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Infection Replication Progeny

[MBC p.279]
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• A bitonal (resp. layered) reaction is a pair of membrane 
systems <M,M’> such that the points that change tone 
(resp. depth) form a simply-connected region 
(a region not separated by membranes).
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Infection Replication Progeny
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Assume:
nucap �	cytosol ��	nucapn �	envelope-vesiclem �	cytosol’

by available cellular machinery
Then:

!����.bud�(�.�)����!bud|σ�vRNA��cytosol”� �Exo

!��|bud�(�.�)�!bud|σ�vRNA��cytosol”� �Bud

!���cytosol”� � �.��nucap�

nucap

cell

envelope-vesicle

virus

nucapenvelope
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a ::= … | p1(p2) � q1(q2) bind&releaseactions

P,Q ::= … | m m�M   molecules
p,q ::= m1�…�mk molecule multisets

systems

�'�
σ

p1(p2) � q1(q2).β

�($$$� σ

β

)($$$��* )*
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:

�'� p1 � p1(p2)�q1(q2).α|σ�p2 � P� � q1 � α|σ�q2 � P�

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

% �� ������
��
���	
������	����� “�(�)” ����� �����


m(�)� ��
����� �m(�)      ����	������
�(m)� ��
���
 ��(m)      ����	����
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:

ProtonPump = ! ATP(�) � ADP�Pi(H+�H+)
IonChannel =  ! Cl–(H+) � �(H+�Cl–)
ProtonAntiporter = ! Na+(H+) � H+(Na+)

PlantVacuole = 
ProtonPump | IonChannel | ProtonAntiporter ���

F �
����!�����	����
�
��	���
 �� ����"����# �!�� ��	����	����
�

��	���
 ���� ������	���
��	��������!��������
�	�� �� ��	
��	���
���

+� �� ��
���������
���
���*	���
��(�� 	����
����!����	���-
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p ����� q   � ! p(�) � q(�)��
p ����� q   � p ����� q � q ����� p

$ ��������������
������ ��
��� ��	� �
�	���� R1 R2:
R1-COOH � H2N-R2 ����� R1-CO-HN-R2 � H2O

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

p���q � ! �(p) � �(q) 
p���q|σ�P� &�
�����
�	((����
��P 

$ ����	���
�����
����*�
���	����


p���q|σ�p� � p���q|σ�q�
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