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Optimization of Nano-Liquid Chromatography Coupled with
Mass Spectrometry Systems for Proteomics
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Current proteomics technologies based on miniaturized on-line liquid chromatography (LC) coupled with
mass spectrometry (MS) allow us to analyze protein expression profiling with a high throughput. Compared to
genome sequencing and microarray-based transcriptomics, however, proteomics is still under development to
achieve coverage of the entire proteome. In this commentary, the optimization of proteomic nanoLC/MS
systems is described. In addition, future development of the analytical systems to achieve the coverage of the
entire proteome is discussed.

�Received February 8, 2007; Accepted February 9, 2007�

1. � � � �

������
��
����� ������� 
(mass spectrometry: MS)�!"�#$%&'�(#)�
�(*+,-./0 (liquid chromatography: LC)1�2
�-3��� (LC/MS)4%56�7��8�9�4:;
<%=4>?@1), 2)A BCB� DEF����G DNA

microarray4%<+-�H�IJ+'�H1�8K<1
L�1BMJ(N2'�H	
7OP07�<���Q�
R�STUM$5� V� W2'�HX YZ[7�
���
�� \�UM]>]A ^U�� _`4�a!�"b"1
#$�c3d'e�Y�f�g�4hiBM]<3)A K>
jk+IJl�>m�n#o%7p&�U@q'(J(N
20Fa!4��r� 1,000,000)�#$stu` 300*
vwx����QyJz{�|}UM$5� ~UT�u�
� LC7�+�U>�T���F���� 4,5�}
U� J(c�+32�*HHy�+[����U<~14
><A ^��� yJz{-@54.G�U<���/� 1

01�BC>�� K�M�yJz{4`]M� 2�4��
>!��J(c�+32�Hy�+[t�3K<~1�4
�45B]2)A
}@^u^u���� ���4$�<c3d'e�Y
�f� 1,000�10,0006$7�<�7� a!t^�}})
��(*+,-./0���F���� (liquid chroma-

tography/mass spectrometry/mass spectrometry: LC/

MS/MS)lHNF478BMu9J(N20Ft��K
<~1��57�<A ��7�� �}�}>��:71
u?Ma!�"b"Gc3d'e�Y�ft����@
�� LC/MS/MS�:jUM]<�� ���	
YZ[7
�x��;<t�=�4��K<4��?M]>]3)A �
B�� 9J(N20F7�>�� ^�_>4�?t�?@
�0De+J(N20FuB��.�0OH{J(N20
F��4J(N2'�H	
�@]TU� q'(� ¡¢
1�J(N20F7�<2[£¤-J(N20F4)G��
���"¥�4�?t�?@J(N20F5)�7) >m¦'

����A�§B�C¨�UM]<A =©7�� �ªD

���4@]TU<dE LC/MS/MSlHNF4`]
M� E«�:?M�@¬4dE LC4­K<rF#1��
7�S®4`]M¬4¯°K<11u4� 9J(N20F
t��K<@±��T><!"�#²�GH4`]Mu³
�@]A

Correspondence to: Yasushi IH=>=6B6, Institute for
Advanced Biosciences, Keio University, Nipponkoku 403�1,
Daihouji, Tsuruoka, Yamagata 997�0017, JAPAN, e-mail:
y-ishi@ttck.keio.ac.jp
�� �� ���������	������ ´997�0017 µ
¶·I¸¹�Jº�=» 403�1

J. Mass Spectrom. Soc. Jpn. Vol. 55, No. 3, 2007

�157�



2. �� LC������	
���

LC��������	
��
���������	
���������������	
��� ����

! ���"# nL$%&�'(��������)*+
�,&��-��./0�123(40�5 '67�$%
&���8�9�:;<=1>?�	3�
! @
�<=
�5 C18
����
6ABCD�E�FG*+	H�I

	15 JK��LMN��OP(
�9QRS9��T
� 	
0U;����������1
�(1�V5 "
# mL�����(�
���WX(#	�+�NB5 �
./0<=-Y�(40! ���ZR9�15 �	 1 mL

[\���("# mL��������/0=7 ]�(
"#	�� 1^_��`	�';<=��0! �6-`	
a��bc LCdeL��f=gh1+�NB
����
��6
��eJNC*EdeL��i��	
0! j
k5 +�NB
���1	H
��Ul�m-n>V5 o
�-"�p���-�
� 5 q�,e&,-7�''�
�rs�-0U;5 t&u-v8� 	
06�w�x(
�����-Y�=�`	
0! ����y1t&u�z
l{|5 bc LC�}*B���E�FG*+���-+
�NB
���~		H
��rs�-0U;�/0�

(5 +�NB
��(���-	H
�����Ul��
V���
U;��/0
�-40! ���<�U;�+
�NB
��deL�1n��������
/0���
1��(40���5 +�NB
��r��,D^_�5
+�NB
���7�����NLM*E���0���
�6�5 
���^_��.�1s�-��
! Fig. 1 �
1a��+�NB
��deL� �deL�A� =+�N
B
����
����	H
�����/0deL�
�deL� B� �����/!	H
���1h����m
100 mmo� 15 cm� C18dp

����
5 5 mL�
��������5 �x 500 nL/min(	H��`6! +
�NB
���7�����NLM*E���0����
6�5 deL�A1deL� B���	 500 nL/min�
�x\�I
	 10�20	��	H^_����s�-`
	
0! '65 �s�deL��U0�8�����/0
=5 deL� B�I
	 30	[���O/0�	"-5
deL�A(1� 5	� 1��`	Il5 �� �w

�	-	H
��(;'V+�NB� 	
�
<=-?
�`6! �;¡s�¢�	I>6
<=15 deL��I
�0)£�¤,�"(40! bc LC�I
	1)£�
¤,�"1�| ��|0fh7�deL��¥8 1�
�0! ��-�k�¦�
�(5 )£�¤,�	���-

Fig. 1. bc LC/MS/MSdeL�=§¨9�	H�
�©ª� +�NB
����
6deL� �deL�A�! �\ª� ����deL� �deL� B�! ��« ¬+��� ­
! (HCT116)¤*®�¯ 1 mg�+pBd*°�"5 �x« 500 nL/min5 
��±J²« �m 100 mm5 o� 150 mm5
³´µ C18dp
 �3 mmm�5 ¯�	H¶« LTQ-Orbitrap �±,·qMNd¸,�5 e¹¸*$*F« m/z 300�1,5005
B�º�+J»*e¹¸*« data dependent top 6 ·,D!

Y. Ishihama

�158�



�������������	
��������
��
��� ����������������
�	� !"
��#$ �%
�&�'(�)*+
���,��#
�
���� �-)����)&�'(��.���,�/#
"� ��012�3�)������4�3��)5��
��,
67#!"���)89��:��;#$ !��
<= #%/�� ��� 2001�>�� �4�3 B� !
?�#@A���012�3B4�4�3�"���
#8)C10)$ ,�,��012�3�"�D� #$��2�3
�%& #'+��()�*�E�+F,(G��H01
,� ;#I�,���-.,�J
/0�;#$ 12�
ZipTip� !?�#KL0�M01N)3�4�+F-
.M01�"���%�� ����)()�"�%'+�
�()�(G��H01,O���'+�;E%!"� J
@PQ�R���ST'�����5,()�6 #U7
8�V�E%!"�:� �A9,:;W):;<=�X

� (G��H01YZ)X��)�� "�A!"��
StageTip (ststop aand ggo eextraction tiptip[ "\]��#3�
4�)^(Q_>?@M01 (m-SPE-Tip)�`A,
%11), 12)$!�� 3MB)a3bHR�4("�A�cQ�
Cd�(Qe���c��":;W�X<=�:;?�%
D�KL0�M01�E/f]g�)�� F�)�))@
A�KL0&��()�hO�?i�L1Mj���01
 #)���
� IGk�:%&"H@�hA)�� c�
�&�",�)Il�Jm,%�)�;#$ !)
StageTip�@#*KL"�n+oi#!"�@E�� M
N)()Hp�OhKL�Neq(QG0��P=���
;:�r/st� -.,� ��2�3�#$%& #!"
�� Q���
)R.� �4�3)5��)�,�k��
()
)STG�u�v�)Swx��y,%$
�zs]��012�3�{�:i#�()T)U��
1V!)^(Q_>?@M01�6,��� WX�{�:
i#|}"�#$ ,�,^(Q_>?@M01)'+� 1

()�~O 1Y,�"���)�� MN()���@#Z
n[������ {�#�\��S�$ �%� ]T�{
�E�,�E%'+��� ^%&)p��)��_)^(
Q_>?@M01�� !"��\�;#,� {�E%
M01�`�HaG0M�H@p�6,��Neq(Q
G0��)bp��\�;#!"��"].�;#)��
U7c�\"�#!"�����$ 1.5 mL)bG1QK
B�M���)����;�� StageTip�dOei��
�)���f����#!"��O� �� 10,000�gP=
���:g"�\�;#)�� ����{�E�,�E%
M01��� 10,000�g, 1�
�f #!"�@�� �"
].)'+U7��\"�#$ LC/MS�4�3)5��
h)%/��{�#|}�!)*KLi��j�k��J

!"�l6m��;�� !!?�,E��,�����
2n
P=)op�q�;������)�()�;E�
�rs�
hA!"��O#@A��E%$
�AI~�����t,��#u����2�3�;#$
aB(�Q41B�qu�x (electrospray ionization:

ESI) 41B���j�"I�x?i%cG0�B42�
3�vw,�"��J�10)� ���41B���j�
)
$p���)�� �4�3)5����x,��#g��
��
� Fig. 1�:�o�#@A�� K�(�y�~��
�@�6z�)X��)�{:���#$ !)2�3�
c���j�G2�)m��:vw,�J�� |}�":
;W��Oz]"���Q�� ��� N2��5�,�
3�#2�3� 30��.�w~�O#13)$ ��)'+�
�,���)&����� #)�+oi� 2n
�: 1

2�� 1U��  #@A�,��#$ �J� StageTip

�I�x2�3�y¡���?���#14)$

3. LC������

3.1 ��	������
1Q¢(�qu�4L(���@#W��Y8��hA
%/��� b��1G2�£�qu���� #%/)4
ST� ¤£�¥q4ST�[ �h�� �!�;#I��>
�)¦=��~K�(�1G2�£�qu�",�1Q¢
(�qu�4ST��hA$ �)-� I=���%1G
2�£�qu��~���;#I�)�
��1Q¢(�
qu�4ST��ho��"�A� h��k�\�"�%
Data Dependent Scan �%� Information Dependent

Acquisition ¤\PG��,���§�2��@E�¨�
#[ "\��#���":�#$ X��1Q¢(�qu�
e44L(���@�Y8��j{ #%/��� £�¥
q4ST�£q(�J@P1Q¢(�qu�4ST�£q
(��.)
:�)�
���#�� £�¥q4ST� 1

U1%����©��)1Q¢(�qu�4ST��hA
�� 1Q¢(�qu�4ST��hA%/)1G2�£�
qu�)�S¦=���
~��� #��.�[0�;
#$ ����� ��ª�)U�)�
��6 #K�(�
�<$�«¬ #$ LC���J���� @�­�K�(
��@��
)U����#!"�®/:�#�� !)'
+��/0>��¯��K�(�� 4ST��
�+o�
�%/���E�1Q¢(�qu�e44L(��j{)
Y8�S6?i#!"�~��E�,�A$ !!��� �
�°)�H&�'(�±� ¤2,000C3,000�)&�'(
�*+
"²�:�#[ )�G1���x
�()Hp"
,�� �h>)��³a��H@)´O���%'+)&
�'(�W�Y8)�x�� (Fig. 2)$ ��³a��µ
��¶���,� ���
��
 #!"�1Q¢(�q
u�e44L(��)j{N��m,� ������ W�
L1MjN��m #�� ;#P=)"!s��)�m�
��z��E%$ !����³a��µ�)w9�@E�
·�)K�(�¸��� 1Q¢(�qu�e44L(��
j{)%/)�S¦=��,�
�#K�(���%%
/� �,
����,)1Q¢(�qu��{:��

�E%%/"²�:�#$ !!�()%&,���,��
W�N�m��~��:��E%$ !��� ()Hpv�
)¢q¹^0(B�³��x,��%/� �"�"�¡,
)��K�(�?:���,� qu�x� YZ�ºO»

NanoLC/MS System for Proteomics

�159�



Fig. 2. ��������	
��
�����
���� ���������	�����������
�� �!"#$%&��
��
#	�'() �*�� ����
���� 60+,$-.�/0 ���12��������3) 456 7890�:�;<=>+ 0.5 mg��?�@�A
BCD 1�36 EF 100 mmD GH 150 mmD �I�F 6 mmD JKL6 Reprosil C18 �3 mmF�D MN6 500 nL/minD
OPQA: 0.5RSTU=VD OPQ B: 0.5RSTD 80RWX�Y�? D ����������36 BZ[ 5\10R �5
+��D 10\25R �X+��D 25\100R �5+��D 100R �10+��D 5R �20+��D ;]+^_6 QSTAR pulsar i
�ABI-Sciex`�D MS scan 350\1,400 (1 s/scan), 4 MSMS scans 85\1,400 (1.5 s /scan))
� ��������a�b����������3,$-.X,cd)

Fig. 3. MN�e[,cf.�g
456 h�ijW kl���?�@�ABC 50 fmolD +^mn6 ������6 BZ[ 5\25R �15+��D 25\80R
�5+��D 5R �60+��D MN6 op,qr) s�t�mna Fig. 2	�u)

Y. Ishihama

�160�



���������	
� ���
����������
�
�������� !�"#�� �
$%&�� 2'
()*
+�,-��./012340�56 7	89�
�'(:;5�<2=>?@AB9�C�?D��0E
F#��

3.2 ���������	�
��
G�HI�+�,-���J+�H:KLM�<6 �N
:&O<D5�6 500 nL/minF� 250 nL/min���P
*
B90Q��	�06 125 nL/min����:&O

�7	89
P*B9�Q��	?F#� (Fig. 3)� RM6
S�N:KLM�6 G�HI: 150 mm, 100 mm, 75 mm

�TU5�6 7	MVWUX<6 �N: 1 mL/min, 450

nL/min, 250 nL/min �&O6 P*
YZ:[\���
]6 G�HI
^_M`D6 a�F?P*
9b0cQU
	� (Fig. 4)� �F�G�HI: 50 mm8&M�6 �N:
120 nL/min8&M�<2P*
9b�Q��	?F#

�� �	�I0deJZf
Mg	6 G�Hhi
jkK
@lm*0n&�6 deJZM�
o�pq�
rs3t
0u�vwx�	?Dy�6 �
�z��n�NZM�

P*9b2{|}M?#<D
F�����	
� �
~
��
G�H� 20 mmI)*
2
���[�f
��
0�A�"
010)6 ��?0��	89
deJZM�

P*9b������6 ��'(0;�Zf

��"#
��
��I:TU5f
��M�
G�H@A
B9:��
f
��6 5 mm� 3 mmI
������
 C18��G
��:��;U
�����qMhi�6 ��34���
P*�
��:����� Fig. 5M�f�yM6 G�HI
0TUDuy0cFM�qe>0^_�6 P*
B90Q
��	�� �F� 3 mmI
hi�: 30 cm
;UMhi
f
���0  300 bar�?�6 ¡¢
 HPLC (high-

performance liquid chromatography) �£¤H��¥�

Fig. 4. KLS�N$%&M�¦
§?
I
G�H:¨D� LC/MS/MS©q£�qeeJª�+�H
o�« ¬�­®¯��d�
�����°Z± 20 fmol6 ��$%« +�,-��« Br* 5²60³ ´25�(µ6 5³ ´25
�(µ� G�H¶�·6 �N�¸¹Mº� ´S�N� 3$%���µ� 7
»
$%� Fig. 2 ����

Fig. 5. G�Hhi�I
3t
+�,-��« Br* 5²40³ ´30�(µ6 40²80³ ´10�(µ6 5³ ´20�(µ� hi�I�¸¹Mº�� 7
»
$%
� Fig. 2 ����

NanoLC/MS System for Proteomics

�161�



��������	
 ��
�������������
����������� �!" #$��%&���!'
(�)*� UPLC+,-.�(/��01��� ��
23�"

4. LC/MS/MS����������	


�*��45
 6��78�9���:;�<	=>?
�@�ABC�	
� ���DE��!'(�
 LC/

MS/MS��F�G(�H�����
I�J�� �"
�(=>?�@�ABC�	
�KL��!'(�MBN
�OAPQ��H�RSTS1/5IU�� �2)" MB
N�O�����	V	V �1
 �D;�W	X�+Y
Z;[\;MBN�O(X]3���
 ���+^_�(
�`�a�1�	��
 NbAQ�
 �cX�d�e�R
3���
 dBM�f8
gB�h�;1�	���i�
2���
 �j� sodium dodecyl sulfate polyacryl-

amide gel electrophoresis (SDS-PAGE) �k���	
�9), 15)" SDS-PAGE���)(A8Bl�� 5m20n(
o�(�b>���
 pQ�q���	�" r�)� LC/

MS/MS(/��F�stuvw�
 �j$� Gel-

enhanced LC/MS
  �� GeLCMS�xy�	�" Xz
Vy{6|}APQ��H�pQ�q�)(~3!TS1
/5IU�� �1
 �H���e8MQ��F��1c
c���
 l����I�1!z���v�	/S
 �H
�(X"�����1 �"�j$��u�
 GeLCMS�

 ��b>��9�(�F��t�
 ��9�#1��(
 5
 9�1��(�:� �!$
 {6|}APQ�#
$( 3m5�H�$	��/S(��	�" ���H(�

G*�>7B��,8}� StageTip��	���1k
	11)" NbAQ��$1�`
 dBM�f8
gB�2�
����1�	�1�`�%�� �" r�Tc(�
 �
&�(�#�>7B{�9' �e.�Q7��\+�6M
�Q7�(\� 0.005m0.02���� �~3
 {6|}�
��NM8B�)�#w!515)
 �5*��F��(G(
+,#�!X��-���1$�F��5*�.�16) �
i1 5
 ��$��H��	Sv����	1
 /5k
��{6|}�+,���	S/�(�
�� �15)"
�^�5*��F1�`��$	�9�#1 ��u
(
 +,�I������XI���J��
 �j���
���SO#�F��]S��� �" 03�Applied

Biosystems � QSTAR� Thermo Fisher Scientific 
� LTQ��
 1����m/z2¡1�S�����
�17)
 ¢34£D� (collision-induced dissociation: CID)

NM8BX�S��c$
 +¤9��
 +¤ LC¥¦��
	�X
 +¤{6|}�+,��§��������1h
�� �1
 ����¨��©ª«�h��v����	
��
 ¬5����	" r�Tc(�
 �­®6�#�!
7¯�&D��]S.�18)
 MS3��stuvw�.�19)

�i�+,��°~#w!5
 +,�±8;�²�#w!
5���(9(:³�23$��"

Fig. 6. 7�b>B 2´µ LC/MS(4�� LC
����;¶
�F¥¦�·¸�<¹ 22º»"

Y. Ishihama

�162�



5. ����� LC/MS/MS
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