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Abstract: In this study, a new affinity detection and evaluation method is constructed based on the
metasurface plasmon resonance (MetaSPR) biosensor, which utilizes a highly sensitive MetaSPR
chip and simultaneously constructs a high-precision microfluidic flow-through and high-throughput mi-
crotiter plate pipeless affinity detection platform, which makes up for the shortcomings of the existing
affinity detection methods. In the study, MetaSPR chips with nanopore array structure were prepared
and characterized by scanning electron microscope and enzyme marker for their physical structure and
optical properties. The SPR chip was tested by using glycerol solutions with different refractive index-
es, and the results showed that the chip was extremely sensitive to changes in refractive index, and a
good correlation was presented between the response signal and the change in refractive index (r’=
0.995). The kinetic parameters such as binding rate constant (K,) , dissociation rate constant (K,)
and dissociation equilibrium constant (K,)) were successfully obtained using the WeSPR series of de-
tector for affinity detection of a variety of molecular pairs without the need for complex optical compo-

nents and were in agreement with the previously reported data. The results show that both assay plat-
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forms constructed in this study are capable of monitoring the intermolecular binding and dissociation
processes in a highly sensitive, real-time and label-free manner, with excellent accuracy, stability
and universality, providing an efficient, sensitive, portable and low-cost technological means for
the study of biomolecular interactions, which is of broad application prospects in the fields of life sci-
ences, drug discovery and screening.

Key words: metasurface plasmon resonance; biochip; affinity; molecular interactions; drug

screening
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Mo, HLE B MTHE BRSO, BRI 1 R RN

MetaSPR LA & —Fh B T~ 10 55 18 F IR BLR L Je R B F BY4 R, 7E MetaSPR A W% 25
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1.1 ;5 IKH

T 5 (SEM,  #[# ZETISS GeminiSEM 300) ; EPOCH BFR{Y (3£ Biotek ) ; WeSPR™ 100X
ZIREST TR . WeSPR™ HT8 ZHhRE /> T-Ra Y . WeSPR™ One Auto 4453140 H.AE HAX (i ik
(RO A mPHARR ) .

CWERE . BEIRERZZ 0P (PBS) | 1-£38-3-( ZHIEE I RS ik —BEIEIE (EDC) . N-FREE3RHANET
J(NHS) . A1 B A (BSA) . Mz 2 (Cat. Q495 1) FIH MG ) Sigma—Aldrich ([ _Fif) . BRIRER
L2 (CBS, pH9.6) . 2-NGIKZBETRZ MK (MES) | 4-F2 Z KEWRE Z BETRZZ 14 7 (HBS-ET) . Stk
120 P B IRER 2% b i (PBST) 30 B & i (i) A BHE AR 2 7). SARS-CoV-2 1% 8 /NP HLJ (N
#A) (Cat. RM1033) 1l B AL FEF N CIAEDFH AR 2 7] 5 SARS-CoV-2 %8 H/NP HUfA (N Hiti4k ) 7B9
& B OriGene, %4 A(Cat. No. 10600-PO7E) . SARS-CoV-2 %% H/NPHUE (N Hifk)M0O8, HLH N TGF-
B RIZE A H Sino Biological , Immunoglobulin Antigen(Human IgG, Cat. No. SPO01)J H Solarbio, #42JL
FeZ K (Human FeRn) AL %05 BRE 14 G1(Human IgG 1) H ACROBiosystems; SAAH{A(SAA-06), SAA
B (SAA-Ag) I Gly FEAE T H FaponBiotech, IRFYA4rArati, S0 K Aiatix .,

1.2 KEWHZE

1.2.1 BRAMHEERME CHHSESEARLEEC KR CRTERT . BRRENT: 5%,
R HOCT 620 5 RN 85 F 2V BOR Bl & A HEADRAERE P R R . B, AR E T
BELEH) H A5 TRREs T EAT 12 hgiRAGARRE . 238, TERIHRMIER RN E ZHIR £ _FElR (PET) #i 2R
i, ZEIMDEHREE 3 min JERES, DA A REFAURILEESN A0 PET B . f)o, FEI% PET4KAL
P51 R T AR R ITAR 15 nm K (T REF 2 . 70 nm 82 (Ag) J2H120 nm 4 (Auw) {5472, Hl15 520 MetaSPR
&JEit o

H 4B R DI 1k 96 FLAS AR /NI JH: ] 7 FERRETF IS 96 FLAR b 45 25250 i iUk, dEar i
R TCE B AT & o ASSZE8 By HE A0 I8 IR FLARZH 2% i i 96 FLAS AR R, ~F 0 ELISA J7 15 B
ot FH ORI — 35, DRI T L 3 S il b S A TR

15 MetaSPRI Fr Siim IS8 ARA S A, B AR R IR T @B ORI, @ 7 S R
A 6 o B SEK MetaSPR IS MG 7E 2 5 I A SGEGE S Al , FRZERE NS L 100 wm (1)
oy EIE, sEN ORISR, BRI E R

fdFHARBL . 338 T A A G L SR MetaSPR S F B2 96 FLAS I AR A 5585 AR iy
FGEERRE o SR H 09%~24% 04 H VAW (S5 2830 4 28 800107 RIU, [H]BE 24 1 200%107° RIU) BiEsts
R 2 Ty o AR AV i B R AERTINFL A 2 N 50 L B 2l K 546 B R ) H M i, FIHE
500~700 nm (4615, 251 0Dy, —ODy,; . KA RIS 2R AR ] S5 bR 2615
1.2.2 BHRHREINEENL X MetaSPRIE T HEATR IR BN, 55 RH 50 mmol/L NaOH I
50 mmol/L HCIIEW . 50% £ BEEAN R A KR IO BEATBIIRTE T, . TETS S, R a2
FRERT, DIERKERE . S, A FHE b= E 1m0, E8F0 A 50 pLiKEE 4 1 nmol/L
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HIBIR G REIRIE I, FFE37 CARAF T E 2 h, LURIFFIR O 585 RN EE o RN 58
Ja, 8 75% MRS R Al K ARG I, BBRAR ROV MR S BER AT RIS 4, aisas
FARFAT

PR PR EEE, RS S IO 5 0 BN MetaSPRGES Fr MEATAC R, B AE37 C&AEF, JH 10 ul
WEER 1 nmol/L TR BRI AL 2 he AHGA GRS R, BT 4 CHRE PR, L
PR LR SRR S G, I IESEH AT AR RS o
1.2.3 DRAREEMEENE MEESHRONEARREEEN T, B EHONELA (Ligand) ;5 1Hi17F
ETEWRN . FESEAA EAE RS F, WEEFRVE T (Analyte) o K200 X3 A ]9 43753 1 A
() 7 o 0 Py AR T PR A T AT F T I [ o AR [ mip Skt i B K £ B A R b B IR , T
N 37 CHIBEREHET . [ 5E MO8 5 7BOKE I N 25, [l € FeRn il 7€ 1gG 1, [ % Protein AMIRE 1gG, 4
R B RE A MetaSPRIE F,  ELEEI R FE IO B4 (— % 8 CBS Z2 v R B B 2 25 wg/mlL) S5 HE
R RIS LR RS BON 4 CORFEE R o DRGNS 1 h, BF, N4 CKFE& .
[l 5 Witz e AN TCF-B RIZE A, EEHEI ER “1.2. 27 BRI, N EDCH
i (50 mmol/L, pH 6.0 MES)FI NHS % (50 mmol/L, pH 6.0 MES)#&HL A1« 1 IS ERIEILE,
FRAGEC R SRR BN 4 "COKFEE AR . 118 o IR EA T3 PR E LU 2 R s B8 SAA-Ag il
JE SAA-06 R H & 2R BAR B M S 42505 R R WeSPR™ One Auto 2E9) 53 F-AH BAE HAGHEITTES
Ak BCAAR D E FE A
1.2.4 ARESFHEMARD (% MO8 5L 7B PriAAs it = N & H (0~296 nmol/L, PEFiEE,
Fi B ¥4 4 HBS-ET) , [ %€ FeRn il € 1gG 1(0~533 nmol/L, WifEHike, #iFE A PBST), [ E Protein
AT %E 1gG (0~107 nmol/L, WifEHRe, FiFRifi A HBS-ET) ¥R H T8 MLt B oA 7500, $Lniid
TR BEAS IS WO IMN LA & D FR BROGERRE P SR T4, B FEC &Rl @ font I L AR 1)
O AR REFLIIN 50 L PBST ZZ il fr A 2, FEZPA /G, 43 N 50 WL A )i BE R RE AR S AT
S5 N MM ARG, FRE S IR EE R 150 wL PBSTZZ 0Pt il , BEATAR 2 3h 15 th 4
WS

li] 5 ¥} e 00 %€ EZH N\ TGF-B RIZE A (0~210 nmol/L, PifEFiHE, ikl A HBS-ET) i 5E SAA-
Ag il € SAA-06 (0~107 nmol/L, W4 {5 5 B, F6i B 4 PBST) ) ffi H] MetaSPR ff it 285 v R &
WeSPR™ One Auto 247453 F-#H EAE RSGIEAT 38R R . A A 1 Hh Bz 264500 TGF-B RIZR B, S84
iz 20 Y AR I VA SR T 7R R R, S I R A RN A A IR A A
P25 VR P A S O IMNARHE LA, RONR IS g o S 2 i T RERACIE , Tl I ok 40 L/
min, 3| BE1T 100 s B 255 ZEH0 200 s i 2 th 2l , 30 12838 70 A1 R FH WeSPR™ One Auto 5%
4 (Version 5. 3. 0) 5210
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2.1 WRHIFRLE

& 1A 45 JE 7R B 2 FALFAEE) MetaSPRIE T B . B TADKRFLBESNSEH) S5 R K52, SBZAEt
RPN TG, Wi 2L AT ZE G SEM RIEEIE, o 3R h
Bk FURE AN, R FLE LM 200 nmo X PN EE— SR AR FE AN ZER) , o] Tk g it F
REfERaE . WEEHLIF IR, ARKRFREE L 1 INg5H 2R B iRZE 503 FIHBFRRENEs
M, RMKE ARG R HRAOAFE 2L AR B, K 1B & MetaSPR 1585 S A1 JE () o #%
[ 96 FLats F i F LA IV E O St 42t lr &, S LA o] 3@ 2 R AN]R8, HooT LA RS2 £ ik
96 AMFEAS Y v il AT, A il Fr R WIRE AL SEIUG AR ARSI, HLREWE ARG P 21 43 145 & R fig
2B A

3 00 R A [ 4 B Tl A ) WM G 33 D i 85 A i T SPR 807 o 5 T 77 S5 25 A8 A B W 57 78 U
MH MR 2k E (K 1C. D, E)RTLLE L, BEE H I AT R0 T, RIBOE i 2 #ats
LI Ati A S (RE 08 ), A H A ) s & (B 1), aTLUE REE H iR R K, R0
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B SEM i S I FHURERR MetaSPROE T IR A (A) Ob B4 S A 7ESS ORI SRR A, Z2 A oK e 8 A

WA, R RBUAFRBUE ) 5 HEnmia & 96 S R B LB BIR R - (B) 5 46 B H A 1 R 0%6-~24%,

Prit AL A 28 800x107° RIU, IR A 1 200x107 RU) B 2GR (C) 5 18] A H 540~620 nm BTERHLEN (D) 5 A

600~640 nm PR HLE (E) 5 H MRS T 2K 88 B AR IR (F) 5 HE O RL9 1 D rpig e 553 49 0% B
M ZE(EFIRIE (0D, ~ODy. ) (G) 5 FEITET R (RIU) 55005 B2 A R R & (H)

SEM scanning electron microscope image of the chip and the photo of MetaSPR chip taken by cell phone (A) (the upper
middle right is the micrograph of the chip in air, the left is the micrograph after adding water, the chip shows different colors) ;
High-throughput 96-well plate and microfluidic chip card composed of chips(B); Full-spectrum absorption graph of gradient glyc-

erol solution( concentration range 0%-24%, refractive index range 28 800x10°RIU, interval 1 200x10° RIU)(C)
view of 540-620 nm in Fig. A(D); Enlarged view of 600-640 nm in Fig. A(E); Optical density change graph of glycerol solution
compared to ultrapure water(F); The bar chart of the difference in optical density between peaks and troughs (OD,,,, —OD. )
corresponding to the glycerol solution in Fig. D(G); The correlation between solution refractive index (RIU)

and optical density difference (H)

2.2 ETF MetaSPR £ ¥E R EERIEM AIEM

2.2.1 MetaSPREARKWMEE  MetaSPR i 754 Jm 7 0 H4 1 i VR U8 L 1) = 4L K254 ClIZi kAR
Feg), LGP E G, DU R AN, NS B B R G2 4 R AR B 5 4544
(PN 3/PET 553800 1) A SR 882 ) i, I 51e 4 m A b B FrER, BTHR RSN — ik k
S5, TR RS E R S . RO BRSO IS (K 2A . B) o 440 TR 34 Jm My, 25 ey it s
b, HEMFBCERBE AL . @ WS R B R B e AR, WTSEET . TobR i HAS I 4y
FHIEAEH Bk B At . 7E MetaSPRIS AR ferp, ISR R ARG, JEIRIG (88 2 A0S,
5 B S AR I PR A Ak Y i R ARG, T ) — AR R R W T RE 3 T PR eeT DLE S

Fig. 1

; Enlarged
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ARBUE Y SO AR IRt A 3 A o3 T 2 B AR B0 e 055 (181 2C) , LA )%
JesRPER, Rl T EARMZIAS S R (S54SR (&2D)™,

ARWEFEHET MetaSPR B ks s, 53 531 R FH T0 A B X8 S LSRR B XA i
FRIGE 72 F 05 FRRIBERNZR, FR1S 1 SPROGIE IR LA KR8 11728, 48R 1 AN FZEALy
TR SRR S S

A -” - m | Detector B G D

a \ a =
T Transmitted <) S = ARU
T light k= k= &
) ) = =] £
i o v =
] ] ] % @ &
£ = 2
e e L 4 g TTT 2 : g
@ @ E
5] & &
Py Py 2 2 2
<
=<
Incident light Wavelength/nm Wavelength/nm Time/s
Raw spectral shift Baseline—corrected Dynamic differential
MetaSPR excitation spectral variation wavelength curve

2 MetaSPRIES AR IR B (A) 5 ASIEIAR BEAGINA 08 17 ) S SRRSO TS LS (B) 5 b LA i EA T VA 5 I /iy
SE I ACH) SR ARAL (C) 5 LLRFRIR e VR & 13 3 40 7 ARSE & 5 i 3480 J1 274t 45 i 2604 (D)
Fig. 2 Schematic diagram of the excitation principle of MetaSPR chip(A); Shifts of the raw absorption spectra corresponding to
different concentrations of the detectors(B); Zeroing of the raw spectra to show the intensity changes at specific two wavelengths
(C); Typical kinetic fitting curves of the molecular interactions binding and dissociation obtained by plots of the time against the

light intensity(D)

2.2.2 BEMASFI FIH WeSPR™ 100X {355l SARS-CoV-2 42 /NP AL (N 1) 5 SARS-
CoV-2 R /NP HUAR (N BUIER) BRI 1%, RHA Version 5. 3. 0K RAEMI 4 G A & B TS
25 A AR M 2Ok TR E K ALK B0ME, 8IS K/K RS K [ DUEAR LIRS0 B 25 e 0™, K08
FAN, o BT R 2 (B B 25 45 it o 181 3A Al e il & A ) JRBUR B . N A Sk
ik 7B MO8 R 24 R . TBIBiIA S N E MK 4 6. 41x10° Lomol'+s™, K,245.51x10% s,
H K, 1% 8. 60x10” mol/L(nmol/LZ&5), WK 3B, TEPENIERHE T &R 159, m MO Hiik il
FORAEM S, WE3E, HK (1. 32x10° Lomol " +s™) 5ARIE K, {8 (2. 38x107 ) H [w] 3R 3h K, AL &
1.80x10” mol/L, [#E/NT 1 nmol/L, FEVEMER BT EEMNER . MR K, B S5H6E ) —
M SARS-CoV-2 N 45 A -Huid B A e (M52 g0) — 30, Bk 7 Seind it

Mo A K A R AR A, X 7B9 5 MO8 5 N A IO R T 1k, 3R AR (1A
3C, F); [mIAS PTG HE I 22 (B (0D, ~ODg AVEFEIRIE (3D, G), Jui FEZEMH Sk BRI
R IEA G, IEBHIZ RSl LLsE— F Thuike EHm .

FESEFIPEN R R, XI5 Fo m BRI AR R . X PPl & 28 RIESC bR A 2L
B, e R R B, e AN N B A R IR EAATARE RS, MR PTi e Pk 45
BRETT, BEMETEE AN MR b SO AD IR N R, BB i bis-biie s & Wta e v e LAk
TR ok R P ) IR B, (RRR T RIS S R SR, AR A A T iR T 5 SR A
NPT 22, AR S LRI 7T LLORE S 1) S 12 5 R T SR A T IR S 43 -1 AL
ST
2.2.3 EEMASFI HUAZIYH BRI RE) RN B2 —, B
Wi YRR 2R . Hoh, Bk Fe Fr B S L Fe 324K (FeRn) 1 36 R 4 pe g Btk - 10 56
HER 0 YRS FeRn BERU PN TED TR 2 W A& B A 38 SCE R, 38 3 Ak A0 Bt i
iR N, AMXRT A PG R EE 245 07 6 CINBN 2R 2500 R | FRARTRYT AR ) SR ikl . i RE4s
ShUik TRESGE 525 T (e m e/ . i bR RS )™, [FRAE BT IRA
YT E RAMECPET RS ERRNEE) , Eshigik iy init 5 el ke gy, SRR FeRn /B AL
TR EEERIETY , A B BRI TN TR 245 (B S SR TR S, Uity . 2R3 s
I R T R AZ DR T
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Fig. 3 Schematic diagram of the principle for fixed antibody detection of proteins(A); Typical kinetic fitting curves of 7B9 bind-

ing to and dissociating from the N protein(0-296 nmol/L) (B) ; Full spectral difference of 7B9 binding to the N protein(C) ; Op-

tical density difference(OD,,,, —OD,,, ) of 7B9 detecting N protein at different concentrations(D) ; Typical kinetic fitting curves

of MO8 hinding to and dissociating from the N protein (0-296 nmol/L.) (E) ; Full spectral difference of MO8 binding to the N pro-
tein(F); Optical density difference(OD,,, —OD,.. ) of MO8 detecting N protein at different concentrations (G )
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IgG(0-107 nmol/L) (C) ; Optical density difference(0D,,,, —OD.,, ) for different concentrations of IgG(D)
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