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We constructed an oligo-d(T) primed directional
c¢DNA library from the Bombyx mandarina whole lar-
vae. In an effort to isolate genes expressed in the B.
mandarina, 227 expressed sequence tags (ESTs) were
generated by single-pass sequencing from the cDNA
library. Sequence analysis showed that 107 clones
(47.1%) were classified into known genes and 120
clones (52.9%) were novel transcripts, which are
unknown for their function. Of the 107 known genes,
the most abundant gene was found to be actin and fol-
lowed by serine protease in the expression profile.
Among these clones, a serine protease homolog
(BmSP) which is a class of proteolytic enzymes iso-
lated. Full-length sequence of the BmSP ¢DNA clone
was 922 bp in length and has an open reading frame of
276 amino acids. The conserved histidine, aspatic acid
and serine residues forming the catalytic center as well
as cysteine residues contributing to three disulphide
bonds also were found in Bmsp gene. mRNA expres-
sion analysis revealed a high and specific expression of
the gene only in midgut tissue, suggesting that BmSP
gene is closely associated with the expression of diges-
tive enzyme.
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Introduction

The ¢cDNA approaches toward genome studies have pro-
vided the comprehensive information on the expression
pattern of genes in a variety of tissues. Thus, the expressed
sequence tags (ESTs) generated by single-pass sequenc-
ing of cDNAs have been used as a starting point for the
functional and structural analyses of the entire genome of
organisms (Adams et al., 1995; Hiller et al., 1996; Kirk-
ness et al., 1996). The recovery of single-passed sequences
from randomly selected cDNA clones has been pursued as
a relatively inexpensive and rapid means to access many
of the expressed genes of an organism (Milner and Sut-
cliffe, 1983; Putney et al., 1983). With the advent of high-
throughput sequencing technology and an increased inter-
est in genome-wide study, it became clear that ESTs could
be generated in sufficient numbers to provide a rapid
means of gene discovery (Khan et al., 1992; Newman
1994; Sasaki et al., 1994; Adams et al., 1995; Houlgatte ef
al., 1995).

In this paper, we described the gene expressed profile of
the wild silkworm B. mandarina whole larvae by analyz-
ing 227 random cDNA clones. This work is hoped not
only to accelerate the functional studies of silkworm
genome but also to make a contribution to understand the
functions of a variety of ESTs that have been isolated
from other organisms including Drosophila. In addition,
we reporte the full-length cDNA cloning, sequencing and
the identification of the tissue specific, putative digestive
serine protease from B. mandarina. We also discussed the
difference between our data and those obtained from other
insects.
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Materials and Methods

Construction of cDNA library

Total RNA from Bombyx mandarina larvae whole body
was extracted by the guanidium isothiocyanate procedures
(Sambrook et al., 1989) and poly(A)* RNAs were purified
from the total RNA using poly(A)* Quick Isolation Kit
(Stratagene). The cDNA synthesis, ligation into Uni-ZAP
XR vector and in vitro packaging were performed using
the unamplified cDNA library construction kit (Strat-
agene) according to the manufacturer's instructions. An
aliquot of the cDNA library was in vivo excised with the
ExAssist helper phage and transfected into E. coli XL1-
Blue. The transfected cells were plated on LB plates con-
taining ampicillin, X-gal and IPTG.

Sequencing and database search

The insert sizes of randomly selected cDNA clones were
estimated by the EcoRand Xhodigestion of plasmid DNAs
that were purified using the Wizard plasmid purification
kit (Promega). Plasmid DNAs longer than 500 bp were
used for single-pass sequencing. These clones (DNA 250
— 500 ng) were mixed with primer (3.2 pmol) and BigDye
terminator ready reaction mix (Perkin Elmer) and was
reacted by polymerase chain reaction (PCR). PCR product
was electrophoresed on 4.5% polyacryamide gel and ana-
lyzed by the DNA Sequencing Analysis Softerware (Per-
kin Elmer). The similarity analyses were performed by the
BLAST search.

Northern blot analysis

Total RNA from each tissue and stage was extracted using
the SV total RNA isolation system. Total RNA (30 pg)
from each tissue was denatured in formamide-containing
buffer and subjected to denaturing agarose gel electro-
phoresis as described by Shambrook et al. (1989). After
samples were blotted onto the nylon membrane, the blot
was prehybridized in 0.5 M NaPO, (pH 7.4)/1mM
EDTA / 1% BSA, and 7% SDS for 1 hr at 65 and hybrid-
ized in the same solution containing 2 X 10° cpm/u/ of
probes labeled with [0-**P]dCTP (Amersham) by nick
translation. The membrane was then washed twice in
0.1 x standard saline citrate and 0.1% SDS at room tem-
perature for 10 min and twice at 42°C for 10 min.

Results and Discussion

We have constructed an oligo d(T)-primed cDNA library
from the Bombyx mandarina whole larvae, from which
227 useful ESTs have been generated by single-pass
sequencing of cDNAs. The cDNA clones were randomly

Table 1. General classification of the random cDNA clones

Classification No. of clones  Frequency (%)
Known genes 107 471
Insect matched 81 35.7
Bombyx mori 32 14.1
Drosophila melanogaster 15 6.6
Maduca sexta ] 19 8.4
Others 15 6.6
Mammalian matched 15 6.6
Others 11 4.8
Novel transcript genes 120 52.9

Total 227 100

selected to extract plasmid DNAs. Evaluation of the ESTs
revealed that an average insert size was approximately 1.2
kb and the length of sequenced ESTs was ranged in 200 to
800 bp. Sequence analysis showed that 107 clones
(47.1%) were classified into known genes while 120
clones (52.9%) were novel transcript and unknown func-
tion genes (Table 1). Of the 107 known genes, in the
expression profile, the most abundant genes were found to
be actin, followed by serine protease (data not shown).
In our B. mandarina whole larvae ESTs, the abundant
B. mori proteins are serine protease (n = 8), low molecular
proteins (n=4), actin (n=2), prophenoloxidase (n = 2),
lysozyme (n = 2), silk protein p25, silk fibroin light chain
(n =2) and cystein protease (n = 2). Further investigation
for the abundant genes of our B. mandarina whole larvae
ESTs would provide very important information not only
on the physiological state of the B. mandarina but also on
its gene expression and regulation. Among such clones,
the nucleotide sequence of the BmSP cDNA encoding
serine protease homolog of B. mandarina was determined
(Fig. 1). There is a 5'-untranslated region of 37 nucle-
otides followed by an initiating ATG codon and the TAA
termination codon occurs at nucleotide position 865. The
translation of the sequence from nucleotide 38 to 865 pro-
duces a 276-residue protein with a calculated molecular
mass of 28.949 kD. The AATAAA consensus polyade-
nylation signal is present at 24 nucleotides downstream
from the stop codon. The poly(A) tail is 15 nucleotides
downstream from the polyadenylation signal sequence,
which agrees with the fact that the signals are most often
present 11-30 nucleotide upstream from the poly(A) tail
(Fitzgerald and Shenk, 1981). There are no N-linked gly-
cosylation sites (Asn-X-Thr/Ser), indicating that BmSP is
not a glycoprotein. The deduced amino acid sequence of
the BmSP ¢cDNA was aligned with other serine protease
family of B. mori (96% protein identity), D. erecta (21%),
Dermatophagoides farinae (20%), Sus scrofa (21%), Sar-
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1 CTGCAGGAATTCGGCACGAGCTTCGCAGCAGTACTGATGGCGTTGGCGGCCGTGGTCRTG
M AL AAV VY
61 GCAGAAGAGGCCATCGAACTTGACTACCACAACAAGATCGGTATCCCCCGGGCCGAGAGT
AEEAL ELDYHNIKIG?!PRAES
121 CTTAGACGCGCCGAGGAAGCCGCTGACTTCGACGGTACCAGGATTGTGGGTGGTTCTGCC
LRRAEEAADFDGTRI VGG S A
181 GCCAACGCTGGTGCTCACGCCCATCTTGCTGGACTTGTGATCGCACTGACGAATGGCAGA
ANAGAHPHLAGLVYVY I ALTNSGTR
241  AGTTGCATCTGCGGAGCTTCCTTACTGACCAACACGCGCTCCGTGACCGCCGCTCATTGC
TS1¢C6ASLLTNTRSVTIAAHTESC
301 TGGAGGACCAGGAGAGCCCAGGCTCGTCAGTTCAGCCTCGCTCTTGGCACAGCTAACATC
WRTRRAQARGFTLALGTANII
361 TTCTCCGGAGBCACCAGEETCACCACCTCCAATGTCCAGATGCACGGCAGCTACAACATG
FS$§G6GGTRVTTSNVAOEMHGSYNHM
421 GACACCCTCCACAACGACGTCTCCATCATCAACCACAACCATGTTGGCTTCACCAACAAC
D TLHNDV S 1T I NHNHVGFTNN
481 ATCCAGCGCATCAACATAGCCAGTGGAAGCAAGAACTTTGCTGGTACTTGGGCCTGGGCT
I @ R 1 NI A S GSNNFAGTWAWA
541 GCCGGCTTCCGAAGGACCTCCGATGCTGCTTCGGGAGCCAACAAGCAACAAAAACGCCAA
AGFRRTSDAASGANNG GO GKTR RAZ
601 GTGAGCTTGCAGGTCATTACCAAGGCCGTGTGCGCCCGCACGTTTGGAAACAATGTGATC
vVSsSL@VITNAVCARTTFG GNNVI
661 ATTGCCTCCACCCTCTGTGTTGACGGCTCTAACGGTCGCAGCACCTGCAGCGGAGACTGC
I AS TLGVDGSNG GRS STTGCSSGDS
721  GGCGGCCCTCTCACCATCGGCAGCGGCGGAAGCCGTCAACTGATCGGTATCACATCGTTC
G GP LTI GSGGSRAGLI GI TSF
781 GGATCAGCTCAAGGTTGCCAGAGAGGCCACCCTGCCGGCTTCGCCAGAGTCACATCCTTC
G §$ AQ@GCQ@RGHPAGFARVTSTF
841 AACTCCTGGATCCGGGCTAGAATTTAACTGACGAATGACCAATGATTCAATAATAAAATA
N S W I R AR i x86
901 ATTTCATTGACCAAAAAAAAAA

Fig. 1. Nucleotide and deduced amino acid sequences of the
BmSP . The open reading frame is indicated in uppercase let-
ters. The predicted amino acid sequence (single-letter abbrevi-
ation) is shown below the nucleotide within the open reading
frame. Codons for initiation, termination, polyadenylation and
poly(A) tail are shaded, respectively.

cophaga bullata (23%), Lucilia cuprina (20%), Stomoxys
calcitrans (22%), Stomoxys calcitrans (17%), Anopheles
gambiae (19%), Lucilia cuprina (20%) and Hypoderma
lineatum (17%) (Fig. 2). BmSP contains histidine, aspatic
acid and serine residues forming the catalytic center. Six
cysteines that are thought to contribute to three disulphide
bonds commonly found in invertebrate serine proteases
are also found at conserved sites and there are many other
completely conserved amino acids.

At the trypsin substrate specificity sites, this gene con-
tains the serine residue at position 222. It thus appears that
BmSP gene is close to chymotrypsin-like protease than

fm ~———————HLRFI AVFALVNCALAGTL~—~——————~ PNDLDG-R[VNGYDTTIE 60
hm —RNDFYG-RIVNGVATTIE 60
om MHGLVVLLVCLAVGSAFAGT | GVS——-——-NADPFEREG-R I VGGEDTT IR 60
gn MLKEVVLLGA | SCALGAAVPEG-~——~—~-~-#YPOLDG-R I VGGVATTIS 60
km ~——————-—MLKFVVLLCA SCALGAAVPEG———-—— —HVPQLDG-RIVGGVATTIS 60
I MLKFV | LLCS 1 AYVFGAVYPLG-———=- ~MLSQSDG-R I VGGVESKIE 60
dm IVGGVKAKAG 60
em IVGEYTCAAN 60
R MALAAVVVAEEA | ELOYHNK1G| PRAESLRRAEEAADFDGTR VGGSAANAG 60
bm MKVFAAVLMALAAVVVAEEP | ELDYHIK G | PRAESLRRAEEAADFDGTR | VGGSAANAG 60
m e HLRKVF AVVSVLLVVSAAKVPK~~-—~———L VLDDNYVNRVYGGYVAKNC 60
T MKLFVA| AALV | ACASAASLDG~———~ [ARPGFPEG-RI INGLPATKG 60
m AHPYQVPLON-—-AALSHFCGGS | | SEDLVVTAAHCMOS——YTASQIKVRLGS-TIYNEG 120
hm EHPYQVSLOG-——LSGSHFCAES | | SEDI WWTAAHCHOS--HSASEFKVRLGS-TGYNTG 120
om AHPYQVSLON-——KKGSHFGGGSL INEDTVVTAAHOLVG-—KKI AKVFVRLGS-TLYNEG 120
gm SFPWQI SLA-—-RSGSHSCGESVYNSRI 1 VTAAHOLOS—VSTSVLKVRRGS-SYWNSG 120
km SFPWO! SLG-——RSGSHSCGESVYNSR! | VTAAHLGS—VSTSVLKVRRGS-SYHNSG 120
Im DFPWO! SLO-——RDGRHYCGES | YSKNVI  TAAHJGLRN-—VVAEELRVRVGS-SYHEHG 120
dm DGPYQI SLO-~—~--SSSHFCGES |LDE YW L TAMHCYNG—OSAKKLS IRYNT-LKHASG 120
em S1PYOVSLN-———SGSHFCOBSL INSQHVVSARHCY--——KSR QVRLGEHN- I DVLEG 120
am AHPHLAGLV | ALTNGRTS | GGASLLTNTRSVTASHOWRTRRAQARGF TLALGT-ANIFSG 120
b AHPHLAGLV | ALTNGRTS | CGASLLTNTRSVTAAHOWRTRRAGAROF TLALGT-AN1FSG 120
jm SAPYQVSLOVP--——GWGHNCGGSLLNDRWVL TAAHCLVG—YEPSDLMVLVGT-NSLKEG 120
i QAPF 1VSLK———SGSHFCGES | | DEHIVL TAAHCL T-——KSQFGLVAGLYERSDESDV 120
0 +0
fm GE-LVSVKAFKF~HEGYNPKT--MVNDIVAL I KLATPVRESS—K IRY~ | RLAD=~~-RTPP 180
fm GE-LVEVKAFKF-HENYNSGT--MKNDIVAV | KLARPVKESA-T | RF-VKLAD-~~-KTPA 180
om @ 1-VVAVRALTY-NADYSSKT--HENDVG | LKL AEKVKETD-DIRY~- 1 ELAT-——ETPP 180
gm GV~VVSVAAFKN-HEGYNPKT—HMVMD]1 AV IRLSSSLTMSST IKA-1ALTT-———AAPA 180
km GV~VVSVAAFKN-HEGYNPKT—MVND]1 AV I RLSSSLTMSS-T IKA- ALTT-——-AAPA 180
fm GS-LRN1SKFQ1-HESYVEPT—KEYDVALLKLDSDLSFNS-TIKA- IELTN-~-E PP 180
dm GE~KIGVAE | YG-HENYDSMT-— | DNDVAL | KLKTPMTLDG-TNAKPVPLPPG-—GSDVK 180
em NEGF INAAK | 1 T-HPNFNGNT—LDNDJIML | KLSSPATLNS-RVAT-VSLPR——SCAA 180
an GT-RVTTSNVGM-HGSYNMETDTLHNDIVS | | NHN-HVGF TN-N1 QR NI AS—GSNNE 180
bm T-RVTTSNVOM-HGSYNMDT—LHNDVA | {NHN-HVGF TN-NGR- INLAS-——-GSNNF 180
im GE-LLKVDKLLY-HSRYNRPG-~FHND]| GLMRLEGPVGF SE-LVQS-VEYLE—--KAVP 180
i QIRNVNGKQF (FTHE 1 YGGNY—GPHD]I GLS | VEEAFDLNACLVMDLLPLPAL TCLLANM 180

+

Fig. 2. Comparison of deduced amino acid sequences for
BmSP and other serine protease sequences. The full-length
sequences of BmSP were used to search GenBank using
BLASTP. Multiple alinments were performed using Clustal W
on selected sequences. The amino acid residues forming cata-
lytic triad are indicate by + and six highly conserved cysteine
residues by O. am, Bombyx mandarina, bm, Bombyx mori
(AB00367); cm, Drosophila erecta trypsin (p54628); dm,
Dermatophagoides farinae Der f3 mite allergen (U54781);
em, Sus scrofa porcine beta trypsin (G494360); fm, Sarcoph-
aga bullata trypsin (P51588); gm, Lucilia cuprina trypsin
(p35044), hm, Stomoxys calcitrans (AF074956); im, Stomoxys
calcitrans (AF074955); jm, Anopheles gambiae (S44184); km,
Lucilia cuprina (L15632); Im, Hypoderma lineatum (P35587).
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fm TGTPAVVTGWGTKCFLTCVSLPKTLGEVEVD I VDQKACASNEFKYGSQ | GDTMVCAYALK 240
hm TGTPAVVTGWGT TCFMACNTLPKTLGKVVVD | VDEKTCASSEYKYGSK | KPTMVCAYAED 240
cm TGTTAVVIGWGSKCYFWCHMTLPKTLQAVYVN{ VDWK TCASDEYKYGEV | YDTMVCAYEKK 240
gm NGAAATVSGWGTTSSGG~~S | PAGLRYVDLK 1 VGRTGCASSTYGYGSQIKPSMICAYTVG 240
km NGAAATVSGWGTTSSGG-—S | PAQLRYVDLK I VGRTQCASSTYGYGSQiKPSMICAYTVG 240
Im EYADA | VSGWGE TLVPPP-G | PDQLRSVDVK | { HREKCASRNFGYGSN 1 KASMICAYALG 240
dm VGDK {RVSGHGYLQEGSY-SLPSELQRVD | DVVSREQCDQLYSKAGADYSENM ! CGGDVA 240
em AGTECL | SGWGNTKSSGS~SYPSLLACLKAPVL SNSSCKSSYP——GGR | TGNMICVGFLG 240
am AGTWAWAAGFRRTSDAASGANNQQKRQVSLQV | TNAVCARTFG—NNV 1 { ASTLCVDGSN 240
bm AGTWAWAAGFGRTSDAASGANNGQKRQVSLQY | TNAVCARTFG-~NNV | { ASTLCVDGSN 240
jm VNATVRLTGWGRTSTNG-~NVPTLLQSLNVVTLSNEDCKAKMGN-PENVDL GHVCTLTKA 240
im KALAVVNSGWGRDNSGS-——LPNTLGTLEVD! { GYTECKAAVP-LDAPLADVNICSYTAG 240
0 0
fm —KD—ACOG)@GGPLVANN——QLVG I VSWG—SGCARVGYPGVFCDVPSVRSWIEKT 300
hm ———KD-ACOG[ﬁGGPLVAGG—KLVGWSWG‘-KGCALPA TPGVYADVPSLRTWIEKT 300
cm —KD—ACQGDE]GGPLA |GN——TLVGIVSWG—YACASNLLPGVYSDVPALRKWILNA 300
gm ———-KD—SCQGD@GGPLVSGG———RLVGWSWG-—YGCAFANYPGVYADVAALRTWVVSA 300
km --—KD—SCOGD@SGPLVSGG————RLVGWSWG—~YGCAFANYPGVYADVAALRTWVVSA 300
im —KD—SCQGD@GGPLWNN-——LLVGWSWG— IDCARPSYPGVYVDVSHVRSWI VSN 300
dm NGGVD—SCOG[@GGPWDI AT——KQ1VGVSWG—YGCARKGYPGVYTRVGNFVOW{ ESK 300
em —GGKD—SCQGDgGGPWCNG“*-QLOG 1VSWG—YGCAQKNKPGVYTKVCNYVNWI1QQT 300
am —GRS—TCSG@GGPLT |GSGGSROL 161 TSFGSAQGCOR-GHPAGFARVTSFNSWIRAR 300
bm -—GRS—TCSG[@GGPLT |GSGGSRGL | G1 TSFGSAQGCOR-GHPAGFARVTSFNSWIRAR 300
jm ——GEG—ACNGIﬂGGPLVYEG—KLVGWNFG——VPCGR‘GFPDGFARVSYYHEWVRTT 300
im —-—TKDGACNGDSGGPLVKNTKGGYELVGLVSWG—YVGCASTQMPS IYTSYASYKGQWIADT 300
0+ 0

fm AKEL— 336
hm AKEL— 336
om SQTL— 336
gm ASSV— 336
km ASSV— 336
im AES|-- 336
dm RSQ——— 336
em [AAN— 336
am I—— 336
bm J———— 336
Jm MANNS— 336
im TAAYKN 336

Fig. 2. Continued.

trypsin -like protease. It is well known that serine pro-
teases are important factors for the fate of the disease
agents ingested by the haematophagous insects. The
serine proteases are a class of proteolytic enzymes char-
acterized by the presence of a uniquely reactive serine side
chain. All active serine proteases contain an invariant cat-
alytic triad consisting of His-Asp-Ser. They are of ubig-
uitous occurrence and diverse function, playing important

regulatory roles in protein processing and degradation
(Neurath, 1989) in eukaryotes and prokaryotes. Principal
functions in digestion (Barillas-Mury et al., 1991; Muller
et al., 1993), hormone activation (Douglass et al., 1984),
embryogenesis and development (Delotto and Spierer,
1986), blood coagulation (Davie, 1986) and activation
pathway of the complement system (Cooper, 1985) have
all been well documented. A number of serine protease
from arthropods has been biochemically purified or
cloned and sequenced. These include several digestive
trypsins and chymotrysins from mosquitoes and hornets
(Jany et al., 1983; Graf and Briegel, 1985; Kalhok et al.,
1993; Muller et al., 1993).

In order to examine tissue-specific expression of the
BmSP, we have performed a Northern blot analysis using
BmSP cDNA fragment as a probe (posterior and middle
divisions of silkgland, midgut, fat body and malphighian
tubes). The mRNA expression of BmSP was detected at a
high level in midgut (Fig. 3). The detected mRNA was
found to have 0.9 kb in size, which corresponds to the size
of the complete BmSP cDNA sequence as described
above. This transcript is similar to trypsin and chymot-
rypsins previously characterized in mosquitoes, which
range from 900 to 1,000 bp. The BmSP gene was highly
and specifically expressed only in midgut tissue among
several tissues. This result suggests that the BmSP gene is
closely associated with the expression of digestive
enzyme. Further characterization of gene expression and
function will be necessary to determine the precise role of
this gene.

1 2 3 4 5

1 2 3 4 S

28s|

i

Fig. 3. Tissue-specific expression of the BmSP. Total RNAs
(30 1g per lane) isolated from the following drent tissues of 1:
posterior division of silkgland, 2: middle division of silkgland,
3: midgut, 4: fat body, 5: malpighian tubes was separated by
agarose-formaldehyde gel electrophosis and transferred onto a
nylon membrane (below). BmSP mRNA was detected com-
monly at 0.9 kb indicated by arrow head. Hybridization with
BmSP cDNA demonstrates the existence a transcript of 0.9 kb
in each tissue indicated by arrow head.
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