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� µċɊİȶĿǻ5ƮȦ3ACɓǸµ`�oTȕ@ǸµǮǏHƢ�.ǼƱǑǥ213ķů#)Ǒǳ@

ǳɓML�]HƠ�)ƚĸ/śƽ3ņ�BEDA�32CɓŶƘ¤95İƠƘ5«·ǔȘ@ɓŶƘ0

İƠƘ05őȼ�ÞȂÐ/�DA�32C--�D�"B3ACİǑ2�v�5ĪĸHņ�D)>3

6ɓɁĊɊİȶƋ(ɁɊ)�ŠȨ2c��/�D�ɁɊ6ƠëƝȑHǑǥ�O�Qk��v�5ɎÁȅ
Ǧ/ņ�D 03ȷ�.�D�ŘɓíČ�ǓǞ�v�5Ĥ�Ɉø�BɓŶƘ0İƠƘ5őȼ5üHŇ

#À% 06�ĮĽ/�D�ĩƼǅď/6ɓŶƘ5Ǒǥ¼ƠëƝȑHíČ�ǓǞ�v�5Ĥø3Ə,

.Ɏȅ²ĥ/ņ�D)>3ɓ{T��BzT�Hǝ��-5ĿǻHȹƮ#.�D� 5�-5Ŀǻɓ

(1) íČ�ǓǞ�v�5Ĥø3ƏDȟȥɁɊ²5ÜĮ�Ƨ²ǗâHÞǦ0#)�ĤøȟȥɁɊ²ÜĮ[

]d|�0ɓ(2) GFP215Ǹµ`�oTȕ/żȎ#)Ǒǥ�O�Qk�5ȗİĪĸHɓɎÁȅǦȖŰ

ɁɊ/ÞȂÐ%D�Ǹµ`�oTȕ-ȖŰɁĊƴȻɊİȶƋ�3-�.ȅȋ#ɓŶƘ0İƠƘ05ő
ȼHɁɊ�v�/ÞȂÐ%D)>5ŘƋHȏȍ#)�� 
 
��� �67;<��#���� 
�  E</ǈǤB�ŶƘ5Ż�2íČ�ǓǞ�Ǒǥ5ɁɊȃĒHǺ,.�)2�/ɓíČ�ǓǞ¸¤

HPn�%DȗİǑźȢ5ûé�Ę2� 0�Ģ3ìɉ02,)�(5)>ɓǓǞ!03Ǒǥ@O�

Qk�5Īĸ�ą��ƪ2Düâ5İǑźȢƆȚɓȰƠõ0āƪõȺ/5İǑźȢƆȚɓ<)Ɵýā

Ð3 �O�Qk�āÐ215ɁɊȅū�ɓɀ#� 0��,)�(5A�2ǔǛ�BɓĤøƯ3í

Č�ǓǞ�Ǒǥ5ɁɊ²HŎī%D[]d|5ĲȀĴHķ$.�)� 

� ȝģ/6ɁÎ]d�\@e\`�P}��ĩ)CÇ5ŝ�32,)�ɓ2000ģɆ</6ȉŕX-Y]
d�\5ǂÎ�ĽÎĦîșlt5=/�,)CɓƧ²Ŏī6sK�|P}�5=/�,)C0ɓJh
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�UÄį5ȟȥɁĊɊİȶɑTEMɒ��/�,)�ȝģɓɁɊȃĒ5¦Ÿ5Ą��e\`�ÄįÞǦ

32,) 0/ɓTEM²HǪÎŎī%DƟý�Ŕ,)�ĺ��¨Ƣ#.�DTEMɑJEOL JEM-1400ɒ

6ɓɁÎX-Y]d�\H±�ɓ¯æWL�/ɁĊq�|HW�f���%D 0/Šąǜ5ŭ×ž5
ŭ5Ȇ25ŭHŎī#ɓ²HǕâ%DO�f~�`�\�ŎīƁǦHżƑǽ±#.�D�#�#ɓ¯

æWL�3ADÄį5=/6ɓ!�ȾBE)Ɉø#�Ŏī/�2�)>ɓACĤ�ɈøHŎī%Dü

â6]d�\HǂÎ"'DĲȀ��D�( /Ƨ²ĶûȅūHĔȸ0%DƼǅǤ0Ɋİȶ�Ÿ5ÕÊ

3AC �ĤøTEM²ǪÎÜĮ[]d|�5ȹƮHǺ,)(ȐĚ 2014)� 

� ĤøTEM²ǪÎÜĮ[]d|6ɓ(1) ĤøTEM²ǪÎŎī[]d|0ɓ(2) ĤøTEM²`L��U

u�U�|/źĹ"E.�D(ðɕ)�(1)6ɓăȫÄįW�r��`�3ACTEMť¤H]T�ufÄ
į#ɓX-Y]d�\HÎ�#2�BɓɁɊ²HȣǘƯ3�ǪÎŎī�%D[]d|/�Dɑð1Ğ

�ɒ�(2)6ɓŎī#) EBąȱ5ȣǘƧ²Hɓ¡ǠĶû05C#FȫÁ5Ƨ²ĶûHƢ�.�ǪÎ

Ǖâ�#ɓȣǕ#)ɕŭ5ą�2½ƷHƠĹ%Du�U�|/�D(ðɕà�)� 5[]d|HƢ�
.ɓ`nWùɌǑǥBY-2ű@[�Ljh^h5áíČ5ɓSQrT_�T�]5ĤøTEM²ÜĮ3

ĹË#.�Cɓ©�7ɓBY-2ű5þƅŢ�A8čĢƚĸŢ3��DO�Qk�5ȗİĪĸāÐHś

B�3#.�D(Toyooka et al. 2014, 2016)�<)ɓ[�Ljh^hùɌǑǥ(ðɕĞ�)@[�Ljh^hŲ
ǇǓǞ(ð1à�)21HĤøŎī%D 0/ɓǑǥ¼O�Qk�5ÁĠ5ȧ�?Á�C--�D� 

� ȝģɓȣǘȉŕÂÆɃHȖŰɁɊ/ȃĒ%D 03ACɓĤø�-3Ƃ´5ɁɊ²�ĮBEDA�

32,.�)ɑLidke & Lidke 2012ɒ�#�#ɓɂĢ3Ɏª2Ɓí�ĲȀ/�Cɓ��3²5W�f�]
fH��D�ɓ<)ɓǩą2Ƨ²e�`H15A�3ľ��21ìɉƔ?Ą��ĤøTEM²Ŏī[
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]d|6ɓCCDP}�0ɁÎ]d�\Hōț#)TEM/�E7ɓĺ��ȹƮ#)]T�ufHĎǺ

%D*�/Ĥø3Ə,.TEMƧ²HÜĮ/�D�<)ɓ 5A�2ĤøŎī[]d|Hōț#)

TEM�áɊİȶ}�P��B?ȓĀ"Eĉ>.�CɓɎȅ²ĥ�-Ĥø/5ɁɊ²Ŏī6đŜ32
,.�.�D� 

� ŶƘ0İƠƘ5ƴ�¦Ƣ5“ü”6Ɉø�ȾBED�©�7ɓƓƬƭǳ5èí�ǼƱǑǥ3«·#.

�D0 FHTEM²0#.ȁ)�üâ6ɓȠĢ5TEMȃĒ/6(5“ü”HŇ#À% 06đŜ/6
2��ɓɎȅ²ĥ�-Ĥø/Ŏī%D 0/ɓèí0Ǒǥ�ň#.�D(5üHņ�BEDÞǦĴ�

Ɏ�2D0ŢĬ"ED�<)ɓĤø/Ŏī%D 0/ɓ«·�ķů#)İƠƘêȜ5ŶƘǑǥ@ǓǞ

5ƚĸHɓ¸¤Ư3ŀŋ%D 0�đŜ02D/�F�� 
 
���1�����3-4);�09<$8+ 
� ȝģɓǙǡƯ2ȅū@ȩ�ċ3ADƁǦȅū213ACŻ�2ȩ�Ċ�ȁÀ"Eɓ(EBȩ�Ċơ

ƘHǸµ`�oTȕ/żȎ%D 0/ɓđŜ3`�oTȕ5Ǒǥ¼ęô@ÎĸHȃĒ/�DA�32

,)�(#.ɓřƺ5O�Qk�ęô`�oTȕ05ºƮƝȅū@ȽĐÈǉ5ȅū3ACɓżƯ`�

oTȕ�ęô%DO�Qk�Hŉč%D 0�ÞǦ32,.�.�D�ĺ�6ɓżƯ`�oTȕ-Ǹ
µ`�oTȕ5ǹâ`�oTȕ5Ǒǥ¼ęôHɁɊ�v�/ȅū#)�üâɓŁGFPŁ¤21Ǹµ

`�oTȕ3ē%DŁ¤HƢ�)¶ƫɁɊƋ3ACŉč#.�D�#�#ɓ¶ƫɁɊƋ/Ûĳ5�,

)źȢƘ�ɓťĩ3ǸµHƮ%D?50ä$źȢ¤/�D�Ŗč%D 06ɀ#�ɓŉč%D 0#

�/�2�5�Ďƚ/�D�“ŉč”�B“ƙč”3]dbuJbu%D)>36ɓGFP215ǸµHȃ

Ē#)50¸�ä$ȉŕHɁɊȃĒ%:�/�D�(EHÞǦ0%DĿǻ�ɓµɊ²0ɁɊ²/ƴȻ

HÜDµɁĊƴȻɊİȶƋ(Correlative light and electron microscopy: CLEMƋ)/�D(de Boer et al. 2015)� 
�  E</3CLEMƋ5u�fW�@ĽƋH<0>)Ą�5ť�ÀƗ"E.�D(Muller-Reichert & 

Verkade 2014)�ɓ��5Ľɇ/ǺGED 0��ǬƯ/�D�<&Jg�]��ųĊŽŻ5�DPn�

Q�]�3ǑǥHňƸ"'ɓǸµɊİȶ3ACGFP<)6Ǹµ�ƂŁ¤5Ǹµ²HŎī#.���
Q�]ňƸ#)<<ɓǑǥHñč�Ǩƈ#ɓNyR[ſǧ/®ǆÏ÷%D�Jg�]HÚǣ3ɓǸµ

ȃĒ#)50ä�ǋļ/ȗǶÂƖH¦Ǿ#ɓTEMŎī%DŘƋ/�D(Liss & Hensel 2015)�ȝģɓCLEM

ȅūƁí5ĿǻɄŗ?Ȥ=ɓǸµɊİȶ�ibf�ōț"E)TEM@ɓµɊ0ɁɊ/ȉŕw�a�
HºȠÐ%D 0/[�|�]3ƴȻ²HĮBEDCLEMƁí21�ɓá}�P��BƮĀ"Eɓ 

�Ç3Ɔ:đŜ3CLEMȅū�/�DA�32,.�.�D�#�#ɓ EB5Ju�V�[��@

Ɓí5Ą�6ɓQ�]3ňƸ#2�ŶƘǓǞ@ŶƘùɌǑǥ5ȅū36Ȩ"2�?5�Ą��©�7ɓ

[�Ljh^h5ǵHǸµȃĒ#)5+ɓȃĒ#)ä$üļHTEM/ȃĒ%D)>36ɓY�u�

H]�LgQ�]21¥�úƑ02D?53ē#.Î�2�A�ñč#ɓſǧÏ÷#)ĭ3ÂÆ%D

ĲȀ��D�ɓ(E6ïɀ/�D� 
� TEM6Ƕ�Â,)ſǧÂƖHȠȥ#.�DɁĊǚ5īHȃĒ%D53ē#ɓȖŰɁĊɊİȶ(SEM)

6ɓǖ,)ɁĊǚ/ȉŕǼɃ�HȖŰ#ɓȉŕ�BŒÀ"EDɁĊǚHŷÀ%DɊİȶ/�D� E

</SEM6ɓȉŕǼɃ5İǑźȢȃĒ3Ƣ�BED 0�;0I1/ɓŶƘƼǅ3��.6ɓǵ@
ǲɅ21íČ5ĪĸȃĒ3Ƣ�BED 0�Ą�,)�SEM5�/?ɓɁƨŒÀĪȖŰɁɊ(Field 
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emission SEM: FE-SEM)6ɓɁƨŒÀĪ(FE)ɁĊȴHƢ�D 03ACɓɎÁȅǦ/œÓ�­5­Ɯ/5

ȃĒ�ÞǦ/�D�Šȝ5FE-SEM6ɓ20-30 kV5ɎÌȡɁó/ɎÁȅǦ²HĮBED 06�</

0āGB2��ɓ0.1-1 kV0�,)Ź¢ÌȡɁóŨ��/?ą�2u��tɁƌ�ĮBEɓśD�S/N
3³E)Ƨ²ȃĒ�ÞǦ32,)�<)ħ�[Uh�/?ŷÀÞǦ2ŷÀí?ōț"EɓȠĢ5ɖƂ

ɁĊŷÀí�ÛĕɁĊŷÀí5�ɓYAGǕşHƢ�)Ɏķĥ5ÛĕɁĊŷÀí21?ōț/�DA

�32,.�D�ȃĒŨ�0ȉŕȌǾƋHĝĆ%D 0/ɓŻ�2ȃĒ�ÞǦ02,.�D���5

A�2ĿǻɄŗ3ACɓƠƘȉŕ5ſǧÂƖȃĒ3?ɓSEMHĳƢ/�DA�32,.�)� 

� ( /ĺ�6ɓǸµHƮ%DźȢ¤5ȗİĪĸHFE-SEM/ņ�ƴȻH0DCLEMĿǻ�Ǹµ`�

oTȕ-ȖŰɁĊƴȻɊİȶƋ�HǣŴ#)ɑð2 �, ȐĚ 2016ɒ�6$>3Ǹµ`�oTȕGFPHƮ
Ɲ#)ŶƘȉŕHJ�epgñč#ɓǨƈ�Ï÷ĭɓÙ"1 μmǃĥ5ƑȗǶÂƖH¦Ǿ%D�(5

ÂƖHJg�]��5ųĊŽŻ�ØÅ"E)Pn�Q�]3ț'ɓºƕƔ��Z�Ɋİȶ3ACǸµ

²HŎī%D�(5ĭɓÂƖHȭȮM�i�0TN�Ȯȳ/ɁĊůǮ%D�ä$ÂƖ5Ǹµ²Ŏīǋ

ļHFE-SEM3ACŎī#ɓǸµ²0ɁɊ²Hȯ4âG'D 0/ɓǸµHŒ-Ǒǥ�O�Qk�H

ƙč%D��</5CLEMƋ0ą��ƪ2DƔ6ɓſǧÂƖ�BǸµ`�oTȕ5ǸµHŷÀ%DƔɓ

TEM/62�FE-SEMHƢ�DƔ/�D�TEM/6ɓȃĒÞǦ2ÂƖYL^�ÄȾ"EDɑŠą/1 
x 2 mmǃĥɒ�ɓSEM/6ACą�2ȉŕ/?ȃĒÞǦ/�D�<)ɓɁĊǚHȟȥ"'DTEMȃ

ĒƋ0ƪ2CɓȗǶÂƖɑÙ"60-80 nmɒACÙ�ſǧÂƖ/?ɓđŜ3ȃĒ/�D� E3ACɓ

ÓÁ2Ĩĥ5ǸµHŷÀ/�DÙ"1 μm��5ÂƖ/5ȅū�ÞǦ02,.�D� 
�  E</3ĺ�6ɓĤøTEM²ǪÎÜĮ[]d|/ɓȰƠõ[�Ljh^h°ȫŲ¾3Ąœ5ė
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"2 ER xeKŻ5źȢ¤��D 0HȁÀ#.�)�#�#ɓ(E�ťĩ3 ER xeK/�D�6ɓ

Īĸ�Bŉč%D#�2�,)��Řɓėǥ¤ƄƩ[Uh�HDELȬÃHCŤǇ3Ǖâ"')GFP

HƢ�.ɓERxeKHÞȂÐ#)[�Ljh^hű(Yamada et al. 2008)3��.?ɓė"2Ǹµgbf
�°ȫŲ¾3ĄœȃĒ"E)ɑToyooka et al. 2015ɒ� 5GFPǸµ/ÞȂÐ"E)ERxeKHCLEM

ȅū%D 0/ɓĤøTEM²/ȁBE)ERxeKŻźȢ�ťĩ3ERxeK/�D�ɓƙč/�D

5/62��0ǣ�)�GFP-HDELHƮƝ%D[�Ljh^h5ŲHñč�Ǩƈĭ3JT��ǎſǧ
3Ï÷#ɓƑȗǶÂƖɑÙ"1 μmɒH¦Ǿ#)�O]{M|W�f#)Pn�Q�]ɑųĊ��ɒ3

ÂƖHț'ɓºƕƔ��Z�ɊİȶZeiss LSM700/Ǹµ²(LSM²)HŎī#)�ɁĊůǮĭɓä$Â

Ɩ5GFPǸµ5�,)ǋļHFE-SEM(Hitachi SU8220)/Ŏī#)�(5ǕŮɓ°ȫŲ¾5Ǹµgbf6ɓ
ǐȵĪ5ERxeKŻźȢ0�ǫ%D 0�ĎȈ/�)ɑð2�ɒ� 

�  5A�3Ǹµ`�oTȕ�ęô%DO�Qk�5ȗİĪĸHɓƳňÞȂÐ/�DA�32,.�

)�ťǄ/ǒ�#)CLEMƋ6ɓ¶ƫɁɊƋ0Ɔ:.Ɏĥ2ĿǻHȀ%D¦Ÿ�ç<E2�)>ɓƆ
ȚƯƻŝȺ/Ǎ¬�-ƃƽ3GFP�ęô%DǑǥ¼İǑźȢHƙč/�D�Šȝ/6ɓYFP@RFP

21ɓGFP�ă5Ǹµ`�oTȕ/?CLEMȅū�ÞǦ/�D 0�ƽȊ/�.�D�Ǹµ`�oT

ȕ/İƠƘ@ML�]ɓ<)6ķů3ĳǊ#.�DŶƘǑǥH�v�%D 0/ɓ«·#--�Dİ

ƠƘ<)6ȼį#.�DǑǥHĤą2íČ�ǓǞ�BŇ#À% 0�/�D�"B3Ǹµ5ȁBE)

ǋļHƳňɓɁɊ/ȃĒ%D 0/ɓ�</ACđŜ3İƠƘ0ŶƘ5őȼHņ�BED/�F�� 
 
����"��( 
� ĤøTEM²ǪÎÜĮ[]d|3ACɓɀ#�,)ĤøTEM²HǍ¬�-ƻŝȺ/ÜĮ/�DA�

32,)�ÜĮ#)ĤøTEM²6ɓíČ@ǓǞ3��DO�Qk�5ÁĠȅū*�/2�ɓİƠƘ
5ķůȫ¡5A�2ęļƯ2ȃĒ3?šƢ/�F��(#.ɓǸµ`�oTȕ-ȖŰɁɊƴȻɊİȶ

Ƌ3ACɓGFPǉ5Ǹµ`�oTȕ/�v�#)İƠƘ@ǑǥHƢ�D 0/ɓŶƘ5íČ�ǓǞ3

��DİƠƘ0ŶƘǑǥ5ƴ�¦ƢHɓɎÁȅǦ�-Ĥø3Ə,.ņ�BEDA�32D 0�ŢĬ

"ED�"B3ɓĄŻ2nLOƧ²HÁɋ%D 05/�Du�U�|CARTA: Clustering-Aided Rapid 

Training AgentɑKutsuna et al. 2012ɒHĤøTEM²3ĳƢ#ɓ{fW�g�J@X�\¤21ƙč5O�Q

k�HÔǪÎƯ3ŷÀ%D 0?ÞǦ02,.�.�DɑHigaki et al. 2015ɒ�ȝ�Ėũɓ 5A�2u
�U�|HƢ�.ɓĤøTEM²@CLEM²�BɓİƠƘ@ķůȫ¡21HǪÎłÀ%D 0�ÞǦ

02D�?#E2�� 

� ǈǤB6ŚǆmLdTƾ0ºä/ɓµɁĊƴȻɊİȶ[]d| “MirrorCLEM”HȹƮ#)� E6ɓ
FE-SEM5ɁÎ]d�\3ț')ȉŕ5ɁɊ²HȃĒ#2�Bɓ�Ç3ŎīƎ=5µɊ?#�6Ǹµ

²0ɓđŜ3¡ǠâG'ɓ²5ȯ4âG'�/�DƁǦH?-��ĭ"B2DŐǭHÌ�D 0/ɓ

�</��3Ǎ¬/�-ƃƽ2ƴȻ²HĮBEDA�32D0ǣ�.�D�"B3ɓȉŕHƹŝ3¿

B'.ñč%DɎó¿ǕĿƋ (Toyooka et al. 2009) HɓťCLEMĿǻ@ĤøTEM²ÜĮƋ0Ǔ=âG'D

 0/ɓƠ�.�Dƚĸ3ACȝ�ɓǸµżȎO�Qk�5Ĥø�-Ɏȅ²ĥ5ÞȂÐ�/�DA�

3#)�0ǣ�.�D� 
� ťǄ/Ȟ:)ĤøTEM²ǪÎÜĮƋ0Ǹµ`�oTȕ-ȖŰɁɊƴȻɊİȶƋɓ(5�5Ż�2Ŀ
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ƋHǓ=âG'.ĄȄƯ2ȂƔ�B5ȗİĪĸȃĒHǺ� 0/ɓİƠƘ0ŶƘ5őȼHņ�BED

*�/2�ɓŻ�2ƠëƝȑ5ƞȅ3ą��Ȓƛ/�D0ŢĬ"ED� 
 
 

25 
� Ĥø TEM²ÜĮ[]d|5ȹƮ3�)CɓŪ�ąċąċȿŗɈøÉĹǁċƼǅǁ5ŦåĂɐ ×ÿɓ
ŵöÑ ×ÿɓǀƣ§ĵ ×ÿɓɍƒƲ�Ȫ ×ÿɓŚťĈĊąċ5ƒţßƊ ƇɓėŬĵ ƇɓƉƣ»Ċ ×

ÿɓƞƼCSRS5ńƣĵ� ×ÿɓãƣŃĤ ƇɓǱěƶƤǢ Ƈɓƀťĵ ×ÿ3Ąą2D!ÕÊHɅ�

<#)�CLEM[]d|5ȹƮ3�)CɓŚǆmLdTl�\�^ƾ ǁċ[]d|ȇȆȹƮťȫ5ư
ŻɓƞƼCSRS5ƍŧšġ ×ÿ3Ąą2D!ÕÊHɅ�<#)�<)ɓƥÖąċ5ǿŧ�� ×ÿɓ

�ƣŞĊ ×ÿ3GFPĪȕșŊ[�Ljh^hHÁ�Ʌ�<#)� ťƼǅ6ɓǁċƼǅÍĹȲ ǱĽƼ

ǅ(A) 24687007 (�ǼɗȐĚ)ɓ ŅĻƯǴǯƼǅ 23657051 (�ǼɗȐĚ)3ADŏŌHÝ�<#)� 
 
!/'- 
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