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CERALAZ R D KRB & DIEM R E I (EH

EAE % W, ZgE'?Y, pmg!
L RIEEERZFKFAZRE, [ R YT 524088; 2. ) 28 K= S04 b 15 5 fid
BEFRAHE IS, AR T 524088

HE.

(B8] ZRHBNHEETHRBEAL IR ZERN L AL ZRHFEER
T, PEYHIDHRNAEAG R, AR BT QN B EE AR LB
WBAFATX D KRG NEZ EZO T m, ATERE LB GG E R
A Ja B 1E o

[ 7575 | 3 VE 4T % & BR & Z BE AL B8 37 4] 7] (lysine deacetylase inhibitor,
KDI) % & 4, JF KA %t & & PCR (QRT-PCR). % § FI i (western
blot, WB). A NEEEMRN UK FEETRE S A TEEINE AR
BB AT X D KB A R %

[ 455 ] 5 4 KDLSR &M 5, & 44 Nl HDAC 6/10 (10006221). Sir2
F R B (10031932 F010020349) 3 3 AN 7Bt 5% 7 B 3 B oy & 3K KT,
AAHETREEEALETH, HALKEACBRAATFETZhE
FRE, RWERGMERT T LEBAATF; HKEA qRT-PCR A
IR E T T Rk, 4R 8 F, IRAKL. IL-17. NF-kB F1 CASP
2HEMFAAE 12h HHNEF L, kK& 48h 8% FFl, T TRAF
3A48h E M AL E T, kW2 KDI K WG Z & ALK %%
#3% . Hi4 1L % GSH-Px. POD Fr CAT By & M 7 12 h #2024 h % I
DELRANBYE, RAZERNNGERRERZEE; KE, F45E%
WM, RAOdWFEEMERFELERT.
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HRBERTAAT L KRR IR EL A RENE, YEANRR CBMAEG
ey o s AR LR o Ak, A A H Rk R RN R
BRI

REE: Kk E I MK, LB BAs; KDI

L [CERHBE DL (Pinctada fucata martensii) I35 & B2 Bk LFR“F 2K,
HE =6 & 2 EEKEERM 95% LL BV, Hh ) N THEERS A 5
Bt B RA A B IR EOAR . B ERAZ AN 7 Of B b4 DLy A %)
ZARD B AR, 2 532 AR DL SUR AR i N LR iR 2k g, 2
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FERL o 2 AR DL AT S50 G 5 0 28 ) LA B B 52
FARIE WA, RLR IR B TR R AR 5t
A RN, a5 Y B 928 2 E 2% 3 B2 A DL R 2
HERELBAETs, X H M T R 5 & A
et PRI, B PRk R) DL A AR A T 52 HL ] B
o] BRI 22 Bk DUREAZ S 18 S 88 107 5 8 52 B2 Bk
PO BT 1

FEXTEBR M AFAE R ), AR BIXTE
BRA P BORA W AT ot . E G, Ea X 2 Ak
DUFEAT AT Ak BT HC 8 38— B3 E A A 1 2
BLARZES, HW, SR AR s R AR 37 4 O skt
G 22 1A DU PR DR AR )R DA R R B 08 8l T 3
ARSI, Al 2R DUAER A S AT R
A BT B A HE R B RO R, W
AN S /N R B SR ORI B SRR, LU
P AN O D, kAR B A R 0 T DA
SR H S HAMBRAZ R R T), TP 2R 1
R, Horhr, Gu 88 I T G2 40 ] 57 B 1 R
Fi LA K2 JAKS il 500 A S/ i B SR, R B
HEAT LI 800 5 52 AR DL PRABLAZ i 5 | 1) 02 S
N HR, AR A%k AR b R B A R G,
Fo e MR v B S YA RES G A BESRAS
BFIRSCR

HAT,  IREREE Db i 46 22 IR £ Tk % 7% ity
(lysine/histone acetyltransferase, KAT/HAT) Flii#
B MR X & B 1k B (lysine/histone deacetylase,
KDAC/HDAC) B JF & T 4 Hk [F] 21 45 7 Fn it Ak
431, JF H HDAC 6/10(10006221) Fl 2 /™ silent
information regulator 2(Sir2) 5% Ji% & [A #4) 3% 3k 78
FELAZ I 200 JH 27 Sy LA [R) B (i) 6 e A 35 R
FW KDAC 25 T 5 [RERA) DMEAZ IS 1 038
Mo KDAC #1151 (KDAC inhibitor, KDI)}g&:—
FAT LT KDAC KAEERIML &Y, w4
R S RIE R ST TR o & e =11 0}
AP T AR g T R R Y A
ROt & I H, AP ESEARIE , il
TH % A (trichostatin A, TSA). T 2 h fl EX-
527 SR N TE RS A )5 fo % 9815 ) 2L AR 4r
7 S

KDI o] IR A 22 5200 52K JE
HEARWITR . FIIRIE . & AOE M py ki
K. ANEHA AOE Je A1 1 FRAR U R A0 e 21
HF % KDI 2 )& TSA. T 4. EX-527 Al
JERE (nicotinamide, NAM), Hf TSA" AT

FRENU &1 %t F HDAC I A1 HDACT , EX-527"%
S SIRTI [ 26 £ 1 7 336 41 il 7], XF SIRT2 Al
SIRT3 WA — & MM HI4E A ; 1 NAM N2 4
XFF HDAC ™, Efiliie2 5 & oL
MR IIRERY, D [RERBE D5 A LBk &
WiZ SRR R E 288 TIEsE, HaT
TR R S S8 T A o 32 44 DL i A R A, T
PN R 2E 2R 55 LA SIS B2 B DL ARt g R 551,
B2 B HTX TRk 0 R4 5 (A A 2 ek 18 i ik
T, ik, ARSCEGE S KDLIRG
BT AR DL R SRR AR 2 KRR O
Mr, RV B TR B A8 7K X 22 2k
FEAZ R PE M . AW IR AR E A L
Pk Ak 1 1 2 4 2 T RE AR s HL A B T Al
SRy 0t — A ) B2 Bk DUAEL A OB B 43 F IR B AL
PEAL T ISR, I oA A R E 2 2R D R
R T HARSE S

1 MRS T

1.1 SEIEH R SR

FESCREETE S A T A, DAFRFEAE) RAETR
M LR FHEIX . DA 1.0~1.5 A9 T [ R I
YE RIS B, AL AL 340 Rt
BFARO DRI, MEEH ZH4); *
100 pL KDI G = KRAEYHFHEARAGRAF, Lk
) AT T AN, MK (KDI4); &
%} 100 uL 0.7% DMSOJF AT HEZ F AR, Xt
T8 4] (DMSO @), H:H 0 h by oK 2 4 B i1 [H]) —
HEOU . g HDTAEA 2 N EREZ, kit 3 4
FARAG IR T, AR R 43 W —
AEFRAH BB —B, B IERE R ZE . R
DU 38 B AR R (R PR T k2 3751 o

Tk 25 £ AR BRI A 57 (KDI) B 43 (100%)
£ % 40 pmol/L TSA. 1 mmol/L EX-527. 400
mmol/L NAM F1 200 mmol/L T FRENIE il 7E 70%
DMSO 1,

OV 2 3 A Hif b B ) A AT A% 5 FRER B DL A
Oh 5, 40 THIZE 12, 24, 48, 72 1
96 h HL 8~10 M HELH L,

QFFF LKA N ERTR, B4 S BEAL,
F398 38 Ho AbHLS () DUITEE IX 258, TEFEA%
FARJG 7. 45 F1 60 d MEAFTEH, FAE 60 d I
HEEE,
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1.2 SR4AARE R CEL LKA

AT, HGE Y3 a02H 21 Western 2 1P 4f]
MW G RAEVWHEARGR AT, i),
JIA PMSF, i PMSF B MM 1 mmol/L;
i FH C K B A B 1085 4l SURE S B e, i IR A
20 mg LU A 150 L L W A0 EE AR A 2 ik
W, VAECKHEIMER, 2105, MR nfi)a,
12 000xg &5 .04 min, HCH: [ % # FH BCA it
M CEa REYWEARARAF, i) e
FIVREE s 40 pg B8 AR Ak 2 9080, Hp ke
T80 °C f-TE % .

e A1 H UK R M ) A R (T PR R A
YR A R, UL HIE, 120 V HLK
1.5~2.0 h; K2 T BN B A% Ep g% ol (4E
TAEY) TR BB RS 7)) SF-#F 10 min,
PVDF 575 e F H B i Al 3~5 55 A= H1iR”
BB (e AR+ AR), B2 Uy 5 B
SRRSO, (REFHE 150~200 V #E 1 h )5
WU IS ) TBST(E TAE 9 T 72 b A A FR
oA FEEIRPEIR LYEAR 5 min; K E T B A
ZE PR [ TBST o & 5% Biig2E 0 (BB I A1
B ABRAR, E)], 37°C BUEREIR L EH
L hai#F4°C e an LHdE, Vel 3k; L
1 : 500 FH&F PH 22 sl 6 B O Ak iz ik Gy
YR YA R, BT ), 37 °C il 4
R B 1~2 h 8 E 4 °C it (RS, H
TBST ¥k % S¥K (5 min/k ); LA 1:1 000
TBST BL & 5% Mt Hg A= 1055 18 i P ol 1 kg s 12 119
FH PR (X8 EYHEARARAF, dbaD),
37 °CHilt & % K I & M 40 min(%Z 12 4% 3 );
TBST &% 5 (5 min/ik); MAZ M A ECL & {4
WCESREWHAARAR, L), M
Tanon 5200 ft.2% & AR 73 Bt R EE (R BERHE
HIRAF, L),

1.3 #RAOEHEE T

K H TRIzol 25 #2 BUZH 41 /Y B RNA, i 5
1% Bt g B 58 152 L 9k A1 NanoDrop ND1000 %8 4
SIECRETH Ay60/A550 HLIERAE RNA BT RS,
P A\ —80 °C IRAF . DG AR il 4, il
/H S T EHER,

LI B-actin VERNBILHN, B FEHE,
SLE AR 27k AL, i3 H SPSS 26.0 A
XF SIS R A T 25 5 0 E MRS (P<0.05) (% 1)

F1 EERAEESY
Tab.1 Primer sequences used in the qRT- PCR

514 FEI(5"-3")

primers sequences (5'-3")
HDAC 6/10-F TACCACATTCCACAAAGCCAA
HDAC 6/10-R TGTAATAGAGCCTCCTCCCCA

Sir2-F (10031932) CGGGCAAATACCGACCTAA

Sir2-R (10031932) GCCAATCTCTCCAGTCCATCTA
Sir2-F (10020349) GGAACACATCAAGAAGGAGGC

Sir2-R (10020349) CCGCACCTGTGAAAGCAAC

SOD-F TGCCTTCTTTCATGATGGAGTG
SOD-R ATGTTCTCGTCTGCTCCGAGTT
IRAK-1-F CGGCAGTAAATTCCACAGGTTC
IRAK-1-R AGGTTTCTATGGGAGATGGGTG
TRAF-3-F GTGATCCGTGAGACTCAAGCTA
TRAF-3-R ACTGCCAGTATTGCCCTCTATT
caspase-2-F GTAACGTAACAGACGTAGGTGCAG
caspase -2-R TGGTATGACATCAAGCAGAGCC
NF-xB-S AGAAGAGACAGGCCAAAGAGCA
NF-kB -A AGAGAGAACAGGCGTGAGAAGC
Ixk-S TATTAAAGGCTCAGGCAGAGGTAT
Ixk-A TTGGAGTTGCTGATTACGGATT

1.4 R4 E LB TR MEAL

JFH e A Y B T RVER T B ZH LA
DRYS WK EK e A B 9 1, 2K
e e B L T IO 2 A RE o S R R
275 B U R ) T AR ST T SR A A 3R] & 1
W BEATHRAE
1.5 FiERMERERLE

TEMAZ T ARG 7. 45 F1 60 d 77375 %,
IETE 60 d M FHERR, HILkSH GuED Fik,
(B 03T 1 /s i =

FENG R (%) = BFEATIE B 2R DU $/50 56
HIRE IS TR DL A E0<100%

R (%) = BRI B BRI UL G
R BRI ARG E0%2)x100%

LIPS

[\
AN~

2.1 KDAC BIFiAT ¢

TE 1 [ DUAR A% J 10 440 B 2 Si 2 A0 50 1) S A
b, SEEXT HDAC 6/10(10006221) . Sir2 8% i,
51 (10031932) LA K Sir2 % il 51 (10020349) 3t
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AR B I AT T 26 mEiE (K 1), 52
I2E R R, KDAC M5 R 7 M A2 i 8 4 210

20 10031932
o r *
.‘§ —1 DMSO b

Zj =3 KDI
I# %5 _'|_
& S L5} e
®z * * d
= O a
=& 10} 55 a a b
N
L o
3.2 a

S 05} a

k ﬂ

0

0 12 24 48 72 96
B[] /h
time

(a)
10020349

[ == DMsO o
/3 KDI [

[

’2 a
cd
a
i ﬁﬂ ]
24 48 72 96
I [8]/h

time

(b)

20, 10006221
—1 DMSO

Sir2 FX Rk &
relative expressionof Sir2
—_ )

(e

HDAC 6/10 Hxf ik &
relativeexpressionofHDAC 6/10

1.5} c
d
b cd
1.0 HH *
a b a—l
a a
a
0.5+
0
0 12 24 48 72 96
fif /b
time
(©
Bl 1 KDIRHHEZEES KDAC 7E
SR H B N ERA R P B FRIE
RS, AR 7 R A B3 2 57 (P<0.05); H RN &5
XFHRZHAHEL, *. P<0.05, ** P<0.01, *** P<0.001, K3 [,
Fig. 1 Relative expression of partial KDAC in gill tissue of
P. fucata martensii after KDI stimulation of implantation

In the same group, different letters mean a significant difference; com-
pared with the control group at the same time point (P<0.05), *. P<0.05,
** P<0.01, *** P<0.001, the same as Fig.3.

vy O 2 NI S e sl N I =l e a i ) <
XA EES AR MiS 5 T 5 IR VR
PEROW A K Hodr, 1003193 78 1 5t 245 4 54
BiJG 12, 24 F1 96 h #B .32 F I8 ; 10020349 5
XTHRZHAALL, 7E 48 h /NEEE L FHS7E 96 h K
JE R 1M 10006221 535 BZHAH L AE 24 #1172 h
ITE N .

22 SRAAARERCEHIEBIREN

Xf By [CERRE DU B KDL Jf M e, a2
UL I S AL AR AR BEEAT RN, IR X Br
Rl o Bt AT Bt . 4R on, MR
SEHN BB, H72h BEA
CIFARAB AR HexH T30 IR A AR A B W X (] 2).

23 REMBEXETFHRALEE

Xof 24 ) 1 ) i 8 2 2 B PR R DL 2
K F IxB B (IxB kinase, IxkK). A %-
17 (interleukin-17, IL-17). #%%% 5K F «B (nuc-
lear factor kappa B, NF-kB). IL-1 SZ{AHH G-
1 (interleukin 1 receptor associated kinase 1,
IRAK-1). Caspase 2 (CASP 2) il [l ¥R € [N 1
Z AR HH & F 3 (tumor necrosis factor receptor-
associated factors 3, TRAF3) #4171 i ¢ A4
W, R ER, FES KDL HZE, NF-«B Fil
Caspase 2 LR ) F KB EH—2, FREIHN
BT R ETHRES SXREAMLL, RAKT,
IL-17. NFxB il Caspase 2 5N FRIKTE 12 h #
B W B, KK BEPITE 48 h 3 E
TRAF3 JENWIAE 48, 72 196 h B2 T4 (& 3).
WEFERB], S KDI 5 5 [ B DL 20 il 5o 2
5

24 ENERIEMEN

X4 e K AL B (GSH-Px) . 1 & ks
fitt (POD) Flsd S Ak =l (CAT) 9 BTG R #E A7
MW, 458 8R, HAE ZH 45 DMSO 4 1284k
MR 3, TTE KDI 520 b 3L A S 90
Se LTHE TR, I HAE 12 F1 24 h R
W FIE (K 4), R KDL RS D IR
DAL A TG P 18 5

2.5 HFRERERMERERRIT

ST BITERE R T ARG 7. 45 F160d, Siit 3
44 (ZH. DMSO #l KDI) #8 #% I (17 1% %, If:
16 60 d Geit B ER R (6 2). 455K M, 60 dKDI
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(b)

2 KDIRHHEZEDRHKGNBELADSEANIEILKT
1.0h, 2.DMSO #1 12h, 3.KDI#L 12h, 4.DMSO #124h, 5. KDI#l24h, 6.DMSO 41 48h, 7.KDI#4148h, 8. DMSO 4172h, 9.KDI %l

72h, 10.DMSO 41 96 h, 11.KDI 41 96 h.

Fig. 2 Acetylation levels of total protein in gill tissues P. fucata martensii after KDI stimulation of implantation

1.0 h, 2. DMSO group 12 h, 3. KDI group 12 h, 4. DMSO group 24 h, 5. KDI group 24 h, 6. DMSO group 48 h, 7. KDI group 48 h, 8. DMSO group 72

h, 9. KDI group 72 h, 10. DMSO group 96 h, 11. KDI group 96 h.

HGHAZA LA RS A, 7 T6 R Bk R
W% S, 1F 60d, KDIZH . DMSO 4 1 ZH
Y EREREA I 55.18%+1.81% . 51.41%+1.25%
1 72.45%+6.96%

3 R

b FQBRBE DU A AR AZ S i it A2 BIL ) R 200
oy F IR — R MR s, T H RS
HNC S RN | Fesdl . EA A m
PO NS B S A S E R TR ORI 2 Sk X2 N5+
1) 25 52 FE DRURNER 1, H 70 R A G 28 310 1 550 Jr
RS D . AT E ST KDL AW,
(I e RN X YWV E T K o % S e i
Br, FH] KDI o] {E Ry —Fp G e i 15 51 = 5 X1 2
TR DU A% e 5 1 28 A R 4%

HREFH T IkK . IRAKI, IL-17, NFxB,
Caspase 2 il TRAF 3 S8 SLE R 2R DL 48 K
By e R EEAER], Hrb, IRAKI, IL-
17. NFxB Al IxK #[ /& TLR/ NF-xB {5 5 18 %
P CEE T EEIREREEI T, kK MRS
B AHESH Y AL, BT LLE S NFeB &4 5 00,
JF WG NFxB 5 il 09 T Ui B8 28 R Y 3R 08 Y
IRAK1 J&—FP 4 il N3G, S5 425 -1 i
Toll B2 A5 538 I 1835 A )5 TL-17 &—

FhfE & A+, H IREREE D IL-17 -2 | BkE
M=, TR Z MRS IL-17 -2 A R E N
ZEB) Caspase-2 -5 11 il Jib I8 A0 40 i 08 1205 TR A
KB TRAF 3 Z 5984 IFN, £F 5 [QEREE D
TRAF 3 R SEMFL Y H AL TIGE, =
MRS R N, IEH, Adzighli™ £EXT
I Bk DL R SE ik R F= Bk PERERF s b, 2
ARG 0 h~3 d IR AL N 2 5 A% 5 1)
BRENEA o Ik, ARBFFER T 0 h~4 d /Y
SZ AR DL SR ZUHEAT AR OGN , R T Lk 6
A3 PRI T 2 e 2 4 DL A4 L B 28 7K OF o

7E KDL fill )5, 454 KDAC 98 i
S50 DA KRR T TR AR B i AR AR A LR
KDI #2757 22 /& D #8240 21 8.8 A 1 2 B s 1
Ko ZJa, S A G e A O SE R ) 58 e
WAL, SXTRAME, 5 KD
J& IRAK1 . IL-17 1 NFxB 3 23K 7E 12 h 1
M T B EW, T K WTE 48 h KT B
L Hif, NFeB &y F R AE KN A
A W5 B KDL v] LI HDAC 3 (936, Jf
WX p65s W3k L WhAk B ek AE , T3 58 TNF
o X} NF«B (1) 5 55 3806 7%, 1 TRAF3 £ [ 7]
L5 NF-xB % 5 i i (NF-xB inducing kinase,
NIK) KAAMHEAEH, 72 5% NF-«xB L i
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Fig. 3 Relative expression of immune factors in gill tissue of P. fucata martensii after KDI stimulation of implantation

PE BN X T HE 2 TRAF 3 3L K £k B2 T
BRI . f2J5, IRAK-1 A] LIt C AR u4h R

5 TRAF 6 tHEAEH, = 5157 NF-«B B9
P, DL EgSREEE R, FS KDLIRGYG,

PE T R DL SR 20 R ) L BRI E I K

TSI T NF-«B 38 R4 1 40 Ge 538 S v
FEAZ T AR S 18 L2 AR DL R A AR N 3, T

P AR AT LAY BR AL P RS L 0T 7 2R Y

1% PE % (reactive oxygen species, ROS) H Hi 3,
Bij IEALA 32 B A B, X WTE—EFE |
TR S5z W Y A A S g BN Y IR 5 . A BIF ST R
B, HeLa ¥ 2 4fi 1 28 KDI AL ¥, b7
M5 S A e b GSH B9 FERY; S IR
B DU S T MR g1 4b #1)5 . CAT. GSH-Px FI
SOD 45 Z i (1) 1% M 7 = U MiAEAS B 5T
TETEST KDIR G )5 waﬁ@mme_
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4 KDIRHEZENENEEERRFEL
AH TRV 00 ) 2 25 22 7 R /N5 P B3R, R TR I 0] A TR 2 030 ) 2 25
ZRMRNEFRER, NRAFEHAEREREZR (P<0.05).

Fig. 4 Antioxidant enzyme activity in gill tissue of
P. fucata martensii after KDI stimulation of implantation

Significant differences between the same groups are indicated by lower
case letters, different groups at the same time are indicated by upper case

letters, different letters mean significant difference (P<0.05).
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Tab.2 Survival and rentation rates statistics of
P. fucata martensii after KDI stimulation of implantation
%

60 ¥ BR%
rentation rate

60 dfFIER

survival rate

45 dfEIE %

survival rate

AR TR

groups  survival rate

ZH 70.04+8.50"  51.75+10.63" 49.12£9.96"  55.18+1.81"
DMSO  79.63+6.99" 65.79£6.96"  64.91£8.46"  51.41£1.25"
KDI 80.20+2.84"  67.54+5.48"  65.79+4.56"  72.45+6.96"

W AEFEHRGAR I (8] (A B4 &3 22 57 (P<0.05).
Notes: Different letter means significant difference within different

groups at the same time (P<0.05).
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Lysine acetylation in the allograft-induced stress response of
Pinctada fucata martensii

LU Jinzhao ', ZHANG Bin', LIANG Haiying >, LIANG Bidan '

1. College of Fisheries, Guangdong Ocean University, Zhanjiang 524088, China;
2. Guangdong Provincial Key Laboratory of Aquatic Animal Disease Control and Healthy Culture, Zhanjiang 524088, China

Abstract: The pearl oyster, Pinctada fucata martensii, can experience transplant rejection or even host death following allo-
grafting. This study investigated the impact of increased protein acetylation on the immune response of P. fucata martensii after
implantation, aiming to elucidate the role of acetylation modifications in this process. A mixture of broad-spectrum lysine
deacetylase inhibitors (KDI) was injected into P. fucata martensii to assess the effects of increased protein acetylation using
multiple analytical methods, including quantitative real-time PCR (qQRT-PCR), Western blot (WB), antioxidant enzyme activity
assay, and culture indicators. Following KDI injection, the relative expression of HDAC 6/10 (10006221), and two mumbers of
the Sir2 family (10031932 and 10020349) were significantly down-regulated at different time points. Meanwhile, the acetyla-
tion level of total proteins in the gills was significantly increased at 72 h, indicating enhanced protein acetylation in gill tissue.
Additionally, the expression of IRAK1, IL-17, NF-xB, and CASP2 were significantly up-regulated at 12 h, while /xK was signi-
ficantly up-regulated at 48 h. In contrast, TRAF3 expression was significantly down-regulated from 48 h onward, suggesting
that KDI stimulation enhanced cellular immunity in recipient oysters. Furthermore, antioxidant enzymes such as GSH-Px, POD,
and CAT were significantly up-regulated at 12 and 24 h post-KDI treatment, indicating enhanced humoral immunity. The
retention and survival rates of oysters were significantly higher at 60 d post-KDI treatment compared to the control group.
These results suggested that acetylation modifications play a key role in allograft-induced stress in P. fucata martensii, and KDI
may serve as immunomodulator to regulate the implantation process. In summary, this study provided an important basis for
exploring the immune response and adaptive mechanisms associated with acetylation modifications in P. ficata martensii dur-

ing implantation, and offered theoretical support for the rational control of the immune response in P. fucata martensii.
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