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Toll-like receptor

Toll-like receptor (TLR)

TLR

TLR5

V. anguillarum

TLR TLR5 (rtTLR5S)

TLR5 (rtTLR5M)

TLR5 (huTLR5)

Flagellin MyD88 NF-�B

rtTLR5M rtTLR5S Flagellin

rtTLR5M rtTLR5S

RTH-149 rtTLR5M rtTLR5S

rtTLR5M rtTLR5S V. anguillarum Flagellin (FlaA

FlaC) TLR

TLR rtTLR5M rtTLR5S Flagellin
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rtTLR5M huTLR5 (M-chimera)

(CHO-K1 HeLa) huTLR5

V. anguillarum Flagellin (FlaA FlaC)

rtTLR5S M-chimera Flagellin

NF-�B

rtTLR5S NF-�B

rtTLR5S FlaA FlaC

rtTLR5S huTLR5

(S-chimera) CHO-K1 HeLa FlaA FlaC

V. anguillarum Flagellin

rtTLR5M

rtTLR5S Flagellin

TLR

TLR5 Flagellin HEK293 TLR5

Flagellin NF-�B HEK293

Flagellin TLR5

TLR5 N

huTLR5

N342Q Flagellin

Flagellin
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bp(s) base pair(s)

BPB bromophenol blue

cDNA complementary DNA

cpm count per minite

D-MEM Dulbecco's modified Eagle's medium

D-PBS Dulbecco's phosphate buffered saline

DTT dithiothreitol

DW double sterilized water

EDTA ethylenediaminetetraacetic acid

FACS fluorescence activated cell sorter

FCS fetal calf serum

GST glutathione-S-transferase

HRP horseradish peroxidase

Ig immnoglobulin

IPTG isopropyl -�-D-thiogalactopyranoside

LB Luria-Bertani

LPS lipopolysaccharide

LRR leucine rich repeat

mAb monoclonal antibody

MHC major histocompatibility complex

mRNA messenger RNA

Ni-NTA nickel-nitrilotriacetic acid

NP-40 Nonidet P-40

ORF open reading frame

PAGE polyacrylamide gel electrophoresis

PAMPs pathogen-associated molecular patterns

PCI phenol/chloroform/isoamyl alcohol

PCR polymerase chain reaction

PMSF phenylmethylsulfonyl fluoride

poly(I:C) polyriboinosinic polybiocytidylic acid

PRR pattern recognition receptor
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PVDF polyvinylidene difluoride

RACE rapid amplification of cDNA ends

RT reverse transcriptase

SDS sodium dodecyl sulfate

SSC standard saline citrate

TBS tris buffered saline

TE tris-EDTA buffer

TIR toll/IL-1 receptor homology

TNF-� tumor necrosis factor-�

TLR toll-like receptor

Tris tris (hydroxymethyl) aminomethane

UT untranslated region

UV ultra violet

X-Gal 5-bromo-4-chloro-3-indolyl-�-d-galactoside
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pH
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recognition receptors: PRRs)

(1)

(2)

T-cell receptor: TCR B-cell

receptor: BCR

4%

96%

PRRs

Toll IL-1
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(3)

Toll

(4) 18-wheeler

(5)

PRRs Toll

Toll-like receptor (TLR) PRRs

(6)

TLR I

Leucine-rich-repeat LRR

Toll/IL-1 receptor homology

(TIR)

I
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(7) LPS

(8)

(9)

(10) CpG-DNA

(11) 1 2 RNA

(12-14)

HSP60 HSP70

(15-18)

-IgG (19) TLR

TIR MyD88 (myeloid differentiation primary

response protein 88) (20) TICAM-1 (TIR-containing adaptor molecule 1 TRIF:

TIR-containing adaptor protein inducing IFN-�) (21, 22) TICAM-2 ( TRAM:

TRIF-related adaptor molecule) (23, 24) TIRAP (TIR-domain containing adaptor protein

Mal: MyD88-adaptor-like protein) (25, 26)

nuclear factor-�B (NF-�B) activating transcription factor 2 (ATF2) c-Jun

interferon regulatory factor 3 (IRF3)

TLR

I. TLR

Receptor Ligand

TLR1 Triacyl lipopeptides <in combination with TLR2>

TLR2 Peptidoglycan, Zymosan, HSP70

TLR3 Double stranded RNA

TLR4 Lipopolysaccharide

TLR5 Flagellin

TLR6 Diacyl lipopeptides, Lipoteichoic acid

<in combination with TLR2>

TLR7 G+U rich single strand RNA

TLR8 G+U rich single strand RNA

TLR9 Non methylated CpG DNA, chromatin-IgGcomplex

TLR10 not identified

TLR11 (Uropathogenic bacteria)

(): Ligand for mouse only.
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(27, 28)

Kasahara (MHC)

HLA

MHC

MHC

(29) MHC

II

TLR

TLR

Adaptor protein:

MyD88, TIRAP,

TICAM-1,

TICAM-2

LRR domain

TIR domain

NF-�B

ATF/c-Jun

IRF-3

Various immune response

I. TLR

extracelluar

intracelluar

nucleus



4

TLR N

Flagellin TLR5

TLR

II. Ref (29)

MHC HLA
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Toll-like receptor cDNA

TLR

TLR

TLR TLR5

TLR5

1-1.

1-1-1.

-80°C

1-1-2.

D-PBS: 137 mM NaCl, 8.1 mM Na2PO4, 2.68 mM KCl,

1.49 mM KH2PO4

: 150 mM NaCl

DNA : 10 mM Tris, 150 mM NaCl, 10 mM EDTA, 0.1% SDS,

100 µg/ml proteinase K, pH8.0

TE (Tris EDTA) buffer: 10 mM Tris-HCl (pH 8.0), 1 mM EDTA

TAE (Tris acetate EDTA): 40 mM Tris, 40 mM CH3COOH, 1 mM EDTA

TBE (Tris borate EDTA): 89 mM Tris, 89 mM Borate, 2 mM EDTA

: 0.25 M HCl

: 1.5 M NaOH, 0.5M NaCl
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2� SSC: 0.3 M NaCl, 30 mM sodium citrate (pH 7.0)

1 M Church phospate buffer: 0.5 M Na2HPO4, adjusted with H3PO4 (pH 7.2)

hybridization buffer: 0.5 M Church phosphate buffer, 1 mM EDTA, 7% SDS

Wash solution 1: 2� SSC, 0.05% SDS

Wash solution 2: 0.1� SSC, 0.1% SDS

: 50 mM Tris-HCl, 150 mM NaCl, 1% NP-40,

10 mM EDTA, 25 mM iodoacetamide, 2 mM PMSF

: 25 mM Tris, 192 mM Glycine, 0.1% SDS

5� : 312.5 mM Tris-HCl (pH6.8), 50% glycerol, 10% SDS,

5mg BPB

: 25 mM Tris, 192 mM Glycine, 20% methanol

TT-TBS: 8.1 mM NaH2PO4, 1.5 mM KH2PO4, 137 mM NaCl,

2.7 mM KCl, 0.1% Tween 20, 0.1% Triton X-100, pH 7.3

Milli Q TOC (Millipore, Billerica, MA)

Double Sterilized Water (DW)

1-2.

1-2-1. Total RNA

1~2 g 1 g 10 ml TRIzol reagent

(Invitrogen, San Diego, CA) (Yamato, Tokyo, Japan)

5 1.5 ml

1 ml 200 µl 3

15,000 rpm 15 4°C 1.5

ml 250 µl 10

15,000 rpm 15 4°C

70% RNase-free DW

260/280 nm (Model: Biospec-1600, Shimadzu, Kyoto, Japan)

RNA

1-2-2. DNase
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1~4 µg totalRNA 1 unit RQ1 RNase-Free DNase I (Promega, Madison, WI) 1 µl 10�

Reaction Buffer RNase-free DW 10 µl 10

25 mM EDTA 1 µl 70°C 10

DNase

1-2-3. First strand cDNA

DNase RNA (1~4 µg) 4 µl M-MLV 5� Reaction Buffer 1 mM dNTP 5 µM

Random hexarmer (Promega) 0.5 µl RNasin 1 µl M-MLV(-) Reverse Transcriptase

(Promega) DW 20 µl 37 °C 90 First strand

cDNA

1-2-4. mRNA

DNAase totalRNA mRNA Purification kit (Amersham

Biosciences, Buckinghamshire, UK) mRNA totalRNA Elution

buffer 1 ml 65°C 5 200 µl Sample

buffer 1 ml High-salt buffer 2

1,600 rpm 4°C 2 250 µl

High-salt buffer 2 250 µl High-salt buffer 3 65°C

250 µl Elution buffer 4 1 ml mRNA

100 µl Sample buffer 10 µl glycogen solution 2.5 ml -80°C

15,000 rpm 4°C 15 70%

RNase-free DW

1-2-5. TLR5

V. anguillarum Leucin-Rich Repeat (LRR)

Genbank. AF281346 (30)

TLR5

1st strand cDNA rtTLR5S 5' 3'

PCR PCR LA Taq (TaKaRa, Siga, Japan)

cDNA 5 µl , 0.5 µM rtTLR5S SF, 0.5 µM rtTLR5S SR 50 µl

PCR 96°C, 1 min, (98°C: 10 sec, 55°C: 30 sec, 72°C: 3 min)� 45 cycle,

72°C: 7 min TA cloning kit (Promaga) pGEM-T

easy vector 5 Big Dye Terminator

v1.1 Cycle Sequencing Ready Reaction Kit (Applied Biosystems, Foster City, CA)
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ABI PRISM Genetic Analizer 3100 (Applied Biosystems)

rtTLR5S SF: CAGTGCTTCAAGTTATCTGCGAGG

rtTLR5S SR: TGTATCATTCACTGGTCATTCAGC

1-2-6. TLR5 (rtTLR5M)

(a)

TLR5 GenBank. AB06095, AF18617, (31) TIR

CLUSTALW (http://clustalw.genome.ad.jp/)

(degenerate forward primer U1,

degenerate forward primer L5) 1-2

1-2-3 1st strand cDNA

PCR PCR LA Taq cDNA 5 µl ,

4 µM degenerate forward primer U1, 4 µM degenerate forward primer L5 50 µl

PCR 96°C, 1 min, (98°C: 10 sec, 48°C: 30 sec, 72°C: 30 sec)� 40

cycle, 72°C: 7 min PCR 1.5% TBE agarose

TA cloning kit pGEM-T easy vector 4

(b)

Marathon RACE cDNA amplification kit (BD Biosciences,

San Jose, CA) mRNA cDNA

cDNA RACE PCR

Advantage II Polymerase Mix (BD Biosciences)

PCR

3'RACE 1st PCR nested PCR PCR 1st PCR 250

cDNA 5 µl, 0.2 µM GSP1, 0.2 µM AP1 50 µl

PCR 96°C, 1 min, (94°C: 5 sec, 72°C: 4 min)� 5 cycle, (94°C: 5 sec, 70°C: 4 min)� 5

cycle, (94°C: 5 sec, 68°C: 4 min)� 25 cycle nested PCR 50

1st PCR 5 µl, 0.2 µM NGSP1, 0.2 µMAP2 50 µl PCR

1st PCR

5'RACE 3 5'RACE 1st PCR nested PCR

PCR (5'RACE-1) 1st PCR 50 cDNA 5 µl, 0.2 µM

GSP3, 0.2 µM AP1 50 µl PCR 94°C, 1 min, (94°C: 5

sec, 72°C: 4 min)� 5 cycle, (94°C: 5 sec, 70°C: 4 min)� 5 cycle, (94°C: 5 sec, 68°C: 4 min)�
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25 cycle nested PCR 50 1st PCR 5 µl, 0.2 µM NGSP3,

0.2 µM AP2 50 µl PCR 96°C, 1 min, (96°C: 5 sec,

68°C: 10 sec, 72°C: 4 min)� 25 cycle

(5'RACE-2) 1st PCR 50 cDNA 5 µl, 0.2 µM GSP4, 0.2 µMAP1

50 µl PCR 94°C, 1 min, (94°C: 5 sec, 72°C: 4 min)� 5

cycle, (94°C: 5 sec, 70°C: 4 min)� 5 cycle, (94°C: 5 sec, 68°C: 4 min)� 25 cycle

nested PCR 50 1st PCR 5 µl, 0.2 µM NGSP4, 0.2 µMAP2 50

µl PCR 96°C, 1 min, (96°C: 5 sec, 68°C: 10 sec, 72°C: 4

min)� 25 cycle

(5'RACE-3) 1st PCR 50 cDNA 5 µl, 0.2 µM GSP5, 0.2 µM

AP1 50 µl PCR 96°C, 1 min, (96°C: 5 sec, 68°C: 10

sec, 72°C: 4 min)� 25 cycle nested PCR 50 1st PCR

5 µl, 0.2 µM NGSP5, 0.2 µMAP2 50 µl PCR 94°C, 1

min, (94°C: 5 sec, 72°C: 4 min)� 5 cycle, (94°C: 5 sec, 70°C: 4 min)� 5 cycle, (94°C: 5 sec,

68°C: 4 min)� 25 cycle PCR TA

GSP1: 5'-GTACAAGTGGGTAGAAACCGCCC-3'

NGSP1: 5'-CTAGACTCTCAGTTCGCGGAGCG-3'

GSP3: 5'-CCAGCCGTCCTTGAGGAACCCTT -3'

NGSP3: 5'-GTCTTCCTGCTCCCCCATATGGC-3'

GSP4: 5'-GCTGATGCCATGGAGATCTGAAGG-3'

NGSP4: 5'-CACGCCAGGGTCAGGAAAAGTCAC-3'

GSP5: 5'-TTTGCCTTGTCCACATCGAATCC-3'

NGSP5: 5'-TTCCGAAAAGGATTTCCACATCG-3

AP1: 5'-CCATCCTAATACGACTCACTATAGGGC-3'

AP2: 5'-ACTCACTATAGGGCTCGAGCGGC-3'

1-2-7. rtTLR5S rtTLR5M

BLAST (http://blast.genome.jp/)

SMART (http://smart.embl-heidelberg.de/)

GENETIX PSORT (http://psort.ims.u-tokyo.ac.jp/)

CLASTSLW (http://clustalw.genome.jp/)

BOXSHADE (http://www.ch.embnet.org/software/BOX_form.html)
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1-2-8. DNA

DNA 55°C 1

37°C

Tris (pH 8.0) 5,000 rpm 20°C

5 PCI

5,000 rpm 20°C 5

DNA DNA TE RNase A (Sigma Aldorich, St.

Louis, MO) ( 10 µg/ml) 37°C 1 PCI

5,000 rpm 20°C 5

DNA

TE

1-2-9. RI

rtTLR5S Probe S (rtTLR5S ORF 354-1214 nt) rtTLR5M Probe M

(rtTLR5M ORF 1867-2707 nt) PCR [� P dCTP

(Daiichi-chemical, Tokyo, Japan) MegaPrime DNA Labeling System (Amersham

Biosciences) 1 � 106 cpm/ml

1-2-10.

Church (32) 10

µg DNA 10 unit (EcoRI, HindIII, PstI, Sau3AI, AluI, PvuII)

PCI DNA DNA

TE 0.7% SEAKEM agarose gel (FMC, Rockland, ME) (10 cm � 10

cm) DNA Ethidium bromide

20 DW 1 30 0.4 M NaOH

(Hybond-N+, Amersham

biosciences) 2� SSC 1 UV cross linker (Model:

XL-1000, Spectronics Co., Westbury, NY) DNA

hybridization buffer 65°C 1

[�32P]dCTP 1-2-9 65°C

Wash solution 1 20

Wash solution 2 10 50°C

Imaging Plate (Fuji Photo Film, Tokyo, Japan)

FLA2000 (Fuji Photo Film)
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1-2-11. RT-PCR

totaRNA

cDNA 1-2-8 1-2-3 PCR LA Taq cDNA 0.5 µl, 0.5

µM Primer set [rtTLR5M, rtTLR5S, rtIL-1�, rtTNF-�, rt-�actin ], 10 µl

PCR rtTLR5M: 94°C, 2 min, (94°C: 30 sec, 55°C: 30 sec,

72°C: 1 min)� 40 cycle rtTLR5S: 94°C, 2 min, (94°C: 30 sec, 67°C: 30 sec, 72°C: 2 min)�

45 cycle rtIL-1� rtTNF-�: 94°C, 2 min, (94°C: 30 sec, 55°C: 30 sec, 72°C: 1 min)� 30

cycle, rt-�actin: 94°C, 2 min, (94°C: 30 sec, 68°C: 30 sec, 72°C: 1 min)� 25 cycle

PCR 1.5% (w/v) TAE agarose gel ethidium bromide

RT-PCR

rtTLR5M 5’-CCTTCTGCTGATGGGCCTCG-3'

5’-GCTTAAGCATACAGGCTGTGGAA-3’

rtTLR5S 5’-CAGTGCTTCAAGTTATCTGCGAGG-3’

5’-TCCACATCGTTTCCAGTCAAAACC-3’

rtIL-1� 5’-GGCGCGGGGGTTACCATGGGAACCG-3’

5’-GGCGGTTGGGGGCTGCCTTCTGACA-3’

rtTNF-� 5’-GACACCTGAAGACATGGAGAGGGGC-3’

5’-TCGGTCAGTCGATTGGTCTCAGTCC-3’

rt-�-actin 5’-ATTCGCCGGAGATGACGCGCCTCG-3’

5’-CCTTCTGCATCCGGTCAGCGATGC-3’

1-2-12. rtTLR5M

rtTLR5S PHYSICO-CHEMICAL

PROFILES (http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl? page=/NPSA/npsa_pcprof.html)

GENETIX

(rtTLR5M: aa 274-292) N

(CTMGKSFGSFNVKDPDRQT) (Nagoya, Japan)

2 mg

(Sigma Aldorich) 2 ml 0.1 M pH 8.0 3 mg

SMPB (Pierce, Rochford, IL) 1 ml (1,4)-dioxane

LH20 -SMPB (1 mg

50% (v/v) /DW + 0.0005%
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pH3.9) PBS 180 µl

30 µl -80°C 200 µl Freund's

complete adjuvant (FCA) (BD Bioscience) PBS 180 µl

8

IgG 33%

1/10 PBS IgG 280 nm

IgG E1% 13.6

1-2-13.

SDS-PAGE Laemmli (33)

50 mM DTT 10% SDS-PAGE PVDF

1)

3MM (ADVANTEC, Tokyo, Japan) 2)

PVDF (Millipore) 3)

4) 1) 100 mA 1

1

rtTLR5M 500 4°C 16 TT-TBS

10,000 HRP

Ig (BIOSOURSE, Vamarillo, CA) 1 TT-TBS

ECL ECL

Flag (sigma) (1 µg/ml)

10,000 HRP Ig (BIOSOURSE) 1

ECL

1-3.

1-3-1. TLR5

V. anguillarum

LRR (30) RACE

TLR5

TLR5 (rtTLR5S) 1-1 rtTLR5S 1,992 bp ORF 1,168 bp 3'-UT

664 rtTLR5S TLR5

(huTLR5) TLR5 (moTLR5) 35.6% 37.1%
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1-1

1-3-2. TLR5 cDNA

rtTLR5S TLR5

TLR5 TIR CLASTALW

1-2A PCR

TLR5 123 bp 1-2B

Marathon cDNA library

3'RACE 5'RACE 3'RACE poly(A) tail

5'RACE 3 PCR

1,842 bp 2 628 bp -134 bp

1-2C cDNA

BLAST TLR5

TLR5M (rtTLR5M)

1-3 rtTLR5M 2,637 bp ORF 544 bp 3'-UTR

879 rtTLR5M huTLR5

moTLR5 40.1% 40.5% 1-1

1-3-3. TLR5

SMART rtTLR5S

10 LRR TM TIR

rtTLR5M 10 LRR 1 TM TIR I

rtTLR5S rtTLR5M LRR 81.0%

1-4 rtTLR5S TLR5

10 9 rtTLR5M

N rtTLR5S rtTLR5M 2

( 1-5)

1-3-4. rtTLR5S rtTLR5M

rtTLR5S rtTLR5M RT-PCR rtTLR5M

rtTLR5S

1-6 mRNA

RT-PCR 40

rtTLR5M rtTLR5S
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1-3-5. rtTLR5S rtTLR5M

rtTLR5S rtTLR5M

PCR rtTLR5S 20 bp 757 bp

rtTLR5M

rtTLR5S Probe S 1-7A

rtTLR5S rtTLR5M Probe S

90.1% Probe S

rtTLR5S rtTLR5M Probe S

EcoRI HindIII PstI

rtTLR5S rtTLR5M 2.4 kbp

TLR5 Sau3AI AluI PvuII Probe

S rtTLR5S rtTLR5M

1-7B

rtTLR5M Probe M Transmembrane (TM) TIR domain

1-7A rtTLR5S

EcoRI 1.0 kbp HindIII 1.3 kbp PstI 1.1 kbp

rtTLR5M ProbeS TLR5

TIR

Sau3AI AluI Probe M rtTLR5M

1 PvuII 3

Probe M 1.2 kbp

rtTLR5M

1-7C

rtTLR5M

ORF

pseudogene

1-3-6. rtTLR5M

rtTLR5M rtTLR5S

PHYSICO-CHEMICAL PROFILES
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�-helix �-sheet

GENETIX ( 1-8A) rtTLR5M aa 274-292

(CTMGKSFGSFNVKDPDRQT) rtTLR5S CHO

Flag rtTLR5S 1-8B rtTLR5S

rtTLR5M rtTLR5S



gcagtggtaacaacgcagagtacgcaggaagcagtggtaacaacgcagagtacgcgggggaagtaaggttatctcatgtagatcactttc  90
aaaaattgctggataggaaagtcagtttctgggtttatgaaaatcagtgcttcaagttatctgcgaggggagatctgataaacatactca  180
caagctgtaaacacattctttATGAGCGCGCATCACTTCAGgtaagctacaacttttcattaattctttgattattgactactcattttt  270
　　　　　　　　　　　　　M  S  A  H  H  F  R                                                    7 
tgttgaagttgattggttggtttaatgtgatttactttttttttatttaaatgttttaccttttttgacttaacttaatacatgcagaaa  360
atattgatttgtttttcaacattatttgaacctgattgttgacattggatttgcattgaactttggaggaaaaaatgtacaagaacttca  450
aggttcaatgcagccattttgatctcaccatcaaatcatttctgggtaacaactaagtatctaacttgggatgtttttaattaaaatggt  540
caaaaagatacaaaaaatagcttctaccattctatcattttgatctcatagtcccgtctatgaatttgagagtggtgacatttctccagt  630
cccatccctcagctgtttagctcaaaaagcacctttattcattgatataatacaaacaggcctggggaagccttgttacaccagactaga  720
gcaaggctgtgtactcggcacacacataaagtaggggatttccattagcaggctgggacagaaccagtggactatggacctttaagtgaa  810
aacagacagttaaacataaactccctagccaaggatgtctcatctgaaggggatacctcaagactgaaatatctatccaattaatgtatg  900
tatggtagccctgtaatgacataaacatcatttttattatatttaaataatttgcattattttctacttttgtgcaagGGGGATGATGAG  990
                                                                                G  M  M  R  11
GAACTGTATACTGCTGGTTATCTTTGGAGTCTACCTGCAAGTGGTGAAATGCACCCCAAGATGTCCACTATATGGTTATATAGCAGTTTG  1080
  N  C  I  L  L  V  I  F  G  V  Y  L  Q  V  V  K  C  T  P  R  C  P  L  Y  G  Y  I  A  V  C  41
CACCAACCTGTCTCTATATCAGGTCCCTGCACTGCCTCCATACATTACCCATGTGTATATGAGGGATAACTACATCAGTGAGATAAACGA  1170
  T  N  L  S  L  Y  Q  V  P  A  L  P  P  Y  I  T  H  V  Y  M  R  D  N  Y  I  S  E  I  N  E  71
GACGTCTTTCTCTGGGCTTGAAGGGCTAAAGGAACTGGACCTCAGTTGGCAACGTGTCAATGGGCTAACTATAAGAACTAACACCTTTCA  1260
  T  S  F  S  G  L  E  G  L  K  E  L  D  L  S  W  Q  R  V  N  G  L  T  I  R  T  N  T  F  Q  101
AAGACTGGCAAACTTGGCAGTGCTCTATTTAGGACATAATAGAGGTTTAAAGATTGAGCCAGGTGCGTTTGTGGGACTGTCCAACCTGAG  1350
  R  L  A  N  L  A  V  L  Y  L  G  H  N  R  G  L  K  I  E  P  G  A  F  V  G  L  S  N  L  R  131
AACACTCTCTCTGTATGTGTGTGACCTGACTGAATCCATATTACAGGGCGACTATCTCAGGCCCCTGGTGTCTTTGAAAACGCTAGATCT  1440
  T  L  S  L  Y  V  C  D  L  T  E  S  I  L  Q  G  D  Y  L  R  P  L  V  S  L  K  T  L  D  L  161
GTATGGTAACCAAGTGAAAAGAATCCAACCTTCACCATTCTTTGTGAACATGACAGATTTCCAAGAATTAAACATTACCCTAAACCAGAT  1530
  Y  G  N  Q  V  K  R  I  Q  P  S  P  F  F  V  N  M  T  D  F  Q  E  L  N  I  T  L  N  Q  M  191
GGAAAGCATATGTGAGGAAGATTTGCTTGGCTTTTGTGGAAAACACTTTCGGTTGCTCAAATTGAACAGTGTCTCTCTATATGGTATGAC  1620
  E  S  I  C  E  E  D  L  L  G  F  C  G  K  H  F  R  L  L  K  L  N  S  V  S  L  Y  G  M  T  221
TCAAAATGGTTTTGACTGGAAACGATGTGGAAATCCCTTTAGAAACATGTCTATAGAGACACTTGACTTATCTTCCAACGGATTCAACGT  1710
  Q  N  G  F  D  W  K  R  C  G  N  P  F  R  N  M  S  I  E  T  L  D  L  S  S  N  G  F  N  V  251
GGACAAGGCTAAATTGTTTTTCAATGCAATCCAAGGAACGAAAATTCACCATATTATTCTGGAACACAGCACCATGGGAAAATCATTTGG  1800
  D  K  A  K  L  F  F  N  A  I  Q  G  T  K  I  H  H  I  I  L  E  H  S  T  M  G  K  S  F  G  281
TTTCAGCAATTTCAAAGACCCAAACAAGAAAACATTCAATGGCCTCAAGAATAGTGGCATCAAGATTCTAGATTTGTCCAAATGCTTTAT  1890
  F  S  N  F  K  D  P  N  K  K  T  F  N  G  L  K  N  S  G  I  K  I  L  D  L  S  K  C  F  I  311
ATTTGCTTTGCAATATGCAGTATTCAGTCCACTGAGAGAGGTAGAGGACATAACATTAGCCCAAAACAAAATTAACCAGATTGACAGGGG  1980
  F  A  L  Q  Y  A  V  F  S  P  L  R  E  V  E  D  I  T  L  A  Q  N  K  I  N  Q  I  D  R  G  341
GGCGTTTTGGGGTCTTGAAAATTTACAAAGGCTCAACCTGTCACACAATCTTATAGGGGAAATCTATTCTTACACATTTGACAATCTACC  2070
  A  F  W  G  L  E  N  L  Q  R  L  N  L  S  H  N  L  I  G  E  I  Y  S  Y  T  F  D  N  L  P  371
CAATATTTTAGAATTAGATTTATCTTACAATCATATTGGTGCATTGGGATATCAGGCATTTACAGGACTTCCAAACCTACAAATCCTGGA  2160
  N  I  L  E  L  D  L  S  Y  N  H  I  G  A  L  G  Y  Q  A  F  T  G  L  P  N  L  Q  I  L  D  401
TCTTACAGGAAACTCTATTCGCCAACTAGGTACATATGGTTACCTTGCACCACTACCAAACCTGCAACTTCTTAATTTGGCTGATAATAA  2250
  L  T  G  N  S  I  R  Q  L  G  T  Y  G  Y  L  A  P  L  P  N  L  Q  L  L  N  L  A  D  N  K  431
GATCACATCCTTAGAGGGCCTCTTGGGCTTTGCTAACAGTACTATCATACTGAATGTTCAAAACAACAGGTTAACTAATTTAGAGGATGT  2340
  I  T  S  L  E  G  L  L  G  F  A  N  S  T  I  I  L  N  V  Q  N  N  R  L  T  N  L  E  D  V  461
ATACATTGTGTTAGCTAAATTCATGCGCATTGAGCGTATCTGGTATGGTAACAACAACATAAAGTGGTGCATCTTTAGCAGTAATATTTC  2430
  Y  I  V  L  A  K  F  M  R  I  E  R  I  W  Y  G  N  N  N  I  K  W  C  I  F  S  S  N  I  S  491
TGTGCCCGCTGTAAACTCTCTAAAGCTGCTGGAGCTCAGGAACATCGCCCTGCAGATTTTATGGGGACATGGAGTGTGTTTGGACGTATT  2520
  V  P  A  V  N  S  L  K  L  L  E  L  R  N  I  A  L  Q  I  L  W  G  H  G  V  C  L  D  V  F  521
TGAAAATCTTATCAAGCTTTTTAGTCTGGATTTAAGCTTTAACTCGCTGAGGGCTCTCCCAGATGGCATATTCAAAGGCCTCGTCTCTCT  2610
  E  N  L  I  K  L  F  S  L  D  L  S  F  N  S  L  R  A  L  P  D  G  I  F  K  G  L  V  S  L  551
GGAAGAGATGGATCTCAGCTTCAACTCTCTCACATACCTCCAACCAGACATTTTCCCAGCGAGTCTCAAAACAGTTGACCTCTCTTACAA  2700
  E  E  M  D  L  S  F  N  S  L  T  Y  L  Q  P  D  I  F  P  A  S  L  K  T  V  D  L  S  Y  N  581
TTTCCTCTCCTCTCCTGACCCAGCGGCTTTCAGTTCTCTCAGCTGGATCAACTTATATAGGAATCGCTTCCACTGTGACGGTGGCCTGAA  2790
  F  L  S  S  P  D  P  A  A  F  S  S  L  S  W  I  N  L  Y  R  N  R  F  H  C  D  G  G  L  K  611
GGACTTTCTGACGTGGATGAACAGGACCAACGTGACTTTTCCAGACCCCGGCGTGGCTGAATTCAGCTGTGAGTTCCCCTCGGATCTCCA  2880
  D  F  L  T  W  M  N  R  T  N  V  T  F  P  D  P  G  V  A  E  F  S  C  E  F  P  S  D  L  H  641
TGGTGTCAGCCTGTTGAATTACAGCAAAGTCATAACGGAAAAGTACCCAAAACCATCTTTGACAAAAATATAAaacaagacaattagagt  2970
  G  V  S  L  L  N  Y  S  K  V  I  T  E  K  Y  P  K  P  S  L  T  K  I                       660
tggtattatgtgtgtcattttccatgctatctactctgtttacacaattgctattgggaatcacattttattttgttgcctacaatatcc  3060
tgaatgtcatatggcataatgtatgatataaatacctcatcaacacatctttagtttatcacacagcgtaaaacaaatcagccaaaagac  3150
agtaaaaaggtgtcttccaaaagcattattttcaaatgtttgtctaaaggaaaatacatatatatatatatatattgtcattctgtgctt  3240
ttttccgttatctcaccacaagacccaatcctttgtgaagtgtgagcccctgtggactactaaagaggctgctatttgatgcttatttaa  3330
gcaataaaggcccggttagccgtggtatattggccatgtaccacaaacccagaggtgccttattgctattataaactggttaccaacgta  3420
attagagcagtaaaaatacatgttttgtcatgcctgtgttatacggtctgatataccaccgctgtcagccaatccgcattcagggctcga  3510
accacccaggttatagctatccttatatagccattaatttttcatgaattcaatatattgtcttattccagagttcattttgcgtgcagg  3600
gttgcgatttatcaacattatatgtaatttcagatcatatctgtcctgctcccaaaaacattaccaatatgaacttaatttcttttttta  3690
attaagataaatgttattgtattctgagaggctaatatgattgtaataacaatgacattttgaactattcagaacgttttaatttagaga  3780
gaatggatgaataaaccattttttttccccagttctacaatgtcacactagtgggctacaggtaagggcattgtggtgtaattgggtgag  3870
agaggagtgaccagtgaccagttttgagctgaatgaccagtgaatgatacaataatggggaatttcctgagtgatatttatatctctatt  3960
actaccccacccctttcctttgtctaccaagccgtcatatcgacttagcccactagggacttttgtgtatcatgtcagtaaccaatgtat  4050
aactattgtgtgtgtgtgtgtttatgtaattctgtgattgattagttggtaaataaataagccaatttgtt                     4121

図1-1.　rtTLR5Sの遺伝子配列とアミノ酸配列
　得られたrtTLR5Sのゲノム配列と予想ORFにおけるアミノ酸配列を示した。rtTLR5Sは
1,992 bpのORF、1,168 bpの3'-UT、開始コドンより20 bpの位置に757 bpのイントロンが挿
入された遺伝子構造をしており、664アミノ酸をコードしていた。塩基配列において、V.
anguillarum刺激時に誘導されたESTクローンの配列 (AF281346.1) を下線で、ポリAシグナ
ル配列 (aataaa) は太字で、5'-UT、3'-UT及びイントロンは小文字で、エキソンは大文字で
表した。予想アミノ酸配列においてシグナルペプチドを二重線で示した。(GenBank
accession No. AB062504)
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huTLR5     692 KYDAYLCFSSKDFTWVQNALLKHLDTQYSDQNRFNLCFEERDFVPGENRIANIQDAIWNSRKIVCLVSRHFL 763
moTLR5     693 RYDAYFCFSSKDFEWAQNALLKHLDAHYSSRNRLRLCFEERDFIPGENHISNIQAAVWGSRKTVCLVSRHFL 764
fgTLR5M    690 PYDVFLCFSSKDYRWVEAAVLKKLDSQLSD-NTFRCCLEARDFLPGEDHLSNIRDASWGSRKTLCVVSKEFL 760
                **   ******  *   * ** **.. *  *    * * *** ***    **  * * ***  * **  **

Degenerate forward primer U1  5'-TG(TC)TT(TC)AG(TC)AG(TC)AA(AG)GA(TC)-3'
Degenerate reverse primer L5  5'-AGAGATTT(TC)ITICC(AGCT)GG(AGCT)GA-3' 

A

1   2   3  M

123 bp

1: U1
2: L5
3: U1 + L5
M: Marker

B

rtTLR5M
3'RACE
5'RACE 1
5'RACE 2
5'RACE 3

2,166 2,253

2,200 3,182
2,3191,842

1,864628
-134 684

C

図1-2.　ニジマス膜型TLR5単離のストラテジー
　A, ヒト、マウス及びフグのTLR5の細胞内領域であるTIRドメインをCLASTALWで
アライメントした (GenBank accession No.はそれぞれAB060695、AF186107、フグに
ついてはRef. 31参照)。四角で示した部位において縮重プライマー (Degenerate
forward primer U1及びDegenerate reverse primer L5) を設計した。B, 縮重プライマーで
行ったPCR結果。予想された123 bpのPCR産物（矢印）を切り出し、配列を確認した。
C, RACEよって得られた断片のrtTLR5M遺伝子配列全長における相関図。縮重プライ
マーで得られた遺伝子断片を太線で、RACEによって得られた断片を線で、rtTLR5M
とは無関係の遺伝子配列を破線で示した。図中の数字はrtTLR5Mの開始コドンを1と
したときの相対塩基番号である。
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acggggcaccgggccatgctaaacgaacgcgctcagtacttgacttcatctgaaaggggtgtaacctatcccataaacatactcaccaac 90
tcgacgcatatttggcttatcagcgcgcgcataacttcagggggATGATGAGGAACCTTATACTGCTGGCTATCTTTGGAGAATACCTGC 180

M M R N L I L L A I F G E Y L 15
AGGTGGTGAAATGCAACCCAAAATGCCCAATATATGGCTCTATAGCAGCTTGCACCAGCCAGTCTCTATATCAGGTCCCTGCGCTGCCTC 270
Q V V K C N P K C P I Y G S I A A C T S Q S L Y Q V P A L P 45
CATACATTACCATTTTGTATATGAGGGATAACTACATCAGTGAGATCAATGAGACATCCTTCTCTGGGCTTGAAGGGTTAAAGGAACTGG 360
P Y I T I L Y M R D N Y I S E I N E T S F S G L E G L K E L 75
ACCTCAGTTGGCAACAAGTGAATGGGCTTATTATAAGAACTAACACCTTTCAAAGGCTGGAAAACTTGGCAGTGCTTTATTTAGGGTATA 450
D L S W Q Q V N G L I I R T N T F Q R L E N L A V L Y L G Y 105
ACACAGGTTTACAAATTGAGCCAGATGCGTTTGTGGGACTGTCCAACCTGAGAGCGCTCTCTCTGTATAGGTGTGACCTGACTGAATCTA 540
N T G L Q I E P D A F V G L S N L R A L S L Y R C D L T E S 135
TTTTACAGGGTGACTATCTCAAGCCCCTGGTTTCCTTGGAAACACTAGATCTGTATGGTAACCAGGTGAAAATAATCCAACCTGCTCTAT 630
I L Q G D Y L K P L V S L E T L D L Y G N Q V K I I Q P A L 165
TCTTTGTGAACATGACCGATTTCCAAGAGCTAAACGTTTCCCTAAACCGGATGGAAAGCATATGTGAGGAAGATTTGCTTGGCTTTCAAG 720
F F V N M T D F Q E L N V S L N R M E S I C E E D L L G F Q 195
GCAAACACTTTCGGCTCCTCAAGTTGAACAGCCTCTATCTATATAGCATGACTCAGTATGGCTTTGACTGGAAACGATGTGGAAATCCTT 810
G K H F R L L K L N S L Y L Y S M T Q Y G F D W K R C G N P 225
TTCGGAACATGTCCATGGAGACACTTGACTTATCTTCCAATGGATTCGATGTGGACAAGGCAAAACTGTTTTTCAATGCAATCCAAGGGA 900
F R N M S M E T L D L S S N G F D V D K A K L F F N A I Q G 255
CCAAAATCCACCATCTTATTCTGGAACACAGCACCATGGGGAAATCATTTGGTTTCAGCAATGTGAAAGACCCAGACAGGCAAACATTTG 990
T K I H H L I L E H S T M G K S F G F S N V K D P D R Q T F 285
AGGGCCTCGAGAATAGTAGTGTCAAGATTCTAGATTTGTCCAAATGCTTTATATTTACATTGCAATATGCAGTATTCAGTCCGCTGAGAG 1080
E G L E N S S V K I L D L S K C F I F T L Q Y A V F S P L R 315
AGGTAGAGGACATAACAATAGCCCAAAACAAAATTAACCAGATTGACAGGGAGGCGTTTTTTGGTCTTCAAAATGTACAAAAGCTCAACC 1170
E V E D I T I A Q N K I N Q I D R E A F F G L Q N V Q K L N 345
TGTCACACAATCTTATAGGGGAAATCTATTCTTACACGTTTGACAATCTACCCAATATTTTAGAACTAGATATATCTTACAACCATATTG 1260
L S H N L I G E I Y S Y T F D N L P N I L E L D I S Y N H I 375
GTGCATTGGGATATCAGGCATTTAAAGGACTTCCAAACCTACAAGTTCTGGATCTTACAGGAAACTCTATTCGGGGACTAGGTACATATG 1350
G A L G Y Q A F K G L P N L Q V L D L T G N S I R G L G T Y 405
GTTCTCTTGCACCACTACCAAACATCCAACTTCTTCGTTTGGCTGATAATAAGATTACATCCTTAGAGGGCCTCTCTGTCTTTGCTCCTA 1440
G S L A P L P N I Q L L R L A D N K I T S L E G L S V F A P 435
GTACGATCATACTTAATGTTCAAAACAACAGGTTAACTAATTTAGAGGATGTATACACAGTTTTAGCTAAATTAATGCACATTGAGTTTC 1530
S T I I L N V Q N N R L T N L E D V Y T V L A K L M H I E F 465
TCTGGTATGGTAACAACTTCATAAAGTGGTGCACCCTTAACAATAATATTTCAGTGCCAGCTGTGAACTCTCTGAAGCTGCTTGAGCTAA 1620
L W Y G N N F I K W C T L N N N I S V P A V N S L K L L E L 495
GGAACATCGCCTTGCAGATGATATGGGCACGGGGAGAGTGTATGCATGTATTTCAACATCTTGGCAAGCTTTTAAGTCTGGATTTAAGCT 1710
R N I A L Q M I W A R G E C M H V F Q H L G K L L S L D L S 525
TTAACTCCCTGCAGGCTCCCCCAGATGGTATATTTAAAGGCCTCATCTCTCTGGAAGAGATGGATCTTCACTTCAACTCACTCACATACC 1800
F N S L Q A P P D G I F K G L I S L E E M D L H F N S L T Y 555
TCAAACAAGACATTTTTCCAGAGAGTCTCAAAACGGTTGATCTCTCTTACAATTTCCTGGCCTCTCCTGACCCAGAAGCTTTCCATTCTC 1890
L K Q D I F P E S L K T V D L S Y N F L A S P D P E A F H S 585
TCAGCTGGATCAACCTGTATAGGAATCAATTCCACTGTGACTGCGGTCTGGAGGACTTTCTGACGCGGCTGAAAGGGACTAACGTGACTT 1980
L S W I N L Y R N Q F H C D C G L E D F L T R L K G T N V T 615
TTCCTGACCCTGGCGTGAATGAATTCAGCTGTGAGTTTCCTTCAGATCTCCATGGCATCAGCCTGTTGAATTTCAGCTCAGTCATATCGT 2070
F P D P G V N E F S C E F P S D L H G I S L L N F S S V I S 645
GTGAGGAGGATGACGAGAGGCTGGTTCAGGAGCTGAGGCTCTCGCTCTTCATCGGCTGCACAGCGCTCATCATCCTGATCATGGTCGGAT 2160
C E E D D E R L V Q E L R L S L F I G C T A L I I L I M V G 675
CAATCTTTTTCACTCGTCTCCGTGGATTCCTCTTCAAAGTTTATAAAAAGTTGACCGCCAGGATCCTTGAGGGCCCTAGGAGGGATCCTT 2250
S I F F T R L R G F L F K V Y K K L T A R I L E G P R R D P 705
CTGCTGATGGGCCTCGGTACGACGCTTACTTATGCTTCAGCAACAACGACTACAAGTGGGTAGAAACCGCCCTGTTGAACAGACTAGACT 2340
S A D G P R Y D A Y L C F S N N D Y K W V E T A L L N R L D 735
CTCAGTTCGCGGAGCGAAACGTCCTCCGCTGCTGCTTCGAGGTCAGAGACTTCATCCCAGGTGAAGATCACCTGTTCAATATCAGGGACG 2430
S Q F A E R N V L R C C F E V R D F I P G E D H L F N I R D 765
CCATATGGGGGAGCAGGAAGACCGTTTGTATCGTCTCTAAAGGGTTCCTCAAGGACGGCTGGTGCCTGGAGGCCTTTACCCTGGCTCAGA 2520
A I W G S R K T V C I V S K G F L K D G W C L E A F T L A Q 795
GCAGGATGTTGGAGGAGCTCAGAGATGTTCTCATCATGGTGGTCGTGGGGAATGTCCCCCATTACAGACTGATGAAACATGAAGGCATTA 2610
S R M L E E L R D V L I M V V V G N V P H Y R L M K H E G I 825
GGACCTTTGCCCAGAAGAGGGAGTACCTGCAGTGGCCGGAGGACACACAGGATATTCAATGGTTCTATGAGAAGCTCATGTCCAAGATTC 2700
R T F A Q K R E Y L Q W P E D T Q D I Q W F Y E K L M S K I 855
TTAAGGACAAAAAGTACACCTCCAAAGATAACAATAGGGATATCACACTTGTAAATATGACAGTTGGAACTTAAtgttgttgactcattt 2790
L K D K K Y T S K D N N R D I T L V N M T V G T 879
ttccacagcctgtatgcttaagcgaaaatcttatttaactgtactgtgaattcttacatcagtcatttttattttgtctgtatagcatta 2880
agaacttttcccatattgattacaggcaaaatggagagggtcctctgtcttttggcatagcttgtttttgaccactaggtggcagtcaac 2970
ctttattcactaatattggaactgtgaaacgttaccttctgtataaatcaaatcaaattttattggtcacatacacatatttagcagatg 3060
ttattgcaggtgtagcgaaatgcttctattttttgaagttttttttttaatgaaagaaataacaaataacaaaaatcaaaatactgcgaa 3150
attgctttggcgctagaagcagagctgccatgtctgtcggcgccatctatgattgtgttttgcagtgtgtacaatgcaaagttctcgtgg 3240
cttacatttacacgttgtaatataactaatgtaaggattttggtacttttaataaaacattccaacttctctact 3315

図1-3. rtTLR5Mの遺伝子配列とアミノ酸配列
　得られたrtTLR5Mのゲノム配列と予想ORFにおけるアミノ酸配列を示した。
rtTLR5Mは2,637 bpのORF、544 bpの3'-UTによって成り立っており、879アミノ酸を
コードしていた。なお、rtTLR5Mにイントロンは存在しなかった。塩基配列において、
縮重プライマーで得られた配列を下線で、ポリAシグナル配列 (aataaa) は太字で、5'-
UT、3'-UTは小文字で、エキソンは大文字で表した。予想アミノ酸において、シグナ
ルペプチドを二重線で、膜貫通領域を太線で、TIRドメインを灰色の網掛けで示した。
(GenBank accession No. AB062504)
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rtTLR5S
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図1-4.　rtTLR5M、rtTLR5Sのドメイン構造
　rtTLR5M及びrtTLR5Sの推定ドメイン構造をSMARTによって予測した。rtTLR5Mと
rtTLR5Sは細胞外に10個のLeucine rich repeat (LRR)を持ちLRRドメインを形成していた。これ
に加えrtTLR5Mは、Leucine rich repeat C-terminal region (LRR-CT)、膜貫通領域 (TM) 及び
Toll/IL-1 receptor homology (TIR) ドメインを有していた。また、rtTLR5MとrtTLR5SのLRRド
メインにおけるアミノ酸の相同性は81.0%と非常に高い値を示した。
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図1-5.　TLR5ファミリーのアライメント
　ニジマス膜型・可溶型TLR5、フグ膜型・可溶型TLR5、マウスTLR5及びヒトTLR5を
CLASTALWを用いてアライメントした後、BOXSHADEで配列整形した。哺乳類で保存され
ているシステインはrtTLR5Mでは全て、rtTLR5Sでは10箇所のうち9箇所が保存されていた。
また、N型糖鎖付加部位は６カ所のうちrtTLR5M及びrtTLR5Sともに２カ所のみ保存されて
いた。なお保存されているシステインをアスタリスクで、N型糖鎖付加部位を四角で、TIR
ドメインにおける機能ドメイン（Box1, 2, 3）を示した。
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fgTLR5S     1 ---------MWLLAPASLVCVL--L-QLPGA-FPSCLSLGSAAL-CSSRSLDRVPPLPPHVTHLY-LEMNRIAEINSSSLSGLEQLQVLD    75
rtTLR5S     1 MSAHHFRGMMR-NCIL-LVIFGVY-LQ-VVKCTPRCP-LYGYIAVCTNLSLYQVPALPPYIT-HVYMRDNYISEINETSFSGLEGLKELD    84
rtTLR5M     1 --------MMR-NLIL-LAIFGEY-LQ-VVKCNPKCP-IYGSIAACTSQSLYQVPALPPYIT-ILYMRDNYISEINETSFSGLEGLKELD    76
fgTLR5M     1 ---------MTTSA-LHL-VFLWWNLQ-VSTCYPSCT-LSGLIANCAFKNHSWVPLLPPNIT-RLFLNTNRIGEINRTSLRLYQELEKLD    76
moTLR5      1 ---------M--ACQLDLLIGVIFMASPVLVISP-CS-SDGRIAFFRGCNLTQIPWILNTTTERLLLSFNYISMVVATSFPLLERLQLLE    77
huTLR5      1 ---------M--GDHLDLLLGVVLMAGPVFGIPS-CS-FDGRIAFYRFCNLTQVPQVLNTTE-RLLLSFNYIRTVTASSFPFLEQLQLLE    76
                                                 *          *
fgTLR5S    76 LGSQMVPLVI-RNEA-FSR-LRHLRSLVLGFNRGLQLEPRAFVGLSRVKVLHLDY-CSLNDSILTENFLEPLASLETLNLFGNKIKRIRP   161
rtTLR5S    85 LSWQRVNGLTIRT-NTF-QRLANLAVLYLGHNRGLKIEPGAFVGLSNLRTLSL-YVCDLTESILQGDYLRPLVSLKTLDLYGNQVKRIQP   171
rtTLR5M    77 LSWQQVNGLIIRT-NTF-QRLENLAVLYLGYNTGLQIEPDAFVGLSNLRALSL-YRCDLTESILQGDYLKPLVSLETLDLYGNQVKIIQP   163
fgTLR5M    77 LGHQQVPLV-IRS-NAF-LRQRKLQVLVLGLQQL-------F--------LD--Y-CGLTESVLAESYLAPLLSLQELDLYGNQISTLRP   145
moTLR5     78 LGTQYANLTIGPG-A-F-RNLPNLRILDLGQSQIEVLNRDAFQGLPHLLELRL-FSCGLSSAVLSDGYFRNLYSLARLDLSGNQIHSLRL   163
huTLR5     77 LGSQYTPLTIDKE-A-F-RNLPNLRILDLGSSKIYFLHPDAFQGLFHLFELRL-YFCGLSDAVLKDGYFRNLKALTRLDLSKNQIRSLYL   162
                                                                      *
fgTLR5S   162 SAFFANMTKLKFINLKLNSIDRICEPDLESFQGKHFGALDVSSARFLGLSSKGFDWKTCGNPFKGMSFHTLDLSHNGFNAAKSQQFFRAV   251
rtTLR5S   172 SPFFVNMTDFQELNITLNQMESICEEDLLGFCGKHFRLLKLNSVSLYGMTQNGFDWKRCGNPFRNMSIETLDLSSNGFNVDKAKLFFNAI   261
rtTLR5M   164 ALFFVNMTDFQELNVSLNRMESICEEDLLGFQGKHFRLLKLNSLYLYSMTQYGFDWKRCGNPFRNMSMETLDLSSNGFDVDKAKLFFNAI   253
fgTLR5M   146 GLFFSQLTYFTELNLDLNPIERLCESDLVGFQGKSFHRLSLNSAHLYKMNDATFDWEQCGNPFRWIAFRTLDLSSTGFNLNTLRRFLKAI   235
moTLR5    164 HSSFRELNSLSDVNFAFNQIFTICEDELEPLQGKTLSFFGLKLTKLFSRVSVG--WETCRNPFRGVRLETLDLSENGWTVDITRNFSNII   251
huTLR5    163 HPSFGKLNSLKSIDFSSNQIFLVCEHELEPLQGKTLSFFSLAANSLYSRVSVD--WGKCMNPFRNMVLEILDVSGNGWTVDITGNFSNAI   250
                                     *                                  *
fgTLR5S   252 QGTKISHLKLAGYQ-GKGFSFNNLPDPDSSTFEGLRNSSVLTLDLSQGRIFALRQGVFSWLTVATIIDVSQNRVNQIHRNAFEGLEGRLK   340
rtTLR5S   262 QGTKIHHIILEHSTMGKSFGFSNFKDPNKKTFNGLKNSGIKILDLSKCFIFALQYAVFSPLREVEDITLAQNKINQIDRGAFWGLENLQR   351
rtTLR5M   254 QGTKIHHLILEHSTMGKSFGFSNVKDPDRQTFEGLENSSVKILDLSKCFIFTLQYAVFSPLREVEDITIAQNKINQIDREAFFGLQNVQK   343
fgTLR5M   236 EGTLINHLIISSN-MGKGFSHNNLPDPDEDTFEGLVSSGIHTMDLSRNWIYVLKSAVFRPLRNVVILDVSRNKVSQIQTSAFNGLQGHLR   324
moTLR5    252 QGSQISSLILKHHIMGPGFGFQNIRDPDQSTFASLARSSVLQLDLSHGFIFSLNPRLFGTLKDLKMLNLAFNKINKIGENAFYGLDSLQV   341
huTLR5    251 SKSQAFSLILAHHIMGAGFGFHNIKDPDQNTFAGLARSSVRHLDLSHGFVFSLNSRVFETLKDLKVLNLAYNKINKIADEAFYGLDNLQV   340

fgTLR5S   341 MLNLSHNLLGEVYSHTFASLTHLKVLDLSHNHIGVLGYGSFRGLPNLEALFLTGNSLSRLGFPSPLPKLQYLH---LRDNELSSASSLAQ   427
rtTLR5S   352 L-NLSHNLIGEIYSYTFDNLPNILELDLSYNHIGALGYQAFTGLPNLQILDLTGNSIRQLGTYGYLAPLPNLQLLNLADNKITSLEGLLG   440
rtTLR5M   344 L-NLSHNLIGEIYSYTFDNLPNILELDISYNHIGALGYQAFKGLPNLQVLDLTGNSIRGLGTYGSLAPLPNIQLLRLADNKITSLEGLSV   432
fgTLR5M   325 LLNLSFNLLGEIYADTFGSLSELRVLDLSYNHIGALGSKAFSGLPELRGLYLTGNSLRKLG-FPA--SLPKLEFLLLGDNKLDSLYSVMD   411
moTLR5    342 L-NLSYNLLGELYNSNFYGLPRVAYVDLQRNHIGIIQDQTFRLLKTLQTLDLRDNALKAIGFIPSIQMVL------LGGNKLVHLPHIHF   424
huTLR5    341 L-NLSYNLLGELYSSNFYGLPKVAYIDLQKNHIAIIQDQTFKFLEKLQTLDLRDNALTTIHFIPSIPDIF------LSGNKLVTLPKINL   423

fgTLR5S   428 FAWNIKYL-NIKENHLTNLEDVHVFLDQ--LRELQILLYGGNTVRWCTLSQNGSAAVWNKLQVLDLHGSSLQAVWAQGQCLNLFDGLGHV   514
rtTLR5S   441 FANSTI-ILNVQNNRLTNLEDVYIVLAKF-MRIERIWYGNNNIK-WCIFSSNISVPAVNSLKLLELRNIALQILWGHGVCLDVFENLIKL   527
rtTLR5M   433 FAPSTI-ILNVQNNRLTNLEDVYTVLAKL-MHIEFLWYGNNFIK-WCTLNNNISVPAVNSLKLLELRNIALQMIWARGECMHVFQHLGKL   519
fgTLR5M   412 LAANST-YMDVRDNRLNNLEDVYMLITDF-HRLETLMFGGNLIK-WCTLNRKWAVPINGTLKVLDVHDSSLQKVWMEGKCLDLFDHLCNL   498
moTLR5    425 TANFLE-LSE---NRLENLSDLYFLLRVPQL--QFLILNQNRLS-SCKAAHTPSENPS--LEQLFLTENMLQLAWETGLCWDVFQGLSRL   505
huTLR5    424 TANLIH-LSE---NRLENLDILYFLLRVPHL--QILILNQNRFS-SCSGDQTPSENPS--LEQLFLGENMLQLAWETELCWDVFEGLSHL   504
                                                            *                                *
fgTLR5S   515 ADLNLSSNQLQLLPQGVFQGLASVVTMDLSSNALTYLQPDILPHSLRKLYLSNNFIAA-PDPAAFRSLSHLDLSSNRFHCTRNLRGFLTW   603
rtTLR5S   528 FSLDLSFNSLRALPDGIFKGLVSLEEMDLSFNSLTYLQPDIFPASLKTVDL-SYNFLSSPDPAAFSSLSWINLYRNRFHCDGGLKDFLTW   616
rtTLR5M   520 LSLDLSFNSLQAPPDGIFKGLISLEEMDLHFNSLTYLKQDIFPESLKTVDL-SYNFLASPDPEAFHSLSWINLYRNQFHCDCGLEDFLTR   608
fgTLR5M   499 RGLNLSFNSLESLPQGIFAGLSSVHEIDLSFNALTYLQSDVFPTSLAILHILG-NFLASPDPGIFQTLILLDLEGNRFHCDCHLQAFLGW   587
moTLR5    506 QILYLSNNYLNFLPPGIFNDLVALRMLSLSANKLTVLSPGSLPANLEILDISRNQLLCPD-PALFSSLRVLDITHNEFVCNCELSTFISW   594
huTLR5    505 QVLYLNHNYLNSLPPGVFSHLTALRGLSLNSNRLTVLSHNDLPANLEILDISRNQLLAPN-PDVFVSLSVLDITHNKFICECELSTFINW   593
                                                                                             *
fgTLR5S   604 LNQTEVTFLSPVHKLR-CF-PLGWYKVPLLEYAAQFAQQ                                                      641
rtTLR5S   617 MNRTNVTFPDPGVAEFSCEFPSDLHGVSLLNYSKVITEKYPKPSLTKI                                             652
rtTLR5M   609 LKGTNVTFPDPGVNEFSCEFPSDLHGISLLNFSSVIS-CEEDDERLVQELRLSLFIGCTALIILIMV-GSIFFTRLRGFLFKVYKKLTAR   696
fgTLR5M   588 LNATNVTHLSPVA-EYRCAFPAALQNLPLLNYSRTVEACEVDDEESTHGLRFALFVFTAGLVITAVLCGAAY-ARLRGRIFVAYKKIMRK   675
moTLR5    595 LNQTNVTLFGSPADVY-CMYPNSLLGGSLYNIST--EDCDEEEAMRS--LKFSLFILCTVTLTLFLVITLVVI-KFRGICFLCYKTIQKL   678
huTLR5    594 LNHTNVTIAGPPADIY-CVYPDSFSGVSLFSLST--EGCDEEEVLKS--LKFSLFIVCTVTLTLFLMTILTVT-KFRGFCFICYKTAQRL   677
                               *                    *
fgTLR5S
rtTLR5S
rtTLR5M   697 ILEGPRRDPSADGPRYDAYLCFSNNDYKWVETALLNRLDSQFAERNVLRCCFEVRDFIPGEDHLFNIRDAIWGSRKTVCIVSKGFLKDGW   786
fgTLR5M   676 VLDAPKPPAITDEQPYDVFLCFSSKDYRWVEAAVLKKLDSQLSDNTF-RCCLEARDFLPGEDHLSNIRDASWGSRKTLCVVSKEFLKDGW   764
moTLR5    679 VFKDKVWSLEPGAYRYDAYFCFSSKDFEWAQNALLKHLDAHYSSRNRLRLCFEERDFIPGENHISNIQAAVWGSRKTVCLVSRHFLKDGW   768
huTLR5    678 VFKDHPQGTEPDMYKYDAYLCFSSKDFTWVQNALLKHLDTQYSDQNRFNLCFEERDFVPGENRIANIQDAIWNSRKIVCLVSRHFLRDGW   767
                                   Box1                               Box2                          Box3
fgTLR5S
rtTLR5S
rtTLR5M   787 CLEAFTLAQSRMLEELRDVLIMVVVGNVPHYRLMKHEGIRTFAQKREYLQWPEDTQDIQWFYEKLMSKILKDKKYTSKDNNRDITLVNM-   875
fgTLR5M   765 CLEAFSLAQGRMLEELTNILVMVVVGKVAHYQLMRCKAVRVFVQKRQYLTWPEDPQDLDWFYERLVSLLLKDTKVKTFAEDKEEAVAQNT   854
moTLR5    769 CLEAFRYAQSRSLSDLKSILIVVVVGSLSQYQLMRHETIRGFLQKQQYLRWPEDLQDVGWFLDKLSGCILKEEKGKKRSSSIQLRTIATI   858
huTLR5    768 CLEAFSYAQGRCLSDLNSALIMVVVGSLSQYQLMKHQSIRGFVQKQQYLRWPEDLQDVGWFLHKLSQQILKKEKEKKKDNNIPLQTVATI   857

fgTLR5S
rtTLR5S
rtTLR5M   876 TVGT            879
fgTLR5M   855 ESIQLQGIRAPQL   867
moTLR5    859 S               859
huTLR5    858 S               858
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図1-7.　rtTLR5MとrtTLR5Sの遺伝子構造
　A, rtTLR5M及びrtTLR5Sのエキソン、イントロン構造。ORFは黒で、3'-UTおよび
5'-UTは白抜き、rtTLR5Sのイントロンは灰色で挿入部とともに示す。なおrtTLR5M
にイントロンは存在しなかった。BおよびCのサザンブロットハイブリダイゼーシ
ョンで用いたプローブ部はProbe S及びProbe Mとして示した。また制限酵素サイト
をE (EcoRI)、H (HindIII)、Ps (PstI)として示す。B, C, サザンブロットハイブリダイ
ゼーション。10 µgのニジマスゲノムDNAを表記の制限酵素で消化した。DNA断片
をアガロースゲルで分離し、Hi-bond N+ nylon membraneに転写した。シグナルは
Probe S (B)及びProbe M (C)を用いて検出した。なお分子量マーカは左に記した。
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A

図1-8.　rtTLR5Sペプチド抗体の作製
　A, rtTLR5Sにおける抗原性の高い部位をNPS@ : PHYSICO-CHEMICAL PROFILES
で検索し、さらにその２次構造をGENETIXで確認した。結果をもとにrtTLR5Sのア
ミノ酸274-292を採用し、ペプチド抗体を作製した。B,C, Flagタグ標識rtTLR5Sを
CHO-K1細胞に一過的に発現させ、抗Flag抗体(B)、続いて抗rtTLR5Sペプチド抗体
を用いてウエスタンブロッティングを行った。矢印は抗Flag抗体で検出された
rtTLR5Sの位置を示す。Bにおいて確認されたrtTLR5は、抗rtTLR5Sペプチド抗体で
検出を行った際 (C) にも微量ながら確認されたが、その力価は非常に低いものであ
った。
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1-1. rtTLR5M rtTLR5M TLR

huTLRs

1 2 3 4 5 6 7 8 9 10

rtTLR5M total 22.99 25.14 24.34 23.72 40.59 22.85 24.21 24.51 24.27 23.93

LRR 17.28 18.57 21.70 19.50 33.66 17.11 18.78 19.74 18.96 18.85

TIR 24.83 29.53 28.00 26.17 58.11 23.49 25.50 26.17 29.80 25.50

rtTLR5S 18.35 17.72 21.04 21.25 35.64 18.32 21.01 20.21 18.61 19.01

moTLRs

1 2 3 4 5 6 7 9 11 12 13

rtLTR5M total 19.89 19.95 22.76 21.19 40.45 19.48 20.38 20.67 16.04 19.16 22.37

LRR 18.37 21.24 20.99 19.58 34.46 18.85 18.88 18.02 17.89 17.39 19.04

TIR 26.17 28.19 26.67 24.83 60.81 24.83 25.50 29.80 23.49 26.85 32.43

rtTLR5S 18.50 20.78 20.00 20.72 37.09 18.80 21.12 17.53 20.00 18.08 20.74

fgTLRs

1 2 3 5 5S 7 8 9 21 22

rtTLR5M total 18.98 18.87 22.18 48.54 - 21.04 20.33 20.53 21.39 21.79

LRR 17.70 16.90 19.73 43.32 44.87 18.98 18.27 17.87 18.26 18.12

TIR 27.52 23.08 28.67 66.89 - 26.17 25.50 27.45 32.68 33.11

rtTLR5S 16.99 17.74 21.12 46.70 48.20 19.40 18.15 20.10 19.43 18.98

rtTLR5M rtTLR5S TLR

rtTKR5M (total) LRR (LRR)

TIR (TIR)
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1-4.

II

TLR5 (rtTLR5S) TLR5 (rtTLR5M)

rtTLR5M rtTLR5S

TLR

TLR4 LPS negative regulator

alternative splicing TLR2

TLR2 (post-transcriptional regulation) TLR2

TLR2

TLR2 TLR2

TLR5 single nucleotide polymorphisms (SNPs)

SNPs TLR

TLR

TLR2

(chTLR2 type1 type2) chTLR2 type1

type2

LRR

TLR (34)

TLR

rtTLR5M rtTLR5S 81%

rtTLR5S 20 bp

5'UT

3'UT mRNA rtTLR5M rtTLR5S

Pseudogene TLR5

rtTLR5S

rtTLR5M

TLR5



26

TLR

TLR

TLR5 TLR5

( (31)) TLR

TLR

rtTLR5M rtTLR5S TLR5

rtTLR5S LRR CT

LRR

rtTLR5M LRR TIR

TIR LRR

TIR LRR

TLR5

(35) rtTLR5M

rtTLR5S

(2) rtTLR5S

RT-PCR

Flagellin

TLR (36) TLR
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TLR5 TLR5

TLR5 TLR5

(37) IL-1�(38) TNF-�(39)

RTH-149 RTG-2

rtTLR5M rtTLR5S

2-1.

2-1-1.

RTH-149 RTG-2

CHO ATCC: Amerivan Type Culture

Collection (Manassas, VA) HeLa

RTH-149

RTG-2 10% (v/v) FCS 2 mM L-Glutamine 0.15 % sodium bicarbonate 0.1 mM

MEM non-essntial amino acids 1 mM sodium pyruvate 100 U/ml penicillin G 100 mg/ml

streptomycin Eagle's minimum essential (MEM) (Nssui, Tokyo, Japan)

20°C 5% CO2 CHO 10% (v/v) FCS 0.15 % sodium

bicarbonate 100 U/ml penicillin G 100 mg/ml streptomycin Ham's F15 (Nissui)

37°C 5% CO2 HeLa 10% (v/v) FCS 100 U/ml

penicillin G 100 mg/ml streptomycin Dulubercco's modified Eagle's medium

(D-MEM) 37°C 5% CO2

2-1-2.

Vivrio Vivrio anguillarum

2% NaCl Tryptosoya

(Nissui) 25°C 36

2% NaCl Tryptosoya (Nissui) 25°C 24

6,000 rpm 5 4°C PBS
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-80°C E. coli DH5�

invitrogen competent cell

2-1-3.

pCR/huCD4 XhoI/BglII CD4

pELAM-luc dual-luciferase assay

phRL-TK Promega pEFBOS/huTLR5 (40)

E-selectin (ELAM) (pELAM-luc) (41)

2-1-4.

Flagellin

GST binding solution: 10 mM NaH2PO4, 1.8 mM KH2PO4, 140 mM NaCl,

2.7 mM KCl, pH 7.3

GST elution buffer 50 mM Tris-HCl, 10 mM , pH 8.0

FACS

FACS buffer: 0.1% BSA, 0.1% NaN3 in D-PBS

2-2.

2-2-1. V. anguillarum DNA

V. anguillarum DNA Sambrook (42)

3 V. anguillarum 200 ml 8,000 rpm 10 4

PBS 20 ml TE

5 ml 5 mg 15 37

SDS ( 2%) NaCl ( 1

M) 2,000 rpm

PCI 2,000 rpm PCI

2,000 rpm

DNA DNA 70
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TE 5 ml

DNA RNase A ( 20 µg/ml) 37 1

RNA Proteinase K ( 100 µg/ml) NaCl ( 1 M) 10 SDS

( 2%) 37 1

70 2 ml TE DNA

2-2-2. Flagellin

V. anguillarum DNA PCR V. anguillarum FlaA

(AAB06995)(43) FlaC (U52119)(44) FlaA FlaC

Blunt end pGEX-2T (Amersham

Biosciences) FlaA BamHI SmaI FlaC BamHI EcoRI

pGEX2T/FlaA pGEX2T/FlaC pGEX2T/FlaA

pGEX2T/FlaC BL21(DE3)pLysE (Merch

Biosciences, Darmstadt, Germany) pGEX2T/FlaA pGEX2T/FlaC

BL21(DE3)pLysE 100 µg/ml LB

600 nm 1.0 25 0.1 mM

IPTG 2 GST

binding solution 9,000 rpm

10 4°C 50 %

Glutathione-Sepharose 4B (Amersham Biosciences) 4°C 2

PD10 GST-binding buffer

GST elution buffer PAGE

PBS thrombin (Amrsham Biosciences)

FlaA (rFlaA) FlaC (rFlaC)

FlaA 5'-CCGGATCCATGACCATTACAGTAAATACTAACGTCTCAGCAATG-3'

5'-ATCCCGGGTTACTGCAATAGTGACATTGCAGAATTTGGCAACTG-3'

FlaC 5'-CCGGATCCATGGCGGTTAATGTAAACACTAACGTTTCAGC-3'

5'-CCGAATTCTTAACCAAGCAAACCAAGAGCAGCATTAGG-3'

2-2-3. SDS-PAGE

SDS-PAGE 1-2-13 CBB DW

BioSAFE-CBB (Bio-Rad, Hercules, CA)
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DW

2-2-4. V. anguillarum rFlaA

1.0 � 107 RTH-149 RTG-2 6-cm dish plate

10 cfu (colony-forming unit) V. anguillarum rFlaA (1 µg/ml)

totalRNA TRIzol reagent

(1-2-1 ) totalRNA RT-PCR rtTLR5M rtTLR5S rtIL-1�

rtTNF-� rt-�-actin (1-2-11

)

2-2-5. PCR

PCR SYBR-Green ready reaction Kit (Bio-Rad) RT 1 µl

0.4 µM 2� Super Mix 12.5 µl 25 µl

PCR 95°C, 3 min, (95°C: 10 sec, 60°C: 10 sec, 72°C: 30 sec)� 40

cycle rt-�-actin 105 copy

rtTLR5M 5'-ACGACGCTTACTTATGCTTC-3'

5'-CACCTGGGATGAAGTCTCTG-3'

rtTLR5S 5'-GTTGCCTACAATATCCTGAATGTCA-3'

5'-GCAGGTAGACTCCAAAGATA-3'

rtIL-1� 5'-TAGTGTTGGAGTTGGAGTCG-3'

5'-GCTCCATAGCCTCATTCATC-3'

rt-�-actin 5'-GCCGCGACCTCACAGACTAC-3'

5'-CCATCTCCTGCTCAAAGTCC-3'

2-2-6. rtTLR5M huTLR5 Constitutive active

huTLR5 rtTLR5M constitutive active human CD4 (huCD4)

huTLR5 rtTLR5M TM huTLR5 rtTLR5M

TM PCR rtTLR5M

TM~F/R huTLR5 TM~F/R PCR Blunt end

XhoI/NotI pEFBOS (40)

XhoI/BglII huCD4 BamHI/NotI rtTLR5M TM~TIR

huTLR5 TM~TIR Takara ligation kit 2 way

constitutive active pEFBOS/CD4+rtTLR5M
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pEFBOS/CD4+huTLR5

CD4 + rtTLR5M TIR

rtTLR5M TM~F: 5'-GGATTCCTCTTCATCGGCTGCACAGC-3'

rtTLR5M TM~R: 5'-GCGGCCGCTTAAGTTCCAACTGTCATATTTACAA-3'

CD4 + huTLR5

huTLR5 TM~F: 5'-GGATCCCTTTTCATTGTATGCACTGT-3'

huTLR5 TM~R: 5'-GCGGCCGCTTAGGAGATGGTTGCTGCTACAG-3'

2-2-7. Flow cytometry (FACS)

pEFBOS/CD4+rtTLR5M pEFBOS/CD4+huTLR5 CHO

0.05% EDTA/PBS FACS buffer 3 5 PE

IgG2a (BD Biosciences) 5 PE CD4

(BD Biosciences) 4°C 30 FACS buffer 3

3% FACSCalibur (BD

Biosciences)

2-2-8.

CHO 2.0 � 105 cell 24 well plate 1 well pEFBOS

pEFBOS/CD4+rtTLR5M pEFBOS/CD4+huTLR5 100 ng pELAM-luc

100 ng phRL-TK control vector 0.1 ng LipofectAMINE Plus

24 PBS 3 100 µl/well Passive Lysis Buffer

(Promega: Dual-Luciferase Reporter Assay System) 10 µl

Dual-Luciferase

Reporter Assay System (Model: BLB-201,

ALOCA, Tokyo, Japan Model: Lumat LB9507, BELTOLD, Wildbad, Germany)

vector control

2-2-9.

(a)rtTLR5S + huTLR5 = S-chimera

huTLR5 LRR-CT TIR aa 574-859

rtTLR5S aa 29-597 S-chimera PCR

pCR Blunt

rtTLR5S HindIII BamHI huTLR5 BglII SalI
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HindIII SalI pFLAG-CMV-1 2 way

pFLAG/S-chimera

rtTLR5S LRR (aa 29-597) 5'-AAGCTTACCCCAAGATGTCCACTATATGG-3'

5'-GGATCCAGCTGAGAGAACTGAAAGC-3'

huTLR5 TM~ (aa 574-859) 5'-AGATCTTGGATATAACTCATAACAAGTTC-3'

5'-GTCGACCCTTTGATTAGGAGATGGTTGC-3'

(b)rtTLR5M + huTLR5 = M-chimera

(a) huTLR5 aa 574-859 rtTLR5M LRR (aa 21-661)

M-chimera rtTLR5M NotI

BamHI huTLR5 BglII SalI NotI SalI pFLAG-CMV-1

2 way pFLAG/M-chimera

rtTLR5M LRR (aa 21-661) 5'-GCGGCCGCGAACCCAAAATGCCCAATA-3'

5'-GGATCCAGCTGAGAGAATG-3'

2-2-10. S-chimera M-chimera Flagellin

(a)CHO

CHO 2.0 � 105 cell 24 well plate 1 well

pFLAG-CMV-1 pFLAG/S-chimera pFLAG/M-chimera

pFLAG/huTLR5 100 ng pELAM-luc 100 ng phRL-TK control vector (Promega) 0.1 ng

LipofectAMINE Plus 36 GST rFlaA (0.01,

0.1 1 µg/ml) LPS (0.1 µg/ml) PGN (10 µg/ml) poly(I:C) (2 µg/ml) CpG-ODN (2

µM) 5 CpG 9

2-2-8

(b) HeLa

HeLa 2.0 � 105 cell 24 well plate 1 well

pFLAG-CMV-1 pFLAG/S-chimera pFLAG/M-chimera

pFLAG/huTLR5 200 ng pELAM-luc 100 ng phRL-TK control vector 0.1 ng PolyFECT

(Qiagen, Valencia, CA) 24 0.05%

EDTA/PBS 24 well 1 well 96 well 6well

16 2-2-10a PBS

25 µl/well Passive Lysis Buffer 2-2-8
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2-2-11. M-chimera rtTLR5S

CHO HeLa 2.0 � 105 cell 24 well plate 1 well

pFLAG-CMV-1 pFLAG/M-chimera 200 ng pELAM-luc 100 ng phRL-TK

control vector 0.1 ng LipofectAMINE Plus (CHO) PolyFECT (HeLa)

24 pFLAG/rtTLR5S (1, 10,100 ng)

24 CHO HeLa 16

GST rFlaA (1 µg/ml) 5

2-2-8

2-2-12. rtTLR5S

rtTLR5S Bac-to-Bac bacuro virus expression system (Invitrogen)

pFLAG/rtTLR5S C 6�His

PCR Preprotrypsin Flag rtTLR5S

6�His PCR

pFastBac1 SalI NotI

pFastBac1/rtTLR5S Bacumid DNA

DH10Bac pFastBac1/rtTLR5S

Bacumid DNA

Bacumid DNA Sf21

UniFECTOR (B-bridge, San Jose, CA) 3

moi 0.1

moi 5

1,500 rpm 10 4°C

9,000 rpm 15 4°C

20% PEG#4000 4°C 16

9,000 rpm 15 4°C

1/5 20 mM pH 7.4 20

mM pH 7.4 AKTA

Explorer 10S (Amersham Biosciseces) RESOURSE Q (Amersham

Biosciseces) 20 mM pH

7.4 20 mM 500 mM NaCl

pH 7.4 rtTLR5S

20 mM 500
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mM NaCl 10 mM pH 7.4

Hi-Trap Ni Chelating HP (Amersham Biosciseces) 20 mM

500 mM NaCl 10 mM pH 7.4 20 mM 50 mM

100 mM 200 mM 500 mM

rtTLR5S

(UF30, Millipore) 10% -80°C

1000 ml 10 µg rtTLR5S

2-2-13. in vitro binding assay

Flagellin rtTLR5S GST Pull down 20 ng

6�His rtTLR5S 0-5 µg GST GST-FlaA 300 µl PBS (pH 8.0) 4°C

2 10 µl Glutathione-Sepharose 4B

4°C 2 Glutathione-Sepharose PBS

4 Glutathione-Sepharose 10 mM

/PBS SDS-PAGE

His (Qiagen) 0.2 µg/ml

HRP IgG 10,000 1-2-13

2-3.

2-3-1. V. anguillarum Flagellin

V. anguillarum FlaA, B, C, D, E Flagellin

Flagellin FlaA FlaC

pGEX-2T FlaA FlaC N GST

GST-FlaA GST-FlaC BL21(DE3)pLysE

40 k GST 26 k 66 k 500 ml

GST-FlaA 1.17 mg GST-FlaC 1.80 mg

2-1A pGEX-2T thrombin GST

Flagellin GST-FlaA GST-FlaC

thrombin 2-1B rFlaA rFlaC

40 k

2-3-2. RTH-149 V. anguillarum



35

rtTLR5M rtTLR5S

RTH-149 V. anguillarum rtTLR5M rtTLR5S

rtIL-1� RT-PCR rtTLR5S

V. anguillarum 4

6 48

rtTLR5M

rtIL-1� 1

3-10 2-2 rtTLR5S rtIL-1�

45

PCR 25 rtIL-1�

2-3-3. RTH-149 Flagellin

2-3-2 RTH-149 rtTLR5M rtTLR5S

rtTLR5M

Flagellin (rFlaA rFlaC) rtTLR5M rtTLR5S rtIL-1�

rtTNF� RT-PCR rtTLR5S

V. anguillarum rFlaA

4 6

rtTLR5M rtIL-1� rtTNF-� 1

6 2�3 V. anguillarum

Flagellin

rtTLR5S

rtTLR5M Flagellin rtTLR5S

Flagellin

RTG-2 rtTNF-�

2�3

RTH-149 rtTLR5M rtTLR5S rtTIL-1� PCR

2-4 rtTLR5S 6

rtTLR5M

RT-PCR

rFlaC rFlaA

2-3-4. RTH-149 PAMPs

RTH-149 V. anguillarum Flagellin 2-3-2 2-3-3
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RTH-149 PAMPs

LPS (0.1 µg/ml) PGN (10 µg/ml) poly(I:C) (2 µg/ml)

CpG-ODN (2 µM) 6 12 RT-PCR

RTH-149 LPS

LPS

PGN RTH-149 rtTLR5M

Poly(I:C)

rtTLR5S rtIL-1� rtTNF-�

RTH-149 TLR3 dsRNA

CpG-ODN rtTLR5S, rtIL-1� rtTNF-�

2�5

2-3-5.

TLR

HEK293 TLR5 TLR5

Flagellin TLR5

CHO HeLa

(10, 45)

a) rtTLR5M

rtTLR5M Flagellin CHO HeLa

rtTLR5M TIR

CD4

constitutive active (20) CD4

(aa 1-396) rtTLR5M (aa 661-880)

huTLR5 (aa 643-859)

2-6A constitutive active

CHO FACS

CD4

constitutive active CHO

2-6B TLR MyD88 TICAM-1/TRIF

NF-�B IFN-� TLR5

MyD88 NF-�B (10)

rtTLR5M TIR MyD88 TICAM-1
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huTLR5 TIR MyD88

NF-�B 2-6C rtTLR5M

b) rtTLR5M rtTLR5S huTLR5

rtTLR5M rtTLR5S Flagellin rtTLR5S

rtTLR5M rtTLR5S: aa 29-597 rtTLR5M: aa 21-661 huTLR5

LRR-CT TIR aa 574-859 S-chimera M-chimera

2-7 S-chimera M-chimera CHO HeLa

FACS FACS

S-chimera CHO HeLa Flagellin

NF-�B 2-8 CHO HeLa

M-chimera

CHO HeLa Flagellin

CHO NF-�B 2-9A

HeLa 2-9B

TLR S-chimera CHO

HeLa rFlaA (1 µg/ml) LPS (0.1 µg/ml) PGN (10 µg/ml) poly(I:C) (2

µg/ml) CpG-ODN (2 µM) PAMPs

Flagellin 2-10

M-chimera CHO HeLa

CHO Flagellin HeLa

PAMPs 2-11

2-3-6. M-chimera rtTLR5S

M-chimera Flagellin rtTLR5S Flagellin

M-chimera

CHO HeLa Flagellin rtTLR5S

CHO HeLa rFlaA

rtTLR5S NF-�B

2-12 HeLa rFlaA rtTLR5S

rFlaA 2-12B

2-3-7. rtTLR5S
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rtTLR5S Flagellin

rtTLR5S

pFastBac1 rtTLR5S C 6�His

DH10Bac Bacumid DNA

Bacumid DNA Bacumid DNA Sf9

Sf9

PEG#4000 RESORSE Q Hi-trap Ni Chelating

HP 2-13 1,000 ml Sf9 10 µg

2-3-8. rtTLR5S Flagellin

rtTLR5S Flagellin rtTLR5S 20 ng

GST-FlaA GST Gltathione-Sepharose

10 mM Gltathione/PBS His

rtTLR5S GST rtTLR5S

GST-FlaA rtTLR5S ( 2-14)

C3(46) GST

GST-FlaA rtTLR5S Flagellin

2-3-9. rtTLR5 M-chimera Flagellin

rtTLR5S M-chimera CHO

HeLa Flagellin

rtTLR5S 1, 10, 100 ng/ml

Flagellin HeLa

rtTLR5S Flagellin

2-15















huTLR5

rtTLR5M

rtTLR5S

LRR TIR

LRR-C
T

TM

Extracelluar Intracellular

S-chimera

M-chimera

図2-7.　キメラTLR5 (rtTLR5S及びrtTLR5M)の概略図
　rtTLR5SのLRRドメイン (aa 29-597) とhuTLR5のLRR-CT以降細胞内領域 (aa 574-
859) を接合したキメラ分子をS-chimera、rtTLR5MのLRRドメイン (aa21-661) と
huTLR5のLRR-CT以降細胞内領域 (aa 574-859)を接合したキメラ分子をM-chimeraと
し以降の実験に用いた。なお、灰色の部分はニジマス由来の配列、黒の部分はヒト
由来の配列を示す。
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GST

GST-FlaA

rtTLR5S 20 ng

5 3 2 1 0

53210

µg

µg

anti-His

CBB

116

66

42

30

116

66

42

30

rtTLR5S

GST-FlaA

GST

図2-14.　rtTLR5SとFlagellinは直接結合する
　PBS中でrtTLR5S (20 ng) と表記のGST、GST-FlaAを混合し、さらにGlutathione-
sepharoseを加え、PBSで十分洗浄した後、複合体を10 mM還元型グルタチオン/PBS
にて溶出を行った。溶出物をSDS-PAGEで分離し、Hisタグ抗体でrtTLRSを検出した。
またGST及びGST-FlaAはCoomassie Brilliantblueで染色した。なお、分子量は右に示
す。
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2-4.

TLR5 rtTLR5S rtTLR5M

rtTLR5M rtTLR5S TLR5 (Flagellin)

TLR5 Flagellin

rtTLR5S rtTLR5M Flagellin

Flagellin rtTLR5M

rtTLR5M rtTLR5S

rtTLR5S Flagellin

rtTLR5M rtTLR5S Flagellin

Flagellin

TLR TLR5 TLR5 Flagellin

LPS TLR4 TLR (TLR21

TLR22) (31) TLR

(47-50) TLR

RTH-149 RTG-2 V. anguillarum Flagellin

rtTLR5M rtTLR5S rtIL-1� rtTNF-�

rtTLR5M rtTLR5S

rtIL-1� rtTNF-� PAMPs

1-4 PAMPs

TLR rtTLR5S

rtTLR5S

TLR5 Flagellin (Flagella)

N C �-helix

(51)

Flagellin TLR5

(52)

CaCo-2 T84 MDCK

(45, 53, 54) apical Flagellin

TLR5 basolateral

(45) Salmonella typhimmurium salmonella
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pathogenicity island (SPI-2)

Flagellin apical basolateral IL-8

(55)

SPI-1 S. typhimmurium Flagellin translocation

IL-8

Flagellin SPI-2

Flagellin basolateral TLR5 IL-8

V. anguillarum

(56)

(57) V. anguillarum

(58)

rtTLR5M Flagellin rtTLR5S

TLR

rtTLR5S Flagellin

LPS

LBP(59) CD14(60)

(61) Micobacterium marinum

S. typhimurium (62, 63) (64)

(65) in silico

TLR (48, 49)

TLR4 TLR5

TLR

12 TLR5 MyD88 5

(49)

Toll
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(4)

TLR21 TLR22

TLR TLR2

TLR9 TLR

TLR2 PGN PGN

TLR2 TLR2 (66) TLR9

BIACORE TLR9

CpG-ODN (67, 68)

TLR GST-Pull down

rtTLR5S Flagellin

rtTLR5S rtTLR5M Flagellin

TLR

TLR5 Flagellin

TLR5 TLR5 Flagellin

TLR5
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TLR5 Flagellin N-glycosylation

TLR

TLR2 TLR5

TLR2 N 7 LRR

8-20 LRR PGN (69, 70) Mizel

TLR5 deletion mutant COS-1 lysate His Flgellin

His huTLR5 LRR (aa 386-407)

Flagellin (71) Jacchieri huTLR5

Salnomella enterica S. Typhimurium Pseudomonas aeruginosa Listeria

monocytegenes Flagellin huTLR5

(aa 552-561)

(72) rtTLR5M rtTLR5S

TLR5M TLR5S huTLR5 Flagellin

3-1.

3-1-1.

HEK (human embryonic kidney) 293

10% FCS 100 mU/ml Penicillin G 100 µg/ml streptomycin

D-MEM 37°C 5% CO2

3-1-2.

Pseudomonas aeruginosa AN19

LB 25°C 36

LB 25°C

24 6,000 rpm 5 4°C

PBS -80°C
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3-2.

3-2-1. P. aeruginosa AN19 DNA

2-2-1

3-2-2. Flagellin

P. aeruginosa AN19 DNA PCR P. aeruginosa FliC

(AAG04481.1)(73) FliC

2-2-2

FliC 5'-AGGATCCATGGCCCTTACAGTCAACAC-3'

5'-TGAATTCGCGCAGCAGGCTCAGGAC-3'

3-2-3. Flagellin

HEK293 2.0 � 105 cell 24 well plate 1 well

pELAM-luc 300 ng phRL-TK control vector 0.1 ng LipofectAMINE 2000 (Invitrogen)

12 tunicamicin ( 0.01,

0.1 1 µg/ml) 16 OPTI-MEM

(Invitrogen) NaIO4 ( 0.01, 0.1 1 mM)

GST (1 µg/ml) rFliC (1 µg/ml) 5

2-2-8

3-2-4.

pFLAG/huTLR5 T4 Polynucleotide Kinase (PNK) 5'

(huTLR5 N342Q F huTLR5 N598Q F) PCR PCR

2.5 U Pfu turbo DNA (Stratagene, La Jolla, CA) pFLAG/huTLR5

50 ng, 0.2 µM huTLR5 N342Q F huTLR5 N598Q F

20 U Taq DNA (New England Biorabs, Boverly, MA) 0.5�Pfu

0.5�Taq DNA 0.2 mM dNTP 50 µl

PCR 65°C, 5 min, 95°C, 2 min, (95°C: 10 sec, 55°C: 30 sec, 65°C: 14 min)� 25 cycle,

75°C: 7 min PCR DpnI (New England Biorabs, Boverly, MA)

DNA PCR PCR 95°C, 30 sec, (95°C: 30 sec, 55°C:

2 min, 70°C: 14 min)� 2 cycle, 75°C: 7 min PCR
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pFLAG/huTLR5

N342Q pFLAG/huTLR5 N598Q

huTLR5 N342Q F: 5'-TGACAACCTCCAAGTTCTCCAGTTGTCATATAACCTTCTG-3'

huTLR5 N598Q F: 5'-CAATTGGCTTAATCACACCCAGGTCACTATAGCTGGGCC-3'

3-2-5. HeLa

HeLa 2.0 � 105 cell 24 well plate 1 well

pFLAG-CMV-1 pFLAG/huTLR5 pFLAG/huTLR5 N342Q

pFLAG/huTLR5 N598Q 200 ng pELAM-luc 100 ng phRL-TK control vector 0.1 ng

PolyFECT 24 0.05% EDTA/PBS

24 well 1 well 96 well 6 well 16

rFliC (1 µg/ml) PBS 25 µl/well Passive

Lysis Buffer 2-2-8

3-3.

3-3-1.

HEK293 TLR5 Flagellin

(45) TLR5 P.

aeruginosa Flagellin FliC GST

GST-FliC 49 k + 26 k

thrombin GST 49 k

rFliC 3-1A rFliC TLR5 Flagelin

tunicamicin NaIO4

HEK293 rFliC

tunicamicin NaIO4

3-1B

3-3-2.

huTLR5 N 1-5 TLR5

huTLR5 342

598 3-2 PCR

pFLAG/huTLR5 N342Q pFLAG/huTLR5 N598Q
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HeLa Flagellin wt N598Q

N342Q

FACS
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3-4.

TLR

TLR

LRR (69-71) �-helix �-sheet

TLR5

(Tunicamicin NaIO4) Flagellin

Weber TLR2 442

N I

(74) da Silva Correia TLR4 N

LPS MD2

(75)

N

N

TLR5

N

TLR5 TLR5

342

Flagellin huTLR5

342 huTLR5

HEK293FT
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TLR

TLR

(31)

TLR data base

TLR (76) out group

C. elegans Tol-1(77) TLR TLR1, 6, 10 TLR2

TLR3 TLR4 TLR5 TLR7, 8, 9 III TLR

TLR1, 6, 10 TLR1 TLR1, 6, 10

TLR1, 6, 10 TLR2

co-receptor TLR2 TLR1, 6, 10

TLR4

TLR TLR4

co-receptor

TLR5 rtTLR5M rtTLR5S

TLR5 (fgTLR5M fgTLR5S) TLR5

TLR3, 7, 8, 9 TLR (78)

TLR
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TLR21 data base TLR21

TLR13

TLR22

data base TLR

TLR22

TLR11 TLR12 TLR

TLR

TLR

TLR1, 6, 10 TLR2 TLR3 TLR4 TLR5 TLR7, 8, 9

TLR TLR

TLR

TLR

TLR

Variable lymphocyte receptor (VLR)

LRR GPI LRR

(79)

TCR BCR

VLR VLR

TLR LRR TLR

VLR

TLR TLR

TLR

1. TLR5 (rtTLR5M)

TLR5 (rtTLR5S) rtTLR5M rtTLR5S
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rtTLR5M

rtTLR5S

2. rtTLR5S V. anguillarum Flagellin rtTLR5M

3. rtTLR5S Flagellin

4. TLR5 TLR5 2

N

TLR5 342

5. TLR TLR

TLR

TLR21 TLR22

TLR
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図III.　Toll-like receptorの進化系統樹
　現在までに配列が明らかになっているTLRの進化系統樹。解析にはヒト、マウス、
ニワトリ、フグを主に使用し、金魚 (gfTLR)、ヒラメ (jfTLR2、jfTLR22)、ナメクジ
ウオ (lanceletTLR)、ウニ (urchinTLR1.1、1.2、2.1)を加えた。またTLRのアウトグル
ープとして線虫 (nematodeTol-1)、を加えた。数値はブートストラップ値を示し、
800以上の高いスコアについて表記した。系統樹の長さはアミノ酸の置換度を示す。
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