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Abstract: Uniformed NaYF,: Yb’* , Tm’* nanoparticles were synthesized through solvent thermal
method in chloride. PAA-based ligand replace strategies were carried out to introduce free carboxylic
acid groups which allowed further conjugation with NH,-containing human IgG. The silicon wafer
was modified with rabbit anti-goat IgG by using protein G as “bridge” , which contributed to elimi-
nate structural or conformational changes of IgG. Owing to the specific antibody recognition to the
antigenic, a simple, rapid, efficient and sensitive immunoassay method was developed. The experi-
mental results demonstrate that there is a very good linear correlation between the upconversion
luminescence intensity and the amount of goat anti-human IgG in the range of 5 ~400 nmol/L. The

detection limit is as low as 1. 82 nmol/L. Our developed detection system shows excellent detection

e HH3: 2018-01-13; E1T HHJ: 2018-02-24

E£WE: BHFEARPAEES (61575194,11474278 11504371 ,11674316,11604331,11374297) ; hEBl# B FOGF R S HLK 58
HRBIFE T e oM B o R T 2 T e S 80 2 T MRS ( SKILA-2016-03 ) B¢ By 2
Supported by National Natural Science Foundation of China(61575194 ,11474278 ,11504371,11674316,11604331,11374297) ;
Open Projects of State Key Laboratory of Luminescence and Applications, Changchun Institute of Optics, Fine Mechanics and

Physics, Chinese Academy of Sciences( SKLA-2016-03)



1060 K St

N %39 %

specificity and sensitivity, which provides a new detection method and platform with wide linear

range and high sensitivity for diagnosis of major clinical diseases in the future.
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BT, BB —Fh AT DL MR L A B A HT Y
PAMCH R BTN EE , i ouRBan b
B9 KR F (UCNPs, i1 NaYF,: Yb, Er/Tm)

REAS IR ZT A8 (980 nm ) R AR LATE Y 48 41 Al ]
U5 VAR CRUE S Al I SN T2 S TR i il
HEHEI O/ L AN XIS T AR Ay AR
B X LTAM R IR 55, X AL RE & I HE AR
WS X A R i B 05 BAR /DN TR s
A T SOOLRBOLE S LSS, 7
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PWFF AR AR EEEAR G BE A 4k
%i%%ﬁwTﬂ%—%%,ﬁ““’ , TE 40 i S A
RGN RGN LA K S Bl iR T
i AR T T2 MR, UG, UCNPs fE
S — 1 B AR 1E MR EL 2 R BIF 5T A A
AL TRl & RIS T UCNPs (14 e Sk v 2 B s
P51 A B8 A R A R 2RI SE e I T T AR 5 fie e
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TEASCH F AT+ NaYF,: YB*© |, Tm®* |5
e RGN AVE bRic Y, Fo & (980 nm) Fll
KA (800 nm) I B FA W TN, W LA AL
WA PO SR 20 R R

CLANRICHRET S A WD REAR B R (4 i 48 SRR
WG e oA R . B o, DA e
772 human TG &1 2 R IR 61511 UCNPs
WA W ECEREN (H S ) s Rl b, R T 42
r-a-g 1gG 3T 11 LA B 458 i) 3 7 g 1) B 1), 3%
1R LS ] A protein G VE“#F " K r-a-g 1gG &
VAR 2T (R S ) o 24 HEAE M 4 O Ak A A
A g-a-h IgG ALy, BI04 1
#ﬁélﬂ:l:%ﬁrl 234 UCNPs 42305k A b, it
WA i A AR kO AT SE B g-a-h 1gG /Y
Hf% P v R A
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2.1 ELeMRENEE

SIS ERFIUN R . YCL, « 6H,0 (99.9%) |
YbCl, - 6H,0 (99.99% ) . TmCl, - 6H,0 (99.99% ) .
MER (90% ) 1-1 /\J& (90% ) . PAA %41 kL
H Sigma-Aldrich, % — % human IgG .r-a-g 1gG .
g-a-h 1gG FHPT I 1gG (r-a-m IgG) W H b 5T 5
ESR LY i /N I b B TR R A 22 e B

g ARSI R . A RO HL (RS
4 GT10-1) ;980 nm = A& M B O X 4k
75 ( Bruker D8-advance ) ; 48 KR 4% HL AV 3 Mt
¥ ( Nano-ZS Zetasizer ZEN3600 ) ; J5. ¥ J1 i {55
( Bruker Multimode 8) ; H 37. F4500 %5665,
2.2 NaYF,:24.7%Yb’*,0.3%Tm’* _t 40

KHLTFHI A B

4 0.75 mmol 11 YCI, .0. 247 mmol [ YbCI, .
0.003 mmol [ TmCl, ¥3AF1 6 mL iR 15 mL 1Y
- /R I A 100 mL B = 08 | 3 55
e B THEF] 160 °C. AW 582
fift)5 PR 2 30 °C, JIMAE 100 mg NaOH F1 148
mg NH, F i BT, R R THE @J 70 °C A5F
50 min AE PR EHEW TP R, ZEARE
300 °C (10 °C/min) , LW 1.5 hFF%é 30 C,
PR EN O P A T4k, B0 3 3 5 4 HUrE
8 mL I £ H .
2.3 _EEBRHKHTF REEF human IgG

W FIRBIAHW 8 mL( & 160 mg UCNPs)
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HIA 8 mL HCl ¥ (0. 1 mol/L) H ¥%¥% 12 h, filiHK
TEERIERE 0 2 ﬁ\( 11 500 r/min &0 20 min) ,
SRIGANAT mL PAA I (Biit 4341 2. 5% ,pH fHH
5 mol/L [} NaOH W% 9) , i 3 min 5 =ik
LR, B0 5 15 3 PAA B4 () UCNPs ( UCNPs-
PAA), 7€ PBS " HA K4 19 40 8t 8% EDC
(4 mmol/L) F1 NHS (10 mmol/L) fil A 2 mL PBS i
W (5 mg PAA-UCNPs) i fb R &L, FHIIA 0.5 mg
human IgG,%?ﬁﬂE% 2 hJEEL j%'@lj human IgG 1%
Tif) UCNPs( UCNPs-PAA-h-IgG) ,
2.4 EEHZEREEM r-a-g IgG

WP | =58 A F0 S WS T5 BerE A L in
ANHERRR AT R AW (V: V=1:1) ] 30 min, T
S AT E AL SR B FR IR AW (V: V =3:7)
AT FE AL, GBI IA THEL 2 80 °C, W 2 h, i
VEHET . F2r B 10% i APTES 2 B 1 9 Al
5% V43 W IR W (A 0. 1% it 22 73 50 G
SEW R AL AR ) I8 AT S RS SR s A, T Ve R
A 0.1 mg/mL [ protein G T ,4 CHK, &
JGHA 0.2 mg/mL r-a-g IgG,4 CRFEM12 h )5
FA 1% () BSA P ARZE G AL, U 2 h, 75 3]
r-a-g leG BMIEE R,
2.5 LW H g-a-h IgG HEE RERN

¥ g-a-h IgG JilA UCNPs-PAA-h-IgG %, ek
W43 91M 5,10,20,50, 100,200, 300,400, 500, 600
nmol/L, ¥4 r-a-g IgG B i i ik 48 A 400 nmol/L
AP, B0 10 min PU—K 980 nm & FRER Y
R SEERE (R 10,20,30,40 min) , B3R OGHR
FERRR, LI 22 e AER I s8], AR5 D refb ik
FAfA FIRAFIMEER g-a-h 1eG IR, 70500
D RE 9 _ 54 R s, R B3R T 5 IR
M7 S DABRIESS SR 1
2.6 GREKRNNSREFAR

FE IR T R J7 7 3 B EE ) 2 mg/mL [ rabbit
IeG B 2 mg/mL HY r-a-m IeG VEWAN 20 mg/mL
() BSA VT, K D RE AL Ak R 0 A A 0 2 2 i
Je 1 b e RO

3 #R5itib

3.1 _EHEBROERRFRIRIE

ARSI FRATT LA SR Sy DRk 3 st i R A
AW T RSFHAIH NaYF,: YB** T b4
YRRT, Bl 1(a) 45 T UCNPs By 52 &

BRI RGORKLF R 434 (23 £1) nm,, B
ARG RT3 5 B AR K IBOR O J5 B2 bR id g
R ) AP RIS AP B T R AP AT RHSE R
FES Y X B2 AT 55 (XRD) B’ a0 & 1 (b) fr
N, Ho X AT S i B 5 AR E < B JCPDS No. 16-
0334 AH—2, A REE R B4 MM, m T
FSFAAH UCNPs 19 &SGR L7 7 AH e 3 — A4
R, XN SRS R R ORI PR T A

-l
5.0 kV 7.0 mmx200

JCPDS No:16-0334

| H 111‘1 11‘1

20 40 60
26/ (°)

K1 (a)NaYF,: YB' " Tm®" gk T3 i i
BEH;(b) NaYF,: Yb** , Tm®* | % 3 4 K ki 1 19
XRD fikf
Fig.1 SEM image (a) and XRD pattern (b) of NaYF,:
Yb** ,Tm’* UCNPs

3.2 LEH#HHMAKMNFS human IgG E B BB
(H %)

BATHAIH L EAAR K UCNPs M AHES F2 R
KA, IF BB PAA S5IA T AT Lt —25 A YT fe
AAE T A 36 PR S A ——R 5, Al human 1gG R 1A
B2 LT TR,

FAr 138 13 h AR AR (DLS) X H k73
fIE, DLS 2 38 I £ F305 JURE 7 A= 14 S/ NS Je
AR AR R AR ORI RS A, Tz
TR FREMEM R FRIE, BT DLS A5 1Y
SRR RSN 12 AR AR T H AL HAR,
FERLF 22T B A T, IS R RT L
SEM W5 AR AEZ AT AT U K 2 T R AE kL
R SFAE AR [ 2 J& UCNPs-PAA Fil UCNPs-

Intensity/a. u.
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12 (a)PAA BBHRIAY NaYF,: YB'* Tm®* SR T
4 DLS BiAR M A 1] (b) 75 (a) JEAHl_EARZE K hu-
man IgG [ PAARAPAHLT ) DLS RiAzs il
Fig.2  Particle size distribution image of UCNPs-PAA (a)
and UCNPs-PAA-h-I¢G (b) by DLS

PAA-h-IgG 1) DLS %4257 [, @7~ 85 human
LG Ji AT iR sl 17 B A i 90 nm MR = 290
nm, Ui Bl human IgG © 2 5% 2 8 BX ¥£ UCNPs
',
3.3 R L& r-a-g IsG EA (R i)

[F] B, FATTHFI A Protein G AE“#5”, ¥4 r-a-g
leG B FERE i 1, AL ER &) r-a-g 1eG 431
PR LR 42 s P s i B el T D R
(AFM) BA 57200 m o0 P, JATA T AFM
XFRE R R IHUAMIKHT T RIE, 2 Z200F 0%
AR FRATTHERR T W A 2 B Y 431 R A SR 52
W, ik REFEEEA 1 ~2 nm (K 3(a)) ,i#
% protein G JGEEZ N4 ~6 nm (K 3(b)) , il
Tefk i BB | protein G, TEICIEAN T 4k2E
B r-a-g 1eG, mELN 15 ~17 nm (Kl 3(c)) ., %
J& protein G r-a-g 1gG M7= BE 411290 3 nm Al 14
nm , RAEGE RGN T3Z05 B2, 31X 7] A8 2 i T 004k
AP R R 5B, T protein G
LS A PR Fe X3 (Fab X I8N H AT R
ZEEHLED) ST RE R IR« VIR
JE SRS I s R B SR T ) DR

Normalized intensity/a. u.

pm 047\ "
0.2

K3 (a) ik 3R AR T 1 BB R I 5 (b) BE R 3R

A& protein G B R F ) BB R L () #E

(b) Zefih AR SAEM r-a-g 126G MR T 71 B MUBE I
&I,

Fig.3 AFM images of the silicon wafer surface(a), silicon

wafer surface modified with protein G (b); silicon

wafer surface modified with protein G and r-a-g IgG

(¢), respectively.

3.4 @i g-a-h IgG BEEKRN
AT B P g-a-h 1gG #AT T E B K
WA W2 g-a-h 1gG 5B T 4 32 H /) human
IeG(H %) 454, ¥ DI Re f ik 7 46 A 2 g-a-h 1gG
WP E B R RN r-a-g 1eG (R i) il 73 g-a-h
IgG Al H dmAHZE &, 76 980 nm HOLHIILE T, 7l
DINEE - i 45 UCNPs 19 &, e i it
800 nm &GRS AT g-a-h 1gG
AR EE 25 &l 4 s, &%, e TR
[l RS0 iz Iz s ) o) s ) 45 SR i s, 18] 4 (a) S
(b) 45 T g-a-h IgG WREE A 400 nmol/L B, £84:d
AN]SR B 5 A e 3 T A b e 4 A O3 i
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Goat anti-human lgG/nmoL

K4 (a) IREALEREITTE g-a-h IgG I P SWAS ] ) B L 5546 42 561 (400 nmol/L) 5 (b) TREALAE A TE g-a-h 1gG ¥
T8 H RN AN [ st ] 14 2% Y63 5 A8 Ak (400 nmol/1.,800 nm) ; (¢) ANFEMREE g-a-h TgG #: A9 7€ Y6635 (30 min) ; (d)

POERIE S g-a-h IgG WE R Z K (30 min,800 nm) ,

Fig.4 (a)Upconversion luminescence spectra of the bio-functional substrate at different reaction time in buffer (400 nmol/L).

(b) Fluorescence intensity on reaction time with the concentration of g-a-h IgG of 400 nmol/L (at 800 nm). (c¢) Upcon-

version luminescence spectra of the bio-functional silicon wafer with increasing g-a-h IgG concentrations (30 min). (d)

Relationship between the fluorescence intensity at 800 nm and the concentration of g-a-h IgG (30 min).

FATHE— 25 W58 T 3 Fh 5 76 1) e M A S
Fl, Bl4(c)F(d) % TARFERE g-a-h 1gG T,
DR st i i LG R R s ol . B A
g-a-h IgG W BE (BG I, BE 2 T 32 10 55 e 44
KKLF 34 2 PETR LR R, 2 g-a-h 1gG W
JEIEF] 400 nmol/L B}, & ik FE AN, HJ5 g-a-h
IgG WREEXG N, b % 68 JL-F A 15 & A A2 Ak
FE5 ~400 nmol/L [k BEE Bl , b4 &k ot
JEN TG WP 2B RAF IR L R R R B
i£0.993, 45 30 IUPAC AT H iz A6
R HIREIFR A 1. 82 nmol/L,
3.5 EHREYERSENERETAR

SR T VAR A 1 [ A A 2 1 SRS A T P 1)
FeSeE, AT L3R 53X g-a-h 1gG (0. 1 mg/
mL) (rabbit IgG(2 mg/mL) .r-a-m IgG(2 mg/mlL.)

Intensity/a. u.

gahlgG rabbit 1sG r-a-m IgG BSA
5 ARG T AR AR i et/
B HZEEAIRYCH g-a-h 1eG(0. 1 mg/mL) rabbit IeG
(2 mg/mL) ;r-a-m IgG(2 mg/mL) F1 BSA(20 mg/mL)
Fig.5 Upconversion luminescence intensity of the bio-func-
tional substrate in the presence of different analytes.
From left to right; g-a-h IgG (0.1 mg/mL), rabbit
IgG(2 mg/mL), r-a-m IgG (2 mg/mlL), and BSA
(20 mg/mL) , respectively.
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F1 BSA 1 (20 mg/mL) ¥ 53 5 #EAT R I,
% 30 min Ji7, $48E ) PBS 28 ol vh ik 3 Wk, K
M E5EH K 6, S5 AN 5 iR, 7E 980 nm Ot
PR T D TAHRERMES G g-a-h 1gG B
W RE R ] DU B4 B 0 3k 0 i HoAth

Y Tm®* A 4 KR T BT X R R F R
SR T I LD A B O R e R E T E AR A= )
LIRS 3 TR I O B2 S L, S T XA
H G BRI, ZARGAMIFR A 1. 82 nmol/L, Jf:
SEELT 5 ~ 400 nmol/L FY 5 Y5 FEI AN | 8] Bsf 22 ¥1

3AEER EILT BT RO, b a R R Rl
AR L IRAS HAT RAF RO

4 %

HTIH RS, X—T/EAFRE-HTZ/
PR DNA , Sk LI 595 #H 5 4= 9040 1 19
POk R ORI T — N B ) R RS iR R

Y VAPAN
= o

R0 Gk A 8T RS 2 1) NaYF,

Z % X #.
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