Behs AR AUG 20, 2010, 37(8): 1146-1152
Microbiology China © 2010 by Institute of Microbiology, CAS

tongbao@im.ac.cn

MERE

KA & prsHIcrr 329\ F BY R 18 5y FR A 5y R
A< REN E
BEE? MigkY WO EmAET ARE' FEEY

(1. ZRIWER A P2 be R0 JEl 241000)
(2. HERESRERAEY TR dbat 100071)

B E: SR KA E AR M B X 7 BR BA M AR B 44 A5 B R 4L (R AR PTS R 4) prsHlcrr 395 F, %
KR AMRAERFHTRELL pisG SR H 3T, FIF [-Sce | FF 440 % F= Red Rl R T0 7%
R RAMET KA E DHSoAptsHlcrr 8XR# . # LB 37 ¥, DHSaAptsHlcrr 892 KATH 5
DHS5a A= DH50AptsG 9 B 1B, & & @ % & & DH5a 42 DH5aAptsG 4935 2 4%, 1 DH5aA\ptsG
4 KATHL5 DHSa R R £ 7. 1248 1%#) #4549 LB ¥, DHSaAptsHIcrr = DH5aA\ptsG ¥ &
A RKY, REE FEIRAZL DHSa 89 2.8 47 2 12; BHRARFTRACH S EH A 2 DHSa 49
12.2%. 47%. F&£ M9 16463 Fx A %, DHSaAptsHlcrr Fo & K ik % (1/h)A= bk %] 248 4 4£3% £ [g/(g'h)]
9 24K T DHS0, JF%AKT DHSaAptsG. 45 RGLH, ptsHIcrr INT R H L T &) # 4% 69 Kk
O FEZAL pisG AR R E T F 69 R4 A

JE48i7: Red Bl R EL, PTS & %, prsHlcrr W F, KM H

One-step Knockout of the ptsHIcrr Operon in Escherichia
coli and Characterization of the Mutant

ZHOU Jun-Zhi'"*  ZOU Yong-Kang'? DAI Hong-Mei* LI Shu-Long®
CAI Ya-Fei' FANG Hong-Qing”"

(1. College of Life Science, Anhui Normal University, Wuhu, Anhui 241000, China)
(2. Institute of Biotechnology, Academy of Military Medical Sciences, Beijing 100071, China)

Abstract: The ptsHlcrr operon of phosphoenolpyruvate: sugar phosphotransferase system (PTS) of
Escherichia coli DH50 was deleted to generate DH5a A\ ptsHIcrr strain, and its characteristics of growth
and metabolism were compared with that of DH5aAptsG. DH5aAptsHIcrr and DH5aAptsG were
successfully constructed by using a one-step markerless deletion method that is a modified Red ho-
mologous recombination combined with specific cutting of I-Sce I . In LB medium, DH5aAptsHIcrr
has a significant different characteristic of growth with DH50 and DH5aAptsG, and the maximum
biomass of DH5aAptsHlIcrr is about two times of that of DH5a or DH5aAptsG. However, there was
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no difference between the growth of DH5a and that of DH5aAptsG. In LB medium supplemented with
1% glucose, DH5aAptsHIcrr and DH50/AptsG both grew better than DH5a, and the maximal cell
densities were approximately 2 times and 2.8 times of that of DH5a respectively. In the end of culture,
the concentrations of acetic acid of DH5aAptsHIcrr, DH50AptsG werel2.2%, 47% of that of DH5a.
In a modified M9 medium, the specific growth rate (1/h) and the specific glucose consumption rate
[g/(g'h)] of DH5aAptsHIcrr were much slower than that of DH5a and a little slower than that of
DHS5aAptsG. Altogether, the ptsHIcrr operon-deleted mutant changed the specific glucose consump-

tion rate and showed many different characteristics of growth and metabolism from that of the

AptsG-deleted mutant.

Keywords: Red homologous recombination, PTS system, ptsHIcrr operon, Esherichia coli
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1.1 #8

1.1.1 RIS Ek: K8 DU B SOk pKDS CH A=
FATHE, & A WEEIAREAIMM [-Sce [ IHH N Y)
Wi . VRERE N T exo. bet. gam VLI VAH NI
Y Z BT R AF TR IR 2l 45, = b DUATHEBOR. pG LA
pET-28a (+) AAEAEAEE; 45 EGFP i) Jf A
pCP-EGFP NZRZE M, DHSa fl DHSaAptsG N7
SR E R R,

.12 EZ X FIAAEE: RdI N DIEE . DNA
marker W [ A0 TR CR ) A BRA 5 # 4 BE A
DR & B £ A AR & 0 ) A v 2R b 2B
Bl H A PR 7] . Boehringer-Mannheim /2 /) ; & %
. KIREEWWH AMRESCO 7~ fl; Electroporation
System ECM 399 Il H HARVARD APPARATUS /A
A, HAWY A o3 il Ak R)

1.1.3 EBFERIEFEME: LB FE(L): HAMK
10, BEhlRy 5, SALEh 10; LBG K557 Jk(g/L): 4 Mk
10, BEREAY 5, KSR 10, #AHE 10; FMG }i Rk
(g/L): K,HPO,-3H,0 7, NaH,PO;-2H,0 3, NaCl 2.5,
TRk 12, AR 15, 5301 0.5 g MgS0,-7H,0 F
2 g W% b, MO B 37 5L (g/L) 2 18 MO 15 77 BE AL il
ARSI Bk, Na,HPO, 7H,O 64, KH,PO, 15,
NaCl 2.5, NH,CI 5.0, %1 2 mL 1 mol/L MgSO, Al
100 uL 1 mol/L CaCly, FIIAZLHK BN 0.2% 0 #i %
BT 0.1% BERRRY . W8 R MR AR EE R TARKREY
3 50 mg/L.

1.1.4 3145: 514 C1 J C4 FAFHEF54351 0
EcoR 1 . Xho 1 BEEIAL AL, T RIZF 5 KA 8 A Y)
FERr SRR 18 bp B3k, ptsHIcrr B\ T-4THE

© PEMERMEMMRIAEATIESREESR http://journals. im. ac. cn

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



1148 wehGEHR

2010, Vol.37, No.8
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Table 1 Primers in this research
EAS SIF51(5'—3")
Name Primer sequence (5'—3")

CCGIGAATTCITAGGGATAACAGGGTAATATGCCAG
AAACCATGAGTAT

AGTAAATTGGGCCGCATCTCGTGGATGTATTTCCC
CAACTTATAGG

Cl1

C2

C3 TCCACGAGATGCGGCCCAATTTACT

CC(}|CTCGAGTAGGGATAACAGGGTAATCATCGCA
AATCAAAATCCTT

C5 TTTTTGAAGATAACTCGCTG

C4

C6 ATGACACTTTCTACGGTGGT

1.2 A&

1.2.1 PCRITEER B RITH R & #&: Ll DH5a %t
A AR, LI Cl/C2 A5t T PCR ¥ 345 3
ptsHlcrr B\ F 22 [R1JERF ; C3/C4 5149 PCR Y 515
B prsHlcrr B9\ F45 TR TR F543-501 A IR ) 26 47 T
T AL, LA C1/C4 A5k S PCR 15
3| prsHlcrr FEPF P ZAETTHE DNA B Cl. 4THE F
Bt C1 1 pET #AKL EcoR 1 | Xho I W], ¥+
GRS B TR R pGo

1.2.2 ptsHIcrr B\ FIRREFFEEE: (1) B
fb: B 1 pL FTHEFORL(1 mol/L)F1 7 uL % B BCk:
pKDS (4 mol/L)E 50 pL Hi 5% 2 &40 1R 5],
KB E IR ESYHEBZE WA 1 mm AR,
1.8 kV HL %4k, H i 58 BUS BN 1 mL SOC K
FRIELE 30°C L) 220 v/min 3% 1 h K FRE %A RIR
REWITHR, Tk AR A, SRR ILi% e
W, (2) H SRR B 500 uL HHEE T 50 mL &4
AP FMG W AR 572, 30°C. 220 r/min 55+
% 0D 25 0.2 B, INAZLHREE Ny 0.2%9 L-Balfi {1
WF 4 h, HREREHR 100 pL HFHEERHESR
107, FUR B E (107 100 puL %A A Gt
B, 30°C 557, BEPH R WLIEl 1, (3) mBR A
PRV PCR %8 oy e LU iR A Z b s
AR, DL C5/C6 5| WikA TRV PCR LIS & IH
PEE TR 7%, K 5 A i B TORL ) BH P TR % 4 P
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& LB, 42°C 57229 12 h IGIBR G BBk pKDS, Fifi
Je B BB AR JCHTFR, 37°C 85375 ALk BOG T
AR 20 A FLE R T @ & R BT AR, 37°C i 5R
12 h J5, ARETERE R YU AA  0 5A 5 7% i ko
IOE (R TEHTF A L Y BRLTRT 7 BRIV R BR T

I-Sce 1 I-Sce 1

W97 N1
L R

ori

Transformation and induction

L R A
B

m ptsHlcrr m~ |
Genome /

Screening by PCR
[ % N\

| mutant

1 ptsHIcrr B H B R KBS

Fig. 1 The one-step markerless deletion strategy of
ptsHIcrr gene

Note: L: Upstream of ptsHlcrr; R: Downstream of ptsHlcrr.

1.2.3 EREKELZ: 7553k DHSaApisHIcrr,
DHSaAptsG Fl DH50 M7 T 5 mL LB, 37°C.
220 r/min 15 7% 50 5 f5 BUAE B AR % 4% 2 50 mL LBG,
37°C. 220 r/min 4kZE853%, ERHNE HEREE, 5
I R B L BA R i, DA % T R o) 28 WA B % 2T
o

124 ZBEENE: SR NAF &
1.2.5 HEHESENTE: SRR IRT 4.
1.2.6 BEEEFEERNESBIXEK[3]: 9= /Y
e, u = (dx/dt)/x. Y= dxlds. —q= (ds/dt)/x, —q,
g H AR AR R, g/(gh); u MR EE, 1/h;
Yos WA, o/L; x AR EE, g/L; S R %
WRE, g/L; t MEEFRIFI], he

1.2.7 EGFP ByFik: K4 %Kik EGFP %tk
H i 5 ki pCP-EGFP %% 4k & DHSaAptsHlcrr .
DH50AptsG Fl DHS o Pk UL TR 7% 45 T 5 mL LBG
BigRFE, 37°C 220 r/min JR R IR, K H B L
ORI, X r=¥)ik4T SDS-PAGE il .
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2 GFMaH

2.1 FTRFRAIAEE R ptsHIcrr BFRTE
¥ ptsHlcrr F2FHHE R BL4 EcoR 1 /Xho |

WG Y] G5 pET-28a (H)i#E 15 B 4THE TR pG. %
&1 BT 7R 77 6w prsHIerr 9\ T, 2 PCR % & (K
2, Y5519 C5/C6, FHYE=HIR/ING 2500 bp, BATE
FEYIR/INGY 5200 bp) FN AR TE(ED 3) R T
ptsHIcrr B9\ T, 345 T DHSa\ptsHIcrr R o
2.2 DHS5aAptsHIcrr. DH5aAptsG K DH5a &
KA HHHFAE EL3

2.2.1 LB. LBG EFEREKMEE: 7£ LB iRk
H, DHSaAptsHlerr #ER T B0 BUE R BIIE K, i
15 T % FE 2428 DHSa 1 2 /%, 1 DHSaAptsG #i bR
fl DHSa A KMEIL T2 ES (B 4), wH

Sequence of cyaK

bp

4500
3000
2252

1500

1000
750

500
250

2 DHS5aAptsHIcrr 55/ H PCR £

Fig. 2 Identification of DHSaAptsHIcrr by PCR

H: M: DL250 DNA marker; 1,2: B4 %K% DHSa; 3:
ptsHlcrr FEFREE.

Note: M: DL250 DNA marker; 1,2: DH5a; 3: DH5SaAptsHIcrr.

Sequence of pdxK

CCACAACACTAAACCATAAGTTGGGGAAATACATT CTTGC CGCAGTGAAAAATGGCGCCCATCGGCGC

il

& 3 DHSaAptsHIcrr E3 5 M FF 45 R
Fig. 3 Sequence of DH5aAptsHIcrr

6 r = DHSaAptsHIcrr
-+ DHS5aAptsG
5 [ —DH5a
4 t
S 3
S
2 -
1 -
0

2 4 6 8 10 12 14 16
1(h)

4 DH5aAptsHIcrr, DH50.AptsG 1 DH5a 7£ LB 1555
iy K4k

Fig. 4 Comparison of growth curves of DHSaAptsHIcrr,
DH5aAptsG and DH5a in LB medium

DHS5aA ptsHIcrr w5 T RESE 4 0 F FH &2 45 15 57
K.

EEH 1%8 AR LBG B3 b, DHSa
AptsHlcrr w5 A 1) e A 25 B2 S LB 53R b iy A
AHME, (H DHSaAptsG Bl 5 B8 14 J5e ioh T %5 8

LB g HE Py 2.8 £ (K 5). 545 WA,
DHS5aAptsHIcrr bR Al DHSaAptsG i[5 B 1 7
%M T4 FE B 2> 9 & DHS5a B 59% Fl 210% .
DH5aAptsHIcrr w5 H Ml DHSaAptsG @R E " 4,
27K 43 51 DHSo B 12.2%F1 47% (3 2). 45 4%
7, DHSaAptsHlcrr @5 v R FH #6260 0% 1 6 0 fo™
i 7K - K B R AR

222 MY9 EFEPREKERKPFFLE: VT
Fb A8 HE A .0 52 DHS oA pts Hlcrr i 155 B A1 FH 1 26 4
IRE ST, TRATTESEE T MO s FRIE, LI FR AL
A DAAE A il o) 4 Jooxsd B A AR sz e, il 6
7~, DH5aAptsHlerr #ERTE . DHSaAptsG w bR I 1Y
A 58 T )& DHS o 24%H11 35%; 8 25 4 114 FE 50
52 DHSa [ 5.5%1 21%. 3845 1 DHSaAptsHIcrr
HBRTA . DHSaAptsG RFR 1R F DHSo 9 b A= 1 0%
(/)UK 0.083 . 0.096 i1 0.218; L7 45 i #E
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Rg/(gh)HKIKIE 0.073, 0.084 Fil 0.294, LU k4%
Vi (1) ptsHIcrr R prsG RIS & 241 I/ N
HBRRIBCH R, T A W 2 R AR AR . (2)
pisHIcrr 5K P FL A 26 W 5 #E 8548 A0 A P A 4l
AR — B, AR U AT DA SE A 45 ) L R A
W SRR 4 o LR R

—+,—&: DH5aAptsHlcrr ——,—4—: DH5a
——,——: DH5aAptsG

—
(=]

AGlucose (g/L)
S = N WA OUA OO
S =N WA WU 0O =
OD600

2 4 6 8 10 12 14 16
t(h)

5 DHSaAptsHIcrr. DH5aAptsG #1 DHSa 7£ LBG

EFREPHEK

Fig. 5 Growth characteristics of DHSaAptsHIcrr, DHS0.AptsG

and DH50 in LBG medium

e Tl AR, 250 MR RHHFE L.

Note: Solid: Cell growth kinetics; Hollow: Glucose consumption curves.

%2 A EEWE LBG PiEFE CERF BRI L

Table 2 Acetic acid determination of DHSa A ptsHIcrr,

DH5aAptsG and DH50,
%Hi DH5aAptsHIcrr = DH5aAptsG DHS5a
Strains
LR i
Content of acetic 155+7 620 +7 1266 + 37
acid (mg/L)
—o— —=—: DH5aAptsHIcrr ——,——: DH5a
——,—— : DH5aAptsG
0.2 0.2
Q 1.5 1.5
2
2 01 01 £
2 g
E 3
Q
< 05 ¢t 1 0.5
o . . . . . \\o— 0

4 5 6 7 8 9 10 11 12 13 14

t(h)
& 6 DHSaAptsHIcrr. DHSaAptsG 1 DHSa T M9 &
ImtE TR E P BT A K e
Fig. 6 Growth characteristics of DH5aAptsHIcrr, DH5aAA
ptsG and DH5a in modified M9 medium
gLl BRI 250 HETENFEIZ.

Note: Solid: Cell growth kinetics; Hollow: Glucose consumption curves.
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2.3 EGFP ZERFRIER D

Ffl SDS-PAGE il EGFP F1RIR ML, 455K 7
fii/R . 7 DHSaAptsHIcrr, DH5aAptsG Fl DHSa
KK, 7F 27 kD Abf5 —P W &3k, 5 EGFP
PSS MEAHAT, 2 Gel-pro B AF43HT & B I A Xt iR
MREEH R B ZEF AL . T DHSaAptsHIcrr A
R R, AR T R AR

1 2 3

B 7 EGFP £ DH50AptsHIcrr. DH50AptsG 1 DHS5a

hRIE

Fig. 7 SDS-PAGE analysis of EGFP expressed in
DH50AptsHIcrr, DH50.AptsG and DH5a

Note: M: Protein marker; 1: pCP-EGFP/DHS5aAptsHlcrr; 2:
pCP-EGFP/DH50AptsG; 3: pCP-EGFP/DH50.

3 g

Red H4 A HA7 M RERE | M 48RS
ST Z 0L T K e 3 DR 4l 08 0 1, R
HAiH I Red /5P 25 3L R G bR 05 i 2 76 3L
4 bast B — LR AR 7 B, InE AR AL L AR
FE DR A5 RT g  SOM PR 20w R A, S S
VEASAS S Z4 o T BEARL A) 56 DR AL A8 W 3 AR 7 2 £
R, M HREE B 2451 DNA R B0,

ASCHFH Red FHF AR I-Sce T Fr 7 1E V) #EI1H;
ARG G — L IRBE M T E R T
DHS5aAptsHlcrr @BRTE o B FURL pKDS % 4 78 k]
RLACBE S 2h T4 0 F (4 Red 20 B 5 K Al 1-Sce T 1H
HLN YIS , FTHE R A 4 DL SORL, 76 HATHE
BRI —A I-Sce T BBV A, $TH0H Bext
THIIL F R4 2 1000 bp 24 IR EE , R4
W BE 0.2% L-BTHifribsi5 5 T, Red SA{EAN I-Sce |
fitg 2[R e 5k, U9 S N DI D B JSORE b D) 4T
DNA F Bt, FTHEF Bibfi 5 7F Red HARMIEH T 5
FEPIZ BN X T A, SR BR . %7

kD M

07 — w—
66 — —
45 — -

30 — —

20.1 — -

144 — -
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R BRI SRR . A RCRE S R
A, ATV EEEA PCR RIEBHME A F o fE AR
ptsHIcrr FR\FLHH, HIEER TS PCR ik BH %
H 7/80, ALK E W HIZ T E T DHSaAptsG
IM109AptsG. HB101 AptsG Fil BL21(DE3)AptsG,
PCR FHPEFRAK K K 5/80., 7/80. 6/80 F1 3/80, DHS5a
FIM109 KI5 T K12 B #k, HB101 2 K12 1 B %58
Pk, BL21 RIET B ¥k, BEHII 7 k8 TR &2 41
MR GFF I . XA TIEM DNA iR HA S |
WA, AR YRR E AN AE T H,

KIGFFUE ptsHIcrr BT R 5 23 B AR & AT
T 2 W T R AT 23, DT 38 A T AR L A < R A
W GRS B . BEAN, BT orr JE DR R BR A R
T o BHE IS, WS T ugpE . glpT . amt .
cynX. cysZ FEFHEN, IR A RFIHE G157
K=Yk e R R K, RITE LB B33
IR AT ARG E R & T, 5 pisG miBR
FHE, prsHlcrr w5R AR BT 1 % 0 2840 PTS iR
ML, 1 prsG R AR e FIT] PTS 42 H Y
EIM™ 818 MR 2 A, JFRIH PEP 2tz
eI R, FEARM A PEP 7K (1 mol Glucose
+ 1 mol PEP — | mol Glucese-6-P + 1 mol Pyru-
vate)® ), MITE ptsHIcrr Wi TE Y, 45 AT L
it GalP. Glk WrlEfEHIEE AN, IFLLATP KBk
FLP LA (1 mol Glucose + 1 mol ATP — 1 mol Glu-
cose-6-P + 1mol ADP)!""! iR Z T4 #E PEP, 244h
FLAGRIRE E R T 0.2 mmol/L BF, PTS Hit [ bk 41 o
HMIESEIE 5 11 OmpF . OmpC FIN BEHE [ GalP 2L [
VEFIF 58 BURI B RIS K P58 1) 7 5 2 g BT /L
() M9 &4 85 37 3 v, DHSa A ptsHlcrr \DH5a A ptsG
1 DHS5 o Y B 25 B8 T G348 [g/(g-h) 12331 0.073
0.084 F1 0.294, £ EIICBY, EI™" L% GalP
Z: 5 MR 5 W BARAR BN, b i GalP /i
1) 7 25 B I 32 BRI AIG, LE5 LS Flores 28 4RGE A
—H2, Y MO B AR R R AR E S 10 g/L
i, DHS0.. DH5aAptsG fil DHSaAptsHlcrr H %
T FE S AR SRR R /S, T L5 H A K ER AR L
SRR G ), i — 2D UL AT DLSE o 2 11 L
A 2 R R AT R R o LU AR R %

PTS RGHKFEMRMKH GalP J Glk DL ATP $2
BB IR AT W A R IR (L s, A i

RG> TN PEP WYTR P, A F T RR 55 7
W= A A T (B RS SR UL, Gl
it GalP iR 12 4 iz ) A I ORI, PRI A1 T 1
AR HETRAIEAEE SV ptsHlcrr wBRHE
galP RN RYFRIBLNRE WA KAT, it —2D 4
RS LR B R ) TR A AT T A

5 % X #
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