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Abstract
The predictive powerhouse of protein structure and function that is protein sequence coevolution analysis has 

recently matured. The prediction of membrane and disordered protein structures, protein complex architectures, 
DQG� WKH� IXQFWLRQDO� HႇHFWV� RI� SURWHLQ� PXWDWLRQV� KDYH� EHHQ� PDGH� SRVVLEOH� E\� GLUHFW� PHWKRGV� WKDW� PDNH� XVH� RI�
global statistical models of sequence coevolution. These computational methods, which provide functional and 
VWUXFWXUDO�LQIRUPDWLRQ�LQ�DQ�RWKHUZLVH�H[SHULPHQWDOO\��FKDOOHQJLQJ�¿HOG��KDYH�EHHQ�DGRSWHG�E\�WKH�PHPEUDQH�SURWHLQ�
ELRFKHPLVWU\�DQG�VWUXFWXUDO�ELRORJ\�¿HOGV��,Q�WKLV�VHFWLRQ��ZH�GLVFXVV�WKH�PRVW�UHFHQW�DSSOLFDWLRQV�RI�SURWHLQ�VHTXHQFH�
coevolution analysis to the structure and function of membrane proteins, as well as the promising directions and 
challenges that lie ahead. Membrane protein biochemists who want to apply sequence coevolution analysis to a 
VSHFL¿F�H[SHULPHQWDO�V\VWHP�FDQ�EHQH¿W�IURP�RXU�LQVLJKWV�DQG�LQVWUXFWLRQV�
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novo protein structure prediction to understanding conformational 
changes, these examples demonstrate how sequence coevolution can be 
used to study membrane proteins at multiple levels. We apologize for 
omitting any studies from this rapidly expanding field because we were 
unable to cover all examples. We provide guidelines for using sequence 
coevolution analysis effectively based on this survey.

The de novo prediction of protein structure based solely on 
sequence information was one of the promises made in the initial paper 
on protein sequence coevolution analysis. The main idea is to use the 
coevolving residue pairs as distance constraints for structural modeling 
with NMR methods or computational structure prediction software 
like Rosetta inferring that the paired residues should be close to each 
other in space in the three-dimensional structure. However, it wasn’t 
until direct methods were developed to distinguish transitively coupled 
pairs from directly coupled residue pairs that the precision of predicted 
structural contacts became sufficient to infer protein structure. Direct 
strategies were before long applied to α-helical layer proteins, for certain 
modifications explicit for film proteins. In addition, the model structures 
were scored based on how well they adhered to secondary structure 
prediction, coevolution constraints, and models of which residues 
are exposed to the lipid membrane. Based on a test set of 25 known 
membrane protein structures, this EV Fold membrane algorithm can 
produce highly accurate models of -helical membrane proteins [9-10]. 
These models are comparable to a reasonable homology model, making 
them a useful starting point for a membrane protein biochemist lacking 
other structural information. The RMSD over C atoms for these models 
and their corresponding experimentally determined structure ranges 
from 2.8 to 5.1.

Conclusion 
This review examines how studies of membrane protein structures 

and functions can use sequence coevolution analysis to identify 
functional sites in proteins, understand conformational changes, 
discover and characterize protein-protein interactions, and integrate 
with other structural approaches to reveal the structure of large 
membrane protein complexes. In order to encourage proper usage 
and increase the likelihood of successful application of this remarkable 
and cutting-edge method, we have provided guidelines for performing 
sequence coevolution analysis. When sufficient sequence information 

can be assembled into a high-quality MSA, we anticipate that 
biochemists will increasingly use sequence coevolution analysis on their 
own protein families of interest. We find such analyses to be extremely 
helpful in generating hypotheses that can be tested experimentally.

Declaration of Competing Interest

The authors declare that they have no competing financial interests 

Acknowledgement

None

References
1.	 &DUUHUDV� +$�� &DOGHUyQ�6HJXUD� 0(�� *yPH]�$UUR\R� 6�� 0XULOOR�7RYDU� 0$��

$PDGRU�0XxR]�2$��������&RPSRVLWLRQ�DQG�PXWDJHQLFLW\�RI�3$+V�DVVRFLDWHG�
ZLWK�XUEDQ�DLUERUQH�SDUWLFOHV�LQ�&yUGRED��$UJHQWLQD��(QYLURQ�3ROOXW���������±
����

��	 &HUHWWL� (�� =DQL� &�� =HUELQL� ,�� 9LROD� *�� 0RUHWWL� 0�� HW� DO�� � ������� Monitoring of 
YRODWLOH�DQG�QRQ�YRODWLOH�XUEDQ�DLU�JHQRWR[LQV�XVLQJ�EDFWHULD��KXPDQ�FHOOV�DQG�
plants��&KHPRVSKHUH���������±����

��	 &KDQJ� &&�� &KLX� +)�� <DQJ� &<� ������� )LQH� SDUWLFXODWH� DLU� SROOXWLRQ� DQG�
outpatient department visits for headache in Taipei, Taiwan��-�7R[LFRO�(QYLURQ�
+HDOWK�$��������±����

��	 &KRZ�-&��:DWVRQ�-*��0DXGHUO\�-/��&RVWD�'/��:\]JD�5(��HW�DO���������Health 
HႇHFWV�RI�¿QH�SDUWLFXODWH�DLU�SROOXWLRQ�� OLQHV�WKDW�FRQQHFW��-�$LU�:DVWH�0DQDJ�
$VVRF���������±�����

��	 *DOYmR� 0)�� &DEUDO� 70�� GH�$QGUp� 3$��$QGUDGH� 0)�� GH� 0LUDQGD� 50� �������
&DVKHZ� QXW� URDVWLQJ�� FKHPLFDO� FKDUDFWHUL]DWLRQ� RI� SDUWLFXODWH� PDWWHU� DQG�
genotocixity analysis.�(QYLURQ�5HV���������±����

��	 *DUFLD�60��'RPLQJXHV�*��*RPHV�&��6LOYD�$9��$OPHLGD�60��������,PSDFW�RI�
URDG�WUDႈF�HPLVVLRQV�RQ�DPELHQW�DLU�TXDOLW\�LQ�DQ�LQGXVWULDOL]HG�DUHD. J Toxicol 
(QYLURQ�+HDOWK�$��������±����

7.	 *HQWU\�6FKLHOGV�-��%DUWUDP�-��������+XPDQ�KHDOWK�DQG�WKH�ZDWHU�HQYLURQPHQW��
XVLQJ� WKH�'36(($�IUDPHZRUN� WR� LGHQWLI\� WKH�GULYLQJ� IRUFHV�RI�GLVHDVH��-�6FL�
7RWDO�(QYLURQ���������±����

��	 .DXU� 5�� .DXU� -�� 0DKDMDQ� -�� .XPDU� 5�� $URUD� 6� ������� 2[LGDWLYH� VWUHVV�
implications, source and its prevention��(QYLURQ�6FL�3ROOXW�5HV�,QW���������±
�����

��	 .UXSQLFN�$-� ������� &KDOOHQJHV� WR� PDQDJLQJ� DLU� SROOXWLRQ�� -� 7R[LFRO� (QYLURQ�
+HDOWK�$�������±���

���	0D�7+��&DEUHUD�*/��&KHQ�5��*LOO�%6��6DQGKX�66��HW�DO���������Tradescantia 
micronucleus bioassay��0XWDW�5HV���������±����

https://www.sciencedirect.com/science/article/abs/pii/S0269749113001358?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0269749113001358?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0045653514008522?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0045653514008522?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0045653514008522?via%3Dihub
https://www.tandfonline.com/doi/full/10.1080/15287394.2015.1010465
https://www.tandfonline.com/doi/full/10.1080/15287394.2015.1010465
https://www.tandfonline.com/doi/abs/10.1080/10473289.2006.10464545
https://www.tandfonline.com/doi/abs/10.1080/10473289.2006.10464545
https://www.sciencedirect.com/science/article/abs/pii/S0013935114000590?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0013935114000590?via%3Dihub
https://www.tandfonline.com/doi/abs/10.1080/15287394.2013.771763
https://www.tandfonline.com/doi/abs/10.1080/15287394.2013.771763
https://www.sciencedirect.com/science/article/abs/pii/S0048969713009662?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0048969713009662?via%3Dihub
https://link.springer.com/article/10.1007/s11356-013-2251-3
https://link.springer.com/article/10.1007/s11356-013-2251-3
https://www.tandfonline.com/doi/abs/10.1080/15287390701557404
https://www.sciencedirect.com/science/article/abs/pii/0027510794901155
https://www.sciencedirect.com/science/article/abs/pii/0027510794901155

	Title
	Corresponding author
	Abstract 

