
http://genomebiology.com/2001/2/3/research/0009.1

co
m

m
ent

review
s

repo
rts

depo
sited research

interactio
ns

info
rm

atio
n

refereed research

Research
The cohesin complex: sequence homologies, interaction networks
and shared motifs 
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Abstract

Background: Cohesin is a macromolecular complex that links sister chromatids together at the
metaphase plate during mitosis. The links are formed during DNA replication and destroyed
during the metaphase-to-anaphase transition. In budding yeast, the 14S cohesin complex comprises
at least two classes of SMC (structural maintenance of chromosomes) proteins - Smc1 and Smc3 -
and two SCC (sister-chromatid cohesion) proteins - Scc1 and Scc3. The exact function of these
proteins is unknown.

Results: Searches of protein sequence databases have revealed new homologs of cohesin
proteins. In mouse, Mmip1 (Mad member interacting protein 1) and Smc3 share 99% sequence
identity and are products of the same gene. A phylogenetic tree of SMC homologs reveals five
families: Smc1, Smc2, Smc3, Smc4 and an ancestral family that includes the sequences from the
Archaea and Eubacteria. This ancestral family also includes sequences from eukaryotes. A cohesion
interaction network, comprising 17 proteins, has been constructed using two proteomic
databases. Genes encoding six proteins in the cohesion network share a common upstream region
that includes the MluI cell-cycle box (MCB) element. Pairs of the proteins in this network share
common sequence motifs that could represent common structural features such as binding sites.
Scc2 shares a motif with Chk1 (kinase checkpoint protein), that comprises part of the
serine/threonine protein kinase motif, including the active-site residue. 

Conclusions: We have combined genomic and proteomic data into a comprehensive network of
information to reach a better understanding of the function of the cohesin complex. We have
identified new SMC homologs, created a new SMC phylogeny and identified shared DNA and protein
motifs. The potential for Scc2 to function as a kinase - a hypothesis that needs to be verified
experimentally - could provide further evidence for the regulation of sister-chromatid cohesion by
phosphorylation mechanisms, which are currently poorly understood.
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Figure 1
Structure of an SMC protein. (a) The five domains of SMC
proteins. The amino-terminal domain includes a Walker A
motif and the carboxy-terminal domain a DA-box (also
known as a Walker B motif). (b) Proposed dimeric
interaction of SMC molecules (see, for example, [8]).
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Table 1

Proteins involved in sister chromatid cohesion in S. cerevisiae, and their sequence homologs

Organism SMC1 proteins/homologs SMC3 proteins/homologs Non-SMC proteins/homologs Loading factors/homologs

S. cerevisiae Smc1p Smc3 Scc1p/Mcd1p Scc3/IRRI Scc2 Scc4

S. pombe Psm1/SPBC29A10.04 Psm3/SPAC10F6.09C Rad21 SPAC17H9.20 Mis4 ?
Rec11

C. elegans F28B3.7 Y47D3A.26 F10G7.4 F18e2.3 ? ?

Drosophila CG6057 DCAP dRAD21/DMscc1 Stromalin (SA) Nipped-B ?

Xenopus XSMC1 XSMC3 XRAD21 ? ? ?

Mouse mSMCB MSMCD mHR21SPA SA1 ? ? 
SA2 
SA3

Bovine bSMC1 BSMC3 ? ? ? ?

Human hSMC1/Sb1.8 HSMC3/HCAP hR21PSA SAG1 IDN3-B ?
hHR21spB SAG2

SAG3

Arabidopsis ? CAP/AT2G27170 Syn1 /Dif1 SA ? ?
F17A22.37

The question marks indicate where no sequence homologs could be found. 
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Figure 2
Evolutionary tree for SMC proteins, created using PHYLIP [69,70]. Each of the five SMC families is highlighted and labeled. The
names of the eukaryotic proteins present in the ancestral family are underlined. Bootstrap values from 100 bootstrap trials are
shown on the primary branches of the tree. AQUAE, Aquifex aeolicus; ARATH, Arabidopsis thaliana; ARCFU, Archaeoglobus
fulgidus; ASPN, Aspergillus niger; BACSU, Bacillus subtilis; CAEEL, Caenorhabditis elegans; CAUCR, Caulobacter crescentus;
DROS, Drosophila; ECOLI, Escherichia coli; JAPPU, Japanese pufferfish; METJA, Methanococcus jannaschii; MUS, mouse;
MYCGE, Mycoplasma genitalium; MYCHR, Mycoplasma hyorhinis; MYCPN, Mycoplasma pneumonia; PYRAB, Pyrococcus abyssii;
PYRHO, Pyrococcus horikoshii; SCHP, Schizosaccharomyces pombe; SYNSP, Synechocystis sp.; THEMA, Thermotoga maritima;
TREPA, Treponema pallidum; XENLA, XENO, Xenopus laevis; YEAST, Saccharomyces cerevisiae. 

�� ����!!"

�#$%&��'()

)*�+�,���-

)*�+�.!/(

)*���*-)

)*�+�'��

)*�+��(�
)�+0 ��-*�/

)*�+�1!�)�

)*�+�)���(

�-�2�)���(

)*�3��'()

�2&#���!!"���4���!!"

.����.!/"�
�������-*�/

������'���

)*����'()

)�55���5�6���!��-*�/

.��!�.!/"�

)*���1!�)�

�-+3�)���(

�����'���
)*�2�1!�)�

)-����)�/5

�+%��)���(
134����!!"

�����'()

)*�2��(�

�����-*�/

��*���/��*-)

)*���*-)
**5�+�*-)

��*���/�'��
+$32�*!�,�

�����7-�!

�����1'�(

)*���1'��

)*�+��'��-

)*�+�)1/)�

)*����!*�

)*����-�'

*-6��!�("5
�#44 ��'()

1"7�����)-

)*�����)-

�++&�*1��'
�++&�*1�#!

�++&�*1��/

+%%$��7-�!
)*���'!��

*5*��'���

%&83��-*�/

1("%23��1!�)�

��4��+���!!"

)�'+ �)���

�+3�3�)���

�&3�&+3���!!"

��2�3$���!!"

'�+ �1!�)�

'��+ �)���

����

���	

���


����

������������

+%%

+%%

3 

8$

8%

+%%

+%%

8 8 



	���	� ��	� ,���*�	A�	��	� �� )�/� 
������	��� ��
� ��		,�	

����
��	���	���
�����,�����������	�	(

Cohesion interaction network
�� ���	����� ���	������� �	�0�-� 0��� �	��	
� ��� ���������

��,��������,����0�����	��	�
������	����
���	����	���	

5����	 #6(��������	 #�����	���	�
�0���	�0		�����	������

��
����	� -��0�� �� ���	������ ���	�������(� /�	� 
���� ,��

0�������	����	���������	�
	�9	
��	���
����	
������
	����	


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

5��
��	�0		����	�
�,,		�������	���,�
����0������	����
���*

���	6���
���	����	���	(��������	����5)��3��/,���$�33���


/�
#6����	����
�	�����0�����4�����������	��������� ��� 

������(�/�	� ���	��������,�)��3���
����3� �����	�����-��0�

��� �� ,���������� �	9	�� 73#8�� ��
� ���� ��������	� ���� ��	�
�

�		��
������	
(�/���� ���	�������������	*
	�	�
	�����
����

�����		���
	���,�	
������	��	�����0�*����
���		�����
�����

��,�����������������	�����	��
	
������	�K$1(

/,����������	�����9��9	
�������������������������	����*


	�������� 7#>8� ��
� ����	*�������
� ���	����� 7#E8(� ��

!� ������ /,�� ���	����� 0���� ���3� ��
� ���"� 7#>8�� ��
� ��

�� ��������� /��� ���	����� 0���� ���3� ��
� /,<� 7�?8�

�����	� �	��	� �,� ��	� /��� ,�����(� /,�� ��������� ��9	

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

��
���	������� 5/���	 "6(�/,������9	��	�	������		���
	�*

��,�	
������12�������	��	�0�����*�����	��	*��-	����	*

��	�� ��
� ��� ��0� 
	������	
� 12�� �����	��	� � 5��	� ,����

������ �,� ����	�� 12�� �����	��	�6� 7�38(� �	���	� ��������

�,��� ��������� /,�������
	���	���,,	��	*��
��	
��	���
	���

���	�����5��
36������ ���	� 7�"8�53#(�G��	A�	��	��
	�����6

��
� ��	� ��������	���
	� �
	�������,	��	� 	�:��	� ,��� �

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

53?("G� ��
� E(=G� �	A�	��	� �
	������ 	��	���9	��6(� ��
3� ��� �,

��������� ���		��� ��� ��� �������� ��� ����� �� ���� ��� ��	� �*4

��	�-����������0�������� ���	� 7�"8(���������������,�/,��

��
3� ����
� �	� ��	� ���-� �	�0		�� ����	*�������
� ���	����

��
��������	�-����������0��(�

$�33�������	�������������,�������9��9	
������	�	��������	���,

��	� �����	������� ���	����� ����0��� 7�#8(� $�33� ��� �� "BB

�����*���
� ���	��� ����� �����
	�� �� :���*,���	� 
�����

������� ��� �2�*���
���� ���	���� 7��8(� /���� ��������� ,����

,���� �� �����	.� 0���� �0�� ���	��� $�E� ��
� $�"3�� 0����

���	��	�0����$�<��	�	A��	
�,����	����
�����,�&"����2$

��� �	*��2�� 7�<��B8(� /�		� �	� ��������� �,� ����� ��������

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

����	���
�������5/���	 "6���
����������
	���	��2�*���
���

����,(��������	���
�����������	��������������$B"�5�����	�*

���	*��������	
� ���	��6�� �� �����	������� ���	��� ����� ���
�

����	*��2�������	��	�����	������������	.�7�=8(

/�
#� 52�1>?6� ��� �� ����
�	� ���	� ��
�� ���	��� ����� ���

������������������	��,�	�-����	��5/���	 "6(�/�
#�����	*


���	
�������	����0�������3���
����"����
������		�����0�

	.�	��	������� ��� ���	���� 0���� ���"��� �����	� ������	��

�,� ��	� ����
�	� ���	� ��
�(� ���	�������� �	�0		�� ��	� �����

�������� �,� /�
#�� @	�3�� ��
� ������ ���3� ��
� ���"

�����������9	�������		�����	9	
�7�>8(�/�	����	���������,

/�
#� 0���� ��������� ,��� ����� ��	� ���	���� ��
� ���
	����

co
m

m
ent

review
s

repo
rts

depo
sited research

interactio
ns

info
rm

atio
n

refereed research

http://genomebiology.com/2001/2/3/research/0009.5

Table 2

Three cohesin-interacting proteins from S. cerevisiae and their
sequence homologs

Organism Cohesin-interacting proteins

S. cerevisiae Trf4 Prp11 Tid3p/NCD80 Esp1p

S. pombe SPAC12g12.13c SPBC21C3.05 SPBC11C11.03 Cut1 

C. elegans ZK858.1 F11a10.2 W01B6.9 Y47G6A.12
ZK430

Drosophila EG:8D8.8 CG10754 ? CG10583

Mouse ESTs SAP62 ESTs ESTs

Human hTRF4-1 SAP62 Hec1 KIAA0165
hTRF4-2

Arabidopsis F17k2.15 T26B15.16 T14E10.200 F7H19.150

The question marks indicate where no sequence homologs could be
found. 

Table 3

PROSITE sequence motifs located using ProfileScan in proteins
involved in the sister chromatid cohesion mechanism

Protein class S. cerevisiae PROSITE motifs
proteins

Cohesin Smc1 NLS_BP: Bipartite nuclear localization signal
subunits ATP_GTP: (P loop) (Walker A motif)

DA_BOX: Walker B motif
Leucine zipper

Smc3 NLS_BP: Bipartite nuclear localization signal
ATP_GTP: (P loop) (Walker A motif)
DA_BOX: Walker B motif
Leucine zipper

Scc1 None
Scc3 NLS_BP: Bipartite nuclear localization signal

Loading Scc2 Leucine zipper
factors Scc4 AMP binding domain

SMC1- Trf4 NLS_BP: Bipartite nuclear localization signal
interacting PAP: poly(A) polymerase
protein PAP_associated: poly(A) polymerase 

associated
PAP_core: poly(A) polymerase core

SMC1- Tid3/NCD80 None
interacting

Scc1- Esp1 PROKAR_LIPOPROTEIN prokaryotic 
interacting membrane lipoprotein attachment site

NLS_BP: Bipartite nuclear localization signal

SCC2- Prp11 ZF_MATRIN domain: RNA-binding zinc 
interacting finger 
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Figure 3
The cohesion interaction network. Lines connecting proteins indicate known or potential interactions as derived from two
proteomic databases and the literature. Cohesin and the loading factors are in yellow; additional proteins involved in cohesion
or interacting with cohesin or the loading factors are in blue; all other proteins in the network are in white. Proteins outlined
with boxes are part of macromolecular complexes. Prp11 is part of a complex in the spliceosomal pathway, and Apc2 is part
of the anaphase-promoting complex (APC). Tid3p and Spc24 are both part of the spindle-pole body. Solid black lines indicate
proteins that form dimeric interactions. The cohesion network of 17 proteins includes all those labeled, excluding Apc2, Tid4,
Tid1 and Rad51. 
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Figure 4
Sequence alignment of the conserved motif in Scc2, Chk1
and Pkh1, which includes the PROSITE serine/threonine
(S/T) protein kinase motif. In the alignment the conserved
residues of the motif identified using Teiresias are in red and
additional conserved positions are in green. The residues
that coincide with the S/T kinase motif are outlined with a
box. The number before each motif indicates the position of
the first residue within the complete sequence. The
PROSITE S/T kinase motif is shown beneath the alignment.
The alternative residues are shown in squared brackets;
X denotes any residue; the active-site aspartic acid is in blue.

SCC2_YEAST  459  YSFCNQMKDIAPENIDLLKNEYKKQEEFL

CHK1_YEAST  134  VECGVAHRDIKPENILLDKNGNLKLADFG
PKH1_YEAST  241  HNIGIIHRDIKPENILLDKNMKVKLTDFG

ST_KINASE [LIVMFYC]X[HY]XD[LIVMFY]KXXN[LIVMFYCT](3)

Figure 5
Sequence alignments for three motifs shared by proteins in
the cohesion network. (a) A motif shared by Scc2 and Trf4
in the network and a putative seryl-tRNA synthetase
(YHH1) from yeast. (b) A motif shared by Scc1, Smc1 and a
P-type ATPase from Plasmodium yoelii. (c) A motif shared by
the cohesin loading factor Scc4 and SMC3. In each
alignment the conserved residues of the motif identified
using Teiresias are in red and additional conserved
positions are in green. The number before each motif
indicates the position of the first residue within the
complete sequence.

SCC2_YEAST  1177  VNSTLSSNSILKKKLLKTNRVE
TRF4_YEAST  251   RNNLYSLASHLKKKNLATEVEV
YHH1_YEAST  104   YNDQNSKSSELKKKILETCKSL

SCC1_YEAST  248   GITEKNDQNNDDDDNSVEQG
SMC1_YEAST  67    YRGVLNDENSDDYDNEGAAS
PATP_PLAYO  1342  DNDDDNDDNDDDNDNDNDNN

SCC4_YEAST  597   TVAMRGKDVALTNAKLEALV
SMC3_YEAST  144   NIVPQGKIVALTNAKDKERL
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