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Molecular cloning of a cDNA that encodes a serine protease with
chymotryptic and collagenolytic activities in the hepatopancreas of the
shrimp Penaeus vanameii (Crustacea, Decapoda)
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Twa clones were isclated by screcning a shrimp heputopancreas cDNA library with 8 DNA fragment obtained by PCR amplification using (wo
oligonuclcotides based on the partial protein sequence of Penacus vannamei chymotrypain purified eurlier. Qne of these clones, PYC 7 contains
acomplete cDNA eeding for a serine protease. The deduced amino acid sequence shows the existence of'a 270 residue-long prepreenzyme containing
u highly hydrophobic signal peptids of 14 amino acids. This suggests the existence of u putative zymogen form of the enzyme containing u 30 amino
acid-long peptide which is cleaved to give a muiure protein of 226 residues. A highly preferred codon usage is observed for this protein. The other
abtained cDNA was found to encede the less predominant variant of the protein. Sequence alignments show that shrimp chymotrypsin is highly
homologous with crab collagenase (77% homology tuking inio ateount the sume amine ucid at the suine position, and 83% homelogy taking into
account amino acids with conserved [unstion) and that it is more similar to mouse (rypsin (41% homology of stricily conserved umino scids) thun
to hornet chymotrypsin (38% homology).

Chymotrypsin; Collugenase; ¢cDNA nucleotide sequence: nvertebrate: Crustacen

. INTRODUCTION

Chymectrypsin isolated from the hepatopancreas of
the, shrimp Penaeus vannamel, is a serine proteuase ho-
mologous to vertebrate chymotrypsin [1] and to the
pancreatic serine protease family. However, in common
with Crustacean chymotrypsins [1,2), it possesses the
unique property of being able to cleave collagenolytic
substrates and native collagen.

The complete sequence of this enzyme is known for
the crab [3], and the N-terminal primary structure has
been determined in one penacide species [4]. However,
nothing is known concerning putative precursors or
maturation proteins.

Comparison of complete mRNA sequences can be
used to determine the evolutionary relationships be-
tween enzymes belonging to the serine protease family.
The deduced amine acid sequences will also provide
more information on the existence and nature of a pre-
proprotein. Recently, in lobster, mRNAs coding for
three digestive cathepsins have been sequenced [5], and
the results of this study suggest the existence of a proen-
zyme, thereby confirming the earlier hypotheses of
Maugle et al. [6], referring to the increase of total pro-
tease activity in vitro, due to the action of enterokiiiases,
Correspandence address: D, Sellos, Laboratoire de Biologie Marine,
Collége de France, BP 225, 29182 Concarnsau cedex, France. Fax:
(33) 95 57 81 24.

EMBL sequence uceession numbser: X66415

Published by Elsevier Science Publishers B.V.,

and of Al-Mgohanna et al, [7] based on histological stud-
ies of the Penacides. The problem of whether zymogens
also exist for other digestive enzymes, including trypsin
(8], the major protease in Penacides, and chymotrypsin
has not been solved.

In this paper., we report the molecular cloning of two
different chymotrypsin ¢cDNAs, the Jdetermination of
the structure of their encoded proteins and an analysis
of the chymotrypsin family. This will give information
about the carly evolution of this family of proteases
which also possess collagenolytic activities.

2. MATERIALS AND METHODS

Shrimps (Penacies vanname?) were obtained from IFREMER
(Brest), The hepatopansreas was removed by dissection, immediately
frozen in liquid nitrogen and stored a1 =80°C uniil used.

2.1, RNA isalation

Total RNA extractions were made following the guanidine thiecya-
nate method [9]. Frozen hepatopancreases were disrupted in liquid
nitrogen with a grinder. The powdered tissue was immediatly dise
solved in a 4 M guanidine thiocyanate solution in 12,5 mM Tris-HCl,
pH 7.6, with additional 12.5 mM EDTA and Q.1 M meicapiosthanol
(5 ml per g «f tissue). After complete dissolution, the solution was
centrifuged at 12,000 x g for 10 min and one tenth of the vslume of
20% Sarkosyl was added to the supernatant. After heating the solution
to 65°C for 2 min, 0.1 g of cacsium chloride was added per mi of
solution. This was then layered onto a cushion of 5.7 M caesium
chloride in 0.1 M EDTA, pH 8, and centrifuged at 20,000 rpm for 22
b at Z0°C in a Beckman centrifuge with a 3W 25 rotor, The obiained
pellet was dissolved overnight at 4°C in a solulion of § mM EDTA.
pH 8, with additional $% Sarkosyl and 5% mercaploethanol (1 mi/g).

219



Volume 309, number 3

This solution wis then extracied with phenoliehloroform followed by
chloroform und then precipituted in the presence of 0.3 M sodium
ucetute und ethanel (3 voli.). Poly(A) RNAs were selected using the
usuatl method of chromutogruphy on an oligo dT-cellulose column.

2.2, PCR umplification

Two oligonucicotides were synthesized, based on parlial umino acid
sequencing of the purified protein (1), and used with RNA from the
shrimp hepatopancreas for PCR amplifieation.

The first oligonucleotide wus based on the first nine residues of the
Neterminal amino acid sequence of the pratein, The second alijonu-
cleotide was based on ten residues from the end of the umino ucid
scquense of a selected tryptic peptide af the protin.

Hepatopancreus total RNA (10 mg in 10 g41) and heputopanereas
poly(A)” RNA (200 ng in 10 21) were heat denatured (70°C for 3 min).
then cooled in ice. In a final volume of 20 ul of | x Tuq buller
(Promegu), the follewing were ussembled: denatured RNA. | M of
cuch of the four ANTPs, | U per 4l of RNasin. 100 ng of oligodT
12-18 and 200 U of BRL MuLY reverse transeriptase. The incubation
time wus 10 min ut room temperature followed by 20 min at 42°C,

To the 20 ¢! of reverse transeription reaction, 80 ul of 1 x PCR
bufTer containing 50 pmol cuch of upstream und downstream primers
and 4.5 U of Tug DNA polymerase (Promega) were added, After
overluying 100 g1 of minerul oil on top of the solution, 32 PCR cyeles
were run us {ollows. After a first step of denaturation at 94°C for 4
min, the first PCR cyecle wits run with 4 low unoealing temperatuse of
17°C for 1,5 min. then extension wus condueted at 72*C for 3 min and
denuturation at 94°C for 1.5 min. The second cycle was run with the
same conditions except that the anncaling temperature was 45°C, The
thirty following cycles were run in the sume conditions except that the
annealing temperature was ruised to 85*C,

Amplified products were analysed on 1.5% agarose gels with fail-
digested lumbda DNA us size murkers.

2.3, cDNA library

A lambda ZAP ¢cDNA library for shrimp hepatopanereas was ¢s-
tablished following the Stratagene protocol. The unamplified cONA
library, containing 5.8 x 10* independent phages wus screened with the
520 bp amplificd cloned fragment, Plaques were transferred to
Hybond-N membranes (Amershum) and screened with the cloned
prabe labelled with the rundom priming kit from Biolubs using
(MP|ATP. Prehybridization of the duplicate membranes wus nchisved
in a 50% formamide solution cantaining 1% SDS, ! M NuCland 100
jg yeast RNA per ml for 4 hat 42°C. Ferhybridizution, the denntured
probe was added (10* epnuml) for 16 h at the same temperature. The
filters were washed twice in 2 x SSC for 5 min at room temperaiure,
then twice 1t 2% SSC contuining 19% SDS at 65*C for 30 min, and then
twice in 0.1 x SSC for 30 min at room temperature. The membranes
were autoradiographed for two days using Hyperfilm-MP (Amer-
sham) with an enhancer screen,

2.4, Plannid subcloning and DNA sequencing

The recombinant clones which hybridized with the 520 bp ¢loned
fragment were selected and isolated with successive eycles of purifica.
tion, The phagemids containsd in the selesied phages were excised
following the manufacturers protogol, digested with EcoR1 und Xhol
lo determine the size of the inserts. Nine clones were selected and
sequenced. The complete cDNA insert (clone PYC 7) and the insert
that encodes a variant of the main chymotrypsin (clone PVC 5) ex-
tracted from low-melting-agarose gels and purified with the Gene
Clean kit (Bio-Rad) were subcloned in Bluescript SK- (Stratagene) in
order to ullow sequencing on both strands. To confirm the nuclectide
order at the end of the anti-sense strand. sequencing was performed
using a synthetic oligonucleotide (probe no. 3) hybridizing to the
region 400~-383 and with PCR oligonucleotide no. 2. Single- strunded
DNA wus produced using M 13 KO7 heiper phage and sequenced
following the dideoxy nucleotide method with madification for ex.
tended DINA sequencing with the large fragment of DNA polymerase
1. Electrophoresis of the eatended products was performed with
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twoa  or three succexsive loadings on a4 3% ucrylamidesbis-
uerylumide (30:0.8) gols,

3. RESULTS AND DISCUSSION

3.1. PCR amplification

The first degenerate oligonucleotide used for PCR
amplification was composed of 26 bases (ATC GTG/C
GGI GGIGTG/C GAAIG GCT/C ACC CC) bused on
the N-terminal amino acid sequence of the purified pro-
tein [1]: lle-Val-Gly-Gly-Val-Glu-Ala-Thr-Pro. Inosine
and limited degeneracy were introduced to limit the
number of oligonucleotides in the mixture. The second
oligonucleotide was composed of 29 bases (CCI CCG
GT! CCA/IG TCG ATA/G CAC/IG ACCIG ACC/G
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Fig. 1. Electrophoresis of EroRI-digesied PCR praducts on a 1.5%
agarase gel, Size markers are Psrl-digested lumbda DNA fragments.
The conirol consists of ull the different components minus mMRNA,
Heterologous molluse digestive gland mRNA (Ne. Poly A* RNA) was
used for comparisan, 15 i of amplificution products from a total of
GO were louded on (he gel, The sense primer (oligonusleotide no. 1)
was composed of 26 buses (ATC GTGIC GGI GGl ATA/C GGA/G
GCT/C ACC CC) based on the amino acid sequence of the Neterminal
part of the purificd protein. The unti-sense primer (oligonucleotide no.
2) was 29 buses fong (CC ICC GGT ICC A/GTC GAT A/GCA
CIGAC CIGAC CIGCC) based on a purt of the amino acid sequence
of i peptide obtained afler tryptic hydrolysis of the purified protein,
14 buses were added at the § end of these two nuclcotides to generute
prolected Sefl und EcoR| restriction sites, PCR amplification was run
with increusing anncaling temperatures from 37°C for the first cycle
to 45°C for the secons, und $5°C far the thirty {ollowing cycles.
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Fig. 2. Map of the shrimp chymotrypsin ¢<DNA and sequencing strategy, Localization of the hybridizing site for the difTerent oligonucteotide probes
is indicated. Open and shadsd bars represent non-coding and coding regions, respectively. ThedifTerent clones used for the sequencing are indicated.
PYC 7R is the insert from PVC 7, subcloned in Blueseript SK™ und initinted with the reverse primer. PVC 7R2 is the sequence determined from

PVC 7R DNA und initisted with probe no. 2. PYC 7R3 is the sequence obtained with PYC 7R and initiated with probe no, 3,
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Fig. 3. Nucleotide sequence of shrimp hepulopuncreas chymotrypsin ¢cDNA and deduced amino acid scquence. The amino acid sequence is
numbered sequentially from the first amino acid of the putative zymogen. The presumed activation paptide comprises amino acids 1 to 30, and
the propased signal peptide is represented by amino acids ~ 14 (o =1, The underlined residues were shown to be identical with those determined
by partial amino acid sequencing. The umino acids that comprise the charge relay system (His-57, Asp-102 and Ser-195) by the chymotrypsin

numbering system [19] are indiculed by capital ieiters and isterisks (residues His-71, Asp-117 and Thr-203, respestively). The proposed soly

.Aon)p!-

(-~}

ation sile and the site for the hybridization of sequensing probe no. 3 for the anti-sense strund (nucleotides 384-401) are underlined. The nucleotide
changes observed in clone PYC S are shown under the sequence. When this nugleotide modification gives way to an umino acid change, the residue
is indicated. The nucleotide frugment ubtained by PCR amplification is locnted between buses 275 and 786,
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Fig. 4. Hydropathy plot of the N-terminal segment of the prechymo-

irypsinogen. The dotted vertical line indicates hydropathic neutrality.

Hydrophobic scores appear to the right, hydrophilic scores (o the left,

The site of a putative proteolytic cleavage of the trunsport peptide is
indicated by the arrowhead.

CC) based on a part of the amino acid sequence of &
peptide obtained after tryptic hydrolysis of the protein:
Gly-Val-Val.Cys-[te-Asp-Gly-Thr-Gly-Gly. Bases gen-
crating Sall and EcoRI restriction sites were added at
the 5’ end of these two oligonucleotides to facilitate
subsequent cloning. Afier 32 cycles of amplification, u
strong band of DNA of around 520 bpa was specifically
obtained for shrimp hepatopancreas total and poly(A)
RNAs (Fig. 1). In contrast a weak band of around 300
nucleotides in length was observed using Nephrops
(Crustacea Decapoda) poly{A) RNA and nothing was
generated for the control.

After extraction, the DNA fragment was digested
with EcoRI and cloned in the EcoRI restriction site of
pBluescript SK+ (Stratagene). Eight clones (CP1-CP8)
were sequenced and all of them appeared to contain the
same insert with a few differences (Fig. 3, framed se-
quence). Two of these differences relate to the replace-
ment of a single amino acid by another in the translated
protein (Asp or Ala in position 172 and Asp, Ala or His
in position 183; see Fig. 3). These two locations were
effectively found with different amino acids in the de-
duced sequences corresponding to the two variants of
the shrimp chymotrypsin. The amplified sequence was
510 bp long (without counting the nucleotides forming
the EcoRI sites). The cloned fragment, CP8, encodes for
the first 170 amino acids of the shrimp chymotrypsin
and was used to probe Northern blots of shrimp RNA:s.
The hybridizing RNA band was specifically found in
the hepatopancreas and the observed size was around
1,000 bases (data not shown).

3.2. ¢cDNA library screening
The insert extracted from the clone, CP8, was also
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Fig. 5. Codon usuge tuble for the shrimp preprochymotrypsin ¢cDNA,

The same result is obtained using only the sequence corresponding to

the mature protein. The starting methionine and stop codons were
included.

used to screen a shrimp hepatopancreas lambda ZAP
cDNA library. With the highly stringent conditions

used (50% formamide, 42°C), around 300 clones (on a
total of § x 10%) were found to be positive. Twelve of
them were selected and eleven appeared to contain an
insert. Nine clones were sequenced and all of them con-
tained the whole or a part of the chymotrypsin cDNA
(Fig. 2). The complete cDNA (clone PYC 7) is 1.069 bp
(without the poly A tail), The complete nusleotide se-
quence was determined by cverlapping the ihree clones.
The complementary strand was determined on the in-
sert subcloned in Bluescript SK* (PYC 7R) using three
different primers.The coding sequence is 810 bp long
(Fig. 3). The deduced protein sequence is 270 residues
in length (without the starting methionine). This protein
is composed of a highly hydrophobic peptide covering
residues =14 to =1. On a hydropathy plot of the first 30
residues of the N-terminal segment of the protein. as
described by Kyte and Doolittle [10], the hydrophobic
character of the signal peptide is followed by the hydro-
philic character of the downstream peptide signal (Fig.
4).

The first 14 residues must be contained in the signal
peptide and the remaining 30 residues may be present
in the amino terminus of the zymogen. The proteolytic
cleavage site must be located near the point where the
hydrophobic index drops dramatically and enters the
hydrophilic runge. A striking homology is observed
with trypsinogen 1 in the amino acid sequence [11] of
the signal peptide and in the location of the cleavage site
[12]. The protein should be processed as 4 zymogen and
contains a peptide of 30 residues (numbered | to 30)
which is cleaved to give the active enzyme that is formed
of 226 amine acids (numbered 31 to 256). One of the
nine sequenced clones (PVC 5) shows at least 46 changes
in the nucleotide alignment, the deletion of the three
bases coding for glycine in position 197 and the addition
of a codon, GGT, for a glycine in position 200 in the
variant. The 3" untransiated domains of the two cDNAs
are highly different and no attempt to align them was
made. These 46 modifications give way to 15 replace-
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Fig. 6. Amino ucid sequence alignments of callugenolytic proteinase. trypsin, clastise und chymotrypsin, Amino ucid sequences are shown for

shrimp chymoteypsin (SK). UCA erab coilagenolytic proweinase (CC, [3]). eattle grub collagenase (GC, [14]). bovine trypsin (BT, {16)). rat clastase

(RE, [17)). ¢rayfiah trypsin (CT. [8]) und hornet chymotrypsin (HK. [}5])). Amino aeid residues which ure shared between shrimp chymotrypsin

und at least one other eneyme are shown with bold letters, Gups have been intraduced in the sequences to fucilitatc aligments, The numbering ubove

the alignments relates to the shrimp putative chymolrypsinogen as used in Fig. 3. The numbering under the alignments refers 1o the bovine
chymotrypsinogen numbering system (8.19).

ments in the amino acid sequence. These differences
were already observed in the amino acid compositions
obtained for the two variants of the chymotrypsin [1].
We could deduce that clone PVC 7 enceodes the variant,
Bl, and clone PYC 5 encodes the variant, BIl. Globally,
the BIl is enriched in acidic residues and is slightly more
hydrophobic. The interesting feature is the replacement
of the serine residues with hydrophobic residues in the
C-terminal domain of BII. A highly preferred codon
usage is found for the preprotein as well as for the
mature enzyme (Fig. 5). Most of the amino acids with
two codon possibilities are found to be only coded by
one specific triplet. Even in the case of amino acids with
six codon possibilities, one is highly preferred: CTC for
leucine, CGC for arginine. This highly oriented coding
preference is not observed with other kinds of proteins
from crustaceans ({8.13], and D. Sellos, unpublished
results).

3.3, Sequence alignment

Alignment of the matured protein was established
with a series of serine proteases; collagenolytic pro-
teinase from the crab [3], insect collagenase and chymeo-
trypsin [14,13], bovine {16] and crayiish trypsin [3] and
rat elastase [17] (Fig. 6). On searching the data bank [18]
these proteins were found to contain the best scores of

homology with shrimp chymotrypsin, To facilitate com-
purisons the bovine chymotrypsinogen numbering sys-
tem is used. For each of these six proteins, all the cys-
teines are found at the same location, and this shows the
importance of the secondary structure in the enzymatic
activities of this family of proteases. Several domains
(N-terminal sequence, segments 41-45, 51-58, 101-109,
139-143, 193-201 (chymotrypsinogen numbering sys-
tem)) and the end of the protein show high levels of
conservation, The shrimp chymotrypsin is highly ho-
mologous to the crab protcinase which was defined as
a collagenase: 171 residues are found at the same loca-
tion on a total of 226 amino acids (769), 184 on a total
of 226 (81%) if we take into consideration the conserved
function of the amino acid,

This shows the difficulty of classifying the different
enzymes in the serine protease family. For instance,
invertebrate serine proteases are active against a wide
range of different subsirates and cannot be character-
ized on these alone. They have also to be characterized
by amino acid and nucleotide sequence alignments.
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