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| !KKK(); 

new d1:r1:<> 
(a1<d1>;(d1<>;KKK<> + k1<>;KKKst<>))

| !KKKst();
new d2:r2:<> 
(a2<d2>;(d2<>;KKKst<> + k2<>;KKK<>) +
a3(d3);(d3();KKKst<> + k3();KKKst<>) +
a5(d5);(d5();KKKst<> + k5();KKKst<>))

| !E1(); 
a1(d1);(d1();E1<> + k1();E1<>)

| !E2(); 
a2(d2);(d2();E2<> + k2();E2<>)

| !KK(); 
new d3:r3:<> 
(a3<d3>;(d3<>;KK<> + k3<>;KK_P<>))

| !KK_P(); 
new d4:r4:<>  new d5:r5:<> 
(a4<d4>;(d4<>;KK_P<> + k4<>;KK<>) + 
a5<d5>;(d5<>;KK_P<> + k5<>;KK_PP<>))

| !KK_PP();
new d6:r6:<> 
(a6<d6>;(d6<>;KK_PP<> + k6<>;KK_P<>) +
a7(d7);(d7();KK_PP<> + k7();KK_PP<>) +
a9(d9);(d9();KK_PP<> + k9();KK_PP<>))

| !KKPse(); 
a4(d4);(d4();KKPse<> + k4();KKPse<>) +
a6(d6);(d6();KKPse<> + k6();KKPse<>)

| !K(); 
new d7:r7:<> 
(a7<d7>;(d7<>;K<> + k7<>;K_P<>))

| !K_P(); 
new d8:r8:<>  new d9:r9:<> 
(a8<d8>;(d8<>;K_P<> + k8<>;K<>) + 
a9<d9>;(d9<>;K_P<> + k9<>;K_PP<>))

| !K_PP(); 
new d10:r10:<> 
(a10<d10>;(d10<>;K_PP<> + k10<>;K_P<>))

| !KPse(); 
a8(d8);(d8();KPse<> + k8();KPse<>) +
a10(d10);(d10();KPse<> + 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

@@@�7� �� � � ( �� 4

7� �@@@�� � � ( �� 4
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new KKK:<> new KKKst:<> new E1:<> new E2:<> 
new KK:<> new KK_P:<> new KK_PP:<> new KKPse:<>
new K:<> new K_P:<> new K_PP:<> new KPse:<>

new a1:1.0:<<>> new k1:1.0:<> new a2:1.0:<<>> new k2:1.0:<>
new a3:1.0:<<>> new k3:1.0:<> new a4:1.0:<<>> new k4:1.0:<>
new a5:1.0:<<>> new k5:1.0:<> new a6:1.0:<<>> new k6:1.0:<>
new a7:1.0:<<>> new k7:1.0:<> new a8:1.0:<<>> new k8:1.0:<>
new a9:1.0:<<>> new k9:1.0:<> new a10:1.0:<<>> new k10:1.0:<>

new spike:<<>,int>      (*  a spike #2 high of #1 molecules * )
( !spike(a,n); if n=0 then () else (a<> | spike<a,n-1>)

| !KKK(); 
new d1:1.0:<> 
(a1<d1>;(d1<>;KKK<> + k1<>;KKKst<>))

| !KKKst();
new d2:1.0:<> 

(a2<d2>;(d2<>;KKKst<> + k2<>;KKK<>) +
a3(d3);(d3();KKKst<> + k3();KKKst<>) +
a5(d5);(d5();KKKst<> + k5();KKKst<>))

| !E1(); 
a1(d1);(d1();E1<> + k1();E1<>)

| !E2(); 
a2(d2);(d2();E2<> + k2();E2<>)

| !KK(); 
new d3:1.0:<> 
(a3<d3>;(d3<>;KK<> + k3<>;KK_P<>))

| !KK_P(); 
new d4:1.0:<> 
new d5:1.0:<> 
(a4<d4>;(d4<>;KK_P<> + k4<>;KK<>) + 
a5<d5>;(d5<>;KK_P<> + k5<>;KK_PP<>))

| !KK_PP();
new d6:1.0:<> 

(a6<d6>;(d6<>;KK_PP<> + k6<>;KK_P<>) +
a7(d7);(d7();KK_PP<> + k7();KK_PP<>) +
a9(d9);(d9();KK_PP<> + k9();KK_PP<>))

| !KKPse(); 
a4(d4);(d4();KKPse<> + k4();KKPse<>) +
a6(d6);(d6();KKPse<> + k6();KKPse<>)

| !K(); 
new d7:1.0:<> 
(a7<d7>;(d7<>;K<> + k7<>;K_P<>))

| !K_P(); 
new d8:1.0:<> 
new d9:1.0:<> 
(a8<d8>;(d8<>;K_P<> + k8<>;K<>) + 
a9<d9>;(d9<>;K_P<> + k9<>;K_PP<>))

| !K_PP(); 
new d10:1.0:<> 
(a10<d10>;(d10<>;K_PP<> + k10<>;K_P<>))

| !KPse(); 
a8(d8);(d8();KPse<> + k8();KPse<>) +
a10(d10);(d10();KPse<> + k10();KPse<>)

| E1<>  (*  input signal * )  | E2<> | KKPse<> | KPse<>
| spike<KKK,100> | spike<KK,100> | spike<K,100>   )

� ���
 � � � 	 �� +� �T3T



2004-12-14 47

� , � � � � � � � � � 	 � &�� � 
� � �
 "

� ���� � � � � �� �� � � 	 �� +� �TTT
� � � 4@@@#�� � � 4@@#�� � � 4@#���
� 47=#�� 4@@� 	 � #�� 4@� 	 � +��

9� ( � � ��	 �� 43� +�
B � � ( � � ��	 �� � � 4� � � �
� � �� 
 � 	 � � 	 �� �$�� &�+

@@@Y�
 � � � � 	 �� �� �&�� � �7�

@@5� � �
 �	 � 	 �; � �� � � 


@5� � ���� ��( 	 �� ( �� � �� � � T

@@@

@@

@

@@5�
@5�

� 47� ����� 1� � � �  

� 47� ���
 � � � $�  

� 47� ����� 1� � � �  

@5� � ��� � � � �	 �� � �&@@5� �@@@Y

@@@Y

@@5� �

@5� �



2004-12-14 48

� , � � � � � � � � � 	 � &�� � 
� � �
 "

� 43�

@@@Y

@@5� �

@5� �

D43�

@@@Y

@@5� �

@5� �

@@@Y

@@5� �

@5� �

� 43�

� 43�

@@@Y

@@5� �

@5� �

� ���� � � � � �� �� � � 	 �� +� �TTT
� � � 4@@@#�� � � 4@@#�� � � 4@#���
� � 47=#�� � 4@@� 	 � #�� � 4@� 	 � +
� 	 � �� 47� ��	 �� � ��� � " � 
 �	 � � � �� �� � � �
� � �( 
 �  � � � �� � �� � � ( � � �

� B3� � B3�

@5� �

<� 
 � 	 �� � � �; � �� � �&

@@@Y

@@5� �

@5� �



� 	 " 	 �



2004-12-14 50

� 	 " 	 � � � � 	 � � � " � � � �� � � �� �

, � � 	 " 	 � �� � � �� � � �� � � � " �� � � 
 �  ��� �7+%� ���

" 	 � " 	 �

" 	 �� �

�

� � " C� #� E�Z
� � " C� #� E�Z
� � " C� #� E�

� �

" 	 �

, � � 	 " 	 � � � � 	 � � " C� #� E��
� 
 � �+�t ! +�� � " C� #� E�X�
t e+�� ( � � C� E�Z�� � " C� #� E� �

( � � C( E�� ( 
 [ � +( � � C( E�X�t d

� � � �� � � �� � � �� � � � � � �� � �� � �� � � � � � 	 	� � � 	 	� � � 	 	� � � 	 	 
 � � � 
 � � � � � � � �
 � � � 
 � � � � � � � �
 � � � 
 � � � � � � � �
 � � � 
 � � � � � � � �
� � � � � � � � � � � � � � 	� � � � � � � � � � � � � � 	� � � � � � � � � � � � � � 	� � � � � � � � � � � � � � 	 
 � � � � � � � � 
 � � � � � �
 � � � � � � � � 
 � � � � � �
 � � � � � � � � 
 � � � � � �
 � � � � � � � � 
 � � � � � �

� � � �� � � �� � � �� � � � � � �� � �� � �� � � � � � 	 � � 	 	� � � 	 � � 	 	� � � 	 � � 	 	� � � 	 � � 	 	 
 � �
 � �
 � �
 � � � � �� � �� � �� � � � � � � � � �� � � � � � �� � � � � � �� � � � � � �
� � � � � � � � � � � � � � � � 	� � � � � � � � � � � � � � � � 	� � � � � � � � � � � � � � � � 	� � � � � � � � � � � � � � � � 	 
 � � � � � �  � � � � � � 
 � � � � � �
 � � � � � �  � � � � � � 
 � � � � � �
 � � � � � �  � � � � � � 
 � � � � � �
 � � � � � �  � � � � � � 
 � � � � � �
� � � � � ! " � � � � � � � 	� � � � � ! " � � � � � � � 	� � � � � ! " � � � � � � � 	� � � � � ! " � � � � � � � 	 
 � � ! � � " � � � #� � $� � 
 � � � � � �
 � � ! � � " � � � #� � $� � 
 � � � � � �
 � � ! � � " � � � #� � $� � 
 � � � � � �
 � � ! � � " � � � #� � $� � 
 � � � � � �


 � � � 
 � � � � �
 � � � 
 � � � � �
 � � � 
 � � � � �
 � � � 
 � � � � � %%%%� � � � � � � � � 
 � � � � � � " � � �� � � � � � � � � 
 � � � � � � " � � �� � � � � � � � � 
 � � � � � � " � � �� � � � � � � � � 
 � � � � � � " � � �
� � � � � � � � � � � 	 � � � � �  � � � � � � 	 � � � � � � � � � � � � 	� � � � � � � � � � � 	 � � � � �  � � � � � � 	 � � � � � � � � � � � � 	� � � � � � � � � � � 	 � � � � �  � � � � � � 	 � � � � � � � � � � � � 	� � � � � � � � � � � 	 � � � � �  � � � � � � 	 � � � � � � � � � � � � 	


 � &
 � &
 � &
 � &� � � 
 �� � � 
 �� � � 
 �� � � 
 � � ' � 
 � � 	 '� ' � 
 � � 	 '� ' � 
 � � 	 '� ' � 
 � � 	 ' � � �� � �� � �� � � � � 	 (� � 	 (� � 	 (� � 	 ( � �� �� �� � � 	 ' 
 � �� 	 ' 
 � �� 	 ' 
 � �� 	 ' 
 � �
) � &) � &) � &) � &� �� �� �� � 
 �
 �
 �
 �

) � &) � &) � &) � &� � � 
 � �  � � � 
 � �  � � � 
 � �  � � � 
 � �  � '� '� '� '

 � 
 � ' � 

 � 
 � ' � 

 � 
 � ' � 

 � 
 � ' � 
 � � � �� � � �� � � �� � � � 
 � ' �
 � ' �
 � ' �
 � ' � � � �� � �� � �� � � � � �  	 � � (� � �  	 � � (� � �  	 � � (� � �  	 � � (

� ! " �� ! " �� ! " �� ! " � 
 � ' � 

 � ' � 

 � ' � 

 � ' � 
 � � �� � �� � �� � � �  	 � ) ��  	 � ) ��  	 � ) ��  	 � ) � � � �� � �� � �� � � � � �  	 � �� � �  	 � �� � �  	 � �� � �  	 � �
) � &) � &) � &) � &� ! " �� ! " �� ! " �� ! " � � 	 � ) � &� 	 � ) � &� 	 � ) � &� 	 � ) � &� � � �� � � �� � � �� � � � � 	� 	� 	� 	


 � � * � � � � � 
 � #� � � � �
 � � * � � � � � 
 � #� � � � �
 � � * � � � � � 
 � #� � � � �
 � � * � � � � � 
 � #� � � � �
) �) �) �) � � � �� � �� � �� � � � � �  	 � ) �� � �  	 � ) �� � �  	 � ) �� � �  	 � ) � � � �� � �� � �� � � ����  � � � � � � � � 	 � ) �	 � ) �	 � ) �	 � ) � � � �� � �� � �� � � ���� � � �� � �� � �� � � 	 �	 �	 �	 �
����

+ � 	 � &� �� 6� 
 � � � �


 A� +� #�eA� +� #�! A� +� � � #�dA� +� � �

� � �

, � � � 
 � � � � � �� � � �� � 
� � �
 "



� 	 � � � � " 	 �



2004-12-14 52

( � � " 	 � � � 
� � 
�

� #> ����A � Z� � > �ZT� �Zs� � � � � 	 � 	 �� � �� � � � 
 � � � 	

s#t ��A � ZsZt ZTs Z� +s � � � � �� � � �� � 	 �� � �� � � �� � 	

� ���A � ZU � � ������ �� 	 �� � �  �  �

� 
 � � � 	

	 &	 � � � 	

� � � �� � 	

� +) +�� � 	 � 
 �� � �� � ��n� � �� � � � �� � ��   �  �� � �� � � ! �	 &	 � � � 	 �� �  �� 
 � � � 	 +�9� �� 	 � � ��&�� � � � �
� 
 �" �� � � � ��� �� 
 � � � 	 #�� � � �� � � � �� 4� 
 �  � �� � �� ! � �� �	 &	 � � � 	 +

�s
� � � � 
 � � �

� � � � � � � 	

�s
t

membrane
patches

� � � � 
 � � �
( � � � ! � 	

s � � � sZt � � � � +sZt A�� � +s�Zt

� � �� �� � 	 �� s � ��� 	 � � �� �=� �� �� � �� � �
<2 B �� � � � � � � � �$� �� � � � � 	 ��� 	 � � �  �� � �

B � 7�� � �� � 
 � � ��( 
 � � � 	 	 �� � �� � ��



2004-12-14 53

� � �

( � � " 	 � � 	 � � � �
 " � � . � � � � 
 
 " � 1

� � � �

�

� � � 	 
 � � � �

� � � ��

� �

�

� �



2004-12-14 54

( � � " 	 � � 
 
	 � � 
	 � � 	 � � � �
 " � � . � � � � 
 
 " � 1

2 �� ! �� � �� � � �� �� � �� �	 � � 	 
 #� �

� � �
 �


 �

� �

� �



2004-12-14 55

� 	 
 � � � � +sZs\ � � � � � �
� � r �+t Zt \ � > � � t Zt \ � r � sZs\ � � � � � > �

� � � � �
� +t Zt \ � � � +sZs\ � � � � > � � � �� sZs\Zt Zt \ � > �

� � � � � � r �+sZs\ � � � � sZs\ � r � � � � � �

I

� +) +��� ! � �( � 
 �� &�� � �� � 	 � �� " �� � �� �� �  �> ��	 �( 
 � 	 � 
 $�  *�
� ! �	 �� � � � 	 �� ! � �
 � � � � �� � 	 �( 
 � 	 � 
 $� �� �� � � � ��� &+

� � � ( � � ( � � ( =� � ; � � ; =�+aZs� ( = � � � � ; � � aZs� ; = � � �

� � � �� �	 � � �
 � � 
 �� �� " #��� 	 � � �� �  �� � � 	 � � �� � � � 
 � � � 	 �



2004-12-14 56

= 	 � �- � � 
	 � � 	 � � � �
 " � � . � � � � 
 
 " � 1

� � 
 � � ���

� � �� � �
�

� � � � 
 �



2004-12-14 57

2 �� � 
� � 	 6� 
 � � � � �
 "

[MBC p.279]

 � � � � 
 � � �

� 	 
 � �

� 
 � �
� � �

� � � 


� � �

� � �

� � �
� � 
 � � � 
 � � � �

� � 
 � � � 
 � � � �

� � 
 � � � 
 � � � �

� � � � �  �!

� � � � � � �

�
�

�
�

�
�

�
�

� � � 
 � � � �  �!

" � � � �

� � �
# 
 
 � � �
� � �  � 
 � �
� � $� �� 
 � %
 � � � � � �

� � � � 
 � 
 � � � �
� � � � � � � � �

&$�
 %' � �� �(

� � �

� � � � � � �

" � � � � � �

� � � � � � � 
 
 � � �)

# ! � � � � �

Infection Replication Progeny



� 
 " � 
� � �
 " �
,<! � � � � � �� 
 � �� � � � � � �� � �� " �� �  �
� ! � �� � � ( � � � 
 	 �� 
 � �! � � � �� " #�
� ! � � �� � �� 
 � ��� � � �� " �� 
 � �� ! � �
� � 
  	 #�� ! � �" 
 � � � � 
 �� �  �� ! � �
	 &� � � 4�� � �� �� � � ��� � " � � " � U-

� +�) 
 � &��<9) . �==�F� �I =K5I =N#�� FFJ�

,<! � �� � 	 � ��  $� � � �  �� � � �	 �� � 
 �
� � � ( � � � 
 �( 
 � � � 	 	 � � 	 � 
 �( � �� � �
	 � � � �� � �� � �� �	 � �� ! � �� � 	 � �� � � �	 �
� � 
 �� ! � � � 	 � 
 �( � �� � �� � �
� �� � � �� � � �� 
 �	 &	 � � � 	 +-

7+. ! � ( �
 � ��?� � � � 
 � �� � � � 	 �

Q?

, ?



2004-12-14 59

� 	 � 	 � 	 " � 	 �

C/ %) E�/ � �� � � �� 
 �%� ���) �� �� " &#�6
 � � � � � +
C/ ) %E�/ � �� � � �� 
 �) �� �� " &�� � �� ! � �%� ��#�0 � 
 �� �  +
C� � � 	 ! � � E�� �0 � � � � �� �. � �� � ! +
C� � $� 	 � � E�0 � � � � �� �� � " � �� � � 
 &�. &	 � � � 	 +

C/ ��� � 
 E�%� � � � � �� � � �� " �� �  �/ � � ��� �. &	 � � � 	 ��� ! � �� �5%� �� � �� 	 +
C� � " � $E�%� � ( � � � � �� � � ��. &	 � � � 	 �) �� �� " &��� �%� �� � �� 	 �� � 
 �) �� � � �� � � �� 


@� � � ��  " � � � ! +� +�<! � 	 �	 �+

� � ( � 
 	
( �
 , � � �	 " � �

� �	 � � � ! � 	 � �� �� � �� � �� 	 �� �� ! �� � � ( � 
 � � � � � 	 +
( � � " 	 � � � 
� � 
�

( 
 � � � 	 	 �� � �� � ���� �� ! �� � � ( � � � � �� � �, � � - � ! � �� � � � 
 � � � 	 #�� � � ��� 	 � � �� ! � � +
( �� 
 " � 
� &' � � 	 � �

� � � � 
 � � � �
 � � � � �� � 	 �� �  �� ! � �
 �� � � � � � � �� � 	 �� � �, �� � � �- ( � � � ! �
 � � � � �� � 	 +

� � � +�� � � + � � � � +� � +� � 8) �� %� � ( � � �� " +! � �


