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                         ��������	
��
���� (Amylase inhibitor, AI) �#$%���&'(�����)�*+,-+���
��%
.�/��
���� 0�&'(1����&2�345+���6��7#8
�*�
 �6
0�345+��*9*.:�%	2�1���;5��96+��7���<�*
�*�
*5=� ��������	
��
���������)7�6

*5�#$% 2 ?%,* @<�?%,*&'(�#$%A#�1'% 7��?%,*&'(
�6�#$%
A#�1'%  
                         ��������	
��
����&'(
�6�#$%A#�1'%B�
*5-�+4���74�6
��&, -�+7�@&'��'�+�C6�
Actonoplanes (Brunkhorst 7�� Schneider 2005) 7�� Streptomyces &'(��5�
��������	
��
���� .:(

�#$%���B=+ pseudotetrasaccharide �?6% acarbose &'(�'A@�
��5�
�MB��&'(��'�+=6� acarviosine .:(

�#$% cyclitol unit &'(
�6�,(�1�=7���?<(��+�� 4,6-dideoxy-4-amino-D-glucose A@�
��5�
%'	�'
@=���2�@�U3%+�������	
��
���� (Kim 7��@W� 2002)  %�+-�+%'	B�=6��%CB�%X/;�
 ascorbic 
acid �'@=�������)�����	
7��7;6
;�% A*��6=% ene-diol moiety ;�
A���+C�
#-��+�� active site 
cleft 7��12�74%6
;5�
�@'�
;�
��%
.�/&2�345+,-+���;�
��%
.�/�*�
 (Gerrard 7��@W� 2000) 
3%+���-'[��B���� Hibicus acid &'(�����)�����	
��%
.�/��
����3%��1=/��'	�
�9+*5=�%� 7�� �?<	�
��
*5 (Hansawasdi 7��@W� 2000)   
                         ��������	
��
����?%,*&'(�#$%A#�1'% �����)B�
*5A*�&�(=
#&�	
3% B<? ��1=/ 7�� 
-C�,%&�'�/  ��������	
��
����3%B<?B�
*5-�+X�UB<? �?6% ;5�=���' ;5�=���/���/ ;5�=
��/ 7��;5�=�-5� 
%�+-�+%'	��
B���+3%B<?1��+9�)�(= �?6% )�(=7*
 (Franco 7��@W� 2002) ��������	
��
����?%,*
&'(�#$%A#�1'%��-7�6
+�C6�1��A@�
��5�
 tertiary 
*5 6 +�C6�#��+��*5=� +�C6� lectin, knottin,  

thaumatin,   γ-purothionin, kunitz  7�� +�C6� cereal  1���2�*��  A*�A#�1'%�����	
��
����3%+�C6�
�C*&5��%'	�#$%���41C�2�@�U&'(&2�345�+,*A�@ 9̀�,7B5*5=�  1�=��6�
�?6%A#�1'%�����	
��
����-�+;5�=
���' �#$%15% (Franken 7��@W� 1994 ; Kusaba-Nakayama 7��@W� 2000)  
                         ���� 9̀�,@C5�+�%3%�6�
+��+2�-�*�,(
7#�+#��� (antigen) A*���d��+��&2�
�%;�

7�%1,��*'B=+�,��9A%+���9�,% (immunoglobulin, Ig) -���,(
7#�+#���&'(�'@=��-2��B��+�%  716
4�++��1���%�
&�
 9̀�,@C5�+�%�'��+�+,%
# (hypersensitivity) -��+,*`�=� 9̀�,7B5 (allergy) �#$%



 

2 

`�=�+��1���%�
;�
 9̀�,@C5�+�%3%�6�
+��345��5�
7�%1,��*'&'(-2��B��;:	%-%�+,*@=��0,*#+1,
16�
 e �?6% ��+�� anaphylaxis &'(�' allergen +��1C5% IgE �% mast cell 3454��(
 histamine �+,*��+��
��+���;:	% (+%+X� #g�X2��
=�h%/ 2537)  
                         ���+6� 9̀�,7B5 (allergen) �6=%��+�#$%���B=+A#�1'% (���'��  �&B?�1�' 2527) 
7�6

*54���+�C6�7���'4���;%�* �?6% +�C6� β-1,3 glucanases -�+%	2���
B��� 7��+�C6� class I 
chitinase  -�+B<?&'(��5�
���k* .:(
�';%�* 25-35 kDa     3%+�C6� lipid transfer protein -�+0�
�5 �'
;%�*#����W 9 kDa      +�C6�A#�1'%�����	
 protease 7��amylase -�+X�UB<? 7��+�C6� profilin -�+
0�
�5�';%�*12-15 kDa  
                         A#�1'%+6� 9̀�,7B5&'(B�
*53%B<??�	%�9
 �' 2 7�� @<� 7��&'(�#$% pathogenesis related 
protein (PRs)  7��7��&'(
�6�#$% PRs B<??�	%�9
��5�
����4�6�%'	�B<(�3?5#8�
+�%1�=��
-�++��&2����
;�
�?<	��� 7�@&'��'� 
=��� ��*70� 4�<� ����@�' ���+6� 9̀�,7B5+�C6�&'(�#$% PRs 
*57+6 PR-2, PR-3, 
PR-4, PR-5, PR-10  7�� PR-14  7��7��&'(
�6�#$% PRs 
*57+6 ��������	
��%
.�/ protease 7��  
α-amylase, ��%
.�/ peroxidase, profilins, A#�1'%3%���k*B<?, ��%
.�/ thiol-proteases 7�� 
lectins  
                         ��+�� 9̀�,7B5;5�=���' 7����+��7B50�
�5&'(���B�%X/+��+��7B5%	2���
B��� (Latex-
fruit syndrome) �#$%#oU4�4%:(
3%#o--C��%&'(@=�
*5���+��d:+p�=,-�� �%<(�
-�+3%���&'(�'��+��7B5
�C%7�
��-&2�345��'�?'=,1
*5                �'���
�%):
A#�1'%&'(+6� 9̀�,7B53%;5�=���'=6��#$%A#�1'%�����	
 
��
���� 3%;5�=���' Triticum aestivumA#�1'%;%�* 15 kDa �#$%1�=+6� 9̀�,7B5 (Franken 7��@W� 
1994 ; James 7��@W� 1997) A#�1'%�����	
��
����3%;5�=���' Triticum durum �'A@�
��5�
 
tetrameric �'4%6=��6�� CM3 �#$%���41C;�
��+�� 9̀�,7B5?%,* atopic dermatitis (AD) (Kubasa-
Nakayama 7��@W� 2000)  %�+-�+%'	3% buck wheat ��
�'A#�1'%&'(�'�2�*��+�*���,A%&�
*5�%  
N-terminal @�5��+��A#�1'%�����	
��
����;%�* 19 kDa 7���#$%���41C;�
��+��7B5 
                         A#�1'%+6� 9̀�,7B53%B<? 7��0�
�5�<(% 
*57+6 class I chitinase 3%0�+�5=� 
(Makinen-kiljunen  1994) �#$%A#�1'%&'(�'�2�*��+�*���,A%&�
*5�%#��� N (N-terminal) @�5��+��
A#�1'% hevein &'(�#$%A#�1'%+6� 9̀�,7B53%%	2���
B��� (Mikkola 7��@W� 1998; Sanchez-Monge 
7��@W� 1999) %	2���
����+��'A#�1'% chitinase  (Lynn 7�� Clevette - Radford 1987)    7��
A#�1'%3%+�C6� β-1, 3-glucanase (Azarkan 7��@W� 2003) &'(�#$%A#�1'%+6� 9̀�,7B5 �?6%�*'�=+��
A#�1'%&'(+6� 9̀�,7B5&'(B�3%%	2���
B���  
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                         &�
`�@315#��?�?%�6=%34U6�'��?'B3%+��&2��=%��
B���*�
%�	%-:
�'A�+�� 
���0��A#�1'%+6� 9̀�,7B53%%	2���
B�����+ �6=%+�5=� 7������+��#$%��4��&'(3?5��,A`@
#��-2�=�% 4�<��B<(�-2�4%6�� 3%;�	%1�%+���+k��+'(�=-:
�'A�+�����0��+��%	2���
+�5=�7������+�

*5�9
�?6%�*'�=+�% @=�����B�%X/�4�6�%'	��-+6���+�� Fruit latex syndrome
*5   A#�1'%&'(�#$%���+6�

9̀�,7B5&�	
3%%	2���
+�5=� ����+� 7����
B��� ��

�6�@��'���
�%+���'@CW����1,16�+�������	

��%
.�/��
�����4�<�%+��A#�1'%�����	
��
����3%;5�=���' (wheat) &'(�#$%1�=+6� 9̀�,7B54��+ -:

�#$%&'(%6��%3-d:+p�=6�%	2���
+�5=� %	2���
����+� 7�� %	2���
B��� �'@=�������)3%+�������	

��%
.�/��
����4�<�
�6 4�+�' �';%�*%	2�4%�+A���+C��&6�3* ;%�*�*'�=+�% 4�<� 3+�5�@'�
+��
A#�1'%�����	
��
����&'(+6� 9̀�,7B54��+3%;5�=���'4�<�
�6  -�++��d:+p���<	�
15%;�
 �%
@/  ��11�
A% (2546) B�=6� %	2���
-�+ +�5=� ����+� 7����
B��� #�,��W 0.1 �,��,�,1� �����)�����	

+,-+�����%
.�/��
����-�+%	2����
*5�5���� 97 98 7�� 93 1���2�*�� (-�+@6��M�'(� 2 .	2�) *�
%�	%
A@�
+��=,-��%'	-:
�'-C*#���
@/�B<(�1�=-4�d�+�`�B3%+�������	
+,-+�����
����;�
%	2���
-�+
B<?1�=��6�
&�	
 3 ?%,* 7��4�;%�*A���+C�;�
��������	
&'(�#$%A#�1'%�#�'���&'��;%�*+��
A#�1'%�����	
&'(+6� 9̀�,7B53%;5�=���'  
                
�	


������	
 
 
1. �������������� 
 
                         ��%
.�/��
���� (α-1,4-glucan-4-glucanohydrolases EC 3.2.1.1) �#$%��%
.�/&'(
B�
*5A*�&�(=
#3% -C�,%&�'�/ B<? 7����1=/ &2�4%5�&'(&2����B�%X� o-glycosidic 3%7#8
 .:(
�#$%AB�'
7.@@�
�*/ &'(B�
*5��+3%���k*B<?         7#8
#��+��*5=�4%6=��6��+�9A@��?<(��16�+�%*5=�B�%X�  
α-1,4 glycosidic &'(��%
.�/��
����3%��1=/��'	�
�9+*5=�%��' 2 ?%,* @<� salivary α-amylase -�+
16��%	2����7�� pancreatic α-amylase -�+1���6�% +���6����4��#���`&7#8
��,(�-�+��
����3%
%	2���� -�+%�	%-�)9+�6��16�3%�2�
�5��k+A*���
����-�+1���6�% 7�@&'��'�7����#�6��
��%
.�/��
������+���B<(��6��7#8
345�#$% maltodextrin 7�5=%2��96�.��/�B<(�3?5�#$%B��

�% �6=%
3%B<?3?5��%
.�/��
�����6������7#8
&'(
*5-�++����
�@���4/7�
�B<(�3?5�#$%B��

�% 1�=��6�
 
�?6% 3% ���k*B<?&'(+2���

�+  
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2. �	
�������������� 
 

                         �#$%���&'(�'@CW����1,�����)�����	
+��&2�
�%;�
��%
.�/��
����
*5 .:(
�����)
B�
*53%B<??�	%�9
 �?6% 3%B<?1��+9�)�(= X�UB<? 7��3%-C�,%&�'�/ �?6% �?<	� Streptomyces terdae 
4158 (Graziano 7��@W� 2000) 4�<���-B�
*53%�,(
�'?'=,1�<(% e (Payan 2004) ��������	
��
���� 
7�6
�#$%#���`&&'(�#$%A#�1'% 7��
�6�#$%A#�1'% 3%#���`&&'(�#$%A#�1'%  �6=%��+-��#$%���&'(
B<?��5�
;:	%�B<(�3?5#8�
+�%1�=-�+7��
7�� -C�,%&�'�/  �����)7�6
��+�#$% 6 +�C6� *�
1���
&'( 1  
A@�
��5�
;�
A#�1'%�����	
��
����%'	�'&�	
 monomeric ;%�* 5 kDa  9 kDa 7�� 13 kDa  
homodimeric, heterodimeric �';%�* 26 kDa 7��A@�
��5�
7�� tetrameric ;%�* 50 kDa A#�1'%
�����	
��
���� 
�4�6�%'	�'@=�������)�����	
��%
.�/��
����
*571+16�
+�%;:	%+��74�6
&'(��;�
��%
.�/ 716A*�
�6=%��+A#�1'%�����	
�4�6�%'	-������	
��%
.�/&'(
*5��-�+74�6
16�
 e 
*5   
                         Sivakumar 7��@W� (2006) d:+p�A#�1'%�����	
��
����&'(�+�*
*5-�+���k* little 
millet (Panicum sumatrense) 7�� finger millet 7�*
+�������	
16���%
.�/��
���� -�+ 
Collosoloruchus chinensis *5=�@6�+�������	
�5���� 70 7�� 50 1���2�*�� %�+-�+%'	B�=6���

�����	
��
����-�+ Acaca janata, C. cephalonica, Sitophilus oryzae 7�� Tribolium castaneum 
*5
�'+*5=�   
 

1���
&'( 1 +�C6�A#�1'%�����	
&'(B�3%B<??�	%�9
 

�5�
A*� (Franco 7��@W� 2002)  
   �6=%��������	
��
����?%,*&'(
�6�#$%A#�1'%�#$%���#��+���,%&�'�/ +�
++�������	

;�
���#��+���4�6�%'	��d��A@�
��5�
=
74=% (Cyclic structure)  .:(
�'@=��@�5��@�:
+�%+��
�����1�&;�
��
���� *�
%�	%-:
�����)�;5�
#-����%
.�/1�
12�74%6
 catalytic site 
*5 �?6% 

+�C6�A#�1'%�����	
 74�6
&'(B� Amino acid residue  
number 

Disulfide 
bond 

Lectin type Common beans 240-250 5 
Knottin type Amaranth 32 3 
Cereal type Wheat, barley and finger millet   124-160 5 
Kunitz type Barley, wheat and rice 176-181 1-2 
Thaumatin type Maize 173-235 5-8 
γ-Purothionin type Sorghum 47-48 5 
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Hibiscus acid 3%+���-'[�� (Hibiscus sabdariffa) &'(�����)�����	
+��&2�
�%;�
��%
.�/��
���� 
-�+��1=/��'	�
�9+*5=�%�7��-�+�?<	���
*5 (Hansawasdi 7��@W� 2000) acarbose &'(�'@CW����1,+��
�����	
��%
.�/��
�����#$%7�� non-competitive (Kadziola 7��@W� 1998) 7��  �%CB�%X/;�

+�* ascorbic &'(�'+�������	
7��7;6
;�% A*��6=% ene-diol moiety ;�
1�=�����	

#-��+����,�=W 
active site cleft 7��12�74%6
;5�
�@'�
;�
��%
.�/ (Gerrard 7��@W� 2000)  acarviosine-glucose, 
isoacarbose 7�� cyclodextrins �#$%���&'(�����)�����	
��%
.�/��
����-�+1��;�
�%Cp�/7��4�9

*5*' ���#��+��yzA%�,@ (phenolic compound) 4���+�C6��'���
�%=6��'@CW����1,�����)�����	

��%
.�/��
����
*5  
                         Kandra 7��@W� (2004) B�=6�+�������	
;�
 tannin &'(�'16���%
.�/��
�����#$%
7�� mixed non-competitive type ��<(� 2-chloro-4-nitrophenyl-4-o-β-D-galactopyranosyl-
maltoside (GalG2CNP) �#$%�����1�&  
                         Correia 7��@W� (2004) B�=6����#��+��yzA%�,@ &'(
*5-�++��4��++�+
���#��* (Ananas cosmosus) +���?<	� Rhizopus oligosporus �����)�����	
��%
.�/��
����-�+1��
�6�%4�9
*5�9
 7��+,-+���+�������	
&'(�+,*;:	%7#�0�%1��#�,��W���#��+��yzA%�,@ 3%����+�* 
%�+-�+%'	����+�*&'(
*5-�++��4��++�+���#��*+��7#8
)�(=�4�<�
&'(��*�6=% 9: 1 (w/w) �'@=��@

1�=�9

�6=6�-�%2�����+�*
#&2�345745
 4�<� autoclave  
                         McCue 7��@W� (2004) �+�*���#��+��yzA%�,@ -�+��* oregano (Origanum 
vulgare) *5=���X�%���5���� 50 ��<(�%2�����+�*
#=,�@��4/*5=� HPLC B�=6�#��+��*5=� 
���#��+��yzA%�,@ B=+ rosmarinic acid  protochatechuic acid  quercetin 7�� p-coumaric acid   
7������+�*�����)�����	
��%
.�/��
����-�+1���6�%4�9
*5 A*��'@=�������)3%+�������	

7#�0�%1��?%,*;�
���#��+��yzA%�,@ 
                         Ali 7��@W� (2006) 
*5�+�*���-�+B<?&5�
),(%;�
#���&d�����.'� &'(3?5��+p�
A�@���4=�% @<� Anacardium occidentale Linn Lagerstroemia speciosa Pers. Phyllanthus amarus 
Schum. et Thonn.  Pithecellobium jiringa Prain  Pakia speciosa 7�� Averrhoa bilimbi Linn *5=� 
hexane 7�� dichloromethane 7��B�=6����&'(�+�**5=� hexane ;�
 Phyllanthus amarus 345@6�+��
�����	
�9
&'(�C*  ��<(�%2�����+�*
#7�+*5=� TLC  =,�@���4/���&'(7�+
*5A*� MS, 1H NMR 7�� 13C 
NMR B�=6��' triacontanol  dotriacontanyl docosanoate  oleanolic acid 7�� ursolic acid �#$%
�
@/#��+��  7��B�=6���<(�0�� oleanolic acid +�� ursolic acid 3%��*�6=% 2:1 (v/v) -��'d�+�`�B
+�������	
��
�����9
&'(�C* @<��'@6�@=���;5�;5%;�
���&'(�����	
��
����
*5�5���� 50 (IC50) �&6�+�� 
2.01
�A@�+��� 16� �,��,�,1� 
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                         0�+�5=�*,� (Green banana) �' tannins ���#��+�� polyphenols #�,��W��+ �'
#�,��W��5%3�7��A#�1'%%5�� Valderrama (2006) d:+p�4�=,X'+���+�* tannins ��+-�+0�+�5=�
*,� *5=� 7��+����/  %	2� 7�����0��;�
7��+����/ 7��%	2� A*�3?5��*�6=%0�+�5=�*,� 1% 
%	2�4%�+ 16� #�,��1� (w/v) 7��B�=6�+���+�* tannins *5=� 7��+����/ &'(0��+��%	2�3%��*�6=% 1 
16� 1 �'#���,&X,`�B3%+���+�*��++=6�+���+�**5=�%	2��B'�
��6�
�*'�=      
 
3. �	
��������������!�"�	��	�� 
 
                         A#�1'%�����	
��%
.�/��
����3%;5�=���' Triticum  aestivum �'&�	
A@�
��5�
&'(�#$%
tetrameric (60 kDa), dimeric (24 kDa) 7�� monomeric (12 kDa) A*�A#�1'%�����	
&'(�#$% 
tetrameric 7�� monomeric �'@=�������)�����	
��%
.�/��
����-�+7��

*5�9
 �6=%A#�1'% 
dimeric �����)�����	

*5&�	
��
�����-�+7��
7����1=/��'	�
�9+*5=�%�   A#�1'%�����	
-�+;5�=
���' Triticum  tergidum 7�� Triticum  tauschii  �'@CW����1,�4�<�%+��A#�1'%�����	
-�+;5�=���' 
Triticum  aestivum  �=5%716A#�1'% monomeric �'+,-+���+�������	
��
����-�+7��
%5��+=6� 
                         A#�1'%�����	
&'(+�6�=):
;5�
15%�+�*
*5-�+ endosperm ;�
;5�=���' A#�1'%%'	��963%
+�C6� globulin ?<(�=6� CM protein .:(
�'4���?%,* �?6% CM1, CM2, CM3, CM16 7�� CM17 716��
?%,*-��'�9#7��+���@�<(�%&'(3% two-dimensional electrophoresis 71+16�
+�%      CM1, CM3 7�� 
CM17 �#$%A#�1'%&'(B�
*53%;5�=���' Triticum tauschii       CM2, CM3, 7�� CM16 B�3%;5�=
���' Triticum  tergidum  �6=%A#�1'% CM1, CM2, CM3, CM16 7�� CM17 B�
*53%;5�=���'
Triticum  aestivum (Gomez 7��@W� 1989)   Sanchez-Monge 7��@W� (1992)  B�=6��6=% Sugar 
moiety ;�
 CM16 �'@=���2�@�U16�+�
++�������	
��
����7���'@=�������)-��+�� IgE ;�

095#�=� 9̀�,7B5 Baker�s asthma 
*5 
                         Franken 7��@W� (1994)  7�� James 7��@W� (1997) %2�A#�1'%-�+;5�=���' 
Triticum  aestivum ��&2� immunoblotting +�� serum -�+095#�=� 8 ��� 7��B�=6�A#�1'%+6� 9̀�,7B5 
%'	�';%�* 15 kDa 0�+��=,�@���4/�2�*��+�*���,A%*5�%#��� N 1�=&'( 1 �20 �6
?'	=6�A#�1'%%'	�#$%
��������	
��
����3%+�C6� cereal type   �6=%;5�=���' Triticum durum  B�A#�1'%�����	
��
���� 
&'(�'A@�
��5�
7�� tetrameric #��+��*5=�4%6=��6�� CM2 2 4%6=� CM3 7�� CM16 ��6�
��
4%6=� 716��<(�%2�
#&*���*5=� immunoblotting B�=6�A#�1'% CM3 �&6�%�	%&'(-��+�� IgE -�+��<�*
;�
095#�=�&'(�#$% 9̀�,7B5?%,* atopic dermatitis (AD) 7�*
=6�A#�1'% CM3 �#$%���41C;�
��+��

9̀�,7B5?%,* AD (Kubasa-Nakayama 7��@W� 2000)   
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                         Park 7��@W� (2000) B�A#�1'%;%�* 19 kDa -�+ buckwheat &'(�'�2�*��+�*���,-
A%&�
*5�% N-terminal @�5��+��A#�1'%�����	
��
����3%;5�=y��
7���'����1,�#$%A#�1'%+6�

9̀�,7B5*5=� 
                         Heidari 7��@W� (2005) �+�*��������	
��
����-�+;5�=���' Triticum aestivum 
Var. Zarrin  7��B�=6������)�����	
��%
.�/��
����-�+ %	2�����%Cp�/ 7��-�+�?<	� Bacillus 
subtilis A*��'@6�+�������	
�5���� 97.07 7�� 89.97 1���2�*��   
 
4. �	
���$ ��	%�� ��	�
&�'�(&) �	
�����!��	�*�+ 
 
        4.1 ,-

�������-�	�*�+        
                  
                         Clendennen 7��@W� (1998) d:+p�A#�1'%3%0�+�5=� (Musa acuminate cv. Grant 
Nain) A*�&2��%<	�+�5=�3457;k
*5=�
%A1��-%�4�= -�+%�	%�*345����'�* 7�5=%2�
#�+�* -�+%�	%
%2�
#1+1�+�%A#�1'%*5=� ammonium sulfate &'(�5����@=���,(�1�=3%?6=
 40-60 �B<(�%2�A#�1'%

#d:+p�16�
# 
                         Peumans 7��@W� (2002) 
*5�+�*A#�1'%-�+0�+�5=�7��&2���,�C&X,� Class III 
chitinase A*�%2��%<	�+�5=����*0��+�� ascorbic acid -�+%�	%#��� pH 6 *5=� NaOH %2�
#�.%1�,-
yg=-/&'( 8,000 x g %�% 10 %�&' 7�+�6=%3��1,� ammonium sulfate 345
*5@=���;5�;5%�C*&5���#$% 1 
M 1�	
&,	

=5&'(  2 °. %�% 1 ?�. %2�
#�.%1�,yg=-/�'+@��	
 7�+�6=%3�&'(
*5+��
*5=�+��*�p+��
 
%2����&'(+��

*506�%@����%/ phenyl-sepharose �5�
@����%/*5=� 1 M ammonium sulfate 7�5=?�
A#�1'%*5=� 20 mM Tris-HCl - 0.2 M NaCl  �=���������&'(�'A#�1'%&'(15�
+����06�%@����%/ 
Mono-Q anion-exchange (type HR 5/5) ?�A#�1'%&'(15�
+��*5=��+�<� NaCl @=���;5�;5% 0-0.5 M 
                         Blanco 7��@W� (1998) �+�*A#�1'%+6� 9̀�,7B5-�+����
�+��;�
*�+����+�
(Carica papaya) *5=� phosphate buffer saline (PBS) pH 8 *5=���*�6=% �5���� 15 (w/v) %�% 4 ?�. 
&'( 4 °.  %2�
#�.%1�,yg=-/&'( 10,000 x g &'( 4 °. %�% 30 %�&' 7�+�6=%3�
*��
�./ +�� PBS &'( 4 °.  
%�% 24 ?�. -�+%�	%%2�
#+��
 (0.22 µm filter) 7�5=%2����&'(+��

*5
#&2�745
A*�+�� freeze 
dried %�+-�+%'	��
�+�*A#�1'%-�+0�����+�*5=�=,X'�*'�=+�%+��;5�
15% 
                         Monti 7��@W� (2000) &2���,�C&X,� papain -�+%	2���
����+�A*��1,� EDTA �
3%
%	2���
����+� 345
*5@=���;5�;5%�C*&5���#$% 1 mM %2���������&'(
*5
#�.%1�,yg=-/&'( 12,000 x g 
&'(�CW4 9̀�,45�
 %�% 30 %�&' 7�+�6=%3�&'(
*5
##���  pH 9 *5=� 0.1 M  NaOH %2�
#�.%1�,yg=-/ 
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7�+�6=%3�7���1,�%	2�+��(% 30 ��. -�+%�	%7?63% ice bath �B<(�345�+,*+��1+1�+�%;�
 papain 
%2�
#�.%1�,yg=-/�'+@��	
�B<(�7�+1�+�%&'(
*5
#�5�
 7�������1�+�%*5=� 1 mM EDTA pH 7 &'( 4 
°.  -�+%�	%&2���,�C&X,�16�*5=�@����%/ Sephadex G-75  7�� CM-cellulose A*�3?5 1 mM EDTA 
�#$%1�=?�                          
                         Pereira 7��@W� (1999) 7�+A#�1'%3%%	2���
 Manihot glaziovii Muell. Arg. A*�
�+k�%	2���
0��+��%	2�+��(% ��*�6=% 1:1 (v/v) �.%1�,yg=-/ &'( 17,000 x g �#$%�=�� 1 ?�. &,	
 �6=%3� 
�+k��6=%.'��� (crude latex)  �B<(�3?5d:+p�                                              
                         Jekel 7��@W� (2003) 7�+A#�1'% patatin-like -�+%	2���
B��� A*��.%1�,yg=-/%	2�
��
B��� 7�5=7�+ B-serum 
#7?67;k
7�� &2�345���������+�% �.%1�,yg=-/�'+@��	
 �B<(�7�+�6=%3�

#&2� lyophilized +6�%&'(-������@<%7��&2�345�#$%�%<	��*'�=+�%3%%	2�+��(%&'(0�� sodium dithionite 
-�+%�	%%2�
#�.%1�,yg=-/ 7�+�6=%3���1+1�+�%A#�1'%*5=��+�<�7��A��%'��.���y1 7�+
1�+�%�������3% 0.1 M Tris buffer pH 8 &'(0�� sodium dithionite %2����&'(
*5��06�%@����%/ 
cation exchange chromatography (carboxymethylcellulose CM32 column) 7�5=%2����&'(
�6-��+��
@����%/��06�% anion exchange chromatography (DEAE-cellulose column) %�+-�+%'	��
%2�
#&2�
��,�C&X,�16�*5=� reverse-phase HPLC 16�
#�'+*5=� 
                         Karisola 7��@W� (2005) �+�*A#�1'%-�++�5=�7����A=+�A* *5=� acetate buffer 
(50 mM acetic acid, 0.2 M NaCl 7�� 10 mM thiourea pH 4) %�% 16 ?�. %2�����+�*
#�.%1�,-
yg=-/ &'( 5,000 x g  &'( 4 °. %�% 15 %�&'  7�+�6=%3�
#�.%1�,yg=-/�'+@��	
&'( 25,000 x g &'( 4°.   
%�% 1 ?�. 7�+�6=%3���+��
 (0.4 µm filter) %2����&'(+��

*5��&2���,�C&X,�*5=� chitin column 
7�� Vydac column 1���2�*��    %�+-�+%'	��
7�+A#�1'% prohevein -�+ B-serum A*�&2���,�C&X,�
*5=� gel filtration (superdex 75 HR 16/60 column 7�� Biogel P6 desalting column), anion 
exchange (MonoQ column) 7�� reverse phase chromatography (TSK gel TMS-250 column) 
1���2�*��  
  
        4.2 �	
���������������	�*�+ 
 
                 4.2.1 �	
�����������-.�,-

��  
                         Grant 7��@W� (1995) 4���*����������	
��
����3%���k*B<?1��+9�)�(= A*�&2�
+���+�*��������	
3%���k*)�(=*5=� phosphate buffer pH 6.9 -�+%�	%�.%1�,yg=-/�B<(�7�+�6=%3�
#
345@=���5�%&'( 70 °.  �#$%�=�� 10 %�&' �B<(�+2�-�*A#�1'%&'(
�6&%@=���5�%��+
# Marshall 7�� 
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Lauda (1975) 7�� Le Berre-Anton 7��@W� (1997) �+�*��������	
��
����-�+���k*)�(=*5=�%	2� 
��*�6=% 5.5 ��. 16� +���)�(= &'( 4 °. 7�5=345@=���5�% 7��%2��6=%3�4��
+���.%1�,yg=-/345@=��
�5�%&'( 70 °. �#$%�=�� 10 %�&' �?6%�*'�=+�% �B<(�&2������%
.�/��
����-�+B<? Iulek 7��@W� 
(2000) �+�*��������	
��
����-�+;5�=
��/ *5=� ��&X�%�� @=���;5�;5%�5���� 70 �.%1�,yg=-/�B<(�
7�+�6=%3�
#345@=���5�%&'( 70 °. 1 ?�. �B<(����A#�1'%&'(
�6&%@=���5�%7����%
.�/��
���� 
��+-�+����+�*  
                         Iulek 7��@W� (2000) &2���,�C&X,���������	
��
����-�+;5�=
��/ (rye) A*�+��
1+1�+�%A#�1'%*5=� ammonium sulfate pH 6.9 06�%@����%/ DEAE-sepharose ion exchange ?�
*5=� phosphate buffer pH  6.9 +6�% 7��?��'+@��	
*5=� 0-1.0 M NaCl �=�4��*&'(�'+,-+����;5�
*5=�+�% 
*��
�./3% 50 mM acetate buffer  pH 5 %2�
#06�%@����%/ CM-Sepharose ion exchange 
?�*5=� acetate buffer 7�5=?��'+@��	
*5=� 0-1.0 M NaCl �=�4��*&'(�'+,-+����;5�*5=�+�% 
                         Rekha 7��@W� (2004) �+�*��������	
��
����-�+ sweet potato 7�� taro A*�
1+1�+�%����+�**5=� trichloroacetic acid +6�%&'(-�&2���,�C&X,�*5=� dimethyl aminoethyl-
cellulose chromatography 
                         Sivakumar 7��@W� (2006) �+�*��������	
��
����-�+���k*;5�=y��
 A*��*0��
+�� 20 mM sodium phosphate buffer  pH 7.5 %2�
#�.%1�,yg=-/ 7�+1�+�%&'(
*5�������+���*5=� 
20 mM sodium phosphate buffer  pH 6.9- 0.3 M NaCl �.%1�,yg=-/�'+@��	
�B<(�7�+�6=%3�
#�6�&'(
�CW4 9̀�, 70 °.  %�% 20 %�&' �B<(�&2������%
.�/��
����3%1�=��6�
 %2�
#�.%1�,yg=-/�B<(�7�+
�6=%3�
#1+1�+�%A#�1'%*5=� ammonium sulfate �����1�+�%A#�1'%@<%*5=���y�y��/�*,� 
+6�%&'(-�%2�
#
*��
�./�B<(�+2�-�*�+�<�16�
# 
 
                 4.2.2 �	
������������/�-.�,-

�� 
 
                         Kim 7��@W� (2000) -2�7%+��������	
��
����&'(
�6�#$%A#�1'%*5=�=,X'A@���A1 
+��yz7�� Thin layer chromatography (TLC) A*�3?5 Whatman K6F silica gel plate 3%����1�=&2�
�����&'(#��+��*5=� ethyl acetate : isopropyl alcohol : water (1:3:1 v/v) 4��
-�+&2�+��?� 2 @��	
 
*9+���+,*�'�%706% TLC &'(745
A*�+��M'*B6%��������&'(#��+��*5=�  
0.3% (w/v) N-(1-naphthyl)-ethylenediamine, 5% (w/v) H2SO4 3% ��&X�%�� 345@=���5�%&'( 110°
. �#$%�=�� 10 %�&' 
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                         Kim 7��@W� (2002) �+�*��������	
��%
.�/��
���� ����1� 7�� .9�@��                               
.:(
�#$%���B=+@��/A�
��*�1-�+%	2���'	�
�?<	� Actinoplanes sp A*�+��1+1�+�%*5=���&X�%�� 
%2��6=%3�&'(
*5��1+1�+�%16�*5=���&X�%��        %2�1�+�%&'(
*5�����3% sodium acetate buffer  
pH 6  +6�%-�%2�
#d:+p�16�
# 
                         Yoon 7�� Robyt (2002) =,�@���4/�%CB�%XC/;�
��@��/A�� A*�+��4�*1�=��6�
 1-5 
µl �
�% Whatman K5 4�<� K6 ;%�* 10 x 20 .�. 3%����1�=&2������&'(#��+��*5=� 
acetonitrile : ethyl acetate : 1-propanol : water (85 : 20 : 50 : 50 v/v) *9+���@�<(�%&'(;�
���B=+
@��/A�
��*�1A*�+��-C6��
3%��&X�%��&'(#��+��*5=� 0.3% (w/v) N-(1-naphthyl) 
ethylenediamine 7�� 5% (v/v) H2SO4 1��*5=�+��345@=���5�%&'( 120 °. %�% 10 %�&' 
                         Matsuura 7��@W� (2004) 
*5�+�*��������	
 α-glucosidase -�+3�B<?��C%
B� 
(H. officinalis) A*�+���*3�745
+�� ���0��;�
 ��&X�%�� 7��%	2� (7:3 v/v) %2�
#+��
 &2�
�;5�;5% 7��&2�345�+,*+��7�+?�	%��4=6�
 ethyl acetate 7�� %	2� A*�%2��6=%&'(�#$%?�	%%	2�
#&2�
��,�C&X,�16�*5=�=,X'A@���A1+��yz �B<(�345
*5��������	
&'(15�
+�� 
                         Ali 7��@W� (2006) 
*5�+�*��������	
��
����-�+B<?&5�
),(%;�
�����.'� A*�
�#�'���&'�����&'(3?5�+�* ��4=6�
 hexane 7�� dichloromethane %2����&'(�+�*
*5
#���4�1�=&2�
�����&'(3?5�+�*��+A*�3?5 evaporator `��315@=��*�%7���CW4 9̀�, 40°. +6�%&'(-�%2�
#4�
+,-+���+�������	
16�
#     
 
5. �	
����/�!1���&$�	�	
%*�         
                                                                                        
                         ���� 9̀�,@C5�+�%3%�6�
+��+2�-�*�,(
7#�+#��� (antigen) A*���d��+��&2�
�%;�

7�%1,��*'B=+�,��9A%+���9�,% (immunoglobulin, Ig) -���,(
7#�+#���&'(�'@=��-2��B��+�%  716
4�++��1���%�
&�
 9̀�,@C5�+�%�'��+�+,%
# (hypersensitivity) -��+,*`�=� 9̀�,7B5 (allergy)       
                         `�=� 9̀�,7B5�#$%`�=�+��1���%�
;�
 9̀�,@C5�+�%3%�6�
+��&'(�+,*;:	%��<(�
*5���+��
+��1C5%-�+���7#�+#��� (allergen) 345��5�
7�%1,��*'&'(-2��B��;:	%-%�+,*@=��0,*#+1,16�
e 
�?6% ��+�� anaphylaxis &'(�' allergen +��1C5% IgE �% mast cell 3454��(
 histamine �+,*��+����+���
;:	% (+%+X� #g�X2��
=�h%/ 2537)  
                         ���+6� 9̀�,7B5�'&�	
&'(�#$%A#�1'% 7��
�6�#$%A#�1'% 716�6=%��+-��#$%A#�1'%  
(���'��  �&B?�1�' 2527) .:(
7�6

*54���+�C6� 7���';%�*&'(4��+4��� �?6% +�C6� β-1,3-glucanases 
-�+%	2���
B��� 7��+�C6� class I chitinase  -�+B<?&'(��5�
���k* -��'A#�1'%;%�* 25-35 kDa  3%
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+�C6� lipid transfer protein -�+0�
�5 �'A#�1'%;%�*#����W 9 kDa +�C6�A#�1'%�����	
 protease 
7�� amylase -�+X�UB<? 7��+�C6� profilin -�+0�
�5&'(�'A#�1'%;%�* 12-15 kDa  
                         A#�1'%+6� 9̀�,7B5&'(B�
*53%B<??�	%�9
 �' 2 7�� @<� 7��&'(�#$% pathogenesis related 
protein (PRs)  7��7��&'(
�6�#$% PRs B<??�	%�9
��5�
����4�6�%'	�B<(�3?5#8�
+�%1�=��
-�++��&2����
;�
�?<	��� 7�@&'��'� 
=��� ��*70� 4�<� ����@�' ���+6� 9̀�,7B5+�C6�&'(�#$% PRs 7��7��&'(
�6�#$% 
PRs *�
7�*
3%1���
&'( 2 7�� 3 1���2�*�� 
 
1���
&'( 2 Pathogenesis related protein (PRs) &'(B�3%B<??�	%�9
 

�5�
A*� (Breiteneder 7�� Ebner 2000) 
 
 
 
 
 
 
 
 

?%,*;�
 antigen ?%,*;�
 Protein 74�6
&'(B� allergen 

PR-2 type 
β-1,3-glucanase 

Fruit, vegetables 

PR-3 type Basic class I chitinase Avocado(Pers 1), chestnut, banana 
PR-4 type Chitinases  

similar to potato win proteins 
Turnip, elderberry 

PR-5 type Thaumatin �like proteins Cherry (Pru av 2), apple (Mal d2), 
bell pepper 

PR-10 type Bet v I �homologous protein Apple (Mal d1), cherry (Pru av 1),  
apricot (Pru ar 1), pear (Pvr c1),  
celery(Api g1), carrot (Dan c1),  
parsley (pcPR), potato (pSTH) 

PR-14 type  Lipid transfer protein Peach (Pru p 3), apple (Mald d3)  
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1���
&'( 3  Non pathogenesis related protein (non-PRs) &'(B�3%B<??�	%�9
 

�5�
A*� (Breiteneder 7�� Ebner 2000) 
 
                         A#�1'%�����	
��
����+�C6� thaumatin type �'�2�*��+�*���,A%@�5��+�%+��A#�1'% 
&'(+6� 9̀�,7B5?%,* PR-5 (Franco 7��@W� 2002) .:(
A#�1'%?%,* PR-5 %'	�#$%���41C;�
��+��7B53%
B<?4���?%,*       
                         Pastorello 7��@W� (2003)  B�A#�1'%+6� 9̀�,7B53%�
C6%&'(�';%�* 24 kDa .:(
��<(�
d:+p��2�*��+�*���,A%B�=6��'@=��@�5��@�:
+��A#�1'% thaumatin 3% cherry   
                         Gavrovic-Jankulovic 7��@W� (2002) d:+p�A#�1'%3%0�+'=' 4��
-�+&2���,�C&X,�
*5=� gel filtration, ion exchange 7�� affinity chromatography 7����<(�%2�
#&*��� immunoblot 
7�� skin prick test B�A#�1'%+6� 9̀�,7B5;%�* 24 kDa ��<(�4��2�*��+�*���,A%B�=6���963%+�C6� 
PR-5 (thaumatin-like protein) %�+-�+%'	��
B�=6��'@=�������)�����	
+���-�,U�1,�A1;�
�?<	���

*5   
                         Krebitz 7��@W� (2003) 
*5d:+p���+��7B53% apple B�A#�1'%Malus domestica 2 
(Mal d2) ;%�* 23 kDa 7��-�++��4��2�*��+�*���,A%B�=6��#$%A#�1'%+�C6� thaumatin 
�?6%�*'�=+�%  

?%,*;�
 Protein 74�6
&'(B� allergen 
Inhibitors of proteases and α-amylase Soybean, cereal, barlay, wheat, rye, rice 
Peroxidase Wheat, barlay 
Profilins Peanut, apple, carrot, tomao 
Seed storage protein 
          2S albumins 
          Vicilins 
          Conglutins 
          Glycinins 
          β-Conglycinin 

 
Oilseed rape, brazil nut, walnut 
Peanut, walnut 
Peanut 
Peanut, soybean 
Soybean 

Thiol-proteases Papaya, pineapple, kiwi, soybean 
Lectins Peanut 
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                         Helm 7��@W� (2000) 
*5�+�*A#�1'%-�+)�(=�4�<�
7��%2���&*��� 9̀�,7B5*5=�=,X' 
IgE immunoblot 7����<(�4��2�*��+�*���,A%B�A#�1'%;%�* 22 kDa �#$%1�=+6� 9̀�,7B57���#$%
A#�1'% glycinin    .:(
-�*��963%+�C6� seed storage protein   
                         Garcia-Menaya 7��@W� (2000) B�A#�1'%+6� 9̀�,7B5-�+ pine nut  ;%�* 17 kDa 
+��&*��� skin prick test  +������+�* pine nut B��+,*0��=++��095#�=� 9̀�,7B5?%,* atopic 7��
-�++��&2� immunoblotting  B�=6� IgE -�+��<�*095#�=������)-*-2�A#�1'%%'	
*5  
                         Varjonen 7��@W� (2000) B�A#�1'% gliadin ;%�* 14 kDa 3%;5�=���'�#$%1�=+6�

9̀�,7B5&'(�+'(�=;5�
+����+��7B5?%,* atopic dermatitis (AD)   
                         Pasini 7��@W� (2002)  d:+p���+��7B53%;5�=AB*B�A#�1'%+6� 9̀�,7B5;%�* 50 
kDa -�++��&2� immunoblotting B�=6�A#�1'%%'	-��+�� IgE -�+��<�*;�
095#�=� 7��+��&*��� 
skin prick test +��095#�=��+,*0��=+;:	%   
                         Battais 7��@W� (2003)  d:+p�A#�1'%+6� 9̀�,7B53%;5�=���' 7��B�=6�A#�1'% 
gliadins 7�� glutemin &'(�';%�*A���+C���k+�#$%1�=+6� 9̀�,7B54��+ �6=% glutemin &'(�';%�*A���+C�
34U6�#$%1�=+6� 9̀�,7B5��
 
 
6. �	��&���������������	�	������ ���	�	������� %�����	�	�*	
	    
                       
                         -�++��d:+p�;�
 Delbourg 7��@W� (1996) A*� CAP Radio-allergosorbent test 
(CAP RAST) 7��  SDS-PAGE  immunoblotting B�=6�A#�1'%3%+�5=�;%�* 33 7�� 37 kDa �#$%
A#�1'%�2�@�U&'(+6� 9̀�,7B5 A*������)-��+�� IgE ;�
095#�=�&'(7B5%	2���
B���  
                         Mikkola 7��@W� (1998)  7�� Sanchez-Monge 7��@W� (1999)  �+�*7��&2�
��,�C&X,�A#�1'%-�++�5=�*5=�=,X'A@���A1+��yz �B<(�&*��� immunodetection +���.��(�-�+095#�=�&'(
7B5%	2���
B��� 7��&*��� antichitinase antibody CAP-immunoblot inhibition tests B�=6�A#�1'%
;%�* 32 7�� 34 kDa �#$%A#�1'%4��+&'(+6� 9̀�,7B5 7��-�++��-2�7%+?%,*A#�1'%A*� N-terminal 
sequencing enzyme activity assay B�=6�A#�1'%%'	�'@=��@�5��+��A#�1'% hevein &'(+6� 9̀�,7B53%%	2�
��
B���.:(
��963%+�C6�A#�1'% class I chitinase 
                         Makinen-kiljunen (1994) �X,�����+��7B5+�5=�3%095#�=�&'(�'#��=�1,7B5��
B��� 
(Latex-fruit syndrome) =6��+,*-�+ antibody 16�%	2���
B����' epitope &'(�����)-��+��A#�1'%3%
+�5=�.:(
�'A@�
��5�
@�5��@�:
+��A#�1'% hevein ;�
%	2���
B��� 
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                         %�+-�++�5=�7�5= ��
B�A#�1'%+6�`9�,7B53%%	2���
����+� �?6% chitinase (Lynn 
7�� Clevette - Radford 1987) 7��A#�1'%3%+�C6� β-1,3-glucanase (Azarkan 7��@W� 2003) 
�?6%�*'�=+��A#�1'%+6� 9̀�,7B5&'(B�3%%	2���
B��� +��&*���@CW����1,;�
A#�1'%16�+��+6�

9̀�,7B5*5=�#�,+,�,��+�� specific IgE antibody 3%095#�=� 9̀�,7B5 B�=6�A#�1'%-�+%	2���
����+�345
0��=++��+��&*��� (Ebo 7��@W� 2003) %�+-�+%'	��
B�=6�A#�1'%3%+�C6� chitinase ;�
%	2�
��
����+� &'(�'%	2�4%�+A���+C���963%?6=
 30-45 kDa  �'�&��&�+'(�=;5�
+����+��  Latex-fruit 
syndrome �'+*5=� (Diaz-Perales 7��@W�1999)                                                  
                         Azarkan 7��@W� (2004) -2�7%+?%,*;�
A#�1'%3%%	2���
����+��#$% 3 +�C6�@<� 
1). Trypsin inhibitor 2). Class II chitinase  7�� 3). Glutaminyl cyclase 1��@CW��+pW�;�

+,-+�����%
.�/ +,-+���+�������	
 7���9#7��+��7�+A*�=,X'A@���A1+��yz 
                         Farias 7��@W� (2007) �+�*��������	
��
����-�+���k*����+� (Carica papaya) 
*5=� 0.6 M NaCl -0.1% HCl &2���,�C&X,�*5=� CM-cellulose column 7�� HPLC B�=6� ���&'(�';%�*
A���+C� 4.5 kDa �����)�����	
+��&2�
�%;�
��%
.�/��
����-�+ Callosobruchus maculates 
��6�
�'%���2�@�U 716
�6�����)�����	
+,-+�����
����-�+��1=/��'	�
�9+*5=�%�  
                         ��
B�����+��7B5 �+,*-�+A#�1'% Hevein b (Hev b) (Hev b 1 ):
 13) 3%%	2���
 
(Yeang 7��@W� 2002) 095#�=�&'(�'��+��7B5%	2���
��+-��'��+�� 9̀�,7B516���4��-�+B<?A*��MB��
0�+7��0�
�5&'(��,A`@�* �?6%3%+�5=� (Raulf-Heimsoth 7��@W� 1997) 7�� ����+� (Sanchez-
Monge 7��@W� 1999) ��+��7B5%	2���
B���&'(�'@=�����B�%X/+����+��7B53%B<??%,*�<(%&'(+�6�=%'	
��'�+=6� latex - fruit syndrome   
                         A#�1'%&'(+6���+��7B53%%	2���
B����+,*-�+A#�1'%  HeV b .:(
B�
*53%�6=%�%<	�
��
 �6=% C-serum 4�<� �6=% B-serum  HeV b �'4���?%,* *�
%'	 HeV b1 (elongation factor), 
HeV b2 (β-1,3-glucanase), HeV b3 (small rubber particle protein), HeV b4 (component of 
microhelic complex), HeV b5 (acidic protein), HeV b6.01 (prohevein), HeV b6.02 (hevein), HeV 
b6.03 (c-terminal fragment), HeV b7.01 (hom-patatin), HeV b7.02 (hom:patatin from C-serum), 
HeV b8 (profilin), HeV b9 (enolase), HeV b10 (Mn superoxide dismutase), HeV b11 (class I 
chitinase), HeV b12 (lipid transferprotein) 7�� HeV b13 (esterase)   
                         A*� HeV b1 �';%�* 14 kDa, HeV b2  ;%�* 36 kDa, HeV b5  ;%�* 16 kDa , 
HeV b6.01 ;%�* 20 kDa, HeV b6.02 ;%�* 4 kDa, 7�� HeV b6.03 ;%�* 14 kDa  .:(
 HeV 
b6.03 �#$%1�=+6� 9̀�,7B54��+ (Yeang 7��@W� 2002) 
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                         ��+��7B5%	2���
B����'@=�����B�%X/+��+��7B50�
�5?%,*�<(%e *5=� A*�095#�=�&'(7B5
%	2���
B���-��'@=����'(�
16�+��7B50�
�5�<(%e 35% �6=%095#�=�&'(7B50�
�5�<(%e-��'@=����'(�
16�
+��7B5%	2���
B����B'�
 11% (Hepner 7�� Castells 2003) 
                         -�++��d:+p�&�	
4�*;5�
15%��

�6�@��'���
�%+��B���������	
+,-+�����%
.�/ 
��
����3%%	2���
+�5=� ����+� 7����
B��� *5=��41C%'	-:
�#$%&'(%6��%3-d:+p�=6� %	2���
+�5=� 
����+� 7�� ��
B��� �'��������	
��
����4�<�
�6 *�
%�	%A@�
+��=,-��%'	-:
�'-C*#���
@/�B<(�
1�=-4�d�+�`�B3%+�������	
+,-+�����
����;�
%	2���
-�+B<?1�=��6�
&�	
 3 ?%,* 7��4�;%�*
A���+C�;�
��������	
�#�'���&'��;%�*+����������	
��
����&'(+6� 9̀�,7B53%;5�=���'  
 
 
��
3'-
���4� 
                         1. �B<(�1�=-4�d�+�`�B3%+�������	
+,-+�����
����;�
%	2���
+�5=� ����+�    
                             7����
B���  
                         2. �B<(�d:+p�;%�*A���+C�;�
��������	
��
����-�+B<?1�=��6�
�#�'���&'��+�� 
                             ��������	
��
����&'(+6� 9̀�,7B53%;5�=���' 
 
 


