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Expression, purification of recombinant cationic peptide AIK
In Escherichia coli and its antitumor activity

Fangfang Fan, Huiying Sun, Hui Xu, Jiawei Liu, Haiyuan Zhang, Yilan Li, Xuelian Ning,
Yue Sun, Jing Bai, Songbin Fu, and Chunshui Zhou

Laboratory of Medical Genetics, Harbin Medical University, Harbin 150081, Heilongjiang, China

Abstract: AIK is a novel cationic peptide with potential antitumor activity. In order to construct the AIK expression
vector by Gateway technology, and establish an optimal expression and purification method for recombinant AIK, a set of
primers containing AttB sites were designed and used to create the AttB-TEV-FLAG-AIK fusion gene by overlapping PCR.
The resulting fusion gene was cloned into the donor vector pDONR223 by attB and attP mediated recombination (BP
reaction), then, transferred into the destination vector pDEST15 by attL and attR mediated recombination (LR reaction). All
the cloning was verified by both colony PCR and DNA sequencing. The BL21 E. coli transformed by the GST-AIK
expression plasmid was used to express the GST-AIK fusion protein with IPTG induction and the induction conditions were
optimized. GST-AIK fusion protein was purified by glutathione magnetic beads, followed by rTEV cleavage to remove
GST tag and MTS assay to test the growth inhibition activity of the recombinant AIK on human leukemia HL-60 cells. We
found that a high level of soluble expression of GST-AIK protein (more than 30% out of the total bacterial proteins) was
achieved upon 0.1 mmol/L ITPG induction for 4 h at 37 °C in the transformed BL21 E. coli with starting ODgq, at 1.0.
Through GST affinity purification and rTEV cleavage, the purity of the resulting recombinant AIK was greater than 95%.
And the MTS assays on HL-60 cells confirmed that the recombinant AIK retains an antitumor activity at a level similar to
the chemically synthesized AIK. Taken together, we have established a method for expression and purification of
recombinant AIK with a potent activity against tumor cells, which will be beneficial for the large-scale production and

application of recombinant AIK in the future.

Keywords: cationic peptide, site-specific recombination, GST fusion protein, inducible expression, affinity purification,
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Invitrogen LB

DNA
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#1 Z=EEPCR3IYRFT
Table 1 Primer sequence of overlap PCR

GENE TECH

( )
(IPTG)

-B-D-1-
Sigma-Aldrich 2 kb DNA
New England Biolabs
rTEV
Roche
N- ¢ ) TRICINE
Pierce Glutathione Magnetic Beads Thermo
MTS (CellTiter96" Aqueous
One Solution Reagent)

DNA ()

Promega

1.2 A&
1.2.1
AIK
TEV-FLAG-AIK Gateway

AttB

1.2.2
TEV-FLAG-AIK
AHBIAIK-F  AttB2AIK-R PCR
(  PCR IB ) PCR
3% DNA
AttB-TEV-FLAG-AIK

Primer name

Primer sequence (5'-3")

AttB1AIK-F

AttB2AIK-R
TCTGCAT
TEV-FLAG-AIK

GGGGACAAGTTTGTACAAAAAAGCAGGCTTAGAAAACTTGTATTTCCAGGGCCATGA
TTACAAGGATGACGACGATAAG
GGGGACCACTTTGTACAAGAAAGCTGGGTATTACTTCTTCTTTTTGCGTCGTCTTCTCC

GATTACAAGGATGACGACGATAAGTCCATGATGAAGAAGAAGGCCCTGTGGAGGAGA

AGGCGCAGGATGCAGAGGAGAAGACGACGC

cjb@im.ac.cn



1756 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech December 25,2015 Vol.31 No.12

A

AttB1
ggggacaagttigtacaaaaaageaggettagaa ace ttg tat ttc cag gge cat gat tac aag gat
E N L Y F Q G H

gac gac gat aag tcc atg atg aag aag aag ggc ctg tgg agg aga agg cge agg atg
S M M K K K A L W R R R R R M

cag agg aga aga cag cgc aaa aag aag aag taa tacccagcetttettgtacaaagtggteeee

Q R R R R R K K K K -

AttB2

5" [ AuBI |

FLAG

AttB2 | 3’

1 AttB-TEV-FLAG-AIK F3|REHE PCRIZFAHTERE

Fig. 1 The sequence of AttB-TEV-FLAG-AIK and its creation by overlapping PCR. (A) Shown is the full sequence
of AttB-TEV-FALG-AIK. rTEV recognition site in red, FLAG in yellow and AIK in green. (B) Depicted is the steps
for creating recombinant AIK gene. Blocks in different color stand for the indicated genes, and the small blocks in

pink stand for newly synthesized genes.

123 AIK LR clonase mix (4 uL) 25 C 12h LR
pDONR223 Top10 (
BP ( 2A) LB 30 ‘C 220 r/min

AttB-TEV-FLAG-AIK (10 pL) 2 h) (
PDONR223 (2 uL) TE (pH 8.0) (4 uL) 30 C)
BP clonase mix (4 uL) 25 C 12h BP PCR Invitrogen

Top 10 pDEST15-AIK

PCR 125 IPTG GST-AIK

Invitrogen
pDONR223-AIK
124 GST-AIK

pDEST15 LR
( 24)

pDEST15-AIK
E. coli BL21 (DE3)

5mL 100 pg/mL
pDONR223-AIK LB 37 'C 220 r/min
I5h 1 100 30 mL
pDONR223-AIK (4 uL) 100 pg/mL LB
(pH 8.0) (10 pL) 37 '°C 220 r/min ODgop 0.6

pDESTI5 2 uL) TE
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2 mL
0.5 mmol/L  IPTG 37 C 220 r/min
0Oh 2 4 6 8h
2 mL
10 000 r/min 1 min
200 uL PBS (
200 W 1 min/ 3 ) 4°C
12 000 r/min 20 min 50 uL
5xSDS-PAGE 200 L
PBS 50 uL 5xSDS-PAGE
SDS-PAGE
(Li-COR)
1.2.6
pDEST15-AIK/BL21 (DE3) 80 mL
LB 37 C 220 r/min
ODgpo 0.6 4
IPTG 0.1 03 05
0.7 mmol/L 4h 2mL
pDEST15-AIK/BL21 (DE3) 100 mL
LB 37 °C 220 r/min
ODgpp 0.4 20 mL
IPTG 0.1 mmol/L 4 h
ODy0o 0.6 08 1.0
1.2.7 GST-AIK
pDEST15-AIK/BL21 (DE3)
1L
15 mL PBS 4 C
12 000 r/min 20 min
500 pL 4°C 6h

0.5% Triton-X-100

/ 3
1.2.8 GST-AIK rTEV
20xrTEV (187.5 uL)
0.1 mol/L DTT (37.5 uL) rTEV protease (45 uL)
ddH,0 (3.75 mL) 4°C
GST
Sep-Pak C18
(Waters) 40%
(Thermo ) Trince-SDS-PAGE
( o
(Li-COR) FLAG-AIK
1.2.9 AIK
MTS AIK HL-60
( )
( AIK) 2
AIK
200 pg/mL
AIK 24 h
(OD) (%)= (1-
oD / OD )x100%
Xts t
P<0.05
2 #X
2.1 AIKAI#ER S GST-AIK Rz 3%k #H ik
Bt R ETE
PCR
187 bp AttB-TEV-FLAG-AIK
( 1A) BP
AttB1AIK-F  AttB2AIK-R PCR
PCR 100-250 bp
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( 2B)
LR
pDESTI15 PGEXS5 T7Ter
PCR PCR 250-500 bp
( 20
PCR
GST-AIK
pDESTI15-AIK
2.2 GST-AIK & ERMEZKIL
GST 26 kDa AttB-TEV-
FLAG-AIK 54
6.95 kDa GST-AIK
33 kDa 0.5 mmol/L
IPTG pDEST15-AIK/BL21 (DE3)
25-35 kDa
IPTG
X AttB1 AttB2 B
CocoSmmE =
AttB-PCR product P
BP reaction
AttL1 AttL2 2000
Er— 100
s 500
LR reaction 250
AttB1 AttB2 100

Expression clone

s

Amp

Entry clone

( 37
GST-AIK
SDS-PAGE
GST-AIK ( 3A)
GST-AIK  BL21 (DE3)

2.3 GST-AIK ESREEZHERMHKL
OD600 0.6

AIK/BL21(DE3) 0.5 mmol/L IPTG
SDS-PAGE

pDESTI5-

2-8 h
( 3B)
IPTG 4h 0.1 mmol/L
IPTG
( 30 0.1 mmol/L
IPTG

0.1 mmol/LIPTG

Expression clone

1 2 3 4 bp M 1 2 3 4

2 000

1000
750

500

250
100

2 Gateway RERAMWBEHL AIK NTRRIEZRNLEEE% PCREE

Fig. 2 Construction and characterization of entry and expression vectors of recombinant AIK by Gateway

technology. (A) A diagram for generating AIK entry and expression vectors by BP and LR reactions. (B) Verification
of AIK entry clones by colony PCR. Lane 1-3: candidate clones; lane 4: positive control (TEV-FLAG-AIK fragment
as the PCR template). (C) Verification of GST-AIK expression clones by colony PCR. Lane 1-3: candidate clones;
lane 4: positive control (empty pDEST15 as the PCR template).
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Fig. 3 Optimization of induction conditions for inducible expression of GST-AIK. (A) Soluble expression of
GST-AIK in E. coli BL21 (DE3). IPTG induced bacteria were lysed, supernant and precipitate of each sample were
resolved on 15% SDS-PAGE and stained with commassie blue. (B) The effects of induction time on the expression of
GST-AIK. (C) The effects of IPTG concentrations on the expression of GST-AIK. (D) The effects of starting bacterial
density on the expression of GST-AIK.

4h SDS-PAGE ODs0o ( 4 rTEV
1.0 GST rTEV
30% ( 3D) IPTG GST
SDS-PAGE 10-15 kDa
GST-AIK ( 4 GST
FLAG-AIK
24 GST-AIK BAEEBRFEMZEH. rTEV 9%
B R EH AIK B4E{L 25 EH AIK WEMEMENE
AIK
Trince-SDS-PAGE FLAG-AIK 200 pg/mL HL-60
35 kDa 24h  MTS AIK
( 4 FALG-AIK
GST-AIK (62.33+4.75)%  (54.45+7.65)%
rTEV 25 kDa 10-15 kDa P>0.05 ( 5)
AIK
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' < GST-TEV-Flag-AIK
- A < GST

' : .«—Flag-AIK

B 4 Tricine SDS-PAGE #ill 4~ [ &5 1k By £ P= 4
Fig. 4 Detection of affinity purified recombinant AIK
and its cleavage products on tricine SDS-PAGE. 1:
purified GST-TEV-Flag-AIK; 2: cleaved products by
rTEV; 3: carryover; 4: blank lane; 5: purified
Flag-AIK.
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Fig. 5 Recombinant AIK exhibits an antitumor
activity. HL-60 cells were treated with 200 pg/mL
recombinant AIK for 24 h, cell growth inhibition was
determined by MTS assay. Synthesized AIK was used
as positive control.
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[21-22] 37 °C
GST-AIK
37 C
RNase L
[23-24]
IPTG 2h 8h GST-AIK
GST-AIK
(4 h)
GST-AIK IPTG
IPTG GST-AIK
0.1 mmol/L IPTG
IPTG
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