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1. 2 UCNPs-goat antihuman IgG Y #l &

TR N O A KB NaYF, ¢ Yb*', Tm'* UC-
NPs & 8> 2 WA 41 LUAT 9 i & 770 . B4 2 mg 19
NaYF, : Yb*", Tm’" UCNPs 43+ F 1 mL A MES(0. 02
mol « L', pH 6. OOZZWMEW . A 5 mg iy EDAC FI 15
mg [ sulfo-NHS {F AL H R ER A, EF IR FHRFE N 12 h,
UCNPs g0 g A ab 31 2 J5 587 /3 80T MES Z2 oo b, I Jn
A 1 mg i) goat antihuman IgG, 7 4 C FfFE M 48 h, &
Laifk)E . BJE YT 5 mmol « LT MM Z b b AN
BSA, 0. 05 % Tween-20, pH 8 5),
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GNPs 2% El-Sayed 5 ot ¥ 09 7 Bl 61 . 494Kk i Fh
BER: 1T, 0. 6mL iy HAuCL (2 5 mmol « L7') 5 5
mL ) CTABCO. 1 mol « LD RE By, WA s 3 i
W, BUKE R T A 03 mL NaBH, (0. 1 mol « L™1) P i
AZE ERER D, BN 2 min JFHE, B AER A,
TR R R . RS S A L GNPs: 15 mL
HAuCl, (50 mmol « L"), 0. 224 mL AgNO,; (50 mmol -
L™ %1 100 mL # CTABCO. 1 mol « L™ =FE W 7T IR &
JEEMIMA L 25 mL B HTIRIMAR . 3% A AT WL B0 ih 2 61
AR R ICt, PRIF RN AR 27~30 ‘CZ M, MA 0 2 mL I
IR A K SRR K4S TR . 10 min S5 . VR TG 68 AR O R 4
0, BE SN R JE G, RO 5 5 AR A TR AL 5 4k &
PEE 10 hy 10 000 r » min ' B0 15 min PLIERE NGB T £
FoK, GNPs &M #&Hi: 75 mL PSS(2 mg » mL ', 6
mmol « L™' NaCD ¥ # 77 10 min J5 fill A #7 & % #9 GNPs
W . RIZUEHES N 3 hy 12 000 r « min ' B0 P IR BR &
Z 47y PSS, ULTE EH % i 78 human 1gG(50 pg » mL™')HY
HEPES(0. 01 mol « L™', pH 7. &) B ZE wiii b . (R IE P =
ML 30 min, f5% /54 ) human IgG-GNPs &0 44k, # T 0l
I E RN
L4 ETFaE4E/FERN human IgG %% 46N

#5 1 mg » mL ' f UCNPs-goat antihuman IgG 5k & K
5 mg « mL 'Y human IgG-GNPs & K SR IR S, 37 CF
ZBRRIFE 1 he 4350 pL 03 WO A R 1) hu-
man IgG(HAKXWEE M HN: 0, 2, 5, 10, 20, 30, 40, 50, 80,
120, 150 pg» mL™"), 4kSE/R W 1 h, N IRAT K &= B 418,
B TOLIRACT RE LSO,
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2.1 ETFEO5 E#Fik FRET g RN EE

mE 1 pr~, # UCNPs-goat antihuman IgG/human
1gG-GNPs iR & & & b, 5% B goat antihuman IgG F1 hu-
man IgG Z [ F¢ 5 /9 U5 7E HT . UCNPs % 3% 2 GNPs fy3%
T, XH, ZEEHLAR R 32k Z (Rl A FE B R 50T, RE L &
4. UCNPs BT 215 F R4t GNDs B K, 96 &
FEM%, mRR P AL R human 1gG J5, B3 4+ Hh 5
Z¢ 5 UCNPs-goat antihuman IgG 45 & v &, human IgG-
GNPs #i %4 F 3k » UCNPs 5 GNPs 2 [ # 5 9 i . B
B AR BENR . LA AL A IR B 5 BE 1 I . X 19 9€
{E 525 BEFE /R Il A human 1gG £/, T E &0,

B . <>
k! &>

= 800 nm

NaYF,:Yb" Tm" —( goat antihuman IgG ~ gold nanoparticles > human lgG

Fig 1 Principle of the competitive homogeneous upconversion
FRET between NaYF, : Yb** , Tm** UCNPs (Donor)

and GNPs (Acceptor) assay
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T4 9 bR ic B9 & 5 UCNPs 6 25036 2 LA T L A
K AARAP (<20 nm) L B KIS R TR A WY
A T AR I A T B FE AT . X B IR AT R A 38 i 14
e, Mg TR — LAY FRIC T R KB R, B 2
(DR LB S, #I41 UCNPs BA B ok, H
SEEIRSER L, 12 nm A4, XAK/NAT 5 A7 H 38 f/MVhE
i) UCNPs ML . ARS8 A% /2 26 T UCNPs %] GNPs
W RE G 3% . ARG Forster #1S , fbiA s FRAZH/N, BER A%
B AR B 2(b) I P 4 B GNPs, m LUA
FESRTE R, A FeAR . W Bk BRSO R, BLEA K AR
RS REHEE TN S GNPs A R HLEL, e 7T fE &
PERFmF M AgNO; I ARZERHE, FHEHRHLE,
PR o 7S S 6 3 A FH 4 A8 T 2041 800 nm Ab g Mg Wi, BT LA S
GNPs JE S BR H A 4% . AAE R AT

A R GNPs py it B, m A T K& A IF 1
CTAB 45 F 1 R A0 Fn & 1w o6 v 70, & 0710 Bt 42 GNPs (1
F, AR WP R AR R e . (H Xt R A AR 4 TS
S F GNPs {55, FR& T 2 —5 044 5 0, i 5 A B 5T
FW CTAB 4y FX 41 ML, BAREAY S FHEAY
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PEST L S T BRIX R I . F AT T PSS X GNPs #1712
Wi, RFOFERETUT W AEE: F—. WRIENRESY
PSS 7r TS B IE W CTAB 73 7 Ll /b 7 X DU o 1 A= 9
BEPEs S Ao T LA R ) SO M SE A S PSS 5
GNPs 25 G AF—ie . LI H AW IE .

Fig 2 SEM images of (a) NaYF, : Yb'" .
Tm*" UCNPs and (b) GNPs

2.3 REMER

UCNPs #l GNPs 3 izt 1t 5t 7 ) G 58 U0 S s [1] 4%
MR —AS . XFESEWE 2 T FRET 24 & 4102
—, Bt FRIZ R FREE R B RIT. 51— DR Bkt
5T 128 603 A 32 7R 2 T I OGS RE I A U &
B 3(D 4 T A8 980 nm JE# & T . NaYF, : Yb*", Tm’"
UCNPs [ I ¥4 9665 . 7T LAE W Tm" 78 40 X L K AT
DGR 5806 . 2006 & G ISR 1Y 3 21 51 & 4, Horh 800
nm Ak B 583 2046 R G 9 Ho— He BRAT. 1 3(2) R
GNPs £ 509 nm HIIEZL AP 784 nm 4bAH T AW e ig . 2501 F
A A A T 114 6 et AR Bl D T D' £ R AR 7 A ) A el
FNYN 1) 45 B TR M A o, GNPs 78 3 21 4 X Y 55 1
Wt st 2@ % T Tm®! 800 nm 4b Y b 4% 4 & 54 .
I, MOGREH: B &, NaYF, : Yb*' , Tm’" UCNPs #I
GNPs J&: VG [ AR 4 1) — % BE 4 F1 32 44 23 7 1 2 2 ik i 3k
PRAGH TR . BTF 509 nm AT, L5 Tm®" #6H
SPABPNES, B REREOLGRES, A BECESR
1% s AR 2563 fRU A 22 s X B % ST £ 41 ) BE AL 1 A R
2.4 human IgG BB EELN

£ UCNPs-goat antihuman IgG/human IgG-GNPs fif 41

Absorbance
Intensity/a.u

400 600 800 1000

Wavelength/nm
(1) Upconversion fluorescence spectrum of NaYF, :
Yb™*, Tm** UCNPs and (2) absorption spectrum of

GNPs

Fig 3

W) FRET & &, B il A human IgG & # 3 hI1, human
IgG-GNPs A Wr s e S e B 43 18 LB e T ok, S 3chg it /&
6 R, ARG Tm® " ITLL41 800 nm 4b By b 5% ¥ 56 3%
FE RWTIGO , DEEHRAE 28 AICAI = I— 1o, 1A human
IgG G IR R M7 6 E, I, FIA human IgG Fifk & 1926
PR human IgGWREH 2 RIFHEMERR, B4 AT
AHOCAT M &5 2 . 5 S W A >k 35 B & BOR [R], Tm®* 800
nm &b # & G TE S RTTE 3CHBEA A . B 4Ca) HAf L
Bl b . 7F human IgG ¥ 0~150 pg » mL™ ' JE N,
Tm®™ (5 63 BE S0 2 1. IR ok BE A 0 L, 3
o v B Y B TR AR . X N O T IR B R R A S UG-
NPs-goat antihuman IgG |- #) human IgG-GNPs 8 %} hin A &9
human IgG #iAH Y, K Z & Tk, Bi% human IgG
BB, yE S AR LT LB i human IgG-GNPs 3k
b, BT FRET (9 5% Mt ok #s /N, S8 Tm® kAR
W TFE, B 44l A5 human IgG ¥ JE Z 18] 1) 56 R
Hi1Zk . X4 human IgG ¥ E 10~50 pg » mL™' Z [A] 28 fL i,

WEERENLEXRR., HMXERECN 0. 9945, FTXHEM
B, SERLAY AL B human IgG AR A 5 pg e mL7' . R
(a)
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Fig 4 (a) PL spectra of the FRET system at different concen-
trations of human IgG as indicated (mg « mL™');
(b) Plot of AI value versus human IgG concentration,
Inset: the linear relationship of the AI value and human

IgG concentration ranging from 10 to 50 pg + mL™'
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BIATE B A 2R T A AR BRI, n AN 2R T BSA B AR 2L A0 B SRR OB GNPs R 2 K 43 F 41 FRET
W AR SRR B PSS R, BT RSUAR  GORR T LR PSS MR, M EE T — AN EAT m R SRR HLOEE R TR
TG W 22 0] AR S P R T B 0 S 6 A Pk S B T — 2 AR R SE . human 1gG 58 4+ P B9 BU UCNPs-goat anti-

HEM AN SCAS S S B JEE 3 1 B 31E i 458 B human IgG/human IgG-GNPs % & & 1K L () human IgG-
GNPs, 5| FRET ¢G5 5481k, mA & T XA 5k
3 45 B SEB human TgG iR 5 45 2% A A 0 R

AR NaYF, ¢ Yb'', Tm*" UCNPs A fit{k 5+,
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Homogeneous Immunoassay Technology Based on Near Infrared
Upconversion Fluorescence Resonance Energy Transfer
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Sciences, Changchun 130033, China

2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China

Abstract A FRET based assay utilizing NaYF, : Yb*", Tm®" UCNPs as an energy donor, which can emit intense near infrared
(NIR) upconversion emission around 800 nm ranges under illumination with a 980 nm laser, and GNPs as an energy acceptor,
which has an surface plasmon absorption maximum at 784 nm, was demonstrated. Their optical properties satisfy the require-
ment of spectral overlap between donors and acceptors for FRET. A model assay for human IgG was then constructed, in which
amino-functionalized NaYF, : Yb’*", Tm*’" UCNPs and GNPs were first prepared and then conjugated with the antibody (goat
antihuman IgG) and antigen (human IgGG) , respectively. The mutual affinity of the antigen and antibody brought the nanocrys-
tals close enough together to allow the FRET to occur, resulting in a significant quenching of UCNPs upconversion emission at
800 nm. When free human IgG was added to the immunocomplex, it competitively binds to UCNPs-goat antihuman IgG, thereby
replacing human IgG-GNPs from the immunocomplex and inhibits the FRET process. As a result, the gradually increasing the

NIR emission was observed. The authors associate the fluorescence enhancement effect with the concentration of human IgG.
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Under our experimental conditions, the detection limit is 5 pg * mL™'. This approach is expected to be extended to the detection

of other biological fields, enabling measurements without background fluorescence interference.

Keywords Near infrared; Upconversion; Fluorescence resonance energy transfer
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