2R FY: 10384 A = B
% B, 21620141152462 UDC

B R}

B+ % AL i’ X

FSE S EEATE US6-1 tonB2 EES Lk
HESIIEE

Construction and functional analysis of tonB2 gene deletion

mutant in Novosphingobium pentaromativorans US6-1

A0 E

18T 2T IE L H Z &K KR
H bk & AR A M
XA A 2017 F 06 A
P UAFER A 2017 4 05 A
FEiFAHM: 2017 F07 A

ERERER:
woomW A

2017 £ 05 B



B TRFFMIL R4 =RE

AN ZAHY AR SOEAR NAE IR T 8 0L 5 I ST R o
ARNAEWRLEE TS H AR N stk e R R TR, 4E L
F L 207 AR, JERF ARSI SAmE 7 AR AR
AFIE GRATH)s

TN, B A ( )R (4D
IR TSR, 3R1G ( ) URRE (ZH) 2 PR = )
e, 1 ( ) SR ESEK . GEEL LSS NIEE R

I B R 9 DT N BSR IR A FR, ARAT RIS B AV, ] AN
O

FIAN (3542):
£ A H



B IXFEFAIR I EEUE R F A

AN TTRAARYE (AR N RN ] 22 7 26 61 8 47 S 7 i)
TR TR B A I BE 2208 5C, FF 1) 8 B ] sl i e HLA 2 38 A A
W CRFFARTRAN TR,  FRVF 000 SCHEN B T TR B e J
LA FER A I A Pl o AR N TR SR TR AR A N1 S A [ el
il S 57 ¥ S S BT B R AT A R S g S AR S b AR
G AR, RASZEN Bl el 2wy sNE BB M 008 3.

AR E T

( ) LAFETTRARE R & H B E IR A AR 0,
¥ FOH A, EEEH B

( ) 2R, T ER AL

G E A EAR RS S5 4T\l BRI R N2 o PRS0 SR
O E TR RE R R EL AR, REE TR AR E LR
S E AR SU N AT AR S I IR AEE 1), BRIA Y
NIAAR S, Bid ) ESRHRAL)

Sﬂ

FIAN (Z4):
£ A H



H x

B B s 1
ADSIFACT ... e 3
BB B oottt et 5
1 BIRBEIRIBIIY oo 5
1.1 ZIRTS I RIETNII AR oo 5

1.2 ZIRTERIETE oo e 7

IR 22 Tl 11 S SO 8
2TONBEEBRGEMEIR ......ooooveee e 10
2.1 TONB REGEMIGEFT G INBE oot e 10

2.2 TonB B FAVEFIMLHIAZL oo 13

2.3 TBDTS [IMITHEIE ST oo 16

2.4 TBDTS FEGHTE I 230 1o 18

3 FEEEEATE USE-LRIBTHERR oo 19
3.1 HHHE AT USB-1 fHI1 covvereeereeeerecsceee s 19

3.2 AHEEJE AN E FE IR T v, 21

V. v 0F e e OO 23
=< Jok = % S S SO 26
L A et 26

L1 SEIRTEAR Y ST i 26

1.2 BEFREE oo 26

1.3 ZGERART oo 27

L4 BB oot 27

15 BT HTIRAE oo 28

PR - 5. = b 28
2.1 toNB FERFIZRIE B AIHT oo 28

2.2 t0NB FE R AARATFIZE (oo 31

2.3 tonB FK BRI AEDD FRFPEIT T oo, 37



H %

BEE ARSI

1 $SNEEEATE US6-1tonB EEFFISH............
2 HEHEERATE US6-1tonB HERIEENH.......
2.1 qPCR JERLEFES 51T i,
2.2 tonB FE PRI FRIEE T oo,
3 FEEEEEATE US6-1tonB EESRKEMNE ...
3.1 tonB FE[A bRV IR FF 81 1) ve B S TR
3.2 BRI oo,
3.3 ORI AT TR e
3.4 XU SRR BRI F I B0 IE .......
4 fREHE US6-1 AtonB2 W ERT....ooooooo.o
4.1 BBk US6-1AtonB2 A=K i 2R (I 5 ...
4.2 B kK US6-1AtonB2 X Phe IFEf# ............
4.3 BBk USB-1AtonB2 Xif BaP HIFES# ...........

4.2 FRIFR US6-1AtonB2 AW IETE R e F1 &
BIUEE BT 3 oo,

1 ¥SHSEEATE US6-1 HEH, HFEHSH.........
2 FEHEEHE US6-1 EERBRIAR........oo oo
3 ER&EHK US6-1AtonB2 BYAEHIZFEFE ...
BRE G ERE. ..o,
L T oo
2 BB R e
-5l
2T
- TR



Contents

Contents

Abstract (in ChiNESE) .......cccccceeiiiiiiiieieeeeeceee e, 1
Abstract (in ENGlS) ..o, 3
Chapter 1 INtrodUCTION ........coiiiiiieeeeee e e 5
1 A brief introduction Of PAHS.........oiii et 5

1.1 Sources and distribution of PAHS ..ot 5

1.2 The harmfulness OF PAHS .......cooiiiie e 7

1.3 Bioremediation 0f PAHS ..o 9

2 Summarize of TonB-dependent transport SYStEM......ccccooeverereninineeiennen, 10

2.1 Structure and function of TONB SYSteM..........ccccovevevieie e, 13

2.2 Models fOr TONB ACHIVILY ........coviiiieiiiieic e 16

2.3 TonB-dependent transport and regulation............cccccevveieieeci e, 18

2.4 Distribution of TBDTS iN DACIENA .......covevviiiiiiiiieeee s 19

3 Advances in Novosphingobium pentaromativorans US6-1...............cccccee.ee. 19

3.1 Brief introduction OF USB-1........ccccoeiiiiiiiiieiieeeeee e 21

3.2 Gene knockout research on Sphingomonads ..........c.cccccveveiieieciieieenenn, 23

4 Objectives and signifiance of this STUAY ..........c.coviiiiiiniee, 26
Chapter 2 Materials and Methods............ccccceeeviiiieeee i, 26
L MAEEITAIS ... 26

1.1 Strains and plasmids ..........ccoouiieeiiiiie e 26

1.2 MBI .. 27

1.3 REAGENES ...ttt 27

L4 EQUIPMENTS ..oeiiieciie ettt ettt ettt e e e b e 28

1.5 MaIN SOTEWANE ... 28

2 IMBENOTS. ... 28

2.1 Analysis of tonB gene eXPreSSION ..........coceiirerineeieiese e 31

2.2 Construction of tonB deletion mutant.............ccocveieieieinnnceee, 37



Contents

2.3 Biological characters of tonB deletion mutant...............ccccocoveeveecieenenne, 40
Chapter 3 Results and analysis...........ccccoiiiiiiiiiie e 40
1 US6-1 tonB gene sequence analysSis ........cccevveieieeieiiie e esie e 44

2 US6-1 tonB gene expression analysiS..........ccoviiiiiiieieienenc e, 44

2.1 Primer design fOr QPCR ......coo i 44

2.2 Relative expression Of tONB geNe...........coviiiiiieicieiese et 46

3 Inactivation of tonB gene iN USB-1...........cccevviiiiiieiicie e 46

3.1 Amplification of tonB flanking SeqUENCES...........cccevvveiiviiniieiiesiie e, 46

3.2 Construction of the KNOCKOUL VECLOT ..........cccviveieiiiiniieisinesiee e 47

3.3 Triparental mating and selection of first recombination event................. 49

3.4 The selection of second recombination event.............ccccocvevviinciennnnn 49

4 Biological characters analysis of the mutant US6-1AtonB2......................... 49

4.1 Growth curve of USB-1AtONB2 ........ccoviiiiiiiieesiesieee e 50

4.2 Biodegradation of Phe by USG-1AtONB2..........ccooveiiiininiiinieeeieiee 52

4.3 Biodegradation of BaP by US6-1AtoNB2 ..........cccccceiveiveveiieceece e 52

4.4 Biofilm formation by USG-1AtONB2..........cccoeieieeriie e 56
Chapter 4 DiSCUSSION .......ccueiiieeiieiieeciee et e 56
1 Genome and transcriptome analysiS ..........cccovveiieieivieieece e 58

2 Analysis of US6-1 gene knockout Strategy ...........ccooevveveierencneniniseeee, 61

3 Biological characters of tonB deletion mutant ................cccooveviieiieiecenen, 63
Chapter 5 Conclusion and Perspective ..........cccooovvevevieiienieene 63
L CONCUSTONS ...ttt bbb bbbttt b e bbbt 63

2 PEISPECTIVES ..ottt e et st e e ba e e e be e ree s 64
RETEIENCES. ... 65
N o] 0 1= Lo | OSSR 82
ACKNOWIEAGEMENT ... 84



i

R

Novosphingobium pentaromativorans US6-1 /& — ¥kt B Ulsan #3314
22 QBT  BE = AP 2 384 5 3R] PAHS. BERr i s il e 8, R
JFEE (BaP) JE/ R 13 4 TonB RGAHKCENKIZKFRE B, AR
TonB RGELER #k US6-1 NXf BaP &y EIfEH, RATTEL TonB £ 48 v i) s
tonB B FUNT R, 18 HE KA 51 4 B A Sizie 5k 52 8 PCR 2 M O JEAIL 3@ 5k
A TR [R5 S A ) 7 R M T R A 1 US6-1 tonB SERIBIR IR bR, I
X} tonB Kl AR ) A R E R I T, FEM TSR

(1) FERAFHI 5 Hras RR W Bk US6-1 47 4 4> tonB JEK, 38411571
B HACA tonBl. tonB2. tonB3 A1 tonB4. tonB3 (J159 RS10120) 4t-F tonB3
(JI59_RS10120) /exbD1 (JI59_RS10130) / exbD2 (JI59_RS10135) /motA
(JI59_RS10125) H:RF M, tonB1 (JI59_RS03025), tonB2 (JI59_RS06215)
AT tonB4 (JI59_RS15490) LA AL RAFAE, HMEE A &I exbBlexbD
B AR R, X 3 A tonB A% (K W] e A2l BLHE 5 A L) TonB AR 52 7 AH B
A T A HE AR S AR ) 2 Tl R
(2) FIER ¥4 734712 P tonB3 5 tonB1. tonB2. tonB4 FE A 4wt & FL R 2
) AR PE S 5 18.58%. 23.04%. 23.96%, P51~ exbD (K4 A& LR 2 7]
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Abstract

Abstract

Novosphingobium pentaromativorans US6-1, a marine bacterium isolated from
muddy sediment of Ulsan Bay, Republic of Korea, is a gram-negative bacterium,
which can effectively degrade polycyclic aromatic hydrocarbons that have two to five
benzene rings. Strand-specific RNA sequencing show that 13 TonB system-related
genes significantly upregulated under BaP stress. In order to reveal the response of
TonB system to BaP stress in strain US6-1, the key gene tonB in TonB system was
studied. Based on the genomic sequence analysis and real-time gquantitative PCR
analysis, tonB gene deletion mutant of US6-1 was constructed by homologous
recombination of suicide plasmids, and the biological characters of tonB gene-deleted
strain was studied. The main results are as follows:

(1) Genome analysis revealed the locations of 4 hypothetical tonB genes in the
Novosphingobium pentaromativorans US6-1 genome. We termed them tonB1, tonB2,
tonB3 and tonB4 respectively. The tonB3 (JI59_RS10120) gene is organized into
operon with exbD1 (JI59_RS10130) / exbD2 (JI59_RS10135) /motA (JI59_RS10125)
genes. tonB1 (JI59_RS03025) , tonB2 (JI59 _RS06215) and tonB4 (JI59_RS15490)
exist in the form of monocistronic copy, with no flanking exbB/exbD or its
homologous genes were detected. These three tonB genes may interact directly with
corresponding TonB-dependent receptors to accomplish a certain biological function.

(2) The amino acid sequence analysis shows that the homology of the 4 TonB
amino acids is 13.28 % to 23.96 %, and the multiple sequence alignment shows that 4
TonB proteins all contain a motif called “YP”, and that they all contain a motif called
“SSG” except TonB4. We can find by tertiary structure prediction that carboxyl
terminal domains of TonB1, TonB2, TonB3 and TonB4 all contain 2 a-helixes and 3
B-pleated sheets.

(3) The result of quantitative PCR shows that the gene expression level of tonBl1,
tonB3 and tonB4 increase significantly after 4-day starvation, and the level is higher

than that after 4-day in BaP treatment. The expression level of tonB2 increases greatly
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Abstract

after 2-day or 6-day under BaP treatment, and it is notably higher than that under
starvation. Thus, we predict that tonB2 is related to the response of US6-1 to the
pressure of BaP, while tonB1, tonB3 and tonB4 may be involved in the response to
starvation.

(5) In this study, tonB2 gene was deleted by homologous recombination of suicide
plasmids, to generate the mutant US6-1AtonB2, and then the biological characters of
US6-1AtonB2 were studied. The results show that inactivation of tonB2 had no
significant effects on the growth of US6-1AtonB2; Biodegradation rate of Phe and
BaP by US6-1AtonB2 were significantly impaired, suggesting that tonB2 plays an
important role in PAHs degradation. On the other hand, tonB2 deletion in US6-1

remarkably enhanced biofilm formation.

Keywords: Novosphingobium; TonB protein; gPCR; gene knockout
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