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Abstract: Using titanium dioxide is a very good strategy for the phosphopeptide enrichment.

There are many other factors can affect the enrichment efficiency, and the optimization of
parameters was needed for better enrichment results. In this study, the peptide mixtures of six
standard proteins were used as the model samples to evaluate and optimize the parameters such as
the proportion of acetonitrile and trifluoroacetic acid in loading buffer and the TiO,-to-peptide ra-
tio. The results showed that 80% (v/v) acetonitrile, 1% (v/v) trifluoroacetic acid and 40:1 (m/
m) TiO,~to-peptide ratio were the optimum parameters to obtain the best enrichment selectivity
and maximum phosphopeptides identification. For the first time, the optimum enrichment condi-
tions were applied for the phosphoproteome analysis of the Thermoanaerobacter tengcongensis , an
anaerobic, saccharolytic, thermophilic bacterium isolated from a hot spring in Tengchong, Chi-
na, and 25 phosphorylated proteins were identified in the preliminary experiment. The results
provided a reference for further study on this organism survived under extreme environment.

Key words: liquid chromatography (LC); mass spectrometry (MS); titanium dioxide; phos-

phopeptide; enrichment; Thermoanaerobacter tengcongensis; proteome

* : s s . . Tel: (010)80727777-1231, E-mail: gianxh1(@163. com.
. (2011YQ09000504).
:2012-04-18

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



e 764 - 30
’ 1
s 1.1
S , Agilent 1100 (Agilent
C 90%. ¢ 99%. )
C 01% 3 = (LTQ-FTICR, Thermo Finnigan ),
; (
s ) (Smartspec plus, Bio-Rad
. . ) s (SC110A Speedvac pus,
, Thermo Savant ) (Thermo )
N o LC-18 (Supelco ) (
s Millipore )
’ 6 a- (gcasein), -
° - (B-casein) . (ovalbumin) .
’ (myoglobin),  a- (g lactalbumin) .
o (bovine serum albumin)
’ Sigma ; 65 C (
’ ) Fluka ;
° ’ (trypsin, Promega ) s (
(IMAC)™ (SCXO™ )i (ACN. Sigma-Aldrich
o ) s (TFA, 99 %, Acros
° )3 3
(TiO,) ™ N .
’ ° ; ( Roche
’ ) (TIAA), (DTT)
) Y Bio-Rad ; (TiO,, 20 pm/30 nm,
’ Sachtleben Chemie ) e
’ 1.2
’ ’ 1.2.1
° a~ - N N
’ N N 6
’ ’ 6 50 mmol/L . 10
’ mmol/L( ) DTT, 10 min,
’ 56 C 1 h, 50 mmol/L ( )
’ IAA. 1 h,
1:50 ,37 °C 12 h, 6
o7 ' ; 1g/L,
50~80 ‘C"*, Bao "
2988 ’ ’ 1.2.2
1764 ° 1. 5 mL
. 600 L . :
9.5 mol/L . 1% DTT, (1
° mmol/L .10 mmol/L .5 mmol/L



8 - 765
)\ (1 mL 2% 0.1% ; B
20 pL ) ; 15 min, 80% 0. 1% , 300
0. 1 mol/L .0. 1 mol/L . nL/min, :0~14 min, 100% A; 14~15
. min, 100 A~5%B; 15~45 min, 5%B~50% Bj;
. ’ 45 ~ 50 min, 50% B~ 100% B; 50 ~ 55 min,
22 %, 1 min( ls 1 100%B; 55~56 min, 100% B~100% A; 56 ~65
S, 2 min) , 1 min, 8 . min, 100% A, C18 (5 mm X 100
4 °C.20000 g 30 min, pms 5 pm), New Objective
, (Bradford ) PicoFrit™ (BioBasic C18, 10 em X 75
, s —80 pm, 5 pm),
© .
1.2.3 )
. . :0~14 min, 100% A;
50 mmol/L, 10 14~15 min, 100%5A~5%DB; 15~105 min, 5%B
mmol/L( ) DTT, 56 C 4 h, ~50%B; 105~115 min, 50%B~100%B; 115~
55 mmol/L( YTAA, 1 h, 125 min, 100% B; 125 ~ 126 min, 100% B ~
50 mmol/L 100%A; 126~136 min, 100%A,
1 mol/L , : ;
1:50 , 37 C 16 h, 375~1 500,
1.2.4 , 10
LC-18 , 1 ;
mL . 1 mL 0 1% 30 s, 3.
) ) , 1.3.3
pH 3 Bioworks 3. 2
; ; 1mLo0 1% SEQUEST .
. 500 xL. 80% /0. 1% 6 .
o 3 trypsin, 2
1.3 o , Car
1.3.1 bamidomethyl (C); ,
N . ,  Oxidation (M),
, 50% Phosphorylation (ST)  Phosphorylation (Y),
2.5% . +10X107° (=10 ppm),
) +0. 8 Da, N
, N X corr 1L5.20.25
20 , AC, ( )
60 min, 01 o
. ; 200 L. 50% Mascot
0. 1% .200 xL 50% 3, . NCBI
R s NC 003869. fasta, +10
100 L. 0. 3 mmol/L (pH 10 ) X107 ° (£ 10 ppm),
15 min, +0. 8 Da, Carbamidomethyl (C);
. s Oxidation (M), Phosphorylation
3 . (ST) Phosphorylation (Y),
1.3.2 ,

(FDR)<<1%, AC,

(spectra)



e 766 - 30
0 1, 30
: . w
= L
= 20
2.1 g
= L
. H 1) g 10 |
= L
pH ’ ’ Ol
s R 6 0 20 40 60 80 100
¢ (Acetonitrile) / %
’ 1
N Fig. 1 Unique phosphopeptides identified by
3 s mass spectrometry under different
acetonitrile contents
, 30,
’ ’ \\‘“\‘
2
2.1.1 )
5]
' -
]
’ =
2 10k
° ’ =
5 |
; 10 %, 20 %, 30 %, 40 %, 50 %, 0l l T S S l
] 2 4 6 8 10
60%0.70%0.80%.90%.97. 5% 10 o (TFA) /%
’ 1, 2
“Unique phosphopeptide” Fig. 2 Unique phosphopeptides identified by mass
0 spectrometry under different trifluoroace-
° 1 ’ 40 A tic acid (TFA) contents
80 Y0, ;
80 % . ., Li [ Hela
. 80% , ) TiO,
o s 1:2
2. 1. 2 '\"1 : 8 ’ s
) ° 0 tod 5
Bahl [ 5% TFA JLi b 20 .40 (60 .80 ,100
2%  TFA., 5 . 3,
; 1%, 2. 5%.5%. . 40
7.5%.10% 5 o o
2, , 2.1.4
1% 10% , . .
o ’ a— \‘87 6
1% . ,
2.1.3 )
; 90 %6,
, 10 BSA a- B



8 : .« 767 o

Relative abundance / %

Unique phosphopeptide

30 ’ 80 % ~ 1 %
| /\‘\\< .40
L 9 .
20 - 90 % , o
(65 C)
10 - °
b b
N b
Ol e e e e e 20 s
0 20 40 60 80 100 120
TiO,-to-peptide mass ratio
3 40 o LC-LTQ FTICR
Fig. 3 Unique phosphopeptides identified by , Mascot . 25
mass spectrometry under different
s speeromeny .27 .36 :
TiO,-to-peptide ratios
1,
b b
b o
BSA y b, y
b b b
o s o 4
, Ferredoxin IAVGMAT
, @CGIAAGAR(28~43) s 34
. . 4 ,
b.y ,y2~yl3 b8 ~
bl4 . m/z
, 700. 98 m/z 749. 86
o o B ,
, H,PO,, b8.b9,
o bl12.y9.y10 98 .
140
l A oA by
£ 2 2 =
120 -
5 toa v o [m [alalc ?[L—ELH
! g 5 5 ¥ %
100 [ " = & & = o2 g >
: 2. 2 2 B4 %
& S = %
80 - g . o = 2
s 1 2 2 s
| = — - =
wf s & : 2
=4 o - M
-+ =+ = o TR
ES ma a3 a & Sz 4 i
40 - £ 2 Ad |2 ws 3 S E o=
- 25 2 =[P % L = S
N 2L 23 22 g2 £ 5 g3 ¢ 32
20 - - ':'- f"‘-l_? MOQ SOy b ﬁ u“j‘ - = !\'}r;
L B LI Egle B
F £ =] oo
0 by ;'.....::I. L sy, J,“.L. ok .IAJ-J Jusl Ill-} Ilfl -'Jf il sl 1. m.L u.L L l b ' '|'A ’ .L. ekt : — (-
200 300 400 500 600 700 800 900 IDOO 1100 1200 1300 1400
miz
4 IAVGMAT@ CGIAAGAR
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Table 1 Phosphorylated proteins identified from Thermoanaerobacter tengcongensis
No. of
gi number Protein name Phosphopeptide sequence!” phosphoryla-

tion site

gi|20806548  g-glucosidases, family 31 of glycosyl hydrolases DKYGITpYVGK(330—339) 1

gi| 20806569  cation transport ATPases RPIFDMFMTpAVSLAVAAIPEGLPAIITITLALGVQKM- 2

SpK(266—304)

RPIFDMFM* TAVSLAVAAIPEGLPAIITITpLALGVQKM- 2

SpK (266 —304)

gi20806759  putative uncharacterized protein EVIEEFTpSPKSpAPSSWNAYpK(9—28) 3
gi| 20806780  hemerythrin VVEVMQFLKDYpTpVK(42—55) 2
gi| 20806945  ABC-type multidrug transport system, ATPase GQKTLILAILAFSTNAKLIILDEPTpQHLDPATR 1
component (130—162)
gi[20807192  predicted site-specific integrase-resolvase MLLSpM*QKVK(1—9) 1
gi|20807358  nicotinic acid phosphoribosyltransferase LDTPSpERGGVTPDLVYELR(246—264) 1
gi|20807371  NADH: ubiquinone oxidoreductase 24 kD subunit ~ INLCMGTpACYVR(92—103) 1
INLCM*GTpACYVR(92—103) 1
gi|20807373  ferredoxin IAVGMATpCGIAAGAR(28—43) 1
IAVGM* ATpCGIAAGAR(28—43) 1
gi| 20807461  phosphoenolpyruvate synthase/pyruvate phosphate GGMTpSHAAVVAR(450—461) 1
dikinase GGMTSpHAAVVAR(450—461) 1
GGM* TpSHAAVVAR450—461) 1
GGM*TSpHAAVVAR(450—461) 1
gi| 20807470  4Fe-4S binding domain protein FKAFRVILGTSpFR(43—55) 1
gi| 20807595  probable  transcriptional regulatory protein  HIFDRNGGTpLGAAGSpVTWM*FDKVGVIVVEK 2
TTE1135 (115—144)
gi| 20807698  UPF0297 protein TTE1249 NEQTpIKYTVSK(13—23) 1
gi| 20807743  exodeoxyribonuclease 7 large subunit RNPTVDIM *VVPVLVQGSSpAADEISNALRILNK
(160—191)
gi|20807956  diaminopimelate epimerase YVYpEKGIVSK(79—88) 1
gi| 20808073  bacterial cell division membrane protein QLVWAILGFFAM *VFTpM *NVDYLWFKR (48 — 1
gi| 20808107  response regulators consisting of a CheY-like re- F¥IBQASpNGEEAYR(29—41) 1
ceiver domain and a HTH DNA-binding domain VISpQASNGEEAYR(29—41) 1
gi|20808178  enolase AMIELDGTPNKSpK (93—105) 1
gi| 20808181  glyceraldehyde-3-phosphate dehydrogenase/ AAAVSIIPTTTpGAAK(201—215) 1
erythrose-4-phosphate dehydrogenase
gi[20808237  phosphotransferase system, HPrrelated proteins SpIM*GIM*SLGVSQGNV VK (46—62) 1
KVNAKSIM*GIM*SpLGVSQGNVVK(41—62) 1
SpIMGIMSLGVSQGNVVK(46—62) 1
gi|20808348  putative uncharacterized protein LSLHSpGSDKFSIYK(195—204) 1
LSLHSGSpDKFSIYK(195—204) 1
gi| 20808383  ABC-type sugar/spermidine/putrescine/iron/thia-= ESPVIIADKTASSp(375—387) 1
mine transport systems, ATPase component TVKESPVIIADKTpASS(372—387) 1
gi|20808656  30S ribosomal protein S19 GHAGSpEK(82—288) 1
gi| 20808890  amino acid transporters DM*NPFLSTM*RFVLPAMTYLTpGFELVAVLAEE- 1
ANM*PVR(200—236)
gi[20809047  phosphomannomutase ATAGIMITASpHNPPEYNGYK(135—154) 1
1) M* means methionine oxidation.
o gi| 20808656
, 25 UniProt “30S ribosomal protein S19”,
3 o 16S (RNA) S13
gi] 20807743 “exodeoxyribonu- . gi| 20808178 “eno-
clease 7 large subunit”, lase”,  UniProt 2-

’
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