w2 %% A B Dec. 20, 2013, 40(12): 2259-2270

Microbiology China © 2013 by Institute of Microbiology, CAS

tongbao@im.ac.cn
A 4R%

BEREEREAPHEEREES RS THEIRA

e BB 2@ B2 AT BLET F1E"
(1. REFHERE T BE T EASERE  KE 300457)
(2. bilgsgE Ry MAEYERE AR = B 200030)

B OE (81 EHLEEARELMINR DNA K ERIGEAR Y s SR T 2R £,
B EH AR R R OIS U (AICE) E R B R4 S b TR EER . [5k] &
F AICE t94F4EMAESE RARD RAXBR N4 EE AR5 7) F49 AICEs. [£R] £
EAM G0 12 548 5 W = &k F2 35 ANk, 247508 29 A~ AICEs, £ F 12 A48 KR
i&, Streptomyces coelicolor AAFE 89 X I T 4 4~ AICEs, X174 49 Streptomyces lividans 27
A . (4538 AICEs #FE A A B E GRS R, BAREA A 0903 d . 4 444k
BB FAR AR, KT ATHBO A AR EARARATRAR YRR T ELAE.

KR #ERH AR, ARHREESMES M, RD RAKER

HEEWE: BEFEARREILS T H®No. 31170082, 21276197); E % 973 314215 H (No. 2012CB721002)
*EIEE: BRILT: Tel: 86-21-62932943; < hyou@sijtu.edu.cn
B 1A% Tel: 86-22-60601598; <: jiashiru@tust.edu.cn
Yaks B #A: 2012-12-25; %5 HEA: 2013-01-30



2260 A Y £ Microbiol. China

In silico identification of actinomycete integrative and
conjugative elements in completely sequenced Streptomyces
genomes

XU Zhen' BIDe-Xi* LIPeng” TAN Zhi-Lei' DENG Zi-Xin®
OU Hong-Yu®  JIA Shi-Ru"

(1. Key Laboratory of Industrial Microbiology, Ministry of Education, Tianjin University of Science and
Technology, Tianjin 300457, China)

2013, Vol.40, No.12

(2. State Key Laboratory of Microbial Metabolism, Shanghai Jiao Tong University, Shanghai 200030, China)

Abstract: [Objective] Chromosomal rearrangements and integration of alien DNA fragments
contribute to the genome-wide genetic diversity of Streptomyces. This paper aims to study the role
of actinomycete integrative and conjugative elements (AICEs) in Streptomyces genetic diversity.
[Methods] AICEs were identified in the completely sequenced Streptomyces genomes using a pro-
file Hidden Markov Model approach, based on their characteristic modules. [Results] Twenty-nine
AICEs were found from 12 chromosome sequences and 35 plasmid sequences of Streptomyces, 12
of which were firstly reported. Four AICEs were identified in S. coelicolor, but none in the closely
related S. lividans. [Conclusion] AICEs were found to be inserted into the core regions of the
Streptomyces chromosomes. They typically comprised three core genetic modules, implementing
chromosomal integration/excision, self-transfer by conjugation and replication, suggesting that

they promote the plasticity of Streptomyces genomes.

Keywords: Streptomyces genome, Actinomycete integrative and conjugative elements, Profile
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Fig. 1 Schematic representation of AICEs core modules
(A) and the proposed prediction approach (B)
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Table 1 HMM profiles of conserved proteins related to AICE core modules used in this study

LR CRER

Core module

HAR I
Protein family/domain (Pfam ID)

Tk

Description

Integration Phage integrase (PF00589)
Recombinase (PF07508)
Replication RepSA?!
DUF3631 (PF12307)
Prim-Pol (PF09250)
Translocation FtsK_SpollIE (PF01580)

Phage integrase family (Tyrosine recombinase)
Recombinase (Serine recombinase)

RepSA, Replication initiator protein, pSAM2
RepAM, Replication initiator protein, pMEA300
Bifunctional DNA primase/polymerase, N-terminal

Intercellular chromosomal DNA transfer

http://journals.im.ac.cn/wswxtbcn



TR A BSR4 P il o B S MR oo R R iR

2263

BEHL(E 2 ) FI A He (] 2 6 ) o PRI HE Y
29 1~ AICEs H1, F 26 M TH MK F(F2); )
4h 34~ AICEs & J5hr, X 3 AN mhr H BRI A
RO, JHIHCEN . EHHES R AR L
FARR AL, 54 AICE RYSLRIZEH
U H %) AICEs #0 T4i 85 T s AR A 220
PRSFIX(A 3), (EASTE =AY, S. violaceusniger Tu
4113 YO AR IRIEAINC 015957), HAE KA
i 5. (ori)fiF 2 kb 4b(Kl 3 SVI)., 5 S. coelicolor
A3Q)Y ARG T FEXT AT DA X A3 HAZ RS X
AEEE XA, 5 H B T Lt L AR A
[, fHM S. violaceusniger Tu 4113 YL {ri A 5]
(%) 3 > AICEs i [FIFEERAL TR DX FRAT TR,
B RN [ B TR e C AR A O X R R R, 1HL
HMIE AICEs FERZEO X A R R RN 4 £
FEME R R Z —
22 REBHEBRSMEZEEETHI AICES
S. coelicolor A3Q2)ZHHTFr X &4 AICEs
R EZ MR HPE AR 8.6 Mb, X
A 44584 AICEs, Fl— MU &4 343 AICE
FRAE Y B R 11.3 kb, $doAcsy 412, 3
Wi, SLP1 25t e R4 AICE Z2—. B
K/NK 17 kb, A TEYEIART) (RNA-Tyr SEFE
A, ARB R IR TR R 1 1 24 R B ZH R A TR R R
iy, [R1EF iR A VIBR A4 B AL BRI, 4265
R T HAL S FtsK-SpolllE LhHELL A Tra
EH, BEZRS A LUFIE SLP1 M S. coelicolor &
R ERL R S, lividans FRUSL T 55 41 3 4~ AICEs
R RAE 5 T AR B2, BRTE B 5L
I HGE L INEE . pSAM2 27 AICESc03250
AICESc05349 #f#£ 4 % tRNA-Arg JE K i 41,
AICESc03250 i T-4% & i b Ak RAEY G
FEFERIBE, T AICESco5349 {3 Tl 7K (o ff,
B (PN REZEA A W) G R R 5 (WhiE) R BRI
te Poele Z&4fEMX i1~ AICEs 7] fig 5 S. coelicolor

A3Q2)iH L IRV B ARAR IR A P B S TR 7
#HM AICESC03937 M4 A Z (Thiamine)
AW LA thiC (SCO_3928), /S St
AWEEA TR T 22 AR E AR %, XFE AICEs
HE R LRI (R 2.3 F85)

BTZE R S. avermitilis MA-4680 Je {4k
/N9 Mb, HHFIH 3 4 AICEs., H
AICESav3708 Fll AICESav3728 LA S BE L R #e 4
FE[A]—~ t(RNA-Arg {7 5. P> AICEs 230l HA
MSr e RS . K a5 R LA SR
He 3k —I 51560, AICESav3708 F11 AICESav3728
SR RS A R R (RNA-Arg (757
FRAE . FRATIHED, WTHESE AICESav3728 Jifi A
tRNA-Arg {55, 7RG TEMZIE, It tRNA-Arg
1) 3% attP PR RIRIRE,; BlJS, AICESav3708
TUNHY attP FH4H AR [A —7 & (K] 4). BLoh, ™
O RN G i R HORE DG 2R 11 Y i AR I 26 A4
2B SB Ml 5C), RS L oA
FHZEE, HEMX JE AICESav3708 F1 AICESav3728
RS R A T — M EMEREREERE . 55—
AICESav3980 i ARYZIEH [A] X, BA B Ay
fiE, (HEMHEERM Y A, 5 AICESav3728 1R
FRRLCE 2), I H 20 BAH R0 25 11 AR 2
WARVT (K 5), AICESav3980 #il AICESav3728 %
A ARk A W — MG, fEdkEfbH AICESav3980
PRE G A T o2, AT BUdH A AL &
ATk
23 MESEHEMFEEP AICE EEEETE. §
flfEE SR OER

FE B A B e 2 TR L R 2 U H Y 29
A~ AICEs #B HAT LA G 30 | Rl A%
B ORI, FRATHEM X 2L AICEs 7] H 17
R

G B, 27 4~ AICEs #U2HOi T
ik 24 B L A W I RS B A T UIBR AR, R

http://journals.im.ac.cn/wswxtbcn



2013, Vol.40, No.12

A Y £ Microbiol. China

2264

AICESgr2908
16.8 Kb/Tyr

AICESgr3345

o o
o ” on m on
& enE ax=
€ T <
5 X5 33
4 M=~ [~
< Qv O,
o = =
a 2 <3
&2, Y2,
%2
e N«x
2
<,
,Nv.w«.\w\%
&k\@v
%,
Sy %,
& \Nﬁ
2, 2 e
&
e
N@W i @2,
/6, “
S
ol 1 72
Qhw, 2y,
<,
%%h«m/ \Nm;
ep Sge
6,
b%:ﬂm, Q\N c
£ WNm/
%h,m, .
V%,wz% %5
m,%,ﬂ%
2
@ 25,
/,
“ella,
2,
7, ¥
2
<€
%WN%
bWNm(
AWN%
0,

& 2
o~ &0 [oN
wn = 5
=< >
35 4
En 8
= =
< <
Y Y
% 22,
9’
08
L5
\% @b, vm:ovi
@&1 WQ\QQ
\\ mNmz £y Q%
\M@& M&eow
. 50% v\»@&a
5 >
52 % mm_@.\\
ey
(4
7, 2,
"5, Lo
L, o
&, L,
'3, S
g, 2
ev« 3 wq@
<e g
iy,
“, ||
9,
b@wm/
2
P @ @
& e
2%, I
kY’ e
...'W;\
2,

12.7 kb/intergenetic region

AICEScab29251
14.4 kb/Arg

Y2,

AICEScab53631*

2,

16.3 kb/SCAB_53791

AICEScab36241%
16.5 kb/Cys

AICESbhi5134*
19.3 kb/Ser

22

Q.
~ & AICEShi6637*

21.4 kb/Cys
AICESfla2573*

22

*
8
= =

= O on —

SR

S 3

= N BN

¥ Mb A

i~ m ~4 28]

v 98 9

a <a <

o Y
‘2 g
2 % WQ /

9

«bﬁ ,\Nb&n

< :
< 90 ”
2,
%, %WQM
£ WWQ %
5, 67
%
9,
@um 7
6/,
0,
%\Qw
29 <4 o7
2 9, 67
2,

< “Zz,

bWbm, VNOQ

Do %\M /

4

VNan 72

oy i
15T 0,

u&\* 67

N

bem,
LHW'\
L=
e || o5
%
&Jﬂw\
u,

17.6 kb/SVEN_1927

AICESven2473*
16.1 kb/Arg

&2,

X
&

AICESven3996*

&
A
&

2

12.4 kb/Pseudo tRNA

AICESvi821
16.3 kb/Tyr

&2,

\N\\

RZS

AICESvi1969

9.4 kb/5' of Strvi_1984

&2,

AICESvi 9008
14.3 kb/Pro

AICEScatt35120%*
18.1 kb/Tyr

Y2,

3
y 8

&

AICEShjg4985*
13.8 kb/Phe

AICEShjg5087+
13.6 kb/Arg

§
&

. &
£ & §& AICESc03250

NN
ST &

So &
NN

14.3 kb/Arg
AICESc03937

s

22,

10.4 kb/SCO_3928

http://journals.im.ac.cn/wswxtbcn



TR A BSR4 P il o B S MR oo R R iR 2265

Q'
' $ ¢ spl
— e <@ OO (O )| 17.2 kb/Tyr

Q
F e [8sS &gy § pSAL.1

— ) EO——— N g

5 < i i pSLS
——pE)-DEEDP— > o—mm>—P—@—1 (54

o §aa & S §F S8 pWTY?

<
—( e O-Ommmm)O—— SO 143 kb

3 Recombination 3 Excision [ Replication [ Intermycelial transfer I Regulation
B Excision/integration sites B Conjugation [ Restriction B ATP-binding

IS elements B MutT B Virulence factor B Restriction/Virulence factor [J Unknown function
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Fig. 2 Genetic organization of 29 identified AICEs in the sequenced Streptomyces genomes

Note: *: New identified AICEs/Insertion site. Gene abbreviation: rep: Replication initiator; int: Integrase; Xis: Excisionase; met: Mo-
bile element transfer protein; kor: Regulatory protein; tra: Transfer protein; res: Restriction protein; mut: MutT-like protein; act:
Acetyltransferase; reg: Regulator; hyd: Hydrolase; pra: Replication activator protein; digc: Diguanylate cyclase; Kil: Protein kilB;
gltA: GltA; itm: Integral membrane protein; mtf: Methyltransferase; trp: Transposase; Vif: Virulence factor; glus: Glutamine syn-
thetase; contra: Putative conjugal transfer protein; gcn: N-acetyltransferase GCNS5; pco: Polycistronic operon; bind-NTP:
NTP-binding protein; bind-DNA: DNA-binding protein; trar: Transcriptional regulator protein; spd: Mobile element transfer protein;
bind-ATP: ATP-binding protein; gntR: GntR family transcriptional regulator; ppp-ADP: ADP-ribose pyrophosphatase. Italic letters in
AICE and full name of host strains: Sgr: S. griseus subsp. griseus NBRC 13350; Sav: S. avermitilis MA-4680; Scab: S. scabiei 87.22;
Shi: S. bingchenggensis BCW-1; Sfla: S. flavogriseus ATCC 33331; Sven: S. venezuelae ATCC 10712; Svi: S. violaceusniger Tu 4113;
Scatt: S. cattleya DSM 46488; Sco: S. coelicolor A3(2); Shjg: S. hygroscopicus subsp. jinggangensis 5008.

*2 ClF#SEEZEEARIRALA AICES

Table 2 Identificated AICEs in the sequenced Streptomyces genomes

)52 e Sl Sl AICE ¥t ASCHUANIE

Seguenced number Replicon Replicon number  AICE number  Firstly reported
Complete genome 12 Chromosome 12 26 12
Plasmid 10 0 0
Plasmid sequenced alone 25 Plasmid 25 3 0
Total 47 29 12

i 2 A AICEs #it#2 %R EMMEIENHAT 2 7TRIED ™Y, HEHE ST AW 8=
(Bl 5A), X—BIR S22 [RIIER ICEs FHilAT Wl IFASh 27 DMREGEER RGR T M (K SA)R]
WERERE B fEHRPTR I BAZEMNLE  DUER, X4 AICEs ARG IO i,
MR s oo, M2 ZREHAMREE RGP IR AT R R S p 928 5 A
BT R (RNA ALURARF I R(E 5 PR B R — IR, BLA N
[, X—BZ A AR E A PRSML 15 SRR AICE) (] 2 B, K 5A). [A—tkik
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Fig. 5 Phylogenetic analyses of conserved proteins involving in diverse core modules of AICEs

Note: Int: Integrase; Tra: Translocation; Prim-Pol: Bifunctional DNA primase/polymerase; RepAM: Replication initiator protein,
pMEA300; RepSA: Replication initiator protein, pPSAM2.
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