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HRSEE Cbl EERRZRIER AL

KiFzn, L B, F R, EEME R M, ERIE

G K2F A fnBlef 5 25248, 16 10 570228)

W E. 4RSS HNER (deromonas veronii) 5 | H AN B M EL UM B 0 28 258V A & S . CbI(ZE CysB 2
F) & 40 s A Y BB N T2 — . AP pET-28a 2y Cbl By JRAZ Fak #4k, LA K IAFF 1 BL21
(DE3) 15 F 1, 8 A IPTG(Isopropyl-beta-D-thiogalactoside, 57 7 3&—p-D—Hif CEFUBHH ) i 5255, H SDS-
PAGE ¥ Hi Pk 48IF 25 14 25717, A BOSTER ) BCA & 14k B I s 1057 & I i Cbl 2 vk, S HREBOEE
MR R4 E. S5 REW, % SRR 8 h, IPTG &R H 0.1 mmol- L7, % TR H 15 °C, BRIEVEIE
24 100 mmol-L™" i, Cbl 25 57 5 ¢ 4 REIA B 601.405 mg L', I i 2 JR 2L S0 00 20K .

KRR Cbl; UM JFR A, A sifk

PESES: R2842 ERARSAD: A

SIAME: O, D7, 22, 45, IR MR Cbl & A9 A% 3k K glifh (1], $ilr A 24, 2021, 12(3):
333-339. DOI: 10.15886/j.cnki.rdswxb.2021.03.009

A [P (Aeromonas veronii) & —Frsf % FC et R AU, SR8 TR, M Em,
AR, X4 K A o3 i B AT DA R SRR S ) (G5 7K A= 2l W) A IS | 43 1 JER G A i
MAER Y, EHEGRER . MR AexU, HATRILIE BveS. Z 2 MR E MM . SMEE A FHEE
S22 I PR, BRER K SRR IE R R BRI A%, JT R 2 4 il miUgl e 7o il FR5E 1Y
M £ R o R YL A [CA R 5, S R mRAET 00 DRI, A QA M TR 5 | A £ S A B P e 2 1 24
K7 FRAH e Jre i H B R 2R, T e A DG A B AT Pt Mo 4 [ SR M TR i Bl A B . 26
CysB #H 1 Cbl(CysB like protein) J& LysR &S HFER 1o 1995 4, BIRFE R EP LT cbl
FW, B cps WEE TR T CysB S HFAEE AR, 5 CysB B AT 40% M2 HEM2 741 [a] PR 11
TERRARSES T, Col 1E R 4 R AR ER AT AL B4, TR ARSI tau F1 ssu J3 35, #6124 Ri R F s
7 T AR P (4 328 B IS T 7 ) tauA BCD 11 ssuEADCB 5553, M T Re s 4 B R PN A B R £ K S 190,
Cbl ZIEE S CysB i FE[A]—, HAX Col Mo/, (A% T CysB A BYTIEE, AT LAERT Col £ETERTE
TEREIIFEM . 25 40 TR A N AU D SO L <5 S 2 D) e 10, DRI, AS IR AR ISR I R i P XT 42,
Xf Cbl £ AT B alifl, B et — L 4R7n Cbl 45 H R REFIHLAH S5 E BEfl

1 MR5ERE

1.1 #® Z4ERSPIEE (deromonas veronii) C4 AR . KA BL21(DE3) UL A pET-28a Jitki A K
FAFER DHSo ¥ R 58 PR A7 R Rk

vy oo

1.2 FERF 5SS Bacteria DNA Extraction Kit, FastPure Gel DNA Extraction Mini Kit, FastPure
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Plasmid Mini Kit, 2 x Phanta Max Master Mix DA & 2 x Rapid Taq Master Mix JIlJ H Vazyme 2 ) ; FR il 14
NI (EcoRI-HF #1 HindIII-HF ) & Fast T4 DNA Ligase /Buffers JIJ | NEB /A #]; A% & (Kan, /KIR,
il 47 1 S0 M B o 50 gL', TAE W N 50 mg-L™', —20 C AR AE) . 5N HE—4-D miAF 7Lt
(IPTG, K&, S A7 W% R 0.1 mol-L', TAEMREE A 0.1 mmol-L', =20 °C A7) . T # Bt e 1R A T
(29 : 1, A B1LEL) | Tris. & DU L B2 (EDTA) . + S SEmi iR 40 (SDS) . sl BiiiaE (APS) | DU 3L 2 — iz
(TEMED) ) ¢ LB 35555 (w=1%NaCl, w=1% & H PR w=0.5% EEEHHEH)) I [ Solarbio /A ],
Eppendorf Centrifuge 5418 =% 5 3 2.0 AL (Eppendorf H1E 45 FR/A ] ) | Life ECO-PCR FE R #44%
(BUIH 1 H BHE A R 7)) | Bio-Rad MicroPulser HL 27 LAY (3¢ [F Bio-Rad A H] ) . HZQ-F100 #& % 15 F 44
(M RIETT R AN A PR H]) . SYNERGY-H1 Z I fEf#FRIY (36 [ BioTek 23 #)) . PowerPac™H ik
X (F& [ Bio-rad 24 F]) LA K Typhoon FLA 9500 ZHJREEY) /0 F MUSAX (AT AE S Pl 28 A FR A o
1.3 cbl EFERFEMIE it bl FEREY G H(F 1), i Bacteria DNA Extraction Kit $2HU 4 [
SPAMIBE C4 & DNA, DIZERS AR C4 JEK 2 DNA AR, FIH cbl-F Fl cbl-R XF cbl 3 A BLilt4T
PCR 434, H 5 Bt K/INA 948 bp, PCR KWK Z A 2 x Phanta Max Master Mix 25 pL, ¢hl-F(10 pmol-L™)
1 uL, cbI-R(10 pmol-L ™)1 pL, FEKZH DNA 1 uL, ddH,0 22 uL, JZ i SAARFUA 50 pL, KW FERF: 94 °C i
A5 10 min, 94 °C 78 30's, 55 °C 3Bk 30's, 72 °C ZE{# 1 min, 3t 30 MEFR, 72 C J5 ZE{#H 10 min, PCR
SEE AT BB BRI (w=0.5% ) FL 7Kk 2 %2, FFH FastPure Gel DNA Extraction Mini Kit Zfifk [Bl it 4 3% i)
DNA F Bz,

®1 54955
Tab. 1 Primer sequence
514 Primers AR 751 (5'—3") Nucleotide sequence (5'—3") & /bp Length
cbl-F CCGGAATTCGTGAATTTTCAGCAGTTACG 29
chbl-R CCCAAGCTTTCAAATCTGGAAGTCGAG 27

1.4 FHEEBRFRIEHAEHME I ] FastPure Plasmid Mini Kit #2# pET-28a ik, ] EcoRI-HF il
Hind I-HF %} 4 1k [7] 4 i DNA H B Fll pET-28a Ji ki i 47 XU ) , i 11 7 9 8 F FastPure Gel DNA
Extraction Mini Kit Zif [N 4% — & el (Bokr 7 Ber9EE /R LA 1 2 5) {8 Fast T4 DNA Ligase i1 7%
T, G Y obl FEPE A pET-28a 244414 EcoRI(GAATTC) ~ Hind [l (AAGCTT) {3/ f52 ] . ¥ i
=yl ad B 7 A KIAAT BL21(DE3) Bz 84l rh, Rt & RIBE R LB Ak, i b7
Jer PR AL, BHM: R Tk AR T A TR () e AT BRAS RTIF o

15 Col EEMIBESERIE ¥ &4 pET-28a-Cbl F 4 444K 19 K I #F 1 BL21(DE3) W AR 70 2 &5 4
50 mg L' RARE R A LB WIS FR 5 b, 78 37 C #IKHG 5 2 ODgy 7E 0.4 ~ 0.6 Z[H], il A IPTG 2
W R 100 pmol- L', 7€ 150 rmin”', 15 C 54N, R IFE R HRKIE 12 he RIFKRIRRHE L (4 C,
4 000 r-min") 10 min, F§ 10 mL F¥ Tris-HCI(50 mmol-L ™" Tris, 350 mmol-L™' NaCl) ZZ ik B H ik, W
RN R B BB A ISR 5 s, TRIBRISTE] 7 s, SAFTE] 25 min, JaBE 25 ~ 28 °C, T3 35%,, K b8 P il i o
) B A S B R ) B AV VR S 0 (4 °C, 12 000 r-min ') 10 ~ 15 min, 73 B AS B UTIE M F ik . $ERTBUH
FE, I 20 mL Tris-HC 28 MRS U8 2 ~ 3 3 5 JCPHERAT IR 1T, B i 3l i AR AErPOf s 0, B Tk b
150 r'min' B8 1 he FTHFEAEIR], FOSMEE L3, H 50 mmol- L™ BRIEVER A2 E H, 100 mmol-L ™" BRI
ek B Col F 1, 500 mmol-L™" BKMA s AR AT o 5 J5 #E4T SDS 2R T4 475 19 i %€ ik H1 7k (SDS-PAGE)
3T

1.6 Cbl |BEA 5 FAER/INMIBENEE, A A 1 mmol- L' EDTA-2Na ] w=2% NaHCO; % !
A 10 min, 225 F/KIEVEG A 1 mmol- L™ EDTA-2Na % ¥ HH F- R 10 min, PR 2588 /K IH Uk AT
R OBESFIRE A IMA B RS, HEH 0=30% HMY Tris-HCL/E N BN T 4 °C #4757,
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6 h i 1 PGB M, LiBHT 12 he BUH BHTAS B M 459 8 H, SDS-PAGE W55 H i 45717, Ff BOSTER
fY) BCA 7 A vk FE I 159 &+ Cbl BB A B iR

2 HRS5S

2.1 pET-28a-Cbl EZH# A% fii /] Bacteria DNA Extraction Kit & 4 [C < L0 E C4 LKA
DNA, Ji 4 RS AR A L5 112 T PCR BAiE, 48 FCAS M BT C4 BRI A R BHPEXT IR . AAE] 1-A
AT, BEBUR A [C ML C4 FEHZH DNA Z5407 B — 35 M Jo 2%y, /N5 BHM BEAH H—3L, 2924 200 bp,
AR . 15 2 e R UK 4E (G B C4 FEKZH DNA W JE R 672.76 pg L™, Al I T J4E
SEES

PR 5 B4 IS B R ebl FLRY 14 H BOFN pET-28a Bk XU ) A B¢ ] Fast T4 DNA Ligase [iff
i, B ALTE R A KA B BL21(DE3) &2 St It ik /i T8 50 mg L' RIBEFE A LB AR
PEAFOR B RE 35, XH P b K H B BATE Y ( F pET-28a A5 14 1E 47 PCR BAiE. MIE 1-B ] %0, PREAYBH

A M 1 2 B M 1 2 3
5000 5000
3000 3000
2000 2 000
1 500 1500
1 000 1000
750 750
500 500
250 250
100 100

C Identity=67.01%

! [ |
150 160 T 0 190 200 210 220 230 240 250 260 270 280 290

Identity=67.01%

990...1.000.,1.010. 10,20

TIe856

&l 1 #4% pET-28a-Cbl T4 Zk ik
A HERSBA NI C4 B2F 2H DNA B54iF (M: DL5000 DNA Marker ; 1: { JF 45 A3 M0 B C4 B631F 51 1 36 1F 58 5 41
DNA; 2: DAZE A BN C4 RBRE B AR 1 B 5 BR) 5 B. pET-28a-Cbl 8 2H #5844 36:3IF (M: DL5000 DNA Marker ; 1: fifi
FH pET-28a 8445 ¥ 51E pET-28a-Cbl (A4 34 i BL; 2: LAZS 4K pET-28a Tk AR i BHPEXT IR 5 3: LL ddH,O A AR 11 B
PEXFRR) 5 C. 3/ DNAMAN 81 ot

Fig. 1 Construction of pET-28a-Cbl recombinant vector

A. Aeromonas veronii C4 genomic DNA verification (M: DL5000 DNA Marker; 1: Use Aeromonas veronii C4 verified
primers to verify the genomic DNA; 2: Positive control with the fragmentized bacteria of Aderomonas veronii C4 as template); B.
pET-28a-Cbl recombinant vector verification (M: DL5000 DNA Marker; 1: Use pET-28a vector primers to verify the amplified
fragment of pET-28a-Cbl; 2: Positive control with pET-28a empty vector as template; 3: Negative control with ddH,O as
template); C. DNAMAN software sequence alignment.
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PEBERE T 25 A0 T 1000 ~ 1 500 bp Z[H], 4545 BR—IF M Jo A4y, H 5 A5 #1) pET-28a JBURL/E A5
A 1) BH P4 % A B AH 22 24 948 bp, A5G BE TR, 108 BH BHPE v B 7 B2 1K cbl BEH - BE%E A pET-28a
LSRN

BRI E PR BRI A T AR TR () (i A3 BRA RIINT o 525 5 F DNAMAN #4743
Br, G554 1-C PR, FHME SR 1791 S5 4E QMR C4 SERZE T obl JP 4 —3. #F— 200Uk T h
oy R B 41 3238 iUk pET-28a-Cbl,
22 Cbl EEMIBESRIL K& AHELH pET-28a-Cbl ZAR N R IHATH BL21(DE3) T 37 C 5535 % ODgy
9 0.4~0.6 5, A IPTG F 37 °C 5S35k 2. 4. 6 h, IR IPTG i S pET-28a-Cbl LA X AN A IPTG
()25 4 pET-28a 1 M5t IR, X5 B UL S 7EFT SDS-PAGE B L 1K 3T Cbl 25 FATE L T FITTE h iy 263k
THiok. M 2 AT 0L, T 37 C 4440, 4 IPTG 575, pET-28a-Cbl 7E 35.35 kDa e f7 A 1 4501 e
PRI 14507, T HLAH v BE IR S R T R ZH, Ho 2. 4, 6 h 3X 3 /Nt [a) 5 (R 25 1175 5 e B R ] 38 4
AR, HZ Cbl F A Z5H AT, 2 IR B Y —mike, SECEIRIARIE L, B, Cbl & R ZAEDTTE
Tk, fE LWEH RADREL . O T ISR, A FE T A IPTG )5, 15 C RS S RE5, U
Tris-HC /2 5% PR R 75 il 6 200 M, A 3810 105 2 1 R Al . (T FHOAS TR o B g Rk (50, 100,
150, 200. 300, 400, 500 mmol-L ") FFATAS FEGEME, X5 B AHE S 1T SDS-PAGE EMCHLUK AT . 43Hr4h
J(E 3) R W 2 RIRTE 35, Col 2 F7E_LiE rh Ik WL R0, B4 B 5 K/ 35.35 kDa, i A
His #3451 Cbl £ I SEAELE &, I 5 HLEA [ B2 bRk pe A5 21 /) & 11, L, 100 mmol- L' Rk
VR RERE SR 2 B 8 PRI Tk, Ui 8 450 B — IR R A, REFH T T — 203

M 1 2 3 4 5 6 7 8
97.4 M 1 2 3 4 5 6 7 8 9
66.2 665
43.0 43.0
31.0 31.0
22.0

14.4

& 2
M: 4> T Jfi 2 & 1 Marker(14.4 ~ 97.4 KDa); 1: i55

REIZMET Cbl & M p ik E e

JA SR 2 h ULYE; 2: VS HR)G 2 h 19 B35 3: VB Jm 1

F¢ 4 h Y TIVE; 4: B HIE 4 h i B3 5. 5 R R

6 h (WULIE; 6: 55775 6 h 1Y 3%, 7: 454 pET-28a 1'%

JEHFE 2 h BITLTE; 8: AN IPTG 535557 2 h (VE.

Fig. 2 Expression profile of Cbl protein under different
conditions

M: Protein Marker (14.4kD-97.4 kDa); 1: The precipitation
of the induced sample cultured for 2 h; 2: The supernatant of
the sample cultured for induction for 2 h; 3: The precipitation
of the sample cultured for induction for 4 h; 4: The supernatant
of the sample cultured for induction for 4 h; 5: The
precipitation of the sample cultured for induction for 6 h;
6: The supernatant of the sample cultured for induction for 6 h;
7: The precipitation of the sample containing pET-28a empty
vector cultured for induction for 2 h; 8: The precipitation of the
sample cultured for induction for 2 h without IPTG

K3 Col &AL EE

M: fik53F it 2 1 Marker(14.4 ~ 97.4 kDa); 1: # 75 f%
PRI 1 135 2: BRI B 5 13 A B 1 3: 50 mM DRIV
5 4: 100 mmol- L™ KM 6 B 25 15 5: 150 mmol-L™' BE#E
VRN 15 6: 200 mmol L™ BRI I 26 115 7: 300 mmol-L!
KRB 2 115 8: 400 mmol-L-' BRI 15 9: 500 mmol -L !
USLRT IR S S

Fig. 3  Purification map of Cbl protein

M: Protein Marker (14.4-97.4 kDa); 1: Supernatant after
ultrasonic crushing; 2: Over-column proteins after Ni column
incubation; 3: Protein eluted with 50 mmol-L™' imidazole;
4: Protein eluted with 100 mmol-L™" imidazole; 5: Protein
eluted with 150 mmol-L™' imidazole; 6: Protein eluted with 200
mmol-L™"' imidazole; 7: Protein eluted with 300 mmol-L™
imidazole; 8: Protein eluted with 400 mmol-L™"' imidazole;
9: Protein eluted with 500 mmol-L™" imidazole.

2.3 Cbl EELWL [ 0=30% H il Tris-HCl 25 iR AE BB, 4 °C IE BT Col HEHA 0%
BRbkme . B B 8T 2 H, I BOSTER (1) BCA 25 F e B I a2 38075 & il VE A ol £, 42 Cbl 25 ODsg,
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{1, 35 TR b o 265 Cbl 85 1OV . 7 [, 2500 V=1 1223774
BTN 4 BT, AR R 2 119 ODs, 22000 | R=09676 s

~

AR RN TR (pg L, AR 2k R =
0.9676, KARMEM L AT FE &, BHITAEA
ODs¢,=0.555, 4l 3 y=1 112x-237.74, fC A5

1500 +

HHFORE
w2
g 8

Protein concentration/

45 Cbl S FIBUIRE T 601.405 mg'L s 00 05 10 15 20 35
. . =500 * 0Dy,
3 if B
K4 EAuEAREZ
il AE TR [ [ R 2 5% 52 5 v BOVE A H 25155, Fig. 4 Standard curve of protein concentration

VI 1 N AR Wk [ 1N AT E R s ANV ST N Ve

KRB Z S, SR, F AN BB B B & A i 20K FH R R I BB R, iAok, 4%
A PR TR AR AR & R R B 2 . A SRR, 2 FC /AR B T SR iR /K A 1S 1) A sh 420 Fnd 3L
SR, R RS SO T 2B, R e A A, AT T T e A 4 E AR TR
A2 TRT I JB% S, ANl v e i 28 36 RN 288 PR 2RI 7 i, DTG 38500 15 1, (EUE: A QA B SO AL
82 5%, HEEURALEE RSB, 1677 4E IO B 5 | B A R B A 2 02,

Cbl N BRIR ER K- R %, ZEB AR hE i A EHEAMEH . e KBRS, 125 1B % 1 ssi
RS ssuEADCB 1 taudBCD 90T, 73 i da i A HLBR AL A4 . g 0 s e 0 24 Tk PR R I R 2 1),
AR AAS B R PRSI B Rk 1) A AR TR R ALY, tau A ssu B FIBANAE TCTCH LR FRER I 1% 50 T 75
T, HFEH SR A1 Col AEAE) . RS CysB m BRI, (B 5 CysB AR Cbl ANFR 2275 AL
AE M B bR sh s i s, HIIRESZ 2IREER Rk 2 v A SR — > P AR IR AT S—BERRBRIRAR (APS) A
PEFERA, BRI, bl A SRR RS T RAAT IR R B IR 12 UK > B IR Eh > R £h >, AR S 6%
AT 9T B, Cbl 548 [RER LR HyS (-G BUR AN ] 43, TAEA R 1, HoS 25 1 40 18 X 1 P 41
(ROS Fidik i SR AAIG BT, PRI, Cbl %4k FG A B B i A AL TR A2t e 2 T B

AW MIIFEE T Cbl 2 RIS IE A cbl 1 J5A% R IB 2K pET-28a-Cbl, IRl Cbl 5 CysB &1
ERENE, 2% CysB R 2R & F, 3R T Col B A S 28 AL i03E B 4 . ABFSE 21,
Cbl FE (H7E 37 C B, EEAEAN S 5 DTTE 23k, 5 ALk, BT AT Cbl 8 1 1 TIRIR 5 5, b
RARTIE R, T, 151 Cbl & 75038 AR 15 TR 8 h, IPTG Z9% %4 0.1 mmol L™, i %
MREESH 15 °C. Cbl FE LR Ni #E2l4b 5 E250 4 T 100 mmol- L BRI PR H, 4k 15211 Cbl &
FIARH T BT B —, B AT AR MR A, R S LD e 5 S g 2K .

ARMWFFENT Col 4T T A iR 2R i A 3 A I B 1 Rk b, e Je 15 B BARY Col A, N T —2
HEAT Cbl 25 DI RE R H A FHLTIIF G 295 T 3R, o A 4 I A B SR AT A2 B M A o SR 41L 17 81
WA

SRk
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Prokaryotic Expression and Purification of Cbl

Protein from Aeromonas veronii

ZHANG Yidong, MA Xiang, LIHong, TANG Honggian, LIU Zhu, TANG Yanqiong
(College of Life Science and Pharmacy, Hainan University, Haikou, Hainan 570228, China)

Abstract: Bacterial diseases caused by Aeromonas veronii have threatened the development of fish production.
And Cbl (CysB like protein) is one of the important regulatory factors of bacterial sulfur metabolism.
Escherichia coli BL21 (DE3) was selected as the prokaryotic expression vector for Cbl, and culturedadded with
IPTG (Isopropyl-beta-D-thiogalactoside) for culture to induce the expression of Cb1. The protein samples were
run on SDS-PAGE gel electrophoresis to verify the protein bands of Cb1, and then the concentration of Cbl was
determined with Boster’s BCA protein assay kit. The results showed that Cbl was successfully purified, and
that the concentration of Cbl was up to 601.405 mg'L™', which meets the requirements for subsequent
experiments, when the induction time was 8h, the final IPTG concentration was 0.1 mmol-L™, the induction

temperature was 15 °C and the Imidazole concentration in the elution buffer was 100 mmol-L™".
Keywords: Cbl; vector construction; prokaryotic expression; protein purification
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