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elastin-like polypeptide (ELP) and an intein fusion system were used for production and purification of
DLP4, which combined the characteristics of the phase transition of ELP and the C-cleavage of the
intein. A recombinant expression plasmid pET-ELP-I-DLP4 was constructed and transformed into
Escherichia coli. Subsequently, DLP4 was purified by simple centrifugation, alternation of pH and
temperature. However, the C-cleavage of the intein occurred unexpectedly during the process of
expression and purification. To solve this problem, the intein was split into N-intein (I0y) and C-intein
(I0¢), and fused with ELP or DLP4 to construct two recombinant expression plasmids pET-ELP-10y and
pET-ELP-10c-DLP4, respectively. These two plasmids were transformed into E. coli separately. The
mixture of the two cultures of E. coli strains restored the C-cleavage activity of the intein. This operation
yielded DLP4 of about 1.49 mg/L. Antibacterial test confirmed that the purified DLP4 exhibited
expected activity. Thus, this approach can be used as an effective way for DLP4 expression and

purification in the prokaryotic system.

Keywords: antimicrobial peptide; ELP tag; intein; split intein; antibacterial activity
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Figure 1
and pET-ELP-10c-DLP4 (C).
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Schematic diagram of recombinant expression plasmid pET-ELP-I-DLP4 (A), pET-ELP-10y (B)
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Fz1 XHHRASIYFS

Table 1  Primers used in this study

Primer name Primer sequences (5'—3') Size (bp)
Pl CATTGTACACAACGCAACCTGTGACCTGTTGAGC 34

P2 ATGAAGCTTCTATTTCCGGCAGTTGCAAACAGC 33

P3 GATTTCAGAATTCGGCAGTGGATCCGCCCTCGCAGAGGGCACTCGGATC 49

P4 ACCAAGCTTTCAGCCAGACGCCGGAATCGGCGC 33

P5 GGTCGAATTCGGCAGTGGATCCCGCGTGCAGGCGCTCGCGGATGCC 46

P6 GTGCATGTTGTGTACAACAAC 21

Note: the underlined sequences indicate the restriction endonuclease recognition sites.

pET-ELP-I-CAT 435l {fi ] BsrG I Fl Hind 11X
MY, 2B 2 AR Bl ik s DIl it B
ZH F 3k Bk pET-ELP-1-DLP4 (14 1A).
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R Cumlr AR a8, AT split intein-
X ELP Z# %) pET-ELP-10y fil pET-ELP-10c-
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WA R AT it — ek aifb ok
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DLP4

2 EHERERKNAEE

Vector

Vector

Figure 2 Construction of recombinant expression plasmids. (A) Gel electrophoresis of PCR products. M:
DNA marker; lane 1: PCR products of DLP4. (B) Double digestion of pET-ELP-I-CAT vector. M: DNA
marker; lane 1: pET-ELP-I-CAT digested with Hind IIl and BsrG I. (C) pET-ELP-I-DLP4 verified by
double digestion. lane 1: pET-ELP-I-DLP4 digested with Hind III and BsrG I. (D) Gel electrophoresis of
PCR products. lane 1, 2: PCR products of the N-terminal sequence of intein gene (IOy). lane 3, 4: PCR
products of the C-terminal sequence of intein gene (I0¢). (E) Double digestion of the pET-ELP-I-DLP4 vector.
lane 1: pET-ELP-I-DLP4 digested with EcoR I and Hind III; lane 2: pET-ELP-I-DLP4 digested with EcoR I

and BsrG I. (F) PCR detection of pET-ELP-I0y and pET-ELP-10c-DLP4 bacterial culture. lane 1: PCR
products of bacterial culture containing pET-ELP-I0y; lane 2: PCR products of bacterial culture containing

pET-ELP-10c-DLP4.
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B3 FHREEFFFREMAL

Figure 3 Recombinant protein expression and purification. (A) Schematic diagram of expression and
purification of DLP4. (B) SDS-PAGE analysis of purification of the antimicrobial peptide DLP4 by the
ELP-Intein system. M: protein marker. lane 1: total protein before induction; lane 2: total protein after IPTG
induction; lane 3: supernatant of cell lysate; lane 4: precipitation of cell lysate; lane 5: precipitation of the
first precipitation reaction; lane 6: supernatant after overnight intein self-cleavage; lane 7: precipitation of the
second precipitation reaction; lane &: supernatant from the second precipitation reaction. (C)
Tricine-SDS-PAGE analysis of purified DLP4. lane 1: DLPA4.
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JE LI EEMLTE (8 4B, JkiE 5 il 6),
A E AL TR e BE P, 10 B 3k 1
TR 5 TF R A AR Ay . WA, 78 1
TR HRE N 0.4 mol/L W IR Bk ), 1E
B g8 — 2k 2k (B 4B, WkiE 7),
X JE A E10c-DLP4 1 E10y @l A 25 1 R/
T o B RE DT AR pH W 2% v s g, =
Y R i RN, M L HRT SR B W 45 B
45, 4152 ElOc £ 11 RITT4 2 11 EI0c-DLP4/
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/E ST R /B 01 (VSO I N P A T N =
E10.-DLP4/EION 8% 20 2B (&1 4B, TKiE 9),
B0, HBEE DLP4 T i, [
FE[HH DLP4 4ri/)h, 7E SDS-PAGE fi &l
Tk E s (K 4B, JkiE 10), T 2@t
Tricine-SDS-PAGE #4755, FERIKE bl IR
53] DLP4 & 1501 (Bl 4C). i BCA HXT
DLP4 HUPERRIEA T BEIE J5 , 1T HAR R 2
A 1.49 mg/L,

A ELP ELP
v I 0. DLP4
EI0, E10.-DLP4
58.4 kDa 57.3 kDa
pH shift Incubation and precipitation
ELP
e 0. | DLP4
58.4 kDa 4.3 kDa
VAN I
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Pellet Superntant
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kDa M1 2 34 5 678 910 kDa M |
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66.2 -t M
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B4 BEHEF—TEFRIEMAN
Figure 4

One-step expression and purification of recombinant protein. (A) Schematic diagram of

expression and purification of recombinant protein. (B) SDS-PAGE analysis of purification of the
antimicrobial peptide DLP4 by the double ELP-Intein system. M: protein marker. lane 1: total protein before
induction; lane 2: total protein of switch protein EIOy after IPTG induction; lane 3: total protein of
C-precursor protein EIOc-DLP4 after IPTG induction; lane 4: total protein mixture of switch protein and
C-precursor protein after induction; lane 5: the supernatant of the bacterial cell lysates containing switch
protein and C-precursor protein; lane 6: the precipitation of the bacterial cell lysates containing switch protein
and C-precursor protein; lane 7: precipitation of the first precipitation reaction; lane 8: supernatant after
overnight intein self-cleavage; lane 9: precipitation of the second precipitation reaction; lane 10: supernatant
from the second precipitation reaction. (C) Tricine-SDS-PAGE analysis of purified DLP4. lane 1: DLP4.
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R TR S ELP-Intein R GE7E KT B
rrAEP=i) DLP4 3%, F S. aureus 5 B. subtilis
VERHE/RT,  FTHL 00 5 BT T IR A 40 5 12
A TS T R FIWT DLP4 B3N B T . K
PeSemr ek b BT, DLP4 X S. aureus 5
B. subtilis BRI M E  (minimum inhibitory
concentration, MIC) 4354 0.01-2.34 pumol/L
F10.02-0.04 wmol/L . M & H AT DLXILER 1 4lifk 1
DLP4 X} B. subtilis 55 S. aureus W) 12l HAZ 5
BZHK 14 mm F1 12 mm (& 5), BEBHZ R
Fik4lifb iy DLP4 HAT Hi B & 1
2.4 DLP4 U & RA X 40 i B 188 135 14 B9 i 7E

GEGYLRL PL AT LA ZF 1k 5 458 1 20 i J5E DA i 4%
ABUEE DNA BERLL A5, {H 2 A RE 2 375 1 20
FELAR AR BB, AT RT3, e 9
BOWEEIEAL DLP4 X A2 . L 1xPBS
A0 T A REAE R BIPEXT B2, 2N R R L3
) 200 Jif DAy B XS B2 L v mT UL 21 45 [
YFHEZHAH LG, 20k DLP4 Ab ¥ 5256 20 4 fg 1Y
LLEOCEER BRI (151 6A 1 6B), Ui idE it

Bacillus subtilis

Staphylococcus aureus

5 DLP4 BN EIE M

Figure 5 Identification of the antimicrobial effect
of DLP4 using disk diffusion assay. (A) Identification
of antimicrobial activity of DLP4 against B. subtilis.
1: DLP4 (21 pmol/L); 2: 20 pg/mL ampicillin; 3:
1xPBS. (B) Identification of antimicrobial activity
of DLP4 against S. aureus. 1, 2: DLP4 (21 umol/L);
3: 20 pg/mL ampicillin; 4: 1xPBS.
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Figure 6 Detection of cell membrane permeability
of DLP4. (A) PI staining of Staphylococcus aureus
cells treated with 1xPBS, 20 ug/mL ampicillin and
DLP4 (21 pmol/L), respectively. (B) PI staining of
Bacillus  subtilis cells treated with 1xPBS,
20 pg/mL ampicillin and DLP4 (21 pmol/L),
respectively. (C) Percentage of Staphylococcus
aureus cells and Bacillus subtilis cells stained with
PI. Three duplicate observations were made, results
were given as x £s (n=3). *** indicate statistically
significant differences between samples at P<0.001.
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Figure 7 Hemolysis test of DLP4 antimicrobial
peptide. PS: 1% Triton X-100; NS: PBS. Three
duplicate observations were made, results were given
as x s (n=3). *** indicate statistically significant
differences between samples at P<0.001.
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ETE B Y IR, (Pichia pastoris) Witk
Tk, e nlik 800 mg/L, {HFERF . 4
Bit, H5 258 BB A i 2 Mk AT Al Ak Hs
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BEFEZHRIAREN . HEREANRL 7



=F F/AA ELP-Intein RREXFHITEPEF~RE K DLP4 2375

ANy, AT RESE T ELP 4% 20 & K UL S DLP4
PR AKME. ZIRE s R, (P 2 sk
/0 () BLP bR%5RE AT DAIA 1) [R) B A 4l AL ROR
[vi] Bf ST DR i 0 o K A e U FRATT IR Sk
SR IEHEA TR S, RS B il AP KRS A
afifb i) ELP KB, [RBHRR — Bk aifb 4508,
PEm W R, T4 DLP4 /)77 4t .

L TR 75 P 0 40 R ke Ak A B T KA
A I EEE AR . SR, BTETTEOL
PR A B S B0 25 B, DLP4 o > FG B A 40
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SCEL T DLP4 Wik falifh (&l 3), FFHEXT
ZRGHAT T AL, ¥ T ITF split intein (1)
ELP £%:, f#dk T J5A ELP-Intein 2GR %
FE PR TR A2 C sl 2L R, (HJ2 A
WA F| 4k ) DLP4 2K [ 4545 0 S bRy 1
IS TR (4.3 kDa), HJFF A RE /Ny
FHEAEHK BB EERIS, ]

&: 010-64807509

T BRI 7 Th oAy S i B G i 2% 5
HMRAIXF AL 9 DLP4 #E4T T AT M A
AN REPE AR ST, AR R W LR A B DT AT
P (B 5) HAMEEERAR (B 7), XLE4RE
B ELP-Intein Z 48 A T HURI KA A, XU
JIK DLP4 37 i) 4275 KA T T I IR R

REFERENCES

[1] Meng D, Wu YH, Meng QL, et al. Antimicrobial
resistance, virulence gene profile and molecular typing
of Staphylococcus aureus isolates from dairy cows in
Xinjiang province, northwest China. J Glob
Antimicrob Resist, 2019, 16: 98-104.

[2] Li B, Yang N, Wang XM, et al. An enhanced variant
designed from DLP4
Staphylococcus aureus CVCC 546. Front Microbiol,
2020, 11: 1057.

[3] Yin JB, Zhang XX, Wu B, et al. Metagenomic insights
into tetracycline effects on microbial community and

cationic peptide against

antibiotic resistance of mouse gut. Ecotoxicology, 2015,
24(10): 2125-2132.

[4] Da Cunha NB, Cobacho NB, Viana JFC, et al. The next
generation of antimicrobial peptides (AMPs) as
molecular therapeutic tools for the treatment of
diseases with social and economic impacts. Drug
Discov Today, 2017, 22(2): 234-248.

[5] Kang HK, Kim C, Seo CH, et al. The therapeutic
applications of antimicrobial peptides (AMPs): a patent
review. J Microbiol, 2017, 55(1): 1-12.

[6] Wang S, Zeng XF, Yang Q, et al. Antimicrobial
peptides as potential alternatives to antibiotics in food
animal industry. Int J Mol Sci, 2016, 17(5): 603.

[7]1 Li ZZ, Mao RY, Teng D, et al. Antibacterial and
immunomodulatory activities of insect defensins-DLP2
and DLP4 against multidrug-resistant Staphylococcus
aureus. Sci Rep, 2017, 7(1): 12124.

[8] Ma XX, Yang N, Mao RY, et al. The
pharmacodynamics study of insect defensin DLP4
against toxigenic Staphylococcus hyicus ACCC 61734
in vitro and in vivo. Front Cell Infect Microbiol, 2021,
11: 638598.

[9] LiJF, Zhang J, Song R, et al. Production of a cytotoxic
cationic antibacterial peptide in Escherichia coli using
SUMO fusion partner. Appl Microbiol Biotechnol,
2009, 84(2): 383-388.

B<: cjb@im.ac.cn



2376 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

(10]

[12]

[13]

[14]

[19]

[20]

(21]

Fan YM, Miozzi JM, Stimple SD, et al. Column-free
purification methods for recombinant proteins using
self-cleaving aggregating tags. Polymers, 2018, 10(5):
468.

Van Roey P, Pereira B, Li Z, et al. Crystallographic and
mutational studies of Mycobacterium tuberculosis recA
mini-inteins suggest a pivotal role for a highly
conserved aspartate residue. J Mol Biol, 2007, 367(1):
162-173.
Sarmiento C, JA.
applications of protein splicing. Curr Protein Pept Sci,
2019, 20(5): 408-424.

Wood DW, Camarero JA. Intein applications: from

Camarero Biotechnological

protein purification and labeling to metabolic control
methods. J Biol Chem, 2014, 289(21): 14512-14519.

Mullerpatan A, Chandra D, Kane E, et al. Purification
of proteins using peptide-ELP based
precipitation. J Biotechnol, 2020, 309: 59-67.
Peddi S, Roberts SK, MacKay JA. Nanotoxicology of
an elastin-like polypeptide rapamycin formulation for
breast cancer. Biomacromolecules, 2020, 21(3): 1091-1102.
Sousa DA, Mulder KCL, Nobre KS, et al. Production
of a polar fish antimicrobial peptide in Escherichia coli
using an ELP-intein tag. J Biotechnol, 2016, 234: 83-89.

Fong BA, Wood DW. Expression and purification of

affinity

ELP-intein-tagged target proteins in high cell density
E. coli fermentation. Microb Cell Fact, 2010, 9: 77.
Fong BA, Wu WY, Wood DW. Optimization of
ELP-intein mediated protein purification by salt
substitution. Protein Expr Purif, 2009, 66(2): 198-202.
Li YF. Split-inteins and their bioapplications.
Biotechnol Lett, 2015, 37(11): 2121-2137.
Romero-Casanas A, Gordo V, Castro J, et al. Protein
splicing: from the foundations to the development of
biotechnological applications. Methods Mol Biol, 2020,
2133: 15-29.

Park SI, Kim JW, Yoe SM. Purification and
characterization of a novel antibacterial peptide from
black soldier fly (Hermetia illucens) larvae. Dev Comp
Immunol, 2015, 52(1): 98-106.

SR, Xk #E, MRBE R ELP A K265 81 K In T
TP AE B K Oxysterlin 1. A¥) TR 2#4k, 2021,
37(8): 2915-2923.

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

[25]

[26]

[27]

[31]

Guo L, Liu HX, Lin Y. Production of antimicrobial
peptide (oxysterlin 1) in Escherichia coli with ELP
self-cleavage tag. Chin J Biotech, 2021, 37(8):
2915-2923 (in Chinese).

Bennett JV, Brodie JL, Benner EJ, et al. Simplified,
accurate method for antibiotic assay of clinical
specimens. Appl Microbiol, 1966, 14(2): 170-177.

Kim JS, Jeong JH, Cho JH, et al. Antimicrobial activity
of antimicrobial peptide LPcin-YK;3 derived from
bovine lactophoricin. J Microbiol Biotechnol, 2018,
28(8): 1299-1309.

Zheng XL, Wang XM, Teng D, et al. Mode of action of
plectasin-derived peptides against gas gangrene-
associated Clostridium perfringens type A. PLoS One,
2017, 12(9): e0185215.

Eckhard LH, Houri-Haddad Y, Sol A, et al. Sustained
release of  antibacterial lipopeptides from
biodegradable polymers against oral pathogens. PLoS
One, 2016, 11(9): e0162537.

Horvati K, Bacsa B, Mlinko T, et al. Comparative
analysis of internalisation, haemolytic, cytotoxic and
effect
peptides: aspects of experimental setup. Amino Acids,
2017, 49(6): 1053-1067.

Li B, Yang N, Shan YX, et al. Therapeutic potential of

a designed CSaf peptide ID13 in Staphylococcus

antibacterial of membrane-active cationic

aureus-induced endometritis of mice. Appl Microbiol
Biotechnol, 2020, 104(15): 6693-6705.

Banki MR, Feng L, Wood DW. Simple bioseparations
using self-cleaving elastin-like polypeptide tags. Nat
Methods, 2005, 2(9): 659-661.

Shen Y, Ai HX, Song R, et al. Expression and
purification of moricin CM4 and human B-defensins 4
in Escherichia coli using a new technology. Microbiol
Res, 2010, 165(8): 713-718.

Shi CH, Meng Q, Wood DW. A dual ELP-tagged split
intein system for non-chromatographic recombinant
protein purification. Appl Microbiol Biotechnol, 2013,
97(2): 829-835.

Yang K, Su YJ, Li JH,
purification of the antimicrobial peptide cecropin AD

et al. Expression and

by fusion with cationic elastin-like polypeptides.
Protein Expr Purif, 2012, 85(2): 200-203.

(Aoe9 BT



