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Bioinformatics analysis and preparation of the protein encoded by Rv1511 gene of Mycobacterium

tuberculosis

LUO Pengzheng, MA Rui, WANG Pei, MA Guorong (School of Basic Medical Sciences , Ningxia Medical
University ,Yinchuan 750004 ,China) * ™

Objective  To explore the basic biochemical properties of the protein encoded by Rv1511 gene of
Mycobacterium tuberculosis,and provide experimental data for the recombinant expression of the protein in Escherichia
coli yevaluated the feasibility of it as a marker for tuberculosis detection. Methods The Rv1511 gene and amino acid
sequence were obtained by bioinformatics method, it is basic biochemical properties were predicted. The recombinant
expression vector pET28a (+)-Rv1511 with Escherichia coli as host was constructed, the high purity recombinant
protein was obtained by nickel metal chelate chromatography and verified by Western blot.  Results The protein
encoded by Rv1511 gene consists of 340 amino acids. The protein is GDP-d- mannose dehydrase, which is related to the
pathway of glucose metabolism and may be involved in the permeability of cell wall control substances. The protein is a
hydrophilic intracellular protein without transmembrane domain, with theoretical molecular weight of 38. 34241 X 10%and
isoelectric point of 6. 08. It has 36 phosphorylation sites and 1 N-glycosylation site. BepiPred-2. 0 predicted that the
protein contained 4 B cell epitopes, SYFPEITHI and Rankpep predicted 8 CTL cell epitopes and Th cell epitopes,
NetMHCIIpa4. 0 predicted T cell epitopes showed that the protein had multiple MHCI and MHCII binding sites. The
recombinant plasmid was constructed and expressed in background after transfection of E. coli BL21 (DE3). The
expressed product was insoluble inclusion body. The target protein with a purity of 92. 6% was obtained by nickel metal
chelation purification after 8mol/L urea denaturation. SDS-PAGE and mouse anti-histidine protein antibody Western blot

confirmed that the recombinant protein was successfully expressed in Escherichia coli. Conclusion Rv1511 gene and
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coding protein are deleted in BCG, which is expected to be a potential marker for clinical detection of tuberculosis. The

protein has multiple modification sites and antigenic epitopes, which may be related to the stress resistance of

Mycobacterium tuberculosis under hypoxia and nutritional deficiency,and is a potential target for anti-tuberculosis drugs.

The recombinant protein of Rv1511 gene has reactivity, which can provide experimental support, further evaluation of its

feasibility as a marker for tuberculosis detection.

QOGN Mycobacterium tuberculosis s Rv1511; tuberculosis; bioinformatics ; vector construction
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coli BL21(DE3) I A KARAE A2 w5 KT (65 °C L 10
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(RAEER2H DNA) Fl SR 3R 3K 8K pET-28a(+) AR
1.2 = ZXANAMLE  AxyPrepTM DNA Gel
Extraction Kit il AxyPrepTM Plasmid Miniprep Kit
W A 2 E Axygen /A #); T4 DNA Ligase, FastDigest
EcoRI #1 FastDigest HindIII ¥ H 3¢ E Thermo

Scientific 23 # ; 6 X His, His-Tag mouse Monoclonal

antibody 1 HRP-conjugated Goat Anti-mouse 1gG Il
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gov/ ) ARMUEE K 43 BOAT B Rv1511 B [H 4 % 7 11 2
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expasy. org/protparam/) 4+ §r & [ #) # 1k % T,
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HHE W3R K M AR K M DeepTMHMM Chttps://
dtu. biolib. com/DeepTMHMM ) fiit Il H: B4 A [X 4k ,
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healthtech.  dtu.  dk/service.  php?
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NCBI M 35 th Gene il 3 ¥ 5 T fif A Rv1511, i i
GenBank % 3| H #r % K J¥ 5], Rv1511 £ 1 023bp.
GenelD:886529, Rv1511 3 K 5] ¥ b1 B 50 4 W7 B A=
WIRHE AT BR AN J A B DA IR I 25 4% FF 0 5 1R 4 A
M PCR 738 Rv1511 3, K PCR =4 Ml pET28a
(+) i ki 43 %] H FastDigest EcoRI #1 FastDigest
HindIIT XA 57, B E ) Bk pET28a(+) 5 Rvl511
FEN 24 T4 DNA E#H BB ZEHMM E. coli
DH5a, fEZ W 20pg/mL BRI 5 % (Kan) i LB
A B B B P TR

2.3 pET28a(+)- Rvl511 T4 K4l PN
A FRL E. coli DH5a-pET28a(+)-Rv1511 %% LB
W3, T 37 °C 170 r/min $& 5K 15 35 43 72 FH kL 12
WORR) & SR IBOBTORL M B 100 ng/pll, BUKL pET28a
(+)- Rv1511 % PCR #% 2 X Taq Plus MixII i % & ¥
B FEHIA R . V495 °C 3 min;95 °C 15 5,60
C 20 5372 °C 60 s, 4 25 NMFEF;72 °C 8 min, FiAL
pET28a(+)- Rv1511 XM UJ 56 iiF {& & #% M Thermo
Scientific i & U W1 5 BC . B YD 4544 37 °C &
30 min,80 CKi& 5 min, £40F Y 8 4 o 2% 4 T4
WYy TR R B A B2 w10 5 5 OF B A ok e
ft E. coli BL21(DE3) &3 241l ,

2.4 T@FGGTEEIN KITEIRNWELNE.
coli BL21(DE3)-pET28a(+)- Rv1511 #4575 & 1%,
MR KA E £ i 500mL LB B 323,37 “C 170 v/
min FEIREEFE 4 h 2 Ay, K 0.4~0. 6, I ALK
1 mmol/L IPTG %% 6 h, U 8 000 r/min (L
A4 9.7 cm) B0 10 min. 1 X PBS & 5 YE W K. HE
# 20 mL 1 XPBS 5 1 g BUUTE Le ] 55 & F M7 0%
WAL KIS S5 1 R A% 30 min(B R 25%, TAE 3 s,
55 ), o B L i 5 UTIE 1T SDS-PAGE 4317 .
2.5 F@EGMAAL BE Rvls1l RN &E 4%
KREATERBEA W T IR EERE., BiBTRE
TR AW DTVE VRV R . U A R G R R
1 mL M AE 4, ] 30 mL Binding Buffer - fff, B
23 W EREIEW 20 mL, A 50 £ #: & 1 Washing
Buffer sy, #fi fR Uk 244 & 1, H 2 5 A /K Elution
Buffer Ye i & EH .

2.6 E=4% 84 SDS-PAGE 5 Western blot 5 &
aifb G RVE AL o TRmMA R IES S5 KI5 S UE.
E.coli BL21(DE3)-pET28a( ) HEF 5 KiEF 4
HHZ 15% SDS-PAGE HLIK G 7E 300 mA .90 min 5%
R 53 PVDF B L 5 % Wi fs Wk £ (& 1%
ki DE3 % 1) 2 h, J§ TBST W3k 3 % m A Bt

HAEAM (6 X Hi) b — . WL IKMH 3h. H
TBST Uk 5 W I A AR IE FEdT B =90, = 5 R
B 3 h, TBST ¥k 3 WG H 200 pL 888K GG .
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1.1 BALE R S s  RERvIS11 #EEA
TE 38 A PR P 8 S 5 > NP_216027. 1, K& 9 i &
H & FEMR T 5 4 : MKRALITGITGQDGSYLAELLL
AKGYEVHGLIRRASTFNTSR IDHLYVDPHQPG
ARLFLHYGDLIDGTRLVTLLSTIEPDEVYNLAA
QSHVRVSFDEPVHTGDTTGMGSMRLLEAVRL
SRVHCRFYQASSSEMFGASPPPQNELTPFYPRS
PYGAAKVYSYWATRNYREAYGLFAVNGILFNH
ESPRRGETFVTRKITRAVARIKAGIQSEVYMGN
LDAVRDWGYAPEYVEGMWRMLQTDEPDDFVL
ATGRGFTVREFARAAFEHAGLDWQQYVKFDQ
RYLRPTEVDSLIGDATKAAELLGWRASVHTDEL
ARIMVDADMAALECEGKPWIDKPMIAGRT,
Rv1511 gmt5 8 1 i 340 >4 BLMR 20 i, 17 H i 42
HR (Asp+Glw43 A~ Hi Asp 21 4>, Glu 22 4~ 1E
L 2 LR (Arg+Lys) 38 4, o Arg 29 4>, Lys 9
N EEEEMWE Ala (10, 0%), H K 2 Leu
(8.8%), HHM T XA CrryyHogsr Nizg O30, Sy, » i
T EECh 5 342 AH X 43 F B A 38,342 41 X107, B
WEEHL S 6. 08 (m R M) . 1 06 R B M 58 455 (mol/
L) em™ . HE FULE W L S 1 X 42 40 P 1 2 s
930 ho FEBERE PN A2 FE ) > 20 by FE K IR A N
B > 10h, AN EaE RECH 31. 87, IRix REH
79. 24, FHE K R B0, 316, AR E N177 ik
VE 58 , Score {H-N 2. 200; P186 2 7K M £ 58& , Score {H
H-2.833, BAMEKEERE & Z T B K& 5L
oL EBRRM N EKEREA (B 1A) . DeepTMHMM
T 12 8 1 G A5 5 IX (& 1B) 5 SignalP6. 0 T il i
H TG 5 K (Sec/SPD | Bg 2 115 5 Ik (Sec/SPID |
Tat &4 F 155 K (Tat/SPID . B & & A 15 5 Ik (Sec/
SPIID (& 1C), NetPhos3. 1 #ililli% & 434 36 Wk
FRACA s, b 15 S22 &R (Ser) B FR AL A £, 14 4
TRIR (Tho) BERR AL AL 5, 7 A EE R R (Tyr) B R L7
F (K 1D), NetNGlye 1.0 Server iz E A &4 1
A N-#EFAR A 25 N39(JE 2A) . YinOYang 1. 2 Server
G O-H 5L AL A7 5 (& 2B) s NetAcet-1. 0 0 £ &
Ak 7 53
1.2 # R A4 FHH BepiPred-2. 0 X} Rv1511 4w td
EESEAT O, e 4 S B MR A (R D,
SYFPEITHI #l Rankpep IR 55 @25 & UM% & H & A
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RvI511 g B H B KX C  Signalp-6. 0 Hilll Rv1511 4if & H 1Y
f&5 kD NetPhos3. 1 Hl Rv1511 % fi% 2 F 8 BR AL L 17
B 1 Rvl51l %A E B FEK Y B ERE S SRR B AT
A Protscale predict hydrophobicity of Rv1511 B
DeepTMHMM predict transmembrane region of Rvl1511 C  SignalP
6. 0 prediction: Sequence of Rvl511 D 4 Prediction of Rv1511
Sequence phosphorylation sites
Fig.1 Prediction of hydrophobicity, transmembrane regions, signal
peptides and phosphorylation sites of proteins encoded by 1Rv1511
NetNGlyc 1.0:predicted N-glycosylation itesin Sequence
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Fig. 2 Prediction of N-glycosylation sites and O-glycosylation sites
of Rvl511-encoded proteins

% 1 BepiPred-2. 0 ffiEH) B 40 i1 & (L
Table 1 B cell epitopes screened by BepiPred-2. 0

P TKE K
No. Start End Peptide Length
1 36 55 STFNTSRIDHLYVDPHQPGA 20
2 94 100 SFDEPVH 7
3 268 287 LDWQQYVKFDQRYLRPTEVD 20
4 299 307 LLGWRASVH 9

% 2 SYFPEITHI # Rankpep #1ill CTL 40 3% A F1 Th 48 i 5 i
Table 2 SYFPEITHI and Rankpep predict CTL and Th cell epitopes

B Jik B

Name Peptide

DRBI1 * 0401 WQQYVKFDQRYLRPT

TRNYREAYGLFAVNG
LLLAKGYEV
DLIDGTRLV
ELLGWRASV
GLFAVNGIL
KITRAVARI
YLAELLLAKG

HLA-A %0201

§i ] NetMHCpan 4. 1 #1 NetMHClIpan 4. 0
1 T 20 a2 B0 1 T, 1 i NetMHCpan 4. 1 76 Bl
23 R A B ML B . K BE ALK B 5 % € B MHC
Iy TG JTHER L O 28 HE R HT 0. 5 %0 1Y IR B B
SRS IRBL . KSR 050 ~ 201
JIRBEE SR 55 45 6 01 IR B, - & 42 52 1 2 L 1R 7 41
JIKBE 5 C 7 SCREALIIK B i85 #0347 LA, I 32 52
W) S B R T S AT R 55 25 A KB e LR 3D,

& 3 NetMHCpan 4.1 #ifll Rv1511 EWMEHS MHCI &5 18R

Table 3 NetMHCpan 4. 1 Forecast of Rvl511-encoded proteins
and binding MHCI

24 MHCLZY T GG KBOEGE S 45 & KB o
KR Number of Number of ait
The molecular name weak binding Total

strong binding
of the bound MHCI  peptide segments peptide segments

HLA-A % 11:01 4 18 22
HLA-A % 24:02 9 38 47
HLA-A %0201 5 27 32
HLA-B*40.01 4 18 22
HLA-B*58:01 7 30 37
HLA-B*51:01 6 25 31

2 pET28a(+)- Rvl511 EAKRAHESREIE

Wit Rv1511 LAY 459, PCR ¥4 H 1y 3L A,
P 1A pET28a(+) ik 28 B VA% W2 9 D7) il 1l
VG M1 T4 % ¥ W 47 % 2, ¥4 8 5 41 BT AL pET28a
(++)- Rvl51, 4R 2 SUEE D) Ml PCR 48 22 #4 2 1E
B 3) . W5 B ) 56 U 1F B A9 = 21 SOk E 4T DNA
FP LA R 4, IR A5 R (R 5 B8
PPE T 88 Rvl1511 #r dfE 7 91 CF 88 58 4 4 [,
pET28a(+)- Rv1511 = 41 ik ¥4 2 it 2y .
3 BMMAEARNKRIE, 4L X SDS-PAGE K Western
blot £F

H & 5 AT UL iRl & R B e R p R A W i Rk
DL AR IR R AEAE . T 8 mol/L R 2 VA il 40 1 K 7 1
J& i B AR 4l Ak . SDS-PAGE HL Uk 43 BT 26 4k 7 ) A #H
XF o F i 2 38. 342X 10° BB —FR 1 4k (B 6A) .
FEHFRAE E. coli BL21(DE3) W17 18 AR Ji 15 1 1
Bl. R T HE—20 NS fA B IR B 5 L LA H bR
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i pET28a-E. coli BL21(DE3) X} B4 , LLA M
S KA VES R IPTG B EE 8O S5 41, $t/h
FPT His-tag PR PR #E 4T Western blot 36 3iF , 25
WA 6B, BRXTRRZH Ab Ay 2% 4 1A AR N L 4R
RI¥H HbRE HRE,

1

1 DNAFRE® DL15000) 2 4Lk WY 3 DNA R
B (DL2000) 4 EHFUK PCR ™#)
3 EARNMWEEYIM PCR EE
1  DNA maker (DL15000) 2
digestion of recombinant plasmid 3

Tthe result of double enzyme
DNA maker (DL2000) 4
Result of recombinant plasmid PCR

Fig.3 Recombinant plasmid double enzyme digestion and PCR

aval - 5081
Xt
Xemt Nrut
Bamb - B5tYT o
4gel -Soral Hpal
pmit
.. Bsmbi - Espal
Bsrci-7att [
Bso1  Bipt form
BspOI* - Clat et
o Ecit
Taqu
B BmeT1101 ot Noom1y
ater Besal Bsevt Zagl -
stort met oot | Papr1 thd
{ |
| I
= — — —
= o Tt o

B 4 BHEHENFERES

Fig. 4 Compare sequencing results of recombinant vectors

Mr(x103) M 1 2 3 4 5 6

M EATREGRE 1 KRBESHEATEE 2 HATREE
IPTG %S 6h 3 RFEFEHATEREBE S M LY 4 RAFEA
TREBEEWEIE 5 PTG E S =M TR EMSE R LY 6
IPTG i 5 241 T B 7 il e DO

B S5 BMEEARBERZNFABEDSN

M Protein maker 1 Recombinant engineering bacteria were
not induced 2 Recombinant engineering bacteria were induced 3
Recombinant engineering bacteria were not induced to be broken 4
Recombinant engineering bacteria were not induced to precipitate after
fragmentation 5 Recombinant engineering bacteria induced crushing
supernatant 6  Recombinant engineering bacteria induced crushing
and precipitation

Fig. 5 Solubility of heterologous expression for fusion protein

Mr(x103) M 1 2 3 4 5

Lol
—_
60
45 Rv1511
35
25
15
10 [
B

A EHEHM SDS-PAGE 8 B HE 4 H HY Western blot
S MO EASTRERE 1 IPTCGHFESEHREEN 2 K
R EEMAWRETIE 3 PTG 5 0 4 B M5 i 4
Ak HARERR 5 RiFFHAFEEA.

B 6 =% AH SDS-PAGE & Western blot 47

A Shows the result of SDS-PAGE B  Shows the result of
Western blot M Protein maker 1 Induced E. coli BLL21 (DE3)-
pET28a whole protein 2 Recombinant bacteria did not induce
Recombinant bacteria induced precipitation 4
Uninduced E. coli BL21 (DE3)-pET28a

precipitation 3
Purified target protein 5
whole protein

Fig. 6 results of SDS-PAGE and Western blot identification

S

F A1 (bacillus Calmette - Guerin, BCG) &4
GRS SAFRAR AR 2 230 W 0 75 4 445 A% 43 BT 1
& H AT WHO HE i 1 ME— (10 A 25 80 1907 8 1.
R AR L SRR A 235 4 R 4 A A i B % ) SRR e A
J1ik 86%, {4 Xt ML A P F1 22 F AR K. Rehren
S PR R 2 S A A A R BT PP o RN 4 A A
FFEA Y B2 38, RIRAT 4 295 ALK ] 3R45 ik (1
{2 2586 %) By B K7 25 % . 7E RD4-RD11 X 1
A 31 A EERIAESS 0 B I h 3Rk e A B S5 % )
BOAF R b ARk, XS AT RE 58 s A K.
HRF R B RD X R 8 L T 4 1 2
AR FF 27 09 5 R A 1 880OR BN S i 2 G
T AR Ay 235 % A DN 5% S48 s 5 ) A L, R 45 AR B 4
HA—EE X

Rv1511 3 47 5% 8 (H GDP-D-H 2% B i /K i &
— b R K 1 TC B I 45 A8 B4 JL N 4K 1T, String 0 B 45 2R
B8 H 5 Rv3471, Rv2957, udgA (Rv0322)., manB
(Rv3264c¢) ,gca (Rv0112) ,epiA(Rv1512),Rv1503c,
Rv1489.Rv1513 A H AE*x &. & F Mycobrowser
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Chttps://mycobrowser. epfl. ch/genes/) 43 ¥ 45 3 i
/N Rv2957 205 B # i, 1 UdgA (Rv0322) K& [ g
BEHS S Z A Y G MG manB(Rv3264¢) 4 D-a-
D-H#M-1-R S T R%E B, =5 GDP-H &b 4
VA R AT R SNG4 H - PR I A A
B, DIREZE B A A0 A EE R A M B . A H @R AR
Z W5 manB(Rv32640) 4 i & (M. B 15 W2 b
B I — B 4 AR PR AR Y T B AL ER 4. epiA
(Rv1512) W e ST A A ¢, HAnE 1S 55
AR 5] 422 98 4% 25 A% 43 ASAT 14 200 L BE () & . Saxena
SO RT-PCR 459 WK IR A 48 F Rvl511 4
PRI 2 35 184 0, AT BB X6 4 i RE 5 0 SR B A R B
BYEAREEAEM . 8 HE % g 8 0T RE S A5 0
AT T VR AR S BT 00 1 L R 4 i ) A A O L A
SEAZ IR TR A U AR AR W BT 1. RD6 X 3
Rv1515¢ 8 158 o0 T 20 M BE , w] 42 = Bk 35 20 A FF 141 7
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