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• Complex folded-up shapes that:
– Fit together, dock, undock.
– Excite/unexcite, warp each other.
– Bring together, catalyze, transform materials.
– Form complex aggregates and networks.

• Mapping out such networks:
– In principle, it’s “just” a very large set of chemical equations.
– Notations have been developed to summarize and abstract.
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“Phosphatase Kinase Kinase” =
a kinase that activates a kinase 
that activates a phosphatase 
that deactivates a protein.
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P,Q  ::= � | P�Q | !P | σ�P� ���������� �� 	�����

σ,τ ::= 0 | σ|τ | !σ | a.σ ��� 	
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����������
���

a ::= 1 | … !�
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�σ
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�σ
τ

membrane
patches

� �� 	����
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σ�P� σ|τ�P� a.σ|τ = (a.σ)|τ

1D fluids (σ) inside a 2D fluid (P)
� - 3 ���� � ����
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P�P’ ∧ P’�Q’ ∧ Q’�Q � P�Q 
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P�Q � Q�P 
P�(Q�R) � (P�Q)�R 
P�� � P
!P � P�!P etc.

0��� � �

P�Q � P�R � Q�R
P�Q � !P � !Q
P�Q ∧ σ�τ � σ�P� � τ�Q�

&����4&
??

σ|τ � τ|σ
σ|(τ|ρ) � (σ|τ)|ρ
σ|0 � σ
!σ � σ|!σ    etc.

1.σ � σ

σ�τ � σ|ρ � τ|ρ
σ�τ � !σ � !τ
σ�τ � a.σ � a.τ
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P�Q � P�R � Q�R 
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�(ρ).τ

��(ρ).τ
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τ

ρ
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a ::= … | �n | ��
n(ρ) | �n | ��
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�n.σ|σ'�P� � ��
n(ρ).τ|τ'|ρ�Q� � τ|τ'�ρ�σ|σ'�P���Q�

��	
� �n.σ|σ'�P� � ��
n(ρ).τ|τ'�Q� � τ|τ'�ρ�σ|σ'�P���Q�
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���� �(ρ).σ|σ'�P� � σ|σ'�ρ����P�
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�	�� maten.σ = �n.�n’.σ
mate�

n.τ = ��
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n’.�n”).��
n”.τ
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n”.τ
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� ����σ'
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[MBC p.279]
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�.��nucap��	!��(mate)�!mate�|!������cytosol� �Phago

!��(mate)�mate���nucap���!mate�|!������cytosol� �Mate

!��(mate)�!mate�|!�����nucap���cytosol� �Exo

!��(mate)�!mate�|!������nucap�cytosol�

endosome

virus cell

membrane

endosome

endosome

endosome

vesiclemembrane

membrane

membrane
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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

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

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

systems
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σ

p1(p2) � q1(q2).β
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�&� p1 � p1(p2)�q1(q2).α|σ�p2 � P� � q1 � α|σ�q2 � P�
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ProtonPump = ! ATP(�) � ADP�Pi(H+�H+)
IonChannel =  ! Cl–(H+) � �(H+�Cl–)
ProtonAntiporter = ! Na+(H+) � H+(Na+)

PlantVacuole = 
ProtonPump | IonChannel | ProtonAntiporter ���

, �������
�������
��������
��#��#�
���
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p ����� q   � ! p(�) � q(�)��
p ����� q   � p ����� q � q ����� p

6 ��������
���	����	��� ������ ���� 
����
�� R1 R2:
R1-COOH � H2N-R2 ����� R1-CO-HN-R2 � H2O

�
� *���� 	����
�����
�� !�������� �� 	������������� ����� ���$

p���q � ! �(p) � �(q) 
p���q|σ�P� 7���
�
���������
���P 
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p���q|σ�p� � p���q|σ�q�
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nucap �	cytosol ��	nucapn �	envelope-vesiclem �	cytosol’
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