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A cDNA encoding a putative member of cathepsin B of
the thiol protease superfamily was cloned from a
c¢DNA library of the mulberry longicorn beetle, Apri-
ona gernari. Sequence analysis of the cDNA encoding
the cathepsin B of A. germari (AgCatB) revealed that
the 972 bp ¢DNA has an open reading frame of 324
amino acid residues. The deduced protein sequence of
the AgCatB showed high homology with cathepsin B
of the insects, Bombyx mori (47.3% amino acid iden-
tity), Helicoverpa armigera (46.6%) and Sarcophaga
peregrina (45.6%), and the lowest homology with
Aedes aegypti (33.2%). The AgCatB contains six disul-
fate bonds typical for cysteine proteases. The three
amino acid positions Cys-109, His-267, and Asn-287
which are conserved, active sites characteristic for
cathepsin B, were also found. Phylogenetic analysis
further confirmed that the AgCatB has a close rela-
tionship with that of B. mori, H. armigera and S. pereg-
rina.

Key words : Mulberry longicorn beetle, Apriona germari,
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Introduction

Cathepsin B is a cysteine protease possessing both endo-
peptidase and peptidyldipeptidase activities, and plays an
important function for intracellular protein catabolism in
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the lysosomal system. The cysteine proteases are synthe-
sized as inactive precursors and become activated after
proteolytic removal of the N-terminal propeptide (Rawl-
ings and Barrett, 1994).

In insects and other arthropods, cathepsin L as well as
cathepsin B participate in the key developmental pro-
cesses. Cathepsin B has been characterized both enzy-
matically and molecularly. Mosquito cathepsin B (Cho et
al., 1999), silkworm cathepsin L (Yamamoto et al., 1994)
and cotton bollworm cathepsin L (Zhao ez al., 1998) have
been implicated in yolk protein degradation during
embryonic development. Moreover, Sarcophaga pereg-
rina cathepsin B and L (Takahashi et al., 1993), and silk-
worm cathepsin B (Xu and Kawasaki, 2001) are known to
involved in insect metamorphosis.

The Cerambycidae, commonly known as long-hormed
beetles is one of the largest groups in Coleoptera. The
family has about 20,000 species throughout the world and
most species of the family are wood-bores (Crowson,
1981; Daly et al., 1998; Yoon et al., 2001). Although the
long-horned beetles are known as the largest groups in
Coleoptera, little genetic information is available at the
molecular level. Of the long-horned beetles, the mulberry
longicorn beetle, Apriona germari, is an abundant species
in Korea (Yoon et al., 1997). Recently, cathepsins D from
A. germari have been identified (Kim et al., 2001).

In order to obtain genetic information of the mulberry
longicorn beetle, we have previously constructed A. ger-
mari cDNA library from the larval whole body (Kim et
al., 2001). In this study we have cloned and characterized
a cDNA encoding the cathepsin B homologue from the
cDNA library of A. germari. The cloning, sequencing and
characterization of the A. eemzan cathepsin D homologue
gene are described in this paper.
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Materials and Methods

Animals

The larvae of the mulberry longicorn beetle, Apriona ger-

Seong Ryul Kim ez al.

Mah, 1999).

mari were collected from the mulberry tree branch of the data analysis

wild mulberry tree field in Korea. A. germari was reared
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Fig. 1. The nucleotide and deduced amino acid sequences of A. germari cathepsin B homologue gene. The start codon of ATG is
boxed and the termination codon is asterisk. The polyadenylation signal AATAAA is underlined. Twelve cysteine residues are
marked with open triangles. Three active sites characteristic for cathepsin B at positions Cys-109, His-267, and Asn-287 are shaded

ATGACGAAACTTTTTATCATCGCAACAATGGCAGCGGCTTTCGCCACCGCCTACTCCCAC
M T K L F I I A T MAA AA AT FATA Y S H

GTCGTACCTTCCCAAATCGACACCGAGGCCTTCATTCAGTCCATCAACGAGAAAGCCACC
v Vv P $ Q I DT EAUPF I Q S I NE KA AT

ACCTGGACGGCCAGAAAGAACTTCGAAGGTCGAACCCCCGAGCAGCTCAAAGCGCTCGCA
T W T A R KN F E G R T PE Q L K A L A

GACGTCATTGGCATCAATCGCGACCCCAACGTGACCTTGCCCGTCGTCTTCCACGAGGCC
D VvV I 6 I N R D PNV T L P V V F HE A

ATAAGCGGCATTCCAGATAGCTTCGATGCCCGTGAACAGTGGCCTTTCTGTGAGTCCATC
I s 6 I P D S F DAUZRTEQWPVFCZE S I
AN
AGGACCATCAGGGATGAAGGAGCATGTGGAAGTTGCTGGGCCTTTGCAGCAGTTGAAGTG
R T I RDEGA AU E G S ¢C WAV FAAUVE V
A A
ATGAGTGACAGACTGTGCCTCGCTTCGGAAGGCCGCAAGAAGTTCATCT TCTCTGCAGAA
M 8$ D RL CULASZ EGT RIEKI KT FTITVF S A E
A
GAAGTGGTGTCCTGTTGCACTGCTTGCGETGGTCGATGCAGAGGTGGATTCTTGAACGAA
E V VS CCTM ACG GG GCURGG GV F L N E
A A A A
CCATACAAATACTGGGTAACCAACGGTATTCCATC TGGAGGAGATTACGGCAGCAAATTG
P Y K Y WV TDNUGTIUPS G GD Y G S KL

GGCTGCAAACCGTACACAGCTGCAGTGAGCGGTGAAACCCCCCAGTGCCAAAAGGCTTGC
G ¢C K P Y T A AV S G E TP Q C @Q K AaCc
A AN A
GTCTCAGGATACGAGAAATCCTGGGAGAAAGATCTCCGTCATGCCACCTCGGCCTATCAG
V 8 G Y E K 8 W E KDL R HA T S A Y Q

GTAAACGGCGGCGTGTTGCAGATTCAGCGCGAAATTCTCGACAACGGACCTGTCACTGCT
VvV N G 6 VL Q R Q R E I L D NG D V T A

TACATGGAGGTCTATGAGGACTTCTACAGCTACGGTACAGGTATCTACCAGCACACCAGT
Y M E V Y E D F Y 8 ¥ 6 T 6 I ¥ @ H T S8

GGCAGCTTCGTAGETGGACACGCGGTGAAGATCATAGGGTGEGGGTTCTGAAAACGACGTC
G 8 F VGG HEAV KII GWG S ENDV

CCATACTGGATAGCCGCC&ACTCCTGGGGCACAGGTTTCGGCGAAGATGGATTCTTCAGG
P Y W I A A N S WG T GG F G E D G F F R

ATCCTCAGAGGTTCCAATTGTGCGGGCATTGAAAGTTACATCGTAGCTGGCTATCCAAAC
I L. R G S N CA G I E S ¥ I V A G Y P N

A
ACCAGCGAAGTTTAAACTCGCGATTGTTIGTTTCTTGGGATGTGAATATAATAAACAACAA
T 8 E V *

CTAATAAATATTTACAAAAAAAAAAAAAARAAAARNANAAAAARANAA

with squares. The GenBank accession number is AF483623.

on an artificial diet as described previously (Yoon and

¢DNA library screening, nucleotide sequencing and

A cDNA library was constructed from the poly(AM+



AgCatB
BmCatB
AavCaiB
HaCatB
SpCatB
OmCatB
HsCatB
BtCatB
MmCatB
RnCatB
SjCaB

AgCatB
BmCaB
AavCatB
HaCatB
SpCatB
OmCatB
HsCatB
BtCatB
MmCalB
RnCaiB
SjCatB

AgCatB
BmCatB
AaVCatB
HaCatB
SpCatB
OmCatB
HsCatB
BtCatB
MmCatB
RnCatB
SjCatB

AgCaB
BmCatB
AavCatB
HaCatB
SpCatB
OmCatB
HsCatB
BtCatB
MmCatB
RnCatB
SjCatB

AgCatB
BmCatB
AavCaB
HaCatB
SpCatB
OmCatB
HsCatB
BtCatB
MmCatB
RnCatB
SjCatB

AgCatB
BmCaB
AaVCatB
HaCatB
SpCatB
OmCatB
HsCatB
BtCatB
MmCatB
RnCatB
SjCatB

AgCatB
BmCatB
AavCatB
HaCatB
SpCatB
OmCatB
HsCatB
BiCaB
MmCatB
RnCatB
SiCatB

238
251
286
252
261
247
249
249

309
309
309
319

Molecular cloning of cathepsin B from mulberry longicorn beetle

TKLF1 - - - -SHVVPS
F 1 S R[a] - - - - A DLP
F R FIY[L SPKFS NS AR
A A S R[A] - - - -aAlaAJaDbVvaN
MRQHFVIICI ... -NLDAEND
M CR S W PRLFP
w QL w -4 - R PSF
W R L - - - -rlsfsLYF
W W S[L{I ----HDﬁPSF
w w s|L1 - - - -HuDIKP 5§
MLKIAVYI - -+« -RNNQRI
Efg]- - - - Q
PRD - = - = = = = o o mmn m e o e e e e e o H
PANRNQSYFGARFQNTALLASKFSHLTR N
PEH- - - - - C e e e e e o e e e e e H
DK S - - = = = = = = = = =+ = = & e e oo H
LR T [ v
£ 11 Y
YIN[- - s e e e e e e e e e e e Y
£ 1 S T Y
YINf- - - e e e e e Y
DRF - =« =« = = - o « = = o o = & & o v = = = = = = - - D
VFHEA
1AG- -
MADVE
I AS- - -
EVGL A D
. - SDE S
- - FTE K
- - FAA v
- - FGE D
- - FSE N
DHHDL E
A G
I L L
S Q P
1 L L
T F A
A M A
M D E
E D G
Q D G
Q D G
D 5] v
E K S
DV H
NV v
NV H
DV K
P Q;
S P N
S P S
S P T
- ST T
Y KT E
5 Q SE@s Flv vV REE1L 3
4 K QMED|AlL vV K
A R wigee [L1s VKL
iN 4 1@ D]all YV K
L Q HEHR E|L
‘" Q T M L K K
L Q THEE MM
L Q SIEE I M
T K ASED MM
T K AMFD VM I
N R Ti#s|t v I K
SEV
DlEJH
HRQGEAAKYFAAGYGYN
viely

YWEKI
Y

YWGRF
QYW G R F

REEEC OO wm o
moCcCOORTUTOT—~

<

ZrnZnRZAOO0O

1

A
1
v
I
*
v
v
V.
A
v
1

324
337
386

344
330
339
335
339
339
342

mZAEARREAMNZmUO
il ol s B il IR 7N S S
ARETTVV VRO Z

TmoeoomEErora

Tz Z Z Z |9 »lofmiol>

m<|—'v-1»—x—l—1w,7am»-;

75
79
16
80
83
72
73
73
73
73
81

135
134
176
135
143

131

141

65

Fig. 2. Multiple sequence alignment of the deduced protein sequence of the A. germari cathepsin B homologue gene with other
cathepsin B protein sequences. In solid box are the residues that are identical to those in A. germari cathepsin B homologue protein
(AgCatB). The other cathepsin B protein sequences aligned were: B. mori (BmCatB; Xu and Kawasaki, 2001), A. aegypri (AaV-
CatB; Cho et al., 1999), H. armigera (HaCatB; Zhao et al., 1998), S. peregrina (SpCatB; Takahashi et al., 1993), Oncorhynchus
mykiss (OmCatB; Kwon et al., 2001), Homo sapiens (HsCatB; Chan et al., 1986), Bos taurus (BtCatB; Bechet er al., 1991), Mus
musculus MmCatB; Chan et al., 1986), Rattus norvegicus (RnCatB; Guenette er al., 1994) and Schistosoma japonicum (§jCatB;
Merckelbach et al., 1994). Three active sites characteristic for cathepsin B are asterisk.
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mRNA isolated from the whole body of A. germari larvae
by Uni-ZAP XR vector and Gigapack III Gold Packing
Extract (Stratagene) (Kim et al., 2001). The sequencing of
randomly selected clones harboring cDNA inserts was
performed to generate the expressed sequence tags
(ESTs).

For DNA sequencing, plasmid DNA was extracted by
Wizard mini-preparation kit (Promega). Sequence of each
¢DNA clone was determined using an automatic
sequencer (model 310 Genetic Analyzer; Perkin-Elmer
Applied Biosystems, Foster City, CA). The sequences
were compared using the DNASIS and BLAST programs
provided by the NCBIL. GenBank, EMBL and SwissProt
databases were searched for sequence homology using a
BLAST algorithm program.

Phylogenetic analysis

With the GenBank-registered amino acid sequences of
insect cathepsin B genes, phylogenetic analysis among the
deduced amino acid sequences was performed with the
PAUP (Phylogenetic Analysis using Parsimony) version
3.1 (Swofford, 1990). The accession numbers of the
sequences in the GenBank are as follows: mulberry lon-
gicorn beetle A. germari (AF483623, this study), silk-
worm Bombyx mori (AB045595; Xu and Kawasaki,
2001), cotton bollworm Helicoverpa armigera (AF
222788; Zhao er al., 1998), flesh fly Sarcophaga pereg-
rina (D16823; Takahashi et al., 1993), and yellow fever
mosquito Aedes aegypti (AF127592; Cho et al., 1999).

Results and Discussion

Construction of ¢cDNA library was prepared from the
whole body of A. germari larvae (Kim et al., 2001). The
sequencing of randomly selected clones harboring cDNA
inserts was performed to generate the A. germari ESTs.
Of these ESTs, one exhibited similarity to the reported
cathepsins B. The complete DNA sequence of a cDNA
encoding a putative member of the insect cathepsin B
gene family designated AgCatB revealed that the 972 bp
c¢DNA has an open reading frame of 324 amino acid res-
idues (GenBank accession number AF483623) (Fig. 1). In
the AgCatB gene sequence, a polyadenylation signal
AATAAA was found at nucleotides 1,008, twenty-seven
bp upstream of the poly(A) tail. The AgCatB indicates an
enzyme consisted of a prepro-protein of 324 amino acid
residues with a predicted molecular mass of approxi-
mately XX kDa. The AgCatB contains six disulfate bonds
typical for thiol (cysteine) proteases (Musil et al., 1991).

A multiple sequence alignment of the deduced protein
sequence of AgCatB gene with other cathepsin B
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sequences is shown in Fig. 2. Alignment of the AgCatB
sequence with those for cathepsin B from several other
species indicates the extent of the identity that exists.
Three active sites characteristic for cathepsin B (Cho et
al., 1999; Xu and Kawasaki, 2001) were conserved in the
deduced amino acid sequence of AgCatB at positions
Cys-109, His-267, and Asn-287. The three active sites
characteristic for cathepsin B (Cho et al., 1999; Xu and
Kawasaki, 2001) were conserved at the same position
among the species aligned (Cho et al., 1999; Xu and
Kawasaki, 2001 ; Takahashi et al., 1993; Zhao et al., 1998;
Kwon et al., 2001; Chan et al., 1986; Bechet ef al., 1991,
Guenette et al., 1994; Merckelbach et al., 1994).

A. germari cathepsin B homologue
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Fig. 3. The hydropathy profile of A. germari cathepsin B
homologue and known insect cathepsins B. Hydropathic anal-
ysis was done as described by Kyte and Doolittle (1982). The
known insect cathepsins B were: B. mori (Xu and Kawasaki,
2001), A. aegypti (Cho et al., 1999), H. armigera (Zhao et al.,
1998) and S. peregrina (Takahashi et al., 1993).
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Table 1. Pairwise comparison among amino acid sequences of the
A. germari cathepsin B gene and the known cathepsin B genes

. GenBank
Species No. 1 2 3 4 5

AF483623 -

0.527 0.534 0.544 0.668

1. A. germari

2. B. mori ABO045595 208 - 0.159 0.397 0.618
3. H. armigera AF222788 211 63 - 0400 0.618
4. 8. peregrina D16823 215 157 158 - 0.628
5. A aegypti  AF127592 264 244 244 248 -

Numbers above the diagonal are mean distance values; num-
bers below the diagonal are absolute distance values.

AgCatB (AF483623)

53

SpCatB (D16823)

90

BmCatB (AB045595)
100

HaCatB (AF222788)

AaVCatB (AF127592)

Fig. 4. Phylogenetic tree for aligned amino acid sequences of
the A. germari cathepsin B homologue protein and the known
cathepsin D proteins. The sequences were extracted from; A.
germari (this study), B. mori (Xu and Kawasaki, 2001), A.
aegypti (Cho et al., 1999), H. armigera (Zhao et al., 1998) and
S. peregrina (Takahashi et al., 1993). The tree was obtained by
bootstrap analysis with the option of heuristic search and the
numbers on the branches represent bootstrap values for 1,000
replicates.

The hydropathy plot of AgCatB was analyzed by the
Kyte and Doolittle method (Kyte and Doolittle, 1982), and
compared with other insect cathepsins B showing a high
homology. As shown in Fig. 2, hydropathic analysis sug-
gests the profile of AgCatB is similar to known insect
cathepsins B such as B. mori (Xu and Kawasaki, 2001), A.
aegypti (Cho et al., 1999), H. armigera (Zhao et al., 1998)
and S. peregrina (Takahashi et al., 1993). Hydropathy
analysis revealed that the AgCatB protein was hydro-
philic, possessing a strongly hydrophobic putative signal
peptide of 18 residues.

The deduced amino acid sequence of the AgCatB had a
homology with that of cathepsins B from other insect spe-
cies (Table 1). This alignment illustrates that AgCatB is
47.3% identical to the B. mori, 46.6% to the H. armigera,
and 45.6% to the S. peregrina, but lowest with A. aegypti
(33.2%).

A phylogenetic tree was constructed using the protein
sequences of cathepsins B (Fig. 4). The phylogenic anal-

ysis revealed that AgCatB is closer to cathepsins B of the
S. peregrina, B. mori and H. armigera than A. aegypti
cathepsin B.

In conclusion, we showed gene nucleotide sequence of the
c¢DNA encoding a cathepsin B homologue from the mul-
berry longicorn beetle, A. germari for the first time.
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