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Background

背景第零部分



背景 Background

• KcsA是第一个在1998年由Roderick MacKinnon及其同事用X射线晶体学表征
的钾离子通道。

• KcsA是钾离子通道蛋白中结构较为简单的一种，而且是原核生物体内的，相
比于真核生物内的蛋白，更容易研究

• KcsA蛋白与Kv类型的通道蛋白具有强序列相似性，因此对KcsA的生物信息学
研究可以为后者的研究提供参考

• 目前，KcsA研究的重点是利用原核通道作为大型真核K +通道（包括hERG）
的通道动力学模型

Uysal S , Cuello L G , Cortes D M , et al. Mechanism of activation gating in the full-length KcsA K+ channel[J]. 
Proceedings of the National Academy of Sciences of the United States of America, 2011, 108(29):11896-11899.



Transmembrane structure predication 

预测跨膜结构第一部分



预测跨膜结构 Transmembrane structure predication 

• WebLab 中Tmap 程序

• ExPASy上预测跨膜结构的软件

DAS—— Prediction of transmembrane regions

HMMTOP——Prediction of transmembranes helices and topology

Phobius—— Predict transmembrane topology and signal peptides

PredictProtein——Prediction of physico-chemical protein properties

SOSUI——Classification and secondary structure prediction

TMHMM——Prediction of transmembrane helices in proteins

Tmpred——membrane-spanning region prediction

TopPred——Topology prediction of membrane proteins



预测跨膜结构 Transmembrane structure predication 

Tmap

No From To Length Orientation

1 37 59 23 i—>o

2 99 121 23 o—>i

HMMTOP



预测跨膜结构 Transmembrane structure predication 

TMpred

No From To Length Score Orientation

1 37 59 23 2351 i—>o

2 99 124 26 2288 o—>i

No From To Length Score Orientation

1 37 59 23 2507 o—>i

2 99 124 26 2204 i—>o



预测跨膜结构 Transmembrane structure predication 

Phobius

No From To Length Orientation

1 28 49 22 o—>i

2 61 78 18 i—>o

3 90 115 26 o—>i

Signal 1 18 18

Region 1 4 4 N-Region

Region 5 13 9 H-Region

Region 14 18 5 C-Region



预测跨膜结构 Transmembrane structure predication 

TMHMM

No From To Length Orientation

1 28 50 23 o—>i

2 66 88 23 i—>o

3 93 115 23 o—>i



预测跨膜结构 Transmembrane structure predication 

PredictProtein

No From To Length

1 2 19 18

2 29 49 21

3 87 109 23



预测跨膜结构 Transmembrane structure predication 

DAS

No From To Length Qvalue Note

1 8 17 10 8.980e-04 Potential Signal peptide

2 29 49 21 4.077e-11 --

3 83 112 30 7.083e-08 --



预测跨膜结构 Transmembrane structure predication 

跨膜结构预测总结

软件 结果 评注

Tmap 2个 --

HMMTOP 2个 --

TMpred 2个 --

Phobius 3个 外加1个信号肽

TMHMM 3个 外加1个信号肽

PredictProtein 3个 --

DAS 3个 第1个跨膜螺旋可能为信号肽



Sequence alignment

序列比对第二部分



序列比对 Sequence alignment

• 利用Uniprot内置的blast功能寻找同源蛋白，发现有大量序列高度一致的蛋白质，
但基本都是细菌内的

• 在人和哺乳动物体内没有发现高度同源的蛋白质



序列比对 Sequence alignment

• 人工检索了人类的钾离子通道和
人类的钠离子通道蛋白，并分别
通过Uniprot及NCBI blast工具进
行了序列比对

• 右图为uniprot的序列比对结果

• 其中前两个蛋白分别是人类的钾
离子通道蛋白和目标蛋白KcsA

• 最后一个蛋白是人类的钠离子通
道蛋白

• 研究这三个蛋白是希望看不同物
种的同类离子通道与相同物种的
不同离子通道之间的差别



序列比对 Sequence alignment

• 可以看到人类的钾离子通道蛋白和目标蛋白KcsA是在进化上更为接近的
• 人类的钠离子通道蛋白则与二者进化关系较远



序列比对 Sequence alignment

• 上图为通过NCBI blast功能对人类钾离子通道和KcsA蛋白进行的双序列比对
• 二者显示了20-30%左右的序列一致性



序列比对 Sequence alignment

• 上图为 KcsA蛋白与KVAP蛋白的双序列比对，是一类电压门控的钾离子通道蛋
白，是一个原核内的通道蛋白



Phylogenetic tree

系统发生树第三部分



系统发生树的构建 Building a phylogenetic tree

• 选择KcsA与其他不同种类的钾离子通道蛋白进行多序列比对与系
统发生树的构建。

• 电压门控钾离子通道（Kv）

• 内向整流钾离子通道（Kir）

• 双孔区域型钾离子通道（K2P）

• 配体门控钾离子通道（Kligand）

Kuang Q , Purhonen P , Hebert H . Structure of potassium channels[J]. Cellular and Molecular Life Sciences, 2015, 72(19):3677-3693.



构建蛋白的选择

Channel Type Name Organism Entry

K+ channel pore KcsA Streptomyces lividans P0A334

Kv

KCNA1 Human Q09470

KCNA2 Human P16389

KVAP Aeropyrum pernix Q9YDF8

Kir
KCNJ1 Human P48048

KCNJ6 Human P48051

K2P
Kcnk1 Human O00180

Kcnk1 Rat Q9Z2T2

Kligand
mthK

Methanothermobacter 

thermautotrophicus
O27564

KCMA1 Human Q12791



构建结果

⚫我们可以看到我们的研究对象KcsA蛋白在系统发生树上与电压门控钾

离子通道家族的蛋白相似性最高，可以理解为KV家族的蛋白与KcsA结

构比较相似，甚至有可能都是从KcsA蛋白一步步发展出来的。

⚫同时其他三类钾离子通道在树上与电压门控离子通道处于不同的枝上，

相似性不高，据此推断它们的结构与实现功能的方式并不相同。



Structure predication

结构预测第四部分



Motif, Tertiary structural analysis

Motif analysis

• UniProt

• InterPro

• Pfam

• HMM logo

• SMART

• TMHMM

• TMpred

• Motif Scan



UniProt

Motif, Tertiary structural analysis



InterPro

Motif, Tertiary structural analysis



Pfam

Motif, Tertiary structural analysis



HMM(hidden Markov model) logo

The HMM logo is a graphical representation of the Hidden Markov Model that decribes the properties of 
that HMM. The differing heights and colors of the letters represent different properties of the positions 
in the HMM they represent.

Motif, Tertiary structural analysis



SMART

Motif, Tertiary structural analysis



TMHMM Server v. 2.0

Motif, Tertiary structural analysis



TMpred
Possible transmembrane helices
==================================
The sequence positions in brackets denominate the core 
region.
Only scores above  500 are considered significant.

Inside to outside helices :   2 found
from         to     score  center

28 (  30)  50  ( 47)     2351     39
90 (  90) 115 ( 111)   2204    103

Outside to inside helices :   3 found
from           to    score   center

1 (   1)   18  (  18)     234        9
28 (  31)   50 (  47)    2507      39
90 (  90) 116 ( 110)   2288    100

-----> STRONGLY prefered model: N-terminus outside
2 strong transmembrane helices, total score : 4711
#  from   to length  score orientation
1    28     50   (23)     2507      o-i
2    90   115   (26)     2204       i-o

Motif, Tertiary structural analysis



Motif Scan

Motif, Tertiary structural analysis



Motif analysis conclusion

• Motif prediction gave us similar result: 

kcsA has 3 transmembrane region, with 1 ion passing pore.

• Motif prediction also gave us cues for predicting its tertiary structure in vivo.

Motif, Tertiary structural analysis



Tertiary structural analysis

Tertiary structural analysis

• Protein Data Bank (PDB)

• Literature

The structure of the potassium channel: molecular basis of K+ conduction and 
selectivity.



Tertiary structural analysis

Protein Data Bank



Tertiary structural analysis

PDB-Protein Feature View



Tertiary structural analysis

PDB-sequence view



Tertiary structural analysis

Swissmodel-homo-4-mer



Tertiary structural analysis

Swissmodel-heteromer



Tertiary structural analysis

PDB-Ligand View

Up-down view Side view



Tertiary structural analysis

Literature



Tertiary structural analysis

Figure 1 Sequence alignment of selected 
K+channels and cyclic nucleotide-gated 
channels.

Figure 2 Experimental 
electron density map. 

Figure 3 Views of the tetramer.

Declan A. Doyle et al. Science 1998;280:69-77



Tertiary structural analysis

Figure 6 Identification of permeant ion 
positions in the pore. 

Figure 7 Two mechanisms by which the 
K+ channel stabilizes a cation in the 
middle of the membrane. 

Figure 8 
Detailed 
views of 
the K+

channel 
selectivity 
filter. 

Declan A. Doyle et al. 

Science 1998;280:69-77



Functional analysis

功能分析第五部分



功能分析

We propose that the following principles underlie the structure and operation of K+

channels. (i) The pore is constructed of an inverted teepee, with the selectivity filter 
held at its wide end. This architecture also describes the pore of cyclic nucleotide–gated 
channels and probably Na+ and Ca2+ channels as well. (ii) The narrow selectivity filter 
is only 12 Å long, whereas the remainder of the pore is wider and has a relatively inert 
hydrophobic lining. These structural and chemical properties favor a high K+

throughput by minimizing the distance over which K+ interacts strongly with the 
channel. (iii) A large water-filled cavity and helix dipoles help to overcome the high 
electrostatic energy barrier facing a cation in the low dielectric membrane center. (iv) 
The K+ selectivity filter is lined by carbonyl oxygen atoms, which provide multiple 
closely spaced sites. The filter is constrained in an optimal geometry so that a 
dehydrated K+ ion fits with proper coordination but the Na+ ion is too small. (v) Two K+

ions at close proximity in the selectivity filter repel each other. The repulsion 
overcomes the otherwise strong interaction between ion and protein and allows rapid 
conduction in the setting of high selectivity.
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