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Abstract Leucocyte cell-derived chemotaxin-2 (LECT2) was originally demonstrated to have
a chemotactic activity against human neutrophils in vitro. Current evidence suggests that
LECT2 may be a multifunctional protein involved in cell growth, differentiation and auto-
immune. A full-length cDNA clone of the LECT2 gene, 595 bp in size, was isolated from the
fish croceine croaker (Pseudosciaena crocea). It’s 30-UTR was much shorter (112 nts) than
that of trout LECT2 gene (210 nts). Its deduced amino acid sequence of 151 residues had
39.7e75.5% identity to that of other animals. Phylogenetic analysis shows that croceine
croaker LECT2 (pLECT2) is clustered tightly with other fish LECT2. The relationships of the
different LECT2 coincided well with the evolutionary relationships of their organisms. In
healthy fish, the expression levels of pLECT2 gene from different tissues were similar, while
that in Vibrio alginolyticus-infected fish were significantly increased in liver and spleen
comparing to those in healthy fish, and were a little higher in the other tissues.
ª 2007 Elsevier Ltd. All rights reserved.
After 1980s, water based farming is popularized in
southeast China and croceine croaker (Pseudosciaena
crocea) is now the largest yield for the single species in
Chinese marine net-cage farming. On the other hand,
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diseases were severely occurred in these years, causing
serious damage to fish yields and quality. In order to solve
the problems, genes of croceine croaker related to immu-
nology were put into study. Leucocyte cell-derived
chemotaxin-2 (LECT2) was firstly isolated from the culture
fluid of the human (Homo sapiens) T cell line SKW-3
with neutrophil chemotactic activity [1]. Human LECT2
is a 16-kDa basic protein with three intramolecular di-
sulphide bonds, specifically expressed in the liver and
secreted into the bloodstream [2]. Current evidence
.
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Table 1 Primers used in this study

fLect2 (þ)a 50-GTX TAY GCX CCX TTY GAY GT-30

fLect2 (�)a 50-TCR CAC ATY TGX ACR TGX AC-30

Lect2p (þ) 50-TAT GGA GCC AGA CGA CAA AC-30

Lect2p (�) 50-CTC ACT GAT CCA GAG GTT TC-30

ActinF (þ) 50-CAC CTT CTA CAA TGA GCT GC-30

ActinR (�) 50-AGG CAG CTC GTA GCT CTT CT-30

a R Z A and G; Y Z T and C; and X Z A, T, C and G.
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suggests that LECT2 may be a multifunctional protein
involved in cell growth, differentiation, damage/repair
process and autoimmune response [3e6]. Proteins with
sequence similarity to LECT2 have been identified in
many vertebrates in addition to humans, such as carp
(Cyprinus carpio) [7], rainbow trout (Oncorhynchus my-
kiss) [8], cattle (Bos taurus) [2], mouse (Mus musculus)
[9], chicken (Gallus gallus) [10] and zebrafish (Danio re-
rio) [6]. In this paper, we report the molecular cloning
of a full-length cDNA encoding pLECT2, the LECT2 from
the liver of the fish croceine croaker (P. crocea), and
the phylogenetic relationships of pLECT2 with the known
Figure 1 Predicted amino acid sequence of croceine croaker pLE
using BioEdit Sequence Alignment Editor. Threshold for shading wa
residues as black shadow and alignment gaps as ‘‘-’’.
homologues from other species. The expression profiles
of the pLECT2 gene in healthy and Vibrio alginolyticus-
infected fish were determined by RT-PCR.

Healthy and V. alginolyticus-infected croceine croaker
fish were kindly provided by Ningbo Hai-wan Marine Breed-
ing Center, Xiangshan City, Zhejiang Province, People’s Re-
public of China. Total RNAs were extracted from healthy
croceine croaker liver tissue using Trizol Reagent (GiBCO
BRL) and mRNA was obtained using Oligotex-dT30 <super>
(TaKaRa). The TaKaRa cDNA Library Construction Kit (TaKaRa)
was used according to the manufacturer’s protocols for
cDNA library construction. A random set of 1036 clones
was selected for PCR detection tests. A pair of degenerate
primers was designed based on the conserved regions of
known LECT2 sequences from different fish, fLect2 (þ)
and fLect2 (�) (Table 1). These primers were used in PCR
amplification of the plasmids using ExTaq DNA polymerase
(TaKaRa) and were expected to yield size fragments of
about 240 bp. After PCR amplification using primers fLect2
(þ) and fLect2 (�), 14 out of 1036 clones gave positive
results. The longest three clones were completely
sequenced.

The full-length cDNA clone was 595 bp in size, contain-
ing an open reading frame of 456 bp (GenBank accession
no. AM709638). The predicted pLECT2 had 151 amino
CT2 aligned with the homologous sequences from other animals
s >60%, similar residues are marked as gray shadow, identical



Table 2 Percentage amino acid identities from comparisons between LECT2 proteins of different species

Spotted green
pufferfish

Rainbow
trout

Carp Zebrafish Mammalsa Short-tailed
opossum

Chicken

Croceine croaker 77.5 75.5 55.6 55.6 40.4e42.4 39.7 42.4
Spotted green pufferfish 72.8 55.6 57.6 41.7e45.1 41.1 40.4
Rainbow trout 61.5 59.0 43.0e45.0 40.1 38.5
Carp 77.7 45.0e48.3 48.0 45.6
Zebrafish 47.0e50.3 51.3 42.7
Mammals 62.9e70.2 46.4e50.0
Short-tailed opossum 48.7

Sequences used for the comparisons are listed in Fig. 1.
a Short-tailed opossum was excluded.
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acid residues (16.6 kDa) which was comparable in size to
that of the LECT2 from other species except chicken
(326 amino acid residues, much larger than the others).
The pLECT2 cDNA clone has an ATG initiating codon at nu-
cleotides (nts) 28e30, followed by a hydrophobic se-
quence, characteristic of a typical signal peptide
sequence. The predicted cleavage site was most likely be-
tween amino acids 16 and 17 (CDG/VK). The predicted
cleavage sites of other LECT2 were identified as A (or V)
LA/GP in mammals, CDG/VR in spotted green pufferfish,
SEC/EM in rainbow trout, VDA/SQ in carp and VDA/QV in
zebrafish (Fig. 1). The 30-UTR of pLECT2 cDNA was
112 bp long and contained a single typical polyadenylation
signal ‘‘AATAAA’’ at nts 572e577. By contrast, the 30-UTR
croceine croaker: AM

spotted green pufferfish

rainbow trout: AF271114

99

carp: AB027192

zebrafish: NM_001048055

80

chicken: NM_20547

mouse: NM_010702

rat: XM_001068117

98

dog: XM_531913

cattle: NM_174380

human: NM_002302

rhesus monkey: XM_001111039
80

chimpanzee: XM_517944

86

85

75
short-tailed opossum: XM_001

0.1

Figure 2 Phylogenetic (neighbor-joining) analysis of LECT2 amino
indicate the number of trees in which this grouping occurred after
The scale bar shows the number of substitutions per base.
of the LECT2 cDNA of trout was 210 bp long and contained
two typical polyadenylation signal at nts 534e539 and
656e661 [8].

The deduced amino acid sequence of pLECT2 was
aligned with the LECT2 sequences of other organisms
using BioEdit Sequence Alignment Editor [11]. The pre-
dicted signal peptides of premature LECT2 were mostly
variable not only in the length (16e23 nts) but also in
the sequences. N-terminus of mature LECT2 was rela-
tively variable and other regions were quite conserved
(Fig. 1). Sequence comparisons shown that pLECT2 was
most similar to the homologue from spotted green puf-
ferfish (Tetraodon nigroviridis) with 77.5% amino acid
identity. It had, respectively, 55.6e75.5%, 42.4% and
709638

: CAAE01014623
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acid sequences using ClustalW program. The values at the forks
bootstrapping the data (100 replicates; shown only when >70).



Figure 3 RT-PCR analysis of pLECT2 mRNA expression in
various tissues of healthy and V. alginolyticus-infected cro-
ceine croaker. (1) Croceine croaker genomic DNA as tem-
plate. (2) Negative control. b-actin amplification was
included as internal control. The size of the products is shown
on the right.
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39.7e42.4% identity to those sequenced from other fish,
chicken and mammals (Table 2). Currently accepted re-
lationships were reflected in the phylogenetic tree of
LECT2 sequences (Fig. 2). The LECT2 of some mammals
including chimpanzees (Pan troglodytes), rhesus monkey
(Macaca mulatta), human, dog (Canis lupus familiaris),
rat (Rattus norvegicus), cattle and mouse formed a large
cluster. The LECT2 of short-tailed opossum (Monodelphis
domestica), fell between the large mammals cluster and
the LECT2 of chicken and there was a separate cluster
containing all the LECT2 sequences of fish including
rainbow trout, carp, zebrafish, croceine croaker and
spotted green pufferfish. pLECT2 was most closely re-
lated to that of spotted green pufferfish and rainbow
trout (Fig. 2).

To examine the tissue distribution profile of pLECT2
gene, 50 ng of total RNA from brain, heart, intestine, kid-
ney, liver and spleen of healthy and V. alginolyticus-
infected croceine croaker was purified using Trizol
Reagent (GiBCO BRL). RT-PCR amplification was done us-
ing the RNA PCR Kit (AMV) Ver.3.0 (TaKaRa) with primers
Lect2p (þ) and Lect2p (�) (Table 1). As an internal PCR
control, the primers actinF (þ) and actinR (�) (Table 1)
were used to amplify a fragment of the housekeeping
Table 3 Effects of Vibrio alginolyticus (Va) infection on pLECT

Tissue Integrated optical density

Healthy Va-infected

pLECT2 b-actin pLECT2 b-a

Brain 36.3 430.0 60.4 323
Heart 111.5 757.4 108.3 309
Intestine 75.3 295.9 156.1 197
Kidney 40.1 489.0 72.3 169
Liver 76.6 452.7 1738.9 126
Spleen 64.7 350.1 1160.2 110
b-actin gene. A 221 bp fragment from pLECT2 gene was
amplified in all tissues examined. In healthy fish, the ex-
pression levels of pLECT2 gene from different tissues
were similar (Fig. 3). The expression levels of pLECT2
gene in V. alginolyticus-infected fish were significantly
increased in liver (up to 80.82-fold) and spleen (up to
58.56-fold) comparing to those in healthy fish, and were
a little higher in the other tissues (2.33e5.38-fold)
(Fig. 2, Table 3).

In the present study, the nucleotide sequence of full-
length cDNA clone of croceine croaker LECT2 gene is
determined. The predicted pLECT2 was 151 amino acids
long with a signal sequence of 16 amino acids in its N-
terminus. It belongs to the LECT2 protein family and
shows significant similarities to other reported fish
LECT2. At a certain level, the relationships of the
different LECT2 proteins coincided well with the evolu-
tionary relationships of their organisms. The wide oc-
currence and similarity of LECT2 in different animals
suggests that it has been quite strongly conserved and
that it has an important role in the animals’ life cycle.
It was reported that human and bovine LECT2 gene was
specifically expressed in the liver [2], however, the tis-
sue expression profile of LECT2 gene shows that it is
more generally distributed in fish tissues than in those
of mammals [8]. Most recently, it was reported that
the LECT2 mRNA of zebrafish liver was induced by up
to 1000-fold upon infection by Aeromonas salmonicida
and Staphylococcus aureus [6]. Our study of V. alginoly-
ticus-infected croceine croaker gave a similar result
with significant increases in both the liver and spleen
of infected fish, suggesting that the spleen might also
be an important source of LECT2 gene expression under
pathological conditions.
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2 mRNA expression by means of RT-PCR

Ratio of optical density

pLECT2 to b-actin Va-infected to
healthyctin Healthy Va-infected

.9 0.08 0.19 2.38

.4 0.15 0.35 2.33

.9 0.25 0.79 3.16

.1 0.08 0.43 5.38

.6 0.17 13.74 80.82

.0 0.18 10.54 58.56
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