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[ Abstract ] Objective To determine the effect of rcsB gene on hypermucoviscosity and biofilm
formation ability of Klebsiella pneumoniae by constructing unmarked rcsB-deletion mutant and resB
complementation strain. Methods First, unmarked rcsB-deletion mutant was constructed. The upstream and
downstream flanking DNA fragments of resB gene were amplified by PCR and then cloned into plasmid pKO3-
Km. The recombinant plasmid was transferred into Klebsiella pneumoniae NTUH-K2044. After homologous
recombination, unmarked rcsB-deletion mutant was screened. Second, the complementation strain was
constructed. The resB fragment was amplified and cloned into plasmid pBAD33, and then the recombinant
plasmid was transferred into rcsB-deletion mutant to get the complementation strain. The hypermucoviscosity
and biofilm formation ability were tested. Results The unmarked rcsB-deletion mutant and complementation
strain were constructed successfully. The results showed that the hypermucoviscosity and biofilm formation
ability of the mutant were decreased, while the hypermucoviscosity and biofilm formation of the
complementation strain was between the wild strain and the mutant. Conclusion The transcription factor
ResB positively regulates the hypermucoviscosity and biofilm formation ability of Klebsiella pneumonia.

[ Key words | Kliebsiella pneumonia; rcsB; hypermucoviscosity; biofilm

Supported by the the National Natural Science Foundation of China (31200064, 31071093, 31170129 ). Corresponding author: Li Yingli, E-mail; liylyl@ 126. com

fiti ¢ 5 % A B ( Klebsiella pneumoniae) NH 2B Je—FhE BIFMEBORIA " o HE N F R E AL
PERFR AR R R D DAL XA PR B P e, S IR 2D B B T A
SRR A B35 ) R, A T MR ) 2 T R A

(ESWA]  EEHARREES (31200064,31071093, 31170129) B A (SERE) | A 40 1 B RGP, 78 B B AL i oe]
[BEAEE] 2, E-mail: liylyl@ 126. com AT 40 B 6k AR BTE E RAR e B AT o T 5% e

[fE5EHAR] hitp://www. cnki. net/kems/detail/51. 1095. R. 20151204.
1355.040. html(2015-12-04)

AR B N AR I & A & R 2R B, (o 20 e H



596 S =B, 2016,38(6)

http : //aammt. tmmu. edu. cn

AR BRI SR I A AR Y B A
R AR B A R T I AT T O A
HEM M 2 — " o ZERIFFE k-12 SR
7 ResB J2 2 5 3R 2 MG 1 A Rl D 2 1 2
1 AR 3 o i 4G 5 R AV T resB B PR B
(R AL IR AT [TAMR , 70 A 5 SR IR 72 5 ResB X il 5 52
B A RGP A A P Y R IR PR T, St —28 T
ikl 2 v B AE T RO BOR LRI 3T T 54

1 RS

1.1 ##

L1 MRS Bk fili ¢ 5 B {11 B Bk NTUH-
K2044 FIFki pKO3-Km (R AREE ZHerk) M 2 iy [ 57
BRI | K DHS o FTORL pBAD33 (A%
Rhitk) AR E R A

1.1.2 FERF] dNTPs .Ex Taqg DNA B4 Pfu
DNA R A7 DNA 73 FRbrEY I A 49 TRX
HA R E]PCR P24 () [N &k Qiagen 23 H]
FE s BRAIPE N VIS Not T . T4 DNA #4485 Kpn 1 N
YIEF Sal T VI A New England Biolabs 2y H] 7= fih
HAth fRy A= AR R [ = o B 4t

1.2 ik

1.2.1 K% resB JE PR 2R 1Y) 28 748 B R B TR
NTUH-K2044 1 resB & P51, it 5149 (%
1), P 8645 5 resB JERMIZE T 5], SR )5 iz = W1VEN
B, B9 % KP_ResB_A/D #£47 PCR, 15 2| it 2k
resB FE R () [R] RV A R Be o etk i i [e) U ik
A FBOF kL pKO3-Km 43531 FH BR il 14 P9 U1 1§ Not 1
AT, Z J5 F T4 DNA W8 E T84  iE 2™ 1)
ALK I DHS o J8AZ A5 4 b, B 1k 7= iR
F LB AR (% 50 pg/mL km) [+,30 CH:FEE K Hh
B 7%, PCR i % 5 41 ik pKO3-Km-resB, T 21 Jii ki
pKO3-Km-resB # 4k A NTUH-K2044 J& 37 25 40 Jju" |
Zeat [FIEFE 4, PCR % i %k HH R B Kk AresB.,

1.2.2 FgEmIhE C-AresB AR 5 5 B 41 PR AR

NTUH-K2044 i resB 3 [H F 531819 (% 1), PCR
PG 2] resB JEP F B, FIH R 0 9 YD Kpn T A1
Sal T Xt resB A BEALGORL pBAD33 43 51| #E 47 Wil
Yo BBV IS 0L R R BORn JBoRE LATE X4 el A,
T4 DNA #HEERRE L, E 8- WAL B R I% AT DHS o
AR A T LB PR (7% 35 pg/mL Cm) 37 C
Rz KR, PCR it & 47 5 41 fiki pBAD33-
resB [EEAL T, PR EL 4 Bk pBAD33-resB 55 A 2875 Bk
AresB [P 2 A 4L, 37 CHE R 2K . PCR
5 15 o AT L AE TR (R TR , B [EI %M C-AresB
1.2.3  RGEESCES il 4 v TR AR TR AR R B A
B2, e T T AR A R R A LR
YHPE 2 1 R R G o HRT R R v
TAA TR 2T, AR PERRG I 5% 55 1T LARI25 i o
ST B R

1.2.3.1 PUEELEE FH 32 Foh 24k B PR R 5 4%
FiE LB (R H (IUAMR BRI AR B SRR A 1. 5% Fafdir
{ABEiAES) ,37 °C 200 t/min #E3% 35553 0D600 4 2.0
A q&%%ﬁgﬁ 200 r/min &[> 15 min 55 )2
WK BB IIRE , 22 )5 B2 WA 0D600™ 7
1.2.3.2 G@BKMESEES  7F 5% 4 Fp RIZR
37 CHiFF 16 h, FHEFPER ] LU IS fl L e V5 Fr 22
KB >S5 mm ) R RS PE P PE B R . 75 000 A RS
BAvE R R

1.2.4  JEREge e &R it 58 5 T AP TR B R
PR T = A AR ML AP I, F2 B2 AR Gl 20, JE R 2 b
AR EA R TE BB R ISR R AL,
XTYL R SE RGN Zp % 0, 8 ] Anthony SR €27
Yot BEFEMTR I BOR B e A P TR, 1%
(25 522 K VAT L {5 1 min, L 20% (155 BR 4R 7K 75
M, T LA S R R R TR

1.2.5 ‘YRR i ST YA /0 F 5 mL LB
W¥,37 °C 200 r/min 35532 0D600 = 1.0 7247, $1
W50 fEMREZE LB g, o2 /M P, A58
2 mL, $ 37 °C 150 v/min 535 12 24 36 h , B4}
MARE T 3 A

F1 AXREHRMOAKRGELEESI W

EIL/EAS JPEI(5'—>3") ¥y K% (bp)
KP1_3872_ResB_A GTATGCGGCCGCTATCGTCCTGCTGGATGTG i R R 675
KP1_3872_ResB_B CAGCGAGACGGAAGAGAGGTAGTGACTTACGAATACCGAACAG
KP1_3872_ResB_C CTGTTCGGTATTCGTAAGTCACTACCTCTCTTCCGTCTCGCTG R 652
KP1_3872_ResB_D GTATGCGGCCGCATGGTCATCTTCTGTCGCC
KP1_3872_ResB_RT_F GCGGCTATGGCGATAAACG FE R P T 51 200
KP1_3872_ResB_RT_R GCGAGACGGAAGAGAGGTAG
KP1-3552-rcsB-HB-Kpnl-P-F  TCCGGTACCAGGAGGAATTCACCATGAACACTATGAACGTAATT resB 3L [H FE 1) 651

KP1-3552-rcsB-HB-Sall-P-R ~ ACGCGTCGACTTACTCTTTGTCCGTCG

PR R ATIT 0 BRI Ay TR A D08 Not 1 a9 Bl dnds &, , 3 T %) & ARIT 9 3R 2 IR0 1 W b8 Kpn T a9 8 b4 &, T X] AR T

4 B IR A PR A BBl Sal | o9 B3 i &



http ://aammt. tmmu. edu. cn

55 SIEPE KA ,2016,38(6) 597

P m % 2 5 mL W4 b, TR A, %€
0D600, 1R 2 mL 2 B 7K 3 W, P 0 B
R, SRJE A 3 mL 0. 1% 45§ 5570, Y 430 min, 57
RETHE 3 mL R TR S . Rl R
Ja TR 5 B AP

2 HR

2.1 REAReGME

PCR i3 % 58 resB SR 2845 #k . F KP1_3872_
ResB_A/D AR5 %, LAZEAS MRS R 241 DNA AE Ry
Pk, PCR 944455 1 282 bp B (Kl 1,7kiE 2) , I
VLY AE BRI Y PCR B 1 867 bp (JkiE 4) 6t
DTN 585 bp Y resB FE B H resB A
Br FRYB145%F KP1_3872_ResB_RT_F/R ¥ B}, 2845
RN TCH G514 (DKIE 5) , 1 LAEF A= A% Sy BH A X AT
FREN KNSR 200 bp BB (TKIE 7). T AT,
VKA R SHES AT &, FRARALK AresB FEERLT) .

1 2 3 4 5 6 7

2000 bp—
100 —
98 b=
500 bp—

250 hp—
150 bp—

1:DNA 47 &4 DL2000; 2 24 % T4k AresB A #844 , vA KP1
_3872_ResB_A/D 3 #3469 PCR =45 4. v A5 A4k A AL
#., vA KP1_3872_ResB_A/D 4 3] 4h s+ PCR = 4; 5. vA
32 % #k AresB A A4, vA KP1_3872_ResB_RT_F/R 4 3| 4%
3+69 PCR =45 7. VAR A %k A AR, 4 KP1_3872_ResB_
RT_F/R % 31 4545 PCR =475 3.6: A Mt B

1 PCR £ERTITHE ArcsB BB K E

2.2 EAMKSI M E

PCR % 5%E [0l %Mk C-AresB, ] KP1_3552_resB_HB_
Kpnl_P_F #1 KP1_3552_resB_HB_Sall_P_R {E_N5|4
XT, LA MR LR ZH DNA A A i, PCR 3734 5 )
651 bp Bt (& 2, UKiE 2) , 5 LLBF AR Bk SR A5 A It 1)
PCR B 651 bp (UKl 3) —HF¢, I 2 AT UL, LUk 4,
RIS A, R ECAME C-AresB FE I
2.3 HEME

58P BRAR L, 2 AR BE AresB KT 25 5 B UL
VE Tk, FEWART IS, BIAMENFRIE Z B (K 3) .
B2 WA E D(600) , 845Kk D(600) =0. 045, %
HRR D(600) =1.427, [al%pEk D(600) =0. 874, i#—2F
R SRR 4 R B U855, AT TR AR O 2% ) o 0 DL TE
[l MR DR 57 T 63k resB J DR 4 ok, HORG B R RIS
B TR

2 000 bp—
1 000 bp—
750 bp—
500 bp—

250 bp—
150 bp—

1:DNA #7.&4% DL 2000; 2. vA ) 4tk C-AresB 2 B4R, VA
KP1-3552-rcsB-HB-Kpn [ -P-F #= KP1-3552-rcsB-HB-Sal | -
P-R 4 31 #3349 PCR = 45 3. A% A4k A B4R, L KPI-
3552-rcsB-HB-Kpn [ -P-F #» KP1-3552-rcsB-HB-Sal | -P-R
A 31 H 3t eg PCR =45 4 M R

2 PCR ¥ZE @%bk C-AresB B XE

15 A4k 2: R T4k AresB; 3: B4k C-AresB
B3 BOimiEgER

TR A R A R R [ e A A L TR R 9 ] B5F 7
5% MR _EAIZ 37 CHEFR 16 h 5, FIHERF RS
M BRI AT PRI 22 5000 . 25 R Kl 4 iR,
A DA A AR R B AR C-AresB 722 K JESY >5 mm, %
ARRR AresB 22K <5 mm, FWIRAL K AresB R
PRI o 8 1] AT I S AR R RE ST 0k

1.5 A4k 2: % %4k AresB; 3: @AMk C-AresB
4 BHMELIELER



598 =R E R, 2016,38(6)

http : //aammt. tmmu. edu. cn

A ZFA Rk, B: R XM AresB; C: B4k C-AresB

4 .®

BS EELEFER

2.4 R esiie

JEME 28 Anthony 3¢ IR Gt (4 3% G 8 )5 7E I Bl BT
(100 fFH BT ) NULEE, 45 R AP 5, NI a] LU Y
AbR RAERR AresB | [BI 4R C-AresB SEJRAEIE 257 L
BAVE2ES.
2.5 AGBERA S

PP IS IR I, BoA A= W T B RE 0 A9
R ATTE [ (A JSO 2 TR B A W0 JE , 36 e 4%t 55 2 0
AN RE A W BCRE 1. LA 12,24 36 h Sy 3 /i)
A W AR WA R, 4 PR BRI ) 3 AN E A
LS AR PR R 0o R, S5 748 R R [ e o 1) A P BT B
AU ILIE 6 R LU H SR R 4 A ) R E
AE ) Wi LU AR AR , IR A T I 2 1]

15 Ak 2. % T4k AresB; 3: B4k C-AresB
6 HLRELEENEEMERKE

3 itig

T T T AT B e PR 5 PR P e Y T A
PFEOR B 2 — , BES DRI 28 | B AR LA K PR B IR e 2
9 IS R A SR A Y
THH T E R e 2 40 1 -5 40 i 3% 0 sl A0 1 2 (8] )

KBRS T (7 240 At 2 8, ) el i 3 2 0 S )
o ARSCRIFFE S I resB Al BE S 5 i 4 7 A
BIEIREZRIAE . DIE RSO SL IR A R /R resB JEN
BRIIRLG BPA R LU , R EE RRAT, (o 200 1 B4 ) DL
UE, YEWITE resB 2 PR B AR (19 2511 T S5 22 0l n] E A A=
g sresB BE DN [l &ME R EEINGE , SIS & plaE 113
PIWRAE o EORSYESCRE, RAERAT 22 KRIEWI R <5 mm,
DN [EAN P22 K >S5 mm, HOHRG P A5 00K 42
TR P55 BRI 28 ) SO TE ARG R, St Fe AT Tt ]
VARIACAHED resB 2 R bR gl RIS o it — 20
R MG (0 )5 BEAG A R Ak L RAZRE AresB | [l Kbk
C-AresB SEBARIL 3 LA B RIWI 225, %R
ARKR AresB R Ko B U AT REAS 2 2R 2 W Bk B i
R TR R 20 Wl ) i sl R e 2 T R AR AR
YIRS ae T res B [R5k 5 b A W) IR HE B BE 0 W
SRS, FEIN IR, A W)Y RRE ) AR IR, iX
YW resB A BES 5 AW IFE IR 1 A9 T4

25 LRTIR  resB FEDN R] RE S 5 8 478 il 9 v B 1H A
SR Z W B 5 R AE R SO TS e Heag g o TR
BT vesB 7 fili 58 50 75 A B 25 1 A AE ) R A )
VR, Xk Bl i Al 58 v 7 41 1 R e AT 5 B2 BB T

S 3k

[1] Keynan Y, Rubinstein E. The changing face of Klebsiella
pneumoniae infections in the community [ J]. Int J Antimi-
crob Agents, 2007, 30 (5): 385 - 389. DOI: 10. 1016/j.
ijantimicag. 2007. 06. 019

[2] Chuang Y P, Fang C T, Lai SY, et al. Genetic determinants
of capsular serotype K1 of Klebsiella pneumoniae causing pri-
mary pyogenic liver abscess[J]. J Infect Dis, 2006, 193
(5): 645 -654. DOI:10. 1086/499968



http ://aammt. tmmu. edu. cn

S =B, 2016,38(6)

599

(3]

[6]

Cortes G, Borrell N, de-Astorza B, et al. Molecular analysis
of the contribution of the capsular polysaccharide and the li-
popolysaccharide O side chain to the virulence of Klebsiella

pneumoniae in a murine model of pneumonia[ J]. Infect Im-

mun, 2002, 70(5) : 2583 —2590.

Struve C, Bojer M, Krogfelt K A. Identification of a con-
served chromosomal region encoding Klebsiella pneumoniae
type 1 and type 3 fimbriae and assessment of the role of fim-
briae in pathogenicity [ J ]. Infect Immun, 2009, 77 (11):
5016 —5024. DOI;10. 1128/TAI. 00585 - 09

Hsieh P F, Lin T L, Lee C Z, et al. Serum-induced iron-ac-
quisition systems and TonB contribute to virulence in Kleb-
siella pneumoniae causing primary pyogenic liver abscess
[J]. J Infect Dis, 2008, 197(12) . 1717 —1727.

Ma L. C, Fang C T, Lee CZ, et al. Genomic heterogeneity in
Klebsiella pneumoniae strains is associated with primary pyo-
genic liver abscess and metastatic infection[ J]. J Infect Dis,
2005, 192(1) . 117 - 128.

Fang C T, Chuang Y P, Shun C T, et al. A novel virulence
gene in Klebsiella pneumoniae strains causing primary liver
abscess and septic metastatic complications[ J]. J Exp Med,
2004, 199(5) . 697 -705.

Wu M C, Lin T L, Hsieh P F, et al. Isolation of genes in-
volved in biofilm formation of a Klebsiella pneumoniae strain
causing pyogenic liver abscess[ J]. PLoS One, 2011, 6(8) .
€23500. DOI;10. 1371/journal. pone. 0023500

Podschun R, Ullmann U. Klebsiella spp. as nosocomial
pathogens : epidemiology, taxonomy, typing methods, and
pathogenicity factors[ J]. Clin Microbiol Rev, 1998, 11(4) .

[10]

[11]

[12]

[13]

[14]

[15]

[16]

589 - 603.

Brill J A, Quinlan-Walshe C, Gottesman S. Fine-structure
mapping and identification of two regulators of capsule syn-
thesis in Escherichia coli K-12[J]. J Bacteriol, 1988, 170
(6): 2599 -2611.

Pan Y J, Fang H C, Yang H C, et al. Capsular polysaccha-
ride synthesis regions in Klebsiella pneumoniae serotype K57
and a new capsular serotype[ J]. J Clin Microbiol, 2008, 46
(7): 2231 -2240. DOI;10. 1128/JCM. 01716 - 07

FRHE, XU, XA, AR A3 A o e A 48 e AT T
MBrEAR[T]. A, 2007, 47(4) 721 -724.
LinY C, Lu M C, Tang H L, et al. Assessment of hyper-
mucoviscosity as a virulence factor for experimental Klebsiel-
la pneumoniae infections: comparative virulence analysis
with hypermucoviscosity-negative strain[ J]. BMC Microbi-
ol, 2011, 11 50. DOI;10.1186/1471 —2180 —11 - 50
Vez, W, M. AR S € b B
Bt (). RSOk 24 (SRR BT, 2007, 30
(4):84-88.

Cheng HY, Chen Y S, Wu C Y, et al. RmpA regulation of
capsular polysaccharide biosynthesis in Klebsiella pneumoni-
ae CG43[J]. J Bacteriol, 2010, 192(12) . 3144 —3158.
DOI:10. 1128/]B. 00031 - 10

Costerton ] W, Cheng K J, Geesey G G, et al. Bacterial
biofilms in nature and disease [ J]. Annu Rev Microbiol,
1987, 41 435 -464.

(BF5:2015-07-17 ;48 = :2015-10-11)
(hih TRERE)



