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Molecular Cloning, Sequence Analysis and Tissue Expression of
Three Forms Trypsinogens in Zebrafish, Danio rerio
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Abstract: Trypsin, one member of the serine protease family, plays important roles in animal protein di-
gestion. It is synthesized and secreted as proenzyme trypsinogen, and removed the N-terminal activation
peptide by enterokinase converting to active form in the intestine. The active trypsin can specifically
cleavage at the peptide bond on the carboxyl side of basic L-amino acids such as arginine or lysine resi-
duse. For studying the protein structure and physiological funtions of trypsinogen in fish, we successfully
got three trypsinogen cDNAs (zfiryla, zfirylb and zfiry2) from zebrafish by RT-PCR and RACE. The
results showed zftryla and zftrylb consisted of 242 amino acids which contained a signal peptide (SP) of
15 amino acids and an activation peptide ( AP) of five amino acids, LDDDK. zftry2 consisted of 247 a-
mino acids which contained a SP of 15 amino acids and an AP of nine amino acids, APLGDDDDK. The
alignment based on the amino acid sequences revealed that they had the conversed structural characteris-
tics, such as the catalytic triad ( His-57, Asp-102, and Ser-195), 12 cysteines forming 6 disulfide
bonds, Asp-189 at the bottom of the substrate-binding pocket and Gly-216 and Gly-226 lining the sides of
the binding pocket, and so on. The results from isoelectric and phylogenetic analyses suggested that
zftryla and zftrylb were group with teleost anionic trypsinogen group I, while zfiry2 was phylogenetically

related to teleost cationic group Il. Tissue expression pattern was similar to each other, and all trypsino-
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gens were mainly expressed in the intestine. These results from zebrafish trypsinogens can provide the

foundations for further study of its expression profiles, the molecular characteristics and evolution of fish

trypsinogen.

Key words: zebrafish; trypsinogen; cloning; tissue distribution
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Table 1 Primers used for zebrafish trypsinogens gene

cloning and expression analysis
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PR RSE X I8 |4

TryF1 5'GTGTCTGCTGCTCACTGCTAC 3’

TryR1 5'CCACCAGAGTCACCCTGGCA 3’

FLFE zfiryl 3’-RACE Jirf 5149

TryF1 5'GTGTCTGCTGCTCACTGCTAC 3’

dtrylak2 5'CCAACTATGACTCGTGGGATC 3

2tryl bF2 5'CCAACTATGACTCCTGGACCA 3

FW zftryl 5'-RACE 5|9

TryR1 5'CCACCAGAGTCACCCTGGCA 3’

ZtrylaR2 5'ATGTCACTGTCAAGATCCCAC 3’

iyl bR2 5'CTGTCAATGGTCCAGGAGTCA 3”

Ll EEIEY

Ap 5'GGCCACGCGTCGACTAG
TACTTTTTTTTTTTTTTTTT 3’

AUAP 5'GGCCACGCGTCGACTAGTAC 3’

5'GGCCACGCGTCGACTA
AAP

GTACGGGGGGGGGG 3’

aftry2 ORF FERErT 514

zftry2 ORF-F 5'CCACTCAACAGCTTCACCATG 3’

zftry2ORF-R 5"AACACGCCATGATAACGACCTC 3’

HE 519

zftryl a3 5'"AACAGGTTCAATCAGCAGTC 3’

zftrylaR3 5'TTTGGAGGCTGTATGTGACTTC 3’

zftry1 bF3 5'GTCATGAGGTCTTTGGTGTTC 3’

iy 1HR3 5'CTATAAAGCTGTA
TGTGATCAAGA 3’

zftry2F 5'GGTGTTCCATACCAGGTGTCTC 3’
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X.laevis MEFLVILVLLGAAVAF- - --EDDDEIVGGFTCAKNAVPYQVSLNAGYHFCGGSLINSQWVVSAAHCYKSRIQVRLGEHNIALNEGT
R.norvegicus MEALIFLAFLGAAVALP - LDDDDDEKIVGGYTCQRNSLPYQVSLNAGYHFCGGSLINSQWVVSAAHCYKSRIQVRLGEHNIDVVEGG
S.scrofa MNTFVLLALLGAAVAFP-TDDDD-KIVGGYTCAANSVPYQVSLNSGSHFCGGSLINSQWVVSAAHCYKSRIQVRLGEHNIDVLEGN
H.sapiens MNLLLILTFVAAAVAAP-FDDDD-KIVGGYICEENSVPYQVSLNSGYHFCGGSLISEQWVVSAGHCYKSRIQVRLGEHNIEVLEGN
Danio rerio 2 MKAFILLALFAVAYAAP-LGDDDDKIVGGYECTKNGVPYQVSLNSGYHFCGGSLISNLWVVSAAHCYKSRVQVRLGEHNIDVTEGT
C.albumus  MEKVLILLALFAAAYAAP - LNDNDDKJIVGGFECTKNGIQYQVSLNSGYHFCGGSLISNLWVVSAAHCYKSRVQVRLGEHNIDVTEGT
E.coioides MEKAFILLALFAVAYAAP-IED--DKIVGGYECRKNSVAYQVSLNSGYHFCGGSLISSTWVVSAAHCYKSRIQVRLGEHNIAVNEGT,

Danio rerio 1a MRSLVFLVLLGAAFA
Danio rerio 1b MRSLVFLVLLGAAFA

C.idella MRSLVFLVLLGAAFALD - - = - = DDKIVGGYECTPYSQPWTVSLNSGYHFCGGSLVSEYWVVSAAHCYKSRVEVRLGEHNIAVNEGS
S.aurata MECLVFVLLMGAAFALD - -~ - - DDKIVGGYECTAHSQPHQVSLNSGYHFCGGSLVNENWVVSAAHCYKSRVQVRLGEHDIYRNEGT
O.latipes MRSLVFVLLIGAAFALD----- DDKIVGGYECTPHSQPHQVSLNAGYHFCGGSLVNONWVVSAAHCYQSRVEVRLGEHHIRNNDGT!
: s:% : PR T T Bl IS Y £ i *& LA ..QQ . kR ok -
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X.laevis DSQKVIKHPNYNSRNLDNDIMLIKLSTTARLSANIQSVPLPSACASAGTNCLISGWGNTLSSGTNYPDLLQCLNAPILTDSQCSNS'
R.norvegicus DAAKIIRHPSYNANTFDNDIMLIKLNSPATLNSRVSTVSLPRSCGSSGTKCLVSGWGNTLSSGTNYPSLLQCLDAPVLSDSSCKSS
S.scrofa NAAKIITHPNFNGNTLDNDIMLIKLSSPATLNSRVATVSLPRSCAAAGTECLISGWGNTKSSGSSYPSLLQCLKAPVLSDSSCKSS'
H.sapiens NAAKIIRHPKYNSRTLDNDILLIKLSSPAVINSRVSAISLPTAPPAAGTESLISGWGNTLSSGADYPDELQCLDAPVLSQAECEAS
Danio rerio 2 NSEKVIRHPSYNSNTLDNDVMLIKLSSSAQINSYVKTVSLPSSCASSGTSCLISGWGNMSASGSNYPSRLMCLNAPILSDSTCRNA
C.albumus  DSSKVIRHPSYNSYTLDNDIMLIKLSRAASLNSYVQTIALPSSCASSGTSCLISGWGNMSASGSNYPSRLMCLWAPILSDSTCKGA
E.coioides NSARVIRHPSYNSRNLDNDIMLIKLSKPATLNNYVRTVSLPSSCAGSGTRCLISGWGNTSSSGSYYPDRLRCLDAPILSDSSCRSS

Danio rerio la TSEKVIRNPNYDSWDLDSDIMLIKLSKPATLNKYVQPVALPNGCAADGTMCRVSGWGNTMSSTAD - SNKLQCLEIPILSDRDCNNS'

B3 (77.3%~88.8%) & T 4in2 5
(60.7%~67.4%) ,
14 e BE R ST A A AL =R IR
fLFREYWE T duy2 5

ziryla fl zftrylb 5 K PG

MR FPRYE (£2),

Danio rerio 1b TSEKVIRNPNYDSWTIDSDIMLIKLSKPATLNKYVQPVALPNGCAADGTMCRVSGWGNTMSSTAD - SNELQCLEIPILSDRDCKNS

C.idella
S.aurata
O.latipes

G.gallus
X.laevis
R.norvegicus
S.scrofa
H.sapiens
Danio rerio 2
C.alburnus
E.coioides

TSEKVIRHPSYNSWTIDSDIMLIKLSKAATLNQYVQPVALPSGCAAAGTLCRVAGWGNTMSSTAD-SNELQCLEIPILSDSDCNNS
DSSRVIRHPNYNSWNIDNDIMLIKLSKPATLNSYVQPVALPTSCAPAGTMCKVSGWGNTMSSVS - -GDQLQCLNIPILSTRDCENS'

TSSRVIRHPSY‘NSYTIDNKIMLIKLSTPATLNQYVQPVSLPSGCAPAGTMCLVSGWGNTMSPADD -GDKLQCLNIPILSDSDCSNS

Wy Rk kg RRRARRANRRNRRAN Kk ok R AR AR KAk RRAR Rk . kg, kg

ITSNMICIGYLNGGKDSCQGDSGGPVVCNGQLOGIVSWEIGCAQKGY PGVYTKVCNYVSWIKTTMSSN -
ITKNMFCAGFLAGGKDSCQGDSGGPVVCNGQLOGVVSWEYGCAQRNY PGVYTKVCNFVTWIQSTISSN -
ITSNMFCLGFLEGGKDSCQGDSGGPVVCNGQLQGVVSWEYGCAQKGKPGVY TKVCNYVNWIQQTVAAN -
ITGNMICVGFLEGGKDSCQGDSGGPVVCNGQLQGIVSWGYGCAQKNKPGVYTKVCNYVNWIQQTIAAN -
ITNNMFCVGFLEGGKDSCQGDSGGPVVSNGELQGIVSWEYGCAQKNRPGVYTKVYNYVDWIKDTIAANS
ISSNMFCAGFMEGGKDSCQGDSGGPVVCNNQLOGIVSWEYGCAQRNKPGVYAKVCNFTTWIRNTMNSN -
ITSNMFCAGFMEGGKDSCQGDSGGPVVCNNQLOGIVSWEYGCAQRNQPEVYAKVCNFTTWIRNTMSSN -
ITSNMFCAGFLEGGKDSCQGDSGGPVVCNGQLQGVVSWGYGCAQRNKPGVYAKVCNYNSWIRNTMASN -

Danio rerio 1a ITDTMPCAGY LEGGKDSCQGDSGGPVVCNGELHGI VSWGYGCAEKNHPGVYGKVCMFSQWIADTMRNN -
Danio rerio 1b ITDTMFCAGY LEGGKDSCQGDSGGPVVCNGELQGI VSWGYGCAQKDNPGVYGKVCMFSQWIADTMRNN -

C.idella
S.aurata
O.latipes

Fig. 1

ITSTMFCAGYLEGGEDSCQGDSGGPVVCNNQLHGIVSWEYGCAEKNHPGVYGKVCSFSQWIADTISSN -
ITDAMFCAGYLEGGKDSCQGDSGGPVVCNGQLOGVVSWEYGCAERDHPGVYAKVCIFTDWLKNTMASY -
ITNSMFCAGYLEGGKDSCQGDSGGPVVCNGQLOGIVSWEYGCAERNHPGVYAKVCIFSDWLDSTMASN -

BT BEE a5 e A o WA i DR 1 B Y 2 B R 7 51 Lk
Alignment of the deduced amino acid sequences of zebrafish trypsinogens and some
other vertebrate trypsinogens deposited in Gen Bank
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4% S1 IR A AR AN S2 FF 1 b i w5 A~ 2 I A 2

bR

7/

De=ee= DDKIVGGYECQPNSQPWQASLNSGYHFCGGSLVSEYWVVSAAHCYKSRVEVRLGEHNIVINEGT!
----- DDKJIVGGYECQPNSQPWQASLNSGYHFCGGSLVSEYWVVSAAHCYKSRLEVRLGEHNIVINEGT

BT E IR

i zftryla F zftrylb 55360 8 ) |
A BEARTE A B R IR ME (64.9 %~66.9 %) Ak
EATH R JEYE (78.8% ~ 89.9% ),
M 11 R 2T 858 7R Jy B (1% ]
PBYES Auy2 SENREIIEEREET, WIERT 5 Bk
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Table 2 Amino acid sequence percent identity of zebrafish

trypsinogens campared to several fish

AL %

Pyp

GenBank %35
enban S zftryla zftrylb zfiry2

Bt C. idella
F 0. latipes
FE P. olivaceus
H A#2f A. japonica
423k S. aurata
M C. alburnus
ABEA E. coioides
R 0. mordax
KIS G. morhua
LIBEZR ML T, rubripes

ACS71745
NP_ 001098370
BAAS2362
BAI59110
ABX89621
ACS71744
ADG29127
ACO009805
CAD30543
AAU06120

88.8 87.2 67.
78.1 T7.7 66.
81.0 79.8 60.
77.3 77.3 62.
77.6 T77.6 67.
66.1 66.5 89.
66.9 66.9 83.
64.9 64.9 78.
46.7 46.3 45.
56.2 55.8 51.
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P.americanus 2
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Fig. 2 Phylogenetic tree based upon the alignment of amino acid sequences from a wide range of vertebrates
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Fig. 3 RT-PCR analysis of the expression of trypsinogens

mRNA in the adult zebrafish tissues.
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