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A simple preparation method of an electric heating apparatus for
heating capillary chromatographic columns and its application
in liguid chromatography-mass spectrometry system
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Abstraet: For deep coverage of proteome, especially in performing qualitative identification
and quantitative analysis of low-abundance proteins, the most commonly used method is the
application of a longer capillary chromatographic column or a capillary column packed with
smaller particle sizes. However, this causes another problem, the very high back pressure
which results in liquid leaks in some connection parts in a liquid chromatograph. To solve this
problem, an electric heating apparatus was developed to raise the temperature of a capillary
column for reducing its back pressure, which was further applied in a capillary high perform-
ance liquid chromatography-tandem mass spectrometry system ¢HPLC-MS/MS), and evalua-
ted in the terms of chromatographic column back pressure and chromatographic column effi-
ciency using bovine serum albumin BSA) tryptic digests and yeast tryptic digests, separately.

The results showed that at the optimum current, our eleciric heating apparatus could reduce

the column pressure of a capillary column packed with 3 pm packing materials by at least 50%
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during the separation of BSA tryptic digestion and yeast tryptic digestion compared with that

without electric heating. The column efficiency was also increased slightly. This suggested that

the electric heating apparatus can significantly reduce the column pressure which provides an

efficient way to use capillary chromatographic columns packed with smaller sizes of particles at

a lower pressure.
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Eksigent nanoLLC2D 14 000 g
AB SCIEX 20 min 10 kDa
SC100A Speedvac Plus Thermo Savant 14 000 g 15 min. 8 mol/L
Sartorius BP211d Sartorius 14 000 g 15 min o
Thermo Fisher Scientific 50 mmol/L NH,HCO, 14 000 g 15
JYAI min o 50 mmol/L
C18 zip tip N 10 NH,HCO, DTT 10 mmol/L 37
kDa Milli2QA10 Millipore C 4 ho TIAA 50
EPS 301 Amersham Pharma- mmol/L 1h
cia Biotech 0.1 mm 200 Q 1:50 37 C 18 h,
20% 80% 14 000 g 15 min
530 pm. 690 pm A 2% 0.1% FA
1.1 mm. 2.6 mm 1 wg/ Lo
15 emx75 pm BSA . BSA 50 mmol/L
New Objective 3 pm 10 nm NH,HCO, 1 pg/pLo DTT
C18 o 10 mmol/L 37 C 4 h, TIAA
50 mmol/L 1 h,
urea Affymetnx Tris-HCl 1 mol/L 1:50 37 C
pHS.0 . NP40 United States Bio- 18 h A
chemical EDTA 1 ng/pLe.
1.2.3 RIGOL
DTT . IAA | Agela Venusil XBP C18 L 250 mmx
N ACN Sigma 46mm 5 pm 15 nm RIGOL L-3000
Promega o 214 nm 0.7 mL/min
BSA A 2% ACN  0.1% FA B
Millipore 98% ACN 0.1% FA o 0
18.2 MQ * cm. ~5min 5% B~8%B 5~26 min 8% B~18% B 26
1.2 ~40 min 18% B ~32% B 40 ~42 min 32% B ~95%
1.2.1 B 42 ~47 min 95% B 47 ~49 min 95% B ~5%
15 emx75 pm B 49 ~55 min 5% B.
530 pm. 1.2.4 cHPLC-MS/MS
690 pm Eksigent nanoLC2D
0.1 mm
15 ecmx75 pm  C18 3 pm
1.1 mm, 2.6 mm 10 nm 300 nL/min 5
o Lo A B 1.2.3 o
N 0~5min 5B~8%B 5~30min 8%
24 V B~40% B 30 ~35 min 40% B ~95% B 35 ~40
min 95% B 40 ~42 min 95% B ~5% B 42 ~52
o min 5% B. 0~5min 5% B ~8%
1.2.2 B 5~91 min 8% B~40% B 91 ~110 min 40%
o B~95%B 110 ~120 min 95% B 120 ~ 125 min
14000 g 5 min 95% B~5% B 125 ~135 min 5% B.
NETN 0.5% v/v NP-40 100 mmol/L NaCl m/z

20 mmol/L Tris-HCl 1 mmol/L EDTA

400.0 ~ 1 600.0 52 min 135
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min., DDA
10 [ 1x10°Pa
35 eV
. . a
dynamic exclusion 30 s. "
1.2.5 :
raw Thermo Pro- d
teome Discoverer 1. 3.0.339 Mascot <
L L L L e T
precursor tolerance 0.5 Da 0 o 20 30 10 0
fragment tolerance 0.8 Da ¢/ min
FDR 1% 2 1
Fig. 1 Change of the column pressure of a blank sample
over time at different temperatures
a.25C b.35C ¢c.45C d.5C e 70 C.
2014 12 30 ht— Chromatographic conditions Agela Venusil XB.P Ci18 L
column 250 mmx4.6 mm 5 pm 15 nm . Mobile phase A
tp /www. ncbi. nlm. nih. gov/protein/ term =bsa 2% ACN-0. 1% FA mobile phase B 98% ACN-. 1% FA. Elu-
1741 650 tion gradients 0-5 min 5% B-8% B 5-26 min 8% B-18% B
26-40 min 18% B-32% B 40-42 min 32% B-95% B 42-47
2014 12 26 http /www. ncbi. nlm. nih. min 95% B 47-49 min 95% B-5% B 49-55 min 5% B.
gov. /protein/ term =yeast . Loading volume 20 pL flow rate 0.7 mL/min detection
wavelength 214 nm.
2 1 10 pg BSA
Table 1 Peak capacity of 10 pg BSA digestion separated
2.1 at different column temperatures
Column temperature/ C Peak number
25 63
o van Deemter H=A+B/u+ 35 68
Cu H u A 45 76
B C 55 65
70 71
2.2
o van
Deemter N
2
RIGOL L3000 BSA o
10 ug BSA . 1 24V
25 C 70 C
8.27 x10° Pa 4.48 x 10° Pa .
46% 10 ug BSA 2.3
1
25 C 70 C 63
71 8 0 o
0 0.60.80.100.120.140 160 mA

HPLC-ESILTQ MS
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Fig. 2 Schematic diagram of an electric heating apparatus for heating capillary
chromatographic columns coupled to mass spectrometry
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Fig. 3 Chromatographic column back pressure curves
when separating BSA digestions on a capillary
chromatographic column heated by the electric
heating apparatus at different electric cur-
rents

Fig. 4 Base peak chromatograms of BSA digestion
repeatedly separated with the electric heat-
ing apparatus at electric current of 100 mA

Chromatographic conditions C18 column 15 cmx75 pm 3
pm 10 nm . Mobile phase A 2% ACN-O.1% FA mobile
phase B 98% ACN-0. 1% FA. Elution gradients 0-5 min 5% B
-8% B 5-30 min 8% B-40% B 30-35 min 40% B-95% B 35
-40 min 95% B 40-42 min 95% B-5% B 42-52 min 5% B.
Loading volume 5 pL flow rate 0.3 mL/min.
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Electric current/mA Peak number
0 51 04
60 56 0 10 20 30 40 50
80 58 100
100 68 1 b
80 -
120 54 X ]
140 41 § 60 ]
160 25 t
= 4
S 40
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] i
BSA 2 20 _:
0
5 o 0 mA 100 0 10 20 30 40 50
mA 44 100
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£ 60
20 34% . g 91
= 4
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£ 204
160 mA ]
o 0 a
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t/ min
° 6 a 0 mA. b 100 mA c
BSA 160 mA BSA
Fig. 6 Base peak chromatograms of BSA digestion
LC-ESI-MS/MS separated with the electric heating appara-
tus at electric currents a 0 mA b 100
mA and c¢ 160 mA
o Chromatographic conditions are the same as in Fig. 4.
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Fig. 5 Peptide number and coverage of BSA digestion 0 100
with the electric heating apparatus at different 8
electric currents . 0 mA 1. 38
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Fig. 7 Base peak chromatograms of yeast digestion
repeatedly separated with the electric heat-
ing apparatus at electric current of 100 mA

Chromatographic conditions C18 column 15 cmx75 pm 3

pm 10 nm . Mobile phase A 2% ACN-O.1% FA mobile
phase B 98% ACN-0. 1% FA. Elution gradients 0-5 min 5% B
-8% B 5-91 min 8% B-40% B 91-110 min 40% B-95% B

110-120 min 95% B 120-125 min 95% B-5% B 125-135
min 5% B. Loading volume 5 pL flow rate 0.3 mL/min.
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L L B B L B L B
0 20 40 60 80 100 120 140
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Fig. 8 Chromatographic column back pressure curves to
time for separating yeast digestion with the elec-
tric heating apparatus at the electric currents 0
mA and 100 mA

x10" Pa 100 mA 6.90 x
10° Pa 50% o
0 mA 100 mA
9
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18
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Fig. 9 Base peak chromatograms of yeast digestion
separated with the electric heating appara-
tus at the electric currents a 0 mA and

b 100 mA
Chromatographic conditions are the same as in Fig. 7.
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Fig. 10 Identification of the yeast digestion with the
electric heating apparatus at different elec-
tric currents
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