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Table 1

7T 5T {5 P B R A

The strains and vectors used in this study

MR 2% & Strains or vectors

FAHE A Description

Sk Source

K. pneumoniae CGMCC 1.6366 2,3-butanediol producer CGMCC
E. coli DH5«a Host of plasmid TAKARA
K. pneumoniae-pDK6-red Km", harboring pDK6-red Wei et al.['3]
K. pneumoniae AluxS K. pneumoniae CGMCC 1.6366, AluxS This work

pMD™18-T easy Amp®, TA cloning vector, Takara®
plJ778 Str', FRT sites, Lab stock

plJ790 Cm", encoding ARed genes Lab stock

pDK6-red Km?®, gam, bet, exo, Lab stock
pMDI18t-AluxS amp’,strt, dluxs #str, This work

AT R B0 5190 S H ¥ 5 2 luxS-s1: cage-
ccgeattetgegttetatg; luxrS-al : cgtegegaccegeaccacge-
luxS-str-sl:

cgces aaatcaccgttttcgatctgegcettet-

gcgtaccgaaccattececggggatceegtegacc; luxS-str-al .

gcggcagceccattggegaaatgtcgataatttccacgectgtaggetg-
gagctgcttce,
12 #BHRE

2,3- 77 TUWE S W B R R Ly (/L) ) AR
100, £ K3 8, (NH,),S0,2.K, HPO, « 3H, O 6,
KH,PO4 3, MgSO, »« 7H, O 0.2, FeSO, « 7H, O
0.05,CaCl, *+ 2H,0 0.2, 6% 1 mL,

PO 39 T M A (mg/ L) : MnSO, » 4H, O
100,ZnCl, 70, Na, MoO, « 2H, O 35, CuSO, * 5H,0
29.28,CoCl, « 6H,0 200, H;BO, 60, NiCl, « 6H, O
25, WeEh MR (37 %6 HCDO0.9 mL,

1.3 RERRMATFEERBBRNT E

AR 588 ) 5 PR R I8 77 325 T A ) ] 90 2
RGN Red BAM AL M @SB

M luxS FEHW LTS luxS-s1 Al luaxS-
al DA w B il 8 FF 1T ik X A 1 3R A% B BL. TA 38
P& T pMDI18T-easy # 4K, 3k pMDI18-T-luxS., 5
HA KL plJ 790 L A KRIBFF B DHS e,

MEA luxS BRI 951 Y luxS-Str-s1
luxS-Str-al, LKL pl]778 AR, ¥ 18 45 5 K 1
PEg Fe A b — & A SR plI 790 Hl pMD19-T-
LuxS fRTE PR BE B 381 A i 0k 26 1k 7 Bsg & 2
pMD18-T-luxS ) FHYE FCRE , FRAF K B A 500 bp [A]
VAR 14 ) 5 5 4 SR pMID18T-AluaS + ¢ Str,

LKL pMDI18T-AluxS :+ Str NHH, 5149
luxS-s1 Ml luxS-al ¥ 34 H 4 [6] J5 8 240 26 1 7 B
DNA-AluxS :: Str, B 540 & & B ki pDK6-red A
K. pneumoniae #0832 A5 4 My, AR A3 BT PE B B

A luxS FEFRNEFRE H B .
14 ZERRKMAMERRTEKNELERRK

R KN 42 b o B2 A0S A aF B9 R T R
Lo A i e PP B RE M i 3 LW 5 L R EEE T,
KBRS E N 37 °C L pH #EHIAE 6.0, 55K 2 h
KERE R ILZ 1.5 mL (458 & & B, I o 1k 4%
(D oo ft) - I 1 BE FH T HPLC 43 H7 . 52 f W 25 % %
B 0 AR A, 2 TR T I A 2 W T FE SRS AT, 2k
KR, KB RIELT 3 KEE L HHE N 3 KT
YA,
1.5 BREMBEEESHHZE

S F i AR 45,33 CHPLC) 52 I A6 0 % 1 W vh
AR Y 2,3- T KR =i 2B, 2
iR BEHIER LR A S AB W B B ARk

R S 0 A0 B 1 0T BBOB B R B ZY 1.5 mL
T EP &M, 12 000 r/min B0 2 min, b 7% M
4li KRG B B 100 F5 FE MR )5 VB 200 pL ad JE 5
B A i A

1%+ 5 Bio-red 2\ A B Aminex HPX-87H
FE AR E N 65 CL Wi s #H28 0.005 mol/L
H, SO, . fi sh A A 4 0.8 mL/min, HEFE R 20
p L s KGN 88 R 1 HEZY B 9 SPD-M20A 5% L, )
BRI 8 A RID-10A T 78 22 K10 2%

2 #REHMH
21 BEMKRMKFE uxS B EEREKREHEY
e

A AL-2 BRI D) BE /9 4l 1 o 17 57 5
A2 (555 T LuxS FE N n b5 S-H 4 3L w1 2 e &
T2 i (S-ribosylhomocysteinase) s M\ 08 55 1A EC fili 48 T
B EL 2 A 4 3 R4 T 91 (GenBank: CP012744.1)
LGt luxeS R DNA JFFHIA T 1179 936 )
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1 180 451, K/ 516 bp., % i F 5 T fF Al 28 1
DA IR A R 75 22 500 bp LA [R)UR B, i JE A
[ 7 B b T liE 4% BE$E 500 bp 47 B B ITFE1)
luxS-s1 Ml luxS-al, ¥ 3 k0 B B K /AN %R
1086 bp, L VK &5 P 1, w7 LLA B 5E o 51
luxS-s1 Fl luaxS-al, 5 B A1 LGl 28 A 7 32 [N 4 I
BIY HH T K/AN R 1.1 kb 2B A& A
T

M:DNA marker; 1:luxS | Fi# 7 Bt luxS gene contained up-
downstream sequence.

B 1 juxsS EELETHEHFE PCRE&R
Fig.1 Fragment of luxS gene contained

up-downstream sequence

PRI 2 3% T B A TR N R 4 A — BE e i B AR5
VEPEY I TR plI778 I By EE R R BUbE A B MR AR Y
GBI luxS-Str-s1 Fl luxS-Str-al , %X 514
5" N5 luaS VG ECL W) 5, 3" 0 S T
pl] 778 BAK I HERE R PUME M T 5, X X 51 P 1
R/ R 1.5 kb A2 A7 P B, LUK &S 2R (& 2)
FFE T,

FEAR 1,378 B RED E 40 )7 ¥ b 75 &
Utk R BER A luaS 1 R BEYEB L B B 3 A 500
bp 2247 AR, of 18] o S B R BV 0 BB A B
AluxS +: Str, f| ] RED # 41 & 4o 4 A 7 55 A1 [l
RAFHE W LuxS FEHE A, G luxS-s1 Fl luxS-al
BOR % PCR XF BH P TR 9 32F 47 8ff UE . LUk 25 3 &1 3
FT7R L B V% PCR 4738 ok 59 B BEK/N R #U ) 2.5
kb ZE 47 UL M B B R P A B A T luaS %
NS, 738 T LuxS & F8 0 IR B2k & T BF M
JO7 8 92 D) B 1Y) 28 AR Bk

M:DNA marker; 1,25 8% Z 9% A Bt Streptomycin-resistant
fragment.
B2 #EENERBEPCRER

Fig.2 Streptomycin-resistant fragment
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Fig.3 PCR identification of positive colony
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2,37 RE AR R T B R ORI ST BF AR AR R LuxS TR
R AE R PERE, 5 R UK 4, VI in R BESE SR B
AR R E Y 100 g/ L BFAERRFN luaS 5278
TR 17 28 3ok e T W 3 O 0 S L O A PR T G A A 0 [
B A e B . LuxS 2 k2R 19 28 748 Bk T FE
25 W 110 ) 0 T I A R S RS Y R R
AR S TR AR R, BFAEBRTE 15 h Ot R 3R
b R A A A TR TH AR SE N LuaS RABHREF)21 h
A ATRIHAETE . AR AT B AR Ak AR E AR K1)
B9 Dsoe 3 11,10 LuxS RAZBREE E A KITHY Doy 2
AEIXE 10, BEHH 2% 25 1 B A SNz 181 425 R 496 114 52 72
TE I I A 88 R o U5 A 3 R 5k AR KB g L A
Bl /D A A A B 2 R T B A bk
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Fig.4 Curve of glucose consumption and growth
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15 h if, M A B AESR R, BLE 2,3-T B4 N
20.63 g/L;luxS FEBRTE R BEIX B #1782 15 h
WL RUER 2,3- T /29y 20,69 g/L, 5 ¥ AR T
25, kKRR ARSI T R 21 h B, luxS SRR
A BEIHFESE 5, R AR R 2, 3-T 2240 30.48
g/L. 5Ep AR LL, i 3R & T2 47,750, LAAE
R N N R R A R T S N A B
20.63 %, 1M luxS ZR7AEMR K 30.48 %, = &, H
AT UL 2R 25 T HE A SRR N ) R 1) 28 A Bk B A i 4
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Fig.5 2,3-Butanediol concentration curve
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TR R DG R P R I A5 SR L&D 6 SR AR i AH 56 S
RS S ke 1Y B B A TG 4% AT A 4 W A DG 1Y
RO iR AR 4 % W 0E A o B TG R A T 4l L )
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A — RV E ) ALEE CARIE IR IATR (FLIR L S BEA
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JERXT AR X 2, 3-T ZFERY P2 R AN K. 7K
T i 405 2 R VAT o 3 3 R R 2L R 1Y) ™ T R R T v
B luxS 78 bk 09 Tt o R BE AR T 57 A= Bk Y, b B
AERRTE 15 h T 28 05 3% 30 R T = Mk BE Gk B 5,57
g/ L FLR B M P B 36 9.71 g/ LM luxS RAS B
TE 15 h BEHIMR o at ¥k B2 AUA 1.50 g/ L A4 LR I
YR E(UA 3.00 g/L 2247 BIEIRE] 21 h i R e
S BRFAMR BT W B A U 3,06 g/ L, FLIR I B vk
HF7.27 g/ L Bk T AR MR A B AR P X 2 R
FEYN R EE . 5 — A EEEI Y AR A bR
1) 2 T S 390 I o Yk A R T o T 9% AR AR AE K T8
o T L R SR R AR, B AR R R R L
P S i v R 5.62 g/ L il luxS 5878 Bk & TE 4L 5,
T VR AR T 0.004 g/L, JLF A DL Z 0% R
Tho W2 BhaX 3 A 3 2R W A B AR R A b
BABKB R M luxS 5878 Bk o HK IR T R, X
JE luxS FASRRT 2, 3-T TR AL R L B A B
AT TS Y E R A
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Fig.6 Metabolic pathway of glucose in Kebsiella pneumoniae
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PRI K BEL i S N 0.38 /Lol luxS RAZFR K
MmN 1.24 g/LaX s — AR BN T
LuxS FEAL R ) FE 1A S0 ke 2K 3 S50 40 0 A9 AR
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UL R T g A i A2 1 A I D, e 2 R B
TiZEAE L AR 2, 3-T e oK T Y

AR
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Table 2 Mass concentration of several products in
wild-type strain and luxS mutant
2y WA BR BT EVR L/ (g/L)  RABKR BRI EE/ (g/1L)
Mass concentration Mass concentration of
Product .
of wild-type luxS mutant
2,3- T %
T—® . 20.6442.05 30.484+1.51
2,3-Butanediol
I’ 7
% Hﬁ& 5.57+0.12 3.06+0.46
Succinate
FLH2 Lactate 9.7140.08 7.2740.18
Z R Acetate 0.53£0.01 0.23£0.01
Z 1% Ethanol 5.62+0.36 0.004+0.01
AR Acetoin 0.38+0.07 1.2440.12
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Influence of deleting quorum sensing system in Klebsiella

pneumoniae on synthesis of 2,3-butanediol
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Abstract The [uxS gene from quorum sensing system of K. pneumoniae was deleted to study the
mechanism of quorum sensing. The yield of 2,3-butanediol and several by-products in the K. pneumoni-
ae wild type and its luxS mutant was compared. Results showed that the yield of 2,3-butanediol in the
luxS mutant was 47.75% higher than that in the production with the same concentration of glucose. The
concentration of the by-products including succinic acid, lactic acid and ethanol was obviously decreased.

Keywords Klebsiella pneumoniae; 2,3-butanediol; quorum sensing system; luxrS gene
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