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Mass Microprobe Aimed at Biological Samples
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Mass microprobe acquires mass-to-charge ratios of ions which are generated at an extremely small area on
the sample surface. A raster achieved by moving the area of ionization over the sample surface allows to map a
wide variety of compounds existing on the surface with a lateral resolution of 1�100 mm. The technology to
visualize a local distribution of compounds in the sample is called imaging mass spectrometry and is recognized
as an emerging field of mass spectrometry in recent years. Mass microprobe can now be applied to biological
samples, such as thin tissue sections, after significant progress of sample preparation techniques. SIMS, LDI, and
MALDI are ionization methods utilized in mass microprobe. Molecular images of light compounds, such as lipids
or metabolites, are suited to be recorded by SIMS or LDI, whereas peptides and proteins are targeted by MALDI.
Although the sensitivity is the most important issue still to be overcome, mass microprobe is superior to optical
observations for providing chemical information on biological samples, and is highly promising as a practical
tool of biological researches in very near future.
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���P�2� �8�������R��¡BT !�
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4�u�5A�5���v1-Iu�T�I,�� y,z
��� ���{&|�>��}~�� 2����9��6
(secondary ion mass spectrometry; SIMS)� �&�&
{&|�}~���&�&0����v (laser desorp-

tion/ionization; LDI)� ���� ��MvY�	���v
�7�����]��� (matrix)�>����8��G
�&�&{&|�}~����]������&�&0�

���v (matrix-assisted laser desorption/ionization;

MALDI);5nu,Gn��
2.2.1 2�������	 (SIMS) SIMS�- 3�25

keV��9��:I�� 1����{&|����	�
>��}~�� >����u�9;;� P����� I,
������� 2������5��� >����I<�
	���5 +=��6;*V�	�� >?-�@��4
�j*5�6�AF�GBC��� Ga�# In�	���
{&|�B����-�D���f (liquid metal ion

source; LMI)-E��5 1����f�<S� ���{&
|	�����-%b 1 mm PC�� 100 nm� z��:�
:�;� F�;
��8���<�� �S ��¡¢�5
1����fF�G Cs����£5¤;<S� 2�3 mm	
������GGn��
�¥G->��M�H¦��	�I§vY�	&��-
JI5nF¨Vu,Gn�;� 1����}~�	3T�
��I§�M���v	�©; Benninghoven��¥G
KªI,G«L8)� �->��¬�I§vY�	 SIMS

&� (organic SIMS);M®��*+,��m�5¥��
I§�MNL	 2������-� 1����	O¯}~
�;7�	P (static SIMS limit)�QV�F�3n�°±
�²R��� >�# 1����³��¥G static SIMS

limit-´5�;� ��µ 1013�1014¶/cm2�<S� 1�
���STU� 1 nA/mm2	XY�-}~·BV 15�
150 ms�.W��� y,- SIMS����¸&¹�^9
��6	!:5º»�5¥Gn�� 2�������	°

Fig. 1. Principle of imaging mass spectrometry with mass microprobe. A thin flat sample, such as a tissue section, is
subjected to SIMS, LDI, or MALDI source. The area of ionization on the sample surface is clearly identified by the
small exposure spot of primary ion beam (SIMS) or pulsed laser beam (LDI or MALDI). Thus a mass spectrum
corresponding to a particular location (pixel) on the sample surface is recorded. Imaging is achieved by scanning
pixels over the sample surface. After the whole mass spectra being recorded, peak intensities at each m/z are
converted to gray scale tones of image pixels, i.e., a darker represents a higher intensity, to create raster images.
Each m/z gives a raster image, which is the molecular image of that m/z over the sample surface.
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� SIMS
�� 1�12�+ 7
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�� 7�#$?�@A
(charge compensation)�12�B
%#�&'�=�&
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 5G10 eV
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2�12�23�45?�KL M6N-�78O
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�  ��89�:;�<������
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2.2.2 ���������	 (LDI) LDI���
<�
�R=

S>?�TU*V�B�� SIMS
W�� 1�
12�I�JX$Y�Z�I�J
?[\#�]+�@^
-[�&�X��_01
`A+!"�=�& (1) _�aB

���+b_TU*V��CTU*V�
D\-[�+
-� ����E�
���aB���FG+Y�Z��
&'-=�& (2) HcdI�J#�,de-��+C
^�f�++I�gK-[�+-� ���+f�
L
 01�h�MI�&'-=�& (3) NLOP
 iQ 
+-� R* �*�S+Y�Z��&'-=�& ��
Y�Z�I�J�BT�4�U
X$� V_j?
W��
�k�lm+@W)+/XY MnZocQ �Y�Z�FG

p[?�+-�\q (UV)Y�Z��r�%& 4]F+
Nd : YAGY�Z� MFG 266 nm� �*�S 10 ns� �*
�TU*V� 10 mJQ �^�
 Y�Z�_B-=>� �
k�lm� 0.5 mm-BT-[��� _`� 1G5 mmQ
I+�k�lm-a>?�& /R 01sI���
��
�t >� b_u MNDv�*� �Q �_��Y�Z�
I�J�01?��� A@�w�cd+12��01�
h�MI 106G1010 W/cm2-e$��%�& 018O�
��+�f Mg1x� reflection typeQ� ? yzhi12
��{[3?8O|�- }� jk ~�<*���:�
_����lf Mjix� transmission typeQ X$]�m
-=>�  ��_��n ��o??�12�Bp�+q
cI�,!��� jix-�~�<*+��� 1 mm�e

ro���& LDI������89�:;�<?�so
� }� �*�01 +- static SIMS limit
tu?�
12����+��] SIMS��Cv-� %& �X� 1

�*�01��+12�����y	X-=>� _`�w
xn+�*�01-yz�{�	���>|� ��� 
$ %&

2.2.3 
���������������	
(MALDI) Organic SIMS� LDI+}>
 ��~��
500QI--=>� ���J#����� �
����
���
���yz-��l'���+�>�&�� 
�& �l'���
�,�+^��#hi�12��

M<)l�P9Q ���?�S>�=�& MALDI
��1
��:�����-������ (sinapinic acid; SA)

�/]>%$�� (��+��-�����������
?�& MALDI��� 10��J#������+12
������ LDI
����I���
O)-[�& 
�� �l'���+��
��12���
�+��]
�m-=�& �X�� �l'�����+�E����H
�
����� ����X$+��+�3��:;+W�
��=>� ����?[\y��m�
��?�&'�
=�&���l'�����-+TU*V���
�>�
}�+12����j�01�k�lm�>]X >��
��!� Y�Z�I�J��o
BT��],%�^m
+��� �-=�& ^�
 Y�Z�_B���� N2

Y�Z� MFG 337 nm� �*�S 4 nsQ � 3]F Nd :

YAGY�Z� MFG 355 nm� �*�S 10 nsQ �=�&
01�h�MI� LDI
���X >X�}� 105G108

W/cm2QI-=�& LDI��¡}� 10G100nQI+�
*�01-yz�{�	���>|?&

2.2.4 SIMS����
������� �'()�
* �+�¢O����w�+�H�� SIMS+ 1�12
�+�.�£$?�& �H�����l'������S
>?���X$� �� 2�12���� (liquid-SIMS,

LSIMS)�¤��� }>
 ��~�� 3,000QI-�
�?�& A@�w�+ SIMSyz-��}¥�
 8�-
=�����C(D
�� -[ %& LSIMS
���/
���+������0?�q¦¡¢§¨�=>� static

SIMS limit�©£���I�O)?��� ����¤
���& MALDI+�F
`��l'����>%���
���¥¦-[�& �+§���� ª¨;����X$
SIMS
���,��yz���%�10)&

2.2.5 ���������� LDI�MALDI-�_
`� Y�Z�I�J+_©�`z��q9~�<*���
:
�>����)+Y�Z�01�j�P9?�& �
�����«����>%�q9���:-j?ªI¬5

mm�e�%�& �$
,ªI
j?!?�«w�� �
T®¬��>%����:P9@A- 20 nm+ªI�e
�&

SIMS-�~�<*���:+j?�`z�� 1�12
�I�J� «��®«
�>¯O�4�01�j�
P9?�& �+8°��¯°¯* @A�]� %+-�
,++P9��m-=>,ªI-{±�],%& �X��
2�12�_�±+#s©
<�� 1�12�01�j�
Dj?��!� SIMS-�����)+01�m ~�
M²³Q 
ro��¡�&�+Dj+²³�´µ��²³�
´!�5� (dynamic emittance matching; DEM)]"6
���%�11)&

2.2.6 � !��"#$% ����+}�+��µ
¶ M¶�Q �� ��+���01j?+··|�- }�
���¶+<¸¸�����]¹º)�!�¹'-=
�& I¸2«°�
��}µ¶+';*�1J�º�»»
�¼�%& 1�12���Y�Z�+I�J��� W
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����� ���������������	��� !
�" #$ LDI
�%�&����'�()*)+,��
$� -�()*)%�&������������.�
��/0!�12)"

2.3 ���

�%�&������ 1����23�
����
� 4��5 (quadrupole)� �6�� (magnetic sector)�
���7 (time-of-flight; TOF)� ���89:; (ion trap;

IT)� <)�=�>���?�@A8A�-� (Fourier

transform ion cyclotron resonance; FT-ICR)� B��C
DE���FGH� I�J�:KH�LM NO� !P�
 !�Q#R#�"#S�$�N.�QD3�" ���
�%T	�3 (1)&��?�@U (2)'���(V�
(transmittance)� NWXED�" )*�+�
�YZ@8
U+,-���[)\��
��� �� ��?�@U�
.89:;�� (IT, FT-ICR)�/
��01 !�"

TOF���?�@UN2& !P� ���(V�0
100]�3��� � 
�%�&����	�324 !
�" SIMS+56���#�� 17���^)G+_UY
'�3 27���+_UY8�9:��`� #$�;ab
<= (orthogonal acceleration)��c3 27���+_
UY8�b<��>?N!�"
��5� m/z�(V@+dA��	'eB�fY<g
U�	�3CD��� � 1E��/��F+G�	�$
�[)\��
�����4�3�" �6�����+
9:�� SIMS	�56�24 !�N� LDIhMALDI

	�560O� !�"

�%�&�������FG' (MS/MS)�� ���
(V��Hi� ��?�@UhF)�I���J*	c
$KL��	+Mj�N� NOP
+QR��$�F�
[)\�� �ST !�"

2.4 �����	
���

�%�&��U�
����	VklWm 4XFJY
nhfUoop�qU;()8�LM +�3�N� H
���9:� �ZA	��$r� lWstheB�?
u[\��U�
�����P0'" ]^_8�qU5
#H (superconducting tunnel junction)lWm���'
eB'��/N!P13)� QE��.�Nv`QD�"

�%�&�F)�wYxG�� �U�
���� �
y�az�bj3� (1) 
�YZ@8U`E��[)\�
��F)��bW� (2) P
�cd�{|@}Uefgh
�ij� (3) P
�cdF)��~k�lm� (4) �[)
\���no��I)K��� 4?�;UYx)\�C�
p�LM�qCr����23+��U��G s���"
�m�
����+�t�$
�%�& �� C����
��+0�F)�wYxG+qD�3� 4�� ���
�)^U8*��MS Image Tool14)M" uv�
�%�&
�P
�cd+wx�<��U6��Fg\�U�[)\
	�3lm��N� TIF6� (tagged image file format)

�L�U���[)\<��U6��=@Y�)8�� u

v#$�_J�:@K[����dI��<8���
4NIH Image15)�LM +�$P
�cd��0����
D�"

3. �����

3.1 �����

�%�&���yz�� SEM	-{��|}N!�
N� SEM ���6~�l���N�	�����Q��

�%�& �P
�c+l���>?N!�� � %T
�QE������" SEM���yz ���ED�
dA��� ���U�:@�9��K����j����
�L+���C�3ZA+� ��� �� ��" �
"������ (1) �7���3��Y9�Y�� �¡¢
�£��¤i �����_��� (freeze-dry)� (2) �7
���3��Y9�Y�� ¥�8~�##H¤i ���
��_��� (hydrated-cryogenic)� (3) �¤ ����
�}���=o(���L+!33e}P
+��,P�
����_��� (membrane-blotting)� �L�yz=N
!P� yD¦D�.&N!�" (1)��= �� ¢���"
���N�k��6� 4�[)\�� �����}8 
��D§�E�M� ¨���Pn��L©NKL !
�" ª��:�0��D�" (2)��=��� '«�$�
+>?	�� �� 4�h�M  ��D$���¬����
��'N�	���" (3)��E`�®���= !P�
!��B�P
�c� D�¡�ED¯� G��F�E�
hm¢���c3QR�sED�" �`��£�hJA:
8=��c3��,P�¤¥�+¦j�C	� ��" �
P§��=	�3� ��¨
�L�"�©�*��m¢
��P
��3�� "����}+;5?�;U;()
8�n�3��,�C	0 ��" ª«����3�
()*)f�@A��}@w°� (laser capture micro-

dissection, LCM)+�$yz=N!�16)" #$¬ª«9
P+�7���� �����±#�$�¡hmg z�#
$��.��²=0³QD3�17)" MALDI���y
z �QE�f8�:@Y®b+��" yD�� (1)f�
@A|Z:8+�3f8�:@Y¯´+���°i��
�¤i q±¢�QS�� (2)=�Y;()+�3f8
�:@Y¯´+���µ�3²³�� �¤i q±¢�Q
S�� (3)!E`krf8�:@Y ¶)xg���$;
()8���+´S�� �L��=N!�" (1)h (2)�f
8�:@Y®b= �� ��e}`EP
N¯W���
�µ��¶·N>? !P� f8�:@Y¯´�°i��
�U��MALDIZA�·23`�P¸Q (¸200 nL)"
�����G¹��¹Q� SIMS, MALDI	0� 10¸20

mm !�"
3.2 SIMS������
SIMS+�$
�%�&�'}���	'<�[)
\��+w.	�� ��	�3 40,000|@}U��[)
\���º+º 3�7 ,-��" uv$��� IMS

4CAMECA»MhTOF-SIMS4Ion-Tof»M�TRIFT4Phys-

ical Electronics»M N!P�¯D0`�P¼»�3�
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�� ����������	
��� ��������
���������� ��� �!�" #$%&'()*
+, -�./0� #123	4
, ���5� �%6 
(phosphatidylcholine)��-75��18)� 89�:
%;<�%�=�>?	
@A� �%6 �BCD��
���E���F89�:%;<�% (m/z 184)�G�
�<:��%�-HI��� J%K�LMNO�P��
����� Q�� TOF ���R #KratosS, -TU5
@ �!�"-���� VW<%X�:Y�3�Z[K\
-��5@]2�'K 1^�3_���<:��%� 
���-HI��17)�

3.3 LDI������
LDI-��@ �!�"�� `�a�!� ���

(laser microprobe mass spectrometry; LMMS)b5�
1980�cde��	
��f19), 20)� Q�gh��
LAMMA #Leybold-HeraeusS� �i� SPECSS, X
LIMA #Cambridge Mass SpectrometryS� �i�
KratosS,�j� k
e�l%��3m��n�op-
�q�� <:��%��o��F�@A� 3r�;��
(mass microprobe profiling)���e
�st���>
?u��v��w� xy0��G����oz{��7

 �|�� !DM�_�z{� (aNi3S2)��}�� 1�~
8��� (guinea pig alveolar)���M�_�c���
7 F��j� "oz{��7 w�� ��%�%
#$ Clofazimine-��5@123�%����X� ��
����D� (phytoalexin)F��j� �@N%;
���P�������� Q�� FT-ICR ���R
#Bruker DaltonicsS, - �!�"�TU5� ��&�
��
��de��D�j[�%&-'5���
k
e��� �� � ���z�(��)�f�� ��
*�+w� 
XE¡¢£�¤,F���"¥�-¦§¨
�0�-©��I���5@kb����j�

3.4 MALDI������
MALDI-��@ �!�"�� <:��%� ���
�ª«b5�¬�¦��.���	
�� (Table 1)�
�%®�¯�;P�������� Q��MALDI-

TOF ���R #Applied BiosystemsS, -TU5� 	
�°�F�./�G��$%±� -/��5@<:��
%� ���-HI��� 0²³^� (D54)�´µn�

 #123}¶, ��·1¸-¹�º (thymosin b.4)�
��7 F��j��L�m»38��1S����
��� '2�Q��MALDI-TOF ���R-TU5@

Table 1. Current Researches for MALDI Mass Microprobe

Institute Leader Main research activities

Vanderbilt Univ., U.S.A. R. M. Caprioli Instrumentation, Method development, Molecular imaging
of proteins in tissue and cell

Univ. Illinois, U.S.A. J. V. Sweedler Method development, Molecular imaging of peptides in cell
Novartis Pharma AG, Switzerland M. Stoeckli Instrumentation, Method development, Molecular imaging

of peptides in tissue
Univ. Giessen, Germany B. Spengler Instrumentation (built in-house), Method development
FOM-AMOLF, The Netherlands R. M. A. Heeren Instrumentation (stigmatic mode), Method development
She$eld Hallam Univ., U.K. M. Clench Method development

Molecular imaging of light compounds in epidermis
Penn. State Univ., U.S.A. N. Winograd Instrumentation, Method development

(LDI from frozen aqueous matrix)
ICSN-CNRS, France O. Laprevote Instrumentation (MALDI and Cluster-SIMS),

Method developmenta)

Iowa State Univ., U.S.A. E. S. Yeung Method development (colloidal metal additive LDI),
Molecular imaging of light compoundsb)

Univ. Metz, France J.-F. Muller Instrumentation
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Fig. 2. An example of MALDI mass microprobe data obtained from single cultured cerebral ganglion neuron of Aplysia
californica. (A) Raster image showing the spatial distribution of peptide with m/z 4617. (B) Mass spectra which
were taken from spots located on a line with their centers separated by 50 mm. Peaks are detected that correspond
to physiological active neuropeptides: AP, acidic peptide; ELH, egg laying hormone. MALDI matrix: a-cyano-4-
hydroxycinnamic acid (A) or sinapinic acid (B); 50 mg of each matrix was dissolved in 1 mL of acetone. (Figure
supplied courtesy of J. V. Sweedler and reprinted with permission from ref. 22. Copyright 2003 American
Chemical Society.)
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