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Abstract

Objective: To develop a microneedle patch that could rapidly extract DNA and combine it with loop-
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mediated isothermal amplification (LAMP) for the on-site identification of specific DNA, which ena-
bled rapid collection and authentication of challenging samples and providing a portable tool for
market surveillance and in-house quality control. Methods: A microneedle patch was constructed
to collect interstitial fluid within minutes. The DNA was eluted by simple pipetting and immediately
subjected to a visual LAMP assay designed to discriminate salmon DNA via colorimetric readout.
Results: The optimized microneedle patch exhibited excellent structural integrity, high mechanical
robustness, and efficient fluid uptake capacity. Combined with the colorimetric LAMP assay, it ena-
bled unambiguous salmon authentication within one hour. Conclusion: The microneedle con-
structed by this method can achieve rapid DNA extraction, and combined with the visual LAMP col-
orimetric method, it can quickly identify specific foods, providing a scientific basis for food market
supervision.
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B E R SR T R AR 2R B S e A e ) OB B R S . = g e T il £ TR LA
g E A 22 7 B3, SRS EUR . B L 3 R ] AR AR A AR L, A R
R, SEEL = F MRS HES R B0 E 2L, HAl, B0 = SCan) B % a7 vk B AR R T T
% BHRESEL], BSTENEA —E RR . S8 2 07 vE T B R AR B[] 207 7 ik (RS
DNA Z T EAR[2] [31F1 S 50 58 5 Bl e S SR [4] [5]55) M5T 3572:[6] - [8] S AR A7 AR AR 1 e R A AL
AR, FER, FEL RSN, BRE| 7 I ok (Point-of-Care Testing, POCT) IR .

DR S R I N ) = - T AR RS AE S R R AR R, AT DARE AR SR I Tl B R R
AN TN A, X RIS AR A A% O AT . 1450 DNA SRV K2 BBl B0 bR, 1715
FERH K, BRIER 2S5 M0]-[12], XELUH L POCT %t “faifdi. Puid. (F#” KO R, HoNHIZ 0T
SR [ I 7 5 K R R 3R o AR TR G077, BT 1 DNA P B ARAE Jy— P AU
AKCERTT i, AR RN - e AR - PRERE I ) — A R, A B AL Gt DNA $2 0556,
N i o 2 A I MRS U 2 AR (R T R SR AT B A2 [13]

SR, A 2T P 32 B AR AR U 7 = 22 SR FH 56 A T [ . (Polymerase Chain Reaction, PCR)I4T
JEEEAHT, ZHARBR &SRR SR LS RSN [14], (H T RO A St = A el
RN 7 H AR BB [15] [16], Mk LA 2 POCT F33K[17]. MHELZ R, 3/ F45R 4 1 (Loop-Mediated
Isothermal Amplification, LAMP){E N —Fh S IRAZ R Y HR, AN THE L IR EIE A 545 [18], BRAEM 5,
ARG, 76 POCT 4UsE R E M. Hh LAMP Lhthid, ) SR IR e 5k 2 657, ml s
ZERTTAL: PHVEREAR IR E AL, FITEREA DR FRWIAR G, o LML s & RIPTSE R . %07
EAMN R 7K LAMP 1y R BURERFE, 30 BA S A% F PR GRS T SR I 2 PPk P2 FE A DNA) A SEI 7]
MAGCRE T, B RUR T A% GEA% R Aor il 45 5 S O B 50 &6 IR AR, 72 8 BT B 22 4 I A D el B
TR G 57 [19]

BT LTS, AT A0H MR F DL B DNA FEARIRECA LAMP LE a3 RFUIEE 2 DNA
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Figure 1. Overall experimental flow chart
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2.3.1. WEtHIE

1) il &

FREX 1.25 g FIBRERES T-HeAr, M\ 10 mL N,N-—H 5 FHBERZ R 0.625 g FrF IR, FHRE SR L5 AE T R
FIXT B IR, A 150°CIHIR &8 LNk 60 min. WHIE TG, KSR kg, BET=E
I F AR T8 2k AR [E 445 mCaCOs, BiAEE&H -

EEH 0.25g RBARMBEM BN 27 mL Z&HFHEEW, FFMA 0.14 gmCaCOs JE i 2 wt% mCaCOs
TR LAIE BB AR 20 o FHRE 77 L35 A B Y At i 25 B PR B 045 L B TR 6 8 v 40°Cn#Adii+E 90
min. Fifi 5 32 EP A 200 pl SR RS MRS HEAR A 10 BB N 2 T PDMS RSAR R, IR BRORR ik 4 471 s i
SRR L h R R RAN R, AR BB E BT B 40CHAT 2 h IEFER N E R R
ST, B

2) BEH%

FREL1gPVA VAT 4mL £B 17K, 80°CIMAEMEHI 20 wt% PVA IEBATENIRIZ . RHIRIRIZERK IR
EETMAE L, FFT 40°CHET 30 min, EEFIK, K HTHIERIME B A&

2.3.2. WS ERETEMN

1) FHME

WO T TR S AOBE N AS [F) RS BUBOR DAL SR BT TE SR, PPN DT £ T2 75 R AT R AR BE
il

2) F1EAERRIR

I A7 A, TR AR FE 5 A 50l B b1 11 5 KR 52 0 7 V1 S B AR T (K 2K 52 77, 1tF 5 0 R(L) o

N« =N w/n 1)

s N N EARETE AR 5096 fi KR SZ 5 N o NIEAE 500 8 1 i KR 52 15 n B BB F AT 5

3) REEESIIRAY

BRI =St ST it , PB4 10 min JEECH . FHES VG 100 pb 46K, REWRIT
8~10 RIEMIMET T IIFEA DNA, WCEE VR LT BE A7 &% F o 8 FH B A 20 e D B I s S B A 3
DNA & &
2.3.3. 519t

PATRE = ) (MN 850430.1) COI J¥ %1 318 | LAMP Primer Explor 5.0 ¥ it-51%7, 5% 70
1 Hr7s

Table 1. Design primer sequences

= 1 wits1Fs

ElEZ il

F3 CCCTTCTGGGAGATGACCAA

B3 GGCTTCAACTCCAGATGAGG

LB GACATAGCATTCCCCCGAATG

FIP AGTTTCCAAAGCCGCCGATCAT-ATTGTTACAGCCCATGCCTT
BIP TCCTCTTATAATCGGGGCCCCC-AAGGAGGGAGGGAGAAGTC

2.3.4. 5|9 RMRNR AL LAMP ATTHEAR A
1) RAFERE DNA
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)@ 98°Cn#A 10 min, 25.00 /5 RIGWBON TR EE K 4 DNA, i & T-20°C K FE B A7 4 H

2) AIRRARA

7E PCR BRIKIIAN 12.5 pL [ ZE PR 1 pL B A RN 3 uL RE 519 2.5 pb =3 sl il fn
DNA $2HUK . 6 pL 4K, JRGIRAIG, WEBCHILF 1 R SR RIBCT4 8 i 65°C in#k 30 min, 85°CF
JBE 5 min &b B, BUHAED, WIEREE AR, AR SRR e S A R

2.3.5. SEFREESAEN

FE I b PR R N = S fa R 6 i AR AR, LR 10 min JEUH . AR FEIER 100 ul 465K, &
EWATIEr 8~10 ¥k, VeiAEA DNA FFWERBEMR 7 &M . £ PCR B4 A0 125 b JRSZ2 M
1ul JBA KM 3pL IRAGIY 2.5 ub FEARRFIRE . 6 uL 2K, IRGIRAIE, WEECH] I N AR &
T 4B 65°C N 30 min, 85°C N 5 min &b N, BUHAH, MEEFiGEL, R\
H T S 45

3. BZREHh
3.1. fISHEEEIEING R

3.1.1. FEHTEM

IR R ST AN, SR 2 FoR. BT EROETEON 522 1R, T IECE N 3 AR
BAREHE SEUH AU M S5 0, (19 RET e Ear bl Nt Y, SEELHEEL DNA B H 1 WRES S Es T
AT RE, TREE. FRABEINS, RUZIRESWESER%, WA BEERME REUERE;
UbAh, BT BRSPS R, WM s S L, AT R N 500 pm,  ELEN AR v S — A
ZNTF 2%, XKW FTH SR AT RIFIOESURIE, HUR ) M5 HEAT 5 = FE I 454 — 8k, A DNA
FEROL AR A3 — MR B T AT SE ORI . R TEAR L B0%IT, fFA M e hrEtae, HEE J1FkReR
BH BT £ ST B R LR E RE AT M R

Figure 2. Overall appearance of microneedle patch before destruction (A) and the details of microneedles before (B) and after
(C) destruction at a deformation degree of 50%

Bl 2. WSt RSF RSN RE(A) MEHIARIB) URERIZE A 50%E BT RR(C)

3.1.2. FEF RN

PR B o B R A B B (B 3), MIR AR FERE ly 50%0, #& B KR 32 J1h 41.18 N,
BRRETREARAZ (1 0.08 No 33X B0 76 AT 9% A48V B P9 BE BE IR AR 1 SR S5 P2 2, LAk
KIS R . 5 b, ZOE AR SR S P AR R ) SRR R R R, TR R B EUN
PEREFR bR K .
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Figure 3. Time-force curve of microneedles when the defor-

mation degree is 50%

& 3. ETEERAZRE A 50%ETRIRTIE] - JI{E Lk
3.1.3. FREUMEEEVEMY

23R KA e e BE AR B (1] 4), 0T 68 Ak 5 o 28 1 3R B R BB 208.05 ng/ul, ¥R FE A &

H A260/A280 I LLAE N 2.299, LWiE R E, ROILHFEERLT; — SCHOFESIZIRICE N 215.00 ng/ul, #JE
Bmis A260/A280 LUAE N 2.268, AL RER Ry R BIET B8 = R AAE i SR IR BE v Al v )
DNA, NJEZEH LAMP [N AL T BT E ) DNA FEA, BR{R T Szt 45 5 i wErf I Al AT 52 14 .
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Figure 4. The nucleic acid curve diagram of rainbow trout (A) and salmon (B)
[E 4. HT8E(A)FN =32 (B)#2EX DNA BhZk[E

3.2. MMLEGR

LML IR A AE (P OB I, LAMP S R b 27 A KR BRI AR B 1, 5 RN R P (BRI 1
S H T REERIRBEDE, SFEUAR pH B MR, BNREGE PR pH F5R7 2 yIaa e e 2 i
s TAEIREEAR LRI TS DU T, 3 SONARR A, AR 2R pH B ORFFIL P s ik, 45 7n 71 I 4EFF 9T 4R
PELLE . DL TR BB SR IR A = SO ML 6 £ 7 DNA LU et S R = SC A ML 6 £ 7 DNA
VERRENT, FIF =3C 1 COl FER RRe L 51 W EAT LAMP 738, 25 5815 5 Fs 23 ARG 36 I LAMP
R TR AN 2288 57K s Ry B VXS 2 PN LAMP A7 A0 RAR 2 S = 3C 1 DNA; FRifERIMEXT
B TR M LAMP Aor P70 A A SR B AL 68 ) DNA . 39 S 58 i, AT AR Y, FRdE BRI XS
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Figure 5. The visual LAMP results of blank template (A), standard positive control (B),
standard negative control (C), microneedle-extracted salmon DNA detection (D) and
microneedle-extracted rainbow trout DNA detection (E)
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