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[ Abstract]Objective : To investigate the transcriptional regulation mechanism of kfud BC operon by cAMP receptor protein (CRP) in
Klebsiella pneumoniae. Methods : Real-time PCR was firstly used to validate the operon structure of kfuAd BC by using the intergenic re—
gion spanning primers. Primer extension assay was employed to detect the transcriptional start site of kfuA by using the total RNAs of
wild type(WT) as template. The entire promoter—proximal region of kfuAd was amplified and cloned into the plasmid pHRP309 con—
taining a promoterless lacZ reporter gene. The recombinant LacZ reporter plasmid kfuA :: pHRP309 was transformed into the ¢rp null
mutant (Acrp) and WT,respectively,to measure the promoter activity (the B-Galactosidase activity) of kfud by using the B—-Galac—
tosidase enzyme assay system. Then,total RNAs were extracted from Acrp and WT strains,and the quantitative Real-time PCR was
carried out to calculate the transcriptional variation of £fuA in the Acrp and WT. The over—expressed His—CRP was purified under native
conditions with nickel loaded HiTrap Chelating Sepharose columns(Amersham),and the entire promoter—proximal region of the kfuA
gene was amplified by PCR from WT strain. Then,the electrophoretic mobility shift assay and DNase | footprinting experiment were
applied to analyze the DNA-binding site of His—CRP to kfuAd promoter region in vitro. Results : The transcription of kfud BC operon
was regulated by CRP negatively. Primer extension assay detected only one transcriptional start site. The DNase I footprinting assays

showed that the binding site was located from 204 bp to 171 bp upstream of kfud BC. Conclusion ; The transcription of kfuA BC oper—

on is repressed by CRP via directly combination with promoter
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A YT T EC T region of kfuA BC operon in Klebsiella pneumoniae.
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System Core Footprinting System , Primer Extension System ,3—
Galactosidase Enzyme Assay System(Promega 23 &7 i) , TR1zol
Rea—gent (Invitrogen 23 7] 77 il ) , LightCycler® 480 SYBR
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Tab.1 Oligonucleotide primers used in this study
HUEED 5191(5°—3 , 1F A/ XA )
EMSA kfuA CGCCAGCAAGAAATACCA/TCCATCCACCCACGACTT

DNase | EiB5CH kfud
LacZ 5 AL BIG S255 kfud
Real-time PCR kfud
Real-time PCR 514 1
Real-time PCR 514 11
Real-time PCR 54711l
FIIE NS kfud

TTAGGCATAAAGGGAACC/CTCTGGATGGGAAAATGC
GCCGTCGACCGCCAGCAAGAAATACCA/CCGAATTCTCCATCCACCCACGACTT
GACGCTCAGAACGGGATTG/CTCGGTCAGAAACACATCGG
CGCACCAATAACGCCTTC/GCCGAGCACAATACTGATG
CTCACCGCCACACTACTG/CGATATTGTCCGCAACATTAAG
TCCTGCTGGCGAAGGTAG/ACGGCAATGTGGCTCATC
GAGGGGCGATAAGCTAAATT

*2 EMSAGRRREIRS

Tab.2 Reaction component of electrophoretic mobility shift assays

%y ot
T1 T2 T3 T4 T5 T6 T7
His—CRP ( pmol ) 0 13 25 5.1 5.1 5.1 0
¢AMP ( pmol ) 1 1 1 1 1 1 1
BHRER (pmol ) 0 0 0 0 2 0 0
B ( pmol ) 0 0 0 0 0 2 0
JTEKFE M (pmol ) 0 0 0 0 0 0 2
1.6 LacZ R W ek AX i
FIF A5 AT kfud S sh T KPR k5 1 ) 7
% (3 1), PCR 35 46 3 7K A ORL pHRP309 f1) -2 LRI P
U B IE D (TC R 3h 7 X)) b, 15 2 520 BORE kfud = AN Hony V7 by,
pHRP309., %A TR 5 A WT Fl Acrp BRIARH, 4l I N mé m
Fiz 1.2 Tk g 0a AR AR, 9143 BRI WT A1 Acrp B a1 o T A1

BRI B—F UM BEE PR 22 57, NITTHISE CRP X kfud 1Y
PR,
1.7 Real-time PCR

FEIWT Al Acrp f9E RNA I DNA—free™ Kit JH1bZ<
BRHCrh DNA V55 15 N6 BEHLS 904 Hosie st c DNA
#J5 FH Roche FJ LightCycler system VE real-time PCR, L116S
RNA AR A NS R Cr (X3 R Rk K R4 AR X

SR
JASHEE

2 EERMSH

2.1 kfuABC 3T 4548

PG 2 50 FRAA T WT BB RNA , H 300 5 53¢ al
¢DNA , 2% real-time PCR(RT-PCR) i) J5 #5258 %€ kfud BC 1)
skl by S ANIEL 1 FR DA ZH DNA AR i 5 | 9%
BIRed 18 s SRS A N—F07 15 24k cDNA iR
S 1A REY 1S ) 5B E R/ N—BU00 8, 5 1)
X M HEAS ARAT 2ty 2] Rfud kfuB F kfuC TER]— 4
Iy MLt SR Siecs R BOE e kfud VEIANIFE R
LR BIFSE CRP X kfud BC BT (W42 ML)

Maker THNA” DNA
2 000 bp—
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cDNA DNA

B. LUK ZE A
B 1 kfuABC B FEMEE
Fig.1 Transcriptional organization of the kfuABC
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o kfud DR SGRAGALR AR A 2 FiR AR5 “CATC”
P45 , T LA kfud BOFE SRS IR O OB T, 551 4
M5 2 B SR Uh 7 A7 T BB LG A7 45 L UiF 87 bp 19
(A
23 His—CRP T B4 48] kfud 49 25T X

FIFH EMSA SZE50AIE CRP BB BLIEEH T kfud )5 oh
FIX,ZERANE 3 h A FTR 24 His—CRP 2 355 2.5 pmol
I kfud TRET I BL T WIS A BEI A (UKIE T3) 5 YR =ik F
5.1 pmol B, kfud TREF LT 584 PHIR NG (JK 1B T4) ; 24 1
TNATEREE A (RPER FLPUR A A, UKE T7) B, A DLBH A
5 MAIMARARIC kfuA JE BT DNA J B (UKiE T5)VER
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SV ERET I, B T His—CRP & (125 S HRE 45 6 AR BE
PRSIRET S5 ILTE B RE S 2 (RINA 16 S tDNA (Vi
T6 )V B B 5 T A (A0, A A R EE BRI T, B
PEXTIR 16 S 1DNA By BB 45, DA 45 R 30 His-
CRPAEFFFPEMZ G 3 kfud B3I FIX,

2L AT DNase 1 235525 -8 His—CRP X kfud
JA BT IX S A0 8, A5 R NIE 3 vh B i . 45 ke 1f
DR+ 17 AR “GATC I 45747 , 5T LA %45 ) His—
CRP Xt kful 3 3 F X (45 G 0608 -204 £-171 Z [

kfuA
2 kfuA BB RIRIA ML R 4T
Fig.2 Primer extension analysis of the transcriptional
start site of kfuA
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I
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Fig.4 CRP represses the transciption of kfuA
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CRPES AL
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BRI AL
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AR

5 kfuA R FREH
Fig.5 Organization of kfuA promoter DNA region
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BERFEM M C-Acrp FAERKAIRSIHAE WT #2T—2(, X
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Fig.6 Klebsiella pneumoniae growth curves in LB broth
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Horb kfud DR Gt A BT AR 1, kfuB JE R 4 it YR
WIE T, 1 kfuC FEHZmES ATP KR, &4 0F
FEFANT 5 vi B A B0 kfud BC R7E R (Akfud BC)
FERRERZ A5 0F T 19 A 1o 3 B 08 3 A iR 1, X
LI kfud BC B 55 5 8BUA OG0, kfud BC 15 fili
RGN EE A, il B PRGN R AT,
AkfuA BC ) LD50 B /55 T 9 AR R el (H R 58 i
i JE 3 SRR I | Ak fud BC X 48 o0 S5 1 A 2
T X R kfud BC B9\ ili 9 52 T A B
HIFE SRR 5 B YSRAEMI G | Akfud BC 1] fEXT H R
B UK,

CRP B M & "M AE T2 —, S 5HH
FEACIANRE ) 5L B ek s 76 B, CRPRE
P — SO OCRRE S G, sk B ALy
AR GRS R R A BV £ 4 2R B 0
- Pla (3K {55 i P R it PR il 48 7 Bl
() 90 LA AR G el R s R AR R, AR R
A E e LRI I DCHE RS 1 A7 CPS 1A B, ;X B IA
A ATk 3 G R AP, T CRP X kfud BC
4 7t SEE AT, AR il 9 o T A R FE T AR A 2R
K HIX AT fE M CPS ek —FE A H T
it 4 e B A BT b 3kt A Y e 45, CRP H0 i il 9
SR AR — 28 1 TGRS erp 2378 HE
(Acrp ) TES7¥E5R VG 7 SCFR 1 30 2 MR e S R e i)
Acrp Xit/INER B FE 2 0 S 0955 04 (R & R B8 ) | 3%
Bk T F CRP 815 K B AR PR AT A0, e e
WFFE A N BB B 75 1 I 10 5 SR

AT A ] EMSA DNase 1 J& 95 SC 56 real —
time PCR LacZ 5 3L PRl A 5256 K 5 | 49 4iE A 52 56
SRR UUEB Tl R ST AR kfud BC 1% 5%
FIK EHAEZ CRP WM. kfud BC J5 8T IX 4544 53
BTk B8 CRP 145 G 0 3L B85 -35 Joi A stk i
D75, 5 BRI CRP XF omp X AR HAG AH R 0
HIPLHI, BAN LE kfud BC JE 3T X 45053 Hrh &
M kfuABC 5 30 F IXBR & A CRP 45 G 07 &5k, ik
T Fur B R AEET B AT 51 (Fur box) , %I
kfuA BC We sk IR AT RBIL 32 Fur 28 1A EHL A%
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B 1 T 3k S — A 52 2 AR TP R 4 1 1
T T 0 ) S 36 v S0 2 A T i ¢ 5 B 11 TR R )
DR - 1 e Sy s 42 I 2%, DT o8] B i 28 e B 111 PR

AIEGR LA

o

% x ot

[1] Ko WC,Paterson DL,Sagnimeni AJ,et al.Community —acquired
Klebsiella pneumoniae bacteremia:global differences in clinical pat—
terns[J|.Emerg Infect Dis,2002,8(2):160-166.
[2]  Yu VL,Hansen DS,Ko WC,et al.Virulence characteristics of Kleb—
siella and clinical manifestations of K.pneumoniae bloodstream infec—
tions[J].Emerg Infect Dis,2007,13(7):986-993.
[3] Lin CT,Chen YC,Jinn TR, et al.Role of the cAMP-dependent car—
bon catabolite repression in capsular polysaccharide biosynthesis in
Klebsiella pneumoniae[J].PLoS One,2013,8(2) :e54430.
[4] Fung CP,Hu BS,Chang FY, et al.A 5—year study of the seroepi—
demiology of Klebsiella pneumoniae:high prevalence of capsular
serotype K1 in Taiwan and implication for vaccine efficacy[J].J Infect
Dis, 2000, 181(6) :2075-2079.
5] Jurado R L.lron,infections,and anemia of inflammation[J].Clin In—
fect Dis, 1997,25(4) . 888-895.
[6] Ma LC,Fang CT,Lee CZ,et al.Genomic heterogeneity in Klebsiel—
la pneumoniae strains is associated with primary pyogenic liver abscess
and metastatic infection[J].J Infect Dis,2005,192(1):117-128.
[7] McDonough KA ,Rodriguez A.The myriad roles of cyclic AMP in
microbial pathogens:from signal to sword[J].Nat Rev Microbiol 2011,
10(1):27-38.
[8] Zhan L,Han Y, Yang L,et al.The cyclic AMP receptor protein,
CRP, is required for both virulence and expression of the minimal CRP
regulon in Yersinia pestis biovar microtus[J].Infect Immun, 2008, 76
(11):5028-5037.
9] kX4 m #, T % RUER H-NS AR RS aif X
FE DNA 25530 VBT I B E 2741, 2011,51(5) :615-621.
[10] # Wk, w8, 5k A S UL R RIVA LR B 48 v 610
B CRP 2 F 94215 B DNA 25 S35 P[] o A A )2 K
P2, 2011,22(3) :251-256.
[11]  Gong S,Bearden SW,Geoffroy VA, et al.Characterization of the
Yersinia pestis Yfu ABC inorganic iron transport system|J].Infect Immun,
2001,69(5):2829-2837.
[12] Hsieh PF,Lin TL,Lee CZ,et al.Serum—induced iron-acquisition
systems and TonB contribute to virulence in Klebsiella pneumoniae
causing primary pyogenic liver abscess[J].J Infect Dis,2008,197(12).
1717-17217.
[13] Gao H,Zhang Y, Yang L, et al.Regulatory effects of cAMP recep—
tor protein(CRP) on porin genes and its own gene in Yersinia pestis[J].
BMC Microbiol ,2011(11) .40.
[14] Zhang Z,Gosset G,Barabote R, et al.Functional interactions be—
tween the carbon and iron utilization regulators,crp and fur,in es—
cherichia coli[J].] Bacteriol ,2005,187(3) : 980-990.

(AR RAR)



