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d[X]
dt
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K n +[PY]n
- k[X],  

d[PX]
dt

= b{ [ X] - [PX]}

d[Y]
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=a0 +
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K n +[PZ]n
- k[Y],  
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dt

= b{ [Y] - [PY]}

d[Z]
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Kn +[PX]n
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d[PZ]
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= b{ [Z] - [PZ]}
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let KKK() =

(new u1@d1:Release 
!a1(u1); (do !u1;KKK() or  !k1;KKKst()))

and KKKst() =
(new u2@d2:Release 
do !a2(u2); (do !u2;KKKst() or  !k2;KKK())
or  ?a3(u3); (do ?u3;KKKst() or  ?k3;KKKst())
or  ?a5(u5); (do ?u5;KKKst() or  ?k5;KKKst()))

let E1() = 
?a1(u1); (do ?u1;E1() or  ?k1;E1())

let E2() =
?a2(u2); (do ?u2;E2() or  ?k2;E2())

let KK() =
(new u3@d3:Release 
!a3(u3); (do !u3;KK() or  !k3;KK_P()))

and KK_P() =
(new u4@d4:Release  new u5@d5:Release 
do !a4(u4); (do !u4;KK_P() or  !k4;KK())
or  !a5(u5); (do !u5;KK_P() or  !k5;KK_PP()))

and KK_PP() =
(new u6@d6:Release 
do !a6(u6); (do !u6;KK_PP() or  !k6;KK_P())
or  ?a7(u7); (do ?u7;KK_PP() or  ?k7;KK_PP())
or  ?a9(u9); (do ?u9;KK_PP() or  ?k9;KK_PP()))

and KKPse() = 
do ?a4(u4); (do ?u4;KKPse() or  ?k4;KKPse())
or  ?a6(u6); (do ?u6;KKPse() or  ?k6;KKPse())

let K() = 
(new u7@d7:Release 
!a7(u7); (do !u7;K() or  !k7;K_P()))

and K_P() = 
(new u8@d8:Release  new u9@d9:Release 
do !a8(u8); (do !u8;K_P() or  !k8;K())
or  !a9(u9); (do !u9;K_P() or  !k9;K_PP()))

and K_PP() = 
(new u10@d10:Release 
!a10(u10); (do !u10;K_PP() or  !k10;K_P()))

and KPse() = 
do ?a8(u8); (do ?u8;KPse() or  ?k8;KPse())
or  ?a10(u10); (do ?u10;KPse() or  ?k10;KPse())

[1]substrate

[2]substrate
[3]kinase
[5]kinase

[1]enzyme

[2]enzyme

[3]substrate

[4]substrate
[5]substrate

[6]substrate
[7]kinase
[9]kinase

[4]phtase
[6]phtase

[7]substrate

[8]substrate
[9]substrate

[10]substrate

[8]phtase
[10]phtase

PPP34#�� � 	 � �� 2

4#3PPP�� � 	 � �� 2
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type Release = chan() 
type Bond = chan(Release) 
type React = chan()

new a1@1.0:Bond val d1=1.0 new k1@1.0:React
new a2@1.0:Bond val d2=1.0 new k2@1.0:React
new a3@1.0:Bond val d3=1.0 new k3@1.0:React
new a4@1.0:Bond val d4=1.0 new k4@1.0:React
new a5@1.0:Bond val d5=1.0 new k5@1.0:React
new a6@1.0:Bond val d6=1.0 new k6@1.0:React
new a7@1.0:Bond val d7=1.0 new k7@1.0:React
new a8@1.0:Bond val d8=1.0 new k8@1.0:React
new a9@1.0:Bond val d9=1.0 new k9@1.0:React
new a10@1.0:Bond val d10=1.0 new k10@1.0:React

…

run 100 of KKK()  run 100 of KK()   run 100 of K()
run 1 of E2()  run 1 of KKPse()  run 1 of KPse()
run 1 of E1()
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PPPW

PP;   
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PP;   

P;   

� ���� � � � � �� �� � � � �#+$�AAA
#$$2PPP*�#$$2PP*�#$$2P*���
#$24@*�#$2PP � � *�#$2P � � +
!� � �#24#��� �� � ��� � � � � �� � � � �� �� � � �� � �� � � 
 � � � �� � �
� � � � � � %

� <2. � <2.

P;   

9 � � � � �� � � �� � �� - ��

PPPW

PP;   

P;   



� 
 � 	 
� 1 � 
�� � � �
 �



2005-05-04 43

� 
 � 	 
� 1 � 
�� � � �
 � B� $ �� � 
� � �
 �

� ) � � �� �� � � � � � � � �� �� �� � � �� � 	 3�� ���� � � ��
� 42� � � �! �+� +�� � � � 
 �� � �� � � � �� � %�� � � � � � � � �� �� �	 � �� � �� � �� � �� � � 	 �� � ��- �� � � �� � +
� � � � �� � 	 � � � � �� � � � � � � � � � �� � � �� � 
 �� � � � � �� � �� �	 � � �� � � �� �� � � � 	 �� � ��� � � , � � - � +

� � � � � � � � � �� � � � � � � � �� � �� � ��
� ) �� �  � =� � � � �� � *�� � � � &*� � �� 	 �*�� � +�� �+>

� � � � � � � � � �� �� � � � � � � �� � �� � �� � �� � � � 
 �� � �� ���� � � �� +
� ) �� � 	 � �� � � � =� � � � &*� � � �� � *�� ��&� � 	 � *�� � � 
 � ���*�� � � � �� � >

� 42� � � � �� � �� � �) �� � � ��� � � �	 � 	 � � � � � � +
� � � � � �� � � 
 � 3�B� 	 � � � � � � � � ��� �: � � �� 	 � 
 �) �� � 
 �E� � � � �� �=B� � � � *� � �� 	 �*�F � � � ��� >

� N� �� �� � ��� � � �� � �� �� � ��� 	 � � � � � � � �� � ���� � ��� �� �� � 
 �&� � � � �� �� � �
 �� � � � � � � �
 �� 	 � � � � � +
� � � � � �� � � 
 � 3�B� 	 � 
 � �� , �� � � =� � ��� � �P� � � �� � *�: � : �B���� >

� ' � 
 � ��� � �� � � � � ��� 	 � 
 � �� � � � 	 � �! , � ��; � � � 
 �� 
 �� � � � � 	 %+
� � � � � �� � � 
 � 3�E: � 4 =U+� �� � >

� ' �� �	 � ��� � � - � � � � � � �� � � � 	 � �!#T$�� � � � � %�� � 
 �	 � � � � � ��� 	 �� � �, � � �� E: � � � � ��� 4��*��� �
� � � � � � � � �� �p; � � �� � �� � *�� �	 � �� � � 
 �� � 
 � � �� � � � �� �� � � 
 �� �� � � �� � � �� $P�� � � � � �� �� � � +

� 8 � � � �
 �� � � � � � � � � �
� � � � � � � ��� � � � � � � =U � � � >

� 8 � � � �
 �� � � � � 	 � 3�� � � � �� � � � � �
 �� � � � � � � �� ��� � � � � �� � � �?�
 �� � � � � � M� � � � � � � � �� �	 � 
 � �
� , �� � � �� � +

� 4� � +



2005-05-04 44

� 
 � 	 
� 1 � 
�� � � �
 � B� @) � 
 � � � � A * � � 
%� ��

� � � � � � ��� � �� � � �� � ��
� ) �� � � � 	 �� � ��� � � � , � � � *�!0� � � � � � � � � � �� � � � � � 1

� � � � �� � �� � � �� � � �� � � � %*�� � � �� � � � 
 ��� �� �� �� � � �
� � � ��� � � �� � � *�� � 	 	 � � �( �� � �- � � , � �� � � � � +��

� 9 � �� �� � � *�� � , � &� � *�, � � �� � � � 	 � � �� � ��� �
� � � � � � � � 
 �� � � 	 �� �� � � � � � 	 �, � �� � � � ��� �) �� � � ��
� � �� � 	 � � � �� � �� � � � � � �� � �� ���� � � � �� �� �
�� � � � � � � �� � � +=� � � � �*� � �� 	 �*�
 � � � � � *�) � �
 � � �>

� N� � �� � � �� �� � �, �� � �� � � �� � � � � � 	 �� � ��� &� � � �� � � � �
&� � �� � � �� � � � � � � � � � �� � � � � �� � � �� � � � , � � � +

� � � � � � � ��D�� , �� � � �� � ��
� D�� , �� � � �� � �� �� � � � � �� � � � �� � � ��� 
 �� � �� � � � � � � �

� � �� � ��+
� N&� � � � � � � 2�	 � � �� � �� � �� � � � &�� � �� � � 
 �� � �

� � � , � � �� � � � � �� � � �� � � � � �, � � � �0� � � � � � �
� � � � � � 1+

� � � � �� � �� �� � �� � � �� �&� �� � � 
 � � � - �� � � � � � � �� � �� � �
� � � � �� � �� � ��� �) �� � 	 � �� � � � �=D�� 	 	 �� � �� �� �� � � >+

�  � � � � � ���� � �� �� � � � � � � � �: � � � � � � � � � � �� �
� =
 � �� � � � �. �� - ��� - � >+



2005-05-04 45

� 
 � 	 
� 1 � 
�� � � �
 � B� � 
 � 	 
� � 	 �  �� �

� 9 � 	 � � � � �
� � � � � , � � � �&� � �� �� � � �� � �� � �� �� 	 � �� � � �� � � � � � � 	 � �! � � �� � 	 � %

=� �� � � � � >

� � � � �� � �� �� � �	 � 	 	 � ��� � �� � ���� � � �� �! � � � � � �P� � � %��� �� 9B+
=� � � � � �� � ; � �&�� � � � �� &� � �� � 
 � � � � D� � � � � � � � � � � � � >

� 4+� +��� �� � � � � �� # � �� � � � � � � � � �� � � � - � � �� � �� � � �� � � � � �� � �� � � � � �� @/

� F � � � � �� � � �&� 3�� �	 � � � � �� � M2� � � �
=� � � �� � �� � � �� � � - � � ��� � �� ��U� � ��' �� � � � >

� F � � � � �� � � �&� �� � 	 � � � � ���� � �� �� � � � �� � �� � �� � 	 � � � � � �� � �
	 � � � � � ��� 	 �	 � 
 � �+

� � � � � � � � � �� 3�� � � �� �
= � � - � � �� � � 	 � ��P, �� � - � , � - � >

� 
 � � �� � � 
 �� � � �� � � � � � � � �� �! � � 	 � � � � � %�� � � , � � - �� � � �� � ��
� 
 �� � � � � � �� � 
 �� � � � �� � � � � �' � � - � &� � � � � � � � � +
�  � � � � � � ��� � � � ��� � � � � � � +
� ' � 
 � �� � � � - �� � �� � �� � � � � � ���� � �� �� � � � �� � +�

2&	 � � � � 

%,* 
� � %� � ,) � ) ) � N� . � C� S� ) � ) ) . 0
�� #
�	 �
� � 	 � � %T� � � � 	 ,0
� � � � 2&	 � � � � 

%,* 
� � %� ,8� ) � - � � � S� 8� ) . 00
� � � 2&	 � � � � 

%,* 
� � %� ,� <T#
 
 
 - . � S� <T#
 
 
. 000



2005-05-04 46

K � � � � � 	 � � � �&	 � $%� � 	 � � � 7 
 � 9
 � � � �

. � �� � � �, � �� � �� � �� � � �
 � , � �� � � � �� � ��
� . � �� � � �	 � 
 � �� � �� �
 � � � � �� � �� �� � �� � � � � � � � � ��

� � 
 �� � 	 � �� � � � � �� ��� � 	 � �� 2�� � �!0
 � �
� � � � � � 	 	 �� � 1%+

. � �� � � �� � �� � �� � � �� � 
 �� � � �� ( �
� 
 �� � � � �� �� � � � � � � �� �	 � �� � �� � +
� � � � � � � � �� � � �� � �� �! � +� +�� � � � � � ��� �� , *�� � � � � ��� � *�

� � � 
 � � � � 	 �� �� 	 %+
� � � � � � � � �� � � � � �� 2� �� � � � �� � �! 	 � 
 � �� � � � - �� � %+

. � �� � � �&�� � � ��( �
� � � � � 	 � � � ; ��- � �� � � � � � � � � �� � � +
�  � � � �; � � � ; ��- � �� � � � � � � � � �� � � +
� � � � � � �� � � � � � *�B�&� �� � � � � � � � �� � � � � � �=8 � � � �>

� 8 �� � � � � � �� � ��� � � � 	 � � � +
� � � � � � � �� �� � 	 � � � �� �� � +

. � �� � � �� � � � � �
� � � �� � � �� �� � � �&� �� � � � � �� � �� � � � � � � � � �

�� 
 � � � �� �� � � � � �� ��� , � +
� . � �� � � �� � �� � � �
 �� � � � � � � �� � � � � 	 � �! � +� +�

� � � �&� �� � � �� � � � &�� � � %+
� . � �� � � �� � �� � � �
 �� � � � � � � �� � � � � � � � �� � �

�� &� �� +
� . � �� � � �� � � �� � � �&� �� � � � � �� � � �� � � � � �

	 �� �	 �( � � �� � �! � � 	 	 � � � �� � %+

7 �� � 
� �� 	 � �
� � � 	 � �� � �� � � � � �� � � � � � �� � �� � �� � � �� � � �� � ��� �

� � � 
 � �! 	 � 
 �� 	 ; � � � �� �� � � � � � � � �� �� �	 � �� � �� � �� � 
 �
� � � �� � �� *�	 � 
 �� 	 ; � � � �� �� � � 
 � � � � 	 �� �� � �� �� � 
 �
� � � � � � � � �� �	 � 
 � �� � � � - �� � %+

� N� � � � � �� � � 
 �� � �� � � �� �� � �� �� � �� �� � � � �� �� � �� � �
� � � ��� �� � � � � �+�9 � �� ��� �! � � � �� � � � %�� � � �� � � ��� � � � �
� � � �� � 	 � � � � � �� � �� � � �� � � +

' � � � �� � � � � � � � � � *�� � 	 � �� � � �� �� � ��� � � � � � *�� � � �� �� � �� � �� � ��� 3
�  � � � +�� � 	 � � � � � �� � � ��' � � � � 
 � ��� �� � � � � 	 � �) �� �� � � �=@$$J;@$$Q>



� 
 � � 
� � �
 � �
09� � �
 � � � �� � � �� � � � 	 � �� � �� � �� � 
 �
� � � �� � 	 � � � � � � �� � � �� � 	 	 �� � *�
, � � � �, � �� � � ��� � - �� � �� � � �� � � �
, � � 
 � *�� � � �� � � 	 	 � � �� � 
 �� � � �
� � � � � 2�� � �� �� � , ��� � � � � � � 71


 +�) � � � �!9 : ) � �@@!H%3J@Q; J@I *�#HHR%

09 � � �	 � � � �� 
 &� � � � 
 �� � � �� �� � � �
� � 	 � � � � � �� � � � � � � �
 � � � � �� � �� � �
� � � 	 �� � �� � �� �� � �� � � �� � � � �� � � �� �
� � � �� � � �
 � � � � �� � �� � �� � �
� �� 	 � �� � � �� � �� � � � � 	 � +1

4+� � � � �� � �!B� � � � � � �� � � � � %

U B

* B



2005-05-04 48

� 	 � 	 � 	 � � 	 �
=' � ) >�' � �� � � �� � �� � ���) �� �� � � *�D� � � 	 � � +
=' ) � >�' � �� � � �� � �) �� �� � � �� � �� � � �� � ��*�� � � �� � 
 +
= � � � � � � >�� �� � � � � �� �� , �� � � +
=
 � &�
 � � � >�� � � � 	 �� �� � � � �� � � � � �� � � � � 	 � +

=' ��� � � >�� � 	 	 � � �� � � �� � �� � 
 �' � � ��� �� � � � � 	 � 3�� � � � �; � � �� � �� � +
=� � � � &>�� � 	 � � � � � �� � � ��� � � � � 	 � �) �� �� � � 3�� �� � �� � �� � �� � � �) �� 	 � �� � � �� �

P� � , �� 
 � � �!  � +
 +�9 � � � �� %+

 � � � � �
" �
 * � � �	 � � �

� �� � � � � � � � �� �� � �� � �� � �, �� � �� � 	 � � � � 	 � � � � +
" � � � 	 � � � 
� � 
�

� � � � � � � �� � �� � ���, �� � �� � 	 � � � � � �� � �0� � 1 � � � �	 � 	 � � � � � � *�� � � ��� � �
 � �� � � 	 +
" �� 
 � � 
� $%� � 	 � �

	 � 	 � � � � � �� � � � � �� � � �� � 
 �� � � �� �� � � � � � � �� � � �� � �0�� � � �1 � � � � � �� � � � � �� � � +
* � � � � � � � � � � � � �� 	 � � 
 � � $%� � 	 � � � " �
 

 � %

� � � �� � � � � � � � �	 � � � �� � � ��	 � �� 	 � � � � 
 �� � �� �� � � � 	 �� � ��� � � �- �� � +

, , , +�� � � +
 � 	 � � +� � +� - M) �� � � 	 � � � �� � +� � 	


