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19824, LepplaZFiiE 5L | EF2—Fh K45 8 2 1134
T BRI R IME S . EFTEPARIAN S T #EA4H
MIRT, MEALH P ATPH AL A IR TR (cAMP), $h
TLARL (S S5 SR, 7 & ALK i K
BCEARIEF 7671 Z 3L R4, /3 F 1 ~89 kDa.
FEALHE 1-29017 1Y & FE R 2H 1 19 N i Ty i 3k
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R pGEX-6p-1 FIEFRE. coli DHSa A AR SL 5
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DNA polymerasellJ [ b5t 44 A w5 AxyPrep
Plasmid Miniprep KitFlAxyPrep DNA#E I [A] i
& A & B WU BARA RA A . A H Ak
SE FIB IR Glutathione Agarose Resinl H Thermo
Fisher Scientific/A F]; PreScission proteaselld) H GE
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1 5149 A R-cya: CAGCTCGAGTTATTT
TTCATCAATAATTTTTTGG ( F X4k Xho 1H)E]
i) PCRIEZMAKRZR M : SxPCRZE MRS pL,
1Y (N 10 mmol/L)41 pL, #itil pL,
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Figure 1. Construction of expression vector (A) and SDS-PAGE analysis of EF expression and purification (B).
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2.0, 4.0, 8.0, 16.0 png/mL )5 —E M MLITx
(PAFILFHEEES3 5 41.0 pg/mLA10.5 pg/mL)IEAS ,
I B3R TRAW 264,740 i (996 FL 15 37
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ARSEET R4 b, K AR AR XS T S T A
LEXEFBIHIVER, ARBFFORAS R BILF (43
WML, 2. 4. 8. 16. 32 pg/mL) 5 [#E Wk EEEITx
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K2 him, FIFHcAMP Parameter Assay KitZ3 740
ML I cAMPY B, ELIARERVES: W™= i R 3

2 GRAAA

2.1 EFRERIRS5—$3aik

AR GST 28 S FEFRY NG, HHE T
GST-EFHY il & R B HUR(EI1-A) . FIHIRNA 2455
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BT A e, A FHSDS-PAGE A&l | i (lane 2)
FITE (lane 3), Z55-R W, GST-EFRAHLF, H
FEAAE T EiEH(E1-B, lane 4), dE 110 F] FH 40 i
BTN IR Z A E £B, TritonX-100 )%
EDTAX 1535 (U4 i AT ab 8, LIpI2 4 H
WM. WEIL-BIIR, #EEEE 0 L&A
K GST-EF (lane 5), FREZ Xl EEEH
AP 8% 5 T P R Y . B, AR
I T2 VAR AL 35 2 A% G 75 R R, it
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{LEF, GST-EFf:tEihsh & 205 s L, FIH
PreScission & AN VI EIFLBRGST, BIATicsR
TR IEF . Z:SDS-PAGEREM S HA 3T K/
F89kDa, SHEsFi—3. FFmylmageAnalysis
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P EEFHEE }0.6 mg/mL, H5E4aifbig Ry
A2.4 mg,
2.2 EFEYEHYEE

PAZ furinS 8 LS J5 TR L Z R IR, EF5}
LFi i N i DI RE s 2 2 BIK, &R
Bk, BEARBARKN T, 7EHE Native-
PAGE (nondenaturing polyacryl-amide gel ) I Bk
i, B BRI %, Hik, Native-PAGE
MR IEF SPALS & 1 H TS ARBEsE
) P A 5 Mk i Native-PAGE (4%—20%)Ka 1l T
EF5PAMZEARET), WIE2P7R, EFS5PAIRARE
B IE B — A E B ARG . 20 F i B R Y LUk 2%
W, MR EF S A, RIIAWE T it i
EFRENS SPALE S IE UK I R E A4k,

EF 5PAJE U7k i3 R (EdTx)/EH] T CHO-
K140/, BEE4NuNcAMPIYHREE, KL AW

1 2

«— Complex

2. FIF4%-20%H6 IR 3L 14 B2 A A B AR R A R Uk
(Native-PAGE) S tTEFSPATZ R E & 18

Figure 2. EdTx complex formed by incubating EF with
furin-nicked PA was detected by Native-PAGE
(4%-20%). lane 1: EF; lane 2: EF with furin-nicked PA.
The complex with a very low mobility band was
marked by an arrow.
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5% 38 35t K6 28 A [] v BE EF A 38U 19 CHO-K 1 41 ity
WcAMPIKJE, Ko EHEFREYE, WIE3RT
7N, TEPAWKEE J1.0 pg/mLif, B2 EFH L )14
hn, CHOZHMIN B cAMPYR & Bl #i . EFMRIE
A0 pg/mLEf, cAMPHE 423 pmol/mg, 14
EFWFEIAE]1.0 pg/mL, cAMPYE 2511200
pmol/mg, FMIAMFFT4lfb I BFHEA B4 1 IR

R A 1
EF 9 1-29 04 11 2 3 fR 44 5% 1) N ity ) BE 5k
(EFn) 1 5% 5 furin 4 16 5 AIPALE &, H291-8001
1500 1

1000 A

¢ (cAMP)/
(pmol/mg CHO protein)

500

Q Q-Q\ S NN ®©
¢ (EF)/(ng/mL)

3. cAMP##

Figure 3. cAMP assay. The concentration of
intracellular cAMP from CHO-K1 cells that treated with
various amount of EF (ranging from 0 to 1000 ng/mL)
in the presence of fixed amount of PA (1.0 pg/mL) was
determined using cAMP Parameter Assay Kit. The

results are represented as the mean+SEM of at least
three assays.
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Figure 4. Assay of competitive inhibition between LF and EF. A: EF inhibits LF in a dose-dependent manner. B: LF

inhibits EF in a dose-dependent manner. Untreated cells (UC) were used as control, and the results are represented as
the mean+SEM of at least three assays.
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H1800 ™2 ZEMRAN L, HH NI 1-33 06 9 R 5 )ik
FAVH AT 200, EFgmiSEEFATS & &k
71%", S E AT & kA TR 5 A KL E.
colifi A %MW1, W4IeIATA, AF|Fixik
R s Rk . AT — DR FHTE LM A %S+
AT T H.RaCC (http://nihserver.mbi.ucla.edu/RACC/)
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H58 T EFnt LR B0 A R, 4R R
THBZE. colifi i BT, A4Egidlle )
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T T RER I b O IR B A AT R B 2R R AT . 154N
W, A ZE FEE, EFSCE T Al sk
ik, AHARAE T 50k RS E IR
f( GSTWE M EA R AR B HAGIRZ, ML
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PR A BB A" KT, ARSI FHGST
YE RS RIxPR% . AT HIGST-EF5GST Bind
Resin%54 J5, 4 PreScissionsi H i 5 Y] #]
RIRTSCIREF 5 GSTHY 43 5 . B | AR YT EIRE A A
B A GSTHRZ:, YIE| B A5 8 A 19 R B 25 1%
GST-Bind Resinffi#k""c Ht, @3 veil s E
] 1524 GST M PreScission protease FJEF

1o R B P AR S 4 B SEALE. colidE2H 3R
FIR RIS o 87 U8 % e R 2 SRR S H i Y
ik, BAFEE 28 G, MESCRINT,
ANGE A RHUB R A0 I, S5 R A SRR
7, HIRAEIRET SR 7 R, 2R RO
KR HPRE A Z MY EY R ST, BIEIR K
B ZWEAE, BT R B TR PR RS B RN B A 1) B 2%
M, AHTFEEARL; e, PR
AR R KB WG, RF T8 A R
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b, Z5RFEH, X T EAXT, 0.01 ng/mLAY
EFAEHS 240 N cAMPYR FE £ 5601, P45 EF ik
JEXEIN, cAMPYR B #i R o X LS5 7k
B, AWF5T 4l 0 T 4L EF BLAT B (0 LR W T 1k
FE] PN A1 O A 1 2 I /K i R i) 4 O vk 340
KBNZHLHNE, AT JEMZNT . Bk
JEHT . BT EBAYERE A OUE N T SR
A, BEAR T 4ifbsoR, B mMEF Y AEYNE
PEo ARWF5E B FIHGS TR ik R4 5 R )2
M, #ESE T —2 Pl alifb B AR Y 0 e
KPR I3, A AR oY TAESR AL T

WPk

2 % UM

[1] Liu SH, Moayeri M, Leppla SH. Anthrax lethal and edema
toxins in anthrax pathogenesis. Trends in Microbiology, 2014,
22(6): 317-325.

[2] Young JAT, Collier RJ. Anthrax toxin: receptor binding,
internalization, pore formation, and translocation. Annual
Review of Biochemistry, 2007, 76(1): 243-265.

[3] Klimpel KR, Molloy SS, Thomas G, Leppla SH. Anthrax toxin
protective antigen is activated by a cell surface protease with
the sequence specificity and catalytic properties of furin.
Proceedings of the National Academy of Sciences of the United
States of America, 1992, 89(21): 10277-10281.

[4] Mahtab Moayeri, Stephen H. Leppla, Catherine Vrentas,



ZEPRIRSE | UZEZEAR, 2016, 56(7)

1147

[5]

[6]

(71

[8]

[9]

[10]

[11]

[12]

Andrei P. Pomerantsev, Shihui Liu . Anthrax pathogenesis.
Annual Review Microbiology, 69: 185-208.

Leppla SH. Anthrax toxin edema factor: a bacterial adenylate
cyclase that increases cyclic AMP concentrations of eukaryotic
cells. Proceedings of the National Academy of Sciences of the
United States of America, 1982, 79(10): 3162-3166.

Shen YQ, Zhukovskaya NL, Guo Q, Florian J, Tang WI.
Calcium-independent calmodulin binding and two-metal-ion
catalytic mechanism of anthrax edema factor. The EMBO
Journal, 2005, 24(5): 929-941.

Arora N, Leppla SH. Residues 1-254 of anthrax toxin lethal
factor are sufficient to cause cellular uptake of fused
polypeptides. The Journal of Biological Chemistry, 1993,
268(5): 3334-3341.

Leuber M, Kronhardt A, Tonello F, Dal Molin F, Benz R.
Binding of N-terminal fragments of anthrax edema factor (EFy)
and lethal factor (LFy) to the protective antigen pore.
Biochimica et Biophysica Acta (BBA), 2008, 1778(6):
1436-1443.

Guo Q, Xu JJ, Dong DY, Fu L, Chen W. Expression and
characterization of the recombination anthrax lethal factor. Acta
Microbiologica Sinica, 44(6): 749-751. (in Chinese)

SROR, TR, #OR 5, A8, PR, EAIE U T 1Rk
FAEMEYE AT, BRI, 2004, 44(6): 749-751.

Rosano GL, Ceccarelli EA. Recombinant protein expression in
Escherichia coli: advances and challenges. Frontiers in
Microbiology, 2014, 5: 172.

Cao S, Liu ZD, Guo AZ, Li Y, Zhang CX, Wu GB, Feng CF,
Tan YD, Chen HC. Efficient production and characterization of
Bacillus anthracis lethal factor and a novel inactive mutant
rLFm-Y236F. Protein Expression and Purification, 2008,
59(1): 25-30.

Wu GB, Feng CF, Hong YZ, Guo AZ, Cao S, Dong JL, Lin L,
Liu ZD. Soluble expression and purification of the anthrax
protective antigen in E. coli and identification of a novel
dominant-negative mutant N435C. Applied Microbiology and
Biotechnology, 2010, 87(2): 609-616.

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

Wu GB, Hong YZ, Guo AZ, Feng CF, Cao S, Zhang CC, Shi
RP, Tan YD, Liu ZD. A chimeric protein that functions as both
an anthrax dual-target antitoxin and a trivalent vaccine.
Antimicrobial Agents and Chemotherapy, 2010, 54(11):
4750-4757.

Cunningham K, Lacy DB, Mogridge J, Collier RJ. Mapping the
lethal factor and edema factor binding sites on oligomeric
anthrax protective antigen. Proceedings of the National
Academy of Sciences of the United States of America, 2002,
99(10): 7049-7053.

Mogridge J, Mourez M, Collier RJ. Involvement of domain 3 in
oligomerization by the protective antigen moiety of anthrax
toxin. Journal of Bacteriology, 2001, 183(6): 2111-2116.

Dian C, Eshaghi S, Urbig T, McSweeney S, Heijbel A, Salbert
G, Birse D. Strategies for the purification and on-column
cleavage of glutathione-S-transferase fusion target proteins.
Journal of Chromatography B, 2002, 769(1): 133-144.

Zhou S, Wang FS. Cell permeabilization and its application.
Chemistry of Life, 2008, 28(4): 481-484. (in Chinese)

JEL I, R 20 LR A AR B R . A= fiv k2, 2008,
28(4): 481-484.

Teuber M, Bader J. Action of polymyxin B on bacterial
membranes. Archives of Microbiology, 1976, 109(1/2): 51-58.
Vaara M. Agents that increase the permeability of the outer
membrane. Microbiological Reviews, 1992, 56(3): 395-411.
Cooksey BA, Sampey GC, Pierre JL, Zhang XZ, Karwoski JD,
Choi GH, Laird MW. Production of biologically active Bacillus
anthracis edema factor in Escherichia coli. Biotechnology
Progress, 2004, 20(6): 1651-1659.

Gupta M, Alam S, Bhatnagar R. Kinetic characterization and
ligand binding studies of His351 mutants of Bacillus anthracis
adenylate cyclase. Archives of Biochemistry and Biophysics,
2006, 446(1): 28-34.

Kumar P, Ahuja N, Bhatnagar R. Purification of anthrax edema
factor from Escherichia coli and identification of residues
required for binding to anthrax protective antigen. Infection and

Immunity, 2001, 69(10): 6532-6536.

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



1148 Chanjuan Li et al. | Acta Microbiologica Sinica, 2016, 56(7)

Efficient expression of anthrax edema factor in Escherichia coli
and its single-step purification

Chanjuan Li*®, Xiangnan Zhang’, Shaowei Zhang’, Gaobing Wu'~
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University, Wuhan 430070, Hubei Province, China

* Wuhan Institute of Design and Sciences, Wuhan 430205, Hubei Province, China
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Abstract: [Objective] To develop a new method for efficient expression and rapid preparation of biologically active
anthrax edema factor (EF). [Methods] EF was fused with GST and expressed in the host £. coli BL21-CodonPlus
(DE3)-RIL by IPTG induction. The crud protein was extracted by permeabilization, and then EF was purified by one-
step affinity chromatography. cAMP assay, Native-PAGE and competitive inhibition analysis were carried out to
evaluate EF’s biological activity. [Results] EF was expressed in soluble form and then purified to 96% purity by
single-step. The recombinant EF was able to bind furin-nicked protective antigen (PA) to form edema toxin, which
could elevate the intracellular cAMP level of CHO-K1 cells dramatically. [Conclusion] This work provides a time-
saving method for purification of EF with high purity and good biological activity, which might be valuable for

anthrax-related study.
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