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(nervous necrosis virus, NNV)J& & B I8P )45 G 1
W2 —, NNV EZMIRARMYME RS, 5
EONRAR, BYe NNV 5, AR BT 5
K REARG | GEAR R BAEER, —JANET R AT
100%. 19 5 1Y 5% & )™ 52 Jak W 4 A B £ 35 b 179 fe
FE ] $54E & FE(Munday et al, 2002; Nishizawa et al,
2008; Li et al, 2020),

HAl, X NNV @B FBANEEHE AR,
R ERM, A2 W QLI SE, 2020), KR
(Liu et al, 20242) 551G MEAL S P RERS AN ] NNV 1)1
JERYY, HX S I AL TS s b s B B, R RESE LR
PSS I o B = 1 7 7 A (= DR ) U k=53 h £
ALY, P, $ 500 K7™ B899 28 & 10 CHEAE T
BB P R AT DRHORS ARG, Sl DA G 4 R 2
e ARG RE T, DN AT 5045 Tl 9 3545 #6 (Song et al,
2024; Hou et al, 2025). TEJR 12 W, HEjEZR
FHAL LU B A B 1 | B3 AR I D B SR 2 e o
PCR (qPCR)Z J7%(Shi et al, 2003; Qi et al, 2005;
gk & 2248, 2021; Chinchar et al, 2009; % %, 2015),
AR BT RUE & L R e R G, (HIfFE7E
— 7 B JRI B T« 2H U P 2 L 1 SR AR L AE R
£, ShiE s NNV R a2 (9 12 (Zhou et al,
2016); FETHURA) ELISA KA, HRBTIARM A AL
JAA, HALR BIAEEARRE M, 1B FH AR
BTt (Huang et al, 2001); qPCR K47 A BA W &
ARSI R AORE (RIS A . LR R R A
DL R EER R T S R (FEBAE, 2023), BLA
TCSERG I 7 EME LA S NNV BB P sk ] (%) 52 bRy
K, B, FRA—FRVEMEERE . WeritEm . FERHEM)
NNV RGN A A 17 BR A A R (8 7 X

1% R 3 AR (aptamer) & F1) 48 B0 £ M BC &L &R
G b H AR (SELEX), ¥ AN TA B . A2 10"~
10" B BENLIE R R SO S IR 45 &, St Z 500
TE AR AT BE 85 17 S TR A IO P R TR (Y IR A,
2020; Yu et al, 2021; 2= K4, 2024), B RIS fic (A8
L AR ] B SEE TR R R EM R R, 22
W BRES . IR G-IUBE RSN, SRR
PE45 4 (Stoltenburg et al, 2007) . % R 3 Fie 44 1 A % 43
TR/, BAZ MM thifeE . wa e
A A %545 5. (Zhou et al, 2016), IT4EK, MR
T A TE K 7 A I AU A L 2 O )
(L et al, 2014; 2515 R EE, 2024; 5K M 4E,
2024), Zhou Z£(2017)%F % RGNNV K 7¢H [ (CP)fif
VEAS 2 A A R B AR A PUR R RIOR , JF T AR R
PETF e R R 3 e AR -CP 45 1 - A% TR 3 T 4 f 1 o

it I A% P 325 T A W A A I R (ELASA), i B
FERPAT . FES MR AR CE e S . BT, BT
i 3 A T 2 %) i RS 2 AR FH T 3 ) bR S o A
K2 K, © 76 A1 BE U 9 3 (SGIV) (Li et al,
2014) . BRI 68 6% 5 #h 22 IR FE 06 5 (GPNNV) (1R R
42 2010). 00 I 2 (GCRV) (Yu et al, 2020) .
KO BEUTE R EE(LMBV) (GRININEE, 2024; Zhang
etal, 2022) . " AL¥EUT RN B (STIV) (R FHESE,
2009) . BUR L B IR E (Vibrio alginolyticus) (A3 PREE,
2018). MEAELCIRE (V, harveyi) (X EBLZE, 2020), 1E
KR PR (Aderomonas hydrophila) (845155, 2018)
VI KA B AEAE B 3 (Phaeoecystis globosa) (VLKA
&, 2006) %59 JEL 5T T AR AR )

ABIF ST B R A R 3 TC AR TE 7K 7 77 58 0 iy e
FEFE M BEA IR IR E o BLA KD 2 AR PR A
RSB & S F S nE, MEH N T HAEFRH
WG WA FH o A X — T, AS A E i
1K A5 s 25 1 IR B HOR (target-activatable
aptamer, TNA1c-TAA), & T —Ffor B R A & .
ZBE AR I e et it s e e b
—E THEMH TR SN C 8, REEZRER
PR 3 43 Al bR ig 2 FE A FAM (carboxyfluorescein)
P K 3 A BHQI1 (black hole quencher 1), 7EE#fx
ARASTF, FAM 5 BHQU 3 it %5 ] SRS RN B iU2¢
HARBE R F R (FRET)HLE, T3 IOLE 5 9A 808
Ko BEERY T SRS AR R SRS, T
WREF R A R R, BT8O0 5 AT 5 0 K 5L A 28
(i) B 5 0 A RO AR, X R AR Al 91
DR . AWEE R eI E i, At <always on”f
PECHAT T FE W WAL, BEA RE IR K b
BT 5 e XE ST, SCELXT NNV B kG, [5] s A
TR SRR B B o SR B AT R

1 #RlERF®
1.1 ##

A S5 % i FH 240 B 2R O A B £ 6 4 i (grouper
fin cell, GF-1), 7E 28 ‘C&AF T HEM 10%A6 4 1L i
(FBS; Gibco, Grand Island, 3E[E)AJ Leibovitz's L15
(Gibeo)$H IR HEEF5 o SL50 BT I 75 0 A1 B £ 28 510K
J% 55 V5 Bk (Nervous necrosis virus Guangxi, NNV),
A BEA T R % 7 ) YRR (Singapore grouper iridovirus
Guangxi, SGIV), SGIV Fl NNV H 27 5286 25 i
7V R 5 ) B ) 2 3k e IR A B {6 (Epinephelus
fuscoguttatusQ x E. lanceolatus 3)H43 1 3K#5%(Xiao
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etal, 2019; Yu et al, 2019b), IR FIERA T
1.2 FHik
1.2.1 TNAIlc-TAA &%) % ARbR o =A% R 3

PRIREE 3 A BEALa : — B2 S 1) U A A% R 1 i
WIFH0, TR RIS, 55— BORaE i1 1a] b

FBE T 8, 5 3 BRI IR R IGER) C#E, {15
Uity PR KR BHQL 5 373 Y 2 A FAM JoFR #5230,

AR M T BT T TNAlc-TAA R FE
(R 1) BRI BL AR K BT R 51 40 3 i R DO A= 9
B A BR A Al A B o A58 08 1 4 A2 R G B AR R 1
FEAH AT 64T 92 “C/KIA 5 min, VKI& 5 min AbHE,

x1 KHARFSRBIFT
Tab.1 Sequences used in this study

# %K Name J¥%1) Sequence

TNAIcl-TAA  5-FAM-CCAACCTTTTTTTTTTTTTTTTTTTGCTCGGGGCTCGAT
ATTGTAAAGGGAGTGTGTTTAGGAGGACGTGGTTGG-BHQ1-3'

TNAI1c2-TAA  5'-FAM-CCAACCATTTTTTTTTTTTTTTTTTGCTCGGGGCTCGAT
ATTGTAAAGGGAGTGTGTTTAGGAGGACGTGGTTGG-BHQ1-3'

TNA1c3-TAA  5-FAM-CCAACCACTTTTTTTTTTTTTTTTTGCTCGGGGCTCGATA
TTGTAAAGGGAGTGTGTTTAGGAGGACGTGGTTGG-BHQ1-3’

TNAI1c4-TAA  5'-FAM-CCAACCACGTTTTTTTTTTTTTTTTGCTCGGGGCTCGAT
ATTGTAAAGGGAGTGTGTTTAGGAGGACGTGGTTGG-BHQ1-3'

FAM- TNAIlc 5'-FAM-GCTCGGGGCTCGATATTGTAAAGGGAGTGTGTTTAGGAGGACGTGGTTGG -3’

CP-F 5'-CTGCTAGAATCTTCCAGCGATA-3'

CP-R 5'-TGTCAGTTGGATCAGGCAGGAA-3'

B-actin-F 5'-ACGAGCTGCCTGACGGACA-3'

B-actin-R 5'-GGCTGTGATCTCCTTCTGCA-3'

1.2.2 AX @RS H TNAlc KR NNV & 4 4m i #
3 GF-1 4iiE 3 A 6 cm 40U 5532101, 28 C 1
7% 18 h, LIS SE A 6 40 A o SCU0 4 4 M 32 A NNV
(MOI=0.4), XTHEZH 1 UM A TG L15 FEFREEW
GF-1 20, X4 2 giffdh 3z A SGIV (MOI=0.4),
A AMIAE 28 "CHESE 48 h, 3 000 g B5.0> 3 min WidE
YA K FAM A3 iC A% R 18 B /R TNALe (500 nmol/L)
IMAEI A A, vkis 30 min, A PBS Pk 3 X,
it R = AR AR I 28 G AH o BN N3l 3 AR
123 HOEEREZHIE TNAIc RF 44 NNV
B e o B 04 HF S GF-1 #iffiz A 35 mm BEIE
M., 28 CHi# 18 h, MUEFEAGEANM ., SC562H 40
JfirR3E A NNV (MOI=0.4), % FEZH 1 AN A TG I
L15 535300 GF-1 400, %FIE4H 2 404 A SGIV
(MOI=0.4), £ ZHAMIAE 28 ‘CH555 48 h, RJ5¥ FAM
FRICHEERIGE BLR TNAlc (500 nmol/L)JiNA 4540 41
o, PIRG4S A 30 min, £ZHAHM T A 100 uL
Hoechst 33342 YL 15 min, BER FIFROT
I PBS ¥ 3 Ik, a4l imA 100 uL ot
MEM, ot 2R A i 3e T LS 4l e -4 e

1.2.4 TNAIL-TAA #F%A:%&H o4 4 8% 55
W R 122, 450K 5 B4 £ (FAM-TNAIc,

TNAlcl-TAA, TNA1c2-TAA, TNA1c3-TAA,
TNA1c4-TAA, 500 nmol/L)fIN A% 2H 40 M, vk
30 min, fH PBS PE¥& 3 Wk, (o o =40 AR T 24
He BARMWHHIANER,
1.25 TNAlcl-TAA # % i&E TAER E 57 GF-1
HREFEA 6 con 4B FRI0L, 28 CHEFE 18 h, ILJIEHE
AHHE A0, SEE A A0 L R A NNV (MOI=0.4), X}
HEZH 1 AU A TGS L15 B3R 350 GE-1 400, %
HAMMIAE 28 ‘CHFE 48 h, 3 000 g &5.0> 3 min W4
M, B BN [ BE Y TNAlcl-TAA (1000, 500,
250, 125, 62.5 nmol/L)sr5IM A& A 4nfa, vk
30 min, F PBS PE¥% 3 Wk, o FH U = 40 B AS0AS: I 54
Ho BARMNEIHIANER,
1.2.6 TNAIlcl-TAA # i NNV & 3 4m g0 # 2 4&
B M 5 AT AU R . WCAEIR 1.2.5, K4l A
JE H B A [ % H (1x10°, 5x10%, 1x10%, 5x10°,
1x10°, 5x10> 4~), SR J5 ¥ ¥ # & B A 35 4
TNAIcI-TAA (500 nmol/L)4>HIHI A 40, vk
% 30 min, I PBS ¥Rk 3 ¥k, 5 o =40 A SRS
DG BRI 3 ANEE,

S M o 41 (W), 2 AR B A R A W] £ H
(1x10°, 5x10%, 1x10%, 5x10°, 1x10°, 5x10* 4~ A
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TriZol IXF], R BUE RNA 2 BGE 7] A2 B RNA,
I B S50 &k . RNA [e#E %l cDNA, L
cDNA Nt , LA B-actin FEFAE NS LR, ilE
NNV [ CP JERFEkHE, A 2°Cskits44im cp
FEHNRIBZES . AR 3 RESR

1.2.7 TNAIcI-TAA #m NNV 2 Z 4m i 64 i 8] 4% R
P 2 ARG SE . UWERR 1.2.5, BRI Fl &
¥R%EF TNALlcl-TAA (500 nmol/L)43 5l A £ £H 41 ffd
o, I E 454 300 20, 10, 5. 1 min, /] PBS
VeV 3 Uk, 8 FH U A SRS I 5 S AE . RS RO
FIANER,

1.2.8 TNAIcl-TAA #9442 M 57 A3 FE Uk
£ 125, BRI B IR 88 £ TNAIc1-TAA
(500 nmol/L)Z M A A b, 457 37, 28,
16. 4 C FE L4 20 min, F PBS ¥Ei%k 3 Wk, ffi[f]
TN AR DG . BN 3 AN EE
1.2.9 84t TNAIcl-TAA 5 qPCR f&#&ERK T ag4s
M) 4k R b g AT Aor I i AR R B T P4 B s
WA IAY, 6% BEFERAT, B 20 BHM
FIG . R AR A e R ) A BEf, VRN SER A,
Hor ot B8 20 Ry TE W A B, R S R AT ) B 4H
21, (H Y TR A S BT R S R e e At g, IR
FI) 08 B0 R AR AR S o B 100 L fR U RE A
500 nmol/L B2 28 M1 TNA1cl-TAA, EIEMFH 20 min,
PBS Pk 3 vk, FJE IR Wit g, JH 30 =X i 4SO il ¢
., HH3INER.

B 100 pL REIUAE S IA Trizol U7, FHHEHCE
RNA $EEORH] &3 U RNA, FI I SiE a6
& RNA S8 5% cDNA, LL cDNA Nk, Lh f-actin
FEHEENN SR, ME NNV 1 CP BN RiEH,
FH 28R A A CP JEN Rk E R BAIFEAR
R 4 9K

2 #R

2.1 TNALcHRMIRHIZEE NNV Ba4Hha

WK 1a fis, IE% GE-1 S KRIE . 40k
HI'E %, SGIV JEYL B 41 il (GF-1-SGIV) H B HH I 1 41
MO AE , GRS . AR | AR AT, NNV BRI
i S (GF-1-NNV) P 3 B0 0 d 25 3 . 9 =X 40 g R
(B 1) Aot R AR AR (A 1)kl 25 534 R
FAM-TNAIlc fefres iR 456 NNV By 3 4
JH, X A A A SRR A A T BH e U

e

2.2 TNAL-TAA BERELEHESH

4 Ff ¥R bR OK Bl 0 X R IE mC R S IR EF
TNAIcl1-TAA . TNA1c2-TAA .TNA1c3-TAA . TNAlc4-
TAA, FrSEMERGNESE S NNV YL A0 M 45 B an il 2
i, SXFRRAAALE, 5 FERE S PR R R 4 A
NNV YL, Hd, TNAlcl-TAA 44540
ML RE ) Bk, SR AT A TNALcl-TAA,

2.3 TNAILCI-TAA #&ill NNV Bitpiis RS

ARSI AZ IR 1E B IR TNALc1-TAA Kl NNV
TG AR RS HT A0 R 3 BT/, TNATC]-TAA fgfig4F
SEHEPUNSS G NNV R H) GF-1 FRZHL), 17X 1E 5
GF-1 41fifg . SGIV J&YLf) GF-1 41ifi(GF-1-SGIV; JE
A0 B G B AR 25 A o

2.4 TNALcl-TAA #&ill NNV B TIERE ST

PREF TNAICI-TAA WfE TAEMRE A HrinEl 4
FroR , AN TR BE 9 R TR O L AR FR£F TNATC1-TAA
(1000, 500, 250, 125, 62.5 nmol/L)¥J 45 Tk iR H 45 &
NNV JEYL 1Y GF-1 (FRAH), 1M A CE R & IRk
FIBEINTFE R o 25625 TEIRE Bl A8 BLAS o s
JEEE T TNALC1-TAA FHkEE 3% ] 500 nmol/L.,

25 TNAILCL-TAA #il] NNV BB E R EIES

PREF TNA1C1-TAA (AT NNV /2% 2 i (9 5t
TURAPESE RANE 5 fFR, TNAIc-TAA (500 nmol/L)
AEMSREINE] 1x10° > NNV YL 41 5a), %45
R qPCR Kl Z5 R —3(# 5b), UESE TNAIc-TAA
FAT N T A BE AR NNV OREZ W 7.

2.6 TNALCL-TAA ¥l NNV B i it i) g B i 4 4

PRET TNATC1-TAA K NNV Jgk 4L 20 fd 4 st [i] &5
JEME AT A UK 6 TR, B TNATc1-TAA 5 NNV
SRR 20 M5 7 BRI 0, PG RR ST, fEE
] > 20 min B, NNV R 40 E A 50 19 2¢
. HHEMEREEZE 1 min B, TNAlc-TAA
(500 nmol/L)RESEAF MEA I 2] NNV &Gy,

2.7 TNAILC1-TAA #&ill NNV BipiiaE 4

PREF TNA1C1-TAA Kl NNV BG40 i i £ 8 M
IHTEEFANE 7 i, TNAlcl-TAA 5 NNV L 40
L9 7 30 B () T v, O AE AR B S, HAE 37 C
AF, T HE ZHL 200 it ) 5 (A 8 S5 0 om0 e R T B
M IR, 53 TNALCI-TAA IR R rEgs & .
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Fig.1

GF-1-NNV

GF-1

Hoechst33342

FAM FRic iR IR BE 1A TNATe (FAM-TNA L) NNV Jg S 41 jd 9 4 53 Vo
The specificity of FAM-labeled aptamer detection for NNV infection

a: G WMEE FAIIES: b Al . WA FROEIR B BRI FAM-TNALe £ 57 PEPUINS5 & NNV 2L A 3L 20
R FR 5 HAB AR 22 5 1 2.3 (P<0.01), T,
a: Cell morphology was observed using optical microscopy. Flow cytometry (b) and confocal laser scanning microscopy (c)
were applied to analyze the specific recognition and binding of aptamer FAM-TNA1c to NNV-infected target cells.
** represented extremely significant difference compared with other groups (P<0.01). The same below.
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Fig.2 The optimal conformational method for detecting
NNV infection using aptamer TNA1c-TAA

H I, TNAlc-TAA 7F 4~28 CHYIREETLEIN, ke
R SR R ) NNV R

2.8 TNAIcl-TAA 5 qPCR Z & 7k F 48 NNV 2
LHILEE

R4 TNA1C1-TAA 5 qPCR 5 AR TEIE 74 /K 46 i
NNV BYL Y LR A Hr s Rl 8 o, 43 il fili F A
WM TNALc1-TAA 5 qPCR B ARXS 20 4 Hi
A B AR B TR, 45 WK, TNAIcl-TAA
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IR BEfH Gated fluorescence intensity
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#E i Samples

GF-1

GF-1-NNV

K3 TNAICI-TAA il NNV B e b
Fig.3 Specific analysis of aptamer TNA1c1-TAA for
detecting NNV infection

IR A

Gated fluorescence intensity

0

35000
30000
25000
20000 |
15000
10 000

5000

0 200 400 600

800

1000

%M Concentration of aptamer/(nmol/L)

Kl 4 TNAIcl-TAA Kl NNV YL TAR ik BE 43 B
Fig.4 Analysis of working concentration for aptamer
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Fig.5 Quantitative sensitivity analysis of aptamer TNA1c1-TAA for NNV infection detection

a: WA AR S BT AZ TR E ME AR TNA1c1-TAA(500 nmol/L )45 5 IR S 45 4 7R [R5 H 19 NNV %% 4 it ;
b: qPCR AR %L H Y NNV G4
a: Flow cytometry analysis of the specific binding of aptamer TNA1c1-TAA (500 nmol/L) to varying numbers of
NNV-infected cells. b: Detection of different quantities of NNV-infected cells using qPCR.

%‘ 3000 - — GF-1
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) PBS 1 5 10 20 30
[ 6] Time/min
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Fig.6  Analysis of time-sensitivity for aptamer probe
TNA1c1-TAA in detecting NNV infection
TNAIc1-TAA (500 nmol/L)5 NNV Bl 40 il /3 5 & 45 &

30, 20, 10, 5, 1 min, {55 CHA AR BEAT AL 2347
TNA1c1-TAA (500 nmol/L) was incubated with
NNV-infected cells for binding durations of 30, 20, 10, 5,

1 min, respectively. Subsequent detection and analysis were
performed using flow cytometry.

A LUEE SR NNV B () 7 B £ fik 2H 2L 40 i
TNAlcl-TAA Kzl FE 5 (9 BHPE 3 5 qPCR Kl 45 58—
B, JES TNAlcl-TAA HA N T A B 5 58
NNV P2 W 9% 11 .

3 itig

R T B ARAE R —Fh B X A% IR 4y F 1T H, L 4F
HAEANG W 15 2 |5 S ARG K2 B D el e 45 22 40 3 S B
TR R (Yu et al, 2021), FElGEIZWI T, A

AT A AE TN LIS 7 L R TR 7 KR e R 7
S M BREERmPUR, EREEE A B YRR A A
PR B DR R ) DA AR o TR AR S (2024) R R 5+
PRI 78 HINT 30 /805 5 9 A% I B 1 , i 3 | e
YUKRERR , TR B R TP ORI 4, SCE
R KGN B AR, BREEE H B A m A L2
P o B (2024) 1 & T JEF 4% R G Bl (444 42 SERS
K- &, FHFREHL2 CREAAE 5 min YR IZ KT

z 20000 - [ GF-1 .
g [ GF-1-.NNV
g
8 15000 |-
g *k
& 10000 | .
3 ke T
< -
] T
o L T
Py 5000 T
bl Ns T
N el
#K 0 1. : L L L
PBS 4 16 28 37
1R Temperature/’C
B 7 REERE B AR NNV YL 82 E P

Fig.7 Stability analysis of aptamer-based detection
for NNV infection

TNA1c1-TAA (500 nmol/L)5 NNV EZL 40 ity 53 ] 4£ 37, 28,
16,4 CTREELE, A5G0 ARSI TR 2347
The aptamer probe TNA1c1-TAA (500 nmol/L) was
incubated with NN V-infected cells at temperatures of 37, 28,
16,4 °C, respectively. Subsequent detection and analysis
were performed using flow cytometry to evaluate binding
stability under varying thermal conditions.
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SARS-CoV-2 4R BF o 1% 7 1 M) A% R A i A 15 92
RIS B 285 B I T 243 1Az BEL A8 /N A oo 2 R D R £ 34
e KB T R, UE T RS B AR SS A B
ARSI G P, N IR LRI B T
Tt o /K P95 JEOAGHIN 16, E A 0 2 R e e S
P & M 5K 1 (Vibrio parahaemolyticus) 5 25 [
OmpW ) VP-Apt12 (23 %, 2023), FBELEAERR 7
(WSSV)KFEHEH VP28 ) WSSV-Apt9 (FiFlIa%,
2016), A BE A 2 R F0IR TR IR 40 IR TNAT (Yu et al,
2019a) ., AHF 5T Ir {04 2% R 38 B AR TNATe J& Xt
TNAL SHEATZ5 AL . (LB T3k . B aTHaE i
W R TE P AR AR LA o Sk . R MU S5, ol
UB-DNA i it {4 (AptD3/AptD4) i] 45 5P R 5 8 44
% 7 (Dengue virus) NS1 £ [ (Matsunaga et al, 2021),
¥ R 5 e & MHs 7] DUAF 5 ¢ R B 5 R B~ R B
(Marburg virus) GP 85, 4567 5057 F 9 5 OkE
) SUm b e, A I X 2 T AR R B S 3R R
(Tawiah et al, 2020), AWFFRAWXTFECEMR TNALC
(FAM-TNA Lo)f¢ ST T 30iF , 5 BT AT DL 851X 43
PO A7 B AR UL P A B PR L SGIV Al NNV,
Bl FAM-TNAlc HEESPER R NNV S 1) 4
AR R R BC A (TA AYE S — i ast 2 53

TIRE, TERAEARY BFER LT, TAA $RE
AR TOUAE S 83 R M POE S 885 . SR, 4
TAA e SR RES G5, W TR 5%
KEEH Z IR R, RO EAE IS, Al
Ot i VAT A 08I T & 5 B 2O R 5 (Lai et al,
2017), I WM SEGIE S MRS, SEH R AR ) 5T
P REUE . SRR . TAA REFIEE A
ALAEREAR 3 F A B0 1 7 AR A5 5 IRk, A3
B T 59O E, e TR REUE . Shi %
(201 1) B HHE AR TS A% FRAE FU AR R ST sge8, T
FA PR e 240 R A , ARSI BRAIG 2 118 A2, A
BF ()40 28 15 min, 1 EL 36 T2 R 15 R I 4 i w4 &
S R OL R vERe, & TG AL . Zhao 45
(2011)i% 11 PDGF F¢ 5 PEma i 485, 5290 i B 23 43 ¢
FE LRI, SR i R A AR 2 A T B BT LB . Bt
ZA, TR B PR AR RO R RS PR RS C10
AL R SRR 11 B (Paviov ef al, 2005), FAM/GO-nS
AR ST B B2 41 i (Wang et al, 2010), A
% 380 3 X6 4 S YU A BRE £ b 2 R BE A 7 A R
BCiR TNAT TS0 .tk B0, A5 4 FhEtds
s 2R R IE AR IR 4T (TNATCI-TAA . TNAlc2-
TAA. TNAI1c3-TAA, TNAIc4-TAA), 4 FhEREFY AT
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SFEPEIZE A NNV G g, Hd TNALCl-TAA
WA S A AN A BE T Bk, UDiPH TNAIcl-TAA H
HHFFFLEE X NNV BEIEE I AR AT . 5
TNAlcl-TAA ML, HAh 3 FH¥EE TNA1c2-TAA .
TNA1c3-TAA. TNAIc4-TAA SHEANMILE S )G & H
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Construction of a Target-Activatable Aptamer TNA1c for Specific Detection
of Grouper Nervous NecrosisVirus I nfection

LI Miao'?, XU Youhou', XIE Jinkun’, LIU Mingzhu’, HUANG Jing®, CHANG Yanlef’,
XU Weijiang*, HUANG Lin*, HAN Shuyu®, YU Qing®”, LI Pengfei'”

(1. Guangxi Key Laboratory of Beibu Gulf Marine Biodiversity Conservation,
College of Marine Sciences, Beibu Gulf University, Qinzhou 535011, China;

2. Guangxi Academy of Sciences, Guangxi Academy of Marine Sciences, Guangxi Key Laboratory of Aquatic
Biotechnology and Modern Ecological Aquaculture, Guangxi Engineering Research Center for Fishery Major
Diseases Control and Efficient Healthy Breeding Industrial Technology (GERCFT), Nanning 530007, China;

3. Guangdong Double Helix Gene Technology Co., Ltd, Guangzhou 511453, China;
4. Guangdong Provincial Key Laboratory of Aquatic Animal Disease Control and Healthy Culture,
College of Fisheries, Guangdong Ocean University, Zhanjiang 524088, China;
5. Guangxi Fisheries Technology Extension Station, Nanning 530199, China)

Abstract Nervous necrosis virus (NNV), a devastating viral pathogen in grouper aquaculture,
severely impacts the grouper farming industry. NNV-induced viral nervous necrosis triggers mass
mortality in larvae and juveniles. The need to develop novel detection technologies with on-site rapid
response capability, operational simplicity, and high sensitivity/specificity to meet the demands for
early diagnosis and precise prevention is urgent. In this study, we constructed a target-activated
aptamer probe (TNA1c-TAA) through structural modification and chemical engineering of TNAT1, an
aptamer that specifically recognizes NNV-infected cells. Flow cytometry, confocal microscopy, and
real-time quantitative PCR (qPCR) revealed that TNAIlc-TAA exhibited high specificity for
NNV-infected cells without cross-reactivity to other virus-infected cells. The TNA1c-TAA probe (500
nmol/L) precisely detected 1x10° NNV-infected cells within 1 min at 4-28 ‘C. In vivo detection
demonstrated specific recognition of NNV-infected brain tissue cells in grouper, with 100%
agreement between the TNA1c-TAA positivity rate and qPCR results. These findings highlight the
potential of the TNA1c-TAA for the rapid diagnosis of NNV in aquaculture, laying the foundation for
establishing a trinity prevention-diagnosis-control system against aquatic epidemics.

Key words Grouper; Nervous necrosis virus; Rapid detection assay; Aptamer; Target-activatable
probe
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