-HLLBP @anain
Wulwss lwmidnmessitladenldisng diisnslasdodasiiaa  sasazane
Tus@ufiinuaasuyl gel infiltration luusnuaulusdiulagit SDS-PAGE antiudsuau
Iﬂiauﬁas;‘_lilul,ﬁmslﬁmaguul,wmmu PVDF (immobilon) 1ag3F electroblotting La3a@
wonuuiuwanziluwoulsducsS-HLLBP  sfalusfsn CS-HLLBP l¥wameanain
watnswlagldiiwinas Tris-HCI, pHO.5 A 1% TritonX-100 tlwdIuNEN
b) NMILATUNLAWALBA (polyclonal antibody)

Tumisisuandvednsmzdolysin CS-HLLBP ldnszanasiuin 5 62 m3
danszansudazarlunsousnldlysin CS-HLLBP 15wnm4 200 g ﬁ'a%ﬂu phosphate
buffered saline (PBS) U313 0.5 ml Nanl#idnAy complete Freuds'adjuvant U381a35
05 ml SAfiNaINEILaZEUAaANAULYNTD9 Dunbar uaz Schwoebel (5) tialw
nyenaE e uAUeaTiat SaRuan 2 A% udazasslFllsdn CS-HLLBP U5unas 100
ug ﬁla%ﬂu phosphate buffered saline (PBS) 138103 0.5 ml Waul#AdnAL incomplete
Freuds'adjuvant U331@3 0.5 ml Wanszanuainsuonauediugs 1anzianannizensan

= ! Ao A AN o & o A a ] o @
LENENULANIERIUYDIDIN sﬁsl]ﬂvlﬂﬁ]zLﬂusﬂH']ﬂquQN -20°C ﬁ]uﬂ’nﬁ]zuﬂmlﬂi



107

¢) NMINTINIALUIUUCS-HLLBP

Tuns@nsnessitls3s indirect ELISA Lﬁaammﬂuf‘s%ﬁvlajsjamﬂ fuaanns
Uftiaasiae indaulisdulunguues ELISA plate (Nunc, Denmark) U3anas100pl Lo
Ilusandeanslutwmasanvaiua pH 9.6 Iﬂiaumﬁ”mﬁaumﬂuvLeﬁ’LLﬁIﬂiﬁu CS-
HLLBP ﬁu’%qﬂ%{ (FMILFTINTIINNIATZIN) LLa:IiJiauﬁy'am@ﬁaglud’m C-serum
(ESumUsinalUsen  CS-HLLBP  lusinena) Usawlilds@uduiunquiduszozion
Wiks 9N block NURaUaIY 1%BSA+0.05Tween-20 ﬁag‘lu PBS 1flutian 1 . #
gaunpd 37°C ansuinue §1 plate 3 ASsche PBS i 0.05%Tween-20(PBS-T)
Eudsuaaanszanudaseansln PBS-T adlungu USanas 100pl dengy udiddesld

wanAvadIuAUUanALIN Wuam 1 Tu. Nganmnll 37°C  Leasuiwua ddplate 3

v @
o A

Assdy PBS 710.05%Tween-20(PBS-T) tainfiersauandvadfililasuiuuontan
unendivafmfizasdeiianlodiesaandiamdand (goat anti-rabbit IgG-HRP,
Sigma Chemical Co.) adlungu U313 100u! dangy I@ﬂﬁuauauaﬁﬁaﬁamﬁgmﬁa
vl PBS-T  Usasfsliliuondvaddisesiunuuandusdsausniuna 1 vy, 7
aqmvsﬁﬁ 37° C enuauay plate 5 ﬂ%\‘l ﬁnﬂf?ul,aumiazmﬂﬁlﬂu developer (hydrogen
peroxide W8z O-phenylenediamine dihydrochloride) mvl,ﬂviqwaz 100p1 wdUaaslii
ﬂﬁﬁ‘%mﬁqm%gﬁﬁaﬂuﬁﬁ@Lﬂw,’;m"l,mﬁu 30 w1 mnffwq@ﬂﬁﬁ%mi@mauﬂmsﬁayj
30 enududn 2 M wauaz 50yl a'mﬂ"]mmLﬁwﬁuﬁmaaﬂﬁﬁ%mﬁL'ﬁ@%u(@ho.D)sLuLL@i
BEARENIRN ELISA plate lasld spectrophotometer plate reader (Bio-Tex , EL,808) “71'
ANNEIATULED 492 11l ulaas
d) maSouifisumsanaiadSanms CS-HLLBP laei33 indirect ELISA nu 33
hemagglutination inhibition ﬁ%amigllﬂ&\‘m’]im’]zﬂ@:umamﬁ@Lﬁaml,m
miﬁﬂw’m%y'af:"lﬁl,ﬁuNawamﬁumaﬁuﬁf RRIM 600 tiluaedu $1wiw 30 dw g
fhasnsinensasuaasduniTugas ultracentrifuge (ANALSY 30,000 rpm Wit 30 W)
YA uenLeNEIn C-serum Ba9HNNINILATIEFINLSIN DA CS-HLLBP lumsdiaezs
lagl53% indirect ELISA %1 C-serum 31138319628 phosphate buffer saline (PBS) 640
i udiliefenlunauaas ELISA plate 1aniiaansny coating buffer 8n 10 1
nnuulfiReatunaumuiilensaneuwninil é1 0.0. vasdatnifisuwldazinly
LLiJaaLﬂu@iwﬁmﬁfﬂmﬂnmwmmgmﬁ"l,ﬁmnmsﬁw CS-HLLBP mmﬁam&qwﬁixﬁu
AMULTUTUIZNING 0.31-20 pg/ml z%’]m”‘umﬁme:ﬂm%%ﬁuifdmil,ﬂ']:mjmaal,ﬁ@
[Raauas 33971n¥0 C-serum ¥ serial dilution (2 1¥i1) NU isotonic buffer lu%qmaa
microtiter plate 1NWAN HLL 7iXs2@U titer 289 activity Wity 2° Usesfielin
paannivasuIu 20 Wil wdndudadoauasnszansfifanududu 2% Usesfislid

U
amﬂgﬁﬁaamu 1 7). LLéT’JEhuwamiﬂ'uEl'amslmzmjmauﬁmﬁamm

9



108

NANITNARDILASIDITOING
a Afdl =} £
a) CS-HLLBPuIgnIfieieald
=) Qf Ql o { & U :’
Iunﬂiwﬂua?qﬂﬁ CS-HLLBP 339101341 C-serum Atuueanlaaniignsae
anaznanlisauenoinfananlaiiioudaing 1waz cold acetone ANUBUINIEITAZANL
lUsGunldluriunaanil gel infiltration AU@MIzENTacanslUs@uiil activity vad CS-
HLLBP g9 uanhldusnunulds@udisds  SDS-PAGE  anuudnaunulysduain
acrylamide gel SJUWLUNLLIH immobilion @283T electrblotting LWNaAALBUANIZUOL
¢ v o =) =) Qg v
11964 CS-HLLBP @iuu1a 40 kD Wiy LLa’;m"laJ’;mﬁ:ﬁmmmqwﬁ @
v =) Qg { ¢
SDS-PAGE 1l91ng31'le CS-HLLBP UIgniunuen (UM G.3) itk 11/96% CS-HLLBP
d e £ v, - , I Y 2
waﬂ@%”l,umamzvluagluamwmu (native form) nfiilasananuTanlutuaauwad
nMIassuaagdNanenunullsdual835 SDS-PAGE  afndlsAeny  lusauluaniw
AINaFAN I I FwlnnIAnEIa IR latibasantihrananain ldltaenszde  uas
WuuanfudmiunmssiinnuuiaswinedinzimUsunmlyséin CS-HLLBP @9y
3% indirect ELISA
b) waudvad dalUsdu CS-HLLBP fia3ow'le
NMIRILAUALBANI WAL CS-HLLBP lfnizdiasnuin 5 @2 vinnns
SalisA% CS-HLLBP 2 @39 L‘ﬁamzsjulﬁmwhsja%“’ml,auauaa fa AAATILIN LA
PRINATILIN 21 % 1WAATU 30 IURAINNAAATILIN LNULRAANIZALLARZAINN
anaruanivednduwiznulus@in CS-HLLBP lawlddt indirect ELISA Wauyngin
nazdnsudazdauenduadnduwzavlsdn Cs-HLLBP lalivihiu U G.4) lay
fnszdnu@ifi1 § titer dnga aattu n1slialdsdu CS-HLLBP luasadaly (40 Funasan
a & 2 = a A o = a a PR Y ' o A
8aa39usn) sadunsdaiandiinalumsiiuiieiuanived 39ldaanszanaain1aan’hl
NRINNNINULRAANIZABUGARZE (AN 2-5) WNaTIIMILauGLaAINe 7 uaz 14 %
wiandallsdu CS-HLLBP luaisgarine waUnngi@iuieanszeiudai 4 @ titer
maauaufﬁuaﬁgaq@ 09890 lAUAGTULIRaANTZALAIN 3, 2 UAL 5 ANAIAU wanant
> 1 A A:ll =3 dl s [ = g; v = . dl v [ 1
ganudnfeafinuila 7 uaz 14 Junasandaaiagaring  titer Tasaauua lunandns
a e A A A = & . @ A :
N WENa titer gam%aa@‘ﬂmumaaulumaLLsnﬂaumNmﬂ (3UN G.5) Tagwuin
ANz VRILaRAUBANHGalUIAW CS-HLLBP annmInasaulasltid westernblots
Ungdn  wendvednudaledannizdsluassfiianuduwizedalisdn  CS-HLLBP
Aaudnags (U G.6)
v a a wmxa | .
c) M3aNIAUSNamlLUsAU CS-HLLBP lagldi3d indirect ELISA
mMIaatSuimllsdn CS-HLLBP lagldid indirect ELISA luiilasdiler

duiiumamanudutuiinanzanvasliséiu CS-HLLBP Nazihanldainwanasgiu



109

A P o A a Ao A ' A9 o
ANNIRD99TBY C-serum NazihuiaRounan waztanm IgG ludgsuiRaanszeanla
Junulys@u CS-HLLBP uwannnigirinlufiidadvdug ww szaznanlslumsieadou
VLY szozanUdosliiialfATondnasanieu developer Lueu

mﬂmiﬂ@aaamﬁau%@mﬁﬂiﬂiau CS-HLLBP uazlis6@uain C-serum N3zau

v o A ' . . . v @ @
ANMUTNTWNRARY 2 L¥in (serial dilution) I@ﬂmmmwugaq@mmu 16 pgiwell URE
ANNNTUAIFAINAL 0.25 pg/well (lwszaziaa i 1 ou. 71 37°C 1IN incubate
MUTTULRBANTZANY (N 4 LNULRaAATIN 3) NFaanslutwiwas 2000, 4000 waz 8000

' [ aaa i a X [ v a va & a . .
Wi waanmMyIaUisendniiatunasainlalifasuruaauainitves indirect ELISA
Unngi nalddiuReanszdsideaadintinines 4000 i Tanumunzaunigaly
MIFINTINNIATZIRUAENTIALUINNMVE CS-HLLBP ﬁagjﬂu C-serum Li8991NNAN
£ 1 [ 1 d' ] =) ol a a‘i»e/ 1 A U =
VL@aglumwaom 0.D. Mugamammﬂﬂ HANIMNHLINUIN mnmawaumﬂﬂmu
dl Qs v v v Qs =}

970 C-serum NIEAUANNLNTY 8 pgiwell 1R@1 O.D. 5950 Iunmmummwamwaa
Ao A ' A9 o ~ A a A A '
FsuRaanIzenan g (3UN G.7) T,@ﬂa‘nﬁwas:ymmﬂlﬁumimaaumw WUT1INAT
mﬁaquu@”’m C-serum muﬂﬁ'ﬂﬂiau CS-HLLBP N32@UAMNUTNTWNRARI 2 ¥
(serial dilution) I@ﬂmwﬁuﬁugaq@whﬁu 16 pg/well LazANULTNTUAEAINAY 0.25
ug/well LWHIzaZIAWIBE1INK 3 1381 Aa 1 T, (N 37°C) 4 T8, Waz 24 7. (1 4°C)

& . v Ao A . o A & A & A a A Y Y &
ANNUY incubate AIBTINLRAANTEEY (9N 4 LNUREAATIN 3) NiTaadcTWinaes

' [ Aaaa i a & [ v 1A vAa & a . .
4000 ¥ waInMTIaU)enFNielwnasan laljuansuduaanauitues indirect
1 { J o v =) { a
ELISA U3 ngan i:yznmmimﬁawqwﬁm’smumuﬁNawﬂ%ﬂsmmiﬂiﬁuﬁme@‘l,u
& . o e . ,

waudanin (e O.D. LinTw) TaAnlaraiawnullsdn CS-HLLBP ue@lunsds C-
serum WU msmﬁaumgumu 1 uay 4 73, W lunand 19N wananigIwLI1 N3
Lﬂﬁaumwﬁwiﬂiaumﬂ C-serum 73zAUANNTNTY 8 pg/well L@ O.D. gaq@lunﬂ
iw:nmﬁlﬁﬂﬁaumu (gﬂﬁ G.8)

d) YSunmlysin CS-HLLBP fia3393alaeit indirect ELISA NU Sz@UU@dactivity?
mni’aimlcﬁ%'{mEl'amilmzmjmauﬁmﬁamm

PINNITIINANNTILATIZHR LTI CS-HLLBP ﬁmmi’@lugﬂmaa gltapping (f1#IU
73 indirect ELISA) uaz H.l. activity/tapping (§1%303BIUGIMaimMznguvadiiialianuas)
TAenedmanusunwsnuNanaasufIasdues Usngin wenand3anm Cs-
HLLBP  flianzildannisasifazlianuduiusluszdugonunanfasudiqun  G.
9A WAz G.9B) HIWUIUINNM CS-HLLBP N3LATeh leannnigaddsianuaunusnuly
AUgIAnaIn (FUN G.9C) aank N133a CS-HLLBP sansnvinlealasAT indirect ELISA
& A \ : ad o L. o & .
YUTIFALAINUAZILNIN WNUWNIIIDIRactivity a'mﬂ'mmmﬂmmzﬂqmaaLﬁmﬁam

L @ aad . @ .
LL@\‘]Gﬁ\‘iLﬂuj'ﬁﬂﬂaumqﬂq@U’]ﬂ



110

A B C

kDa Cs kDa F8 F9 Fl0 Fll FI2 kDa HLLBP
94—
94 &7 G4 w—
J -
67 - 67 -
43 - 9 - - 43— )
0 - 30— ' ' 30—

.
20 * 20 20
4 - -
) v
14 9 - . . 14
o —

Eﬂﬁ G.3. SDS-PAGE (12% gel) vaslds@uandunoudn e]maamiﬁm%qﬂ% Cs-
HLLBP la# lane kDa @@ standard protein marker
A: lane Cs faluUs@iuas C-serum fildiflausn CS-HLLBP u’%ﬁg‘n‘ﬁf
B : lane F8-F10 uaz F11-F12 Aaluséu fraction ﬁﬁLLavaﬂﬁ activity wa3 CS-
HLLBP fildnasmsuendiunasuil Bio-Gel P300
C: lane HLLBP #ia CS-HLLBPL3gn37ugnd@annuuiyss PVDF



111

3.00

2.50

2.00

1.50

0.D.

1.00

0.50

0.00
No.1 No.2 No.3 No.4 No.5

1:100 B 1:500 [ 1:1000 B 1:5000 B 1:10000

A & a a Ao A \ o A A & &
3UN G4 lawweivesnendvedludinifoanszdndinl 1-5 AlAuNARELATININ
(30 Tunasnndansowin) nasevlasldid indirect ELISA (infaungquednlysdu Cs-
HLLBP @UL T 5 ug/ml)

3.5

30 4 O21 O22 W23 Ozn @32 W33
O4n B ap 43 51 512 53

2.0 7

0.D.

1.5

1.0

0.5

0.0 —

1:1000 1:5000 1:10000

Serum dilution

3UN G5 uWisufisulawmeTuesueudvedludiufeanszdindaf 2-5 Mifiu 3
A1 (30, 47 uaz 52 Tunasnnianisusn) naxeulasldis indirect ELISA (\nfaunga
dolU5A1 CS-HLLBP aNuLtudsh 5 pg/ml) @RLaUninaIaanany / wunsdsainseeng

) o o A a2 L A= A .
FAIUAUNVARILATDINNUNY / RUNHDIATINNLLRDAN TN



67 - _— E ==
—— T —
43- . = - S S
30 - — - s
20-
14-
1 2 3 4 5 6

kDa
94 -

43-

30 -

20 -

14 -

112

gﬂﬁ G.6 ANMUINNIZVAILARALEA NHNEALNNIZALAIN 4 dalisAw CS-

HLLBP 1% C-serum Samz#ilasnivin Western blot lag (A) #11U56@%ain C-serum an

run SDS-PAGE lagld finnaidiut 3 52aU Aa 40 g (lane 1 uaz 4), 20 ug (lane 2

WAz 5) Uaz 10 ug (lane 3 uaz 6) 1Nun (B) thulusdufiaglu gel asun nitrocellulose

membrane ' incubate FadBTINNTTANNITDING 2 T2AU A. 1:500 (B, lane 1-3) WAz

1:1000 (B, lane 4-8) M NG18 Anti-rabbit IgG AlL8x L] peroxidase 1Haufia aTI3N5U

1 a 0/ aaa n‘ a &/ s a . dl
sewilds@u HLLBP v 19G lasgujAsmaniialundannida substrate solution 113l

diaminobenzidine (DAB) LU W& N &



113

HLLBP C-serum
35 3
—— 1:2000
3
2.5
2.5
2
2 N .
y a
a > 1.5
o 15 A ©
1
1
0.5 0.5
0 0 T T T T T T
025 0.5 1 2 4 8 16 025 0.5 1 2 4 8 16
microgram/well microgram/well

3UN G.7. nMIneuauasvatuanivad dalisfiu CS-HLLBP (HLLBP) U3gnT uas

fagflu C-serum N3zauaNNITUTUA199 lu indirect ELISA

HLLBP C-serum
2.5 25
—@— Overnight —@— Overnight
20 Y 4hr 20 TH 4nr
—&— 1hr —4&— 1hr
1.5 1.5
a A
[} o
1.0 1.0
0.5 05 -
0.0 0.0
025 05 1 2 4 8§ 16 025 05 1 2 4 8 16
microgram/well microgram/well

3UN G.8. wavasszEzAIMRafaunguealnlysdu CS-HLLBP (A) uazlysdiuain
C-serum (B)l4 indirect ELISA lagld@5uvadifoanizdnaain 4 (AUAIIN 3) 138319678
buffer 4000 tvin



114

160 " 14
140 . 12 * 12 .
¢ *
12 i 10
L4 L
e 2 . H .
2 100 g 3
H s e $ £ A
¥ Y * 3 . 3 ¢
g ¢ F;% PG o 5. " * e
b * 8 * -4
) g H N z KA
+ 3 . \ ¢ ¢ B ) LR
@ . .
‘:, g o
* = 2 -
2 v r=0.88 1oe% r=0J91 Rl r=0.80
L2 L ¢
0 0 0
0 20 N 80 8 100 120 140 160 180 0 20 0 80 80 100 120 140 160 180 0 20 40 60 L) 100 120 140
YIELD: g/treeltapping YIELD: gltree/tapping H.1.X1000/tapping

U G.9. ulisufinuanuauRuSRIIHAREAIURY (NTW/FWATINTA) VB4
AueN99UIB 30 FunULSHmlUIAM CS-HLLBP 71a5737alas3d hemagglutination
inhibition (A) ka2 indirect ELISA (B) WazANNaNNKTIznI19UTuawlU56% CS-HLLBP 9

771370la835N9889 (C)

References:

Wititsuwannakul, R., Pasitkul, P., Kanokwiroon, K., Wititsuwannakul, D. (2008a) A role
for a Hevea latex lectin-like protein in mediating rubber particle aggregation and
latex coagulation. Phytochemistry 69, 339-347.

Wititsuwannakul, R., Pasitkul, P., Jewtragoon, P., Wititsuwannakul, D. (2008b) Hevea
latex lectin binding protein in C-serum as an anticoagulating factor and its role in a
proposed new model for latex coagulation. Phytochemistry 69, 656-662.

Wititsuwannakul, R. Rukseree, K., Kanokwiroon, K., Wititsuwannakul, D. (2008c) A
rubber particle protein specific for Hevea lectin binding involved in latex coagulation.

Phytochemistry 69, 1111-1118.



Available online at www.sciencedirect.com

ScienceDirect PHYTOCHEMISTRY

ELSEVIER Phytochemistry 69 (2008) 656662

www.elsevier.com/locate/phytochem

Hevea latex lectin binding protein in C-serum as an
anti-latex coagulating factor and its role in a proposed
new model for latex coagulation ™

Rapepun Wititsuwannakul ®*, Piyaporn Pasitkul °, Pattavuth Jewtragoon ©,
Dhirayos Wititsuwannakul ¢

& Department of Biochemistry, Faculty of Science, Prince of Songkla University, Hat-Yai, Songkhla 90112, Thailand
° Department of Chemistry, Faculty of Science, Thaksin University, Songkhla 90000, Thailand
¢ Songkhla Rubber Research Center, Hat-Yai, Songkhla 90112, Thailand
9 Department of Biochemistry, Faculty of Science, Mahidol University, Bangkok 10400, Thailand

Received 3 August 2006; received in revised form 17 May 2007
Available online 5 November 2007

Abstract

A distinct protein specifically recognized by its strong interaction with Hevea latex lectin (HLL) was detected in the aqueous C-serum
fraction of centrifuged fresh latex. This C-serum lectin binding protein (CS-HLLBP) exhibited strong inhibition of HLL-induced hem-
agglutination. The CS-HLLBP was purified to homogeneity by a protocol that included ammonium sulfate fractionation, size exclusion
and ion exchange chromatography. The purified CS-HLLBP had a specific HI titer of 0.23 ug ml~". Its M,s analyzed by SDS-PAGE was
ca. 40 kDa and that by gel filtration was ca. 204 kDa. It has a p/ value of 4.7, an optimum activity between pH 6 and10 and was heat
stable up to 50 °C. The HI activity of CS-HLLBP was abolished upon treatment with chitinase. The CS-HLLBP inhibited HLL-induced
rubber particle aggregation in a dose dependent manner. A highly positive correlation between CS-HLLBP activity and rubber yield per
tapping was found. The correlations for fresh latex (r = 0.98, P <0.01) and dry rubber (r = 0.95, P <0.01) were both highly significant.
This indicated that the CS-HLLBP might be used as a reliable marker for the mass screening of young seedlings to identify and select
clones with potential to be superior producers of rubber. A latex anti-coagulating role of the CS-HLLBP is proposed. The findings
described in this 3 paper series have been used to propose a new model of rubber latex coagulation that logically describes roles for
the newly characterized latex lectin and the two lectin binding proteins.
© 2007 Elsevier Ltd. All rights reserved.

Keywords: Hevea brasiliensis; Euphorbiaceae; Rubber latex; C-serum; Lectin; Lectin binding protein; a-Globulin; Latex flow; Anti-coagulating factor;
Latex coagulation

1. Introduction fraction of the latex cytosol. Glycolytic enzymes (d’Auzac
and Jacob, 1969) and other common cytosolic enzymes,

The C-serum fraction of centrifuged fresh latex repre-  including those of the isoprenoid pathway (Wit-
sents the aqueous phase of the laticiferous cytoplasmic con- itsuwannakul et al., 1990; Suvachitanont and Wit-

tents, and can be considered to be the metabolically active itsuwannakul, 1995; Koyama et al.,, 1996) have been
detected in the C-serum. These findings have indicated that

- the C-serum is active in a number of different metabolic
* Part 3 in thet series ‘Proteins speciﬁce,llly involved in Hevea rubber processes. An active involvement of the C-serum in rubber
parﬁiirifﬁiiiiﬂgr;f&ift%f°+a§§13ff°§é 065; fax: +66 74 446 656. biosynthesis has been noted (Tangpakdee et al., 1997), as
E-mail address: rapepun.w@psu.ac.th (R. Wititsuwannakul). has the importance of a heat stable calcium binding pro-

URL: http://wrapepun@yahoo.com (R. Wititsuwannakul). tein (calmodulin) in regulating these different interrelated

0031-9422/$ - see front matter © 2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.phytochem.2007.09.021
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metabolic processes. A purified calmodulin from C-serum
was clearly shown to activate HMG-CoA reductase in the
bottom (lutoid) or membrane fraction (Wititsuwannakul
et al., 1990). The composition of the latex cytosol C-serum
has been reviewed (d’Auzac and Jacob, 1989; Wit-
itsuwannakul and Wititsuwannakul, 2001). The presence
of many high molecular weight compounds, low-molecular
weight organic solutes and mineral elements has been well
documented. The high molecular weight compounds in
C-serum are mainly proteins and nucleic acids. The distri-
bution of proteins in whole latex is approximately 20% in
the rubber phase, 20% in the bottom fraction, and 60% in
the C-serum (Archer and Sekhar, 1955; Archer et al.,
1963; Wititsuwannakul and Wititsuwannakul, 2001). Gel
electrophoresis analysis of C-serum (Tata and Edwin,
1970) has indicated a large number of different proteins at
varying concentrations. One C-serum protein that is present
at a highest level is a-globulin. The a-globulin has a p/ of
4.55, the same as that of latex. Due to its ease of adsorption
onto rubber particles there has been a suggestion that it
could play a key role in contributing to the latex and rubber
particles’ colloidal stability (Archer et al., 1963; Archer and
Cockbain, 1955).

In this paper, the C-serum is shown to contain another
Hevea latex lectin (HLL) binding protein with properties
in many way similar to those of the previously isolated sur-
face-bound protein on rubber particles (Wititsuwannakul
et al., paper #2 in this series). This study demonstrates that
this protein has an anti-coagulating role that is important
physiologically for maintaining the colloidal stability by
preventing the coagulation of the latex. A new model for
rubber latex coagulation is presented, based on the bal-
anced interactions between the HLL and the two binding
proteins that are dependent on the stoichiometric ratios
for the extent and selectivity of the dynamic variable real
time interactions.

2. Results and discussion

In the preceding part of our studies on the HLL, the gly-
coprotein located on the small rubber particle (RP) surface
was specifically recognized by and interacted with the HLL
also previously characterized (Wititsuwannakul et al.,
2007, papers #2 in this series). In this report, a different
HLL binding protein was identified in the C-serum fraction
of centrifuged fresh latex. This new C-serum HLL binding
protein had unique properties, characterized in this report,
in addition to it being a soluble protein located in the
C-serum.

2.1. Purification of the soluble HLL binding protein in the
latex C-serum

The protein purified from the latex C-serum bound
strongly to HLL and strongly inhibited HLL-mediated
hemagglutination. The amount of lectin binding protein

and its specific activity was monitored by the level of HI
titres in the assays. Purification of the C-serum HLL bind-
ing protein (CS-HLLBP) was achieved by a protocol
employing fractionation with ammonium sulfate, gel filtra-
tion (Bio-gel P-300) and ion exchange (DEAE-Sephacel)
chromatography (see Table 1). The first protein peak eluted
from the Bio-gel had a high HI titre but only a small
amount of protein (Fig. 1). Fractionation on DEAE-
Sephacel produced a symmetrical protein peak after elution
with buffer A plus NaCl, that coincided exactly with the
only fraction with a high HI titre (Fig. 2). The purified pro-
tein produced a single band upon SDS-PAGE analysis
(Fig. 3), with an M, of ca 40kDa . This protein also
appeared as a major band in the 70-85% ammonium sul-
fate fraction and was the major band from the Biogel frac-
tion with the high HI activity (Fig. 3). The native form of
the HI active protein had an M, of ca 204 kDa as deter-
mined by gel filtration. This indicated that it was a multi-
meric form of the 40 kDa protein subunits. This property
is similar to that of the RP-HLLBP previously identified
and characterized (Wititsuwannakul et al., paper #2 in this
series) but the subunits and their multimeric form have dif-
ferent M, values and other properties are different.

Table 1

Purification protocol of CS-HLLBP

Step HI titre® Specific HI titre® Yield
(titre) (ngml ™) (Vo)

(NHy)»SO,4 7.68 x 10° 3.20 100

precipitate
Bio Gel P-300 3.20 x 10° 0.48 42
DEAE-Sephacel 2.56 % 10° 0.23 33

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

® Minimal concentration of CS-HLLBP required for detectable HI.
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Fig. 1. Chromatographic profile of crude CS-HLLBP on a Bio-gel P-300
column obtained after (NH),SO, fractionation.
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Fig. 2. Chromatographic profile of pooled active fractions of CS-HLLBP
from the Biogel P-300 column on a DEAE-Sephacel column. The column
was eluted by the stepwise increase of NaCl as indicated.
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Fig. 3. SDS-PAGE analysis of the purified CS-HLLBP. Lane S: standard
proteins; lane 1: C-serum proteins in 40-75%, lane 2: 70-85%, lane 3: 0—
40% (NH4),SO, pellet fractions; Lane 4-6: pooled peak fractions from
BioGel P-300 column with 50, 75 and 100 pg protein, respectively; Lanes 7
and 8 : purified CS-HLLBP (20 pg, each) from eluted peak fraction on
DEAE-Sephacel column.

2.2. Characterization and properties of the C-serum-HLL
binding protein

The purified CS-HLLBP is an acidic protein with p/
value of ca 4.7 similar to that reported for o-globulin
(Archer et al., 1963). SDS-PAGE analyses (Fig. 3) showed
that it was the most abundant C-serum protein. Archer
et al. (1963) had previously identified a-globulin as the
most abundant C-serum protein. The native protein was
heat stable up to 50 °C as monitored by its remaining HI
titres between 4 and 90 °C. Above 50 °C, the remaining
HI titre was reduced by 50% up to 80 °C. These results
indicate that above 50 °C a partial dissociation of the
native multimeric form occurred. It is not known if the
remaining titre of 50% activity is associated with more heat
stable 40-kDa monomers or with partially associated forms
of CS-HLLBP.

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

Treatment HI activity (% control)
1. CS-HLLBP? (Control) 100
2. As 1 + Galactosidase (50 U) 100
3. As 1 + Glucosidase (5 U) 100
4. As 1 + Chitinase (0.125 U) 25

* The amount of CS-HLLBP was 40 pg in a total assay volume of 100 pl.

The CS-HLLBP native form retained only 50% HI titres
below pH 6 but from pH 6 to 10 retained maximum titres.
This result indicates that a pH of 6 or greater was required
for the formation of the active form, perhaps the multimer,
while at pH values closer to its p/ of 4.7 the ionized states
of the protein did not allow for the production of the active
form of the CS-HLLBP. This effect may also be related to
the thermal effects as discussed earlier.

Treatment of the CS-HLLBP with various glycosidases
followed by testing in the HI assay showed that the chiti-
nase enzyme was the only one that resulted in the loss of
the binding interaction (Table 2). This is a similar response
to that of the RP-HLLBP previously observed and
reported (Wititsuwannakul et al., paper #2 in this series).
The specific HI titre for CS-HLLBP was 0.23 pg.ml™!, as
determined by the inhibition of HLL induced hemaggluti-
nation. This is 6-fold higher than the value of 1.37 pg ml~",
previously reported for RP-HLLBP (Wititsuwannakul
et al., paper #2 in this series). Hence, the binding affinity
of HLL for the soluble CS-HLLBP was much greater (at
least or about 6-fold higher affinity) than that of the bound
RP-HLLBP on the small RP. This might explain the colloi-
dal stability of the latex under normal conditions, in that
the CS-HLLBP prevents the HLL on the lutoid membrane
(if rupture) from interacting with the RP-HLLBP by virtue
of its higher affinity and therefore stronger competitive
capacity. In addition, a strong and highly specific interac-
tion between HLL and the 40-kDa CS-HLLBP was
revealed on SDS-PAGE of the washed pellet obtained
after a precipitin reaction (Fig. 4). This precipitin reaction
is similar to that commonly employed in an immuno-pre-
cipitin assay to demonstrate a highly specific strong inter-
action, such as antibody/antigen interaction, that
produces a precipitate. In this case, the 40-kDa protein
reacting specifically with HLL.

2.3. CS-HLLBP as a key factor for preventing latex
coagulation

A possible role for CS-HLLBP was further tested using
a similar rationale to that used for demonstrating the pos-
sibility that RP-HLLBP was the RP ligand that reacted
with the HLL to promote aggregation of RP (Wit-
itsuwannakul et al., paper #2 in this series). The assay used
was therefore the same as that developed previously to
demonstrate RP-HLLBP inhibition of HLL induced
RP aggregation. Again preincubation of HLL with
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Fig. 4. SDS-PAGE of protein pellet obtained after the precipitin reaction
Lane 1: C-serum protein in the 60-80% (NH4),SOy4 pellet fraction; lanes 2—
4: the serially diluted fraction of washed protein pellet obtained after the
precipitin reaction; lane S: standard protein marker.

CS-HLLBP, before being used in the RP aggregation
assay, abolished HLL induced RP aggregation in a dose
dependent manner (Fig. 5). Under the in vivo conditions
within the latex vessel, it is hence feasible for the HLL on
the lutoid membrane debris to simultaneously link with
both the HLLBP in the CS and the HLLBP on the RP
via the shared common HLL binding sites. The adsorbed
CS-HLLBP, having a higher binding affinity, will prevent
direct interactions between the RP-HLLBP and HLL and
contribute to the colloidal stability of the rubber particles
and prevent latex coagulation. The proposed latex colloidal
stability function of CS-HLLBP is similar to that earlier
suggested for the C-serum a-globulin (Archer et al., 1963).

2.4. CS-HLLBP levels and their possible uses as rubber yield
markers

The very strong inhibition by CS-HLLBP on rubber
particles aggregation and hence the latex coagulation as
discussed above indicates the possibility that this soluble
lectin binding protein could play a key role in prolonging

a b o

d
|

<-m

o~
clay —

Fig. 5. Inhibitory effect of CS-HLLBP on HLL-induced rubber particle
aggregation. The HLL (5 pg) was preincubated with either assay buffer
only (a) or buffer solution containing 16.5 (b), 65 (c) or 130 (d) pg of CS-
HLLBP before being employed in the rubber particle aggregation assay as
described in methods.

the latex flow time. A possible correlation between the
CS-HLLBP level and the latex yield was thus investigated.
The accumulated results obtained demonstrated highly sig-
nificant positive correlation between the CS-HLLBP activ-
ity levels (in term of HI titres) for the fresh latex (r = 0.98,
P <0.01) and the dry rubber yield per tapping (r = 0.95,
P <0.01) (Fig. 6). These values are significantly higher
and more reliable than were our earlier reports on the cor-
relation between latex NAD(P)H quinone reductase
[NAD(P)H-QR] activity and rubber yield per tapping
(Chareonthipakorn et al., 2002). The NAD(P)H-QR reac-
tion was suggested to support the integrity of the lutoids
in the electron transfer process and consequent antioxidant
activity for removing free radicals. This activity is very dif-
ferent from that of the CS-HLLBP that contributes to latex
stabilization by preventing HLL from interacting with RP-
HLLBP through its competitive binding. The CS-HLLBP
can play a direct role as an anti-latex coagulating factor
by preventing the formation of the rubber coagulum
required for plugging of the latex vessels or impeding latex
flow. Hence, the CS-HLLBP activity levels are likely to
serve as a better marker than that proposed earlier for
the NAD(P)H-QR in predicting the yield potential for
selected superior rubber producing clones.

2.5. Proposal of a new model for latex coagulation

The physiological functions of HLL in mediating rubber
latex coagulation and the sequence of events have been
convincingly demonstrated in this series of three related
reports. RP-HLLBP bound to the RP surface acts as the
ligand for HLL to cause aggregation while the soluble
CS-HLLBP acts as an anti-coagulating factor that com-
petes for HLL, prevents aggregation and so maintains

180
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Fig. 6. Correlation between rubber yield and CS-HLLBP activity (HI) per
tapping (n = 22).
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the colloidal stability of the latex. The two specific binding
proteins therefore have a dynamic competitive interaction
with HLL and their proposed specific function have been
incorporated into a new model for latex coagulation
(Fig. 7). This model supports the different functions and
compartmentalization of the cell constituents and allow
for a normal controlled and balanced outcome. Since the
coagulating and anti-coagulating factors are differently
localized, RP-HLLBP bound to the rubber particles and
the soluble CS-HLLBP present in the C-serum, their dis-
tinct locales and compartments allow for differential inter-
actions with the HLL. These differential interactions are of
a dynamic nature with respect to the spatial and stoichiom-
etric ratio aspects. The new model developed from our
finding indicated that the formation of the rubber coagu-
lum, required for latex vessel plugging, is dependent mainly
on the interactions between HLL and RP-HLLBP but not
those between HLL and CS-HLLBP. For a successful
rubber coagulum to form, the number of exposed HLL
binding sites should exceed those to be occupied by the
CS-HLLBP. Therefore, the higher the number of the
remaining exposed HLL binding sites, the better the chance
of forming a rubber coagulum.

The mechanism of latex coagulation as proposed in our
new model is quite different from the one previously pro-
posed by Gidrol et al. (1994). According to the former
model, hevein and chitinase, both localized within the same
intra-lutoid compartment, were suggested to play two
opposite major roles in the latex coagulation process. The
hevein was shown to induce the coagulation of latex by
bridging together the rubber particles, in a lectin-like man-
ner, via interacting with the glycosylated 22 kD protein of
the rubber particles. Chitinase, on the other hand, was sug-

Fig. 7. Proposed model for rubber latex coagulation: the intrinsic latex
lectin (HLL) on the lutoid membrane vs. its insoluble or surface-bound
rubber particle ligand (RP-HLLBP) and soluble C-serum binding protein
ligand (CS-HLLBP). The bursting of lutoid particles will lead to the
exposure of HLL that can bind to either RP-HLLBP on the rubber
particles, leading to the formation of a rubber coagulum, as depicted in
process A or to the soluble CS-HLLBP, forming no coagulum, as depicted
in process B. The coagulation of rubber latex will take place whenever
process A exceeds B (i.e. at the distal open-end of the latex vessel upon

tapping).

gested to help prevent latex coagulation by releasing Glc-
NAc moieties from the 22 kD receptor to block the
hevein binding site (Gidrol et al., 1994). The positive effect
of chitinase on stabilizing the latex did not fit well with our
finding since the HI activities of both coagulating (RP-
HLLBP) and anti-coagulating factors (CS-HLLBP) were
sensitive to chitinase treatment. However, it may be possi-
ble for hevein to play a supportive role by working in par-
allel with the coagulating factor (RP-HLLBP). This is due
to its ability to induce formation of rubber particle aggre-
gates by becoming more accessible to HLL recognition in
the rubber coagulum. Moreover, hevein may help to induce
formation of a larger rubber coagulum complex by sand-
wiching between rubber particles attached on different rub-
ber coagulum surfaces. Hence, the partial positive effect of
chitinase on latex stabilization may possibly operate
through its indirect intervention to diminish the supportive
activity of hevein in the formation of the rubber coagulum.

Our proposed model agrees well with previously
reported parameters involved in latex vessel plugging, that
include the important roles of lutoids in latex vessels plug-
ging (Southorn and Edwin, 1968; Southorn and Yip, 1969;
Southorn, 1968; Milford et al., 1969; Paardekooper, 1989).
Vessel end plugging occurs when the factors that promote
rubber coagulum formation out-compete the factors that
inhibit coagulum formation. The high correlation between
the lutoid bursting index and the intensity or levels of the
latex vessel plugging (Yeang and Paranjothy, 1982) has
been well documented. The inverse correlation between
the lutoid bursting index and rubber yield (Southorn and
Yip, 1969) has also been well documented where a higher
lutoid bursting index resulted in a sequentially lower yield.
Moreover, this proposed intrinsic latex coagulation pro-
cess, at the tapping or severed ends of the latex vessels,
may be one of the primary initial biochemical events that
contributes to the complex process of wound healing
occurring at the injured tapping site of the bark tissue.
The latex coagulation will help limit the flow and thus pre-
vent the excessive loss of stored resources to minimize any
sequential harmful effects. The rubber and latex compo-
nents could be considered as stores of carbon and reserves
of other nutrients required for in vivo turnover and carbon
redistribution during periods of metabolic adaptation. The
control of latex coagulation could assist with the need for
metabolic adaptability that allows for readjustment of
responses to changes that occur from time to time. For
example, net control of latex coagulation will allow for a
balanced physiological response from the rubber trees in
response to tapping.

Any model must identify the correct physiological state
and how it is achieved for each of the components that are
ultimately required for the process of latex coagulation and
plugging of the vessel ends. Therefore, a thorough under-
standing of the factors involved in the rubber particle
aggregation and sequential latex coagulation is of the
utmost importance for developing a conceivable
mechanism.



R. Wititsuwannakul et al. | Phytochemistry 69 (2008) 656662 661

2.6. Concluding remarks

The new findings described in this 3 paper series on the
identification and characteristics of a latex lectin HLL and
two different binding proteins, together with previously
reported data, have been used to propose a new model
(Fig. 7) that we believe provides a better more logical
explanation of the latex coagulation process than does
any previous model.

3. Experimental
3.1. Chemicals

DEAE-Sephacel, glycoproteins and chitinase were from
Sigma. Bio-gel P-300 from Bio-rad. All other chemicals
were of reagent grade.

3.2. Hemagglutination inhibition (HI) assay

The activity of CS-HLLBP was measured by its ability
to inhibit hemagglutination induced by HLL. Each CS-
HLLBP sample (25 pul) was 2-fold serially diluted with
hemagglutination buffer, containing 0.9% NaCl in 50 mM
Tris—HCI buffer, in a microtiter U plate. This was followed
by addition of HLL solution (25 ) having a hemaggluti-
nation titre of 4 U, the solution then mixed and incubated
at room temperature for 20 min before addition of 50 ul of
a 2% (v/v) rabbit erythrocyte suspension into each well.
Hemagglutination was recorded after incubation for 1h
at room temperature. The minimum concentration of
inhibitors that completely inhibited hemagglutination
activity induced by HLL was calculated. The inhibition
activity was expressed in terms of the hemagglutination
inhibition (HI) unit or titre.

3.3. Purification of CS-HLLBP

The C-serum (60 ml) obtained from ultracentrifuged
latex as earlier described (Wititsuwannakul et al., 2007)
was fractionated with (NH4),SO4. The protein pellet
obtained from 60% to 80% (NH4),SO,4 saturation was
recovered by centrifugation at 15,000 g for 20 min and dia-
lyzed against 50 mM Tris—-HCI, pH 7.4 (buffer A). The
crude CS-HLLBP concentrate (3 ml) was loaded on to a
Bio-Gel P 300 column (1.8 x80cm), previously equili-
brated with buffer A and eluted with the same buffer at a
flow rate of 12 ml/h. Fractions (3 ml) were collected and
assayed for HI activity and the peak fractions were pooled,
concentrated and further purified on a DEAE-Sephacel
column (1.8 x 8 ml), previously equilibrated with buffer A
at a flow rate of 15 ml/h. The column was washed with buf-
fer A until the absorbance at 280 nm was below 0.01. The
column was then stepwise eluted with buffer A containing
0.1 and 0.2 M NaCl, respectively. The active fractions con-

taining high HI activity were pooled, desalted, concen-
trated and used for further characterization studies.

3.4. Effect of glycosidases on HI activity of CS-HLLBP

An aliquot containing 50 pl of CS-HLLBP (40 ug) was
incubated with 50 pl of glycosidase enzymes (galactosidase,
30 U; glucosidase, 30 U; neuraminidase, 0.15 U and chiti-
nase 0.15 or as indicated) for 30 min at room temperature.
After the incubation, the HI activity of CS-HLLBP was
determined in each reaction mixture as described in Section
3.2.

3.5. Effect of CS-HLLBP on HLL-induced rubber particle
aggregation

A solution (15 pl) containing HLL (5 pg), isolated and
purified as earlier described (Wititsuwannakul et al.,
2007), was incubated with 15 pl of various amounts, from
16.5 t0130 pg of the RP-HLLBP. Incubation without the
CS-HLLBP served as the control. After incubation for
30 min, the rubber particle aggregation assay was per-
formed by adding 30 ul of rubber particle suspension to
the mixture. The rubber aggregate formed was stained, sep-
arated and observed as earlier described (Wititsuwannakul
et al., 2007).

3.6. Precipitin reaction

The protein pellet from the 60-80% saturated
(NH4),SO4 fractionation was dissolved, and dialyzed
against buffer A to give a C-serum protein solution (CSP)
of 0.52 mg/ml. CSP solution (50 pl), obtained after being
serially diluted by 2-fold increments, was added into a pre-
cipitin reaction mixture containing 26 ug of HLL in a total
volume of 250 pl. After incubation for 1 h at 37 °C, the
reaction mixture was kept for 48 h at 4 °C. The precipitate
formed was separated by centrifugation (15,000 g, 30 min)
and washed with cold PBS. It was then dissolved in 0.5 M
NaOH, subjected to SDS-PAGE and visualized after Coo-
massie Brilliant blue staining (So and Goldstein, 1967).

3.7. Effect of pH and temperature

The effect of temperature on the HI activity of CS-
HLLBP was determined by incubating aliquots of CS-
HLLBP sample at various pH values (for 1h) or temp.
(for 30 min) as indicated. The mixtures were adjusted back
to pH 7.4 or 4 °C and assayed for HI activity.

3.8. Polyacrylamide gel isoelectric focusing

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

SDS-PAGE was performed either in the presence or
absence of SDS by the method of Laemmli (1970).

3.10. Protein determination

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

3.11. Correlations between levels of HI activity of CS-
HLLBP and the amounts of fresh latex and dry rubber
obtained per tapping

Twenty-two rubber trees giving high, medium, and low
levels of rubber yield per tapping were used for the correla-
tion study. The fresh latex from each tree was separately
collected after tapping into an ice-chilled container and
the total volume yield per tapping was measured. The
amount of dry rubber, obtained from the oven-drying of
fresh latex material at 65 °C to constant weight, was used
for determination of dry rubber yield per tapping. The
fresh latex was fractionated by centrifugation (49,000 g,
4 °C, 45 min) into a top rubber layer, a middle aqueous
latex cytosol (C-serum), and a bottom (lutoid) fraction.
The C-serum was isolated and directly used for determina-
tion of HI activity due to the presence of CS-HLLBP and
expressed as total HI activity per tapping. Correlation
curves between levels of HI activity of CS-HLLBP and
dry rubber and fresh latex yield per tapping were
constructed.
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Summary: Centrifugation of fresh Hevea rubber latex yields
three distinct fractions. The sediment bottom fraction (BF)
content of membrane-bound organelles is ca. 20 vol.-% of
latex. Prolonged storage or delayed use of fresh latex will
result in disintegration and loss of the bottom fraction. This is
due to the osmotically sensitive BF rupture and its membrane
debris being tightly bound to the top rubber particles (RP)
phase. The BF membrane was found to be highly active for
rubber biosynthesis (RB), in contrast to previous reports that
describe RB only occurring on the RP surface. It was clearly
shown that washed BF membrane (WBM) was much more
active than fresh RP for RB activity. WBM was highly acti-
vated by SDS for RB in a biphasic manner, but SDS strongly
inhibited the RP. Probably WBM micelle formation resulted
in a highly increased active surface area for RB. Css-PP
(UPP) was a very active allylic for WBM in RB function, but
inactive for RP. Serial acetone extraction of WBM proteins
showed a distinct profile of the fractions with different RB
activity. WBM isolated proteins suspended in 2% sodium
dodecyl sulfate (SDS) with an RB activity equal to that of
intact WBM was with the 20% acetone protein fraction. The
60 and 80% fractions were inactive. Combining the 20 with
80% fractions showed a complete inhibition of RB activity.

Complete RB loss was also found when WBM was mixed
with the 80% fraction, indicating that WBM has both an
enzyme system and a factor for regulation of the RB activity
in a well controlled metabolic function for the latex RB
process.
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Introduction

Rubbers in the latex from various plants!'! are polyisopre-
noids of high molecular weight hydrocarbon polymers con-
sisting almost entirely of the five-carbon isoprene (CsHg)
units. The polyisoprene rubber is the major component
of latex synthesized by specially differentiated cells of the
plants. They are synthesized by a series of enzyme-
catalyzed polymerizations'®! of the isoprene units to various
different degrees, resulting in a wide range of molecular
weight (MW). The rubbers of high MW are produced in the

latex of about 300 genera of Angiosperms. Among them,
Hevea brasiliensis (Brazilian rubber trees) is the best rub-
ber producer, and commercially cultivated for the natural
rubber production used industrially for various products.
Hevea latex contains rubber particles that are accumulated
in specialized cells known as laticifers. The double bonds
in Hevea rubber are in the cis configuration as cis-1,4-
polyisoprene, with a wide range of molecular size distri-
bution. In addition to rubber particles, two other specialized
particles (lutoids and Frey-Wyssling particles) are also pre-
sent as major constituents of the Hevea latex. The presence
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of these two major particulate components provides the
unique characteristic to the Hevea latex properties. The
structure of Hevea latex and its detailed biochemistry has
recently been thoroughly and extensively reviewed."!

Fresh Hevea latex can simply be fractionated by centri-
fugation into three fractions as the top rubber layer, middle
aqueous C serum, and the sediment bottom fraction (BF) of
membrane-bound organelles. The BF content is quite con-
siderable, constituting about 20 vol.-%"! of the fresh latex
as compared to an average of ca. 30% of the rubber phase.
The BF is composed almost entirely of membrane-bound
organelles, the lutoids and Frey-Wyssling particles. The
fresh latex is thus a colloidal mixture of these different
particles, together with the cell soluble substances in an
aqueous suspension. Lutoids were first described by
Homans et al.” as membrane-bound vacuoles, with the
single layer membrane rich in phosphatidic acids,”! thus
rendering them as negatively charged vesicles. The lutoids
contents (called B-serum) are proteins, enzymes and a wide
range of metabolites, considered as a type of phytolyso-
somes.'®! Frey-Wyssling particles are double layer mem-
brane organelles containing lipid globules, membrane
vesicles, and ﬁ-carotene.[7’8] The high carotenoid content
suggested it might contain enzymes for the isoprenoids
synthesis pathway.”! So far, only few studies were perform-
ed that might suggest the related metabolic roles of these
particles in isoprenoids and rubber biosynthesis (RB) path-
ways.'”*) HMG-CoA reductase (HMGR), presumably one
of the rate-limiting enzymes in the RB pathway,'®! was
purified from the washed BF membrane.'! It was shown to
be under control by calmodulin,'""! the Ca®* binding heat
stable protein in the C-serum, as the activator of this HMGR
enzyme.

Hevea latex has been shown to be active>'?! in the syn-
thesis of rubber for quite some time. The study on rubber
biosynthesis (RB) process is of much interest as it appeared
in several reviews.!">~!" Details or understanding of the
RB process is still ambiguous and a clear evidence has not
yet been convincingly presented. Most of studies focused
mainly on the surface of rubber particles (RP) and was
always reviewed!">~"® as the only prerequisite site required
for synthesis of rubber molecules. This might seem a para-
dox to address the question on how and where the original
RP was formed if the new rubber has to be synthesized on
its preexisting surface. In the layman term, one might say
this is the question of chicken and egg that has long been
overlooked or ignored. The true RB initiation sites other
than the RP surface with active rubber formation need to
be sought out. It’s therefore still an open question as to the
actual specific site for synthesis of new rubbers that will
eventually aggregate to form the RP. If one considers the
complex nature of Hevea latex and its myriad compositions,
it might be possible that the RB can take place at certain
specific site other than the RP surface. This has been earlier
postulated,[7’19] but has received little attention nor careful

investigations were carried out to substantiate this sugges-
tion. A study under the condition that it is free of rubber
particles should be attempted because it would serve as an
ideal system to solve this query. Hevea latex is regarded as
the living cytoplasm in which the rubber particles, the non-
rubber particles, and other cell components are dispersed in
an aqueous phase of the cytosol. Of particular interest are
the membrane-bound non-rubber particles in the latex that
may have active role in the RB process. Recently, we have
shown that the surface of these particles was quite active in
the synthesis of new rubber molecules.**?!! The results
might thus suggest that the actual RB site could be localized
on these particles membrane other than the RP surface. As
stated in our most recent report, 121 this was in contrast with
the previous numerous studies, in which the RP surface was
implicated as the one and only prerequisite site for the in
vitro RB process.''*'®%2! Qur different results'***"! could
suggest that there might be more than one site for RB acti-
vities in the latex. However, it is still doubtful and needs
clarification considering our reports on other RB related
enzymes.?**** Isopentenyl diphosphate isomerase (IPPI)
in the Hevea latex was clearly detected and characterized
for the first time by our group.'** We also detected the high
IPPI and prenyl transferase (PT) activities in the BF parti-
cles and their properties thoroughly characterized.!?**%
Consequently, we clearly showed highly active rubber for-
mation by fresh BF particles.?’! The presence of high IPPI,
PT and rubber transferase (RT) activities in the same BF
particles were also determined.”*’ A kinetic study on
C-IPP incorporation into the rubber and the product ana-
lyses showed new appearance of the low molecular weight
rubber molecules.*” These results suggested quite likely
the synthesis of new rubber molecules being initiated and
formed by these particles enzymes. The results also pointed
out the function of the BF particles surface or membrane
in carrying out the rubber synthesis in this study.

Subsequently, further careful studies on RB activities of
the membrane!?!! from the BF particles were carried out and
detailed properties were characterized. Extensively washed
BF particles (WBP) and the derived washed BF membrane
(WBM) on RB activities were compared. It was clearly
shown that the RB activity was located on the isolated
membrane. Parameters affecting the membrane functions
were investigated on the RB process. Effect of detergents
and heat treatments of the WBM before being subjected to
the optimum RB assays conditions were characterized in
details.*!! The RB stimulation results thus suggested a
possible increase of active surface area by formation of
micelle caused by these parameters. The active membrane
RB assays clearly indicated that the synthesis of new rubber
could effectively occur with no requirement of the RP pre-
requisite site.

In this report, we have further characterized the RB
activity of the washed BF membrane (WBM). We show
that the RP rapidly isolated from the freshly tapped latex
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contains only two proteins with very low or no RB activity,
and the delayed use of fresh latex can lead to rupture and
disappearance of the BF particles. The RP thus obtained has
higher and different protein content, along with increased
RB activity. Most importantly, we can demonstrate that
the isolated proteins and enzymes from the WBM can
carry out the rubber synthesis when suspended with 2%
sodium dodecyl sulfate (SDS). Thus, the postulation of
micelles as the cause for the enhanced RB activity, as earlier
reported,’*! is strongly supported by the results in this
study. Even more interesting are experiments on mixing or
reconstitution of WBM fractionated proteins, because they
provide a good indication for the RB control mechanism
by the proteins present or localized in the membrane.

Experimental Part
Materials

Isopentenyl diphosphase (IPP, I mg-ml™"), sodium dodecyl
sulfate (SDS) and analytical chemicals used in this RB study
were mainly obtained from Sigma-Aldrich (St. Louis, MO).
[1-'*C] TIsopentenyl diphosphase (‘*C-IPP, 54 mCi mol )
was from Amersham Biosciences. Undecaprenyl diphosphate
(UPP), uniformly labeled (**C-UPP) and UPP synthase (UPS)
were generously provided by Dr. Koyama (Tohoku University,
Japan). They were also prepared by us according to Koyama’s
published procedure,'*! using the UPS enzyme with the same
quality and purity as provided. Other chemicals, reagents and
solvents used were all of analytical grade.

Collection of Fresh Latex for Immediate Centrifugation

Fresh latex used in this study was obtained from regularly
tapped rubber trees (clone RRIM 600) at the adjoining Songkla
Rubber Research Center, Thailand. These trees were tapped in
a half-spiral with V-shape knife by stripping the bark (2—3 mm
thick) to make cuts across the latex vessels. All preparations
for fresh latex fractionation were made ready beforehand
prior to the latex collection. The latex was collected in ice-
chilled beakers and was immediately subjected to centrifuga-
tion within less than 10 min from the tapping collection time.
As such, the fractionated fresh latex was almost similar to the
in situ latex with minimum rupture or loss of the BF particles.

Preparation of Washed Bottom Fraction Particles (WBP)

The freshly tapped latex was immediately fractionated by cen-
trifugation without delay to obtain the three distinct fractions
as described®?"! with maximum sediment BF and minimum
RP associated or contaminated protein. They were routinely
monitored and checked to ascertain the consistency of sam-
ples before the assays. Intact BF particles were prepared as
reported,”?'! with a slight modification. The collected BF
was washed five times by careful suspension in 50 x 107° M
Tris-HCI buffer (pH 7.4) containing 0.9% NaCl (w/v) so that
the intact WBP was obtained, with no small RP present. All

operations were carried out at 0-5°C. The intact WBP as
prepared was kept in an ice-bath. An aliquot was immediately
used for the preparation of BF membrane for the RB assays. All
operations were carried out at 0-5 °C.

Preparation of Washed Bottom Fraction Membrane (WBM)

Washed BF membrane (WBM) was prepared from the intact
WBP as described.*!! The cleaned WBP pellet was suspended
in 3 volumes of distilled water and stirred for hypotonic lysis of
WBP. The membrane was prepared as a clean sediment fraction
by high speed centrifugation and repeated three times after
each washing to obtain WBM cleansed of any contamination.
All operations were carried out at 0—5 °C for membrane inte-
grity and stability. The washings were carried out under the
same method as that used for the WBP preparation and kept in
the ice-bath until used.

Serial Acetone Fractionation of WBM Proteins

The WBM was subjected to serial acetone dissolution and pre-
cipitation of proteins at the ranges of 0—20, 20—40, 40—60 and
60—80% saturation as described.'*®! The acetone-precipitated
protein from each step was collected by centrifugation at
10000 x g and dried up under N, gas as powdered protein and
stored at —20 °C until use for the assay. The protein concen-
tration was determined by Bradford assay."*”!

Preparation of Washed Rubber Particles (WRP)

Rubber particles were prepared from the centrifuged zone
2 rubber as described'” by repeated washing three times
with 5 volumes of 50 x 10~ m Tris-HCI buffer (pH 7.4) to
obtain the WRP for assays. All operations were carried out at
0-5°C. The prepared WRP was kept cool in an icebox until
used. The rubber quantity was determined by measuring the
absorbance at 280 nm. The rubber content was calculated as
described by Light and Dennis:'*®' (0.04+£0.002 mg of
rubber)/A280.

Rubber Biosynthesis (RB) Assays and Incubation Conditions

The incubation mixture, in a final volume of 300 pl, contained
designated amounts of samples (WBP, WBM, WRP, or acetone
extracted WBM protein) in Tris-HCI buffer, pH 7.7, as in-
dicated in the captions for Figure and Table. The 50 x 10> m
Tris-HCI buffer (pH 7.7) for the RB assays was included
reagents (30 x 10> M KFE, 5x 107 m MgCl,, 1 x 107% M
DTT) and 40 x 107° m [1-'*C] IPP (2.5 ci-mol), unless
otherwise indicated. For the assays using CssPP (UPP) as ally-
lic acceptor for the RB activity, the '*C uniformly labeled
product of UPPS (**C-UPP at 245000 dpm) was used together
with 40 x 107 m unlabeled IPP substrate. All the RB incub-
ation mixtures were carried out at 37 °C for 6 h, unless indicat-
ed otherwise. After 37 °C optimum incubations, the reaction
was chill-stopped by placing the incubation tubes in an icebox
and was immediately processed for the '“C-labeled rubber
extraction and the RB activity determinations.
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Rubber Extraction and RB Activity Determination

The labeled rubber product was extracted by precipitation of
the rubber out from the incubation mixtures. Right after the re-
action was stopped, 1.2 ml cold ethanol were added into the
incubation mixtures and immediately separated by centrifuga-
tion at 5000 x g for 10 min. The WRP prepared as described
was added as the carrier to every incubation tube before the
precipitation step by the addition of cold ethanol. This step was
taken to assure quantitative recovery of the labeled rubber
product. This was considered necessary because only a little
amount of product was formed which might not be completely
self-aggregated in order to sediment out after ethanol addition
and centrifugation. The WRP addition as carrier was without
any effect on the RB activity of the samples and greatly im-
proved the quantitative product recovery. The rubber pellets
were extracted and purified repeatedly 3 times using 1 ml of a
mixture of toluene and hexane (1:1, v/v). The solvent mixture
was evaporated at room temperature in the fume hood to a
small volume. The extracted soluble rubber was then further
purified by precipitation twice with 1.2 ml cold acetone
as described previously.!”®! The amount of radioactivity in
the purified rubber was determined for the RB activity by
determining the '*C-labeled rubber with liquid scintillation
counter.?%?!1

Results and Discussion

The results presented in this paper are extended detailed
analyses of our recent report?'! on the active RB function of
the washed BF membrane (WBM). Several criteria are
considered for the experiments designed to ascertain and
convincingly show that the RB activity can actually occur
without the presence of the RP surface which is not requir-
ed. This will help lending more and stronger support on our
earlier reported results.**?!! To clarify the still remaining
ambiguity, some trivial, long overlooked aspect with impor-
tant implications is carefully documented in experiments
reported herein.

Osmotic Sensitivity of the Fractionated Latex
Bottom Fraction Particles

The BF membrane-bound particles are quite abundant,
comprising around 20% or more of the latex volume. They
are sensitive to osmotic change and some might rupture
during the flow of latex from tapping.”?*>”" Addition of
0.7% ammonia or the buffered glycerol as latex preservative
led to a complete loss of the BF as recently shown by Yeang
etal.B! However, the stability of intact fresh latex as frac-
tionated immediately after tapping has never been carefully
monitored and documented.

Our study on the time course of the fresh latex fractions
shown in Figure 1 indicated that the sediment BF was quite
unstable if not quickly separated from other fractions.
Centrifugation of fresh latex right after tapping showed that
BF of high contents sediment as intact particles (tube A,

Macromolecular
Bioscience

Figure 1.
A: Freshly tapped latex (0 time); B: after standing at room tempe-
rature for 45 min; C: 60 min; D: 90 min; E: 120 min. (1: rubber
phase; 2: C-serum; 3: bottom fraction).

Fractionation by centrifugation of fresh Hevea latex.

time 0). After standing for 45 min at room temperature, the
isolated intact BF started bursting (tube B, 45 min), and
releasing B-serum content together with membrane debris
into the clear aqueous C-serum as a turbid phase. After 1 hr
(tube C), the C-serum became clearer as the membrane
debris started binding onto the rubber phase, while C-serum
was mixed with the released B-serum. After 1.5-2.0 h,
(tube D, E) only two fractions remained as rubber and
mixed C-serum phases, while the BF diminished. The
membrane debris from disrupted BF was associated with
the RP as puffy rubber phase (tube E). This could probably
be a hydrophobic interaction with high binding affinity to
the RP.

The study was repeated several times on different
fresh latex samples with no added preservative. The
average bursting time of the isolated BF was around 40—
50 min.

The results thus clearly showed that prolonged storage or
delayed use of fresh latex will yield only two fractions due
to loss of the ruptured BF organelles. Therefore, a standard
procedure was adopted for our experiments: to use only the
RP and BF as obtained from tube A in Figure 1 for all the RB
assays, if not indicated otherwise. The next study was
carried out to see how the difference on RP proteins could
be observed.

Comparison of the RP Proteins Under
Different Conditions

Analyses on the RP associated proteins of different RP
samples were carried out in this study. This is to discern
protein patterns comparing the RP rapidly separated from
the freshly tapped latex and BF diminished RP samples
(Figure 1, tube A and E) and the preserved latex RP
commonly used in RB study by others.'"*~'8 The
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Figure 2. SDS-PAGE analyses of proteins extracted from
different fractions of latex. A: Proteins from RP of freshly tapped
latex (Figure 1, tube A); E: proteins from RP of the delayed use
latex (Figure 1, tube E); C: proteins from WBM prepared from
freshly tapped latex (Figure 1, tube A); Std: standard molecular
weight proteins.

SDS-PAGE results revealed quite different protein pat-
terns (Figure 2). The fresh RP (lane A of tube A) showed
mainly two major proteins of 14 and 24 kDa with a few
very faint protein bands. These two major proteins might
be considered as intrinsic proteins of the RP. On the other
hand, the RP from tube E showed several other prominent
protein bands in addition to the two intrinsic ones (lane E).
Comparison of the two samples (the RP from tube A and
tube E) clearly suggested that the extra protein bands (lane
E) were likely from the tightly bound BF membrane, even
though both were extensively washed before protein
analyses. The protein pattern (lane E) was similar to the
result of the preserved latex RP protein profile as previously
shown.*?

Examination of the additional bands revealed similar
and common to some proteins extractable from the BF
membrane (lane M). The results thus suggested that these
RP extra proteins, probably derived from BF membrane
fragments might help contribute RB activity to the RP.
The preserved RP commonly used, as reviewed in the RB
study!"*'8 might thus be attributed to the proteins or en-
zymes from the BF membrane. This observation might be
used to distinguish the intrinsic RB activity of the RP, if
ever its designated function, from RB activity of the washed
BF membrane (WBM), as we have recently reported.’*!!
A comparison between the fresh RP and WBM on the rela-
tive RB activity would certainly be critical to support this
postulation and to an understanding of the actual biological
function of the RP in Hevea latex.

RB Activity of Fresh RP and Washed
BF Membrane (WMB)

In order to clarify the actual or exact RB site in the latex, RB
activity of the isolated fresh RP and the washed BF mem-

brane (WBM) were carefully compared. Preceding results
showed that the RP extra proteins were difficult to remove
or wash out, be it intrinsic or BF membrane proteins. This
might probably be a factor responsible for RB activity
commonly observed with the preserved washed rubber
particles (WRP) in those reports."'?~'*!8! Considering the
high binding affinity, it is presumed that the burst BF mem-
brane once associated with the RP, will act like a part of the
RP component itself. So the isolated freshly tapped RP was
used for all experiments to minimize this possibility and
was compared to the BF membrane on RB activity. Results
in Figure 3 clearly showed a big difference in RB function
of the two specimens.

It was found that the RB activity of the isolated fresh RP
was very low compared to the high RB activity of the WBM
under the same assay conditions. The RB activity of the
WBM was about 6.5 up to 7.8 fold higher than RP obtained
from different samples of two separated experiments. The
results were done in triplicate and quite convincingly indi-
cated that the WBM did indeed possess the enzyme system
for rubber formation. On the contrary, the fresh WRP as
prepared (tube A, Figure 1) for this experiment had very
low or no RB activity at all. This might be in contrast to the
past reports and reviews that WRP was the site of rubber
synthesis.""*>'®1 It can be explained on the different degrees
of contamination on the WRP with BF membrane which was
then overlooked. Only quite recently we have presented the
convincing evidence that the RB site is actually located on the
BF membrane.**2"!
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Figure 3. RB activity of WRP and WBM were shown as '*C-IPP
incorporation into rubber molecules. Each tube of incubation
mixtures contained WRP or WBM (approx. 30 mg dry weight) and
20 x 10 °m[1-"*C]IPP (20 Ci - mol ). All other conditions were
followed as in Experimental Part. 20 x 10> M EDTA was added
in the incubations used as controls. Inserted Table: Showing the
percent incorporation of C-IPP into the rubber.
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Formation of Rubber Using UPP as
Allylic Isoprene Units Acceptor

We have previously shown that the fresh BF particles
possess both the IPPI and PT activities active in rubber
synthesis.”?** This was also found with BF membrane'*"
and as shown in the preceding results. A previous study
showed that WRP could use the low MW allylic dipho-
sphate for rubber synthesis with IPP,"'® but WRP could not
use UPP (Cs5-UPP) to form the rubber.*¥ Recently, it was
suggested that UPP is possibly elongated by IPP to form
dolichols and eventually rubber molecules.!'”! Dolichols
were quite abundant in Hevea tissues and latex and exten-
sive characterized.*"!

Experiments were carried out to test this postulation by
incubation C'*-UPP as the allylic acceptor for IPP sub-
strate. Both the fresh RP and WBM were assayed under
the same condition to test and compare RB activities. The
results were quite stunning in terms of the different magni-
tude of RB activities (Figure 4) between the fresh WRP and
WBM. The WRP showed very low or no RB activity, but
the WBM was very active in the rubber formation from
UPP. This was in agreement with a previous report that
WRP was not active for rubber synthesis when incubated
with UPP and C'*-IPP substrate.**! It was noted that WRP
had a higher incorporation ratio with C'*-UPP than with
C'*-IPP incubation as shown in Figure 3. This might due
to some minor proteins on the fresh WRP (Figure 2) with
activity for UPP condensation and because the C'*-UPP
used in the assay was uniformly labeled.”*' The formation
of UPP by UPP synthase in M. [uteus has been extensively
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Figure 4. '“C-labeled rubber formed by the activity of WRP and

WBM using '“C-UPP as an allylic substrate. Each tube of in-
cubation mixture contained WRP or WBM (approx. 30 mg dry
weight). The incubation condition was done according to Experi-
mental part. 20 x 10~ M EDTA was added in the incubations used
as controls. Inserted table: Showing the percent incorporation of
!4C-IPP into the rubber.

characterized.'”! Recently it was suggested that UPP could
also be a precursor in Hevea latex to form rubber.!'”!

The results in Figure 4 thus clearly show that WBM pos-
sess the enzyme system of a wide range for rubber synthe-
sis, be it small allylic acceptors (GPP, FPP, GGPP) or a
larger one like UPP in this study. In an earlier study, it was
shown that the whole latex is active for rubber synthesis
when incubated with UPP and C14—IPP,'33' but was with no
activity with WRP. This strongly supported our results
with the WBM activity. The whole latex RB activity with
UPP** might likely be attributed to the BF membrane part
and was in good agreement with our assays with the isolated
WBM.

The difference between fresh WRP and WBM in their
capability to catalyze the synthesis of rubber was thus very
clear in this study. The active RB function of WBM indi-
cated that it contains the membrane-associated enzyme
system carrying out rubber synthesis. The enzyme system
was absent in the fresh WRP, unless contaminated, as
speculated. The finding thus strongly supported our report
on rubber formation by fresh BF particles'?”! and a more
recent study on the RB activity of WBM that did not require
the presence of rubber particles.*!! The kinetic of WBM
enzymes for RB catalysis was thus studied in details.

Comparison of the Kinetics of the RB
Catalytic Rate between WBF and WBM

The RB activity between the intact washed BF particles
(WBP) and the derived membrane (WBM) was compared
for the catalytic rate. This was a further study on the RB
functions of the two as we previously reported,?*" but
not yet analyzed for the kinetic difference. The assays were
to determine the saturation time point on rubber synthesis.
The results showed a large difference in their kinetics
(Figure 5) for RB activity. It took WBP 12 h to reach maxi-
mum activity, but only 2 h for WBM. This indicated that
the WBM was six times more active than WBP. The results
pointed out two important aspects: 1) that the BF membrane
was fully equipped with all necessary enzymes to complete
carrying out the RB function and 2) that the B-serum did
not play an active role in the RB catalysis. The fast kinetic
of the WBM could be attributed to the formation of
small vesicles with a highly increased active surface area.
The enzyme would be more accessible to the substrates
as earlier described.*>*®! This was in spite of a certain
loss from washing the membrane derived from an equal
amount of WBP as used in the study. WBM was then used
in the further study of the membrane-bound enzyme
properties.

We have earlier shown that the RB activity of WBM
could be activated by the anionic detergent SDS™!! but
not by any other groups. It was not clear then how SDS
could bring about this RB activation. It was commonly ob-
served in WRP study that several detergents, but not SDS,
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Figure 5. Kinetic of RB catalytic rate between WBP (Q) and
WBM (@). Each incubation contained WBP (approx. 20 mg
dried weight) or WBM which was prepare from the same
amount of WBP. The incubation assay condition was carried
out as detailed in Experimental part.

could stimulate its RB activity.''® The BF membrane lipids
was found with high content of phosphatitic acids and
thus displayed a highly negative charged character.!™ It
was tempting to assume that SDS might have a mimic effect
on the charged environment of the membrane. In addition,
protein denaturation by SDS must also be considered. Exa-
mination on this unexpected surprising result revealed that
the SDS effect was of biphasic character (Figure 6), being
inhibitory at low level but then stimulating at higher con-
centration. This is in contrast to the WRP study that showed
SDS to be a strong RB inhibitor.*”! Activation by high
[SDS] was quite pronounced in term of the magnitude on
the RB, a three fold increase was seen at 0.150 m SDS.

It is remarkable that the increase in rubber synthesis
displayed a dose response curve even at [SDS] above 0.15 m.
A possible reason for this SDS biphasic effect might be the
formation of micelles at high [SDS], thereby considerably
increasing the active surface area® for RB enzymes
catalysis. The critical micelle concentration (CMC) of SDS
isat8.2 x 10 > m, soalow [SDS] will cause denaturation of
the enzymes, resulting in a decreased RB activity. At higher
[SDS] the micelle will start forming together with the
dissolved membrane as a mixed micelle®® with the
incorporated RB enzymes. An EM study would contribute
to a better understanding of this micelle phenomenon. It
would be interesting to investigate if WBM extractable
proteins are still active either alone or with micelle for the
RB activity.

Protein Profile of Acetone-Fractionated
WBM Proteins

Several procedures for membrane protein extraction are
available!® and were tried. Among them the acetone

SDS (mM)

Figure 6. Biphasic nature of SDS activation on WBM enzymes.
The RB activity of WBM at each SDS concentration was shown as
the number of '*C-IDP incorporation into the rubber. The WBM
(approx. 40 mg dried weight) was mixed with the SDS before
subjected to the standard incubation condition as described in
Experimental part.

method was found to be most satisfactory and suitable to
be employed. The advantage of using acetone is to dissolve
the soluble membrane while the released proteins are pre-
cipitated in the same treatment steps. Serial extraction of
WBM proteins with acetone ranging from 20-80 vol.-%
was devised in this study. The results showed that the mem-
brane protein could be fractionated into different fractions
by the acetone ranges as employed. A protein profile of
distinct patterns by SDS-PAGE (Figure 7) was obtained,
although overlap of some common proteins did occur. Most
of the acetone-precipitated proteins were in the 40 and 80%
(lane B, D) acetone ranges while moderate amounts were
in the 20 and 60% (lane A, C) ranges. These fractions were
then examined for possible RB activity.

RB Activity Detection of Acetone-Fractionated
WBM Proteins

The protein fractions were dissolved with assay buffer for
the standard incubation of RB activity. However, no RB
activity could be detected in any fractions. It seemed that
they might be inactive once separated from the native mem-
brane, or that the protein composition was perturbed and
different from the arrangement or topology as existing in
the intact membrane. It could also be due to the absence of
hydrophobic condition for them to be active. As was sug-
gested from preceding results that high [SDS] could activate
the RB activity assays, SDS was then added to the aqueous
suspension of the inactive protein fractions. It was quite
astonishing that the activity for rubber synthesis was thus
restored by the SDS addition as shown in Table 1 for the
RB levels.

Different amounts of SDS were attempted, and 2% SDS
was found to be optimum for RB activity assays. Results for
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Figure 7. SDS-PAGE analyses of proteins profile from WBM
proteins. WBM: proteins from WBM. The serial of acetone extract
precipitated WBM proteins are shown in lane A-D. A: preci-
pitated proteins at 0—20% acetone saturation; B: 20—40%; C: 40—
60%; D: 60—80%; Std: standard molecular weight proteins.
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each fraction (Table 1) showed that the maximum activity
was in the 20% acetone protein fraction, whereas other
fractions were much lower or without any RB activity. The
RB activity was almost exclusively located in the 20%
acetone fraction, which was almost equal or the same as
WBM from which the protein was extracted. Repeated
experiments with different preparations of samples con-
sistently showed similar results, and thus helped to confirm
the results obtained.

One explanation for this could be the formation of
micelles. At 2% SDS (8 x CMC), a lot of micelles with
highly increased active surface area as compared to WBM
could be formed with the incorporated enzymes. This might
be accounted for the high RB activity even with lesser
enzyme in the fraction. Although the membrane protein was
distributed into fractions, it could be compensated by the
highly increased active surface area for the micelle RB

Table 1. RB activity of the serial acetone fractionated proteins.
The ranges of acetone percentage used were 20, 40, 60, and 80%
(A, B, C, D fraction). The precipitated protein mixture in each
incubation tube was prepared from the same WBM (approx. 40 mg
dried weight) in the serial acetone fractionation. To all incubations
were added 2% SDS (w/v) before being subjected to the standard
incubation condition as detailed in the Experimental Part.

Sample “C-IPP incorp. % incorp.”
cpm

WBM (control) 6655 9.6

A (20% acetone) 6505 94

B (40% acetone) 1080 1.0

C (60% acetone) 323 0.5

D (80% acetone) 121 0.2

 The data represent the average of three determinations.

catalysis. Increased activity of the isolated enzyme by
hydrophobic condition or micelle was previously shown
for polyisoprene synthesis in the other system."*®! Another
likely reason could be the possible separation of a certain
inhibitory factor from this 20% protein fraction. An enzyme
kinetic study was needed to substantiate the results. An
experiment on remixing of the fractions could give support
to the results and a rationale for the given explanation.

Enzyme Kinetics of the RB Active Protein Fraction

The preceding results suggested that the SDS micelles with
the incorporated enzymes might be serving as a micro-
reactor for rubber synthesis. To characterize the active rub-
ber synthesis of this protein fraction, a kinetic study on the
enzyme concentrations was carried out. The results showed
that the RB activity was catalyzed by enzyme in this frac-
tion, not by nonspecific trapping (Figure 8). Corresponding
increases were seen with the enzymes in a dose dependent
manner. A linear relationship was still observed at high
enzyme levels with saturated IPP substrate. It was clearly
indicated that the enzyme was still highly active even
when the [SDS] above CMC replaced the native or natural
membrane condition. The results suggested that it is pos-
sible to synthesize natural rubber ex vivo by a protein ex-
tract from BF membrane if proper or optimum conditions
are provided to support or stabilize the isolated enzyme
activity.

12

=
[—)
A

Mc.1pp incorp (cpm x 10'3)
&

0 L] L] L3 L)
0 20 40 60 80 100

20% precipitaed proteins (jl)

Figure 8. The activity of 0-20% acetone precipitated protein
from WBM (@, 1.7 mg protein ml—"). 2% SDS (w/v) was
mixed with the samples before subjected to the standard
incubation condition as described in Experimental part.
Control (QO) was carried out with the same condition as
sample but with 20 x 107> M EDTA added in the incubation
assay.
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RB Activity of the Combined or
Reconstituted Protein Fractions

As was discussed in the preceding results that fractionation
of BF membrane proteins might lead to separation of certain
inhibitory factor from the fraction that showed high RB
activity (20% acetone protein, fraction A), it would be
interesting to validate this assumption. The designed experi-
ments were carried out by mixing the highly active fraction
(fraction A) with other low or inactive RB fractions (frac-
tion B, C, D), and the effect was followed. The combining
was a reconstituted assay to see if changes in RB activity
were affected by the additions. When the active 20% acet-
one fraction (A) was mixed with any of the other fractions
(B, C, D), some changes or effect on the RB activity were
observed. WBM and the mixed WBM activity would be
serving as controls to verify the changes as occurring in
the combining isolated fractions. These results of several
RB incubation assays were summarized in Table 2 as the
average values of three duplicate determinations.

When the active fraction A was mixed with fraction B,
an increased RB activity was observed. This indicated that
the slight activity in fraction B (shown in Table 1) was an
overlap or spilled over from A and thus had an additive
effect in the combined assay.

It might also be that fraction B contained an activator
for RB activity as the total activity was a bit higher than the
addition of the two isolated activities. Combining fractions
A and C or A and D showed an opposite effect: the
RB activity in fraction A was inhibited by both C and D
fractions. The most pronounced effect was seen with D as
fractions’ A activity was totally diminished. Complete
inhibition exerted by fraction D indicated that the inhibitor
protein is present in this fraction upon acetone separation of
the proteins from BF membrane. When the intact WBM was
mixed with this fraction D, again the same complete inhibi-

Table2. Reconstitution experiments on RB activity of acetone
fractionated proteins. Acetone ranges were as in Table 1 (fraction
Awas mixed with each of the other fractions). The protein fraction
in each incubation tube was prepared from the same WBM in serial
acetone fractionation. WBM used in this study was approx. 40 mg
dried weight. All incubations were mixed with 2% SDS (w/v)
before being subjected to the standard incubation condition as
described in the Experimental Part. Intact WBM and WBM + D
were also tested for comparison with the isolated protein fractions.

Sample C-IPP incorp. % incorp.”
cpm

WBM (control) 6915 10

A (control) 6750 9.8
A+B 8580 12.4
A+C 990 1.4
A+D 866 1.3
WBM + D 467 0.7

) The data represent the average of three determinations.

tion of RB activity was also observed similar to that seen
with the RB active fraction A (Table 2). This might lend a
strong support to the result seen in the 20% acetone protein
fraction A that showed quite unusual high RB activity. It
was expected to have lower activity due to the redistribution
of enzymes upon fractionation by the acetone. It is not
known whether the active fraction A also contains an acti-
vator of the RB enzymes and hence the unusual high RB
activity. Combining or reconstitution experiment was a
common practice when studying the interaction of different
fractions as previously reported for WRP activation by
C-serum addition® or activation of HMGR on BF
membrane by C-serum calmodulin.""" Tt certainly needs
further study as shown recently'**! and more reconstitution
assays are in progress.

The two inhibitory results for both WBM and the iso-
lated active protein fraction was a strong evidence that the
RB activity of the BF membrane was tightly controlled in a
well regulated manner. The results from both were compli-
mentary and supporting one another in the control mecha-
nism that certainly exists in the membrane enzyme system.
It was something not totally unexpected from these results
considering the fact that most if not all the biochemical
processes need to have well regulated control mecha-
nisms, for metabolic balance and a coordinated process of
the overall metabolic pathways integration and balanced
cell functions.

This is indeed a totally new finding and quite an exciting
result of the BF particles function in the latex. It thus
strongly suggested that the RB enzyme in the membrane is
not only capable of catalysis for rubber synthesis, but it also
contains a controlling element in regulatory mechanism for
the rubber synthesis and the biogenesis control. This ori-
ginal preliminary finding on the control process of rubber
synthesis needs a careful examination with well designed
experiments to verify in detail the regulatory mechanism
that pertains to the BF membrane for the control synthesis
of new rubber molecules. Therefore, this certainly warrants
a more detailed study and further refined investigation to
gain a better understanding of the BF membrane functions
in their active roles for rubber synthesis and the control
mechanism in the Hevea latex.

Conclusion

Rubber synthesis was unequivocally demonstrated to occur
on the bottom fraction (BF) particles surface or the washed
bottom fraction membrane (WBM). The rubber biosyn-
thesis (RB) activity of WBM was much higher than the
rubber particles (RP) surface. Generally, RP was considered
to be the only RB site. Our results suggested that the RB
activity observed with the washed rubber particles (WRP)
surface might be due to the associated membrane fragments
from rupture of the BF particles. The WBM was highly
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active with Css (UPP) as an allylic acceptor for the isopen-
tenyl diphosphate isomerase (IPP) in rubber synthesis, but
was inactive for the WRP. SDS was a strong RB activator for
WBM, probably due to micelle formation, thereby highly
increasing the active surface area, resulting in a high RB
activity with WBM. The SDS effect was of biphasic man-
ner: inhibition at low SDS concentrations, but activation
at high ones.

Serial acetone extraction of WBM proteins showed that
isolated fractions still have RB activity under appropriate
conditions. An RB regulatory protein was also detected in
this study.
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Summary: Washed bottom fraction (BF) membrane-bound
particles of centrifuged fresh Hevea latex were found to be
very active in rubber biosynthesis (RB). The washed BF
membrane (WBM) showed higher RB activity and is strongly
stimulated by anionic surfactants — more by DOC than SDS.
WBM enzymes system can synthesize rubber either with
allylic isoprenes (higher RB) or without (lower RB). Washed
rubber particles (WRP), used generally in RB assays, had
very low RB activity compared to the much higher activity
observed for WBM. Bacterial undecaprenyl diphoshate (Css-
UPP) was very active allylic initiator for rubber synthesis by
WBM. Comparisons of allylic UPP with the shorter ones
(C,5-FPP, C,o-GGPP) showed that UPP was the most effec-
tive. WBM activity orders were UPP >> GGPP > FPP. The
DOC activated WBM synthesized less polyprenyl inter-
mediates (butanol extractable) but more final rubber product
(toluene/hexane extract), different than FPP and GGPP.
WBM enzymes were highly versatile in using diverse dif-
ferent allylics, but UPP was most preferable. WRP was found
a little active for UPP with DOC, but still much lower than
WBM. Rubber product analysis by RP-TLC with acetone/
hexane solvent system showed that WBM was mostly rubber,
but WRP was mainly the intermediates. Quantitative analysis
showed that WBM labeled rubber was confined to the origin
spot, different than WRP as mainly labeled intermediates. It

was thus confirmed that the WBM plays the key role in RB
functions, and not WRP as mostly reported. WBM served as
the actual rubber synthesis site, and bacterial UPP was very
good RB initiator.
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Introduction

It has been demonstrated and reported for quite some time
that the Hevea latex was active!'*! in the synthesis of rubber
molecules. Study on rubber biosynthesis (RB) process is of
much interest and has appeared in several reviews.”” =" The
most extensive and up to date review covering most aspects
of the Hevea latex structure and biochemistry!® appeared
recently with full details, discussions and the perspective
outlooks. Decent understanding of the RB process is still
ambiguous and the clear evidence has yet to be convin-

cingly presented. Most studies focused mainly on rubber
particles (RP) surface and always reviewed” 7! as the
only prerequisite site required for rubber synthesis. This
might seem puzzling, an obvious paradox, on how the RP
was originated. If the new rubber has to be synthesized on its
surface, the question remains of the origin of RP. In layman
term, one might say this is the question of chicken and egg
that has long been overlooked or ignored. The actual RB
initiation sites other than the RP surface with active rubber
formation need to be sought out. It is therefore still an open
question as to the actual specific site for synthesis of rubbers
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molecules that will eventually aggregate to form the RP. If
one considers the complex nature of Hevea latex and its
myriad compositions, it might possibly be that RB can take
place at specific sites other than the RP surface. This is an
active area of our research.

The rubbers in latex from various plants - are poly-
isoprenes of high molecular weight hydrocarbon polymers
consisting of the five-carbon isoprene (CsHg) units. Rubber
is major component of latex formed by special differen-
tiated cells of plants. Synthesis is by series of enzyme
polymerization'"! of isoprene units to various degrees,
resulting in a wide range of MW. The high MW rubbers are
produced in the latex of about 300 genera of Angiosperms.
Hevea brasiliensis (Brazilian rubber trees) is the best rubber
producer, and commercially cultivated for natural rubber
production used industrially for various products. Hevea
latex is accumulated in specialized cells called laticifers.
Double bonds in Hevea rubber are in cis configuration as
cis-1,4-polyisoprene, with a wide range of MW distribu-
tion. In addition to rubber particles, two other specialized
particles (lutoids and Frey-Wyssling) are also present as
major part of Hevea latex. Presence of the two particulate
components provides unique characteristic to Hevea latex
properties. Hevea latex biochemistry was thoroughly
reviewed recently.'™!

Fresh Hevea latex can be fractionated into three fractions
by centrifugation, the top rubber phase, aqueous C serum
and bottom fraction (BF) of membrane-bound organelles.
BF content is quite considerable, constituting about 20% by
volume'® compared to ca. 30% of the rubber phase. The BF
is composed of membrane-bound organelles, lutoids and
Frey-Wyssling particles. Fresh latex is a colloidal mixture
of theree different particles with cell soluble substances in
an aqueous suspension. Lutoids first described by Homans
et al."! as single layer membrane-bound vacuoles, found
rich in phosphatidic acids,''*'*! rendering them negatively
charged vesicles. Lutoids contents (B-serum) are proteins,
enzymes and a wide range of metabolites, considered as a
type of phytolysosomes.'"*! Frey-Wyssling are double layer
membrane organelles with lipid globules, membrane
vesicles and f-carotene."'*'>! The high carotenoid content
suggested it probably contain enzymes for isoprenoids syn-
thesis pathway."'*! So far, few studies were made to suggest
the related metabolic roles of BF particles in the isoprenoids
and/or RB pathways."'"*'®) HMG-CoA reductase (HMGR),
one of the rate-limiting enzymes in RB pathway,'”"'®! was
purified from the washed BF membrane.''®' It was shown to
be under control by calmodulin,'” heat stable Ca®"
binding protein in C-serum, as HMGR activator.

It was commonly believed that RP surface was RB active,
as extensively characterized and reported in a series of four
consecutive papers with lot of extensive details.?~>%
However, RB activity at certain membrane site is more
likely with good rationale reconciling on the origin of RP.
This was earlier postulated,[14’24] but received little atten-

[10]

tion and no investigation was carried out to substantiate it.
Study conditions, free of preexisting rubber particles, will
serve as an ideal system to solve this query. Hevea latex is
regarded as the living cytoplasm in which the rubber
particles, the non-rubber particles and other cell compo-
nents are dispersed in an aqueous phase of cytosol. Of
particular interest is the membrane-bound non-rubber
particle in the latex that may have active role in the RB
function. Recently, we have shown that the surface of
these particles was quite active in the synthesis of new
rubber.*>?®! The results might suggest that actual RB site
may be localized on these particles membrane rather than
the RP surface, as stated in our recent reports,'26’27' in
contrast to previous numerous studies which implicated RP
surface as the only prerequisite site for the in vitro RB
process.'>%?*! Our different results'>> =" could suggest that
there might be more than one site for RB activity in the
latex. However, it is still doubtful and needs clarification
considering our BF reports on RB related enzymes.!*>2%-3)
IPP isomerase (IPPI) in the Hevea latex was first directly
detected and characterized'*! by us. IPPI and prenyltrans-
ferase (PT) high activities detected on BF were character-
ized*3% for their properties. The highly active rubber
formation by fresh BF particles™® was clearly shown.
Kinetic study on RB activity and products analyses showed
new appearance of the low MW rubber.!””! The results
suggested the synthesis of new rubber being initiated and
formed by these particles enzymes. Further careful studies
on RB activity of the membrane'?®! from the BF particles
were carried out with detailed properties characterized.
Extensive washed BF membrane (WBM) showed high RB
activity, clearly indicating that the RB activity was located
on the isolated membrane. The RB stimulation of WBM by
surfactant is probably resulting from the increased active
surface area of RB active mixed micelles. In a recent
report,’*”) the delayed use of fresh latex led to rupture of BF
particles and membrane debris bound to the WRP was
shown. This may be the case for those using the preserved
WRP with RB activity'®~"! as resulted from the bound
debris. The most noticeable result was the serial acetone
extracted WBM proteins being still RB active.”?”! Recently,
two Hevea latex genes®'*?! were successfully cloned with
high activity. One was dominant PT enzymes in latex,
GGPP synthase, rubber transferase was also cloned (termed
HRT) that was RB active with WBM, strongly support
WBM role.

It was quite intriguing that an exquisite idea proposed
recently on microbes might be capable of producing
rubber.** This coincides with our ongoing research on
rubber synthesis from bacterial undecaprenyl diphosphate
(Cs5-UPP). Among family microbial prenyltransferases,
UPP synthase (UPS)I34’3SJ has been most extensively
studied. It was purified and characterized from several
bacteria (S. newington,[36] B. subtilis,**V E. coli 738 L,
plantarum,[39_43] and M. luteus[44’45]). UPP is required as a
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lipid carrier of glycosyl residues in synthesis of bacterial
cell wall. For this RB study, we employ '*C-UPP prepared
as described in the literature'*®! and provided to us for using
as allylic initiator of rubber synthesis by WBM.

In this report we will describe the significant role of UPP
in RB process. Comparisons with other shorter allylics
(C,5-FPP, C,,-GGPP) on the RB levels and efficiency are
also reported. Surfactant DOC effect was tested and
compared to SDS on RB activation.®*”! Comparisons of
WBM and WRP activities with UPP are also made. In
addition product analyses, qualitative and quantitative on the
rubbers formed with UPP are extensively presented here.

Experimental Part
Materials

Isopentenyl diphosphase (IPP), farnesyl diphosphate (FPP),
sodium dodecyl sulfate (SDS), deoxycholic acid (DOC) and
organic solvents are all of analytical grade. Other analytical
chemicals and reagents used in this study were mainly
purchased from Sigma-Aldrich (St. Louis, MO). [1-'*C] Iso-
pentenyl diphosphase (**C-IPP, 54 mCi mmol ") was from
Amersham Biosciences. [1-°H] Farnesyl diphosphate (*H-FPP,
20 Ci mmol "), [1-’H] Geranylgeranyl diphosphate (*H-
GGPP, 20 Ci mmol’l) were from American Radiolabelled
Chemicals Inc. Uniformly labeled undecaprenyl diphosphate
(**C-UPP) and the UPP synthase (UPS) were generously
provided by Prof. Dr. Koyama (Tohoku University, Japan).
They were also prepared by us according to the published
procedure™® using the UPS enzyme with the same quality and
purity as provided.

Collection of Fresh Latex for Centrifugation

Fresh latex used in this study was obtained from regularly
tapped rubber trees (clone RRIM 600) at the adjoining Songkla
Rubber Research Center, Thailand. These trees were tapped in
a half-spiral with V-shape knife by stripping the bark (2—3 mm
thick) to make cuts across the latex vessels. All preparations for
fresh latex fractionation were made ready beforehand, prior to
the latex collection. The latex was collected in ice-chilled
containers and was immediately subjected to centrifugation
within less than 10 min from the tapping collection time.

Preparation of Washed Bottom Fraction Membrane (WBM)

The freshly tapped latex was immediately fractionated by
centrifugation to obtain the three distinct fractions as describ-
ed!'%2%27] with maximum sediment bottom fraction (BF) and
minimum rubber particle (RP) associated or contaminated
protein. The collected BF was washed five times by careful
suspension in 50 x 10~ m Tris-HCI buffer (pH 7.4) containing
0.9% NaCl (w/v) so that the intact washed bottom fraction
particle (WBP) was obtained with no accompanied small RP.
The washed BF membrane (WBM) was then prepared from the
intact WBP as described.'”**”! The cleaned WBP pellet was
suspended in 3 volumes of distilled water and stirred for hypo-

tonic lysis of WBP. All contaminants were then eliminated
from the membrane by three times repeated washing. All
operations were carried out at 0—5 °C for membrane integrity
and stability. The WBM was kept in the ice-bath until use.

Preparation of Washed Rubber Particles (WRP)

Rubber particles was prepared from the centrifuged zone
2 rubber as described'** by three repeated washing with 5
volumes of 50 x 107> m Tris-HCI buffer (pH 7.4) to obtain the
WRP for assays. All operations were carried out at 0—5 °C. The
prepared WRP was kept cool in icebox until use. The rubber
quantity was determined by measuring the absorbance at
280 nm. The rubber content was calculated as described by
Light and Dennis."*”’

Rubber Biosynthesis (RB) Assays and Incubation Conditions

The incubation mixture contained designated amount of
samples (WBM or WRP) in Tris-HCI buffer, pH 7.7. The
50 x 107 ™ Tris-HCI buffer (pH 7.7) for the RB assays
included reagents (30 x 107> M KF, 5 x 10~* M MgCl,, 10 x
1073 M DTT). The substrate unlabeled IPP (or 14C—IPP) and
allylic initiators (*H-FPP, *H-GGPP or '“C-UPP) were added
as indicated in the figure and table captions. 20 x 10~* M EDTA
was added in the incubation uses as control as mentioned in
figure captions. All the RB incubation mixtures were carried
out at 30 °C for 2 h. After 30 °C optimum incubations, the
reaction was chill stopped by placing the incubation tubes in an
icebox and was immediately processed for the radiolabeled
products extraction and product analysis.

Two-Steps Differential Solvents Extractions of
Radiolabeled Products

Right after the reaction was stopped, 300 pl saturated NaCl
solution was added and mixed thoroughly. The mixture was
then treated (three times) with 500 pl H,O saturated 1-butanol.
The radioactivity in 1-butanol phase was subjected to a liquid
scintillation counter to estimate the amount of radiolabeled
polyprenyl intermediate. The aqueous layer (with membrane at
the interphase) left after 1-butanol extraction was again treated
(three times) with 500 pl of toluene/hexane (1:1, v/v). The
amount of radioactivity in toluene/hexane phase was deter-
mined for the RB activity by measure the 14C-labeled rubber
with liquid scintillation counter. The product analysis of
1-butanol and toluene/hexane extracts were then performed on
RP-TLC as described below.

Product Analysis by Using Reverse Phase Thin Layer
Chromatography (RP-TLC)

The radiolabeled products from the incubation mixtures
extracted in 1-butanol and toluene/hexane were hydrolyzed
to the corresponding alcohols with potato acid phosphatase.™”!
The products were subjected to RP-TLC plate (LKC-18,
Merck) using acetone/hexane (19:1, v/v) as the solvent sys-
tem."*® The RP-TLC plates were then exposed overnight on a
Fuji film BAS-III imaging plate at room temperature. The
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distributions of radiolabeled products were visualized with
bioimage analyzer (Fuji BAS 1000 Mac). The sizes of
the radiolabeled products were determined comparing with
the authentic standard alcohols that were run along with the
samples and visualized with iodine vapor.

Results and Discussion

The results presented in this report are further investigations
with more refined and well designed experiments to deli-
neate the results we previously reported.”*”! This is for a
better understanding of the RB process and activity of the
latex WBM. The results and observations are logically
interpreted for rationale explanation of the possible under-
lying RB mechanism. New methodology and experimental
procedures are employed for a more detailed study on
the active role of WBM in synthesis of new rubber
molecules. Different allylic isoprene pyrophosphate initia-
tors for the rubber synthesis activity were tested and
compared for their suitability and efficiency, especially the
bacterial Css-isoprene UPP. Surfactant study was also
including DOC effect on RB activity as an extended study
comparing to the SDS. Differential solvent extractions
were employed for the separation of polyisoprene inter-
mediates and the rubber product. In addition, separation
of the products by RP-TLC was characterized on both
qualitative and quantitative evaluations. The results ob-
tained in this study strongly substantiated our earlier
findings'??®! and are extensively discussed as presented
in this report.

Comparison of WRP and WBM in Rubber Synthesis
Activity Using IPP Alone or with UPP as
Allylic Initiator

Fractionation of fresh Hevea latex by high speed centrifu-
gation resulted in three distinct fractions as top rubber
phase, middle aqueous C-serum, and the sediment bottom
fraction (BF) particles of membrane-bound organelles. The
BF content of fresh latex is quite considerable, constituting
about 20% by volume™ as compared to an average of ca.
30% of the rubber phase. We have recently shown that the
cleanly washed surface of these particles was quite active in
the synthesis of new rubber molecules.”>?®! This is in
contrast to the numerous previous studies in which the
washed rubber particles (WRP) surface was implicated as
the one and only prerequisite site for the in vitro RB
process.>??*! That there might be more than one site for
RB activities in the latex is still doubtful and needs
clarification considering our BF particles reports on RB
related enzymes.””>***°! The washed BF membrane
(WBM) was unequivocally demonstrated to be highly
active in the RB process when incubated with IPP alone as
shown in our recent report.m]

The result presented in Figure 1 is an attempt to clarify
the roles of WRP and WBM in RB activities. Two sets of RB
incubations for WRP and WBM were carried out in the
presence of 2% SDS under the same conditions, as we have
previously shown the SDS on RB activation of WBM.2¢-?7!
The RB incubations assays were either with '*C-IPP alone
(Figure 1, A) or 14C_UPP and IPP (Figure 1, B) for both
WRP and WBM to monitor the levels of new rubber
formation. This is to compare the RB activities with and
without allylic isoprene and to assess the UPP function in
the RB process. Besides this, the experiment is also aimed at
the possible use of bacterial derived oligoprenyl UPP for the
in vitro rubber synthesis by the Hevea enzymes.

It was quite clear that the allylic UPP was very effective
to initiate or activate the new rubber synthesis as shown with
the maximum RB activity for WBM (Figure 1, B2). All the
assays with their specific controls are by the presence of
20 x 10~ M EDTA that can completely inhibit RB activity.
The overall results (Figure 1-A, 1-B) clearly indicated that
the WBM was very active using microbial UPP in the
synthesis of new rubber by WBM and only slightly by WRP.
In the assays with '*C-IPP alone (Figure 1-A), WBM was
quite active as compared to the WRP activity (A2, Al) with
more than 4 folds activity over the very low or no WRP
activity. The results are in good agreement with our earlier
reports 2> that WBM was RB active with IPP. Addition of
allylic UPP to RB incubations (Figure 1-B) was even more

20
O control

sample

B (c-UPP)

A (‘c-1PP)

-
2]
'l

%n'c allylic initiator incorp
[=
[24] <

Al A2 B1 B2

Figure 1. RB activity of WRP (1) and WBM (2) in the
incubations with *C-IPP (A) or '*C-UPP (B) as allylic initiators.
The activity was shown as percent of the '*C-allylic initiators
incorporation into rubber molecules. Each tube of incubation
mixture (300 pl) contained WRP or WBM (approx. 30 mg dry
weight) in 50 x 103 M Tris-HCI buffer (pH 7.7), 2% SDS (w/v),
30x 1072 M KF, 5x 107 M MgCl,, 10x10™* M DTT and
40 x 107% M "C-IPP (5 ci mol™"). In the case of using '*C-UPP,
unlabeled IPP (60 x 107 M) was added together with the 4c
labeled bacterial UPP (245,000 cpm). 20 x 1073 M EDTA was
added in the incubations used as controls.
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striking as evidenced by the very much more increase of
WBM activity and only moderately by WRP (B2, B1).
WBM activity was about 6 folds higher than that of WRP
with UPP. The WRP result was in contrast to previous report
that UPP could not be used for RB by WRP'!! and that the
RB activity inhibited by SDS.**! It was thus clear that UPP
was very suitable for RB process.

Comparison of WRP activities showed that addition of
allylic UPP resulted in about 4 folds increases over that with
IPPalone (B1, A1). Numerous earlier WRP study with short
allylic isoprenes (GPP, FPP, GGPP) reported the active RB
function of WRP.”>*281 However, those studies were carried
out with WRP prepared from the preserved latex that was
quite different from our WRP immediately fractionated
from the freshly tapped latex with minimum contamination
by bound rupture BF membrane debris as we recently
demonstrated “®*”! with very low RB activity. RB activity
of the WBM with UPP was more than 6 folds higher than
that with IPP alone (B2, A2). In fact, the WBM activity with
IPP alone was already quite high (A2) about equal to WRP
activity with UPP (B1), but was even much higher upon
addition of UPP to the WBM assay (B2). These results
clearly indicated that UPP is more favorable by the WBM
enzymes in using allylic UPP as isoprene initiator for new
rubber formation.

From these results it would be very interesting to further
examine and characterize the WBM activity using allylic
UPP as prenyl initiator for the rubber synthesis. Products of
the WBM activities could also be further characterized
by employing more refined two-steps differential solvent
extractions. This will help in differentiating and separation
of oligoprenyl intermediates from the final rubber product
to ascertain rubber purity. Besides, the anionic surfactant
activation on RB activity of WBM should also further be
characterized. Aside from SDS, DOC is also commonly
used as anionic surfactant in most biochemical and enzyme
study and should be tested on the WBM activities.

Effect of Anionic Surfactants on RB Activities of WBM

As stated in preceding results, WBM was highly capable of
using microbial allylic UPP in new rubber synthesis and
was activated by SDS as was shown for the RB activity with
IPP.*?" Since the goal of this study is to clarify and
characterize the utilization of UPP by WBM and try to
understand the role of UPP influencing WBM activities, so
the followed experiments will focus on this longer chain
isoprene. This will also be compared to other short chain
allylics in subsequent assays. Comparison results of the
anionic surfactants effect on WBM activities, deoxycholic
acid (DOC) and SDS, will be presented. In addition, two-
steps differential solvent extractions will also be used for
products analyses of WBM activities with UPP. The differ-
ential solvents are water-saturated butanol that we have
previously used in dolichols or polyprenols™*”! assays and

50
O Butanol

B Toluene / Hexane

30 1

20 1

% "*C-UPP incorp

10 -

SDS

Figure 2. Effect of anionic surfactants (SDS and DOC above
critical micelle concentrations) on RB activity of WBM enzymes.
The results were shown as percent '“C-UPP incorporation into
polyprenyl intermediates that were extracted by 1-butanol. The
RB activity for rubber products were shown as percent '*C-UPP
incorporation into rubber which was detected from toluene/hexane
(1:1, v/v) extract. The incubation mixture (200 pl) contained
WBM (approx. 20 mg dry weight) in 50 x 1073 m Tris-HCI
(pH 7.7), 30 x 107* M KF, 5x 10~* M MgCl,, 10 x 107 M
DTT, 60 x 10~° M unlabeled IPP, '*C-UPP (100 900 cpm) and
the surfactants (SDS or DOC). No detergent was added in the
control condition.

DOC

Control

toluene/hexane routinely used in rubber extraction and
purification.?>=2"1

Figure 2 results showed the different effects of SDS and
DOC on RB activity of the WBM incubated with '*C-UPP
and IPP. Upon completion of RB incubation assays, the
products mixture was first extracted with butanol and
the remaining mixtures were then subjected to toluene/
hexane extraction for the final rubber products as detailed in
the experimental part. Butanol extraction of the RB reac-
tions was included as added step in the procedures before
the determination of rubber by toluene/hexane extract as
routinely carried out in our assays'>>~2”! for the RB activity.
The extracted products in butanol fractions are for the
purpose of detection for oligo- and polyisoprenyl inter-
mediates prior to the final rubber product. To our knowl-
edge, no other investigators performed or included this
added butanol step in their rubber synthesis assays. The
accuracy of those RB studies with WRPI%-20-2228.301 jq
therefore debatable and will be shown and discussed later
on the TLC analyses of the products results.

As shown in Figure 2, the RB activation by DOC on
WBM activity was more pronounced than that of SDS
effects. The RB stimulation by DOC was twice that of SDS
as compared on the toluene/hexane extracted rubber
products between the two surfactants. However, the butanol
extractable intermediate products showed opposite results

Macromol. Biosci. 2004, 4, 1039-1052 www.mbs-journal.de

© 2004 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim



1044

Macromolecular
Bioscience

A. Rattanapittayaporn, D. Wititsuwannakul, R. Wititsuwannakul

to the rubber products. The polyprenyl intermediates was
much higher with SDS activation than that with DOC. The
lower polyprenyl or moderate chain length polyisoprene
intermediates with DOC was actually converted and shown
up as the final rubber products. On the other hand, the RB
incubations with SDS showed almost equal products in the
butanol and toluene/hexane extractions. This indicated that
SDS activated more for the polyprenyl intermediates forma-
tion than the rubber formation as was seen with DOC. The
higher level of polyisoprene intermediates suggested that it
was accumulated or lower rubber conversion rate with
SDS and hence resulted in the lower level of new rubber
formation. The control without any surfactant showed that
most of the "*C-UPP was in the butanol phase, but the WBM
was still moderately active with substantial rubber forma-
tion. This was in good agreement with preceding results
(Figure 1) that showed UPP as highly suitable for the RB
activity of WBM.

The overall calculated results are summarized in Table 1
and show the distributions of the '*C-UPP labeled products.
The butanol extraction with SDS yielded almost 7 folds
higher products than that in the toluene/hexane extract. On
the contrary, the rubber product with DOC in the toluene/
hexane extract was twice higher than that with SDS.

The results clearly indicated that the DOC activation was
twice faster converting or turning the intermediates into the
final rubber products. However, the total combined '*C-
UPP converted into products, in both solvent extractions,
was similar or almost the same for both SDS and DOC
activations which was amounted to total 41-42% total
incorporations. Comparison of butanol extraction of RB
incubations with SDS and DOC and the toluene/hexane RB
extracts of both surfactants showed somewhat discrepancy
in the ratios, which was a bit puzzling. However, this can be
explained by the fact that butanol extractions were also
included the unreacted '*C-UPP in addition to the interme-
diates products, and the discrepancy ratios can thus be
resolved.

Examination of the results in Figure 2 and Table 1 pointed
out that lower intermediates with DOC was the result of

Tablel. RB activity of WBM in the presence of anionic
surfactants shown as percent of '*C-UPP corporation into
radiolabeled products extracted by 1-butanol and toluene/hexane
solvent system (1:1, v/v).

samples 4C-UPP incorporation®
%
Butanol Toluene/Hexane Total
Control 41.22 6.54 47.76
SDS 21.26 19.88 41.14
DOC 3.23 39.21 42.44

¥ The data represent the average of three determinations.

rapid conversion into the final rubber product, while the
higher intermediates with SDS was probably due to the slow
turnover of these into the new rubber formation. Results
summarized in Table 1 indicated that the total '*C-UPP
converted into products showed the same total '*C-UPP
utilization by the WBM either with SDS or DOC, but the
difference was only the rate of intermediates converted into
the final rubber products. It could thus be noted that the SDS
effect was more active in polyprenyl intermediates forma-
tion, but less active for the rubber formation than the DOC
effect, even though both stimulated the WBM activity. The
differences could thus be said on quantitative rather than
qualitative effects concerning the final rubber formation
steps. As for DOC effect, it was more active and rapid
converting intermediates into the final rubber product, so
the much lower accumulation than seen with SDS. Since
DOC was shown highly stimulating, the WBM activity in
synthesis of the new rubber from UPP, it would be quite
interesting to compare UPP with the shorter chain allylic
isoprenes (FPP and GGPP) commonly used by others in the
RB study with WRP.[?9-20-22.28:50]

The Effect of Different Allylic Isoprenyl Initiators on
the Rubber Synthesis Efficiency by WBM Enzymes

The highly significant WBM activities with '*C-UPP allylic
initiator and the DOC activation in preceding results
(Figure 1, 2) indicated the preference of WBM enzymes
for UPP in the synthesis of new rubber molecules. The
results so far revealed quite a strong selective degree of
WBM for using UPP initiator in the RB process. In order to
assess and differentiate the preferential degrees of WBM
for other allylics, some apt investigations were set up to
compare the different allylic isoprenes for RB activities.
Experiments were carried out using the different labeled
allylic isoprenes with excess IPP substrate to monitor the
levels of new rubber synthesis from these labeled allylics.
Amounts of the final rubber products separated were evalu-
ated by differential solvent extractions as used in Figure 2.
The results compiled from these experiments using the
different radiospecificity labeled allylic isoprenes were nor-
malized by calculation as percent incorporation into the
new rubbers formed out of the total added in the RB assays.
The results being presented were compiled from several
experiments with different WBM preparations and times to
account for the seasonal variations being commonly observ-
ed, but were still with consistent trends. These results were
then normalized by performing all assays with the same
WBM preparations at the same time for accuracy and with
high degree of confidence. The explanations on results need
be lengthy with several discussion aspects for a clearer
understanding with minimum ambiguity.

Results in Figure 3 showed the different labeled allylic
isoprenes (C;5-FPP, C,,-GGPP and Cs5-UPP) used in the
study of new rubber formation by WBM in RB incubations
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Figure 3. Enzyme activity of WBM shown in percent radi-

olabeled allylic initiators incorporation into polyisoprene inter-
mediates in 1-butanol extract and rubber products in toluene/
hexane (1:1, v/v) extract. The incubation mixture (200 pl)
contained WBM (approx. 20 mg dry weight) in 50 x 107> m
Tris-HCI (pH 7.7), 30 x 107> M KF, 5x 107> M MgCl,,
10x 107> M DTT, 40 x 10~ m DOC, 60 x 10_° m IPP and
radiolabeled allylic initiators [12.5x 107® M *H-FPP (7 ci
mol™"), 12.5 x 10~® M *H-GGPP (7 ci mol~") and 100900 cpm
14C-UPP as prepared]. 20 x 107> M EDTA was added in the
incubations used as controls.

under the same optimum conditions with DOC. The pro-
ducts formation, from these radiotracer allylic isoprenes,
was analyzed both in the butanol extracts and toluene/
hexane extracts for the new rubbers. They showed quite
distinct and different results profiles for both solvents
extractions. Comparisons of the toluene/hexane extracts
showed UPP with the maximum activity, but FPP was with
the maximum activity for the butanol extracts. The results
(Figure 3, C) showed that UPP was the most active for
rubber synthesis with highest percent incorporation as
compared to other allylic isoprenes.

The other two allylics (FPP and GGPP) were about only
half (GGPP) or less (FPP) as compared to UPP on the rubber
synthesis activity (Figure 3, B, A, C). On the contrary, the
butanol extract results showed quite the opposite patterns
on products formation from these allylic isoprenes. As
pointed out earlier, the oligo- and polyisoprenyl intermedi-
ates were first separated out into the butanol phase prior to
the final rubber products extracted by toluene/hexane sol-
vent. The results showed FPP with highest intermediates
formation, followed by GGPP and the lowest with UPP.
These results might seem somewhat perplexing in term of
the differences, but some explanations could possibly be
postulated to delineate these observations and are actively
sought in undergoing further investigations for the explana-
tions to be reported soon.

It is noteworthy to point out that the results and obser-
vations shown in Figure 3 were somewhat similar or
analogous to the results observed for SDS and DOC compa-
risons on WBM assays with UPP (Figure 2). However, the
conditions in these assays were on comparisons of different
chain length allylic isoprenes effects on efficiency of rubber
synthesis by WBM enzymes versus the surfactants effect
(Figure 2). The intermediate products were higher with FPP
and GGPP than UPP similar to those seen with SDS. On the
other hand, the UPP showed twice the total rubber synthe-
sis, with concurrent decreasing of the lower MW polyprenyl
products in butanol extract. This was similar to the DOC
activation of WBM rubber synthesis with the allylic UPP.
Conversion rate into the new rubbers formation from FPP
and GGPP were much lower than that seen with UPP which
showed at least two folds higher in the total final rubber
formed.

The effect of allylics chain length on rubber synthesis
efficiency of WBM was thus clearly shown by results
(Figure 3) in this study. These results on precursor allylics
thus suggested that the longer chain was more effective in
rubber formation by WBM than the short ones, shown by
UPP and GGPP with more rubber formed than FPP. Shorter
allylics were more suitable or preferable by WBM to form
lower MW products than the rubber end product seen with
the UPP. Higher accumulation of the intermediates was thus
shown, but was nevertheless still lower than the rubber
products from UPP. The chain length observation was also
previously studied (C;o—C,) with WRP™ with only a
small difference on RB effect and no clear explanation was
given. It should be noted that in that study, chain lengths
were almost similar, FPP and GGPP were implicated as the
required RB allylic initiators with WRP!#%-20-2228.301 ¢
was never included or extended to the longer allylic like
UPP. The very small difference on those allylics chain
lengths thus could not provide clear cut results.'” It might
probably also be due to the intermediates bound onto the
WRP and hence the small degrees of RB efficiency” might
be considered insignificant and debatable. Ours was the first
attempt including both the short allylics commonly believ-
ed as the required initiator'>*-2°=2%%5% and the longer
chain UPP?") studies with WBM, which was different from
those WRP studies'™”! that still need clarification and be
verified.

It should be noted that in this study there are two major
different aspects than the earlier studies-'>*""®?%lone is the
WBM as opposed to the WRP and the other is the use of
longer allylic UPP along with the shorter ones. There was
only one exception to these studies that used UPP and '*C-
IPP in the RB study of the whole latex.*!! They found
probably new rubber could be formed in the whole latex
assay, but did not find nor could show any RB activity with
the WRP. These results were still unclear on the different
outcomes, and no further study'?'! was attempted to clarify
it. Our opinion is most likely the presence of BF membrane
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in the whole latex, but the WRP was devoid of active BF
membrane and hence no RB activity. This might agree well
with our study with WBM that showed significant RB
activity, be it the short or longer allylics with only the
different RB efficiency. Therefore, the whole latex study'*"}
can be reconciled well with our earlier reports'>>~>”! and the
new findings in this report.

There seems to be a direct or relative correlation between
the allylics chain length and the RB efficiency. The longer
allylic isoprenes chain sizes resulted in the more or the
higher rate of new rubber formation by WBM activities as
evidenced in Figure 3 results. Calculations of the combined
total percent incorporations in both solvent extracts for all
the three allylics revealed some interesting comparison.
Even though GGPP was more RB active than FPP but less
intermediates accumulation, the total percent incorpora-
tions when combined were the same at 17%. The combined
total percent incorporation for UPP was at 23% with highest
proportion as the rubber product. WBM utilization of the
UPP was thus almost %2 fold higher than the other two
allylics for the overall WBM activities. The differences of
6% in total incorporation and the 2 folds higher rubber
formation pointed out the significant and important roles of
UPP in the RB process. If all the 3 allylics were assumed to
act as only the initiators, each rubber molecule would have
or contain only one unit of each allylic. Therefore they
should have similar or about equal percent incorporations in
the rubber product when normalized by the calculated
percentage of the total labeled allylics of different radio-
specificity added to each RB incubation. The difference
between FPP and GGPP was very small, within the errors
limit, and thus could be reconciled with the assumption.
Previous study with short allylics (GPP, FPP and GGPP)"!
on WRP showed similar or almost equal percent incorpora-
tions, albeit insignificant difference, agreed well with our
FPP and GGPP results. However, when they were compared
to the UPP percent incorporation, a big difference was
observed with 2 folds or almost 3 folds higher than GGPP or
FPP. This was obviously not the case as assumed and there
seems to be something special on the UPP properties, not
only on its molecular nature, but might also be its specific
recognition or preference by WBM enzymes. These per-
plexing and interesting results opened up possibilities that
might help expanding the research on RB process that is still
complex and little understood. They are now under exten-
sive and refined investigation to elucidate the mechanism of
RB process and the interactions between UPP and WBM
enzymes system.

These results pointed out the selective or preferential
degrees of WBM enzymes for the allylics chain length, with
more activity for the longer ones. This might be attributed to
the WBM enzymes active site affinity or differential recog-
nition for the allylics. More detailed study of WBM enzy-
mes was certainly needed. Recently, we have cloned one of
the most active prenytransferase enzymes in the Hevea

latex, GGPP synthase gene,”'! and the key rubber trans-
ferase genes termed HTR-1 and HTR-2% that was RB
active with the WBM assays. As for the allylic chain length
effect in this study, the WBM activity orders were
UPP >> GGPP > FPP for the rubber synthesis. So far,
very little is known on WBM enzymes details as we are the
first group starting this study to clarify the mystery of how
and where molecules of rubber are initiated and eventually
aggregated to form the rubber particles (RP). This is in
contrast to the common belief and reports!>?-29=22-28:3% that
the rubber was being synthesized by the RP enzymes. Our
common sense certainly would indicate or suggest other-
wise that this belief is rather a poor rationale, an obvious
paradox, or might be misleading as to how we can explain
the origin of the RP as being present in the latex.

It was thus clear that bacterial allylic UPP was highly
active and suitable for synthesis the new rubber by the
WBM enzymes. This is quite agreeable with the thoughtful
and insight opinion recently proposed'**! on the microbes
capable of producing rubber-like polymers. Therefore,
more assays were conducted for better understanding to
resolve the differences between WRP and WBM on the RB
functions. More reliable, accurate, qualitative and quanti-
tative analyses with suitable TLC assays will be presented.

Comparison of WRP and WBM Rubber Synthesis
Functions Using Allylic UPP

It was previously shown that the RB activity of WBM could
be strongly activated by SDS with '*C-UPP as allylic
initiator together with IPP as elongating substrate for the
synthesis of new rubber molecules.*”! In this study, SDS
was compared with another anionic surfactant DOC for the
effect on WBM and found with higher RB activation than
SDS as shown in Figure 2. DOC was therefore used in
further studies on the rubber synthesis effects. As indicated
in preceding results on the roles of WRP and WBM in RB
functions, the experiments were carried out to compare the
RB activities of WRP and WBM using allylic '*C-UPP for
both and in the presence of DOC. The assays are of two
purposes, comparing the RB functions of both with UPP
and the DOC effects.

The results in Figure 4 showed the differences of RB
functions between WRP and WBM with allylic '*C-UPP,
both with and without DOC. It was found that the RB acti-
vity of WBM could be highly activated by DOC (Figure 4,
B2), but WRP was also slightly activated (Figure 4, A2)
even though quite very small comparing to the WBM. Even
without DOC, the WBM still showed quite considerable RB
activity with UPP and higher than the WRP with DOC (B1
vs. A2), a 2.5 folds difference of 6.5% and 2.7% 4c.upp
incorporations. But when the WBM without DOC was
compared to the WRP without DOC (B1 vs. A1), it was even
more considerable for the difference of up to 6.5 folds
higher RB activity. The results thus clearly indicated that
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Figure 4. RB activity of WRP (A) and WBM (B) compare
between incubation in the absence (1) and presence of DOC (2).
The activity was shown in percent '"“C-UPP incorporation
into rubber which was extracted by toluene/hexane (1:1, v/v).
The incubation mixture (500 pl) contained WRP or WBM
(approx. 30 mg dry weight) in 50 x 10~ M Tris-HCI buffer
(pH 7.7), 30 x 107> M KF, 5 x 107 M MgCl,, 10 x 107> M DTT,
60 x 107° m IPP and '*C-UPP (354000 cpm) with and without
40 x 1072 M DOC. The control incubations (A0 and B0) were
done with 20 x 10~ m EDTA added.

UPP was highly favorable and preferentially suitable by
WBM enzymes utilizing for the rubber synthesis. The DOC
activation of WBM activity was very significant and highly
substantial, an increase of 5 folds over the already high
WBM activity without DOC. The levels of rubber product
formation increased from 6% to 32% incorporations of '*C-
UPP (Bl vs. B2). With the presence of DOC for both
specimens (B2 vs. A2), the WBM activity was almost 12
folds higher than WRP in the rubber synthesis levels. These
results and observations strongly substantiate the assump-
tion that allylic UPP derived from bacteria could be highly
acceptable for the rubber synthesis by Hevea enzymes as
was recently speculated and proposed.!”!

Although the DOC activation of WRP was small com-
paring to the WBM activity, but the WRP activity as seen
was still quite significant. Calculation of the WRP increased
activity by DOC revealed a 2.5 folds over that without DOC,
from 1.1 to almost 2.8% '*C-UPP incorporations into the
rubber formed by WRP activity. In a previous study,'*®! we
could not find any RB activity with WRP, and the new
rubber formed by WRP could hardly be detected at all.
However, in this WRP study with '“C-UPP the RB activity
could be significantly detected, which was different from
that study with '*C-IPP alone.'*®! This was in contrast to the
previous report that no WRP activity could be found for
rubber synthesis with allylic UPP and '*C-IPP substrate in
RB incubation of WRP assays.”?!! Our results in this study

agree well as compared to the SDS effect on WRP with
allylic "*C-UPP as previously reported.”””! On the contrary,
WRP without DOC showed very little or without any signi-
ficant RB activity, about equal to the control inhibited with
20 x 10~ M EDTA for the control RB activity assays. The
slight activation seen with WRP could possibly be attribut-
ed to the bound rupture BF membrane debris'™ due to
shearing force during the flow of latex upon tapping, which
is inevitable no matter how fresh the latex from which the
WREP is prepared. This tiny little contaminated BF mem-
brane debris could or might thus be activated by DOC as
seen in the results. Other plausible reason might arise from
the fact that the WRP being used in this study was prepared
from the small rubber particles (SRP) in zone 2 of cen-
trifuged fresh latex, that was previously reported to be RB
active.®® The WRP from SRP as used for assays in this
study was with some RB activity but none for WRP prepar-
ed from the upper top rubber phase that was mainly the
mature RP with only two major associated proteins. When
the WRP derived from SRP was characterized, it showed
slightly different extractable proteins profile than that seen
with mature WRP as we have previously shown in the SDS-
PAGE analyses."*”) This could therefore be accounted for
the observed activity with UPP and DOC effect.

Since both WBM and WRP could be detected for RB
activities with UPP and were highly significant with DOC
activation, it was therefore of interest to assay further for the
nature of the products, even though it might seem quite
obvious as the toluene/hexane extracted rubber products.
Both qualitative and quantitative analyses by appropriate
TLC separation assays with suitable solvent systems might
yield some useful data and results that might further clarify
the roles of UPP in the synthesis of new rubber products
both by WBM and WRP activities.

Analyses of Rubber Products from UPP by
WBM and WRP Activities

The products from RB incubations assays of both WBM and
WRP with UPP would be of great interest to determine the
similarity or difference between the two enzymes system
for synthesis of the rubber from allylic UPP. Since no
attempt for the products analysis was ever made before by
investigators'>?2°=2%2891 on rubber produced by WRP
activity, this will be the first report made on WBM and WRP
with allylic UPP.

Besides, the DOC effects on both incubations assayed
with UPP were also compared.

Both qualitative and quantitative aspects are to be deter-
mined, they will be discussed separately and then assimila-
ted interpretations made. Qualitative analysis will be done
by effective reverse phase TLC that we performed on poly-
prenols.'*”! The products as derived from TLC separation
assays will then be subjected to quantitative analysis as
routinely carried out in our RB studies.*>~%")
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Figure 5. RP-TLC autoradiogram analysis of RB products by
WBM and WRP. After product extraction and dephosphorelation
as mentioned in Experimental part were performed, the products
were separated on RP-TLC plate (LKC-18, Whatman) with a
solvent system of acetone/hexane (19:1, v/v). The plate was
exposed on image plate and analyzed by a Bio-image analyzer.
Lane A: products from WBM incubation without DOC, lane B:
products from WBM incubation with the presence of 40 x 1073
DOC, lane C: products from WRP incubation without DOC, and
land D: groducts from WBM incubation with the presence of
40 x 1077 m DOC. On the left shows number of carbon according
to authentic standards run along with the samples. ori. :origin,
s.f. :solvent front.

Qualitative analysis of the WBM and WRP with allylic
UPP incubation products were shown in Figure 5. The ana-
lyzed products were the toluene/hexane extract (Figure 4)
on synthesis of the rubber study and the DOC effects.
Rubber products from both WBM and WRP activities using
UPP together with DOC effects were TLC analyzed for the
products separation and identification. Four different
samples were TLC assayed for WBM products (A, B) and
also WRP products (C, D) without and with DOC. A few
solvent systems were tested for separation suitability and
the high resolution of the products identification. The
solvent system of acetone/hexane (19:1, v/v) for product
analyses of the new rubber synthesized from UPP was
found to be the most suitable for our analyses as previously
employed™®! for polyisoprenes separation. However, the
solvent system of acetone/water (19:1, v/v) °'! as pre-
viously used for the assay of RB products was found
unsatisfactory, with only one spot at the origin that might be

analyses defect. With acetone/hexane solvent, both rubber
product at the origin and some other polyprenyl inter-
mediates were well separated with high resolution.

The reverse phase TLC pattern of the WBM and WRP
products showed the difference with distinct profiles. The
differences were seen between WBM and WRP and for
the DOC effects also. For the WBM products, most of the
labeled products were confined or localized as rubber at the
origin (A, B), as revealed by autoradiogram profiles. But for
the WRP products, most of the labeled products were as
polyprenyl intermediates with very little labeled rubber.
The rubber did not move in this solvent system, but removed
the intermediates from the origin as we previously
demonstrated for the labeled rubber./*> The acetone/water
solvent showed only rubber spots with no intermediates,
hence it was unsuitable for our investigations, as re-
ported.”" It was clear that our analyses were reliable and
accurate for further quantitative analyses of the purified
synthesized rubber with no contaminated products. The
results showed clear distinction for WBM and WRP in the
RB functions. Past studies always took for granted to
implicate the WRP as only RB site,>%2072%281 yhich
need to be reexamined. The results as shown in Figure 5
clearly indicated that WBM could be assumed or implicated
as actual RB site. As to why other products were found with
toluene/hexane extract rubber need to be further discussed,
which might provide a clearer picture of the RB process.

The anionic surfactant DOC effect also revealed the clear
differences for WBM and WRP. As stated earlier, not only
the WBM and WRP differences were observed, but
differences on the added DOC conditions also be detected.
The DOC effect profiles were quite interesting in contrast to
the ones without DOC. WBM profiles (A, B) showed higher
intermediates intensity without DOC (A), but lower with
DOC (B) and hence the more rubber formed (B) as reported
(Figure 5) which was in good agreement with TLC intensity
patterns. But WRP (C, D) showed the opposite to WBM
profiles. WRP without DOC (C) showed low radiotracer
intensity for both rubber spot and the intermediates. The
WRP with DOC (D), showed the same intensity of rubber
spot, but with much higher intermediates intensity. Even
though WRP with DOC showed twice (Figure 4) the rubber
synthesis level, it could be attributed to the bound radio-
tracer as detected. Qualitative analysis of WRP and WBM
from the TLC separated products would provide a clearer
answer to this somewhat unexpected outcome.

The results thus obtained showed the distinct patterns on
TLC separation profiles of the toluene/hexane extracted
products for WBM and WRP activities, which still need
explanation pending further investigation and elucidation.
These profiles all have symmetrical rubber spots, different
than the smear diffused spot as shown in previous report./*!}
It should be noted that all the samples analyzed were first
extracted with water-saturated butanol to remove the unre-
acted substrates and short to medium chain intermediates.
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The butanol extraction step was found effective and suitable
to remove these compounds."”**! This was then followed
by toluene/hexane solvent dissolution of the rubber
products for subsequent TLC analyses as detailed in
Methods. As to why many bands other than the rubber
products at origin were seen in this TLC separation profiles
is still quite puzzling. A few speculations could be proposed
to open up more investigations. Polarity index of butanol
and partition efficiency for all intermediates from the com-
plex extracting products might be possible. This problem
was discussed*”! in the extraction of polyprenols from the
whole latex. One of the most likely cause or reasons could
be attributed to the strong association of these intermediates
onto the rubber molecules or rubber particles with high
affinity, and thus some can neither be separated nor removed
by butanol, since the intermediates are still undergoing
active enzymatic propagation or elongation of polyprenol
hydrocarbon chains with strong hydrophobic interactions
and high affinity on the rubber chains. This is also plausible
for the allylic UPP exerting quite high affinity toward the
WBM hydrophobic enzymes and resulting in the high yield
of rubber being formed. In addition, it might also be coupled
with strong hydrocarbon rubber chains hydrophobic
interactions. It will remain to be proved in more detailed
study with well defined and refined experiments. However,
quantitative assays of the TLC separated rubber products
might be helpful.

Quantitative Analyses of Rubber Synthesis from
Allylic UPP

From the TLC separation profiles and autoradiogram results
(Figure 5), further extended assay might provide detailed
understanding of the RB process. Not only differences of
WBM and WRP, but the DOC effects can also be compared
to delineate active role of membrane in the rubber synthesis.
Quantitative analyses may provide a logical reason and
possibly better rationale to explain the results thus obtained
asindicated (Figure 5), be it for WBM and WRP or the assay
conditions with DOC effects. Results on rubber quantitative

analyses were shown in Table 2 as extended assays of
Figure 5 profiles.

The rubber products appeared as the discrete confined
spots at origin. Highly purified rubber was separately tested
and shown that it retained at origin in the solvent system
used in this study. This is to ascertain that the analyzed
products are purified rubbers. The origin spots were quanti-
tatively scraped from TLC plate and subjected to further
rubber purification as previously described.***”" Quanti-
tative assays (Table 2) of the labeled rubbers revealed a
large difference for WBM and WRP. Besides, DOC effects
differences on RB activation were also clearly indicated.
Incorporation of "*C-UPP in the newly formed rubbers by
WBM activity were substantial and highly significant. It is
noted that even though WRP activity was quite low in this
study, but the labeled rubber was still significant with allylic
!4C-UPP compared to the "*C-IPP previously reported with
no RB activity of WRP.**?”! Quantitative assay results
revealed that WBM was very active in rubber synthesis
function, but much less for WRP.

Results in Table 2 on quantitative assays of rubber
products (Figure 5) was quite similar to the toluene/hexane
extract results (Figure 4), but with a bit lower percent
incorporation for all rubber products. This was due to higher
purity upon removal of the contaminants by developing
solvent system. Since the intermediates in TLC profiles
were not well confined, so only the rubber products were
reported in the Table 2 (A, B, C, D) assay. Calculated
percent incorporation of WBM synthesized rubbers were
5.8% without DOC (A) and 30.4% with DOC (B), about
1.5-2% lower than the total extracted, but was closely
comparable on the fold differences for both separated
assays. WRP calculated extracted rubber results showed
only 0.7% (C) and 1.9% (D) 4c.upp incorporations for the
higher DOC effect. It was lower than the total extracts but
was still similar on the difference. The results clearly
indicated that the actual RB functions belong to the WBM
as previously shown.”>~?”! but not the WRP as commonly
reported 292072228501 without well defined and accurate
analyses. The small insignificant activity as shown for WRP

Table2. Quantitative analysis of the rubber synthesized by WBM and WRP with '*C-UPP. The incubation condition was according to
Figure 4. The total "*C-UPP used in each incubation assay was 354 000 cpm.

Samples 4C-UPP incorporation®
Toluene/hexane extract Origin spot
cpm x 10° % incorp cpm x 10° % incorp
WBM A: without DOC 23.07 6.52 20.64 5.83
B: with DOC 114.28 32.28 107.80 30.45
WRP C: without DOC 4.06 1.15 2.48 0.70
D: with DOC 9.89 2.79 6.80 1.92

4 The data represent the average of three determinations.
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was actually the tiny bound BF membrane debris as we
suspected all along and recently set out to prove.”””! It is
very important to note that the TLC separated bands inten-
sity has no positive correlations, whatsoever, to the
quantitative results as reported in Table 2. The TLC autora-
diogram as seen was very much overexposed to ascertain all
non-rubber bands can be detected, no matter how low levels
they are. At first glance, our Table 2 data might seem contra-
dict to the TLC intensity, but it is actually and absolutely
not. So the data presented are highly valid. They were
obtained from the averages of three separated experiments
with showed a high degree of reproducibility and good
consistency.

From these results it could be deduced and an extrapo-
lating solid statement can be made that the WBM was
highly capable of rubber synthesis functions. In contrast,
the WRP was not capable as compared to the highly active
WBM with very high RB levels. WBM enzymes exhibited
also a high degree of capability in utilizing diverse allylic
isoprene initiators to synthesize new rubber molecules, be it
the short chain (FPP, GGPP) or a medium to long chain
isoprenes (UPP) as demonstrated in this report. It thus
showed the high versatility of WBM enzymes in rubber
synthesis from the diverse different allylic isoprene with
distinct and characteristic effective degrees and efficiency.

The overall results (Figure 1-6) as shown clearly revea-
led that WBM enzymes system was highly capable of
forming high MW polyisoprenes up to the rubber molec-
ules. The highly active WBM enzymes system and the
versatility in synthesis new rubber molecules from bacterial
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isoprene UPP might point the way for engineering microbes
to synthesize rubber or the rubber-like polymers as
exquisitely discussed and recently opinionated by Steinbii-
chel.**!It is therefore quite tempting to postulate that it may
have certain potential degree or at least to construct the
interactive combination of the microbe metabolites and
plant enzymes to realize the possibility. The findings in this
report certainly warrant further investigation. Of particular
interest is determination of the rubber MW as resulted from
the bacterial isoprene UPP. This would certainly hold a
promise for a better understanding of the RB mechanism
and potential utilization of the Hevea enzymes system for
the in vitro synthesis of specialty functionalized rubber with
the desired properties of superior functions. This will of
course be further pursued and subsequently reported on the
molecular properties of such derived rubbers.

Conclusion

Bacterial undecaprenyl diphoshate (Css-UPP), lipid carrier
of glycosyl residues in the cell wall synthesis, was found
very suitable and highly effective for rubber synthesis by
the Hevea latex enzymes. The washed bottom fraction
membrane-bound particles of centrifuged fresh latex was
rubber biosynthesis (RB) active. Washed BF membrane
(WBM) showed much higher RB activity, strongly stimu-
lated by anionic surfactants, with DOC being more effective
than SDS. WBM enzymes can synthesize rubber with
allylic isoprenes or without (but lower RB). Washed rubber
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Figure 6. Schematic view proposing the interactive combinations of plant and bacteria in

rubber biosynthesis.
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particles (WRP) was very low on RB activity compared to
the very much higher RB by WBM. Bacterial undecaprenyl
diphoshate (Css-UPP) was very effective as an allylic
initiator for rubber synthesis by WBM. Comparisons of
UPP with the shorter allylics (C,5-FPP, C,o-GGPP) showed
UPP was the most effective. The RB activity orders of
WBM were UPP >> GGPP > FPP. The DOC activated
WBM synthesized more final rubber product (toluene/
hexane extract), with less polyprenyl intermediates (buta-
nol extractable) accumulated. This is different than FPP and
GGPP, with more intermediates but less of the rubber
product. Enzymes on WBM were highly versatile in using
diverse different allylics, and UPP was most preferable.
WRP was found little active with UPP + IPP, but inactive
with IPP alone.

RP-TLC analyses of rubber product with acetone/
hexane solvent system, quantitative and qualitative, were
in good agreement with the WBM incubation RB assay
results.

Results from this study strongly confirmed that WBM
playing the key role in the RB functions, not WRP as mostly
reported. WBM was thus serving as the actual rubber
synthesis site, and the bacterial UPP was very good RB initi-
ator for WBM enzymes system. A schematic view (Figure 6)
can thus be drawn for proposing the interactive combina-
tions of the apt microbial metabolite (UPP) and the plant
enzymes capable of rubber synthesis in vitro, that might
possibly be manipulating in formation of some specialty
rubber. This idea would of course be verified and warrants
study.
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Abstract

Natural rubber from Hevea brasiliensis is synthesized by enzymic polymerization of
isopentenyl diphosphate (IDP) units. This has been proposed to occur inside the latex vessel
in a thread-like tubular reticulum, connecting rubber particles to single- (lutoid) and double-
(Frey-Wyssling, FW) membrane-bound organelles. We show that a membrane free
preparation from FW particles converted [*C] glucose into radio labeled prenyl products
and this was only partially inhibited by mevinolin an inhibitor of the MV A cytosol
associated pathway for IDP synthesis This implicated the alternative plastid associated
MEP pathway for IDP synthesis. We then identified a cDNA clone (Hbdxr) from a Hevea
rubber latex cDNA library, encoding for 1-deoxy-D-xylulose-5-phosphate
reductoisomerase (DXR), a key enzyme of the MEP pathway for the IDP biosynthesis.
Sequence analysis and the deduced amino acid sequence had >80% homology to other
plant DXR enzymes with an ORF consisting of 1413 bp capable of encoding a 50.97 kDa
polypeptide. A highly conserved binding site for NADPH was identified and an N-terminal
transit peptide with a putative conserved cleavage site. The Hbdxr-gfp gene, transformed
into Arabidopsis cells was located in the chloroplasts, thus Hbdxr may be expressed and
localized in the FW plastids. The levels of Hbdxr mRNA detected in young latex
containing tissues, inflorescence and seedling stems, were higher than those found in the
latex from the tree and were barely detectable in the mature leaves. We therefore suggest
that one function of the FW particles could be to supply IDP for rubber biosynthesis

through the tubular thread-like reticulum.

Keywords

Hevea brasiliensis; Euphobiaceae; 1-Deoxy-D-xylulose-5-phosphate reductoisomerase;
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1. Introduction

Hevea rubber latex is obtained as the white-colored fluid that exudes from the trunk of
rubber (Hevea brasiliensis) trees after tapping. The tapping severs a number of latex vessel
rings, allowing the latex to flow out. All the components present in the vessel ring, at their
different stages of development, can be found in the tapped latex. The latex contains
particles the majority of which are rubber, lutoids, and Frey-Wyssling [1-3].The rubber
particles consist mainly of a highly hydrophobic rubber core surrounded by a lipid
monolayer containing a few embedded proteins [4].The lutoids are vacuoles enclosed by a
single membrane and because of their high acid hydrolase content [5] are considered to be
phytolysosomes [6]. The Frey-Wyssling (FW) particles are surrounded by a double
membrane and contain many membranes or tubular structures. They are specialized
chromoplasts containing plastochromonol, plastoquinone and B-carotene with characteristic
orange to yellow colors and assumed to be modified plastids [7-12]. The highly
complicated structure of FW particles indicates that they have important functions in the
metabolism of Hevea latex [8]. When viewed with a phase contrast microscope, these three
major latex particles seen in fresh latex after being collected at a low temperature, seem to
be attached to a network of threads or a thread-like reticulum,. The yellow FW particles
were found in grape-like clusters enclosed within a bag-like membrane. The lutoids were
strung along the reticulum thread, like beads, and the rubber particles were attached through
their stalks [13]. The different particulate materials in fresh latex can be separated by
centrifugation with the rubber particles in the top layer, the middle fraction composed of the
aqueous C serum, and the sedimented bottom fraction of lutoid and FW particles. It has
been suggested that the thread-like structures, commonly observed throughout the
centrifuged fresh latex, represent the remnants of an extensive reticulum of hollow thread-
like processes, within the latex vessel to which the various particles attach and through
which they interact. It has been proposed that this thread-like reticulum could serve as the
site for the biosynthesis of the natural rubber hydrocarbon [13]. In support of this

possibility we have recently provided evidence for an active involvement of the latex



bottom fraction, containing the sedimented lutoid and FW particles, in rubber biosynthesis
[14, 15]. The rubber is found in the top layer of rubber particles so it is possible that the

tube —like reticulum acts as a conduit between these particles.

Natural rubber is synthesized and made almost entirely of cis-isoprene units derived from
IDP. An allylic diphosphate is, however, required as the priming co-substrate to initiate the
subsequent extensive prenyl chain elongation process for the formation of the rubber
molecule [16-18]. Synthesis of the allylic prenyl diphosphates are catalyzed by trans-prenyl
transferase enzymes, that were found in both the bottom fraction and the cytosol C-serum
of centrifuged fresh Hevea latex [3, 19]. The allylic diphosphates of chain length Cs-C,,
have been shown to stimulate in vitro rubber formation, the efficiency of which increases
with the increasing chain length of the allylic diphosphates, i.e. Cs < Cjp < Ci5 < Cy[16]. A
structural analysis study to characterize the initiating species of Hevea rubber has indicated
that farnesyl diphosphate (FDP) is the preferred starting molecule for rubber biosynthesis
[20]. Recently, the expression of Hevea FDP synthase in rubber latex was shown to be
much higher than that of the geranylgeranyl diphosphate (GGDP) synthase [21]. The rubber
transferase enzymes responsible for the cis-1, 4-polymerization of isoprene units onto the

allylic primer have until now been thought to be bound to particles [22-24].

Since a laticiferous vessel is specialized in synthesizing the rubber polymer, it must have a
means for a sufficient and efficient supply of IDP as this is the most important precursor
required for the biosynthesis of rubber [25]. In higher plants, IDP is formed by two
pathways that operate in different subcellular compartments [26-28]. The well-known
mevalonate (MVA) pathway is present in the cytosol-endoplasmic reticulum while the 2C-
methyl-D-erythritol 4-phosphate (MEP) pathway is localized in the plastid. The two
pathways start from different central intermediates: the MV A pathway starts from acetyl-
CoA whereas the MEP pathway starts from pyruvate and glyceraldehyde 3-

phosphate. Within the MEP pathway, the initial enzymatic step involves the condensation of

glyceraldehyde 3-phosphate and pyruvate to form 1-deoxy-D-xylulose-5-phosphate (DXP),



catalysed by DXP synthase (DXS), the product of the dxs gene. The next reaction, the
conversion of DXP to MEP, is catalyzed by 1-deoxy-D-xylulose-5-phosphate
reductoisomerase (DXR), encoded by the dxr gene. The DXP is an intermediate precursor
of not only the IDP but is also a common precursor for thiamine pyrophosphate and
pyridoxol phosphate [29, 30]. Thus, the reaction catalyzed by DXR is thought to represent
the first committed step in the MEP pathway. Ko et al. [31] have previously reported the
expression of a gene encoding DXS in the Hevea latex, thus the MEP pathway is initiated
in the latex. The high level of latex dxs gene expression reported is compatible with a
possible involvement of the MEP pathway in supplying the isoprene precursor for the
synthesis of the major rubber (polyisoprene) product, in addition to other minor

isoprenoids, in the Hevea latex.

To gain further insights into the MEP pathway in a non photosynthetic latex vessel, with
the possibility of implicating it in rubber biosynthesis, we decided to attempt to clone the
dxr gene from the latex of the rubber tree. Our previous detection of radio labeled prenyl
products in the isolated FW particles after incubation with ['*C] glucose gave us some
confidence that this might be possible. So far, the detailed biological function of these
particles in latex, besides their possible involvement in carotenoid biosynthesis, has not
been established [3]. In this report we describe the isolation and characterization of latex

cDNA encoding the dxr gene.

2. Experimental

2.1 Materials

E. coli IM109 and pGEMT-easy vector (Promega) were used for the TA cloning. E. coli

BL21 (DE3) and pET-32(a+) vector (Novagen) were used for expression of the

recombinant protein. [1-"*C]Glucose was from Amersham. Precoated reverse phase TLC

plates (RP-18) were from Whatman Chemical Separation. Restriction enzymes were from



Takara (Tokyo, Japan), TOYOBO (Osaka, Japan) and New England Biolabs, Inc. DXP was

purchased from Echelon Research Labs (Salt Lake City, UT, USA)

2.2 Plant materials and RNA isolation

Fresh Hevea latex and other tissue samples were obtained from regularly tapped rubber
trees at the Songkhla Rubber Research Institute, Songkhla, Thailand. Hevea seeds were
collected during a fruit-bearing season, September—October, germinated in sterile sand and
grown into 5-week-old seedlings. Total RNAs of latex, leaves, inflorescences and seedling

stems were isolated by using the RNeasy Plant Mini Kit (Qiagen).

2.3 Frey-Wyssling particle isolation

FW particle isolation was carried out as described by Phatthiya et al. [12]. Briefly, fresh
latex was subjected to a series of centrifugations. First, a low speed centrifugation

(1700 x g at 10°C for 30 min), using swing-out bucket rotors, was employed to minimize
inter-particle collisions, especially between FW and lutoid particles, to allow all the
particles to travel down the centrifuge tube through the viscous latex medium according to
their density gradients. The upper half of the centrifuged latex, containing the less dense
rubber particles, was removed whereas the lower half was further separated, by using a
fixed angle rotor centrifuge (7000 x g at 4°C for 15 min), into three distinct layers: a minor
uppermost rubber fraction with yellowish FW particles lying beneath, a middle aqueous
fraction and a bottom fraction containing the most dense lutoid particles. After careful
removal of the uppermost rubber layer, the floating yellowish-orange FW particles were
collected from the top layer of the aqueous phase and collected as a pellet by
ultracentrifugation (59,000 x g at 4 °C for 20 min). The pellet was washed once by
resuspending in 2 vol. of washing buffer (50 mM Tris-HCI, pH 7.4) and kept at -20 °C until

used.



2.4 Assay of radioactivity incorporation from ["*C] glucose into prenyl products

The washed FW particles were sonicated with 10 short 10 sec bursts interspersed by
intervals of 10 sec for cooling. FW membranes were removed by centrifugation at 10,000 x
g at 4 °C for 10 min). An aliquot (100 pl containing 280 pg of protein) of supernatant was
added to a 500 pl reaction mixture containing 50 mM Tris-HCI, pH 7.8, 10 mM MgCl,, 10
mM DTT, 30 mM KF, 0.15 NADPH, 74 uM mevinolin (when required ) and 1 mM
['*C]glucose (5 Ci/mol). After the reactions were incubated at 37°C for 6 h, radioactive
prenyl diphosphate products were extracted with 1-butanol saturated with water and
hydrolyzed to the corresponding alcohols with potato acid phosphatase according to the
method reported previously [32]. The hydrolyzed products were extracted with pentane and
analyzed by TLC on a reverse LKC-18 plate (Whatman) with acetone/water (19:1, v/v).
The distribution of radioactive products on TLC plate was analyzed with a Fuji BAS-100

Mac Bioimage analyzer and spots of marker prenols were visualized with iodine vapor.

2.5 Cloning of Hevea dxr fragment

The cDNA fragment containing the region corresponding to the DXR was amplified from
the Hevea latex cDNA library that had been constructed using the ZAP-cDNA Synthesis
Kit (STRATAGENE). Degenerate primers were designed to amplify the Hevea dxr cDNA
fragment according to the most highly conserved amino acid sequences of previously
cloned genes encoding for plant dxr; sense primers, F1 (ALAAGSNV) 5'-
GCNCTNGCNGCNGGNTCNAAYGT-3', F2 (VVTGIVGC) 5'-
GTNGTNACNGGNATHGTNGGNTG-3', and F3 (VAAIEAGK) 5'-
GTNGCTGCNATHGA AGCNGGNAA-3' and antisense primers, R1 (AQLGWPDM) 5'-
CATATCNGGCCANCCNARYTGNGC-3', R2 (TWPRLDLC) 5'-
GCANAGRYCNAGNCKNGGCCANG-3', and R3 (MTGVLSAA) 5-GCNGCRCTNAGA
ACTCCNGTCAT-3', where R, Y, K, H and N represents A/G, C/T, G/T, A/C/T and

A/C/G/T respectively. PCR was performed in a final volume of 50 pl containing 20 mM



Tris-HCI buffer (pH7.5), 25mM MgSO, 0.2 mM each dNTP mixture, 1 uM each primers,
0.1 pg template and 1 unit KOD-Plus DNA polymerase(Toyobo). The PCR program used
was 35 cycles of 94°C for 15 s, 50°C for 30 s, 68°C for | min (Mastercycler Eppendorf).
The amplified DNA fragments were purified from agarose gel by using QIAquick Gel
Extraction Kit (Qiagen) and subcloned into the TOPO TA cloning® Kit (Invitrogen) for
sequencing. The resulting clones were verified by homology-based database searching
using the BLASTN program. An internal 705 bp DNA fragment amplified by F1 and R1

primers which showed homology to plant dxrs was termed HDR705.

RLM-RACE-PCR was used for cloning the full-length cDNA of Hevea dxr. The
procedures were according to the manufacturer's instructions (GeneRacer Kit, Invitrogen).
Gene specific primers for performing both 5'- and 3’- RACE reactions were designed based
on the sequence of HDR705. The primers used for 5'-RACE were 5'-
TCCAGCTTCTATTGCAGCCACCG-3' (GSP1) and 5'-
CTACACTGACAGCATCTGGATGG-3' (GSP2), respectively, and those used for 3'-
RACE were 5-TGGAGCTTTCAGGGATTGGCCTG-3' (GSP3) and 5'-
CAGTGGACTCCGCTACCCTTTC-3' (GSP4), respectively. According to the sequence
information obtained by the 5’- or 3’- RACE reaction, the cDNA was amplified by RT-PCR
using the total latex RNA as the template and then sequenced. The final full length cDNA

obtained was designated Hbdxr.

All cDNA fragments were sequenced with a Model 310 Genetic Analyzer (PE Biosystems)
using a BigDye Terminator Cycle Sequencing Kit. Computer analysis and comparison of
DNA sequences were carried out using GENETYX genetic information software (Genetyx

Corp., Tokyo, Japan).

2.6 Analysis of Hevea dxr expression



For RT-PCR, the total RNA was extracted from inflorescences, seedling stems, leaves and
latex. A quantity of 1ug of total RNA was used as a template for synthesis of the first
strand cDNA using Omniscript” Reverse Transcriptase (QIAGEN). PCR amplification was
performed with first strand cDNA and Hbdxr specific primers, GSP4 and GSPS5 (5'-
TCATGCAAGAACAGGGCTTAGACCAG-3). The reactions were carried out with 28
cycles of 15 s at 94°C, 30 s at 54 °C and 1 min at 68 °C with 2 min preheat at 94 °C. A 18s
rRNA fragment was amplified for comparison. The amplified PCR products were analyzed

by agarose gel electrophoresis.

2.7 Subcellular localization of Hevea DXR

The gateway entry clone harboring Hbdxr without a stop codon was applied for
recombination with a Gateway destination vector. The pPGWBS, kindly provided by Dr.
Tsuyoshi Nakagawa (Shimane University, Japan), was used for construction of a binary
vector to express HbDXR fused with sGFP at the C-terminal region in plant cells. The
resulting plasmid was introduced into Agrobacterium tumefaciens GV3101 (pMP90) by
triparental mating. Arabidopsis T87 cultured cells [33] were transformed by co-cultivation
with GV3101 (pMP90) carrying the resulting construct as reported [34]. A stationary phase
culture of A. tumefaciens was washed and resuspended with the same amount of JPL
medium [35]. Seven-day-old T87 cultured cells grown in JPL medium under continuous
illumination at 22°C rotating at 120 rpm were filtered through a 0.5-mm nylon sieve. The
filtered culture was diluted 5 times in fresh JPL. medium and cultured to grow until 20-40
mg fresh weight/ml medium was obtained. Then 5 ml of the cultured cells were incubated
with 50 pl of the Agrobacterium suspended in JPL medium in a 100 ml Erlenmeyer flask
by gentle agitation (120 rpm) under continuous illumination at 22°C. After 48 h, the cells
were collected, washed three times in the same amount of JPL. medium supplemented with
200 mg/1 claforan (Hoechst Marion Roussel, Tokyo, Japan). The cells were resuspended
with 5 ml of JPL medium supplemented with 200 pg/ml claforan and cultured again for 3-4

days in a 100 ml Erlenmeyer flask. The co-cultivated cells were plated on cell growth
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medium, containing 0.5 g/l MES (pH 5.7), 3.3 g/l Gamborg’s B5 medium salt mixture
(Wako Pure Chemical Industries, Osaka, Japan), B5 vitamin (SIGMA, MI, USA), 3% (w/v)
sucrose, 0.2 mg/l a-NAA, 200 mg/1 claforan and 0.6% Bact-Agar, on which a nylon
membrane was over-laid, and cultured under continuous illumination at 22°C for three
days. The nylon membranes were transferred to new cell growth medium supplemented
with 200 mg/I claforan and 10 pg/ml hygromycin and stored until green calli formation (for
about two-weeks). Small cell aggregates of calli were transferred to JPL medium containing
200 mg/1 claforan. The suspension was kept under continuous illumination at 22°C rotating
at 120 rpm. After 7-10 days, an aliquot of cell suspension was transferred to fresh medium
containing 200 mg/1 claforan and 10 pg/ml hygromycin and maintained as an independent

cell line.

For GFP imaging, T87 cells expressing GFP-fused HbDXR were observed with a BX50
microscope equipped with a FLUOVIEW confocal scanning system (OLYMPUS, Tokyo,
Japan). The green (GFP) and red (chlorophyll autofluorescence) emissions were detected
with filters BA5S10IF-BAS5S50RIF and BASS8S5IF, respectively. The images were then

pseudo-colored and combined into one image.

3. Results

3.1 [*C] labeled prenyl products derived from ['*C] glucose

A membrane-free extract, prepared from washed FW particles, was incubated with ['*C]
glucose in order to evaluate the presence of the MEP pathway in the putative FW plastids.
An autoradiogram of the total acid phosphatase treated prenyl products, derived from ['*C]
IDP, revealed a major component, [14C] C,-OH with [14C] C;5s-OH and [14C] C45-OH as

minor products (Fig.1, lane 1). This result may indicate the presence of the MEP pathway
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in the FW particles. For further confirmation, mevilonin (74 pM) was added to the
incubation mixture to inhibit HMG-CoA reductase, a rate-limiting enzyme of the MVA
pathway that might be present due to contamination by residual latex cytosol and the
thread-like reticulum in the original isolated FW particles. The concentration of mevinolin
employed was about three times higher than that reported to completely inhibit the HMG-
CoA reductase in Parthenium argentatum bark [36]. An autoradiogram of the prenyl
alcohol products produced from [“C] glucose gave a similar pattern to the original without
the inhibitor but the intensity was reduced by approximately one-half (Fig. 1, lane 2). This
result confirmed that the MEP pathway was present in the FW particle preparation. An
allylic diphosphate, especially the C,s-diphosphate (FDP), had been identified as a species
necessary for initiating rubber formation [21]. The presence of ['*C] C;5-OH in the
autoradiogram indicated that the FW particles may be also involved in providing the
initiating primer for the rubber biosynthesis. This warranted an attempt to detect and isolate
the gene encoding for Hevea 1-deoxy-D-xylulose-5-phosphate reductoisomerase (HbDXR),
a rate limiting enzyme in the MEP pathway. This assists in establishing a biological

function for the FW particles in Hevea latex synthesis.

3.2 Cloning of a full-length cDNA encoding Hevea DXR

For the cloning of Hevea dxr, a BLAST database search was conducted using DXR as the
query. From the four previously isolated plant cDNA’s encoding for dxr from, Arabidopsis
thaliana [37], Lycopersicon esculentum [38), Oryza sativa [37] and Stevia rebaudiana [39],
three sets of degenerated primers were designed to align with highly conserved regions.
When PCR was conducted using a latex cDNA library as a template with the primer pair of
F1 and R1, an amplified product of 705 bp was obtained and sequenced. The sequence was
subsequently verified by using the BLAST program in a search of the NCBI database. This
showed that it had a high sequence homology to the other plant DXRs. Based on the
sequence of this DNA fragment, two sets of gene specific primers were designed to

generate 5'- and 3'- ends using RNA ligase-mediated rapid amplification cDNA 5’ and 3’
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cDNA ends (RLM-RACE) PCR. The GSP1 and GSP2, in combination with a 5'-oligo
primer and 5'-nested oligo primer, were used to amplify the 5'-end of cDNA. A 511 bp
product was obtained by nested PCR. For the 3'- RACE, the first PCR was performed with
GSP3 and oligodT primer. After 3'-nested PCR with GSP4 and the 3'- nested primer, a 572
bp fragment was obtained. Three contiguous regions were assembled, and the resulting full-
length cDNA contained an open reading frame (ORF) of 1,413 bp capable of encoding a
protein of 471 amino acids. We termed this clone Hbdxr. The GenBank accession number
of this cDNA had been assigned as DQ437520. The amino acid sequence deduced from the
nucleotide sequence was compared with the NCBI databases. It had a very high homology
throughout the entire ORF with the plant dxrs: L. esculentum (86%), A. thaliana (82%), S.
rebaudiana (82%), and O. sativa (80%) (Fig. 2).The highly conserved GSTGSIG motif,
proposed to constitute the NADPH binding site of a ketol acid reductoisomerase [40], was

present near the N-terminal of HbDXR (positions 81-87).

To characterize the sequence of the N-terminal region, two prokaryotic DXRs; E.coli [40]
and Synechococcus leopoliensis [41] DXRs were aligned with the plant DXRs. The plant
enzyme contains an extension of about 80 residues that is not present in the prokaryotic
sequence. The extended region at the N-terminal of the plant DXRs indicated that it was
likely to be a transit peptide for a plastid protein and contained a conserved cleavage site
[37]. A putative conserved processing site, Cys-Ser-Ala motif, was present at positions 49-
51 of the HbDXR sequence. The extended region at the C-terminal side of the putative
cleavage site contains a consensus motif PPPPAWPGRA (positions 53-62 of HbDXR),

defined as the Pro-rich region at the N-terminus of the mature plant DXR [40].

Phylogenetic analysis, based on the alignment of plant dxrs, revealed a relationship
between the phylogeny of dxr sequences and phylogenic distances (Fig. 3). There appear to
be three major lineages of these genes; gymnosperms, monocots, and eudicots. The eudicot

genes formed two major clades, rosids and asterids. The Hevea gene was most closely
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related to the one from Crofon stellatopilosus (GenBank accession no EF451544) which is

in the same Euphorbiaceae family as the rubber tree.

3.3 Expression analysis of Hevea mRNAs

To examine the Hbdxr mRNA expression in various Hevea tissues,

RT-PCRs using total RNA extracted from inflorescences, seedling stems, leaves and latex
were performed. As shown in Fig. 4, the levels of PCR products in the inflorescences and
young stems were higher than that of the latex tapped from the tree. The PCR product was,

however, barely detected in the mature leaves.

3.4 Subcellular localization of Hevea DXR

HbDXR was predicted by the ChloroP algorithm (http://www.cbs.dtu.dk/services/ChloroP/)
to have a putative plastid transit peptide in the 80 amino acid region at the N-terminus thus
indicating the function of HbDXR in the plastid. As expected, a fluorescence of HbDXR
fused with GFP at the C-terminal region was detected in chloroplasts of Arabidopsis
cultured cells, and this was confirmed by an overlapping of the autofluorescence of

chloroplasts (Fig. 5).

4. Discussion

The presence of ['*C] Cys- prenyl DP products, derived from [*C] glucose, on the
autoradiogram from the membrane free preparation derived from sedimented FW particles
indicated a successful preparation able to initiate synthesis of prenyl DP products.
Previously, Cys prenyl side chains of plastoquinone-9 had been detected in the FW particles
isolated from fresh Hevea latex [12] and Cis- , Cy9- and Cys —prenyl DP products had been
detected among the prenyl DP extraction products from a freeze-dried bottom fraction,

containing both lutoid and FW particles, after incubation with ['*C] IDP [19]. The allylic
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diphosphate, especially FDP, had been identified as an initiating species for rubber
formation [20]. Hence, it is interesting to see whether the FW particles make a major
contribution for providing both the initiating primer and the IDP, from the MEP pathway,
for in vivo rubber formation in the proposed Hevea latex thread-like reticulum [13].
Moreover, the involvement of an endoplasmic reticulum had previously been reported in

the ontogeny of rubber formation in guayule, Parthenium argentatum [42].

A Hevea rubber latex gene (Hbdxr) encoding for the rate limiting enzyme in the MEP
pathway was successfully cloned from rubber latex cDNA. This gene contains a putative
OREF encoding a protein consisting of 471 amino acid residues with a predicted molecular
mass of 50.97 kDa. Accordingly, the study on the localization of HbDXR in the chloroplast
of Arabidopsis cells indicated that HbDXR has a distinct transit peptide function in
translocation of the HbDXR to a plastid. Latex FW particles have been assumed to be
modified plastids due to the presence of plastoquinone, plastochromanol and isoprenoids
[11, 12]. Hence, the Hbdxr may be expressed and localized in the latex FW plastid-like
particles. Accordingly, the levels of Hbdxr mRNA transcripts in young latex containing
tissues, inflorescences and seedling stems, were shown to be higher than that of the latex
tapped from mature latex vessels localized in the bark of the rubber tree. This result is
opposite to the barely detectable transcript found in the leaves rich in light gathering
plastids. Thus, this Hbdxr homolog may be specific to the putative FW plastids specialized
in the biosynthesis of rubber. It remains to be seen whether the IDP and FDP required for
the biosynthesis of rubber polymer, in the proposed thread-like reticulum, is also mainly

contributed by the FW particles.
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Figure legends

Fig. 1. TLC autoradiogram of the prenyl alcohols obtained by enzymatic hydrolysis of
products formed by the reaction mixture containing ['*C] glucose and FW particles. The
products obtained from reaction in the absence (lane 1) and presence of mevinolin (lane 2)
was analyzed by TLC on a reversed-phase LKC-18 plate with a solvent system of

acetone/water (19:1, v/v). S.F.: solvent front; Ori: origin.

Fig. 2. Multiple sequence alignment of the deduced amino acids of HbDXR and DXRs
from four other plants and two from bacteria. The residues boxed in black indicate the
positional identity for at least four of six compared sequences. Dashes indicate gaps
introduced in order to optimize the alignment. Asterisks indicate the NADPH-binding

motif. The putative cleavage site is indicated with an arrowhead. The cDNA accession
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numbers are A. thaliana; AF148852, L. esculentum; AF331705 1, O. sativa; AF367205, S.

rebaudiana; AJ429233, H. brasiliensis; DQ437520, S. leopoliensis; AJ250721 and E. coli;

AB013300.

Fig. 3.A phylogenetic tree generated by MEGA3 program based on the degree of similarity
between plants dxrs. Sequence analysis was performed using CLUSTAL W. The branches
were validated by bootstrap analysis from 500 replications, which are represented by
percentages in the branch nodes. The cDNA accession number are Salvia (S. miltiorrhiza);
DQY991431, Mentha (M. x piperita); AF116825, Plectranthus (P. barbatus); AY515699,
Antirrhinum (4. majus); AY770406, Picrohiza (P. kurroa); DQ347963, Catharanthus (C.
roseus); AF250235, Nicotiana (N. tabacum); DQ839130, Lycopersicon (L. esculentum);
AF331705, Stevia (S. rebaudiana); AY834755, Artemisia (4. annua); AF182287,
Chrysanthemum (C. x morifolium); AB205048, Arabidopsis (4. thaliana); AF148852,
Pueraria (P. Montana var lobata); AY315651, Cistus (C. creticus); AY297794, Populus (P.
tremula x P. alba); AJ574852, Croton (C. Stellatopilosus); EF451544, Hordeum (H.
vulgare); AJ583446, Oryza (O. sativa); AF367205, Ginkgo (G. biloba); AY494186 and

Taxus (T. cuspidata); AY575140.

Fig. 4. Analysis of mRNA expression patterns by RT-PCR. (A) mRNA expression of

Hbdxr (28 cycles); (B) 18S rRNA expression as an internal control.

Fig. 5. Subcellular localization of Hevea DXR in Arabidopsis T87 cells. Cells expressing
HbDXR, fused with GFP at the C-terminus and GFP, were observed by laser confocal
microscopy. The panels indicated as BA5S10IF, BA585IF, and Merge show fluorescence
images of GFP, the autofluorescence of chlorophylls, and the merged image of green and

red fluorescence, respectively.
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Summary

Plastoquinones play important roles as electron carriers in the light-dependent reactions of photosynthesis and also as a cofactor of phytoene
desaturation in the synthesis of carotenoid. A plastoquinone-9 (PQ-9) was identified in Frey-Wyssling organelles of fresh rubber latex from Hevea
brasiliensis. This indicates that a Hevea solanesyl diphosphate synthase (HbSDS) must be present for the synthesis of the Cy5 prenyl side chain of
the PQ-9 found in the rubber latex. Based on the sequence information of other trans-prenyl diphosphate synthases, the cDNA encoding HbSDS
was cloned from a Hevea rubber latex cDNA library. Sequence analysis revealed the presence of an ORF consisting of 1254 bp capable of encoding
a 46,095 Da polypeptide. The deduced amino acid sequence of the clone contained all conserved regions found in typical trans-prenyl chain
elongating enzymes. This cDNA, expressed in Escherichia coli cells as an insoluble but Trx-His-tagged fusion protein, showed a distinct solanesyl
diphosphate synthase activity in the presence of Triton X-100. The expression level of HbSDS mRNA in latex was found to be higher than those in

leaves, stems and roots. The expressed HbSDS is suggested to be a specific enzyme in the Frey-Wyssling particles of rubber latex.

© 2007 Elsevier Ireland Ltd. All rights reserved.

Keywords: Solanesyl diphosphate synthase; Plastoquinone; Frey-Wyssling particle; Prenyl diphosphate synthase; Hevea brasiliensis; Rubber latex

1. Introduction

Prenylquinones present in photosynthetic organisms belong
to a large multifunctional family of lipid soluble compounds
that include plastoquinones, phylloquinones, tocopherols and
tocotrienols. All prenylquinones are composed of hydrophobic
prenyl tails of various lengths attached to aromatic head groups
that are capable of donating and accepting electrons. The
aromatic compound homogenistic acid is used for condensation
with phytyl diphosphate (PDP), geranylgeranyl DP (GGDP), or
solanesyl DP (SDP) in tocopherol, tocotrienol and plastoqui-
none synthesis, respectively [ 1-4]. The length of the prenyl side
chain is controlled by specific trans-prenyl diphosphate
synthase. In general, a long-chain frans-prenyl diphosphate

* Corresponding author. Tel.: +66 74 288 266; fax: +66 74 446 656.
E-mail address: wrapepun@yahoo.com (R. Wititsuwannakul).

0168-9452/$ — see front matter © 2007 Elsevier Ireland Ltd. All rights reserved.

doi:10.1016/j.plantsci.2006.12.015

product is derived from its short-chain prenyl diphosphate
precursor produced by short-chain frans-prenyl diphosphate
synthases which includes farnesyl diphosphate synthase (FDS)
or geranylgeranyl diphosphate synthase (GGDS). Several genes
encoding for short-chain frans-prenyl diphosphate synthases
have been cloned and characterized including Arabidopsis
thaliana FDS [5] and GGDS [6-8], Hevea FDS [9] and GGDS
[10], Citrus sinensis and Capsicum annuum geranyl dipho-
sphate synthases (GDS) [11-13]. At present, there have been
only two plant genes encoding for a long-chain trans-prenyl
diphosphate synthase, solanesyl diphosphate synthase (SDS)
reported from a small cruciferous plant, A. thaliana [14-16].

To gain further insight into the structure, function and
evolution of the long-chain trans-prenyl diphosphate synthases
among various plants, we became interested in isolating the
SDS gene from the latex of the rubber tree (Hevea brasiliensis).
The incentive for this isolation arises from a preliminary
detection of plastoquinone with a C45 prenyl side chain moiety
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(plastoquinone-9) in specialized rubber latex organelles called
the Frey-Wyssling (FW) particles [17]. The FW particles are
surrounded by a double membrane and had been shown to
contain plastochromanol and carotenoids that give character-
istic yellow to orange colors [18,19]. So far, the detailed
biological function of these particles in latex, besides their
possible involvement in carotenoid biosynthesis, has not been
established [20].

2. Materials and methods
2.1. Materials

Escherichia coli JIM109 and pGEMT-easy vector (Promega)
were used for the TA cloning. E. coli BL21 (DE3) and pET-
32(a+) vector (Novagen) were used for expression of the
recombinant protein. [1-14C]IDP was from Amersham. Non-
labelled IDP, GDP, FDP and GGDP were synthesized according
to the procedure of Davisson et al. [21]. Precoated reverse phase
TLC plates (RP-18) were from Whatman Chemical Separation.
Restriction enzymes were from Takara (Tokyo, Japan),
TOYOBO (Osaka, Japan) and New England Biolabs, Inc.
Ubiquinone-10 (UQ-10) was a product of Sigma.

2.2. Plant materials and RNA isolation

Fresh Hevea latex and other tissue samples were obtained
from regularly tapped rubber trees (Hevea) at the Songkhla
Rubber Research Institute, Songkhla, Thailand. Hevea seeds
were collected during a fruit-bearing season, September—
October, germinated in sterile sand and grown into 5-week-old
seedlings. Total RNAs of latex, leaves, roots and whole young
seedling tissues were isolated by using the RNeasy Plant Mini
Kit (Qiagen). Mitochondria and chloroplasts were prepared
from Hevea leaves by the previously described method [22].

2.3. Frey-Wyssling particle isolation

Fresh latex containing most numerous rubber particles, in
addition to other lutoid and FW particles [23], was subjected to
a series of centrifugations to isolate the FW particles. First a low
speed centrifugation (1700 x g at 10 °C for 30 min) with
swing-out bucket rotors to allow all the particles to travel
through the viscous latex media, according to their densities
gradients, down the length of the centrifuge tube without being
forced against the sides of the tube. This aimed to minimize
inter-particle collisions, especially between FW and lutoid
particles. The upper half of the centrifuged latex, containing the
majority of the less density rubber particles, was removed
whereas the lower half was further separated, by using a fixed
angle rotor centrifuge (7000 x g at 4 °C for 15 min), into three
distinct layers: a minor uppermost rubber fraction with
yellowish FW particles lying beneath, a middle aqueous
fraction and a bottom fraction containing the most dense lutoid
particles. After careful removal of the uppermost rubber layer,
the floating yellowish-orange FW particles were collected from
the top layer of the aqueous phase and collected as a pellet by

ultracentrifugation (59,000 x g at 4 °C for 20 min). The pellet
was washed twice by suspending in 3 vol. of washing buffer
(50 mM Tris—HCI, pH 7.4), and kept at —20 °C until used.

2.4. Prenylquinone analysis

H. brasiliensis leaves (50 g) were cut into small pieces and
homogenized in a Waring blender with 300 ml of ice-cold
medium (0.3 ml 1 M MgCl,, 0.3ml 1M MnCl,, 0.3 ml I M
glycine, 0.6 ml 0.5 M Na, EDTA, 15 ml 1 M Tris—HCI, pH 7.5,
30.81 g sucrose, 0.48 g BSA, 211 g Na-ascorbate, added
immediately before used, H,O added to 300 ml). After
filtration through four layers of cheesecloth, the filtrate was
centrifuged at 2500 x g at4 °C for 5 min. The pellet contained
the chloroplasts and the supernatant contained the mitochon-
dria. The mitochondria were isolated from the supernatant by
centrifugation at 15,000 x g at 4°C for 15min [22].
Prenyllipids were separately extracted from the pellets (2 g,
wet weight, each) of mitochondria, chloroplasts and FW
particles under total reflux for 3 h with chloroform/methanol
(2:1, v/v). The extracts were evaporated to dryness, dissolved in
chloroform/methanol (1:1), and analyzed by normal-phase
TLC (Kieselgel 60 F,s4, Merck) with hexane/diethyl ether/
acetic acid (80:20:1, v/v/v) [24]. The UV-visualized areas
contained the prenylquinones (R¢ 0.27-0.59) and these areas
were scraped from the TLC plates, extracted with chloroform/
methanol (1:1, v/v) and evaporated to dryness. The dry sample
was dissolved in solvent A (methanol/propan-2-ol; 4:1, v/v) and
subjected to HPLC (Waters) on a reverse-phase C;g Symmetry
Spm (3.9 mm x 150 mm) column, preequilibrated with a
solvent mixture containing an equal volume of solvent A and
solvent B (methanol/propan-2-ol; 1:1, v/v), at a flow rate of
1.0 ml/min. After sample injection, the column was eluted with
a linear gradient from 50 to 100% solvent B for 10 min,
followed by isocratic elution with solvent B for another 10 min.
A standard solution of UQ-10 was prepared in solvent A and
used to confirm identification of purified ubiquinone
(Amax = 275 nm). Plastoquinone (A, =256 nm) was identi-
fied by a combination of spectroscopy and mass spectroscopy
according to the method of Hirooka et al. [14].

2.5. PCR amplification of Hevea trans-prenyl diphosphate
synthase cDNA fragment

The cDNA fragment containing the region corresponding to
the trans-prenyl diphosphate synthases was amplified from the
Hevea latex cDNA library that had been constructed using the
ZAP-cDNA Synthesis Kit (STRATAGENE). Seven degenerate
oligonucleotide primers were designed to amplify the Hevea
trans-prenyl diphosphate synthase cDNA fragment after
identifying highly conserved regions of other trans-prenyl
diphosphate synthases; sense primers, TransF1 (GGKRVRP,
region I) 5-GGNGGHAARMGKRTNMGDCC-3', TransF2
(VXLVSRA, region I) 5-GTRYTSCTRRTATCACRWGC-3’,
TransF3 (EMIHTAS, region II) 5-GARATGATHCAYACNG-
CHAG-3’, and TransF4 (HDDXXDE, region II) 5'-CAHGAY-
GAYGTGKTAGAYGA-3' and antisense primers, TransR1
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(KTASLVA, region V) 5-GCHACYAAWGANGCNGTYTT-
3/, TransR2 (VDDILDF, region VI) 5-AMRTCVAR-
AATRTCRTCMAC-3’, and TransR3 (GKPAGXD, region VI)
5'-ACMBWMSCKRCHGGYAAHCC-3’, where Ris G or A, K
isGorT,SisGorC,WisAorT,MisAorC,YisTorC,DisG
orAorT,VisGorAorC,BisGorTorC,His AorTorC, and
Nis G or A or T or C. PCR was performed in a total volume of
20 wl containing 1 wM of amplification primer pair for 30
cycles of 15 s at 94 °C, 30 s at 50 °C and 1 min at 68 °C. The
resulting band of PCR products were extracted from agarose gel
and subcloned into pPGEMT-easy vector for sequencing by the
ABI PRISM 310 Genetic Analyzer and analyzed by
GENETYX software. One of the resulting clones, that showed
homology to trans-prenyl diphosphate synthases, was termed
LS300.

2.6. 3'- and 5'-RACE reaction and cloning of Hevea trans-
prenyl diphosphate synthase cDNA

Cloning of the full length cDNA of Hevea trans-prenyl
diphosphate synthase was performed by using total RNA
extracted from young Hevea seedlings as the template for both
3’- and 5-RACE reactions based on the cDNA sequence of the
LS300. The procedures applied for the 3’- and 5-RACE
reactions were according to the manufacturer’s instructions
(GeneRacer Kit, Invitrogen). The primers used for 3'-RACE
were 5'-CGGCCAGCTTAATCCTGATGATGT-3’ (HesF1), 5'-
ACTCTATGGCACGAGGGTGGCAGT-3' (HesF2) and 5'-
CTGCGATGTTGAACTCGAGGAGTA-3’ (HesF3), respec-
tively, and those used for 5-RACE were 5'-ACTCCTC-
GAGTTCAACATCGCAGT-3' (HesR1), 5-GTACTGCCAC-
CCTCGTGCCATAGA-3' (HesR2) and 5'-CATCATCATG-
GATTAAGCTGGCGGTAT-3" (HesR3), respectively. Accord-
ing to the sequence information obtained by the 3'- or 5-RACE
reaction, the cDNA was amplified by RT-PCR using the total
latex RNA as the template and then sequenced. The final full
length cDNA obtained was designated HbSDS.

2.7. Construction of an expression vector system in E. coli
and purification of Hevea trans-prenyl diphosphate
synthase

An expression vector system for the HbSDS was constructed
by choosing the pET-32(a+) vector (Novagen) designed to
express the gene product as a thioredoxin- and His-tagged
fusion protein, suitable for production of soluble protein in the
E. coli cytoplasm and for rapid purification. The restriction
enzyme recognition site for Sacl and Sall was introduced by
PCR at the 5'- and 3’-end of the coding regions of the HbSDS
cDNA, respectively. The resulting fragments were sequenced,
digested with Sacl and Sall, and ligated into the Sacl-Sall
vector of pET-32(a+), yielding the expression plasmid pET-
HbSDS. The expressed plasmid was used for transformation of
E. coli BL21(DE3), and 1 ml of an overnight culture of the
transformant in Luria-Bertani medium containing 100 pg/ml
ampicilin was inoculated into 200 ml of the same medium. The
cells were grown at 37 °C to reach an Agyy value of 0.8.

Isopropyl thio--p-galactoside was added to a final concentra-
tion of 0.1 mM, and the culture medium was further incubated
at 30 °C for 5 h. Overproduction of the proteins was confirmed
by SDS/PAGE according to the standard method of Laemmli
[25]. The cells were harvested by centrifugation (5000 x g,
10 min) and then disrupted by sonication. The cell homo-
genates were separated into soluble and insoluble protein
(inclusion body) fractions by centrifugation at 8000 x g for
10 min. The expressed proteins were purified essentially
according to the protocol of Xpress Protein Purification System
(Invitrogen), using a Ni** nitrilotriacetic acid-agarose column.
The insoluble proteins were extracted with buffer A (20 mM
phosphate buffer, pH 7.4, containing 0.5 M NaCl and 8 M urea)
at 37°C for 1h. The protein extract was collected by
centrifugation at 8000 x g for 10 min, filtered through a filter
membrane, and applied to a Ni** resin column. The column was
washed with buffer A and the tagged protein was eluted with
buffer B (20 mM phosphate buffer, pH 7.4, containing 0.5 M
NaCl and 0.3 M imidazole). The purified protein was renatured
by dialysis against buffer C (10 mM Tris—HCI, pH 7.4,
containing 1% Triton X-100).

2.8. Solanesyl diphosphate synthase assay and product
analysis

The incubation mixture, in a total volume of 100 pl,
contained 50 mM Tris—HCI (pH 7.5), 5 mM MgCl,, 20 mM B-
mercaptoethanol, 50 uM FDP, 50 uM [1-'*C]IDP, 0.5% Triton
X-100 and 200 pg of crude enzyme from the cell-free
homogenate of HbSDS-overexpressed E. coli cells. After
incubation at 30 °C for 1 h, the reaction was stopped by chilling
on ice and followed by addition of 100 pl saturated NaCl
solution. The products were extracted with 1 ml of 1-butanol
saturated with water and the amount of [1—14C]IDP incorpo-
rated into the I-butanol-extractable polyprenyl diphosphate
was measured in a liquid scintillation counter. The enzyme
activity was expressed in terms of the radioactivity in the 1-
butanol extract. The 1-butanol extracts were hydrolyzed with
potato acid phosphatase according to Fujii et al. [26] The
hydrolyzed products were extracted with pentane and analyzed
by TLC on a reversed LKC-18 plate (Whatman) with acetone/
water (19:1, v/v). The distribution of radioactive products on
the TLC plate was analyzed with a Fuji BAS-100 Mac
Bioimage analyzer and spots of marker prenols were visualized
by exposing the plate to iodine vapor.

2.9. Expression analysis of HbSDS mRNAs

RT-PCR was performed for the analysis of HbSDS mRNA
expression. Total RNAs (1 g) from various Hevea tissues was
amplified with HbSDS specific primers, S1 (5'-CCTAGTGT-
CAAGAGCCACAGCAGAA-3) and C2 (5'-GTTTATACCCC-
TGTAAAGCTTACCTA-3'). The reactions were carried out
with 35 cycles of 15 s at 94 °C, 30 s at 54 °C and 1 min at 68 °C
with a 2 min preheat at 94 °C. The products obtained were
analyzed by agarose gel electrophoresis with ethidium bromide
staining.
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3. Results
3.1. Latex Frey-Wyssling prenylquinone identification

Frey—Wyslling particles are known to be very specialized
chromoplasts containing (3-carotene and found in lacticiferous
vessels including rubber latex collected by tapping [23,27]. The
prenylquinones in the lipids extracted from FW particles were
identified, through a combination of TLC and HPLC, and
compared to those of leaf chloroplast and mitochondria. A
similar retention time (9.5 min), monitored by A,s¢ in an HPLC
chromatogram was obtained for the main chromatographic
peaks of the prenylquinones from FW particles and chloroplasts
(Fig. 1). Their chemical structures were confirmed as
plastoquinone-9 (PQ-9) by mass spectroscopy (data not
shown). This is different from the mitochondrial prenylquinone
which was identified as UQ-10 (Fig. 1), by comparing the
retention time of the chromatographic peak, monitored by A,7s,
with an authentic reference UQ-10 standard. These findings
indicate a possible involvement of latex FW particles in the
synthesis of PQ-9. Hence, further studies to isolate and
characterize the Hevea solanesyl diphosphate synthase
(HbSDS), involved in the synthesis of the C4s prenyl side
chain of the PQ-9 present in rubber latex are thus warranted.

3.2. Isolation of the gene encoding solanesyl diphosphate
synthase

In order to obtain a gene fragment containing conserved
amino acid regions of HbSDS, seven degenerated oligonucleo-
tide primers were designed to identify highly conserved regions
of various trans-prenyl diphosphate synthases such as
octaprenyl diphosphate synthase (ODS) from E. coli [28],
SDP synthase from Anabaena [29], SDP synthase 1 from A.
thaliana [14], decaprenyl diphosphate (DDP) synthases from
Gluconobacter suboxydans [30] and Schizosaccharomyces
pombe [31]. Three kinds of products were obtained from
PCR using a Hevea latex cDNA library as a template with
primer pairs of TransF1 and TransR2. Then nested PCR was
performed using primers TransF3 and TransR1. The resulting
0.3 kb cDNA fragment was cloned into the pGEMT-easy
vector, and its nucleotide sequence was determined. The
deduced amino acid sequence of this cDNA contained regions
common to the conserved regions II, III, IV and V of trans-
prenyl diphosphate synthases with 39, 65 and 89% identities to
the corresponding regions of E. coli ODS, Anabaena SDP
synthase and, A. thaliana SDP synthase 1, respectively. Specific
primers, designed from the 0.3 kb cDNA fragment, were used
to amplify 5'- and 3’-UTRs by 5'- and 3’-RACE, respectively.
Two cDNA fragments that contained the same ORF were
obtained from the 5’-end amplification and only a 762 bp cDNA
fragment was obtained from the 3'-RACE. These sequences
were used to design primers for the amplification of full length
cDNA. The full length sequence revealed the presence of an
OREF consisting of 1254 bp capable of encoding a 418 amino
acid protein (Fig. 2). The protein encoded by this ORF contains
the seven conserved regions found in typical prenyl dipho-
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Fig. 1. HPLC chromatogram of Hevea prenylquinones. (A) Chloroplast plas-
toquinone-9 extracted from leaves; (B) Frey-Wyssling particle plastoquinone-9
extracted from latex; (C) mitochondrial ubiquinone-10 extracted from leaves.

sphate synthases (Fig. 3). This gene was thus designated as
HbSDS (Hevea solanesyl diphosphate synthase, GenBank
accession no. DQ437520). The amino acid identities of the
protein encoded by this ORF compared to those of the SDP
synthase 1 from A. thaliana, ODP synthase from E. coli, GDP
synthase from Citrus sinensis, GGDP and FDP synthases from
Hevea were 70, 46, 41, 33 and 23%, respectively.

3.3. Overproduction of recombinant HbSDS protein in E.
coli

In order to obtain a HbSDS gene product, its cDNA was
expressed in E. coli cells by means of a pET-32a(+) expression
system that contains a thioredoxin fusion sequence suitable for
production of soluble proteins in the E. coli cytoplasm. By
induction with IPTG, the E. coli cells harboring HbSDS cDNA
produced a recombinant protein of 60 kDa in the insoluble
pellet fraction (Fig. 4). The urea extracted HbSDS protein was
subjected to a metal affinity column for purification of the His-
tagged fusion protein, under denaturing conditions. As shown
in Fig. 4, the affinity-purified HbSDS protein was detected as a
single band of 60 kDa corresponding to the His-tagged fusion
protein.

3.4. Enzymatic activity of HbSDS protein

The activity of HbSDS was examined in the crude enzyme
obtained from a cell-free homogenate of IPTG-induced E. coli
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1 AATCACTGGCCTCAAACTCAAACTGATAAGAAACTCCAAGACAAGACACGGTCCTATGTGGGCTTATTGGATCCACGCAGTGGAGAACTCCCACTTCTGT
101 CGTCTGTGAAAAGAGAAACTTCTGAACTTGGAAACCCATTCGACT TCTTTTATTCTTTTTGATTCTTTCAAGTTT TCCATCAGAACCCTGTTTTGTTTTC
201 TTCTTTTCACTCTATTTTCTTGCTGTTTGTTTGGCTTATGGCAAT CTGAACGAGATT TGCTATCTGGGTTTTGAT TTGAAGTCAAATTTCTTTGCTTTCT
301 GTTTCTTGTTGAGAAATGATGTCAATGACATGCTACAGTCTTGAT TTTGGAAGGACTGTGTTTGATTTGGCGGCT TGTGGGTGCTCCTCCAATGCTTCAA
M M S MTOCYSULDTFGRTJVFDILAARACGT CS S DNASTI 29
401 TAGATAGGTGTTCAGTGAGGAATTATGCAAGGTCGGT TTATAGGACTTGTAATAGAGACTATGCTGCTAGAAGAT CGCCCTATTGCCGGCGAGATAGTGC
D R C SV RN YAR SV YRTU CNUZRUDYAARZ®RSUPZYCRIR RDS A 62
501 TTGGTGTCGAGTTTCTTCGACCAAGGCCCCTGAGACT TTACT TAACGGGGTTAGTCAAGATCCTGCTGTAAATTTGAAGCAGT CAAGAGGCCCAATTTCA
W C RV S S TKAUPETULULNDNUGV S QD PAVNILI KESTR RTGU?PTI S 95
601 TTGATAAATGTGTTTGAAGCGGTTGCTGGTGATCTCCAGACTCTCAACCAAAACCTCCGGTCGATTGTTGGTGCAGAAAACCCAGTTTTAATGTCTGCAG
L I NV F E AV AGDTULGQTULUN G QNTZLURSTIVGATENTZPVTILMSAAIL2
701 CTGATCAGATATTTGGTGCTGGTGGGAAAAGGATGCGACCAGCTT TGGTATTCCTAGTGT CAAGAGCCACAGCAGARATAGTAGGGTTAAAAGAACTCAC
D Q I F G A GG KU RMPERUZPALVYVT FILVYVSRATA AETIUVGTULIE KTETLT 162
801 TACGAAACATCGACGTTTAGCAGAGATCATTGAGATGATCCATACTGCAAGCTTAAT TCATGATGATGTACTAGATGAAAGTAACATGCGAAGAGGAAAA
T K HR R L A E I I EMTIHETA ASULTIHDUDU VTLDESDNMMMTRRGK 195
901 CAAACGGTTCATCAACTGTATGGCACGAGGGTGGCAGTACTGGCTGGGGATTTCATGTTTGCTCAGTCCTCATGGTACCTAGCAAATCTTGAAAACATTG
Q T VHQ L Y G TRV AV LAGDT FMTFA AQ QS SWZYULANTZLETDNTI E 229
1001 AAGTCATTAAGCTTATCAGCCAGGTTATTAAAGATTTTGCAAGTGGTGAAATAAAGCAAGCATCTAGTTTGT TTGACTGCGATGTTGAACTCGAGGAGTA
vV I KL I s Q VIKDTFASUGETIUZ KU QASSLVFDTCDVYVETLEETY 262
1101 CTTGATCAAGAGCTATTACAAAACTGCCTCTTTAATTGCTGCAAGTACCAAAGGAGCTGCTATTTTTAGTGGGGTGGACAGCAGTGT TGCTCGAACAAATG
L I K S ¥ ¥ K T A S L I A A STIKGAATIT F S GV DS sV AEQM 295
1201 TATGAATATGGTAAGAATCTTGGTCTGTCCTTCCAAGTTGTTGACGACGTACTGGAT TTTACGCAGTCAGCAGAGCAGCTGGGCGAAGCCAGCTGGCAGTG
Y E Y ¢ K NLGULST FQVVDDJVILDTFTIGQSAETUGQTLTGIE KUPAG S D 329
1301 ACTTGGCAAAAGGGAACCTTACCGCCCCTGTAATATTTGCTCTGGAGAAAGAACCAAAACTGAGAGAAATCATTGAGTCTGAATTCT GTGAGACTGGTTC
L A KGN LTAUPVTITFALTETZ KETPIZ KTILTRTETITIETSTETFTCTETG s 362
1401 TCTGGATGAAGCTGTTGAGTTGGTTAAGCAGTGTGGGGGTAT TGAAAGAGCACAAGAATTAGCGAAGGAGAAAGCTGATCTTGCAATACAGAATCTTAAT
L D EAVYV ETLV XK QCG GI ERAQETLAI KEIZ KADT LA ATI GQNTLN 395
1501 TGTCTTCCTCGGGGTGTATTTCAATCACATCTCAAAGAAATGGTGTTGTACAATCTCGAACGGATTGATTAGTTAGATACTGCT TGATAGGARACARATA
¢C L PR GV F Q S BELKEMV VT LY YNTZ LERTID 418
1601 TAGGTAAGCTTTACAGGGGTATAAACAGAATAAGCTGGATGAGGATCCTTTATGTAT CAGTGCAGCAATTGT TTTTCTGCAATTGTT TCACCTGAAGTTG
1701 GCCCAAACAGAAATAACTCCGCAAATTTTCTGGTATACAGAT TTTTGTGGCCAT CAATAATGTGAAGCTTCT TTATGTATTTTTGCTGATTTTCAAAAAA
1801 AAAAAAAAAAARAA

Fig. 2. Nucleotide and deduced amino acid sequences of HbSDS. The number of nucleotide sequence and amino acid sequence are indicated on the left and right,

respectively.

harboring pET-HbSDS. The prenyl alcohol product clearly
indicated that the cloned gene catalyzed the synthesis of a Cys
prenyl moiety (Fig. 5). This confirmed that the expressed
enzyme is solanesyl diphosphate synthase. When the primer
substrate specificity was examined by using four allylic
diphosphates namely dimethylallyl diphosphate (DMADP),
GDP, FDP and GGDP (Table 1), the HbSDS was found to
utilize only allylic primers that contain at least two Cs isoprenyl
units and its allylic substrate specificity is directly proportional
to the isoprene unit contents of the primers,
GGDP > FDP > GDP, respectively.

3.5. Expression analysis of HbSDS mRNAs
To examine the HbSDS mRNA expression in various Hevea

tissues, RT-PCRs using total RNA extracted from young stems,
roots, leaves and latex were performed. As shown in Fig. 6, the

PCR products representing the HbSDS mRNA expressions
were detected in all tissues but at a different level. The level of
transcript accumulation for HbSDS was found to be highest in
the latex and lowest in the root. This is opposite to the
expression level of Hevea GGDP synthase, a short-chain prenyl

Table 1
Allylic substrate specificity of HbSDS

Substrate Relative activity
DMADP 0
GDP 44
FDP 100
GGDP 257

Enzyme reactions were performed as described in Section 2. Each allylic
substrate was used at 50 with 50 uM [1-"*C]IDP. Relative activities were
determined based on the activity with FDP.
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Fig. 3. Comparison of the deduced amino acid sequences of HbSDS. The deduced amino acid sequences of HbSDS are compared with those of solanesyl diphosphate
synthases from A. thaliana (SPS1 GenBank accession no. BAD88533 and SPS2 GenBank accession no. BAD88534) and Rhodobacter capsulatus (GenBank
accession no. BAA22867). The filled boxes indicate the positional identity of the sequences. The seven highly conserved regions are underlined.

diphosphate synthase, which had been shown to be higher in the
leaves than in the latex [10].

4. Discussion

Our identification study on prenylquinones from Hevea
tissues showed that the prenylquinone in leaf mitochondria
possesses a Csq prenyl side chain which is longer than those Cys
prenyl side chains found in leaf chloroplast and rubber latex
FW particles. This finding indicates the need for at least two
Hevea trans-long chain prenyl diphosphate synthases including
a latex solanesyl diphosphate synthase. This is different from
the prenylquinones found in A. thaliana where only a single
species of side chain with the C45 prenyl moiety was found [14].

A Hevea rubber latex gene that encodes for a solanesyl
diphosphate synthase was successfully cloned and expressed in
E. coli cells. This gene contains a putative ORF encoding a
protein consisting of 418 amino acid residues with a predicted
molecular mass of 46 kDa. The expressed protein was found in
the pellet fraction in spite of being fused with a His- and
thioredoxin-tag suitable for production of soluble protein in the
E. coli cytoplasm. This may result from a much higher
proportion of hydrophobic amino acids (48%) as compared to
the hydrophilic ones (28%). As a consequence, a non-ionic
detergent (Triton X-100) was required to stimulate the enzymic
activity of the HbSDS, and this is similar to reports for other
long-chain prenyl diphosphate synthases found in microorgan-
isms [32,33]. From the sequence analysis of HbSDS the
Predotar program [34] has predicted the presence of a plastid
targeting sequence. The plant plastids had previously been

shown to accumulate isoprenoids, including carotenoids, prenyl
chains of chlorophylls and plastoquinone, synthesized via the
MEP pathway [35-37]. The latex FW particles have also been
assumed to be modified plastids [38] due to the presence of

kba M SC S PC P Pu
200 o rer —
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Fig. 4. SDS-PAGE gel of purified HbSDS. Lanes SC and S, soluble protein
from non-induced and induced E. coli cells, respectively; lanes PC and P,
insoluble proteins from non-induced and induced E. coli cells, respectively; lane
Pu, purified HbSDS; lane M, molecular-mass markers.
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Fig. 5. TLC autoradiogram of the prenyl alcohols obtained by enzymatic
hydrolysis of the products formed by the reaction with cell-free homogenate
of IPTG-induced E. coli harboring pET-HbSDS (lane 1), non-induced E. coli
harboring pET-HbSDS (lane 2), and E. coli harboring pET-32 (lane 3). S.F.:
solvent front; C;s: farnesol; Czo: hexaprenol; Cys: solanesol; Ori.: origin.

plastoquinone, plastochromanol and isoprenoids. Hence, the
expressed HbSDS may be specific for the synthesis of PQ-9
prenyl side chains in the latex FW particles. Accordingly, the
level of HbSDS mRNA transcript was also found to be higher in
the latex. We therefore suggest that it has an important function
in the lacticiferous vessels where rubber biosynthesis is highly
active. The PQ-9 in the latex FW particles may function as a
cofactor in the sequential desaturation reactions, catalyzed by
phytoene desaturase, required for carotenoid synthesis and play
an antioxidative role similar to the function of ubiquinone in
mitochondria and/or be involved in disease resistance as had
been reported in other plants [39-41].
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Fig. 6. Analysis of mRNA expression patterns by RT-PCR. (A) Control (18S
rRNA); (B) mRNA expression of HbSDS (35 cycles).
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Summary

This study aimed at screen for antimicrobial activity present in the non-rubber
constituents of rubber latex of Hevea brasiliensis against various microbial strains. An
antimicrobial protein, hevein was extracted from the bottom fraction after
centrifugation and purified by acetone fractionation and anion exchange
chromatography on a DEAE-Sepharose Fast Flow column. This procedure was more
efficient and rapid than the previously described procedures. The antimicrobial activity
was investigated and revealed that hevein, a small (4.7 kDa) cysteine-rich protein, had
strong antimicrobial activity, especially against Candida spp. including Candida albicans,
Candida tropicalis and Candida krusei. The MICg, value for hevein was as low as
12 ug ml™" with C. tropicalis ATCC 750. Higher MICg, values were obtained for
C. albicans ATCC 10231 (95 pg ml™) and C. krusei ATCC 6258 (190 pg ml™). To
confirm the antifungal activity, hevein also inhibited the growth of those fungi in a disk
diffusion assay and its inhibition was enhanced when a Hevea latex protease inhibitor
was also included. Hevein at a concentration of 30 pg ml™' also caused a Ca**-
dependent aggregation of C. tropicalis yeast cells. These data indicate that hevein can
inhibit the growth of certain potential oral fungal pathogens.

Key words: Hevea brasiliensis, hevein, antimicrobial activity, Candida spp., oral organisms, rubber latex.

Introduction

latex volume, the latex contains numerous other non-
rubber constituents including proteins that are pres-

Hevea brasiliensis is a tropical rubber tree belonging to
the family Euphorbiaceae. It is extensively cultivated in
Southeast Asia for the production of natural rubber.
Although numerous plants can synthesize rubber in
latex, the Hevea rubber tree remains to be the most
suitable and viable source of commercial natural
rubber. A few hundred milliliters of latex can be
obtained from each tree by simply incising the bark, the
common practice of tapping the rubber trees. Besides
rubber particles that constitute 30-40% of the whole
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ently overlooked and discarded as waste in the rubber
industry. In our laboratory, we had already purified
and characterised several biological-active molecules
present in the non-rubber constituents from latex such
as PB-1,3-glucanase isozymes,! a polyphenol oxidase,>
NAD(P)H quinone reductase’ and a protease inhibitor.*
These proteins are involved in the defense mechanisms
of the rubber tree against fungal pathogens. In this
study, hevein was found to inhibit various Candida spp.
As the rubber trees are tapped or wounded almost
everyday for latex collection, it has been suggested that
the rubber tree must be well equipped with antimicro-
bial compounds to protect itself from any invaders.
Defense-related proteins reported to be present in latex
include chitinase, B-1,3-glucanase, hevamines, hevein,
glucosidase, [-galactosidase, P-N-acetyl-glucosamini-
dase, polyphenol oxidase, and a protease inhibitor.>*®

doi:10.1111/j.1439-0507.2008.01490.x
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This has been supported by the finding that whole latex
had antifungal activity against a broad spectrum of
potential plant fungal pathogens. Such antifungal
activity may be related to the presence of glycosidase
activities such as a-mannosidase, N-acetyl-B-p-glucosa-
minidase, chitinase, chitinase/lysozyme and f-1,3-
glucanase that hydrolyse the polymers in the fungal
cell wall.¥”™® Another report showed that another
substance with antifungal activity was hevein, a major
protein component of the B-serum derived from the
bottom fraction of centrifuged fresh latex. Hevein was
active against several phytopathogenic fungi included
Botrytis cinerea, Fusarium culmorum, Fusarium oxyspo-
rum, Phycomyces blakesleeanus, Pyrenophora tritici-repen-
tis, Pyricularia oryzae, Septoria nodorum and Trichoderma
hamatum.'® Hence, the B-serum normally treated as
waste could be a great biotechnological resource
because of the large quantity produced and its potential
for possible use as an antimicrobial agent, a value
added product. In this study, we determined the
antimicrobial activity of freshly prepared latex serum
against various potentially pathogenic oral micro-
organisms and identified a compound that possesses
antimicrobial activity.

Materials and methods

Microorganisms

A total of 49 microbial strains, potential pathogens of
the oral cavity and respiratory tract, were tested in this
study. These were Porphyromonas gingivalis A, P. gingi-
valis W 50, P. gingivalis 381, P. gingivalis ATCC 33277,
Prevotella intermedia 25611, Tannerella forsythia ATCC
43037, Aggregatibacter actinomycetemcomitans ATCC
33384, Pseudomonas aeruginosa ATCC 27853, Strepto-
coccus mutans ATCC 25175, Lactobacillus fermentum
ATCC 14931, Candida albicans ATCC 90028, C. albicans
ATCC 10231 and 28 clinical isolates. Candida glabrata
ATCC 90030, C. glabrata ATCC 66032, Candida tropi-
calis ATCC 750, C. tropicalis ATCC 13803, C. tropicalis
ATCC 66029, Candida krusei ATCC 6258, C. krusei
ATCC 34135, Cryptococcus neoformans ATCC 90112,
C. neoformans ATCC 90113. Organisms were main-
tained on 5% blood agar, brain heart agar or Sabouraud
dextrose agar as appropriate to their growth require-
ments.

Preparation of B-serum from fresh latex

Fresh latex was collected from rubber trees of the
H. brasiliensis species (clone RRIM 600) grown at

Songkhla Rubber Research Center, Songkhla, Thai-
land. The latex was filtered through cheese cloth and
centrifuged at 5000 g for 15 min at 4 °C to separate
the bottom fraction from the latex serum. The bottom
fraction was subject to ultracentrifugation at
59 000 g, 4 °C for 45 min and four main layers
were obtained. The upper white creamy layer con-
sisting mostly of rubber particles was discarded, a thin
layer of yellow Frey-Wyssling particles beneath the
top layer, the less coloured serum fraction called
C-serum and the yellowish bottom fraction containing
lutoid particles were kept for antimicrobial activity
screening. After rinsing the bottom fraction with
isotonic buffer [50 mmol 1™ Tris-HCl, pH 7.4 con-
taining 0.9% NaCl (w/v)] to remove any contami-
nating latex, the lutoid particles in the bottom
fractions were burst by freezing and thawing several
times until a majority had lysed. This was then
centrifuged at 8000 x g for 15 min at 4 °C and the
brownish aqueous fraction called B-serum was col-
lected. The Frey-Wyssling layer, C-serum and B-serum
were screened for antimicrobial activity. The B-serum
from the bottom fraction was the only one to show
antimicrobial activity.

Purification of an antimicrobial protein from B-serum

B-serum was fractionated by acetone precipitation
with increasing concentrations from 0-40%, 40-60%
and 60-80% acetone saturation and centrifuged. The
pellets were collected and any acetone was removed
by blow drying. Pellets of each fraction were dissolved
in 20 mmol I"! Tris-HCl, pH 7.4 and were screened
for antimicrobial activity. The active fraction was
submitted to anion exchange chromatography on a
DEAE-Sepharose Fast Flow column equilibrated in
20 mmol I™' Tris-HCl, pH 7.4 and washed with
20 mmol I"! Tris-HCl, pH 7.4 until the A,g, fell
below 0.01. The bound protein was then eluted with
a gradient of 0-0.5 mol I"* NaCl in the same buffer.
The peak fractions containing antimicrobial activity
were pooled, dialysed against water and lyophilised.
Protein concentrations were determined by the
Bradford method using bovine serum albumin as
standard.!

N-terminal amino acid sequencing

The 11 amino acids of the NH-terminal sequence were
determined by Edman degradation using the Applied
Biosystems-Procise HT Instrument (Mayo Proteomic
Research, Minneapolis, MN, USA).

© 2008 The Authors
Journal compilation © 2008 Blackwell Publishing Ltd



Antimicrobial assay of antimicrobial protein

The broth microdilution method

For determining the minimal inhibitory concentration
(MIC) values, bacteria were grown to stationary phase in
Brain Heart Infusion (BHI) broth under aerobic or
anaerobic conditions, according to the species being
tested. Each cell suspension was adjusted to approxi-
mately 10° CFU ml™!. For yeast, MIC testing was
performed using a modified broth microdilution method
following that of the National Committee for Clinical
Laboratory Standards.'? Yeasts were grown on Sabou-
raud dextrose agar (SDA) and incubated at 35 °C for
24 h. The inoculum was prepared by picking five
colonies from these culture plates and suspending them
in RPMI medium pH 7.0, the cell density was adjusted to
the density of a 0.5 McFarland standard unit at 530 nm,
which resulted in a yeast stock suspension of 1 x 10° to
5 % 10° cells mlI™!. A working suspension was prepared
by diluting this 1 : 1000 with appropriate medium to
obtain 1 x 10°-5 x 10°> CFU ml™'. The broth micro-
dilution test was performed by using 96 well plastic flat
bottom plates with covers. Then, 50 pl of sample was
added and serially diluted by two fold dilutions to
appropriate concentrations. A control was included for
the determination of the growth of each species in the
absence of antimicrobial protein. 50 pl of working
inoculum was added to 100 pl final volumes. After
inoculation, plate was incubated at 35 °C for 24 h. The
optical density at 620 nm (ODg5o) was measured with a
microplate reader. The OD of the blank wells were
subtracted from the OD of the inoculated wells.

For a growth inhibition plot, Candida spp. were mixed
with RPMI 1640 medium and hevein at various
concentrations and incubated for 24 h. The growth
inhibition was represented as a percentage of the
growth inhibition of the control cultures.

The disk diusion assay

This was performed as described previously’® with
several modifications. Briefly, SDA was autoclaved and
cooled to 45 °C. A suspension of C. albicans ATCC
10231 and C. tropicalis ATCC 750 in RPMI 1640
medium was added to a concentration of
1 x 10* organisms ml™' and 20 ml portions of the
warm liquid agar suspension were added to a Petri
dish. Sterile paper discs were placed on the solidified
agar, and 40 pl of diluted sample preparations was
added to each disc, and the plates were incubated
overnight at 37 °C. Clear zones of fungal growth were
visualised around the discs containing inhibitory con-
centrations of antimicrobial proteins.

© 2008 The Authors
Journal compilation © 2008 Blackwell Publishing Ltd

Effect of hevein on oral microbes

The disk diffusion assay was similarly employed for
investigating the effect of a Hevea proteinase inhibitor
(HPI) on the antifungal activity of hevein. The HPI was
partially purified, as an 80-95% acetone precipitated
fraction from the C-serum isolated from ultracentrifuged
fresh latex, according to the method described by
Sritanyarat et al. [4]. Hevein at 40 ug was mixed with
either 200 or 400 pg HPI before adding it to each paper
disc. The resulting clear zones of fungal growth were
compared to those of the controls containing either
hevein (40 pg) or HPT (400 pg) alone.

Aggregation analysis

Candida tropicalis ATCC 750 was used in this experi-
ment. The experiments were carried out as previously
described.'* Briefly, the yeast cells were suspended in
calcium-binding buffer (CBB); 20 mmol 17! Tris—HCI, pH
6.75, 0.5mmol ™" CaCl,, 5 mmoll™* MgSO,,
0.1 mmol I"* DTT, 154 mmol I™! NaCl, (or CBB con-
taining 10 mmol 17* EDTA) and diluted to the required
absorbance at 620 nm (A¢>0). Appropriate concentra-
tions of hevein or buffer were added to the final volume
of 800 pl for all samples. After protein supplementation,
the Ag>0 of each sample was measured every minute for
2 h. Aggregation is recorded by a decreasing Ag>( greater
than that observed in the negative control (without
protein addition) as the aggregated material collected
at the bottom of the assay tube as sedimentation.

Results

Purification and characterisation of protein that inhibits
microbial growth

B-serum was fractionated by precipitation of protein
with increasing concentrations of acetone, 0-40%,
40-60% and 60-80%. Each fraction was assayed for
antimicrobial activity by the broth microdilution
method. Only the 60-80% acetone fraction inhibited
the growth of the microbes tested as shown by the MIC
values (Table 1). C. albicans ATCC 90028 was the most
sensitive microbe with an MIC 112 pg ml™" protein but
C. neoformans, the other fungus tested at this time, was
not sensitive at 1.8 mg ml™*. All Gram-negative bacte-
ria tested except the P. aeruginosa species had MIC values
of 896 pg ml™! protein. However, the Pseudomonas and
Gram-positive bacteria were not affected by 1.8 mg ml™*
protein from this fraction. When this 60-80% acetone
fraction was tested against 28 clinical isolates of
C. albicans, the average MIC of those isolates was
91.3 + 40.45 pg ml™! and two standard strains of



K. Kanokwiroon et al.

Table 1 Screening of a crude 60-80% acetone fraction from the
Hevea brasiliensis against various potential microbial pathogens of
the oral cavity and respiratory tract

Microbial MIC (ug mi™")
Gram-negative bacteria
Porphyromonas gingivalis A 896
Porphyromonas gingivalis W50 896
Porphyromonas gingivalis 381 896
Porphyromonas gingivalis ATCC 33277 896
Prevotella intermedia 25611 896
Tannerella forsythia ATCC 43037 896
Aggregatibacter actinomycetemcomitans 896
ATCC 33384
Pseudomonas aeruginosa ATCC 27853 >1800
Gram-positive bacteria
Streptococcus mutans ATCC 25175 >1800
Lactobacillus fermentum ATCC 14931 >1800
Fungi
Candlida albicans ATCC 90028 112
Cryptococcus neoformans ATCC 90112 >1800
Cryptococcus heoformans ATCC 90113 >1800

Controls were cell suspensions added to broth without hevein.

C. albicans ATCC 10231 and ATCC 90028 had MIC of
56 and 112 pg ml™' respectively. Thus, C. albicans
ATCC 10231 was used for the rest of the study to
identify the active substance during further purification
of the 60-80% acetone fraction. This first step using
DEAE-Sepharose Fast Flow chromatography separated a
protein with antimicrobial activity. The active fractions
were pooled and contained a homogenous protein of
0.3 mg of purified active protein per 1 I of fresh latex.
The mass spectrum of the active fraction was deter-
mined by MALDI-TOF mass spectrometry and exhibited
major peaks corresponding to an M, value of 4717 Da
(data not shown). The N-terminal sequence (11 resi-
dues) was analysed and showed 100% similarity to the
hevein sequence (Fig. 1) that had been previously
reported.'® Previously, the antifungal activity of hevein
had been examined by a hyphal extension-inhibition
assay in which it had shown potent antifungal activity
against several plant pathogenic fungi.'® In this study,
the antimicrobial activity of hevein was investigated
with other ATCC strains of Candida spp. including
C. albicans ATCC 10231 and ATCC 90028, C. tropicalis

CLUSTAL W (1.82) multiple sequence alignment

hevein EQCGRQAGGKLCPNNLCCSQWGWCGSTDEYCSPDHNCQSNCKD 43

unknown EQCGROAGGKL-———=—==————————————————————— 11

Kk kK Kk KK Kk ok

Figure 1 N-terminal sequence analysis of hevein purified in this
study showing that its first 11 residues had 100% identity to he-
vein previously isolated.'®

ATCC 750, ATCC 66029 and ATCC 13803, C. krusei
ATCC 34135 and ATCC 6258 and C. glabrata ATCC
90030 and ATCC 66032. The concentration of protein
required for 80% growth inhibition (MICgq) was used as
a measure of the inhibitory potency of hevein on these
fungi. Hevein was able to inhibit the growth of
C. tropicalis strains in suspension cultures at as little as
12 pg ml™'. Although C. tropicalis strains were the most
sensitive species of Candida tested, strains of C. albicans,
and C. krusei were quite sensitive with strains of
C. glabrata being the least sensitive with MIC values of
>190 pug ml™ (Fig. 2).

The disk diffusion assay showed inhibition of growth
of C. tropicalis ATCC 750 (Fig. 3al) and C. albicans
ATCC 10231 (Fig. 3a2) by hevein, added to the disc at a
concentration of as little as 125 pg ml™ (5 pg per disc).
At each concentration, the inhibition zone was bigger
with C. tropicalis ATCC 750.

An enhancing effect of HPI on the antifungal activity
of hevein was also revealed from the clear zone diameter
size obtained upon combination with hevein (Fig. 3b).
The HPI (at 400 pg) when tested alone showed no
antifungal activity as no clear zone could be seen from
disc 2. However, when it (at either 200 or 400 pg) was
combined with 40 pg of hevein, the clear zone diameter
obtained (discs 4 or 5) was significantly bigger than that
of the hevein control, disc 3.

The interaction with hevein and C. tropicalis ATCC
750 yeast cells was investigated. We performed aggre-
gation experiments using purified hevein. Hevein was
added to the diluted yeast cells and the aggregation was
tested by measuring changes in absorbance at 620 nm
as a function of time. This provided a method for
evaluating the interaction of hevein under a variety of
conditions. The addition of hevein (30 pg ml™Y) resulted
in a decrease in absorbance owing to the aggregation of
yeast cells to form sediment in the presence of
0.5 mmol I"* CaCl,. This effect was inhibited by the
addition of 10 mmol 1! EDTA. Binding of hevein to
yeast cells is therefore calcium dependent because the
addition of EDTA completely inhibited the aggregation
(Fig. 4).

Discussion

Hevein was previously shown to have antifungal
activity against various plant pathogenic fungi.'” In
our study, this is the first testing of its activity against
various commensals and potential pathogens of the oral
cavity and respiratory tract. The inhibitory effect of a
pure sample obtained by a new procedure, that was far
more simple than the previously described methods,®

© 2008 The Authors
Journal compilation © 2008 Blackwell Publishing Ltd
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Figure 3 (a) Growth inhibition (clear zone) of hevein against Candida tropicalis ATCC 750 (al) and C. albicans ATCC 10231 (a2) and (b)
The enhancing eect on antifungal activity of hevein against C. albicans ATCC 10231 by Hevea protease inhibitor (HPI). Discs in both A1 and
A2 contained 40 pl hevein solution added at dierent concentration, where disc 1 is the negative control containing 40 pl of 20 mmol 17!
Tris—HCI buer, disc 2—5 contained 40 pl of hevein solution at 25, 125, 250, 750 pug mI™* or 1, 5, 10 and 30 pg per disc respectively. For
the discs in C, disc 1, negative control containing 40 pl of 20 mmol 1™ Tris—HCI buer; disc 2, 400 pg of HPI; disc 3, 40 pg of hevein; disc
4-5, 40 pg of hevein combined with 200 and 400 pg of HPI respectively.

showed a strong inhibition against Candida spp.
(MIC range 12-190 pg ml™!) but less for C. krusei
ATCC 34135 and C. glabrata ATCC 90030 with MIC
(>190 pg ml™Y). It was much less active against oral
Gram-negative species (MIC 896 pg ml™') and inactive
against Gram-positive species at concentrations of
1.8 mg ml™'. Hevein is one of the major proteins in
lutoids, which are small vacuole-derived organelles.*®
Lutoids contain proteins encoded by defense- or stress-
related genes.'” This indicates that defense is one of the
functions of laticifers. Hevein is accumulated more than
10-fold in the latex when compared with the leaf

© 2008 The Authors
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tissues.'® The antifungal property of hevein has been
investigated against potential human pathogenic fungi
including C. albicans, C. tropicalis, C. krusei and C. gl-
abrata. The structural components of the cell wall of
these fungi are mainly chitin, (1, 3)B-p-glucan, (1,6)p-
glucans, lipids, and peptides embedded in a protein
matrix.'® Hevein is a small chitin-binding protein that
targets the chitin of the pathogenic fungal cell wall. An
estimate of the fungal wall pore size predicts that
proteins larger than 15-20 kDa will not pass through
the fungal wall.>® Thus, hevein with a molecular size of
4.7 kDa could penetrate the fungal cell wall matrix. As
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Figure 4 Candida tropicalis ATCC 750 aggregated by hevein. Yeast
cells were suspended in calcium-containing buer with or without
10 mmol I"* EDTA at room temperature. The suspensions were
monitored at absorbance 620 nm (Ag>() to the appropriate dilu-
tion and hevein was added to a final concentration of 30 pg ml™.
Buer was added to the negative control sample. The Ag,q of the
suspensions was monitored every minute for 2 h after protein
supplement.

can be seen from the aggregation experiment, within
2 h of mixing, hevein caused a Ca?*-dependent aggre-
gation of C. tropicalis. Aggregation of the fungal cell was
inhibited by EDTA. We assume that aggregation was
because of the penetration of hevein through the protein
matrix of the cell wall to bind to the chitin embedded in
the protein matrix in the presence of Ca?*. This binding
then led to a modification of the wall to induce
aggregation and finally death of the fungus within 24 h.

Our quantitative analyses of the growth-inhibitory
effect of hevein gave some inconsistent results as shown
by the broad distribution of MIC obtained against
C. albicans, ranging from 12 to 95 pg ml™! for strain
ATCC 10231 and from 23 to 190 pg ml™! for strain
ATCC 90028 using different isolation and testing
procedures (data not shown). For the disk diffusion
assay, a higher concentration of hevein was required for
growth inhibition (Fig. 3). The differences observed
could be because of the different times of sample
preparation. Different cultivation conditions, different
protocols, or the different strains used had effects on the
MIC values; for example, the test by the disc diffusion
assay yielded higher MIC than those obtained by the
broth microdilution method with the same material.
This may also reflect different arrangements of the wall
components. MIC values are therefore dependent on the
choice of protocol.

A protease inhibitor (HPI) has recently been purified
and characterised from Hevea latex in our laboratory.*
The assay of HP]I, isolated from an 80% to 95% acetone

fraction of the C-serum, against several proteases,
including serine and aspartic proteases, revealed that
it inhibited only subtilisin A and trypsin. A protease
inhibitor cocktail has been shown to enhance the
activity of the antifungal peptides, Mucin MUC7 12-
Mer-L and 12-Mer-D Peptides, by preventing them from
protease degradation.?! It was therefore interesting to
see if HPI had any effect on the antifungal activity of
the latex hevein peptide. The HPI by itself was found to
possess no antifungal activity (Fig. 3b), thus supporting
the earlier finding on its ineffectiveness against aspartic
protease,* a virulence factor secreted by C. albi-
cans.?>%*> However, it was shown to enhance the
antifungal activity of the hevein (Fig. 3b). The HPI may
help to prevent hevein degradation by the intracellular
proteases produced after the fungi are killed. Hence, it
may be possible for the HPI acting as a natural
protease inhibitor to be a candidate for inclusion in the
protease inhibitor cocktail used to enhance the effec-
tiveness of antifungal peptides in their therapeutic
applications.

Candida albicans is part of the normal microbial flora
of the human host and can be found in the digestive,
oral cavity and vaginal tracts®* and is a major human
opportunistic pathogen, causing both mucosal and
systemic infections called candidiasis, especially in
immunocompromised patients.zs'26 However, an in-
creased prevalence of candidiasis has been attributed
to the widespread use of antibiotics and immunosup-
pressive agents.”” At present, synthetic antifungal
drugs are available for the treatment of Candida
infections some having very serious side effects to
immunocompromised and AIDS patients who suffer
from immune dysfunction. In the future, it may be
necessary to seek out and test naturally occurring
antifungal substances to treat these patients. However,
as hevein is a known allergen (Hev b 6.02), its
therapeutic application may be limited. Further work
will be required to investigate this possibility. Ability to
modify the hevein to eliminate its allergenicity without
loosing its antifungal activity would obviously create
more opportunities for the use of this biologically
active ‘waste protein’.
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Abstract

Three isoinhibitors have been isolated to homogeneity from the C-serum of the latex of the rubber tree, Hevea brasiliensis clone
RRIM 600, and named HPI-1, HPI-2a and HPI-2b. The three inhibitors share the same amino acid sequence (69 residues) but the masses
of the three forms were determined to be 14,893 + 10, 7757 4 5, and 7565 4 5, respectively, indicating that post-translational modifica-
tions of the protein have occurred during latex collection. One adduct could be removed by reducing agents, and was determined to be
glutathione, while the other adduct could not be removed by reducing agents and has not been identified. The N-termini of the inhibitor
proteins were blocked by an acetylated Ala, but the complete amino acid sequence analysis of the deblocked inhibitors by Edman deg-
radation of fragments from endopeptidase C digestion and mass spectrometry confirmed that the three isoinhibitors were derived from a
single protein. The amino acid sequence of the protein differed at two positions from the sequence deduced from a cDNA reported in
GenBank. The gene coding for the inhibitor is wound-inducible and is a member of the potato inhibitor I family of protease inhibitors.
The inhibitor strongly inhibited subtilisin A, weakly inhibited trypsin, and did not inhibit chymotrypsin. The amino acid residues at the
reactive site Py and P were determined to be Gln45 and Asp46, respectively, residues rarely reported at the reactive site in potato inhib-
itor I family members. Comparison of amino acid sequences revealed that the HPI isoinhibitors shared from 33% to 55% identity (50—
74% similarity) to inhibitors of the potato inhibitor I family. The properties of the isoinhibitors suggest that they may play a defensive
role in the latex against pathogens and/or herbivores.
© 2005 Elsevier Ltd. All rights reserved.

Keywords: Hevea brasiliensis; Euphorbiaceae; Proteinase isoinhibitors; Wounding; Plant defense

1. Introduction ber used for many industrial purposes in the world. The

physiological roles of latex remain unclear and considering

Para rubber trees (Hevea brasiliensis from the Euphorbi-
aceae family) grow in hot humid intertropical regions and
are cultivated for their latex, the main source of natural rub-

* Corresponding authors. Fax: +66 2 248 0375 (D. Wititsuwannakul).
E-mail addresses: cabudryan@hotmail.com (C.A. Ryan), scdwt@
mahidol.ac.th (D. Wititsuwannakul).

0031-9422/$ - see front matter © 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.phytochem.2005.12.016

the high-energy cost, it is unknown why plants produce
latex. Latex secretion has been hypothesized to be part of
the defense system targeted against pest and/or pathogen
attacks (Farrell et al., 1991). In latex collection, rubber trees
are regularly wounded by a systematic “tapping” proce-
dure, in which the bark is shaved to a thin layer and pre-
treated with Ethrel® or Ethephon® (ethylene generators)
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to stimulate latex production. Hevea possesses articulated
laticifers at the inner soft zone of the bark that produce
the latex (de Fay and Jacob, 1989; Premakumari and Panik-
kar, 1992). Wounding in the manner described can cause a
10- to 50-fold increase in the expression of stress related
genes (Kush et al., 1990). These genes produce the second
most abundant transcripts in Hevea latex, with transcripts
for rubber biosynthesis being the highest (Han et al.,
2000; Ko et al., 2003). Defense-related proteins reported
to be present in latex include chitinase, B-1,3-glucanase,
hevamines, hevein, glucosidase, B-galactosidase, p-N-ace-
tyl-glucosaminidase, polyphenol oxidase, and a protease
inhibitor (D’Auzac and Jacob, 1989; Kim et al., 2003).
Details on the biochemistry of natural rubber and of latex
structure and compositions, including rubber biosynthesis
and defense-related proteins have been extensively reviewed
(Wititsuwannakul and Wititsuwannakul, 2001). Our recent
interest is focused on the protease inhibitor activity that we
found to be induced in the latex as a result of tapping. We
report here the purification and characterization of three
subtilisin A isoinhibitors (HPI) from the latex of Hevea that
had been repeatedly tapped. These studies revealed that the
three isoinhibitors contained an identical amino acid
sequence, and that post-translational modifications of the
single half-cystine residue with two small organic adducts
resulted in the three isoinhibitor types. The isoinhibitors
are members of the potato inhibitor I family and may play
a defensive role in the latex against pests and/or pathogens.

2. Results

The presence of trypsin inhibitors in the non-rubber
fractions of Hevea latex was investigated. The non-rub-
ber fractions were separated from the rubber fractions
by centrifugation of the latex, and included a clear serum
called C-serum and a fluid derived from the lutoid or
bottom fraction called B-serum (see Graphical Abstract).
The latex of repeatedly tapped rubber trees contains
about 3 times higher trypsin inhibitory activity than latex
of rubber trees tapped for the first time (Fig. 1), indicat-
ing that the latex trypsin inhibitory activity was induced
by wounding. Trypsin inhibitory activity was not
detected in the B-serum fraction from repeatedly tapped
trees.

Trypsin inhibitor activity found in 70-95% acetone frac-
tions of the C-serum comprised over 80% of the total inhib-
itory activity of the original serum, while 60% of the total
trypsin inhibitory activity was in an 80-95% fraction.
SDS-PAGE analysis of the proteins present in the 80-
95% acetone fraction, revealed the presence of only one
major protein band with an estimated M, of about 7 kDa
(Fig. 2). The protein was called Hevea protease inhibitor,
HPI.

The inhibitory activity in the 80-95% acetone fraction
was assayed against several proteases in addition to tryp-
sin, including chymotrypsin, pepsin, papain, subtilisin A,

100
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Fig. 1. Inhibition of trypsin activity by the C-serum of fresh latex
collected from rubber trees during the first tapping (single wound) and
from trees after several days of alternate-day tapping (multiple wounds).
Equal amounts of C-serum protein (250 pg protein) were pre-incubated
with 7.5 pg trypsin for 10 min at 37 °C and the activities assayed as
described in Section 4. Data were performed in triplicate. The single
wound data are the average from three singly wounded trees.
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Fig. 2. SDS-PAGE separation of proteins Hevea latex C-serum that
precipitated at 80-95% acetone. Electrophoresis of 3 pug HPI in Tricine-
SDS-PAGE gels (16.5%).

pronase E, protease type XIII, and thermolysin. Only sub-
tilisin A and trypsin were inhibited, with HPI activity
against subtilisin A being 40-fold higher. Therefore, subtil-
isin A was chosen to assay HPI activity during further
investigations.
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Sephadex G-75 size-exclusion chromatography of the
80-95% acetone fraction revealed the presence of three
components, of which two exhibited inhibitory activity
against subtilisin A (Fig. 3). The inhibitory proteins were
designated as HPI-1 and HPI-2, respectively.

Proteins in HPI-1 eluted from a C18-HPLC column sep-
aration as one major peak along with two minor peaks,
and each exhibited inhibitory activity (Fig. 4A). HPI-2
eluted as two peaks, each having inhibitory activity, and
were designated HPI-2a and HPI-2b (Fig. 4B). The major
component of HPI-1 corresponds to M, 14,893 410 (m/
z = 14,894, 7449, 4967, and 3725, +1, +2, +3, and +4 ions,
respectively). The mass spectrum of HPI-2 exhibited major
peaks corresponding to M, values of 7757 + 5 for HPI-2a
(m/z ="7758 and 3879, +1 and +2 ions, respectively) and
7565 + 5 for HPI-2b (m/z = 7566 and 3785, +1 and +2
ions, respectively). The same m/z values were observed in
the spectrum of HPI-1, but as minor components, confirm-
ing that HPI-1 contains small amounts of the two proteins
HPI-2a and HPI-2b.

Size-exclusion chromatography of HPI-1 on Sephadex
G-75 indicated a mass of about 14 kDa, which is twice
the M, estimated by electrophoretic analysis using Tri-
cine-SDS-PAGE under reducing conditions. This indi-
cated that HPI-1 had a monomer molecular mass of
approximately 7 kDa. HPI-I therefore, under oxidizing
conditions, was engaged as a disulfide-linked dimer.

The isoelectric points of HPI-2a and HPI-2b, analyzed
by isoelectric focusing, were 4.24 and 4.17, respectively.

All three isoinhibitors were fully active after incubation
at 90 °C for 2 h. They were also stable between pH 3 and
pH 11 when incubated at 37 °C for 24 h.

The inhibitory activities of HPI-1, HPI-2a, and HPI-2b
against subtilisin A are shown in Fig. 5. The Kjs for the
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Fig. 3. Chromatography of HPI on Sephadex G-75 in 50 mM ammonium
bicarbonate, pH 7.8. The absorbance of eluting proteins was recorded at
280 nm and subtilisin A inhibition was assayed using azocasein as
substrate.
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Fig. 4. Separation of (A) HPI-1 and (B) HPI-2 by C18-HPLC. Proteins
were eluted with an acetonitrile gradient in 0.1% TFA. The absorbance
was recorded at 280 nm and subtilisin A inhibition was assayed as in
Fig. 3.

three isoforms toward subtilisin A were estimated to be
0.21, 0.08, and 0.10 nM, respectively.

The N-terminal amino acids of all three isoinhibitors
were blocked, precluding sequence analysis on the native
proteins. The proteins were reduced and alkylated, and
then digested with the endopeptidase Glu-C to obtain frag-
ments for MALDI-MS analysis. The resulting peptides
were separated by CI8-HPLC and sequenced. Three of
the peptide fragments derived from each digestion were
determined to have the sequences NANVKAIVVKE,
GLPITQDLNFNRVRVFVD, and NRVVTQVPAIG,
respectively.

To obtain the complete amino acid sequences, the pro-
teins were reduced and subjected to the deblocking enzyme,
Ac-DAP, an enzyme that specifically cleaves N-terminal
acyl-type blocking groups (such as formyl, acetyl, and myr-
istyl) sequentially releasing amino acids from the N-termi-
nus until it encounters an X-Pro bond. The deblocked N-
terminal peptides were sequenced. The amino acid
sequences of peptide fragments produced by endopeptidase
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Glu-C and Ac-DAP cleavages from each protein produced
the complete sequence that is shown in Fig. 6. This
supported the mass spectroscopy data that all three isoin-
hibitors were derived from the same protein.

A search of the HPI sequence using the National Center
for Biotechnical Information (NCBI) databases (NIH,
USA), using the protein—protein BLAST (blastp) program,
revealed high sequence homology with a conserved domain
of the potato inhibitor I family, pfam00280 (score = 72.2
bits). The amino acid sequence of HPI showed the highest
sequence identity with a family member called HbPI1
(GenBank accession no. AAP46156) that had been identi-
fied by ESTs and cDNA-AFLP as a protein from Para rub-
ber tree (Hevea brasiliensis) (Han et al., 2000; Ko et al.,
2003).

The amino acid sequence of HPI was identical to HbPI1
except at two residues. At residue 9 an N in HPI replaced D
in HbPI1, and at residue 10, S replaced A, consistent with
the MS/MS data. HPI isoinhibitors differ from the HbPI1
in several other respects. All HPI isoinhibitors have acetyl-
Ala at their N-terminus, while HbPI1 has an N-terminal
Met. Isoinhibitor HPI-2a is modified with a small molecule
through a disulfide bond and released by reduction. Non-
reduced HPI-2a, analyzed by LC/MS, produced a +2 ion
with m/z 846.9 4 0.5 Da, yielding a spectrum consistent
with a species having a glutathione molecule linked to the
cysteine residue by a disulfide linkage, including fragment
ions that specifically relate to the glutathionyl moiety. In
contrast to HPI-2a, reduction and alkylation of HPI-2b
did not result in a change in its mass spectrum, indicating
that the adduct with the cysteine residue was not through
a disulfide linkage. LC/MS/MS analyses of HPI-2b yielded
an MS/MS spectrum having a cysteine modified or substi-
tuted to produce a residue with mass 116 + 1 Da greater
than cysteine itself. This is consistent with the cysteine
being alkylated with an adduct with the molecular formula
Ce¢H,0,, although no additional structural information
could be gleaned from the MS/MS spectrum.

The reactive site of HPI, analyzed by the amino acid
sequences of cleavage products when incubated with subtil-
isin A at low pH, indicated that the P,—P/ residues of the
reactive site of the HPI for subtilisin A were GIn45-Asp46.

3. Discussion

The tapping system in latex collection involves multiple
wounds over a period of weeks that create important entry
sites for pests and pathogens. Plants respond to wounding
by activating genes that play roles in wound healing and
defense (Ryan, 1990; Bowles, 1990; Ryan, 2000; Lawrence
and Koundal, 2002; Valueva and Mosolov, 2004). Protease
inhibitor proteins are among the defenses induced by
wounding, and their defensive role in vegetative tissues
and storage organs have been studied in detail in species
of the Solanaceae, Leguminosae, Cucurbitaceae, and
Graminaceae families (Ryan, 1990; Koiwa et al., 1997,

Mosolov et al., 2001; Mosolov et al., 2004). The consis-
tently higher trypsin inhibitory activity in the C-serum
from the latex of rubber trees (Hevea brasiliensis) (Fig. 1)
indicated that a wound inducible protease inhibitor was
present in the latex. The presence of 60% of the inhibitory
activity as a single electrophoretic band in the 80-95% ace-
tone fraction of the C-serum (Fig. 2) facilitated the purifi-
cation of the inhibitory activity. Although the inhibitory
activity present in the latex was originally identified using
trypsin inhibitor assays, the inhibitory activity of the
C-serum was 40 times higher against subtilisin A than
against trypsin.

Three isoinhibitors of subtilisin A were purified from the
protein in the 80-95% acetone fraction of C-serum, (Figs.
3-5) and were named HPII-1 (Mr 14, 893), HPI-2a (M,
7757), and HPI-2b (M, 7565). The isoinhibitors were heat
stable, and acidic in charge, and the N-terminal residue
of each isoinhibitor was blocked with an acetylated ala-
nine. All three were powerful inhibitors of subtilisin A,
having K;’s in the high pM range.

The complete amino acid sequences of the three isoin-
hibitors were achieved by removing the acetyl groups from
the isoinhibitors with the enzyme Ac-DAP, and producing
internal fragments using endopeptidase Glu-C. The amino
acid sequences of the three isoinhibitors were revealed as
being identical (Fig. 6), and the differences in the molecular
masses determined by mass spectrometry were therefore
due to post-translational modifications of a single transla-
tion product of 69 amino acids in length that is a member
of the potato inhibitor I family. Family members are found
widely distributed throughout the plant kingdom, as well
as in the leech and common earthworm, indicating that
the family has an ancient origin. HPI is the only isolated
family member that has a single cysteine.
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Fig. 5. Inhibition of the three purified isoinhibitor forms of HPI (HPI-1,
HPI-2a, and HPI-2b) by subtilisin A. Each point was performed in
triplicate.



1648 W. Sritanyarat et al. | Phytochemistry 67 (2006) 1644—1650
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MS /MS <ASQCPVKNSWPE
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Fig. 6. The amino acid sequences of HPI. The peptides sequences of HPI
fragments after enzyme digestion with endopeptidase Glu-C (Glu-C) and
Pfu N-acetyl deblocking aminopeptidase (Ac-DAP) are shown, analyzed
by either Edman degration or Maldi MS. (<) indicates the acetylated N-
terminal. Fragments produced by Glu-C digestion and identified by
MALDI MS are designated by fj, f, 3, fy, ;, and fs.

Structural analyses indicated that the single cysteine res-
idue present in the inhibitor was engaged in three interac-
tions. The first being the formation of an intermolecular
disulfide bond through the cystine residue to cause dimer-
ization, which explains the identification of a 14 kDa spe-
cies (HPI-1). The other two modifications also involved
the cystine residue in a disulfide bond with glutathione
(HPI-2a) or by a small unknown adduct of mass 116 + 1,
in a covalent bond with cysteine that could not be dissoci-
ated under reducing conditions (HPI-2b). The post-transla-
tional modifications of the nascent polypeptide may have
resulted from cross-linking of HPI-1 reduced monomers
with itself, with glutathione, and an unknown adduct, in
the oxidizing environment of the latex, either before or dur-
ing its collection from trees.

The inhibitors may be components of the wound-induc-
ible defenses of rubber trees, directed against secreted pro-
teases of pathogens and/or digestive proteases of
herbivores. The natural targets of HPI, and the wound sig-
nals that regulate its synthesis in Hevea latex, remain to be
investigated.

4. Experimental
4.1. Materials

Trypsin (bovine pancreas, EC 3.4.21.4), chymotrypsin
(bovine pancreas, EC 3.4.21.1), subtilisin A (Carlsberg
Type VIII protease from Bacillus lichenifermis, EC 3.4.21.
62), pronase E (Streptomyces griseus, EC 3.4.24.31), pepsin
(porcin stomach mucosa, EC 3.4.23.1), papain (papaya
latex, EC 3.4.22.2), protease type XIII (Aspergillus saitoi,
EC 3.4.23.18), thermolysin (Bacillus thermoproteolyticus
rokko, EC 3.4.24.27), casein, azocasein, hemoglobin, ben-
zoyl-pL-arginine-p-nitroanilide (BAPNA), N-succinyl-ala-
ala-pro-phe-p-nitroanilide (SAAPF pNA), and iodoacetic
acid (IAA) were from Sigma (St, Louis, MO). N-benzoyl-
L-tyrosine ethyl ester (BTEE) was from Nutritional Bio-
chemicals Corporation (Cleveland, OH). Dithiothreitol

(DTT) was from Pierce (Rockford, IL). Endoproteinase
Glu-C (Staphylococcus aureus, EC 3.4.21.19) excision
grade, was from Calbiochem (La Jolla, CA). N-acetyl
deblocking aminopeptidase (Pyrococcus furiosus) was from
Takara Mirus Bio Corporation (Madison, WI).

4.2. Methods

Rubber trees (Hevea brasiliensis, RRIM 600 clone), age
about 20 years, were grown at Songkhla Rubber Research
Center, Hat-Yai, Songkhla, Thailand. The trees were
tapped for latex on alternate days. Fresh latex was col-
lected in ice-chilled plastic cups, pooled and separated on
the same day as collected. The pooled latex was sieved
through cheesecloth to remove small particles and centri-
fuged (Beckman Model JA 2-21, Beckman Coulter, Fuller-
ton, CA) at 5000g for 15 min at 4 °C. The latex separated
into 3 layers; the top white zone containing rubber, a mid-
dle milky aqueous center layer called C-serum, and the
sediment bottom layer containing lutoid particles. The
C-serum was further subjected to ultracentrifugation
(Beckman Model L8-70 M ultracentrifuge, Beckman Coul-
ter, Fullerton, CA) at 59,000g for 45 min at 4 °C, and the
supernatant containing the C-serum was collected and used
for protease inhibitor purification. C-serum proteins were
fractionated step-wise by the addition of acetone in incre-
ments of 0-50%, 50-70%, 70-80% and 80-95%. Each frac-
tion was centrifuged at 59,000g, resuspended in distilled
water, and assayed for trypsin inhibitory activity.

Amino acid sequencing from the N-terminus was per-
formed on an Applied Biosystems (Foster City, CA) Pro-
cise Model 492 protein sequencer using Edman chemistry.

HPI-2a and HPI-2b were assayed for temperature stabil-
ity in 50 mM citrate buffer, pH 6.

The reactive-site of the HPI with subtilisin A was iden-
tified by the methods of Finkenstadt and Laskowski, 1965.
HPI (2 nmol) was incubated with 1% mol of subtilisin A in
the solution of 0.5 M KCI and 0.05 M CaCl,, pH 3.75 for
24 h at room temperature. After incubation, the reaction
mixture was subjected to amino acid sequence analysis.

SDS-PAGE was performed according to the modified
method of Laemmli (1970), using a 7-15% linear gradient
of acrylamide, a 4% stacking gel and protein standards
from Amersham Biosciences (Piscataway, NJ). After elec-
trophoresis, proteins were stained with Coomassie Brilliant
Blue R-250 (Sigma, St, Louis, MO). Tricine-SDS-PAGE
(polyacrylamide gel, 16.5%) was prepared using the
method as described by Schigger and von Jagow (1987).
Isoelectric focusing was performed with a BIO-RAD
minigel IEF apparatus (Model 111 Mini IEF Cell, Bio-
Rad, Hercules, CA) according to the manufacturer’s
instructions.

Protease inhibitory activity against trypsin and subtilisin
A were assayed using azocasein as substrate. Aliquots from
fractions were pre-incubated for 10 min at 37 °C with subtil-
isin A in a total volume of 300 pL containing 50 mM Tris—
HCI pH 8.8. The assays were initiated by the addition of
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200 uL substrate solution (1% (w/v) azocasein), further
incubated for 20 min at 37 °C, and 235 pL of trichloroacetic
acid (TCA, 20% w/v) was added to terminate the reaction.
After 20 min at room temperature, the mixture was centri-
fuged at 10,000g for 10 min and the absorbance of the super-
natant was measured at 335 nm. One unit of subtilisin A
inhibitory activity was defined as the amount of inhibitor
which decreases the absorbance at 335 nm by 0.1 OD when
compared to a control solution lacking inhibitory activity.
Activity assays against trypsin, chymotrypsin, pronase
E and subtilisin A were measured as follows; aliquots of
inhibitor-containing solutions were pre-incubated for
2 min with the appropriate enzyme in a total volume of
50 uL of appropriate buffer (see below) and the reaction
was initiated by adding 500 uL substrate and adjusted to a
final volume of 1 mL with buffer. The change in absorbance
was recorded every minute for 5 min with a Hitachi Model
U-2000 spectrophotometer. Trypsin and pronase E were
assayed at pH 8.1 in 46 mM Tris—HCI, 11.5 mM CaCl, with
the substrate BAPNA by a modified procedure based on the
methods of Erlanger et al. (1961); Hummel (1959). Chymo-
trypsin was assayed at pH 7.8 in 80 mM Tris—-HCI, 100 mM
CaCl, with the substrate BTEE as described by Hummel
(1959). Subtilisin A was assayed at pH 8.8 in 50 mM Tris—
HCl, 5mM CaCl, with N-Succinyl-Ala-Ala-Pro-Phe-p-
nitroanilide (SAAPF pNA) as substrate by the method of
Pekkarinen et al. (2002). Thermolysin and papain were
assayed using casein as substrate (Eguchi and Yamashita,
1987; Shivaraj and Pattabiraman, 1981). Papain assays
was carried out using 100 mM phosphate buffer, pH 6, with
0.38 mM EDTA and 1.9 mM cysteine-HCI. Pepsin and
Aspergillus protease were assayed according to the Anson
method (1938), using hemoglobin as substrate.

Purified inhibitors were reduced and alkylated using the
method described by Pearce et al. (2001). The reduced and
alkylated inhibitors were separated from the unreacted
reagents prior to cleavage with enzymes by using ZipTipcis
pipette tips containing CI18 reversed-phase media (Milli-
pore, Bedford, MA, USA), concentrated using a Speed
Vac concentrator and then subjected to MALDI mass
spectrometry analysis.

MALDI spectra were obtained using a PerSeptive
Biosystems Voyager DE/RP time-of-flight mass spectrom-
eter equipped with a nitrogen laser (337 nm) (Framington,
MA). Dried-droplet samples were prepared using a-cyano-
4-hydroxycinnamic acid as the matrix, and spectra were
acquired as averages of 256 laser shots with the laser flu-
ency set approximately 20% above threshold. For LC/
MS/MS analyses of peptide mixtures, samples separated
with an LC Packings Ultimate Capillary LC system (Dio-
nex Corporation, Sunnyvale, CA) were analyzed in data-
dependant mode with a Bruker Daltonics (Billerica, MA)
HCT ion trap with nanospray electrospray ionization
(ESI). Aliquots of 5puL were injected onto a 150 um
i.d. x 5mm CI18 packed capillary column (Dionex Corpo-
ration, Sunnyvale, CA) and eluted with a 60 min gradient
of 0-100% methanol/0.1% trifluoroacetic acid.

Reduced and alkylated of each isoinhibitor (25 pg) were
incubated with endopeptidase Glu-C (2.5 pg) in 50 mM
ammonium bicarbonate buffer, pH 7.8, at 37 °C overnight
to fragment the protein. The reaction was terminated by
adding 1 uL TFA and dried in vacuo to remove ammo-
nium bicarbonate and TFA. The dried fractions were dis-
solved in water, concentrated to small volumes and then
subjected to mass spectroscopic analyses.

The internally calibrated positive ion MALDI-MS spec-
trum of the endopeptidase Glu-C digests exhibited peaks
with m/z values within £0.1 Da of the predicted singly
charged ions of fragments f;, f;, and fs5 of the EST
(1184.7, 2232.2, and 1153.7 Da, respectively), while the
negative ion spectrum exhibited a peak within £+0.1 Da of
the m/z expected for f, (1569.8 Da). The positive ion spec-
trum also showed a strong peak at m/z 1507.8 & 0.1 Da,
matching the mass expected for the fragment
f, = LNFNRVRVFVDE, which was obtained by endo-
peptidase Glu-C cleavage at an aspartate residue. Numer-
ous other peaks of moderate intensity were observed in
the positive ion spectrum of the endopeptidase Glu-C
digest, but even though the f; fragment of the EST contains
a basic residue and is therefore expected to appear in the
MALDI spectrum, none of the observed m/z values
matched the m/z predicted for f;.

The endopeptidase Glu-C digest of purified HPI-2a
included a prominent +2-charged peak of m/z
723.8 & 0.5 Da at retention time 27.3 min. MS/MS spectra
of this 723.8 Da +2 parent showed strong and interpretable
series of b and y ions, containing the N and C termini,
respectively, of a peptide tentatively interpreted to be
Ac-ASQC*PVKNSWPE, where Ac-indicates N-terminal
acetylation, and C* is the alkylation product of the SH
group by iodoacetic acid.

N-acetyl deblocking aminopeptidase (Ac-DAP) was
used to remove N-terminal acetyl groups from the inhibitor
protein. Cleavage by Ac-DAP was performed according to
the manufacturer’s instruction (Takara Bio Inc, Shiga,
Japan). The enzyme (25 pg) was added to the reduced
and alkylated inhibitors (25 pg) in 50 mM N-ethylmorpho-
line-AcOH, 0.1 mM CaCl,, pH 8.0 and incubated at 50 °C
for 24 h. The reaction was terminated by adding 50% for-
mic acid to a final concentration of 5% and the protein
were subjected to amino acid sequence analyses.
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Abstract

An in vitro aggregation of washed lutoid membrane and rubber particles, respectively, prepared from the bottom (lutoid) fraction and
rubber layer of centrifuged fresh latex, leading to the formation of rubber coagulum necessary for a latex coagulation was demonstrated.
A Triton X-100 extract of washed lutoid membrane proteins, isolated and prepared from the bottom fraction of centrifuged fresh latex
was examined for its role in the latex coagulation process. It induced agglutination of rabbit erythrocytes, indicating the presence of a
lectin-like protein. Hevea latex lectin-like protein (HLL) was purified to homogeneity by active chitin binding separation, followed by
DEAE-Sepharose chromatography. Its M, analyzed by SDS-PAGE was 17 kDa, whereas that determined by gel filtration was
267 kDa. The HLL had a pl value of 7.2. Several glycoproteins were shown to inhibit the HLL-induced hemagglutination. The hemag-
glutinin activity of HLL was enhanced by Ca®>". Of most interest was the finding that HLL strongly induced aggregation of the Hevea
latex rubber particles (RP). This strong RP aggregation leads to latex coagulation, indicating the possibility that it is involved in the
formation of the coagulum that plugs the latex vessel ends and stops the flow of latex upon tapping. In addition, the purified HLL also
induced aggregation of RP taken from several other non-Hevea latex producing plants. This might indicate either a common or universal
role of this lectin-like protein in RP aggregation and hence latex coagulation. This paper, for the first time, provides clear and unequiv-
ocal evidence for either a key biological role or physiological function of an endogeneous latex lectin-like protein in the sequential process
of latex coagulation.
© 2007 Elsevier Ltd. All rights reserved.

Keywords: Hevea brasiliensis; Euphorbiaceae; Rubber latex; Lectin; Agglutinin; Rubber particle; Latex coagulation

1. Introduction

Protein—carbohydrate interactions play a major role in
establishing the specificities of a wide range of biological

Abbreviations: RP, rubber particle; HLL, Hevea latex lectin-like prot-
ein; HBL, Hevea bark lectin; HA, hemagglutination activity.
* Part 1 in the series ‘Proteins specifically involved in Hevea rubber
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(R. Wititsuwannakul).
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recognition and communication events. A class of carbohy-
drate binding proteins, called lectins, have been isolated
from a wide variety of natural sources including plants,
fungi, bacteria, viruses, algae and body fluid, as well as cell
membranes of vertebrates (Goldstein and Hayes, 1978;
Goldstein and Poretz, 1986; Lis and Sharon, 1986). Lectins
in animal systems have been implicated as a direct first-line
defence against pathogens, cell trafficking, immune regula-
tion and prevention of autoimmunity (Hauri et al., 2000;
Kilpatrick, 2002). The biological function of plant lectins
is, nevertheless, still unclear although diverse roles
that include enzymatic activity, storage proteins, cell wall
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extension, transport of carbohydrate, mitogenic stimula-
tion, as well as plant defense mechanism have been sug-
gested (Etzler, 1985; Chrispeels and Raikhel, 1991; Van
Damme et al., 1998). There has been almost no evidence
to indicate the occurrence of plant lectins that recognize
and bind ‘endogenous’ glycoconjugates or ligands, and
are therefore probably involved in recognition mechanisms
within the organism itself.

The rubber tree (Hevea brasiliensis) is one of the world’s
most frequently wounded plants. The tree is regularly
tapped by means of bark stripping, for collecting rubber
latex, throughout its economic lifespan. Freshly tapped
latex is in fact a living cytoplasm in which the rubber
particles and non-rubber particles such as lutoids and
Frey—Wyssling, particles as well as other cell components
are dispersed in an aqueous phase of the cytosol (Moir,
1959; Dickenson, 1969). The rubber latex is largely formed
and stored in the rings of anastomosing lacticifers in the
inner bark area. This allows draining of the latex from a
large area after tapping (Zhao, 1987). A process leading
to rubber latex coagulation at the severed vessel ends was
suggested to take place immediately after tapping (Boat-
man, 1966). The progressive plugging of latex vessels dur-
ing the course of the latex flow, following tapping,
restricts the quantity of latex exuded and is thus an impor-
tant limiting factor of yield output per tapping (Milford
et al., 1969). The plugging of latex vessels is vital for the
rubber tree in preventing the loss of its metabolites and
entry of pathogens to the phloem. Various hypotheses have
been proposed to explain the mechanism of plugging, many
of which have emphasized a role for the damaged vacuolar
lutoids (Southorn, 1969; Southorn and Edwin, 1968). Both
damaged lutoids and rubber particles were found to be
associated in a cap of rubber coagulum formed over the
severed vessels (Southorn, 1968). A similar in vitro aggrega-
tion of ruptured lutoids and rubber particles that resulted
in the formation of a rubber coagulum had also been dem-
onstrated in ultracentrifuged fresh field-latex upon pro-

longed storage (Wititsuwannakul et al., 2004). A soluble
protein inside the lutoid bodies, known as hevein, has also
been shown to mediate rubber particle aggregation in a lec-
tin like manner (Gidrol et al., 1994). This type of aggrega-
tion is not directly related to the association observed
between lutoid membrane debris and rubber particles. It
is the intention of this paper to investigate the presence
of a latex protein on the lutoid membrane that could act
like a lectin and induce aggregation of rubber particles to
form a rubber latex coagulum.

2. Results and discussion

In this report, we demonstrate an in vitro aggregation of
washed lutoid membrane and rubber particles giving rise to
a rubber coagulum in a latex coagulation. Biochemical
studies on a Hevea latex lectin-like protein derived from
the Iutoid membrane isolated from the bottom fraction of
the centrifuged fresh latex are described. The role and func-
tion of the intrisic latex lectin-like protein and its involve-
ment in the latex coagulation process was established.

2.1. In vitro aggregation of lutoid membrane and rubber
particles

The bottom (lutoid) particles in a centrifuged fresh
latex, comprising around 20% or more of the latex volume,
had previously been shown to be cither unstable or disap-
peared upon prolonged storage of the fresh latex. The
membrane debris from disrupted bottom particles was
shown to be associated with rubber particles as a pufly
upper rubber phase in the destabilized latex (Wit-
itsuwannakul et al., 2004). Washed Ilutoid membranes
and rubber particles, prepared from centrifuged fresh latex,
were also observed to undergo an in vitro aggregation
(Fig. 1). After incubating washed lutoid membranes with
a rubber particle suspensions for 30 min, the membranes

it

g

\

Fig. 1. Ultracentrifugation of suspensions, 6 ml each, containing washed lutoid membrane (a—c), washed rubber particles (d) and their mixtures (e-g).
Tubes a, b and c: control washed lutoid membrane suspensions with total protein contents of 24, 48 and 72 mg and dry weight contents of 0.13, 0.26 and 0.
39 g, respectively; Tube D: control rubber particle suspension with total protein content of 1.28 g and dry weight content of 2.42 g. Tubes e, f and g: a + d,

b+ d and ¢ + d mixtures, respectively.
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had completely disappeared from the bottom fraction and
were found to be associated with the top rubber layer upon
centrifugation. The increase in the size of the rubber layer
was directly proportional to the amount of the washed
lutoid membrane debris added to the incubation mixtures.
(Fig. 1, tubes e-g). A direct involvement of lutoid mem-
branes in rubber coagulum formation and latex coagula-
tion was thus demonstrated. Although the lutoid
membranes have always been implicated in the latex coag-
ulation process, until now, with these findings, their role
has neither been known nor well understood (Southorn,
1968, 1969a; Southorn and Edwin, 1968). Our current
working hypothesis is that the latex coagulation process
is based on a biologically specific recognition and interac-
tion. We have therefore isolated a Hevea latex lectin-like
protein from the lutoid membrane and investigated its
properties.

2.2. Purification of Hevea latex lectin-like protein (HLL)

The HLL was extracted with Triton X-100 from the
membranes of a washed lutoid particle sediment in the bot-
tom fraction of the centrifuged fresh latex for purification
and characterization of its properties. A Triton X-100
extract of the washed lutoid membrane proteins aggluti-
nated erythrocytes from rabbits and mice, but had no activ-
ity with human erythrocytes of any blood group. The
erythrocyte specificity of the lectin-like protein found in
Hevea latex was in accordance with the property reported
for the lectin from the latex of Euphorbia marginata (Stripe
et al., 1993). Triton-X (0.2%) was as effective in solubilizing
HLL from the vacuolar lutoid membrane as was the deter-
gent previously employed for extracting lectin associated
with the vacuolar membrane (Heyen et al., 2002). Triton-
X was removed from the membrane protein extract using
SM-2 beads prior to any further purification steps. HLL
was found to have a high affinity for binding to chitin
and was thus easily separated from other proteins. Tri-
ton-X was also found to effectively elute HLL after batch
binding to chitin. A further chromatographic purification
step for HLL with a DEAE-Sepharose column was also
effective using Triton-X for elution (Fig. 2), as most of
the hemagglutination activity (HA) was recovered. Hydro-
phobic regions of the HLL are implicated in playing a
major role in the binding interactions with both the chitin
and Sepharose matrices as indicated by the efficiency of the
Triton-X elution protocols presented above.

2.3. Characterization of the purified HLL

The molecular weight of the active native HLL
was determined by gel filtration in the presence of Triton
X-100, according to the method employed for determina-
tion of a large molecular weight human membrane bound
lectin (Baenziger and Maynard, 1980). The native HLL
was a very large protein of ca 276 kDa (Fig. 3a). The M,
obtained by SDS-PAGE analysis showed a single purified
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Fig. 2. Elution profile of HLL on a DEAE-Sepharose column.

HLL band of ca 17 kDa (Fig 3b and c). The HLL was thus
unique in being a large multimeric protein comprising as
many as 16 monomeric units of the 17-kDa protein. This
is a major new finding, different from those found for the
dimeric latex lectins previously reported in E. Lactea and
E. Lactea cristata (Lynn and Clevette-Radford, 1986).
The purified HLL showed a specific titre of 4.9 ng ml™"
against rabbit erythrocytes used in the HA assay (Table
1). The minimum concentration of HLL required for
detectable hemagglutination is about 16 times lower than
that, 80 ngml~', reported for the Hevea bark lectin
(HBL) (Wititsuwannakul et al., 1998). These large differ-
ences could be due to HLL being a much larger multimeric
complex compared to that of HBL.

2.4. Factors influencing the HLL activity

Several glycoproteins tested (i.e. fetuin, asialofetuin,
ovomucoid, mucin, asialomucin) were either found to inhi-
bit the HLL-induced hemagglutination in a competitive
manner. However, a;-acid glycoprotein, soybean trypsin
inhibitor and a range of various mono- or disaccharides
had no inhibitory activity (Table 2). Moreover, native fet-
uin and mucin were more effective inhibitors of HLL activ-
ity than were their asialo counterparts. Hence molecules
devoid of the sialic moiety forms of N-acetylneuraminyl
(sialic acid) residues are probably essential and actively
involved as the HLL specific ligands. Based on these results
from the glycoproteins tested in the assays, HLL might be
one of the sialic acid specific lectins. However, the precise
carbohydrate-binding specificity domain remains to be
defined and verified by further analyses. Unlike the mostly
cationic basic proteins found in the lutoid vacuolar con-
tents (B-serum) (Southorn and Yip, 1968), the membra-
nous HLL was a neutral protein with pl of 7.2 (Fig. 4).

Reports on the Ca®' requirement of lectins for their
interaction with carbohydrate and binding activity are well
documented (Drickamer, 1993; Drickamer and Taylor,
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Fig. 3. Analysis of purified HLL. a and b: Molecular weight calibration of HLL by gel filtration on a Sepharose CL 6B column (a) and SDS-PAGE (b),
respectively. ¢: SDS-PAGE. Lane 1: HLL extract (100 pg); lane 2: eluted protein (10 pg) from chitin-batch binding; lane 3: eluted protein (10 pg) from
DEAE-Sepharose with 0.5 M NaCl; Lane 4: purified HLL (10 pg) eluted from DEAE-Sepharose column with 0.2% Triton X-100.

Table 1

Purification protocol of HLL

Fraction Titre" Specific titre™ (ngml™!)  Yield (%)
HLL extract 8.19x 10° 49.0 100
Chitin batch-binding 2.84x10° 12.5 34.7
DEAE-Sepharose 2.66x10° 4.9 32.5

* Titre is defined as the reciprocal of the lowest dilution that gives
detectable agglutination of rabbit erythrocytes.

" Minimal concentration of HLL required for detectable
hemagglutination.
Table 2

Carbohydrate binding specificity of HLL

Glycoprotein ~ Concentration required for 100% inhibition of
(mgml™) agglutination of rabbit erythrocytes in the presence of
HLL (1.17 pgml™")
Fetuin 0.625
Asialofetuin 1.250
Mucin 0.625
Asialomucin 2.500
Ovomucoid 2.500
Trypsin 1.250
inhibitor
(type 1I-S)

The carbohydrate binding specificity of the HLL was determinded by
hapten inhibition assays using a series of mono-, di-, tri-saccharides and
some glycoproteins. The following compounds were not inhibitory: glu-
cose, galactose, mannose, fucose, arabinose (200 mM); raffinose, GIcNAc,
ManNAc, GalNAc (100 mM); chitosan dimer, chitosan trimer (5 mg/ml);
GlcNAc 1 — 6 GIcNAc, Gal 1 — 4 GleNAc (2 mg/ml); 3'-N-Acetyl-
neuramin-lactose, 6’-N-Acetylneuramin-lactose (2mg/ml) and o;-acid
glycoprotein, type II-S trypsin inhibitor (5 mg/ml).

Fig. 4. pl determination of HLL. Lane a: standard markers; Lane b:
purified HLL.

1993). In the case of HLL, the hemagglutination activity
level was doubled with addition of low Ca*' (0.5-
1.5 mM) to the assay mixture (Fig. 5). This indicated that
the residual Ca®" present in the preparation was not suffi-
ciently high enough to provide optimum conditions for the
HA of HLL. This result was similar to those observed in a
great majority of other lectin activites (Goldstein and
Hayes, 1978). Surprisingly, the HLL-induced HA
decreased when the concentration of the added Ca®" was
higher than 1.5 mM, a concentration reported to be the
physiological concentration (around 1.5 mM) within the
lutoid particles (d’Auzac and Jacob, 1989). The activity
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Fig. 5. Effect of CaCl, concentration on the hemagglutination activity of
HLL.

was reduced by 50% at 5 mM and was almost completely
inhibited at 10 mM Ca®*. The biphasic nature of the
Ca’" effect on HLL might be an intrinsic property of its
hydrophobic protein producing a specific adverse response
to high Ca®" ionic strength in the HA assays.

2.5. Rubber particle aggregation induced by HLL

Unlike the hemagglutination assay for HLL as pre-
sented above (Section 2.3), the assay for rubber particle
(RP) aggregation is still difficult to perform and the current
commonly accepted reliable method is not yet available as
a routine protocol. To circumvent this problem, a novel
new assay technique to monitor the RP aggregation was
developed. This new assay for the HLL induced aggrega-
tion of RP was based on a specific dye binding technique

Fig. 6. RP aggregation induced by HLL. (a) Specific staining. After 30 min-incubation of RP with either control buffer (tubesl and 3) or 1.8 pg of HLL
(tubes 2 and 4), the assay mixture (50 pl) was stained with either basic Fuchsin (tubesl and 2) or Alcian blue (tubes 3 and 4). The RP aggregates were
separated by centrifugation and viewed with a light microscope. (b) Time course of HLL-induced RP aggregation. After the assay mixtures (50 pul, each)
containing RP and HLL (1.8 pg) were incubated for 5, 10, 20 and 40 min as in tubes 1, 2, 3 and 4, respectively, and stained with Fuchsin. The amounts of
RP aggregates obtained after centrifugation were compared. (c) Effect of various proteins other than HLL on RP aggregation. After 30 min-incubation of
the RP with either control buffer (tubel), 10 pg of BSA (tube 2), 2.5 pg of fetuin (tube 3), or 8 pg of C-serum protein, the assay mixture was stained,
separated by centrifuged and the amount RP aggregates were compared. (d) HLL induced aggregation of non-Hevea RP. HLL (1.8 pg) was incubated with
either isotonic buffer (tube 1) or RP suspension prepared from the latex of Calotropis gigantea (tube 2); Euphobia mili DesMoulin (tube 3); Ficus elastica
Roxb (tube 4); Plumeria rubra Linn. (tube 5); Argyreia capitiformis (tube 6) for 30 min. The mixtures were stained and the RP aggregates were separated

and visualized.
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for visualizing the stained complex using a microscopic
observation. A hematocrit tube and centrifuge were
employed for separating the free RP from the aggregated
RP followed by examination with a microscope.

After the incubation of HLL with washed rubber parti-
cles, the RP aggregate, separated into the top layer and was
specifically and intensely stained with basic Fuchsin
(Fig. 6a). The Alcian blue dye that is generally used for
detecting glycoproteins did not stain the aggregated com-
plex. With a fixed amount of HLL used in the incubation,
the size of RP aggregate, as evidenced by the stain inten-
sity, increased with the incubation time (Fig. 6b). This is
in addition to the intensity of the stain being dose depen-
dent on HLL.

Lectins from other plants producing no latex (i.e. Cana-
valia ensiformis, Cicer arietinum, Maackia amurensis and
Sambucus nigra) were either ineffective or unable to induce
the RP aggregation (data not shown). Similarly, other non-
lectin proteins such as bovine serum albumin (also served
as the control), fresh latex C-serum proteins and fetuin
(glycoprotein) were also unable to induce RP aggregation,
as no staining was detected for these protein groups
(Fig. 6c¢). These results strongly indicated a specific biolog-
ical role for the endogenous latex lectin-like protein in
mediating the aggregation of RP, hence the possibly that
the lectin-like protein induced RP aggregation is an intrin-
sic physiological function. Moreover, the HLL may be a
common RP agglutinin as it also induced aggregation of
RP taken from several other latex producing plants (i.e.
Ficus elastica, Plumeria rubra, Euphorbia milii, Calotropis
gigantea and Argyeia capitiformis) in a similar manner to
that shown for aggregation of the Hevea latex RP
(Fig. 6d). Hence, the HLL recognition domain and the
interacting glycoconjugate on RP surface receptors may
be common among various different plant species.

2.6. HLL mediating latex coagulation.: a proposed
physiological function for latex lectin-like protein

Lutoids have been recognized for a long time and
thought to play an important role in latex vessel plugging
to stop the flow of latex (Southorn and Edwin, 1968; Sou-
thorn and Yip, 1968; Southorn, 1968; Milford et al., 1969;
Paardekooper, 1989). The rupture or extent of lutoid burst-
ing was shown to be inversely correlated with the rubber
yield (Southorn and Yip, 1968) by shortening the duration
of flow. The lutoid vacuoles are bound by a single layered
fragile membrane that can be either easily damaged or rup-
tured by osmotic shock or the physical shear occurring nat-
urally during the flow of latex upon tapping. Release of the
lutoid membrane debris together with its vacuolar contents,
that also includes Ca®*, into the latex cytosolic phase had
been implicated as the initiator of latex coagulation or the
formation of the so called rubber coagulum (Southorn
and Edwin, 1968; Southorn and Yip, 1968). The plugging
of the latex vessel end was a consequence of this coagula-
tion. The association between the damaged lutoid fragment

and the RP aggregates had been demonstrated in the forma-
tion of the rubber coagulum cap over the tapping cuts or the
severed latex vessel ends (Southorn, 1968). This biophysical
association is now confirmed by our new and novel finding
that the HLL of the lutoid membrane has a strong ability to
aggregate the RP. The rupture or bursting of lutoids might
ensure the exposure of the HLL, sited on the luminal mem-
brane debris, to the RP surface glycoproteins in the presence
of the concomitantly released Ca®* along with other lutoid
contents causing coagulation. This might eventually lead to
an accumulation of the rubber coagulum into a large mac-
romolecular complex that is sizable enough for plugging
the extremity of the exuding vessel ends.

3. Conclusion remarks

Our findings have indicated the direct involvement of
the lutoid membrane HLL in latex coagulation leading to
the formation of a rubber coagulum from the interaction
and association between the damaged lutoid membrane
debris and the RP. The protein content ratios of lutoid
membrane debris to rubber particles found in the rubber
coagulum were from 1:54 to 1:17 (Fig. 1, tubes e-g). The
process could thus lead to immobilization of the colloidal
freely mobile RP. This phenomenon is different from the
previous report on the rubber aggregate being cross-linked
by the freely soluble small hevein protein of 4.7 kDa
(Gidrol et al., 1994). That would seem to be a much less
effective process, considering the very huge differences in
size of RP having a maximum size distribution of 0.1 pm
(Gomez and Hamzah, 1989) and the smaller hevein. More-
over, the amount of hevein required for minimum RP
aggregation was observed to be much higher than that of
HLL (data not shown). A physiological role for the intrin-
sic latex lectin-like protein in mediating RP aggregation in
the rubber latex coagulation is therefore being proposed.
This is a rather unique role for the lectin-like protein in
latex of plants and is different from those diverse roles
implicated or known for lectins in animal systems (i.e.
intracellular routing of glycoproteins, cell-cell adhesion,
phagocytosis) and other lectin interactions such as those
proposed by (Inohara et al., 1996; Kappler et al., 1997;
Ferguson et al., 1999). Further studies to purify and char-
acterize the binding proteins recognized by or specifically
interacting with HLL are thus warranted. The detailed
findings are presented in the accompanying papers for this
completely original long term investigative research.

4. Experimental
4.1. Chemicals
DEAE-Sepharose, glycoproteins, lectins, sugars and chi-

tin were from Sigma, whereas SM-2 adsorbent was from
Bio-Rad and Sepharose CL-4B was a product of Amer-



R. Wititsuwannakul et al. | Phytochemistry 69 (2008) 339-347 345

sham Pharmacia Biotech. All other chemicals were of
reagent grade.

4.2. Plant material ( collection and fractionation of latex)

Freshly tapped latex was collected in an ice-chilled bea-
ker from regularly tapped trees of the RRIM 600 clone.
The latex was fractionated by centrifugation at 49,000g
(R,y 8.12 cm) for 45 min to give a floating rubber fraction,
C-serum (latex cytosol) and the bottom (lutoid) fraction,
respectively. The bottom fraction was separated and sub-
jected to further treatment as described below.

4.3. Preparation of washed lutoid membrane

The bottom fraction (35 g) was washed three times by
suspending in 5 volumes of Tris-buffered saline, (TBS:
50 mM Tris—HCI, pH 7.4, containing 0.9% NacCl), stirred
for 30min at 4 and recovered by centrifugation at
30,000g for 30 min. It was then subjected to hypotonic
bursting by mixing with equal volumes of cold distilled
H>O and stirred on ice for 30 min. The lutoid membrane
pellet was separated and washed three times with TBS.

4.4. Purification of Hevea latex lectin-like protein (HLL)

The washed lutoid membrane fraction was suspended in
10 volumes of buffer A (50 mM Tris—HCI pH 7.4) contain-
ing 0.2% Triton X-100 and extracted by stirring overnight
at 4°. The HLL extract was separated after centrifugation
at 10,000g for 25 min and concentrated by ultrafiltration
(Amicon, M, 10,000 cut-off). The concentrated HLL
extract (5 ml) was incubated with SM2 absorbent (1:10,
w/v) for 15 min to remove residual Triton X-100. It was
then mixed with 10 ml of 30% (w/v) chitin solution and
incubated overnight at 4°. Following adsorption, the
adsorbent was extensively washed with buffer A with the
bound protein eluted successively with 0.5 M NaCl and
0.2% Triton X-100 in buffer A. Fractions containing
HLL were pooled, incubated with SM2 (1:10, w/v) for
15 min to remove Triton X-100 and then applied onto a
DEAE-Sepharose CL-6B column (2.5 x 10 cm), previously
equilibrated with buffer A. Following extensive washing,
the column was successively eluted with 0.5 M NaCl and
0.2% Triton X-100 in buffer A (Fig. 1).

4.5. Hemagglutination assay of HLL

Hemagglutination assays were performed in U-well
microtiter plates in a final volume of 100 ul containing
50 pl of a 2% suspension of rabbit erythrocytes, previously
washed three times with TBS, and 50 ul of HLL solutions
(each serially diluted with 2-fold increments). Hemaggluti-
nation was recorded visually after 1 h at room temperature,
as the reciprocal of the lowest dilution giving detectable
agglutination. The carbohydrate-binding specificity of the
HLL was determined by inhibition assay using either the

glycoproteins (fetuin, asialofetuin, mucin, asialomucin,
ovomucoid, oy-acid glycoprotein) or a series of mono-,
di- or tri-saccharides. The sugars tested were glucose, gal-
actose, mannose, fucose, arabinose, raffinose, GIcNAc,
ManNAc, GalNAc, chitosan dimer, chitosan trimer, Glc-
NAc 1 — 6 GlcNAc, Gal 1 — 4 GlcNAc, 3’-N-Acetylneur-
amin-lactose and 6’-N-Acetylneuramin-lactose.

4.6. Molecular weight determination by gel filtration

The molecular weight of native HLL was determined by
gel filtration on a Sepharose CL 6B column (2.5 x 85 cm)
using buffer A containing 0.1% Triton X-100. Aldolase
(158 kDa), catalase (240 kDa), ferritin (450 kDa) and thy-
roglobulin (660 kDa) were used as molecular weight stan-
dards. The molecular weight calibration was carried out
according to the method described by Baenziger and May-
nard (1980).

4.7. Preparation of washed rubber particles

For the latex coagulation assay, the entire rubber layer
containing Moir’s zone 1 and 2 (Moir, 1959) of ultracentri-
fuged latex was used in order to obtain sizable amount of
rubber coagulum for direct visualization. The isolated rub-
ber was thoroughly washed twice to remove any cytoplas-
mic protein adhering to their surface by resuspending in
10x vol by weight of TBS. The washed RP suspension
was diluted to give protein concentration of 0.32 g/ml or
a dry rubber content of 0.6 g/ml and used for the in vitro
latex coagulation assay.

For the rubber particle aggregation assay, small RP
were isolated from Moir’s zone 2 translucent cream at
the bottom of the rubber layer (facing C-serum) by skim-
ming off and collected with a spatula. Similarly, this small
RP cream was washed twice by resuspending in 10x vol. by
weight of TBS. The washed small RP solution was diluted
to give either a protein concentration of about 0.3 mg/ml
or an absorbance at 600 nm of about 0.8-0.9 and used
for the rubber particle aggregation assay.

For preparation of the non-Hevea latex rubber particle
suspensions, incisions were made on young stems of several
locally grown latex producing plants, including Calotropis
gigantea, Ficus elastica, Plumeria rubra, Euphorbia milii
Des Moulin or Argyeia capitiformis, in order to collect
exuded latex into TBS. The latex was similarly washed
and diluted with the same buffer to give an absorbance at
600 nm of about 0.8-0.9. All rubber particle suspensions
were freshly prepared and kept on ice for use that day.

4.8. Latex coagulation assay

Three aliquots of a washed lutoid membrane suspen-
sion, containing measured amounts of total protein and
dry weight contents as indicated in the text, were mixed
with 4 ml of a rubber particle suspension with the total
dry weight and protein content as indicated. The whole
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mixture was readjusted to a final volume of 6 ml with TBS,
thoroughly mixed and incubated for 30 min before being
separated by centrifugation at 49,000g for 30 min. The
increased rubber layer volumes due to latex coagulation
and the disappearance of the bottom lutoid membrane
fractions were visualized and compared with the controls.

4.9. Rubber particle aggregation assay

A new method was developed for the assay of rubber
particle aggregation induced by HLL. The rubber particle
suspension (25 pl) was mixed with 25 ul of solution con-
taining either HLL or other proteins as indicated and incu-
bated at room temperature for 30 min. After staining by
mixing with 5 ul of basic fuchsin, 0.1% w/v, or other dye
as indicated, the mixture was loaded into a hematocrit tube
by means of capillary suction. The mixture-containing end
was plugged by pressing it into the Seal-ease from Clay
Adams Co. or modeling clay. The rubber particle aggregate
that separated into the top layer after 5 min centrifugation
in a micro-hematocrit centrifuge, was examined microscop-
ically. Aggregation and autoaggregation controls were,
respectively, carried out by mixing HLL with isotonic buf-
fer and rubber particles with isotonic buffer.

4.10. Effect of CaCl, concentration

Various concentrations of CaCl, were added to the hem-
agglutination assay buffer as indicated. The control was
carried out in the same way but without CaCl, addition.

4.11. Isoelectric focusing

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

4.12. Polyacrylamide gel electrophoresis

SDS-PAGE was conducted as described by Laemmli
(1970) with 12 % (w/v) acrylamide gels.

4.13. Protein determination

Protein concentration was determined by the method of
Lowry et al. (1951) using bovine serum albumin as a
standard.
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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 from the small RP in the presence of a sur-
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 pg ml~, a p/ 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.

Keywords: Hevea brasiliensis; Euphorbiaceae; Rubber particle; Lectin receptor; Rubber particle protein; Rubber latex; Latex coagulation

1. Introduction tion of 0.1 um (van den Tempel, 1952; Gomez and Moir,

1979). Three distinct zones with RP have been separated

Rubber particles (RP) are colloidal components present
in natural rubber latex. They comprise 30-45% of the
whole latex volume. The size of RP in fresh latex varies
over a wide limit, from 0.02 to 3 um (Southorn and Yip,
1968; Gomez and Hamzah, 1989) with maximum distribu-
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by means of ultracentrifugation of fresh latex (Moir,
1959). The largest RP particles are found in the uppermost
Moir’s zone 1 (Southorn, 1969; Yeang et al., 1995). Due to
a large area occupied by zone 1, its RP diameter of
1.55 um, 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 pm and those in Moir’s zone
3 are of a lower average size (0.035-0.2 um) (Hamzah
and Gomez, 1982). Two major RP proteins of 14.6 and
24 kDa had been classified as proteolipids and identified
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

“— 24 kDa

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, followed 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 ugml~" (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 png).
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Fig. 5. Calibration curve for subunit molecular weight determination of
RP-HLLBP on SDS-PAGE.

Table 1

Purification protocol of RP-HLLBP

Step Total activity Total Specific HI Yield
(HI titre unit") protein (mg) titre® (ng ml™") (%)

Acetone precipitate 1.79 x 10° 574 3.20 100

Heat treatment 8.32 x 10* 241 2.89 46

Sepharose 6B 1.02 x 10° 170 1.75 57

DEAE-Sephacel 1.60 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 al., 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? (control) 100
2. As 1 + galactosidase (30 U) 100
3. As 1 + glucosidase (30 U) 100
4. As 1 + neuraminidase (0.15 U) 100
5. As 1 + chitinase (0.15 U) 0

% The amount of RP-HLLBP was 40 pg in a total assay volume of 30 pl.
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4—=RP-HLLBP

Fig. 8. Isoelectric focusing of RP-HLLBP. The gel was stained with
Coomassie Brilliant Blue R 250.
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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 (1) and Acian blue reagent (III). 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 pgml~"' 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.

100

80
£ e
1]
-]
T 40
=
20

0 T T T T T | B

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 sur-
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.

clay —;ﬂ,

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 effect 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 um 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 40,000g 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,
concentrated 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
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followed by the addition of HLL solution (25 ul) 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 pl of a 2% (v/v) rabbit erythrocyte
suspension into each well. Hemagglutination was recorded
after incubation for 1h 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 wl aliquots each containing 40 pg 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
0.15U 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 particle
aggregation

A solution (15 pul) 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 pul of rubber particle sus-
pension to the mixture. The rubber aggregate formed was
separated 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 pl) 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 pg of HLL for 30 min. After the
incubation, a washed RP suspension (30 ul) 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 (Wititsuwannakul 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 pl 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 pul by adding TBS buffer and thoroughly mixed. After
additional 30 min incubation, the mixture was separated
at 10,000 rpm for 20 min 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 pl of TBS was
used in the latex coagulation assay control. The washed
RP assay control contains 200 pl RP suspension and
300 ul TBS and the washed lutoid membrane control,
50 pl Iutoid 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 Biflex 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
all Hevea brasiliensis proteins in SWISS-PROT and
NCBInr 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.
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