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. W7 UL H A8 (Anguilla japonica Temminck et Schlegel) A 78 % %, R 4 e 3L DRI 4 B s 22, T FE9

H 22K,

S E B D, A IC-RE W B A4 G- B, 72 4 WATLysC. AJLysGl.

AJLysG2. AJLysG3HMIAJLysG4. EATHIcDNAZK S N811. 749, 1352, 117581733 bp, 4mfih143. 193,
185, 185F1187AMNE LML . SignalPTilI K BH, AJLysCHIATLysG 1 IN-5i 4 B 45 15 A 9Z L BR 1115 5 1k, 3
N3RS A (55 k. FERA M1 E7R, AJLysC. AJLysG2. AJLysG3F1ATLysG4 /)3 [H &5 4 5 Ho At
IR [ S I A i 1 B R S5 R AR AL, C-BOVE R A 4N b 7, G- A A 5. {2, AJLysGlIRSE R 454 5
HoAlfaKG-RE HEGA R, RA 6L T, 5 HAh #2805 W B 8 B 7 51 LU, K ILATLysG 1k 2k HALG- 5
5 B AT A PR BB 2 A G 1 7 2 R AR, B R R & R Asp. AJLysC5 HAMR Z W i C- 215 B B LA 1= i
[ —PE, 405 oF 6 R — 1N 72.7%. G-T¥ F i F AJLysG2. AJLysG3. AJLysG41% b2 [f] LA & 5 HoAth#))
Fh G- 35 B I (%) [R]— PR AR O 1T ATLysG 15 HA A DL K 5 HoAh 3 Fh G- 1L 1 B G 1Y) (7] — PR3 AN s, HAE
50%LA R o ALRIE AT RN, FTA 5N B B 5 D L6 1 2R I O AL 2 4T R0 . C-BY IR A AE B % e
AHIR LB 205 B G-IUVA TR B AE 5 AL 2VA8 B v I 2B ) 22 UK, AJLys GLE B IRANILIA A i) ik &
i, AJLysG2IERPE ALY B WM . 'S REMEEThREER S, 2IB%RZELKE(Edvardsiella
tarda) {14805, XSG TG RE E L2/ 38 B P R IA B3 i, Foh ek i A Sk B 25 i H R L
REZE. WA, R EREHREXEHEK, 15 T 4JLysG2 AJLysG3FIATLys GAFE K 15 68 |- )iz I8 231 it
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KUZIE): HOAREY; Wiy, Rik; HEAEE; MR

FESES: Q34471 SCRRARIRAD: A

T BERG) Z AR T AR, REZK 40 B 1) 20
BE JTK SR B o H N - 2 T8t 7 %7 B )% (N-acetylglucosa-
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o C-ZU Y5 TR g (1) 5 DR G5 A ORI ST, B MES))
Yy A8 1 C- 2 7 B I R R 35 4 A B 1
IMNE TS, Kb — MM EFmisif &
i SR EREY

G-7 35 i il 5 ) 1 Canfield % T 196 T4E 7E RS
wEAPRIN, FNita A NG-MEE . )&, £
RZHA SR P WIRIE TG-BEHME, WY
(Struthio camelus L.)~ & RKE(Cygnus atratus L.)F
A (Gallus domesticus L) "V, sRif, B3
200 14F A 7E K HIRIE T G-BUA B . BT, ©
TER Z R h R I T G-I T B A7 AE, R R
F B 1 (Epinephelus coioides Temminck et Schlegel)«
i (Siniperca chuatsi Basilewsky). Kty (Salmo
salar L)« KPR (Gadus morhua L)%, H
U, 0T 05 2L 3h W G- 24 3% T e ) I AR 6 D
20034, Trwin ™55 ot BE D AL 44T, B IRLE N
(Homo sapiens L.)~ B(Mus musculus L.)ZE¥)Fh
KT G-BUAS R o FEAFYIFH, G- e
B E R H 2 7ROk . NIG-BUE H R
TANAR T, oAt LB A LA B 15 2K G-
B2 96/ A 5T, IX LR T B & A 45 S
fEf T, A RIE 1) GALVE TH B 2k K 35 9 54N o0 i
¥, I HIARZ K G- R Wl A 5 F Ik, Btk
A 9 10 2R G- 1 il R R I A T H 2
¥ Bt R T B A (S SRR R Y. AR, E
R PG B AR 7 6 R R G- B T il S R A 54
AL, AH 28 3 AR 6 3 R 4R 47 5T (Transcription
start site) 7] AR G2 75 430 31 g 4R 2,

195 C- 714 75 T I RN G- 284 75 o1 BB A AR I BT
ML B A R, WE (Ctenopharyngodon
idella Valenciennes)” " F1Z5 8 (Scophthalmus rhom-
bus L) IR, K. B ML Rk, DAL O
WE B i e A A5 2 2/ 4% B R 3 AV e I A
PRI 20 o 28 aad 5 5 Bl JiR AH Ok 70 1 I s, X
VR AV T T DR A U R 2L 2/ 38 B b R B R R
B B R R, SR T N
JER A B B AT W R ISR o 0, B i C-AY
Bl 0 A G- 234 75 BT I8 A 11 O 94 B BB 1R (ML erococe-
cus lysodeikticus) KW & (Escherichia coli) X &
KA B (Aderomonas hydrophila) ) 5K B
(Vibrio parahaemolyticus)~ 1B %z 5% {848 K (Ed-
wardsiella tarda)~ H14% 5 J B (Pseudomonas
aeruginosa) AN YR B EE M A
Bk G - 2R V4 T 0o Y B TRICBR TR PR AR A W R 1 )
PR, A B A G-RUA B R RIAT . VA
BEINEE (V. alginolyticus) CIHINE (V. vulnificus)-

Rl VA ML IR o B K B L BRT L 2 DY AR B O 1R (P
fluorescens )% T I 8 K978 v i

H A& ifi (Anguilla japonica)J& T #&fifi H (An-
guilliformes). #2f§i%}(Anguillidae), /& & E 45
Fh, th2 3 B K R 2. B, 3K
V] 2 T VU 0 AT () T A g i P oy A A 95 0 A %
1%, ¥ U B S TR 2, T 0 R R A 7 T sk P
1EH AR, H A i & 4% 51 g B bR fe P Fh 20 6 H 5%
(IUCN Red List of Threatened Species)”. k[ i
fi 77 B b A, R — P AR 3 11 ) R 8 B (A nguilla
anguilla L.), (B A4 51 4 B bR fa Y Fl 216 H 5%,
SCEAR B 2 TR PR R, BT E A
f B (1) A 49 2 A0 SR BE DN T HFR i ST IR AR FRGE
AR AR SR P I R R S . AT
T B H A i i 1 2 R AH 808 2, B T SN B
[ PN ey s vk v o A e (WA B 3PS VS 27 R W
TEATRE B, FEARMB R P RIL T
HrR 3N R B A, 9tk — P S IX L TR
I REBLE | HEAili

1 #MR57EE

1.1 BWERKES T

MR ] A 6 i 2 (R 2H 254t , DA Ath 1 28 i C- 2
MG-AUA H B3 N 1E NS 8, FIBlast¥AF AT 2
Br, $RAG H A B8 [ 7T 58 1) C- 21 RN G- 704 5 T T TR 1)
o .
1.2 ¥ iEBEERECDNAZK

IHRIN T B H 2 R A IR DL 3R A H
fRIHE R 52 B (FICDNA 4 K 741, AW ST SMART ™
RACE ¢cDNA Amplification Kit (Clontech){] i} B,
AT () 25 ORL e 20 il e it 96 s 4, R xt B
(R 3 K 5 i oy A EAT Y 48 s F B T
LB RN WK FRIED, RE 21250 g« B FH)E, K
8235 2 FFE, SR Trizol” Reagent (Invitrogen)if
HUERNA, 485 K FISMART ™ RACE cDNA Amp-
lification Kit& B - J& [ 147 36 R A Al :UPCR,
Rl 25 — %8 K H [ 75 PCR (Touchdown PCR)ZUPM
(Universal Primer Mix)f14h 5| #3479 14, 55 %
K HH IPCRZENUP (Nested Universal Primer)f1 Py
1Y T . Hd, AILysC. AJLysG2. AJLysG3
FMIATLysG4{# FIEx tag (TaKaRa)#H 1T 1; AJLysG1
K 1P BE 5 47 i) Advantage 2(Clontech)i3k {7 5K
o PCRY =M1 %3 i B 5t e B K )5 U0 1 [
Vo (RIS 4% 32 Z pMD19-T (TaKaRa), 2R 5 %
12 KAt (Escherichia coli)TOP10/8% 52 2541 Y
AL TR 1) H 2 5 A A 326 U P A (4 B AR A R



4 34 ¥ AR H AR Bg R ) C- 1Y A1 G- B TG T 4L 809

Feal A TA BT . #5'-RACEFI3'-RACE
W7 25 RPriz, RISk cDNAF A K. AW 5T
ARSI L 1.

1.3 BHEEDNARY &

AR FE A H R AR R, AR B3R A3 i cDNA 7
I HFE R T Y HEDNAE K5I 1), RH
QIAamp DNA Mini Kit (QIAGEN) ML ZH 2 A 4
{EDNA, HHZEFDNAM LA Tag (TaKaRa)i#t4T
¥, 2P IRDNAF 51 .

14 E£YERFESH

H 1 25 D] 1 T30 R FH A Hh Blast (blast-2.2.22).
W)L K H Primer Premier 5.0816.0. J7%14
Pk 5 S X 3T P42 52 % J5 K H ORF Finder (http:/
www.ncbi.nlm.nih.gov/gorf/gorf.htmL)#x $& FF i
BEHE . 14 FHHExPASy /M 3 (http://www.expasy.org)
(¥ Translate X/ HE T 2 ER T A1 . 15 T IKHI 08K
HISignalP 4.1 Server (http://www.cbs.dtu.dk/ser-
vices/SignalP/). #5158 H 1S5 55 tr K FHEx-
PASy My HH ProtParam tool XA 3E 1T 70 M. 741 [
VR X6 20 87 S FH i MatGat 2,028, B AR —
Tt B 1 T30 2K FH Predict Protein (https://www.pre-
dictprotein.org/). FALH I FHMEGA 52441 #:0%
(Neighbor-Joining, NJ)#J %, bootstraps % & N
1000, 3K 45 #°% I Spidey (http://www.ncbi.nlm.
nih.gov/IEB/Research/Ostell/Spidey/spideyweb.cgi)
AT b
1.5 REMEFNEES&MIRERMEFNER
K

{8 FH K 5215 £ 1V A0 W85 77 5 (Tryptic soytone
broth medium, TSB), 30°C 55 ##18 2% 52 {H4E [, £F
BERE R, W 72 ODs 40 fH (Spectrumlab 721NAY, |-
R E R A IR AR 2R G FI TSBRE
E. tardath FERFE, K48 B8 Jo 1) B VR A 72 R 53

B 5 77 3 (Tryptic soy agar, TSA) 4R I, AL EE 7%
FP30CRI RIS, B2 R B g AT 1. &1t
BT BIR, 240Ds0 0.5, BT B O B 41
T B 7 S B2 92.5%10°% . 2200% g 540> 1 Smin A Y
i, FERE IR 3 5 H A& AR R PBS 22 1P (Phos-
phate buffer saline, pH 7.4) &% B 74 H B8 A Ik
2200xg .00 15min, B HPBS, K 1 K B 1 2
1.0x10" cfu/mLF T ta fk .

Wil B2 A H AR ER(W 3T ARE LT
7, MR E L8500 g)FEAL 2 a4l 2% 4.
X HE 2RI PR AN R A, 23 va sk . B HAA
TG, o B2 A 2% I IR VE S 1.0 mL K B S )
PBSZZ M, P B 25 VR S 1 mLIR EE 15 &2

®1 KARERS

Tab. 1 Primers used in the current study

GEY 751 Fi

Primer Sequence (5'-3") Usage
AJLysCF-out ACCGACGGATCGACGGACTA
AJLysCF-in  AGTCGCTGGTGGTGTAACGA

AJLysCR-out AGTGGTTCCGCCATGCCAC

AJLysCR-in  TGGGATCTCTGACCACACGC
AJLysG1F-out CACAAAGACCGAATCAACAGGG
AJLysG1F-in GTTCCATTTCCCGTGAGTCCAG
AJLysG1R-out CAGAAGTTCAGTGCCTTGACAGTT
AJLysG1R-in  TGCTGCTCGCTATTCCACTGTCC
AJLysG2F-out GTGGGACGGGCTCAGCAAAT s RITF G
AJLysG2F-in CAAGCGATACCACACGCCAAG bl AE
AJLysG2R-in  TGGCGTGTGGTATCGCTTGTC
AJLysG3F-out GCATCCCACAAGTTGGCACAG
AJLysG3F-in CGGAGTTCTTACAAACGGCTGG
AJLysG3R-out TTCTTGTTGAACCACTGGGCTC
AJLysG3R-in TGTCCATTCGCTCATAAGTCCG
AJLysG4F-out TCACAACAAACCGCTAATCAGGA
AJLysG4F-in CTGTGGTCGCCGCTATCATTTC
AJLysG4R-out CAACATCATTGGAGTAGTCACGCC
AJLysG4R-in  ATTGTAGGCTGCTATTCCACCCAT

CF AATCATCTGTCACTTCAGAATG
CR GAAAAGGTGCTTCTCTCTGG
GIF TTGCTAGAAAATTACTAAAAGTA

GAA
GIR GATTGCATTTCACCCTGTGT
G2F CCACAGGGAAGAATAACAAC ke
G2R TCCAAGGCTTATTTTTCTCT
G3F AGCCAGAAGACAGAACATTAC
G3R TTACAAGGTTTTCATCATATTTT
G4F CTGAAGAGTTTGTGGAAGTTC
G4R AAGATTTCATTCACTCCTTTTA
ActinF CCCAAGACATCAGGGCGTGA
ActinR CTCAAACATGATCTGCGTCATC
CQF CCTGGGAGACTGGGTCTG
CQR CCACCCATGCTCTGATCC
GIQF TGGAATAGCGAGCAGCACAACT
GIQR CCACGGTCAGAAGCCAGATTGA .
G2QF GGACTCATGCAGATTGACAAGC FEREITHT
G2QR TATCCCACCTTTAAATTGGTGCT
G3QF GGACTCATGCAGGTTGACAA
G3QR GATATTCCTCCTTTTAATTGTTGC
G4QF GGCTTATGCAGGTTGACAAG
G4QR CTGCTATTCCACCTTTAAGTTGT
FuLsr G aad T
EUAILysG2R AAAGéEATTCCGCTTGAACC
BUAILysG3F ggggﬁggggggACCATGGACGGc -
EUAILysG3R }c\%égg%éAAACCATTCTTGTTG ik
BUAJLysG4F S?g}gﬁggggggACCATGGCCTGC
EUAILysG4R ggéﬁig?c"}gAAACCATTCCTTTTG
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1.0x10" cfu/mL KR 25 % f 18 [ W . W IR ZHAE
TESTPBS S IR G 240K A%, HIEZH 73 Il A2 VE 5 1A
24048 RAFE o SRAEIT, e H A S 5 22T 75 1y
WLV TRURRIE, 7 B RAE MLV . BiE. kB, K%
B . EEL . O RIRAIALAL, Hit12
HLVEE . ARG, BRI AVK B4 81 mL Tri-
zol® Reagentft, JRIURE i B RNA B 2 4 KE i A7
FHBARR VKA 4

FEPUERNAJ, FiNano Drop 2000(Thermo)ll
EWE, BLMRNA 500—1000 ngffi FiDNase [
(Thermo) XL B, 4R J5 FIM-MuL V i ¥ % 56751 &1
(Thermo) & FlicDNA . g BEAKELTH b 78 & 40 AT 42
BUBRNA T FE 5k 87 (1 3 K ZH DN A TR 52 ), Si2 56
SRS A& IR, RS &8s
(F D1 H I SE R, 8 EpMDIS-T, 285 I 7 i
W KT IR 0 L RS K 7R, $RHUT R (Plasmid
Mini Kit, Omega), 1 F 730t B 71 (NanoDrop 2000,
Thermo) I & JFRL IR EE . TR EE LT R S|
CUARIE 730 00 5 IR 1) BB 4 IR 10 %
B B2 B B, AR5 1 Fl Bio-rad A & i EPCR R 4
(CFX96"" Real-Time System) ) @ FrE 2k . SZiy
% )6 7 B 47 M1 (Real-time quantitative reverse tran-
scription-PCR, rt-qPCR) ) i B A& & 420 uL, ffE
iQTM SYBR Green Super Mix (2x) 10 pL, 1E [ 5|4
(10 pmol/L) 1 pL, 17151 4(10 pmol/L) 1 uL, BEHK
1 uL, F1ddH,0 7 pL. rt-qPCRAYFEF U0 T FilAs it
95°C 3min; 95°CAEP£10s, 60°CiE k20s, 72°C ZEfH
20s, 80°C 4 5s, FL41 /MG

SERVIN, FTE M EE3R. EAE
YHLVERT B IEE A TR brvfE th 263k 43; &
it B-actindF AT IE f5 RP3R1S# H R RIEA [ ZH 2/
PR RN R IA R . H AL IR 25 % AR K
TR H R R7E & 2V 88 B h i As A R 2 24
ﬁYilﬁﬁ—“ﬁj\*ﬁ, /E\:EP—AACZZ(CIE E@%_Ct/ﬁ—actin)i%fiﬂ
~(Ctyaempemingia—Clyaciama o IR
FISPSS#470One-way ANOVAZM T, #7P<0.05E] 3
1.6 AEMERMNEEAREISEAZTANZES
Hr

S fEH EcoR 1 /BamH 1 FMBamH 1 /Hind 111
I S ATLysG2. AJLysG3F1ATLysG4 1T
e S 5 81 (25 i 8 1L B Y 1 e A 5 IR G i 5 1 )i
ApcDNA™ 3.1/myc-His(-) A (Invitrogen) EL#% 314
g A8

KA R 4l (Epithelioma papulosum
cyprinid, EPC)#t 4T EAFKIL . FIFM199%; 7 H+

10%J15 2F L3/ (Fetal bovine serum, FBS), T28°C7E
COHEFRAARE TR F I T () pcDNA3.1-AJLysG2.
-AJLysG3. -AJLysG4LL M pcDNA3. 145 #i44 Jii ki 7
W4 F Lipofectamine 2000(Invitrogen)’ 4475 cm %
FFMEPCYIIE . ¥ 4e24h)5, L iR 773t
I F & & A B 7 cocktail (Roche) JRIPA4
SRR AR A . R =42 12000% g, 4°CE L
10min, FRI_EIHEWH T /5 82505 .

L J5 EPCYH M 2L /3 7= W) b iE W4 SDS-
PAGE LUK J5 # PVDFJE(FL1£0.2 pm), FH & A 3%/t
JIE WA I TBSZE M s i 5 1A Lh, SR 5 A A & Bt
Myc H.571(Sigma, 1:2000) /%2 1.5% g 4 W I TBS 22
MR4CIE IR . Pel)E, e RIgG-HPZ
PL, Pierce, 1:5000)0% & 1ho TBSTZEM RGNS, £
T2 AL (Bio-Rad) H i G A FE . AR 2% A AR
‘{ﬁp'ﬁ':(MagicMarkTM XP Western Protein Standard,
Novex) il H 1 8x R E

VA T A 1 9250 22 R Hikima 25 ' BL &% Sun !
ITTERAT o IR 22 M (pH 6.5) TSBH; 7Rk
MEERY, LL100:3:1 (viw w) L BIR & KE . K
J&i, AR FREAE S0 CRIB AR . TSBIl A R: 77 3¢
R R BERIOR T, M ODgoo N0.45F, LL1:200
(v v) B BB T VTR N 50 °C [ A 33 9 ko, {31 8
9 em PR Fo B FRFEEBEE J5 4T AL N e G
pcDNA3.1-AJLysG2. -AJLysG3. -AJLysG4 A
pcDNA3. 178 344 5 kL (I EPC 40 i 24/ 72 ) b 7 W
DL KXY 85 B H ¥ 1 B (Hen egg white lysozyme,
HEWL). #RJ5K- TR B T28 CHi7+2718h. MEEF:
A TE PR B 7= A RV B PR R /N R R E

2 #£R

2.1 C-EMNG-BBEEERENDNAFIDNAFS
SR

1 I 43 i i DR ZH A E DL S PCRYT 1, %558 |
H A g fiff (1) 1> C- B A4 G- AL 75 1 B 2 A, o eAT]
4y Wl fir 4 NAJLysC. AJLysGl. AJLysG2.
AJLysG3HIAIJLysG4. EA1HIcDNA4K 55k
811, 749. 1352, 1175F1733 bp, w143, 193,
185, 18581187/ ME IR . SignalPTiilIZR A, AJLysC
MIAJLysG1HIN-31i 2 A 15 5 Ik, BEAIK 7 5128
MT745 IR, 7 3P0 W B i A 15 5 k(R 2).
TEIX S FL R 3 i JE g G X, FieDNAF A £
IR R ALTE 5 (AATAAA), P AJLysG1H
AJLysG2fEploy AZHiI 4l & A LHAN AT EE 5
(ATTTA)(AK 27, A W.GenBank 7 51)).

R ITHI X &5 R EIR, AJLysC 5 22 6 1)



4 34 ¥ AR H AR Bg R ) C- 1Y A1 G- B TG T 4L 811

A — 14 B 1, 976.9%, AR A BE, 2168 7R J7 fifi Al
FENIN/RES, 205 N72.7% 69.2%K167.8%, 5 Al
T ELAK, HA38.6%M137.4%. G-HY 3% i g h
AJLysG2. AJLysG3MIATLysG42 ] ] [&] —PE A %
B, E50% LA b T ATLysG 155 HAth v B Bl F) D0
1, BITES0%LL RN (3R 3). 5 HoAthf S (A 02 ¥
B B 5 271 LA R B, ) A B0 g £7%) C- 24 3 v il A LAt
) C- B B AL A (5 5K, A 8 AR SF It
AR R AL TR FEGIu3 5 AT Asp52; 1X 842
Ot R Be L A —hit (&l 1), H A G-5Y
WHEFAILysG2. AJLysG3MIAIJLysG41 B4 34
R AL 2L, ENGIu73. Asp86A1Asp97, {H
AJLysG1IH 2 MR, RIAsp86 k(1A 2).
b Ak, AJLysGUAEAE2A 1 2R, H 0l 45 R B oR,
AN PRI AT R B (B PR R o
AR A HE M T RGN (E 3).

M AT BLE Y, H A 88 6 i AT LysC 55 HoAth 5
YR C-RE B I N— K3 MRAG-AE
fifg 5~ — K3, T H A 626§ AJLysG2. AJLysG3.
AJLysG4 5 H AR & faKG-RUA WM RN — 32, 1
5AJLysG1RAE—jizE.,
22 C-EMG-EFEMIERSEN

H A 5 il 11 54 175 1 il 2 8] P 5k (R 4 25 40 15 5
DB 403X SAN I TR B 2 R ) BE DR 2 S5 i B TR B 4
LB (GT/W & F/AG). AJLysCEER 4K
1878 bp, & HANIMETFIBI NN E T AJLysG1E:HA
HK3733 bp, FHONIMNE T, SN E T AJLys-G2.
AJLys G3FIAJLys G4 5 R 20 K B 43 1 2357
2108F12725 bp, X 34NG- L 175 b1 g 25 PR AN I Ath £ 2%
F) I B I R — A, Y& SN MR TR N & T,
FH EGE R IR A0 2 B A H BRI, R & AJLysG3
MIAJLysG4, FxF BRI AME T2 B 584 A0 [

*2 BHARESMAEMEEEDNAFSRESERFS

Tab.2 The cDNA sequences and deduced amino acids of lysozyme genes in the Japanese eel

= va K " W e > Sl A5 L iR B
B4 S5 BRE e ummnk mamgy  COCREIEREE g,
GenBank Acc.  Length , , No. of aa in
Gene name 5" UTR* 3" URT* No. of aa . pl
No. (bp) mature peptide

C-type AlLysC KM454476 811 83 296 143 128 8.48

AJLysG1 KM454477 749 90 77 193 174 9.42
Got AJLysG2 KM454478 1352 35 759 185 185 8.89

-type
AJLysG3 KM454479 1175 82 529 185 185 9.00
AlLysG4 KM454480 733 56 113 187 187 7.05
E: * UTR# R Runtranslated region
#3 BAS@BHHG-RFEE BURSEME XG-EFEENE—ME 21
Tab.3 Comparison among G-type lysozymes of the Japanese eel and other species of fish
, S H A #2 il G- 2475 B g
@%?/‘JG‘@‘{%}@% " G-type lysozymes in Japanese eel
G-type lysozymes in fis AJLysG1 AJLysG2 AJLysG3 AJLysG4

H A8 6§ ATLysG1 38.9 41.8 34.5
H A ATLysG2 38.9 68.4 58.8
H A 26§ ATLysG3 41.8 68.4 63.6
H A8 6§ ATLysG4 34.5 58.8 63.6
Hiff Grass carp 36.9 76.2 65.8 59.4
fiflCommon carp 34.5 65.4 64.7 54.5
B I 6 Zebrafish 37.9 73 68.4 57.2
21 6% 7R J5 filiFugu rubripes 31.1 54.7 495 49.5
RWffiBarramundi perch 31.5 57.1 59.7 59.2
F ¥ Japanese flounder 34.1 52.8 533 51.8
ZZ 67 Brill 30.2 56.4 55.3 53.8
#4541 P f1. Orange-spotted grouper 30 55.1 52.5 52
fiMandarin fish 29.7 55.1 54.5 53.5

7: AJLysGl. AJLysG2. AJLysG3. AJLysG4y H A2 144 G- 2 A H B, H GenBank/$%15 W3R 2. ¥ fligrass carp
Ctenopharyngodon idella: 183R 5 1 G-BIE 1, H GenBank % 535 HACF41166; filcommon carp Cyprinus carpio: BAA95698; B 1y
zebrafish Danio rerio: AAI34160; £1.6& %5 77 fifiFugu rubripes Takifugu rubripes: NP_001027764; 23" ffibarramundi perch Lates calcarifer:
ABV66069; 7 #Japanese flounder Paralichthys olivaceus: BAB17215; 25 brill Scophthalmus rhombus: BAF75845; #1541 5% fi orange-
spotted grouper Epinephelus coioides: AAL08021; ffimandarin fish Siniperca chuatsi: AAU86896

Note: AJLysG1, AJLysG2, AJLysG3 and AJLysG4 are four G-type lysozymes in the Japanese eel with their GenBank accession

numbers indicated in Tab. 2
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AJLysC [MRALVFLLLVAVAS ---AKVFERCELARTLKAAGMDGYRGVSLGDWY CLARWE|SSYNTAR 57
SRLysC MRCLLFLLLVAVAG---AKVFERCELARLLKSYGMNNYRGISLADWV CLSQWESSYNTRA 57
SSLysC MKCLVEMLLVALSS ---AKVFERCEWARKLRSHGMDGVGGYNLANWY CLTKGE|SDYNTRA 57
TRLysC [MKIPVFLLLLALAN ---AKVFQRCEWARVLKARGMDGYRGISLADWY CLSKWE[SQYNTNA 57
POLysC [MRTLVVLLLVAVAN ---ARVYERCEWARLLRNQGMDGYRGISLANWY CLTEWESHYNTRA 57
CILysC MKVAIAVLCLMWMSLCESRTMGRCEVVKIFRAEGLDGFEGFSLGNYV CTAYWESRFKTQR 60
DRLysC MRLAVVFLCLAWMSSCES|KTLGREDVYKIFKNEGLDGFEGFSIGNYV CTAYWE|SRFKTHR 60

* . . * . .. *x . PR * .. * e e akk . * ke ek

AJLysC TNRNTDGST @YGIFQINSRWWCNNGVT PSKNGCNISCSSLLSSDISTAITCAKRVVRDPN 117
SRLysC TNRNTDGST @YGIFQINSRWWCNNGQT PTSNACGISCSALLTDDVIAAIACAKRVVVDPN 117
SSLysC TNRNTDGSI [ByGIFQMN SRYWENNGQGPTSNACGI SCSELLKDDVTAATRCVKRVVQDPN 117
TRLysC INHNTDGST [PYGIFQINSRWWENDDRI PTRNAGNIKESALQTDDVIVAINCAKRVVSDPQ 117
POLysC TNHNTDGST@YGIFQINSRWWCNDSQTPTSNACNIRCSELLTDDVIVAIKCAKRWRDPN 117
CILysC V-RTADVGK [PYGIFQINSFKWEDDGTPDGKNLENLPESDLLKDDLKPSVECAKLIVK-TG 118
DRLysC V -RSADTGK[PYGIFQIN SFKWEDDGTPGGKNLEKVACSDLLNDDLKASVGEAKLIVK-MD 118

:* . ******:** **::. * ok : * Kk K ..*: T *_* :*
AJLysC GIRAWVAWRAH CEGQDVSQYIAGEGV-—--—-— 143
SRLysC GIGAWVAWKSH CEGRDLSPYLAGEGV--———--~ 143
SSLysC GIRAWVAWVRH CEGRDLS SYVRGEGV-—-----— 143
TRLysC GIRAWVAWNRH CONRDLSAYIAGEGL--—---- 143
POLysC GIGAWVAWRQH €0GODLS SYLAGEGL------~- 143
CILysC GLKSWETWDSY CNGRKMKRWTKGCESH-—---~- 145
DRLysC GLKSWETWDSY CNGRKMSRWVKGCEQRKQSLRA 151

K ek ek cke .. . **

Fig. 1 Comparison of deduced amino acid sequence of C-type lysozyme, AJLysC of the Japanese eel with homologues of other species of fish
BOMERNESIE, SRR B E R, BOHESPIEIE FbRE R R R EAL fo RR R R R, <Al R L =
B2 ELXTRIFE B4 50 A: SRLysC, AR #3267 1 C- T 5 14 ¥, GenBank % 3% 5 WBAF75844; SSLyC, %€ 4 i /R, ABY84356; TRLysC,
L% 7R J7fili, NP_001027914; POLysC, I i, BAB17215; CILysC, #iffi, ACF41166; DRLysC, B 51, NP_631919

Signal peptides are boxed. The 8 cysteine residues are shaded, and the catalytic residues are shaded in black boxes. (*) indicates identical
amino acids, and (:) or (.) the similar amino acids. SRLysC represents C-type lysozyme in brill with the GenBank accession number being
BAF75844; SSLyC, Senegalese sole, ABY84356; TRLysC, Fugu rubripes, NP_001027914; POLysC, Japanese flounder, BAB17215;
CILysC, grass carp, ACF41166; DRLysC, zebrafish, NP_631919

AJLysGl SRQKGPVVISSSISRESRAGSP PVLTNGW ——————————— SLGLKQA DEQF-----—-— HTP 103
AJLysG2 AQQMDPAVISGIISRESRAGA--ALKDGWG DHG------ NAFGLMQI DKRY------ HTP 103
AJLysG3 AHKIEPAVIAGIISR ESRAGAP GVLTNGWG DHG------ NGFGLMQV DKRH------ HSP 105
AJLysG4 DHQIDPAVVAAIISRETRGGSP HVMSDGWG DHG------ YAFGLMQV DKRH------ HKP 105

ECLysG KYGIDPALIAAIISE ESRAG--NVLHDGWG DYDSNR GAYNAWGLMQV DVNP--NGGGHTA 111
SCLysG KYGIDPALIAAIISRESRAG--NALHDGWG DYDSKR GAYNGWGLMQV DVNP--NGGGHTA 111
SRLysG TCGIDPALIAAIISR ESRAG--NALHDGWG DWNPHRNAYNAWGLMQV DVNP--SGGGHTA 111

LCLysG AHEIDPALIAGIISRESRAG--NALVGGWG DHG------ KAWGLMQV DVTP--GGGGHTP 105
POLysG SYGIEPALIAAIISRESRAG--NQLKDGWG DWNPQOR QAYNAWGLMQOV DVNP--NGGGHTA 111
TRLysG QCDVDPAVIAGIISRESRAG--NQLINGW GDHG------ KAFGLMQI DVTPPPNG GGHTP 107
CCLysG AKKMDPAVIAAMISRESRAGA --VLKNGWEPAG------ NGFGLMQV DKRS - —-- —— HTP 103
DRLysG AKQMDPAVIAAIISRESRAGA --ILKDGWG DHG---—-- NGFGLMQV DKRY -—---— HTP 103
CILysG  AKQMDPAVIAAIISRESRAGA --ALIDGWGDHG------ YAFGIMQI DKRY -—---- HTP 103

B2 [ ASBE G- T v o AT At 0 28 G- TR ¥ vl Bl U IR 7 31 11 L e
Fig. 2 Comparison of deduced amino acid sequences of G-type lysozymes of the Japanese eel with homologues of other species of fish

FH SR IR S BV AL o 7R [F (M BE TR, Al Rom BN B 6 1R . H R B84~ G- R I R BEAILysG1. AJLysG2.
AJLysG3+ AJLysG4[)GenBank & 55 WL.3& 1. bt i Hofth 1 28 (10 G- AU B B S 73 79 4: ECLysG, 1 BT 1) G- VA 1R B, GenBank & 3%
5 NAAL08021; SCLysG, i, AAU86896; SRLysG, 2, BAF75845; LClysG, JRMIfifi, ABV66069; POLysG, F i, BAB17215;
TRLysG, 4L 7R J7ili, NP_001027764; CCLysG, f#, BAA95698; DRLysG, ¥ fi1, AAI34160; CILysG, %ifi, ACF41166

Catalytic residues are shaded. (*) indicates identical amino acids, and (:) or (.) indicate similar amino acids. AJLysG1, AJLysG2, AJLysG3,
AJLysG4 represent G-type lysozymes of Japanese eel with GenBank accession numbers indicated in Tab. 1. ECLysG represents G-type
lysozyme from orange-spotted grouper with the GenBank accession number being AAL08021; SCLysG, mandarin fish, AAU86896;
SRLysG, brill, BAF75845; LClysG, barramundi perch, ABV66069; POLysG, Japanese flounder, BAB17215; TRLysG, fugu rubripes,
NP_001027764; CCLysG, common carp, BAA95698; DRLysG, zebrafish, AAI34160; CILysG, grass carp, ACF41166
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Fig. 3 Phylogenetic analysis of lysozymes of the Japanese eel and
other vertebrates

gl m _E 3T R R bootstrap i) E 7 ¥ Bootstrap values are in-
dicated at notes; C-Z ¥ 15l C-type lysozymes: A\ Homo sa-
piens (GenBankX 3£ 5 P00695) M Mus musculus (P08905)+
FEParalichthys olivaceus (BAB17215). 22 #LScophthalmus
rhombus (BAF75844). #E W M/KSolea senegalensis
(ABY84356). HA&WEfiAnguilla japonica (KM454476) 3%
Gallus gallus (AAL69327). 5ldBufo andrewsi (P85045). 4I.
16 75 75t Takifugu rubripes (NP_001027914). 3C & fi Bran-
chiostoma belcheri tsingtauensis (AY175372). ¥ f4.Cteno-
pharyngodon idella (ACF41166). ¥t Danio rerio (NP_
631919). I-MFEM: HAEXERLitopenaeus vannamei
(ABD65298). R Drosophila melanogaster (CAA21317).
KK - 4L W5 Ostrea edulis (B179776) 751l £k i Caenorhab-
ditis elegans (AAC19179). M Ul Bathymodiolus azoricus
(AF334663). # R Asterias rubens (AAR29291). FERIE1E
Hirudo medicinalis (AAA96144). M5 Eisenia andrei
(DQ339138). G-T¥5 K AG-type lysozymes: AH. sapiens-1. -2
(AAH29126, AAI00886). M. musculus (NP_001028599). H
AH2HHA. japonica-1 (AJLysGl; KM454477). B D, rerio-1
(AAI34160). #C. carpio (BAA95698). K C. idella
(ACF41166). HA#EHA. japonica-2. -3+ -4 (AJLysG2.
AJLysG3. AJLysG4; KM454478, KM454479. KM454480).
LD, rerio-2 (AAH76099). KPS Gadus morhua
(AAUS1661.1). LLEERITHET. rubripes (NP_001027764) RW)
5 L. calcarifer (ABV66069). F#EP. olivaceus (BAB17215). 3%
FS. rhombus (BAF75845). FPEIHE. coioides (AALOS021). i
S. chuatsi (AAU86896)
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Fig. 4 Gene organization of the C-type (AJLysC) and four G-type
(AJLysG1-4) lysozymes of the Japanese eel
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The black boxes represent exons, and the lines represent introns.
The numbers indicate the size of exons or introns. The black boxes
and the straight lines are proportional to the size of exons and
introns respectively, while the concave lines are not proportional
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Fig.5 The expression of the C-type (AJLysC) and four G-type (AJLysG1-4) lysozyme genes in different tissues/organs of the Japanese eel
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Fig. 6 The expression of the C-type (a) and four G-type (b, c, d,
e) lysozyme genes in Japanese eel stimulated by Edwardsiella
tarda
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Fig. 7 Expression (a) and bacterial inhibition (b) of recombinant
proteins of three G-type lysozymes from the Japanese eel

a. B 4H FIA VA WM (T Western blotting®ll. MJEMagicMark ™™
XP Western Protein Standard, Negative control A M % 4
pcDNATM 3.1/myc-His(-) AIJEPCH 2 EiEE A,
AJLysG2. AJLysG3F1AJLysG43 s MR 34N 4 B iy 36 5 B 4
FIEAL Y B B E; b, T R BB VA BE GOk B R
W UNBA XTI, N T 20 nLAVEE YepcDNATM 3.1/myc-
His(-) ARTEPCH $EHR ¥ i 8 H; 2 0 BHPE XTI, I &5 10
pe S EEARHE, 3—SKRNVEHREIAILYsG2.
AJLysG3MATLysG4 ) BB E H, MAREIA10 g

a. Western blotting of recombinant proteins. M represents
MagicMark "™ XP Western Protein Standard. Negative control is
the supernatant extracted from EPC cells transfected with
pcDNA™ 3.1/myc-His (-) A, and the later three columns are
recombinant proteins of AJLysG2, AJLysG3 and AJLysG4; b.
Lytic activity of recombinant proteins against Micrococcus
lysodeikticus. 1 negative control that was added with 20 pL
supernatant extracted from EPC cells transfected with pcDNATM
3.1/myc-His(-) A; 2 positive control with the quantity of 10 pg hen
egg-white lysozyme (HEWL); 3, 4, 5, recombinant proteins of
AJLysG2, AJLysG3 and AJLysG4, respectively

AL 73 M R, AJLysCH HAR G HESI W) i C-
TP I Wl 58 9 — 3, I AJLysG 3 A0 H At 4 b
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CHICKEN- AND GOOSE- TYPE LYSOZYME GENES IN THE JAPANESE EEL
ANGUILLA JAPONICA

YANG Yong"?, HUANG Bei', HUANG Wen-Shu', DUAN Ming-Zhu', ZHANG Fang-Fang' and NIE Pin’

(1. Fisheries College, Jimei University, Xiamen 361021, China; 2. State Key Laboratory of Freshwater Ecology and Biotechnology,
Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China)

Abstract: Based on genomic database of the Japanese eel (Adnguilla japonica), two types of lysozyme genes including
one C-type and four G-type lysozyme genes were found and named as AJLysC, AJLysG1, AJLysG2, AJLysG3, and
AJLysG4, which consisted of 809, 732, 1352, 1177 and 731 nucleotides that encode 143, 193, 185, 185 and 187 amino
acids, respectively. AJLysC and AJLysG1 have 15 and 19 amino acids signal peptides, respectively, but other three
lysozymes have no signal peptide. The gene structure of AJLysC, AJLysG2, AJLysG3 and AJLysG4 is similar to their
corresponding lysozyme genes in other species in terms of exon-intron organization, with 4 exons for the C-type and 5
exons for the G-type. However, the gene structure of AJLysGl1 differed from other fishes, with 6 exons, representing
the first report in fish. Compared with other species, second catalytic residue, Asp, in AJLysG1 is missing. AJLysC
shares high identity with C-type lysozymes of other species, having 72.7% identity with Japanese flounder (Paralich-
thys olivaceus). AJLysG2, AJLysG3 and AJLysG4 share high identity with each other and with those in other species,
while AJLysG1 does not share high identity with neither G-type lysozymes of other species nor the other three, with the
identity lower than 50%. The real-time quantitative PCR analysis showed that all five genes were expressed in all ex-
amined organs/tissues of eels. The C-type lysozyme gene expressed highly in stomach and modestly in immune related
tissues. The expression of the four G-type lysozymes was tissue-dependent. AJLysG1 highly expressed in skin and
muscle, while AJLysG2 highly expressed in blood, head kidney, trunk kidney and gills. All five genes were up-regu-
lated in many organs/tissues by Edwardsiella tarda infection, especially in blood, intestine and head kidney. In addi-
tion, the recombinant proteins of AJLysG2, AJLysG3 and AJLysG4 obviously repressed the growth of Micrococcus
lysodeikticus, however, their roles in inhibiting pathogenic bacteria of the Japanese eel need further investigation.

Key words: Japanese eel; Lysozyme; Expression; Recombinant protein; Antimicrobial activity



