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Abstract Highly effective separation of complex peptide mixture is a prerequisite for protein

identification with high coverage in proteomics. Currently peptide mixture is separated by two-
dimensional liquid chromatography 2D-LC ion exchange chromatography as the first dimen-
sion and reversed-phase chromatography as the second dimension in Shotgun proteomics.
Though the 2D-LC is now widely used its separation efficiency still needs further improve-
ment. In this work the first dimensional separation was performed by the pH and organic sol-
vent double-gradient elution. And then the two fractions one from the early eluted section and
the other from the later eluted section with equal time intervals were pooled and analyzed by
MS/MS. The experimental results from the protein mixture of saccharomyces cerevisiae lysate
showed that the separation by pH and organic solvent double-gradient elution RP-HPLC-
nanoRPLC coupled with MS/MS identified 567 more yeast protein groups 3 035 peptides over
strong cation exchange chromatography-nanoRPLC coupled with MS/MS. The pl values and

relative molecular masses of identified peptides ranged from 3. 42 to 12. 01 and from 587. 67 to
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ranged from 3. 82 to 12. 19 and from 3 446. 55 to 432 905

respectively. The pl values and relative molecular masses of identified proteins

respectively. These results indicated

that this new 2DLC-MS method has the advantages over the conventional Shotgun method and

were expected to be applied in the separation of complex samples for proteomic studies in the

future.
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1.2 min 5% B 0.8 mL/min 214 nm
BSA 50 mmol/L NH,HCO, BSA 10 g
BSA 2 mg/mL 50 pL BSA 10 50 pg
5.5 wL 100 mmol/L DTT 1.4 nanoRPLC-MS/MS
10 min 6.2 pL SCX
1 mol/L IAA 1h 30 s
BSA 1:50 52
2 pg BSA 37 nanoRPLC-MS/MS
10 12 h pH3 pH3~10 RPLC
300 mg 1 mL 9.5 mol/L
DTT 10 mg 20 pL 100% A ~30% B 45 min 30% B ~ 100% B 10
2 min ls 1s min 100% B 5 min 30
30 min 4 °C 20000 g S 120 2
30 min Bradford 123 60
23.58 mg/mL 61 62 63 120 1 61
100 pg 4.5 uL 2 62 59 119 60 120
25 L 50 mmol/L NH,HCO, 10 mol/L nanoRPLC-MS/MS
3.28 pL 100 mmol/L A 98% H,0 +2% +0.1%
DTT 37 C 4 h 3.64 pL 1 B 80% +20% H,0 +0. 1%
mol/L TAA 1 h 50 0 ~60 min 5% B ~50% B 0.3
mmol/L NH,HCO, 215 L wL/min Ci 100 mm
NH,HCO, 1 mol/L x75 pm Thermo Hypersil BioBasic-18
1:50 5 pm 30 nm
37 C MS/MS 2.0 kV
1.3 35%
BioBasic SCX m/z 400 ~2 000 5
250 mm x 4.6 mm 5 pm Thermo
XBridge C18 250 mm x4.6 mm 3.5 pm 1.5

Waters pH 3 pH 10 pH 3
~10 BSA

1 SCX A 5 mmol/L KH,PO,
+30% ACN pH 2.7 B 5 mmol/L
KH,PO, +1 mol/L KC1 +30% ACN pH 2.7

2 pH3 RPLC A 2%

+98% H,0 pH 3 B
98% +2% H,0 pH 3

3 pHI0 RPLC A 2%

+98% H,O pH 10 B
98% +2% H,O0 pH 10

4 pH3~10 RPLC A
2% +98% H,0 pH 3 B
98% +2% H,0 pH 10

0 ~10 min 100% A 10 ~55 min

100% A ~30% B 55 ~65 min 30% B ~ 100% B 65 ~
70 min 100% B 70 ~73 min 100% B ~5% B 73 ~ 88

Bioworks 3.2
11081 2010 7
http //downloads. yeastgenome. org/sequence/
GenBank/

trypsin 2

1.5 0.8

pBuild
FDR =1% AC, =0.1 AC,

2.1 SCX pH RPLC BSA

10 ng 1.3
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Fig. 1 Chromatograms of tryptic digest products of BSA
by SCX and RPLC at different pHs

a. chromatographic conditions of SCX separation mobile
phase A 5 mmol/L KH,PO, pH 2.7 +30% v/v ACN mo-
bile phase B 5 mmol/L KH,PO, pH2.7 +1 mol/L KCI +30%

v/v ACN flow rate 0.8 mL/min detection wavelength 214
nm elution gradient 0 - 10 min 100% A 10 -55 min 100% A
-30% B 55-65 min 30% B -100% B 65 -70 min 100% B
70 =73 min 100% B-5% B 73 -88 min 5% B.

b. chromatographic conditions of RPLC at pH 3
phase A 2% v/v ACN +98% v/v H,O pH 3
phase B 98% v/v ACN +2% v/v H,O0 pH3
detection wavelength and elution gradient are the same as in
Fig. 1la.

mobile
mobile

. Flow rate

c. chromatographic conditions of RPLC at pH 10 mobile
phase A 2% v/v ACN +98% v/v H,O0 pH 10
phase B 98% v/v ACN +2% v/v H,0 pH 10
detection wavelength and elution gradient are the same as in
Fig. la.

d. chromatographic conditions of RPLC at pH 3 - 10 mobile
phase A 2% v/v ACN +98% v/v H,0 pH 3
phase B 98% v/v ACN+2% v/v H,O pH 10 .
detection wavelength and elution gradient are the same as in
Fig. la.
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. Flow rate

mobile
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Fig. 2 Chromatograms of tryptic digest products of
protein mixture of saccharomyces cerevisiae
lysate by SCX and RPLC at different pHs

The a - d chromatographic conditions are the same as in Fig.

la-d respectively.

1 nanoRPLC-MS/MS
pH3 ~10
RPLC
SCX 567 3035
1 SCX pH 3 ~10
RPLC
RPLC-MS/MS

Table 1 Identified results of nanoRPLC-MS/MS of
tryptic digest products of protein mixture
of saccharomyces cerevisiae lysate by SCX
and double gradient RPLC

Identified Identified protein
Method .
peptide group
SCX-nanoRPLC-MS/MS 1210 766
Double gradient RPLC- 4245 1333

nanoRPLC-MS/MS

pH 3 ~ 10
RPLC
nanoRPLC-MS/MS

2.4 174
“ Com-
pute pI/’Mw” * ProtParam” http //
WWW. expasy. org pH 3
~10 RPLC-nanoRPLC-MS/
MS
3 pl 3.42 ~12.01

SCX-nano RPLC-MS/MS
RPLC-nanoRPLC-
MS/MS

)
w

T
1

771 Double gradient RPLC
EE SCX separation
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Percentage of identified peptides / %
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Fig. 3 pI distribution of identified peptides with
different separation methods

RPLC-nanoRPLC-MS/MS

587.67 ~3499.79 SCX-

nanoRPLC-MS/MS
1 000
RPLC-nanoRPLC-MS/MS
SCX-nanoRPLC-MS/MS

3 000 SCX-nanoR-

PLC-MS/MS
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