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Development of an LB cloning system and its application in
expression of fusion genes in Sphingomonas sp. WG
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Abstract: In order to overcome the challenges of insufficient restriction enzyme sites, and construct a
fusion-expression vector with flexible fusion direction, we designed an LB cloning system based on the
type IIS and type IIT restriction enzymes Lgu I and BbvC I . The LB cloning system is constructed by
inserting the LB fragment (GCTCTTCCTCAGC) into the multiple cloning site region of the broad-host
plasmid pBBR1IMCS-3 using PCR. The LB fragment contains partially overlapped recognition sites of
Lgul and BbvC 1. Therefore, the same non-palindromic sequence will be generated by these two
restriction endonucleases digestion. This feature can be used to quickly and flexibly insert multiple
genes into the expression vector in a stepwise and directed way. In order to verify the efficacy of the
cloning system, two glycosyltransferase genes welB and welK of Sphingomonas sp. WG were
consecutively fused to the LB cloning vector, and the recombinant plasmid was transferred into
Sphingomonas sp. WG by triparental mating. The results showed that gene fusion expression has little
effect on sphingan titer, but enhanced the viscosity of sphingan. The viscosity of the sphingan produced
by recombinant strain Sphingomonas sp. WG/pBBR1MCS-3-LB-welKB was 24.7% higher than that of
the wild strain after fermentation for 84 h, which would be beneficial for its application. In conclusion,
the application of LB cloning system were verified using Sphingomonas sp. WG. The LB cloning system

may provide an efficient tool for fusion expression of target genes.

Keywords: Sphingomonas sp. WG; sphingan; LB cloning system; gene fusion; glycosyltransferase
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fif WelB F1 WelK . WelB 5 4 25 4 - 1 -8 iR MR
T TR - AR A R % B IR o A S I T
b, TE R AR - TR BRI, BT
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el RS WG RN RAFFE (Escherichia
coli), ANid FH T4 22 Tt B M 71 25 AR T bk
M, ASCERTFRATFHEARYS LE wERERN
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1.1 SR
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Sphingomonas sp. WG H AN 52562 ML
VR I A 2, RS CCTCC No:M2013161;
K E. coli DHS0 Fll E. coli/pRK2013 A
S AR R FORE pBBRIMCS-3 1 H #I 7% R
YR RA ]
1.1.2 EEiRFH

R4 N VIl Lgu 1 . BbvC 1 ) H NEB;
BamH | | DNA Ligation Kit Ver.2.1, T4 DNA 4
$EW . TaKaRa LA Tag® with GC Buffer, dNTPs.,
10x FAESE iy ) B TaKaRa /2y #]; KOD FX
DNA REGHE A RS (L) AR R
OS] AR PR BORR & . AT Bk R
fde R & B RARAE R dban) AIRA
Al o B R OWE BE e Ml gl b R & A
FAVORGEND, D8000 DNA Marker Il H bt 514>
REEVHEAARAH],

Rig7 3. Luria-Bertani ¥ 725 (g/L): &k
B 10, BERERY 5, MR 105 R FIE R AL (g/L):
HIHE 10, MERER 1, PR S, BRI A 2,
WRBREE 0.1; KBEIEHREL (g/L): Hi%EbE 67, B
Bk 3.4, BRRRAE M 3, BRIREE 0.1, BUAER:
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PUFAZE (10 ug/mL), BEHEE (50 pg/mL). KR
FHZHE (50 pg/mL), iRy I A EZ55E A,
1.2 KW AHE
1.2.1 REEiIt5319E&K

LB WERGHMA Lgul (5-GCTCTTC
N'NNN-3") #1 BbvC 1 (5'-CC'TNAGC-3") 1]
J& AT LA A AR R EE LSO g e o, R 3 b
ZABEN i BOZ A R G B A, I,
L pBBRIMCS-3 N IH kL, 7EIZ B0k 2 bl fE
P XAEAS Leu 1 . BbvC 1 #8434 3R 940z
A LB H B (GCTCTTCCTCAGC, FhlZk#
R ARG R A), INTA B LB FEfE &
g (WEmBRWmE 1 R). [FE, Ak ™4
BiAr, it B EY S Pet, 7
BbvC 1 BFUI; g8 BUFUR N T B8 5E, fHiEHE)E
Il 2 R 2 (A B TCCTCA Y Scar J¥41],
ST A WAL J RN EH T (linker),

FIH—XI&HA LB A B H S m B AT
H514 LB-F/LB-R, 34 Bk F oo 2wl
s X3k, 5IA Lgu T A BovC TIN5, AR
P AR SLB =X Sphingomonas sp. WG 43[R 4
Wy 25 381, 43 3T X514 wel B-F/

welB-R Fl welK-F/welK-R (£ 1), LAY 1 welB
1 welK FEH .

WG M13-F/M13-R, T7/T3 51%0L )&
£ %t pBBRIMCS-3 # A 51 ¥ % pMCS3-F/
pMCS3-R H T 5 41 ik 25 5 FI3E R 3 41300 o
b S 148, FaRsg 93 %) F Primer Premier 5
wit, MAETAY TR (B KA RAE
=
1.2.2 pBBRIMCS-3 JFHL % 52 BE i s B o4 i

DL P s MR RG] & 3R U pBBRIMCS-3
TR AR, A S #0%F LB-F/LB-R ¥ it k:
pBBRIMCS-3, H W RZFE TR Sma T 7 55 Ab4
AK/INA 13 bp 1 LB F Bt . PCR 7= 4 2 B il it
Lgu 1 8% BbvC 1 AT HAEGEYT, FFH S It 71
&4k PCR 779y, ¥y i T4 DNA % $: i
AT B E L TR

W F 20 R R AR AL KT TR E. coli
DH5a J&, WRIRAT T 10 pg/mL PHIRERT
Luria-Bertani [E{A; 2% |, 37 Cil B 57 LA
VEE A F YRR R VR 4R T 5 mL 7% 10 pg/mL
PURRZE Y Luria-Bertani ARG F=IEH, F R
/NG G PR I 4 UK. DNA, %48 Lgu 1

Lgu | recognition sites CTNAGC/BbVC I
/' recognition sites
LB sequence iC .~

Gly Ser Ser Ser Ala
pBBRIMCS-3-LB

[Lou | [RELSM 55vC | |

Digested by Lgu 1 and BhvC |

Digested by Lgu 1 and BbvC |

Gly Ser Ser Ser |84 Ser SerAla

Digested by Lgu | and BbvC |

Digested /
by Lgu |

pBBRIMCS-3-LB-welKB

ILgul Bva ]|

"'T)‘gcstcd by Lgu | and BovC |

Digested
by BbHvC |

Gly Ser Ser Ser Ser Ser gRI@Ser Ser Ala Gly Ser Ser Ser|Ridl@ Ser Ser Ser Ser Ala
pBBRIMCS-3-LB-welBK pBBRIMCS-3-LB-welKB

1 LB RERFRITRETEE
Figure 1
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Schematic diagram of strategy for designing the LB cloning system.
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Table 1  Primers used in this study

Primer names Primer sequences (5'—3") Size (bp)
LB-F AAAGCTCTTCCTCAGCGGGGGATCCACTAGTTCT 34
LB-R TTTGCTGAGGAAGAGCCTGGGCTGCAGGAATTCGATATCAAGCTTATC 48
welB-F AAAGCTCTTCCTCAATGTTGCGCAAGTCCG 30
welB-R AAAGCTGAGGAGAAGGCGTTGGAGTGGAC 29
welK-F AAAGCTCTTCCTCAATGGCGGAACAGAGCGACGCGGAT 38
welK-R AAAGCTGAGGATCGCTTCGCTCCCCATTTGGC 32
M13-F ATTAACCCTCACTAAAG 17
MI13-R AATACGACTCACTATAG 17
T7 TAATACGACTCACTATAGGG 20
T3 ATTAACCCTCACTAAAGGGA 20
pMCS3-F GCGGCGAGCTCTTGTAAGCGTTAATATTTTG 31
pMCS3-R ACGGGTACCAATTGCGTTGCGCTCACTGC 29

The underlined parts of primer LB-F and LB-R indicate reverse complemented sequences; the underlined parts of primer
welB-F and welK-F indicate Lgu I recoginition site; the underlined parts of primer we/B-R and welK-R indicate BbvC |

recoginition site.

o BbvC 1 BB E 4L BORL A TR A B0 IE,
A TAEY TR (B B0 BRA w65 IE
B B R A S e, W51k T7/T3,
P25 5 Fe Xt DNAMAN 52 5% .
1.23 BEFESFHIRHHEE

P PR Sphingomonas sp. WG 7£ Luria-Bertani
e gerh 28 °C . 165 r/min B335 %, M4
JE R Al $ ) G PR 4 JE R 24 DNA . DIEEH
2H MR, 235 L) welB-F/welB-R . welK-F/welK-R
A5, FIH KOD FX DNA R& W1 PCR
yotg, 53] HIEE welB 1 welK., 4350FH
H LR Lgu 1 1 BbvC 1 JEATUEY), 205
e LUK A3 5L e Tt ) e Ak B S A5 2 AU )
K4tk =9 ; % LB w3k pBBRIMCS-3-LB
FIFHFRTIEF Lgu 1 5% BbvC 1 JE47 R 1) 3 17
frafife, RS AR (CIAP) AbFE,
DA EAR A 3% &5, LR 5
YIE /) H B9 B BEF A T4 DNA ¥ BB R 7 1 7%
Bz

HAE AL KB E. coli DHS5a, $% 4k
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K gy 1.2.2 hEFR i —3 2 B LR
o 0 ELAH BORL AR , AT 1S B A0 S R A A
ST PCR §73, LAXT S ORI 745 5E
0725 S LE i ) SRR A 5 L ] I B X BRI
1.2.4 NEEREHAKEE

TERCEE N il G R e F ep, M LIEE A
k. pBBRIMCS-3-LB-welK F AT, 25
PRI Lgu I BARGUI A, 8 i 3% 4 il ) R X0
EEYI ) welB FE[H 5 & welK FEH FIE, 153
#H2H Jfi ki pBBRIMCS-3-LB-welBK; #5 VAR 1l
fitt BovC 1 BAEGYIZEAMA, WIRTLE welK T Uit
A welB H:H , 153 5 20 f ki pBBR1IMCS-3-LB-
welKB. [F#E, LIJFik. pBBRIMCS-3-LB-welB
REEAR, ¥R Lgu 1 8% BbvC 1 BEYIEA, dn]
DAARAG XS IO 4 AN [) 32 42 5 (%) U35 R il 28 38
H& (B 1. AW pBBRIMCS-3-LB-
welK N#EMAR, FRIE 1.2.3 FRFid B L T
ORI RAEEY) . H R BOWEEY), SRR K
AR EA T, Wit PCR 5 UE LA K 5 R X )
WP B 3iE
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1.2.5 E4H Sphingomonas sp. WG H #k R0 E

¥ Z KT Sphingomonas sp. WG #Fh T
Luria-Bertani WA K55, 28 CH; :#=4
24 h, B E. coli/pRK2013 . K E. coli/
pBBRIMCS-3-LB-welBK 1 E. coli/pBBRIMCS-
3-LB-welKB 73 HIFEM T E AU 50 pg/mL
RIAREEZE AN 10 pg/mL PUIAZE (1) Luria-Bertani 15
FEFp, 37 THiFE 12-16 he

I 25 mL BT 5 000 r/min &0 10 min /5
FK, F Luria-Bertani £5 FRFE 051 2-3 IR
JEH & T 100 pL Luria-Bertani ¥i7%Eh,
3PP ERAE 30 10 1 (AR BB ¢tk
W) FEsHR G E T Luria-Bertani [ {4355 77
MUERR b, FPARAE 37 CTRBEHE 24 h 55
Fo KW EE T 800 uL Luria-Bertani & 1A L:
Fiderh ) B 50 pL. 100 pL. 150 pL B4 5
AT T35 50 pg/mLBEAE A1 10 pg/mL PUIR R
f) Luria-Bertani [f{A 77 5Vt B459R3-5d 2
KRR . PRIV T35 10 pg/mL POER
Z MY Luria-Bertani ARG IR, 28 CHiFH
2GR, %o 0 1A 3 ) L AH R K AR
BB Ao, LGB Y o i, A5
Y%t pMCS3-F/pMCS3-R #"#4JFki pMCS3
B, JFXF PCR 434153000 b Bo AT i, XF
H2H T bR EAT I, A 3R AT A T bR 4
Sphingomonas sp. WG/pBBRIMCS-3-LB-welBK &
Sphingomonas sp. WG/pBBRIMCS-3-LB-welKB.
1.2.6 EFAMENHIERSHIENTIN

DAy BIF 5 5 DR 5 8 5 7 X P
A P AR o, XA R E 2 R AR A T
RIFIRAIE o R FEZH AR T2 10 pg/mL
PR LB B shidif, AREHEASH
[Fi) e 85 DU B 3R (0 b1 B 3R 2k rh, B e 47 IR 5%
HeRh i HeAh 2 50 mL K EER R LT, 325 °C
175 r/min 43 315575 36, 60, 84 h, HLHEE T
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P, FIRRINMOOEEETTTE ODgoo 4%
PR E AR W R R BT (LV-3 %% 1,
1 r/min) W2 & BEWORS BE . A Bh A= 4% 2o
ASCIN 5 e PR R P M L 3 A R T Y
W
1.2.7 HRERMHEMRD T

VEMUR I 84 h (W EBEW, FIF CBEUTTE
SR P A T R S gk, XAl Ak A 5
B 2 BE S A T B IR & 1 . O- R AL = LA
S PR LE B i A TN A o BHRERR i i D
Ve TR R - Mk 130 O- 20 B 3L 35 i I 5 5 B
B PR T v — 8 AR R = O R
KR, SRIG A NEIE ZBREfiT A (kAL B, 1
SR T A AT A R Hh R A R, g
ZAFUINE « A HP-5, K25 FID K 2%
PP THE: #IR 150 C, #8¥ 4 min, THEE
250 C (8 C/min), F£F 5 min, AFIEE
300 C, #HAN,, Frimidkke, stk 110,
YEFERE 1 uLl,

2 BREM

2.1 LB%ERKI pBBRIMCS-3-LB & E

PR A5 2 (1 T2 T I BUTUR. DNA,
ZBRGIPEN DI Lgu | FREEYITSE] 5 300 bp K
N E SRR (B 2), R R @ S 9 T7/T3
Xof B it 17 36 TE A5 21 1) SR HE A 7 8 B
W7 25 5t DNAMAN % He 52 i, I 4%
(1 3) %W, 7EFK: pBBRIMCS-3 ) Sam 1 [
Tl A7 b TE 3 A 13 bp AY LB 41, SN
#4153 pBBRIMCS-3-LB JF i .,
22 BERERBHREFHAHELERE

DA ) B R B A SRk A AR, 43
HFF welB-F/welB-R ., welK-F/welK-R 5|#],
P38 welB Fl welK FEHN R Bz, HIE 4 A] A1, A
PrIAEF] 1335 bp A1 1 047 bp HAYSEHT, W3
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bp W IO kg L R EE A R B PCR B8 IF IE A Y EE 241
FORCR @S 14 T7/T3 $E47 80 F3E, 45
KW welB . welK P14 A pPBBRIMCS-3-LB

§ 000 ki, 5% & 4 Fokl pBBRIMCS-3-LB-welB

g 888 PA S pBBRIMCS-3-LB-welK

fggﬁ 23 WEERMSREHENLET

150 PR A Fokbi it , DL welB-F/welK-R

200 il welK-F/welB-R 3514, PCR # Hif A H 4 Fr

100 Bt welBK Fl welKB . SiREWHEEHL UK ZS LRI,

PCR ¥ 35 1581 K/ 2 382 bp W41, ST

2 [FH pBBRIMCS-3-LB BIEG] I8 E WA , D125 IR G EE A 2k (8] SA-B).

Figure 2 Verification of pBBRIMCS-3-LB by S ik B R 5 B 2 B AL R Bl A A 2

restriction enzyme digestion. M: DNA marker i
D8000; 1: pBBRIMCS-3-LB digested by Lgu I ; 2: PBBRIMCS-3-LB-welBK il pBBRIMCS-3-

pBBRIMCS-3-LB plasmid. LB-welKB FH R )

ldentity=95.96% 965

1
(] ] L 11
500 5 [|0 SZIO SPI;O 540 550 StI)O 5"1,’0 5§|§O 5?0 B 6(.]0 610 620

BAGGCTCTTCCTCAGH

pBBRIMCS-3-LBgEE
pBBRIMCS-3 i

tcgaggtcgacggt. tggagctccaattcgocctatagt

3 LBRESERAFTIXELER

Figure 3 Comparision of the LB sequence and the original sequence.

4 JRHL pBBRIMCS-3-LB-welB (A) #1 pBBR1MCS-3-LB-welK (B) BI32iE

Figure 4 Identification of the plasmids pBBR1IMCS-3-LB-we/B and pBBRIMCS-3-LB-welK. (A) PCR
using primer pairs of welB-F/welB-R to identify the pPBBRIMCS-3-LB-wel/B. M: DNA marker D8000; lane 1:
genome of Sphingomonas sp. WG; lane 2: empty vector pPBBRIMCS-3; lane 3-6: recombinant plasmid. (B)
PCR using primer pairs of welK-F/welK-R to identify the pPBBR1IMCS-3-LB-welK. M: DNA marker D8000;
lane 1: Sphingomonas sp. WG; lane 2: empty vector pPBBR1MCS-3; lane 3—6: recombinant plasmid.

http://journals.im.ac.cn/cjben
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2.4 BREEBETE Sphingomonas sp. WG H
RIEEEE

XUKRE PR il 5 #) G2 A5 B T Bk, 48 =R Ak
S Ty i AN BT AR R B L, SR AK
AT R IO R o L e L A v Y B R )
i, PLs LY ot , pMCS3-F/pMCS3-R
SRR pMCS3 X, £33 4 500 bp A2 471

WA (B 6A . I 7A). pMCS3 X F £
BamH 1 HLEGYI1S B8 S0 45015, KN 320k
1 100 bp #1 3 300 bp 457 (Kl 6B, &l 7B),

RS2 R S WS RARE . S LA,

R B AL T 2 s AL b/ Tl 514
M13-F/M13-R 7353 38 % welBK . welKB %
REE I B, ALK L P e] DU 8 B 4 4

A

B yp M 1234 56 7

bp M 1 23 4 5 6 7

8 000
5000

3000
2000

1 000
750
500
200

5 R pBBRIMCS-3-LB-welBK (A) #1 pBBRIMCS-3-LB-welKB (B) HI3&1iE

Figure 5 Identification of the plasmids pBBR1MCS-3-LB-we/BK and pBBR1IMCS-3-LB-welKB. (A) PCR
using primer pairs of welB-F/welK-R to identify the pPBBRIMCS-3-LB-we/BK. M: DNA marker D8000; lane
1: empty vector pBBRIMCS-3; lane 2-7: recombinant plasmid. (B) PCR using primer pairs of
welK-F/welB-R to identify the pBBRIMCS-3-LB-wel/KB. M: DNA marker D8000; lane 1: empty vector
pBBR1MCS-3; lane 2—7: recombinant plasmid.

A bp M1 2345678 B bp 12M345¢6 78 C bp M1 2 345678

—botnco

SO0 ho [ Lo [ Lo T
SoWnooooo

0
0
0
0
0
0
0
0

6 EHE ¥k Sphingomonas sp. WG/pBBRIMCS-3-LB-welBK B8 E

Figure 6 Identification of the recombinant strain Sphingomonas sp. WG/pBBR1MCS-3-LB-welBK. (A)
PCR product of pMCS3. M: DNA marker D8000; lane 1-6: recombinant strain; lane 7: genome of
Sphingomonas sp. WG; lane 8: pBBRIMCS-3-welBK. (B) pMCS3 fragment digested by BamH 1 . M: DNA
marker D8000; lane 1: BamH 1 digested PCR products amplified by Sphingomonas sp. WG lane 2: BamH 1
digested pMCS3 fragment amplified by pBBRIMCS-3-welBK; lane 3—-8: BamH I digested pMCS3 fragment
amplified by recombinant strain. (C) PCR product of welBK. M: DNA marker D8000; lane 1: Sphingomonas
sp. WG; lane 2: pPBBR1IMCS-3-welBK; lane 3—8: recombinant strain.
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A B C
1 234567 8M bp bp M1 234356 78 bp M1 23456 78

7 EHE ¥ Sphingomonas sp. WG/pBBRIMCS-3-LB-welKB B E

Figure 7 Identification of the recombinant strain Sphingomonas sp. WG/pBBR1MCS-3-LB-welKB. (A)
PCR product of pMCS3. M: DNA marker D8000; lane 1: genome of Sphingomonas sp. WG; lane 2:
pBBRIMCS-3-welKB; lane 3-8: recombinant plasmid. (B) pMCS3 fragment digested by BamH I . lane 1:
BamH | digested pMCS3 fragment amplified using Sphingomonas sp. WG as the template; lane 2: BamH |
digested pMCS3 fragment amplified using pBBR1IMCS-3-welKB as the template; M: DNA marker D8000;
lane 3-8: BamH I digested pMCS3 fragment amplified using recombinant plasmid. (C) PCR product of
welKB. M: DNA marker D8000; lane 1: Sphingomonas sp. WG; lane 2: pBBRIMCS-3-welKB; lane 3-8:
recombinant plasmid.

2y 2 400 bp B HIYZEH (Bl 6C. K 7C). Lk HREFB KRR (& 8C), =&AL
P2 A R TEALRBR Sphingomonas sp. WG/ 25, Bk 5 e W5 UENE 2 Wery — A4k
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W pH HEW TR (& 8B), Hrb, Wmalghe MW 12.72%. 12.90%H 12.53%, 45
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(%) pH {H7E 36 h Fll 84 h W TIHAMGEMR, X BOWHEERR & e /)N T 5 20 TR AR ™ B 2
A REE B Tz m bR A Y ik, ™, JE H ) T 2 i A A R 43l b T 40.45% 1
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Figure 8 Comparision of fermentation parameters. (A) ODggo. (B) pH. (C) Titer. (D) Viscosity.
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Table 2 Components analysis of sphingans

Project WT BK KB
Uronic acid (%) 12.72 12.90 12.53
O-acetyl (%) 5.29 7.43 6.47

Molar ratio of (Man:Glu:Rha:Gal)

1:10.89:15.87:0.56

1:5.80:8.88:0.29 1:6.82:9.47:0.43

B A I A 2 2 LAY DX T BE S Wel B il WelK
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3 Wi
Fe [R] A 7 AR A 4 £ 1) RE ) — A L

FEP, (M FEA DNA HAKD, A
e IR K H B 3 e WY 32 31 B A M A% TR P9 D) T
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