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Abstract: A novel defensin-like antimicrobial peptide named longicornsin was isolated from the

salivary glands of the hard tick, Haemaphysalis longicornis, using a 10-kDa cut-off Centriprep filter
and reversed-phase high-performance liquid chromatography (RP-HPLC). Its amino acid sequence

was determined as DFGCGQGMIFMCQRRCMRLYPGSTGFCRGFRCMCDTHIPLRPPFMVG by Edman

degradation. The cDNA encoding longicornsin was cloned by cDNA library screening. The
predicted protein from the cDNA sequence was composed of 78 amino acids including a mature

longicornsin. It showed similarity with defensin-like peptides from other ticks by BLAST search.

Different from most other tick defensin-like peptides, longicornsin had a C-terminal extension.
Purified longicornsin exerted potent antimicrobial activities against bacteria and fungi.

Interestingly, it even showed strong antimicrobial ability against drug-resistant microorganisms

and Helicobacter pylori. The results of this study indicated that longicornsin is a potential
candidate for novel antimicrobial drug design.
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Introduction
During the past decade, endogenous antimicrobial

peptides have become recognized as important, ubiq-

uitous, and ancient contributors to the innate mech-

anisms that permit animals and plants to resist

infection.1–8 A large number of antimicrobial pep-

tides have been found in insects, amphibians, and

mammals, with many still being discovered. Antimi-

crobial peptides encompass a wide variety of struc-

tural motifs. So far known antimicrobial peptides

can be divided into several groups: linear peptides

forming amphipathic and hydrophobic helices, cyclic

peptides and small proteins forming b-sheet struc-

tures, peptides with unique amino acid compositions,

cyclic peptides with thio-ether groups in the ring,

lipopeptides terminating in an amino alcohol and

macrocyclic knotted peptides.8

Ticks are second only to mosquitoes as vectors

of disease-causing agents to humans, and they are

the most important arthropod that transmits patho-

gens to other animal species.9–11 Despite the impor-

tance of ticks as vectors of disease, very little is

known of their immune system. Reports indicate

that ticks have the ability to control infections when
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challenged with various bacteria.12–17 They are a

reservoir for pharmaceutical molecules with several

defensin- and hebraein-like antimicrobial peptides

having been found in tick hemolymph and saliva.18–

27 Recently, two antimicrobial peptides with unique

structural motifs, ixosin and ixosin-B, were identi-

fied from salivary glands of Ixodes sinensis.28,29

Antimicrobial peptides may help overcome host de-

fensive responses, or keep the blood sterile in the

tick body. Here, we report the characterization of a

novel defensin-like antimicrobial peptide, possessing

a unique c-terminal extension in its primary struc-

ture from the hard tick, Haemaphysalis longicornis.

Results

Purification of antimicrobial peptides
More than 40 peaks were eluted from the superna-

tant extract of tick salivary glands by C8 RP-HPLC

as shown in Figure 1. The peak indicated by an

arrow in Figure 1 was found to have significant anti-

microbial activity against tested microorganisms.

This peak was collected and studied further.

Structural characterization

Purified antimicrobial peptide indicated by an arrow

in Figure 1 was named longicornsin. It was sub-

jected to complete amino acid sequence analysis by

automated Edman degradation. Its amino acid

sequence was DFGCGQGMIFMCQRRCMRLYPGS

TGFCRGFRCMCDTHIPLRPPFMVG, composed of

47 amino acid residues, and its molecular weight

was 5370.1 analyzed by fast atom bombardment

FAB mass spectrometry. There were six half-cystines

in its sequence as in other defensin-like peptides. Its

molecular weight matched well with the theoretical

molecular weight (5370.4). There were multiple basic

amino acids in the sequence of longicornsin as those

found in other antimicrobial peptides. Analysis using

the ExPASy MW/pI tool (http://www.expasy.ch/tools/

pi_tool.html) showed that it had predicted pI of 8.98.

cDNA cloning

A clone, which contained an insert around 348 base

pairs, was identified and isolated. Both strands of

the clone were sequenced (Fig. 2, GenBank accession

EU627689). It was found to have an open reading

frame that encodes a polypeptide composed of 78

amino acids including the mature longicornsin

sequence. The amino acid sequence deduced from

the cDNA sequence matched well with the amino

acid sequence determined by Edman degradation.

By BLAST search, it shared similarity with other

defensin-like antimicrobial peptides found in ticks

[Fig. 2(B)].

Antimicrobial activity

Purified longicornsin exhibited potent antimicrobial

activity against the tested strains as shown in Table

I. Beside its antimicrobial activities against standard

strains, longicornsin also had strong antimicrobial

ability against drug-resistant strains. Among the

tested drug-resistant strains, Pseudemonas aerugi-

nosa and Staphylococcus aureus were the most sen-

sitive to longicornsin. Longicornsin could exert anti-

Helicobacter pylori activity with a minimal inhibi-

tory concentration (MIC) of 6.4 lg/mL. The sensitive

strains were not capable of resuming growth on agar

plates after a 6 h treatment with concentrations

above the corresponding MICs. MIC was defined as

the lowest concentration of peptide that completely

inhibits growth of the microbe determined by visual

inspection or spectrophotometrically growth percent-

age was less than 5% compared to that of negative

control.

Hemolytic activity
Some antimicrobial peptides exhibit hemolytic activ-

ities.7,8 Rabbit red blood cells were used to examine

hemolytic capability in our experiments. As a result,

longicornsin had little hemolytic activity (1.2%) on

red blood cells even with peptide concentrations up

to 200 lg/mL.

Discussion

Ticks and other arthropods do not contain lympho-

cytes, thymus, or antibodies. They can live harmo-

niously with microbes, relying heavily on antimicro-

bial peptides for defense against microbes without

the help of adaptive immunity.30 Ticks have many

opportunities to encounter microbes because of their

special feeding behavior. Antimicrobial peptides/

Table I. Antimicrobial Activity of Longicornsin

Microorganisms MICs (lg/mL)

E. coli ATCC25922 3.2
E. coli 23Aa 6.4
E. coli 27Aa 6.4
S. aureus ATCC2592 0.8
S. aureus 6Ab 0.8
S. aureus 15Ab 1.6
Pseudemonas aeruginosa 3Ac 3.2
P. aeruginosa 7Ac 0.8
H. pylori NCTC11637 6.4
C. albicans ATCC2002 25.6

MIC, minimal peptide concentration required for total inhi-
bition of cell growth in liquid medium. These concentra-
tions represent mean values (625%) of three independent
experiments performed in duplicates.
a Clinical-isolated strain resisitant to ampicillin, cephalo-
thin I, II, III, and IV
b Clinical-isolated strain resisitant to methicillin, amoxicil-
lin, ampicillin
c Clinical-isolated strain resisitant to methicillin, amoxicil-
lin, ampicillin, cephalothin I, II, III, and IV.
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proteins are an innate immune system to kill patho-

genic microbes. In terms of coevolution, ticks might

have developed multiple antimicrobial factors

because they have to encounter a large diversity of

pathogenic microbes including bacteria, fungi, and

viruses from their hosts in their different life stages.

With the growing problem of conventional antibiotic

resistance of human pathogenic organisms, ticks are

becoming promising sources of pharmacological sub-

stances to treat infections. Four types of antimicro-

bial peptide/protein including defensin-, ixosin-, ixo-

sin-B-, and hebraein-like peptides were reported

from ticks. Defensins form a unique family of cyste-

ine-rich cationic and structured polypeptides with

three or four disulfide bridges; hebraein is composed

of about one hundred amino acids and contains six

half-cysteines and multiple histidines. Ixosin and

Ixosin-B are linear peptides containing no

cysteines.18,19,28,29

In this article, a defensin-like peptide named

longicornsin was identified from the hard tick, H.

Figure 1. Isolation of longicornsin, from the hard tick, H.

longicornis salivary glands. The lyophilized SGE sample (0.2

g) was dissolved in 5 mL 0.1 M phosphate buffer solution,

pH 6.0, and filtered through a 10-kDa cut-off Centriprep

filter (Millipore, Bedford, CA) and the filtrate was lyophilized.

Lyophilized filtrate was applied to a Hypersil BDS C8 RP-

HPLC column (4.6 mm x 250 mm) equilibrated with 0.1%

(v/v) trifluoroacetic acid/water. The elution was performed

with the indicated gradient of acetonitrile in Figure 1 at a

flow rate of 0.7 mL/min, and purified antimicrobial peptide

was indicated by an arrow.

Figure 2. (A) The nucleotide sequence encoding longicornsin and the deduced amino acid sequence of the precursor

polypeptide. The sequence of mature longicornsin is boxed. The predicted signal peptide is italic. The predicted processing

site (ARRA) for protease is double underlined. The stop codon is indicated by a bar. B: Sequence alignment of longicornsin

with other tick defensin-like peptides. The sources of sequences are: two predicted defensins from H. longicornis,[21]

longicin,[27] scapularisin,[23] defensin from Amblyommahebraeum,[18] predicted defensin from Boophilus microplus

(gi|28864187|gb|AAO48943.1|[28864187]), varisinsin from Dermacentor variabilis,[12] defensin from Ornithodoros moubata.[26]

Gaps (�) have been introduced to optimize the sequence homology. The conserved half-cystines are indicated by stars (*).

[Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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longicornis. As far as we know, four defensin-like

peptides have been identified from H. longicornis.

Two of them were deduced from the cDNA sequen-

ces,26 one of which, longicin, was found to exert a re-

markable ability to inhibit the proliferation of mero-

zoites, an erythrocyte blood stage of equine Babesia

equi, by killing the parasites.27 Different from most

tick defensin-like peptides, longicornsin was found

to compose of 47 amino acid residues with a C-termi-

nal extension, which was similar to one of the pre-

dicted defensins from H. longicornis.26 Two interest-

ing findings about longicornsin in this study were:

(1) longicornsin had potential antimicrobial activities

against drug-resistant microorganisms; (2) longi-

cornsin also showed strong anti-H. pylori activity.

Although the actual antimicrobial mechanism

remains still unclear, as a novel class of antibiotics,

antimicrobial peptides have attracted considerable

attention, especially for the treatment of antibiotic-

resistant pathogens. More diversity of antimicrobial

peptides provides more opportunities for designing

novel and effective antimicrobial agents. The discov-

ery of tick longicornsin with its interesting activities

not only adds a new member to the family of antimi-

crobial proteins/peptides but also provides pharma-

cologists a novel candidate for anti-infection drug

design.

Materials and Methods

Animals

Unfed and fed adult hard ticks of both sexes (H.

longicornis) were kept in the laboratory according to

the method of Kaufman and Phillips,31,32 and were

maintained at 26�C and >90% humidity.

Salivary gland dissection
Ticks were glued to the bottom of a Petri dish and

placed on ice for 20 min. They were then incised

along the dorsal-lateral margin, and the dorsal

integument was removed. The salivary gland was

excised and transferred into 0.1 M phosphate buffer

solution, pH 6.0, and kept in the same solution at

�20�C.

Peptide purification
The salivary glands from 2000 ticks were homoge-

nized using a glass homogenizer in 0.1 M buffer so-

lution, pH 6.0, containing protease inhibitor cocktail

(Sigma, P2714). The salivary glands were homoge-

nized in 0.1 M phosphate buffer solution, pH 6.0,

and centrifuged at 5000 g for 10 min. The superna-

tant termed as salivary gland extract (SGE) was ly-

ophilized. The lyophilized SGE sample (0.2 g) was

dissolved in 5 mL 0.1 M phosphate buffer solution,

pH 6.0, and filtered through a 10 kDa cut-off Centri-

prep filter (Millipore, Bedford, CA) and the filtrate

was lyophilized. Lyophilized filtrate was applied to a

4.6 mm x 250 mm Hypersil BDS C8 RP-HPLC col-

umn equilibrated with 0.1% (v/v) trifluoroacetic acid/

water. Elution (0.7 mL/min) was performed using

0.1% (v/v) TFA/water over 10 min, followed by a lin-

ear gradient of 0–60% acetonitrile containing 0.1%

(v/v) TFA in 0.1% (v/v) TFA/water over 70 min, and

final elution with 85% acetonitrile containing 0.1%

(v/v) TFA. UV absorbing peaks were collected and ly-

ophilized, and their effects on microorganisms were

detected.

Structural analysis

Complete peptide sequencing was undertaken by

Edman degradation on an Applied Biosystems

pulsed liquid-phase sequencer, model 491. Fast atom

bombardment (FAB) mass spectrometry was carried

out on an Autospec-3000 spectrometer (VG, Man-

chester, England), equipped with a high field mag-

net, using glycerol:3-nitrobenzyl alcohol:dimethyl

sulphoxide (1:1:1, v:v:v) as mixed matrix. The ion

gun was operated at 25 kV with a current of 1 micro

A, using Csþ as the bombarding ion.

Construction and screening of a cDNA library

Standard recombinant DNA techniques were used

as described.33 mRNAs were prepared from the total

RNA of H. longicornis salivary glands by oligo(dT)

cellulose chromatography. A directional cDNA

library was constructed with a plasmid cloning kit

(SuperScriptTM Plasmid System, GIBCO/BRL) fol-

lowing the instructions of the manufacturer, produc-

ing a library of about 2.3 � 105 independent colonies.

A PCR-based method for high stringency screen-

ing of DNA libraries was used for screening and iso-

lating the clones with some modifications. Two oligo-

nucleotide primers, S1, 5
0- GA(T/C)TT(T/C)GG(A/T/C/

G)TGTGG(A/T/C/G)CA(A/G)GG(A/T/C/G)ATG-30, in

the sense direction), a specific primer designed

according to the amino acid sequence determined by

Edman degradation and a vector SP6 promoter

primer (50-CATACGATTTAGGTGACACTATAG-30, in

the antisense direction) located in the 30 part of the

cloned insert, were used in PCR reactions. All the ol-

igonucleotide primers for PCR were prepared with a

DNA synthesizer (Model 381A, Applied Biosystems).

The PCR conditions were: 2 min at 94�C, followed

by 30 cycles of 10 sec at 92�C, 30 sec at 52�C, 60 sec

at 72�C. DNA sequencing was performed on an

Applied Biosystems DNA sequencer, model ABI

PRISM 377.

Antimicrobial assays

Standard bacterial and fungal strains used in anti-

microbial assays, Gram-positive bacterium Staphylo-

coccus aureus (ATCC2592), Gram-negative bacte-

rium Escherichia coli (ATCC25922), fungus Candida

albicans (ATCC2002), and other clinical-isolated

drug-resistant microorganisms were obtained from
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Kunming Medical College. Bacteria were first grown

in LB (Luria-Bertani) broth to an OD600 nm of 0.8. A

10 lL aliquot of the bacteria was then taken and

added to 8 mL of fresh LB broth with 0.7% agar and

poured over a 90 mm Petri dish containing 25 mL of

1.5% agar in LB broth. After the top agar hardened,

a 20 lL aliquot of the test sample filtered on a 0.22

lm Millipore filter was dropped onto the surface of

the top agar and completely dried before being incu-

bated overnight at 37�C. If an examined sample con-

tained antimicrobial activity, a clear zone formed on

the surface of the top agar representing inhibition of

bacterial growth. The MIC was determined in liquid

LB medium as in a previous report.7 The MIC at

which no visible growth occurred was recorded. The

peptides were quantified by UV absorbance at 215

and 225 nm using the formula: concentration (mg/

mL) ¼ (A215 nm � A225 nm) � 0.144.

Anti-H. pylori testing

Anti-H. pylori testing was performed using the

methods described by Chen et al.34 H. pylori

NCTC11637 was obtained from Third Military Medi-

cal University and used for in vitro experiments. It

was cultured at 37�C in an incubator in a microaero-

bic atmosphere consisting of 5% O2, 10% CO2, and

85% N2, either in special plates for 48 h or special

broth shaken for 24 h. Briefly, special broth was pre-

pared containing 85% volume Brucella broth,10%

volume newborn calf serum, 5% volume 100 g/L glu-

cose. Special plates were prepared with 1.5% weight

agar powder in Brucella broth, and 10% volume

newborn calf serum, 10% volume 100 g/L glucose,

1% volume antibiotics mixture were added before

pouring into the plates.35,36

Hemolysis assays

Hemolysis assays were undertaken using rabbit red

blood cells in liquid medium as reported.37 Serial

dilutions of the peptide were used, and after incuba-

tion at 37�C for 30 min, the cells were centrifuged

and the absorbance in the supernatant was meas-

ured at 595 nm. Maximum hemolysis was deter-

mined by adding 1% Triton X-100 to a sample of

cells.
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