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Abstract: DNA strand scission and topology changes are catalyzed by DNA topoisomerases. Previous studies suggest
that Type Il B topoisomerase evolved from Type Il A by gene duplication, recombination and absence. However, this
study shows that the evolutionary relationship between Type I A and Il B is closer than that between Type [l A and I B.
Thus, Type II B is possibly from Type I A, or Type II B is a special form of I A in archaebacteria; Type I B is probably
evolved from [ A via | A rather than from [ A directly. During the evolution of [[ A to I[[ B via I A, the catalytic mech-
anisms of DNA topoisomerases have also been changed; that is, metal ions are necessary in the catalyses for both [ A and
Il A, but no ion is needed for [ B.
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DNA #$h5 4 ( DNA topoisomerase ) J&/E 1T
el — 2R EE B, & vl b B B 0UE DNA
Wi Al A AR N, AT CAS DNA i #i$h 2
1 ( Wang, 1985, 1996; Champoux, 2001 ). 4
DNA #if: Wy 24 Sz iy 2o F2 o = A2 W7 001k BT 0 O ]
DNA #i¥h A Al 43 W2 1 25 DNA R b5
fiti (Type 1 ) 5l DNA B% — BEMR B 22 I 19 gk
DNA K24 ; 1 11 2% DNA #i¥hSF A ( Type 11 )

< WCREHIWE: 2006 - 06 - 30; #%EZHM: 2006 - 10 -

HETH: EEARBFRERIIA (30470939 F130021004 )

FIEBEE DNA BIWr R, MRAEAE IR ASTE], Type
I XAr oy g wiZe: 1 A 28 DNA #ifh M85 ( Type
TA) fEHITF 5" - s 1 1 B 28 DNA #ifh 5514 i
(Type I B) AEHIT 3" - %o Type | A GLIEAHE
Topoisomerase | . Topoisomerase [l . 7 4 B Re-
verse gyrase. 11 20T Topo [l . FLAZ AW Topo [l
( Gangloff et al, 1999; Dai et al, 2003 ); Type | B
38 AL AW Topoisomerase [ (Topo [ ). Wi B
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Topoisomerase | . JFAZEY) Topoisomerase V' ( Topo
V) (Krogh & Shuman, 2002; Forterre, 2006 ).
SR, Type I EERAEH T 57 — i, (EAR #f HL 36 A 45
FAFEIBLEI AR, a3k Type Il A #l Type [l
B. Type Il A ZKHH toprim ( topoisomerase/primase )
Fl CAP-like ( catabolite-activitor protein-like ) Z5F4 3k
ST A B ISR B, O HOROW R
ERE TS, EWTT DNA DUE)G ™ E 4 Sk
FYEEDL, T Type Il B ZEHHY toprim F1 CAP-like %5
MBERAAAE T A WA b, RN PTG R T
Z5, W B A WA 6 H A2 (Bubler et al,
2001 )s Type Il A BL4E HAZ A Topoisomerase [l
(Topo 1l ). 4HTE DNA gyrase . W Eeh A0 gyrase
DL K 20 B Topoisomerase [V ( Topo IV ) ( Wang,
1985, 1996; Champoux, 2001); T Type Il B {4
FE 4T Topo VI ( Buhler et al, 2001 )s

Type L AL 11 A F1 1I B BA P HH LAY 4514
B, 7EWTRFNSE S DNA Wb EEM, — 12
CAP-like Z5H 380, H FHAT & XRMUT E. coli
w i s AL E AR 44, DF5ER WL, CAP-
like Z5 P AANAETET Type [T AL 1A FIII B H,
WAFAET FAZ A W) R E 455 N5 (Spoll)
H ( Champoux, 2001; Nichols et al, 1999 ); 7j—
A2 toprim ZEHIL, AUAFTET Type 1 AL 1A,
B, T HAELR ISP (Primase ) FIA% BR il
it A7 & B ( Corbett & Berger, 2004 ). UL4h, 7E
Type | A HERBPIA CAP-like L5445, BRI HAG i
EINBERT CAP-like (d3) SEAAIRFIA HAEL I BERY
CAP-like (d4) 45338, T CAP-like (d4) Z5H43K
MR HS I XS Type TA. 11 B A3
(Liu & Wang, 1999 ). SGRIIBIZEER, Type 11 B
AU Type [T A BY—A>BUH 2 P ML
T 40T A S S A Wy b s 2 . B Rk P
WA AR ET Type TA, PREA T Type 1B,
MR LT Type 1B HHY B ILRAL, friE
T AWEAL, FfHEJEMA Spoll ( Nichols et al,
1999; Corbett & Berger, 2003a ). HF Type [ B
LERFIZHARE S HAB SR A0 AN TR], AR BEAT TRl PRk
YT Type [l B ZEHTE toprim Fl CAP-like 3X W > HE
LA ER TS Type T AL ITA BT 5E4
AR, H, AR Type TAL 1A FB H#D
T toprim F CAP-like G5 F3CN T 1, i — 4R
BT Type 1l Type Il ZIEHYI>F KR

1 MRERFZE

ASCHT TSI #EREU A SWISS-PROT 2 [ )5 ¥
I FE ( Bairoch & Apweiler, 2000 ), %5443 19
E XK A F scop £ HE E ( Murzin & Brenner,
1995), BB IR 415 B 4K A T GenBank %X
PE% ( Benson et al, 1997 )o J¥¥H Clustal W 27
(Thompson et al, 1994 ) #H47HXF, BEXFE5 R A
PHYLIP 3 4 A0 #4) @ NJ W 2k 47 & 48 3 4k 43 i
(Felsenstein, 1996 ). 51> 45 14 48l 75 2% i 4= 4 K& [A
Wi 434, 32 ] PSI-BLAST ( E {H < 0.005 ) Xt 3&
I ST AR ARG S 0 (NCBL) B3R Y 56
HEFEE (Altschul et al, 1997 ) AT RIGHIE
iz 1 COMPARER on-line #2J¥ ( Sali & Blundell,
1990 ) X5 |l F1 = A0 F D AT EG T toprim 45 #4135k
HEFT LT EER T 5 HEXT

2 % B

FERAM R L TR, Type | AT Z50 A T4
WL AN B A LA AR D BOR FE Y Type
A FFEETAE . HHEMEZEYT; Type 1B
SAFAE T AT T

I Type I A BLEPIANEEE, J9 5] Hy > 5k
%t , B gyrA 1 gyrB (7E gyrase F1), 5 parC
parE (7E Topo IVH1), T toprim F1 CAP-like Z544 3%
3BT IR AL SE b JUAZAE YRR D BN B
B Type Il A B9 toprim Z5 M 7EHT, CAP-like 514
SIS, A AT, . Type T A HAP
> CAP-like Z5 #4380, BI d3 A1 d4 Z5Ha38 (1 1),
SR, BE— DA SE NI R LI, PR Type
I A EAERAZANPIIREAR I, HHHE
AT —AFE LR HAT d3 F d4 5.

Type 1B A& P EL, WA K 53 5 g
i, H CAP-like G5 FIFN toprim Z5F4I7E W] —NIIE
b, CAP-like Z5HIBAERT, toprim 45 M TE )5 ,
X5 Type TA. A MBIBFEEARR (1),

7E Type LA, [[A FIIIB H#EEA — 45
RIS EIR toprim 254830, FF H Type 1 A 1Y d4 2544
15 Type 1A, 1l B B CAP-like Z503k 1 — 4544
FKAed, HIUFIN aifiasasBaBss M Type | A d3 45
FAJ 3, ) — 5 A6 L D0 Ay BrazasBafsaie

CAP-like Z5HEIFF 51 0] d5e FARRIE A 73 #7271
(£ 1), Type | A d4 Z5H935 Type I B /¥ 41[H
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AR By, HIR MRS T Type 1A B9 d3 5 d4
FYARRIPE, 10 Type 1A 5 Type [ A B9 d4 FI I B #Y
AHAPEZEASAH A, Type 1A 5 1 A B9 d3 PYAHARIYE
Ao [FIFE, toprim Z5 45T 41 (8] S5 R AR 43 B
WEH (F£2), Type [ A 5 Type I B BIAHRINE A
B Type LA ILA FIII B B CAP-like &5 H438 1) &
SRR, Type 1A 5JET Type | A A9 d3
KERBIE, T Type 1B 5@ T Type [ A B d4 KFR
Bk (K2). Type 1A 1A R B 1Y toprim 4514
B RGEEAASH R, Type [ A5 Type Il A
A B YK FREEAAA (1 3).

X toprim 45 4 3 i AT 3 T 45 0 1Y 5 41 He X R
N, BT 4 DRSEALESN, BT R A 2 SRR
(Kl 4), HiX 4 MRS IR S DNA 255
TG AL S ( Gangloff et al, 1999; Dai et al, 2003;
Berger et al, 1998 ).

FIFH CAP-like Z5A0 R T LR A48 R, 450L%
W1, HARFAEDF PN Type [ A #REEA d3

#&1 Type [A. TAF1BH CAP-like £31
FHlER &K EMNE (%)
Tab. 1 The maximum similarity ( % ) between
CAP-like domain sequences in Type [ A,

Al da ZikbyI, AR R BAT A3 gy, ARy A
HA d4 55, )40, 76 Haemophilus influenzae
R2846 1, H Type T ACNR B E, KT H
ZP00155446 AT KL d4 Z5H8L, i 7E Haemophilus
somnus 129PT 9 Type [ ACNR Fl/FE &5 0 zp
- 00123147 Gk d3 L5441

3 i i

Type | A Fl Type Il A 7EAHPE . Haiw . HA%
AWz 43, T Type 11 B WAL 3 A v 20 1
Hr, A, Type LA AT A AT REAEEE Type Il B
PSR AR R e ]

BARSEHIXS Type 11 B9 B L3 E AP~ 5 W 24
FIE55 DNA D RETC O B 9 1 5 14 g 235 A4 S F 50
7N, Type [ B2 Type Il A i EEH RN &
ZHANERAR it L) ( Nichols et al, 1999; Corbett &
Berger, 2003b ). #RTI, AEHFTHLLXT Type [ A Fil
Type [ H3EFFFTERY  HAT 454 BB 2 DNA DI BE

*z 2 Type [A. TAFATBH toprim L1315
FEr&KEMNE (%)

Tab. 2 The maximum similarity ( % ) between

toprim domain sequences in Type [ A,

I'A and IB A and IB
[A3  TAdd 1A 1B IA A 1B
1 Ad3 100 20.0 13.5 13.7 1A 100 19.7 21.5
[Add  20.0 100 17.3 20.7 A 19.7 100 21.0
II'A 13.5 17.3 100 17.0 II'B 21.5 21.0 100
1B 13.7 20.7 17.0 100
| toprim | barrel | d3CAP-like |  d4 CAP-like | Type I

[ATPase] 2nd | toprim | [ CAP-like [ alphatbeta | allalpha | Type TTA Bacteria

[ATPase] 2nd [ toprim | CAP-like | alpha-beta | allalpha | Type ITA Eukaryotes

| ATPase | middle | 2nd

| | CAP-like | toprim

| Type 1IB

B 1 DNA #hifhseth sy 45 RS

Fig. 1

The arrangement of DNA topoisomerase domains

Toprim: toprim 5438 ( toprim domain ); barrel: iR 454448k ( barrel domain ); d3 CAP-like:
Type 1 A 255 3 D45H93K (the third domain of Type 1 A); d4 CAP-like: Type 1 A 255 4 45
#4358 ( the fourth domain of Type | A); ATPase: Type Il A 2% ATP 25438 ( the ATPase domain
of Type 11 A); 2nd: [T AZEH 2 A543 (the second domain of Type I A); CAP-like: CAP-
like Z5#4938 ( CAP-like domain ); alpha + beta: Type [l A 2% o + 8 Z5#43 (the alpha + beta domain
of Type Il A); all alpha: Type I A 284> o £5#43K (all alpha domain of Type Il A ); middle: Type
Il B 24 B 25435 ( the middle domain of Type I B )o
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TP2A MOUSE
TP2A HUMAN

TP2A CHICK

TOP2 YEAST

GYRA SALTY

GYRAECOLI

TOP14BACHD

029238 0

TOP3ECOLI

TOP3 SALTY

TOP1ECOLI

TOP1 SALTY

TP6A ARCFU

TOP14LACLA
TPSA HALN1
TOPA4AQUAE
TOP14SALTY TPSA METTH
TOP14YIBCH
TOP14ECOLI TP6A METJA
100 TP6A METAC TP6A METMA

Bl 2 CAP-like Z5F93 1 7EEA (1000 bootstrap )
Fig. 2 The phylogenic tree of CAP-like domains ( 1 000 bootstrap )
ITA: MAZE (Type I[A); 1IB: UBZ (Type IIB); 1 Ad3: 1 A 255 3 DEEHIL (the third domain of
Type T A); T Add: T AN 4 DEEIL (the fourth domain of Type 1 A )o

i) CAP-like 1 toprim &5 H B LLEL 3BT R B, Type
T A5 A H toprim Fl CAP-like 45 #43kHEF 1 56 5
& —F ), TS Type 11 B BB AFE (Bl 1):
AT, A\ toprim Fl CAP-like %5 #4) R HE ST >k &
Type 1 A FlType Il A 55 Type [l B #NIZAHBERE
SR, PPN IR GEEAL AT R, Type 11 B Al fE
S Type 1 A ALK, UL, Type IBJE LA
fE M RLIER (1 2. 3): B, Type I
B AIBEJEH Type [l A #IEAL Type 1 A JEiEALT
B, T Type [I A #3856 A4 52 il |
FLA TR B B . IeAh, FEREABLE F, Type
T A FlType [[ A B2 Type 1B E HAMEL, Type [
A M Type 1T A 7EATMEAEAL SO BERS R 22452 ) B 1
(IR ¥ ) WAFLE, T Type Il B BYTEATEAEILD)
REM, 2T EEBIR & FROAAE, W, FEEA
JepE A AL B AR AL, o LR Al 5 R Y B
e, MEACHLEI A ARIMERIR S, Type 11 B AIBEZ
Type Il A GEFIERL Type 1 A JEEALTTALH

HE, Type | A BAPIN CAP-like 4543k, RP
d3 Fl d4 S5, SRTHE I8 RO, FFA 2R

AR Type | A #RFIE EA d3 A1 d4 G545,
AR R EA 43 S5 EG AN H A d4 g5
WM, d3 S5 E A AL hBE, T d4 254k 3
AEAMELTIBE ( Berger et al, 1998 ). 2R, d4 45
Pl 5 B HABRY S RE e 7 dE— P RO SR 413 R
R, FEMREETEREA Z PP E AR Type
LA, (B 2= — P8 DLE I EAT d3 A
da Z5thyid, i, TEHAZH I Type 1 A RIYIFD
B A3 B da SRR Type T A WAZ#EAS HAT
heE, FAEAThARERY W] BB [RINFHA d3 #1 d4 25
AR Type 1 Ao BAR, d4 Z5H A HAE AL
Hifie (Berger et al, 1998 ), {H'EMAATER] BEXT T
Type 1 A SEMMEMLINREZLTTRT, BRI REXMiEIL TS
AE A 58 S 2 1) 1 50 il B A4

25 FFTR, Type Il B AR AT g2 Type | A
ez, - HAEH Type Il A HEALBA Type 1 A 5
JRHEAEA Type 1l B BRI, DNA $hFh 514 R )
HEAEAL L A A T84 AT 4 R B T o B Bl
HALE] T AT BB T A0 D W LA A, TR
828 )\ T REOR YDA TSRS S Reel e S e
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TP2B CHICK  1pyB MOUSE

TP2A CHICK
TOP2 YEAST

TOP2 CAEEL TOP2 CANAL

GYRB VIBEPA

TOP3 HAEIN
GYRB BUCEBP

TOP3 PASMU

GYRB SALTY

TOP3IECOLI
94
TOP1 ECOLI
TP6A METJA
847
TOP1 SALTY 679 TP6A SULSH
TOP1 PASMU
0292380
051934 0 TP6A AERPE
Q8R979 0
100

s TP6A SULTO

&l 3 toprim ZEAAI A LA (1000 bootstrap )
Fig. 3 The phylogenic tree of toprim domains ( 1 000 bootstrap )
[A: TAZ (Type [A); HA: ITAZE (Type IA); 1[B: B (Type B

1i7da(iA) (1) MRLF | AEKPSLARA | ADVLP----~ GQVVTWCIGHLVTKQLNV I KRFLHE
1bjtO(I1A) (443 ) CTLVLTEGDSALSLAVAGLAVVGRDYYGCYPLRGKM--AE | QA 1 KK IMG-
1d3ya(11B) (192 ) FILAIETSGMFARLNAE-=~~~-~ NCIlVSLKéVPARATBRFIKRLHEE

bbbb aaaaaaaaa bbbb aaaaaaaaaaa a

1i7da(1A)  ( 95) AS-E | VHAGDPDREGQLLVDEVLDYLQ
1bjto(tia)  { 519) --GHLMIMTDQD-HIKGL 1 INFLESS
1d3ya(118) ( 240 ) HDLPVLVFTDGDPYGYLN1YRTLKV

bbbb aaaaaaaaaaaaa

Kl 4 AFZEFBGFHINEEE oprim 25 83E T 24544 )7 3 Eb X
Fig. 4 The structure-based sequence alignment of toprim domains
in different Topoisomerases
1i7d: KIGFH Topo Il ( 1 AZ%) ( Escherichia coli Topo Il (Type 1 A)); 1d3y: 4K Topo VI
(11 B %) ( Methanococcus jannaschii Topo VI ( Type 11 B); 1bjt: FEEEEE Topo I ( 1A ZE) ( Sac-
charomyces cerevisiae Topo Il (Type Il A); BI5% (shadow ): PR5FA7EL (the conservative amino acid
residues ); a: o BRHE (a-helix ); b: BH15% (B-sheet )s
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