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(Berton et al, 2005) SYK N SH2 , SYK(PaSYK)
C (Wong, 2005)
SYK SH2 SYK :
SYK
, SH2 PaSYK mRNA ;
ITAM (Moécsai et al, 2010) PaSYK ; ,
, SYK PaSYK  MAPK
B , SYK ,
(guanine nucleotide exchangefactor,
GEF), GEF Ras Rac, 1
(mitogen-activatedproteinkinases, MAPK)
(Buhl et al, 1997) T ,
SYK ITAM ’ pre-T (Plecoglossus altivelis)
(Palacios et al, 2007)  Fc ’ 40—30¢
, SYK FceRI Ca*" 20—22°C
(Zhang et al, 1996) '
’ 1.2 PaSYK cDNA
, SYK (Attila et al, RNA <DNA
2006) (Vines et al, 2001) / (Monocyte/macrophage,
(Obergfell et al, 2002) (Zou et al, 2008) MO/M®) PaSYK
; ,» SYK Primer 5.0 (SYK FI/R1, 1),
cDNA (ORF),
, Dectin-1 - SYK , PCR : ¢cDNA 1uL,
MAPK NF-«xf , TNF-a IpuL, dNTP (2.5mmol) 3.5uL, 10 x La
IL-6 IL-10 ) Buffer 2.5puL, La Taq 0.25uL, ddH,O 15.75uL  PCR
(Drummond et al, 2011) , SYK 94°C 2min; 94°C 30s,
, CLEC9A  SYK 56°C 30s, 72°C 2min, 30 ; 72°C
10min BioEdit SYK
(Sancho et al, 2009) GenBank ProtParam
, SYK Clustal W PaSYK
MEGA 6.0
(Epinephelus coioides)(Mo et al, 2016) (NJ)
(Oreochromis niloticus)(Bian et al, 2018) 2
, 1.3
, Primer 5.0
, SYK (SYK F2/R2) (SYK F3/R3), PCR
MAPK Not 1/SfaA 1
EcoR I/BamH 1 S

(Plecoglossus altivelis)
( ,2017) ,
(Vibrio anguillarum)
(Luetal, 2016) SYK

pcDNA3.1-flag pEGFP-N1 |

EZNA™ Midi (Omega

Bio-Tek, )
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% 1 PCR ¥ #%0 RT-qPCR Fi A5 % 55|
Tab.1 Oligonucleotide primers used for PCR and RT-qPCR

(5'—=3" (bp)
SYK F1 ATGGCTGACAAAGTAAACA
PaSYK 1857
SYK R1 CGCTGAGCTATATCATAGTAATAATCTCTC
SYK F2 ATGCGCGGCCGCAATGGCTGACAAAGTAAACA
PaSYK 1857
SYK R2 ATGCGCGATCGCCTGAGCTATATCATAGTAATAATCTCTC
SYK F3 CGGAATTCGCCACCATGGCTGACAAAGTAAACA
PaSYK 1857
SYK R3 CGGGATCCCGCTGAGCTATATCATAGTAATAATCTCTC
SYK qRT F GCTGGTGTGTCTACTGAAAAAG
PaSYK 259
SYK qRT R TCTGAGCCACGCCTACAAAGTG
TNF-a qRT F ACATGGGAGCTGTGTTCCTC
PaTNF-a 115
TNF-a qRT R GCAAACACACCGAAAAAGGT
IL-1B gRT F TACCGGTTGGTACATCAGCA
PallL-18 104
IL-18 qRT R TGACGGTAAAGTTGGTGCAA
TGF-B qRT F CTGGAATGCCGAGAACAAAT
PaTGF-p 88
TGF-B qRT R GATCCAGAACCTGAGGGACA
IL-10 qRT F TGCTGGTGGTGCTGTTTATGTGT
PalL-10 73
IL-10 qRT R AAGGAGCAGCAGCGGTCAGAA
18S rRNA qRT F GAATGTCTGCCCTATCAACT
Pal8S rRNA 103

18S rRNA qRT R GATGTGGTAGCCGTTTCT

#2 WMRHFAZN SYKEBFIER
Tab.2 SYK protein sequences used in this study

MNS599065 Plecoglossus altivelis ayu SYK
XP_020474432.1 Monopterus albus swamp eel SYK
XP_022600342.1 Seriola dumerili greater amberjack SYK
XP _019937198.1 Paralichthys olivaceus Japanese flounder SYK
XP_010749830.1 Larimichthys crocea large yellow croaker SYK
XP_026195406.1 Anabas testudineus climbing perch SYK
XP_004564629.1 Maylandia zebra zebra mbuna SYK
XP_005449474.1 Oreochromis niloticus Nile tilapia SYK
XP_023142075.1 Amphiprion ocellaris clown anemonefish SYK
XP_023816381.1 Oryzias latipes Japanese medaka SYK
XP _021457254.1 Oncorhynchus mykiss rainbow trout SYK
XP_020313159.1 Oncorhynchus kisutch coho salmon SYK
XP_024237245.1 Oncorhynchus tshawytscha chinook salmon SYK
XP 029566306.1 Salmo trutta river trout SYK
NP_001167144.1 Salmo salar Atlantic salmon SYK
XP _018600403.1 Scleropages formosus Asian bonytongue SYK
XP_005155595.1 Danio rerio zebrafish SYK
XP_018937248.1 Cyprinus carpio common carp SYK

XP_022521290.1 Astyanax mexicanus Mexican tetra SYK
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XP_026864836.1 Electrophorus electricus electric eel SYK
XP_026798309.1 Pangasianodon hypophthalmus striped catfish SYK
NP_035648.2 Mus musculus mouse SYK
NP_001032542.1 Bos taurus cattle SYK
N_P7003 168.2 Homo sapiens human SYK
NP_001086665.1 Xenopus laevis African clawed frog SYK
XP_002937073.2 Xenopus tropicalis tropical clawed frog SYK
XP_028604765.1 Podarcis muralis common wall lizard SYK
XP_025044887.1 Pelodiscus sinensis Chinese softshell turtle SYK
1.4 5% (V1Y) ; (100U/mL)
(Zhang et al, 2018) (100pg/mL)] HEK293T 10%
, 28°C (V/v) FBS DMEM (Invitrogen,
; 1:100 , ) , 37°C 5% CO,
PBS 1.7
, PBS HEK293T MO/M®
100puL 1.2x10* colony forming 1x10°/mL 6 (Corning, )
units (CFUs) PBS, 70% — 90% Lipofectamine 3000
PBS 4 8 12 24  48hpi (hours post (Invitrogen, )
infection) RNA
) 1.8
RNA HEK293T 6
1.5 PCR(RT-qPCR) 12h pEGFP-PaSYK
RT-gPCR (Chen et al, 2016) 36h, PBS , 4% (V1Y)
: RNA RNAiso 15min PBS , Dil (Beyotime,
(TaKaRa, ), cDNA -20°C ) 10min, PBS , DAPI (Sigma,
cDNA , SYBR ) Smin (Zeiss LSM710
Ex Tag DNA (TaKaRa, ) ABI Stepone NLO, Carl Zeiss, )
RT-qPCR (Applied Biosystems, ) 1.9 mRNA
RT-gPCR ( 1) PCR :95°C pcDNA3.1-PaSYK
30s, 60°C 20s, 72°C 30s, 40 ; MO/MO, pcDNA3.1-flag
94°C 30s, 72°C 30s, 94°C 30s pTAAct 24 36  48hpt (hours post transfection)
, Pal8S rRNA , RT-qPCR TNF-a IL-1p TGF-p
IL-10  mRNA
1.6 / 1.10 Western blot
, Ficoll pcDNA3.1-PaSYK HEK293T
(Invitrogen, ) [(1.0774£0.001)g/mL] MO/M® pcDNA3.1-flag
, 2x10"/mL 6 12 24  48hpt ,
35mm (Corning, ), 100uL , Bradford
5% CO;, 24°C , 15uL SDS-PAGE
[RPMI 1640 (Invitrogen, , PVDF ( );
); 5% (V/V) FBS (Gibco, Life Technologies, ); PVDF 5% (w/vy TBST
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1h, TBST 3,
15min; IgG-HRP,
1.5h,TBST 3, 15min ECL

phospho-p38 MAPK 2.1 PaSYK cDNA
(Thr180/Tyr182) p38 MAPK phospho-JNK1/2 PaSYK ~ ORF 1857bp,
(Thr183/Tyr185) INK1/2 phospho-p44/42 618 (MW)
MAPK (ERK1/2)(Thr202/Tyr204) P44/42 MAPK  70.78kDa, (pD) 827 PaSYK N

(ERK1/2)(Cell Signaling Technology, ) SH2 C
1.11 SYK

+ (mean+SEM), , PaSYK SYK
SPSS 13.0 (One-way (82%)( 1)
ANOVA) , ¥P<0.05  **P<0.01 , SYK ,

2

SH2 Domain

Ayu SYK
Atiantic saimon SYK

Atrcan clawed rog o
Common wal lzard SYK vLEacciy G s A Kshrsp RIS
Cattie SYK G L a1 oo Rs Py igaeocL v

Human SYK
Mouse SYK

WRPKGMQPKVGP F EDLKEKL I REYVE QGHALIOA | | SQRPQLEKL IATTAREKMPWFRGIYI TREE GSRTHGKFLIRQROLH
NRPKGMQPKVGP FEDLKEKL 1 TWNLQGAAL EQAT | SQRPQL EKL[JATTAR EKMPWF AT RaROLH
NRPKGMQPKVGP FEDLKEKL I QRPQLEKLMATT AR EKMPWFH RaROL N
WRPKGMQPKVGP FEDLKEKL | NLQGAA SQRPQLEKL apwir niT £ GSRTHGKFLIRQROLN
[RPKSHQPKVGP FEDLKEKL I SQRPQLEKL GKFLIRQROLM
MQPKVGP FEDLKEKL I SQRPQLEKL
luap KvCBF EDLKEKL I sarpaL ek

Mouse SYK

Ayu SYK
v YKPDGLLRVLTD|
LVEHYSYKPDGLLRVLTD)
VEHYSYKPDGLLRVLT
LVEHYSYKPDGLLRVLTHPC
VEHYSYKPOGLLRVLT

B UELVE G L - VFTPEOHRPNFS
Cattle SYK G s1P@ mmfnn LVERYSYK bGLLRVLT[PC - -
Human SYK 3 VERYSYK vancmcuv...um FRoLpeste -
Mouse SYK QoK

GSPHANP -

Klnase Domaln

Ayu SYK q - fTv GHFGT VIR

Atantic saimon SYK 7 ; m
Coho samon SYK T i : e s < o scircrviEn
Rainbow trout SYK MPUDTEVYES %8
Chinook saimon SYK EDGELG e
gs m

A4-QrGsrRPsvill- - - - - Hs) N | 366

e ook % D a3 Bk wh oS - [Ee 0Ty v EXEIYEo P o € R ET 25
Common walllzard $YK ersmwtvvﬂm)osmunsnsPsAAFvDuPYslPRvKnGnoRL P A0 e e [T QY] s 7
RPQLPSSHIATRTSS - - -GHAVD ssTT (R s x5

Human SYK PR B8R s oo y s ¢ 25
Mouse $YK PR B e e A s cscurorviEn

5| o oW F | KNITELVHQVSN

| YKMRKT EKPVAVK [ LKNDDNNPAVKE ENLREANVHQQLONPY | VRN IGICEAESLMLVMELAELGPLKYL KNITELVHQUSHK

EKPVAVK | LKNDDNNPAVKE EMLREANVIIQQLDNPY | VAMIGICEAESLMLVMELAELGP LK KNITELVHQUSHG

EKPVAVK | LKNDDNNPAVKE EMLREANVIQQLDNPY | VAMIGICEAESLMLVMELAELGPLIK KNITELVHQUSH

BVAVK I LKNDDNNP AVX € EMLR EANVIQQUDNPY [VAMIGICEAE S LULVNELAELGPL KNI TELVHQVS
nﬂuvxunvlUEV»\\'KILMDMHP/ 0

Mouse SYK

YK EEHNFVHRDLAARNVLLVTQHYAKIS
Y R XCHN € i1 FVHRDLAARNVLLVTQHYAK
Coho salmon SYK EEHNFVHRDLAARNVLLVTQHYAKISDFG
Rainbow trout SYK EEHNFVHRDLAARNVLLVTQHYAKISDFGL
SN TN 1 £V RDLAARNVLLVTQHYAKISDFG
P N 1 FVHRDLAARNVLLVTQHYAK 3 YKAK P VKV vy FxE
L O = € F i FVHRDLAARNVLLVTQHYAKI L YYKAKGHGKWPVKWYAPEC[INY FKF
African clawed frog YK 3T
(R I ¢ ¢ (i VHRDLAARNVLLVTQHYAK I
Cattle SYK 0
Human SYK
Mouse SYK

Mouse SYK

1 SYK

Fig.1 Multiple alignment of PaSYK amino acid sequences
: 60%, : , 2
SH2
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, PaSYK SYK

2.2 PaSYK mRNA

PaSYK ~ mRNA , PaSYK
; ( 3a)
, PaSYK
mRNA ,
PaSYK 4hpi , 24hpi
, 8hpi  PaSYK , 12hpi

91

, 24hpi
,8hpi  PaSYK s
, PaSYK
PaSYK (
2.3 PaSYK
HEK293T
PaSYK
PaSYK
, DAPI(

(G

Zebra mbuna SYK

100 lj
| Nile tilapia SYK

Large yellow croaker SYK
Greater amberjack SYK
Swamp eel SYK

Japanese flounder SYK

—I:Climbing perch SYK

Clown anemonefish SYK

Japanese medaka SYK

M Ayu SYK
River trout SYK
Atlantic salmon SYK
Coho salmon SYK

99

100
Rainbow trout SYK

Chinook salmon SYK

100

Asian bonytongue SYK
Zebrafish SYK

Common carp SYK

Mexican tetra SYK

Electric eel SYK

Striped catfish SYK

Common wall lizard SYK

Chinese softshell turtle SYK

85

—— Mouse SYK

100 Cattle SYK

70 E Human SYK

—— African clawed frog SYK

0.05

2 NJ

£[0]+] E— Tropical clawed frog SYK

SYK

8hpi
24hpi

3b—f)

pEGFP-PaSYK,

Fig.2 Phylogenetic tree analysis of the SYK protein of ayu and other species using the neighbor-joining method

1000
2 SYK

(

>60%) 0.05

73t
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Fig.3 The expression patterns of PaSYK in healthy ayu tissues and immune tissues after V. anguillarum infection
;a. ( )PaSYK  18S rRNA s
b—f. PaSYK mRNA PBS , 4h PBS mRNA
1 +SEM  *P<0.05, **P<0.01

4 PaSYK
Fig.4 Subcellular localization of PaSYK
: 10pm, X640
24 PaSYK mRNA TGF-B IL-10 mRNA , PaSYK
, MO/M® | PaSYK TNF-a
TNF-o IL-1B TGF-p IL-10 IL-1B ,

TNF-a IL-1B ( Sa—d)
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Fig.5 The cytoklne mRNA expression affected by PaSYK
+SEM; *P<0.05, **P<0.01
2.5 PaSYK MAPK
SYK SYK , SYK
MAPK ,
SYK HEK293T MAPK
MO/M® SYK MO/M®
MAPK p38 MAPK ERKI1/2 MAPK SYK cDNA
JNK1/2 MAPK , HEK293T , PaSYK SYK , PaSYK
MO/M® PaSYK N SH2 C ,
MAP , MAPK (Law et al, 1994) (Liu et al,
HEK293T , 12hpt  p38 2015) (Mo et al, 2016) (Bian et al,
, 24hpt , 2018) s
(  6a) ERK1/2 12hpt SYK ,
R ( 6b) INKI1/2 PaSYK SYK s SYK
12hpt , 36hpt
( 6¢) MO/M® SYK Taniguchi  (1991)
INK1/2 R ( 6 cDNA SYK
PaSYK ,p38 ERKI1/2 12hpt (Yanagi et al, 2001) SYK
, 24hpt , ( 6d—e) , SYK
INK1/2 12hpt , 24hpt (Coopman et al, 2000) (Wang et al,
, ( 6o 2005) (Yamada et al, 2001)
3 (Crowley et al, 1997) (Tsujimura et al,
2001) (Tsuchida et al, 2000)

SYK (Hoeller et al, 2005)
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Fig.6 Activation of MAPK signaling by PaSYK
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( ) +SEM; *P<0.05, **P<0.01
, SYK , SYK
(Liu et al, 2015) , SYK mRNA MO/M® TNF-o IL-1p mRNA
, ( ) TGF-f IL-10 mRNA
(Mo et al, 2016), (Bian PaSYK
etal, 2018) , PaSYK mRNA TNF-o  IL-1B s
5 , SYK MO/M®
PaSYK mRNA , ,
, , MAPK
s (Takada ef al, 2004) Ras
, , GTP , MAPK
TNF-o IL-1p TGF-B 1L-10 Ras-Raf-MAPK
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FceRI s SYK Shc
, Ras-Raf-MAPK (Jabril-Cuenod
et al, 1996) SYK
MAPK , SYK
MO/M® , Western blot
MAP
MAPK ,

HEK293T
, PaSYK
s PaSYK

SYK ,
., SYK SH2
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, PaSYK ,
RT-qPCR , PaSYK

Western blot , PaSYK
, MAPK ,
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MOLECULAR CHARACTERIZATION OF A SYK HOMOLOGUE FROM AYU,
PLECOGLOSSUS ALTIVELIS: INSIGHTS INTO ITS CONSERVED ROLE IN MAPK
SIGNALING ACTIVATION

SUN Jiao', NIELi', MIAO Liang', CHEN Jiong"?

(1. State Key Laboratory for Managing Biotic and Chemical Threats to the Quality and Safety of Agro-products, Ningbo University,
Ningbo 315211, China; 2. Key Laboratory of Applied Marine Biotechnology of Ministry of Education, Ningbo University, Ningbo
315832, China)

Abstract Spleen tyrosine kinase (SYK) is a non-receptor tyrosine kinase (NRTK). In mammals, SYK is an important
adaptor that plays an essential role in the activation of immune cells, signal transduction of extracellular stimuli, and
pathogen recognition etc. However, study regarding the function of this molecule in fish is limited. Therefore, the role of
ayu Plecoglossus altivelis SYK (PaSYK) in pathogen infection and the activation of immune signaling pathways was
studied. The cDNA sequence of PaSYK was retrieved; Multiple sequence alignment and phylogenetic tree analysis were
conducted to analyze the evolutionary status of PaSYK. The expressions of SYK in healthy and Vibrio anguillarum
infected tissues of ayu were revealed in real-time fluorescence quantitative PCR (RT-qPCR). Subcellular localization was
conducted in HEK293T cells to detect the cellular distribution of PaSYK. We overexpressed PaSYK in HEK293T cells and
ayu head kidney monocyte/macrophage (MO/M®), and its regulatory role on cytokine expression and the activation of
MAPK signaling pathway were deciphered. Multiple sequence alignment indicated that the protein sequences and
functional domains of SYK were highly conserved during evolution. PaSYK was closely related to its homologue of river
trout (Salmo trutta) as indicated in the phylogenetic tree. RT-qPCR results showed that the mRNA of SYK gene was
expressed in all tissues examined, and the expression of PaSYK was up-regulated in all tissues detected after V.
anguillarum infection. Furthermore, PaSYK significantly induced the expression of the pro-inflammatory factors TNF-a
and IL-1B, and slightly inhibited the expression of anti-inflammatory factors TGF-f and IL-10. Western blot results
demonstrated that, like its homologues in mammals, PaSYK could activate the MAPK signaling pathway. Therefore, SYK
is highly conserved during the evolution. PaSYK and its mammalian homologues have conserved functions, and both could
activate MAPK signaling pathway and play a role in inflammatory response.

Key words spleen tyrosine kinase (SYK); ayu Plecoglossus altivelis; Vibrio anguillarum infection; cytokines;

MAPK signaling pathway



