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Abstract: Protein phosphorylation is an important type of post-translational protein modifica-

tion. In Western Blot experiment, the assay of phosphoproteins need special phospho antibod-
ies, which are expensive, difficult to preserve, poorly reproducible. To this end, the immobi-
lized metal ion affinity luminescent silica nanoparticles for instead of phospho antibodies were
prepared. A layer of polymer was created on the surface of the silica nanoparticles via co-poly-
merization to protect the nanoparticles and to functionalize them with the immobilized metal ion
affinity property to specifically label the phosphorylated proteins in Western Blot assays. The
affinity luminescent silica nanoparticles were prepared with the following procedure. First, the
sol-gel precursor fluorescein isothiocyanate-3-aminopropyltriethoxysilane ( FITC-APTES) with
the fluorescent moiety was prepared by modifying APTES with FITC. The luminescent silica
nanoparticles (FITC@ SiO,) were synthesized using the Stober synthesis method in a reversed
microemulsion. Briefly, 123.2 mL of cyclohexane, 25.6 mL of n-hexanol, and 5.44 mL of
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deionized water were ultrasonically mixed, and then 28. 3 g of Triton X-100 were added and the
mixture was magnetically stirred for 15 min to form a clear and transparent microemulsion sys-
tem. Within 10 min, 0. 8 mL of FITC-APTES precursor, 1.6 mL of tetraethoxysilane (TEOS) ,
and 0. 96 mL of concentrated ammonia (25%—-27%, mass fraction) were added to the microe-
mulsion, and the mixture was stirred at 24 C for 24 h. After the reaction, the microemulsion
system was destroyed by adding 200 mL of ethanol. The resulting FITC@ SiO, luminescent silica
nanoparticles were centrifuged, and washed three times with ethanol. After dryness, the FITC
@ SiO, nanoparticles were modified with methacryloxy-propyltrimethoxysilane (MPS) to intro-
duce the double bonds for further modification. The functional monomer nitrilotriacetic acid
(NTA) and glycidyl methacrylate (GMA) were copolymerized on the surface of the nanoparti-
cles to convert FITC@ SiO,-MPS to FITC@ SiO,-MPS-GMA-NTA. The polymer coating of the sil-
ica nanoparticles was not only able to protect the silica from hydrolysis, but also to introduce
the functional groups of nitrilotriacetic acid, which can chelate with metal ions. Elemental anal-
ysis demonstrated that the NTA groups had been bonded to the surface of the nanoparticles via
copolymerization. The polymerization did not affect the morphology and fluorescence properties
of the nanoparticles. The FITC@ SiO,-MPS-GMA-NTA nanoparticles were activated with three
different metal ions Zr*", Fe* , and Ti'", for the enrichment of phosphorylated peptides derived
form a-casein tryptic digestion. HPLC-MS analysis indicated that the FITC @ SiO,-MPS-GMA-
NTA-Ti* nanoparticles are the best for the enrichment of phosphorylated peptides. The FITC@
SiO,-MPS-GMA-NTA-Ti* nanoparticles were used for labelling the phosphorylated proteins in
Western Blot experiment. The electrophoretic band of a-casein could be clearly labeled with the
FITC@ SiO,-MPS-GMA-NTA-Ti* nanoparticles, while the bovine albumin band could not be
labelled. This indicates that the luminescent FITC@ SiO,-MPS-GMA-NTA-Ti* nanoparticles can
be used to label the phosphorylated proteins in Western Blot experiments.

Key words: Western Blot; immobilized metal ion affinity; luminescent silica nanoparticles;
phosphorylated protein labelling
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FEEA R E ALt FITC@ Sio, 44Kk 72,
123, 2 mL B % .25, 6 mL IECEEFI 5. 44 mL 25
B AGBEFIRA RIS A 28. 3 g Triton X-100, f#
JIEFE 15 min, JE R B MEFLBIA R, 7€ 10
min PRI A FLE A 0. 8 mL FITC-APTES
FiBE 1A 1. 6 mL TEOS #1 0. 96 mL ¥k %7K (25% ~
27% ,JEHEAYEL) , T 24 CRBEFE 24 h, [0 45
J& . 200 mL JoK BRI ELIBAR &R | B0 5y
B TR R P 3 R, 15 3 RO A bR
FITC@ SiO, #Kki T,
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e, NaHCO, i % pH 8 Ji, Bt 5 mL 4-J3 0% iR
TEFAWE R /KW, WA 2.5 g 1Y N, N-3URH
F-L- R VIS S IRERE 2 h, P T AR 2 AT
OYES HEREFR KRR E 1. 53 g 2-(RUR LA L) -6-
Pe-4- W B O R, 72K R 88. 9% .,

WA = RREF R FITC @ SiO,-MPS-GMA-
NTA K6 EACREGURRL F 19 B 0 72— T Y
50 mL [&JE I H, A 30 mg FITC@ SiO,-MPS
HiEl AR 20 mL 258 7K, B 30 min 438 A 1
mL JC/K B #8710 min, Al A 0.2 mL GMA 10
mg NTA DJRespfk , fERASR M HdEmt, ik
JEFH 2 80 CHY, ST #F 1212 A 0. 1 mL Frit iy
10% S B RR B4 /K B Bk, O 24 h, 2R 5 LA 8 300
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1 FITC@Si0,-MPS-GMA-NTA-Ti*" &} — S EH KN FHERREREE
Fig. 1 Workflow schematic diagram for synthesis of luminescent FITC @ Si0,-MPS-GMA-NTA-Ti*" nanoparticles
FITC. fluorescein isothiocyanate; MPS: methacryloxy propyltrimethoxysilane; GMA: glycidyl methacrylate; NTA. nitrilotriacetic

acid.

1.3 BEERLAKER FNEEER L B A MR Ab 12

FITC@ SiO,-MPS-PGMA-NTA-Ti** 44k k; +
TRERRALIKBU & 4L A0 IFREL 1 mg 4R I3 12K
H o-B&H T Eppendorf & | AR FH Al 1%
Tt [l s 1) 2% i A (200 mmol/L NaCl 7K %
(&4 50% ACN F1 6% TFA) . ZZ K B(30% &
K (% 0.1% TFA)) (22l C(80% LK
W (5/76% TFA)) R B G (10% 2 7K %
W), JeHZE s A Pk FITC@ SiO,-MPS-GMA-
NTA-Ti* R+, Pe¥ 3 )5, 0. 1 mg FITC@ SiO,-
MPS-GMA-NTA-Ti* B 7220 TF 1 mL ZEhi A
B IS OB O TR (1 mg/mL) 528 Wil C %
AL 1:1 R4, 9% 1 h, 7E FITC@ SiO,-MPS-
GMA-NTA-Ti" 5850 W i KB J5 , LA 10 000 r/min 2
O3B 1 min, 575 IR, HZ 0P A F1 B 435
Ve FITC@ SiO,-MPS-GMA-NTA-Ti* k. ¥, LA 2
YRR T A% B AR ALK B . ) (A 5
Ve e B FITC @ SiO,-MPS-GMA-NTA-Ti* k. 1
W R R AR B WOV, Y R T S T
2% ZHE 0. 1% TFA B /K% W, 5 J5 #1547 HPLC-
MS 5317,
14 SDWEH

{6354 . Agilent ZORBAX SB-C18 4 (250 mmx
4.6 mm, 5 pm) ;K25 C;FshAl A 7K (5 0. 1%

IR ; i shAH B: M ; i . 1 mL/min, PeMis
FLF:0~25 min, 5%B~45%B; 25~30 min, 45% B~
75%B; 30~35 min, 75% B; 35~40 min, 75% B~ 5%
B; 40~50 min, 5% B, #FEAFL 10 pL,

HPLC Y5 LTQ-Fleet ¥ B FiiikBX H, 76 1E 2
FHRET AT A IS5 5 R B W 55 L R
4.0 KV; 857 H N 40 L/min; 55 B S W A4 10
L/min; )@ BANAERIE K 320 C ;10— FL Ayl g
TN 35% ; BT AL E S m/z 300~2 000,
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FITC @ SiO,-MPS-GMA-NTA-Ti*" 44 >k} 7
FhrCHER L& 1, BHl 0. 1 mg/mL 1) o-f& 8 1
FA L3 AR R AL A T SR B FEL YK, P UK T
JE 5% 1 15% (BT HE 53450 43 B A 5% (JH 43450 Ve
FAMEH AL, B UKGE FRE 15 pl, 80 V HLJEMERT 10
min J5AIEZE 110 V, 25 1 h j5fE R uk, Bk SERR
J& 75100 VLR B 4% R 2500 55 B B i
FREFAEZ AR L TR H]29 20 1 h,

FRULS. 8 g Tris 2.9 g H&#2.0.37 g T sk
FRFREN (SDS) #1 1 mL Tween-20, /il A 200 mL F %
JEEAE 1 LA BCH 5 2 % PR 4 TBST
VW, FH TBST ¥ W Uk 2 il R 21 4 28 B 1 1) 7 i
T, TR B i R &1 4 R IR L 7 % 1 FITC @ SiO,-
MPS-GMA-NTA-Ti** 4} >k % + ) TBST ¥ & (0. 1
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mg/mL) H1, # i T 3% 30 min, {55 (15548 K00
TR E, WG TBST I3 iR 2T 4 %
JEE #5330 min DLEBRIE FoRBE SRR ILE 456
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AR 3, BERETHRG R IR A R T
Bio-Rad GelDoc EZ %% 8 & 42 F H i %, 15
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Ja R HE H PO EIER

2 @RS

2.1 FITC@SiO, FuKHFHY &R
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BFBADGH WERIEINE . A SCE Je ik T Rk
1 FITC 5 APTES M¥) B Z I, fil 4 1 6 Fh
FITC@ SiO, KK, K FITC@ SiO, G AN 17>
SoyELCAE TC K < B v, G OB ST VR R R 0.1
mg/mL WRFIA , 38 BRI K 488 nm, 43571
I R B il | e KRS A 526 nm, 5 45
T4 2 ik B APTES & 21, FITC@
SiO, 44K ki - 1% 2 o JBE o 34 W7 15 5, 24 FITC.
APTES ¥ Bt i & L 45K 1 :20 IS, 29 %38 3 545 3 Jit
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¥Z 1M APTES AN & i, Jo ik B W 2 98 /%) FITC-
APTES Fi 3Kk, 7& TEOS A4 /K i i F2 v, i 55 10
FITC AREW AU 1E SO, 4Kk 7, Ktk
FITC : APTES =1 :20 (¥ 11 i ) VE Ay il £ BT Sk A 1)
il

J T HINR G YR S AL FITC@ Sio, 4
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Fig. 2 Fluorescence emission spectra of FITC@ SiO,

nanoparticles obtained from the precursor
with the different amount of substance ratio
of FITC and APTES

APTES: 3-aminopropyltriethoxysilane.
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0.3%, 2 &N 0. 44% , B A > = 1Y MPS &1 78
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SiO,-MPS-GMA-NTA (1% | % & & 35 K\ T, ik
TN 4.98% , AN 0.91%, 45 UL NTA 3
AT 25 GMA RGP TR

%} FITC @ SiO, . FITC @ SiO,-MPS #l FITC @
SiO,-MPS-GMA-NTA 94 K K. 53 il i 4732 5t B B2
FAE, K 3a FE 3b 43524 FITC@ SiO, il FITC@
SiO,-MPS () TEM [, i i S AHIRFL IR AA 2 G
FITC@ SiO, g Kb+ EA G MERIE AN  Rift s
i L #:34)%] ,FITC@ SiO, 1 FITC@ SiO,-MPS #-F
Yrki42 60 nm, & 3c X} ) & FITC @ SiO,-
MPS-GMA-NTA 44 K ki ¥/ TEM &, 7 LLFE

100 T

E 3 FITC@SiO, X FhH TEM B
Fig. 3 TEM photos of the FITC@ SiO, nanoparticles
a. FITC@ SiO, ; b. FITC@ SiO,-MPS; c. FITC@ SiO,-MPS-GMA-NTA.
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FITC@ SiO,-MPS k. 7 XML K —ZE R EGWKR)Z
GMA FI NTA 315 , %} FITC@ SiO, ki ¥ KI5 %
M AR /)N, AT 2 2% 1 G I 9 Bk OE KL T, FITC @ SiO,-
MPS-GMA-NTA f #4728 A % A 0 i 1 A8 1k
HEIKZ 60 nm,

AR R EHRE (107 ~ 1 mg/mL) 1) FITC@
SiO,-MPS-GMA-NTA K43 BLTE K i, 7E 365
nm SEHMT G T A [a] e B iR 11 &% M 2 (8,58
06, PGSR B i 55 B9 (WL 4) o R IIK )
By B E 1 d R TEI B TR IS,

4 A EiRE FITC@Si0,-MPS-GMA-NTA 7t 365 nm
IMTER T T RIS S B 1R
Fig. 4 Fluorescence images of FITC@ SiO,-MPS-
GMA-NTA with different concentrations
under 365 nm UV lamp
Contents of a—f were 1.0x107, 1.0x10™*, 1.0x107, 1.0x1072,
0.1 and 1.0 mg/mL, respectively.
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SLERERE T 3 Fh A JE B 5 RO T AL REG K
I8 B 2 AL 43 8 B 2R FIEL K (FITC @ SiO,-
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Zr** Fl FITC @ SiO,-MPS-GMA-NTA-Ti*" ) , 343 %
B - B EE FBEAA T RBERR AL IR B, 5 4 B 2
RILE 5, FITC@ SiO,-MPS-GMA-NTA-Ti* 1] LA A
o- S 2L P BRHAE YA R R AR Y 10 S AR A K B (DL A
5a), a3k & b 35 B R 1k IR B 1 15 5 I AR AR, %
K T, Ui FITC@ SiO,-MPS-GMA-NTA-Ti*
YA REGS TR S P b AR AR I B RR A Ak B,
5b Jir 7%, FITC @ SiO,-MPS-GMA-NTA-Zr*" 4} %
Wi F LR 7 SWEIR ALK B, R T R B 1) o i 0
FS RO, JF Hk BT, W] FITC @ Sio,-
MPS-GMA-NTA-Zr* ki i 9F ¢ 5 Mk 2, 1
S Zo AR SRR I A ) g Kok R T T Y
A5 S5 BE 2 Ti 1Y 50% ., WKl 5¢ fiis , FITC@
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Fig. 5 Chromatograms of phosphorylated peptides
enriched by different nanoparticles in
standard hydrolysate of a-casein
a. FITC @ SiO,-MPS-GMA-NTA-Ti*"; b. FITC @ SiO,-MPS-
GMA-NTA-Zr** ; c. FITC@ SiO,-MPS-GMA-NTA-Fe*". * phos-
phorylated peptides.
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Si0, ANAAL T LAY /D JE 7 5 1 W B JEk B ) 2 3 45
R

1 o- B HE R BSA 43 BIAE 2 2% HL UK KGE P i
1T IV I iz 268 i i 7k ( SDS-PAGE ) 4285 i, #4545
B AR B B IR T e R 1 6 Ly
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BERR AL AR 11, BSA 25 11 4% A9 o & A A ) 3151
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@ Si0,-MPS-GMA-NTA-Ti** 44 K i B i 45 57 M0
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Fig. 6 Electropherogram for Western Blot of a-casein
after labelling with the nanoparticles of FITC
@8Si0,-MPS-GMA-NTA-Ti*
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