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[(BE] MEFROISHEKR—RE/EEHRE 1 (bactericidal/ permeability increasing protein, BPI) fY
Uite, M HABEE (Anguilla japonica) T SEREFSERE T WA BPI 3, v AJBPI -1 FAJBPI -2, iXFi4
U AKEIEA BPL SR RRAEME Y LPS 45 & &5t s Al iR & 4R X, Firh AJBPI - 1 R AJBPI -2 TN — ¥
PEEIERR CRRRRMBUERR) MR 12 135, FWIRTH X LPS Y454 11485 % 59, Real — time PCR
KNS5 SIR . AJBPI - 1 FEIEH FRPa a5 00 1) JF AL vh i S Rk i by, UGS, I AJBPL -2 A 5 Al
SRR R, HIREMWK, Poly I. C Ml E. tarda 505, BB AJBPI -1 F1 AJBPI -2 3%
SRR FIE (P < 0.05) , AJBPI -1 2924 PBS X IRZHM 4.0 f5H1 3.3 1%, AJBPI -2 Jj PBS XHRLHAY 2.3 {5 H1
1.7 f%; Z1PS. Poly 1. CFIE. tarda MRS, S0 AJBPI -2 ik RE FH (P <0.05) , LRI Sl i3]
PBS 41114 2.5 f% . 17.0 %M1 7.0 1% Wit HAE LPS Fl Poly 1. C WNET, AJBPI -1 FlAJBPI -2 ik -
P& (P <0.05) , AJBPI -1 %292 PBS XTIEZHY 3.0 f5F0 2. 2 /%, AJBPI -2y PBS XFMRAHRY 2. 0 f5H0 2. 2 4%,
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Abstract: In order to clarify the biological function of bactericidal/permeability-increasing protein ( BPI)
counterpart in teleost, two BPI genes named AJBPI =1 and AJBPI —2 have been cloned and characterized from
the Japanese eel (Anguilla japonica) in this study. Both of the predicted peptides shared LPS binding domain
and Pro —rich domain, and contained N — basic amino acids (arginine and lysine) which the numbers were 12
and 35, respectively, indicating the weaker binding capability of AJBPI — 1 to LPS. Subsequently, their tissue
specific expression was also tested by real-time PCR. Results showed that the highest expression of AJBPI -1
was liver, followed by the head kidney. However, the highest expression of AJBPI —2 was middle and head kid-
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neys, followed by the blood. Moreover, their expressions changed in multiple tissues post different stimuli chal-
lenge were analyzed. When Poly I: C and E. tarda were used for stimulating individually, the expression levels
of AJBPI =1 and AJBPI -2 in spleen were significantly up-regulated ( P < 0. 05), which were approximately
4.0/3.3 folds and 2.3/1.7 folds than those stimulated by PBS, respectively. Only when it was stimulated by
LPS, Poly I: C and E. tarda, the expression levels of AJBPI —2 in gill were significantly up-regulated ( P <
0. 05) , which were about 2.5 folds, 17. 0 folds and 7. 0 folds, respectively. While the expression levels of AJB-
PI -1 and AJBPI -2 in middle kidney were significantly up-regulated after stimulation with LPS and Poly I: C
(P <0.05), which were about 3.0/2.2 and 2.0/2.2 folds than those stimulated by PBS, respectively. The re-
sults will provide some data for the classification and functional analysis of BPI/LBP genes in fish.

Keywords: Anguilla japonica; antimicrobial peptides; bactericidal/permeability increasing protein gene;
Edwardsiella tarda

0 38

PUERK (antimicrobial peptides) X FRTE FFHAIAK, AR KIRGIE RG I EERSGY, | 244
FRAMEAP AT, KT BRI SR, R E/ B EIEHBE ) (Bacteri
cidal/permeability increasing protein, BPI) E—JEHEAIHIREM, & Weiss 251975 4 M+ ki
Mo B R B R, R — AP A G R SE KB E (Escherichia coli) 2K, 1977 4, Weiss %50 A
NZE R 20 i b 43 25 45 31 TP AR, H Isoelectric Point (pl) {E4 9.8, 43-F Bty 58 ~
60 ku, 4 pH fHiA%N 7.0 B, HIRBEANY RS SEMEIGES R, AlRFEF 22 [RIIVER, KAl
YPITECE (Salmonella spp. ) , I, & MAR/BEMEEE A, WAL Y BPI 2 —25M4NE A
BRSO, N i E SRS AR AR, AP R SE R RS R R R 3 PH R
g, AT EAW AT LPS 854, WIMATE, sahG/mmmpmaEER" . 5 CuiRn N s A b
g & bR, ZIXIATESE BPL 4215 LPS 454, IS BPI - LPS &5 W) a5 5 1 32 40 i %
B0 BPLSEE RO AR BT RT

Bk BPL Ak, WHFLShPIINE M4 68 H  (lipopolysaccharide binding protein, LBP) 17351 LPS,
ZHEE TR TR AR S S B A FIERA T . ANZERY LBP A BPL P SUARMINE Bk 45% , o
PRESFAEERL 2 LBP R —Fh SR A T, SANTR AR 2R RSN A R BRI  7E LPS MY
JORE R LBP Ak % HLATIRT LPS W0k 5 74 R E 1 CD14 2541

TEMEFLa T BPI AN LBP WOEER P 9 NS REW] A [m], (B, 7EAd-E 28 b H i Jo ik BT X 55
BPIFILBP' ' ik, # LA BPI/LBP #rn, 324 A1k, CAEZFEEHE b se BERISEE T BPL/LBP 3k
K, ANiTid (Onchorhynchus mykiss) "7 B8 (Cyprinus carpio) "™ | KVGVENS (Gadus morhua) '
FE (Paralichthys olivaceus) ™ | ¥ i (Plecoglossus altivelis altivelis) "' | K # 1l (Pseudosciaena
crocea) " £ £ W (Oplegnathus fasciatus) ', At (Ctenopharyngodon idellus)"®" Fl HA 3k fifj
(Megalobrama amblycephala) ' %, SWiFL5hH) BPI FEPR £ BLAE A MR 20 AN 45 Fh M6 L Fz 20 v ik
AR, #3E BPI/LBP B HAFII I Z R, ISR aE, wfh BP (e 3k fisy, HUOE kL
BEATCRE s HRE BPT DL A RIE s ik i s s Tk BPL/LBP SRR I b 2k A
B XN REME . S8 BPT - 1 FERRIYRUIFRY T Sk i, BPT -2 fe A h A R
WA, SNERIERIES , 28 BPI e st AR a3z LPS Ml 3 h Jm, SRERTFIER Sk B
Y BPL G IR i3z LS Hk 2 h s, WS h BPL/LBP 1Rk SRR

H A88H9 (Anguilla japonica) &3k [ B R FR A s SRINT, 40 B P90 — L IR 4 2 42 g 77
B R R . 3E4 R 1k, DT BB 4T A TR S s A B E SR R = . BPI 2 H S 14T A T S R
SRR IR R G W B B AR, H H R L 68 s BPL A AH DG 9T . R T, A ST s
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SMARTer™ RACE $i A, M HAES [ b 7 p . % BPI 3EHF 4, 3 — 4 F) H Real — time PCR $
A, WFFAEIE R SR AN T AR, BPI R AE H A8 A N 5 AR b O MLAEE, LASYN I A
4 BPI/LBP SE R 5325 | dn s ML D) Re SIS %

1 M¥5TTE
1.1 SREM IR AbE

H A8 ( (203 £53)g) , W TRAEEEHEIRNFK T IRIEIEN . TOKIE (28 £2) CEFR1 A, RE
HABBERIR, 8, O, AEIE. B, . MIE, KB, PE . 82 MIRFERSEHEY 88 Tk,

RO . IS, 3 PBS XML, LPS H 4L (0.01 mg/g, Sigma) . Poly I. C Hl¥# 4l
(0.01 mg/g, Sigma) . REZMALLENLA (2 x10°cfu/g), TEFSHF8 h, 16 h, 24 h A 72 h %
R B BRI ) R AL AR 8 2
1.2 BPIEE cDNA FHIH) 52k

F2 100 mg H ASBB AT 2H 20 Trizol® Rreagent 857 & $EHUH BL RNA, BAKRERAE 2 2% 4 0T
X 20 RS R FL T A6 B v (NanoDrop2000, 3E[E Thermo) il AT H2HUE RNA )58 4
PEFNZERE , B RNA (1928 S 118 S 2 &M H. Dygy/Dygy N 1.8 ~2. 0 i, JRIFHT F—5286, B,
&L RNA £ RNase — free DNase I (New England Biolabs Inc, [ ) 4b#¥, F5% (SMARTer™ RACE
¢DNA Amplification Kit, Clontech, JE[E) FRIGEE—HERIH

T3 AT A8 0 H AR BB UE RN B IE cDNA SCHE, 3RA% BPI JER B EST 741, it (W
1), HATHEA PCR Y, K4F BPIEEF 1 57R1 3/ K% cDNA J741, i —L¥t519, 4 PCR Y
1, BRI cDNA 51,
1.3 BPI ERAFIIHY I

HH A6 LA, 228 MiniBEST Universal Genomic DNA Extraction Kit Ver. 4. 0 ¥ & ( TaKa-
Ra, HA) UM, $2HCH ARBBERILZH DNA, MRIEC 285 095 2K cDNA FFA) B4t s |
Y1 (WF1), ¥ 1% BPI LR ZH DNA,
1.4 Real - time PCR

B4 g faRE H A BB S0 5 RNA, 28 DNA BEAbPR I 545 5%  (GoScripTMReverse Transcription Sys-
tem, Promega, E[E) FLUI# Real —time PCR #42, F RNAase free water #ile— e IRAE . &,

PL B —actin NS IEH | FE LightCycler 480 1T S22 & PCR A b EAT S K 5 20 M, qPCR &2
MAKZUT . 2 x LightCycler 480 SYBR Green I Master Mix 10. 0 wL, FiBeJ5 0 cDNA #iti 4.0 pL, 1F.
RS (10 pmol + L™') £ 0.5 pL, PCR - Grade water 5.0 wL, RV 4. 95 CZA50E 20 s, 58 C
IBK20 s, 72 CHEM 25 s, 40 DMEIR, SR TREWE R 81°C o SRLZEHF 7M™ Wy 28
FIWTHAE RN, LB - actin fE RN SN, BREERREC 48 VIR AJBPL R B — actin JBORIAE i S HEY
AR T I BEAT PCR 47HY 2l b i 2 o mi b H 3025 L D B9 9 Rk
1.5 EMERESH

FIFH NCBI W35 Blast #4751 FEXT (http ://blast. nebi. nlm. nih. gov/Blast. cgi) ; i#id ExPASy A9
BE T HARAS BPI RYEFEAR ¥ 5 (http . //web. expasy. org/translate/ ) , - ExPASy il BPI 2 02 197
Fi Ml pl {H (http://web. expasy. org/compute_pi/) ; F SignalP 4.1 Server F£ 7535 5 K (http ./ www.
cbs. dtu. dk/services/SignalP/) ; FH Pfam F2/5%43#T BPI A 25438, (hitp ://pfam. xfam. org/) ; FIF DNAman
BAFA TR BRI M Z E I B MEAGS. 0 514, SRISPAARERE (NI ) MWERFELEW,
1.6 HIRZITHH

FH Excel 1 Spss18. 0 #AF A TEHE T, FBE R R I 2250811% (ANOVA) 43#7 LPS, Poly 1.
C 1 E. tarda FIFUGHET Y Fi5 025 FIH Dunnettt — Test (2 - sided) AT 2 A, i £dia
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YIHEE + bruii 2% (SEM) B RFER, P < 0.05 FREREEH, P <0.01 FREFWEE, H
JiE| GraphPad. Prism. v5. 0 BAATER

x1 s14F5
Tab.1 List of primer sequences
5144k JFA(s" -3") LK i
Names of primer Primer Sequences temperature/°C Applicant
AJBPI - 1F1 AAGCTGAAGCACGGCCTTCCTATCC 6 %—% S'RACE  5'RACE 1" round PCR
AJBPI - 1R1 CGTCTTTAATGGCAGGGATAGGAAGGC % —% 3'RACE  3'RACE 1" round PCR
AJBPI - 1F2 ACAACGATGGCATTGCCTTGGCTCAA s %5 4 5'RACE  5'RACE 2™ round PCR
AJBPI - 1R2 CAGAGCTGTCCTTCCTCCAGTGATGAGA % "4 3'RACE  3’RACE 2™ round PCR
AJBPI - 2F1 AGGACTGAGCATCACCTCTCGCATCAC o %5—% 5'RACE  5'RACE 1* round PCR
AJBPI -2R1 TTTCCGCTCCCGCATTGGCAAGG %5—% 3'RACE  3'RACE 1* round PCR
AJBPI - 2F2 TGCTGAGTTGACGGTGAAGGAGGACA s ¥ "% 5'RACE  5'RACE 2™ round PCR
AJBPI - 2R2 CCCGCCGTGGAACTTGACTTTGAC % "4 3'RACE  3’RACE 2™ round PCR
vpm  CPMTACGAGIGACTATAGGGCANGEAG = G iy RACE Ak 1 o PeR
NUPM AAGCAGTGGTATCAACGCAGAGT 60 % "% RACE RACE 2™ round PCR
AJBPI - IF ATGAGTGGGGATGTCAGTCTC s JEHIBGAE Sequence confirmation
AJBPI - 1R TCAGAGCTGTCCTTCCTCCAG JFBNHEIE Sequence confirmation
AJBPI -2F ATGTTGACCGCGTGGTGTGT s4 JFBNEEIE Sequence confirmation
AJBPI - 2R GGTGACATCCCTTGATGCTCA JF I IE Sequence confirmation
gAJBPI - IF CCGATAAAATG ATTCCCCCAC sg EIEE 1 PCR Real — time PCR
qAJBPI - 1R CAGAGGCAGGGT CGAAAAAG 3% 5E 5 PCR Real - time PCR
gAJBPI - 2F CACTGAATG TGCTTGCCC s 2¢HEE i PCR Real - time PCR
qAJBPI -2R CTTGCCAAT CTCGGGGATG PINCAEE PCR Real — time PCR
AJ - actinF TCACCACCACAGCCGAAAGG 0 P E i PCR Real — time PCR
AJ - actinR CGCAGGATTCCATTC CCAGGA )52 i PCR Real - time PCR
MI3F CGCCAGGGTTTTCCCAGTCACGAC 0 T Sequencing
MI3R AGCGGATAACAATTTCACACAGGA DT Sequencing

Y. BN RIRAR M TR — AN T, IR R 6L TR — A T

Notes: Nucleotides sequence underlined is located in the former exon, that with wavy line is located in the latter exon

2 #R
2.1 HBEZB4 A/BPI BEEF S5

I\ H A SR AT AN I cDNA SCEEHR IR 21 4 BPI Y EST F41, @it RACE, PCR vl AIFF3
PHEZ, A5 HARGEEEI 2% BPIL 1Y cDNA J¥3, 43ilfn 444 AJBPL -1 F1 AJBPI -2, AJBPI -1 ¢cDNA &K
1617 bp, £U4% 5'UTR 207 bp, JFiFEHE (ORF) 1278 bp (4wfish 425 MR ILFRFEHL) , 3'UTR 132 bp
(UL 1), P HRTA R/ 7 i st 4 46. 26 ku, pl {E 4 8. 58, AJBPI -2 ¢cDNA 4K 1911 bp, U35 5'UTR
93 bp, FFHLBIEZHE (ORF) 1422 bp (4% 473 NEILRGEFIL) , 3'UTR 396 bp (UL 2), T FTHA L
S FRE N 51.74 ku, pl {H410. 11, 181 Phyre2 XHUEAK AJBPI - 1 A1 AJBPI -2 —ZRZE TN, 2%
T 3 I B - Bk, Sk 53% F1 48% | LA AT AIBPI HL i I £ AT E
HKH o - 1855, H A58 21% M 26% , it SWISS - MODEL i, % BLHi e Ak AJBPI - 1
AJBPL - 20 = E5HARMRL, BVEATA “WRIRESHSIT”, ARG HFRITH N - Fl C - R 2d LR 5k
FHun iy g - PrsiEsE (WK 3).,

WINPT AJBPL A N Smad JERRFR I T il M1, AJBPI — 1 S SR M RS CR 7 ly 4 A s, b
F AJBPI -2 (12 f135) (WE 1, 2 fi£2),
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ACCCAGCAAGACAAC
ccrececrcecrccreceT
TGTCCTCACGGACAA
CAGATTCTGCAAGCT

TCCGTGCATTACACT

S Vv H Y T

TCTAAGACGGTGTTG
CTCCCTGGCCGTTTG
GGGACTTAAGTTCGG
CAAATCCCAGACRATJ|
M

CTGCCGGCAGCCTGT

CGCCATGGCAGGCAA

CACGAAGGTGGGACA

AGTGGGGATGTCAGT
S G D v S

TAAGATGTGCCGGTC

CCCCGCCATAAAGGC

GAGTGGCTCCAGGCC
CTCAGCATACTGGGC
L S I L G

CTGAGCAGGATGGGC

L s ® ™M G

GTGGCTAGGTTGAAC

v a ® L

N

ATGCCCCTCCCCTCC

M P I P S

GTGGTGTTCTCTGAG
v v E S E

GGGACGGGGGTGCAG
G T G V. QO

GTGGACCTGACCGGC
v D L T G

TTCAACATGGCAGTG

rN M A v

AAGGGGCAGTGGAAC ACACGCTACTTATTT ATACGGGACGGAGGC ACCTTTCGGCTGGGT

ATGTTCAACGTGGGC GTGTCCCTGCAGCTC CAGGTGGGCAGCGAT GAGAATGGCCACCTG

TCTGTCTCTAGCGTC CAGTGCAAGTCCAGC ATCGGCGCAATGGAT ATCCTCTTCCATGGA

GGAGCCAGCTGGGTC

G A S w v

I G A ™M D

I I E H G

CTCCAACAATTTGTG

L Q Q F Vv

ACGCAGTTCAAACGT

T Q B

GTTCAGGAGAAGGTC

TGTCCGACGTTTGAG

CGTGGAATCCAGCGC

® ®

CAAATACAGTCCCAG

Q T Q S Q

CTGGAGAGCCATCTA

L E S H L

v o E ® Vv cC P T F E ® G I © ®
GCGGCCATGAATGTG TCCATCCCGCTGTAC CGCGTGCTGCTGTTA GACATGCCACTCACG
A A M N V s I P L Y R VvV L L L D M P L T

AGCTCTCCTGCTATA
S S P A I
GCCCAGTGTCCCAAG

CAGGCTTCTGACCTC
Q A S D L

AGTCTGGATTTCAAG
S L D E K

GGCGAGTTCTACAGT
G E E Y S

GAACCGCCGTTTGTG

TCCGAGAAGTTCCAG

CTGCCCCCGCAGGAG

A Q C P K E P P E A S B K E Q. L P P Q B
CGCTTCATGCTGACT CTGGGCGTGTCCAAG TTCTGCCTCAACTCC GCGGCCTTCGCCTAC
R E M L T L G A4 S K E C L N S A A E A Y

ATGTCCACCGGCCTG
M S T G L

CTCCAGATTAACATC
L QO I N __ I

ACCGATAAAATGATT
T D K M I

CCccCcccCcAcCcATTTCCCC
P P H E P

ATCCACCTCAACACC
I H L N T

TCCAGCTTCGGACAA
S S E G Q.

TTTGTCCCACAGCTT
F_V_ P O L

CCCAAGCTGTTCCCC
P K L E P

AACATGCTGATGCTG
N M L M I,

TTTCACGTGTACACG
E H A4 Y T

TCCAGCACGCCCCTG
S S T P I

GTCTCCCTCCTGCCC
v S L L P

GATAATGCCACCCTG
D N A T I,

CTCCTGTCTGCCTCG
L L S A S

GCCAAGGCCTACGCC
A K A Y A

ATCAAGCCCAACTCC
I K P N S

TCCGCCCTCATCCCC
S A L I P

CTCTTCAGACTCGAC
L E R I, D

CTGAGCGCCAACATT
L S A N I

GGCGGTAAATTCTTT
(€] G K E E

GTGGAGGACATGACG
v E D M T

CTGAAGGGATCACCG
L K G S P

ATGCTGAACAACTTC
M L N N E

ACGCTGACTCTGGGA
T L T L G

GCCTCTGAAGTGGGA
A S E V. G

ACTTTTTCGACCCTG
T E S T I,

CCTCTGCAGAACGTG
P L O N _ Vv

CTGAATGTGGGGATA
L N v G I

ACAACGATGGCATTG
T T ™M A I,

CCTTGGCTCAATGCA
P W L N A

AAGCTGAAGCACGGC
K L K H G

CTTCCTATCCCTGCC
L P I P A

ATTAAAGACGTCAAT
I K D v N

TTGAGCAATACTGTC
L S N T A

CTGAAAGTGATCAAG
L K v I K

GGGTTTGTGGCCGTT
(€] E A% A v

GCTACGGACGCCGCA
A T D A A

GTCTCATCACTGGAG
v S S L B

GAAGGACAGCTC[TGA
E_G _Q L *

CAGCAAGTTCCCAGA
ACAACTGACAATACA

AAATGCTTCTCTTTT
CATACCTTTTACAAA

TTTTTTAAATATAAA
AAAAAAAAAAAAAAA

AGAGGGACCAGTCTT

TAACTGCACTCAGCC
AAAAAAAAAAAA

-85 -

VLI AE R R )Y 5 b, 2 I AL A5 5 DML TR 4R 3R 7R, Poly(A) BB JH AHA T R 4k 7R J7E LR 17 91 v, LPS 45 4 3 H)
B 56 3R N=3ii Rl C— 3 45 F 3k 23010 A BT R 2 Al R R 2k 3R 7R, N3 s 0 2 0 % 0 12 LA ) B 2 7m

Notes: In nucleotide sequence,poly—adenylation signal (AATAAA) is bold with a straight underline,and poly (A) tail is underlined and italic.In the
amino acid sequence,LPS binding domain is shadowed,and domains in N—terminal and C—terminal are a underlined with straight and wavy,respec-
tively.The arginine and tyrosine at the N —terminal are circled

B 1 AJBPI-1 #E cDNA £+
Fig.1 The full-length cDNA and the deduce amino acid sequences of AJBPI-1 gene in Anguilla japonica
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CAGTCTGTTAAGTTG CAAGCCAGAGTGTGA CTCCACTGAAAGCTG AGGACACGTTTGCAC

AGGACTCAACCACTC AAGCAGGTATCTGTG GTC

G TTGACCGCG

M

3 r A

TGGTGTGTGCTGGCT

w_ < v L A

CTGCTGGCTCTTCTA CCCCCATCTCAGAGT GTCAACCCTGGTGTC AAGGTCAGACTTACA

. I A I L

P P s O 2 S

A4

CAAAAANGGCGGCTGCGGAA TATGCGGCAGGCAGATA GGGATGGCTATTCTG CAGAGCAAGCTGAAG

TCCATCAAGTTGCCT GACATGTCGGGAAAA GCGAAGGTGTCTCGC ATTGGCAAAGTCAAA

TATAGCATAACAGG GATGAAGATTACTTCC CTTGGGCTGCCCACG ACCGCCGTGGGGCTG

GCGTGCCAGAANANCTGGA

I =] I P T

T PN ~ =] I

GTCAGTTTCTCCATT

GCGCGAATGCCTTCAT CAGTATCCATGGCAAAN

hY P = T G ~ s B s T PN N PN B T s T FH c &
TGGCGAAGGTCAGATTC AAGTTCATTAAGAAC AGGGGCTCATTCGAC CTGGCCGTGAGAGGA
w o) v D) E o) E F o) ~N R <} s E D i AV B®DG
cTrcacCcATCACCTCT CGCATCACCCTGCGA AGCGCGACGAGACGGGG CcacGecoecaancCcocagTCAGC
h s T T s D) T T T D) s D = T G ® P T v s

AATGCCAACTGCGTG

~N A ~N < v

GCCAGGGTGGGCAGC

A @ v a s

GTCAAAGTCAAGTTC

v (@) v

& F H <] <]

caArACGcGcCcaeaaecCceacoa

A S

TGGCTGTACAACCTT

w I X ~N I

TTCCGCTCCCGCATT

() T

E R S

GcGGCcaAAaAGGCTCTTCGT

s ® A L

CcCAGATCTGCCCCCGG

(o] T (e} P

()

GTGGCTGATGCAGTA

v A D A v

TCCGAGATGAACCCC

=] B ™M ~ P

ARNGGCTTTAGAAAADN

B @®

S ® A L

CGCCTAAAANCACTG

[T N S T S

AATGTGCTTGCCCAA

~N v i PN o

GTCATCACAAAAGAG

v €T s i B

GCGTGGACAAGTATGCA
A4 D joe Y A
TTCATCAATTTTGAC

E X N E D

GAGATTGAATATTCG

=y T ® e s

cTrcanaceccccaAacTTC

L = (€] E E

ATGGTCGCACCTCCC

™M A4 PaN P p=d

TACAACATTGCGAAAN

X N L S =

CACCAGGAACCTCCG

H (@] B P B

TTTGCTGCCACGCCC

E A A T B

TTCTCCCTGCTTGCC

E S I I A

CAGAACACCAGCATG

(@] N T S M

CTGTACTTTGGACTG

L X . S I

TCCTCCTTCACCGTC

S S N T AYA

AACTCAGCAGGTTTT

N S B S E

GTCTACAACAAGGCT

A Y N K D

GcGAATCCTCAGCCTC

< I I S I

TACATCACAGACGAC

X xT T D D

ATGATCCCCCCGAAG

™M X 154 i =

TCACCCCcCTCCGACTC

s isd L. R xI.

AATACCAAGACATTC

N T = T E

GcGAaAGCCCTTCATCCCC

[E1 A E I B

GAGATTGGCAAGCGT

B I (€] K R

TTTCCCAACCTGATG

E B N I M

ATGAAGCTGCTGGTG

™M 159 I I A4

AAAACGTCCAGCCCG

K T p= S P

cccaacaATCACCTTT

154 N xT s E

GAGCGTGACAACATG

i=H R D N ™M

ACCCcTGCGTGCAACG

T xI. R 2 T

GcGCcAaACCcacTGACCGCC

[} T AYA s AN

TATGCCATCCAAACA

b 2 I (o) T

AATGGCACCCTGGCG

N je3 T I D

ccccTcTTCcATCCTC

B I E I L

ATCCTGGACACCAGT

I I D T S

GTCAGTGCTCGCGCT

AYA S A R A

TACATCACCGGAGTT

X I T S A4

AANACTGCGCTGGAACC

K I A S T

GTGGCCCTCAACAG GATTGGCCTGACTGTG

A4 2 I, N R

L S I T AYS

GGCACAAGCTATGTG

< T S X Y4

GGCCCATTCCAG GTGAAATCGCTTGAAAAT

< P B (&) A4

K S I B .

ATCCcTCCTGCTTGTT

T I, I I, A4

CTGAAAGTGGCTGTT

I K AN 2 Y4

ATCCCCCAGGTCAAT

€I P Q Ave ~N

GCTCGCCTGCAGCAG

A R I, (@] Q

GcGocrTrCcCcGcCcTCCCC

S E P xI. P

ACTCTCGGCAAGATG

T xI, S = ™M

AACCTGGTCAACCCT

N xI, AVA N P

CAGCTGCAGGTTCAG

(@} I (&) V4 (@}

AAGGACTACATGCTG

K D X ™M €I,

ATTGGAACAGATGTT

T S T D Y4

CACTTTGAACCATGA
H E B P *
TTCGGTTATTAATGT
TTTCGACACTTATGA
ATTCTGCTGTACCAT
ACCTAAATATTAGGA
TTrcTrecTTTACCTTTT

TAAAAGCTTCTATGA

GCATCAAGGGATGTC

GAGCACTGTACTCAA
GAATTCATAGGATGT
GATGTTAAAATTTGA
TCTCTTTTCAAAAGT
ACTTGGCACTCACAG

ANNCACAAAAAAAAA

ACCTCACATGACCAC

CGCTGTTTTCCGTGA

ATAAATGCTACAACA

TTATTAATGAGTATA

GAGCTCTTGTGAAAT

AACTTTAATTCCTCT

AADAAAAAAAAAAAAAAAANAAANAAANA

AAAGAATCCATTGCA

CTGCATTTTGACTAT
TAGCCTCTCAGTATT
TCTGTTTGCGAATAAARND
ACTCATGCTTTTACT

TAGTTTGGATCTTAA

AAAAAA

UL PR R )T A h 2R AT IS S FRLIR R R 28 32 7R , Poly(A) R FAHMA T R4k Fe7m . 78 &1 )7 91 b LPS &5 & K
FABARE 7R N-3iig R C— 3 45 F4 3070 T30 LA BT S0 e R TR T 3l 4 3R/, N— i il 220 2 R % 0 L 1) e 3R
Notes:In nucleotide sequence,poly—adenylation signal (AATAAA) is bold with a straight underline,and poly (A) tail is underlined and italic.In the

amino acid sequence,LPS binding domain is shadowed,and domains in N-terminal and C—terminal are a underlined with straight and wavy,respec-
tively.The arginine and tyrosine at the N —terminal are circled

2 AJBPI-2 EF cDNA £+
Fig.2 The full-length cDNA and the deduce amino acid sequences of AJBPI-2 gene in Anguilla japonica
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~/NH,~terminal |mi COOH-terminal
barrel B sheet barrel

a) AJBPI-1 b) AJBPI-2

B 3 H SWISS-MODEL %l # # AJBPI S &8 H = REH

Fig.3 The three—dimensional structure of AUJBPI from
Anguilla japonica predicted by the method of SWISS-MODEL

K2 BEBPINFEIEE

Tab.2 Sequence information of BPI from teleost

o N ffhﬁjﬁ’ﬁ N Jﬁiﬁ’i 5 AJBPI-1H) 5 AJBPI-2 )
e e " bt o
Sf)%ejis Aaﬂéci:on G%e f’f‘g Thelrfulmizr of Theﬁzu‘lrrlibzr of Isozllﬁﬁc jﬁéﬁ%rrf/ja% iﬁ@%&%i
no. lysines at arginines at point Similarity Similari
N - terminal N - terminal with AJBPI -1  with AJBPI -2
H AR 88 45 Anguilla japonica — BPI -1 | 4 8 8.58 100/100 44.70/32.770
KPGEEAE Salmo salar ACI33182.1 BPI [ 7 4 5.48 56.47/44.47  50.10/36.78
ST Oplegnathus fasciatus ~— BAM21037. 1 BPI 1 10 4 4.65 56.00/44.47  49.47/35.94
K# A Larimichthys crocea AB032254.1 BPI [ 11 4 5.13 51.29/40.00  46.82/34.11
H AR 884 Anguilla japonica — BPI-2 1l 20 15 10.11 44.70/32.70 100/100
W13k Megalobrama amblycephala  AIT76553.1 ~ BPI/LBP 1l 16 4 8.85 48.47/33.88  73.78/64.40
B SUR M Jetaluru spunciarus AAX20011.1  BPI/LBP 11 17 7 8.19 48.7/35.52  73.99/63.84
§R8E Cyprinus carpio BAC56095.1 BPI/LBP 1 19 5 8.82 50.35/34.35  74.84/65.11
¥ Paralichthys olivaceus ACV74252.1 BPI/LBP 11 17 6 9.59 50.35/36.00  73.78/64.27
UTE8 Oncorhynchus mykiss BAB91244.1 BPI/LBP-2 I 19 6 9.34 50.11/36.23  76.53/67.65
L8 Oncorhynchus mykiss BAB91243.1 BPI/LBP-1 1l 14 9 9.07 48.70/35.05  77.58/68.71
T4l Plecoglossus altivelis altivelis  BAH11125.1 ~ BPI/LBP 1l 19 15 9.67 52.00/36.23  77.91/69.21
KA Osmerus mordax AC009816. 1 BPI I 12 7 9.61 51.29/35.52  79.14/70.00
A8 Oplegnathus fascias — BAM21038.1 ~ BPI/LBP I 23 15 10.18 49.88/35.29  76.95/66.80
KGR Gadus morhua AAMS2335.1 BPI/LBP -1 11 18 12 10.02 49.41/34.11  68.28/57.50
KPGFEH Gadus morhua  AAMS2336.1 BPI/LBP-2 I 18 12 10.05 49.17/33.88  68.07/57.29

JPIRGESS | B £ 28 KL sh ) v e U A0 A BPIFF S (GenBank B5E5 1L 3), 7L E
FeXt, 25K, B WRh BPIHSEAG ST H LPS 4545 45 Ak B A — X o7 B [ 5 09 —ai s, LA SOl
PR & SR SR I, E BIARRUE U X 285 SR s, AJBPI -1 7515 K P4 it AR A 5 e (56. 47% ), H:
UCH %A 1H(56.0% ) ; AJBPI =2 J¥5) 58 I ARAUPE fe i (79. 14% ), HRONEM(77.91% ) (WL
#2) . FIH MEAG4. 0 A NJ R VEALM (Jones Taylor Thornton model, JTT #i%1) | R4 k4L
BN SR R . WELSI R — K3, Mg K 5 —RKI, Lo a2 o M.
AJBPI -1 5K PG | S AR B A BB 1 BPI 3L A —37; AJBPI -2 S5 6% 1 1 BPI
HHEEH—L (WE4),
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Tab.3 Aaccession number of other species
Wt Bk o R
Species Aaccession NO. Species Aaccession NO.
N Homo sapiens AAG4A2844. 1 F Bos taurus CAA36797. 1
FUBHE SR Nomascus leucogenys — XP_003253614.2 KR Oryctolagus cuniculus NP_001182733. 1
/J\ R Mus musculus NP_808518. 1 E‘T’% Sus scrofa ABO34136. 1

K Meleagris gallopavo
KEEN Ailuropoda melanoleuca

XP_003212156.1
XP_002915210. 1

R Canis lupus familiaris XP_534417.2

5 Equus caballus
e Xenopus laevis
s e Xenopus tropicalis

XP_001502529. 1
NP_001086208. 1
NP_001107736. 1

97

27

70

99

96

—|: Megalobrama amblycephala BPI/LBP
100 Cyprinus carpio BPI/LBP

Oncorhynchus mykiss BPI/LBP-1
Oncorhynchus mykiss BPI/LBP-2

100

Plecoglossus altivelis altivelis BPI/LBP
Osmerus mordax BPI

Ictalurus punctatus BPI/LBP

>H§!

—— Paralichthys olivaceus BPI/LBP

100

99 L Oplegnathus fasciatus BPI/LBP

@ Anguilla japonica BPI-2

—— Gadus morhua BPI/LBP-1

—

100 L——— Gadus morhua BPI/LEP-2
@ Anguilla japonica BPI-1

100

100

Salmo salar BPI Iﬂ

—— Oplegnathus fasciatus BPI

55

) — Larimichthys crocea BPI
100 Xenopus laevis BPI

Xenopus tropicalis BPI

Meleagris gallopavo BPI

100

45

100

67

25

100
—al
—98|: Ailuropoda melanoleuca BPI
—l

Oryctolagus cuniculus BPI
Homo sapiens BPI
Nomascus leucogenys BPI
Mus musculus BPI

Equus caballus BPI

Canis lupus familiaris BPI
Bos taurus BPI
Sus scrofa BPI

4 HAH[ AJBPI 5EHMYHME BPIEERSEAXE 7
Fig.4 Phylogenetic analysis of BP/ amino acid sequences from Anguilla japonica and other species

2.2 AJBPI -1 1 AJBPI -2 JLHTEARILHL (15540

FIH Real — time J7 5434 AJBPI — 1 #1 AJBPI =2 15 1F 88 A [F] 41 28 il e ik i, 45 R s .

==
H\

TR HABREREIAE . B, RR . ORIV

KL L M, BB/ R ERIATYA

Fes ek, JUHJRAERTAE, H8 0 AL, KWL B2k, Mh RS EE R, AJBPL - 1 7R AE A% %
Rk wm iR, & B - actin 190.075 f%5; W AJBPI -2, 7ek'E M RE B &, 2B - actin 1Y
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0.44 £5, W5 KB RMB H AJBPL -2 e B3 F AJBPI -1 (P <0.001), 1P A AJBPI -1
M B E B T AJBPI-2 (P<0.01) (WES5),

600
3 AJBPI-1
AJBPI-2

IN

()

o
1

[\°]
=]
S

W
(=)
T

—_

(=)

(=)
)

MANNNNN
AN

N

9
(=)

Relative expression to B—actin

AHXFF B-actin Fik 2 (x1000)

MANNNNN

FEkR Ttem L MK SP HK SK. B 1 G H S SB SG
AJBPI-1 75.28 4175 2706 1688 1597 1479 881 490 372 194 171 046
AJBPI-2 12.04 43565 2128 43051 2774 12938 7.3 728 247 179 414 026

6.25 0.10 1.27 0.04 0.58 011 124 067 150 1.08 041 1.80
AJBPI-1/AJBPI-2
sk *okk *okk *ok

YL B LA 2 (B 45 HE DR R (N=6) o L— ATk s MK— ¥ SP—JiUIE s HK—3k W s SK— B ik s B— 1L Wi ; 1— 1% s G—i
H— O E;S— 8 ;SB—#E; SC—1E it . AJBPI-1 Fl A JBPI-2 33k it (1 AR W SN AL 3R v | () — AL 0P 1 4> B R 110 3R 38 1 248 1
K46 )5 |, *P<0.05,P<0.01, **#P<0.001

Notes : Data are shown as mean = SEM(N = 6).L-Liver, MK-Middle Kidney, SP-Spleen , HK-Head Kidney, SK-Skin, B-Blood , [-intestine , G-Gill ,
H- Heart,S—Stomach ,SB-Swim Bladder,SG-Sexual Gland.Expression ratios of A JBPI-1/A JBPI-2 are also shown in the table.*P<0.05,**P<0.01
and *#%P<0.001, by t—test

B 5 AJBPI-1 %1 AUBPI-2 EFE# H ALEE{ AR HAL/FR/REFHEMNRIE=E

Fig.5 Expression level of AUBPI-1 and AJBPI-2 in multiple tissues/organs from Japanese eel
2.3 SRERBE AJBPI -1 1 AJBPI -2 HERERIETH

R T BRG] S R385 % AJBPI — 1 1 AJBPI - 2 R ik B Y520, AR S256 ] LPS ., Poly
1. CHlE. tarda 5353 H A6S 65, 2558 BIR .

JEHEH 28 Poly 1. C 1 E. tarda B35, AJBPI -1 By KRR AR R E, 2094 PBS Xf
HAY 4.0 F5F0 3.3 £%, MBS 16 h, AJBPI -2 MRk H B2 B (P <0.05) , 20514 PBS X HAZH
(2. 3M5M1 1.7 f%, 2 LPS JlFJs, AJBPI - 181 AJBPI -2 [)ZRikKF TR EZM (P > 0.05) (WA
6).

B 2 LPS, Poly 1. C Ml E. tarda $I¥J5, AJBPI -2 fFL WA FiH, Hd, LPS Al Poly
1. CHIIG 24 h, AJBPI -2 Fikihes, 43010 PBS XHRLLAY 2.5 571 17. 0 %5 E. tarda FI3J5 18
h, AJBPI -2 FKiktiixim, N PBS XTIRAANY 7.0 f%, Wiz =F BRI S , AJBPI -1 (R iEaY
TREZ (P >0.05) (WEG6),

i 2 LPS Ml Poly 1. C MM 5 16 h, AJBPI -1 Fl AJBPI -2 MR KEH B E FH (P <
0.05) ., Frfr, LPS MG, AJBPI -1 FIAJBPI -2 435 PBS Xf BE41AY 3. 0 /5 M12. 0 f5; i Poly 1. C
IS, AJBPI -1 F1AJBPI -2 352k PBS XFHEAHIY 2. 2 %, SR, E. tarda F¥J5, P AJBPI -2

MFRIBET R EL (P >0.05) (WWE6),
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Notes : Amplification of B—actin in each tissue is performed as an internal control.Vertical bars represented the mean + SEM(N=6).

#P<0.05,**%P<0.01 and ***P<0.001 ,1—test
B 6 HA&tEtR AJBPI-1f1 AJBPI-2 % LPS.Poly I:C #1 E. tarda %l ja # & 1%

Fig.6 The relative expression of AUBPI-1 and AJBPI-2 in Anguilla japonica after mtraperltoneal injection
with LPS, Poly I:C and E. tarda
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3 iTig

BPI J&2—2K 54 LPS 25 & 45 A sl Al 20 MR & 46 X AU PHES Ok, il ad LPS 25 & 25 ik 55 4 2
[CPAER R IE 2 R AR LE A, Il RIS HTER

TG, W BPL N St 2 W ol AL U, mat # A E RS LPS ORI A DX Rt 07
S, MR, BERPUETEMY . CARE, A0 BPI -1 B N S A 4 AR &R A
10 MR ; BPT-2 B9 N 38 15 SRR A 23 Mgk ™, 35 R BPL/LBP N 354 6 4>
K& A 19 MR . AW AJBPI - 1 1) N St & A DA PHES - 2580, B 8 MRS 4
ANHERR, 1 AJBPI -2 B N ¥4 15 AR E R 20 MERR . 14595 O G819 240 85 19 BPI
AL, BUA RS HT T AL, 18 BPT A WS 5 E AT 108 BPL, HIL, #EW AJBPI -2 5 LPS ()
SERUEGE . Hk, REYE Ml Hl, AJBPI -1 S8 28 BPI/LBP 3L H AL 51.29% ~
56.47% , Hoh 5K PUVEEE BPT SEPIARLIEE B3k 56.47% , AJBPI -2 561425 BPI/LBP A 535 FI AH
IR 68.07% ~79. 14% , Horp 58 ) (MR =53k 79. 14% ., e, AJBPI -1 5188 a2 BPl 3k
BN —3Z, 1 AJBPI -2 5188 28 BPI/LBP 3£ BN 7 — K3, RAELI LS5 ATAL, AJBPI -1
AJBPI -2 JEHBRHEFE S MRS 54z ot 28 09 BPL RN BPI/LBP FEH, BIfa25 1 %1 BPI Fl
11 # BPI.,

025 1 R BPI EEAE PR AN AN L b SRk A BPL - 1 SEDIEEIFIE . DGUIE v R R
K KA BPTIERAERFAE . Sk, DR Ras L ARIFSTAY ATBPL - | A8 BRI 9 45 A~ 41 47
A RS, BAERFE . S MMIE b s ek X R H AR BPI - 1 JER AL 5 Eik a2k
BPI FEPR L A AL, SR PEDT Y B0 LPS | 5 75 20 B i) 8 T 8 2575 5 028 BPT SE Rl 3¢
Ko WE. tarda FIESHITINTE (red sea bream iridovirus, RSIV) S5, £ 60 BPI - 1 £ TEk
B A g L ZIEEINE (Vibrio alginolyticus) MK K (Nocardia seriolae) KBS,
KBS W Bl B SERULA R BPT LR KA B E B AR kKB, A LPS,
Poly I. C FlE. tarda 535413 B A8 b s | BAEFIGERS, FEh AJBPI -1 MRS RIA R E L
P&, 7E Poly I. C FNE. tarda JFIAEH AJBPI -1 B A H BA W &2k, Mt AJBPI -1 ()
FERBW TR EAM, WIELL FARATH, BPI -1 EEAEMNE | B EAEE IAS B b Ak,

11 29 BPI 2 5 1 B BPI BN R AAISA] A, W85 BPL/LBP JERAE IR Sk B 1A %
B F ) BPLIEN EEAE MY, Mk, 88 Bl M b R AT A AR BRI -2 3 E
BRI . AR I B E b s Ak ) BREEAG BPI RN E AL L P UM il AN R
KU KPS BPT R F2 B e A0 JE i Sk B Rt BEA B I BPT R LE R,
B WP R Bk BPL/LBP S B . R WL L M. O
FE ) ARWFSHY AJBPL -2 163K P MR R R R, AR SCEE SRR, TR 2R g
H, HAES S BPT -2 FEP 25040 FN Lk 625 11 B BPT (20215 A AR R .

SEUEPEDUIE Y BRI, JO0E B 88 9T AE A T K PG 65 1Y BPL/LBP LN TESL B WAL . 4ME i
LA HAhFKE FIHY ) E. tarda T KEEERE (Streptococcus iniae) F3)5, 554168 BPI/LBP
BRSSP R A R B ™ WM E. tarda FUESHETRIETA SIS, TEEA BPI/LBP JER1E L |
JERE . BRI . BEANAZIE A g L0 LPS i 2 h, PSR BPT 3R 7E IR v 32 0k i i 2
EYEP L TWE, LPS ANt 67 FsR RS (4 LBP/BPI BLPITE 24 h N ST EI R AR I R T BE A
SR LBP/BPI mRNA TEZNE AN 24 h J5 A KA, BeAh, ANE R, A6 I i
LBP/BPI mRNA k&30, i LPS #il e b 6" JiFfE b LBP/BPI AT A A5 4k, AR LB, H
LPS . Poly . C H E. tarda 53 R H A< B8 i | EFNSRIS,, 88rh AJBPI -2 B)RIERIA B
Jd; 7E LPS Al Poly I. C JIUE T & AJBPI -2 WRAEIIA W2 LI, 7 Poly 1. C M E. tarda ¥
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BRI AJBPI -2 WA AL HAT Ak, AR B, tarda FIBE 4 5F (4 BPI/LBP
FEIR AR AR, L o 7 R A S AR DL, DA R B R 24 b MR AR R, ZE BT
i, BPI -2 fri s B A A 288 B a8 A8 S 2/ 38 B bk, sbah, 1RUR 11 &Y BPI S
FERF IR PRI A 257, R RS EFYAIFAE | LPS W KAk % M,

ZE TR, ARWFIE N H ABSArh TR | M2 T WSS AJBPL FE N AJBPITE TR I A L 2L Y AN
[FIFREERIE, FLPS, Poly I. C MIE. tarda 53§V H A @b (4 | SEAGNE H i) AJTBPI Y944
AR, ZHF9E 45 3 @R AJBPI nT G825 H A 68 fig () 7 40 08 AN P 8 e e, it EL &0k o 2 i
BPI/LBP 3Nt 44 . /2 ST A S 4 it — 2 i B AR 3
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