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Expression of a modified antimicrobial peptide
BhSGAMP-1-S ( Bradysia hygida) in Escherichia coli and
characterization of its activity
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Abstract . [ Objective ] Bradysia hygida salivary glands antimicrobial peptide 1 ( BASGAMP-1) is one of the antimicrobial
peptides involved in a preventive mechanism of defense of the fly Bradysia hygida. To know better about the molecular
characterization of this antimicrobial peptide, we expressed and purified the modified BhSGAMP-1-S and investigated its
antimicrobial activity. [ Methods | We synthesized the gene of BhSGAMP-1-S designed with preferred codons of
Escherichia coli and expressed it as a fusion protein in E. coli TB1 by using pMAL-c2X as vector. We purified the fusion
protein using amylase resin affinity chromatography. In addition, we cleaved the fusion protein by enterokinase and the
released recombinant BhSGAMP-1-S was separated by size exclusion chromatography, then followed by reversed-phase
high performance liquid chromatography. We analyzed the antimicrobial activities of the purified recombinant BASGAMP-
1-S by bioassays. [ Results] The fusion protein was mostly expressed in soluble form under the optimized conditions. The
recombinant BhASGAMP-1-§S was produced with a pure yield of 0.38 mg/100 mL culture medium. Antimicrobial assays
demonstrated that the recombinant BASGAMP-1-S was active against several Gram-positive and Gram-negative bacteria and
fungi. [ Conclusion] Tt appears to be the first successful production of the recombinant BASGAMP-1-S from fly Bradysia
hygida. Data presented here confirm that the recombinant BhSGAMP-1-S is now ready for further studying and
characterizing their antimicrobial properties.
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Antimicrobial peptides ( AMPs) are one of the organisms, and are found among all classes of life
most important effectors of the innate immune system, including insects, amphibians and mammals'' ',
which are evolutionarily conserved component of the Insect AMPs are typically cationic and often made of
principal defense system for the majority of living less than 100 amino acid residues. These peptides
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show a broad spectrum of antimicrobial activity which
is probably due to the particular capacity of AMPs to
membranes

disrupt the cell through non-specific

peptide - lipid interactions'*'. The most intriguing
feature of these molecules is their potential of not to fall
victim to the same microbial resistance problems as
conventional antibiotics, because their mechanism of
Furthermore, these

action is complicated .

peptides suppress bacterial infections but have minimal

toxic and allergic effects to the hosts'”.

Therefore ,
AMPs have received increasing attentions as potential

new antimicrobial substances for use in

]

therapeutics'®’ | drugs and food

animal
.9
preservatives

Bradysia  hygida salivary gland antimicrobial
peptide 1 (BhSGAMP-1) is one of the AMPs involved
in a preventive mechanism of defense of the fly
Bradysia hygida which is expressed exclusively in the
salivary glands of the larvae to help prevent microbial
infection while they are preparing to ecdysis''”'. The
gene of BhSGAMP-1 is developmentally regulated by
the direct action of 20-OH ecdysone in the salivary
gland of Bradysia hygida and BASGAMP-1expression is
in the saliva of these insects, at the end of larval
stage, but not in the hemolymph. This preventive
defense system probably functions during all larval
molts. At least during the third larval molt,
BhSGAMP-1 is also active''"".

of BhSGAMP-1-S was synthesized with preferred

In this work, the gene

codons of E. coli to facilitate its expression. Then a
recombinant plasmid pMAL-c2X-BhSGAMP-1-S was
constructed to express the BhSGAMP-1-S in E. coli
with maltose-binding protein ( MBP ) as a fusion
partner. The optimal cultivation parameters were
determined for expression of the soluble fusion protein.
Antimicrobial activity of the purified peptide was

confirmed using different assays.
1 MATERIALS AND METHODS

1.1 Materials

Escherichia coli TB1 strain, the expression vector
pMAL-c2X and amylose resin were purchased from
New England Biolabs. Restriction enzymes, T4 DNA
ligase, DL-2000 DNA marker and protein molecular

TaKaRa
Biotechnology Co. Ltd. (Dalian, China). Protein low

mass standards were obtained from
molecular mass standards were obtained from SBS
Genetech Co. Ltd. ( Beijing, China ). Enterokinase

was purchased from Sinobio Biotech Co. Ltd.
(Shanghai, China). Yeast extract, tryptone and beef
extract were obtained from Oxoid ( England). Anti-
Maltose binding and anti-rabbit IgG were purchased
from TIANGEN Biotech Co. Ltd. ( Beijing, China)
( Xian, China),

respectively. All other chemicals were of analytical

( Shanghai,

and Pioneer Biotechnology Inc.

grade from Sangon Biotech Co. Lid.
China) .
1.2 Construction of the recombinant expression
vector

The original gene of BhSGAMP-1 ( GenBank
accession No. DQ180321. 1) was modified using
codon preference of E. coli, resulting a BASGAMP-1-S
gene. An enterokinase (EK) cleavage site was added
to the 5’ -terminal of the BhSGAMP-1-S so that no
vector-derived residue is attached to the protein of
interest after tag removal. The new BhSGAMP-1-S
gene was synthesized and ligated to the pGE plasmid
resulting of a recombinant plasmid, pGE-BhSGAMP-1-
S. Gene encoding BASGAMP-1-S was cleaved from the
recombinant pGE-BhSGAMP-1-S with BamHI and
HindIIl restriction enzymes and DNA fragment was
pMAL-¢2X
expression vectors were transformed into E. coli TBI

plasmid TB1/pMAL-c2X-

ligated to vector. The recombinant

cells, resulting of the

BhSGAMP-1-S.

confirmed by restriction endonucleases digestion and

The fusion expression vector was

sequencing.
1.3 Expression and purification of fusion protein
Overnight cultures of a recombinant clone of
BhSGAMP-1-S were inoculated into 100 mL of LB
medium with 100 pg/mL ampicillin and cultured at
37°C with vigorous shaking. When the culture 0D,
reached about 0. 6, the expression of fusion protein
MBP-BhSGAMP-1-S was induced by IPTG of a final
concentration of 0.4 mmol/L, followed by 8 h shaking
at 30°C. The cells were harvested by centrifugation at
4000 x g for 20 min at 4°C.
resuspended in 4 mL, Column Buffer (20 mmol/L Tris-

The pellet was
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HCI, 200 mmol/L NaCl, 1 mmol/L EDTA, pH 7.4)
and lysed by sonication in short pulses of 10 s for
10 times. Soluble protein fraction was recovered by
centrifugation of bacterial extract at 9000 x g for
30 min at 4°C. Dilute the supernatant 1:5 with the
column buffer and applied to a pre-equilibrated
amylose resin column at a flow rate of 0.3 mL/min.
The fusion protein was eluted with column buffer
including 10 mmol/L maltose at a flow rate of
0. 15 mL/min. The fractions were collected, monitored
by UV absorbance at 280 nm.
1.4 Cleavage and purification of the recombinant
BhSGAMP-1-S

After dialyzing overnight at 4°C with EK reaction
buffer [ 50 mmol/L Tris-HCl, 1 mmol/L CaCl,, 1 %
(v/v) Tween-20, pH 8.0], the fusion protein was
cleaved by 1.8 U EK at 37°C for 16 h. The cleavage
mixture was desalted by dialysis in 20 mmol/L Tris-
HCI (pH 8.0) at 4°C.
BhSGAMP-1-S was separated from the mixture by size

Released recombinant

exclusion chromatography ( Superdex™ 75) medium
( Amersham Biosciences. Bead size:11 mm — 15 mm)
in a column of 10 mm x 300 mm ( column bed
volume: 24 ml), which was pre-equilibrated with
20 mmol/L Tris-HCl (pH 8.0). Each sample was
loaded with a volume of 0. 5 mL and the chromatograms
were recorded at 280 nm. Molecular mass was
estimated based on their correlation in retention time to
standards of various sizes. The elution was performed
using 20 mmol/L Tris-HC] (pH 8.0) at a flow rate of
1.5 mL/min. The fractions were collected.

The monomeric BhSGAMP-1-S pooled from the
Superdex™ 75 column was subjected to preparative
reversed-phase high performance liquid chromatography
( RP-HPLC ) to
BhSGAMP-1-S. RP-HPLC was performed on C

further purify the recombinant
column ( Symmetry ™ RP -C,,, 4.6 nm x 250 mm,
5 wm). The elution was conducted with a linear
gradient of 20 % - 90 % (v/v) acetonitrile in 0. 1 %
(v/v) trifluoroacetic acid ( TFA) at the flow rate of
1.5 mL/min for 40 min. The elution was monitored at
225 nm and 280 nm. The eluted fractions were
collected corresponding to the absorbance peaks and

freeze - dried.

1.5 SDS-PAGE, Tricine - SDS - PAGE and
Western blotting

The fractions of affinity chromatography, the
cleavage mixture and the fractions of molecular
exclusion chromatography were analyzed by standard

dodecyl
electrophoresis ( SDS-PAGE ) method. After electrop-

sodium sulfate-polyacrylamide gel
horesis, gels were stained with Coomassie brilliant blue
R-250, or peptides were transferred to nitrocellulose
membranes. Western blotting was performed as
described by Sambrook et al . '™’ with rabbit anti-
Maltose binding protein as the primary antibody and
peroxidase-conjugated goat anti-rabbit IgG. The
recombinant antimicrobial peptide was analyzed by
Tricine - SDS - PAGE according to the method of

). The images of gels and

Schigger and von Jagow
scanned by GS-800 Calibrated
Densitometer ( Bio-Rad, USA).

1.6 Antimicrobial activity assay

membranes were

The  antimicrobial  activities  of  purified
recombinant BASGAMP-1-S were analysed against two
Gram-negative bacteria (E. coli, Salmonella paratyphi
B ), three Gram-positive bacteria ( Staphylococcus
aureus, Bacillus subtilis, Streptococcus pneumoniae )
and fungi ( Rhizoctonia solani, Rhizoctonia cerealis,
Marssonina zanthoxyli Chona & Munjal, Exserohilum
turcicurn ( Pass) Leonard & Suggs, Venturia nashicola
Tanaka & Yamamoto, Puccinia stritformis f. sp.
tritict) .

The minimal inhibitory concentration ( MIC) for
liquid growth inhibition assay with bacteria was
determined using a 96-well sterile plates as previously
described'"*'. The sample peptide was dissolved and 2-
fold  serial (1 - 10 pmol/L final

concentrations) were made in double distilled water,

dilutions

and 10 pL of each dilution were mixed in a 96-well
sterile plates with 90 L of a suspension of mid-log test
bacteria culture (7 x 10° CFU/mL) in LB medium.
The peptides, a non-treated control, and a sterility
control were tested in triplicate. The microtiter plates
were incubated for 24 h at 37°C. Growth inhibition was
determined by optical density measurement at 620 nm
and the lowest concentration of peptide at which there

was no change in optical density was identified as the
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MIC.

For the radial diffusion assay ', 100 pL of
bacterial culture ( 10° CFU /mL ) were spread on
90-mm LB plate. A 5-mm diameter gel punch was
used to make evenly spaced wells. For the assay, 20
pL of 10 pmol/L recombinant BhSGAMP-1-S was
added to each well. For each plate tested, one well
was filled with double distilled water as a negative
control. The plates were then left undisturbed to allow
diffusion of the sample into the agar, and then they
were incubated inverted in the dark at the appropriate
temperature of each strain for 16 h. The diameter of
the clear zone surrounding each well was measured.

The antifungal activity assay was performed on
Puccinia strifformis {. sp. tritici by microscopically
examining the growth of spores. 50 wL spore suspension
(10°spores/mL) was added into 50 pL peptide sample
(10 pmol/L) in a 1.5 mL Eppendorf tube. The
mixture was spread on 2% agar plates and the plates

were incubated at 9°C for 20 h, and the growth of the

spores was monitored microscopically. For the negative

control, 50 L of the double distilled water lacking the
peptides was added. The filamentous fungi Rhizoctonia
solant, Rhizoctonia cerealis, Marssonina zanthoxyli
Chona & Munjal, Exserohilum turcicurn (Pass) Leonard
& Suggs and Veniuria nashicola Tanaka & Yamamoto
were inoculated onto PDA plates containing the peptide
(10 pmol/L) for the growth inhibition method. The
plates were incubated at 28°C for 4 =7 d and the growth
of the cells were checked by comparing to that of the
negative controls and the inhibitory rate was obtained.
For the negative controls, no peptide was added into the

solid media.
2 RESULTS

2.1 Construction of expression plasmids

The BhSGAMP-1-S gene designed with preferred
codons of E. coli was synthesized ( GenBank accession
no. GQ914992) (Fig. 1). The expression plasmid
pMAL-c2X-BhSGAMP-1-S was constructed and it was
confirmed by digestion with restriction enzymes ( Fig.

2) and sequencing ( data not shown).

(a) ATG CGC ATG TCAATC AAATGT TTT GCAGTG ATT TTC GTT

(b)
(c)

GGA TCC|GAC GAC GAC GAC AAG ATG CGC ATG TCAATC AAATGT TTT GCAGTG ATT TTC GTT
K MR M SsS I K C F A V I F V
GCATTC GCATTC TTT CTA GGC CAG ATA AGC CGT GCA GAG GCG TGC ATC CCA GAT GGT GGA
GCATTC GCATTC TTT CTG GGC CAG ATC AGC CGT GCA GAG GCG TGC ATC CCA GAT GGT GGT

A FA F F L G Q@ I 8 R A E A C I P D G G

AGA TGT CAC GAA TCC GAC CCA GGT CCA GGA TGC TGT AGT GGA TTT TGT TAC AGA GAG AGA

CGT TGT CAC GAA TCC GAC CCA GGT CCA GGT TGC TGT AGT GGT TTT TGT TAC CGT GAG CGT

R C H E S D P G P

G C C S8 G

F C Y R E R

AAT TGG AAA GAT GGA GAT TGT AGA AAA AGA CCA TAA
AAT TGG AAA GAT GGT GAT TGT CGT AAA CGT CCATAA|AAG CTT

N W K

D G D C R K R

P

Fig. 1 The ¢cDNA and amino acid sequences of the BASGAMP-1-S with EK cleavage site. (a) The
original DNA sequence of BASGAMP-1. (b) The BhSGAMP-1-S sequence in which the rare codons for
E. coli were replaced by preference codons (underlined codons) ; the BamHI ( GGATTC) and HindIII

(AAGCTT) restriction sites are showed in the box; the ¢cDNA sequence of EK recognition sequence is

showed in bold italics. (c¢) The amino acid sequence of modified BASGAMP-1-S. The EK recognition

sequence ( DDDDK) is underlined with a dotted line while the EK-cleavage site is indicated by an arrow.

2.2 Expression and purification of the fusion protein

From SDS-PAGE analysis ( Fig. 3-A), a dense
protein band of fusion protein around 50 kDa was
produced in host cells, which was close to the

predicted size. Furthermore, induction of the TB1/

pMAL-c2X-BhSGAMP-1-S cells under the
conditions led to the high level expression of the
MBP-BhSGAMP-1-S.
Western blot analysis ( Fig. 3-B) revealed that the

fusion protein MBP-BhSGAMP-1-S was specifically

optimal

soluble recombinant protein
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<— BhSGAMP-1-S

Fig. 2 Electrophoresis analysis of BASGAMP-1-S
gene. Lane M, DL-2000 DNA marker; Lane 1,
pMAL-c2X - BhSGAMP-1-S plasmids were

digested with BamHI and HindIII.

recognized by antibody, confirming that the expressed

fusion protein was MBP-BhSGAMP-1-S.

KDa M 1 2 3 ;4
97.4— .
66.2—
45.0— .

20— -

25— T -
14_4—. . - n
A

T

2.3 Cleavage and purification of recombinant
BhSGAMP-1-S

The SDS-PAGE analysis ( Fig. 3-A) shows that
the fusion protein produced two new protein bands after
EK treatment. The molecular weights of MBP and
BhSGAMP-1-S were about 42.5 kDa and 7.2 kDa
respectively. The antibodies could immunologically
recognize MBP of the cleavage mixture in Western blot
(Fig.3-B). After removing MBP tag by size exclusion
chromatography, the recombinant BhSGAMP-1-S was
further purifled to homogeneity by RP-HPLC. The
peptide was eluted as single symmetrical sharp peak
with a retention time of 16. 12 min (Fig. 4). From the
result of Tricine-SDS-PAGE analysis ( Fig. 5), an
approximately 7.2 kDa band corresponding to the
recombinant monomer BhSGAMP-1-S was observed.

The purity and yield of each purification step can be

-« FB —>
<«— MBP —>

<«—BhSGAMP-1-S
B

Fig.3 (A) 12% SDS-PAGE analysis of cleavage and purification of the recombinant BASGAMP-1-S. Lane M, protein

molecular mass standards; Lanel , total proteins prior the IPTG induction; Lane 2, total proteins after induction with 0.4 mmol/

L IPTG at 30°C for 8 h; Lane 3, the soluble protein fractions; Lane 4, MBP-BhSGAMP-1-S fusion protein by affinity

chromatography; Lane 5, fusion protein cleaved by EK; Lanes 6 —7, the first and second fractions separated by size exclusion

chromatography. (B) Western blot analysis. Lane 1, the soluble protein fractions; Lane 2, fusion protein cleaved by EK.

seen in Table 1. The highest purity was observed after
the step of RP-HPLC with a yield of 0. 38 mg of pure
recombinant BhASGAMP-1-S from 100 mL of E. coli
culture.
2.4 Antimicrobial activity assay

Antimicrobial activity of recombinant BhSGAMP-
1-S was tested against five bacterial strains using liquid
growth inhibition assay and radial diffusion assay. The

results of MIC and the diameter of the clear zone were

given in Table 2. It was found that the recombinant
BhSGAMP-1-S was relatively effective against several
Gram-negative and Gram-positive bacteria tested and
E. coli was most sensitive to the peptide ( Fig. 6-A).
Fungicidal assays were performed with five filamentous
fungi by culturing the strains on solid PDA medium
containing 10 wmol/L BhSGAMP-1-S. There were four
sensitive to the peptide and

filamentous fungi

Rhizoctonia cerealis was most sensitive to the peptide
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300.001 BhSGAMP-1-S
250.001
200.00
150.00
<£100.00]
50.00
0.00 W
-50.00+
-100.004
0.00 4.00 8.00 12.00 16.00 20.00 24.00 28.00 32.00 36.00 40.00 44.00
t/min
Fig. 4 Purification of BASGAMP-1-S by RP-HPLC of eluted fractions from size exclusion chromatography.
. M 1 (Fig. 6-B), whereas inhibitation was less pronounced
a
50— - for Marssonina zanthoxyli Chona & Munjal (Table 3).

By microscopically examining the growth of spores, it
3s— was found that the mycelium formation of Puccinia
! striiformis {. sp. tritici was strongly inhibited ( Fig. 7

and Table 4).

25—
3 DISCUSSION
to— ‘ MBP is a particularly useful fusion parter and
g . | affinity tag for the production of recombinant proteins in

W <——BhSGAMP-1-S E. coli. Not only it is usually produced in great
abundance and affords some degree of protection from

intracellular proteolysis in E. coli, but also its natural

>— .

affinity for maltodextrins has been shown to be used for
purification. In addition, MBP has a remarkable ability
Fig.5 Tricine-SDS-PAGE analysis of recombinant BASGAMP-
to enhance the solubility and to promote the proper

18]

1-S. Lane M, protein low molecular mass standards; Lane I,

. . . [ e
the recombinant BRSGAMP-1-S purified by RP-HPLC. folding of its fusion partners ', and has been utilized

Table 1  Approximately yield of total and targeted proteins at different steps of purification

Purification step Total soluble r}?siAMP- ?-}ISSCAMF Purity Recovery
protein/mg 1-8/mg /mg /% /%
Sonicated supernatant 58. 10 30. 56" 4. 43" NA* 100"
Affinity chromatography 27.04 24.01" 3.48" 88. 8 78. 6"
Size-exclusion chromatography 0. 64 NA' 0.58" 91.0° 13. 1
RP-HPLC 0. 40 NA* 0.38" 96. 9° 8.6

Shown in the table are average results from three independent assays. a: The extraction and purification start from 100 mL bacteria cultured. Protein

"% using the bovine serum albumin as standard. b: Percentage of fusion protein ( MBP-

concentration was determined by Bradford protein assay
BhSGAMP-1-S) from total proteins was estimated by SDS-PAGE gel scanning and Bandscan 5.0 """ ¢ Purity of protein or peptide was estimated by
SDS-PAGE gel scanning and Bandscan 5.0. d: Theoretical; calculated from the difference in the molecular masses of BhSGAMP-1-S and MBP-

BhSGAMP-1-S. e: NA means not applicable.
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Table 2 The minimal inhibitory concentration and inhibition
zone for the recombinant BASGAMP-1-S against

selected bacteria

Bacteria MIC/ Inhibition

( pmol/L) zone/ mm

Gram-positive  Bacillus subtilis 2.3 10.1 +£0.6
Staphyloccocus aureus 4.0 7.3+£0.5
Streptococcus pneumoniae 8.0 5.9+0.6

Gram-negative  Escherichia coli 2.2 10.6 +0.4
Salmonella paratyphi B 6.2 8.5+0.5

Table 3 The inhibitory rate for recombinant
BhSGAMP-1-S against selected fungi

Inhibitory rate

Fungi P
Rhizoctonia solani 25.56 £0.7
Rhizoctonia cerealis 32.76 +0.6
Marssonina zanthoxyli Chona & Munjal 7.92£0.8
Exserohilum turcicurn( Pass) Leonard & Suggs 11.11 £0.5

Shown in the table are average results from three independent assays.

Shown in the table are average results from three independent assays.

Table 4 Determination of the antimicrobial activity spectrum of bacteria and fungi strains

Gram-positive bacteria

Gram-negative bacteria

Fungi

Bacillus subtilis + Escherichia coli

Staphyloccocus aureus + Salmonella paratyphi B

Streptococcus pneumoniae -

+ Rhizoctonia solani

+ Rhizoctonia cerealis
Marssonina zanthoxyli Chona & Munjal
Exserohilum turcicurn ( Pass) Leonard & Suggs
Venturia nashicola Tanaka & Yamamoto -

Puccinia striiformis f. sp. tritici +

Inhibition of the Gram-positive bacteria and Gram-negative bacteria was determined by liquid growth inhibition assay and the radial diffusion assay.
Inhibition of the filamentous fungi was detected by microscopic observation of spore growth or by examining the mycelia growth on solid medium. Plus sign

indicates a substantial inhibition and minus means no inhibition or slight inhibition.

(A)

(B)

Fig. 6 ( A) The antimicrobial activity of the recombinant
BhSGAMP-1-8 against Escherichia coli by the radial diffusion
assay. (1) Recombinant BhSGAMP-1-S solution (10 pmol/
L). (2) The negative control by sterile water. ( B) The
antimicrobial activity of the recombinant BASGAMP-1-S against
Rhizoctonia cerealis by the growth inhibition method. (1)
Recombinant BASGAMP-1-S solution (10 wmol/L). (2) The

negative control by sterile water.

[19]

to produce AMPs in previous study In present

study, we cloned the codon optimized gene encoding
the BhSGAMP-1-S into pMAL-¢2X to produce the
pMAL-c2X-BhSGAMP-1-S, and

expression vector

Fig. 7

Determination of the antifungal activity by

microscopic detection of spore growth (400 x ). Puccinia
striiformis . sp. tritici was examed after the incubation of

the mixture of their spores with the recombinant BASGAMP-

1-8.
expressed soluble fusion protein in E. coli
successfully.  However, the fusion protein still
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contained some contaminants after affinity
chromatography although we add glucose into the media
to repress the expression of the amylase. It was similar
to those of the previous study >’ .

Our results showed that the recombinant
BhSGAMP-1-S designed with preferred codons of E.
coli exhibited high antimicrobial activity against tested
bacteria and fungi. The mode of antimicrobial action is
not well understood, but this peptide exhibits homology

to some AMPs of plant seeds .

Comparison with
protein sequence data bases showed 57% identity with
AMP2 precursor from Mirabilis jalapa'™'’. These
peptides are basic cysteine-rich peptides with typically
biological properties that resemble those of defensins, a
class of antimicrobial peptides and exhibit a broad
spectrum of antibacterial and antifungal activities. The
possible mechanism of antimicrobial activities is that
BhSGAM-1-S could act on cell membranes by forming
voltage-dependent ion-permeable channels >’ .

reported  chemically
synthesized BhSGAMP-1 was effective in inhibiting the
growth of both bacteria and yeast''"*’.

BhSGAMP-1-S was active to fungi while the chemically

The  previous  study

The recombinant

synthesized was not, though the antibacterial activities
against tested bacteria were similar compare to the
chemically synthesized BhSGAMP-1. Moreover, the
recombinant BASGAMP-1-S shows higher antimicrobial
activity against E. coli and Staphyloccocus aureus than
chemically synthesized. At an economic point, the
recombinant BASGAMP-1-S could be a better approach
to produce this protein in large quantity than
chemically synthesized peptide that was limited to use
for its high cost.

In conclusion, we synthesized the modified gene
for BhASGAMP-1-S and expressed fusion proteins in
soluble form in E. coli. The recombinant BhASGAMP-1-
S presents the high antimicrobial activities against
several bacteria and fungi. This is the first report of
successfully expression of the recombinant BhSGAMP-
1-S from the fly Bradysia hygida.

REFERENCES

[ 1] Boman H. Peptide antibiotics and their role in innate
immunity. Annual Review of Immunology,1995, 13.61-
92.

[ 2 ] Hancock RE. Cationic peptides: effectors in innate
immunity and novel antimicrobials. The Lancet Infectious
Diseases, 2001, 1(3) :156-164.

[ 3] Zasloff M.
organisms. Nature, 2002, 415.389-395.

[ 4] Epand RM, Vogel H]J.

Antimicrobial peptides of multicellular

Diversity of antimicrobial
peptides and their mechanisms of action. Biochimica et
Biophysica Acta, 1999, 1462(1-2) ;11-28.

[ 5] Kelley KJ. Using host defenses to fight infectious
diseases. Nature Biotechnology, 1996, 14(5) :587-590.

[ 6 ] Marshall SH, Arenas G. Antimicrobial peptides: a
natural alternative to chemical antibiotics and a potential
for applied biotechnology.  Electronic  Journal of
Biotechnology, 2003, 6(3) :271-284.

[ 7] Giuliani A, Pirri G, Nicoletto SF. Antimicrobial
peptides: an overview of a promising class of
therapeutics. Central European Journal of Biology,
2007, 2(1) :1-33.

[ 8 ] Hancock RE, Sahl HG. Antimicrobial and host-defense
peptides as new anti-infective therapeutic strategies.
Nature Biotechnology, 2006, 24(12) .1551-1557.

[ 9] Andreu D, Ubach J, Boman A, Wahlin B, Wade D,
Merrifield RB, Boman HG. Shortened cecropin A-
melittin hybrids significant size reduction retains potent
antibiotic activity. FEBS Letters, 1992, 296 (2) : 190-
194.

[10] Candido-Silva JA, Zanarotti GM, Gallina AP, de
Almeida JC. Developmental regulation of BASGAMP-1, a
gene encoding an antimicrobial peptide in the salivary
glands of Bradysia hygida ( Diptera, Sciaridae ).
Genests, 2007, 45(10) :630-638.

[11] Zanarotti GM, Candido-Silva JA, de Almeida JC.
BhSGAMP-1, a gene that encodes an antimicrobial
peptide, is developmentally regulated by the direct action
of 20-OH ecdysone in the salivary gland of Bradysia
hygida (Diptera, Sciaridae). Genesis, 2009, 47 (12) .
847-857.

[12] Sambrook J, Russel DW. Molecular Cloning: A
Laboratory Manual. Cold Spring Harbor Lavoratory
Press, New York. , 1989, pp.18.1-18.85.

[13] Schigger H, von Jagow G. Tricine-sodium dodecyl
sulfate-polyacrylamide  gel electrophoresis  for  the
separation of proteins in the range from 1 to 100 kDa.
Analytical Biochemistry, 1987, 166(2) :368-379.

[14] Shlyapnikov YM, Andreev YA, Kozlov SA, Vassilevski
AA, Grishin EV. Bacterial production of latarcin 2a, a
potent antimicrobial peptide from spider venom. Protein

Expression and Purification, 2008, 60(1) :89-95.



LIRS RIREEWET Bk BhSCAMP-1-S FEIR AT B b A I A3 38 B HAR AT (3 30) . / SR 2741 (2010) 50(9) 1193

[15] Xu F, Meng K, Wang YR, Luo HY, Yang PL, Wu NF, polyphemusin and its activity against the protozoan oyster
Fan YL, Yao B. Eukaryotic expression and antimicrobial pathogen Perkinsus marinus. Molecular Marine Biology
spectrum determination of the peptide tachyplesin I1I. and Biotechnology, 1997, 6(3) :248-59.

Protein Expression and Purification, 2008, 58 (2) :175- [20] De Pieri C, Beltramini LM, Selistre-de-Aratjo HS,
183. Vettore AL, da Silva FR, Arruda P, Oliva G, de Souza

[16] Bradford MM. A rapid and sensitive method for the DH. Overexpression, purification, and biochemical
quantitation of microgram quantities of protein utilizing characterization of GumC, an enzyme involved in the
the principle of protein-dye binding.  Analytical biosynthesis of exopolysaccharide by Xylella fastidiosa.
Biochemistry, 1976, 72(2) :248-254. Protein Expression and Purification, 2004, 34 (2) :223-

[17] Zhou LF, Zhao ZH, Li BC, Cai YF, Zhang SQ. TrxA 228.
mediating fusion expression of antimicrobial peptide CM4 [21] Cammue BP, De Bolle MF, Terras FR, Proost P, Van
from multiple joined genes in Escherichia coli. Proein Damme J, Rees SB, Vanderleyden J, Broekaert WF.
Expression and Purification, 2009, 64(2) :225-230. Isolation and characterization of a novel class of plant

[18] Routzahn KM, Waugh DS. Differential effects of antimicrobial peptides form Mirabilis jalapa L. seeds. The
supplementary affinity tags on the solubility of MBP Journal of Biological Chemistry, 1992, 267 (4 ) :2228-
fusion proteins. Journal of Structural and Functional 2233.

Genomics, 2002, 2(2) :83-92. [22] Reddy KVR, Yedery RD, Aranha C. Antimicrobial

[19] Pierce JC, Maloy WL, Salvador L, Dungan CF. peptides: premises and promises. International Journal
Recombinant expression of the antimicrobial peptide of Antimicrobial Agents, 2004, 24(6) ;536-547.

4

iR BRE W1 & Ak BASGAMP-1-S EXBEH E R U RIZRE
i 5t

EE,BAE,NE AT L EEAT,EH
(PG B A%, HOBRVEUE 5 05 00 B M T 496 % RO B L2 B, ke 712100)

FEE [ HY]BhSCAMP-1 J 3R HR 3 g e 3 AR BT B8 K, S 7 BB A8 B 4 1) T i L 40 7 i FRATDI L e 3k L4l ik
FJEHEAT TR o [ Ok JAKHE K AT o 6 A % 5 1 1T 3T & 80 T B B KL ] BhSGAMP-1-S, ) pMAL-
2X A R B BARLE KA AT i TBL rph i 47 mil & 2235 , Al A 2 P 2 22 200 08 A2 AT AR A7 4l 4k, 3R A5 i fl &
AW YIE G IR A 38 2 5y 0 5 I 2 B AR AH 15 R A £ 3 ok AR A5 B (A E 4 40 1 Ik BhSGAMP-
1-S, % AR5 BT BR AT 16 M o [ 25 30 ) R e IR i 3R R 454 T Rl 25 (T AT i X 3856, 100 mL 5 &
W& 22 aifk )5 v 15 0. 38 mg 1) 8 4140 & Bk BhSGAMP-1-S 111 B 17 4 I 22 3% BH T 3R A5 9 470 187 J0K % 48 4 i)
TRFE 5 TP ME 0 B L 2 T B M 40 B A B A IR M B s M . [ 4598 ) AR 98 58 — WL B9 78 K #F 1
W58 T B A BB BT K BASGAMP-1-S, 4li £k J& A9 5T i JIK LA AR 47 19 30 B8 335 2 | 53X oA i — 25 Wk 5 0 o
FHZEE T Hea

KB W 3T s BURR K ; BASGAMP-1-S 5 1R IR B8 M afi 4k ; T i M 3R Gk
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