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Two Subunits of the Insect 26/29-kDa Proteinase Are Probably
Derived from a Common Precursor Protein1
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We previously identified the 26/29-kDa proteinase in the hemocytes of Sarcophaga
peregrina (flesh fly) that appears to participate in elimination of foreign proteins in this
insect [Eur. J. Biochem. 209, 939-944 (1992)]. Here, we report the cDNA cloning of this
proteinase. The cDNA encodes a protein which includes both the 26- and 29-kDa subunit,
strongly suggesting that the both subunits are derived from a single precursor protein. The
26- and 29-kDa subunit located at the amino-terminal and carboxyl-terminal of the
precursor protein. The 29-kDa subunit itself appeared to be a proteinase, for this subunit
had 52% sequence identity with Sarcophaga cathepsin L, while 26-kDa subunit had no
significant similarity. We also showed that 26/29-kDa proteinase was insensitive to specific
inhibitors of cathepsin L. These results indicate that this proteinase is a novel member of
the papain family. We isolated similar cDNAs from Drosophila melanogaster and
Periplaneta americana (cockroach), suggesting that this proteinase is conserved in a wide
variety of insects and participates in their defense mechanisms.
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Injection of a foreign protein into the abdominal cavity of
Sarcophaga peregrina larvae has been demonstrated to
result in preferential degradation of the foreign protein in
the hemolymph (1). This suggests that insects are able to
discriminate between foreign and endogenous proteins.
Subsequently, we purified and characterized three cysteine
proteinases from Sarcophaga {2-4). Of these, two were
identified as Sarcophaga cathepsin B and cathepsin L by
isolating their respective cDNAs (3, 5). These two protein-
ases were shown to play crucial roles in the development of
this insect (3, 6-9). The other proteinase, purified from
larval hemocytes, appeared to participate in the defense
mechanism of this insect (10). This proteinase was shown
to be secreted from the hemocytes into the hemolymph
when the larvae were injected with foreign cells such as
sheep red cells, suggesting that it is released by larval
hemocytes when they interact with foreign cells (4). This
proteinase could therefore possibly be responsible for the
preferential degradation of foreign proteins injected into
the larval body cavity.
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This proteinase was a heterodimer of two subunits with
molecular masses of 26 and 29 kDa, respectively (4). This
26/29-kDa proteinase hydrolyzed Z-Arg-Arg-MCA (a
substrate for cathepsin B) and Z-Phe-Arg-MCA (a sub-
strate for cathepsin B and cathepsin L), but in contrast to
Sarcophaga cathepsin B, the 26/29-kDa proteinase did not
hydrolyze Suc-Leu-Leu-Val-Tyr-MCA (a substrate for
chymotryp8in) (4). Moreover, Sarcophaga cathepsin B and
cathepsin L are single proteins and have no subunit struc-
ture.

To gain more insight into the structure of the 26/29-kDa
proteinase, we isolated its cDNA. We found that both the
26- and 29-kDa subunits are derived from a common pre-
cursor protein encoded in this cDNA and that the 29-kDa
subunit is a proteinase with significant sequence similarity
to Sarcophaga cathepsin L. We identified homologues of
this cDNA in Drosophila melanogaster and Periplaneta
americana, suggesting that this proteinase is conserved in a
wide variety of insects.

MATERIALS AND METHODS

Proteinases and Proteinase Assay—Sarcophaga 26/29-
kDa proteinase, cathepsin B and cathepsin L were purified
as described previously (2-4). The proteinase assay was
performed in 0.2 ml 50 mM sodium phosphate, pH 6.0,
containing 0.05 mM substrate (Z-Arg-Arg-MCA for the
26/29-kDa proteinase, Suc-Leu-Leu-Val-Tyr-MCA for
cathepsin B, and Z-Phe-Arg-MCA for cathepsin L), 100
mM NaCl, 1 mM EDTA, 5 mM 2-mercaptoethanol, and the
test sample. After incubation for lOmin at 27'C, the
reaction was terminated by adding 0.2 ml 20% aqueous
acetic acid. Fluorescence was measured using fluorescence
spectrophotometer F-3000 (Hitachi, Japan) with excitation
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and emission wavelengths of 380 and 460 run, respectively.
Determination of Partial Amino Acid Sequences of the

26/29-kDa Proteinase—Purified proteinase (20//g) was
subjected to SDS-PAGE and the two subunits were sepa-
rated. After staining the gel with Coomassie Blue, the band
corresponding to each subunit was removed and the protein
present in the gel slip was electrophoretically eluted. The
protein was precipitated by adding ethanol to the eluate and
the resulting SDS-free protein was digested with lysyl-
endopeptidase. The resulting peptides were subjected to
HPLC (Gilson, France) using a Synchropak RP-P (C18)
column (4.6x250 mm, SynChrom, USA). Elution was
performed using a linear gradient of 0 to 60% acetonitrile in
0.05% trifluoroacetic acid. The purified peptides were
sequenced on a protein sequencer (PPSQ-10, Shimadzu,
Japan).

Determination of Amino- and Carboxyl-Terminal Amino
Acid Sequences of 26-kDa and 29-kDa Subunit—To
determine the amino-terminal sequences, the two subunits
were electrophoretically transferred onto a polyvinylidene
difluoride membrane (Immobilon P, Millipore, USA) after
SDS-PAGE, and the filter containing each subunit was
applied directly to the protein sequencer. To determine the
carboxyl-terminal sequence of 26-kDa subunit, the two
subunits were electrophoretically transferred onto a Teflon
membrane after SDS-PAGE. The membrane was stained
with sulforhodamine B and band of 26 kDa was applied
directly to a carboxyl-terminal protein sequencer
(G1009A, Hewlett Packard, USA).

Purification of 26- and 29-kDa Subunit—For mass
spectrometry, arginylendopeptidase-digestion and de-
glycosylation experiment, we isolated 26- and 29-kDa
subunit. For this, purified 26/29-kDa proteinase was
denatured by 6 M guanidine hydrochloride, then the 26-
and 29-kDa subunits were separated by HPLC under the
same conditions described above except that the concentra-
tion of trifluoroacetic acid was 0.1%. Arginylendopep-
tidase-digestion was performed using 50 fig of purified
26-kDa subunit and 1.3 pig of arginylendopeptidase at 34*C
for 15 h. The resulting peptides were purified by HPLC in
the same way as above mentioned. Molecular mass of
peptides were determined by MALDITOF mass spectrom-
etry using Voyager Elite (PerSeptive Biosystems, USA).

Cloning and Sequencing of the cDNA for the 26/29-kDa
Proteinase—Sarcophaga, Drosophila, and Periplaneta
cDNA for the 26/29-kDa proteinase were cloned from
relevant pBluescript plasmid library [libraries from Sar-
cophaga larvae (11) and Periplaneta fat body (12)'], by
screening colonies of Escherichia coli carrying the library
using PCR (nested PCR), with a portion of each colony as a
template. For the Sarcophaga clone, primers were synthe-
sized according to the sequence information obtained from
the peptides derived from the 26-kDa subunit. The primers
for the first amplification were 5'-AATCCACCC(CA)G(A-
TGC)TGGGA(TC)C-3' and 5'-GTGCCGAA(ATGC)GG(A-
G)TG(TC)TC(AG)TT-3', and those for the second amplifi-
cation were 5'-TGGGACCCCAA(TC)TA(TC)AT(ACT)-
GT-3' and 5'-TTCACCATGCC(ATGC)CC(AG)TA(AG)TA-
3'. For isolation of the Drosophila clone, the primers for the
first amplification were the T3 promoter on the vector and
5'-GCATCAATAGCAAC(AGC)GA(AGT)A(CT)(AG)GG-
3', and those for the second amplification were the SK
promoter on the vector and 5'-TTCACCATGCC(ATGC)-

CC(AG)TA(AG)TA-3'. The primers for the Periplaneta
clone were the same as those for the Drosophila clone. DNA
sequencing was performed using a DNA sequencer (373A,
Applied Biosystems, USA) with a Taq DyeDeoxy termi-
nator cycle sequencing kit (Applied Biosystems, USA). The
nucleotide sequences of both strands were determined.

RESULTS

Structural Analysis of the 26/29-kDa Proteinase—As
the 26/29-kDa proteinase is a heterodimer of two subunits,
we tried to isolate the cDNAs for each subunit. For this, we
separated the two subunits and determined the amino acid
sequences of several peptides derived from each subunit.
The sequences of nine peptides derived from the 26-kDa
subunit and seven derived from the 29-kDa subunit were
determined. The peptides from the 26-kDa subunit were
VTXLQLXGTSEDPVQVQATLPNAK, NVYTLWVRYK,
XPHYPASRMPIPVRYEMR, GTLYIPYAEIAEPFYAWY-
XK, TNPPRWDPNYTVK, XYQLANEHPFGTSLK, NTR-
RSRIDYYGGMVK, FRLEETIGDK, and LJGTETFLGF-
NXDK, while those from the 29-kDa subunit were XXXX
TYWGNDQYILMSAXK, NVXLVAPITGFFXVTPNDPM-
ALK, XGLXELDHAVLAVGYGTENGEDYWLVK, DTV-
PDQYDWRLYGAVTPVK, XQSXXGSXWXFGTLXHLX-
XAFFLK, NNXGVMTMPTYVEM, and XMMEMGGVPT-
EEEYGPYLGQDGY. We also determined the amino-ter-
minal amino acid sequences of both subunits. These were
TNPPRWD (26-kDa subunit) and DTVPDQYDXRLYGAV
(29-kDa subunit). In these sequences, X indicates an
unidentified residue.

To isolate the cDNA for the 26-kDa subunit, we then
designed 4 degenerated oligodeoxyribonucleotide primers
corresponding to the peptides TNPPRWDPNYIVK, XYQ-
LANEHPFGTSLK, and FRLEETIGDK. We screened a
Sarcophaga cDNA library by PCR using these primers, and
finally isolated one cDNA clone. The nucleotide sequence
and deduced amino acid sequence of the protein encoded by
this cDNA are shown in Fig. 1. Surprisingly, all sixteen
peptides derived from both the 26- and 29-kDa subunits
were included in this protein, which consists of 550 amino
acid residues. This strongly suggests that both the 26- and
29-kDa subunits are derived from a single precursor
protein.

The 26-kDa subunit was located at the amino-terminal
end and the 29-kDa subunit at the carboxyl-terminal end of
this precursor protein. Based on amino acid sequencing, the
amino-terminal residues of the 26- and 29-kDa subunits
were assigned as the Thr at position 20 and the Asp at
position 329, respectively. Thus, the 19-amino acid se-
quence starting from the first Met is likely to be a signal
peptide. Moreover, there must be an intervening sequence
between the carboxyl-terminal residue of the 26-kDa
subunit and the amino-terminal residue of the 29-kDa
subunit, because the molecular mass of the sequence
located between the Thr at position 20 and the Arg at
position 328 was calculated to be 36.5 kDa, which is
significantly more than 26 kDa. Indeed, molecular mass of
26-kDa subunit was determined to be 24.3 kDa by mass
spectrometry.

To deduce the carboxyl-terminal residue of the 26-kDa
subunit, we determined the amino acid composition of the
purified 26-kDa subunit. We then determined a putative
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AAACACTACATTATTArK^TTCATTTTGAACAAAAAGAAGAGAATTATTTTATCATC^^ 90

ACTCXGA«5AGTGAAAGTGCATCAGGGATAAQGAM3AAAATGCGTTG 1 8 0

M R C T L I F A I I A G I A I T A 17

L A T N P P R W D P N Y I V K G T L Y I P Y A E I A E P F Y

A W Y D K N T R R S R I D Y Y G G M V K T Y Q L A N E H P F

GGTACTTCTTrAAAArrGGCCCCCATTACCACTAAATCAGAGTrAAACAAAGTAACATGTCTrcAACTGAAT^ 4 5 0

G T S L K L A P I T T K S E L N K V T C L Q L | G T S E D P 107

GTACAAGTGCAAGCAATATTGCCAAATGCCAAGGACTTCAAACTTATAGGCACTGAAACCT^^ 5 4 0

V Q V Q A I L P N A K D F K L I G T E T F L G F N C D K F R 137

TTAGAGGAAACAATTGGCGATAAGAAAAATGTATACACTTTGTGGGTACGTTAT^ 6 3 0

L E E T I G D K K N V Y T L W V R Y K K S P H Y P A S R M P 167

ATACCAGTACGCTATGAAATGAGAGGTTACAATACCCTTTTGGt^^ 7 2 0

I P V R Y E M R G Y N T L L G S H Y D H Y Y L D Y D S Y D H 197

GATGATATACCT^TCAAGTATTTGAATTGGATGATAACATGGAAT^ 8 1 0

D D I P N E V F E L D D N M E C M P F P G P G K G H Y A T F 227

A
AATCCCATGCAAGAGTTTGTTCATCCCACTCTAGACCATCAT^^ 9 0 0

N P M Q E F V H P T V D H H V E H A F K H F K N K H G I D Y " 257

CGCACCGAACAAGAGCATGAATATCGTAAAAACATCTTTACACAAAATCTGAGArlT^^ 9 9 0

R T E Q E H E Y R K N I F R Q N L R F I N S K N R G K L S Y 287

ACTCTTGCCATrAACCACTTGGCAGATAAAAGCGATGATGAACTAAAGGGTCGTC^ 1 0 8 0

T L A I N H L A D K S D D E L K G R R G Y K S S G V F N T G 317

1 1 7 0

K P F P Y N L E K Y R D T V P D Q Y D W R L Y G A V T P V K 3 4 7

A
GATCAATCTGTTT\3CGGTICIT\3TTGGTCTTTTGGCACrATTGGCCATITGGA^ 1 2 6 0

D Q S V C G S C W S F G T I G H L E G A F F L K N G G N L V 377

CGCTTATCGCAACAAGCTrTAATK^TTGCTCTTGGGAGTATGGCAACAACGGTrGT^ 1 3 5 0

R L S Q Q A L I D C S W E Y G N N G C D G G E D F R A Y K W 407

T ^ ^ 1440

M M E M G G V P T E ' E E Y G P Y L G Q D G Y C H A K § V S L 437

GTGGCACCCATTACTGGCTRCTTTAATGTRACACCTAATGATCCTATGGCTTTAAA^ 1 5 3 0

V A P I T G F F N V T P N D P M A L K I A L L K H G P I S V 4 6 7

GCTATTGATGCCTX^VCCCAAAACXnTrAGTTrCT'ATTCGCAaSGTGr^ 1 6 2 0

A I D A S P K T F S F Y S H G V Y Y E P T C K N G L D E L D 497

CATGCTGTCTTOGCCGTGGGCrATGGCACAATCAACXXXKAAGATrACTGGCTGGTAAAGAATrCT^ 1 7 1 0

H A V L A V G Y G T I N G E D Y W L V K N S W S T Y W G N D 5 2 7

GGTTATATTITAATGTCTGCCCGTAAAAATAAITGCGGTGTTATGACCATGCCCACTTATGTAG^ 1 8 0 0

G Y I L M S A R K N N C G V M T M P T Y V E M * 5 5 0

T^^ 1890

Fig. 1. The nacleotide sequence of the cDNA encoding the 26-kDa subunit. Possible JV-glycosylation sites are shown in closed
Sarcophaga 26/29-kDa proteinase. The deduced amino acid se- boxes. The underlined sequences were determined separately by
quence is shown below the nucleotide sequence. The solid arrowheads isolating each peptide. The asterisks indicates the termination codons
show the amino-terminal residues of the 26- and 29-kDa subunits. The and the polyadenylation signals are boxed. The numbers on the right
open arrowhead shows the deduced carboxyl-terminal residue of the correspond to the nucleotide and amino acid numbers.
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carboxyl-terminal residue for the 26-kDa subunit in the
precursor protein that gave maximal matching between the
observed and calculated amino acid compositions of the
26-kDa subunit. This residue appeared to be the Gly at
position 220. Assuming that this Gly is the carboxyl-ter-
minal residue of the 26-kDa subunit, a comparison of the
calculated and observed amino acid compositions are shown

O l y

A l a

V a l

L«u

H e

H a t

P h e

T r p

P r o

S a r

T h r

C y s

L y s

H i s

A r g

Tyr

AsjH-Asn

Olu+Oln

ESSSH

E ^ •'•"i 1T49
^ • ^ 1.03

1 1.49
i ^ ^ B 1.63

"*" ~i aTT
i^^HMW 2.3'

^ ^ I . "
1'J?4.48

4.45

i i B 7s:!t
1 i-.SS

3.98
3.89

^ • ^ M ^ H 8.35
3.98
3 .90 1 6.97

^ ^ B 6.30

1 6.47
^ • H 6.50

4.48

10 12 16

Content of amino acid (%)
Fig. 2. Comparison of the observed and calculated amino acid
compositions of the 26-kDa subunit. The amino acid composition
of the purified 26-kDa subunit was determined. Then, assuming that
the Gly at position 220 is the carboxyl-terminal residue of the 26-kDa
subunit, the amino acid composition of the putative 26-kDa subunit
(the region from the Thr at position 20 to the Gly at position 220) was
calculated. The open and solid bars represent the calculated and
determined amino acid compositions, respectively.

in Fig. 2. They are coincided well.
In order to confirm further that this Gly is the carboxyl-

terminal residue, we digested the purified 26-kDa subunit
with arginylendopeptidase, separated the resulting pep-
tides by HPLC and obtained a peptide with the molecular
mass of 5,272 Da. This value was consistent with the
molecular mass of the peptide spanning the region from the
Gly at position 176 to the Gly at position 220, which was
calculated to be 5,276 Da. The 15 amino-terminal residues
of the peptide was determined as GYNTLLGSHYDHYYL,
which coincided with the sequence from the Gly at position
176 (position 175 is Arg). Considering the specificity of
arginylendopeptidase, we concluded that this peptide was
derived from the carboxyl-terminal of the 26-kDa subunit,
and that its carboxyl-terminal residue is the Gly at position
220. Furthermore, we determined three residues of car-
boxyl-terminal end of the 26-kDa subunit as -GXG-COOH
by using a carboxyl-terminal protein sequencer (X is
unidentified residue), supporting the above conclusion.

The 29-kDa subunit was found to have significant se-
quence similarity with the mature cathepsin L enzymes of
various species. It showed greatest similarity with the
mature cathepsin L of Sarcophaga, 52% of the amino acids
being identical. Moreover, six Cys residues and the three
catalytic residues of the papain family of proteinases (Cys,
His, and Asn) were also conserved in the 29-kDa subunit,
indicating that it is a proteinase. However, no significant
sequence similarity was found between the 26-kDa subunit
and other proteins. As shown in Fig. 3, the precursor
protein of the 26/29-kDa proteinase had an overall struc-
tural similarity to Sarcophaga procathepsin L except that
the former contained an insert of the 26-kDa protein
between the signal peptide and the prosegment.

There is one possible ^V-gly cosy lation site in each of the
26- and 29-kDa subunits (Fig. 1). To determine whether
these subunits are glycosylated, we isolated them separate-

26/29K
cath L

KRCTLIFAIIAGIAIT
MR-TVLVAIJALVAIiTO-

TOTPRWDPOTrVKGTLYIPYAEIAEPFYAWYDKNTRRSRIDYYGGMVKTYQ

26/29K
cath L

26/29K
cath L

LANEHPFGTSLK1APITTKSELNKVTCLQLNGTSEDPVQVQAILPNAKDFKLIOTETFW3FNCDKFRLEE

26/29K
cath L

26/29K
cath L

26/29K
cath L

26/29K
cath L

26/29K
cath L

y
-trSP-LPLIKgE-WHTYKLOHRKNYABEVEERFRmtlFHEHRHKIAK

A * * *

QIJJM)qKVSYKI^LKKYAIM!n^HEFiarrinroYMHTLRQLMRERTqLVQATYIPPJ
DTVPDQ.YDWRLYG

VPKSVDWREHG

AVTPVKDQSVCGSCWSFGTIGHLEGAFFLKKGGMLVRLSQQALIDCSWEYGNKGCDGGEDFRAYKWMKEM
AVTGVKDQGHCGSCWAPSSTGALEGQHFRK-AGVLVSLSEQMLVDCSTKYGIIKGCNGGLMDNAFRYIKDN

GGVPTEEEYGPYLGQDGYCHAKKVSLVAPITGFFMVTPMDPMAL.KIALLKHGPISVAIDASPKTFSFYSH
GGIDTEKSY-PYEGIDDSCHFtiKATIGATDTGFVDIPEGDEEKMKKAVATMGPVSVAIDASHESFQLYSE

* * * *

GVYYEPTCKl!GLDELDRfiVLAVGYGTIH-GEDYWLVKNSWSTYKGHDGYILHSARK-tJN-CGVKTMPTYVEM
GVYNEPECDE--QNLDHGVLWGYGTDESGMDYV.TLVKNSV.'GTTWGEQGYIKM-ARHQ1]NQCGI74TASSYPTV

Fig. 3. Comparison of the
amino acid sequences of Sarco-
phaga 26/29-kDa proteinase
and cathepsin L. Signal se-
quences and prosegments are
boxed. The 26-kDa subunit and
proteinase regions are shown in
gray and black, respectively. The
asterisks indicate identical amino
acids. The c and x markers indi-
cate cysteine residues and three
active site residues conserved in
the papain family of proteinases.
The arrowheads indicate cleavage
sites. Gaps have been introduced
to obtain maximal matching.
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ly, treated them with iV-glycanase, then subjected them to
SDS-PAGE. As is evident from Fig. 4, both the 26- and
29-kDa subunits migrated faster after treatment with N-
glycanase, indicating that they are glycosylated in their
natural form. The polysaccharide chain in the 29-kDa
subunit may be larger than that in the 26-kDa subunit,
because the difference in mobility of the 29-kDa subunit
before and after iV-glycosylase treatment was greater than
that of the 26-kDa subunit.

Although we revealed that the structure of 26/29-kDa
proteinase was closely related to that of cathepsin L, it
preferentially hydrolyzed Z-Arg-Arg-MCA, the specific
substrates for cathepsin B (4). Therefore, we examined
substrate specificity of this proteinase precisely. As shown

1 2 3 4 5

in Fig. 5, the 26/29-kDa proteinase hydrolyzed Z-Arg-Arg-
MCA and Pro-Phe-Arg-MCA with almost the same effi-
ciency. It also hydrolyzed Z-Phe-Arg-MCA, Z-Val-Lys-
Met-MCA, and Boc-Leu-Thr-Arg-MCA significantly, but
efficiency of hydrolysis was much less. No papain family
proteinase that shows such a wide range substrate speci-
ficity has been reported. Thus, the 26/29-kDa proteinase
was clearly different from cathepsin L and cathepsin B.

Previously, we demonstrated that this proteinase was
inhibited by various cysteine protease inhibitors such as
leupeptin, antipain, chymostatin, and E-64 like cathepsin L
and cathepsin B (4). Therefore, we examined the effect of
specific inhibitors of cathepsin L and cathepsin B on the
activity of the 26/29-kDa proteinase. As summarized in
Table I, the 26/29-kDa proteinase was totally insensitive to
all of these inhibitors, suggesting that it is a novel type of
the papain family.

The 26/29-kDa Proteinases of Other Insects—To deter-

66kDa
45kDa

25kDa

12.5kDa

Fig. 4. The change In the mobility of the two subunits on
electrophoresis after deglycosylation. The 26- and 29-kDa sub-
units were each treated with endoglycosidase F at 37'C for 24 h, and
then subjected to SDS-PAGE. Lane 1, purified 26/29-kDa proteinase;
lanes 2 and 3, purified 29- and 26-kDa subunits, respectively; lanes
4 and 5, iV-glycanase-treated 26- and 29-kDa subunits, respectively.
Each lane contained 0.5 ̂ g protein. The gel was calibrated with four
molecular mass markers. Their positions on the gel are shown on the
left in kDa.

TABLE I. Effects of inhibitors on Sarcophaga 26/29-kDa
proteinase. Percentage residual activity of Sarcophaga cathepsin B,
cathepsin L, and 26/29-kDa proteinase was determined in the
presence of various inhibitors specific for cathepsin B (CA-074) and
cathepsin L (CLIK-40 and CLIK-46) {29, 30). N.T., not tested.

Substrate and proteinase

Inhibitor
Z-Phe-Arg-MCA Z-Arg-Arg-MCA

Cathepsin Cathepsin 26/29-kDa 26/29-kDa
B L proteinase proteinase

CA-074

CLIK-40

CLIK-46

0
0.01
0.1
1.0
0.01
0.1
1.0
0.01
0.1
1.0

100
18
2.8
0.19

109
85
80

106
99
86

100
91
91
54

7.1
1.6
0.20

26
1.1
0.20

100
96

102
89
93
92
63

N.T.
88
65

100
101
94
89

103
95
67

N.T.
93
78

26/29 kDa proteinase Sarcophaga cathepsin L Sarcophaga cathepsin B

Z-R-R-HCA
P-F-R-HCA
Z-F-R-MCA
Z-V-K-M-MCA
Boc-L-T-R-MCA
BOC-V-L-K-MCA
Sue ( « • > -A-A-P-V-HCA
Boc-Q-A-R-HCA
Suc-A-E-MCA
Boc-F-8-R-MCA
Bx-R-HCA
SuC-I-A-HCA
Pyr-O-R-MCA
Suc-L-L-V-Y-MCA
Ac-Y-V-A-D-HCA
Suc-O-P-HCA
Suc-O-P-L-Q-P-MCA
SUC-A-A-A-HCA
Suc-A-A-P-r-
SUC-A-P-A-BCA
Suc-I-I-W-MCA

8 12 16 20

Activity (units/mg enzyme)
Fig. 5. Substrate specificity of the 28/29-kDa proteinase. Specific activity of purified Sarcophaga 26/29-kDa proteinase was determined
for various peptidyl-MCA substrates and compared with that of purified Sarcophaga cathepsin L and cathepsin B. One unit of proteinase activity
was defined as the amount that catalyzed the hydrolysis of 1 ̂ mol substrate in 10 min at 27"C. N.T., not tested.
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flaBh fly
fruit fly
cockroach

flesh fly
fruit fly
cockroach

flash fly
fruit fly
cockroach

flash fly
fruit fly
cockroach

flash fly
fruit fly
cockroach

flash fly
fruit fly
cockroach

PNYIVKGTLYIPYAEIAEPFYAWYDKNTRRSRIDYYGGMVKTYQ
PMYIVKGTLYIPYAEIAEPFYAWYDKNTRRSRIDYYGGMVKTYQ

B

WVRYKKSP
WVRYKKSP
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Fig. 6. Comparison of amino acid sequences of 26/29-kDa
proteinases from three insect species. The 26/29-kDa proteinase
cDNAs were isolated from Drosophila and Periplaneta, and the amino
acid sequences of the precursor proteins encoded by these cDN As were
compared with that of Sarcophaga. Amino acid residues conserved in
two or three insect species are boxed. The arrowheads indicate the

LDHAVIAVGYGglNGEDYWLVKNSWSTYWGNDGYILMSAKKITOCGVMTHPTYVEM

amino-terminal and carboxyl-terminal residues of the 26- and 29-kDa
subunite. The c markers indicate conserved cysteine residues. The x
markers indicate three residues forming active sites. The asterisks
indicate possible N-glycosylation sites. Gaps have been introduced to
obtain maximal matching.
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mine whether the 26/29-kDa proteinase is present in other
insects, we tried to isolate its cDNA from cDNA libraries
for the fruit fly (D. melanogaster) and the cockroach {P.
americana) using PCR. We isolated cDNAs very similar to
that of Sarcophaga 26/29-kDa proteinase, and these
contained full length open reading frames. As shown in Fig.
6, these clones encoded the 26/29-kDa proteinase homo-
logues of Drosophila and Periplaneta, respectively. The
overall amino acid identity between the Sarcophaga and
Drosophila proteins was 80%, and that between the
Sarcophaga and Periplaneta proteins was 63%. This pro-
teinase is thus present in a wide variety of insect hemocytes
and may participate in their defense mechanisms like the
26/29-kDa proteinase of Sarcophaga.

In situ hybridization with the polytene chromosome of
the Drosophila salivary gland revealed that the Drosophila
26/29-kDa proteinase gene is located at position 70C on the
left arm of the third chromosome (Fig. 7). This locus is
clearly different from that of Drosophila cathepsin L, which
is located at position 50C on the right arm of the second
chromosome {13).

Fig. 7. Chromosome mapping of the Drosophila 26/29-kDa
proteinase gene. Polytene chromosomes from the salivary glands of
D. melanogaster were hybridized with digoxigenin-labeled Droso-
phila 26/29-kDa proteinase cDNA. The hybridized regions were
detected by an alkaline phosphatase-conjugated anti-digoxigenin
antibody. The arrowhead indicate a signal detected in 70C locus of the
left arm of the third chromosome.

DISCUSSION

The 26/29-kDa proteinase is a hemocyte proteinase of
Sarcophaga that participates in the defense mechanism of
this insect. In this study, we suggested that both its 26- and
29-kDa subunits are derived from a single precursor
protein. So far, in the papain family, cathepsin C is the only
enzyme known to be produced via this type of processing.
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The precursor of cathepsin C contains a novel sequence
(unique region) in its amino-terminal region, and this
precursor is processed into the proteinase subunit and a
unique subunit (14, 15). However, as judged by amino acid
sequence identity, the 26/29-kDa proteinase differs from
cathepsin C, but it is similar to cathepsin L (Fig. 8).

Although the 26/29-kDa proteinase shows a close resem-
blance to cathepsin L, it preferentially hydrolyzes Z-Arg-
Arg-MCA and Pro-Phe-Arg-MCA. This is a novel feature in
an enzyme belonging to the papain family. Interestingly,
Sarcophaga cathepsin B hydrolyzes Z-Arg-Arg-MCA poor-
ly (4). In Sarcophaga, Z-Arg-Arg-MCA hydrolyzing activ-
ity is mainly due to 26/29-kDa proteinase.

As mRNA for 26/29-kDa proteinase has been detected in
both holometabolous (endopeterygota) and hemimetabolous
(exopeterygota) insects, this proteinase seems to be con-
served in various insect species. In a phylogenetic analysis
based on the amino acid similarity of the mature protein-
ases in the papain family, 26/29-kDa proteinases were
found to form an independent branch in the neighborhood of
cathepsin L family (Fig. 8). Thus, 26/29-kDa proteinases
seem to constitute a novel subfamily in papain family
proteinases.

As reported previously, 26/29-kDa proteinase behaves
uniquely when Sarcophaga larvae are injected with sheep
red cells. More than 80% of the enzyme is released into
hemolymph, and this is the only hemocyte proteinase so far
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Fig. 8. The position of insect 26/29-kDa proteinases in the
phylogenetic tree of papain family proteinases. The amino acid
sequences of mature proteinase regions were compared using UPGMA
method (28). The numbers in the tree denote genetic distances.

known to be released into the hemolymph under these
conditions (4). In the hemolymph, the 26/29-kDa protein-
ase appears to discriminate foreign and endogenous pro-
teins in some way, and preferentially digests foreign
protein. As the 29-kDa subunit can be regarded as a
proteinase, we assume that the 26-kDa subunit participates
in the recognition of the foreign substance to be degraded by
the 29-kDa subunit. There seems to be no covalent linkage
between the 26- and 29-kDa subunits, because they are
easily separated on SDS-PAGE even under nonreducing
conditions.

We would like to thank Dr Nobuhiko Katunuma (Tokushima Bunri
University) for cathepsin L inhibitors, CLJK40 and CLIK46.
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