Reviews and Monographs Eaud=kars

)) )] EUFES LR R
Progress in Biochemistry and Biophysics
' 'J 2025,52(8):2068~2086

www.pibb.ac.cn

S BRI _ X &R E
EEMEFFHINA

BT BBV E D AR Rk
(V RHERSAF AR, KHE 3003505 2 KPR EE S TR SHALE A5, KT 300072)

WE L5 IX (NIR-IL, 1000 ~3 000 nm) J84 A 4 ZUS g RE T Al I 23 73 BRI 4832 G TE . HRTHY TCHLIEO IR B
A I CIREAEA Y 22 | SEREVER A PR T A Fr Tt . S MIFREA SCEUROE . KINHE sl (ifs . ek
P RAFAEYIRIZTERL R YR PEAE U . I, PR SO FAR A NIR-I S C RS, IFEE Y PR iR U
TER N TR S o TR0 R E 5 A LA W ) = 225 MR AT A 2 (D BC 2, T SEBBUT KPR S5 AR AR, PRI AT LAE o e i
PP R E B A AR )T NS BUNIR-IL POETEREA R T ARLRIR B 7E WA 41 6 PR Sl i Sk i S AR A W B2 8 b
BN 58, AR T AR TREE . B Ao SR RGP B2 A PR . ok, Wig Tl 2R st 84 |
PR TR AR AL SE AR S5 SR M0 NIR-IL G FE (AT i . SR, B T &I . W . & e g
ORI HEIE oAb, BRER T < PR ) A M AR 5 ik SRR LB PRI . i, SR T AR T I A Bk
AR AT RERY 5T BOR GG 00 Ty o 108 Ry 45 PR 1 BRI 78 511 PR N, P4 e 2 228 2 S, b AR I R Ak
FRIERE o

KR MR, LA IX, SO, EWIERE, EWETE

FESES 0469, R318 DOI: 10.16476/j.pibb.2025.0124 CSTR: 32369.14.pibb.20250124

T4 b —IX (near-infrared 11, NIR-IT, 1 000~
3000 nm) ZEALE AT AR R RRARAL SRS . 4
AUA B, SEPE K G S5 R A 1 1 e
oo 20094F, Liu4s " HERBEGRIK A 1 )
SCET NIR-Ia’/a (1 000~1 400 nm) J&f%, H#k
PR 1 1 £ T L RDTTEE 1A P R R AR B A SR T
AIZEME . 20124F, Hong %5 2 sl i F Ag,S &+
SUSTEL T R HEEE R AR, O R TR
EHERLAFaE M, 20154F, Diao %5 ) (i HRE
BRI RSB T /NS S5 rT Ak, A
455 LTZE{H R NIR-IIb (1 500~1 700 nm) X, Bl
NIR-IIZE AR AR AW & S, JLH i 20
iR 1 5 MRS [ aHeR, g RIRIR2
Wr A AR Hw g R 2 — Y BHETH T
NIR-IT WG D CIRET BT RN ) T 194
KAERL e T R TR RS N
REWSEA VMR 0 X EHRE ER A 7E
WAYOEE S, THLPOCHE R . R tEer,

SEM R AN . T BT B 2 oA ik
WNE TR, AHLPOCIRET A4 2 v N4
i, HZRTEREN AR . BRAE TR
BIERIRENE " AR, B WIFRAE N —FioEr
TIGIARARE, P RO 207 1 JR B R b A5 ) )
HARS PRI, AR T SO T R
Pyifg 2 AE TR B T R A TR S 4
IR RS8N GOR GO, R A 2 Rk A=

x [B ZH S &R (2021YFF1200700) , [H % H KRB 54
(91859101, 81971744, U1932107, 82302361, 82302381), Kit
A R AE 4 (2021FJ-0009) , K OE & Bl 4
(23JCYBIC00710) , K ¥t i # £ i % (23YDTPIC00160.
21JCZDIC00620, 21JCYBJC00490) , o [ 1 + J5 &} 2% 3% &
(2023M732601) Al FE A5 G5 AA SCRF (BX20240252)
PREhIE

wx I —1EH

s IR R

XN EJE Tel: 022-27406577, E-mail: liuchanglong@tju.edu.cn
5RIEZR Tel: 022-83612122, E-mail : xiaodongzhang@tju.edu.cn

Wi H . 2025-03-23, #2532 H I : 2025-05-19




2025; 52 (&)

FiREE, & SHABEMNEII _REXREEEYEZRWEA

<2069

AL, BFERAERESIRIRRAE N, JF H AW R4
I R e RS A S A F IR T G R R
T L5 & S K 2188 28 NIR-IT X3 22, 4K
M, MR TR IO RATIAIIE, KOeseR
WA R R P TR ST W Y 745
Fy RIS e EC A2, B al Pl e PR
WS G A PERETR TR OCHE, Al LAad i RS Mgk
P L AR AN G < A SRS S B0 4 AT A NIR-IT
ot el Wik, PR SERHRCEAOLRE
PN UL RS TR 25 AR N By = B i o A
DAL PR Ay /N RO AT LA i T B A R 4R
PR 202 2, O 52 T I PO LR T IR AE
AR AR RN B . IR DOLRHER)
Rl ik ] LUEA —E AP0, AR A [R) e al
PAXPEAG AT T30, 2 —E e r . ALk
EENG TR EREREIE SRR TR, 4
FERS TR S AU PR R, A8 T e A
M B TE B R A A AR L R e 2
SRR S BUR R, IF Bihe T e Mk
FliT S-S5 REL A R A PR, (RIS R T 4 A
TR B AR B S TR A > PP AT

1 ERFEMRIT 51

S BER SR T BCARA R
ERNARE], RAYIBCH . ROV . RN PH.,
N TR A AR AR S R i e AR R A P2 . AN R T
KR TR, BatbelESTRU AR RS
7/BLi e L C i
1.1 AEEREFEENERARE

DK B 1) 4 AT e 5T I i 2 B RN 25
MG, B STE A S Ja T i1 2] 5
O PERE . X T RS B Y Au SR, (& 1a) |
Au,, SR, (F1b). Au, SR, (K 1c) HIfE, LI
NI R4, Jf HREE R R 2,
RSP, Au SR, A —HIXT NG 42
B BB a5, ROTEVN, Au-SHEZRE N
R 5 AuySR,JE =R AR RSP R KR, #AHE
KA G A AAH T S RIPEAY Au-SHESE; Au,,SR 4544
AF Au SR, Fll Au, SR Z 0], RFid e 27, Bl
AZMIEFAEER R, BT IRAMILA 45
T LA ERETFEILE N SR T ARG, 20244,
Zhang 7§ Yl — A G T AugAE, IZATTER
/N R H ELAG 4 v 114 EE 3 TR RRURIT R 22 836 A,

B, TR EEALECR s 20234, Zhuang % Y A
BT Au A%, IZ AR O ST 5 AR R ™ A
TN R FIRG T a g shia, $em TR
20244F, GudE Pl — TR A T Aug, FT Aug 14
W, XNFRATEY A ERIREE A, TRl R B 21 A
PN FDCEUR R ; 20234, Truttmann 5§ 2
I —IE A T Aug il Au,, AE, XS H
BTG, RO A&, AT RS
B mAEA N X TARRIRNY 4 BN S
B ATAEAR S, WRDRE A 4 ) RST DA S 22 o itk
S T R Al B — ) R T B AR [ R

1.2 FAEEEHEH%

S PR BC AR B AR S B FESS 1
YER, FEEATDGEm R RS . TR L S F T4
B EE UL O BB ECAR, EAE A A
WEERFHE, Z2WT/NNGHERE P, AR
e Y Fl Bhattacharya 45 ) & B Au,,SR, Y,
I 25 4 T F0 18 AN ECAR S FALR, AT LR
HABEHBK (glutathione, GSH) . RFGEF] . 2EBk
AR . AR AR, B Au, AR
15 TR A o b Ts vk . SRR DL R As e
P (Kl 1g, h)o BRTOBREAR, A BESH A
DA Ry AR B AR s R s /K, B A2 T K 19 42 141
Mo 20174, JinF OOl FHBREEE E G L T
[Au,,(Dppm)](BPh,),, [Au,(Dppm),Br,](BPh,), %4>
ARG, UL TR A INAX R AL DR AP 22,
AECARATT IR 4 MR 2540, i BeRg I
27 N SEBREER IR . ARIEA R BT R, T
DR RS 7 D5 BB AARSE By K
& (2 Rk, | @5 BA B EYES
PEIFREMA T4 B R A Eifie . fEER2Erh
HATE BRI M. 20164F, Croissant % ' i
A MEAEF (bovine serum albumin, BSA) 7E
Bl 1 2% F T 38 IR 4 HT IR AR A i T AuUNC@BSA,
AuNC@BSA B A7 s ZU =t kb, Jf HAA Rir
OREEE7/ E R RN = N o (W = R = 20 A

(mesoporous silica nanoparticles, MSN) 54 J5 1]

PASEBL G 1K 72% (2503804, SR BEHT TAE MRS,
REAE R AATT e T — R e . B
PR e BRI TEREA W& 37T, o
FRAE B AT AR
1.3 A&iEH%

TE WP B AT R oCER (IR 4l



2070+ EMUEEEYIEER

Prog. Biochem. Biophys. 2025; 52 (®)

BRAE), BT DS B A Rk B AL E N A A
b4 P S A b nT DL i 4 8 AR Ak A
BAESE, v DL AT SRR AR AR L O
SRR, A PERE AR E M . 2024 4, Zhou 5
FIH Au-Cd R4 J& Hi 9K 4438 AR 2] T Au,,Cd,, M
W, HARMEFRNEH, SN2 HEEREH,
W ER, HrbcdJE T 4R TN E, il
A b REAS 2 T R 4T (& 1d) . 2023 4,
Cao 25 %0 S ffi B 2, 6- — H 3L K B By (2, 6-

dimethylbenzenethiol, DMBT) 1E & Bt 1K & KL
r ?) __________________________
| (a
| - "‘.\
| “ “
| %
|
|
| |
|
[ - 9
: AuygSRy,

o SR
o iZ0Cd i iR

® e © ¢

WAL g p-Au

____________ 0 OYOH

AuAg, -DMBT & & W%, FHEHBAE, H8T
o3 —Fh & 4 A% Au,Ag,Cu,-DMBT, Cu £ 4 fb 3
5 T AFERS R, BT RS 2920 nm Y
a% (Fle), #ak2,6- S K6 (2,6-
dichlorobenzenethiol, DCBT) B iA%i 4 X455 T
AuAg, -DCBT, ffif5 & SR g I 7250
SREE, OGRS DCBT M AR A3 b i 8
(I 16) . BARE S NT LU &30 4 H R 62
PEFUREACTERE, (HU2H THAMME 220k, anfr
K BEPEIB 2 4 8 BT s A A AT T I Pk R

TS0,

RIEEH

—_—_—— e e o —_—— ———y

Fig. 1 Gold clusters with different atomic precisions, ligands, and alloying
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Fig.2 Photoluminescent properties and fluorescence regulation of gold clusters
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Fig.3 NIR-II vascular imaging with gold clusters
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Fig.4 NIR-II organ imaging with gold clusters
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Fig. 7 Disease diagnosis and therapy by bioactive gold clusters
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The Near—infrared II Emission of Gold Clusters and Their Applications in
Biomedicine®
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Abstract Optical imaging is highly valued for its superior temporal and spatial resolution. This is particularly
important in near-infrared II (NIR-II, 1 000-3 000 nm) imaging, which offers advantages such as reduced tissue
absorption, minimal scattering, and low autofluorescence. These characteristics make NIR-II imaging especially
suitable for deep tissue visualization, where high contrast and minimal background interference are critical for
accurate diagnosis and monitoring. Currently, inorganic fluorescent probes—such as carbon nanotubes, rare earth
nanoparticles, and quantum dots—offer high brightness and stability. However, they are hindered by ambiguous
structures, larger sizes, and potential accumulation toxicity in vivo. In contrast, organic fluorescent probes,

including small molecules and polymers, demonstrate higher biocompatibility but are limited by shorter emission
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wavelengths, lower quantum yields, and reduced stability. Recently, gold clusters have emerged as a promising
class of nanomaterials with potential applications in biocatalysis, fluorescence sensing, biological imaging, and
more. Water-soluble gold clusters are particularly attractive as fluorescent probes due to their remarkable optical
properties, including strong photoluminescence, large Stokes shifts, and excellent photostability. Furthermore,
their outstanding biocompatibility—attributed to good aqueous stability, ultra-small hydrodynamic size, and high
renal clearance efficiency—makes them especially suitable for biomedical applications. Gold clusters hold
significant potential for NIR-II fluorescence imaging. Atomic-precision gold clusters, typically composed of tens
to hundreds of gold atoms and measuring only a few nanometers in diameter, possess well-defined three-
dimensional structures and clear spatial coordination. This atomic-level precision enables fine-tuned structural
regulation, further enhancing their fluorescence properties. Variations in cluster size, surface ligands, and alloying
elements can result in distinct physicochemical characteristics. The incorporation of different atoms can modulate
the atomic and electronic structures of gold clusters, while diverse ligands can influence surface polarity and
steric hindrance. As such, strategies like alloying and ligand engineering are effective in enhancing both
fluorescence and catalytic performance, thereby meeting a broader range of clinical needs. In recent years, gold
clusters have attracted growing attention in the biomedical field. Their application in NIR-II imaging has led to
significant progress in vascular, organ, and tumor imaging. The resulting high-resolution, high signal-to-noise
imaging provides powerful tools for clinical diagnostics. Moreover, biologically active gold clusters can aid in
drug delivery and disease diagnosis and treatment, offering new opportunities for clinical therapeutics. Despite
the notable achievements in fundamental research and clinical translation, further studies are required to address
challenges related to the standardized synthesis and complex metabolic behavior of gold clusters. Resolving these

issues will help accelerate their clinical adoption and broaden their biomedical applications.
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