
IkB

NFkB

IkB mRNA

NFkB

IKK dependent
degradation 

of IkB

nucleus

dna

{NI}

{NI}

cytoplasm

IkB

0 500 1000 1500 2000
0

0.2

0.4

0.6

0.8

1

time(min)

N
uc

le
ar

 N
F−

κB
 (µ

 M
)

0 500 1000 1500 2000
0

0.2

0.4

0.6

0.8

1

time(min)

N
uc

le
ar

 N
F−

κB
 (µ

 M
)

pbqsrputwvyx t{z}|~���� r��hrpbq t���t~put vyx q�� ~ � � x qu�{�9t��<� q tD��t~� ��� � ~ � x � q����9t q tD��t~ � ~� ��� � ~

where

pbqput vyx t�� �hr ���}� � t��{tM� � ~$� q� q0� q � x q�� ~ ��� x q����9t � � q t���t~� ��� � ~
pM� ~put�vyx � � ~ � q � � t���tM� � ~U�� q9� q � x � qu�{�9t q t��{t~ � ~� ��� � ~

puq rput v z |~�� �hrpuqpbt v � r ��� �R� � � ~ � q� � q

� z �M� v � z tD��t � z ~ � q� q � qz v � z t��{t � z ~ � � q� q � q� z �M� ~ v � tD��t~ � ~� ��� � ~� ~ v � tD��t~ � �� ��� � ~

pb� ~put�vZ� ��� � � ~$�� � q ��  qu� ~¡ � � ~
¢¤£L¥ q�� ~ ¥ t ¥ tD� � t���t¦9§r ;

q©¨ � ¥ t ¥ t�� � |t��{tuª ¦ |r � qqsr«¨ � ¥ t � |tD��tuª ¦ r � qhr7 variable model

3 variable model

3 variable model

4 variable model

¡ £�� � ª � tD��t

� ~ ¨)� t���t � ~t�¨ ��� ª ¦ r � t

¬ £8b® ��¯¢¤£8°�±h²2® ±³ £�b®  § ±� £ |J´ �  � ±¡ £8b®  | °

7 variable model

� tD��t~ z ~�µ � � � � z ~ � is significant

only when z ~Z¶·¶ � ~ . At this

point � tD��t~ reaches its minimum¸ � t���t~º¹ ¥ q�� ~¥ � qu���9t �
( » � tD��t~ µ »2¼ vZ½ and z ~ ¶·¶ � � )

¬ £ ¥ � � ~ � q ¦ r¥ t ¥ tD� � |t���t ;� £ � q ¦ |r¥ t ¥ t�� � |t��{t ;

Equilibrium of complexes

Small terms deleted

³ £ ¾ ¦ r¥ t ¥ t�� � tD��t
Figure S1: Schematic showing reduction of the 7-variable to a 3-variable model, as well as plots of oscillatory nuclear NF- � B from
simulations of the 7 and 3-variable models using parameter values given in the text.� � #h/M#����¿����-.� � � � ��-0/213# m � � #h/b#�m � � �X� � ����-9/213# � #h/b#� � �m � � �X� =

First, we note that the terms
� ��-0� � � and ��-0/213# m � - t���t~À �SÁ � ~ in the

� ��n �$� equation are much smaller than
� 5XÂ � t��{t E � ~GÃ -À q.Á - and can

be neglected as long as IKK is non-zero. Secondly, simulations reveal that the term � ��-9/213# - tD��t~ � ~À � Á � ~ , in the
� � #h/M#� n ��� equation, also

shows sharp spikes as a function of time which coincide with the spikes of
�Ä�

. The value of this term is substantial only when�N�(ÅÆm � , i.e., during the spikes of
���

, and at those times � #h/b#� dips to its minimum. We therefore make the approximation that� #h/b#� can be replaced by its minimum value, � #h/M#��Ç 	 � � , which satisfies the equation:� -0� � � ��� -9/21
# m � � #h/b#��Ç 	 � �m � � � � � � �8-9/M13# � #h/b#��Ç 	 � � �N�m � � � � =
In the regime where

� � ÅÈm �
this gives � #h/M#��Ç 	 � � e �$-0� �� �8-9/M13# � =

Using this we can reduce to a 3-variable model:� � ���� �*� �8� �Jm - � � #h/M# �[� � m - � � � � -0� � � � �É � � � �� � 	��� �"� # � %� �(' 	Ê�g	 �� ����)�*�$#,+ � 	 � 5 � � #h/b# �[� � b�m - � � =
Fig. S2 (top panel) shows a plot of the oscillations of nuclear NF- � B for the parameter values given above. When the transcription

rate is increased, the frequency of oscillation goes down (Fig. S2, bottom panel.)
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