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CodonPlus (DE3)-RIL J& £ %15 A4k 1r), kil
Arg. lle. Leu 3 DA #1511 (RNA, HT3&&
alift, PA. LF &[N, Iy {35 [E Stratagene 2~ w]; T7
W R R (Novagen 22 wl); /M ELRR A0 R RAW264.7
(ATCC Number: TIB-71™), FINA 10% 4= 4 I
T 1) DMEM $5 7% 05 7% CBr A4 A L ) 1 BTN DY 2
HHMAE, DMEM 57730 B i3OI B H
ARA M/ T): Ni-NTA His*Bind Resins 1 T-4li4k
HEWH LF 2 A, M H Novagen 23 Al ;PR I
DNA KA. T4 EF:04 H TaKaRa A7 ; DNA
iR 5 & . Bradford 357 & B _LisEE TAEY)
FR AT,
1.2 LF FRiXFhiiaE

FH PCR ¥ M5tk pGEX-6p-lef L3 Hi LF it
J¥ 5 lef, 1E 1 51# F(5’ —3'): GAA TGG ATC
CGC GGG CGG TCA TGG TG; [ 5|#% R(5'—
3’): CCA AGA GCT CGC TCA TTA TGA G, 51}
WA BamH T 1 Sac T A7 £AU(H FRIZAriE), H
BamH T Al Sac 1 X V] lef F BEAIZE AR pET-28(a).
W b R UF R 2 A R0y B T4 DNA & #2167 &
B, WAk E. coli DH5a . W& RIREZ P
BR G 3% BH 1k 5 B, D) pET-28 (a)-lef % 5 BH 1k 58
P&, DNA 7 %808 (KRR A H)).

K& LA PCR (17725 lef FERIT) 1 536+
1 539 F1 1540 A7 fiib AT 58 5848, 51N Kpn 1 47
s TR MBENLZEAE. 55— PCR: LA
lef LRI [¥) pET-28(a)-lef TR DNA J i, 437
R IE M G F 5 A R AR AL SR W5
R-mutation (GCT TTC CAT TTT CTA GGT ACC
CTG CTC)Fifi A 5 A A £ 1 1F 7] 51 9 F-mutation
(GAT ACT CGA GCA GGG TAC CTA GAA AAT
G)5 k514 R #4755 — ¥k PCR 38 ( M RIZk
P71 RAZ JE L), PCR P24 1] DNA Jig [B iR
Fl gl atifh. % U PCR: LA%E—K PCR [9]lg
332010 2 4 DNA FBORA Y B, H lef FEA
(R IE [ S F 514, 338t — 4k e Bl
Kpn T A7 510 lef 3ER, 3ePE% pET-28(a) |, 1k
% E. coli DH5a.
1.3 LFiF8FRIE

¥ pET-28(a)-lef/ Kpn 1 HALBIRIL M E. coli
BL21-CodonPlus (DE3)-RIL. ¥ £ # ik Jit ki
pET-28(a)-lef ] BL21-CodonPlus (DE3)-RIL B £,
EE5 4 100 mg/L RIF%E: 211 LB ¥r g AL rh i g
W 3% 3% LB B ARG IR T (1) LB B

FEHEH, 200 r/min, FEFEE Ag=0.6, MA IPTG 2
AW EER 0.2 mmol/L, 28°C 5% 4 h, 10% SDS-
PAGE £l 345 5.

1.4 FEHRTIREME

FIH Clontech 1] Diversify™ FAL AR R F 0]
LF JEATHENLEEAE. DL pET-28(a)-lef/ Kpn 1 AAEAR,
F-mutation 4 IE [ 5 YA 514 R, 47 PCR 3™
B, R NAKR R FNGAT W22 SCHR[6]. K5 PCR )
H1 pET-28(a)-lef/ Kpn I | Kpn 1 F Sac 1 XUV,
W 5AR 5 S DR BEEE T e B 2 pET-28(a).

1.5 RETRICERIZ

o LIREAAES LF R EARIEE,
TN 10 wl T7 WeEg 44, 37CHFE 2~3h, K
JU KT 4K . 12 000 r/min, 10 min 550 24 W,
FETEAEHMEN.

B B4 0 RAW264.7 T 96 L1 FR B
IR A 90%3m, 29 16 h, (BRI IR, AF4LIN
A 90 wl BB I (7 1 mg/L tPA, rPA MtER
WKW E HHEAR B4, WS CRT7])
10 l W E A LF 8o 48 A 1) S8 B3 . 37°C
W E 4h, FFLIMA 10 pl alamarBlue™ (AbD Serotec)
Pkl 37°C ¥59% 4 h, HEARUAE IR 530 nm,
R 590 nm 4 T EL, A Mo Afr i S B E
YNELR L
1.6 LF RERTHREREL

LF M HRBAREAFHSRELMN B, g
FR, H PBS &gk 3 I, HRERT 1x4;
B oM (0.5 mol/L NaCl, 20 mmol/L Tris-HCI,
5 mmol/L imidazole, pH 7.9), & s Al R 40 iU,
12 000 t/min, 4°C, B30 min, E3EWH&HH
ME A, JEId Ni-NTA &8 24 His & A4 i
afifb Hiv e .

RAIM G, 2218 A 2 ml W is & 4ifb k5,
PERRYCHE AR JG N 3 A5 AR 1 x 45 5 25 pf
W UGG BRIV IS, I T %
U P ey BRI 3 R, RO HIAE 1 mU/min. |
WO FESE R, N 10 ARG 1 x 45 S22 il
PEBAEIR, SRIGF M 6 5B 1 x Ve il
(0.5 mol/L NaCl, 20 mmol/L Tris-HCl, 60 mmol/L
imidozde, pH 7.9)UtHizx& H. /50 M 1x bt
Jlii 5 (0.5 mol/L NaCl, 20 mmol/L Tris-HCI, 1 mmol/L
imidozde, pH7.9) : Ix&i&G&mMili=1:9, 1.5,
1:4, 1:3, 1:2, 1:0KWEEMAMEN,
L5 HNE AR, TR . 10%
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SDS-PAGE 73 #r4iift 5 2K, H PBS 22 P& At 3
K, Ak 2~3 h B4 —RGENTI, Bradford il 7l
ERTI A THR T
1.7 Western blot 547

¥ Eidaith WA % PVDF I F, 5%
JEARIE IR, USRS A ) 2
BRI BT LF M35 A1 HRP F530 2EHT
% 1gG (Sigma 2 w1 =40, FEPIRIZ (DAB)H
H R IR USRI AT S
1.8 {RIMAREIE MR

¥ LF Fl 58 A8 4 8 4 B 22 24 Wk FE 0.005.
0.05. 0.5. 1. 1.5, 2. 2.5. 5. 7.5 Al 10 mg/L,
21 0 75 P S B A T, AR 1.5 SRR
i1k
1.9 FTHAIFIKR

W/ B 41 il RAW264.7 B0 T 96 FLES 97
BB IE A 90%38, 29 16h, B IR BEFLIN
A 90 wl %4 1 mg/L rPA Al 1.5 mg/L rLF B 41 g
B, e AEMERAAA T, 105, 1
10, 1:15, 1:20 BLbBlasmseekgzr, 37°C
B 4h, FFLINA 10 pl alamarBlue™ (AbD Serotec)
Yokl 37°C #5595 4 h, HIBEFRACERCR G 530 nm,
KA 590 nm 44 NG RIS K.
2 25 R
2.1 FTIERAAGE

it PCR 471457006 LF JE [N g g 28 ik 4
pET-28(a) F( 1), MVIE €, AT AN,
IEH] LF £ A5 GenBank(Accession No. M29081) /7
Hl5ea—5.

Ve

Sac 1

pET-28(a)-lef
(7715 bp)

T7 promoter

Fig. 1 Construction of pET-28(a)-lef expression vector

RS lef Frigide I v Bedb AT RAZ 70t , FAI 18
L E PCR X lef 111 1 536+ 1539 F1 1540 =AM

ROIEATIRAZ, 0.7%35 B Bt e H YRR Wl 5 — %8 A
% T4 PCR W18 2), SREHPHES DNA B
SU[E S| pET-28(a) b ARG lef St (12 5518 7
I AR, FERKF E5IN Kpn 1 A28, HTH
HBEHLR A, Kpn T BEVIRLIN S, AT R 5000 5E,
5 LR UH BT 5 ARy FNFE DR BRUERA TC 2. 4l
TWEHERIUER B, 51N Kpn 1 A7 5500 pET28(a)-lef 7%
PERA (W 2.3).
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Fig. 2 Overlap PCR products
I: The first round PCR products (1 550 bp); 2: The first round
PCR products(790 bp); 3: The second round PCR products(2 340 bp); 4:
DNA marker.

22 LFiZS&£HGHTE

AV L B TR 3% Ll B4, 37°C B
7% 2.5 h G, {ERGFRYIP N IPTG A JL 20 2 4
0.2 mmol/L, 28C £/ F¥5% 6 h, 5 LF Fik.
12% SDS-PAGE £l LF £iA5, 4558 3K& M, LF {E
E. coli BL21-CodonPlus (DE3)-RIL H 7] %5t % ik,
HAr AL T EiEW T (E 3).

Fig. 3 SDS-PAGE analysis of recombinant protein
1: The supernatant of uninduced strains; 2: The pellet of uninduced
strains; 3: The supernatant of induced expression pET-28(a)-lef’; 4: The
pellet of induced expression pET-28 (a)-lef. 5: Molecular mass marker.
The molecular mass of LF was 90 ku and soluble expressed.
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2.3 RTEKRMFER

LF fE K WF i ha ik, 28 T7 W AR
fif ), LF SEEALT B Wb, A4 sE e
D TTUER AR LE 3G PEREAT RN, )28 ik
BUHLRARASCRE. BRI, FAIIE T RAAR
1160 FRRAAR, SiRURIL 5 BROSAL R IZRAEATN

(@) (b)

ANBIEAT PA IR TR BRI, AR 75 5%
A7, WX LESRATRRIE L AR e A S Pk
(K 4), Iy 2 3K S8 SEAR AR AN 3 il e A2 R AR
(R 1). Ak PRI RARIE TENTS AT 5E,
TR 5 RUSEAR [¥) T30 Al T87 S8R B A AT T 4lifk,
IR AL A s

120} 120} N . .
T
100} L 100}
. T
< 80} X 80p
Z =
Z 60t Z 60t
= =
40t 40}
20] 20}
0
pET28(a) LF(W) LF+Kpn | pET28(2) LF  T55 T67 T35 T87 T30

Fig. 4 Determining the activity of pET-28(a)-lef/Kpn I (a) and scanning the library of LF mutants (b)

(a) To facilitate the following random mutation, the special bases were transferred to Kpn I site by overlapping PCR and the cytotoxicity assay showed

the Kpn [ site didn’t affect the biological activities. (b) The activities of five mutants shown in Figure 4b were lost or lower than wild type LF when

scanning the library of mutants.

Table 1 Results of sequence analysis of mutants

Mutants ~ Sites of gene Sites of amino acids Lie on crystal structure

T30  A-1552-G K-518-E Domain [
T87 T-1556-C L-519-C Domain [
T35  A-1622-G E-541-G Domain II, IV

A-2027-G E-676-G
T55  A-1565-G Q-522-R Domain II, IV
G-2048-A G-683-D
T67 A-1961-G H-654-R DomainlV
A-2045-G E-682-R
24 LF REBSRTHRERDAN

Ni SEREMTELELL LF [ 8 b 58728 AR (1) 5848
F1, 12% SDS-PAGE F1 Bandscan5.0 73 #1 % W],
tLF J HGAR AL Ik 90% LA (P Sa), #E—Dit
1T Western blot 73#7(/& 5b).
25 LF BARTIRFEHLETE

T kA AN M S2EG, UE B LF R R
RAF IR SEAE R T30(K518E) 1 T87(L519C)EAE % 1tk
WA, B LF EAWRE R 1.5 mgL i, 7=
A SERBOETEE, S ARPRER TR BEIL E] 10 mg/L
i, T30 AT KL 60%, T87 J4cAT &1

(@) 1 2 3 4 K
——— 66
— 45
— 35
w— 25
(b) i 2 3
L -

Fig. 5 SDS-PAGE and Western blot analysis for
purification of rLF, T30 and T87
(a) SDS-PAGE analysis /: rLF; 2: T30; 3: T87; 4: Protein molecular
mass marker. (b) Western blot analysis 7: rLF; 2: T30; 3: T87.

BOLRCE, QARG E 90% /i (K 6). IXLERAR
B RE D FTURI R R BOEH LA I B 51
SE T E LA
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p(rLF and mLF)/(mg*L™")

Fig. 6 Cytotoxicity assay of purified rLF and its

mutant proteins on RAW264.7 cells
Cells grown overnight in 96-well plates were treated with varying
concentrations of LF or its mutant proteins along with 1 mg/L of PA.
After 3 h of incubation, cell viability was determined by using
alamarBlue™ dye as described under Materials and methods. Compared
with the anthrax toxin (LF+PA) and PA, T30 (K518E) and T87 (L519C)
lost activities significantly. m—m: LF + PA; A—A: T30 + PA; e—e:
T87 + PA; e—e: PA.

2.6 FEHHNHILI

AR SE G i T2 50 I, T30(KS18E) 5 B4k
B LF 3K ) KT 10 B, FL AT ¢ 01 B 10 5% 4l
HIVER, 9 A7 35 R AE 60% 2547, T87 (L519C) 7%
GeVEHAET 59, 58 A R LA 3 20 15, 41
WIAFIEHAR 30% /040

100
80
60 -

40t

Viability/%

20+

0 1 1
1 5 10 15 20
Raito of mutants of LF and wild type
LF

Fig. 7 Competition inhibition assay of the mutant
T30 and T87 protein
Competition inhibition assay was demonstrated by added constant LF
and PA, and a serial of mutants of LF. When the ratio of T30(K518E)
and rLF was up to 10, the viability of cells was 60% ; however, T87
(L519C) almost didn’t inhibit the rLF activities while the ratio of T87
(L519C) and rLF was 20.ma—m: T30(K518E); A—a: T87(L519C).

RS BV oF T g (P9 i R I RS )
BT AL, 680~ 725 1 28 HE IR ik 3L 5 45 A I T
110~ 150 47 28 FERR 7% L7 471 R 4 41 #8 HL A AR B
PE, HERT 253V K 710~ 756 fr KLk LS 5
TH PA Mgiao. Bk, KNP0 LF 451
L IReIORER, AW LF [AE AL o0 g5 R8IV
R 45 K 58 1136 43 X 350 (517 ~ 550 aa)#E4T T BEHL S
AL MmOk, MM TSR, HkARET
KS18E Fl1 L519P PR BRI 11 56 4% 1 S 1 B fU 5L B
AR I T AR, MRS LF b A4 5 44 o
Br, 518 F1 519 s A T4/ . . VA
FAE R S I TR (] 8). 45 Rt T 55 ok Uit
TR R TR 1) — P A% BE Ak 75 25 (ADP ribosylating
toxins)VIP2 45 ) S MBL, {H & A% Bl Ak 2 35 50 T AR
SFIIA EIRAE LF 4% 518 47 i 2 IR0, A
WL RG] 518 {7 AL HE KS518E FEAGE RGPk,

MAPKK2

Fig. 8 The crystal structure of LF and MAPKK?2

The two mutant sites K518E and L519P located on the top of the groove
and played an important role in the function of LF. The substrate
MAPKK?2 and the site of zinc-binding consensus motif (HEXXH:
His-686, His-687, Tyr-728 and Glu-735)were also shown.
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XYL KS18EX} LF 45 k4 F1 3l 6 J7 i AT JE 4 & 22
FIVEH . 59— 85 B4R Leu519 584824 Pro 7%
PR BAK, R0 519 Ao 2R A A bR 2.

X KS18E 1 L519C HEAT 3¢ 4+ ¥4 411 1 52 56 &
B, KSIS8E H A %5 5 (v 410 il 45 A if 55 L AH A0 1
L519C A R ILAWHIVER. W90, LF 4504
BT 25 PA S5 A XK, LF N ¥ 1~ 254 Mk
PR (LEN) S LA 52 38 (10 5 PA 45 510 Thig, JF H
15 LA R A T DURE L I 1 40 i py 0, A S
Kb BT A3 S8 AR R LF S Rtk 1 38 0 By 2R 7, [RIAE R
FHAGCEMNL G HETee. Wik, BAHERTS
4K LF o] ARES AU N, 7Edi iy B A8 LR
SRR LF 564V 5 Y MAPKK AHEA/E. 45
PRI M IVEZEE—EIE AN e )
TRVE (] 8), 518 Fl 519 7 24 3 R A7 -7 1) T34
B AT 518 H FR AT 1 FELAT XL 4R R 1 B AT A
SR T BER B — e PR, AT R 55 i)
MAPKK LF A T AE FHB. 519 £ Leu 5848 4 Cys
Jo s REOEIE PR AR K, HEIR B A
M, ddE— st

LF RRHFBREEREIRZ —, N TIHETAE
THI TR G028 SN, R I 2 (1% 7 £ ZE DL CHE 1Y) LF %
A IR PA BTG PA R LF S JEatd, Joisdk
() LF 8438 R (1 se 4 Ph b PA 454, AT LA
WA, IEBNETT BRI H ). X LAY 55 5 AR T 8L
LF 584 eyh ., nIRe2fMS 7 LF 5 Zn® 4545
55 ) MAPKK [RIAH AR, PR AT fpidk—
AT, R, XSRS AR PRI A B AT R
Wi~ IR 2 (0 R I8 v R — 20 T % LF BUi AL
PG AR E R IR i (0 N st

BB TR KA B 5 A S
SUELHRMBLIE S
5 % % @
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Screening and Activity Analysis of Lethal Factor Mutants KS518E

and L519C From Bacillus anthracis™

FENG Chun-Fang?, WU Gao-Bing?, CAO Sha?, LIU Zi-Duo?, HONG Yu-Zhi"?"
(" College of Plant Science & Technology , Huazhong A gricultural University, Wuhan 430070, China;
2 National Key Laboratory of Agricultural Microbiology, Huazhong A gricultural University, Wuhan 430070, China)

Abstract Anthrax toxin is one of the two virulence factors of Bacillus anthracis and it is a binary bacterium toxin
composed of protective antigen (PA), lethal factor (LF) and edema toxin (EF). Among of them, LF is the enzyme
moiety lead to the death of the cell. To investigate key function amino acid of LF and study the lethal mechanism
of lethal factor, random mutagenesis was carried out. The mutation library of the 774 bp fragment of lethal factor
from site 1 550 to 2 324 bp was constructed using Diversify™ PCR Random Mutagenesis Kit (Clontech) with some
modifiication. Transformants of /ef mutation library were induced by 0.2 mmol/L IPTG at 28°C for 4 h and then T7
phage were added into the culture, incubating for further 2~ 3 h to lyse the bacterium. The lysis was centrifuged at
12 000 r/min for 8§ min and the supernatant which contained the target protein was collected. To determine the
activity of the mutants, the cell cytotoxicity assay was carried out. RAW 264.7 microphage cells were seeded into
96-well plates, 24 h ahead of experiments. When assaying, the medium was removed and 100 pl DMEM
medium containing 1.0 mg/L of purified recombinant and 10 pl of the lysis supernatant was added into each
well. Then the plates were incubated at 37°C for 4 h. The cell viability was determined by using the alamarBlue™
(AbD Serotec) dye according to the manufacturer’s direction. The mutants whose activities had decreased
significantly were sequenced and further purified by Ni-histidine tag affinity chromatography. The cell cytotoxicity
and competition binding assay were demonstrated to analyse the character of the mutants. Five mutants which had
low biological activity determined through the cell cytotoxicity assay were obtained. Furthermore, two mutant
proteins with single-site mutation, K518E and L519C, were purified for the first time. The cytotoxicity assay
showed that the two mutant proteins lost activity significantly, that means, Lys518 and Leu519 played an important
role in the function of lethal factor. The competition binding assay showed K518E endowed with the character of
competition inhibition of wild type LF, whereas L519C doesn’t have the character. Probably, mutant K518E
change Lys into Glu carrying negative charge and affects the catalytic groove of LF which is negative charge.

Therefore, Lys 518 maybe has an important role to stabilize the conformation of LF and combine the substrate.

Key words anthrax, lethal factor, random mutation, cytotoxicity assay
DOI: 10.3724/SP.J.1206.2009.00152
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