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Optimization of coding sequences and expression of
antimicrobial peptide magaininIl in Escherichia coli and
Pichia pastoris

Yuhai Chen’, Qinghuang Chen?, Ke Chen?, Tingzhou Zhang®, and Jilong Chen'?

1 CAS Key Laboratory of Pathogenic Microbiology and Immunology, Institute of Microbiology, Chinese Academy of Sciences, Beijing
100101, China

2 Department of Veterinary Medicine, College of Animal Sciences, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian,
China

3 School of Environmental Science and Bioengineering, Zhejiang Gongshang University, Hangzhou 310035, Zhejiang, China

Abstract: The antimicrobial peptide magainin Il is expressed in the skin of the African clawed frog, Xenopus laevis, and
exhibits a broad spectrum of antimicrobial activity as well as tumoricidal properties at low concentrations. In addition,
magainin [l plays a synergistic role during antimicrobial and tumoricidal processes with another antimicrobial peptide
PGLa that is also expressed in Xenopus laevis. The optimized cDNA sequence of magainin Il and magainin II-PGLa hybrid
peptide according to E. coli or Pichia pastoris codon usage frequency were synthesized and sub-cloned into prokaryotic
expression vector pGEX and Pichia pastoris secreted expression vector pPIC9k. The resulting recombinant plasmids were
named as pGEX-magainin [l and pPIC9k-magainin II-PGLa. The GST-magainin Il fusion protein was highly expressed in
E. coli. Furthermore, magainin Il was successfully purified by digestion with PreScission Protease to cleave the GST tag.
Additionally, our data obtained from the ELISA revealed that magainin II-PGLa hybrid peptide was successfully expressed

in Pichia pastoris. These experiments establish a useful system for further studies of these antimicrobial peptides.

Keywords: antimicrobial peptide, magainin II, Escherichia coli, Pichia pastoris, codon usage frequency
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0.1 mmol/L magainin [I 1D  GST
002468 10k 22 BBk DP-magaininl B A% ik 58
1 GST IE
8h 37°C  IPTG DP-magainin II
SDS-PAGE
2
( his flag DP-magainin I
flag )
1 1A 0.000 1-1.0 mmol/L HCI
GST-magainin II SDS-PAGE 85 °C 8h 1.0 mmol/L (pH
1B Glutathione Sepharose 4B 2.5) (Smeared
SDS-PAGE 1C bands) pH [10]
Tricine-SDS-PAGE magainin [I
A t(h) B C
kDa M 0 2 4 6 8 10 kba M 1 2 kDa M 1 2 3
170 — -
130 —
95— =
72— 40— S
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34— ¥ 15—
26— 10 —
- -«
4.6 —
D
GST PPS His Flag (EKS) magainin II

E 1 #EE magaininll R FRES a4k

Fig. 1 Expression and purification of recombinant magainin II fusion protein. (A) The expression of recombinant
magainin [ fusion protein under different time gradient. M: prestained protein ladder (Fermentas, SM0671). (B)
Purified recombinant magainin I fusion protein. M: prestained protein ladder (Fermentas, SM0671); 1: recombinant
magainin I fusion protein after purification; 2: recombinant magaininIl fusion protein before purification. (C)
Digestion of recombinant magaininIl fusion protein with PreScission Protease. M: prestained protein ladder
(Fermentas, SM1861); 1: recombinant magaininIl fusion protein after purification; 2: recombinant magainin Il
protein after digestion; 3: control. (D) The structure of the GST-magainin fusion protein. GST: glutathione
S-transferase; PPS: preScission protease cleavage site; His: his tag; Flag: flag tag; EkS: enterokinase cleavage site.
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A kDa M 1 2
170 =
130 —w— —
95 —f— B kDa
72— -
' £k g 40
55 —h—
——— 25
43 —f—
34 —— S

26— - .

4.6
17

2 HHE Ak DP-magainin [l R RIES 4k

Smeared bands

Fig. 2 Expression and acid digestion of DP-magaininIl fusion protein. (A) The purification of recombinant
DP-magainin Il fusion protein. M: prestained protein ladder (Fermentas, SM0671); 1: recombinant DP-magainin I
fusion protein after purification; 2: recombinant DP-magainin I fusion protein before purification. (B) Digestion of
recombinant DP-magainin [l fusion protein with hydrochloric acid. M: prestained protein ladder (Fermentas,
SM1861); 1-5: different concentrations of hydrochloric acid; 1: 0.000 1 mmol/L; 2: 0.001 mmol/L; 3: 0.01 mmol/L; 4:

0.1 mmol/L; 5: 1 mmol/L.
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Fig. 3 Primary structure of the magaininIl-PGLa
hybrid antibacterial peptide.
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Fig. 4 Screening of high-yielding strains of hybrid
antibacterial peptide.
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Fig. 5 PCR analysis of Pichia pastoris integrants. M:
DNA marker; lane 1-3 show the 642 bp products from
KM71/pPIC9K-magainin II-PGLa; lane 4 shows the
492 bp product from KM71/pPICIK; lane 5-6 show the
684 bp products from KM71/pPIC9K-magaininlIl -
PGLa-his/flag.
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Fig. 6 Expression level and antibacterial activity of
hybrid antibacterial peptide magaininI[-PGLa. (A)
Expression level of hybrid antibacterial peptide in
Pichia pastoris. (B) Antibacterial activity of hybrid
antibacterial peptide to E. coli.
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