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Abstract: Rv2742 is a novel gene identified from Mycobacterium tuberculosis H37Rv by the proteogenomics strategy. The
aim of this study was to establish a system of soluble expression and purification of the missing protein Rv2742 in M.
tuberculosis H37Rv, to provide reference for further research on the biological function of Rv2742. The soluble protein was
not successfully induced by prokaryotic expression vectors pGEX-4T-2-Rv2742, pET-32a-Rv2742, pET-28a-Rv2742 and
pPMAL-c2X-Rv2742. After the codon of novel gene Rv2742 was optimized according to E. coli codon usage frequency, only
the recombinant strain containing plasmid pMAL-c2X-Rv2742 could produce soluble products of Rv2742 encoding gene. In
addition, the expression effects of the desired fusion protein were also analyzed under different conditions including hosts,
culture temperatures and IPTG concentrations. The optimum expression conditions were as follows: Rosetta (DE3) host, 16 °C
culture temperature and 0.5 mmol/L IPTG. After being purified by affinity chromatography with amylose resin, the fusion
protein sequence was confirmed by LC-MS/MS. These results indicated that the novel gene Rv2742 product could be
successfully induced and expressed in a soluble form by the expression system pMAL-c2X with MBP tag. Our findings
provide reference for studies on potential interaction and immunogenicity.
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Fig. 1 Workflow of Mycobacterium tuberculosis
H37Rv proteogenomic analysis.
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Table 1 Primer sequence
Expression vector Primer name Primer sequence (5'-3") Restriction site  Size (bp)
pGEX-4T-2-1 F-1 GGATCCATGAGCGACAACGCAATCC BamH I 25
PET-32a-1 R-1 GCGGCCGCTTAGTCGTTCGGGTCCG Not [ 25
pET-28a-1
pPMAL-c2X-1 F-2 CGGAATTCATGAGCGACAACGCAAT EcoR I 25
R-2 AAGCTTTTAGTCGTTCGGGTCCGGC Hind I 25
PGEX-4T-2-2 F-3 CCGGAATTCATGAGCGATAACGCGA EcoR I 25
PET-32a-2 R-3 TTGCGGCCGCTCAATCGTTAGGATC Not I 25
pET-28a-2 F-4 CATATGATGAGCGATAACGCGATTC Nde I 25
R-4 CTCGAGTCAATCGTTAGGATCAGGG Xho [ 25
PMAL-c2X-2 F-5 GAATTCATGAGCGATAACGCGATTC EcoR I 25
R-5 AAGCTTTCAATCGTTAGGATCAGGG Hind I 25

.-1 represented the primer before codon optimization while -2 represented the primer after codon optimization. The single
underlined sequences indicate restriction enzyme site.
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Fig. 2 Construction and identification of recombinant plasmid pMAL-c2X-Rv2742-2. (A) PCR amplification of
Rv2742 gene. Lane M: DL 1 000 DNA marker; lane 1: PCR product of Rv2742 gene. (B) Detection of positive bacteria
pMD18T- Rv2742 by PCR. Lane M: DL 1 000 DNA marker; lane 1: PCR product of pMD18T-Rv2742. (C) Plasmid
pMD18T-Rv2742 digested by EcoR I /Hind III. Lane M: DL1 000 DNA marker; lane 1: plasmid pMD18T-Rv2742
digested by EcoR I /Hind III. (D) Plasmid pMAL-c2X digested by EcoR I /Hind III. Lane M: A-Hind III; lane 1: plasmid
pPMAL-c2X digested by EcoR I /Hind III. (E) Construction of recombinant plasmid pMAL-c2X-Rv2742-2. lane M: DL
1 000 DNA marker; lane 1: Detection of positive bacteria recombinant plasmid pMAL-c2X-Rv2742-2 by PCR.
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Fig. 3 Glycine-SDS-PAGE/Tricine-SDS-PAGE analysis of expression of Rv2742 recombinant protein by pGEX-4T-2,
pET-32a, pET-28a and pMAL-c2X expression vectors before Rv2742 codon optimization. (A) Glycine-SDS-PAGE
analysis of expression of Rv2742 recombinant protein by pGEX-4T-2 expression vectors before Rv2742 codon
optimization. (B) Glycine-SDS-PAGE analysis of expression of Rv2742 recombinant protein by pET-32a expression
vectors before Rv2742 codon optimization. (C) Tricine-SDS-PAGE analysis of expression of Rv2742 recombinant
protein by pET-28a expression vectors before Rv2742 codon optimization. (D) Glycine-SDS-PAGE analysis of
expression of Rv2742 recombinant protein by pMAL-c2X expression vectors before Rv2742 codon optimization.
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Fig. 4 Comparison of differences from Rv2742 gene sequence before and after codon optimization. (A) Blast analysis
of the differences from Rv2742 gene sequence before and after codon optimization. (B) Comparison of the proportion of
high frequency codon, major codon and rare codon before and after codon optimization. (C) Comparison of the CAI
value before and after codon optimization. (D) Comparison of codon frequency distribution before and after codon optimization.
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Fig. 5 SDS-PAGE/Tricine-SDS-PAGE analysis of expression

of Rv2742 recombinant protein by pGEX-4T-2, pET-32a,

PET-28a, pMAL-c2X expression vectors after Rv2742 codon optimization. (A) SDS-PAGE analysis of expression of Rv2742
recombinant protein by pGEX-4T-2 expression vectors after Rv2742 codon optimization. (B) SDS-PAGE analysis of expression
of Rv2742 recombinant protein by pET-32a expression vectors after Rv2742 codon optimization. (C) Tricine-SDS-PAGE analysis
of expression of Rv2742 recombinant protein by pET-28a expression vectors before Rv2742 codon optimization. (D) SDS-PAGE
analysis of expression of Rv2742 recombinant protein by pMAL-c2X expression vectors after Rv2742 codon optimization.
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Fig. 6 Comparison of Rv2742 expression based on five different bacterial hosts and the optimization of expression
conditions in the host Rosetta (DE3). (A) SDS-PAGE analysis of Rv2742 expression by different hosts including JM109
(DE3), BL21, BL21 (DE3), BL21(DE3)pLysS and Rosetta (DE3). (B) The optimization of Rv2742 expression
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WEETIPALDEKELIEKAKGEKSALMFNLQEPYFTWPLTIAADGGYATFTI KTY

GAAAACGGCAAGTACGACATTAAAGACGTGGGCGTGGATAACGCTGGCGCGAAAGCGGGTCTGACCTTCCTGGT TGACCTGATTAAAAACAAACACATGAA TGCAGACACCGATTACTCCATCGCAGAA
ENGEKYDIZ KDY GVDNAGAKAGLTFLVDLIKNEKHMNADTDYS STIAE

GCTGCCTTTAATAAAGGCGAAACAGCGATGACCATCAACGGCCCGTGGGCATGGT CCAACATCGACACCAGCAAAGT GAATTATGGTGTAACGGTACTGCCGACCT TCAAGGGTCAACCATCCAAACCG
AAFNKGETAMTTINGPWAWSNTIDTSE KVNYGVTVLPTFI KG G QPSIKTFP

TTCGTTGGCGTGCTGAGCGCAGGTAT TAACGCCGCCAGTCOGAACAAAGAGCTGGCAAAAGAG TTCCTCGAAAACTATCTGC TGACTGATGAAGG TCTGGAAGCGG TTAAT. AAAGACA.-\ACCGCTGGET
FVGVLSAGINAASPNEKELAKETFLENYLLTDETGLEAVNEDEKTPLGEG
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AVALIKS SYEETELAKDPRIAATMENAQEKGETIMPNTIPGQMSAFWYAV

CGTACTGCGGTGATCAACGCCGCCAGCGGTCGTCAGACTGTCGATGAAGCCCTGAAAGACGCGCAGACTAT CGAGGGAAGGA TGAGCGATAACGCGAT TCGCCCGCGTCCTAATCCGTGGCAGTATATT
RTAVYINAASGRQTVDEALEKDAQTTIEGRMSUDNATIRPRPNPWQYTI

CGCTATTGCTATGGCGCGOGTCTGCC TGATAGCATGCGCGAT TGGGTGCGTAACGATCTGGCGGGTAAAGGTGCAGCGA TTCGCATGATGATTCGOGT TGCGG TGCCGGCAGTTTTAGT TCTGGCGCCG
RYCYGARLPDSMERDWYRNDLAGKGAAIRMMIRVYAVPAVLVLATP

TTTTGGT TAATTCCGACCAGCCTGGATGTGCATCTGAGCATGACCCTGCCGAT TCTGATTCCGTTTGTGTATTT TAGCCACGCGC TGAACAAAGT TTGGCGCCGCCACATGTTACGCGTGCATAACCTG
FWLIPTSLDVHLSMTLPILIPFVYYFSHALNEKVWRRHMLERVHNL

GATCCGGAACTGGTGGATGAACATGCGCGTCAGCGCGATGCACATATTCATCGCGCGTACATTGAACGT TATGGCCCGCGCCCTGATCCTAACGATTGA
DPELVDEHARQRDAHIHRAYTIERYGPRPDPND=*
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Fig. 7 Purification and LC-MS/MS identification of Rv2742 fusion protein. (A) Purification of Rv2742 fusion protein.
Lane M: protein marker; lane supernatant/+IPTG: supernatant of lysate of BL21(DE3)-pMAL-c2X-Rv2742-2 induced
by 1 mmol/L IPTG; lane Flow through: supernatant after induction flow through the amylose resin column; lane Wash1,
2, 3: supernatant after induction washed by Wash Buffer; lane Elutionl, 2: supernatant after induction eluted by Elution
Buffer. (B) Sequence coverage of Rv2742 fusion protein (61.46%) by LC-MS/MS identification. (The single underlined
sequences indicated the peptides were identified by LC-MS/MS). (C) The spectrum of Rv2742 target

peptide“VHNLDPELVDEHAR?”. (D) SDS-PAGE analysis of purification of Rv2742 fusion protein in the host bacteria
Rosetta (DE3).

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



BINE S/EESSITE H37TRY HTEE Rv2742 SHEERIAR AW 1783

—e— (=) IPTG =-4=- (+) IPTG

ODhuu
O = N W = N

4
Time (h)

Bl 8 IPTGiERRIAR2742 ZERE KL E
Fig. 8 Determination of growth curve of expression of
Rv2742 fusion protein induced by 0.5 mmol/L IPTG.

3 Wit

KIGFF e —Fh LR 4] G+C &8 AK (<50%)
P 2% PR TR, A5 A% 53 B F I (M. tuberculosis)
E—FRREA G+C FHEE (>65%) AYF 2GR
P A BP0, il e R DR %y ML TR A S R
H G+C F it . 4% B G_HI C_45 K I
IS BRI IR b, 55 3 A0S i 35S
F (G+C) rimiik 83%12%, BEh - fwfa vk 5 0
BRI R T R AR A B ER M . Z kTS
MRNA FE51 5 P 2 L5 T 0, 454 23 Bkt
H 138 AR K 1 PR B 23k 7T BB B2 & h
G+C 51 5 A B B 1 ) el B A ik bt
DR A6l P A 285 0 7T ERNA 114 =5 B A 35 58 1 1E AR
SN o A BB B D G X mRNA B85 81 251 748
b, A B SR i 5 5 R 4 B A 3 A H
HHT, AERSIIN tRNA BY4S S8R TR & &
F R A K

AW BT S5 A28 B Rv2742 St
5 FHA B A K, pET-32a fil pET-28a £ 4R [Fl /&
PET Zhik, FR&ER/IK/INE I FRIEA — &R
(RREIR T A S 50 2o R v 2% 5 31 fof S [R) 2
FR/INREEN pET Hidk . (AAFEHISTIIL)E
FIFH pMAL-c2X JE Ik RGEATE b3 FITTE

&: 010-64807509

HOSLEL T Ak, UUTE P #RA A B L AT R A
o SR LI T EE i — A 2 T LI R TR R
KR TR M . SR R TE B SR
TS TR, HRA SRR, AT R
IPTG ¥R . PiAERWKE . IBFHE ., HEHEL
AT, TEE E Rk R, ARSI
iR, B PTG W%y mkiriiie, 78
Rosetta (DE3) i F & H Rk I B2 KR
T AR e BE 175 3 700 10 S5 0 R 2 i m s Pk R
ik, Rosetta (DE3) f&#%7 & 5 R itk ik BL21
MIRTAE TR, #hFEKIAFF B Z 1) 6 P A B+
(AUA. AGG., AGA. CUA. CCC. GGA) X
[ tRNA, 2 SN SE R 7R % 2R 0 P 0 2k 7K,
S H A SRR T R IE R s . Alifb Rt TR
U TE R

FEHEAT AR IR, HETZ LAAG E B
Fik, HA AR SRR RTE UEE 5]
W PER I N IE BT B E R IR G5 M . Al G 2 1
PR MERARE L, 5T I n] RS K AR 26 11
MFIELAERT . RIS . T 4R 1 A ik A
2 B 0 2 2 R e T A S | VA AR
254 FVRIBE A PF 2 1 R B3 s Il kit 5 1 A
LA 1 s i 3 e it e 0 P A 0 i B e PR
AR . WS AEN (MBP), Hpt&k
Wi IEE A NusA), FRABEH (Trx). SBH
KSR IR (GST) . ubiquitin, SUMO 2B (R
X Sl YA AR Sy Vs i i e R RS R P 1 D A
ANERE . £ MBP FR&EERDL T, HHEANE
(149 53 P AR I A2 4 T A 2 o L 5 AR AR B AT
BB RS LR (GST) Al LIS A EIA
e H BB g B AT aifl, nT AR H G E A sz
H A MERAR , HmE A RE N, 0 GST &2—14
AR5 B v A i R0 BT, B 7 AL L T NusA
MBP HI Trx {7 84T B g e i a1k, (HE
TR R 435 TT BB T B 1 Jo0 e 2 i Al — 8 ) 5%

. cjb@im.ac.cn



1784 ISSN 1000-3061 CN 11-1998/Q A4 T #£244f  Chin J Biotech

M8 pET-32a &4 trxA I I A F T E A
A7 A AR ARG AR AR . TrxA & —ME7E TR
o T S5 e T v 8 ) A L P AR R
HH, R EINEAEA T, W
T B 5 TrxA BeA IEE ISR FREE BRIt 2R
F1 5T 4l Ak s 75 22 B A A Bl A BR 45, T His6 A
209 His AR E R SR AL 1 9 44k 45046 T Bl
S B s i Fndr &

S B 8 2 A 5 35 R 118 2 Sy e iy v i o
YER . ARSI TE T 4 FRRE RS
AEBE IPTG A S, ik 2k pGEX-4T-2 Fll pMAL-c2X
YA iKY tac Jash 1. tac B3 FH trp sl
F-—35 [X Fll lac UV5 Jig 8l F-—10 DXl 5 1M 14 24 5
FhT, % lac BLAMHREY . 7 pET R %A
Btk AMEIERTER IR 3Z T7 W A& RNA &
GHFRYE, w2 R AR A, BT R
SRTTRNAR AR 2h T (pl0JA8hT) srign
“T7lac A T MEHRZ T, F&E R A lac #:9\
T (lacO) FAIIRIR T7 RNA REHHE 5 T
A, lac BEAM (25 & BE BT st 4R 12

X PRSI e, — ER A5 R
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