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From biological clock to biological rhythms
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Abstract

The genetic and molecular analysis of circadian timekeeping mechanisms has accelerated as a result of
the increasing volume of genomic markers and nucleotide sequence information. Completion of whole
genome sequences and the use of differential gene expression technology will hasten the discovery of
the clock output pathways that control diverse rhythmic phenomena. 

Published: 10 October 2000

Genome Biology 2000, 1(4):reviews1023.1–1023.5

The electronic version of this article is the complete one and can be
found online at http://genomebiology.com/2000/1/4/reviews/1023

© GenomeBiology.com (Print ISSN 1465-6906; Online ISSN 1465-6914)

+
���	
��� �������� ��
� ��������
���� 
�� ����
����
���� ��	

,
���
����� ���
�
�

�� ����� ������ ��
�� �� �
�
�	� ��� �,���

!# �����)� ��������� ��
�
� �������� ������
�� 
��
����
����

����
�� ��� �
���� ��	� 	��-�� ��
�� ��
� ���� �
����� �� �
���
��� ��


��
����
�������������
�����,�����
��
�
���
	�,�����
�	��
$

������
�
-

�
����
����
�������
	���
��
���	
�������-)���


�,
�
��������
�����-�����
��
���
����
��,�
��
����
��
����
����

��
������
	
�� 
��
����� �
������������
.��
����������������$

�
�� ���
�
�

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


�
���	
��� ����
)� /�� �		
�
���� �0�� ���
�� ����-� ����
��

��


����
��
��� 1����� 
��� �
��
��� ��
� ����-� ��� ������ �
�
� 0
��

�
��
��� ���
��
����
����� ����
�2���	� �
��
�����
� ����
�$

���
���1�����
�����
��,
�
��������
�����-�������������
����
����


���	
��
�
��� �
��
�����
�2� 
����
� ����������0
��� ��
� 
��
$

����
��)� ��
� 
��������
� ��� ��
� �
���	
��� ����-� 
�� ��	
�$

����
	� ,�� 
��� �,
3�
��4� ����-�� ��
� ��
�
��� 
�� �����
���

����
�����������-�����
����	�
�-�����
���
���,
� ����������


��
������	��������)

��
� �
���	
��� ����-�����,

�� ����
�����
.
	� ��� �� �
�

�� ��

���

�������
��������5
����
��
�������0��6������������
��


��
����
����� 1�������� �
���2� �
������ ��� ��
� �
�
-

�
��

���������4� �� �
�
-

�
��� ����������� ��� 5���
������6�� 0�
��

��
���
�� 
�� ��
� �,�
��
� ��� 
��
����
����� ��
�� ��	� 
�� ��


���
� ������
��� ��� ��
� �
���	
��� ����-4� ��	� 5������� ����$

0���6� ����� ��
� ���
���
	� ��� ��
�
�
�� �
�
�� ��� ��
� �
���	
��

����
� ,�� ��
� �
���	
��� ���
������)� ��
�� ����
0��-� ���


��,�
	�����������
�����
������
��
����
���������
��
����$

�
��� ��
�
� ������
���� ��� ����� ��� 
��
��
�
� �
�
-

�
��

����
�)�7��������������
���	
������
����������,

�������
	���


	
��
��
����
�
�������
���	
��

�
����� ��
����
�������$�����

-��0����� 5����-��
�
�6)���
� 
���
��
��������
���� �
���
�

��	� 
8��
��
	� �
3�
��
� ���� 1�(�2� �
3�
��
�� ���� ���
	��


���
��
	� ��
� ���
� ��� ����-� �
�
� 	
����
���� ����
�������� 
�

�������4� ��	� ��
� �,��	���
� ��� �
0��� 
	
��
�

	� ����-

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

�
����
��)�/�������������
���
�
����
���
�
����������,

�����


����
	
��
��
����
�
��0
��
�������������0�����
�
��������

��
�
�����0��������
	
���
���
�
�����
�-�����������
������
$

������ ��	� ,
���
��)� 7
0� ������ ����� ��
� ��0� ���
��,�
� ���


8��
��
��� ���

�
��� �����	� 
��,�
� ���
	� �	����
�� 
�� ��



	
��
�
���
��������������
�
�)�

Circadian oscillator mechanisms
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Table 1

Circadian clock genes and their functions in Drosophila and mice

Organism Gene Protein function Clock function

Drosophila per Binds to dClk-Cyc as a heterodimer with Tim Inhibits dClk-Cyc-dependent transcription

tim Stabilizes phosphorylated Per Contributes to delayed Per accumulation 
Promotes Per nuclear localization Acts with Per to inhibit dClk-Cyc-dependent transcription 
Binds to dClk-Cyc as a heterodimer with Per Mediates phase-resetting in response to light
Degraded in response to light

dClk Forms a heterodimeric complex with Cyc Activates per and tim transcription and inhibits dClk transcription

Cyc (Bmal1) Forms a heterodimeric complex with dClk Activates per and tim transcription and inhibits dClk transcription

dbt (CK1�) Phosphorylates Per Destabilizes Per

cry Photoreceptor element that binds to Tim Initiates light signaling required for phase resetting

Mouse mPer1 Interacts with Clock-Bmal1? Moderate inhibition of Clock-Bmal1-dependent transcription

mPer2 Interacts with Clock-Bmal1? Activation of Bmal1 transcription
Moderate inhibition of Clock-Bmal1-dependent transcription 

mPer3 Interacts with Clock-Bmal1? Moderate inhibition of Clock-Bmal1-dependent transcription

mTim Interacts with Clock-Bmal1? Moderate inhibition of Clock-Bmal1-dependent transcription

Clock Forms a heterodimeric complex with Bmal1 Activates mPer1-3 and mCry1

Bmal1 Forms a heterodimeric complex with Clock Activates mPer1-3 and mCry1

CK1� (tau) Phosphorylates mPer1 and mPer2 Destabilizes mPers

mCry1 Dimerizes with mPer1-3 Strongly inhibits Clock-Bmal1-dependent transcription
Binds to Clock-Bmal1
Promotes mPer1-3 nuclear localization

mCry2 Dimerizes with mPer1-3 Strongly inhibits Clock-Bmal1-dependent transcription
Binds to Clock-Bmal1
Promotes mPer1-3 nuclear localization 

Gene symbols are as described in the text. Protein functions are derived from in vivo and/or in vitro experiments. Clock function is derived from mutant
phenotypes and/or in vivo experiments. The ‘?’ for mPer1-3 and mTim protein function indicates that the indicated activity is presumed on the basis of the
clock function of these proteins. Cyc is the Drosophila homolog of mouse Bmal1 and dbt is the homolog of mouse CK1� and hamster tau.
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Figure 1
The circadian oscillator mechanisms from flies and mice: models depicting the regulatory interactions within the Drosophila
and mouse feedback loops. Arrows indicate positive regulation and lines ending in bars denote negative regulation. Gene
symbols are as described in the text. The ‘P’ on Per and mPer represents phosphorylation due to Dbt/CK1�. The lightning
bolt represents light acting on Drosophila Cry.
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