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Cloning, expression and bioinformatic analysis of propionate metabolism key enzyme genes from
Pseudomonas aeruginosa

CUI Guoyanl'z , LI Zhuangz ,CUI Jia', LIU Jial’llil’lg2 (1. Department of Microbiology of Changzhi Medical
College ,Ch,angzhi046000 Shanxi ,China ;2. Key Laboratory of Resources Biology and Biotechnology in Western China ,

Ministry of Education)”

Objective To clone and express prpB . prpC and prpD genes of key enzymes of propionate metabolism.,
further analyze and predict PrpB,PrpC and PrpD potential structures and functions and lay the foundation for developing
new antimicrobial targets of Pseudomonas aeruginosa. Methods The prpB, prpC and prpD of key genes in propionate
metabolism from P. aeruginosa were cloned into Escherichia coli BL21(DE3). The recombinant strains of corresponding
genes were constructed and the recombinase were purified with Ni-NTA column affinity chromatography. The molecular
weight and purity were determined by SDS-PAGE. Meanwhile, bioinformatics software is employed for detecting the
physicochemical properties,hydrophobicity, signal peptide, secondary structure and tertiary structure of PrpB, PrpC and
PrpD proteins.  Results The recombinant bacteria were induced with 0. 5 mmol/L at 16 “C overnight. The recombinant
proteins PrpB,PrpC and PrpD mainly existed in the form of soluble supernatant. The PrpB,PrpC and PrpD protein, which
relative molecular weight was 32 X 10°, 42 X 10° and 55 X 10° respectively, were purified by Ni-NTA affinity
chromatography. PrpB,PrpC and PrpD protein with molecular weights of 32. 14 X 10°,41. 69 X 10°, 54, 88 X 10° were
composed of 298,375 and 494 amino acids respectively,and isoelectric point is 5. 33,6. 03 and 6. 15; PrpB, PrpC and PrpD
protein lacked signal peptide and transmembrane structure is featured by the hydrophilic protein; PrpB, PrpC and PrpD
protein localized in the cytoplasm. And a helix and random coil play the main role in constructing protein elements of the
secondary structure of PrpB,PrpC and PrpD protein.  Conclusion The recombinant protein PrpB,PrpC and PrpD were
successfully induced expressed and purified. The results of bioinformatics demonstrated that PrpB, PrpC and PrpD protein

are rich in « helix and irregular curly structures. The study lays a theoretical foundation for revealing the structures of
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PrpB.PrpC and PrpD protein and the biological functions of propionate metabolism in P. aeruginosa.

GG Y Pseudomonas aeruginosa ; propionate metabolism; protein expression; bioinformatic
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JK if# (2-methylcitrate dehydratase, MCD) Fil 2-F % &
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M5 7T E

1 ##

1.1 BE#Aft SSBPERE g PAOL @ E KB
B 1 BL21(DE3) K ik pET-28a(+) ¥ A ARSI
BIRFE .

1.2 EZXAAME FHERF(PMSEH A L
MR IE A WA BR A W) 5 S AR LB (IPTGO M
VA TR A G R SR AR W s | A SR 4] DNA
PEHGR ] &M DNA gl fb B0 & [ db ot 204

YA A IR A Bk /MR & W 3 H A Bioflux
Nl 4 M Mix (green) A1 Trans 2K Plus DNA
marker W H Jb 5T R A ) 28 | s DNA BR 1 ¥ ) ) i
T4 DNA # 3 E A 3£ E Thermo A H],
2 AE
2.1 345 AR AR HTY R
B E K prpB . prpC Ml prpD WISIMIFHWE 1,
WA TRARAR G K. AR 4 DNA $#
WBUIRFR)  vd JBCA 2R (R PR ML B PAOT R4, DL
DNA HJ it PCR 434 Py 2 X ¢ H i 5 A prpB .
prpC M prpD ., 50 pL KWK ZR . DNA MR 1 pL. 4
i Mix 45 pL, 514 F #1 R(10 pmol/1) 4% 2 pl, §4%
FEF .98 CHUZEME 2 min; 98 CAE M 10 5,56 CiB K 1
kb/10 5,72 “C #Eff 5 min, 3£ 30 NEFR; 72 °C 10
min,4 CORAF. 3 120 3R b BE B L Uk 36 UF PCR
79 11 DNA 2l Ak 0] & B i 5 i R B,

#1 WHRYXEBER PCR 13

Table 1 The primers for PCR amplication of key genes
in propionate metabolism

51404 B 91
Primer name Sequence
pET-prpB-F AATGGATCCATGAGCCAGACGTCCCTT(Bam HD)
pET-prpB-R ATT AAGCTTTCAGGCGTTCTTCTTCTGCGC(HindIID)
pET-prpC-F AAT GGATCC ATGGCTGAAGCAAAAGTACTGAG (Bam HD
pET-prpC-R ATTAAGCTTTCAGCGTTGCTCCAGCGG(HindIID)
pET-prpD-F AATGGATCCATGAGTGCCAACGTCGATC(Bam HD
pET-prpD-R - ATTAAGCTTTCAGATCGCCAGGAGGTCC(HindIID)

T« S0 B A B A 4 U T 0 AR R A 0 4 R
Notes: The underlined base sindicate the restriction endonuclease binding
sites. the restriction endonuclease names are initalics.

2.2 AEBEAHAEBEARBAROHE K prpB.
prpC. prpD 5 pET28a (+) i #i A BamHI HI
HindIIT XUEFI 5 . ] T4 DNA 2 4% B % 32 1 37
L%k 2 K35 45 1 DHS o JERAZ 25 40 b L 5% 10 T 5% 42
T SOC KR E B G R M T & 50 pg/mL RIBE R
B LB A4, 2 7% PCR I BUEGIE 5 Z24E |
VAR ) TOREAT BN DU o A S O ff 1Y T 4 R 7
B2 E. coli BL21,

2.3 ABMARHXEHEGFFRE HWEEMOE
MR 1Y I Bl 55 & & 50 pg/mL RIBE M LB
BEFRW T, 37 °C.220 r/min ¥ 35 & Ay H M 0. 6~
0.8 BN AL JE H 0.5 mmol/L ) IPTG, [F i} LR
I IPTG 35 S 09 1E R %t B4, 16 °C 4k 22 9k ¥ 85 57 20
h BT mL 55 5 MRS 5 00 TR VR 75 e, B0 . 4
SR B AR ARDLEE , BT 100 C AR 15 min 48
PE R 12% SDS-PAGE HLk 3 Hr E H R R B .
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2.4 ABRARMXEEEGSH L HE W ESS
FRIEWEMA A TAEREE S 1 mmol/L /) PMSF
0.5 mg/mL 1% %5 T Bl , £ FH IR =5 He 290 i i 1
T 1 00 . B S5 A TRV T 4 °C .8 000 r/min (B0
2 4.5 em) B0 40 min, WU BV £ 0. 22 pm fHAL
U8 i 2ok DB TR UK RS SR R S 2 A 4l B A R
s 2l Ak 25 1 T 8 0 4 MR 4 >R T NanoDrop 2000
R 23 16 BE TR N 2 R B, — 80 CLRAFEA I

2.5 AWM ERAWAEDNSEEF oM FIJH ExPasy
(https://www. expasy. org) ] ProtParam 7& £k 3 {4
AT IR H B H Y o BT A R R R 2 R
AR R % M ProtScale 1 TMHMM Server
Version 2. 0 7EZ& Uil 8 0% 85 7K M B 85 B 235 44 5 A1)
SignalP 4.1 Server #{4 Flill & F B {F 5 Bk 5 >R I 7E £k
™ 35 http://npsa-prabi. ibcp.
sopma. pl I H A A — g 45 #; Bl H SWISS-
MODELChttp://swissmodel. expasy. org) 7 £& T ]
X H B AT A 3 ) 7E K Hum-mPLo3.
O W E OH W o4l M oE
healthtech. dtu. dk/cgi-bin/sw_request),

g R

1 FHRAHXEHERNTZESEE

PCR 4" 18 7 2 A 55 G Ht 1l 56 IH) L 4 484 7= 4 100 B
BRHEE RS HL K A A DL IR 1AL i prpBr ¥ 88 B Be &4
900 bp, prpC ¥ 48 A B %) 1 100 bp, prpD ¥ 1 F Bt
251 500 bp, ¥ 5 W K/N—8. prpB.prpC.prpD
P14 F Bt Bam HI A1 Hind 11T XUREEI 45 5 LK 1B, 43
FARFZ) 5 400,900, 1 100,1 500 bp Y80I H B,
PCR 707 J5 #E47 b X 5341, 5 GENEBANK i)
7 91— B0, 2 A 2 I

bp M 1 2 3 4 5 6 7 8 9

fr/cgi-bin/secpred _

( https://services.
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1 prpB PCR™=H W EEY] 2  prpC PCR ZH XYl 3 prpD
PCR 7 ¥ XU )

B 1 WERREXEBEERE PCR =Y 1 %RAEHE SRR EXS

BRNEEE

M DNA marker 1-3 prpBPCRproduct 4-6
prpCPCRproduct 7 prpDPCRproduct B 1  Doubledigestion of
prpBPCRproduct 2 Doubledigestion of prpCgene 3
Doubledigestion of prpDgene

Fig. 1 PCRproducts of key genes in propionate metabolism were

analyzed by 1% agarose gelelectrophoresis and double restriction

enzyme digestion identification

2 WEBRAHXBEEHMMNFSRIE
B # F TE W 0 I 4 Bk pET28a-prpB | pET28a-
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B WA I B 2 35X 10° & 4,5 PrpB BIS X3
F i (35, 1X10°) —8(; prpC AR L IPTG 5 S
Je RN T R BRI B 2 42 X100 AL S
PrpC Bg 20 T i & (41. 7 X 10°) —3; prpD HH L
IPTG 955 J5 00 B W RN b 35 W v 2346 T 31 29 54 <X 10°
H, 5 PrpD #R4r F i it (54. 8 X107 —F, &Y
IPTG SR E M AWER, B EZLUAE L

KT LW,
M 1 2 3 4 5 6 7

M EAREY 1.5.9 KL IPTGESFM AR EH®R 2.6.10
ZIPTGH S AR LS| 3.4.7.8.11.12  4ifb/FmEAEN
2 SDS-PAGE % #f PrpB.PrpC #1 PrpD & B #I &K 1%

M  Protein marker 1,5,9 Fermentation without IPTG 2,6,
10 Fermentation with IPTG 3,4,7,8,11, 12 The purified
recombinant proteins

Fig. 2 SDS-PAGE analysis of PrpB, PrpC and PrpD protein
expression

3 WEHRRBHXBHEOL4L

JH 300 mmol/L B M 2 oy A6 B2 BB B . >R AR AT
SEAEMFE R 2H & 1 PrpB. PrpC. PrpD #4174l 1k,
BEWHE MR AL ER(E 3,

M 1234567891011

3 M1 2345 67891011 M1 23456 78 9 10
Mr(x 10) B
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M EAREY 1.6.12 K& IPTG FSM LR LER 2.7,
13 4 IPTG B REE IEW 3,8.14 4R Li| 4,5
9-11.15-17  ZlifbJ5 M EHE A

3 $RAEFMEMH 4L PrpB . PrpC.PrpD & A K SDS-PAGE £ 47
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13 Fermentation with IPTG 3,8,14 Supernatant of cell lysate 4,
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Fig. 3 The separation and purification of PrpB,PrpC and PrpD protein
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FER A K00 Bk 298,375,494, T PrpB. PrpC.
PrpD # 1Y B8 73 7 B i 20 ) o 32. 14 X107 141, 69
X10° .54, 88 X 10°, H i &5 g 5 (PD) 43 51 3 5. 33.
6.03.6. 15,747 £ #L f CAsp + Glu) 5 12 5% i % 5 1
N 38.47.62 A IE B (Arg+ Lys) 2 5 iR 5% 3 50
Grl R 31,41, 54 A, KRR E &R U SR 36, 71,
24.33.35. 55, g Wi 78 B 70 il ol 91. 44,85, 15,93, 48,
T KM A 1 Th Y 2F 2 W =10 h, 76 I BF 40 i b /Y
{5 >20 h, PrpB.PrpC.PrpD HEHIE EMRH
I 2,

% 2 PrpB.PrpC.PrpD EE M S E B A K
Table 2 Amino acid composition of PrpB, PrpC, PrpD protein

LR o "yﬁ(fﬁ(/l*} L'itt(%)

Amimoacid uantity (Piece) Proportion
PrpB PrpC PrpD PrpB PrpC PrpD
Ala (A) 44 41 59 14. 8 10.9 11.9
Arg (R) 17 21 38 5.7 5.6 7.7
Asn (N) 9 9 14 3.0 2.4 2.8
Asp (D) 23 19 34 7.7 5.1 6.9
Cys (O) 4 4 8 1.3 1.1 1.6
Gln (Q) 11 17 17 3.7 4.5 3.4
Glu (E) 15 28 28 5.0 7.5 5.7
Gly (&) 19 28 30 6.4 7.5 6.1
His (HD 5 11 18 1.7 2.9 3.6
Ile (D 15 16 24 5.0 4.3 4.9
Leu (L) 25 39 54 8.4 10. 4 10.9
Lys (K) 14 20 16 4.7 5.3 3.2
Met (M) 11 10 11 3.7 2.7 2.2
Phe (F) 13 17 19 4.4 4.5 3.8
Pro (P) 9 16 25 3.0 4.3 5.1
Ser (S) 15 21 27 5.0 5.6 5.5
Thr (T) 18 19 19 6.0 5.1 3.8
Trp (W) 0 4 6 0.0 1.1 1.2
Tyr (Y) 6 13 13 2.0 3.5 2.6
Val (V) 25 22 34 8.4 5.9 6.9

i AT o (T 1l
PrpB PrpC PrpD

E 5 PrpB.PrpC.PrpD EHHES KM
Fig. 5 Signal peptide prediction of PrpB, PrpC,PrpD protein

PrpB PrpC PpD

6 PrpB.PrpC.PrpD & 5 Y 5 & X #i il
Fig. 6 Transmembrane region predictionof PrpB, PrpC, PrpD protein

4.3 Eaa=guZH  FIHEL N SOPMA il
PrpB.PrpC.PrpD & 109 g 4544, 45 K WL 3% 3 FI A
7. o BRUIE AT AR EE B B MR CHLN S it = 5 PrpB.
PrpC.PrpD & H R 451 B9 180, Horr o B25E F1 0 AR
g e sy S - S o o

£ 3 PrpB.PrpC.PrpD E 8 R AR
Table 3 composition of PrpB, PrpC, PrpD protein

o B HE {5 B To AL

EH « helix Extended strand B turn Random coil
Potein 4 i) A EROD A ERCH A EROD
Piece  Proportion  Piece Proportion)  Piece Proportion — Piece  Proportion

PrpB 162 54. 36 35 11.74 22 7.38 79 26.51

PrpC 203 5413 34 9.07 26 6.93 112 29.87

PrpD 245 149. 60 48 9.72 22 4,45 179 36.23

4.2 Ea®RAKRE AT RAF LR TA H
PrpB.PrpC, PrpD & H 1 & F ¥ 36 K M 5 5 A
0.032.,-0. 234,-0. 140, B /K ¥4 50 7 45 R W& 4.
PrpB.PrpC.PrpD & H B A B i 35 K M. Jo B 2 51
JK M 45 ¥, Signal TP 4. 1Server 7E £k T Il PrpB.
PrpC. PrpD & H A & ff 5 ik (K 5); TMHMM
Serverv. 2. 0 ZEL W PrpB.PrpC.PrpD & [ B i 12
%R 0, KW 3 FhiE Y R AR AR (8 6)

PrpB PrpC

4 PrpB.PrpC.PrpD & H KB KED T
Fig. 4 Hydrophobicity analysis of PrpB, PrpC,PrpD protein

AT A=A -
R S
A A e 4

50 100 150 200 300

o BRE B #rdE TEAEE TEHI: th

B 7 PrpB.PrpC.PrpD EH R L&
Fig.7 Secondary structure prediction of PrpB, PrpC, PrpD protein

4.4 Eaw=muH  FIJH SWISSMODEL Xf
PrpB.PrpC.PrpD & [ #F 17 [ 5 245 (5] 8), PrpB LA
1X g3. 1. A (Escherichia coli) R, GMQE {H M
0.91,QMEAN {l} 0. 87 0. 05 (S 5 Bl g 0-1, 4%
HOB BRI i 8 s 5 PrpB — 2y 76. 71 %,
R E[F PR . o BRIE S 49. 60 20, TE RN ith o5
36.23%. B ¥ M5 4. 45%., PrpC LI 6s87. 2. A
(Pseudomonas aeruginosa ) N ¥ i, GMQE {H &
0.96, QMEAN {8} 0. 89+0. 05, H 5 PrpC —81: A
100 %6 , #5507 o - o DR G B2y K ) R PR A B 220K . o
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BRBE o5 54, 1300, LRI & il i 29. 8706, B Fe i o
6.93%, PrpD L 6s62. 1. A ( Pseudomonas
aeruginosa) NEM ,GMQE {H~ 0. 95, QMEAN {H N
0.89740. 05, H: 5 PrpD — &tk 99. 8020, ik 2] [A]
AR B K, o BUE 5 49. 60%; JC ML & il 5
36.23%0 B EEMA N 4. 450,

PrpB

8 PrpB.PrpC.PrpD i = % & ¥ FM
Fig.8 Tertiary structure prediction of PrpB,PrpC,PrpD

4.5 FoaviwmEis £ TargetP-2. 0 43 #r,
PrpB.PrpC.PrpD & [ & {0 T 40 i Jit v , 15 53 43 5l
1.748416.0. 350613.0. 759303, 74 & 2-F 3t S5 b7 15 R
LA L 2- F AT A R S B R 2- R BE A A TR I UK il
(1 T BEARFAIE 5 76 Al 40 7 v ) T e — 3

i

) B L L R i — b UL L T IR R A
W 5 16 3 VR £F 2 Ak f8E L8 0 R8RS 1R
SRR YR iU G K Y OO 3 | S RS S A 4
E N 1 I 9T R A R A B TR
YT AR (AN AR AR RS H UL A T AT
5 | 76 P W ML K G i 4 i A5 Ay 4 0 UL af, i 4L R R
B BE B R L 0 S A 22— A gt A1 B T R A R
N 6.3 Mbp., Huist 14 52 2% v 1230 T 177 50 09 BUA% 2 W R
WEERE, oA K ES SRR L2 500 — L
it 20 T P B AR ST R T O SR 1 B
NV OGRS TN A I AR T 2R R
iR R 15 2 AR O i 3 IR 2 kA o R T R PR B R R ) —
AR AT ST DR I A G AR 1 A R R T
WP RN (T RE B ) R R,

PR A S DI A o R e T BB, s ig
R A & Y, 20 20 90 AEAR AR A R 5T
il B & V1T R R A 3R A P A A TN R AR
PO EL YRR A 3 A% L AL ED
PrpC.PrpD # PrpB'" 45 4% 43 B AT 8 b 77 16 N R
PR AR YL AR A G % PrpB & 1, HTh RE7E 4E 1 45
PN R 2 T TR I8 A OC B - A A5 TR S R I LA o8
i, S PrpB. PrpC. PrpD & 1 i 76 4 &% 5 2 il
W g FE R B AT R R . ARSI BEEE PrpB.
PrpC.PrpD & H WX G, A H A% 3% 38 B R Pkl
R o B A Ak it B & B, i — 2 BF 5 PrpB.

PrpC.PrpD & I 7E N AR h i D REBE 2 T 3

T3 25 0 4E BL, o 257 AR A B R A b gk
o 5 G5 11 5 -5 A BIF 9 7 R 2 DA A2 R 0 S A
FEM R AT R . A Bt DTSR T
ELT Ko 10 A A5 B EE HEAT A7 A R S B i R
A SR A5 A ) TR, AU R AU {E B2
J7 I PrpB.PrpC 1 PrpD & 4 2 3L 12 2H 14 9 M
298,375,494 A, 4% F B4 43 W 32. 14 X 10° .41, 69
X10%.54. 88 X 10", 45 Hi #1437 24 5. 33.6. 03.6. 15,
3FEE N SRR 1, TEAR T IR IS B2 . o BR
FE AN TG A 25 il 2 PrpB.PrpC F1 PrpD & H 2454
M) SR (R oTlE . H4H PrpB.PrpC Ml PrpD 25 [ 1Y
FIR Rtk B A Y5 B2 o B v B 3 AR 45 4
I BE Y 5 R 2 A 5 278 S0, [a) i Ay 4 2 {1 B i o 9
s 1) B 9 B EL T 24 1 1 17 oy SR AR T O 2 (W i o R
5% 0 B A AR
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