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Abstract As a member of the STAT (signal transduction and transcriptional activator) protein family,
STAT3 plays important roles in many physiological processes, including cell differentiation and immunity. In this
study, the full-length of STAT3 was cloned from Lampetra japonica and its amino acid sequence was homologous
with those of other species, and then was named as L-STAT3. The prokaryotic expression and eukaryotic expres-
sion of L-STAT3 gene were performed respectively, while expression of L-STAT3 gene in E. coli was in the form of
inclusion body. The nucleotide sequence of L-STAT3 was optimized according to the codon preference of Komaga-
taella phaffii and the secretion expression of L-STAT3 could be achieved. The expression of L-STAT3 gene in dif-
ferent tissues of L. japonica was further examined at transcription and protein levels. These attempts provided tech-
nical support for obtaining important functional proteins of lamprey and laid a foundation for further verification of

lamprey protein functions. In addition, the analysis of the expression pattern of L-STAT3 can provide a theoretical
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basis for studying the adaptive immune process of lamprey.
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DL H s -b 68 1 40 ] cDNA RS, At A5 4
IS Bl V) A7 A5 51 033k AT PCRY™ 18 51 O\ BR il 1 g 47)
fr s, Hd 51975040 K L-STAT3-F H5'-CCG CTC
GAG ATG GCG CAG TGG AAC AAG C-3', L-STAT3-
RN 5'-CCC AAG CTT TCA GAG GGT CGA TGT
GGG A-3'. W4 L-STAT3ZE R $pCold IZRAA, S 1Tk
& FIE HARL-STAT3-pCold I, #1LE. coli Rosetta?é
IR TRPR, WU P T A 1 BRI R DR B AT S SR AT . M
FEAL BRI FI T3 Amp P PE IR AR 97 56 R g4k,
Fefh 25 mL LB 722 1, 37 °Cy 180 r/mink% 77 &
DeoofE590.5 BT mL B AN IRIP TG [ P4 X6 B
SR JE 11 0000 EE G N AIPTG, #4775 3 K1k
3 i EX 16 °CHI28 °CHEAT 5T, 15 35 [ Mk
LT JE4 °Cy 12 000 r/min5 025 min, 73 HE L
TH~ DUE, Hl £ 8 B BURE il 47 SDS-PAGERG I .
1.4 L-STAT3EEFREE B EiZRIA
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pPICZaA . pPICZaA A2 HE AR BER L R IR B0, 7%
H—C-Hi 2 ik, B4 T c-MycHlc-Hiskr 2, v T
FARARKIUEMaifh. b, ZBIk 5401
BT, EE ST AR ESE SR E ST, ANEE AT
FAK 32 B F R PR A
1.42  L-STAT3 A B £ Ak 2 694018 FIH
AR PR 7 32 U120 L-STAT3-pPICZoA 2 pPICZoA
ARy ) AL B R R REGS 1S TR Bk, T 328 [ 14
B, SEEUEL TR AR G ZE R Z4IDNA, FIFHPCRY 14 L-
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BMGY};#= 5 FH TAMNRE A IRIE. o5l mE
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B AR) S 25 3R T PR (e A pPICZa A% A4k 1) HE 7 1 )
GS115TH ) FI BT A= B 5 AR (5R R B BEGS 11518 #%) £
YPDE; 77 3 55 77, Do 210.4~0.6f5 25 Do U B
14, B AR ABMGY 3 77 JE 4k 4 35 7%, 7E 55970 h,
24 h. 48 h. 72 h. 96 h. 120 h}7144 hitt 355 7754

AN I 38 i B R, SRR N 1% HFAE L IR ]
RIS TR B, B AISDS-PAGE I 25 4H 25 1
15 S RIE G, FFHTL-STAT3F A A AR 1] £
1.5 EEFREERIRIAL-STATIREE
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REEEEAT T RIRIE. KSDS-PAGESE L
HLPVDFJE, $F P, —$0 5 5l iE#% T L-STAT3 % 72
e 70 A (B 8 ELA51) 1 700) A c-My e bR 25 47 Ak (R ¢ L 451
1:500), —Ho(FBEEL11:5 000) AR 1T AL VB b
it f11gG(Goat Anti-Rabbit IgG/HRP, D110058-0100,
A TAM TREES BB AERAR). —Hiats —ht
R VRS G 0 TE S 0K, T IRY B a5
HEERRIEED
1.6 L-STAT3ERERIFRIEE 74
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TR Z BB R EE, FHO.9% S AL ya i B B 1A, 114
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FLEGHA, X RRAH62 73 IR 3 59 1 mLA 3 #E 7K.
B —JE G, TR FIRER i . Gt v ) S o
J&, oM T RGeS & AN HUREAE

43 AR H AR 6868 A [F] 41 2L S RNA,
S AR BB mRNA S # 5% licDNA . 12 FgPCR
A7 B (RR820A, TaKaRa), DAl i (1) 215 bk B2 4H i
OofES FFAE. B BRE. 82, BE. UL, PERR R
cDNA N, qPCR N A I L-STAT3{E % 412 )
RISTHL. HhAh, FH i 25 L-STAT3 2 S ik,
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IR AR B A 5 BIEEAT 7T WBEE I, Hod b B an R Al
FI BCA Protein Assay Kit4) %} L-STAT3 B 20 H
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i [R5 2 5PVDF R 25 &, 95 VIE K #4570 min,
B EFE O R BIPVDFRE b B #15%3 37 °C.
100 r/minf (A2 hy {50 H i % L-STAT3 2 o [ Hi 4
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BRI AL VB FR T (1gG, B )5 HHTECLE .

2 HR
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YR L DR 1 A, 1) FH B i W A S R RO U B 1
F), 3 BICZ e 51 32 B2pMD19T-simple vector, #4146
K FF T8 IR 2 25 40 P, PR P T R Y . R
&) Y5 1 bE 40 B S s, L-STAT3 55 HAth 4 B STAT3
F U I . R, B L-STAT3 R4 ASTAT 5 ik £ 1
JFio ATV L-STAT3HE [FIORF [X 4% 1 1R 7 41 $2 22 ]
1 Genbank, H &% 5 Jy: MT655994.

T L-STAT3 24 5 1R v 1 (1) BRAK A% Jo, 1% 25
RIORFIX 152 12402, mbd 708N 1., 71
N89 050.73 kDa, &L T3 N12 526, AR+
ﬁj‘jc3982H6259N106701188830; p”ﬁ?’ﬂ601, EE Ejj /% %& y‘j
87.40, T 1455 /K R BU(GRAVY) HN-0.472, AN Fa s
FZH)N51.57, 45 F15 B, L-STAT3 A Ei /K M H A
FROEERE . A ZEARSHINM L T22122
B LR AL I STAT _intCR~F 45448, LA A7 T-596 2
6802 5 iR b IRISH2 IR 57 45 # 3k, & 345 & 18 iE
X, 50 WAL T 137217367, 2115824247 22834307
PR IERR . WGL-STATIZ R 7 51| -5 HAth Py Fb ok
ISTAT3 7 44T 1 Huoxt, bk &5 R w1 TR
45 R WoR, L-STAT3 71 1 2 £ 8 7 51045 70l A2 T R 3k
JF 515 At P [ 14 4 R, R BHL-STAT3/E 4k
IR LR F . REK B T4 IR, L-
STATI R LR T A E AL 5 H AL HEBIYISE & R R

Boz ().
2.2 L-STAT3RI[E#RIA

AR T AFE FRE . AENE S L
K A [5G B X L-STAT3 3k (R 0, 45 5 %
W, FS A IPTGE A 1:1 000, 16 °C 24 hikff
FL-STAT3R 1A 4 4f, {H/ZEL-STAT3 & EAEYLIE
R, 7 LI ILTFRARBER). BERT &
Tl 2% A B B2 AL, 390 SRAFL-STAT3 I 7] i 1 &
%
2.3 L-STAT3RIE#FRIA

R4 B 307 72 5 2 )R 52 %% A5 -0 I A A i
{18 L-STAT35E R ¥ 1% 1 TR 7> 51 75 AN o0 2% 4 1 24 %
& 7 41 (R AT 52 N EAT AR, AR R T E T
£ SRR B b HEAT R AL (812) . K AL JG 1 7 51
FepPICZo AR M, o 04 3% 42 (¥ i D) 560 iF 15 D
KI3A. 5 HAHAK (L-STAT3-pPICZaA) Al 25 H Ak
(pPICZaA) 73 5l e AL EE /R BEREGS 115 TR PR, e A
¥ I H BURE 32 P 14 v [ 1 2 KT 4L DNA, PCRYT 4 L-
STAT3HEH 7 1, Aar il 2 15 4 AL R 1y, e A R 7R e B
FEALBH P T B R T 0L 3B o 5 BRIF TE B P BH 78 v e
R

W B3R 56 IF TE A ) BH M B AR R FH Y PDR: 77 5
ARG, B kB T BMGY 5 9% 35 1 ] H R i S

- Mm Stat3 (AAA 19452.1)
Hs Stat3 (NP 001356449.1)
Oc Stat3 (XP 017204692.1)
L Ch Stat3 (AKL83117.1)
Ma Stat3 (XP 028692326.1)
L Ss Stat3 (NP 001038045.1)
97} Bt Stat3 (NP 001012689.2)
Rn Stat3 (XP 006247321.1)
L CI Stat3 (XP 005624514.1)
Gg Stat3 (NP 001026102.2)

100

Dr Stat3 (BAH47263.1)
—i] 00 [Pp Stat3 (JAO66523.1)
100L Fh Stat3 (XP 021176905.1)

0.05

Lj Stat3

LA R(0.05) K n AL PR BT . Lj: HAC-GiREE; Mm: /N Dr: BE5 5 Che 1125, Pp: 2B #1660, Rn: #5 W Ss #7%%; Bt: 455 Gg: 29; Cl: KK

Oc: % %; Fh: JEE#K; Hs: Ao

Scale bar (0.05) indicates genetic distance. Lj: Lampetra japonica; Mm: Mus musculus; Dr: Danio rerio; Ch: Capra hircus; Pp: Poeciliopsis prolifica,

Rn: Rattus norvegicus; Ss: Sus scrofa; Bt: Bos taurus; Gg: Gallus gallus; Cl: Canis lupus familiaris; Oc: Oryctolagus cuniculus; Fh: Fundulus

heteroclitus; Hs: Homo sapiens.

El L-STAT3M RS A § 74
Fig.1 Phylogenetic analysis of L-STAT3
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Ar KIAT BB A T AR5 3 105 SR AR R R . M SR i T

pCold I-L-STAT3 5 2H K AT 56 15 3 i Ji5 2 1 4l iill e M
o bE S5 LI 40 PR TR S S UTE

marker; 1: 7% FUX BT R 5 AR 20 a8 R RS RE 5 3 40 B: B AL
S AR Emarker; 1: BITECEER T G LT, 2 BITESEREAR T SUTHE; 30 BT

A: protein expression of wild type E. coli strain. M: protein marker; 1: total protein of the un-induced wild strain; 2: total protein of the induced wild

strain; B: protein expression of pCold I-L-STAT3 recombinant E. coli before and after induction. M: protein marker; 1: supernatant of un-induced posi-

tive clone; 2: precipitation of un-induced positive clone; 3: supernatant of induced positive clone; 4: precipitation of induced positive clone.

E2 pCold I-L-STAT3ZHEREAXBHRAIFTIE
Fig.2 pCold I-L-STAT3 expression using E. coli as the host

(A)

pPICZaA

L-STAT3

(B)

M 1

L-STAT3

A: L-STAT3BEALFILE A2 . M: DNA%> T B marker; 1: L-STAT3-pPICZoa A G I IAE; B: ¥ AL B IGAE. M: DNAZN T Emarker; 1: %%

A RE R AR L-STAT 3 #4461

A: construction of L-STAT3 eukaryotic expression vector; M: DNA marker; 1: double digestion verification of L-STAT3-pPICZaA; B: verification of
transformed yeast. M: DNA marker; 1: L-STAT3 amplification from transformed yeast.

B3 L-STAT3EEFRE: B ERIAR AR KL B B EAVIIE

Fig.3 Construction of L-STAT3 eukaryotic expression vector and verification of transformed yeast

ATL-STAT3E: R AR 7R 186 . TpPICZo AL ¥ H
TEAWE TP F, B, 18R R R
B BEEANRIERE IS B A E A RARR S &
E 5T T WBAS Il B o] %58 R 2 RIS . Ak
T L-STAT3 e Rl BER AR &, Horp i 7 5%
PR AR R RIS R BRI B B (1) 29K FE R 1%,
73120 hJ5L-STAT3R A E i . S5 8HM. B4
B M AR T L-STAT3 R A A L, 34T BEAEH

A ) B R e BE R PR AE R 7R 5 B3 Al 2 T H AR
HRRIE, HRNS B E AR5 FE—8. H
HL-STAT3 %0 T RALACHT, TEES TR i S B2 B TR
S B S R R A A I BIL-STAT3 (1) R 15 (El4A),
MU 7 A 1 5-5:0 hy24 h 48 h. 72 h,
96 h. 120 h/z144 hiFF%E LG, L7524 hlk
KR 7 2 AR RIS, FLEEE SR g, &
R IE BB WG N, 7555120 ha& 1A & & & (E4B).
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(A) (B)
M 1 2 3 M 1| 2 3 4 5 6 7 8 9
190 kDa — DS 190 kDa— e
140 kDa —_ e 140 kDa— s
05 kDa — 95 kDa— s [ v R————"
65 kDa —— s 65 kDa— " s ’
54 KDa —— e _ 54 kDa—guy
42 kDa ——— dovi 42 kDa— %y
32kDa ——un 32 kDa—y
23 kDa— g
23 kDa ——i . .
rrefiR2ve
17 kD2 ESR— -
©) (D)

1 2 3 4 5 6 7 1 , 2 _
e G B S e iV (71D | Ant-GAPDI (36 kDe)

A: B ATL-STAT3 HE FR 1 BE HI R 15 S 25 A . M: 25 15T 4 fimarker; 1: L-STAT3 #4118 RE1% H B 5 5:96 hir 722k 17 2. 3: L-
STAT3 20 % £} 1% H R 15 596 hit BN IE & 5 H; B: %69 746 JFL-STAT3 B Rl B 5 3 A Kl . M: 3R E 52> 7 Emarker; 1~7: L-
STAT3 B LE1% FEES 50 hy 24 hy 48 hy 72 hy 96 h. 120 h&% 144 hfFZEF= IR 8. O: WP AR T Bk 1 b I % 14 7 A0 T B Rk 1% P 12
7 FRIEFPIR; C: L-STAT3AIMychr 2 WBAZZ %8 - 1: & [ i 4 T 5 Marker; 2~7: L-STAT3FIMychr %% & il T WBALI; D: L-STAT3 5
A AIWBYIE; 1: L-STAT3 B ALRERE1% HIAF %5 5:96 haZik I WBHLII; 2: L-STAT3 S ALRA £ 1% HEF %55 120 h& ik = Y WB I .

A: L-STAT3 expression in K. phaffii before codon optimization. M: protein marker; 1: medium supernatant of L-STAT3 expression after inducing by 1%
methanol for 96 h; 2,3: total yeast cell protein of L-STAT3 expression after inducing by 1% methanol for 96 h; B: L-STAT3 expression in K. phaffii after
codon optimization. M: protein marker; 1-7: L-STAT3 expression after inducing by 1% methanol for 0 h, 24 h, 48 h, 72 h, 96 h, 120 h, 144 h; 8,9: wild
type strain after inducing by 1% methanol for 120 h and 144 h; C: L-STAT3 was expressed by fusing with Myc tag proteins. Therefore, the verification

of L-STAT3 expression can be done through blotting L-STAT3 protein and Myc tag protein. 1: protein marker; 2-7: L-STAT3 expression after inducing
by 1% methanol; D: WB verification of recombinant L-STAT3; 1: WB verification of L-STAT3 expression after inducing by 1% methanol for 96 h; 2:
WB verification of L-STAT3 expression after inducing by 1% methanol for 120 h.
&4 pPICZoA-L-STAT3E A B EEFREE RHE S 3RIA R WBLIIE
Fig.4 Induced expression of pPICZaA-L-STAT3 using Komagataella phaffii as the host and WB verification

AT UESEE R EEE AR T NEEA R, FAH
MychrZ 54 FIL-STAT3 % 7 B Pk o 55 52 5 B i
TABRPUEBET TWBIRIE, 75 B Ar KN FIAL B &R
TR T 3% W7 IMychr %5 5 [ FIL-STAT3 H 1125 1 1
2, WBZE SRt — et 17 BIEEAAHEA
JR(E4C). K H B ST T WBELI, 142583k
137 BB (El4D).
2.4 L-STAT3EREWAEARIES
FIHQPCRI T T H A L8 L-STAT3 3 R {EA
A 20 23 SoKF BRI, 45 IR, L-STAT35: A
FE GRS A R H UG 205, BAE O I H s
frrPRIE B &, AL K. &5 LK
W R 5, L-STAT3RERIAE f . 1l i S At i o i)
FIREFIESA). EEAFUKE L, FIHH& R 2
SRR I T L-STAT3-E i 68 40 4 rh () ik . &5
TR, 8 PR AT LA S - 68 R SR 2 1 5 (B
5B), .2k Aor BAHXT BRI EL 0 71 2 /N IR

3 g

LEREG AR T AR S R TE A, B
5 RS MY AT A 0 IE B S R G, DRI
BRI FUE R G RGUERIE A A &
M5 6058 iy 108 T A 01 2 i A T R, A BL IR N AR A
R RE 2 — 80, FEHT AR TT R, FRAT DR L 6 i 1 >k
VR A TU IS (Shewanella sp.)i3EAT T AR, FIH
75 BU R B A 0 JE 2 - 0 08 5 ot (s 75 6 4 A
MM AZEVLRA. VLRBHIVLRCTE# Stk ¥k F
WA, R A PL IR R 2 5 7 - R 85 B 1 52 1
X — IR B DR A T K A % LR S 1 i
I M 1) 22 5 R R AT T % e, kg T
W 22 5 3ROk 5 1 B IS TAT3(45 A& IE U
RAE) o AW TN Z R R g hS 3 R 4 K AT T e b,
HRAT T I 82500 . ARG B2 T 7R, L-STAT3
AN T MR E A WA R 1, H B A STAT R 7 45 1435
HMISH2 T BE 45 #) 1k. STAT3HISH245 ¥y i 5 %244 |
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(A) (B)

Emm Saline treatment
84 mmm Shewanella treatment

*

Relative STAT3 mRNA
expression level

Leukocyte
(L-STAT3, 71 kDa)

Muscle
(L-STAT3, 71 kDa)

GAPDH
(36 kDa)

A A5 U IR B o2 5 L-STAT3 3 R E G SRS AN [F] 20 2% 55 oKSF 2K 404, *P<0.05, 5 /KA #E 41 A, B: L-STAT3 -GS R A8 I\ WBESILE,
1: HA-LEE6E AR AILALE R (15 pe); 2: HAS-CHIAE 40 FIVLAUS 2R 1120 pe); 3: HA-LHEES (41 AILIALE R 125 pe); 4 HA-LE6E

FIEMIAILALE 2 (30 pg).

A: expression of L-STAT3 gene in different lamprey tissues immunized with Shewanella, *P<0.05 compared with saline treatment group; B: WB verifica-

tion of lamprey leukocyte and muscle protein; 1: Lamprey leukocyte and muscle protein (15 pg); 2: lamprey leukocyte and muscle protein (20 pg); 3: lam-
prey leukocyte and muscle protein (25 pg); 4: lamprey leukocyte and muscle protein (30 pg).
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Fig.5 Expression analysis of L-STAT3
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