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Antifungal Peptide鄄1 (MAF鄄1)
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揖Abstract铱 Objective To clone the cDNA sequence of Musca domestica antifungal peptide鄄1 (MAF鄄1) and

analyze the amino acid sequence of MAF鄄1 by bioinformatics method. Methods Based on the primer designed
according to the N鄄terminal amino acid sequence of MAF鄄1, the cDNA and amino sequence of MAF鄄1 were obtained by
the methods of RACE and NestPCR. The accuracy of the experiment was confirmed by RT鄄PCR. The characteristic of the
sequence was analyzed by bioinformatics software. Results The length of the cDNA sequence of MAF鄄1 was 568 bp
by 3忆RACE, including an open reading frame (ORF) of 441 bp length and 3忆UTR of 127 bp. It was a novel sequence
with the submission number of HM178948 in GenBank since none homology was found when compared with other
sequences by Blast. Added with the 9 amino acids that were not used to design primer, the whole sequence of
MAF鄄1 was 156 amino acids conferred from its cDNA. 139 bp cDNA sequence was obtained by 5忆RACE and the result
was consistent to 3忆RACE. The result of RT鄄PCR showed the cDNA of MAF鄄1 mature peptide was accurate. The bioin鄄
formatics analysis deduced that the theoretic molecular weight and isoelectric point of the whole protein sequence of MAF鄄1
gene were similar to those detected. The ExPASy illustrated that the MAF 鄄1 gene had a signal peptide. There were
abundant 琢鄄helix in it, the domain located between the 128 and 153 amino acid residuals. Subcellular analysis showed
MAF 鄄1 was almost in the nucleus. PredictProtein found two protein kinase C phosphalation sites and one N 鄄myri 鄄
stoylation site, and predicted that it was not a globular protein. In the end, the three dimension image of MAF鄄1 was set up
with 3D鄄pssm of ExPASy. Conclusion The cDNA sequence and the amino acid sequence of MAF鄄1 have been obtained
and analyzed successfully.
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家蝇抗真菌肽鄄1的 cDNA克隆及其
编码蛋白序列的生物信息学分析

付萍袁 吴建伟 *袁 国果

揖摘要铱 目的 克隆家蝇抗真菌肽鄄1 (MAF鄄1冤 的 cDNA序列并对其编码的蛋白序列进行生物信息学分析遥 方法

根据 MAF鄄1的 N端 30个氨基酸序列设计简并引物袁 采用 RACE法和巢式 PCR技术克隆 MAF鄄1的 3忆端和 5忆端 cDNA序
列袁 获得 MAF鄄1的 cDNA序列和氨基酸序列遥 根据所得 MAF鄄1成熟肽部分的 cDNA序列设计引物进行 RT鄄PCR袁 对序
列进行验证并运用生物信息学软件进行分析遥 结果 MAF鄄1的 3忆端 cDNA序列长度为 568 bp袁 开放阅读框长度为 441 bp袁
编码蛋白序列共 147个氨基酸袁 3忆端非编码区 127 bp遥 经 NCBI中 Blast比对未找到同源序列袁 提示该基因为一全新序
列袁 登录到 GenBank袁 获得登录号 HM178948遥 该基因编码的 147个氨基酸加上 MAF鄄1的 N端未用来设计引物的 9个
氨基酸袁 全长共 156个氨基酸遥 由 5忆RACE获得 139 bp cDNA序列袁 分析所得 MAF鄄1成熟肽的氨基酸序列与前述一致遥
RT鄄PCR结果证实了 RACE所得 MAF鄄1序列的正确性遥 根据生物信息学分析方法对所推导的 MAF鄄1蛋白全长序列进行
分析袁 其理论相对分子质量和等电点均与其实际检测值相近遥 利用 ExPASy的各种分析工具对 MAF鄄1分析得知袁 该蛋
白具有信号肽袁 富含 琢螺旋袁 有 3个 琢螺旋区袁 亚细胞定位分析其主要分布于细胞核内遥 利用 PredictProtein分析发现袁
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MAF鄄1序列中有 2个蛋白激酶 C磷酸化位点尧 1个 N端酰基化位点袁 并预测 MAF鄄1为非球形蛋白遥 最后袁 利用 ExPASy
中的 3D鄄pssm (Phyre Version0.2) 模建了 MAF鄄1的三维空间结构图遥 结论 成功克隆了家蝇抗真菌肽鄄1 渊MAF鄄1冤 的
cDNA序列袁 获知其编码的氨基酸序列和生物信息学信息遥

揖关键词铱 家蝇；抗真菌肽；RACE；cDNA；生物信息学

Antimicrobial peptides are the key components of
the insect immune system. It is also an insect爷s first
defense line in resisting invasion by pathogenic micro鄄
organisms... Antimicrobial peptides are widely distributed
among different insects and the presence of these fun鄄
ctional peptides varies from species to species咱1袁2暂. Th鄄
ese peptides are heat鄄resistant and advantageously
cause no damage to the cells of higher animals and
hence these peptides have been regarded as new so鄄
urces for antibacterial and antifungal agents咱3暂 . Conse鄄
quently the different varieties of antimicrobial peptides
have become an increasingly important area of func鄄
tional peptide research. At present, researchers have
isolated antimicrobial and antifungal peptides from all
kinds of insects. They cloned these peptide genes, got
the expression products or modified the genes in
order to get more appropriate products咱4鄄8暂. Musca do鄄
mestica is an important medium as it breeds in pa鄄
thogenic clustered environments and is consequently
highly resistant to pathogenic invasion. We found that
Musca domestica not only shares homologous peptide
molecules with other insects, but also possesses new,
unique antibacterial or antifungal peptides咱9鄄11暂. Musca
domestica antifungal peptide鄄1 (MAF鄄1), isolated from
the hemolymph of the third instar larvae of housefly,
is a kind of acidic antifungal peptide with high mo鄄
lecular weight咱11暂. As this study shows it can kill Ca鄄
ndida albicans. It is different from those alkaline pe鄄
ptides with low molecular weight. Further study of the
relationship between the structure and the function,
the mechanism of regulation and expression of this
antifungal peptide is important to reveal the efficient
mechanism of the efficient innate immunity of Musca
domestica. Such study will also contribute to the eff鄄
icient screening of new antifungal agents. In this study,
according to the MAF鄄1 N鄄terminal amino acid sequence,

the degenerate primer was designed and the MAF鄄1忆s
3忆鄄cDNA sequence was cloned by rapid amplification
of cDNA ends. The MAF鄄忆 s complete amino acid
sequences were obtained finally. At the same time,
bioinformatic analysis methods have been used to
forecast the MAF鄄1 functional domains and the
secondary structure. It was expected useful to
establish the expression syst鄄em, to prove control
mechanisms and to reveal the relationship between
structure and function.

Materials and methods
1 Primer designing and synthesis

According to the N鄄terminal amino acid seque鄄
nces of MAF鄄1, ESAPAPEVSGDAVFSAIQNGLKNL
GNAFF咱11暂. two degenerate primers W1 and W2 were
designed for 3忆end rapid amplification of cDNA ends.
Reverse transcription primers and two downstream
primers were provided by 3 忆 RACE kit, 5 忆 鄄RACE
primers were designed based on the results of 3爷RA鄄
CE (table 1). The primers were synthesized by Ta鄄
KaRa Biotechnology Co.Ltd.

2 Extraction total RNA from housefly larvae
TRIzol Reagent (invitrogen, USA) was used to

extract the total RNA from housefly larvae. The in
tegrity of extracted RNA was determined by 1% agarose
gel electrophoresis. Spontaneously, took appropriate

Table 1 Primers for the cDNA Cloning of MAF鄄1

Primer name Primer sequences渊5忆鄄3忆冤
W1渊3忆RACE冤 GCICCIGCICCIGARGTIAGYGGIGAYGCIGTITT
W2渊3忆RACE冤 GGIGAYGCIGTITTYAGYGCIATICARAAYGG
R1渊5忆RACE冤 GGTGGGCGGTCTTGAAGTCATT
R2渊5忆RACE冤 GGCACCCTCAATCCAGACCTTC
YW1渊RT鄄PCR冤 GGAATTCGAATCTGCC CCCGCCCCT GAGGT
YW2渊RT鄄PCR冤 CCCAAGCTTCTAGGCATGGGGCTTCATTTCCTTGGC
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total RNA to determine its optical density in UV 260
and 280 nm.

3 3忆 RACE
Following the 3忆 Full RACE Core set Ver2.0 in鄄

struction (Takara, Japan), with the 3忆 RACE Adaptor,
1 滋g total RNA was reversely transcripted into cDNA
as templates for nested PCR. The first PCR system
had the volume in 50 滋l containing 3.5 滋l cDNA
templates, 6.5 滋l 1伊cDNA Dilution Buffer 域, 0.25 滋l
TaKaRa LA Taq (5 U/滋l), 2 滋l Primer W1 (10 滋mol/L),
2 滋l 3忆 RACE Outer Primer (10 滋mol/L), 4 滋l 10伊LA
PCR Buffer 域 (Mg2 + Free), 3 滋l MgCl2 (25 mmol/L),
28.75 滋l dH2O. The amplication procedure had prede鄄
naturation in 94 益 3 minutes then started the cycle
94 益 denaturation 30 sec, 55益 annealing 30 sec, 72 益
extension 1 min. After 20 cycles, continue the 72 益
extension 10 min. The second PCR was carried out
with the previous products as templates, containing W2
(10 滋mol/L) 2 滋l, 3忆 RACE Inner Primer (10 滋mol/L)
2 滋l, 10伊LA PCR Buffer 域 (Mg2+ Free) 5 滋l袁 MgCl2
(25 mmol/L) 5 滋l, LA Taq (5 U/滋l) 0.5 滋l, dNTP
Mixture (2.5 mmol/L each) 8 滋l, dH2O2 6.5 滋l. The re鄄
action condition followed the first one in 30 cycles.
After the amplification, the product was checked in
5 滋l PCR solution by 1% agarose electrophoresis.
The special strand was recycled by kits. The objective
DNA was linked to the pMD鄄218T v ector and then
transformed into E. coli DH5琢. The positive clone was
chosen out to inoculate Luria鄄Bertani medium through
blue鄄white selection. In a night incubation, the plas鄄
mid DNA was extracted by kits and transmitted to
TaKaRa for DNA sequencing.

4 5忆 RACE
5忆 RACE primers were designed based on the re鄄

sults of 3爷RACE (table 1). First鄄strand cDNA synthe鄄
sis was performed using DNase鄄treated RNA accor鄄
ding to the manual of the SMART RACE cDNA am鄄
plification kit (Clontech). A series of reactions were
conducted with Advantage 2 polymerase mix (Clon
tech) using the UPM primer (Clontech manual) in com鄄
bination with 5忆 RACE primers R1 and R2. The outer
and inner PCR program with the following settings
was used: 94 益 for 3 min, and 30 cycles of 94 益 for

30 s, 55 益 for 30 s and 72 益 for 2 min, followed by
72益 for 10 min. After the amplification, the product
was checked in 5 滋l PCR solution by 1% agarose
electrophoresis. The special strand was recycled by
kits. The objective DNA was linked to the pMD鄄18T
vector and then transformed into E. coli DH5琢. The pos鄄
itive clone was chosen out to inoculate Luria鄄Bertani
medium through blue鄄white selection. In a night incu鄄
bation, the plasmid DNA was extracted by kits and
transmitted to TaKaRa for DNA sequencing.

5 RT鄄PCR
Reactions were conducted following the instruc

tion manual of the One Step RT鄄PCR kit (TaKaRa).
Each reaction was performed in 50 滋l total volume
with 20 滋l RNase Free dH2O, 1 滋l total RNA, 25 滋l
2伊1 step buffer, 1 滋l 20 滋mol/L of each forward and
re鄄verse gene鄄specific primer (table 1). The program
used was: 50 益 for 30 min, 94 益 for 2 min, then 30
cycles of 94 益 for 30 s, 60 益 for 30 s, and 72 益 for
1 min. The product was checked in 5 滋l PCR solution
by 1% agarose electrophoresis. The strand was recy鄄
cled by kits and was linked to the pMD鄄18T vector
and then transformed into E. coli DH5琢. The po鄄sitive
clone was chosen out to inoculate Luria鄄Bertani medi鄄
um through blue鄄white selection. In a night incuba鄄
tion, the plasmid DNA was extracted by kits and
transmitted to TaKaRa for DNA sequencing.

6 Characterization of the cloned sequence
We used the Blast software in NCBI website to

analyze the amplificated cDNA and calculated the
amino acid sequence by DNAMAN, then the complete
sequence of the peptide and its molecular weight and
isoelectric point were obtained. Put the sequence into
Blastp in NCBI for the comparative analysis.

7 Bioinformatics analysis for MAF鄄1
The MAF鄄1 amino acid sequence was analyzed

through Tmpred in the bioinformatics website ExPASy
(http://www.expasy.org/tools/) for transmembrane region,
subcellular location in SignalP3.0 Server for signal
peptide, domain function predicting in SMART, sec鄄
ondary structure check in SOPMA, functional site in
PredictProtein. Finally, the three dimension model of
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MAF鄄1 was set up with 3D鄄pssm of ExPASy.
Results

1 cDNA cloning of Musca domestica Antifungal
Peptide鄄1 (MAF鄄1)

The total RNA of the third instar larvae of
housefly was reversely transcripted into cDNA by RT鄄
PCR. After the first PCR, the products were checked
with 1% agarose gel electrophoresis, the result showed
no specific bands. But after the second PCR with the
primer W2, the specific band appeared near the 600 bp
(Figure 1). 568 bp nucleotide sequence was obtained by
sequencing. It was a novel sequence with the sub鄄
mission number of HM178948 in GenBank since none
homology was found when compared with other se鄄
quences by Blast. With DNAMAN software translation
of 147 amino acids, which GDA鄄VFSAMQNGLKNL鄄
GNAFF was consistent to the N鄄terminal amino acid
sequence of MAF鄄1. Added with the 9 amino acids
that were not used to design primer, the whole se鄄
quence of MAF鄄1 was 156 amino acids conferred
from its cDNA. After 5忆RACE, the products of PCR
were checked with 1% agarose gel electrophoresis,
the result showed a specific band appeared near
the 250 bp (Figure 2). 139 bp nucleotide sequence
was obtained by sequencing. With DNAMAN software
translation of 46 amino acids, which ESAPAPEVS was
consistent to the N鄄terminal amino acid sequence of
MAF鄄1. After the RT鄄PCR, the products were checked
with 1% agarose gel electrophoresis, the result
showed a specific band near the 500 bp (Figure 3).
The sequencing result was consistent with the RACE.

2 Characterization of the cloned sequence
It included 13.5% lysine which was the highest

content, and 12.8% alanine, 11.5% glutamic. The
sequence of MAF鄄1 did not contain cysteine, suggesting
no disulfide in it. After analysis, the theoretical mole鄄
cular weight of MAF鄄1 was 17 181.2, it was similar
to the accurate weight by mass spectrometry. The
theoretical isoelectric point was 5.13, which was close
to the accurate point.

3 The transmenbrane, signal peptide and subcell鄄
ular location for MAF鄄1

The Tmpred suggested that MAF鄄1 had no tran鄄
smembrane helix, it was a non鄄transmembrane protein.
The SignalP 3.0 Server found that the most likely
cleavage site was between pos. 33 and 34: ASA鄄RV.
The analysis by the PSORT 域 server showed that
MAF鄄1 existed mainly in nucleus, little in cyroplasm.

4 Struture analysis for MAF鄄1
Using the Smart in ExPASy, the domain which

had 26 amino acids was found between 128 and 153
amino acid 渊Figure 4冤, it was KKFKETADKLIESAKQ鄄

M: 50 bp DNA ladder marker曰 1, 2: the product of first PCR曰 3, 4:
the product of second PCR.

Fig. 1 The result of 3忆RACE for MAF鄄1

M 1 2 3 4bp

600
300

568

M: DL 2000 DNA Marker曰 1: the product of inner PCR曰 2: the product
of outer PCR.

Fig. 2 The result of 5忆RACE for MAF鄄1

M 1 2

2000
1000750500250100

M: DL 2000 DNA Marker曰 1,2,3: the product of RT鄄 PCR for MAF鄄1.
Fig. 3 The result of RT鄄PCR for MAF鄄1

2 0001 000750500

M 1 2 3bp

bp
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QLESLAKEMK, its爷 theoretical molecular weight was
Mr 3 022 and the theoretical isoelectric point was 10.05.
The analysis by SOPMA in ExPASy showed there was
abundant 琢鄄helix in MAF鄄1. The PredictProtein found
t wo protein kinase C phosphorylation site, one N鄄
myristoylation site and multiple protein interaction
sites, and MAF鄄1 was predicted not to be globular.
Finally, the three dimension model of MAF鄄1 was set
up with 3D鄄pssm of ExPASy. It showed that MAF鄄1
was a linear protein 渊Figure 5冤.

Discussion
Musca domestica 渊housefly冤 breeds in harsh en鄄

vironments where bacteria are ever present and yet
are rarely infected. As a result their immune defense
mechanism has aroused the interest of many resear 鄄
chers. Studies have found a variety of potent antimi
crobial peptides in their immune defense mechanisms咱3,12暂.
Researchers, using bioinformatics resources, have
cloned cecropin, attacin, defensin, diptericin and other
homologous molecules from housefly咱4鄄8暂. Musca domes鄄
tica shares many homologous peptide molecules with
other insects and in addition has a rich variety of u
nique antifungal, antivirus, antitumor peptide. Some
peptides can also kill Toxoplasma gondii咱12暂. It is im鄄
portant to discover and clarify these new antimicrobial
peptides and research the specific immune defense
mechanism of housefly. In this study, according to the

result of Fu and Wu咱11暂, the antifungal peptide MAF鄄1
(including 568 bp 3忆 end of cDNA sequence and a
156 amino acid residue of the mature peptide) was
obtained from the third instar larvae of housefly by
using RACE. It confirms that MAF鄄1 is a new anti鄄
fungal insect peptide that has no homology with other
antimicrobial peptides such as cecropins.

Insect antimicrobial peptides, based on structure
and composition, are currently divided into several cat鄄
egories, namely linear鄄helix peptides, with disulfide
bonds or the end of the open circular peptide, pro鄄
line鄄rich and glycine鄄rich antimicrobial peptides, etc.
Most linear鄄helical peptides have an alkaline isoelectric
point, are constitutively expressed and are of low
molecular weight, which basic amino acids were sig鄄
nificantly higher than that of acidic amino acids 咱13暂.
MAF鄄1, a linear constitutively expressed antifungal
peptide of high molecular weight, is rich in 琢鄄helix,
which acidic amino acids are about 20% of the whole
sequence, basic amino acids too. But it has an acidic
isoelectric point so that we speculate it may be
structurally modified. MAF鄄1 does not fully comply
with the standards of a classification and it should be
a new class of antimicrobial peptide.

In the MAF鄄1 protein sequence analysis, we fou鄄
nd that the amino acid residue 128 to 153 may exist
as a functional domain. The domain has 26 amino acids
residues and its爷 pI is alkaline. The entire sequence
has two protein kinase C phosphorylation sites and
multiple protein binding sites. Protein kinase C phos鄄
phorylation sites and protein function are closely re 鄄
lated to the activation or inactivation of the protein
binding sites suggesting that MAF 鄄1 may function
with other immune molecules to play an effective role
in coordinating and supporting other antimicrobial pe鄄
ptides to boost the innate immunity of Musca do 鄄
mestica through antimicrobial peptide synergy. There鄄
fore we have reason to infer that MAF鄄1 works with
other peptides or proteins, which enhance or reduce the
biological activity of MAF鄄1 by binding with the MAF鄄1.
It is yet to be determined which type of proteins or
peptides combine with MAF 鄄1 and how these pro 鄄
teins or peptides regulate the activity of MAF鄄1. The
answer to these problems will lay the foundation for
the further study of the innate immune system of Mu鄄

Fig. 4 The domains prediction for MAF鄄1

Domains within the query sequence of 156 residues
1 100 200

Fig. 5 The tertiary structure prediction for MAF鄄1
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sca domestica.
Analysis of the functional domains of MAF 鄄1

may identify the major functional areas of the pe 鄄
ptide. If the MAF鄄1 gene expression in the function
domain can be understood and its biological activity
confirmed, new antifungal peptides of low toxicity co鄄
uld be provided for clinical use. In the future work we
will therefore establish the recombinant expression sy鄄
stem of the new antifungal peptide MAF 鄄1 through
cDNA sequence and bioinformatics analysis. An inde鄄
pth study of the relationship between structure and
function as well as specific regulatory mechanisms
and so on, will also be performed to uncover the me鄄
chanisms behind Musca domestic忆 s efficient immune
defense mechanisms. It is hoped this knowledge will
lead to the synthesis of novel peptide drugs.
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