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Structural, mechanistic and functional insights into topoisomerase II
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Abstract: Topoisomerases are nuclear enzymes that regulate the overwinding or underwinding of DNA helix during replication,
transcription, recombination, repair, and chromatin remodeling. These enzymes perform topological transformations by providing a
transient DNA break, through which the unique problems of DNA entanglement that occur owing to unwinding and rewinding of the
DNA helix can be resolved. In mammals, topoisomerases are classified into two types, type | topoisomerase (Top1) and type 11
topoisomerase (Top2), depending on the number of strands cut in one round of action. Top1 induces single-strand breaks in DNA, and
Top2 induces double-strand breaks. In cells from vertebrate species, there are two forms of Top2, designated alpha and beta. Top2a is
involved in the cellular proliferation and pluripotency, while Top2p plays key roles in neurodevelopment. In this review, we cover

recent advances in structural, mechanistic and functional insights into Top2.
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Table 1. The effect and mechanism of Top2 inhibitors

Top2 inhibitors Mechanism Reference
Etoposide Inhibit the hydrolysis of ATPase and block the recombination after Top2 breaks [E2HCEL 0,5
ICRF193 the double-strand DNA
ICRF187
Aclarubicin Insert into the DNA and inhibit its binding to Top2 G234
Suramin
Vosaroxin
NSC35866 Inhibit the function of ATPase by interacting with ATPase binding site Exhe
Salvicine
YCH337 Blocks the process of mitosis and inhibits the recombination after Top2 breaks the double-strand ~ ™*

DNA by repressing the polymerization of microtubules
nk-314 Induces the decomposition of DNA-PKcs and inhibits the recombination of DNA double-breaks (71
Sodium salicylate ~ Prevents Top2 from breaking double-strand DNA and inhibits the hydrolysis of ATPase Bl
PluriSIn#2 Inhibits the catalytic activity of Top2a and selectively blocks the transcription of Top2a L

MicroRNA-139

Inhibits the expression of Top2 by binding to the mRNA 3’UTR of Top2 i
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FrB% (T segment), ELAZAEWY) Top2 7] DL ESHIFE (K 1) : Top2 5 X4 DNA 4 A HAEH, %
BE B I E Y DNA 7> Ted o 5, HoREUS 2

(2. 5Top2A ZE A 0 & & o T AL fe

Table 2. The functions of molecules interacting with Top2

It G F BOE s SUVEESR 1, SR 5 Top2 (74> 1 A&

Protein interacting Binding site Function Reference
with Top2
CKII Ser/Thr residue located at about 350 amino Enhances the catalytic activity of Top2 by Bl
acids from C-terminus inducing phosphorylation of its C-terminus
CREB Unknown Improves the efficiency of Top2-mediated 1601
recombination and introduces Top2 to the
next DNA breaking site
c-Myb Top2a promoter Trans-activates Top2a B
ICBP90 ICB2 element of Top2a promoter Up-regulates endogenous Top2a 1
SP1 Proximal and distal GC element of Top2a Enhances the transcription of Top2a f3
promoter
SP3 Distal GC element of Top2a promoter Inhibits the transcription of Top2a (@
NF-M Top2o. promoter The most powerful trans-activator of Top2a, 1
less-influenced by endogenous regulation
Sgslp Unknown Essential for Top2-induced chromosomes 63
departure and maintaining the normal
growth state
BLM Unknown A homologous analogue of Sgs1p ka1
B-Catenin 951-1301 amino acids of Top2a Accelerates the catalytic circle of Top2 n
Plk1 Ser'™ and Ser"*** of Top2a Induces phosphorylation of Ser'*” and =
Ser'™ and regulates the cell cycle
G segment l

00 L

ADP + P,

A ‘ -

K 1. Top2fiEALALHI 7S &
Fig. 1. Mechanism of Top2-mediated catalysis. Top2 affects strand passage by interacting with two DNA strands. A double-strand

break is induced by Top2 in one DNA strand (termed the G segment), which will pass a second strand (termed the T segment) through

the break. There is a phosphotyrosine linkage between each single strand and a tyrosine in each subunit formed after DNA is cleaved

by Top2. ATP binding results in the enzyme forming a closed clamp. After passing through the break in the G segment, the T segment

exits Top2 through the carboxy terminus.
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