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A chymotrpsin gene homologue was cloned from the
mulberry longicorn beetle, Apriona germari. The A.
germari chymotrypsin cDNA contains an ORF of 950
nucleotides capable of encoding a 283 amino acid
polypeptide with a predicted molecular mass of 29151
Da and pl of 9.38. The A. germari chymotrypsin has
conserved six cysteine residues and active triad formed
by His, Asp and Ser. The deduced amino acid sequence
of the A. germari chymotrypsin ¢cDNA was closest in
structure to the Anthonomus grandis chymotrypsin.
Northern blot analysis revealed that A. germari chy-
motrypsin showed the midgut-specific expression.
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Introduction

Serine proteinases are a superfamily and include many

different enzymes, e.g. trypsin, chymotrypsin, subtilisin

and serine carboxypeptidase (Rawlings and Barrett,
1994). A major characteristic of these serine proteinses is
the active triad formed by His, Asp and Ser (Rawlings and
Barrett, 1994). Trypsin and chymotrypsin are among the
well-characterized serine proteinases in the insect’s diges-
tive system. In vertebrates, these enzymes have only three
bridges formed by six cysteine residues (Davis et al.,
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1985). The surface of the substrate-binding pocket for
trypsin is conformed by three amino acid residues, Asp,
Gly and Gly, and the trypsins preferentially hydrolyze
peptide bonds following a lysine or an arginine. On the
other hand, the surface of the substrate-binding pocket for
chymotrypsin is mainly Ser, Gly and Gly, and chumot-
rypsins cleave after aromatic amino acid residues (Kraut,
1977; Hedstrom, 2002).

Trypsins and chymotrypsins are involved in protein
digestion and are the most abundant digestive proteases in
several insect species (Noriega ef al., 1996; Gaines et al.,
1999; Zhu and Baker, 2000; Yan et al., 2001; Ramalho-
Ortigao et al., 2003). However, the molecular biology of
coleopteran insect digestive proteases has received some-
what limited attention, apart from the lepidopteran and
dipteran species. cDNA clones encoding chymotrypsin-
like serine proteases have been isolated from a
coleopteran insect species, Anthonomus grandis (cotton
boll weevil) (Oliveira-Neto et al., 2004). The present
paper describes the cDNA cloning and mRNA expression
of a chymotrypsin gene homologue from the mulberry
longicorn beetle, Apriona germari (Coleoptera: Ceram-
bycidae), that feed on mulberry tree, tunneling inside the
stem and ingesting the living wood.

Materials and Methods
Insects
The mulberry longicomn beetle, Apriona germari

(Coleoptera: Cerambycidae), was reared on an artificial
diet as described previously (Yoon and Mah, 1999).

cDNA library screening, nucleotide sequencing and
data analysis
A cDNA library used in this study was constructed using
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whole bodies of 4. germari larvae (Kim ef al., 2001). The
clones harboring ¢cDNA inserts were randomly selected
and sequenced to generate the expressed sequence tags
(ESTs) (Kim et al., 2003). The plasmid DNA from the
clones harboring ¢cDNA inserts was extracted by Wizard
mini-preparation kit (Promega, Madison, WI). The nucle-
otide sequence was determined by using a BigDyeTer-
minator cycle sequencing kit and an automated DNA
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 NCBI (http://www.ncbi.nlm.nih.gov/
BLAST). GenBank, EMBL and SwissProt databases were
searched for sequence homology using a BLAST algo-
rithm program (Altschul er al., 1997). MacVector (ver.
6.5, Oxford Molecular Ltd.) was used to align the amino
acid sequences of chymotrypsin. With the eleven Gen-
Bank-registered chymotrypsin amino acid sequences,
phylogenetic analysis was performed using PAUP (Phy-
logenetic Analysis Using Parsimony) version 4.0 (Swof-
ford, 2000). The accession numbers of the sequences in the
GenBank are as follows: Apriona germari (AY771359; this
study), Anthonomus grandis (AY536261), Agrotis ipsilon
(AF233729), Spodoptera frugiperda (AY251276), Heli-
coverpa armigera (Y12279), H. zea (AF233732), Mand-
uca sexta (L34168), Bombyx mori (AB003670), Aedes
aegypti (AF187078), A. polynesiensi (AY155563), Ochle-
rotatus epactius (AY155562), and Pediculus humanus
(AY819730).

RNA isolation and Northern blot analysis

Three A. germari larvae were dissected on ice under a Ste-
reo-microscope (Zeiss, Jena, Germany), samples of the fat
body, midgut and epidermis were collected, and washed
twice with PBS (140 mM NaCl, 27mM KCl, 8 mM
Na,HPO,, 1.5 mM KH,POy,, pH 7.4). Total RNA was iso-
lated from the fat body, midgut and epidermis of 4. ger-
mari larvae using the Total RNA Extraction Kit
(Promega). Total RNA (10 pg/lane) from A. germari lar-
vae was denatured by glyoxalation (McMaster and Car-
michael, 1977), transferred onto a nylon blotting membrane
(Schleicher & Schuell, Dassel, Germany) and hybridized
at 42°C with a probe in a hybridization buffer containing
5 x §SC, 5 x Denhardt’s solution, 0.5% SDS, and 100-pg/
ml denatured salmon sperm DNA. The 950 bp A. germari
chymotrypsin cDNA clone was labeled with [a.->*P]dCTP
(Amersham, Arlington Heights, 1L), using the Prime-It 11
Random Primer Labeling Kit (Stratagene, La Jolla, CA),
and used as a probe for hybridization. After hybridization,
the membrane filter was washed three times for 30 min
each in 0.1% SDS and 0.2 x SSC (1 x SSC is 0.15M
NaCl and 0.015M sodium citrate) at 65°C and then

exposed to autoradiography film.

Results and Discussion

Cloning, sequencing and analysis of A. germari
chymotrypsin cDNA

In search of 4. germari ESTs, a cDNA was identified
that had a high homology with previously reported chy-
motrypsin genes. The cDNA clone, including the full-
length open reading frame (ORF), was sequenced and
characterized. The nucleotide and deduced amino acid
sequences of the cDNA encoding chymotrypsin homo-
logue are presented in Fig. 1. The 4. germari chymot-
rypsin cDNA is 950 bp long and contains an ORF of 849
nucleotides capable of encoding a 283 amino acid
polypeptide with a predicted molecular mass of 29151
Da and pl of 9.38. The ORF had both a start (ATG) and
stop codon (TAA), indicating that the sequences contain
the complete coding region. A putative polyadenylation
signal, AATAAA, is located at nucleotide position 899-
904. This A. germari chymotrypsin cDNA sequence has
been deposited in GenBank under accession number

-13 GGTATCATCGAAG

1 RTGAAGTTCGCGETGTGTTTCTTGGCAGTCATCTCCTGCACTGTGACTCTGCCCGCAGAA
1M K F AV CFLAVTISCTV VA ATLTFPAE

61 GTCCCTTTCGAGACGCCTGAGGAGTTTGACCTGTCGAAAATAACCCCARACAACATCTAT
22 Vv P F E TP EE F DL S8 K I T P NN I Y

121 CTTGAACCCATTAATCCCGTAAATGAAGCTGATCTTCCCGAGGGCAGAATTATCGGTGGT
41 L E P I N P V N E A DL P E G R I I G G

181 AGCGAAGTAAGTCGTAATTCCGTCCCATACCAGGCTGCCCTCCTCATCAATGGTGGAAGT
61 S E V S R N § V P Y Q A A L L I N G G S

241 TTGTGCGGTGGTTCCCTTATATCAACCACTCGTGTTCTGACAGCTGCTCATTGTACCGTC
g2 . ¢ ¢6 6 $§ L I 8 T T R V L T A A H C T V

301 AGTGCCTCCAATGTCCAAGTCAGACTTGGTGCCCACAACTTCCACCAGAACGAAGCCACC
101 s A §$ N V Q V R L G A H N F H Q N E A T

361 CAGGTCCGCATCACCAGTACCAGCATCAGGAACCACGCTTCTTACAACGTTGGCAGCTTC
122 ¢ v R I T 8§ T 8§ I R N H A 8 Y N V G 8 F

421 GCCGCCAACGACATCGCCGTCATCCTUTTGCCTTCTGCTGTGTCCACTAACAACAACATC
141 A A N D I A V I L L P 8 A V 8 T N N N I

481 AGGACTATTTCTTTGGCCCCAGCTAACGCCGGCAACTTTGCCGGCTCCAGGGCCTTCCTA
i1 R T I 8 L A P A N A G N F A G S R A F L

541 AGTGGATGGGGAAGAACTTCCGATGGGTCCAACGCCGTATCTGCTGTTCTCCGTGGCGTG
181 § ¢ W 6 R T $§$ D G 8 N A V 8§ A V L R G V

601 AACCTCAACATCATCACCAACGCCGTCTGCAGARACGCGTTTGGCAACGCGATTTTGGCT
200N L N I I T N A V C RNAVF GNATI L A

661 TCCACBRATATGTACCTCTGGAGCCGGTACTGTCGGTGCTTGTAACGGCGACTCCGGTGGT
221 s T I ¢ T 8§ G A G T V G A CNGD S G G

721 CCATTGGTGGTTAATGGAGTCCAAGTCGGTGTCGTGTCTTTCGGCGCTGCCAGGTGCCAA
241 P L V V N G V Q V G V V 8 F G A A R C Q

781 AGCGGAAATCCAACTGCCTTCGCCAGGATCAGTTCCTTCAGAAACTGGATTACTCAGAAC
260 §$ ¢ N P T A F A R I § S F RN W I T QN

841 GCCGGTGTCTAAATTTTCGCGAAATGGTCCTTGTTACGARARACTGTACAGCAATATCAAA
281 A G V *

901 TAAAGAGCATTAAAAATAAAAAAAAAAAARAAAAAAAA

Fig. 1. The nucleotide and deduced protein sequence of the 4.
germari chymotrypsin. The start codon is boxed and the termi-
nation codon is indicated by an asterisk. In the cDNA
sequence, the polyadenylation sequence is underlined. The
GenBank accession number is AY771359.
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AY771359.

Comparison of the deduced amino acid sequence of the
A. germari chymotrypsin with that of other chymotrypsin
sequences is shown in Fig. 2. The deduced pre-proenzyme
and the mature chymotrypsin contain 283 and 227 amino
acid residues. The positions of amino acid residues form-
ing the active triad (His, Asp and Ser) and the substrate-
binding pocket and those of the six cysteine residues
known to form three disulphide bridges (Kraut, 1977,
Davis et al., 1985; Rawlings and Barrett, 1994; Hedstrom,
2002; Waniek et al., 2005) are conserved in the sequence
of A. germari chymotrypsin. On the basis of these char-
acteristics, it is proposed that A. germari chymotrypsin is
one of the expanding family of chymotrysins.

Based on sequence and structure similarity, 4. germari
chymotrypsin was closest to that of Anthonomus grandis.
In the phylogram of several chymotrypsins, A. germari
chymotrypsin clusters together with that of 4. grandis
(Fig. 3A). When compared with homologues in the Gen-
Bank database, A. germari chymotrypsin has an identity
between 37% and 42% with other insect chymotrypsins
(Fig. 3B).
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Expression of A. germari chymotrypsin mRNA

To characterize the expression of the 4. germari chy-
motrypsin gene at the transcriptional level, Northern blot
analysis was performed using total RNA obtained from
fat body, midgut and epidermis, respectively. Northern
blot analysis showed that a hybridization signal was
detected as a single band of mRNA from the midgut,
indicating that the A. germari chymotrypsin is expressed
only in the midgut (Fig. 4). The result is consistent with
the previous reports that the chymotrypsin gene is tissue-
specifically expressed in midgut (Mazumdar-Leighton
and Broadway, 2001; Oliveira-Neto ef al., 2004; Waniek
et al., 2005)

In conclusion, this study was undertaken to search for a
homologue of chymotrypsin in 4. germari and to eluci-
date its sequence and structure of chymotrypsin in beetles.
The data presented suggest that 4. germari chymotrypsin
is a member of chymotrypsin family, which is expressed
only in the midgut and functions as a digestive protease.
We hope that the molecular characterization of chymot-
rypsin in a beetle in this study will expand the under-
standing of insect chymotrypsins.

A germari P Ls ki[or N 1|v[HEe P 1 v ~[E &
A grandis A vige Lbd[TWL 1 PG PE E
H. armigera v vGvyuTkvG AlEE LA 46
H.zea v YD YVYTKIGI AlE K LA o
A, ipsilon A Y G VY LSk G AlE K Q AlE 64
7. husnanas ¥ TAVLAEAYY AlP 1 GLRRRPK- « - - - 3
< V¢
A germori & ) [l %V LTTAAHCTVSA - E s
dograndis  $4 R c NYILTAAHCIDQA - - L m
H.armigera 41 [S]S IS RIRVLTAAHCWFDG NS G m
H. zea 6 | c RVLTAAHCWEDG RS G o
Aipsion 65 |S|L c RVVTAAHCWEFDG RS G 129
P humanis 40 | T| c FIVLTAAHCGVVT - - E %
Hy,
A germari 119 A LLRls A[V]s TN R T AN 5]
A grandis 112 [N KIL PINKIVID LN|N[P. T 1 E|I S K R
H armigera 112 | T N/LP|S NvlcT s APl GN s!n
H. zea s T TIL PBlS Al¥IG TS G AFj1 GN Si
A ipsiton 130 |N] R[T[N - N[lv]G LN N vl G - S|
P humanus 97 P ElLPIED A P L s[Q[Y]v][Q LV VD Is] 1=
G,

A germari 182 [G) NAF|lcNA[T|lL- A[STTCTS GAGl- - 202
A grandis V5 |G LIAF|LGOQI/VNDDHVCTSGS GPQGC 23
H. armigera 173 |G QIS FIP L Y[I|Q-S[ESNICTSGAN|- - - m
1. zea w |G QITFRIGTTIHIQ-PTNICITSGAG- - - 31
A ipsilon 187 |G SIS FIPLI|Q-DISNICIVNIGAG| - - 246
P humanes 159 |G K RIE|G F AlV|F - k{s[V]L ¢]LplG SO - - - 219
A germari 243 [V V[N G - R

4 grandis 240 |V VD N K E

H armigers 23 |V V|T § N 1

H. zea 232 {(VV|ITS G D

A ipsilon 7 TIVIV RS A

P. humanus 220 [V VK T E \Y

Fig. 2. Comparison of the deduced amino acid sequence of 4. germari chymotrypsin with that of other insect chymotrpsins. Invari-
ant residues are shaded black. Vertical arrow indicates the end of the predicted activation peptide. The conserved catalytic site res-
idues (H, D and S) are indicated by arrow heads above the alignment. Amino acid residues involved in determining enzyme
substrate specificity and conserved cysteine residues are indicated by arrows and C,,, respectively, where » matches pairwise the res-
idues predicting to be involved in disulphide bridge formation. GenBank accession numbers are: 4. grandis (AY536261), H. armig-
era (Y12279), H. zea (AF233732), A. ipsilon (AF233729) and P. humanus (AY819730).
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Speci
( A) pecies
95 A, germari
I Coleoptera
A. grandis
94 A. ipsilon
S. frugiperda
99 7 H. armigera
_l:: Lepidoptera
H. zea
100
M. sexta
84 ————————  B. mori
_ﬂ[: A. aegypti
100 A. polynesiensi | Diptera
O. epactius

P. humanus | Neoptera

(B) _
Percent similarity

Species GenBank No. I 2 3 4 5 6
1. A. germari AY771359 54 56 56 53 51
2. A. grandis AY 536261 38 49 50 51 48
3. H armigera  Y12279 42 34 80 71 50
4. H. zea AF233732 39 31 73 77 45
5. A. ipsilon AF233729 39 32 60 67 46
6. P humanus ~ AY819730 37 | 32 | 3a | 30 | 30

Percent identity

Fig. 3. Relationships among amino acid sequences of the 4.
germari chymotrypsin and the known chymotrypsins. (A) A
maximum parsimony analysis for the amino acid sequences of
A. germari chymotrypsin and known chymotrypsins derived
from insects. The sequence sources are described in Materials
and methods. 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 and (B) Pairwise
similarities and identities of the deduced amino acid sequence
of A. germari chymotrypsin among chymotrypsin sequences.

L 4@m Chymotrypsin
1 2 3

Fig. 4. A. germari chymotrypsin mRNA expression in 4. ger-
mari tissues. Total RNA was isolated from the fat body (lane
1), midgut (lane 2) and epidermis (lane 3), respectively (upper
panel). The RNA was separated by 1.0% formaldehyde agar-
ose gel electrophoresis, transferred on to a nylon membrane
and hybridized with radiolabelled 950 bp A. germari tissues
cDNA (lower panel). Transcripts are indicated on the right side
of the panel by an arrow.
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