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Abstract

Abstract

Cell signaling regulated by reversible protein phosphorylation has a significant
role in human diseases, most notably cancer. Quantification of phosphoproteins
during pathological process can provide important information for pathogeny, early
diagnosis and prognosis of diseases. Molecular mass spectrometry (MMS) has been
widely used in quantification of phosphoproteins. However, stable-isotope tags used
for quantification of phosphoproteins by MMS have no specifity to phosphoproteins.
Today, most phosphoproteomic studies are conducted by MMS in combination with
phosphospecific enrichment methods, mostly achieving relative quantification of
phosphoproteins. Along with the progress of life science, it urgently calls for absolute
quantification methods rather than relative quantification ones. Inductively coupled
plasma mass spectrometry (ICP-MS) with the merits of high sensitive, broad dynamic
range, low background and identical signal response of the same element in different
chemical forms/species is becoming a promising tool in absolute quantification of
proteins. However, nowadays ICP-MS based phosphoprotein quantification methods
depend mainly on direct quantification of 3P in phosphoprotein. These *'P based
quantification methods are suffered from the poor ionization efficiency of P in
Ar-based plasma and unavoidable polyatomic interferences. Exogenous
element-tagging strategy, in which the element has multiple isotopes and high
ionization efficiency on Ar-based ICP, is desired to be used in absolute quantification
of phosphoproteins. In this thesis, we developed element-based labeling strategies for
specific labeling and absolute quantification of phosphoproteins, which will provide
new ideas for applications of ICP-MS in bioanlaysis. The main research presented in
my thesis comprises five parts.

Chapter 1 briefly introduces the background knowledge of phosphoproteins, and
critically reviewed the reported phosphoprotein quantification strategies based on
MMS and ICP-MS so far.

Chapter 2 presents a Ln-tagging strategy towards phosphoproteins that we



Abstract

developed. This phosphoramidate chemistry (PAC) based tagging strategy was
validated by several model phosphopeptides, in which the model phosphopeptides
were labeled with MMA-DOTA-Eu under the optimized conditions and subsequently
quantified using HPLC/SUID-ICP-MS. The results obtained indicated that ICP-MS is
feasible to quantify the Ln-labeled phosphoproteins.

In Chapter 3, a Ga-labeling strategy towards phosphoproteins is described bhased
on the specifity between di-Gallium 2,6-Bis{[bis(2-pyridylmethyl)amino]methyl}-4-
tert-butylphenol (bpbp) complex and phosphopeptides. The phosphopeptides with
different phosphorylated sites (pS, pT, pY) and multiple phosphorylated sites as well
as phosphoproteins are specificly and quantitatively labeled with Gabpbp, achieving
the absolute quantification of them using HPLC/SUID-ICP-MS. The results indicated
the feasibility of absolute quantification of phosphoproteins by Ga-labeling strategy.

In Chapter 4, we designed and synthesized a Ga-Complexing ligand that contains
a photocleavable group and a phosphospecific Ga-bpbp moiety. It was further
conjugated to SiO,-NPs to construct a multifunctional phosphoprotein assay platform
(MPPAP). The preliminary results indicated the feasibility of labeling, purification,
enrichment and quantification of phosphoproteins by MPPAP. Further application of
MPPAP is still ongoing in our lab.

In Chapter 5, we concluded the achievements of this thesis and prospected the
ongoing research. We also gave perspective view of the future applications of ICP-MS

in this area.

Key words: Phosphoproteins; protein quantification; inductively coupled plasma

mass spectrometry; element-based labeling; Ga-complexing probe
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AT (protein) /& LA L-o-Z B0 B A SR M R AR D BEIR R 70 e 132
35 20 PRt ARG, EA1 . Mg (lysine, Lys, K)o Az
% (tryptophan, Trp, W). ZE A % (phenylalanine, Phe, F). &2 [k (methionine,
Met, M), F&ER (threonine, Thr, T). F& MR Cisoleucine, lle, D, 5%
2 (leucine,, Leu, L), #i& R (valine, Val, V). HZ%&® (glycine, Gly, G).
HEER (alanine, Ala, A). &8 (proline, Pro, P). %% (serine, Ser, S).
B& 2 (tyrosine, Tyr, T). M a R (cysteine, Cys, C). K&t/ (asparagine,
Asn, N). B&BEAE (glutamine, Gln, Q). KAZE MR (aspartic acid, Asp, D).
B2 IR (glutamic acid, Glu, ED. 5[ (arginine, Arg, R) A& Chistidine,
His, H): Al /UMy AR B S A GG B 0 77 B FEIR, D N &) b 35

HATER 73X 20 Fh T 2L D g AR IR IR AL, R 2 R DR 4 0 R IR 2
IR DL, WA EER (Selenocysteine, Sec, U) MARRRALE 21 Fhk K4
AR . 2002 A2 NATTSURIL T B2 1B 251 UAG A & LIRS IN 58 22 Fihk R
R R ARG SETRIE IS 2652 (Pyrrolysine, Pyl, O) B4, &4 TR IIFE AR (1A
Wrikes, W BESH 2 HIFT R SRR APORI .

BAEMR B FEMRILEL M &SRR Z IR, BT, ZHALImRNA
WIS, K mRNAZS - Hh B HE S ITUFr 5 A o 1 o 2 Bk o i s IR HE )
JFE, ffm B R H AR 2 ket . XS LR M e, S8t BUKMER. &
THE. SRR, BT BRI R SR =5 KGR, RER
I B BUREAT (07 (B RANAE Y D« B 5T U T A 1) 2 (8] = 4R 450 A4
RE AT HAT 18 IR M AL D RE

— RGN, AR T P R IR R AR HE SN DAL R R AL A
e U5 2 IR BV — 2 7 AR SR AT B i 5 30, E 2 o8 e B-1T & B-F5 40
H e DL B-# & = RESHN R I IR S50, AR,

1
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FETE AR I Al AT IR A AT 2 1 0 2 1B = 4R s DU R b4 2 F
2 WHLEE 5 5 1 BLAT = s 10 2 I e 5 P B 45 4

MICRARBKRE, EEHRELZRZHK (C, 50%). & (H, 7%). % (O,
23%). A (N, 16%). fit (S, 2%), LA EATEARMETRMN (Se)
SN BRI RSB (P SLRIIABIERAMR. o, BF 4
JETC R B A E A SRR T, R A g B EEEM, W (Na.
K. Ca. Mg. Mn. Fe. Co. Ni. Cu. Zn%5),

HH— mRNASE AR, X&EGMHEN. IECEIEY, — A EH
FHARRK R F—MEAR, fTRe2AILA, HEIUEA. BRI R R
£20,000-25,0007>, &/ FEIRftiTt, H A2 IR LeE D Gt R 1 3 o
P 2 XA HCE, 1B R ARTEAE I B p 2 R A S, X BT
B AR AOF R AR . R, AR DA 10F bidk, Rk nT LA
SRR A A, AR A A, RO EAR R AR (S RIR S, T
AR AT PR R Th BE R B R BT o S R AL R SRR R SR AR R i A B e
TS SR, HR T IARRRIES TR L E R AR S R A G SIS R
PR s 0 250 0 A A ity sl BB T 2 B X — A AN ] D R RS

B AUA AW E YIRS, W EAHTRARS (. R AR AE
PEIRE . G AF R R . BN B IhRE . B2 ALIs (5 . WA &
A LRGSR AR AR B R A S . AR TE AR KO R B TR IR R A R B A AR AL,
BIF 5 A 3 R BRRAS N B AN R I , R B A 44k 1 1 S B R 8 00 7 S 5
FOC R EbR S, F AT LR 0 TR FAE 0 TARRE o Rl 5 0 g
MR B, SHER TR S K R ia 7 B B = L.
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B 5 1&1Mi (Post-translational modification, PTM) J& & (A i £V & I =
TS LB S B BRI BEEL. ZBbL. 2 RS RIS
BififE, AR IBIAKME. b, AR R SERRIE R A T A8 b, M S8 A
RIAEY DR R A AR . BB R BT RAEE A B, HAESE A A )
R R ORBIME AL, B A TR B M O I 78 — B R R B AL b i AU

1.2.2 EHRA AT HBEERL

Al R4k Creversible phosphorylation) &85 il b6 5 &4 b —Fh Ak &
R . F7E 1906 4F, Levene HI Alsberg mit 7t vitellin & (A5 1 R R IL T &
FR B ER AL, FEAERIE 30 AR5 45 HIRANER BRI BR A R A 1 42 S BR
s BV, 1954 4E Burnett 5 NPV VR H B 1 B IRAL A FR BB AL HI, A
reBENLAR ). 1979 4F Tony Hunter & (UK I T Es 2R A7 s v] LUK AR BERR AL o
CPl20 it 80 AR, AFXTL4TME. FRRAMRN T MBI (kinase) IR AG

(phosphatase) [ Bt/ T 8% 145 m] I0  h fry o A2 0014

PR A BRIy o 1 o ) S R BRI B b 1¥9-OH F-NH- iR b —A iR
B[ BERRVE 2 (05 A PR RR AL, TR B 2> B RR AL 2R A BT £ Rk, X
P I ) A S )38 5 A i A 2R N B P T B R AL B B B R AL 32 R
APFPIE, —MRKETE O il AR IR, LR, PRI R
DrAG PR RAETE N BRIk, EFEHERR . R R R 55 .
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