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Bactericidal/permeability-increasing protein (BPI) and lipopolysaccharide-binding protein (LBP) are important

components of the mammalian innate defence system against Gram-negative infections. The BPI/LBP cDNA was
identified from the black rockfish ConA/PMA or LPS stimulated leukocyte cDNA library. The full-length
BR-BPI/LBP ¢DNA was 2118 bp long and contained an open reading frame (ORF) of 1422 bp that encoded 473
amino-acid residues. The 5> UTR had a length of 57 bp, and the 3> UTR 639 bp. The molecular weight and theoretical
isoelectric point (p/) values were calculated 51.4 kDa and 9.72, respectively. Compared with other known BPI or

BPI/LBP peptide sequences, the most conserved regions of the black rockfish BPI/LBP peptide were found to be the

BPI1 N-terminal, BPI2 C-terminal domains and a LPS binding domain. Phylogenetic analysis based on the deduced

amino acid sequence revealed a homologous relationship between the BPI/LBP sequence of black rockfish and that
of other teleosts. The black rockfish BPI/LBP gene was predominantly expressed in the PBLs, head kidney, trunk

kidney and spleen. The expression of the black rockfish BPI/LBP molecule was induced in the peripheral blood

leukocytes (PBLs) from 1 to 24 h following LPS stimulation, with a peak at 12 h post-stimulation.
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There are two types of immunity, innate immunity
and adaptive immunity, which have different roles
against the infection of pathogens (Dempsey et al.,
2003). The innate immune system has the potential for
quick, powerful, and non-specific responses to a wide
range of pathogens (Xu et al., 2005). Moreover, innate
immune system is a varied and complex group of

phenomena and has a role as a first line of defense
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against infections (Kono and Sakai, 2003). The host
innate immune system recognises invading pathogens
by their conserved pathogen associated molecular
patterns (PAMPs) using pattern recognition receptors
(PRRs) (Medzhitov and Janeway, 2002). Lipopolysaccharide
(LPS), a complex glycolipid and one of the major
components of the outer surface membrane of
Gram-negative bacteria, is one of the PAMPs. LPS plays
an important role in the activation of innate immunity

(Alexander and Rietschel, 2001).
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Two of the proteins crucial to the mediation of signals
for LPS are bactericidal permeability-increasing protein
(BPI) and LPS-binding protein (LBP), which share
several characteristics. Both belong to a family of lipid
transfer/LPS-binding proteins (LT/LBP), which also
include the mammalian phospholipid transfer protein
(PLTP) and cholesteryl ester transfer protein (CETP)
(Bingle and Craven, 2004). They are composed of an
N-terminal domain that binds to LPS and a C-terminal
domain that mediates the delivery of LPS to other host
molecules involved in the response to LPS (Schumann
et al., 1990; Tovine et al., 1997; Beamer et al., 1998).
Even though these two proteins have similar structures,
they are considered to have antagonistic functions. LBP
binds LPS and enhances cellular responses to LPS, while
BPI binds LPS but reduces cellular responses (Tobias
et al., 1988; Tobias et al., 1997).

The complete cDNA sequences of BPI and LBP have
been cloned from human (Gray et al., 1989), bovine
(Leong and Camerato, 1990), rabbit (Zarember et al.,
1997; Schumann et al., 1990), mouse (Gallay et al.,
1993; Lengacher et al., 1995) and rat (Su et al., 1994).
The BPI or LBP homologues of teleosts have not been
classified as either a BPI or a LBP because the functional
properties of these proteins have not been characterized.
Therefore, in teleosts, they have been referred to as
BPI/LBP (Nam et al., 2010). The BPI/LBP genes have
been isolated and characterized in some fish species.
In particular, the BPI/LBP gene was sequenced from
rainbow trout (Inagawa et al., 2002), Atlantic cod
(Stenvik et al., 2004), common carp (Kono and Sakai,
2003), channel catfish (Xu et al., 2005), olive flounder
(Nam et al., 2010), and ayu (Suzuki et al., 2009).

Furthermore, a ¢cDNA sequence with homologies to
members of the LBP/BPI family was identified in the
oyster Crassostrea gigas, and this invertebrate LBP/BPI
family is the first to have been characterized by functional
analysis using a BPI recombinant protein (Gonzalez et
al., 2007). The presence of the BPI/LBP gene in black
rockfish, however, has not been reported to date.

Black rockfish (Sebastes schlegeli) is one of the more
significant fish species in Korea due to the human interest
in aquaculture and fisheries, but diseases, especially
infectious ones, have occurred frequently in them and
have limited the production efficiencies of this economic
fish. To improve the black rockfish production
efficiency, it is necessary to understand the cellular and
molecular processes involved in the disease resistance
to this species. In this paper, the cloning, characterization,
and expression analysis of the BPI/LBP gene from black
rockfish (Sebastes schlegeli) are reported.

Materials and Methods

Identification of Black rockfish BPI/LBP ¢cDNA

Black rockfish BPI/LBP full-length cDNA was
identified via the EST analysis of the ConA/PMA or
LPS stimulated PBLs library (Baeck et al., 2008).
5’-termini base sequencing of the selected cDNA clones
in phagemid form was performed using an ABI 3100
automatic DNA sequencer (PE Applied Biosystems, CA,
USA) and an ABI Prism Big Dye Terminator Cycle
Sequencing Ready Reaction kit (PE Applied Biosystems,
USA). Bioinformatic analysis was conducted to
determine the gene identities, using the Genetyx ver.

8.0 software (SDC Software, Japan). Briefly, the vector
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sequences were removed, and the database search was

limited to the ESTs that are >400 bp in length.

Multiple alignment and phylogenetic analysis

The sequence of BR-BPI/LBP ¢cDNA was compared
with the sequences in the peptide sequence databases
at the National Center for Biotechnology Information
(NCBI), using the BLAST network service. Nucleotide
sequence comparisons were carried out using the
BLASTX program (Gish and David, 1993).

The multiple alignment of the amino acid sequence
of the BR-BPI/LBP proteins was performed using the
Clustal W program (Thompson et al., 1994). The BPI
or BPI/LBP sequences of that were used for the
comparison and their GenBank accession numbers were
as follows: Cattle BPI (NP_776320), Channel catfish
BPI (AAX20011), Dog BPI (XP_534417), House mouse
BPI (NP_808518), Human BPI (ABD66755), Norway
rat BPI (AAH79318), Pig BPI (ABO34136), Atlantic
cod BPI/LBP-A (AAMS52335), Atlantic cod BPI/LBP-B
(AAMS52336), Ayu BPI/LBP (BAG49475), Common
carp BPI/LBP (BAC56095), Olive flounder LBP/BPI
(ACV74252), Rainbow trout LBP/BPI-1 (NP_001118057),
and Rainbow trout LBP/BPI-2 (NP_001117670). The
primary structure of the deduced amino acid sequence
of BR-BPI/LBP was analyzed by ProtParam (http
.//en.expasy.org/tolls/protparam). The positions of signal
peptide and BPI domains was predicated with the Simple
Modular Architecture Tool (SMART) (http ://smart.
embl-heidelberg.de/).

The phylogenetic relationships were inferred using
the Mega 4 program and distance analysis through the

neighbor-joining method. The accession numbers of BPI

or BPI/LBP for the creation of phylogenetic tree used
are described above. In addition to accession number
of LBP amino sequences are as follows: Cattle LBP
(NP_001033763), Dog LBP (XP_542993), House mouse
LBP (NP _032515), Human LBP (AAB31143), Norway
rat LBP (NP_058904), Pig LBP (NP_001121907). The
values supporting each node were derived from 2,000

re-samplings.

RT-PCR analysis of the BR-BPI/LBP transcripts in

different tissues

Eight tissues (PBLs, head kidney, trunk kidney,
spleen, liver, intestine, gill, and muscle) were isolated
from approximately 350 g healthy black rockfish. The
total RNA from each tissue was extracted using TRIzol
(Invitrogen, USA),

reagent according to the

manufacturer’s  instructions.  First-strand ~ cDNA
synthesis was carried out using a first-strand cDNA
synthesis kit (Takara, Japan), according to the
manufacturer’s instructions. The first-strand cDNAs
were used as a PCR amplification template, with the
specific primers. The oligonucleotide primers used to
amplify the BR-BPI/LBP cDNA fragment were BrLPS-F
and BrLPS-R. Thermal cycling was performed using
TaKaRa PCR Thermal Cycler (Takara, Japan) with
ExPrime Taq premix (GENET BIO, Korea) as follows:
predenaturation at 94C for 5 min, 25 cycles of
denaturation at 94C for 30 s, annealing at 55°C for
1 min, extension at 72°C for 1 min, and final extension
at 72°C for 7 min. The expression of (3-actin was used
as the internal control. The PCR amplification products
were observed on 1.5% agarose gel electrophoresis with

a 100-bp DNA ladder (Takara, Japan). The primer
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Table 1. Primers used for all the experiments

Primer name Sequence(5'-3") Usage Amplity (bp)
BrLPS-F CTATTGCCATCAAGAGTGATG

RT-PCR 460
BiLPS-R GTGTTGTAGACGAAGGCTGCA
BrLBP-F-2 GTGTCTCCCATTGGCAAAGT

Real-time PCR 150
BrLBP-R-2 CCTCCAGTTTCCGTGCATAC
-actin-F TTTCCCTCCATTGTTGGTCG RT-PCR.

55 200

B-actin-R GCGACTCTCAGCTCGITGTA [lzaltlms BT

sequences used in this study are listed in Table 1.

Real-time PCR analysis

Black rockfish (300-350 g) was purchased from the
Fisheries market in Tong-yeong, Korea. Peripheral blood
samples were collected in a heparinized (100 Ul) syringe
from the caudal blood vein. Peripheral blood leukocytes
(PBLs) isolation and PBLs stimulation with LPS (50
1gml) were carried out as a previously reported method
(Beack et al., 2008). The total RNA was extracted, and
first-strand cDNA synthesis was performed as described
above. Real-time PCR was performed on a Thermal
cycler Dice real time system (Takara, Japan) with SYBR
Green [ (Takara, Japan). The threshold cycle (Ct) values
were automatically calculated as follows: the cycle when
the fluorescence of the sample exceeded a threshold
level corresponding to 10 standard deviations of the
mean of the baseline fluorescence. Amplification was
performed 3 step PCR methods as follows: 1 cycle at
95°C for 10 s and 45 cycles at 95°C for 30 s, 62°C
for 30 s and 72°C for 30 s, with a dissociation step
at 95C for 15 s, 62°C for 30 s and 95C for 15 s.
[3-actin was detected as an internal control. All the

samples were analyzed in triplicate and the expression

of target genes was calculated as relative folds of the

expression of (3-actin according to the 2 24T methods.

Results and discussion

In the present study, we report for the cloning and
characteristics of the LBP/BPI gene from the black
rockfish, Sebastes schlegeli. The full-length BPI/LBP
cDNA was 2118 bp long and contained an open reading
frame (ORF) of 1422 bp that encoded 473 amino acid
residues. The molecular mass were calculated 51.4 kDa
and theoretical isoelectric point (p/) values were
calculated 9.72. The 5* UTR was 57 bp in length, and
the 3° UTR 639 bp, and they contain a polyadenylation
signal (AATAA) and a polyadenylation site (accession
number: AB548677) (Fig. 1). These sequences had a
putative 18 AA signal peptide, followed by 455 AA
residues namely identified as putative mature proteins.
Mammalian BPI or LBP family proteins have signal
peptide. This suggests that these proteins could be
secreted in the mature form after cleavage.

The Black rockfish BPI/LBP has a BPI/LB
P/CETP-specific sequence motifs BPI1 (BPI/LBP/CETP

N-terminal domain) between amino acid residues 8 and
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Nucleotide and deduced amino acid sequences of black rockfish BPI/LBP. The oligonucleotide primers that were
used in the study are indicated with arrows. The putative signal peptide is indicated black box. Central domain and
LPS binding domain is indicated box and gray. N-terminal domain and C-terminal domain was indicated underline
and double underline, respectively. The polyadenylation signal (AAUAA) and poly A tails is indicated in boldface

and underline.
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Black rockfish 1: NEGVEV = 76
Olive flounder 1 MSLHCQLILVLF I-AVASATNPGVEVKLTERGLEYGROLGMASIQQKLEKTIKVPDISGKERVPPIGKVEYSLSHMQL 76
Atlantic cod A 1 MF FWRWLALLALT - FLALSANAGY KVELTOKG LDFGRE LAVASLOKK LMTT KV PDISGKERVKFIGKVRYSVTEMRY 76
Atlantic cod B 1 MF PWRWLALLALI-PLALSANAGYKVELTOQRGLDFGRELAVASLOKKLMTIKV PDISGKERVEKPIGKVRYSVTEMRY 76
Ayu 1 ~MSAWLTLLALI-FLTLAINFGVEVELTEKGLEYGREIGMASLOKKLETT KV FDLEGSAKVAFIGEVTYSLTGMOT 74
Rainbow trout 1 1 MSPCCWLALLALY - PFALATNPGY KVKLTEKG IEYGKQIGMASLOOK LK TMKV PDLEGTERVAPIGKVKYSLTGITI 76
Rainbow trout 2 1: M2 PCCLLALLAV I- SLTLAASFGVKVELTDRG IEVGKO IGMASLOOK LK TMEY PDLEGTERVEFIGRVEYSLTGMTT 76
Common carp 1 MF LWCV LV LLNLVY - SVATGTNAGY KVRLTOKG LEYGRQIGIASIQOKLRTIKV PDTSGTEKVDPIGKVQYSFTGMOT 76
Channel catfish 1 MVE LWCV LALLEFFS PEASGTNPGV ILRV TOKG LEVGROTIGLY TLOKK LK TV KI PDMSGEEKVE PIGKVEYSLTGIOT 79
Morway rat 1 ~MAWGEDNVRKWSS LA LLATVGTA - LTAAT DPGE VART SQKG LDFVCQESMVELQKE LLAT ST PDFSGDFK IKHLGKGT YEFYSMAV 85
House mouse kS “MTWAFDNVREWSALLLLAT IGTA- LTAAT DEGF VANI SOKGLDFACOOGVVELOKE LOAT SV PDFSGVFK IKHLGKGS YEF Y SMAV 85
Dog 1 -MARHFDNALRWAT LLVLAT LGTAAVVT TTNPGVVART TOKG LDYACQOGVAVLOKE LEKT KT PTFSGEFKVKHLGKGHYSFYSMVI 86
Fig 1 ~MARGADNTLRWAT LVALAALGTA -V TARANFGI VART TOKG LD YACOOGVATLRKELEKI TI FTFSGSFRIKYFGRGRYNFYSMVY 85
cattle 1 ~MARGPDTARRWAT LVVLAALGTA-VTTT - NPGI VAR TOKG LDYACQOGVLTLOKE LEKT TT PNFSGNFKIKYLGKGQYSFFSMVI 84
Human 1 : MRENMARGPCHNAPRWVSE LMVLVAIGTA - VTMVNPG\’WRISQKGLDYASQQ}TMLQKE LKRI KIPDYSDSFEIKHLGKGHYSFYSMDI 89
Black rockfish 774 165

Olive flounder 77 U RLOLERSAVD LW EGTO TR LS T SNAY T S LEGIWEY Y L I T KDSGSF DLIVIG LT ITS SLAT KSDE - TGRETVS SVSCVATVGSVS TKFH 165
Atlantic cod A 77 : VELGLPSSALGLY PGTGES LT LTNAF LS LHGRWRVEY LRF I KDRGSF DLALIKS LS ITT SISLREDN -MGLPAVAMASC TT TLGGVEVELH 165
Atlantic cod B 77 : VKLGLPSSAIGLY PGTGEFS LT ITNAF LS LHSEWRVEY LRF I KDRGSFDLAIKS LSITT SISLRSDN-MGLPAVAMASC TT TLGGVSVKLH 165
Ayu 7% : VNLGLPESV LG LV PGTGVN LS IGNAF LNLHGNWRVRY LKF L KDSGSF DLGIKGLT ITT SIAIKSDE - TGRPSVSSINCVTSLGSATIKFH 163
Rainbow trout 1 771 VNLGLPY SALALVPDTGIS LS ITNAF I SLHSNWKIRY LSF I KDSGSFDLEVDGLTVTIDSITIKSDE - TGRPTVS SVNCVANVGSASIKFH 165
Rainbow trout 2 77 : VNLGLFESALY LMFGTGVER LATTNAF INLHSNWRYREY FRF IQDRGSF DLAVNG LT ITADI AL KSDE -~ TGRETVS TVNCVANVGSAS IKFH 169
Common carp 771 VNLGLPKSALY LV PDTGVMLSE IGNAY INLHGNWRVKY LRI I KDSGSF DLAV SELTIST TVAVMSDD - TGHPTVSMTNCAATVGEVNVKFH 165
Channel catfish 79: LDLGLFPESAVGLVFPGTGVELEIGDAY INLHGNWRVKY LRITKDSGSFDLEVEGLEISATISVKGDD -TGRFVVS SANCAASVGNVKIKFH 167
MNorway rat 861 EGFHI PDPOIKLLPSDGLOLS ITSASIKI SGRWKY R~ KNI LKASGNFOLEIQGVSITADLILGNDP -SGRITITCS TCDSHINSVRIKVE 173
House mousae 86: DGFHI FNFKIEMLFPEDGLRVF IKDASIKINGKWMS R- KNFLKAGGNFELSIQGVSISTDLILGEDE -SGHITTICSNCDEHIDSVHIKIE 173
Dog 871 RGFOLPESSQIKLVPNKGLDLEIRNANIKI SGKWKAR-KNFIKTSGNFDLEVES ISISAGLNMESFDPTSGHLTIICSSCNNYIDEVRVHIS 175
Fig 861 REFKLFTSQIRLSFDRGLDLS IKDASVKI SGEWKAQ- KNF I KASGNF DLSVERISVLASLRLGY DPTSGHSTVSCSSCRSHINRVHVRTS 174
Cattle 851 QGFNLPNSQIRPLPDKGLDLEIRDASIKIRGKWKAR- KNFIKLGGNFDLEVEGISILAGLNLGY DPASGHETVTCSSCSSGINTVRIHIS 173
Humar 90 : REFQLFSSQISMY FNVGLEF STSNANIT KI SGEWKAQ- KRF LmSG'NTDLSI EGMSISADLELGSNFPTSGKFTITCS SC SSHINSVHVHIS 178

Black rockfi=mh

.o . W -

1661 AT RN K ) K K i
166: GEA— SWLYNLFRNE rnanNALQKQxc vaADAVN'E LNPHLKT LNVLA.I{VDQYAEI EYSMVSSPTVSKSSID LNLKGEE‘{NIGKHQEA

253

Olive flounder 253
Atlantic cod A 166 : GGA-SWLYNLF RRFTEKGLOSOLOKKLC PLVAE SV SS ~-MNOF LETVNVHMAPVDRYAET AY PMVSSPDI SSSSIGLNLKGEFYNIGNHMEP 253
Atlantic cod B 166 : GGA-SWLYNLF RRFIEKGLOSQLOKKLC FLVAE SV SS ~MNQF LKTVKVMAPVDRYAEIAY FMVSSPDI SSSSIGLNLKGEFYNIGNHMEF 253
Ayu 164 : GGA-SWLYNLF SSYTDKALRNS LOKKICPLVADAY TD-MNPHLET LNV LAKVDKY AET EY SMVESPAT SKSCID LG LEGEFYNVGAHOEP 251
Rainkbow trout 1 166: GGA-SWLYNLF SAYIDKALRSALOKQICFLVADTI TD-MNPHLKT LNV LAKVDKYAEVEY SMVTSPTISNAS IDFS LKGEFYNIGKHOQEP 253
Rainbow trout 2 166: GGA-SWLYNLFKSYIDEALRSALOKQICPLVADVITD-MNPHLETFNVLAKVDOYAELIEY SMVTSPTISKSSIEFSLKGEFYNIGKHOEP 253
Common carp 166: GGA-SWLYNLF SSFINKALRNALOKQICPLVADSIAD-INPHLKT LNVLAKVDOYAEIEY SMVGSPVISNTS IDLGLKGEFYNIGOHKEP 253
Channel catfiszh 168 : GGA-SWLYNLF KHY I EKALRSELOKQICS LVAEATEE ~-MNPHLET LNV LAQVDKY AETEY SMVESPLMSNSSIDLS LKGEFYNIGOHKEP 255
Morway rat 174:GSMLGWLIQLFHRKIETSLEKTIYKKICKIVRNSVSAKLOPYVET LEVVAKVDDI TSI DY SLLAPPMT TDKF LEGQLRGEFFWRGHHGEF 263
House mousme 174 : GSMLGWLIRLFHRKIETSLENIIYKKICKIVRDSVSSKLOPYLKT LSVITRVDDV TSVDY SLLAPLTTTNOF LEGOLEGEFFWRGHRDPL 263
Dog 176: GERLGWLIQLFHEKKIESSTRKTMNNKICOVV SSSVSSRLOS YLKT LEVT YKIDRIAGI SYSLVAPPTATADNLDGHLKGEFF SLAHPRSP 265
Pig 175 : GSSLEWLIQLFHRNI ESALRKAMESKICKML TN TV SSKLOPYF QT LEV TAKVDRMVGINY SLVAPPKATAEN LDGLLEGEFF SLOHPSPP 2 64
Cattle 174: GSSLGWLIQLFRERIES LLOKEMTRKICEVV TS TVSSKLOPYF QT LEVT TKLDKVAGY DY SLVAPPRATANNLDWLLKGEFFSLAHRSEP 263
Human 179: KSKEVGWL IQLFHEKIESALRNKMNSQVCEKV TNSV SSELQFYFQT LPV:HTKID SVAGINYGLVAFPATTA EJ'I‘LDVQI‘IKGEE‘TE ENHHNFEF 268

e T

Black rockfish 2543 PESPAAFSLEE it 343
Olive flounder 2541 PE‘SE“TRFSLPFQNDDMLWGMSR\‘SWSWVYWP\L.SLYITDWIPQSSPIRWTRTFGTI‘IFEISKF\I‘PGLM}‘IKLLVQWKTWIT 343
Atlantic cod A 254: PESPAFPFFLPNQEQSMLY IGLEAF TANSASEFVYNKAGTLSLKITDDMVPRESPIRLTTNTFGVLIFPQIAKLF PGLMMV LOLEKMTNDPLSS 343
Atlantic cod B 254 : PFFSPAPFFLFNQEQSMLY IGLEAF TANSASFVYNKAGTLSLKI TDOMVPRSSE IRLTTNTFGVLIPQIAKLF PGLMMY LQLEMTKDFLSS 343
Ayua 252: PESATFF SLPPQISNMLYIGISSFE TTNSAGE VYNKAGALSLYVTDGMIPPSSPIRLNTRTFGAF IPQIAKRF PGLMMELLVETVOQEPIIT 341
Rainbow trout 1 254 : PFSPTPF SLPPOVNNMLY IGMSAF T THNSAGFVYNNAGALSLYI TDOMI PPSSPTRINT RTFGAF TPETAKRF PSMMMELLVKTVKEFTIF 343
Rainbow trout 2 254 : PESPTPF SLPPODNNMLY TGVESE T EPNSAGF VY NNAGALSLYV TDOMT PPSSPTRLNT GTFGVFE TPETAKRF PGMMMELLVKTVKEPTTS 343
Common carp 254 : PFSPTPFSLPSQODTDMLY IGVSAF T INSAGFVYNRAGALSLYI TDOMI PSGSP TRINT KTFGAF TPOI EKMY PFGLMMELLVETVKEFIVT 343
Channel catfish 256: PFSPTPF SPPAQDSNMMY IGLEAF T LNSAGF VY NNAGVLSLYI TDDMIPESSFEIRLNT KTFGTF TPQIAKQY PGLMME LLVEAEKEPNVS 345
Norway rat 2 64 : PAV PEVMNI LENNNYMVCMGI SDYFFNTAEFAYQESE TLKI TLRDOLLAKDARYHLNT DF LKTF LPEVAKKF PSMGLOLLISAPLFAHLN 353
Houze moume 2 64 : PTHPPVMRF VEPNGAYMVCMGTI SDYF FNTEV LAY QOS6 TLEM TLGGOLLSNNGRFQLNT DF LR TF LEKVAKMF PSMGVQLLISAPVEVHLS 353
Dog 2 66: PFTPPAMALFPPDHDHMV Y LGISDYFFNTAGLVY QEAGALNMTI TDDMI PKKSKFRLTTDF LG TLIPOVAENF FNMTVOFNVWASSPPHLT 355
Pig 2 65 : PEAPPALALPADHDRMV Y LCTSEYF FNTAGLVY OKAGYLNLTTHNNSMT PKKSLES LT TNF FGTLTPEY STHMF PNMEMOF LIWASFPFPHLA 354
Cattle 2 64 : PFAPPALAF PSDHDRMVYLGISEYFFNTAGE VY QKAGALNLTLREDDMI PKESKFRLTT KF FGILIPOVAKMF PDMOMOLE IWAS LEPKLT 353
Human 358

Black rockfi=h

2691 PFAPPVH EF PAAHDRHVYLGLSDY FFNTAGL.VYQEAGVLKMTLRDDM IPKESKFRLTTKFFGTF LPEVAK KFPNI[KIQ THVSASTPPHLS

244:

429

Olive flounder 344: FQPN’NA'I‘TQASCTVTA'{J\IQPNSTLSPLFIL-NL***E'I‘SVSI\QVFISGHRVAGAVSLN KI‘D:)LTLRTSWGBFKVRSLDNILO}IVLKVW 429
Atlantic cod A 344 : TEANKVTVDAKSS LTAYAT LANTELAP LEVLNL == ~DF SVS ARVNVVGHNKLAGAV TLN - R LDMS LEKSYVGDFEVGSLENIFOIVLEWVY 429
Atlantic cod B 344 : IEANKVTVDAKSS LTAYAL LANTKLAPLFVLNL- - -DFSVSARVNVVGNKLAGAY TLN -RLDMS LGKSYVGDFEVGESLENIFQIVLEWYY 429
Ayu 342 : FEPNNVT LOATGTVTAYATOPNT TLEF LEVLNM - - ~EASVSARVY VTGV KLAGAMTLN -KIOMT LGKS YVGDFOVKSLDNIF LMVLEVAY 427
Rainbow trout 1 344 : FEPNNVTVQASGEVTAYAIQPNTTLEPLFVLNM - - —EGSVSARLYVTGVRLAGAV TLN -KIEMTLE TSYVGQFQVRELDNIF LMVLEVAYV 429
Rainbow trout 2 344: LEPNNVTVOASGTVTAYATOPNTTLEP LEVLNM - - ~EGSVSAOMNV TGV KLAGAT TLN-KIEMT LG TSYVEOFOVOSLDNIF LMVLEVVY 429
Common carp 344 1 FEPNNMTVQAS STVTAYATIQPNSTLSFLFVLNL-— —EVSVS THIYVTELKLAGNV TLN-KINMS LAKSYVGEFQVTSLONIFTIVLEFAV 429
Channel catfish 3461 FEPDNVTLOASSTVTAYATOPNATLEPLEVLNY - - ~NASVSAR LY VEGLTVAGNLELD-EMDMT LATSYVGPFOVKSLDSFLTMIMEAVY 431
Norway rat 354: IQPSGLSLSFNLETRAFVV LPNSSLIFPLF LLGM—— -KTNAS LEVNAMKNRLIGEMKLG-RLLLELEKQSNF GSFEKVELLEDVINY LMSTMV 439
House mouse 3541 IQPSGLEFNPELETOAF VYV LENASLVE LFVLGMVRRKTNAS LEVDAEENRLVGEMKLGSRWLLE LKESKF GPFEVEYLEDVINY LVSTLY 443
Dog 356: MRPASLIFTPTLDTQAFAV LPNSSLAPLFVLGL---STNLSMEVSARPDRLVGQLSLD-KLLLELKHSDVGSFSVAVLQSIMNYVVETAV 441
Pig 3551 VHPSGLDLTFV LETOAF AV LENAS LAFLF LLIEM- - ~NSS [SVDIGVRSKRLIGELRLN-KLLLE LKHSNIGFFSVELLOAVMNFAVETLY 440
Cattle 354 :MKPSSLDLIFVLDTOAFAT LPFNSSLDFPLF LLEM-~-NLNLSVVVGAKSDRLIGELRLD-KLLLELKHSDIGEFFSVESLQSVINYVMEPTIV 439
Human 3593 VOFTGLTFY PAVDVOAF AV LENS SLASLE LIGH -~ -HTTGSMEVS ABSNRLVGELKLD-RLLLELKHSNIGPF PVELLODIMNYIVETLY 444
. el P ) P .. A e o ow e

Black rockfizh 400: IRLLNVOLAKGYPLPTLGEMNLINTELOV LEDYMLIGTDVOETS 473 Idsntitiss (%)

Olive flounder 400 : TPRLNVQLAKGY PLPATGKMKLVETQLEV LKDYMLIGTDVQEFTG 4735 79.7

Atlantic cod A 400: LPTVNVRLEKEGFPLPELGK INLEKNTQLOI LKGY IMIGTDLONSG 473 3.2

Atlantic cod B 400: LPTVNVRLKEGF PLPSLGKINLENTQLOI LKGY IMIGTDLONSG 4735 €3.2

Ayu 398: IPKVNARLEKGYPLPSLGKMNLVNTQLOVLEGY ILIGTDVLFTG 471 75.5

Rainbow trout 1 400: IPEVNARLEKGFPLPSIGKMNLVNTQLOV LKDYMLIGTDVQFETG 473 75.2

Rainbow trout 2 400: I PRVNARLEKGFPLPTIGKMNLINTOLOV LKDYMLIGTDVOETG 473 4. =

CcCommon carp 400: I PEVNARLQEGY PLPAIGKMQLVNSQLEV LKDY LLIGTDVQFTG 473 72.0

Channel catfish 402 : TPVVNALLROGYPLPATGNMNLYVNTOLOT LKDYVLIGTDVOETG 475 68.2

Norway rat 410: LPEKINEKLRRGFPLPLPAGIQLINSILYSSONF LLLEADLHRT - 482 29.7

House mouse 414 : LPKINERLERGFPLP LPAGIRFSHF TF ¥ PYONF LLLEADLHLT - 436 27.5

Dog 412t LPEVNERLQEGF PLPMPEKNVQLFNLVLOTHQDF LLFGADVHYSG 485 38.7

Pig 411: LPRINEKLORGFPLFLPAY IQLSNLVLOPHODF LLFGADVRYS~- 433 34.1

cattle 410t LPV INKKLQKGFPLPLPAY IELFNLTLOPYQDF LLFGADVQYS - 482 35,7

Human 415: LERVNERLOKGFPLETPARVOLYNVVLOPHONF LLFGADVV VK- 487 35.7

Fig. 2. Comparison between the black rockfish BPI/LBP amino acid sequence and other known BPI or BPI/LBP sequences.
The amino acids identical to the black rockfish sequence are indicated by an asterisk (*), and the absent amino
acids are indicated by dashes (-).The accession numbers of BPI or BPI/LBP for the creation of multiple alignment
used are described Fig. 4. The putative signal peptide is indicated black box. Identities of between black rockfish
BPI/LBP and other BPI/LBP or BPI is indicated box. Central domain and N-terminal domain and C-terminal domain
is indicated gray and underline, respectively.
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231 and BPI2 (BPI/LBP/CETP C-terminal domain)
between amino acid residues 246 and 449 were identified
by the SMART program (Fig. 1). The mature Black
rockfish BPI/LBP was predicted by comparing the amino
acid sequence with that of other mammalian LBP and
BPI. The mature Black rockfish BPI/LBP was also
separated into the N-terminal domain (residues 8-231)
and C-terminal domain (residues 246-449). The proline-rich
central domain (resi dues 228-248) was located between
the N-terminal and C-terminal domains (Fig. 1). The two
domains form the three structural elements, the N-terminal
barrel (barrel-N), a central 3-sheet, and the C-terminal
barrel (barrel-C) (Beamer et al., 1998).

The deduced amino acid sequence of black rockfish
BPI/LBP had a 79.7% identity with that of Olive flounder
LBP/BPI, 75.5% with Ayu BPI/LBP, 75.2% with
Rainbow trout LBP/BPI-1, 74.8% with Rainbow trout
LBP/BPI-2, 72% with Common carp BPI/LBP, 68.2%
with Channel catfish BPI, 63.2% with Atlantic cod
BPI/LBP-A and B, 38.7% with Dog BPI, 35.7% with

Cattle BPI and Human, 34.1% with Pig BPI, 29.7%
Norway rat BPI, and 27.5% with House mouse BPI. (Fig.
2). Furthermore, multiple sequence alignment revealed
that the LPS binding domain was well conserved.
Moreover, the LPS-binding domain included in
barrel-N was aligned with those of olive flounder
LBP/BPI, ayu BPI/LBP, Atlantic cod BPI/LBP-a and
-b, rainbow trout BPI/LBP-1 and -2, channel catfish
BPL, common carp BPI/LBP, house mouse BPI and LBP,
Norway rat BPI and LBP, dog BPI and LBP, pig BPI
and LBP, cattle BPI and LBP, and human BPI and LBP
(Fig. 3). When LPS-binding domain of black rockfish
BPI/LBP was compared with that of other teleosts, that
of black rockfish BPI/LBP showed the highest identity
(80.0%) to that of olive flounder LBP/BPL The identities
to that of human BPI and LBP were 33.8 and 35.7%,
to that of black rockfish BPI/LBP, respectively (Fig. 3).
LBP and BPI are distinguished from PLTP and CETP
because they have the function of binding LPS with
high affinity (Inagawa et al., 2002). Recent analyses

Black rockfish
olive flounder
Ayu

Atlantic cod A
Atlantic cod B
Rainbow trout 1
Rainbow trout 2
Channel catfish
Common carp
House mouse BPI
Norway rat BFI
Dog BPI

Pig BPI

Ccattle BPI
Human BPI

House mouse LBP
Norway rat LBP
Dog LBP

Pig LBP

Cattle LBP
Human LBP

GKQRVSPIGKVKYSLSNMQIVDVGLPKSALDLVPGTGVKLSIGNAFLRMHGNWRVKYLRITKDSG
GKERVPPIGKVEYSLSHMQIVKLGLPKSAVDLVPGTGIKLSISNAYISLHGNWRVKYLRITKDSG
GSAKVAPIGKVTYSLTGMQIVNLGLPKSVLGLVPGTGVNLSIGNAFLNLHGNWRVRYLKFIKDSG
GKERVKPIGKVRYSVTEMRVVKLGLP SSAIGLVPGTGFSLTITNAFLSLHGRWRVKYLRFIKDRG
GKERVKPIGKVRYSVTEMRVVKLGLP SSAIGLVPGTGFSLTITNAFLSLHGRWRVKYLRFIKDRG
GTERVAPIGKVKYSLTGITIVNLGLPYSALALVPDTGISLSITNAFISLHGNWKIRYLSFIKDSG
GTEKVPPIGKVKYSLTGMT IVNLGLP KSALVLMPGTGVRLAITNAFINLHGNWRVRYFRFIQDRG
GSEKVSPIGKVSYSLTGIQILDLGLPKSAVGLVPGTGVSLSIGDAYINLHGNWRVKYLRITKDSG
GTEKVDPIGKVQYSFTGMQIVNLGLPKSALVLVPDTGVMLSIGNAYINLHGNWRVKYLRITKDSG
GVFKIKHLGKGSYEFYSMAVDGFHIPNPKIEMLPSDGLRVFIKDASI KINGKWMSR-KNFLEKAGG
GDFKIKHLGKGTYEFYSMAVEGFHIPDPQIKLLPSDGLOLSITSASIKISGRWKYR-—KNILKASG
GSFEVKHLGKGHYSFYSMVIRGFQLP SSQIKLVPNKGLDLSTRNANIKISGKWKAR-KNFIKTSG
GSFKIKYFGKGRYNFYSMVVREFKLP TSQIRLSPDRGLDLSIKDASVKI SGKWKAQ-KNFIKASG
GNFKIKYLGKGQYSFFSMVIQGFNLPNSQIRPLPDKGLDLSIRDASIKIRGKWKAR-KNFIKLGG
DSFKIKHLGKGHYSFYSMDIREFQLP SSQISMVPNVGLKFSISNANIKISGKWKAQ-KRFLEMSG
GDFKIKAVGRGOYEFHSLE IQNCELRGSSLKLLPGQGLSLAISDSSI GVRGKWKVR-KSFLEKLHG
GDFKIKAVGRGQYEFHSLEIQSCQLRGSSLKPLPGRGLSLSISDSSISVRGKWKVR—RSFVKLHG
GDFKIKPIGRGHYDFHSLSVHSCELRGSALTPLPSQGLSLTISDSFIRVQGEWKAR-KAFVKLOG
GDFKIKYMGRGHYEFHSLDIHSCELLGSTLTPLPGQGLY LAISDSSIRVKGKWKVR-KGILKLDG
GDVRIKHFGSVDYRFHSLNIQSCKLLGSALKLLPNQGLHFSISDSFIQVTGDWKVR-KRILRLDG
GDLRIPHVGRGRYEFHSLNIHSCELLHSALRPVPGQGLSLSISDSSIRVQGRWKVR-KSFFKLOG

Identities (%)
80.0

>
(=]
~NRWHEF WWRENNWN_BROEOHH®

Fig. 3. Alignment of the predicted LPS-binding domain of the black rockfish BPI/LBP with that of other species. Identical
amino acid residues are indicated by asterisks (*). Dots () indicate the black rockfish BPI/LBP. The positively
charged amino acid residues (K or R) conserved in BPI/LBP are indicated by shaded regions. The number at
the end of each sequence represents amino acid identities (%) to that of the black rockfish LBP/BPI.
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32

Pig BPI(ABO34136)

100 | “——————————DogBPIXP 534417)

Human BPI(ABDG6755)

— House mouse BPI(INP 808518)
} -
100 Norway 1at BPI(AAH79318)

100 |: House mouse LBP(NP 032515)
Norway rat LBP(NP 058904)

90

100

Dog LBP(XP 542993)
Human LBP(AAB31143)
Cattle LBP(NP 001033763)
Pig LBP(NP 001121907)
100 [Aﬂamic cod BP/LBP-A(AAMS52335)

100

I
0.1

L Atlantic cod BPVLBP-B(AAMS52336)
Common carp BPTLBP(BACS36093)

Channel catfish BPI{(AAX20011)

Black rockfish BPI/LBP(AB491048)

Olive flounder LBP/BPI(ACV74252)

Ayu BPI/LBP(BAG49475)

Rainbow trout LBP/BPI-1(NP001118057)
Rainbow trout LBP/BPI-2(NP001117670)

Fig. 4. Neighbor-joining tree of BPI/LBP constructed with Mega4. The bootstrap confidence values shown at the

nodes of the tree are based on 2000 bootstrap 2000 replications (DDBJ/EMBL/GenBank Accession numbers:
Black rockfish BPI/LBP (AB491048), Olive flounder LBP/BPI (ACV74252), Ayu BPI/LBP (BAG49475),
Rainbow trout LBP/BPI-1 (NP 001118057), Rainbow trout LBP/BPI-2 (NP 001117670), Channel catfish
BPI (AAX20011), Common carp BPI/LBP ( BAC56095), Atlantic cod BPI/LBP-A(AAMS52335), Atlantic
cod BPI/LBP-B (AAMS52336), Cattle BPI (NP 776320), Pig BPI (ABO34136), Dog BPI (XP 534417), Human
BPI (ABD66755), House mouse BPI (NP 808518), Norway rat BPI (AAH79318), House mouse LBP (NP
032515), Norway rat LBP(NP 058904), Dog LBP (XP 542993), Human LBP (AAB31143), Cattle LBP (NP

001033763), Pig LBP(NP 001121907)).

suggest that conserved positive charge amino acids in
the N-terminal barrel of mammal LBP and BPI (lysine
42, 48, 92, 95, and 99 in human BPI) were involved
in binding the anionic portion of lipid A (Beame et
al., 1998). As these residues are clustered at the tip
of the NHy-terminal domain, they may cause electrostatic
interactions with negatively charged groups of LPS

(Beame et al., 1998; Lamping et al., 1996). As shown

in Fig. 3, basic amino acid residues in black rockfish
BPI/LBP (lysine or arginine 42, 48, 92, 94, and 100
in BR-BPI/LBP) were well conserved at a similar
position (Fig. 3). These data suggest that black rockfish
BPI/LBP proteins might bind LPS, and thus may have
a pivotal role in the innate immune system in fish.

The phylogenetic analysis indicated that the BPI

and/or LBP sequences from mammals and teleosts
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LBP/BPI

p-actin

460 bp

Fig. 5. Detection of the black rockfish BPI/LBP mRNA levels and [3-actin from
various tissues of healthy black rockfish via RT-PCR. The marker indicates

a 100-bp ladder marker.

segregated into two separate clusters and is closest to
that of olive flounder LBP/BPI among the examined
species. Moreover, all the mammalian BPI and LBP
sequences clustered into distinct clades, This grouping
was well-supported by bootstrapping (Fig. 4). The
majority of fish BPI/LBP sequences clustered according
to the species of origin. This result indicates that BPI

and LBP in mammals are molecules of common origin,

9 -

i

BR-BPI/LBP gene expression level relative p-actin

1_
0 ﬂ

BR-BPI/LBP +

and duplication of BPI and LBP genes in mammals
occurred after divergence from teleosts.

The expression of the BPI/LBP gene in the black
rockfish tissues was detected via RT-PCR. The BPI/LBP
gene was expressed in all the tissues of the black rockfish.
Especially, the expression was found to be predominantly
in the PBLs, and less dominantly in the head kidney,
trunk kidney, spleen, and least in the liver, gill, intestine,

+ aoLPs

0Oh 1h 3h

6h 12h 24h

Fig. 6. Quantitative real-time PCR analysis of the BPI/LBP expression in black rockfish leukocytes stimulated
with LPS (50xgml) at 0, 1, 3, 6, 12, and 24 h.



332 Mun Gyeong Kwon - Ju Won Kim - Myoung Ae Park - Jee Youn Hwang - Hyung Jun Park - Gun Wook Baeck - Chan Il Park

muscle after 25 cycles of PCR (Fig. 5). Some kind of
leukocytes are probably the main source of BPI/LBP
mRNA in blood as well. It is thus possible that leukocytes
may be the main source of BPI/LBP in the spleen, heart,
gills, and liver, as these organs are blood filled. This
pattern was also similar to that found in Atlantic cod
(Stenvik et al., 2004) and large yellow croaker (Huang
et al., 2008), which inhabit seawater. However common
carp (Kono and Sakai, 2003) and channel catfish (Xu
et al., 2005), which inhabit freshwater, was a contrast
to black rockfish BPI/LBP expression pattern. In the latter
BPI/LBP mRNA expression was high in the gill, intestine,
and skin. Further work is necessary to reveal the reason
why the different fish species have distinct gene
expression patterns of BPI/LBP.

Black rockfish peripheral blood leukocytes (PBLs)
were treated with LPS and the expression level of
BR-BPI/LBP was examined. The LPS treated PBLs
showed a marked increase in BR-BPI/LBP expression.
Especially, the BPI/LBP levels seemed to reach a peak
in expression at 12 h post-LPS stimulation, and
decreased at 24 h (Fig. 6). Stenvik et al. (2004) repoted
that the possible lack of the main components of the
mammalian LPS-recognition system, including LBP,
CD14, and TLR4, was speculated to explain the low
LPS sensitivity of fish. Moreover, the CD14 and TLR4
orthologs have not been identified in black rockfish and
the other teleosts. Even though, the black rockfish
BPI/LBP mRNA expression level seemed like to lower
tendency, these results indicate that the increased
BR-BPI/LBP mRNA level is an early and short-lived
response to stimulation by LPS. Through further

investigation, we substantiate either the possibility of

LPS-recognition system in black rockfish, or the
presence of CD14 and TLR4 orthologs.

The study of innate immunity of fish has been
hampered by a lack of molecular tools like gene probes
and specific antibodies. Thus, BPI/LBP could become
useful as a molecular tool for the study of innate immune
mechanisms of fish. This information could help explain
the immune system in fish, and might also illuminate

the role of the innate immune system in other species.
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