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Background
• DNA supercoil

It refers to the over- or under-winding of a DNA strand, is an 
expression of the strain on that strand. It is important in a number of 
biological processes.

• DNA topology
Three main types of topology: supercoiling, knotting and 

catenation.

• DNA toposoimerase
Topoisomerases are “magicians of the DNA world,” working 

their ‘wizardry’ to solve topological problems in DNA metabolism.

Type I Type II topoisomerase



Background
• DNA topoisomerase IIIa

It is part of the DNA ‘dissolvasome’ that resolves 
intermediates generated during repair and recombination

• DNA topoisomerase IIIb
It's a type I topoisomerase which binds multiple mRNAs 

encoded by genes with neuronal functions linked to schizophrenia 
and autism.

• Schizophrenia and fragile X syndrome (FXS):
Multiple genes contribute to schizophrenia, inappropriate 

silencing or mutation of a single gene, FMR1, causes FXS, which is 
a leading cause of inherited intellectual disability and autism.



DNA RNA
Polymerase √ √ 
Nuclease √ √ 
Ligase √ √ 
Helicase √ √ 

Topoisomerase √ ?

In eukaryotes:
Type I:

Topo I：trancription, DNA replication
Top3α：DNA damage repair，chromosome segregation
Top3β：？

Type II:
Top2α： DNA replication, chromosome segregation
Top2β： DNA replication, chromosome segregation 



Research purpose

• Preliminary analysis the evolution, gene 
structure and protein struction of top3b

• Know the possible function and improtant 
domains of top3b

• Show the possible way that how top3b inteact 
with RNA and other proteins



Research contents

1. 数据收集与特征分析
2. 序列比对与基因结构分析
3. 蛋白基本信息及氨基酸基本性质分析
4. 蛋白质二级结构及结构域预测
5. 蛋白质序列三级结构预测/同源建模
6. 结构特性分析及功能关系



1.数据收集与特征分析

• 862AA,     CDS:2589bp
• type IA topoisomerase family
• 3 isoforms, C terminal different

• Interaction



2.序列比对与基因结构分析



在NCBI中找到“Top3beta”的全长DNA序列，用softberry 进行基因
结构预测，预测出17个外显子：



人类拓扑异构酶蛋白质家族序列比对

 TOP1M HUMAN

 TOP1 HUMAN

 TOP2A HUMAN

 TOP2B HUMAN

 TOP3A HUMAN

 TOP3B HUMAN

100

100

100

Entry Entry name Length

Q969P6 TOP1M_HUMA
N 601

P11387 TOP1_HUMAN 765

P11388 TOP2A_HUMA
N 1531

Q02880 TOP2B_HUMA
N 1626

Q13472 TOP3A_HUMA
N 1001

O95985 TOP3B_HUMA
N 862

36
0.511%
10

旁系同源基因：多序列比对相似性不高。



拓扑异构酶3蛋白质（TOP3）系统发育树构建

 TOP3A HUMAN

 TOP3A MOUSE

 TOP3 CAEEL

 TOP3 SCHPO

 TOP3 YEAST

 TOP3 DICDI

 TOP3B DROME

 TOP3 SALTI

100

99

98
55

42

直系同源基因：分化较早



Top3-beta蛋白质多序列比对

 TOP3B HUMAN

 TOP3B MOUSE

 TOP3B DROME

0.05

最大似然法建树（N-J法建树
至少需要四条序列）



Top3-beta蛋白质NCBI blast结果

搜索条件organism: mammals (taxid:40674) ；algorithm:PSI-BLAST; 
max target sequence=500, expect threshold=0.01, word size=2, matrix: 
BLOSUM 62, gap cost: existence=11 extension=1, PSI-BLAST Threshold 
0.005, Pseudocount 0。导出cDNA序列及FASTA格式的文件，在Mega
中建树，结果如下：

 TOP3B HUMAN

 TOP3B MOUSE

 TOP3A MOUSE

 TOP3A HUMAN

99

0.1 Topsoimerase 3蛋白只在人和小鼠中出现，两种类
型a和b早很早之前分化，两蛋白序列相似但功能差
别较大



人和小鼠的Top3-beta蛋白质序列比对结果

Length:862aa
结论：Top3-beta蛋
白序列在人和小鼠中
高度保守。



3.蛋白基本信息及氨基酸基本性质分析

• Top3β在不同组织，细胞中的表达——Genevestigator



• 亚细胞定位——psort

大部分在胞质中表达，其次在核内
表达较多。



• 信号肽预测——SignalIP

没有明显的信号肽序列——入核可
能是通过其他蛋白的帮助或有别的
机制



人类不同类型的拓扑异构酶氨基酸残基分布

TOP1 TOP1B TOP2A TOP2B TOP3A TOP3B

Tiny 17.255 27.924 23.841 25.892 28.671 29.466

Small 38.17 49.54 46.832 48.831 49.95 50.464

Aliphatic 20 27.004 24.494 24.785 25.375 25.522

Aromatic 10.98 9.658 9.34 10.025 10.589 11.601

Non-polar 39.608 47.7 45.983 47.294 53.147 53.48

Polar 60.392 52.3 54.017 52.706 46.853 46.52

Charged 44.706 27.858 32.397 31.98 26.973 27.494

Basic 26.144 15.046 17.636 16.974 15.584 13.90

Acidic 18.562 12.812 14.762 15.006 11.389 11.369



人类不同类型的拓扑异构酶氨基酸残基分布

Residue TOP1 TOPB1 TOP2 TOP2B TOP3A TOP3B
Ala 5.229 6.307 4.703 5.904 6.613 6.613
Asx 0 0 0 0 0 0
Cys 1.046 2.431 0.849 1.046 3.944 3.944
Asp 7.451 4.534 6.728 7.257 5.22 5.22
Glu 11.111 8.279 8.034 7.749 6.148 6.148
Phe 3.399 3.285 3.788 4.428 3.944 3.944
Gly 3.399 4.599 5.487 6.458 6.961 6.961
His 3.137 2.957 1.568 1.599 3.48 3.48
Ile 4.706 5.059 5.487 4.982 3.48 3.48
Lys 17.516 7.556 11.692 11.501 6.845 6.845
Leu 6.144 9.001 8.034 7.565 8.933 8.933
Met 2.484 1.445 2.547 2.091 2.9 2.9
Asn 4.706 4.928 5.16 4.859 3.248 3.248
Pro 4.837 5.519 4.833 4.49 6.032 6.032
Gln 3.399 4.928 3.658 3.383 3.828 3.828
Arg 5.49 4.534 4.376 3.875 5.8 5.8
Ser 4.052 9.33 6.858 7.073 6.265 6.265
Thr 3.529 5.256 5.944 5.412 5.684 5.684
Val 3.922 6.636 6.27 6.335 6.497 6.497
Trp 1.699 1.117 1.176 1.169 1.044 1.044
Xaa 0 0 0 0 0 0
Tyr 2.745 2.3 2.809 2.829 3.132 3.132
Glx 0 0 0 0 0 0



4.蛋白质二级结构及结构域预测

• 跨膜区预测——TMHMM

没有明显的跨膜区



• 结构域预测



• Motif预测及保守性比较

全基因组保守性位点

人类拓扑异构酶Motif预测





• 同源模建

5.蛋白质序列三级结构预测/同源建模



• 磷酸化位点预测——GPS
• sumo预测SUMOsp2.0

6.结构特性分析及功能关系





• top 1 in complex with DNA —single strand break (1TL8)
• DT10, TPC11,PTR723







• The distance between two breaks:  6.91Å
• TPC11:DG112   
• DT10:DA113 



• top 2b in complex with DNA—two breaks (4G0U)
• DC8:DG13
• DT9:DA12



E.coli toposoimerase 3 (1I7D)
—with 8 base single strand DNA



Results and discussion

• 正确并适当的使用生物信息学工具有助于科研工作

• 生物信息学工具预测的结果需要“湿实验”加以验证；

• 科研工作—下结论需慎重；



Thanks!
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