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[ Abstract] Objective: To establish a method for seahorse identification based on graphene oxide
fluorescence sensing technology, and to provide a new research idea for identification of traditional Chinese
medicine. Method: The fluorophore FAM was labeled at the 5' end of the specificity upstream primer Ja-F of
Hippocampus japonicus as the nucleic acid probe FAM-ssDNA (single strand DNA). The recognition site of
RNA polymerase [l was added to its specific downstream primer Ja-R as Ja-R1. The seahorse samples were
amplified with Ja-F/Ja-R1 primers, and the ssDNA of H. japonicus was obtained by reverse transcription of the

amplification products using vitro transcription method. The 20 L nucleic acid probe FAM-ssDNA
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(500 nmol-L") was incubated at 90 °C for 5 min, and was gradually cooled to room temperature. Different
volume of graphene oxide solution (100 mg+L") and Tris hydroxymethyl amino methane HCI ( Tris-HC1) buffer
(50 mmol-L") were added into each probe solution to make a final reaction volume of 1 mL. The fluorescence
intensity of each sample was measured after mixing and placing different times at room temperature away from
the light. So that the most appropriate graphene oxide concentration and reaction time were screened for
constructing the best nucleic acid probe-graphene oxide biosensor. Adding probe complementary sequence
FAM-ssDNA-match solution into the nucleic acid probe-graphene oxide solution, the fluorescence intensity of
the reaction mixture was measured after being placed different times at room temperature. Therefore, the optimal
reaction time of fluorescence recovery was screened and the feasibility of the sensor was tested. The sensitivity
was detected via adding ddH,O as the blank control and different concentration H. japonicus ssDNA into each
nucleic acid probe-graphene oxide solution, respectively. Finally, the commercial hippocampal were identified
using the optimal experimental condition, and the feasibility of this method for the identification of Chinese
medicinal materials was verified. Result: The fluorescence of 1 mL reaction mixture including 10 nmol-L"
nucleic acid probe FAM-ssDNA and 12 mg+L" go solution for 20 min at room temperature away from the light
could be completely quenched. Feasibility test of the biosensor showed that when probe complementary sequence
FAM-ssDNA-match solution (final concentration 90 nmol-L") was added to the biosensor solution and reacted
1 h reaction at room temperature, the fluorescence signal was significantly enhanced. Sensitivity test showed that
the minimum concentration of ssDNA detected by this method was about 10 mg-L". This method was used to
detect commercial seahorses, and only H. japonicus samples had obvious fluorescence signal. Conclusion: The
graphene oxide-based fluorescent sensing technology could be used for zoological origin survey of commercial
hippocampus.

[Keywords] graphene oxide-based fluorescent sensing technology; nucleic acid probe; seahorse;
identification; single-stranded DNA
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HCD ( B FE M AR A R A, # S
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Table 1 Information of samples
HUERLT R
L7k Wi 4k Ho s e
/NGy Hippocampus — JAERTT AL H 254 11 MT558638 HI1
Jjaponicus

/NGRS H. japonicus

K5 H. kuda

KD H. kuda

2L H. kelloggi

LY T H. kelloggi

ZPEMG S H. trimaculatus

=B D H. trimaculatus

i D H. histrix

HE I H. histrix

WE T H. spinosisimus
| R

H. queenslandicus

B2

H. queenslandicus
KF-FEME D H. ingens
KPS H. ingens
1% R ifF 5 H. comes
18R ifF 5 H. comes
HALHE I H. erectus
B H. erectus
it [C ¥ & H. barbouri
i [C I 1 H. barbouri
M AR D H. capensis
M AEME D H. capensis
BY IG5 H. jayakari

LN P 2GR T )
b2 [ h 25 44 T
SRR AT AE U TH 25 T
JCHR A £ P 24 B T
INUER ST N
LR NP 2GR T )
b2 [ vh 25 44 T 3
I E AR 2 R T
JCHR A ATt P 24 B T
L2 [ v 25 44 W
SRS AT AE U Th 25 T

AR A A P 245 B T

ISR T NI TE]
AR A ATt P 24 B T
b2 [ vh 25 44 T
RN P 2T
RN P 2T
AR A £t P 24 B T
b2 [ b 25 4 T
b2 [ b 25 4 T
RN b 2T
JCHR A At P 25 B T
AR A A P 245 B T

MT558639 HJ2
MT558614 HK1
MT558615 HK2
MT558632 HLI
MT558633 HL2
MT558626 HT1
MT558627 HT2
MT558623 HH1
MT558624 HH2
MT558609 HS

MT558604 HQ1

MT558605 HQ2

MT558636 HII

MT558637 HI2

MT558619 HC1
MT558622 HC2
MT558640 HE1
MT558641 HE2
MT558611 HB1
MT558612 HB2
MT558642 HA1
MT558643 HA2
MT558646 HY

RH306638) ; Tris 1 A1 - = 580 FF be . = G H e . Bk
CWE AR R e Ak T3 ), 44543 5114 100805B
20110113.,2022032102)

NS oS I I I N7/ 5 71 R A N
Hippocampus japonicus ¥ F& S5 £ 5 #'>'Ja-F
5'-ACCCTCATTCCTTCTTCTCCTC-3"/Ja-R 5'-GG
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TGTTTGGTATTGCGTGATTGAC-3" , % 5| ¥y ¥ 44
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19 )57 i b g 2¢Ok 3k FAM 1B b #% W 45 £
FAM-ssDNA 5’ (FAM) -ACCCTCATTCCTTCTTCT
CCTC-3'; 5 ¥ MR ¥R 41 FAM-ssDNA T %b i %} 1) 5 1)
FAM-ssDNA-match 5-GAGGAGAAGAAGGAAUG
AGGGU-3', VL 5|9 B A% R ¥R 34 ol Wi 1A B2
PR A B2 J A A
1.3 {Y#% F-4500 Hitachi B ¢ 3¢ 0 56 6 i (1
T A W B A R | ), MK 2000-2 2 18 i 4 )8
T (BUIH B BAL #5847 PR A F]) , T100™ Thermal Cycler
B PCR Y44 . Universal Hood I %I ¥%E K 18 R 55 .
PowerPac™ Basic i 4% fig H1 3k 1 ( 3€ [& Bio-Rad /A
] ), NanoDrop 2000 %Y i i 73 )66 B F (B ifg 3¢
WA YRR A W) .
2 FHik
2.1 /Mg ssDNA il & 75/l SRR 50T
W51 %) Ja-R 57 3 Al RNA B A 115938 547 A5
TAATACGACTCACTATAGGG it fF Ja-R1(5'-TAA
TACGACTCACTATAGGGGGTGTTTGGTATTGCG
TGATTGAC-3"). F|JH Ja-F/Ja-R1 XF Fr 47 g 5 # 5
HEAT PCRY 1S . PCRY B4R R 100 pL, {7 2xTag
PCR master mix 90 pL, Bt 1 wL, I FiE5 ¥4
1 wL, %M 5E ddH,0 % 100 wL; " 34 5% 4 95 °C i 28
£ 2 min, 95 °C7Z5PE 10 s, 58 °C3B 4 10 s, 72 °C FE fif
30 s, 235 AMEIA, 72 °CHE 7 min, IR WE BE I
DNA [FHBGAF £ % PCR =Wy E A7 2lifk T lic it 44
A R ) & MEGAscript™ T7 Transcription Kit 3£
/NG T 1) ssDNA, RS Sk 2 o0 10 L, 4275 1]
W 7= ¥ 4 uL, ATP solution, CTP solution, GTP
solution, TTP solution 4+ 1 wL, 10 x reaction buffer
1 wL,T7 enzyme mix 1 uwL, ¥ L FIRE W E T 37 °C
JE % 8 he SRS A RNA B 4 B # #1 5 (Turbo)
1 wL, 37 °C# % 15 min 2% 1k %% 5%, 751 A Strep
7.5 wL A1 ddH,0 57.5 pL DL i SUBE DNA I Fa 58
% DNA, 8K J& i A Tirs 1 A1 - = & 4 (1: 1)
75 WL A1 =4 H BE 150 L, b FEUE Fe 0 IR A, i
10 min Ji7 , W B3 76 B3 Tom AR IRFR 9 8K &
i IR A) B -20 °CE /P 8 h, 13 000 r-min™', B[4
8 cm .0 15 min, 3% _FH , A 75% & BEVE R UTTE
W 5E 24 KRG K ssDNA JLIE W it T ddH,0
10 WL 1, I F 1% A B B W 5 J5e Pl Dk 447 A i, ) P
H R 466 1T NanoDrop 2000 il 52 ¥ J J5 K H:
BTWA T RS .
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AR B 500 nmol- L7 (9 #R 51 I W . IO 4 0 TR
(500 nmol-L") 20 wL & F PCR ¥ 1 90 °C ¥ &
SminJ&, BFWIR AR ER B 2 B0, mH o
AAR[EA T GO % ¥ (100 mg- L) A [ 44 FH Tris-
HC1ZZ M (50 mmol- L) i 52 i Z AR FL R 1 mL, IR
57, 25 3 R 6 R 20 min. A 56 643 6Ok BE T4
I RS A R O R B U O A B Y GO T
B il 2% fe AR 0 B TR IR T -GO A WAL I w o 2l
FE S R K 490 nm, F14 I 1K 510~700 nm, i
R AR BT Je 4 55 BE 40 10 nm, 55 700 Vo

2.3 BRI E-GO AW A iy T AT PRI Ry
TR I AL R R AR AT -G O A W A TR Y AT AT
AT 5 KR 1R £ FAM-ssDNA 5 #b it XF 1 5 %1
FAM-ssDNA-match. 4% 55 565 F FH 2¢ 6 43 0 06 B i
211U < S S S T A = O (1 B | i ol £
(DFAM-ssDNA ¥ # (500 nmol-L")20 wL & F PCR
X 90 °C ¥ & 5 min, B #i A H EE I\ 5 A
Tris-HC1 2% #f ¥ (50 mmol-L") 980 wL, i %4), I 2%
I ; @ FAM-ssDNA ¥ # (500 nmol-L")20 wL ¥ F
PCR X 90 °CH¥ 7 5 min, 3% i ¥4 51 2 % 31 5 # o
A Tris-HC1 2Z 21 (50 mmol-L")860 wL Fl GO ¥ Wk
(100 mg-L")120 wL, &%), % & 20 min J&5 , I
¢ ; A FAM-ssDNA & # (500 nmol-L")20 pwL &
T PCRAY 90 °CH¥ & 5 min, & Wi 3 H) & % IR 5 H Ik
Jn A Tris-HC12E #h # (50 mmol- L") 860 wL il GO I#
W (100 mg-L") 120 wL, iR 2), = i & 20 min J5 ,
1 IR AW om AR 5O P 51 FAM-ssDNA-
match ¥ (5 wmol-L") 10 pL,{R2), & 1 h,
W . DA #R AR B AE W0 55 1 R 347, DA A
i K% R 4R £ FAM-ssDNA ¥ W 19 4 Wk 5 24k
10 nmol-L", GO i ¥ 2 Jit & W &£ ¥ 24 12 mg- L',
FAM-ssDNA-match ¥ % 2446 B 2424 50 nmol- L7,
2.4 /NI H ssDNA I #f FAM-ssDNA # i
(500 nmol-L")20 pL & F PCR X 90 °CH## & 5 min,
e EERE, mHED A GO W W
(100 mg-L"') 120 pL F [ Tris-HCl 2& ' ¥
(50 mmol-L")860 wL, 1%, = i #E 65 & 20 min,
il A% FR PR BT -GO A= WAL s o P ) AL IR AR I W
3 A ddH,0 (%5 1% #R) 20 L FUAS [3] 9k B2 11 /)8
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5 (HJ1)ssDNA 20 pL, {24, =\ 1 h 5, F N IR E R 1 he UL 3.

FHSE 64 M BE T4 B0 B A 005 3 00-

2.5 D25 AN AR 5 AR 525 ST W 7001

e L E EFS14 Ta-F/Ja-R 1 XY T 3 MOHE 59 13 Fo .

S 2.4 03 1 T RE 5 EAT PCR 4™ 1Y T P SN S 7 4 B 400

5/ 5 ssDNA. 4 P B 50 wL 19 ddH,0 i R}

7 4R B E] 1 mL B R R GO - "

(500 nmol-L" FAM-ssDNA ¥ W 20 pL+ 0 :

50 mmol-L" Tris-HCI & #f #{ 860 wL+100 mg-L"
GO 120 pL) IR A) 2 i S 1 he A H]
PG G BE T s A i R SR T
3 &8
3.1 ssDNA Wil 8 /Mg SR 7251 %) Ja-F/Ja-R
M4 3G Bl 228 bp. F I 1% Byt g W5 &8 K H Tk )
ST Ay I S P W AT R I 45 R R I R /N
oA H 4, B ssDNA il 45 i 2h . ) 8 i i
A3 66 BE T 5E BRAG 0 /N i S A 5 Y ssDNA Jit &
W2 H2 600 mg-L'. WK 2,

2000 bp [

A 750 bp |
250 bp B A

2000 bp
B 750bp
250 bp

M1 23
U : M.Marker; 1,2.HJ1 ,HJ2;3,4.HK1,HK2;5.6.HL1 ,HL2;
7.8.HTI1.HT2;9.10.HH1 .HH2; 11.HS; 12, 13.HQ1.HQ2; 14.15.
HI1 . HI2;16.17.HC1 . HC2;18,19.HE1 .HE2;20.21.HB1,HB2;22.
23.HA1,HA2;24 HY
B2 NESHERESIMT BT (A) R E ssDNA(B) IREE 8 5
B ik
Fig. 2 Agarose gel electrophoresis of H. japonicas specific

primers amplification products (A) and ssDNA(B)

3.2 BERIREN OO AR Kok B IR A e B
2 ¥ £ FAM-ssDNA 19 ¥ &% [& % & 10 nmol-L",
GO X A% FR AT 1 98 6 T KRR, 24 GO g im A
£l FAM-ssDNA % Wi J5 , 0 AR & 19 56 St o B 2R
R AR, Bt 5 BsF R0 (9 358 o, 0 K R ks T Ra e, IR FE
10 min J& 2650 B R R A A, A T ARIEZOL T
KGEA W ST A LI GO I VAR K B[]
920 min. 400 AR BR R £ B AT 51 FAM-ssDNA-
match Ji5 , Bl 45 F2 7 B TE] A9 48 4 1R R 1 2O 1E S5 A
Wi o, )V 40 min J5 L, OGRS BT RE. BT
il 52 W AN JES | A S K /N T ssDNA 5 1% IR 4R £

6 1I0 2‘0 3'0 4'0 SIO 6‘0
t/min
TE s a. DGR IS I Y IR (5] W00 5 b. 2€ S Wk A2 52 0 F) RF i) 3
B3 ZERER§T U5 iE K R Wk & A i8] 45

Fig. 3 Time monitoring of nucleic acid probe fluorescence

quenching and recovery

33 GOWEMHIE GO M /Y & Xt #% iR 1%
FH-GO A W % 8% 2 il 4 e A5 i)k e s HEAE - GO
W I JE VR S A KON E S GO R IE i S
S E I R 5 2 R0 GO 4 f , T8k
HAFTIME ARNY R o A 558 R R i FAM-
ssDNA (19 4 & [ & S 10 nmol- L, 8] H A i A [A]
B GO % W (100 mg- L") Al A [] 44 B Tris-HC1 2%
(50 mmol- L) i 52 i 14 &R I ZARFUR 1 mL, =
Tk 3k Y CE 20 min J5 W 2¢O & B, B GO MR EE Y
B R R B 9O R B AN BRI . 2 GO Wk
KN 12 mg- LB, POUE S B8 WK . RS 5
il 25 1% B2 PR B -G O A W 4% S A5 I B GO 1Y VR BE A i
12 mg L', WK 4,

600 1
- (z)mg-i_l
o - mge
500 1 mg‘E}
Z Gl
400{ -3 mg.L;;
i , - 10 mg-L}
B 300 - 11 mg.L)
R - 12 mg.L}
® 200 o ﬁgj}y
100+
0_

520 540 560 580 600 620 640 660 680 700
A/mm
B4 #ZEIRET FAM-ssDNA 5 R [E R E GO I 5L B 5 S S i
Fig. 4 Fluorescence spectra of nucleic acid probe FAM-ssDNA

reacting with different concentration of GO

3.4 BRRIRE -GO AL AR w5 0 AR I

R R F FAM-ssDNA % ' T K ) [6] Kz GO e Ji il

FE R85 5L A S 06 1 B A TR IR BT -G O A W A% I 1

J5 B T, B FAM-ssDNA % % (500 nmol-L")

20 pL & F PCRAL 90 °CHEH 5 min, B#i 2 M E =
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IR 1 A B Tris-HCLZZ #f# (50 mmol- L") 3.6 /Ny ssDNA G IN F JH28 6 73 66 B T

850 WL il GO ¥ ¥ (100 mg-L") 120 pL, iR 2], i &
20 min,
3.5 BRIRE-GO A WG B As v AT PER I AT AT
PG DU Ji 3 2 > A% R ¥R 5T FAM-ssDNA Ll £7 7E T
% vpO B RN AR RN R AR R Y S (R S
INAGE # GO W W 5 , #% R % ¥ FAM-ssDNA 5 GO
2 ]38 3 - HEFLRLN, , FAM-ssDNA #5821 9l 5 Wt
Bf 75 GO 1P, JE A GO N % Bk 44 £ FAM-ssDNA [
AEH B IR & 1 TR ¥R £ FAM-ssDNA 19 % % A5
TR . A R H AR ¥ 31 FAM-ssDNA-
match J5 , FAM-ssDNA-match 5 #% % # % FAM-
ssDNA JE 55 5 P M 38 4 GO 101 245 & 17 s, B 7 A%
R ¥ &I FAM-ssDNA # FAM-ssDNA-match & f
S |, i 25 i) FAM-ssDNA-match J7 %) Fl 9% & 4 H A9 %
Bt Py 2 38 o B 3 B RD 6 D D0 B RR 1) A% TR AL
HELE R AR AUBE 2540 5 GO I 45 & BE h B 38 055
SRR R 098 AR 5 4 W o 1 5
AR S5 AT AT MR AT 8 S R I, 2 A R TR A B

FEAE T Tris-HCLZEZ Mg v i 1A &R 3t AR oi i) 2%
JEAE 5, A GO W G R W W Bt #E GO 3R 1wl HL
KT Bt YR g i B BN, DR TR K, R
W BN R LT 5 6MF %, B AR5 B 4 7 41
FAM-ssDNA-match /5 , FAM-ssDNA-match 5 # &
255 T8 WA A 11 42 TR XU 25 4, TC 1 9k GO W i, it
RN R R BRI R . LA R T
ARSI BT B AT AT M, R B A S T A Y A% IR I
B -GO 4= W15 &4 7T T H bR ssDNA /Y & 1 .
UK

600

500 -

400 -

300

WG

200

100 o

550 5¢I10 5I60 51|§0 6(')0 6l20 640 6I60 6I80 760
Amm

7 : a. FAM-ssDNA ¥ W +Tris-HC1 2% i ¥ ; b. FAM-ssDNA %
VI +Tris-HC1 2% # /il +GO ¥ Wi ; c.FAM-ssDNA ¥ i +Tris-HC1 2% #f
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