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Abstract: Biosensor analysis technology is a kind of technology with high specificity that can convert
biological reactions into optical and electrical signals. In the development of drugs for Alzheimer's disease (AD),
according to different disease hypotheses and targets, this technology plays an important role in confirming targets
and screening active compounds. This paper briefly describes the pathogenesis of AD and the current situation of
therapeutic drugs, introduces three biosensor analysis techniques commonly used in the discovery of AD drugs,
such as surface plasmon resonance (SPR), biolayer interferometry (BLI) and fluorescence analysis technology,
explains its basic principle and application progress, and summarizes their advantages and limitations respectively.
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FEREME B X BT I B ST TR ik . AR SCE B
N T AD 25V R 1) AR AR R BT BOR, B 4E 3R
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Figure 1 Surface plasmon resonance (SPR) mechanism (reprinted with permission from reference”®, copyright 2018, Elsevier)
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ORI LR R, T8 S SR SRR R [ A P
4 5 B AR 25 1) B3 [ BT 48 (monoclonal anti-polyhisti-
dine antibody, MAHisA), k&4 8 000 RU, 44 5 1 B
His6 b7 %5 A SO 24 Jfl 2R A v B 42 4 60 4 1% JBE 24 14
1) 568 BACEN, [R] B R 5 5 i JIg 52 B ) 2 R7 HAE R
SRIE L HR (R4 G, DRSS H3 3R IR 2R 1R, e %07 R [
E T 1700~2 200 RU ] BACE1, #H kb 7 g i £ & J5
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Z ) BACE L BE 23 AR B4R RN AR FDIRES, [
I F R G H 2 5 /N T A AR O, A B T
BNAHE S 25 o

/N B TR 400 O B B 2 AD EER B R 2 —, Ig
B 5 I 41 L 2% T A2 /& TREM2 (triggering receptor
expressed on myeloid cells 2) 251X — i 2, #i i #422
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Figure 2 Schematic illustration of the SPR assay for screening
aggregation inhibitors (reprinted with permission from reference™,

copyright 2021, American Chemical Society)
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1. BT AD e N4 S BEBE E R UL, Patil M
F SPR B A X LRk 3 7 #1 #i1l AChE ¥% P 1) AE Pk« 2
My 55 22 B R SR FE D AT VA, 2 B H 5 AChE Z 8] 1)
MEAE, AT T S . i@tk
%52, AChE I pH 4.5 IS BR BN 5% 1P v Ak, ¥ [ g
F CMS f£ K #85 F b, [E € 7 min, 7 H 4% (pH
8.5) f 41 7 min, AChE [ fHIB & 7 732 RU. 73 7l #f
FU 1R 53 JEC A — 00 i) 750 R0 0 ) 75— ) 770 2 ] A LA
FH, A5 45 16 52 3 9 45 L min™!, 252 AR B8 I 1) 5 My
120 s. 45530, MiHER (1.738x10° mol-L™") %} AChE
(2R A0t T AR I 22 Al B (1.039%107 mol-L™), %
iy A A W0 BT R (2.250%10° mol- L) 2 B H 55 i 11
Ty TR ALY~ 75 0F 5 Hp - i A
T (Kp) 185 A A A AH 2 K AR Ak, T 7E 0 )
7= 7R 55 R, AT AR R BT IR BT K M
HRIE K, 25 6.022x107° F11.162x107 mol- L, H 5 A
P IS R0 7 BRAI, T R J5E R A2 794 A 410 1) 5510 A L 5% 4 45
ElF. 2 1PFHI 2T H 2018 4E LK SPR # AR {E AD
2RI R Ik R R AR R 2K B SE B
2.2 E£YBEFISHEAR
22,1 ER[FEIE BLIF AR —Fl@aqm -+ e i
AN, % A8 A SR A U A SR 25 2R THD S S 1) TE b e A= 43 B
JET W 3 BT R, R AER A B G A ) AR IR A R
ST L, 2T AR SRS SR i ' 2 2 T R A S T — [
EMNE E R E NN S 2% ED, 2T M R 5
5T, 2 e 75 AR W) A A% 9 2 T 1 e
1SR BT Z B R AR 2, FEVIIE I & RE R
R R AR, TG A B 2 AR, AT S
PLAREM 43 T R AR AR SRR e | e . BT BLIW
REANTFEMREZRG™, BFUATEZLHNSH
THIE, & A T R A ZE, n AR AE SR A, W
F 2 SRR S, B Ah, BLIKS I 2 38 i A 4% ik 2%
I ity 2 TH] R A AH ELAE B I 7= AR e B2, DR IR i o oA 45
EEAFRBAAA AR, XHES R AR/, i ab B
BT B, ] DUGRHRE R i 56 B 5 i HL BLI AT DA S A U
S4B 45 G I8 T (k,,) A R (k) AN
K, T AN 5 B4 98 2L ] iy ok FL At A5 5 oo 1 18 Bk 3
BAS AR . BLIFLAR B L FRC
S W DU AR 5, {HAH BT SPR AR, BLIAE Wk I8k i
1) R B SR, 7 ¥ R e K

it — 20 ¥ e BLLEAR (1 8 F 3 B, B TP AE
SO PR A I R B, B SRR AR S LE AR E AR
KA R --15, Gao S5 4 Hi & L /& APT2TM, Jf:
4 1t B% 38 IE 44 2 00 58 (enzyme-linked aptamer sand-
wich assay, ELASA) &2 2| BLI &4, &k | —A~5k

i H Bk, =l E I B S R B 1) BLI-ELASA
Go %6 HARE 5~6 pg-mL™ 1A I PR A 55 (1)
23 PEAS I YE B (10~810 pg-mL™), A & 81 1 F LR
FHR1Z Wi . Hao S5 & 7 —FpdEFR1d BLI /7%, H
TS WK 2 3 COVID-19 B b 2 ik 4 &1 5
SARS-CoV-2 | R & [ W 45 & 3 11 %, % 5 iEAE
AEAT B, TR s IR A R R MR 2N E
B LE AL SR ET AN 2 PR A S 5 K PR E b s 2> 1L i
B I ARRE SR A, AR T PR B R 1 50%,
HALAE 5 R 6 %
222 FEADHYMAHRMNEA T4k, HEHHRE
N BISE PR 4 2, BLLBE A T/ o T & I i ik 5
58 . TORG R AR R 2 [H HI AT BLIF R 256
UHPLC-DAD-Q/TOF-MS/MS $i AR, #3717 M H 24 i %k
TEAE AR REEINHIFIM 7. HIARHEEA AL L,EY
2, I BhEE B R MR- R I N 5 BLIBE B R FI &R
BT, 5 A IREIURS & RS % 1205, RE
FR 5 S IR LR AT B R A AU o), e N 2 5 T 9 0
BRI P S e BB ERC. EA L ERM L ER —
AMEIRAL G, GIGAE, X =AM & Y] B E M AR £F
YETV i, 32750 AB, L, AL BRI PC-12 41 B I3E 71, FF 2
AD F5 W B AT & AT B8 JT . 1% B BATE b 22 9%t
THERIE T 5 AB,, L0 E J5 i 115 2 i &9
MBS R, HIER AB,, BHBER A& BLIE
FRARICUE X N E B T 25 RER W, B
T 55 21 K 8 43 51 8 2.42x10* 1 1.7x10°* mol-L7,
KRBT ES R AB,, L MFEM B
Be Ak, BLUH AR 72 F 0 & bt S5 - PR &
-8 [P N TR 2 R A EAE A . Zhao
P it T — R TREM2 XUHF 5 1 HT 4K Ab2 TVD-Ig,
¥ A 1gG A Y s N YA TVD-Ig, BURR = 14 4 31
78 BE 4 TREM2 #3071, S [a] i 42 ) 5% 2% 2 B 52 44
(transferrin receptor, TfR) VL% i IfiL i B e, AT 15 1%
PO TN 0 R B 386 10 £5% DL b o SRy 56 E A A A
TREM?2 & %% [B FE A B 5 55 55 A3 AR W 3R I v [ 5E 7
AR RS b B e A A Bk, B 45 A TR () BLISE
5%, H R “TREM2+Ab2 TVD-Ig/aTfR+T{R” K 0>, £ Bl
g N7 [ 28 1 T, BT Ab2 TVD-1g/aTR BURE S PE
PUR A AT LLAI TREM2 5 TR AH BEAEH .« He 27
5 1 it ' B (esculentoside A, EsA) 2% fiff = & #4 5L [X]
AD /I BRI KNERFE (178 TEAL I, 6o 58 e A B 1 ol B 8
T3 DA i S AP G A 8 BE A B0 2 AR y (peroxisome
proliferators-activated receptor y, PPARy) i i, BLI
S SR AR W 24k 1) PPARy 546 R 28 [ %€ 15 min J&,
BEFE RN [7] 3 B EsA (3.125~50 umol-L™), £ K, 1 N
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Table 1  Applications of SPR in Alzheimer's disease (AD) drug development
Ligand Source Receptor Protein coTlphng K /mol-L"! Biosensor Reference
capacity
Aaptamine Aaptos suberitoides AChE 7 000 RU 8.76x107 CMS5 [50]
Brondsted BuChE 6 600 RU 1.07x107

SXkmer-YLTIRLM Phage-display libraries Ap(M1-42) 12 000 RU CM3 [51]

Caffeine Notum 2 500 RU 8.5x107 SA [52]

Dendritic polyglycerol sulfates Nanoparticles AB, SIA Kit Au [53]
APy

hPT3 Monoclonal antibody PHF-Tau 6 500 RU CM5 [54]

MG-2119 Chemical libraries Tau (1.34 £ 0.35)x10°  CMS5 [55]

Ginnalin A Acer rubrum Ap, (3.5 1.1)x10° CM5 [56]

Ibuprofen/human serum albumin AB 6 000-9 000 RU GLH [57]
APy
Ap, (A21G)

Timosaponin A-III Rhizoma Anemarrhenae  BACEI 1.739%x10° CMS5 [58]

Astaxanthin AB, 5ngAp,,, per Gold-coated [59]

1 mm® chips

[-Boswellic acid Tau 8.45x107 CMD [60]

Lecanemab Monoclonal antibody Various forms of Af CMS5 [61]

Aducanumab

Gantenerumab

9 Compounds Pancratium L. AChE CMS5 [62]
APy

Hexa-RmAb158 Monoclonal antibody Ap, 4 CM5 [63]
AB

Sanguinarine Isoquinoline alkaloids AB, 4.63x10™ CM5 [64]

Chelerythrine 3.83x10°

Coralyne 1.16x107

Purpurin FL-Tau GLC [65]

Donepezil-loaded apolipoprotein Ap, ,, monomer 2.45%x10® [66]

A-I-reconstituted HDL (rHDL/Do) Ap, ,, oligomer 2.78x10°®

ANK3 Lead compound Ap, ., 1500-1 800 RU 7x10°° SA [67]

ANKG6 Denantiomeric 3x107°

Salidroside NRF2 [68]

Serotonin/human serum albumin AP, 6x107® GLH [69]
AB 1.2x107

A9 DTP library Biotinylated 150 RU (1.1£0.8)x10” SA [70]
heparin

1,2,3,4-Tetrahydro-1-acridone Synthesis AB, ., 1.60x107° GLH [71]

analogues 30 Tau 3.37x107°

K11 Monoclonal antibody Various forms of A (2-2 700)x10” CM5 [72]

Tetrapeptide Ac-HAEE-NH, AP\ cac 1023 RU (9 +3)x107 CM5 [73]

Cyanobacterial protein Cyanobacteria BACEI 4500 RU (1.75£0.134)x10°  GLC [74]

phycoerythrin

Trilobatin HMGBI1 8.541x10™ CM5 [75]

Dendrobine Dendrobium nobile Lindl. CDKS5 2.05%x10™ CM5 [76]

Tetrapeptide HAEE Synthesis Ap, (4.1+£0.3)x10° CM4 [77]
isoD7-Ap,, (1.04 £ 0.04)x10°

2.54x10° mol-L", iiF 5Z EsA 7] 5 PPARy 45 & . Zhou
EPNG R T — P A DU N b T R B 2 ALK, v R
SE L AB T K AB@Zn-HPC il T B AR T4y, HAT w
PV . FIHIZ R 784 k)45 & HPLC-LTQ-Orbitrap Ji
P, BT 22 B i 2 R RO R R AR R R
PR 5 3 A A P, BLIVE 7E b FH T4E S 8] 58 72 A= ) 7%
AR R R ) AR 5 X W MG MIAFAES &, RN
LA 2 06 25 JE B 38 T, W00 80 7 5 e K A A

23 RADIEAR

231 EKFE 1EAD ZWHHR RS, 2OILIRRE
& % F (fluorescence resonance energy transfer, FRET)
JR BRI A, LR R — N RO R T (fEER) 5 5
—ANEEH] (ZAR) AT ARSI 2 R AR e B AR D, B
DAL A R O KR, PTMSR B 2R R S 5. K
A= FRET A7 W A 58 2 SR - A 530 6 3% R 32 AR IR O
Jeik A —E M EZ, IF X WA 1 52k
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Figure 3 Biolayer interferometry (BLI) mechanism

I (29 1~10 nm)"™, 40 &l 4 B, 1 A P04k P PPI
525448 RO EAE R IERF & 0X — 2K, K FRET 8%
J 2 N A R 4y R AR A B L LR bR 2
A B, AL SPR 5 BLI A, 76 & 8 A i S5 ik
(454 21 R0 3 7 T, B AR B 5 1R B 0/ A 1
AT D, I HLUER R s A AT AN 7 L e 7R R T
IXA$ 15 FRET 43 A7 56 42 5 T 1, I i KRR B > A
NEE I T, 195 A 45 G I 45 R A Ak T RE R PR
)OO Y 20 L A B AR A TR SR Bl Hb B 5T PP,
I H A R 5, (R I AT s B A U,
{H 2 ok pEE T 75 BRI A5 R 1) 2 1 T HRR 8 Ok
PRI o, BAEE N E .

DAL b, B TH B3 R/ 40 T G IR A S SEEIL O
PRI OCHEE o AR SR 2 K A0 b AR 6 30 1) b Ak — 52 A
X EAE— N R G, R E A BT R E IR
VARG 3 e 24 [ FRET R4 B X =7 1 101 5 e o
= EANE TR A 1 (Httex1) B2 37 8 3F 5 A2 0% 3k
RE, UK Z BRAW MY R, Lo it 14k
TIFIA) 73 #8-FRET [ AE M)A 148, R IB G 5 40 (0 7%
J6EE AR A S Hitex 1 ZE KRl &, 3 Gly-Ser-Leu i
PR, W H A FRET AR W45 B vl WA [H 9 8
B R B LK E (Q39 F1Q72) I Httex 1 ££ 3 41 Ay A 1) 3R
£, TN A T Hitex 1 AN 7373001 77 1) v e 2 7k
232 ZEADHMIALPHIRA i, FRET J5 2 4
FIFIF 2 3 T 155 S8 4T BN ) BACE 1 30 77 7 328 7 3510,
I8 AE 2 R 4R AH [F] A7 E 4T BV BACEL FRET JE) 5
BACE! & [, Fr 0 N R 5 5 1% sURE R 58 0 3 B2,
TRV AE R BACEL 0 77) . SEgeH, OR¥F R BE
L S 88 0400 1 7)) R, ST R R VAR 4 1 5
25 X ITVEA RUE T HEAT S 5256 BT 75 1 Bl AR
WrEARE D . AT B BACEL MUK & A 2
& 8 FLAR S8 1) 0.1%, T35 (140 W0 400 o 3 2 S
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Figure 4 Fluorescence resonance energy transfer (FRET) mecha-
[100]

nism (reprinted with permission from reference copyright

2022, John Wiley and Sons). a: Demonstration of a donor (blue)
and acceptor (yellow) molecule exhibiting sufficient spectral over-
lap between their emission and absorbance spectra, respectively,
for FRET to occur; b: Relationship of the FRET efficiency of
adonor/acceptor pair as a function of distance between the two

molecules
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Table 2 Characteristics of three biosensors

Type Application Advantage Disadvantage
SPR Affinity determination (D High sensitivity; (D High cost;
@ High throughput; @ Need for proper immobilization strategy;
(3 Offer binding kinetics. ®) Reference of organic solvent.
BLI Affinity determination (O High throughput; @® Low sensitivity;
@ Offer binding kinetics. @ Requires a minimum sample volume of 80 uL.
Fluorescence Efficacy assessment; (@ High sensitivity; @ Low efficiency;

toxicity evaluation @ Low cost;

(3 Can be detected in living cells.

@ False positives and false negatives;
® Require synthesis steps;
@ Steric hindrance.

WIS FRET At 44 Fl 52 A& 7E GPCR 2 ik P (13& 2447 & fib
&, EATRI AR B B BT R R] R 2 R AR AR AL, AT 3K
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