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Molecular cloning of rock bream’s (Oplegnathus fasciatus) tumor necrosis

factor receptor—associated factor 2 and its function on NF-kB activation.

Woo Li Kim

Department of fish pathology, The Graduate School,

Pukyong National University

Abstract

Tumor necrosis factor receptor—associated factor 2 (TRAF2) acts as a
transducer of tumor necrosis factor-a (TNF-a) triggered cell signals which
results in inflammation, cell proliferation and anti—apoptotic response. In
this study, we have cloned ¢DNA of rock bream (Oplegnathus fasciatus)
TRAF?2, and analyzed its function in activation of NF-xB. The open reading
frame (ORF) of rock bream TRAF2 consisted of~1563 bp. encoding 520
amino acids'that contained N-terminal RING-type and TRAF-type zinc
finger domains and C-terminal TRAF 'domain. The rock bream TRAF2
protein showed more than 75% identity with other fish TRAF2s, and even as
high as 56% identity with mouse and human TRAFZ2 proteins. Semi—
quantitative reverse' transcriptase-polymerase chain reaction (RT-PCR)
analysis revealed that. rock bream TRAF2 was exXpressed in all tested
tissues of unstimulated" fish, “and, interestingly, tissues of spleen, gill,
leukocytes, intestine, and skin-showed higher-expression than other tissues.
TRAFZ is essential for TNF-a-induced NF-kB activation. To know whether
the rock bream TRAF?2 involves in NF-kB activation, Epithelioma papulosum
cyprini (EPC) cells harboring an NF-kB reporting vector were transfected
with a vector expressing rock bream TRAFZ2 or a control empty vector. EPC

cells transfected with the vector expressing rock bream TRAFZ showed



significantly higher NF-xB activity than cells transfected with a control
empty vector, suggesting rock bream TRAF?2 acts as a transducer of TNF-

a-mediated cell signals that enhance NF-kB activation.
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AN E = GAE SFAEZgNA T2 AAAEE tumor necrosis
factor (TNF)+& of#] Alo]E7EQ1e] A4, AL A4, &3 181
AFA AL (apoptosis) Z F AL (necrosis) &2 TSt 75l #ofsth=
A5 AlEIRIeR dEAd vk TNFi= NF-kBE
GAstA o RN TSl T oS st (Tartaglia LA,
Goeddel DV, 1992; Rothe J et al, 1992), trimer® 2}83Fo] TNF
receptors trimer® ©]F7 st ol 4o s Ad HHS w7
sttt TNFR1 AXZAFEY ¢|Eo] NF-kB, c—Jun N-—terminal
kinase UNK) Alsdgs mwj7isttt (baudv& Karin M, 2001). TNF
TFEAES 2L Te= AT YA Rot A Ads e uE

gwEo] Adke Q97 3=t death domaing 7}# TNF—-R1ef+&=

(o]

FE=9  (adapter protein)?l TNFE receptor—associated death—
domain—containing—protein (TRADD)®¢] #}x19] death—domain
(DD)& o]&sto] AFgozEzH ofE wEl=o] AS ZHAAEH7] 9%
71vke &St 4 TNF7F 1 584 (TNF receptor, TNFR) ¢}
Agstd, TNER
g sttt ( Rothe ] ‘et al, 1992; Sudhir«G; 2002). TRADD® Fas—
associated death domain-protein (FADD)”7} A3sl™ caspase—89]
3, ol% k9] ©@AY caspaseE A}
Z

w3,
APomA TR WA RaE doA AZARE fudch

iy

Wi gl 21S Zo]lSo] TNER Algdd Eaky=

(Boldin MP et al, 1996; Li H& Yuan J, 1999). stH TRADD®]
TRAF2 (TNF receptor associated factor2)® RIP (receptor—
interacting protein)©] ZA3%3sHA HW NF-kBe JINKE 43}



Al 71tk (Hsu H et al, 1996; Ting AT et al., 1996; Devin A et al.,
2000). NF-kBE TNFel 93 Ax w59 7} T3 WAl 24zt
Z9 stuEA, PR A XM TNFe| gsted 1 &Ao] Z7}
Hoh(srael et al, 1989). F2AHS AM3Eeo|r NF-kB= <A
Gdel kBe AdE AEE AZEA el =45, TNFE v %3
ofg] Ao osle] 1kB7} IkB kinasa(IKK)oll 9]&to] <14tsl € 3
ubiquitination #}4S AA EZZHo}E (proteasome) &2 3 H U
w3l kBE NF-kB7F & <QFZ%ow®9] olgs FE&goxEn x4
FHd2Fe] AAFE E4d3kAI 71t (Karin M & Ben—Neriah Y, 2000).
b IKKS x4 NF-kB #43te] 7Hd Fo3 i,
£z TNFel 93t IKKe 7%l #sto] FWgst A3v}
g efoigitt IKK 4319 #dHo] AHo= 549 TNFR1S A
A& TRAF2%]t}t (Rothe M et al,. 1994; Rothe M et al,. 1995).
TRAF2% TRAF1%-¥ TRAF67FA _¥sxl TRAF family®] stuz
TRADDS} /A%3eto] NE-kBE &4sAl7|=d Fo% Ad3E gt
TRAF29] | 7t2E27]% TRADD® ' ofmy-71¢} AF3ste] TNFRI
Asdd BEFAE olFal, TRAF2S ofui-7]e] EAjsl= RING—
Zinc—finger. $9+&= KK leucine zipper F9lo 4dst#Et} (Anne D
et al. 1995 A. Grech et al, 2000). TRAE2E #& TNFR2%
Adste AR T SHHAG O TNER1ISWVFQ AFdy
TRADD7} H73d% % TRAF2°] TRAF Sd|¢lo] TRADDS®} 2ZH
AgS o]F 1, 9] Ring finger =Wl 2 Zinc finger Ew|Qlo]
TNF] A5 E ofgidAlz Adsozx, 238 TNFRI1| 23t NF-
kB A3t ARl ¢ Faod 9FTFS sty A o}
Ul Eo] Fas A% vz =0 g 4z death domain—kinase RIP
=

g g s TRADD®| death EvQl® AfS FOZA TRAF29
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RIPgH# Ho] TNFR1¢] 93t NF—-kB 243t Zzol| Fo3%
S Husdtt (Hsu H et al, 1996). H- TRAF2°]
I8t= ring finger EH|<lo] <2J3te] RIP Wzl <lAkz 4l
ubiquitination®d (Lee TH et al, 2004)¢] d#HF o =M F il z 719
ME A5 Agel ste] NF-kBe @45 =44
St TRAF2E A1AT 49 TNFel| st INK &7 3} ddo] Aep]H
TRAF29 TRAF5E FAlel AAT A9t TNFel s NF-kB
st ddo] AteAl= Aol AR (Tada K et al, 2001).
TNF—a 9 I signaling ° #ojshi= TRAF2 &} 22 @z 5o
g Adel did 579 27 gigel w83 9EE et
Bstal o FolAe] #d AT AueFowR
Aoln, ofF TRAF2 o @& A4+ grass carp °llA
cloning & (Xu Z et al, 2007) A& ALstaie Ash A771 o] Fo A
AA e AAolt}k GenBank °). T=%o] 9= oF TRAF2
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FHAZ = green puffer Tetraodon nigroviridis, rainbow trout
Oncorhynchus mykiss, zebrafish Danio rerio, goldfish Carassius
auratus 7} =9 A Y. =8 (Oplegnathus fasciatus)< =uolA
FAskeE FQ dgol T stdolnh FH2 E dFdeAME =59
TNF-a #3AAE «cloning 39 @ GenBank ©. 5538 u} Qlow
(Accession No. FI623187) 1. 7] s d APYAFE &3t
A solth Yy TNF—ef WHosd 7Vless W7l flaiM=
TNF- @ signaling | #oist= factor =°l thd A57F 2

I FA4el TRAF2 7F Q171 wjiell TRAF2 o] #3 dA7& WEA]
dastth. E9k signaling o FRHFol &= NF-kB  9F =

AAQIAFES] B4 W] g ¥4 o4 Fed RS A au
Wepd 2 At ATolFed EHN TNF-e #d A7



TRAF2 o] g &4L &l NF-kB 9 &4 ®3}=
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Agolg A AW ZAo]l Qe AAs AR EBE (AT
120£10g) /MAl&& FYetder, 25T 24 159 7+ =43 &

gk

2. 395422 Complete ORF 27
2.1. =% TRAF2Y9 isolation of partial cDNA

=% spleen FE RNAiso plus reagent (Takara)E AFE3lo] total
RNA & #3833t £2l%8 total RNA = protocol © w2} DNase I
(Promega). 8 % stop solution = H7}sl3r}t. 91 RNA = t}&y
2 0= cDNA = FAst7] sl AFgatit. 1 pg®l DNasel &
213k RNA o1 2 random primer (0.5 gg/ml) (Promega)E
H7 e &, 80TCelA 10 &<k incubation 3FSTF. 18|31 5X reaction
buffer 4 #1, 10 mM dNTP mix (Takara) 4 1, M—MLV reverse
transcriptase (Promega) 11, RNase inhibitor (Promega) 0.5 gl
RNase free water & F7}eto] HF wbg &4 20 wE 42TolA

60 7t incubation 3} T}



GenBank °] =59+ Homo Spiens (CAI12703), Mus musculus
(CAM25165), Oncorhynchus mykiss (CAD69021), Carassius
auratus (CAC82653) TRAF2 2] ¢cDNA sequence & A2 H]13}¢]
4 Mo F A A conserved 3 region & %Mo} degenerated primer
(TRAF2-F1, TRAF2-R1)E #1#3}of(Table.l), RT-PCR &
AAstdek. #12] cDNA & 10 Hf 348 5 template & AFg-3}o
o3 #e x7o® PCR &tk WA pre—denaturation 34
95CelA 3min %t lcycle 43 %, 95Te|A 30s denaturation,
60CellA 30s annealing, 72TCe°llA] 30s extension ¢ WHg< lcycle &
3}o], 35cycle & WHEAIFH T 181 final extension S 72ToA
7min 3t lcycle 473838 th. PCR A& 1.5% agarose gel & ©]8-3}9
A719% 3 %, gel purification kit(Cosmo-Genentech, Korea)=
o] g3 DNA E #g 3t & pGEM-T easy vector o cloning 3o ABI
3700(PE Applied Biosystems)= 2|83 sequence & w433t
sequence ¥4 A3} TRAF2 2] specific ok FEo| A primer (TRAF2—
R2)E A &ste], =L degenerate primer (TRAF2-F2)9 RT-
PCR = Adsk3itt.

2.2. RACE-PCR

RACE-PCR< cDNAS ¢a Qle=<dF 7] Ad& o] &3t
cDNA9 full-length 5" —3 3" — endsE& 834 EE59 TRAF2Y
As cDNA fG7I1MES AAs ] Y&l AL Y. Degenerated
PCRZ 9& EA3 &% TRAF2 cDNA sequence |4 5 3 3
RACE primerg AZtstivt. = HZolA 28 Total RNA lug =



SMART RACE c¢DNA Amplification Kit(Clontech) AF&w®el wz}
5 ¥ 3 RACE & cDNAE %®Eo] RACE-PCRE Fd35ith
RACE-PCRE 3} €2 productsi= gel purification kit(Cosmo
Genentech, Korea)& ©]&3d DNAE *zZ|st & pGEM-T easy
vectore] cloningdto] ¥ white colonyE ampicillin  50pg/mlo]
Z7tE LB brothell wjekst & o] wjtdeA plasmidE &2 3He]
sequencing 3}t AFE3t primers Tablelel YERATH

3. 22 2d BA

=59 A7E TRAF2 #dS #<lstz] 29l semi—quantitative
RT-PCR & A&lA] s}9itt. WA liver, spleen, head- kidney, body
kidney, gill, brain, muscle; leukocyte, eye, stomach, intestine, skin,
heart Z%E RNAiso plus reagent (Takara) S A}£3}o] total RNA =
st 8% total RNA £ protocol o ®w2} DNasel (Promega)
2] ¥ stop solution = 7R, $1¢] RNA £ 53 22
0% cDNAE @Ast7slal ARgeloATt. 1 nge] DNasel & A 2] gt
RNA o 1 x02] random primer (0.5 xg/ml) (Promega) =& A7}3k 3
80TCelAl 10 <=3t incubation 8FSlth. T18]al-65 X reaction buffer 4 p1,
10 mM dNTP mix (Takara) 4 ¢l, M—MLV reverse transcriptase
(Promega) 1 x1, RNase inhibitor (Promega) 0.5 gl, RNase free
water & F7Feto] HF WhE & 20 wE 42TolA 60 #XH
incubation 3FFT. $°9 ¢cDNA £ 10 # A3t F template =

ARS8 1, control A housekeeping gene ¢ 18s = W3 HS



Bkt TRAF2 detection primer(Table 1) & thg3 e Ao R
PCR 3}%lth. 95TCe|A] 30s denaturation, 58 Coll4 30s annealing,
72TCelA 30s extension 2] WH&& lcycle & 3dFo], 32cycle =
WA Z T 28] 3L final extension #8-& 72CelA 7min %+ lcycle
a5 Th PCR AHES 1.5% agarose gel & o] 43l ©d719% 3 5,

ethidium bromide (EtBr)® & M3sto] #2135+ th(Fig.h).



Table 1. Oligonucleotides used for cloning and detection of rock bream

TRAFZ2 and 18S ribosomal RNA gene

Name Sequence (5' to 3") Purpose
TRAF2-F1 GCGGARAAYATHGTNTGYGT
TRAF2-R1 GNCCNGTNCCRTCNCCRTT degenerated primer
TRAF2-F2 GCARGCNCARTGYGGNCA
TRAF2-R2 GCTCTCGCAACAGCTGTTCGG specific primer
TRAF2,5'-RACE CPTGGCGGCATGCTTCACATGGC 5' RACE of TRAF2
TRAF2,3'-RACE GTCAGCTGGAGCGGACGCTCACG 3' RACE of TRAF2
TRAF2-F3 CTCAGTGTGCTGTCAGTGCC
detection of TRAF2
TRAF2-R3 GACAGATCTCATCATGGGCC
RB 18s-F TAACGGGGAATCAGGGTTCGAT
detection of 18s
RB 18s—R CAAGAATTTCACCTCTAGCGGC




4, =5 TNF—ao 923 AA

4.1. Vector construction

=59 TNF-ae ZAE Ayl 98 2 dddolM pGEM T-easy
vector || full ORF 7} cloning ¥ clone & XH.¥#3s}al §lo] o] & WolA
AFEEFS T 9] clone O ZHE] plasmid & F23}%] restriction
enzyme = £0]7] 3 PCR template & AFg3st3on Ag=
primer i= Table 2 o YeIAT. T-vector o cloning ¥ &
macrogen Alell sequencing 9 F ¥ AyE &<l o, BamHI I
Hindll =~ Atass  AREstol A vector ¢ pET28a

ligation 3} t}.

4.2. Protein expression

Construction ¥ vector & BL21 (DE3) pLysS Competent Cells ]
transformation &t} #<el® clone & ©]4-39] ampicillin ©] % 7}1%
LB broth 3 meoll- sjFsFity. wjek2 37°C overnight incubation
stelom, A gkl 1 ml-S ampicillin ©] F7F8 LB broth 15 mlel
subculture 3 % 377C,5230rpm, ODL.0-©] = uwj7}x] wjokst &
IPTG & HF % 1mM ©] HEF 718t 37ClA induction 3h=
group <= 4 AJZF weksl o 18Tl A induction 3= group <
overnight ©=2 #jkstitt. wjdd 2 A2 (5000rpm, 47T,
10min) & 5, SRS AAsEe] AFE A7bA] —80C oA H sttt

f

- 10 -



A e Fgels 9%t SDS-PAGE sample A%+ tha3p 2]
TR —80ToA H#AFQ F pellet & on ice 3t9] HA F
HBSS buffe © @¥ 3¢lth. @€9NS Sonication 3t st
AAE2] (12000rpm, 4T, 30min) o zZH SN pellet ¥
e $ 2472 SDS sample buffer & ©]&3te] (95C, 10min)
denaturation 3FQItt. oA THE01%l sample & ©]§3lo] SDS-
PAGE(gel &% 0.02A)E 3 ¥ Coomassie Brilliant Blue =
g A3lo] gol & tt(Fig.7.a). Ni-NTA column & o] &3}o] A %A}
protocol & ZFrxsto] w@MAS At (Fig.7.b). 44l + BCA

g 23390,

i
>~
>,
ofo
_0|L
9
i

)

X,
off
krl

protein assay

Table 2. Oligonucleotides used for PCR amplification of the mature form of
rbTNF— « |(restriction site is underlined)

Name Sequence (5' to 3") Purpose

RB TNF BamHLF  GAATTCAAGCGTATCAGCAGCAAAGC rbTNF-a using the forward

RB TNF Hindll R “AAGCTTTCAAAGTGCAAAGCGACC rbTNF =a using the reverse

-11 -
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5. =% TRAF2 #d3 NF-kB &%

O

5.1. Cells

Endothelial papulosum cyprinid (EPC) cells& L—-15
medium (Sigma)ell  10% fetal bovine serum(FBS, Gibco) %}
antibiotics (100U/ml penicillin, 100xg/ml streptomycin)©] 33He uj
A& AREshH, 28TColl vkl

5.2. Vector construction

NF—kB &4 =4S 94, luciferase reporter-system (Ready—To—
Glow™ NFkB Secreted Luciferase Reporter System, Clontech) <
T3E T 219 kit e pNFkB—MetlL.uc2—Reporter that contains
a metridia luciferase ;gene as the reporter gene plasmid DNAE
EPCel transfection 87] #l8l Fvlekqlet. £ A4 pNFkB-
MetLuc2—Reporter vectorE transfectionst®] selection 3+ cells®]
A =5 TRAF2 U3# wvectorE transfectionsto] selections @loF
3t=d) AFE3F. pNEkB—MetLuc2—Reporter veetorSt =% TRAF2

427 da ¥ = pcDNAS:L (+) - wvector®] selectable marker”}

neomycin®.Z % 3P = ©E selectable marker 2 promycing
A5 fE & Ao A= pGEM T—easy vectorg ©] 2383t}

=% (RB) TRAF2E Wdst=  pNFkB—MetLuc2—Reporter/EPC
cels& W57l 3 ol ol vectord ARHAAL. WA

pcDNA3.1(+) vector (Invitrogen)E template® 3}¢] pCMV-MCS—

-12 -



BGHpA oFe¢] primersE A3t PCR & At=s A3tk ol
pGEM T-—easy vector (Promega)®l cloningdtel pCMV-MCS—
BGHpA/T plasmid DNAE backbone® Z 3} 3L, o37]¢] HindIIl}+
BamHI AlgtaiE At  RB-TRAFAYEC=ZM  TRAF2
expression cassette vectorgE A&tk 18]a1 RB—TRAF2
expressing stable NFKB/EPC cell lines ®H&7] 9138ll, Apal site®
AFE3}o] Puromycin cassette® A3t Puromycin cassette:
pSilencer 4.1-CMV puro (Ambion) vectorE template® 3}o] o} <
primers& AME3lo] PCR 5% AtE2 9ol pGEM T-—easy vector®l
cloningstal pCMV—target gene (RB—TRAF2)—-BGHpA/T vector?]
subcloning 3}ttt 18]31 puromycin cassetteE cloning 3%
puromycin cassette/T-plasmid DNA+X control vector® AF&3}$ T,
o] 71 24 HE pSV40—Puromycin —SV40pA/T/pCMV—-RB—TRAF2—
BGHpA % pSV40—Puromycin—SV40pA/T plasmid DNAZ
Puromycin' = cassette/T/RB—TRAF2 cassette - % 'Puromycin

cassette/TZE Y3}t

5.3. Transfection and selection

o]5F cells oA 9%} transféction &8 10% oJsk= mj-¢ Hornzg B
cells & transfection & selection IS A3 3] F3Uc}.

WA transfection 24 AJZF Aeoll, EPC cell & 3x10° cells/well 9
density = 35mm dish o] B Y. ¥iX+= L-15 medium

containing 20 mM HEPES and 10% FBS & A}£3}$% 3 28 TeollA
wj kst Cell ©] ¢F 80% confluence & XY W, PBS & washing

- 13 -



|51 transfection mixture & U3 o] FH|EAY. 1 xg 9
plasmid DNA (pNFkB—MetLuc2—Reporter) & FuGENEG6
transfection reagent (Roche)$} ©7] DNA/FuGENE6 = 1:3 ¢
Hl &2 &3sta A0 53 preincubation st 1 %, total 100
W7F HF 2= 99 viA] (L—15 medium containing 20 mM HEPES and
10% FBS)E 71ate] Ao 1 Azt wkg-ak3ity. (Manufacturer’ s
instructions ° @z} transfection 53%) 912} #o] FH] ¥ transfection
mixture & EPC cell o H7}8tar 12 AIZF & A7 H71E oA 2
W, 72 A ¥ G—418 (400 pg/mb)o]l H7rE wiRZ w st
3 Adwujitt 99 wiAZ wEs|FHA pNFkB—MetLuc2—Reporter
plasmid DNA 7} transfection ¥ EPC cells %S selection 3%t}
Selection ¢] ¥4 pNEkB—MetLuc2—Reporter/EPC += NFkB/EPC =
W3kt X3k, Puromycin cassette/T % Puromycin cassette
/T/RB—TRAFZ2 cassette plasmid DNA & $¢} 72 WHo 2 28 To
wjoksll = NFKB/EPC [85mm dish (3X10° cells)]el Transfection
sk 12 A & [ @AAIZE H7td miR = w72 AE F
puromycin(400ng/ml) ¢] #7}¥ ¥Wix2 w3t 71 %, 3 dvjo}
puromycin 0] 78 wfAZ w3 FHA Control vector/NFkB/EPC
4 RB—TRAF2 expressing stable NFkB/EPC.Z w#Wsglon o]=
Puromycin/NFkB/EPC* 4 “RB-=TRAF2/Puromycin/NFkB/EPC &}1L

EL

5.4. & TRAF?2 transcription &<I.

- 14 -



Qe Al W= =% TRAFZ2 & vector 7} &% TRAF2 transcription
H=A Felsy] flel RT-PCR & A a3tk WA wjeF £ RB-
TRAF2/Puromycin/NFkB/EPC cells & 1500rpm ©.& 5 & A&
< PBS washing 3}o] cells

(QIAGEN) & AF&-3lo] total RNA

AC)

Fo} RNeasy Plus Mini kit
g3t 29 total RNA &

g

protocol ©f ™2} DNasel (Promega) A2 ¥ stop solution =
A7bsklt. 919 RNA & tha3 22 2308 cDNA 5 F435H]
A&l AFESEATE. 1 pg®] DNasel & A #$F RNA o] 1 ® random
primer (0.5 pg/ml) (Promega)E& 7}t &, 80TelA 10 &3t
incubation 31t} 718]31 5X reaction buffer 4 ¢, 10 mM dNTP mix
(Takara) 4 w0, M—MLV reverse transcriptase (Promega) 1 ,
RNase inhibitor (Promega) 0.5 g, RNase free water & % 7}38}¢]
HE5 Wb 894 20 mE 42TCelM 60 <t incubation sFITH. 919
cDNA = 10 #} 3A3 & template & AFE3IS . pCMV—-F, RB—
TRAF2-F, RB—TRAF2 Partial R primer (Table 3)% U534 7@
o2 PCR &Flth 95TCelA 30s denaturation, 58CelAl 30s
annealing, 72Ce°lA '1min extension 2] W22 lcycle =& 3}9f,
32cycle & HWkAlF T I8]3 final extension AL 72TeolA
7min %t lcycle 7338k tt. PCR AHE2 1% agarose gel = ©]83}4

A719% 3 F ethidium bromide (EtBr)@& & AMato] 3Hels} it}

5.5. Cell treatment H] % stimulation

=% TNF—a A= 9%t RB—TRAF2 signaling NF—kB activation
XS Felstr] §3 NFKB/EPC, Puromycin/NFkB/EPC % RB-

- 15 -



TRAF2/Puromycin/NFKB/EPC cells & 77t 3X10° cells/well <]
density E 6—well plates ol 1|8ttt WA= L—-15 medium
containing 10% FBS and antibiotics & AF&3}1 a1, 28CellA 100%
confluence 7} =2  wji7b#]  wjgstd. dix+=4  NFKB/EPC,
Puromycin/NFkB/EPC l RB—TRAF2/Puromycin/NFkB/EPC
cells o ol AHYE sk @k, AdT=A NFKB/EPC,
Puromycin/NFkB/EPC % RB—-TRAF2/Puromycin/NFkB/EPC cells
of o]de] AAENE TNF—a 1 pg/mbE *ste] 28TCAA 12 Az 4

24 A7 FoF "hE-A| T}
5.6. Reporter gene assay

Ready—To—Glow  Secreted Luciferase System <& gene
expression & Hal, tdelA APF4er AT F Qe AAHOE
3l}2]  reporter’ gene & detection Jf+ system © %  gene
expression = EUYHH <& ] cell lysis Aol e glor,
transfection 3t cell supernatant °|A] reporter & %S ufZE SH S
A7] wToll wfg- P HA] AJZEE Aokst & Qlrh
TNF—a A= F 2710 REgA|gto] HlS ), dsds T35k
wH]E  luciferase.. & Manufacturer's = instructions | weh
luminometer (victor3) & Akgstol Sttt tes] 71 54 WHES
718t ol ol #rh. 2b7te] A4S 50 ™S one well of a 96—well
plate ° %713 Z} sample & 1X Substrate/Reaction Buffer 5

A7tste] SA] luminometer & W3 A =5 S5 3T
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Tabel 3. Oligonucleotides used for cloning and construction of a vector for
rock bream TRAFZ expression or a control vector containing puromycin
cassette alone

Name of fragment Sequence (5' to 3" Restriction
enzyme
pCMV—-MCS— pCMV—-F AGATCTCCCGATCCCCTATGGTGCAC BglIl
BGHpA BGHpA—-R GTCGACCCATAGAGCCCACCGCAT Sall
F AAGCTTATGGCTCGAATCTCGTTGG HindIII
RB—TRAF2
R GGATCCCTACAAGCCTGTGAGGTC BamHI
Puromycin F GGGCCCCCCAGCAGGCAGAAGTATGC Apal
cassette R GGGCCCTTATTTGTGAAATTTGTGATGC Apal
RB—TRAF2 Partial R TCGCACGGACAAGGACAGACATAA -

- 17 -



si RNA

Amp”

pcDMNA3.1(+)

Meo”

pUC ori

A3 i Ad

SV40 : Pmlmoter

pGEM®-T Easy pGEM®-T Easy

vectar

vector

Fig. 1. Map of vector construction. Detailed procedure of vector

construction was provided in Materials and Methods section. Backbone of

all vector presented is pGEM T easy vector. A.4. Puromycin cassette

vector, B. TRAF2 expression vector.
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. 4%

1. TRAF29 complementary DNA &} &7]4 <4 4],

=% HlZolA] total RNAE #8l3to] reverse transcriptiong ¢ &
GenBankell 5=% 019l Homo Spiens (CAI12703), Mus musculus
(CAM25165), Oncorhynchus mykiss (CAD69021), Carassius
auratus (CAC82653) TRAF2° sequence = A2 H I3}
degenerated primers& A|&3ste] RT-PCR$ A3} 367bpel product
= A4S F ATh ©] productE gel’dofAl elutiondt ths pGEM-T
easy vector®] cloningdt & plasmidE Fg3le] 1AV LS AA35}
A TH.

degeneratéd primers& AlE3te] RT-PCRS 3t Ayz F5F
product®]/ sequence & HIY S E primer(TRAF2-R2)E Al&sl3lal
(Table 1), M=% degenerated primer(TRAF2-F2)E A 235}
RT-PCT 3%t A3} 968bp2] productE ¥< + AT ©] product?
sequence =" H}E O Z primerE A &5 (Table 1),/cDNA 5 3}
3" endg 93 E5 TRAF2 geneol €43k eDNA 7] ME&
d7at7] 918l RECE-PCRE F3desitt. RECE-PCRS A3}
A2 productE gel oA  elutione 3 S pGEM-T easy
vector®l cloning®t ¢ 71L& AA 3l degenerated primers 2}
1 RT-PCRZ A% product, RACE—-PCRe] A}g% primers$f
RACE-PCR ° ]3] ¥ productsE Fig.2ell E=Agsqivt. 1 A
=%° TRAF2 cDNA® A sequence® Zol&= 1993bpolil
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95bpel 5 UTR (untranslated region), 5209 o}v|xAto =
translation®] dojy=  1563bp¢ ORF(open reading frame),
335bpel 3" UTRZ FA =303l th. (Conserved domaing 4 3}7]
9l&l InterProScan tool(included in ExPASy)E A3t &%
TRAF2+ N-—terminal region ©l RING-—type zinc finger(30 to
68a.a.)7F 1o, F 7§18l TRAF—-type zinc fingers(121 to 163a.a.9}
173 to 220a.a.) 7} middle region®] ¥3= o] Qi1 coiled—coil T+F&
331 31+ C—terminal TRAF—N domain (330 to 349a.a.), TRAF-C
domain (377 to 516a.a.) & ©]Fo] A UATH(Fig.3,4).
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o 200 EILY L] B0 000 1200 1400 a0 180 O

| i i i | I i | I | i

S-urtranslated regiond S Cpen reading framedS63bp Funtranslated regroni 335
L H !
VES a6 | |

TRAFZ-FL 3
367hp M TRAFIRL
TRAF2F2 =P .
¥ i
neshp e TRAFZ-RY
TRAFZ 3RACE [P s
' E 1 L
3o6bp e TRAE? 5-RACE #76bp

£ i
& i

Bock brean TRAFD gene sDMA 19830y

Fig.2. A schematic illustration of rock bream TRAF2 cDNA cloning with
position of the primers-used in PCR and RACE— PCR. (gray regions: UTR).

o Ep 1583 S 200 375 450 520
I i i I | i i i
&G
FIrG-type oing finger - TRAF-T/pe e fingers TRAF 2 doman

Fig.3. A schematic-llustration-of the rock bream TRAFZ conserved domain

features.
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BAGCA 5
CIGGTATCAACGCAGACTACGCOGCACTATAACGTCCACACACGCCAGCATTITICARGCTUGCTTATTGCACCAGATTGATCGAGARGA 85
ATGECTCGARTCTCS TTGCACTGTTCCARCTUTTTACCRGGG ATCCCCCTCAGTC TCCUTG TCAG TG CCCATC G AGARTARATACRRATGT 185

¥ AR I &L DC S NS L PGI PL BBV L S Y PMEUNEYEKC
CAGCAGTETCTCCAGG TCCTGAGGAAGCCTE TOUAGGCTCAG TS CEGCCACCGCTICTG TG TACACTG CTTUARGCAGU TCACCAGTTCT 275
o o C L ¥ L R K B Y O A O C G HREFEF C V¥ H CF K o L T 5 3
GGGCCARAGCCATHTGARGCATECCGOCARGAGGAGRATCTATCAGGARCCTATTTCCATTCTCARTAG TARTG AGGCATTTCCAGACART 365
G B K P CE A CRQEEBE I Y B EPI S I L KBS NEBABMTEZE®PDH
GOTGCAGGTUCAGARATAGCAAGTCTTCOTS CCAGGTOTTTG ARCCAGGGCTGCOATTG G ACAGGUTCAATRAARGAATATCAGGUTCAG 455
A2 A 6 R E I A &L P ARCLHNOQGCDRTG S I K EBEYE R Q
CATGAAGGTCCCTGTG AATTTCAGLGGATACAGTG UG AGGCCTCCCARRCCTCAATCOTTCGUACGG ACARGG ACAGACATAACGAGAGR H45
H E G R CE FERI ©CE AC QT S5 I L BT D KD RHNYER
GARTETGAAGCRAAGE ACCCTCARCTIGTARRTACTGUARGATARCCTTCAACTTCARAGACATTAAGGCCCRIGATGAGATCTCTCTGARG £35
E CE A RTL NCEXY ¢ K I TFP NP XKD IZXAEHETDBETITCTLE
TTTCCCTTACAATGCARAGARTGTGGCAAGRAGAAGATCCCARG AGARAAGTICARTGACCACAGCAGSTUCTGCGCCARGTCARAGAGT 7258
F P L o C K BE C G K KK I P R E K P XM D H 3 R & C A K 35 K &
GUCTGTCCATTCARCG AAGTGGECTC TARATC TR TG ATCCATAALGGE ARGCTCAGCCACCATG AGCACAGUAGCACCATGG RGCACTTG B15
A C P F N E YV G C K 8§ ¥ I DN GG K L 58 D HEUHUSS3 7T HEHL
COETCTGCTGCTECCCATHSTCC TS TCCATGSCTUGGCOGCETGCTE ACCCTUCTGRH TCCG GGG ACTGGUAGGAGGACTCIRGTCTIGGGE 305
R L L LPMV L S HY¥AE2ERPRADRZ ZAZPCG?®PGEMW®WWOQETDSOGIL G
CTGTACAGGGUTCOTG AGGAGGGAG TCAATATEEGUGUCEGAGCTECAGCCTCTGGGCAGTCTCTAGACATEGARRAARAGL TG ARCGCT 245
L YR A PEEGY NMGACGADLAMLDLESIZI GV DIEZREYHNA
TTAGARRACATCETGTGUGTCOTG ARCCGEGAGG TG AGCECAGTTOGG TTACAATC G AGGCTTTCTCACATCAACACCGTITAGRCCAG 1085
L EN I V¥V CVLHNREVYVERSESS§SVTITHEARMTF S HQHERILDZQ
GARARRRATTGARRACCTCTCCAATARRGTGCGTUAGCTGGAGCGGACGCTCACCATGARAGACCTGCAGCTCTCTGARACCGRACAGCTS 1175
E K I B HNL 5 NEVROGBLT ERT L TM-K DL L 85 EBETE§IL
PIGCGAGAGCTCCAGTTCTCCACCTATG ACCEGATATTCE TCISCARRATCTIC TG ACTICTCGCGCCCCAGRCAGEACCUCE TGECLGET 1265
L R EL QP CTY DG I F YV WRE IS DF ZRRRODAY ARG
CORACACCGOCAATE TTCTCTCCAGCG TTITACTCCAGCARATATGGATACARARTG TG TCTGAGHCTG TATITG AATGGCGRCGELALG 1355
R T P A MPFPS P A F Y5 8 KY &Y EKHMWCTLR/L A INNGD G T
GOETCGAGGRACCCACCTITCACTG TTC TIPS TCG TCATC AG GGG ARAGTECOATCCGCTCCTCARATGGCCOTTCAG TUAGRAGETGACT 1445
G R G TH/JL 8L F F VY Y MRGEK DAL LKW PFEF S K VT
CTGATCCTUTTGGATC AGAACAACAGGHG AGCACATTATTGATCCTTTCCGECCCHACG TCACCTCCACCTUCTTICAGCGGUCARTCAGT 1535
L ML L DI ¥ N R E JENI AL D A F REEEEEIERY T .5 T 5 B Q"R P I B
GAGATGRACATCEOTAGTGLUTGCCCGUTCTTCTC TCCGCTEGUTARRCTGRCCCGCAAGAGUCUGTATCTIGAGRGATGATRCAATTTIC 1625
EMDNIASBGCP L FCPLAZEKTILATGI KS P Y L EDDTIF
ATCARAGCCATTIGTAGACCTCACAGGCTIGTAG GRTCTCCACTRTGGAAGCLAACACCAZAGCATG TTAAAAGARAACATAATARAGAG 1715
I X A I W DL TG L %
AGUGAGAGATCTGATCTGCCOCAACTCAAACAGITTGCARCAACTC TOCARGCTGCTGAAGARAACARCAACCACACATGEIGACACCCA 18ES
ARRARAACCCARACCCCGTIARACCTAGCTIACTGOTTCATICTCTITACTGCICTTCICACCGATGTGOAAATCALTGTTCCTTTCCTICA 1095
TCTTCTTACAAARG TG TIGGCTGCACTCCCARRACATTATATTAAAAAAATCTATARAGGCCARAARARAACAAARARRARAARAAARA 15985
ARRAARRR 1883

Fig.4. Nucleotide 'sequence of rock bream tumor necrosis factor receptor—
associated factor 2 (TRAF2) and deduced amino acid sequence (GenBank
accession number ACV04846). The 5 and 3’ untranslated regions
(UTR) are indicated in italics. The RING—type and TRAF-type zinc
fingers are underlined with single line, and the coiled—coil structure is
underlined with double line. The stop (TAG) codon is indicated with an

asterisk.
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2. Nucleotide sequence H|@ #A.

E1% TRAF2 cDNA sequence £ GenBankel 55 Qv t&
£ TRAF2 cDNA sequenceZ BioEdit programs ARg-3ho] 1] 3|
RH3kS w, green puffer?t® nucleotide identity”’} 86%= 71 =7
UEtst 1 Y3 S % rainbow trout(82%), grass carp(77%),
zebrafish(76%), goldfish(75%) 2 =22 FAFsHA debstth. Mus

=

musculus, human Homo sapiens+ 56% AHdS B oW Xf

=
ThH= o TRAF2 ZrelA =2 identity’} UeEbES & 5 Stk
(Table 4). 3t o] 79} /7 7H2] TRAF27F Aledgsrd oz o]
7} el A S Phylogenetic treeollA] &¢l & 4 9tk (Fig.5). st
Ak o] 7o EfFolA C—terminal TRAF domain H2& XY 2

HEQS JEE RS o 5 9T (Fig.6).
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Table.4. Amino acid sequence homology of rock bream TRAF?Z2 with other
TRAF2s

Specie Common Genbapk Identity  Similarity

name accession (%) (%)

Tetraodon nigroviridis Green Puffer = CAF99177 86 91

Oncorhynchus mykiss rainbow trout CAD69021 82 91

Ctenopharyngodon idella grass carp ABE99696 77 92

Danio rerio Zebrafish CAM15136 76 92

Carassius auratus Goldfish CAC82653 75 85

Mus musculus house mouse  BAC29937 56 91

Homo sapiens Human NP_066961 56 86

Mhus fasciatus TRAF2
94 Tetraodon nigroviridis TRAF2
Oncorhynchus mykiss TRAF2
Danio rerio TRAF2
100 | Ctenopharyngodon idella TRAF2
100 Carassius auratus TRAF2
Mus musculus TRAF2
- Ailuropoda melanoleuca TRAF2
8?—[ Homo sapiens TRAF2
100 Callithrix jacchus TRAF2
N —
0.05

Fig.5. Phylogenetic tree showing the relationship between different TRAF2
amino acid sequences.-The GenBank accession“numbers of the TRAFZ
genes are as follows ! =Oplegnathus fasciatus ~“TRAFZ2, ACV04846;
Tetraodon nigroviridis TRAF2, CAF99177; Oncorhynchus mykiss TRAFZ,
CAD69021; Ctenopharyngodon idella TRAFZ2, ABE99696; Danio rerio
TRAF2, CAM15136; Carassius auratus TRAF2, CAC82653; Ailuropoda
melanoleuca TRAF2, EFB23709; Mus musculus TRAF2, BAC29937; Homo
sapiens TRAF2, NP_066961; Callithrix jacchus TRAF2, XP_002743517.
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-MARISLD-CSHN-8 IPL.:
MARISLD-CSP-5 IPL.
-MARTSLP-SLDSS IPQ:

CAQCGHR IC|

Rock bream i
CAQCGHRC)

Green puffer
Rainbow trout

Grass carp MISTAGTAGKWFAMARPSLPSSLDST IE]
Zebrafish MISAAGT LCKWEDMERPSLPSSLDST L8]
Goldfish MISTAGTAGKWFEAMARPSLPSSLDST IE]
Mouse -MAAASVTSPGSLELL FSKT ILP.iE‘HC_AQCGBF.iG

Human ~MAAASVTPPGSLELLY FSKET LR3I PICAQCCHRSEC!

Rock bream
Green puffer
Rainbow trout
Grass carp
Zebrafish
Goldfish
Mouse

Human

Rock bream MVLSMARPRADAPG: 280
Green puffer KD\ CGRRRIE‘REEF IVLSLTQARAEVSD! WQEDSVL 280
Rainbow trout RDS834:383Y TMS LVRLORPEAPG WOEDSGLARVIERPEDGATATAAT 286
Grass carp LSSVRLR-—-AEG, WQEDSCLAEIEGPEDAP-PAGPN 236
Zebrafish LLSSMRLR---AEG: WOEDVGLARIGPEDAP-PAG-- 234
Goldfish 4 CGRRRIPRELF9zH LSSVRLR-—-AEG, WQEDSCLARIGPEDAP-PAGPN 236
Mouse ICGRRRIE‘REHFEE — LHQVGPELLK 271
Human JUECCREEIFRELF O H| 271
Rock bream B .THDGHF! ae
Green puffer RALO SO iDGIIF!l'IRIL Fa 379
Rainbow trout 38
Grass carp 3%6
Zebrafish 382
Goldfish 3%6
Mouse 361
Homan 361
Rock bream IAViGP.HEA GYEMCLR ‘('LHGI]GTGP.GHHLEI.EFVVM G 480
Green puffer ViGRHEA F GTFMCLl’.!‘fLHGDGTGEGHHLeLEEV'vI-Ii ¥ C ] 479
Rainbow trout AVEGRNEASF GYEMCLR 1Y LNGIIGTGRGHELi‘LEF'ﬂiM IF!LLi\'JEFi‘QFV'I'lMLLIl!IJNP.EE ICAFRFD 486
Grass carp GYEMCLR. 'iLNGIZ'GTGPGHELELEE'IJVM"G' 4CALLIWFFEORVTIMLLD$NNREH] C 496
Zebrafish GTFII!"LP."(‘LNGI’JGTG iEL&LEE‘J\‘HiG' iI.}'ALL'-\'JE‘Fi"Q]iVTlMLLI . 492
Goldfish GYFMCLRI¥YLNGDGTCGRGHHLELEEFVUMIG IIALL'\'JE‘FEQFVTl!\!LLDENNP.EEIIIIF!FP.E‘DI FEE-——————| 48
Mouse GYEMC LP.E‘L’ LHGDGTGP.GHELi"LEEVVHiGI' IZALL‘\'JE‘E‘:QFVTLHLLI H NP.EEEIIZF!FP.E‘D SSSFQREVS) 461
Human GYEMCLRUY LNGDGTCRGHHLELEEVVMIGIACALLEWEFSQRVTLMLLD 4861
Rock bream EMNIASGCPLFCPLARLAGRSPYLRDDTIFIRATVILTGL 520

Green puffer EMNIASGCPLFCPLARLAGRSPYLREDDTIFIKAIVIILTGL 513
Rainbow trout EMNIASGCPLFCPLARLAGESSYLRDDTIFIRATVOLTGL 526

Grass carp EMNIASGCPLFCPLARLAGKSSYLRDDTIFIKAIVOLTGL 536
Zebrafish EMNIASGCPLFCPLARLAGKSSY LRDDTIFIKATVILTGL 532
Goldfish = -———F-————5F RLVLLRPLSLCLEEEEE - === [ O
Mouse DMNTIASGCPLFCPVSKMEARNSYVRDDATFIKATVILTGL 501

Fig. 6. Multiple alignment of deduced amino acids sequence of rock bream
tumor necrosis factor receptor—associated factor 2 (TRAF2) with other
teleostean and mammalian TRAFZ2s. Amino acids identical from fish to
mammalians are“shaded-in black. The N—terminus of the TRAF domain is
boxed. The GenBank accession numbersjyof the sequences are equal to
Tabel.4.
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Fig.7. Tumor necrosis factor receptor+associated factor2 (TRAF2) mRNA
expression in tissues of unstimulated rock bream (Oplegnathus fasciatus).
Total RNAs from the 13 tissues were subjected to RT—PCR amplification
of TRAFZ transcripts. Amplification of rock bream 18s in each tissue was

also shown as an internal control.
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4. TNF—a 99z AA| A3

=% AZXF His—tagged TNF— ¢ mature forme molecular weight
(MW)+=  ¢F 22.2kDa ©]il, host bacteria®l inclusion body%}t
cytoplasm °A © @go]l HAH(Fig.7.a). &% TNF-aE Ni—
nitrilotriacetic acid resine A3l =% Soluble X% TNF-a 2

dAsk=H A &8kt (Fig.7.b).
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5. 5% TNF—a A3 M2 A9484 BY3 24,

i

5.1. &% TRAF2E 2&¥3l+=  vector construction %

transcription <l

RB-TRAF2E W&A|7]7] $18 cassette vectorg TH&7]  $13)
pCDNA3.1(+)¢ pCMV-MCS—-BGHpA H+& pGEM T-—easy
vector®] cloning 3o WEoA pCMV-MCS—-BGHpA/T plasmid
DNA¢] =% TRAF2 (RB-TRAF2)E AdTFo=zx TRAF2
expression cassette vectorE A &5 0w, o] pCMV-F& RB-
TRAF2 Partial R primer(Table-3)% PCRE AA|gt A3} vector’}
WEo]HES  FelstYrh(Fig.9). 18] RB—TRAF2 expressing
stable NFKB/EPC cell lineS w=7] 98, Puromycin cassette F& R
Primer (Table 3)& A}g£3F% PCR= Puromycin cassettes &% 3t
% pGEM T-easy vector®] cloning s}$ 2w, colony PCR ZA3¥
Puromycin cassette vectorZ} €98 A& &2l 3 4 3t (Fig 10).
T3 transfectiond selection IS AAH wHEojx RB-TRAF2/
Puromycin/NFkb/EPC cellsol|A CMV promter7} 43} o] &=
TRAF27} transcription¥+=%*] RB-TRAF2-F¢. RB=TRAF2 Partial
R primer(Table 3) & RT=PCR & 43 &% TRAF27} transcription
Ha e RS #8319 oH, 3 vector contamination E91-S
f3) pCMV—-F$% RB—TRAF2 Partial R primer(Table 3)2 RT—-PCR

st A3} vector contamination ¥A] &2 A& & & UG (Fig.11).
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<«2kb
< 1kb

Fig.9. Agarose gel electrophores of the amplicons produced by PCR using
vector construction primers (pCMV—-F, RB—TRAF2 Partial R primer)
Lanel,2. RB—TRAFZ2 expression vector PCR product. M, 1kb DNA ladder.

< 1kb

Fig.10. Agarose gel electrophores of the amplicons produced by PCR using
vector puromycin cassette primers (Puromycin cassette F, R primer) A.
Lanel. Puromycin cassette vector PCR product. B. Lanel,2. Puromycin

cassette vector colony PCR product. M, 1kb DNA ladder.
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< 1kb

Fig.11. RT—PCR detection of rock bream TRAFZ transcript.

Agarose gel electrophores of the amplicons. produced by PCR:using vector
construction primers (pCMV—F, RB—TRAF2 Partial R primer) and RB—
TRAF2 primer (RB—TRAF2-F, RB—TRAF2 Partial R primer). Lanel. rock
bream TRAFZ2 mRNA PCR product. Lane2. Checking for vector
contamination PCR product. M, 1kb DNA ladder.
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5.2. 5 TNF-a A= 93 TRAF2 #d NF-kB9 &4

X}

XA o7 NFKB/EPC, Puromycin/NFKB/EPC % RB-TRAF2/
Puromycin/NFKB/EPC cells ¢4 TNF—a #F=ol €]t RB—TRAF2
signaling NF-kB activation A& H7] 93d NFkB/EPC,
Puromycin/NFkB/EPC %W RB—-TRAF2/ Puromycin/NFkB/EPC cells
of A E =% TNF-a lpg/mt == A s, tix= 2 o
Aelg shA & 919 cellsE 28TelA 12412 2 2447 <
AlA NF-kB &4 2 S48ttt 1 43 QAT =% TNF-

<
oo

@
Gl ol oA zp=ro] ® AFFIF obfd A5 SHA ¥ ulxT
Xt} NFkB/EPC, Puromycin/NFkB/EPC cellsx= 28] A%, RB-

TRAF2/ Puromycin/NFKB/EPC cells®= 12A]17F o ="-3.54), 247Fo+=
5.0MAEE /NF=kB S0l gl Uettom, A3 FoME
NFkB/EPC, Puromycin/NFKkB/EPC ' cellsell #H]3d| =& ' TRAF2E
el sle= | vector7b | £90E= RB-TRAF2/Puromycin/NFkB/EPC
cellsellA 12A12E, 24AKF BF %2 NE-kB 4S5 & /& Aot

(Fig .12, 13).
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(A)

Fig.12. To determine whether rock bream TRAFZ can modulate TNF— «
induced NF—KkB activation, EPC cells harboring NF—kB activation reporting
plasmids were transfected with either the TRAFZ2 expressing plasmids or
empty control plasmids, and. selected by G—418 and puromycin. In all
experimental cells, NF—-kB-activity = was— significantly increased by
stimulation with the recombinant rock bream TNF— «.
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Fig .13. Cells harboring empty control.plasmids plus NF—kB vector with or
without stimulation by the. TNF— a-showed significantly higher NF—kB
activity than cells containing NF—kB vector alone at 24 h.
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Mdsk=dl glojA HFAl 7iHte] HE Age & 4 Stk I F
TNF— ¢« signaling o #oist= 23 24Q1 TRAF2 9

e eR e R AAolm, o]y WIEA] Hgsith 2
AFANH = 55 TNF-—a F3AE cloning 3F9 GenBank ]
S=3 v 3tk (Accession No. FJ623187) (Kim MS et al, 2009).
bAoA A] TNF-e 9 #3249 =% WY {§dx
TRAF2 & cloning &}aL, ©] ¥ #&d K7L oAEA A@ ¥
A=A NF-kB €] &4 W3stE 3 A5k, TNF=¢a signaling &
TRAF2 ¢} #&#stol ol Fol A Al gty A& 72 7o
otz Bk, WA TRAF2. 9] 7|4 <dS whsl7] 919
Genbank o S&Ho 8= BE °oF Er ¥F7FS°] TRAF2

'cT

H] w3} conserve Ho] = FHE

=
=

=
=

£3}l+= degenerated primer
A Zslg et =2 spleen. °A 88k total RNA =

RT-PCR < 3 A3k 364bp £ 968bp 9 produet & A& & AU,
°]Z& sequencing- sto] oju) Hi&lx X THE FE TRAFZ 9}
wakglE W, ¥& homology & 7M=& &l & + STt 1
A, o] product & TRAFZ &= Z21& 59 & 4 Slgler, TRAF2
full sequence = H3]7] 98 RACE—PCR & 2383l TRAF2 o] A
cDNA 7| dE &9l s3la, o5 =% TRAF2 (RB-TRAF2)#tiL
g . E59 A TRAF2 c¢DNA &= 1993bp 2 95bp 9

template =

H]
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5 UTR, 1563bp ¢ ORF, 335bp ¢ 3" UTR = o]Fofx gloH,
translation ©] 4oy ORF & 520 7l¢ amino acids & 7FA1L
A%Tth 3" UTR °li= polyadenylation signal(AATAAA)# $7] poly
(A)tail o] E3gFE o] AT
TRAF1 = #1913t TRAFs 7%%4 54 C %= N-terminal RING—
type, TRAF—type zinc finger domain ¥} C-—terminal TRAF
domain 0.2 o]Fo] A l+=d (Arch RH et al, 1998; Leon Grayfer et
al, 1993), &% TRAF2 & o]¢} 2 Fx5 o FaL I3laL, g C—
terminal TRAF domain &< C-—terminal TRAF—-N domain ¥}
TRAF-C domain 22 o]Fo|4 3I%lth. TRAF domain & TRAF
Aok 7Rt o2t protein
oligomerization & 99Tk HESh b AT -dY AEZE ALt
275 WA (aggregation) & WiAEE 75 S M 553
G multimerization motif & F43tt}k(cheng et al, 1995; Hu et
al., 1995; Rothe et al, 1995; Mosialos et al., 1995). ¥ 23 ofA
wel =% TRAF2 [ ¢] B¢ GenBank ° GSE5HAAUE R
TRAF2 &3 v|w3t3lS wl Tetraodon nigroviridis 7} 86%= 714

protein receptor interaction = "

"

2 amino acid identity & ®H$9™  Oncorhynchus mykiss,
Ctenopharyngodon idella, Danio rerio, Carassius atratus T %
FAFSF Y. =% “TRAFZ2 amino acid-sequence & UE °]F9
TRAF2 53} v w3l S wf 75% = o] identity & ©]7F2] TRAF2
kel =2 4TS BRYY X7 TRAF2 5 mouse £ human ©j4
56%°] identity & WERHT. ofFe EfF C—terminal TRAF
domain FZoA Fell & §lo] =& FAM S BT Xu Z et al,
2007).

TNF—aov 9ZFA AlolE7QIo® ez 9°W, immune cells?}

(~f

-37 -



non—immune cellsE XZ&st1 Sl B cell typeoA A€o
a8y 54 d5 4 A 2] A9} 2 immune cells ©4]
A "t (Rothe J er al,, 1992; Bazzoni F et al., 1996). Rothe et al.
o] TRAF2¢] ®&o] tissue—specifico] ofygtal Hirxoe] glor
B AFrell A ot A=E oA @2 Ewe AREse], TRAF2 AL
dojup= e Aol S gRls] Bk AR B
ZA A TRAF27F @& =3 oE xZe| vld Spleen, Gill,
Leukocyte, Intestine, skin® ZZ oA £ Wdo] Yehts e &
T AT ofFolM TRAF2 ¥ dde] w3 A7) ve F538
Aold, dAA Rud AFE+= Xu et al.(Xu et al,2007)7F 91w o]
Ao A o’ AT dFA @2 grass carp®l ZZA"H (Brain, Gill,
Heart, Head kidney, boedy kidney, Liver, Spleen, Thymus) TRAF2<]

S ATSIRA, EF TRAF29 ol R A7]oA4 TRAF27}
LA RO Heartoll A 71 =2 23S UEbT £ d3oAN =+
TRAF2 gened 3 BEs3, shebd =g o= W7t Ha
kst Aol s Whgo] dojibr (Bazzoni F& Beutler B, 1996)
FAES 79 ¥4 8A2EFY HSst7] fl& TNF-TNFR1-
TRADD-RIP—TRAF2 signaling¥h &< e wbs @4sp7F dojd
Rolga F5.3 Fp9ddth. TNFr el 28 TRAF23 AP1% NF-—

kB AARIAESE- g A7, B FAAES d5ES,

K

!

==
T

“o

WAASIRES, MES2], antimapoptosisE =3t (Baud V & Karin
M, 2001). T3+ TRAF2 mediated NF-kB #&#Ad2 Ax &4 Qo+
Bt o}l 2} programmed cell deathS WA &= dlo® 2751 (Lee
at al, 1997), TRAF2%E overexpression Al NF-kBE &A3=
FE stk (Tstsikov et al, 1997). Israel et al.( Israel et al,1989)
ATeld= NF-kBe TNFell & Alx ®kgo 7 T3 AL

- 38 -



Z9 SUEA, thRE AEoA TNFo| 23l 1 Ao
7 & Flskaitt. & dAelA = olst Biasel +71ske], TNF
e A2 % oFel signaling o #EEE FQ AARIARL TRAF27F
NF—-kBe] &Ael| oA dotr iz spgivy. 7 AoA+=
pNFkB—MetLucZ—Reporter that contains a metridia luciferase gene
as the reporter gene plasmid DNA(Clontech)E EPC cells®l
transfection A]Zl  NFkB/EPC cells, Puromycin cassetteE
NFkB/EPC cells®l] transfection A]%1 Puromycin/NFkB/EPC cells,
TRAF2 expression cassette vector®] Puromycin cassette® 4% 3t
% NFkB/EPC cells®l transfection A]Z1 RB—TRAF2/Puromycin/
NFkB/EPC cellsE WE°] =% TNF-o A @Wd (1pg/ml) =
AL cellsg A= 5 NF-kB A4S SAs00. Ay 43
AF=5kA] %2 cellsol B8l TNF-aZ #=o] H cellse|lA] NF—kB
gdo] =A YEMGI, EF TRAF2 23 vectorZ} Eo17} & RB-
TRAF2/Puromycin/NFkB/ EPC cells®l|A] NF—kB7} t}& cellsel H] 3}
o @el &A% He Ads & 3UMH. TRAF2:= TNFR19 F&
A3 @uixel TRADDZF TRAF28] TRAF domain® A4 A
o]F131, ©]9 Ring finger domain % zinc finger domain ©] TNF<
155 otdAlZ FEFowm, TNFR1e 2§ NE~kBe @43}
AR FL3 IS st} (Yeh WC et-al,1997; Véronique Baud &
Michael Karin, 2001). o] A2} TNF=qofl ¢8| TRAF27} 2/ g} il
°]&= NF-kB &A4slel &= 71A= A= & AgdH 9]
AgelME TRAF29] oW Qe oJdlA  NF-kB7F &40
dolup=Al= & 5 AT o 7oA A B ¥ nh7l gl= TNF-«
pathway < I58Hs #d Q491 TRAF29 NF-kB d##AAE

ETE Zlo] o] AYelN T2 & wkek Aot

A

L



=% TNF—-«a 7} TRAF2°] &siAqt NF-kBE A3t A7ty 2
= 9 & & gAY, TNF—«a signalel &3] TRAF2¢} Asrsle] NF—
kB @A ste] TS Wkt AS & 5 AT

]

=
AgHow, B AFelq 478 wAS Fsto] TRAF27 tjyiol
=]

Q3 4
TRAF29} ##H3E o] F W wkgof 3t A4S Jh=t oA ER9]

2 Zlolet Azhe
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TRAF2 A& TNF-a cell 237 Axo 443 23, @
AZEAE, 9% Rles e, # Ao =v HoFA
% TRAF2 #%A= cloning 33 NF—kB2]

g4 W3S Bl TRAF2 7AW dol Bz &l
=w2% TRAF2 cDNA® #A| sequence? Zo]:= 1993bpe],
95bpel 5 UTR, 5209 o}uate R translationo] Lojihi
1563bp2] ORF (open reading frame), 335bp% 3° UTRZ ©o]Fo|A
131, RING—type zinc finger (30 to 68a.a.), + 7§19 TRAF—type
zinc fingers(121 to 163a.a.9} 173 to 220a.a.) & C—terminal TRAF
domain (330 to 516a.a.) TxF °lFiL 33Utk &S TRAF2¢} t&
o]&F 2] TRAF253 protein sequence=S Hluw A48 dy 75%
o9 F2 AwAds YU, human? moused|AE 56%9]

AEAE YT olRER AFE A % Aww BE 3vkelA

>

liver, spleen, head Kkidney, body kidney, gill, brain, muscle,
leukocyte, eye, stomach, intestine, skin, heartE ¥2]st°%] semi—
quantitative RT=PCR&Z & F3dA @S dvlask A3y} ZASE B
A=l =% TRAF2 #8770 BEF 23
TRAF2ZES  #4% =%  3vtgelA AstA spleen, gill,
leukocytes, intestine, skinolA 7FF =4 23Tt TRAF2&=
TNF-e¢7} NF—kB A4S f5ét=d F5Zo|n, 5% TRAF20|
)%t NF—kB &4 & ¢o} Bzl 3F3tf. NF—KB reporting vector”7}

Transfection ¥ EPC cells®] &% TRAF2 %3# vector? control

PN
T A%,

oft
e
Y
o
ik
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vectorg Transfection 3t$le™, =% TNF—a AEF o9

lug/mlz AF=3ke] 12413, 243 NF-kB 48 =333t ofFd
A= 3hA] ¢k cellsol W8] TNF—a 2 A=< 3t cellsold NF-
kB &Alo] A vehton, E% TRAF2 23 vector7} E017F &=
EPC cells °lA control vector7} £99& EPC cells®th o &2
NF-kB &7 <ol yetsitt. o] 43 =% TRAF2E TNF—a cell
2%e] #4 sk 9l NF-kB @45 fxstol o] & Aojgt A7t

A},

—_

e
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