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Protein allergens in NRL and NRP may cause life threatening (latex allergy) Type I in hypersensitive users. Thus, the purpose of
this research is to develop a new grade of natural rubber with low protein allergen by using protease and microwave energy. The criterion
of deproteinization is determined by monitoring from reduction of per cent nitrogen content from initial % nitrogen content in fresh latex.
Based on hypothesis that microwave energy s a high frequency electromagnetic field (2450 MHz) that induces the polar molecules in
latex to rotate due to alternate change of electromagnetic field resulting rapid and homogenous heating. The rubber particles and proteins
associated with rubber particle were deformed and loosen. Addition of protease thereafter should lead to more rapid enzyme activity and
higher efficiency. It is expected that deproteinization of latex will be accomplished in shorter time. The results show that use of microwave
energy and papain can reduce 80% protein in latex within 10 minutes as measured by total nitrogen content compared with the initial
nitrogen content Scaling up of the reaction volume to 5 liter of latex, using the same process. DPNR obtained showed 0.18 g% of the
nitrogen content or 60% nitrogen reduction from the initial value, and the volatile matters were reduced equally to 0.18%. The other non-
rubber components namely ash (0.31%). dirt (0.03%) and color index (3.6) were slightly higher than control (CDPNR). The results show
that protein and lipid in DPNR were significantly decreased. The processibility properties such as initial plasticity (Po=27), plasticity
retention index (PRI=63%) were lower than standard specifications of STR5L (Po=35, PRI=65), but the Mooney viscosity (58) does not
change. The results show that  the compounding of DPNR to make rubber products, more antioxidant should be added to increase the
shelf life. The water extractable protein (WEP=143 fTg/g) is significantly lower than control deproteimzed natural rubber (CDPNR-413 (I
0/g) and STRSL (640 J,g/g). The WEP from DPNR is significantly lower than concentrated latex 60% and some glove samples. Analysis of
molecular size of WEP from DPNR by SDS-PAGE showed no protein band in the range of 14-30 kD. Results from Enzyme allergosorbent
test (EAST) indicated that there was no protein antigen in DPNR that reacted with latex specific-IgE in 41 serum samples previously
checked with in the concentrated latex 60%. Using skin prick test (SPT) to compare the wheal size in one latex sensitive person confirmed
that no wheal was obseived with WEP from DPNR. while positive wheals were observed with protein allergen from CDPNR and gloves.
EAST was used to study the prevalence of rubber allergic hypersensitivity in the 3-group of human serum samples (100 persons/group):
Group 1 genera! healthy persons: Group 2. the general atopic patients: and Group 3, the healthcare workers. Positive EAST to WEP from
concentrated latex 60% used as standard protein allergen, was 13.7% (41/300 samples) which is divided to 3%of Group 1 (3/100
samples). 8% of Group 2 (8/100 samples) and 30% of Group 3 (3000 samples). The result is similar to the reports in other countries for
general healthy person but higher than other reports in the healthcare workers (Group 3).  conclusion, microwave energy improves the
efficiency of papain in removing protein from natural rubber, by decreasing the WEP. in the molecular weight range of 14-30 kD which are
protein allergen, yielding DPNR which is safe for high-risk allergic peaple and healthcare workers who are involved with NRP.

Program Biotechnology Student's signature % s, e,
Field of study Biotechnology Advisor's signature ...
Academic Year 2000 Co-advisor's signature .. /27 A % 5e.....



ACKNOWLEDGEMENT

This research was successful, the researcher wish to express my keen
gratitude and appreciation to Assoc. Prof. Dr. Jariya Boonjawat, my impressive advisor to
her encouragement, suggestion, discussion, financial supports and helpful guidance
throughout this research. | would like to acknowledge Asst. Prof. Vinich Khamviwath, my
thesis co-advisor, for his willpower, valuable guidance and suggestions throughout this
stualy.

My appreciation is also expressed to Assoc. Prof. Dr. Piamsook
Pongsawasdi, Assoc. Prof. Dr. Pomtip Huiprasert and Mr.Prateep Bumroongvityapan for
serving as thesis committee.

| would like to send my sincere thanks to all people in the associated
institutions and companies for their kind assistance and collaboration:

All staff member of Rayong Bangkok Rubber Co. Ltd. For their helps and
supplying the rubber materials and providing equipment for raw rubber properties testing.

|wish to acknowledge Ramathibodi Hospital, Veterans Hospital and School
of Dentistry Mahidol University for supplying the serum. Special thanks to all people for
their serum, Dermatology Department of Medicine, Faculty of Medicine, Chulalongkorn
Hospital and the volunteer for skin prick test.

| would like to thank the National Research Council of Thailand for their
financial support. | would like to thank the Department of Biochemistry Faculty of Science,
Chulalongkorn University and the staffs for providing the facilities in laboratory, chemicals
and equipments.

Finally, | would like to extend my deepest gratitude to my famiy, all
teachers, friends and Dr.Sanga Pinijpichitkul who always give me warmest love,
knowledge, suggestions, encouragement, understanding and friendship.



CONTENTS

Page
THal ADSIACE........ueeerrvvvvissnrersssesess s s vV
ENQIISN ADSIACE.........vrrvvvvriissserrrssiissssssssssssssssssssssssssssssssssssssssssssssssssssses V
ACKNOWIBAGEMENL........ovvvvvvvssserrsssisisssesssssss s VI
COMBNES v VIl
LISt OF TADIE ..vvvvr s Vil
LISt OF FIGUIE..cvvvvvvvvesevssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens X
ADDIBVIALION. ..o sessssss s Xl
Chapter I INrOUUCHON. .ccovvvvvorirrcervvcisssrrsssisssssessssssnsssssssssssssssssssssssens 1
Chapter I Materials and MEthOUS...........vvvvvvvsrvrrerersemsmmmmmmmmmmmimmssssssssssssssses 55
L Biological MALEMAS.......covvvvvrirerrsiiiiiissnerssss sersssssisssssssssssssssssssssssenns 55
2. CREMICAIS.....oooovitti s seesessssssssssss s 55
3 APPATALUS...vvooirvvienmsiasiesisscas s ssess s 56
4. Method for assay enzyme ACHVILY.........ccwwrrerreeermmmmmmmmmssrsssssssssssssssnnns 57
5. Preparation of latex for deproteinization...............eerrsvvesssrssmnnnnns 53
6. Deproteinization of natural rubber by protease and microwave.......... 5
energy
7. Testing of properties of DPNR........cimmmmmimmmmmissssssinns 61
8. Characterization and quantitation of protein in latex and raw rubber. 66
Chapter Il RESUILS......rvvvverriisserrrsesiisssessssssssssssssssssssssssssssssssssssssssssssees il
Chapter IV D SCUSSION....vvvvvvveermssimmsssssesssssssssssssssssssssssssssssssssssssssssssssssssssess 103
ChapterV  SUMMAIY ... sssssssssssssssssssssssens 112
RETBIBNCES ... seesseeesssssssssss s 113
APPENGICES ovvvvovvvrivsesssssseesssssssssssssssssss s sssssssssenes 123

BIOGIAPNY..vrvvrvvvvcrririssssss s 165



List of Table

Table

11 Top ten exports of TAIIANG.........cccoeerrervvriimmnersrisrisnesesssessessssssssssans
12 Taxonomy Of TUDDEI B E........cceurrrsrrrrrssseesmmssssssssssssssssssssssssssssssnes
13 Production of natural TUBDEN.........covvvvvvveviiveeeriieiniisssss
14 Exports of natural TUBDEr ...
15 Exports of natural rubber to foreign COUNIIES.........vvvvvvrerervverrsssersssssssianns
16 Composition of acid coagulated natural rubDEr.........rnerrvrvveerrrrisns

1.7 Latex sensitivity in atopic and general patients, healthcare workers and ....
blood donors

18 Identified lateX AllErgeNS.........wmmiresssssssesmmmmssssssesssssssssssssssssssssens
19 Properties 0f PAP@IN......cmmimmmsinmmmmssssssssssssssssssssssssssssssness
110 Properties Of fIeldS. ... sssssssssssssssssssanns
111 Dielectric loss factor at300 MHZ.........co..vviiimmmmrvvernnnsssssssmissesssssssssnnnns
31 Raw rubber properties of STRSL, CDPNR and DPNR.....cccccovvvviimmnnerrrneen
32 Protein concentration Of PAPAIN...uuerrrrrrverrersmmmsmmsrrssssssessssmmsssssssssssssssees
33 The water extractable protein prepared from STREL...........vvveerrsssmnereneee
concentrated latex 60%, CDPNR, DPNR and glove samples
34 EAST positive result from 3 groups of blood donors.........veveeermmrmmmmmnnnns
35 Prevalence of risk factor and history of Atopic patients and............ccceen.
Atopic healthcare workers with latex
36 Allergenic response DY EAST tESL......rrrvevccrmmmssssesssssssssssssssssssas
3.7 Allergen detection by SKin PrICK TEST......ccvuvmmmrrrrrssssersimsssssesssssssseens
41 The cost of deproteinized natural TUDDEN.......cooeerrrvvvvvcrissssnsssrrieenn
42 Potential latex protein allergens. ...

A2.1  Content of Total Nitrogen, % Nitrogen Reduction, Protein Concentration ...
and %yYield in Solid Rubber (50°c, 5min, Dilution 1fold, Vary papain
concentration)



Table
A2.2

A2.3

A24

A2.5

A2.6

A3
M1
Ad.2

A6
A7
A8

A9

Content of Total Nitrogen, % Nitrogen Reduction, Protein Concentration..... 129
and %Yield in Solid Rubber (50°c, papain 0.3 phr, Dilution 1 fold, Vary time)
Content of Total Nitrogen, % Nitrogen Reduction, Protein Concentration..... 129
and %Yield in Solid Rubber (50°c, 5min, pain 0.3 phr, Vary dilution)

Content of Total Nitrogen, % Nitrogen Reduction, Protein Concentration..... 130
and %Yield in Solid Rubber (50°c, 5min, Dilution 1fold, Vary alcalase
concentration)

Content of Total Nitrogen, % Nitrogen Reduction, Protein Concentration..... 130
and %Yield in Solid Rubber (50°c, alcalase 0.06 phr, Dilution 1 fold, Vary time)
Content of Total Nitrogen, % Nitrogen Reduction, Protein Concentration..... 131
and %Yield in Solid Rubber (50°c, 5min, alcalase 0.06 phr, Vary dilution)

Statistic calculation of raw rubber properties.......eweererrsrssseesnnes 132
Protein determination by modified lowry's method.............cieemnnnrrrrrrvveennn 137
Water extractable protein of STR5L,Concentrated latex 60%,..........cccouverrrren 139
CDPNR, DPNR and gloves

Example one of the EAST from ELISA microplate reader..............vveeinns 142
Statistic calculation of EAST test with standard latex allergen.................... 146
Statistic calculation of positive EAST test with standard latex allergen.......... 147

CDPNR and DPNR
Statistic of prevalence of [ateX alIErgY......rrrrrrecremsrssssesennn 148



Figure
11
12
13
14
15
16
L7
18
19
1.10
111
112
113
1.14
115
31
3.2
3.3
34

35
3.6
3.7
38

LIST OF FIGURE

Page
High-speed centrifugation of natural rubber 1ateX.....cvvvvvmsnreerrvveersnens 9
Presumed structure of Solid rubber Particle............rrrrvveeermmmmmmmnns 10
The chemical structure of natural FUDDET ... il
Presumed structure of natural TUDDEN ... 12
Natural rubber production process in Thailand...........cccceeeevvveviimnneeerrveernnnnns 17
Natural rubber products in TRAIANG..........oeemrrrrrveveenminssssseessseniinnns 18
Role of the immune SyStem in AlIErgY......ccvvvvinerrrvvinessrsesssessssssssssses 22
The sequence of the amino acid of PAPAIN........cmrrrrrrveessmmmssneenens 36
A mecharism of action for papain catalyzed hydrolySiS........ccccouumrrrrreereens 3
The presumed structure of linkage between protein and NR.......cccccoevvvvveen 40
The electromagnetic SPECITUM ...c.uirrrreermrrmsssessssssssssssssssssssssesees M
MICTOWAVE PIOPEILIES...ovvvvvvviericeriressssessssssssssssssssssssssssssssssssssssssssssssnnns i
Dipole rotation of polar molecules in @ microwave field.............cccooeermererenen 47
RUDDEI PAILICIE.....vvvvvveeviessssssssssssssien s ssssssssssssssssssssssssssssssssans 5l
The presumed effect of microwave energy and papain on the latex........... 52
Optimum papain concentration for fresh latex deproteinization................. 73
Optimum time for fresh latex deproteinization............v.ererreerrnnnenennes 74
Optimum dilution for fresh latex deproteinization..........vvrveeerrerrmsmsnsennn IR
Compare %nitrogen between STR5L, CDPNR and DPNR.......ccoovvvviiiinnne 76
at optimum condition (papain)
Optimum Alcalase concentration for fresh latex deproteinization............. 18
Optimum time for fresh latex deproteinization..........veeersrsvessmnnens 79
Optimum dilution for fresh latex deproteinization.............coervverrnsnerrenees 80
Compare %nitrogen between STR5L, CDPNR and DPNR.......cccoovvvvvriinne, 8l

at optimum condition (Alcalase)



Figure
39

310

31
312
313
ALl
M1
AS.1

X

Page
Effect of CuSO4on standard ovalbumin protein determination b ............... 88
lowry method
Protein pattern of papain (origin, microwave and 1ah)............cccceuerervvvrrnne 93
concentrated latex 60% and 3 brands of commercial examination gloves
Protein pattern of STRSL, CDPNR and DPNR...........cccoourrmvvveiiimmnerrrssirrnnnennn %
Positive EAST 0f the 1St SEIUM........uvvvmsseeeersssssssssssssesseeennns 9%
Positive SPT of protein allergen............ccrrvveiinnmrrsssiimsseesssssssssssssseens 101
TYrosin Standard CUNVE.......vrrivceusssmmmmmsssssssssssssssssssssssssssssssssssssssssnns 126
Standard curve of ovalbumin measure by modified lowry method................. 140
Molecular weight markers calibration curve of SDS-PAGE...........cc.....oimm. 14



ABBREVIATIONS

ADS Air dried sheet
AL Ammoniated latex
BAEE Benzoyl-L-arginine-ethyl ester

BAPNA Benzoyl-L-arginine-p-nitroanilide
BL Block rubber
BSA Bovine serum albumin

CDPNR Control of deproteinized natural rubber

Cou Casein digestion unit

CL Concentrated latex 60%

cv Constant Viscosity

DPNR Deproteinized Natural Rubber

DRC Dry Rubber Content

DTH Delayed type hypersensitivity

EAST Enzyme allergosorbent test

FCC Federal Communication Commission
FDA The Food and Drug Administration
FL-latex Fresh field latex

Q Gram



0%
GHz
HA

HDPNR

MCV

MHz

mm
MW
NAL

NR

Gram percent

Gigahertz

High Ammoniated latex

Highly deproteinized natural rubber
Immunoglobulin

Kilodalton

Kilogram

Liter

Pound

Low Nitrogen Natural Rubber
Meter

Molar

Microwave Continuous Vulcanization
Megahertz

millliter

millimeter

Molecular weight

Non-ammoniated latex

Natural rubber

XIll



NRL
NRP
NSS
p.hr

PA]

PPO
PRI
Quest
RAST
RSS
SDS-PAGE
SPT
STR
STRL
TCA
TSC

Natural rubber latex

Natural rubber products

Normal saline solution

Part per hundred rubber

Pineapple Juice

Isoelectric point

Initial plasticity

Polyphenol oxidase

Plasticity Retention Index

Questionnaires

Radioallergosorbent test

Rubber smoke sheet, Ribbed smoked sheet
Sodium dodecy! sulfate polyacrylamide gel electrophoresis
Skin prick test

Standard Thai Rubber

Standard Thai Rubber Light Color Grade
Trichloroacetic acid

Total solid content

volume

XIV



Weight
Year
Degree Celsius

Micrometer



	Cover (Thai)


	Cover (English)


	Accepted


	Abstract (Thai)


	Abstract (English)


	Acknowledgements


	Contents



