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Efficient fusion expression of G13 domain derived from
granulysin in Escherichia coli
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Abstract: The G13 domain derived from granulysin shows high antimicrobial activities against Gram-positive and Gram-negative
bacteria but does not lyse Jurkat cells or liposomes. To explore a new approach for high expression of the G13 domain, we fused the
sequence encoding G13 to thioredoxin (Trx) gene to construct the recombinant expression vector (pThioHisA-G13). A cyanogen
bromide (CNBr) cleavage site was introduced between the Trx and G13 to facilitate final release of the recombinant G13. The
recombinant expression vector, pThioHisA-G13, was transformed into E. coli BL21 (DE3). Upon induction by IPTG, Trx-G13 fusion
protein was expressed and took the form of inclusion bodies counting 58% (W/W) of total cellular proteins. The inclusion body was
solved by urea (8 mol/L) and then cleaved by CNBr. We purified the recombinant peptide G13 by one-step cation exchange
chromatography. Results of agarose diffuse assay analysis indicated that the recombinant G13 exhibited antibacterial activity. The
procedure described in this study will provide a reliable and simple method for highly efficient production of some cationic

antimicrobial peptides.
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i k7 24 £ JIK (Granulysin) J2& 21 it 57 4 Wk © 40 g
CTL FIRSR AN NK PN 4 J0RE 5 1 — i 5
THURAK, X H 2= R . § 22 [RPAYERE . FAE .
A A BRI ), JEHOE R G RO T A B
MM EEPED), G13 G e R Ik 5 — o
WEERN loop ZEMIAOIRER, 1 19 A2 REmR R A4 Al .
Wang b4 R RI R/ granulysin BB, &3
G13 JRECATIMHIANE . FR TGN, (HXTZh P40
R A s m, R HAT S R RN AN B

U R TR B B AF SR RS, S T
FERERG, BMERERS . BRAZFHTAE
JREABTR IR . RMTERIBPURE RS R F) 1
VFZME, SR ARG IR 18 3™ A AR
F . 50 W5 R DA R R KR 3 A e
TIASBIFFE 38 3 AL R i 4 2 11 (Trx) 5 G13 B i 3%
iK# AR pThioHisA-G13, wik T G13 Xi1E EHLAY
BEME, ST mAE RS, BURMEY HOLUER T
A G13 G Z IR A BRI . X i — A
5% G13 S5 RSN A= 1) 27 T 1k ST R 22 B A R0 A
JriEATR T A, HAT AT 6E Sk oAt B = B Ik Y
ELSLY i R

1 HRAT

11 BRI
Escherichia coli BL21 (DE3), DH5a., A& 284

FFEf, #23K34K pThioHisA 4l 7 521 % R 4% .
12 ITAEMREEZERN

Taq DNA RA&f . PTG, 5 T 55 AN
AR T AR E T A, BRI VT EcoR 1.Sal 1
3% & MBI Fermentas 23 6] 977 i, T4 DNA % #: i
W B R REAY) TR R A F . B/ PR $2
R BURBEEE R DNA 4lifk [l ) & o Jb 5l
HAEW A E b, BEREE R . B FRS OXOID
]y, HAth R Sy 4Bl
1.3 TR R G13 HFHmER e E R FRIZTFR
e RNz gk Ak
1.3.1 ik ZF I G113 2515 1 2 A 7 J

MO8 0k 4 M K G13 45 4y 8 A9 24 3L 1R I 1)
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QRSVSNAATRVCRTGRSRW, & 18 K iz A B i % 5
i 5K 51 5'-CAGCGTTCTGTGTCTAAC
GCAGCAACTCGTGTGTGCCGTACTGGTCGTTCT
CGTTGG-3', W LA T4 M A Rk ks 24
fERR G13 JEP R Beid b —xthe kg9, LS|
P1: 5'-AGAATTCATGCAGCGTTCTGTGTCTAAC-3',
F#E51% P2: 5'-ATTGTCGACTTACCAACGAGAA

CGACCAG-3'(FRIZHB 551k EcoR 1 MY s,
1 Sal 1BV ). £ LWESI#h 5] AT EcoR I [iff
YIN7 s Fl Met %5, J5 i f5 £ H] CNBr ¥ G13 kBt
MG FE AR IEI TR FiEsIhsI AT Sal 1
IEARIEZ S A o

PL G13 534wt 7 51 it PCR #3 G13
gE I, PCR SR 254: 94°C 30 s, 62°C 15 s, 72°C,
15's, 30 MEF . BUS uL SV F=H AT 1.0%3 51
BERCHLIK, S 3G o FIEE R DS 7R) 4 al i
AHR B .
1.3.2  FEAREMIENIGE T HEE

PCR =¥ F1#% 44 pThioHisA ¥ /f] EcoR I, Sal I
XYL, =PI sifb)a, 16°C, T4 DNA &4z
fifki% 5, EREFE WAL E. coli BL21(DE3)ESZ A4
M, AN HER MR, AR 4N
pThioHisA-G13, % b i 17 A= P B AR A BR 2 ] I
14 MEEREAMHETHIFESRIER G134
M B 5 B Ak
141 G ELINFE-FRL RN

W oA T BB, pThioHisA-G13 1 T2 B
FH AN HEZ(50 pg/mL) LB #FE5Ld 37°C ¥}
DR IR, HE 1% MR B R B A R ) LB 55
B BEAT R R, 37°C HR%GEEFHR E ODgoo N
0.5~0.6 I, JIMAZIKRE 1 mmol/L By IPTG, 37°C &
IR, 55 4 h )5, 8000 r/min B> 10 min WA
1K, EHE A E LT Buffer A(50 mmol/L Tris-HCI pH
7.9; 0.5 mmol/L EDTA; 50 mmol/L NaCl; 5% Hih;
0.5 mmol/L DTT)H, MMM HIAGER 4 s, [H]F
6 s, 120 KAEFR, T3 500 W), 12 000 r/min &>
10 min, B F3E . VIWESETT SDS-PAGE (5%4) B IE,
15% V4 40 i ) HL VK

B UTTE A Buffer B (50 mmol/L Tris-HCI pH 7.9;

0.5 mmol/L EDTA; 50 mmol/L NaCl; 1% Triton X-100;
0.5 mmol/L DTT)¥t %, 4°C B .>(12 000 r/min)
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15 min. KPR S B AL ARV T IR 2 7 (8 mol/L
Urea, 0.1 mol/L HCI), 4°C &.>(12 000 r/min) 15 min,
Wt 3, WE4T SDS-PAGE Wik, PSR SHri it
BandScan #F47 5K BE A 534 il 2R 1 CE AL IR A b ir
o7 9 E 5, Bradford 325 0 0 T AR V4 AR AP 1 2R 1
T,
1.4.2  FH G13 L5 H9 2l 1t REE
FEREEE (A i: CNBr A 1:5 A EE R (WIW), K
CNBr ##7(400 mg/mL)JIA B4 A% i, T
I RO 24 O 1 AHABLE ddH,0 £k
FZ)W, Tricine-SDS-PAGE(16.5%) Uik 43 # 1 E1 %% 5,
Pl AFEXT 2000 mL PB 2% 0[BT 48 he BT =) 4
0.45 um PUERELLUES I PB ZZ 0Pk (20 mmol/L,
pH 8.0)F-Fffi ) CM-32 BHE FA5 4, 0~1 mol/L
NaCl £ PE#6 BEVE L, W& H g . Tricine-SDS-
PAGE Z3#rafifk =¥y, ESI-MS #H4r 7 . 4lifl
Ja RS BT EL 54T, ¥ T pH 7.2, 10 mmol/L
) PBS 2% il 1 o
1.5 E4H G13 Lig Ay iR TEAE N

FI B BOL ST IR . B R
DHSafit il A% 0.5 4~ R HLA7(1.5%10° CFU/mL), B
200 pL H5JURAGAE LB Kigetk b, SR BRI & 4 (1)
PO IO T B, X IR PBS ¥, T 37°C it
WEEFE, WA R

Toe /N BT e A o Ak o S A K Y
KIAFF 6 DHSau. MR ZEAIFFER, FH LB KGR A0 R
FIEH W E K 10°~10° CFU/mL, B 100 pL B
10 uL AN[F BT ZH G13 JA EP 45th, DIVsf# @
2 G13 (1) PBS 2 P AE M X B, 37°C #R 3% 45595 3 h,
SRIG I ODgoo, AW A T AE A A iy ot 17 1) 2 20 i
AV A SRy e /INYID PR VR E (MIC) o

2 X

2.1 GI13 £MiEaY e bE K Rk B ARy 1 i
FIFHB14 P1.P2, PCR ™1 15 81 ki 247 Ik G13
FEEE 1); BYE53K pThioHisA i, #1k
BL21(DE3). FHM: w2y %, Mamis G13
14 35 A 2 TE A 4 A A
22 RMEEBPWIFESFRIX
T H pThioHisA-G13 H41FkLAY BL21 T-FEH,
4 1PTG 5 /5, SDS-PAGE il (& 2), 7 K% 16 kD

ArE LA W R A A, S HUNM RS R E 5
Tt —3. Bandscan P4 RW, @G EANR
KR AR R P 58%; Bradford 5 & 45 1 T
i I R BV ™ A 1 AL TR R 24 2k 200 mg.

1 PCR #1889 G13 L5413 f Kk B
Fig. 1 Electrophoretic profile of G13 domain amplified by
PCR. M: DNA marker DL100; 1: PCR products (79 bp).

kD 1 M2 3
97.4 — =r
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HHYRIE

Fig. 2 SDS-PAGE profile of recombinant G13 fusion protein
expressed in E. coli BL21 (DE3). M: protein marker;
1: inclusion body after ablution; 2: total proteins after induction;
3: total proteins before induction.

23 EH GI3FHMIMAL REE
MR 2 CNBr YIRS, B G13 Z5F 5N
G E AR R, IR CM-32 PHE A8
e 2 M4y B 4lifk, Tricine-SDS-PAGE #51ll, 1E K%y
2200 D 4bA —4 (K 3), HHUHAS RS, &
Bandscan #{For T4l BER B 97%. 4lifb b 5R K
AL R RIT R R E 1 faddifb)s, BAT
KB KIS Ky 582 mg HH GI3, &
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ESI-MS # Wl 2% &, m/z F ¥ N 439.28
([M+5H]>") 5 548.85 ([M+4H]*)1 2 (& 4.5),
YR 4y F /oA 2191.4 D, S5HLEME (2191 DM
//f_T/j:O

Ll
4=

5
-

- -

3 Tricine-SDS-PAGE #2il] CNBr Y] &3 R 7
RIEE G13 L#iE

Fig. 3 Tricine-SDS-PAGE analysis of the cleavage results
with CNBr and recombinant G13 domain after purification. 1:
purified GranulysinG13 domain; 2: inclusion body without
CNBr digestion; 3, 4: products after CNBr digestion; M: low
molecular weight marker.

F1 EATRRMAK GL3 Eigry 4L

Table 1 Purification of recombinant G13

Total protein Recombinant

Step (mg *) G13 (mg) Yield (%)
Inclusion body 200.0 20°

Cleavage, dialysis 87.3 10.48°¢ 52.4
Cation exchange 6.0 5.82° 29.1

Chromatography

*Total protein concentration was determined by Bradford assay.

" Theoretical calculated from the difference in the molecular masses
of G13 and Trx-G13.

“The amounts of recombinant G13 after each purification step were
determined by densitometric analysis of SDS-PAGE gels.

2.4 EiH G13 gAY R EAE N

TR WY HOL M Ly 45 KW, HA G13 25
P 22 R HL A PR T P, 7 e LR A 2 BH
B FEL, 1 BF I x BEL B R A L () 6), il ad i
I E LS T E A G13 455 KB HF B DHSa
RS B 25 A0 FF TR7 19 S5 /N R VR B (3R 2), RITE A
G134k 3t 4 2% PR PR T o % B A R LA
HH S A A
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Fig. 4 Mass spectrometry(ESI-MS) of recombinant G13.

Journals.im.ac.cn

.470. I4§50I I4‘IJOI



XU /NGI A ORI G 13 25 RS R T 1 v 19 w8 Al 15 239

direct_injection_LXQ_zoom #1-198 RT:0.00-6.02 AV:198 NL:2.50ES

T:ITMS + p NSI Z ms [ 150.00-2000.00]
100

=] =]
= wn
I T NN AN AR R AT

o0 D
LE I =

- =2
[=I ¥

o (=3
(=T
L1 111

Ln
Lh

wh
=

[548.85+4H]*

230480.94

550.54

Relative abundance

oy
Lh

533.70

Y
=

L L
(=T v
1

533.90

534.10 545.74

o]
wh

541.92 556.56

—_— b
L T =

560.14

S

Lh

563.76

573.78
02

564.24

[563.26+4H]*

578.52

578.28
[578.28+4H]*

578.78

574.02 584.76

585.04

585.30

365.54
565.76

572.00

591.00 601.52

goragy 07377

591.2

=

530 540 550 560

5 EiH GI3HNFERILE
Fig. 5 Mass spectrometry(ESI-MS) of recombinant G13.

6 FH GI13 FMExt KIF4T & DHSaRIHIE R
Fig. 6  The results of antibacterial experiment of the
recombinant G13 domain to E. coli DH5a strain. 1: negative
control (PBS); 2: AMP control (100 pg/mL); 3: recombinant
peptide G13 (100 pL); 4: recombinant peptide G13 (50 pL).

F 2 EH GI3FEMEX 2 AR R NIEKE(MIC)
Table 2 MIC (png/mL) of the recombinant G13 domain on
two stains of bacteria

Microorganism MIC (pg/mL)
E. coli DH5a 250
Bacillus subtilis 400

e e e e I B E e e e LA S e e e p e |

T T T T T T[T T T T T T T T T T T

570 580 590 600 610

m/z

3 ik

URL LA RO A M RE PR A ML CTL AR AR
AT dM NK N R S A —F 2 EK,
SAPLIP (Saposin like protein) K E M i1 Z—, 5 NK-
lysin Z5H 5L (43%)7 5 —2, 67%Hl, HHEA
BUEE ), Anderson ZEBIX R 2L 7 Ik 1 i A 5
FRF5E R IR, WKL ZLA# R 5 A 5 A a-18 e (H1-H5) %5
4. Wang 2%} Granulysin /S /] B 385 4 1 15 P46
MR, XS H2 . H3 PR H w6 PR ok,
BRI ZLRIK G13 & H2 MBKE:, KBS 5
A Arg BRI, FELAT N5, B 5 A IR IR AR
HARH, ATANEIATE | BT RS, EXT Sl A i
JE T A 5

PO IR 1 A0 A A [ FE R B, H 5
Ti 3 20 ML PN AR O B R, RIS B R AT 3R
KO R T TR — WA, SRR R T 14 1E H faf
PO ARG AR HE, —BCR PR 50 A
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BH B 1 AR 2R A b p semg U xR R AT
DA 3k F BT BT IO 94 T H ey 5 R AR L X 1 3 TR Y
M, SRS I R e Y B E AR R E G
AR H K S BERERE(GST)! 21| & s & 5 A
(MBP)! S HI 408 2 1 (Trx) 10 AR AR & R i
RS+ 1 B\ o 5 5 rp AT v IR T v £ 1) 8 T K
i H 8 3 LA R B YIHED, 4 om0
BRI T pBAD/TOPO-G13 JR K AH A, H
EFRMAEN Trx-G13 38R X5 50 4 2k,
FEARARMK . A ST o Al A 2R 1 0K G13 4
Myl B v 3 pThioHisA H, F &M b7t H
T B R B TS T Trx-G13 1Y & R A (5w
MEMN 58%). i@ i Omiga ¥ 14 4 #r & B
pThioHisA-G13 H filt & Sk Fr o7 & ML fif o —9.752,
pBAD/TOPO-G13 Hfill 3k vt i HLfaf h1—6.848; 11
VUG A5 2 G113 25 AR da N-3i 22 ] 6 JOk BB B il el 7 2
435124 pThioHisA: —5.905, pPBAD/TOPO: —3.005, iX
LEHR L] pThioHisA fill Sk R IF HL 167 1Y BE /) 158,
JeHAREEIT G13 25458 N 3 A9 BH 5 1 Jik B P e A 1
AR GEE CoaR R, a5 k), i
AROEME G13 XHE F R, ARG & a5
PIREBR,

B2, AU LT N TEMBA® 7R B, HiE
FIH pThioHisA ZH A& F G A B 11 it S8 B 145 1) 2
H C uifRME IR, M a3 T Uk 27 ik
G13 Zhkll, FIR M RlG 8 F DU TR A T8 XA AE
TR, AR A 2 a7 5 0k VA R AT 1 i 2R Y 2k
JEIRH 82%LA |, LR EZ W J5 W] LA 4217 CNBr
Vi), UE = th— 2 BH B 138 2 Mk vl DLk A
EEIR 97% . BAAYAIEENEA G13, Jrikf
P AL, RORE, N G13 SIS KL K
FEARUBH 5 F-He T K A K A R 2 ) ST AT B
filh o H TR W A5 R miz FHEH
451.04(IM+5H]™) . 563.5([M+4H]*") . 463.02(IM+5H]>)
K 578.52(IM+4H]*4 4~ F (& 4. 5), FiI T # % 1
)4y F 5 A 2249.1 D; J5 P& XL 4 1 &l
2309.1 D, # AR IELF XN 2 N8 4 4~ A B2 g
1) AR A i, T REJE PR 3R AL B A 1 R R
ol AL R e At S e e s e i U B T
PR BRI 2R 1) A A PG M R A
BIVEF, W MRk IR R TR 43 25 4l A B B it 2 5 | 4R i)
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