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Application of Functionalized GNPs in Rapid Epidemic Detection
and Physical Medicine
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Abstract GNPs (gold nanoparticles) coupled with different molecules can not only optimize their storage

conditions, but also play a role in amplifying signals. GNPs are excellent conjugates with a very flexible applica-

bility due to their biocompatibility, low toxicity, stability and surface functionalization. The functionalized GNPs

provide a vehicle basis for the construction of in vitro diagnostic products. A sophisticated and flawless in vitro

diagnostic can offer a quick, useful, and easy medical detection system in the early stages of the pandemic. In order

to serve a reference for both visual and in vitro detection, this article examines the development of functional GNPs

detection in epidemiology and medical diagnosis.
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Table 1 The mechanism of GNPs coupling with different molecules

IR T

Coupled molecule

BRI 7%
Coupling method

I

Coupling mechanism

Rtk

Peculiarity

DNA

Dopamine

RNA

Glycogen

Protein

The salt-aging method; the freezing
method; the low pH method; the
rapid dehydration method in butanol

Hydrogen peroxide method

The salt-aging method

In vivo junction

Chemical coupling

Diminish the repulsion of charges

electrostatic adsorption

Modify the surface charge of GNPs to
lessen charge repulsion electrostatic
adsorption and physical absorption

The sulthydryl group-modified oligonu-

cleotides can stably bind to the surface
of GNPs

Hydroxyl groups bind GNPs together

Remote electrostatic action, GNPs and
cysteine create gold-sulfur linkages

Protect GNPs against repulsion by
charges; enabled the hybridization of
DNA; improve signal sensitivity ['”!

It can be adjusted to the actual detection
and can increase sensitivity and specific-
ity 1)

Sandwich hybridization improves its
specificity "

The plasma band changes as a result of
changes in particle distance !'?

Increased sensitivity and reduced detec-

tion limits %
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Fig.1 Diagram of GNPs coupling with different molecules

|
‘\s-lf Not assemble of the GNP-linking molecules
;9‘ Assemble of the GNP-linking molecules

-~ Molecules that bind specifically to GNP-coupled molecules

E2 GNPsHIEEEKHIMEREFHERERE
Fig.2 Schematic diagram of distance-dependent optical properties of GNPs
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Table 2 Functional colorimetric GNPs detection is used in epidemic detection

R Rl RS iR Emalll[iS
Joint strategy Detection duration Presenting the result Limit of detection
Development of colorimetric sensors based on 2.5h Visual settlement 1.62x107"%-1.62x10" ng

gold nanoparticles for SARS-CoV-2 RdRp, E and S

genes detection )

A novel dengue virus detection method that couples ~ Within 15 min GNPs gathers signals 10 TCID50
DNAzyme and gold nanoparticle approaches 2

Side-flow immunization strip (ImmuView Strepto- Within 15 min Visual strip 99.4% (specificity)
coccus pneumoniae and Lactobacillus pneumophi-

lus tests; BinaxNOW Legionella antigen card) "

Colorimetric test for fast detection of SARS-CoV-2 ~ Within 15 min Universal microplate reader 90% (sensitivity and specific-
in nasal and throat swabs 1**) ity)
Introduction of multilayered dual-signal nanotags Within 30 min Double visual banding 50 pg/mL and 2.2 pg/mL

into acolorimetric-fluorescent coenhanced Im-
munochromatographic assay for ultrasensitive and
flexible monitoring of SARS-CoV-2 1
1 TCIDS0/ 8343 & £1500/M5 45 UL TCIDS0: - 541 AU 5 L7 B
1 TCIDS50 virus contains about 500 copies of the virus. TCID50: median tissue culture infective dose.

FLATEEAC I (] Of B D REAL GNPsIRRENEYE . R IR Lo JRoR e G e R M A il 4 2 (A 45

ERIEENTET 3 N ROEMTEG L. RS RE RS RPURBGTARERAE LR HER, i
JENTIRARARSE AR 2l FEah . SRR, 25 PUR DU BRI B AE SR ALAE 7 (¥ GNPs-$T A
B A AER IR, CAMKIOESRERA L SUGNPs-HUS BRI 3l , e (s B AR L 2 4k
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FNCOBEARXS BRI 24k, R LA G35 RT 545004 73
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ez it AR Rl 5 Dor e g5 3 2
Hi(EE3).
2.2 HiE T IEEILGNPsHIAE AT N F
GNPsEA PHOK B LR AR SRR %, A Bh T3
Jon JH 2 1 e B 52 A B B R UM AR I T B, B e R
MTERERY, GNPSIESAEMI D TS GG, IR e
SER, RT3 BIRZ0R, AT P A 2% T 3 5 4y 2 Y
it (surface enhanced Raman scattering, SERS)Z(M 1Y,
GNPsJ3 251 AR N AR AL R 22 R ILAE B 2 K
SPOGEH, FEGUOKZ T b= A 5 o At 3 B8, AT
FRKL IS T o DhREALGNPsIE i) 5 At 492K i
Fiv /N FhRieY)s AL BRI A2 W T B
BCE B T Ui A BRI 4 B RS e Tt )
£ AR PISE U (R 3) -

BT Ih et GNPs 1) 4 ¥ AL K28 38 v] 48 % RT-
PCRAS I B 140, PRI A% SR S8 ML) ml Ao U 2342 N
R B RNA, HIE T ALY A 5% . T
IhRet GNPs PRI A& 2R AT @ = R0 ARERA . F
52 0 RIS AL, SEELA P 26 TERSAS N, 762
Y& SEILATRLI, R FL H 8 il A AR 2 40
Ak

PAT) BEALGNPs Jy L fith 1) M 52 20 AR A% Sk 2%, T
S Pl R B A . GNPsHI AR A 25 1 7T i
FE L Fh RS B A, BIZE WIZE 4 CRISPR/Cas12a
BIRRA RS, FER T — MO TR oK B O 2%
B Hi ) CRISPR/Cas12a(Hand-CRISPR)HI EL (2 F &5 .
YANGH: W — MR H 2 SN SERYT M E
GNPs (1) BRI 25 4% 73 SO T IR 3E A ) A% Ik s
% EIA DR ML AT 42 ke e R RL | 7V
T/ TR ET AR R . DL GNPsi& A 4 Ay

)

Detection antigen

>(:\< Labeling antibody of control line

‘ ><f-< Labeling antibody of test line
} % Trapping antibody of control line
|

A\
N

S

—

Y Trapping antibody of test line

E3 RAEERERITEREE
Fig.3 Colloidal gold immunochromatography

R3 KA INEELGNPsHMBI R A
Table 3 Application of joint functional GNPs detection

1A S
Joint strategy

N 45k

Application area

SRR R R

Presenting the result ~ Limit of detection

Label-free detection of SARS-CoV-2 spike S1 antigen trig-

gered by electroactive gold nanoparticles on antibody coated

FTO (fluorine-doped tin oxide) electrode )

Bacterial growth monitoring and antigenic TB detection

technology (magnetic nano-Au@Pd NZ sandwich ELISA) 1
lungs

Using GNPs coated with bifunctional polyvinylimide, four

tumor indicators were measured concurrently 7!

A novel and simple cell-based electrochemical impedance bio-
sensor for evaluating the combined toxicity of DON (deoxyniva-
lenol) and ZEN (zealenone) *

Electrochemically renewable SERS sensor: a new platform for

the detection of metabolites involved in peroxide production *!  peroxide metabolites

SARS-CoV-2 spike S1
antigen dectection

Serological identifica-

Detection of tumor bio-

markers

Detection of mycotoxin
toxicity

Detection of hydrogen

6.3x107'® mol/L (standard
buffer solution)/1.2x10*
mol/L (tagged saliva sample)

Voltammetry

Universal microplate ~ 5.0x1073-5.0x10* g/mL

tion of tuberculosis in the reader

Electrochemical 1.7, 1.6, 0.9 and 1.0 fg/mL
signal
Electrochemical im- 0.03 and 0.05 pg/mL

pedance spectroscopy

1.59x1077 mol/L and
8.57x10* mol/L

SERS signal
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itk PR A% [0 7 B0 A 2% K F GNPs H.#h DNA(cDNA)
YO PRET I 1R (AR 5 3R B Se I 45 6 SR B
FE/NGY ARSI b B AT T s AL AT 5. ThREfL
GNPsARRARAME W™ il 72 PAT HAS D2 B D R
it b, e wT g5 A N TR AT EALAG B SLILE B
ARSI

3 BT IhEE{LGNPsHIAE M Y220 X 2= F0
MR

3.1 FMINEEILGNPsINESHRE =

3.1.1 pHAE  BIRHC A 3= BEid ik i FE I B BIGNPs,
P50 L R R LA OCHE . SRR ] GPUIRTR
75 5 (R B PUIR IR 7 55 1) GNPs I, @it #% f 1
5 R 1 s AT AR, (H B B R T A
P, (R S L 1 £ T GNPs () f L i P AR HE R IR 4
DAL AT 38 8 5 pHA A GNPs M T L 5 25 A 45 15
1EHLAT PRS2, MOULAHOUMM K B 7E 4R34
YA I EE b pHAI NaCl2 520 £ il YR 544 ; SEELE
28 WS I HE 814 nm GNPsEE AN A pH T %8 5E 11 M
T A E A AR BT R AR B 2% 7F 5 PANIK AR S MO T
SERS[#) GNPsZH K IRE 11 =1 pHIE Bl 3 ek e , (65
FSEERN P EAEE.

312 EARERA AFECAREBLGNPsSLIL I RefL
B FEANE] , RUIZAE PR H R 4 8 1 e AR I B 52 A
A2 pHELIR , 2 A 7E GNPs 2 [ $22 fid (1) Ja3 34 [X 4 AT
AE I HE R T A R, IR R e gk 2
ARk IE 5 GNPs I APt o e A4 By FH B0 ARG (7]
FIVRE R B 40 75 0 B B FEIE I 2% 1, R B SR 4%
PETT e 2 7R AR I 2 Hh A GNPs H 30 E 22 186 4] 2%
TBEAL 2 OEl G, HAB 6B G ] e ok A R A 2
WS P ARSI s e o 38 0 e A 2> 7B R TR IEAT A8 1 LA
FEEAGIE S, 41 GNPs LAG B 8 (1) 7 2QRH 2 3 S A%
TR IR AT 22 [F Hh I B2 7F GNPsIIR T ; F A% TR IRE!
B AT LE S'BR 3 v N — B IR PA Bl (poly A) AR i
FHEATHAEAL, polyA Fr BaAMN AT LK TEA% H IR TR 4T
[ 72 7 AuNPsZR [, 38 1 DL/ 3L 1 (1) o Ah DNABK
H 5 GNPs 2 AR RO S 45 A, T HERIGNPs
PREF XL 2 51 (R ) e 7. WANGZE W P04~ A
A HANG DR AL AT IR 2% I DNA-GNNA, T
DNA-GNNA R[] {5 £ [)JGNPs LU A I R %
3.1.3  #&E A F= GNPs#y 5 &5 PR MR A2 Ak
GNPs[1FE A, PUIA MLER 1) 5 I s 5 #4485 s vE

FRACL, ARG FE R AR T IR R ORE AT BE 2 s
HER I ThREAL GNP 25 5 tH IR 22 5 HUdA LG pH
EARAR T e S B0 E 5 AFRE , B FRES I
il % GNPs [ 2 v H 2 s WIS 5, DUk
IR B2 1) GNPSTE i1 28 F Ay Z2(H/ NS T &
ANFESE , X PR R i GNPs H 3R A TR EE
PG, WIS A A E T B AR I R B i 1Y) 60 78 A E 7T
(- R R R IR AN . Tween-20 5 4 FEFIEHEE
TR L) KA E GNPs TS o
ZHAOZEWILLHE 4y T IO RIRE 1 S Fa g I ANIE Ji
A, CAIRAT 724 BT SRR AE 1 ¥ GNPs, #E55
TIOR8 A 700 T 58 5 G 92 A% SR S R AR 1k
ANFERLAR GNPs 549 7 TARBCHT 1l G2 0 2% 7
P, BIAS AR A2 (1) GNP B[R] Fl 43123 H ISR A
FIRZE R B4 % iR AR il 4 i 2 2 HH B £
IR By AiANY) . GNPsiitahiE 255 in) i, 1X 4K )
Al g 5 ThREL GNPs-LEY) o TARERFE B . g RAE
B AU T BRI I s AR 7R S5 G
3.2 ETIhEELGNPsaIE M N A 2L R
32.1 GNPs#&ZMA#ME R Ihigth GNPsA]
PROLRIE . AR, RIB PR S W /7%, {H GNPs
A HIRIE BRI, 207 GNPs& R BAERL
S HEBRAR T AN R F R R T A, HY58 T
GNPs|H] [ 3 AL 77 PO S 80T GNPs AL 1
PR, AR R e R PRI b DhReft
GNPsIZRUT. 4R AR E A2 GNPs 5 AW 5> 745
HIERERL IR 8 . K2 HIh gtk GNPs &>
TR ER G AW, I IR B O R T IR E
B VAT R0 TR, T3 = T RE AL GNPsEE R
PEo 6T R NEE7HE B GNPsTEIR IR ™ AR
STARIZER , I TR IR JE AR D 7 R AN S B G T
GNPsf &, i & 38 7 75 B & ilfa 2 1 GNPs,
B 1k GNPsHIZRE . $2&5 GNPSTE R 77 11 43 B
P AT G0 FL BT, 43 TH 14 77 W Tween-20 ] fif
GNPsTRFEFERTE, 8 % GNPsN KR AT i 52, i m] {3
PR & T AZ T, 5 GNPs T 3 3 T 3R % 2%
PRI . CAVALERA %S BN 2 B 76 3E 17 Dh Rg b
GNPs-$T A 3 2 H I VR 1 B i 7 388 A I 7t
PRHT AT RS LA, PR 3R THAL 2 B3 SR LA o5
P, %I B ARR PR HOOK BN, 7 38 i B AS:
DB PR A JE SR A I () U . CHUNG 2% BT
R T Dy RE Ak GNPs B LA R 5 1) “Signal-ON”
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Table 4 Nucleic acid aptamer compared with mAb
2 R I T LN SR
Categories Nucleic acid aptamer mAb

Screening mode

Affinity

Tissue penetration
Thermal/chemical stability

Ease of modifying

Mode of production

Batch variance

Time
Cost

Target/receptor

Artificial in vitro screening

High

Fast and easily internalized by cells
High

Easily modified or coupled functional groups

Solid phase synthesis technology

Little variation between batches and the product is
highly homogenous

Several hours
Low

Broad range; capable of recognizing viruses, bac-
teria, cells, tissues, ions, peptides, tiny molecular
compounds and nucleic acids

Innate immunity

High

Low penetration and internalization efficiency
Instability

Modification difficulty

Mammalian cell system

Large variation between batches

Days to months
High

Identification of immunogenic targets

NG TR AL, AL R T — R R E N
Tt R AT IE

322 A LGNPsIBERABAR LR Thfigtb L@y
GNPsta il F B E T R A il 25 3, B R4
AR5 BT A A R B gl R B, A5 A T 2 el R v B
LR E AT, R T IR %2 45 R IR kAT
HIRiZWr. ThRE GNP BFE B ] B 82 1 e 1k
SIS W i, R R AR G S SR TR TR AR T
A5 At B v B B SR B (monoclonal antibody,
mAb), {HAN AL mAb) 22 57 1 AR /N R T B
ATRERZMIRACSR S R . T mAbIIF B MR 22, T
Mo 4 455 822 Kb AL SRR B mAD, SE5e
S BABEIE AR 2% [ RE A RO RGE I RF 20 AR
JER AR AR S 1 45 G B A A T 52 A PO mT 4 D B IR Ao
DR, R0 52 AR B AG 24 308 6 1T 407 K 075 348 mAb RIS ]
I JEAR PR BR IR ;. B mAbAH R RUR
TR 3 TC A CO0 4, 32 e FH T TR A4 s ) 01921 | | S&E
& /& ssDNA B ssSRNAFE 18 1 37 8 ¥ 5 3D G 11 7=
W, 5k o1 R R4 A TR B 5 mAbAHALL, 5
T A B RS E BT (R 4).

4 REE

ASCA T GNPs AR R K H 7 T R 57
R 1 A A R S8 T T2 A . BB IR
W, TrHe Ak GNPs [ 5 ARG 2 I 32 Wi
TG AR R A TR | H A B (R i . iR

I SR R LA S PR B R B R P AT S . B
A PR 1) T Ty BE AL GNPs HUAR SN2 WAk 2R A
BURT VLG fif A 3R BRI T IR R Ie AT IR 0, ] b i
AT RPN Gt sl tR i e R AL G J5 0. R4
GNPsHIAEVARANE . BEEAREE KGR IR
TRIESEEYIAHS L, AR GNPSARGR AT 44 ZR N
FEXHIBRTT R, AEIL RO — BT < RS
AT 7% . AR GNPs A RER AL, (HAE 2R
7 g A TR T A AL T, LR o] [l i Ak
B LA AR 485 90 B AR SN P i, IR AE A %
SRR RIE O T AT A2
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