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the detection of traditional Chinese medicine (TCM) monomers via plasmonic near-field sensing. In this study,
a plasmonic near-field biosensor based on gold nanoislands (AuNIs) and LPS (LPS@AuNIs biosensor) was
constructed, and the LPS antagonistic activity of natural products derived from TCM was evaluated by the change
in phase response. The limit of detection (LOD) and limit of quantification (LOQ) of the LPS@AuNIs biosensor
for polymyxin B (PB), which specifically binds to LPS, were 6.34 + 0.002 374 and 61.7 = 0.001 735 nmol-L",
respectively. Detection results of 14 TCM monomers showed that the LPS@AuNIs biosensor exhibited excellent
concentration-dependent responses to both 1, 2, 3, 4, 6-O-pentagalloylglucose (f -PGG) and geniposide (GP).
Comparative analysis revealed that f-PGG displayed potent binding activity, with a dissociation constant (k,)
superior to that of PB. Further verification via minimum inhibitory concentration (MIC) and displacement assays
confirmed that f-PGG possessed strong binding affinity comparable to PB. The developed biosensor enables
specific binding between LPS and analytes, featuring high sensitivity and detection efficiency for high-precision
quantitative analysis. This study innovatively integrates nanophotonics with natural medicine research, establishing
an integrated system of "drug screening-target validation" and providing a high-efficiency technical platform for
the rapid and effective screening of natural antibacterial active components.
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I 24 B LPS B A& B is Fr B AR B, B e ki
#j 1% (antimicrobial resistance, AMR) [ # Z 5% #%0,
FeT M, TR — B R L FE ) LPS [ R S8 7 M0 B
J5 v, DAIDAR A 22 B M B R YR TR 9T A Bt R 2
AW FE AR AR A

RAIRF=H 52 AR (CAnRE A S A= 4 i AR )
S £ AR Ar i Bl A RO 25 R Ry BLAE YD TE T
HIA HLAL A, B AT ilE PR A B B AR R A 4K
oy BARERIHORIE T R . ZRHERERVNZF
AU TR R R B = ) v ORI, 4843 85 A4k B s
J&, BN T RIR T, R N Im PRIR T 2 B 24 -
IR IR G B e —E R 2. B RTLEIG PR R
P E R 2 A & B (polymyxin B, PB) M1 Z & &
E (polymyxin E, PE) [ % 2h F1 R g2 5 . PBJ& T-FH
B2 kPR, A SEERUE, BEReE e T
B 22 B B A ) LPS K DB D&k, e b AT A B¢
FZU HEME/EME HHEAN R R B2 AT 20
BT R, [R]EF LR A 2 G AR AE VB MR R
PRI AR &5 SR B b 2 0 AR R in s R e P
(geniposide, GP) . Z W R JEMH SR - LKET
Tk 7 %5 9E (1,2,3,4,6-O-pentagalloylglucose, f-PGG)- [
i ]z A IR A7, A B PN JE R AR S
I Hh 24 ) 52 07 5 e AR LR B 4 e D BRIR N T R

(R PE, PR B TU9T H LPS 5 3 (1 45247

FELR RN LI J A T, R E i K&
AR 7100 TR S5 56 R ) P A 2R 06 I v 1, FERT R 7, HE DA
W R EE R IR T oK . AEGRE T (gt i sk R
BH 14 25 i 14 ] ] ) 3R B 23 K AL AT A 2 ),
FEE L) T IR AR . ShRAY (an/N FRABIAY B
It L) JE R LR A 2 s dE, R o B AR
VA (1) S B0 i R PR ] 7 BB S, > TR
FS~ SEAR T A CE PR S BROHME FE R VABBE PR XU
R AT SE R 1EN 7 EAESIR 4
b 7 1 2R 10 &5 % F L3R (surface plasmon resonance,
SPR) HA [FIFEBA B ANEA 5 T4 AEARr 5 1 W B A X
I3 B A SR U, AT 8 ) SR AR T A
TR LR (localized surface plasmon resonance, LSPR)
A 3% A 8 I R SRR THD A B AR RN, B R U
i R PR SR AR AR SR TR 3 1 IR — T
BT LSPR. 1T 37 14 58 55 R 11 1) A5 S R, J et s 0 AR
W5~ HE AR I R v A O824 S R 1) 4 Ak
A, KIS Sy 145 B 1B ) SRR, B 2 )
5L SRR g A, A S L ST e 2 R
R &b n] B G AR AR S, R IR 25 P 0k AN A
FAMLS AT B AL = 20 T SE B R SCHE (R 1)

A I K LPS A2 £ 22 17 D) REAL 5 1 <8 9 Kok
F (gold nanoislands, AuNTs) % [f, il i LPS@AuNIs
S T IRIT I AR RS o SR A B AR AR X 2
B RS AT ORI, [FTINE, 36 R A A FE TR W AE Hh 24
PR IS U RE J1, D9 R SR BT 3 1 18 4 TR RO A 2%
TSRt T R A AR &, #E3) TR R BB ARE T
AR (B ).



- 3076 - 242224 Acta Pharmaceutica Sinica 2026, 61(8): 3074-3084

Table 1 Natural drug screening methods

Experimental method Advantage

Disadvantage Ref.

Cell experiment Simulate inflammatory response
Animal model

humans
Enzyme activity inhibition

Similar genetic background and immune system to

Complete and reproducible method system

In vitro experiments cannot reflect the effectiveness [14]
in vivo, long cycle
High cost, time-consuming, complicated operation [15,16]

Difficult probe synthesis, long cycle, high cost, [17]

assay cumbersome operation

Surface plasmon resonance  Real-time detection, label-free, high sensitivity Interference from complex samples, high equipment [18]
(SPR) cost

Localized surface plasmon ~ Real-time and label-free detection, high sensitivity, [19-22]
resonance (LSPR) strong specificity

Figure 1 LPS@AuNIs biosensor detection schematic diagram.

LPS: Lipopolysaccharide; AuNIs: Gold nanoislands
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I A (35 mm x 25 mm x 2 mm) 5 Au R BEAT 55 0%
5F, SRJGAE 550 °C R AEZ IR K 3 h, 715 3] AuNIs &
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A BBk A e AR, 4R 5 I PBS 22V 6 10 min. 7
A LPS (1:1 000) ¥ ¥ 50 min (£ & A& i 2 w1, %
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Figure 2 Reaction principle. A: Targeted binding ability of PB to

LPS; B: Targeted binding ability of TCM monomers to LPS. PB:
Polymyxin B; TCM: Traditional Chinese medicine
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20 ug'mL" LPS 5 20 pmol-L"' BC #£ 5 mmol-L"' HEPES
ZeP (pH 7.4) TGRS, FET37 °ClLE 30 min. B)5,
KR GRS 2 96 £l TR B (LR (5 4L 50 pL).
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HEPES ), i H 28 5 & i a2 0.0~2.0 pg'mL's
PAPB{ENPHPEX B . 7EREE 26 TR E S minJ5, £
H Infinite 200 Pro B #75 A II 5E 2 5 5 (UK /R S 8
£ =580/620 nm).
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Figure 3 In situ detection phase response of surface func-

tionalization flowchart. EtOH: Ethanol; MUA: 11-Mercaptoun-
decanoic acid; EDC: 1-Ethyl-3-(3-dimethylaminopropyl) carbodi-
imide; NHS: N-Ethylsuccinimide; PBS: Phosphate buffered saline;
EA: Ethanolamine
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LPS@AUuNIS A ¥ 4& J& 4%, {51 PB 4y BH 1% 0T I8, & 0k
FIFH LPS 5 PB A#H B /E H AL, A2l LPS@AuNTs £
FE AR XT PB #E [ 45 & LPS RE 110 R AU K 25 B Ak
FEPERE T

AN TR MR FE PB ¥ VI AR 57 i 2 G P 4 B o
R0 94 2 Y LA 10~5 000 nmol-L™ ) PB 5 VA W,
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i 2 s JE W&, SRAIE T A5 BRES 7R PB A I 11 R i AN
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] LOD A 6.34 + 0.002 374 nmol-L", LOQ N 61.7 +
0.001 735 nmol-L". H.{EA LPS@AuNTs 4= 4% [ 45 5
2% F T, PB 5 LPS 145 A 3 2 % 4{ (association rate
constant, k,) A1 4.6x10* L-mol™-s™, fif 5185 41 (disso-
ciation rate constant, k,) N 1.3x10° s, B L A £ 10~
5000 nmol-L™ i [l P S B PB 1) i A F 5 AT I o [F)
i 8 A PRSIt 4 R (3R 2), LPS@AUNIs AE 1L 8ds
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Figure 4 PB-LPS targeted binding capacity study. A: Phase response of PB at 50 nmol-L"; B: Phase response of PB at 100 nmol-L™";

C: Phase response of PB at 500 nmol-L™'; D: Fitting curve of PB phase responses at different concentrations

Table 2 Precision test of PB at different concentrations under

plasmonic near-field. RSD: Relative standard deviation

Sample group

o Measured value (radian) RSD/%
/ nmol-L

50 02144 0.223 3 021538 3.45
0.2329 0.2312 0.220 5

100 0.3190 03184 03101 3.69
0.303 6 0.3375 03117

500 1.474 1 1.467 6 1.628 8 5.73
1.690 2 1.5125 1.5525
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3% o [ 52 W (100 nmol- L) fR B4R 5 43 5 B
24 PB HEAT X FL AN, b A 45 4 805 R 2 AR ot A
IVES S £ R

4ER NP 5B iR, 100 nmol-L K ¥ 1) f-PGG .GP
B AR ST 1 2 43 ) 9 2.42 + 0.02 F10.148 9 + 0.01 rad, %
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HEIR 255 LPS VR o 1 /DN B 5 v 24 B4R () A oz i
N ¥ A 0.082 91~0.033 06 rad, 432 3T 1% Ji 28 19 46 for
i 3 FE 28 (—0.009 748 + 0.029 96 rad), & W /NBER %5 rh
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Fron o JE I A IR BE VS LN 1~100 pmol-L™ [ f-PGG
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Figure 5 The anti-interference performance of the LPS@AuNIs biosensor and its phase response characteristics to different TCM mono-
mers. A: Detection of anti-interference ability of LPS@AuNIs biosensor; B: Phase responses of 14 TCM monomers. f-PGG: 1,2,3,4,6-O-

Pentagalloylglucose; GP: Geniposide
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(<5pumol-L")y BT HaE. ©&H5PBMLL, &R HAEAH
SN LPS 454 RE 1. @R X SEI6 B i AR R L A
AT (B 6B), G5 T IR AH AL 08 8 5 B-PGG I B % 4
1B 2 18] 5% 2 I EA AR Y= 0.061 59¢"*%Y (R* = 0.994).
HHEAH LOD 4 0.062 +0.001 660 pmol-L™. [FHf {15
3t B-PGG 5 LPS #E 7] 454 1) k, 9 2.5%10° L'mol ™ s™,
AT PASEIL 5 LPS (R 454 .
5 GPHEEALPSEENIRRER

FHOGHIE 72 3R AU, GP A L@ i #711) 5 3 NF-xB ¥
TS S B B, skb LPS 75 S5 1 0 41 B v 42 ¢ 40 g
A (W TNF-a.IL-6) 774 . % T8 i% O 52 GP
B —E M LPS ¥ n 25 A1 77, IR N B 1 LB [ 25
AR SIRE RN R, TR R E GP 5 LPS (1)
A HAEFSGUE S5 . LPS@AUNIs ZEW 1L KA XA A ik
JEE GP IV AE A ) J32 1 ] 6C BT~ o E s A A 5
4 10~500 pmol-L™ [¥) GP A5 #E & ¥, LPS@AuNIs
5 IR AR R I S35 (VR FE ARG M e SRR AIE . B GPIR
JE (10328 A5 BEAIK, A2 TR 1) R AR 1 17 2 B0 g 50 ik e 3
FHAEARICE X 8] (< 10 pmol- L) #a TR0, ka5
PB BABCKAHALE, Ui B GP [RIFERE S LPS HEAT 38R 2L
GG o I SEIR B I AE R ME LG 2 i (K 6D), &
LT AR AR AL B 5 GP I R R 2 TR 9% R B
B Y =0.005 680e"*™ (R* = 0.983), i+ H 4 H LOD Ny
5.71 £0.017 03 pmol-L", GP 1] k,°4 5.0x10° L-mol™-s™,
AL 5 LPS [HE A 45 4 .
6 HNIEIRESBCE#ER

ZXF L, f-PGG 5 LPS 454 11 &, (2.5%10° L'mol™s™),

i F PB (4.6x10* L-mol™-s™) & GP (5.0x10° L-mol™-s™),
X5 B-PGG LA Mg A %Y1 6 & . HUAEE i@
i RASLIEXT B-PGG (138 7E #E AR — 5 (IR IE

B2, K T f-PGG I MICH K 10 pL FisB s 1K
JAFF B (ATCC 25922) B AR NI FEREFE 1) B-PGG
25 £l (0.25~256 ug-mL™") H, B T 37 °CHll & 15 7 46
HiRE 9% 16~18 ho AH[EVR FEBE P (1) PB A Ay BH VX HE
3 RN 45 BB R, B-PGG B B AR WK (MIC) 18
92 pug'mL, 1 PB B MIC 4 0.25 pgrmL™' .

SRIG, VEAN T 15 K AT B8 40 8 B3 A7 7E T B P
T, 30 B K AT B A B Ao A S R TR 4H DNAL
SVER T S A M BE B, WK ER M (peptidoglycan) Al
LPS (B 7A). HARE N DNA UK (A B & 3% %
B-PGG 1 MIC, {HATS A A] REAE 42 U FE o 3 28 DNA i
A E A Y EEGE 2 A M, WM BERS B-PGG 5
KA B M EAER . MEZ T, LPS LTI 24K 5 1
J7 A T B-PGG HIBEE TE M (K 7B), X K B LPS 7]
RE /& B-PGG K E T &, b4k, B-PGG 35 4+ It s HE
T e A R %% Gkl BODIPY-TR, iX i — 01
N T H 5 LPS Z A s 45 A 2R f ) (B 7C). BA b 45
REAEIRSIG I 45 R — R M, B-PGG @ i 5 7 PE 45
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Figure 6 [-PGG-LPS and GP-LPS targeted binding capacity study. A: Phase responses of f-PGG at gradient concentrations; B: Fitting
curve of f-PGG at different concentrations; C: Phase responses of GP at gradient concentrations; D: Fitting curve of GP at different concen-

trations
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Figure 7 Investigation of the MIC and BODIPY TR cadaverine (BC) displacement. A: Effects of different bacterial components on the
antibacterial activity of f-PGG; B: Dose-dependent inhibitory effect of LPS on the antibacterial activity of f-PGG; C: Effect of f-PGG on

the binding ability of fluorescent dyes to LPS. MIC: Minimum inhibitory concentration

WLk R R T 500 $2 U 3 0 SR AT R B A
B AR, I R T ROE (S Tl B (W NF-«B) %
B LPS ¥ FH4H4% -

KRR T — P TS B AR 1) LPS@AUNIs
A AR IS, SEBIL R AR 7 M B TR A A v R Rk
PG I . G AuNTs 2O 2 10 2 BE AL SR g (MUA/
EDC/NHS B R), fH5E LPS brifE i, FF R H s R
BB SH IR I LPS@AUNTs AWML A% . W4 7%
5 8 R PB IR 7 iR AT X LR B (3R 3P0,
BT MR TR e 24 05 MR o T R M S T4
B A BT S A R LOD B, HOZH R
EHEI RTINS 5, ATRe R I AT HEGRZE .
KRG T T RS R & (BRI LOD 4 6.34 +
0.002 374 nmol-L"', LOQ A 61.7 £ 0.001 735 nmol-L™),
HAE 10~5 000 nmol-L™ ¥t il Py B A & 35 IR £R PR AH 0%
PE (HH 2GRN 0.991), BT LLSEHL PB 11 /& 4 12 58 A

W, BHPUFHuae S5, w7 LR H R S AT R, 8 G
1AM AT B A R BT, MR T AR R A%

N T W EAE ST LPS 1 b 2 S, S i Sk A HilE
Jr e P b 2 BRARIEAT )P i a2, il LPS@AuNIs
WA BT S KD, 45 R B A-PGG 5 GP IR i B
B, B g4 LPS INRE S . B2 RGN
S-PGGGPZERIRF=I LPS #5405 PE, il LUK I B-PGG
H GP 1E AL [ 25 v 3 IR H X2 25 PR VAR B ARt e e 7, 3
— BB FAESE, B-PGG (1 k, 4 2.5%10° L-mol™s™, it
FPB (k, = 4.6x10" L-mol"-s"). H.i#i MIC 5 BC & ##t
L HE— B AIE R I, f-PGG LI 5 PB R 5 45
G,

AT 7CF4 7 1) LPS@AUNTs A= 9 15 K 8%, 515 4t
fR2E T SPR LA 470 11 24540 9 16 7 V248 B, il AN [
(A& SR w2257 LPS IR AL B8 2%, BA odrid W R

Table 3 Comparison of different methods for the detection of PB. QDs: Manganese-doped zinc sulfide quantum dots; BALF: Human bron-

choalveolar lavage fluid; ESI: Electrospray ionization; MRM: Multiple reaction monitoring; XB: XBridge; ELF: Epithelial lining fluid; PDI:

Perylene diimide; LSPR: Localized surface plasmon resonance; LOD: Limit of detection; LOQ: Quantitation limit

Method Detection principle LOD LOQ Detection range  Ref.
Detection method based ~ Mn-doped ZnS phosphorescent QDs-based 0.03 ug'mL™" - 0.1-8.0 ug'mL™"  [50]
on manganese-doped zinc phosphorescence signal enhancement for rapid PMB
sulfide quantum dots detection and dosage calibration
Liquid chromatography- PMB (B1/B2) in protein-precipitated BALF (IS: - - 0.030 0/0.003 06— [51]
tandem mass polymyxin E1) was detected by ESI-MRM MS after 10.0/1.02 mg-L"
spectrometry (LC-MS/ XB-C18 separation, with ELF concentration calibrated by
MS) urea for intrapulmonary pharmacokinetic analysis of

aerosolized PMB
Based on the optically Water-soluble PDI derivatives served as fluorescent 18.5 nmol-L"! - 1-2 000 nmol-L™"  [52]

active supramolecular
aggregates of water-
soluble perylene diimide

non-covalent interaction-driven supramolecular

probes; PMB triggered fluorescence quenching of PDI via

aggregation in aqueous media, with the quenching degree

correlated to PMB concentration for quantitative detection

LPS@AuNTs

LSPR-based LPS@AuNTIs sensor: Specific PB-LPS
binding changes the local refractive index of AuNIs,

6.34+0.0023 61.7+0.001 735 10-5 000 nmol-L™" This

nmol-L" nmol-L"! work

causing LSPR phase response variation for label-free,

highly sensitive quantitative detection of PB via the phase-

PB concentration dose-effect relationship
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BRORT WU, A5 S o ) R, T B R DA S N o B
LI RA VE RS R A, N R IR ZGNE T iy 1R 0 i 554
FIHLEI RS fEdT, #Ed & R E MEAR &, NAHK
BT FEAR AR A BOR B

FE LPS Rl b, B it ker I 77 92 3 B A0 45 4 1)
AR R AR A T A A T v (U iR R
AR IERE AR . Hop, &A% (limulus amebocyte
lysate, LAL)™H& 200\ (1 LPS &l br o, HA R 0% &
R T (5 S5 A0 3, (H 5 2R i B T8, HJGiE XS LPS
G5 K6 AT R A X 43 1T 20 AR A 2 D VAP RS DL e
LPS f44 A A 03 1, (R G VR SR B
T T A AR DR A S B I A B, A DA A2 TR
Sy DA ) 5 SR TG SE IR o T ASBIF TR g R
IR AE R LPS I A2, BAA PO L 52 e AR id L R
AR 5, W DA B 2R K5 LPS ) e 28K 7R B0k P 42
HEHT A I T 5 .

55 4% 4 1) e /A B IR BE ARSI W BC % D Bk B 46
SEAHLE, ALk ds BA DU A O Sel Bt I LPS
5RO RS o3 AR S PR 45 s ) A I AN TA) 4 6 28 1~2 g
() Ao I 7B vay, S I v A JE E BRI, R AR STy
ERCRART KB FE ) L RBUEARC € RS FEAS 2 1
R AR FEAAU T LPS 55 P07 KAk s 4 &
LR, FERE CRIR IR W) BRAR Lo JEAT T G, R &
AN 2R A BE (I3 2 B 40 AR R E 1145,
A S 24 SR B 2 S 2R A A o R 43 B A B
VR F I 38 ST 25 S AU T s M TR R R Y R G
& H A 25 AR AT 52 i — S R 3T I 4R, )5 28
H it g 5L “LSPR 4r 1340”7 R G0, M 2 52 L) v i
R 5 A B AR (40 LPS) MY Bk Rl Ay, 3R
LPS@AuNIs “E Y% 8% S A4 -

ST S, AT T80 R IR0 BT 1 B 73 1) PR A
R SR BT PR DL U7 6, N h TR ) S A B
YRR IR V45 08 TR RE T TR A% .

YEE BTl 5 2 HoRk 61 BT 9000 U7 1R T S BN
b TR o3 M B R AR AR TR AR T SR L PN AR DT Sk
B A B A R R S B RS TR THE AR LR AR BT S
BRAS 2R BRI SO B B0 TR, S FAL . BB 2
SRR, FEAE TR 6 50T KRR | SR RRAN AR S R R AR T L S
WHE AR S AL EEN .
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