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a  b  s  t  r  a  c  t

It  was  shown  that  peptides  containing  trypsin  inhibitor-like  cysteine-rich  (TIL)  domain  are  able  to  inhibit
proteinase  activities,  and  thus  play  important  roles  in various  biological  processes,  such  as  immune
response  and  anticoagulation.  However,  only  a limited  number  of  the  TIL  peptides  have  been  identi-
fied  and  characterized  so  far; and little  has been  known  about  the  evolutionary  relationships  of  the
genes  encoding  the TIL peptides.  BmKAPi  is  a TIL domain-containing  peptide  that  was  identified  from
Mesobuthus  martensii  Karsch.  Here,  we  conducted  genome-wide  searches  for  new  peptides  that  are
homologous  to  BmKAPi  or possess  a cysteine  pattern  similar  to  that  of  BmKAPi.  As a  result,  we  iden-
tified  a total  of  80 different  TIL  peptides  from  34  species  of  arthropods.  We found  that  these  peptides  can
be  classified  into  seven  evolutionarily  distinct  groups.  Furthermore,  we  cloned  the  genomic  sequence
of  BmKAPi;  the  genomic  sequences  of  the  majority  of other  TIL peptides  were  also  identified  from  the
GenBank  database  using  bioinformatical  approaches.  Through  phylogenetic  and  comparative  genomic
analysis,  we  found  26 cases  of intron  gain  events  occurred  in  the  genes  of the  TIL  peptides;  however,
no  instances  of intron  loss were  observed.  Moreover,  we  found  that  alternative  splicing  contributes
to  the  diversification  of  the TIL  peptides.  It  is  interesting  to see  that  four  genes  of  the  TIL domain-
containing  peptides  overlap  in a DNA region  located  on  the  chromosome  LG  B15  of  Bombus  terretris.  These
data  suggest  that  the  evolution  of  the  TIL  peptide  genes  are  dynamic,  which  was  dominated  by  intron
gain.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Trypsin inhibitor-like cysteine rich (TIL) domain typically con-
tains ten cysteine residues that form five disulfide bridges. The
cysteine residues that form the disulfide bridges are C1–C7, C2–C6,
C3–C5, C4–C10 and C8–C9 [2]. Besides the trypsin inhibitors, it
is interesting to see that many extracellular proteins, such as
XP 001866937, XP 001197995 and EHJ63159, also contain multiple
TIL domains.

Peptides containing the TIL domain generally consist of 56–84
amino acid residues. It was shown that a typical peptide of the
TIL family is able to inhibit proteinase activity, and thus play roles
in biological processes, such as inhibition of anticoagulation and
participation in immune response [4,7,20,31]. Until now, at least
five TIL family peptides have been described, including Api m-
6 from the honey bee Apis mellifera [20], BMSI-7 and Ixodidin
from the cattle tick Boophilus microlpus [7,31], BmKAPi from the
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Chinese scorpion Mesobuthus martensii Karsch [39], and SjAPI from
the scorpion Scorpiops jendeki [4]. Api m-6  is a bee venom aller-
gen that binds to IgE. BMSI-7 is an inhibitor of subtilisin. Ixodidin
is an antimicrobial peptide that is also able to inhibit the activ-
ities of elastase and chymotrypsin. SjAPI is capable of inhibiting
the activities of both �-chymotrypsin and elastase. Because TIL
domain-containing peptides exhibit some unique features, such
as compact rigidity, well-defined structure and small size, they
are used as a molecular scaffold for the development of new
pharmaceutical drugs. However, only a limited number of the TIL
domain-containing peptides have been identified so far, which hin-
ders the structure/function relationship investigation, evolutionary
analysis and potential uses of this kind of peptides.

Here, we conducted a genome-wide searches for the homo-
logues of BmKAPi using bioinformatical approaches. As results, we
identified a total of 80 different TIL family peptides from 34 species
of arthropods. We also cloned the genomic sequence coding for the
BmKAPi peptide; the genomic sequences of the majority of other
TIL domain-containing peptides were also identified from the
GenBank database by bioinformatical approaches. Comparisons
for the genomic sequences of the TIL peptides lead to the discovery
of intron number and position polymorphisms, as well as extensive
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    -22         -20                           -1 5 

BmKAPi               5  CC ATG AAG TTC GTA TTT GCT TCA TTC GCT CTC TTT         

                                    M    K    F    V    F   A    S    F    A    L    F         

      -10                       -5                    -1   +1 

GTG  ATA  TTT  CTA  TGT TTC  TC T CA A AG T CTG  TC A CAG   T  gtaa gttatt ttattttataatt tagataatat a               
 V   I    F   L   C   F   S   Q   S   L   S    Q    

t taatcgg cgttcgt atcagtt aca t taat t tatatat t t tag tgcgatagagaaatgt tgcc aata cca att cgcgcgcgtcgca tcgca ctgcgcg                 

acgcgattctata tatatgca tactgtatactgta ttcgta aatatt atcgtta tt ttaacttg tt t tgat aagaaat taat cattgcaaa aacct ttgag ta               

a tataagcgtggaatt tgtact t t t tcttatct taccaa ataataacaataa taatgcgaacataac ataaaaaaagata aaaatatgataca aaat a             

aaacttat gaa gtaaaa acttt gtaa tgtgcttaa tatat tattat attt t attc atatt t acta tatta taata tcaa atatatataa aagtttc gta gagttt             

aaaat t t tcatacaagatgtat t tgcgagtgtagcaaatctgtgt tatagatagatt t tcaatagagctatagcgaagaaaataataaatgtagaga        

aatatgtt taaaggaaactatt gtatt actaatataatacaaatatt t gcttt t t t cataaa gaaaatt gcttt t t t tcca gacagtgataaaaat agat ag             

gatatcaga ccgc att t tgtgata agaatgtaaaa aaattg aacgaaaagat aaatt t taa acaat aaaataa tgc atat t gcgagtt t taacaatta               

t tagtatgaaatcg tgt t tcatct t tacaatagcagg ataaga aaaca gtaa ataa gtttccctgacactattataaac ctcaataga t t taa aatagt             
                                                                                                                                             +2   
t tgagggc atttt tg atagtttct taaactatagtt gtaagag aaa ctttgt taaa attaa atttatatt gaaatt cattt ta t ttca g  CA  TAT  TTT               
                                                                                                                                             S      Y    F          

  +5                                              +10                                            +15                                              +20 

CGC  TGC  AGA  GAT  GAT  GAA  GTT TT C  GAT  AAC  TGT  ATA  AGT  AAT  TGC GG T  CCA                        
  R     C    R    D    D     E      V    F    D      N    C     I     S    N    C    G    P                      

                             +25                                      +30                                          +35                                             

CCG AG A TG T AGC   AAC  ATT  TTA AAC  AC T  TAC CC G  TGC AC A  AAT TT G GG T CC T                     

  P      R     C    S    N    I     L    N      T     Y      P      C      T     N    L     G    P 

  +40                                                +45                                          +50                                      +55                   
CTG TG T  ACA CC T  GGA TGC  AA G  TGC  AAA  GAT  GGA  AGA  GTT  TAT  GAT  AAT  CAA                     

L    C     T    P    G    C      K      C    K     D    G      R    V      Y    D      N      Q               

                                     +60                                        +65                +67    
GGA AG A  TGC  GTT TT G  CAA  ACT GA A  TGC TTC   CAA  AAA  TGA  AAGAG TTAATGTAT                   

  G      R    C    V      L      Q      T      E      C     F     Q    K    end 

G T TA AT C A A A AT T T TAT G T TA A A G T T TATA A AT TAT G T TATA C T T G TAT C T G T TAT T TA A A A    

A A AT G A AT T G TAT T T TA A ATA AT TA ATATATA AT TA A A G A ATA ATA ATA G T T T G T T C AT TA A               

TCAAGGCTGATAAAATAA AAATAAATTAAATTGAAC ATTG Apoly (A) 3

′

′

Fig. 1. Genomic organization of BmKAPi. Exons were written in capital letters, whereas intron was in lower-case letters. The genomic sequence of BmKAPi has been deposited
in  the GenBank database under the accession number of KF146892.

intron gain events. The evolution of the genes of the TIL domain-
containing peptides was dominated by intron gain. We  also found
the alternative splicing is one of the factors responsible for the gen-
eration of new TIL peptides. It is interesting to see that the reverse
complementary sequence of an intron of a TIL peptide gene codes
for a different TIL peptide; and this gene overlaps with another
gene that encodes a TIL peptide as well. This suggests that the genes
of the TIL peptides could be transposable. Our data expand the
knowledge of the TIL domain-containing peptides from arthropods.

2. Materials and methods

2.1. Animals

Specimens of the scorpion M. martensii Karsch were cap-
tured from Henan province, central China. These specimens
were provided with cricket food and a wet sponge for water,
and maintained in our laboratory for no more than 10
days.
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