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第1章 序論 
 

インフルエンザウイルスのウイルス学的性状 
� V���Y�g:ȸƞ¨ʄʑ6ŤɌ̘QˢL͓'ƼƽķĳŃǅțʌ34L�V���Y

�gWV�j9ǅț7JLʎʌ'M�*9ǅț˪ǵ:é¨ʄ3ȸƞ 300 ¢¹Á¤7ͥ%�

ͣĢ7:̃ȳʑ6��u�s`Qƨ�͇"%25M"49K�V���Y�gWV�j9

ǅțÿƳ:¹Σ74/2ͳ̣6̻Ρ34M ��V���Y�gWV�j:WV�jˆŮîͫ

9Ȩ͜p��`ͅαNP6K=7 M1β9ǒġƽ7ŗ152 AŒ�BŒ�CŒ9εpV�7

øΣ$N�ɵ7 AŒV���Y�gWV�jαIAVβ�ŲˀƽV���Y�g9­̣6ġņ

WV�j34M�IAV: 809øˀ RNAQc|�4%2Ȋ'MY�����WV�j34

L�*9Y�����¤7: hemagglutininαHAβ�neuraminidaseαNAβ6K=7 matrix protein 

2αM2β�ŰŎ'M ��"9î�HA4 NA:ǒġƽ9ͦ57ŗ152*N+N H19K H18�

N19K N119f�pV�7øΣ$N�"NK9ːDĮP)7J/2 IAV9´Œ�ɁŹ$N

25M�ɺŎ�ǾȐŋî7852: H1N1 ´Œ6K=7 H3N2 ´Œ�­6Ųˀƽ IAV 4%

2̐ƥ%25M� 

� IAV:ˑέ4M5:ˑĩʑ7ƀ­Êî?4Òè%�ȼͤ¤ʓˎ˰QȪʑˎ˰4%2ǅț'

M�IAV:Ȫʑˎ˰¤9hT�ͱQĨſÊ4%2�HA9hT�ͱ˒Įɋƽ7JLȪʑˎ˰

7ĳʚ%�*9ưY�wfVv�hj7J/2Y�wn��î?4ħL͑CNMαŉ 1β��

ȯ53�Y�wn��î˸9ͱƽĔ7Æ/2 HA�¦Ī͗ʑ6Ȩ͜šĔQ͇"%�IAV˼4

Y�wn��˼Q̖Į$)M�"9˼̖Į4ª̘%2 M2 � IAV ˆŮîQͱƽĔ'M"4

7JL�IAVˆŮî˸9Kˎ˰ͅ?4WV�jc|� RNAαvRNAβ�ǲ÷$NM�*9ư�

Ƞî7ʬ̘%, vRNAQ͹Œ4%2�IAV9 RNAÐŰƽ RNA�����mαRdRpβ7J

L vRNA9̡̠6K=7 mRNA9ĮǊ�̘PN�IAVp��`ͅ�ǹɾ$NM�ǹɾ$N

, vRNA6K=7 IAVp��`ͅ:ˎ˰˼?4Ύʰ%�ŮŴ IAVˆŮQǹ,7ƬǊ'M�

ƬǊ$N, IAV ˆŮ: NA 9Ǜ0hT�ͱùǸɋƽ7JLˎ˰˼̛Ζ9Kǲ÷$N�ȯ9

Ȫʑˎ˰?4ǅț'M�IAV:"9J66fV`�QˢL͓'"47JLȦF2ĐɹJ�Ş

ȵ'M� 

 

抗インフルエンザ薬の現状 
� IAV 9ǅțQÿƳ'Mǒ IAV ̓4%2�"NC37 4 09pV�9̓Ą�;ʎ$N25

M�M2 ΂ŽĄ34MT��pi�αŀĺİηh��v��β:ȉûȍ9ǒ IAV ̓34L�

IAV9ˎ˰îÒèQƪ�΂Ž'M�%9%6�K�T��pi�9Íʀ:ȦF2ΪΠƢ7*

9˫ƽ IAV 9÷ɺQǃ͇'M"4�C,ɺŎ̐ƥ%25M IAV 9AB 100ΰ�˫ƽšʇQ
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ɸƲ%25M"49K�ɺŎ3:̀Ɵʑ7:Íʀ$N2565 	�M2 ΂ŽĄ7ȯ53;ʎ

$N, NA΂ŽĄ:�IAV9ˎ˰Ţǲ÷Q΂Ž'Mǒ IAV̓34L�2001ƞÁ΃�ɺŎC

3ʸ ͩǕ̓4%2̀Ɵʑ7Íʀ$N25M 
	��ɵ7�ȉGǹ%5 NA ΂ŽĄ34M�y

x���αŀĺİηVx��β:ĜŅ9ȋʀ3GĘø6ɃʍĐșQʥ'ãN,ǒ IAV ̓3

4M ��%9%6�K�2008ƞÁĂ7ǾȐŋî3̐ƥ%25,Ųˀƽ IAV3:�90%Á¤9

ΠƢ3 NA΂ŽĄ7Ƈ'M˫ƽšʇ�Ȥ÷$N,ͣĢ�4L�$K7ɺŎ3Gȸƞ 1%ʭƢ

9ΠƢ3Ȑ˫ƽšʇQǛ0 IAV�Ȥ÷$N25M 
�"9J66˯ȄQ>C7M4�1ʮΣ

9ǒ IAV̓9D7ÐŰ%,V���Y�gɃʍ�ȦF2¦ŶŹ34M"4:ǿK934M� 

͒ƞ�IAV9 RdRpQȪʑ4%2�IAV9 vRNA̡̠Q΂Ž'M�S�����αŀĺİη

T�]�β�6K=7 mRNAĮǊQ΂Ž'M~�^f��αŀĺİηo���gβ�;ʎ$

N25M��S�����7052:ćËʀ4%2ūŭ78 MÞũƬƽ9�j`�ʢ̶

$N,"49K̀Ɵ̓4%2:ȃģ%2565G99�~�^f��: 2018ƞh�k�9

K̀Ɵ̓4%2Íʀ$N�NA ΂ŽĄ7Ƈ'M˫ƽ IAV 7Ƈ%2GƇ%2GĘø6ǒ IAV

ɋƽQʥ'"4�řĴ$N25M +�Ϊ5ΠƢ3̓Ą˫ƽQɸƲ'M IAV9ǅțÿƳ785

2:�"9J67ʇ6MËʀȭƠQȊ'Mȩ06pV�9ǒ IAV ̓�ŰŎ%25M"4�

ͳ̣34M� 

 

新規創薬標的分子としてのHA 
� *"3Ȑʝʱ3:�ǹ,6ȪʑøŮ4%2 HA7ʚʖ%,�HA:ĨſÊ˒ĮͫÈQĲE

�sww�V�4˼͚͂ͫÈQĲEjv�`w�V�9KǊM 1 Ņ˼͚͂p��`ͅ34

L�jv�`w�V�Q¼%2�� 3 ͵ÊQƬǊ'Mαŉ 2β���Ă͔9͚L�HA :Ȫʑ

ˎ˰˼¤9ʮ09ˉp��`ͅ�ˉ˳ͅ9ˉͻȏʶhT�ͱQĨſÊ4%2˒Į'M"4

3 IAV 9ˎ˰?9ĳʚQǘ6�͒ƞ�"NK9ĨſÊ9Î4%2 Epithelial growth factor 

receptor (EGFR)HΑÈÐŰƽ Ca��r�{��řĴ$N28L�HA:"NKĨſÊ9ˎ˰î

hax�Qǃ͇'M"47JL�IAV9ˎ˰î?9ħL͑DQÓ͟'M"4�ǿK946/

25M ��	���C,�jv�`w�V�7:��tT�mǅĨƽͫÈ�ŰŎ%�ȼͤ9KøɄ

$NMʮ09v��h�ȩ��tT�m7JLùǸQĨ M"43�ij��Uw˒Į7

JL͝˒%, HA14 HA2?4;̜'M ��	�	�"9΋7ɾ&M HA29 NȏʶÜ9ʈȽƽΝ

Ŕ:˼̖Į��rw4ķ;N�Y�wn��î˸9ͱƽɽŝ7852 HA9Ȩ͜šĔ7Æ/

2Γ÷%�IAV˼4Y�wn��˼9̖ĮQƨ�͇"'�HA�ǘ6"NK9ȭ˲: IAV9

ŞƛfV`�7852¦ĪȮ34L�%,�/2*9Ċ̓Ȫʑ4%29ͳ̣ƽ:Ęø7ʢ

ʴ$N25M�%9%6�K�"NC37 HAQȪʑ4%2�̀Ɵƻʀ7˫76M HA˒Į

˲ċ4΂Ž˲ċQǛ/,̓Ą9;ʎÎ:A4R5ŰŎ%2565� 
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本研究の創薬アプローチならびに目的 
� *9ȉŤ9ɼʁ4%2�Ȑʝʱ3: HA4hT�ͱ49Ϳ3ƬǊ$NMƪċ6ʘ³Ëʀ7

ʚʖ%,�£͵ÊȨ͜Q4M HA: Ƣ7 3øŮ9hT�ͱ4˒Į'M� �
�*9΋7ƬǊ

$NMţÑŒ9˒Į: Ñ9˒Į4Ⱥ͍%2̨Ĺƽ�ǵę×¶͟'M ��	���"9ɺ̀:`�

jp�Đș4ķ;N�Ʊȓ9ÉøŮĔĮɴ�V����H�S�iuUj��V�V��

��Qʀ5,j`��y�a3:�"9J66`�jp�Đș7ŗ1�ƪċ6ʘ³ËʀQ

΂Ž'MøŮ9įŹ:ġɼʑ7Ňΐ34M"4�±ǂ$N,� 

� ȐʝʱŻ3:"NC37�`�jp�Đș7ŗ1�ƪċ6ʘ³ËʀQ΂Ž'MøŮQį

Ź'MǏ̙4%2�ţÑŒ��rw�V����ɅQ;ʎ%28L�`�jp�ĐșQʎ

Ǩ%2ȭ˲'MøŮ7Ƈ'Mȩ06΂Ž��rw9Ċ̠7ǊČ%25M �
����*"3Ȑʝʱ

3:�ȐɅQʀ5, HAɵʇʑ90Ϊ̨Ĺƽ˒Į˲QȊ'M��rwƽ HA΂Ž̓9;ʎQ

ʖʑ4%2ʝʱQ̘/,� 
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   Nature, 459, p931-939 (2009) �JLƨʀ 

 
図 1. IAVの増殖サイクル 
IAV: HA9hT�ͱ˒Įɋƽ7JLȪʑˎ˰?4˒Į%,9.�Y�wfVv�hj7J

Lˎ˰î?4ħL͑CNM�Y�wn��î˸�ͱƽĔ$NM4ë7 HA:¦Ī͗ʑ6Ȩ͜

šĔ7JL IAV˼4Y�wn��˼9̖ĮQƨ�͇"'�"9΋���v�r�{�ɋƽ

QǛ0M2� IAVˆŮîQͱƽĔ'M"47JL IAV9c|� RNA�ˎ˰ͅ?4ǲ÷$N

M�ȯ53�Ƞî?4ʬ̘%,c|� RNAQ͹Œ4%2ǹ,6c|� RNA9̡̠6K=

7 IAVp��`ͅ9mRNA9ĮǊ�;Ŭ$NM�ǹɾ IAVp��`ͅ6K=7c|� RNA

:ˎ˰˼?4Ύʰ%�ǹ,6 IAVˆŮQƬǊ'M�*9ư�ƬǊ$N, IAVˆŮ: NA9

hT�ͱùǸɋƽ7JLˎ˰9Kǲ÷$N�ǹ,6Ȫʑˎ˰?4ǅț'M� 
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図 2. HAの構造 
HA:ĨſÊ˒ĮͫÈαRBSβQĲE HA1αCyanβ4jv�`w�V�6K=7˼͚͂ΝŔ

αTMDβQĲE HA2αGreen, Magenta, Yellowβ9KȨǊ$NMp��`ͅ34L�£͵Ê

Ȩ͜QƬǊ%25M ��（左）�«ƽɽŝ7852:���tT�m7JM;̜9ȊɭQŁP
(�HA2: 2Ȑ9,-helixȨ͜αGreen, Yellowβ����Ȩ͜αMagentaβ7JLǣ˗$N�

ǓL,,CN,Ȩ͜Q4M（中央）� Ǻ�;̜QĨ 25MŚĮ7Y�wn��î˸9J
66ͱƽɽŝ7ȇ$NM4���Ȩ͜���s`jȨ͜?4šĔ'M"47JL�ͽ5,

-helix�ƬǊ$N（右）�IAV˼4Y�wn��˼9̖ĮQƨ�͇"' �	�ŉ:øŮȨ͜ǥʃ

n�v PymolQʀ52 PDB7ʏͺ$N25MȨ͜u�pαPDB: 1HTM6K=7 4WE4βQ

ä7ËǊ%,� 

 

  



 8 

第2章 HAを標的とする新規抗 IAV薬の開発  
 
2-1 本章の概要 
� ţÑŒ��rw�V����: 309Lys3ȨǊ$NMøƒȠȨ͜7 4Ȑ9��q���

rw�ʺÑ7˒Į%,Ȩ͜Q4L�*ŃÊ�`�jp�ĐșQʎǨ%2ȪʑøŮ4ƪċ

7˒Į'M�%,�/2Ȑ�V����9K HA˒ĮʃøQøħ%�*9T�|ͱh�`Y

�j̫ȗQ̘6"47JL�̀ �jp�ĐșQʎǨ%2 HA4˒Į'M��rw�r��ǁ

řQƲM"4�Ī˲34M�C,�HA9hT�ͱ˒Į7ƹΜ34M Leu194�
Q Ala7ˣǧ

%, L194AšʇŒ HA7052Gįȩ9ǯËQ̘/,�ƲKN,ʹɾŒ HA9�r��ǁ

ř9KšʇŒ HA9�r��ǁřQf�v�`h��'M"43�HA9hT�ͱ˒ĮͫÈ

QȪʑ4%2˒Į'M��rw�r��9įŹQ̳D,� 

� ţÑŒ��rw�V����Ʌ7č72�ȐʝʱŻ:l���j˼¤7ȉŤ 384 ʮ9ţ

ÑŒ��rwĮǊ%,ţÑŒ��rwT�VQË̠'MǏ̙QȊ%25M�Ă͔9ţÑŒ

��rw�V����Ʌ9KƲKN, HA ˒Į��rw�r��Q��j4'M̷ƊÊ�

�rwT�VQË̠%,�ȐT�VQʹɾŒ HAģ=šʇŒ HA7JL��sv%�ĭ��

rw�r��9HA˒Įċ6K=7ʹɾŒHA7Ƈ'Mɵʇƽ9 2ɬQǜȪ4%2j`��

y�aQ̘6"47JL�ɵʇʑ90Ϊ̨Ĺƽ HA˒Į��rw�r��9įŹQ̳D,�

Ȑj`��y�a7852ãN,˒Įċ6K=7ɵʇƽQʥ%,¤È 5 ʮ9�r��70

52�ţÑŒ��rw�V����4į& 4 Ñ9ȠȨ͜7ːD͑R-��rwQĮǊ%�

HA΂Ž̓4%29ɋƽ̲ÑQ̘/,� 

 

2-2 実験方法 
2-2-1 実験試薬 
� 細胞培養、IAV感染実験 

TNM-FH insect cell medium   αSigma-Aldrichβ 

Modified Eagle’s MediumαMEMβ   αNacalai Tesqueβ 

Fetal Bovine SerumαFBSβ   αbioseraβ 

Penicillin/Streptomycin Solution   αNacalai Tesqueβ 

MEM with HEPES     αGIBCOβ 

35% Wh̗ɘT����αŖΥʀβ  αWakoβ 

200 mM L-Glutamine    αGIBCOβ 

Dulbecco’s modified Phosphate Buffered SalineαD-PBSβ αNacalai Tesqueβ 

2x MEM      αGIBCOβ 
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DEAE-u^jv��    αSigma-Aldrichβ 

1 M HEPES solution    αGIBCOβ 

`�jp�~V[�sv   αSigma-Aldrichβ 

Zanamivir     αȔ¸ĔǊƔȥβ 

Cell Counting Kit-8    αNacalai Tesqueβ 

� バキュロウイルス発現系を用いた組換えHAの調製 
BacPAK p��`ͅʎɺ^sv   αClontechβ 

Tris      αWakoβ 

NaCl     αWakoβ 

Glycerol     αWakoβ 

Imidazole     αWakoβ 

Complete Protease Inhibitor Cocktail   αRoscheβ 

Nonidet P-40 (NP-40)     αSigma-Aldrichβ 

Ni Sepharose High Performance   αGE Healthcare Sciencesβ 

NAP-5 desalting column    αGE Healthcare Sciencesβ 

BCA assay reagent    αThermoFischer Scientificβ 

� スクリーニング 
ͯͱ     αWakoβ 

ɢ̋Ƚ     αGIBCOβ 

Iodogen     αPierceβ 

ǲƉƽ�Wˍ ��
I    αPerkinElmerβ 

j^���`˅ȏ    αWakoβ 

� 固相結合実験 
Wh̗ɘT����α��`h�� Vβ  αWakoβ 

Tween-20      (Sigma-Aldrich) 

�Wjǒ His-tagǒÊαclone 9C11β  αWakoβ 

HRPȪ̿ǒ�Wj IgGǒÊ   αCell Signaling Technologyβ 

o-Phenylendiamine    αWakoβ 

KH2PO4     αWakoβ 

Citric acid monohydrate    αWakoβ 

30% H2O2     αWakoβ 

� AlphaScreen法 
AlphaScreen His-Detection kit   αPerkinElmerβ 
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α2-3 Sialyllactose-PAA    αGlycothechβ 

� BiaCore システムによる相互作用解析 
NTAl�f�rs�    αGE Healthcare Sciencesβ 

Nickel solution     αGE Healthcare Sciencesβ 

� MALDI-TOF/MSによる質量分析 
Acetonitrile     αWakoβ 

Trifluoric acetic acid     αWakoβ 

2-2-2 細胞培養ならびに IAVの調製 
Sf21細胞の培養 Sf21ˎ˰9ŖΥ7: 10% ΕáĔ FBS�100 units/ml Penicillin

6K=7100 μg/ml StreptmycinQĲETNM-FHQʀ5�ȯ9ǎΛ3˖ÀǯËQ̘/,�

75 cm� ��jdî3ǣʚŖΥ%25M Sf21ˎ˰9ŖΥ¤ɘQΆĢ%,9.�ǹ,7

10 ml9ŖŏQɗč%�j`����7JLˎ˰QąΏ%,�ąΏ%,ˎ˰Q 15 ml ͧ

ɂʾ?4ŅĦ%�̗ ɻ̭ʽȖ7JLˎ˰ǵQ̭ǵ%�ǹ,6 75 cm� ��jd7 2 x 10
 

cells/ml9ˎ˰ɩƢ3 10 mløQǬʮ%�28ºC9V�^���p�î3ŖΥQ̘/,� 

MDCK細胞の培養 IAVαH1N1 A/Puerto Rico/8/34 (PR8ȟ)β9ǅț�u�7:V

z˷˾¤ʓˎ˰ʁȓ9ˎ˰ȟ34MMDCKˎ α˰ATCC CTL-34βQÍʀ%,�MDCK

ˎ˰9ŖΥ7: 10% ΕáĔ FBS�100 units/ml Penicillin6K=7 100 μg/ml Streptmycin

QĲEMEMαÁ¥�ŖΥŖŏβQʀ5�ȯ9ǎΛ3˖ÀǯËQ̘/,�75 cm� ��

jdî3ŖΥ%25MMDCKˎ˰Q 5 ml9 D-PBS7JLɊɍư�2.5 ml9v��h

�-EDTAQɗč%�37ºC9 CO2V�^���p�î3 20øͿÔɝ'M"47JLˎ

˰Q��jdơΖ9KąΏ$),�ˎ˰9ąΏư�v��h�-EDTA Q 8.5 ml 9Ŗ

ŏ3«Ĺ'M4ë7ˎ˰Q 15 ml ͧɂʾ?4ŅĦ%�ͧƸǯËα4ºC, 180 g, 5øͿβ

7JLˎ˰Qɂȷ$),�ˎ ˰9��svQ 5 ml9Ŗŏ7JLǉɨ%,9.�0.25 ml

Q 10 ml9Ŗŏ7ƙͲ%2ǹ%5 75 cm� ��jd?4Ǭʮ%�37ºC9 CO2V�^�

��p�î3ŖΥQ̘/,� 

IAVの調製 IAV9̼̠:ȯ9ǎΛ3̘/,�2 x 10� cells 9MDCKˎ˰Q75 cm� �

�jd7Ǭʮ%�3 ǾͿŖΥ'M"47JLĜƐɶ?4øĔ$),�ĜƐ MDCK ˎ

˰Q 5 ml9 D-PBS3 2ƢɊɍư�0.001 MOIαǅțţͳƢθǅțˆŮǵ (pfu) / ˎ˰

ǵβ46MJ67 IAV PR8ȟQɗč%, 10 ml9v��h�ĲȊɭ̗ɘŖŏα1 μg/ml 

trypsin, 2 mM L-glutamine, 0.2% BSA, 100 units/ml Penicillin and 100 μg/ml Streptmycin in 

MEM with HEPESβQč7�72ȁͿŖΥ%,�ŖΥ¤ɘQé͵ŅĦ%�ͧ ƸǯËα4ºC, 

1000 g, 10øͿβ7JLȳˎ˰ʺQΆĢ%,¤ɘQ IAVjvs`4%2øɇư-80 ºC

72ÔŰ%,� 
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IAVの力価測定 IAVjvs`9ċÑ:�Ȫɠʑ6���`TslV7JLɞ

Ź%,�6 well���v72ŖΥ%,ĜƐMDCKˎ˰Q 2 ml9 D-PBS3Ɋɍư�v

��h�ĲȊɭ̗ɘŖŏ7JL 10�310� ×C3ȶΉƙͲ%, IAV jvs`ƙͲɓQ

200 μlɗč%�37ºC9 CO2V�^���p�î3 1ȁͿΔˣ'M"47JLǅțQ̘

/,�ǅțư�2 ml9 D-PBS3 2ƢɊɍ%,9.�2 ml9T]�ĲȊɭ̗ɘŖŏα1 

μg/ml trypsin, 0.01% DEAE-u^jv��, 0.2% BSA, 25 mM HEPES and 0.6% Agar in 1 

x MEMβQɗč%�Żɝ3 15øͿΔˣ'M"47JLŊĔ$),�Ŗŏ�ŷé7Ŋ

Ĕ%,"4Qʢ̶%�37ºC9 CO2V�^���p�î7���vQ͗$ı�7Δˣ%�

40ȁͿ9ŖΥQ̘/,�40ȁͿư�ŊĔŖŏQj��t�7JLΆĢ%�2 ml9 1%

`�jp�~V[�svɡɓQɗč'M"47JLŊŹ6K=7ˎ˰ț̈Q̘/,�

ȽͤȽ72���vQɊɍư�ĭ well 9���`ǵαpfuβQ̭ǵ%�ƙͲ×ɹQä

7 IAVjvs`9ċÑαpfu/mlβQʽ÷%,� 

2-2-3 バキュロウイルス発現系を用いた組換えHAの調製 
組換えバキュロウイルスの調製 ư͔9j`��y�a7ʀ5Mːǧ7 HAαH1N1 

A/Puerto Rico/8/34 ʁȓβ: Sf21 ˎ˰αClontechβQʀ5,~^��WV�jʎɺˊ

7JL̼̠%,�ʹɾŒ HAG%�: L194AšʇŒ HA9 CȏʶÜ7 His-tagQ¿č

%,ːǧ7ͪÅŮQ pBacPAK8 transfer vector7ːD͑D�pBacPAK6~^��WV�

j DNA4ë7̠ĺ��vd�7%,�/2 Sf21ˎ˰?Ɗè%,�Ɗè 72ȁͿư7

ͧƸǯËα4ºC, 1000 g, 10øͿβ7JLȳˎ˰ʺQΆĢ%,ŖΥ¤ɘ P0Qːǧ7~^

��WV�jʃø4%2ŅĦ%,�ȯ53�Sf21 ˎ˰Qǹ,7ˎ˰ɩƢ 0.7 x 10� 

cells/10 ml 3 75 cm���jd7Ǭʮ%�2ȁͿư7 1 ml9ːǧ7~^��WV�jʃ

øQɗč%�ǅțQ̘/,�ǅț 96 ȁͿư9ŖΥ¤ɘ P17052įȩ9ǯËQG6

 ƢˢL͓%�ΪċÑ9ːǧ7~^��WV�jQĲEŖΥ¤ɘ P2QƲ,� 

HAの発現ならびに精製  ˎ˰ɩƢ 0.7 x 10� cells/10 ml 3 75 cm���jd7

Ǭʮ%�2ȁͿư7 1 ml9ŖΥ¤ɘ P2Qɗč%�ǅțQ̘/,�ǅț 48ȁͿư7j

`����7JLŖΥ¤ɘ#4ˎ˰Q 15 mlͧɂʾ?4ŅĦ%�ͧ ƸǯËα4ºC�1000 

g�5øͿβ7JLˎ˰Qɂȷ$),�¤ɘQΆĢ%,ư�5 ml9ò PBS3ˎ˰Qǉ

ɨ%�ͧƸǯËα4ºC, 1000 g, 5øͿβ7JLðƢˎ˰Qɂȷ$),�ˎ˰9��sv

7 1 ml9 Lysis bufferα1% NP-40�10 mM Tris-HCl pH 8.0�150 mM NaCl�10% Glycerol

6K=7 Complete Protease InhibitorQĲEβ7ǉɨ%�Ⱦò¥39nyb�h��7

JLĘø7ʟʞ%,�ͧƸǯËα4ºC, 20,000 g, 5øͿβ7JL Lysate9ĪɡƽʃøQ

øħ%�ȯ53Ȑʃø7 packed vol. 10 μl 9 Ni beadsQɗč%�4ºC3 Ȃ9Ņ͌ɖ

ĹQ̘/,�*9ư�Ni beadsQɊɍ~s�S�1α500 mM NaCl, 20 mM Tris-HCl, 5 mM 
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imidazole, pH7.9β6K=7Ɋɍ~s�S�2α500 mM NaCl, 20 mM Tris-HCl, 60 mM 

imidazole, pH7.9β7JLĭ 3Ņ(0~srɅ39ɊɍQ̘5�ŊʘĔHAȪĺQƲ,�

$K7�ȐȪĺQɡ÷~s�S�α500 mM NaCl, 20 mM Tris-HCl, 1 M imidazole, pH7.9β

«3 3ȁͿɖĹ%,9.�ɡ÷ʃøQNAP-5\��7JL˵Ŝöɼ'M"47JL�

ĪɡĔ HAȪĺQƲ,�ĭ HAȪĺ9ɩƢ: BCAɅ7JLŹ͵%,� 

2-2-4 多価型ペプチドライブラリー法によるスクリーニング 
� ¤̯9 250 μgʘƫ9ŊʘĔHAȪĺQ 300 μg9ţÑŒ��rw�V����4 200 

μl9 PBS«3Ņ͌ɖĹ$)�4ºC3 Ȃ9˒ĮĥƻQ̘/,�ĥƻư�PBS7JLŊ

ʘĔ HAȪĺQ 5ŅɊɍ'M"43Ȏ˒ĮʃøQΆĢ%�HA7˒Į%,��rw�

�`h��Q 30%ͯͱ7JLɡ÷%,�ɛōͧƸαSpeedVacβ7JLɡ÷ʃø9ͯͱ

QΆĢ%,9.�ɢ̋Ƚ7JLðɡ̫%,��rwʃø7052 N ȏʶÜ9KΛȯ

T�|ͱh�`Y�j̫ȗQ̘/,�ĭ��q��ih��7052�CysQΆ� 19

ʮ9T�|ͱ9��ȺQʽ÷%�*9Ĺ� 19 46MJ67̟ȱ%,�*9ư�ĭT

�|ͱ7052�ʹɾŒ HA Qʀ52ƲKN,Ù4 L194A šʇŒ HA Qʀ52ƲK

N,Ù9ȺαʹɾŒ HAδL194AšʇŒ HAβQȿF�ðƢ*9Ĺ� 1946MJ67

̟ȱ%,�'6P.�ʹɾŒ HA 4 L194A šʇŒ HA 49Ϳ3ͩǕƽ7Ɩ�65T

�|ͱ7052:�"9Ⱥ� 146M� 

2-2-5 IAVの細胞傷害活性を指標とする候補ペプチドの抗 IAV活性の解析 
Single-cycle infection 96 well���v7ˎ˰ƂƢ 3 x 10	 cells/well3Ǭ

ʮ%�3ǾͿŖΥ'M"43ĜƐøĔ$),MDCKˎ˰αÁ΃�ĜƐMDCKˎ˰4

̯͔'MβQʀ5,�ĭɩƢ9ĔĮɴQĜƐ MDCK ˎ˰7ɗč%�ɗč 30 øư7

10 MOI9 IAV PR8ȟQŖΥŖŏ«3ǅț$),�ŉ«9ĭĔĮɴ9ɩƢ:ȉˏɩƢ

Qʥ%25M�ǅț 24ȁͿư�D-PBS7JL 2Ƣ9ɊɍQ̘5�ȳˎ˰QΆĢ%,

9.�Cell Counting Kit-87JLˎ˰ɾŰɹQ̭ɞ%,� 

Multi-cycle infection  ǅțˎ˰JLɿɾ$N,ǹɾ IAV�ǅțƽQɸƲ

'M,F7:�v��h�7JM HA9;̜�ƹΜ34M�ŗȐʑ6źΨȒÃ:¤͔

9 Single-cycle infection9ŚĮ4įȩ34M��Multi-cycle infection9΋7:ĔĮɴ6

K=7 IAV9ƙͲ̼̠7:v��h�ĲȊɭ̗ɘŖŏQʀ5�ǅțċÑ: 0.001 MOI

4%,�ǅț 40ȁͿư�D-PBS7JL 2Ƣ9ɊɍQ̘5�ȳˎ˰QΆĢ%,9.�

Cell Counting Kit-87JLˎ˰ɾŰɹQ̭ɞ%,� 

2-2-6 多価型ペプチドアレイによるスクリーニング 
� Intavis AGʧ9j�sv��rwh�lfVg�Qʀ52l���jh�v¤7 

͝9ţÑŒ��rwQĮǊ%�ţÑŒ��rwT�VQË̠%,�ţÑŒ��rwT



 13 

�VQ 5%j^���`/PBS7ɑ%�Żɝ3 1ȁͿ9��s^�aQ̘/,���s

^�a9ư�PBS-T7JMɊɍQ 3Ņ̘5�ȯ53 IodogenɅ7JL ��
IQr�h�

ȴŗ7Ɗè%, ��
I-HAαʹɾŒ6K=7 L194AšʇŒβQĭ 1 μg/ml9ɩƢ3˒Į

ĥƻQ̘/,�˒Įĥƻư�PBS-T 7JMɊɍQ 3 Ņ̘5�T�V¤9ǲƉɋƽQ

BAS-2500~V[V��i�aTx�Vg�αGE Healthcare Sciencesβ7JLȤ÷'M

4ë7�ĭj�sv9ǲƉɋƽQŹ͵%,�ʹɾŒ HA 4M5: L194A šʇŒ HA

39*N+N3��sv%,ĭT�V7052�ĭj�sv9Ź͵Ù9˛Ĺ�j�s

v˛ǵ46MJ67̟ȱ%�"9ÙQĭ��rw9 HA˒Į̨Ĺƽ9ǜȪ4%,�C

,�ĭ��rw7052ʹɾŒ HA ˒Į͵4 L194A šʇŒ HA ˒Į͵9ȺαʹɾŒ

HA 9˒Į͵δL194A šʇŒ HA 9˒Į͵βQĭ��rw9 L194 7Ƈ'Mɵʇƽ9

ǜȪ4%,�Á¤9ĤǺ4G7ãN25M"4Qʥ'ǜȪ34M©˪9ʰʹɾŒ HA

9˒Į͵ ×αʹɾŒ HA9˒Į͵δL194AšʇŒ HA9˒Į͵βQǜȪ4%2�Ø̟

��rwQįŹ%,� 

2-2-7 候補ペプチドのHA結合活性の解析 
� PBS7JL 10 μg/ml9ɩƢ7ƙͲ%,ĭĔĮɴQ ELISAʀ 96 well���v9ĭ

well 7ɗč%�4ºC 3 Ȃ9ŊʘĔĥƻQ̘/,�ŊʘĔɓQΆĢ%,9.�2% 

BSA/PBSQɗč%2Żɝ3 1ȁͿ9��s^�aQ̘/,�PBS-Tα0.1% Tween-20

QĲE PBSβ7JM 3Ņ9Ɋɍư�ĭɩƢ9ĪɡĔ HAȪĺQ 2% BSA/PBS«3̼̠

%2ĭ well ?4ɗč%�Żɝ3 1 ȁͿ9˒ĮĥƻQ̘/,�˒Įĥƻ99.�įȩ

9Ɋɍ�ĥƻǎΛ3 1ȯǒÊαǒ His-tagǒÊβ6K=7 2ȯǒÊαHRPȪ̿ǒ�W

j IgGǒÊβQΛȯĥƻ$)�ʎ̈ɓα0.012% H2O2, 40 mM o-Phenylendiamine, 50 mM 

Na2HPO4 and 24 mM Citric acidβQɗč%,�Żɝ3 10ø9ʎ̈9ư�ĥƻÛȰĄ4

%2ʺ͵9 1 MʡͱQɗč%�øææƢ̭Multiskan FCαThermo Fischer Scientificsβ

7JLĳæƢɞŹQ̘/,� 

2-2-8 候補ペプチドのHA-受容体間相互作用に対する競合阻害活性の解析 
� AlphaScreen assay buffer3ƙͲ'M"47JLĪɡĔ HAȪĺα10 μg/mlβ��[r

�ĔhT�ͱ����α16 nMβ6K=7ĭɩƢ9ĔĮɴQ̼̠%,�384 well��

�v9ĭ well «7ĪɡĔ HAȪĺ4ĔĮɴQ 5 μl(0ɖĮ%�Żɝ3 30ø9˒Įĥ

ƻQ̘/,9.�5 μl9�[r�ĔhT�ͱ����Qɗč%�$K7Żɝ3 60ø

9ĥƻQ̘/,�ĥƻư�5 μl9 Ni-chelate Acceptor beadsα20 μg/mlβ6K=7 5 μl

9 Streprtavidin Donor beadsα20 μg/mlβQɗč%�ȆŻ3 1ȁͿ9ĥƻư�EnVision

���v��q�7JLʎæQȤ÷%,� 

2-2-9 Biacore システムを用いたPVF-tet と HAの相互作用カイネティクス解析 
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� T100 Biacorehjt�αGE Healthcare sciencesβ7JM̫ȗ:é2�y�T�ǯË

7JL̘/,�Ɍ͛ 5 μl/min3 Nickel solutionQ 240ʫͿɌ%�NTAl�p�rs�

¤7 Ni��QŊŹĔ%,9.�Ɍ͛ 20μl/min3 10 μg/ml9�]�w(ĪɡĔ HAȪĺ)Q

60 ʫͿɌ%��]�w9ŊŹĔQ̘/,�*9ư�Ɍ͛ 20μl/min 3ĭɩƢ9Tx�

VvαPVF-tet6K=7 PVF-monomerβQ 180ʫͿɌ%�l�f�a��QƲ,�ŉ

3:HAΕŊŹĔrs�78 M�j��jα'6P.Εɵʇʑ6Tx�Vv9˒Įβ

Qf�v�`h��%,l�f�a��Qʥ%,� 

2-2-10 MALDI-TOFを用いたペプチドの質量分析 
� 1 μg/ml9v��h�ŰŎ¥7852 0.1 μg9 PVF-tet4M5:(D)PVF-tetQ 37ºC

3 24 ȁͿöɼ%,9.�ĥƻɓ 1 μl Qʺ͵9ͅ͵øȗʀ�v�`jα5 μg/ml 

CHCA/0.1% TFA/ 50% acetonitrileβ4ɖĮ%�384 MALDI target���v¤7śƗ%,�

f����°Ŋ%,9.�Autoflex II MALDI-TOFͅ͵øȗ̝ˣαBruker Daltonicsβ

7JLͅ͵ɞŹQ̘/,� 

2-2-11 IAVの増殖を指標とするPVF-tet の抗 IAV活性の解析 
� 24 well���v7ˎ˰ƂƢ 1.5 x 10
 cells/well3Ǭʮ%�3ǾͿŖΥ'M"43ĜƐ

øĔ$), MDCKˎ˰Qʀ5,αÁ΃�ĜƐ MDCKˎ˰4̯͔'Mβ�ĭĔĮɴQ

ĜƐMDCKˎ˰7ɗč%�ɗč 30øư7 0.2 MOIα6 x 10	�pfu/mlβ9 IAV PR8ȟQ

ŖΥŖŏ«3ǅț$),�ǅț 16 ȁͿư9ŖΥ¤ɘQv��h�ĲȊɭ̗ɘŖŏ7

JLȶΉƙͲ%�2-2-2 7̯͔%,���`TslVɅ7JL IAV 9ċÑɞŹQ̘

/,� 

 

2-3 結果 
2-３-1 多価型ペプチドライブラリースクリーニングによるHA結合ペプチドの同定 

� ŉ 3A 7ʥ' 4 09��q��ih��QĲEţÑŒ��rw�V����9K�

ʹɾŒ HA 7Ƈ'MɵʇƽαʹɾŒ HAδL194A šʇŒ HAβQǜȪ4%2j`��

y�aQ̘/,4"O�é29�ih��7852 Lys��C,�ih�� 16K=

7 27852 Val���ih��ζ7852 Gly�*N+Nƪ�ͩǕ$N,αŉ 3Bβ�

ȯ7�"NK9T�|ͱQ�V����9«Ƹͫ7ːD͑R- 2ȯ�V����QĮ

Ǌ%�įȩ9j`��y�aQ̘/,4"O�Lys 6K=7 Val QŊŹ%,�V��

��3:*N+Nĭ�ih��7852Ϊ5ͩǕƽQʥ'T�|ͱǁř�ƲKN,

αŉ 3Bβ�*"3�ĭ�V����7052ĭ�ih��3ȉGΪ5ͩǕƽQʥ%,

T�|ͱ9KǊM�r��1HHTKRRR26K=71RRRVNHH2QţÑŒ��rw

�V����4į& 4Ñ9ȠȨ͜7ːD͑R- TKR-tet6K=7 RVH-tetQĮǊ%�
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*9ǒ IAV ɋƽ9̫ȗQ̘/,�*9˒ș�5(N9��rwGɩƢÐŰʑ7 IAV

9ˎ˰ßŽɋƽQ΂Ž%�ɵ7 RVH-tet�ãN,΂ŽɋƽQʥ'"4Q̤÷%,αŉ

3Cβ� 

� ȯ7�RVH-tet9ǒ IAVɋƽQ$K7ı¤$)M,F7�1RRRVNHH2Q��j4

%2�ĭ�ih��7052¾9 18 ʮΣαCys QΆ�β9T�|ͱ7Λȯˣǧ%,

̷ƊÊQ˙ˤʑ7ĮǊ%,ţÑŒ��rwT�VQË̠%�HA7Ƈ'Mɵʇʑ˒Į

QǜȪ4%2j`��y�aQ̘/,αŉ 4A, 4Bβ�2ȶΉ9ţÑŒ��rwT�V

j`��y�aQˑ2�ȉˏʑ7¤È 5 ʮαRRPVNHD�RRPMNHH�RRPVNHN�

RRPVNHF�RRPVNHPβQ HAΪ̨Ĺƽ˒Į�r��4%2įŹ%,� 

2-３-2 新規HA結合ペプチドの抗 IAV活性の解析 
� įŹ%,ĭ�r��7052įȩ7 4Ñ9ȠȨ͜7ːD͑R- 4ÑŒ��rwα*

N+N PVD-tet�PMH-tet�PVN-tet�PVF-tet�PVP-tet 4ĸİ%,βQĮǊ%�*9

HA˒Įɋƽ9̫ȗQ̘/,�˒ș4%2�5(N9��rw7052G HA7Ƈ%

2įʭƢ9Ϊ̨Ĺƽ˒ĮQʥ'"4�$K7 HA4hT�ͱ����9ʘ³ËʀQʷ

Įʑ7΂Ž'M"4Q̤÷%,αŉ 5A, 5Bβ�C,�ǒ IAVɋƽ7052GȤ̮Q̘

/,4"O�ǽŰ9 NA ΂ŽĄ34M Zanamivir 7:ĎMG99�PVD-tet QΆ� 4

ʮ9��rw�ɩƢÐŰʑ7 IAV9ˎ˰ßŽɋƽQ΂Ž%�ɵ7 PVF-tet�ãN,΂

ŽɋƽQʥ'"4Q̤÷%,αŉ 5Cβ� Ǻ3�ɵŹ9�r��QǛ,65 4Ñ9Ƞ

Ȩ͜MA-tet:é�΂ŽĐșQʥ$69/,�C,�"NK9��rw: 60 μMC3

é�ˎ˰ȹƽQʥ$65"4Qʢ̶%,�αŉ 5Dβ 

� ţÑŒ��rw�V����Ʌ:`�jp�Đș7ŗ1���rwj`��y�

aǏ̙34M"49K�ȐɅ7JLįŹ%, HA˒Į�r��:ţÑŒȨ͜7ȉͨĔ

$N25M"4�±ǂ$N,�*"3�PVF-tet4į&�r��1RRPVNHF2QȊ'

M 1ÑŒ��rw PVF-monomerQĮǊ%�©˪9 HA˒Įɋƽ6K=7ǒ IAVɋƽ

QȺ͍̲Ñ%,�Biacore hjt�Qʀ5,ʘ³Ëʀ\V{tU`j̫ȗQ̘/,4

"O�PVF-tet 3:̫Ώ�͡5íŒʑ6ţÑŒʘ³ËʀQʥ'l�f�a���ƲK

N,αŉ 6Aβ� Ǻ3�PVF-monomer7052:A4R5 HA49ʘ³Ëʀ�Ȥ÷$

N(�C,ǒ IAVɋƽGʥ$65"4Q̤÷%,αŉ 6Bβ�'6P.�PVF-tet :`

�jp�Đș7ŗ152ǒ IAVɋƽQʥ'"4�ǿK946/,� 

2-３-3 トリプシン耐性型PVF-tet の開発 
� HA:ǅțˎ˰î7852ĮǊ$N,9.�ˎ˰Ţ9v��h�ȩ��tT�m7

JLͫøùǸQĨ M"43;̜%�pH ǅĨƽ9˼̖ĮɋƽQɸƲ'M ��	�	�"9

,F�IAV9ǅț7:ƀ­9��tT�m�ƹΜ34L�IAV9­,Mǅțƍǌ34
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Mȼͤ¤ʓ3:�ʮ09v��h�ȩ��tT�m�ʔR7øɄ$N25M"4�ǿ

K946/25M�"NK9v��h�ȩ��tT�m:ŗͬͅú«9ŜŗƽT�|

ͱαArg/Lys/HisβQ̶̿%�*9 CȏʶÜQčȽø̫'MùǸɵʇƽQȊ'M"4�

ʜKN25M�"9"49K��r��«7 209 ArgȴŗQȊ'M PVF-tet705

2G�IAV 9ǅțƍǌ3ø̫QĨ M"4�Ǥɞ$N,�PVF-tet 4v��h�Qɖ

Į%� ŹȁͿ9ĥƻư7ͅ͵øȗQ̘/,4"O�ʢ97 PVF-tet9ͫøʑ6ø̫

�͇"M"4Q̤÷%,αŉ 7Aβ�ø̫ư9øŮ͵9K�r��«9 N ȏʶ Arg �

v��h�7J/2̶̿$N25M"4�±ǂ$N,,F�ƫ̴ Arg Q D Ê7ˣǧ

%,(D)PVF-tet QĮǊ%�*9v��h�7Ƈ'MŶŹƽQȤ̮%,4"O�

(D)PVF-tet:ŷé6v��h�˫ƽQʥ%,αŉ 7Aβ� 

� *"3�(D)PVF-tet7052 IAV9 Multi-cycle infectionȁ�6K=7 Single-cycle 

infectionȁ9ˎ˰ßŽɋƽ7Ƈ'M΂ŽɋƽQ̫ȗ%,�"9΋�Wh̗ɘp��`

ͅ34M fetuinQȺ͍Ƈɰ4%2ʀ5,�fetuin:øŮî7 10ÑÁ¤9hT�ͱQȊ

'Mˉp��`ͅ34L�HA 4˒Į'M"47JL�IAV 9ǅțQ΂Ž'M"4�

řĴ$N25M ��	���ÉċÑǅțȒÃ34M Multi-cycle infection 9ŚĮ7:�

(D)PVF-tet: PVF-tet4Ⱥ͍%2Đɹ̇� IAV9ˎ˰ßŽɋƽQ΂Ž%,��*9ɋ

ƽ: fetuin 4Ⱥ͍'M4΄Źʑ34/,αŉ 7B, ƕβ� Ǻ3̄Ķɔ5"47�Ϊċ

ÑǅțȒÃ34M Single-cycle infection3:�fetuin:é�΂ŽɋƽQʥ$(�PVF-tet

6K=7(D)PVF-tet:ãN,΂ŽɋƽQʥ%,αŉ 7B, īβ�C,į&� Single-cycle 

infection9ȒÃ3�͚ƚ IAV: 16ȁͿ3 600×ʭƢC3Şȵ'M��PVF-tet6K=

7(D)PVF-tet3:Şȵ�̍%�ǐÿ$N25M"4Q̤÷%,αŉ 7Cβ� 

� Á¤9 ͝9˒ș:�PVF-tet 6K=7(D)PVF-tet � HA QȪʑ4'Mǹ̥ǒ IAV

̓46L6M"4Qʥľ%25M� 

 

2-4 考察 
� 209ţÑŒ��rwj`��y�aǏ̙QːDĮP)M"47JL�`�jp�

Đș7ŗ152ǒ IAVɋƽQʥ'��rw9įŹ7ǊČ%,�įŹ%, ͝9��r

w:�HA 4hT�ͱ9ʘ³ËʀQʷĮʑ7΂Ž'M"49K�HA 9hT�ͱ˒Į

ͫÈQȪʑ4%2˒Į%25M"4�Ǥɞ$NM� Ǻ3�5(N9��rw705

2GįʭƢ9 HA˒Į̨Ĺƽ4ʷĮ΂ŽɋƽQʥ'7G΀PK(�*9ǒ IAVɋƽ7

:��rwͿ3Ť�6Ɩ�̤KN,�ɵ7 PVD-tet�A4R5ǒ IAVɋƽQʥ$65

"4Q>C7M4�ˎ ˰���39ǒ IAVɋƽ7: HA˒ĮɋƽHʷĮ΂ŽɋƽÁŢ

9ɁẒ́ņ�ŰŎ'M"4�ʥľ$N,�C,�į&� HAQȪʑ4%2�IAV9ˎ



 17 

˰?9˒ĮQ΂Ž'M4˩7KN25M fetuin�ΪċÑǅțȒÃ3:é�ǒ IAVɋƽ

Qʥ$65 Ǻ3�PVF-tet:ãN,ǒ IAVɋƽQʥ%,�"9"4:�PVF-tet� fetuin

4:ʇ6Mǒ IAV�\yk�QȊ%25M"4Qʥľ%25M� 
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2-5 図表 
3A 

 
3B 

 
3C 
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図3. 多価型ペプチドライブラリーの構造 
(A) 309 Lys9KȨǊ$NMȠȨ͜7�\���ͱαUβQj��f�4%2��q��

�rw�V�����ʺÑ7 4Ȑ˒Į%,Ȩ͜Q4M�X: CysQΆ� 19ʮΣ9T�|ͱ

9�`jr��34M"4Qʥ%25M� 

(B) 1ȯ�V����6K=7 2ȯ�V����9j`��y�a7852�ĭ��q��

ih��7852ͩǕ$N,T�|ͱQ̛%25M�αβî9ǵů:ͩǕƽαʹɾŒ HAδ

L194A šʇŒ HAβQʥ%28L�1.3 Á¤9ÙQʥ%,T�|ͱ7052:ťů3̛̯%

25M� 

(C) ĜƐMDCKˎ˰QĭɩƢ9��rwŰŎ¥7852 10 MOI9 IAV PR8ȟ7ǅț$)

,�ǅț 24ȁͿư�D-PBS7JMɊɍǯË99.�ˎ˰ɾŰɹ9ɞŹQ̘/,�a��:

ɷʴ%, 3Ņ9źΨÙ9ƝőQ�Y��~�:*9Ȫɠ̹ƖαS.E.βQʥ%25M�*P < 0.05 

(compared with TKR-tet by two-sided Student’s t-test). 
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4A 

 
4B 
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図4. 多価型ペプチドアレイによるスクリーニング 
(A) ¤ȶƕŉ9͚L�[�ix��r��αOri, RRRVNHHβ9ĭ�ih��7052�Cys

QΆ� 18ʮ9T�|ͱ7ˣǧ%,Ǳš�r��Ql���jh�v¤7 4ÑŒ��rw4

%2ĮǊ%,�ȐT�VQ ��
I-ʹɾŒ HAα¤ȶ«ŧŉβ6K=7 ��
I-L194AšʇŒ HAα¤

ȶīŉβ7JL��sv%�*9ǲƉɋƽQȤ÷%�ĭ��rw9˒Įċ4%,�ʹɾŒ

HA7Ƈ'M˒Įċ4�ʹɾŒ HA7Ƈ'MɵʇƽαʹɾŒ HA7Ƈ'M˒ĮċδL194Aš

ʇŒ HA7Ƈ'M˒Įċβ9ʰQĭ��rw9ɵʇʑ˒Įɋƽ9ǜȪ4%2ʽ÷%,�¥ȶ

ŉ:¤È 20ʮ9�r��Qʥ%25M�ŉ:įƺʧŤų ÕŠ̽ǶαChing-Yi Tseng., 2014β

JLƨʀ%,� 

(B) ¤ȶƕŉ9͚L�309[�ix��r��αRRPVNHH, RRRDNHH, RRSVNHHβ9

ĭ�ih��7052�CysQΆ� 18ʮ9T�|ͱ7ˣǧ%,Ǳš�r��Ql���j

h�v¤7 4ÑŒ��rw4%2ĮǊ%,�1stj`��y�a4įȩ9ǯËQ̘5�ĭ�

�rw9ɵʇʑ˒ĮɋƽQ̫ȗ%,�¥ȶŉ:¤È 20ʮ9�r��Qʥ%25M�a��

:ɷʴ%, 3Ņ9źΨÙ9ƝőQ�Y��~�:*9Ȫɠ̹ƖαS.E.βQʥ%25M�ŉ:

įƺʧŤų ÕŠ̽ǶαChing-Yi Tseng., 2014βJLƨʀ%,� 
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5A          5B 

       

5C 

 

5D 

 

 

図5. 候補ペプチドのHA阻害活性ならびに抗 IAV活性の評価 
(A) ELISA���v7ŊʘĔ%,ĭ��rw (2 μM)7Ƈ'MĭɩƢ9ʹɾŒ HA9˒ĮQ
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ǒ His-tagǒÊ6K=7 HRPȪ̿ǒ�Wj IgGǒÊQʀ52Ȥ÷%,�a��:ɷʴ%, 3

Ņ9źΨÙ9ƝőQ�Y��~�:*9Ȫɠ̹ƖαS.E.βQʥ%25M� 

(B) ʹɾŒ HA (10 μg/ml)4ĭɩƢ9��rwQɖĮ%2 30øͿ9˒ĮĥƻQ̘/,9.�

α2-3hT�ͱ���� (16 nM)Qɗč%�$K7 60øͿ9˒ĮĥƻQ̘/,�˒Įĥƻư

9ʹɾŒ HA4ĭhT�ͱ����49ʘ³ËʀQ AlphaScreenɅ7JLȤ÷%,���r

wΕŰŎ¥78 Mhax�ÙQ 100%4%2�ĭŅ9źɞhax�Ù9ȪɠĔQ̘/,�

a��:ɷʴ%, 3Ņ9źΨÙ9ƝőQ�Y��~�:*9Ȫɠ̹ƖαS.E.βQʥ%25M� 
(C) ĜƐMDCKˎ˰QĭɩƢ9ĔĮɴŰŎ¥7852 10 MOI9 IAV PR8ȟ7ǅț$),�

ǅț 24ȁͿư�D-PBS7JMɊɍǯË99.�ˎ˰ɾŰɹ9ɞŹQ̘/,�a��:ɷʴ

%, 3Ņ9źΨÙ9ƝőQ�Y��~�:*9Ȫɠ̹ƖαS.E.βQʥ%25M� 

(D) ĜƐ MDCK ˎ˰QĭɩƢ9ĔĮɴŰŎ¥7852ŖΥ%,�ŖΥ 24 ȁͿư�D-PBS

7JMɊɍǯË99.�ˎ˰ɾŰɹ9ɞŹQ̘/,�a��:ɷʴ%, 3 Ņ9źΨÙ9Ɲ

őQ�Y��~�:*9Ȫɠ̹ƖαS.E.βQʥ%25M� 
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6A 

 

6B 

 
 

図6. PVF-tet はクラスター効果に基づいて抗 IAV活性を示す 
(A) ʹɾŒ HA 7Ƈ'M PVF-tet 4M5: PVF-monomer 9ʘ³Ëʀ\V{tU`jQ

Biacore T-100hjt�7JL̫ȗ%,� 

(B) ĜƐMDCKˎ˰QĭɩƢ9��rwŰŎ¥7852 10 MOI9 IAV PR8ȟ7ǅț$)

,�ǅț 24ȁͿư�D-PBS7JMɊɍǯË99.�ˎ˰ɾŰɹ9ɞŹQ̘/,�a��:

ɷʴ%, 3Ņ9źΨÙ9ƝőQ�Y��~�:*9Ȫɠ̹ƖαS.E.βQʥ%25M� 
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7A 

 

7B 

 

7C 
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図7. (D)PVF-tet の開発ならびにその抗 IAV活性の解析  
(A) 1 μg/ml9v��h�ŰŎ¥�ΕŰŎ¥3 0.1 μg9 PVF-tet4M5:(D)PVF-tetQ 37ºC

3 24ȁͿV�^���v%,ư�MALDI-TOF/MS7JLĭ��rw9ͅ͵øȗQ̘/,� 

(B) αƕŉβĜƐMDCKˎ˰Qv��h�ĲȊɭ̗ɘŖŏ«3ĭɩƢ9ĔĮɴŰŎ¥78

52 0.001 MOI9 IAV PR8ȟ7ǅț$),�ǅț 48ȁͿư�D-PBS7JMɊɍǯË99.�

ˎ˰ɾŰɹ9ɞŹQ̘/,�a��:ɷʴ%, 3 Ņ9źΨÙ9ƝőQ�Y��~�:*9

Ȫɠ̹ƖαS.E.βQʥ%25M� 

αīŉβĜƐMDCKˎ˰QĭɩƢ9ĔĮɴŰŎ¥7852 10 MOI9 IAV PR8ȟ7ǅț$

),�ǅț 24ȁͿư�D-PBS7JMɊɍǯË99.�ˎ˰ɾŰɹ9ɞŹQ̘/,�a��

:ɷʴ%, 3Ņ9źΨÙ9ƝőQ�Y��~�:*9Ȫɠ̹ƖαS.E.βQʥ%25M� 

(C) ĜƐMDCKˎ˰QĭɩƢ9ĔĮɴŰŎ¥7852 0.2 MOI (60,000 pfu/ml)9 IAV PR8

ȟ7ǅț$),�ǅț 16Ϳư�ŖΥ¤ɘQŅĦ%����`TslV7JL IAVċÑQŹ

͵%,�ĭŹ͵Ù7052 IAVûȍċÑ (60,000 pfu/ml)7Ƈ'MŞȵȺ fold increaseQʽ÷

%,�a��:ɷʴ%, 3-6Ņ9źΨÙ9ƝőQ�Y��~�:*9Ȫɠ̹ƖαS.E.βQʥ

%28L�wsv:ĭŅ9źΨÙQ̛%25M�*P < 0.05; ***P < 0.001 (compared with no 

compound treatment by ANOVA followed by one-sided Dunnett’s test). 
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第３章 PVF-tet の抗 IAVメカニズムの解明  
 
3-1 本章の概要 
� "NC39̫ȗ9K�PVF-tet� IAV9ˎ˰îÒè΂Ž4:ʇ6M�\yk�7J/2ǒ

IAV ɋƽQʥ%25MĪ˲ƽ�ʥľ$N,�ǅțûȍ�'6P. IAV �ˎ˰î7Òè%,

ʗư7�HA:*9˼̖Įɋƽ7J/2 IAV˼4ƀ­ˎ˰˼Q̖Į$)M"47JL�ˎ ˰

ͅ«?4c|� RNA̡ĮÊQǲ÷$)M ���C,ǅțưȍαÒè 6ȁͿÁ΃β7:�ǅț

ˎ˰î3ǹɾ HA �ĮǊ$N�ˎ˰˼C3͏͖$N,9.�ŮŴ IAV 7ħL͑CNM�%

,�/2�PVF-tet9ǒ IAV�\yk�� IAV9ˎ˰îÒè΂Ž7ÐK65ŚĮ7:�*9

ËʀɬQȁͿʑ7ùLø 2̫ȗ'Mƹ̣�4M�*"3 Single-cycle infectionQ IAV�V

�fV`�9�u�4%2�Ă͔9ǅțûȍ6K=7ǅțưȍ9V��v7Ƈ'M PVF-tet

9ĐșQ̫ȗ%�PVF-tet9ǒ IAV�\yk�9̫ǿQ̳D,� 

 

3-2 実験方法 
3-2-1 実験試薬 
� 抗体 
�Wjǒ HAǒÊαclone C102β   αGenetexβ 

Wf_ǒ HAǒÊ    αGenetexβ 

�Wjǒ NAǒÊαclone GT288β   αGenetexβ 

Wf_ǒM2ǒÊ    αGenetexβ 

�Wjǒ NPǒÊαclone HT103β   αKerafastβ 

�Wjǒ His-tagǒÊαclone 9c11β  αWakoβ 

Wf_ǒ FITCǒÊ    αMolecular Probesβ 

Wf_ǒ β-actinǒÊ    αMBL Internationalβ 

HRPȪ̿W�ǒ�Wj IgGǒÊ   αCell Signaling Technologyβ 

HRPȪ̿�_ǒWf_ IgGǒÊ   αCell Signaling Technologyβ 

Alexa Fluor488Ȫ̿�_ǒ�Wj IgGǒÊ  αThermo Fischer Scientificβ 

Alexa Fluor546Ȫ̿�_ǒ�Wj IgGǒÊ  αThermo Fischer Scientificβ 

Alexa Fluor488Ȫ̿�_ǒWf_ IgGǒÊ  αThermo Fischer Scientificβ 

Alexa Fluor546Ȫ̿�_ǒWf_ IgGǒÊ  αThermo Fischer Scientificβ 

� IAV感染実験 
2-2-1. 細胞培養、IAV感染実験7ɠ(M� 

� 免疫蛍光染色法 
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13 mm¬\~�]�j    αȕɐʠŮƔȥβ 

Bafilomycin A1    αCayman Chemicalsβ 

ParaformaldehydeαPFAβ   αWakoβ 

HEPES     αWakoβ 

ŜĔ\�hW�    αWakoβ 

ŜĔ�a{hW�    αWakoβ 

Triton X-100     αWakoβ 

Wh̗ɘT����α��`h�� Vβ  αWakoβ 

DAPI     αįºĔųʝʱǌβ 

Glycerol     αWakoβ 

Alexa594Ȫ̿u^jv��   αThermoFischer Scientificβ 

� ウェスタンブロット法 
NP-40     αSigma-Aldrichβ 

Sodium Deoxycholate    αWakoβ 

SDS     αWakoβ 

DithiothreitolαDTTβ    αWakoβ 

Bromo-phenol blueαBPBβ   αWakoβ 

Acrylamide-bis     αWakoβ 

Methylene-bis-acrylamide    αWakoβ 

Glycine     αWakoβ 

Methanol     αWakoβ 

ECL plus     αPerkinElmerβ 

Immunostar LD    αSigma-Aldrichβ 

� 固相結合実験 
y�v�̗͆ɻ    αǾȐ~V[tjvβ 

Biotin-Sulfo-Osu    αįºĔųʝʱǌβ 

Sodium Bicarbonate    αWakoβ 

j`��j     αWakoβ 

Leupeptin     αWakoβ 

fetuin     αSigma-Aldrichβ 

asialofetuin     αSigma-Aldrichβ 

3-2-2 IAVの細胞内侵入の定量解析 
� 24 well���v9ĭwell7ɂF, 13 mm¬\~�]�j¤7Ǭʮ%,ĜƐMDCK
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ˎ˰Qʀ5,�vehicle�PVF-tet (20 μM)4M5: Bafilomycin A1α100 nMβQĲEŖ

ΥŖŏQĜƐMDCKˎ˰7ɗč%�ɗč 30øư7 10 MOI9 IAV PR8ȟQŖΥŖŏ

«3ǅț$),�ǅț 3ȁͿư�D-PBS7JL 2Ņ9ɊɍQ̘5�ȯ53 PFAŊŹ

ɓα3.75% PFA, 100 mM HEPES pH7.2, 50 mM MgCl2, 9 mM CaCl2QĲEβ7JLŻɝ3

20øͿ9ŊŹĥƻQ̘/,�PBS7JLŊŹɓQɊɍ%,9.�0.3% Triton X-100/PBS

7JLŻɝ3 10øͿ9˼ͣ͘öɼQ̘5�ȯ53 2% BSA/PBS7JLŻɝ3 30øͿ

9��s^�aĥƻQ̘/,���s^�aư�ǒ NPǒÊQŻɝ3 1ȁͿĥƻ$)�

ȯ53 PBS7JMɊɍư7 Alexa FluorȪ̿ǒ�Wj IgGǒÊαƙͲɹ 1:2000βQŻ

ɝ3 1ȁͿĥƻ$)�̕æȪ̿Q̘/,�"9΋�1 μg/ml DAPIQįȁ7ĥƻ$)�

Ƞț̈Q̘/,�PBS7JMɊɍư�90% glycerol/PBSQƈèĄ4%2�j�Vw]

�j¤7\~�]�j9ˎ˰Ζ9ƈèQ̘/,�ĭf���9̕æʃâ: Zeiss ̠ 

LSM710 ëɮɬ��g�΢ƵͼQʀ52��q�7̡ǵ9̦ʹQǭâ%�NP ʎɺΈ

ƽˎ˰Qǅțˎ˰4%2*9ĉĮQ̭ǵ%,� 

3-2-3 IAV感染タイムコースにおけるPVF-tet の作用点の解析 
� 96 well���v7Ǭʮ%,ĜƐMDCKˎ˰Qʀ5,�10 MOI9 IAV PR8ȟQȾ

ò¥9ŖΥŖŏ«3ĜƐMDCKˎ˰4 45øͿĥƻ$)�ǅț9įȍQ̘/,�D-PBS

7JM 2Ņ9Ɋɍư7 37ºC9ŖΥŖŏQɗč%�"9ɗčȁQŗɠ4%2 0�1�5�

9ȁͿ9ɬ3 vehicle�PVF-tet (20 μM)4M5: Bafilomycin A1α100 nMβQĲEŖΥ

ŖŏQ$K7ɗč%2 37ºC CO2V�^���p�î3ŖΥQ̘/,�ĭĔĮɴ9ɩƢ

:ȉˏɩƢQʥ%25M�ǅț 24ȁͿư�D-PBS7JL 2Ƣ9ɊɍQ̘5�ȳˎ˰

QΆĢ%,9.�Cell Counting Kit-87JLˎ˰ɾŰɹQ̭ɞ%,� 

3-2-4 ウェスタンブロット法による新生 IAVタンパク質の半定量解析 
サンプルの調製 24 well ���v7Ǭʮ%,ĜƐ MDCK ˎ˰Qʀ5,�10 

MOI9 IAV PR8ȟQŖΥŖŏ«3ǅț$)�ǅț 1ȁͿư7Ɋɍư�vehicle4M5

: PVF-tet (20 μM)QĲEŖΥŖŏQɗč%2ŖΥQ̘/,�ǅțư 3�6�9�16ȁͿ

9ĭɬ3 D-PBS7JMɊɍư7 50 μl9 Lysis bufferα50 mM Tris-HCl pH7.5, 150 mM 

NaCl, 1% NP-40, 0.5% Sodium Deoxycholate, 0.2% SDS, Complete protease inhibitor 

cocktailQĲEβ3ɡ̫%�Cell lysateQ̼̠%,�ŅĦ%, Cell lysate:͈ΘɆöɼ

7JLc|� DNAQĆǸ%,9.�BCAɅ7JL˛p��`ͅ͵9Ź͵Q̘64ë

7�f���9 1/4 vol.9 5x Laemmli Sample Bufferα250 mM Tris-HCl pH6.8, 500 mM 

DTT, 10% SDS, 0.5% BPB, 50% glycerolQĲEβQɗč%2 95 ºC�5øͿ9čɲšƽ

Q̘/,� 

SDS-PAGEならびにウェスタンブロット法 ¤͔9ĭp��`ͅf���QΑȼɉ
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đ̝ˣ NA-1020αNIHON EIDO.CorpβQʀ52�Ȫɠʑ6 SDS-PAGE7JLŹɅ7

%,�/2øΏ�Ǝ;%,�68�øΏc�9T`��T�wαT`��T�wη�

r���jT`��T�w = 30 : 0.8β9ɩƢ:p��`ͅ9øŮ͵7ŗ152 6%9

K 16%9Ϳ3šđ$),�ɉđư�c�Q 10øͿÁ¤͌ñ~s�S�α100 mM Tris, 

192 mM Glycicne, 20% MethanolQĲEβ«3Βʕ$)Ɲ̚ĔQ̘/,9.�l�w�

VƧ͌ñ̝ˣ AE-6677αATTOβ7JL PVDF˼?9͌ñQ̘/,�68�HA9͌ñ

7:MethanolQ 10%4%�$K7ˏɩƢ 0.01%9 SDSQɗč%,͌ñ~s�S�Q

ʀ5,�͌ñư�5% BSA/TBS-Tα0.1% Tween-20QĲE TBSβ7JLŻɝ3 1ȁͿ

9��s^�aQ̘5�ȯ53ĭp��`ͅ7Ƈ'M 1ȯǒÊQ 4ºC3 Ȃĥƻ$)

,�TBS-T 7JM 3 Ņ9Ɋɍư�HRP Ȫ̿ 2 ȯǒÊQŻɝ3 1 ȁͿĥƻ$)�ðƢ

9Ɋɍư7Ĕųʎæ̳̓7JLȤ÷ĥƻQ̘/,�β-actin9Ȥ÷7: ECL plusαPerkin 

ElmerβQ�*9¾9p��`ͅ9Ȥ÷7: Immunostar LDαWakoβQʀ5,�Ĕų

ʎæ9Ȥ÷: LAS500 imagerαGE Healthcare Sciencesβ7JL̘/,� 

3-2-5 免疫蛍光染色法による新生 IAVタンパク質ならびにペプチドの局在解析 
細胞内の新生 IAVタンパク質の局在解析  24 well ���v9ĭ well 7

ɂF, 13 mm¬\~�]�j¤7Ǭʮ%,ĜƐMDCKˎ˰Qʀ5,�10 MOI9 IAV 

PR8ȟQŖΥŖŏ«3ǅț$)�ǅț 1ȁͿư7Ɋɍư�vehicle4M5: PVF-tet (20 

μM)QĲEŖΥŖŏQɗč%2ŖΥQ̘/,�ǅț 16ȁͿư7 D-PBS7JL 2Ņ9

ɊɍQ̘/,9.�PFA ŊŹɓ7JLŻɝ3 20 øͿ9ŊŹĥƻQ̘5�Á΃9ǯË

: 3-2-24įȩ9ǎΛ3̘/,�C,���rw9ƍŎ̫ȗ9΋7:�FITCȪ̿�

�rwQʀ52ǒ FITCǒÊQ 1ȯǒÊ4%2Ȥ÷%,�̕æʃâ:ëɮɬ��g�

΢Ƶͼ LSM710αZeissβQʀ52ħƲ%,� 

細胞膜表面HAの検出 ˎ˰˼̛Ζ9 HA QͩǕʑ7Ȫ̿'M΋7:�ǅț 16 ȁͿ

ư7 D-PBS 7JL 2 Ņ9ɊɍQ̘/,9.�Ⱦò¥3�Wjǒ HA ǒÊQĥƻ$)

,�ĥƻư�PFAŊŹɓ7JLŻɝ3 20øͿ9ŊŹĥƻQ̘5�Á΃9ǯË: 3-2-2
4įȩ9ǎΛ3̘/,�ˎ˰î9 HA:Wf_ǒ HAǒÊ7JLȪ̿%�̕æȪ̿ǒ

�Wj IgGǒÊ6K=7ǒWf_ IgGǒÊ7JL�ˎ˰˼̛Ζ9 HA4ˎ˰î9 HA

QȤ÷%,�̕æʃâ:ëɮɬ��g�΢Ƶͼ LSM710αZeissβQʀ52ħƲ%�Ŗ

ΥơΖ9Kˎ˰˼¤Ǻ?4 0.6 μm ͿΊ3͝˗ǭâ%,ʃâQä7�ʃâ̫ȗn�v

WXT ZENQʀ52 z-jps`ʃâQȨ˂%,� 

ペプチドの細胞内局在解析 ��rw9Y�wfVv�hj9̫ȗ9΋7:�

MDCKˎ˰Q 250 μg/ml9 Alexa594Ȫ̿u^jv��QĲEŖΥŖŏ«3 4ºC4M

5: 37ºC 7852 1 ȁͿŖΥ%�*9ư PFA ŊŹɓ7JLŊŹ%�̩ƄQ̘/,�



 31 

̕æʃâ:ëɮɬ��g�΢Ƶͼ LSM710αZeissβQʀ52ħƲ%,� 

3-2-6 IAV粒子ならびに開裂HAに対するPVF-tet の結合活性の解析 
ビオチン標識 IAVの調製 2-2-2. IAV の調製9ǎΛ3jvs`%,ǅțŖ
Υ¤ɘQͧƸǯËα4ºC, 18,000 g, 30øͿβ7JL¦ɡɴ9ΆĢQ̘5�ŖΥ¤ɘ 40 ml

4,L 520 μl9 20% y�v�̗͆ɻQɗč%�4ºC3 1ȁͿ9Ņ͌ɖĹQ̘/,�

ͧƸǯËα10 ºC, 1,250 g, 5øͿβ7JL IAV-̗͆ɻ̡ĮÊQɂȷ$),9.�ɂȷQ

ò PBS7JLǉɨ%�ðƢͧƸǯËα10 ºC, 1,250 g, 5øͿβQ̘/,�ͧƸư�ɂȷ

Q PBS7JLǉɨ%�37ºC72 1ȁͿ9Ņ͌ɖĹQ̘6"43�̗͆ɻ9K IAVQ

ɡ÷$),�IAVQ 30% j`��jQ�sw4%2͈ͧƸǯËα4ºC, 100,000 g, 90

øͿβ79 �ɂȷQˈ̠ IAV4%2 PBS7ǉɨ%,�ˈ̠ IAVαHA 5 μgʘƫβQ

100 mM Sodium Bicarbonate«3 2 μg9 Biotin-sulfo-Osu4Żɝ3 1ȁͿĥƻ$),�

ĥƻư�30% j`��jQ�sw4%2͈ͧƸǯËα4ºC, 100,000 g, 90øͿβQ̘5�

ȎĥƻȪ̳̿̓9ΆĢQ̘/,��[r�Ȫ̿ IAV9Ź͵:y�v�̗͆ɻQʀ5,

̗͆ɻõΎ̳Ψ7JL̘/,�͆ ̗ɻõΎ̳Ψ: IAVɡɓ9 2ȶΉƙͲˊúȪĺ4ʺ

͵9 0.5% y�v�̗͆ɻQ UŒơ 96 well���v9 well«3ĥƻ$)�IAV9 HA

7JM̗͆ɻõΎĥƻQʖ̦7JLüý'MǎɅ34M�Ȑ̳Ψ7JL̗͆ɻõΎĥ

ƻQ͇"'ȉŤƙͲ×ɹα=*NÁ¤9ƙͲ×ɹ3:̗͆ɻõΎĥƻQ͇"$65β

QȿF�*9ƙͲɡɓ«7ĲCNM IAV͵Q̗͆ɻõΎĥƻ7Ęø6ĜÈα1 HA unitβ

4Ź˧%,� 

開裂HA標品の調製  ĪɡĔ HAȪĺQˏɩƢ 10 μg/ml9v��h�4

PBS«3ɖĮ%�37ºC3 30øͿĥƻ$),9.ˏɩƢ 1 mM9 LeupeptinQɗč'M

"47JLĥƻQÛȰ$),�HA 9;̜Đɹ: SDS-PAGE 6K=7 CBB ț̈7J

Lʢ̶%,� 

結合試験  PVF-tet�fetuin6K=7 asialofetuinQĭ 10μg/ml9ɩƢ3Ŋ

ʘĔ%�2-2-79ǎΛ7ɠ&2˒Į̳ΨQ̘/,�;̜ HA6K=7Ȏ;̜ HA70

52:ǒ His-tagǒÊ4 HRPȪ̿ 2ȯǒÊ7JLȤ÷%,�C,�[r�Ȫ̿ IAV7

052:é29~s�S�«7 100 μM9 ZanamivirQɗč%2źΨQ̘5�Ȥ÷:

HRPȪ̿jv��vT�i�7JL̘/,� 

3-2-7 PVF-tet の HA架橋活性の解析 
� ːǧ7 HAȪĺα2 μMβQĭɩƢ9 PVF-tet4M5: PVF-monomer4 PBS«3ɖ

Į%�4ºC 3 1 ȁͿ9˒ĮĥƻQ̘/,�*9ư�ˏɩƢ 0.5%9 PFA Qɗč%�Ż

ɝ3 10øͿ9ŊŹĥƻQ̘/,9.�1/4 vol.9 5x Laemmli Sample BufferQɗč%�

$K7Żɝ3 10øͿ9šƽĥƻQ̘/,�ĭf���:�ɉđ~s�S�α0.1% SDS, 
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40 mM Tris-Acetate pH7.4, 2 mM EDTAβ«3 2% acrylamideαT`��T�wη�r�

��jT`��T�w = 20 : 1β4 1% agarose9ɖĮc�Αȼɉđ7JLøΏ%,9

.�͸ț̈7JLȤ÷Q̘/,�ĭ���9~�w�p��: ImageJ 7JL̫ȗQ

̘/,� 

 

�  

3-3 結果 
3-３-1 PVF-tet は感染後期に作用点を有する  
� IAVp��`ͅ9 034M NP:�IAV9c|� RNA�Ƞîʬ̘%,9.ğƣ7ĮǊ

$NM early protein4%2ʜKN25M ��*"3 IAVǅțư9ˎ˰î NPQçʉ̕æț̈

7JL̫ȗ%�IAV9ˎ˰îÒèͣʭαIAV9ˎ˰?9˒Į4ħ͑D�ƀ­ˎ˰˼49˼̖

Į�c|� RNA9ˎ˰ͅǲ÷βQ̲Ñ'MǜȪ4%,�ǅț 3ȁͿư7852:�ˋ 50%

9ˎ˰3 NP9ʎɺ�̩Ƅ$NM Ǻ3�Bafilomycin A1αBaf A1βŰŎ¥3: NPΈƽˎ˰

ɹ:̍ɛ%,αŉ 8Aβ�Baf A1:Y�wn��9ͱƽĔQ΂Ž'M"47JL IAV9˼̖

ĮQ΂Ž'M"4�ǽ7řĴ$N25M ���̄Ķɔ5"47�PVF-tet ŰŎ¥7852Gˋ

50%9ˎ˰� NPΈƽ34M"4�'6P. PVF-tet� IAV9ˎ˰îÒèQé�΂Ž%25

65"4Q̤÷%,αŉ 8Aβ�C,�IAVǅțȁ4įȁ�4M5: 1�5�9ȁͿư7ĔĮɴ

öɼQ̘/,ŚĮ�ǅțûȍQȪʑ4'M Baf A19ǒ IAVɋƽ:ǅț 5ȁͿưÁ΃7̍ɛ

'M Ǻ�PVF-tet:ǅț 9ȁͿư7öɼ%,ŚĮ3Gǒ IAVɋƽQʥ'"4�ǿK946

/,αŉ 8Bβ�"NK9˒ș:�IAV�V�fV`�78 M PVF-tet9Ëʀɬ:�ǅțû

ȍJLGE%Oǅțưȍ74M"4Qʥ%25M� 

3-３-2 PVF-tet は感染後期に新生されるHAを液胞状オルガネラへと隔離する 
� *"3ȯ7�ǅțưȍ7852ǹɾ$NMĭ IAV p��`ͅ9ʎɺpV�d�jQ̫ȗ

%,�*9˒ș�͚ƚ HA :ǅț 9 ȁͿQʎɺ��`4%,9.�ŮŴ IAV 9ɿɾ7Æ/

2ǅț 16ȁͿư7:ɛƌ�̩Ƅ$NM��PVF-tetŰŎ¥3:ǅț 16ȁͿư7852E%

Oˎ˰î7̏ʰ%25M"4Q̤÷%,αŉ 9Aβ�ȯ7�"9̏ʰ9ȩǆQǿK97'M

,F7çʉ̕æț̈7JMƍŎ̫ȗQ̘/,4"O�ǹɾ HA:͚ƚ�ˎ ˰î͏͖Ƌ˰?9

ƍŎ�̩Ƅ$NM��PVF-tetŰŎ¥3:Ƞ͐˟7Èˣ'Mɓ˰ɶ[�]{�?4ʇƚƍŎ

Ĕ%25M"4�ǿK946/,αŉ 9Bβ�C,�FITC Ȫ̿ PVF-tet Qʀ52�į&ȒÃ

¥3 HA49ëƍŎ̫ȗQ̘/,4"O�PVF-tet4 HA:ɓ˰ɶ[�]{�7852ëƍ

Ŏ'M"4Q̤÷%,αŉ 9Cβ�C, PVF-tet:Εǅțˎ˰9ˎ˰î7G punctaɶ7Ȥ÷$

NM"49K�*Ń͋�˼ͣ͘ƽQǛ0"4�ǿK946/,�¾9 IAV p��`ͅ3

4M NA�M2�NP 7052:�PVF-tet ŰŎ¥7852Gˎ˰î̏ʰ6K=7ʇƚƍŎĔ
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Q͇"$65"49K�Ȑɺ̀: PVF-tet7JMǹɾ HA9ͩǕʑΊΏ4ǡ7KNM� 

� Ȑʝʱ3ʀ5,2ʮ9ǒHAǒÊ:5(NGŊŹöɼ6K=7˼ͣ͘öɼư9ˎ˰˼̛Ζ

9ǹɾ HAQȤ÷'M"4�3�69/,� Ǻ3�ŊŹöɼĂ7ǒ HAǒÊQȾò¥3ĥ

ƻ$)�ȯ53ŊŹöɼQ̘/,ŚĮ7:�ˎ ˰˼̛Ζ9ǹɾ HAQͩǕʑ7Ȥ÷'M"4

�3�,�*"3"9ƽͅQþʀ%2�ˎ ˰˼̛Ζ9ǹɾ HA4ˎ˰î9ǹɾ HAQ 2ʮ9

ǒ HAǒÊ7JL̿ý'M"47ǊČ%,αŉ 9D, ƕβ�"9ǎɅ7JL PVF-tetŰŎ¥9

ǅțˎ˰Qț̈%,4"O�ǹɾ HA9ŤͫøQˎ˰î9ɓ˰ɶ[�]{�7ΊΏ%25M

ˎ˰3:�ˎ ˰˼̛Ζ9ǹɾHA:A4R5Ȥ÷$N69/,αŉ 9D, īβ�'6P. PVF-tet

:ǅțưȍ7ǹɾ$NM HAQɓ˰ɶ[�]{�?4ΊΏ'M"47JL�*9ˎ˰˼̛Ζ

?9ǹɾ HA9͏͖Ï˓Q΂Ž%25M"4�ʥľ$N,� 

3-３-3 PVF-tet の HA結合親和性はHAの開裂状態に依存する 
� PVF-tet:ːǧ7 HA7Ƈ%2ãN,˒Į̨Ĺƽ4ʷĮ΂ŽɋƽQʥ'7G΀PK(�IAV

9ˎ˰îÒèQ΂Ž%65�*"3�ź΋7ːǧ7 HA6K=7ˈ̠ IAV7Ƈ'M PVF-tet

9˒ĮɋƽQȺ͍̲Ñ%,4"O�ː ǧ7 HA7Ƈ%2: fetuin4įʭƢ9˒ĮɋƽQʥ'

 Ǻ3�̍ ̠ IAV7Ƈ%2: fetuin4Ⱥ͍%2A4R5˒Į%2565"4Q̤÷%,αŉ

10Aβ�""3 IAV̛Ζ9 HA4ːǧ7 HA49Ɩʇ7ʚʖ'M4�Ă˪:ˎ˰Ţv��h

�7J/2;̜%25M Ǻ3�ư˪:Ȏ;̜ɶǆ34M�*"3�v��h�7JL;

̜$),ːǧ7 HA 7Ƈ'M PVF-tet 9˒ĮɋƽQ̲Ñ%,4"O�PVF-tet 9 HA 7Ƈ'

M˒Į̨Ĺƽ: HA9;̜7J/2̍%�É¥'M"4�ǿK946/,αŉ 10Bβ� 

3-３-4 PVF-tet はエンドサイトーシスにより細胞内へとターゲティングする 
� PVF-tet:*Ń͋�˼ͣ͘ƽQǛ.�IAVǅțˎ˰î9ǹɾHAQȪʑ4%2˒Į'M�

*"3ȯ7�PVF-tet9ˎ˰îʬ̘�\yk�7052̫ȗQ̘/,�FITCȪ̿ PVF-tetQ

Y�wfVv�hj9��\�34M̕æȪ̿u^jv��4ë7�4ºC 4M5: 37ºC 3

ˎ˰4ĥƻ$),4"O�37ºC 3:©˪�ˎ˰î9Ƌ˰7852ëƍŎQʥ'"4�C,

4ºC 7852:©˪9ħ͑D�΂Ž$N�PVF-tet :­7ˎ˰˼̛Ζ7ƍŎ'M"4Q̤÷

%,αŉ 11Aβ�'6P.�PVF-tet:ˎ˰˼îŢ9ǚǴ3:6��ˎ˰9Y�wfVv�h

jȭȨ7JLħ͑CN25M"4�ʥ$N,�C,�PVF-tetÁŢ9��rw7052G̕

æȪ̿ÊQĮǊ%�*9ˎ˰îħ͑DQ̫ȗ%,4"O�̄ Ķɔ5"47 PVD-tet7852

9D�ˎ˰î?9ħ͑D�̩Ƅ$N69/,"49K�"NK9��rw9ˎ˰îʬ̘ɋ

ƽ:*9ͬú7ƪ�ÐŰ'M"4�ʥľ$N,αŉ 11Bβ� 

3-３-5 PVF-tet は HAの分子間架橋を起こす 
� PVF-tet: 4ÑȨ͜QǛ0"49K�1øŮ9 HA£͵Ê49 1Ƈ 19ʘ³Ëʀ9D6K

(� Ƣ7̡ǵ9 HA £͵Ê4˒Į'MĪ˲ƽ�Ǥɞ$N,�*"3̳Ψʾî7852
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PVF-tet4ːǧ7 HAȪĺQɖĮ%,4"O�PVF-tetŰŎ¥3:ʢ97ΪøŮ͵̡ĮÊ�Ȥ

÷$N,αŉ 12β�C,�PVF-monomer7052:���Ⱥ3 HA9 40×͵Qɗč%,Ś

Į3G"9J66ΪøŮ͵̡ĮÊ:Ȥ÷$N69/,�"9"4:�PVF-tet �̡ǵ9 HA

£͵ÊͿQG̶̿%�ȚȬ˒Į'M"4Qʥ%25M� 

 

3-4 考察 
� Ȑʵ3:�PVF-tet9Ëʀɬ�ǅțûȍ78 M IAV9ˎ˰îÒè΂ŽJLG�E%Oǅ

țưȍ74M"4QǿK97%,�PVF-tet:ǅțưȍ9ǹɾ HAQȪʑ4%2ɓ˰ɶ[�

]{�?4ΊΏ'M"47JL�ǒ IAV ɋƽQʥ'�ɓ˰ɶ[�]{�7JMǹɾ HA 9

ΊΏ7Æ/2�ˎ˰˼̛Ζ7852Ȥ÷$NMǹɾ HA 9͵�̍%�ɛƌ'M"49K�

PVF-tet:ǹɾ HA7˒Į%�*9ˎ˰î͏͖7ƭΙQģB%25M"4�ʥľ$NM�ǹ

ɾ HA:Ƌ˰ÊαERβ�e�iÊQˎ˰˼̛ΖC3͏͖$NMͣʭ3�ʮ09Ƌ˰͏͖p�

�`ͅ4ʘ³Ëʀ'M"4�ʜKN25M �
	�+�PVF-tet 9Ȋ'MȚȬɋƽQ˩Ǉ'M4�

ˎ˰î9ǹɾ HA7052Gįȩ7ȚȬ�õΎQƨ�͇"%�*NKƋ˰͏͖p��`ͅ4

9ʘ³Ëʀ�΂Ž$N25MĪ˲ƽ�˩7KNM�HA9ˎ˰î͏͖7΀'M#�ûȍ9ʝ

ʱ3:�ˎ ˰ͅw�V�7��q�6šʇ�Ɗè$N, ͝9šʇŒHA9î91ʮ4%2�

e�iÊ7852õΎ%�ɓ˰ɶ9Ȩ͜Ê?4ʇƚƍŎĔ'MšʇÊ�̤÷$N25M ���

ȐšʇÊ:�ˎ˰˼̛Ζ?9͏͖Đɹ�ȦF2É��Ȑʝʱ3̤÷%,ɺ̀4J� ̃'

M� Ǻ3�ƫ̴å̘ʝʱÁ΃7ȐšʇŒ HA6K=7ɓ˰ɶȨ͜Ê70529řĴÎ:Ű

Ŏ)(γ*9̵ˎ6ƽɶ7052:$K6M̫ȗ�ƹ̣34M 

� PVF-tet �̨ IAV 9 HA 3:6�ǹɾ HA QͩǕʑ7Ȫʑ4'M�\yk�:�PVF-tet

9HA˒Į̨Ĺƽ�HA9;̜ɶǆ7ƪ�ÐŰ'M"4Q>C7M4 Ź9̺ǿ�Ī˲34

M�͚ ƚ�ǹɾ HA:ˎ˰˼̛ΖC3͏͖$N,9.�ˎ ˰Ţ9v��h�ȩ��tT�m

7J/2;̜'M,F�PVF-tet: IAV˼¤9 HA7Ƈ%2:Ęø7˒Į'M"4�3�6

5� Ǻ�͏͖͙«9ǹɾ HA:ːǧ7 HA4įȩ7Ȏ;̜ɶǆ34M,F�PVF-tet:̨

IAV9 HAJLGƪ�ǹɾ HA7˒Į%6M"4�˩7KNM� 

� "9J66 PVF-tet9ǒ IAV�\yk�Q>C7M4�įŹ%, 5ʮΣ9��rw705

2�Ȩ͜ɋƽʘ΀Q˩7M"4�3�M�ˎ ˰î9ǹɾ HA4˒Į'M,F7:��rẃ

Ê�ˎ˰î?4p�ctU�a'Mƹ̣�4M��vçʉ¦éWV�j1 (HIV-1)ʁȓ9TAT

��rw7À̛$NM Arg �sr6Ŝŗƽ��rw:�ˎ˰˼9́9Α̊49Αȼʑ6ʘ

³Ëʀ7JLˎ˰˼̛Ζ7ɩˠ$N�Y�wfVv�hj7JLΪ5Đɹ3ˎ˰î7ħ͑

CNM"4�řĴ$N25M ��	���%,�/2��rw9Ǜ0ȱ9̛ΖΑ̊:ˎ˰îʬ̘ɋ

ƽQɁŹ'Mͳ̣6�S`p�34L�Ȑʝʱ3įŹ%,��rw7052G�r��«
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7 2 ȴŗ9 Arg Q 4 Ñ3Ȋ'M"49K�įȩ9ȭȨ7ŗ152ˎ˰î7ħ͑CNM"4

�Ǥɞ$N,�įŹ%,��rw9«3Ŀ ��r��«9 C ȏʶÜ7ͱƽT�|ͱ34

M AspQǛ0 PVD-tet:�ˎ ˰îʬ̘ɋƽQȮ��C,�į�ih��7 AsnQǛ0 PVN-tet

:ˎ˰îʬ̘ɋƽQȊ%�C,ǒ IAVɋƽGʥ'"49KG�PVD-tet9Ǜ0 AspÜͻ9́

Α̊�*9ˎ˰îʬ̘ɋƽ6K=7ǒ IAVɋƽ9Όş46/25M4˩7KNM� 
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3-5 図表 
8A 

 
8B 

 
 
図 8. PVF-tet は IAVの細胞内侵入を阻害しない 
(A) ĜƐMDCKˎ˰QBafilomycin A1 (Baf A1, 100 nM)4M5: PVF-tet (20 μM)ŰŎ¥78

52 2 MOI9 IAV PR8ȟ7ǅț$),�ǅț 3ȁͿư�D-PBS7JMɊɍǯË99.�PFA

ŊŹQ̘5�ˎ ˰î9 IAVp��`ͅ NPQçʉ̕æț̈Ʌ7JLȤ÷%,���q�7ǭ

â%,ĭ̦ʹ3ȉÉ 80ÖÁ¤9ˎ˰7052̭ǵ%2 NPΈƽˎ˰ɹQʽ÷%,�a��

: 4̦ʹ9ƝőQ�Y��~�:*9ȪɠÚƖαS.D.βQʥ%25M***P < 0.001 (compared 

with no compound treatment by ANOVA followed by one-sided Dunnett’s test). n.s., not significant. 

(B) IAV9ǅț;ŬQįȍ$)M,F7�ĜƐMDCKˎ˰QȾò¥3 10 MOI9 IAV PR8

ȟ7ǅț$),�ǅț 1 ȁͿư�D-PBS 7JMɊɍǯË99.�ɊɍȁQŗɠ4'Mĭȁ

Ϳɬ7852 vehicle�Baf A1 (100 nM)4M5: PVF-tet (20 μM)Qɗč%�37ºC CO2V�^�

��p�î3ŖΥQ̘/,�ǅț 24ȁͿư�D-PBS7JMɊɍǯË99.�ˎ˰ɾŰɹ9

ɞŹQ̘/,�a��:ɷʴ%, 3Ņ9źΨÙ9ƝőQ�Y��~�:*9Ȫɠ̹ƖαS.E.β



 37 

Qʥ%28L�wsv:ĭŅ9źΨÙQ̛%25M�**P < 0.01; ***P < 0.001 (compared with 

vehicle treatment by ANOVA followed by one-sided Dunnett’s test). n.s., not significant. 
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9A 

 
9B 
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9C 

 
9D 

 
 

図9. PVF-tet は感染後期に新生されるHAを液胞状オルガネラへと隔離する 
(A) ĜƐMDCKˎ˰Q 10 MOI9 IAV PR8ȟ7ǅț$),�ǅț 1ȁͿư�D-PBS7JM

ɊɍǯË99.�PVF-tet (20 μM)ŰŎ¥4M5:ΕŰŎ¥3$K6MŖΥQ̘/,�ǅțư

9ĭȁͿɬ3�Lysis buffer 7JLˎ˰Qɡ̫�ŅĦ%�ĭp��`ͅ9ʎɺQWXjp�

��svɅ7JL̫ȗ%,� 
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(B) ĜƐMDCKˎ˰Q 10 MOI9 IAV PR8ȟ7ǅț$),�ǅț 1ȁͿư�D-PBS7JM

ɊɍǯË99.�PVF-tet (20 μM)ŰŎ¥4M5:ΕŰŎ¥3$K6MŖΥQ̘/,�ǅț

16ȁͿư�D-PBS7JMɊɍǯË99.�PFAŊŹQ̘5�ĭ IAVp��`ͅ9ˎ˰îƍ

ŎQçʉ̕æț̈Ʌ7JL̫ȗ%,�ŉ«9ɬ˜:ȠQʥ%25M� 

(C) ĜƐMDCKˎ˰Q 10 MOI9 IAV PR8ȟ7ǅț$),�ǅț 1ȁͿư�D-PBS7JM

ɊɍǯË99.�FITC-(D)PVF-tetα2.5 μMβŰŎ¥4M5:ΕŰŎ¥3$K6MŖΥQ̘

/,�ǅț 16ȁͿư�D-PBS7JMɊɍǯË99.�PFAŊŹQ̘5�HA6K=7(D)PVF-tet

9ˎ˰îƍŎQçʉ̕æț̈Ʌ7JL̫ȗ%,� 

(D) ĜƐMDCKˎ˰Q 10 MOI9 IAV PR8ȟ7ǅț$),�ǅț 1ȁͿư�D-PBS7JM

ɊɍǯË99.�PVF-tet (20 μM)ŰŎ¥4M5:ΕŰŎ¥3$K6MŖΥQ̘/,�ǅț

16ȁͿư�Ⱦò¥3�Wjǒ HAǒÊαC102β7JLˎ˰˼̛Ζ9 HAQȪ̿%,9.�

PFAŊŹQ̘/,�ȯ53˼ͣ͘öɼ99.�Wf_ǒ HAǒÊ7JLˎ˰î9 HAQȪ̿

%�ĭǒ HAǒÊQ Alexa488Ȫ̿ǒ�Wj IgGǒÊ6K=7 Alexa546Ȫ̿ǒWf_ IgGǒ

Ê7JLȤ÷%,�ĭʃâ:ëɮɬ��g�΢Ƶͼ7JLǭâ%, z-stack ʃâ9ˎ˰¤Ζ

â6K=7ˎ˰ǸΖâQʥ%25M� 
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10A 

 

10B 

 

 

図10. PVF-tet の HA結合親和性はHAの開裂状態に依存する 
(A) ELISA���v7ŊʘĔ%, PVF-tet (2 μM)�fetuin (0.3 μM)6K=7 asialofetuin (0.3 

μM)7Ƈ'Mĭ͵9�[r�Ȫ̿ IAV 9˒ĮQ�HRP Ȫ̿jv��vT�i�Qʀ52Ȥ

÷%,αƕŉβ�C,�įȩ7ŊʘĔ%,ĭĔĮɴ7Ƈ'MĭɩƢ9ːǧ7 HA9˒ĮQ�

ǒ His-tagǒÊ6K=7 HRPȪ̿ǒ�Wj IgGǒÊQʀ52Ȥ÷%,αīŉβ�ĭa��:

ɷʴ%, 3Ņ9źΨÙ9ƝőQ�Y��~�:*9Ȫɠ̹ƖαS.E.βQʥ%25M� 

(B) ːǧ7 HA (6 μM)QĭɩƢ9v��h�4 37ºC3ĥƻ$)�ĭȁͿɬ78 M HA9

;̜Q SDS-PAGE 7JL̫ȗ%,�10 μg/ml 9v��h�3 30 øͿöɼ'M"47JL

HA0:HA14HA27ŷé7;̜'Mαƕŉβ�ELISA���v7ŊʘĔ%,PVF-tet (2 μM)�

fetuin (0.3 μM)6K=7 asialofetuin (0.3 μM)7Ƈ'MĭɩƢ9;̜HA6K=7Ε;̜HA9

˒ĮQ�ǒ His-tagǒÊ6K=7 HRPȪ̿ǒ�Wj IgGǒÊQʀ52Ȥ÷%,αīŉβ�a

��:ɷʴ%, 3Ņ9źΨÙ9ƝőQ�Y��~�:*9Ȫɠ̹ƖαS.E.βQʥ%25M� 
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11A 

 
11B 

 
 
図 11. 4 価型ペプチドの細胞内移行活性の解析 
(A) ĜƐMDCKˎ˰Q FITC-PVF-tet (2.5 μM)6K=7 Alexa594-dextranα250 μg/mlβŰŎ

¥3�4ºC4M5: 37ºC7852ŖΥQ̘/,�ŖΥ 1ȁͿư�D-PBS7JMɊɍǯË9

9.�PFAŊŹQ̘5�PVF-tet6K=7 dextran9ˎ˰îƍŎQçʉ̕æț̈Ʌ7JL̫ȗ
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%,� 

(B) ĜƐMDCKˎ˰Qĭ FITCȪ̿��rw (2.5 μM)ŰŎ¥3ŖΥQ̘/,�ŖΥ 1ȁͿ

ư�D-PBS 7JMɊɍǯË99.�PFA ŊŹQ̘5�ĭ��rw9ˎ˰îƍŎQçʉ̕æ

ț̈Ʌ7JL̫ȗ%,� 
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図 12. PVF-tet は HAの分子間架橋を起こす 
 ːǧ7HA (2 μM)QĭɩƢ9PVF-tet4M5:PVF-monomer4ɖĮ%2˒ĮĥƻQ̘/,

9.�PFA7JL`�j��`ĥƻQ̘/,�ĭf���Q 2% acrylamide/1% agaroseɖĮ

c�Αȼɉđ7JLƎ;%�͸ț̈7JLȤ÷%,�ĭ���9~�w�p��: ImageJ

7JL̫ȗ%,�ŉ«9*�**�***:*N+N HA monomer�dimer�trimerQʥ%25M�  
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第４章 HAを隔離する液胞状オルガネラの性状解析 
 
4-1 本章の概要 
� "NC39 ͝9̫ȗ7852�PVF-tet�ǹɾ HAQɓ˰ɶ[�]{�?4ΊΏ'M"

43ǒ IAVɋƽQʥ'"4QǿK97%,� Ǻ3̄Ķɔ5"47�PVF-tetΕŰŎ¥9 IAV

ǅțˎ˰î7852G�ƌ͵3:4M� HA�ɓ˰ɶ[�]{�?4ƍŎ'M"4Q̤÷%

25M�'6P."9ɺ̀: PVF-tet7ŷé7ÐŰ%,ɺ̀3:6��ˎ˰�äȓÔȊ%2

5Mǹ̥΁ƳȭȨ34L�PVF-tet:ȐȭȨQŞƪ$)25M4˩7KNM�%,�/2�

ɓ˰ɶ[�]{�9ƬǊQĬMøŮȭȨQ̫ǿ'M"4�3�N;�"NC3765ǹ%

5`�j9ǒ IAV ̓9Ċ÷?4ʎƎ'M"4�ȍƯ$NM�*"3Ȑʵ3:øŮȭȨ9̫

ǿ7åΧ 2�ɓ˰ɶ[�]{�9̵ˎ6ƽɶ̫ȗQ̘/,� 

 

4-2 実験方法 
4-2-1 実験試薬 
� 抗体ならびに細胞染色試薬 
�Wjǒ HAǒÊαclone C102β   αGenetexβ 

Wf_ǒ LAMP1ǒÊ    αAbcamβ 

Wf_ǒ EEA1ǒÊ    αThermo Fischer Scientificβ 

Wf_ǒ CalnexinǒÊ    αSanta Cruzβ 

�Wjǒ p230ǒÊ    αBD Biosciencesβ 

�Wjǒ HSP47ǒÊαclone M16.10A1β  αBD Biosciencesβ 

�Wjǒ GS28ǒÊαclone 1/GS28β  αBD Biosciencesβ 

Wf_ǒ β-actinǒÊ    αMBL Internationalβ 
HRPȪ̿W�ǒ�Wj IgGǒÊ   αCell Signaling Technologyβ 

HRPȪ̿�_ǒWf_ IgGǒÊ   αCell Signaling Technologyβ 

Alexa Fluor488Ȫ̿�_ǒ�Wj IgGǒÊ  αThermo Fischer Scientificβ 

Alexa Fluor546Ȫ̿�_ǒ�Wj IgGǒÊ  αThermo Fischer Scientificβ 

Alexa Fluor488Ȫ̿�_ǒWf_ IgGǒÊ  αThermo Fischer Scientificβ 

Alexa Fluor546Ȫ̿�_ǒWf_ IgGǒÊ  αThermo Fischer Scientificβ 

Lysotracker DND-99    αThermo Fischer Scientificβ 

Filipin     αCayman Chemicalsβ 

BODIPY-TR-C5-ceramide    αThermo Fischer Scientificβ 
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� IAV感染実験 
2-2-1. 細胞培養、IAV感染実験7ɠ(M� 

Leupeptin     αWakoβ 

Pepstatin A     α��rwʝʱǌβ 

E-64     α��rwʝʱǌβ 

� ウェスタンブロット法 
3-2-1 ウェスタンブロット法7ɠ&M� 

� 免疫蛍光染色法 
2-2-1. 免疫蛍光染色法7ɠ(M� 

� MDCK細胞の樹立 
pcDNA3.1 (-)     αThermoFische Scientificβ 

pVenus-N1     αAddgeneβ 

KOD FX Neo     αTOYOBOβ 

BamH I     αTOYOBOβ 

Bacterial alkaline phosphatase (BAP)    αTOYOBOβ 

Ť˹̋ DH5α     αTOYOBOβ 

Mini prep kit     αǾȐiX{tU`jβ 

ScreenFect A plus    αWakoβ 

G418     αGIBCOβ 

pSpCas9(BB)-2A-GFP (px458)    αAddgeneβ 

Bbs I     αNew England Biolabsβ 

� RT-PCR法 
Sepasol     αNacalai Tesqueβ 

Vn���|��    αWakoβ 

DEPCöɼȽ     αNacalai Tesqueβ 

RNase-free DNase    αPromegaβ 

SuperScript III     αApplied Biosystemsβ 

SYBR Green Real-Time PCR Master mix  αApplied Biosystemsβ 

� 電子顕微鏡解析 
Paraformaldehyde    αWakoβ 

20% Glutalaldehyde    αWakoβ 

SeaPlaque agarose    αLonzaβ 

ńͱĔ[j�W�    αTAABβ 
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�����[^fVw    αWakoβ 

EPON 812 embedding kit    αTAABβ 

 

4-2-2 免疫蛍光染色法による液胞状オルガネラの性状解析 
� MDCKˎ˰9 IAVǅțǎΛ: 3-2-57�C,çʉ̕æț̈Ʌ9ǎΛ: 3-2-27ɠ&2
̘5�1ȯǒÊ4%2¤͔9ĭʮ[�]{���\�7Ƈ'MǒÊQʀ5,�LysotrackerQ

ʀ5,ëț̈9΋7:�IAVǅț 15ȁͿư7ˏɩƢ 75 nM9 LysotrackerQɗč%2�37ºC

9CO2V�^���p�î3 30øͿ 0.3% Triton X-1009ÀPL7 50 μg/ml i_vy�Q˼

ͣ͘öɼĄ4%2Íʀ%,�BODIPY-TR-C5 Ceramide Qʀ5,ț̈9΋7:�IAV ǅț7

åʴ/2ˎ˰QˏɩƢ 75 nM9 BODIPY-TR-C5 CeramideQȾò¥3 30øͿȪ̿%,9.

D-PBS7JLɊɍQ̘5�*9ư IAVǅțQ̘/,�Filipinț̈9΋7:�IAVǅț 16ȁ

Ϳư7 3.75% PFA7JLŻɝ3 20øͿ9ŊŹĥƻQ̘/,9.�100 μg/ml9 filipin7JL

Żɝ3 1ȁͿ9ț̈ĥƻQ̘/,�̕ æʃâ:ëɮɬ��g�΢Ƶͼ LSM710αZeissβQʀ

52ħƲ%,� 

4-2-3 ウェスタンブロット法によるHA分解の評価 
24 well���v7Ǭʮ%,ĜƐMDCKˎ˰Qʀ5,�10 MOI9 IAV PR8ȟQŖΥŖŏ«

3ǅț$)�ǅț 1ȁͿư7Ɋɍư�vehicle4M5: PVF-tet (20 μM)QĲEŖΥŖŏQɗ

č%2ŖΥQ̘/,�ǅțư 3 ȁͿ9ȁɬ3��nn����tT�m΂ŽĄα20 μM 

Leupeptin, 20 μM Pepstatin A, 20 μM E-64βQɗč%,�$K7 13ȁͿ9ŖΥư7 D-PBS7

JMɊɍQ̘5�50 μl9 Lysis buffer3ɡ̫%�Cell lysateQ̼̠%,�*9ư9f���

̼̠Ʌ�SDS-PAGE 6K=7WXjp���svɅ: 3-2-4 7ɠ&2̘5�HA 6K=7

9 β-actin9Ȥ÷Q̘/,� 

4-2-4 遺伝子安定発現MDCK細胞の樹立 
発現コンストラクトの構築 2-2-37852Ȩ˂%, HAʎɺʀ pBacPAK8�

�j�wQ͹Œ4%2�̛ 17ʥ%,��V��lsvQʀ5, PCR7JL HA9

ORFǸɳQ̼̠%,�C,�ABCA39 ORFǸɳ7052:�4-2-67ư͔'Mǎ
Ʌ7JLMDCKˎ˰ʁȓ cDNAQ̼̠%�"NQ͹Œ4%2�̛ 17ʥ%,��V

��lsvQʀ5, PCR7JLŞƛQ̘/,�Monomeric Venus (mVenus)9 ORFǸ

ɳ7052:�pVenus-N1��j�wαAddgene, #61854βQ͹Œ4%2�̛ 17ʥ%

,��V��lsvQʀ5, PCR7JL̼̠%,�PCRĥƻ:é2 KOD FX NeoͰ

ˍQʀ5, 2jts�ĥƻ7JL�̠ĺȈ7Ʊ/2̘/,�"NK HA4M5:

ABCA36K=7 mVenus9 DNAQ�BamHIöɼα37ºC 2ȁͿβ6K=7 BAPöɼ

α37ºC 2ȁͿβQ̘/, pcDNA3.1(-)�`p�4ĭ 2η2η19͵Ⱥ3ɖĮ%,9.�
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$K7ʺ͵9 Gibson Assembly 2x master mix4ɖĮ%�50 ºC3 1ȁͿ9�Vc�h�

�ĥƻQ̘/,�ĥƻư�̠ĺȈ7Ʊ/2Ť˹̋ DH5αȟ7Ƭ͌ͅǧǯËQ̘5�T

��h��ĲȊ LB���v?9Ǭʮư�37ºCV�^���p�î3ŖΥQ̘/,�

˨Ǿ�d�y�Q�s`%2T��h��ĲȊ LBŖŏî3ΒʕŖΥQ 37ºC3 Ȃ

̘5�Ύ̋ư7̠ĺȈ7%,�/2��j�wǗ÷Q̘/,�d�jv�`v9ͬú

:̛ 17ʥ%,��V��Qʀ5,h�`Y�j̫ȗ7JLʢ̶%,� 

薬剤耐性を指標とする安定発現MDCK細胞のセレクション ͪÅŮƊè̳̓

ScreenFectA plusQʀ5�̠ĺȈ7Ʊ/2Ă͔9ʎɺd�jv�`vQMDCKˎ˰?

v��j�X`h��%�24 well���v?4Ǭʮ%,�Ɗè 72ȁͿư�v��h

�-EDTAöɼ7JLˎ˰QąΏ%�ͧƸǯËα4ºC, 180 g, 5øͿβ7JLv��h�

-EDTAQΆĢ%,9.�éˎ˰Q 10 cm dish?4Ǭʮ%2 G418 (500 μg/ml)ŰŎ¥3

1͞Ϳ9ŖΥQ̘/,�G418˫ƽˎ˰Qv��h�-EDTAöɼ4ͧƸǯËα4ºC, 180 

g, 5øͿβ7JLŅĦ%�FACS AriaIIαBDβ7JL mVenus9̕æQǜȪ4%2�96 

well���v9ĭ well7ŶŹʎɺˎ˰Q 1ˎ˰(0Ǭʮư�G418 (500 μg/ml)ŰŎ¥

3 10ǾͿ9ŖΥQ̘/,�̕æ΢Ƶͼ¥39̩Ƅ7JLŶŹʑ7 mVenusQʎɺ'

M`���QͩǕ%,9.�ĭ`���78 Mʖʑp��`ͅ9ʎɺ͵QWestern 

blotɅ7JL̫ȗ%�ȉGΪ5ʎɺ͵Qʥ%,`���QÁ΃9źΨ7ʀ5,� 

 

4-2-5 遺伝子ノックアウトMDCK細胞の樹立 
 sgRNA発現コンストラクトの構築 Vz ABCA3ͪÅŮ9Y`n�QȪʑ4

'M sgRNA9̰̭:�CRISPR-direct7JLǦʥ$N, ͝9ͬú9K�3’ȏʶÜ 10

Ŝŗ9Ȫʑɵʇƽ�ãN,28Lα·Ɩͬú 20\ǌÁ¥β�90 PAMͬú¤Ɍ7ÿ

΄ͰˍͫÈQĲEG9QͩǕ%,�ȐȪʑͬúQĲE[�e DNA6K=7*9ʘ̟

[�e DNAα̛.1βQĭʺ͵72ɖĮư7Ty���aĥƻQ̘/,9.�BbsIö

ɼα37ºC 2ȁͿβQ̘/, px458�`p�αAddgene, #48138β��49�Vc�h��

ĥƻα16 ºC3 30øβQ̘/,�*9ư�4-2-3 発現コンストラクトの構築9ǎΛ
7Ʊ5�sgRNAʎɺd�jv�`vQ̼̠%,� 

ABCA3-KO細胞の樹立 ͪÅŮƊè̳̓ ScreenFectA plusQʀ5�̠ ĺȈ7

Ʊ/2 sgRNAʎɺd�jv�`vQMDCKˎ˰7v��j�X`h��%�6 well

���v?4Ǭʮ%,�ͪ ÅŮƊè 48ȁͿư�v��h�-EDTAöɼ4ͧƸǯËα4ºC, 

180 g, 5øͿβ7JLŅĦ%�FACS AriaIIαBDβ7JL GFP9̕æQǜȪ4%2�

96 well���v9ĭ well7 1ˎ˰(0ǬʮQ̘/,�ŖΥ 10Ǿư�h�a�d�y

�QƬǊ%,ĭ`���7052�̟ ÀǯË7JLŖΥʀ6K=7iX|pV��a
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ʀ9 207øĉ%�ȯ53iX|pV��aQ̘/,�96 well«9ĭ`���α10

3100ˎ˰ʭƢβQ 50 mM NaOH7ɡ̫ư�1 M Tris-HCl pH 8.07JL«Ĺ%,G9

Q͹Œ4%2�̛.17ʥ'��V��lsv7JL�sgRNAȪʑͬúQĲEc|�

ΝŔ9 DNAǸɳQ KOD FX NeoͰˍQʀ5, 2jts� PCRĥƻ72Şƛ%,�ȯ

53�PAMͬú¤ɌQ̶̿'Mÿ΄Ͱˍ7JL PCRɿɴQöɼ%,9.�2%T]�

�jc�Αȼɉđ7JLùǸ�p��Qʢ̶%,�©T��7852 PAMͬú¤Ɍ

9ÿ΄Ͱˍ̶̿ͬú�V�p`v34N; PCRɿɴ:ŷé7ɒĔ$N� Ǻ3

sgRNA-Cas9̡ĮÊ7JMǠè�ȮŨαindelβšʇ9Ɗè7JLÿ΄Ͱˍ̶̿ͬú�

ȮǪ%25MŚĮ7:�PCRɿɴ9ɒĔ:͇"K65�ȐɅ7JL�� indelšʇƊ

è`���Qͩǔ%�ȯ53�̛ 17ʥ'��V��Qʀ52c|�6K=7 cDNA

9ͬú̫ȗQ̘5�ABCA3-KO`���QͩǕ%,� 

4-2-6 RT-PCR法によるmRNA発現解析 
total RNAの抽出 total RNA9Ǘ÷7: 24 well���v7ˎ˰ƂƢ 1 x 10
 

cells/well3Ǭʮ%,MDCKˎ˰Qʀ5,�Ǭʮ˨Ǿ�D-PBS7JMɊɍư7 1 ml

9 SepasolQɗč%2Żɝ3 5øͿΔˣ%,9.�1.5 mlr���î3 0.2 ml9`�

����4ɖĮ%�$K7Żɝ3 5øͿΔˣ%,�*9ưͧƸǯËα4ºC, 13000 g, 15

øͿβ7JL¤ɘ9ȽʘQŅĦ%�ʺ͵9Vn���|��4ɖĮ%,9.Żɝ3

20øͿΔˣ%,�ͧ ƸǯËα4ºC, 13000 g, 15øͿβ7JL RNAQɂȷ4%2ŅĦ%�

75% Yp|��7JMɊɍư�DEPCöɼȽ?4ɡ̫$),�Ǘ÷%, total RNA9

ɩƢ7052:øææƢ̭Qʀ52̭ɞ%�̀ [�tU7052:T]��jΑȼɉ

đ7JL 18S6K=7 28S rRNAQǜȪ4%2ʢ̶Q̘/,� 

cDNAの合成ならびにPCR反応 Ǘ÷%, total RNAQ RNase free DNaseI7JL

37ºC3 30øͿĥƻ$)�c|� RNAQΆĢ%,G9Q cDNAĮǊĥƻ9͹Œ4%

2ʀ5,�cDNAĮǊ: SuperScriptIII9̠ĺȈ7Ʊ5�Random hexamerQ��V�

�4'M 20 μl9ĥƻjb��3 100 ng9 total RNAQ͹Œ4%2̘/,�C,�Ă

͔9 4-2-3 発現コンストラクトの構築 3ʀ5M ABCA39éͽ ORF̼̠ʀ9͹Œ

cDNA7052:�DNaseIöɼQ̘P(�C, Oligo-dTQ��V��4'M cDNA

ĮǊĥƻ7JL̼̠%,�ĮǊǊĥƻư�1 μl9 cDNAĮǊĥƻɓQ͹Œ4%2�̛

17ʥ'��V��lsv7JL�KOD FX NeoͰˍQʀ5, 2jts� PCRĥƻQ

̘/,�C,��T�pV� PCR9΋7:�̛ 17ʥ'��V��lsvQʀ52�

SYBR Green Real-Time PCR Master Mix9̠ĺȈ7Ʊ/2 PCRĥƻɓQ̼̠%��T

�pV� PCR̝ˣαApplied Biosystemsβ7JL PCRĥƻQ̘/,�ƲKN,ĭf�
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���ĭͪÅŮ9 CtÙ9K�GAPDHQȪɠͪÅŮ4'M ΔΔCtɅ7ŗ152 ABCA3

9 mRNA9ʘƇʎɺ͵QŹ͵%,� 

4-2-7 組換えMDCK細胞を用いた IAV感染実験 
IAVの細胞傷害活性を指標とする解析 96 well���v7Ǭʮ%,ĜƐMDCK

ˎ˰Qʀ5,�10 MOI9 IAV PR8ȟQŖΥŖŏ«3ǅț$)�ǅț 1ȁͿư7Ɋɍ

ư�vehicle4M5: PVF-tet (20 μM)QĲEŖΥŖŏQɗč%2ŖΥQ̘/,�ǅț

24ȁͿư�D-PBS7JL 2Ƣ9ɊɍQ̘5�ȳˎ˰QΆĢ%,9.�Cell Counting Kit-8

7JLˎ˰ɾŰɹQ̭ɞ%,� 

IAVの増殖を指標とする解析 24 well ���v7Ǭʮ%,ĜƐ MDCK ˎ˰`�

��Qʀ5,�ĜƐMDCKˎ˰Q PVF-tet (20 μM)ŰŎ¥4M5:ΕŰŎ¥3 30øͿ

ŖΥ%,9.�0.2 MOI9 IAV PR8ȟQŖΥŖŏ«3ǅț$),�ǅț 16ȁͿư�

ŖΥ¤ɘQŅĦ%�2-2-2 IAVの力価測定7ɠ&2���`TslVQ̘/,� 
IAV感染細胞におけるHAの局在解析 
� MDCKˎ˰9 IAVǅțǎΛ7052: 3-2-57�C,çʉ̕æț̈Ʌ9ǎΛ70
52: 3-2-27�Lysotracker6K=7 filipinQʀ5,ț̈7052: 4-2-27ɠ&
2̘/,� 

4-2-8 透過型電子顕微鏡を用いた形態学的解析 
� 10 cm dish¤7Ǭʮ%,ĜƐMDCKˎ˰Qv��h�-EDTAöɼ4ͧƸǯËα4ºC, 180 g, 

5øͿβ7JLˎ˰��sv4%2ŅĦ%�ȯ53 2% PFA/1% Glutaraldehyde/PBS7JLŻ

ɝ3 1ȁͿ9ŊŹĥƻQ̘/,�ˎ˰Q PBS7JL 2ŅɊɍư�5% SeqPlaqueT]��j

7ēœ%�ȯ53 2% ńͱĔ[j�W�7JLŻɝ3 1ȁͿ9ưŊŹĥƻQ̘/,�Ɋɍ

ư�50%�70%�80%�90%αv/vβ9Yp|��7JLĭ 10øͿ�Żɝ3˵ȽĥƻQ̘/

,9.�$K7 100%9Yp|��6K=7�����[^fVw7JLĭ 3Ņ9˵Ƚĥƻ

Q̘/,�˵Ƚư�EPON812ȫ˳7ēœ%,�ēœf���QW�v��`�v��αEM 

UC6, Leica Microsystemsβ7JLùā%�50 nmĠ9͈̒ƐùɳQË̠%,�ͯͱW��6

K=7`Y�ͱͷ7JM͈̒Ɛùɳ9ΑŮț̈99.�͘ ͣŒΑŮ΢ƵͼαJEM-2010, JEOLβ

7JL̩ƄQ̘/,� 

 

4-3 結果 
4-３-1 液胞状オルガネラは脂質を含有する酸性オルガネラである  
� PVF-tetŰŎ¥3ƬǊ�̷Ɗ$NMɓ˰ɶ[�]{�7052�ĭʮ[�]{���\�

9ƍŎ9ȊɭQȤ̮%,�*9˒ș�Ƌ˰Ê˼9��\�αHSP47ģ= Calnexinβ�e�i

Ê˼9��\�αp230�GS28ģ= GM130β6K=7ûȍY�wn��˼9��\�αEEA1β
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7052:ƍŎ�̩Ƅ$N69/, Ǻ3�ưȍY�wn��/�nn��˼9��\�3

4MLAMP-17052:ɓ˰ɶ[�]{�78 MHA49ëƍŎ�̩Ƅ$N,αŉ13A-Gβ�

C,�ˎ˰î9ͱƽd���v��vQͩǕʑ7ț̈'M Lysotracker �ɓ˰ɶ[�]{�

9î˸7̏ʰ'M"49K�Ȑ[�]{��ưȍY�wn��/�nn��ȩ9ͱƽ[�]

{�34M"4QǿK97%,αŉ 13Hβ� Ǻ��nn����tT�m΂ŽĄ9öɼ7

J/2 HA9̏ʰ͵:Şč%65"49K�Ȑ[�]{�3: HA9ø̫:͇"/2565

"4Q̤÷%,αŉ 13Iβ� 

� HA:v��je�i{sv��`αTGNβ7852d�jt���4j�U�e˳ͅ7

ƃE˳ͅ��vȨ͜?4Ύʰ%�ˎ ˰˼̛Ζ?4͏͖$NM"4�řĴ$N25M �
	�+	�		�
�

*"3�"NK9˳ͅ7052G�ɓ˰ɶ[�]{�?9ƍŎ9ȊɭQȤ̮%,�%9%

6�K� ̆7˳ͅƽ9̕æ����:çʉț̈ȁ9˼ͣ͘öɼ7JLſȀ7ΆĢ$N2

%C6,F7�ǒ HAǒÊ49ëț̈:Ňΐ34/,�*"3�HA9ˎ˰ͅÜȏʶ7̕æ

p��`ͅ34MĜ͵Ê VenusαmVenusβQ̖Į$), HAmVenusQŶŹʎɺ'M MDCK

ˎ α˰MDCK-HAmVenusˎ˰βQȫʴ%,�Ȑˎ˰Q PVF-tetŰŎ¥3ǅț$)M"47J

L�͚ƚ9 HA 4įȩ7 HAmVenus 7052Gɓ˰ɶ[�]{�?4ʇƚƍŎĔ'M�%

,�/2Ȑˎ˰Qʀ5M"47JL�çʉț̈Q)(7 HA9ƍŎ�6K=7ɓ˰ɶ[�]

{�QĪ̦Ĕ'M"4�Ī˲34M�*"3Ă͔9d�jt���6K=7j�U�e˳

ͅ7052ƍŎ̫ȗQ̘/,4"O�å̘ʝʱ9řĴ4 ̃%2�HA͏͖Ƌ˰7ƪ�Ȥ÷

$N,αŉ 13J, 13Kβ�$K7�"NK9˳ͅ:ɓ˰ɶ[�]{�9΄ʄ˼6K=7î˸7

Gƪ�Ȥ÷$NM"4Q̤÷%,� 

� Á¤9˒ș9K�HAQΊΏ'Mɓ˰ɶ[�]{�:˳ͅQĲȊ'Mͱƽ[�]{�34

M"4Q̤÷%,� 

4-３-2 ラメラボディの過剰形成は IAV感染を抑制する 
� ɓ˰ɶ[�]{�9ƽɶ4Į̃'M[�]{�4%2�����uU7ʚʖ%, ��	����

���uU: II Œˮ˰¤ʓˎ˰7852Ϊʎɺ'M�nn��ȩ[�]{�34L�*9

î˸7:��˳ͅ4d�jt���Q���ɶ7ƂƢ7ĲȊ'M�����uU9ƬǊ7

:�*9΄ʄ˼¤7ƍŎ'M ABC transporter subfamily A3αABCA3β�î˸˳ͅ9˼Ϳ͏͖

7JMħ͑DQǘ6"49K�ƹΜ9øŮ34M"4�ʜKN25M �
�*"3�MDCK

ˎ˰78 M ABCA39ʎɺ̫ȗQ̘/,4"O�mRNA���3ʎɺ%25M"4Qʢ̶

%,αŉ 14A, ¤ȶβ�$K7�͘ ͣŒΑŮ΢Ƶͼ7JMˎ˰9ƵˎȨ͜Q̫ȗ%,4"O�

ƌ͵3:4M�MDCKˎ˰7852G����uU�ƬǊ$N25M"4QǿK97%,

αŉ 14A, ¥ȶβ� 
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� *"3�HAQΊΏ'Mɓ˰ɶ[�]{������uU34M456Â̺Qʴ2�*9

Ȥ̱Q̘/,�:&F7�MDCK ˎ˰9 cDNA 9K ABCA3 ͪÅŮQ`��y�a%�C

ȏʶÜ7 mVenus Q¿č%, ABCA3mVenus QŶŹʑ7Ϊʎɺ'M MDCK ˎ˰

αMDCK-ABCA3mVenus ˎ˰βQȫʴ%,�MDCK-ABCA3mVenus ˎ˰:�ʲ�`p�Q

Ɗè%2ƲKN,d�v���ˎ˰`���4Ⱥ͍%2 ABCA39 mRNAQ 300×Á¤Ϊ

5���3ʎɺ'MͣĈʎɺȟ34L�͚ƚŖΥȒÃ¥7852GΪ5����uUƬǊ

˲Qʥ%,αŉ 14Bβ�Ȑˎ˰ȟQ IAV7ǅț$),4"O�PVF-tetΕŰŎ¥7852G�

HA�ȦF2Ϊ5Đɹ3 ABCA39ƍŎ'M����uU?4ΊΏ$NM"4�ǿK946

/,αŉ 14Cβ�C,"9΋�ABCA3Ϊʎɺ`���3: IAV9ŞȵĐɹ�̍ɛ'M"4�

$K7 IAV9ˎ˰ßŽɋƽ7Ƈ%2ǖǒƽQʥ'"4Q̤÷%,αŉ 14Dβ�"NK9˒ș

:�����uU�ɤŎʑ7 HAQΊΏ'MɋƽQǛ.�ͣĈ7ƬǊ$N,΋7:�ǒ IAV

[�]{�4%2ȭ˲'M"4Qʥľ%25M� 

4-３-3 ABCA3は液胞状オルガネラの形成に必須ではない 
� *"3�����uU9΀§QJL̵ˎ7̫ȗ'M,F7�CRISPR-Cas9 Q��j4'

Mc|�˝ΎǏ̙7JL ABCA3|s`TWvMDCKˎ˰(ABCA3-KOˎ˰)`���Qȫʴ

%,αŉ 15Aβ�Ȑˎ˰ȟ: ABCA3c|�9ʸ 4Y`n�î6K=7͒Ý7�T��Ϳ3

ʇ6M indelšʇQȊ'M� Ǻ9T��7852:�ʸ 4Y`n�9ȉ¤Ɍ 2bp�ȮŨ%

,����h�všʇ�͇"/25,�C,�G6 Ǻ9T��7852:�ʸ 4 Y`n

�9¤ɌV�v��î9 3’ȏʶαʸ 4Y`n�Üȏʶβ7Èˣ'MaTy�αGβ�ȮŨ%

25,�ư˪:ʗǣʑ7 ORF 9����h�vQ͇"$65��V�v��ȏʶ9 G :

mRNA j��Vh�a7ȦF2ͳ̣34M"49K�ȐT��9K:ʸ 4 Y`n��ͩǕ

ʑ7ΆĢ$N,i��` mRNA �ɾ&2"4Qʢ̶%,�ǄŢ6"47�PVF-tet :

ABCA3-KO ˎ˰7852G̨ȟ4įʺ9ǒ IAV ɋƽQʥ%�C,įȩ7ˎ˰î HA ͵9̏

ʰQ̷Ɗ%,αŉ 15B, 15Cβ�*"3�ABCA3-KOˎ˰î78 M HA9ƍŎQ̫ȗ%,4

"O�̨ȟ4Ⱥ͍%2fVk�HHƋ$�6MG99�Lysotracker 7JLƪ�ț̈$NM

ɓ˰ɶ[�]{��ŰŎ'M"4Q̤÷%,αŉ 15Dβ�'6P.�PVF-tet̷Ɗƽ9ɓ˰ɶ

[�]{�9ƬǊ7852:�ABCA3:ƹΜ3:65"4�ʥ$N,� 

� ����uU9ƵøƜəâ7ʚʖ'M4�͚ƚŖΥȒÃ¥4 IAV ǅțȒÃ¥3:Ť��

ʇ6MƬǆQʥ'"4�ø9M�"NK9Ƭǆ�ʇ6M 2 09Ȩ͜ÊQ Lysotracker 6K=

7 filipin7JLț̈%,4"O�͚ ƚŖΥȒÃ¥3̩Ƅ$NM����uU:΢̍6ͱƽQ

ʥ$(�C,­7΄ʄ˼¤7d�jt����Ȥ÷$NM Ǻ3�IAVǅțȁ9Ȩ͜Ê:ƪ

ċ6ͱƽQʥ%�î˸7C3d�jt����ĲE"4Q̤÷%,αŉ 16A, 16Bβ� 
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� Á¤9 ͝9ʜ̤:�IAVǅțȁ7 HAQΊΏ'MȨ͜Ê�����uU4:ʇ6Mƽɶ

QȊ'M[�]{�34M"4Qʥľ%25M� 

 

4-4 考察 
� Ȑʵ3:C(�ɓ˰ɶ[�]{���nn��ȩ9ƽͅQʥ'7G΀PK(�*9îͫ

3 HA9ø̫:͇"/2565"4Q̤÷%,�%9%6�K�Ăʵ7852ʥ%,J67�

PVF-tetŰŎ¥3:ˎ˰˼̛Ζ9 HA�ɛƌ'M"49KG�ɓ˰ɶ[�]{�7ΊΏ$N

, HA9ˎ˰˼̛Ζ?9͏͖:͇"Lΐ54˩7KNM�%,�/2�ΊΏ$N, HA:ø

̫7ÐK65ȭȨ3¦ɋƽĔ$N25M"4�Ǥɞ$NM�Ī˲ƽ9 04%2�Ăʵ3

ʥ%,J67�PVF-tetQ¼%2 HA�ȚȬ$NM"47JL�ΐø̫ƽ9ΪøŮ͵õΎÊ

�ƬǊ$N25M"4�±ǂ$NM�C,�G6 09Ī˲ƽ4%2�ͱƽɽŝ78 M

HA9Ȩ͜šĔ�Ǟ!KNM�HA:ͱƽɽŝ7Ƈ%2ȦF2Ϊ5ǅĨƽQʥ%�îͫ9ʈ

ȽƽΝŔQΓ÷$)M"43�IAV˼4ƀ­˼9˼̖ĮQǘ6"4�ʜKN25M ���"9

Ȩ͜šĔ:¦Ī͗ʑ34L�Ȩ͜šĔ7Æ/2Γ÷'MʈȽƽΝŔQ¼%,õΎ�ƪ�͇

"M"4�±ǂ$NM�%9%6�K�5(N9Ī˲ƽ7052GɺȶΉ3:̫ǿ7:̂

/2565� 

� Ȑʵ3:�ɓ˰ɶ[�]{���nn��ȩ9ƽͅQǛ0[�]{�34M"4ǿK9

7%�"9"4QȡǙ4%21*9źÊ�����uU34M2456Â̺7ŗ152̫

ȗQ̘/,�*9˒ș�ABCA39Ϊʎɺ�'6P.����uU9ͣĈƬǊ7J/2�ʢ

97 HA�ΊΏ$N�IAV9Şȵ6K=7ˎ˰ßŽɋƽ�ǐÿ$NM"4QǿK97%,�

 Ǻ3̄Ķɔ5"47�ABCA3 Q|s`TWv%,ˎ˰7852G PVF-tet :Ðɯ4%2

ǒ IAVɋƽQʥ%,�"NK9ʜ̤QC4FM4�HAQΊΏ'Mɓ˰ɶ[�]{�9ƬǊ

7852�ABCA3:*ŃÊ9Ϊʎɺ7J/2Ęø7*9ƬǊQ̷Ɗ'M"4�3�MG

99�ƹΜøŮ3:65�456˒̽�Ɗ�÷$NM�"9"4:įȁ7�Ȑʝʱ3"N

C37̤÷%25,ɓ˰ɶ[�]{�9źÊ�����uU3:65"4Qʥ%28L�

*9źÊ9įŹ9,F7:$K6M̫ȗ�ƹ̣34M� 
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4-5 図表 
表 1. 使用したオリゴDNAの配列 
Oligo DNA name  

Gene cloning primer Sequence (5’ to 3’) 

HA-Venus_fwd1 CCACCACACTGGACTAGTGGGATCCGCGAAAGCAG 

HA-Venus_fwd2 CGACGATAAGGTGAGCAAGGGCGAGGAG 

HA-Venus_Rev1 CCTTGCTCACCTTATCGTCGTCATCCTTGTAATCA 

HA-Venus_Rev2 AGCTTGGTACCGAGCTCGTCACTTGTACAGCTCGT 

ABCA3(-99_2412)_fwd CACCACACTGGACTAGTGTGGCCAGTCCTGCCATA 

ABCA3(-99_2412)_rev ATAGGCCTTCGAACCTGTGTGTGCTCTC 

ABCA3(2413_5106)_fwd ACACAGGTTCGAAGGCCTATTTGCCAAGCTGGAGA 

ABCA3(2413_5106)_rev CCTTGTAATCCGGCCCCTCGTCCTCGGC 

FLAG-Venus_fwd CGAGGGGCCGGATTACAAGGATGACGAC 

Sequencing prime Sequence (5’ to 3’) 

ABCA3_567 AAACCCAGGACCAAGGGAG 

ABCA3_1198 ACTCTCAGCCAGAAGCTG 

ABCA3_1797 GGTTCAGATCCGCAAGAG 

ABCA3_3086 ATGTCGGTGAGCGGACAG 

ABCA3_3782 GCTTCCATGAGAACTTCG 

ABCA3_4489 CTTCGGGGCCTTCTTCTG 

sgRNA template Sequence (5’ to 3’) 

sgABCA3_exon4 CACCGCGAGGGAAAGCCTCGAGCTG 

sgABCA3_exon4c AAACCAGCTCGAGGCTTTCCCTCGC 

ABCA3_exon4_PCR_F TGTCCTTGCGGCAGCCAATC 

ABCA3_exon4_PCR_R TGGTTTCCTGGCTTCATGCTG 

cDNA sequencing primer Sequence (5’ to 3’) 

ABCA3(287-306) AGAGGAATTCCGGCGCGGAGGACATTGGTC 

qRT-PCR primer Sequence (5’ to 3’) 

ABCA3_F1 AAGGAGTACATGCGCATGA 

ABCA3_R1 TGACCATGAAGCTGAAGGA 

cGAPDH_F2 ACGGCACAGTCAAGGCTGAG 

cGAPDH_R2 CAGCATCACCCCATTTGATGTTGG 
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13A      13B 

 
13C      13D 

 
13E      13F 
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13G      13H 

 
13I 

 
13J      13K 

 
 
図 13. 液胞状オルガネラは脂質を含有する酸性オルガネラである 
(A-G) ĜƐMDCKˎ˰Q 10 MOI9 IAV PR8ȟ7ǅț$),�ǅț 1ȁͿư�D-PBS7J

MɊɍǯË99.�PVF-tet (20 μM)ŰŎ¥4M5:ΕŰŎ¥3$K6MŖΥQ̘/,�ǅț

16 ȁͿư�D-PBS 7JMɊɍǯË99.�PFA ŊŹQ̘5�HA 4ĭ[�]{���\�
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9ˎ˰îƍŎQçʉ̕æț̈Ʌ7JL̫ȗ%,�ĭŉ: LAMP-1(A)�EEA1(B)�HSP47(C)�
Calnexin(D)�p230(E)�GS28(F)�GM130(G)4 HA9ëț̈âQʥ%25M� 

(H) ĜƐMDCKˎ˰Q 10 MOI9 IAV PR8ȟ7ǅț$),�ǅț 1ȁͿư�D-PBS7JM

ɊɍǯË99.�PVF-tet (20 μM)ŰŎ¥4M5:ΕŰŎ¥3$K6MŖΥQ̘/,�ǅț

15ȁͿĚư�Lysotracker (75 nM)Qɗč%�$K7 30ø9ŖΥQ̘/,�D-PBS7JMɊ

ɍǯË99.�PFAŊŹQ̘5�HA9ˎ˰îƍŎQçʉ̕æț̈Ʌ7JL̫ȗ%,� 

(I) ĜƐMDCKˎ˰Q 10 MOI9 IAV PR8ȟ7ǅț$),�ǅț 1ȁͿư�D-PBS7JM

ɊɍǯË99.�PVF-tet (20 μM)ŰŎ¥4M5:ΕŰŎ¥3$K6MŖΥQ̘/,�$K7

ǅț 3ȁͿư�0.1% DMSOα-β4M5:�nn����tT�m΂ŽĄαPIβQɗč%�

13ȁͿ9ŖΥQ̘/,�ǅț 16ȁͿư�Lysis buffer7JLˎ˰Qɡ̫�ŅĦ%�ĭp��

`ͅ9ʎɺQWXjp���svɅ7JL̫ȗ%,�a��:ɷʴ%, 4 Ņ9źΨÙ9Ɲ

őQ�Y��~�:*9Ȫɠ̹ƖαS.E.βQʥ%28L�wsv:ĭŅ9źΨÙQ̛%25

M�**P < 0.01; n.s., not significant (by one-way ANOVA followed by Tukey’s test ). 

(J) ĜƐMDCK-HAmVenusˎ˰Q 10 MOI9 IAV PR8ȟ7ǅț$),�ǅț 1ȁͿư�D-PBS

7JMɊɍǯË99.�PVF-tet (20 μM)ŰŎ¥4M5:ΕŰŎ¥3$K6MŖΥQ̘/,�

ǅț 16ȁͿư�D-PBS7JMɊɍǯË99.�PFAŊŹQ̘5�ȯ53 filipinț̈7JL

ˎ˰î9͢ΏŒd�jt���Qț̈%,� 

(K) BODIPY-TR-C5-CeramideQħ͑C),ĜƐMDCKˎ˰Q 10 MOI9 IAV PR8ȟ7ǅț

$),�ǅț 1ȁͿư�D-PBS7JMɊɍǯË99.�PVF-tet (20 μM)ŰŎ¥4M5:ΕŰ

Ŏ¥3$K6MŖΥQ̘/,�ǅț 16ȁͿư�D-PBS7JMɊɍǯË99.�PFAŊŹQ

̘/,� 
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14A  14B 

 
14C 

 
14D 
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図14. ラメラボディの過剰形成は IAV感染を抑制する 
(A) �Wjˮ6K=7MDCKˎ˰9 total RNAQǗ÷%�RT-PCRɅ7JLABCA39mRNA

ʎɺQ̫ȗ%,α¤ȶβ�¥ȶ: MDCK ˎ˰78 M����uU9ΑŮ΢ƵͼâQʥ%

25M� 

(B) ȫʴ%,ĭMDCKˎ˰`���78 M ABCA3mVenus9p��`ͅʎɺαƕŉ¤ȶβ

6K=7 mRNAʎɺαƕŉ¥ȶβQ�*N+NWXjp���svɅ6K=7 qRT-PCRɅ

7JL̫ȗ%,�īŉ: Clone #678 M����uUƬǊQʥ%25M�mRNAʎɺ͵

: Clone #1�#26K=7#39Ɲő7Ƈ'MʘƇÙ4%2ʽ÷%,�a��:ɷʴ%, 3Ņ

9źΨÙ9ƝőQ�Y��~�:*9Ȫɠ̹ƖαS.E.βQʥ%28L�wsv:ĭŅ9źΨ

ÙQ̛%25M� 

(C) ĜƐMDCK-ABCA3mVenusˎ˰αClone #6βQ 10 MOI9 IAV PR8ȟ7ǅț$),�ǅ

ț 1ȁͿư�D-PBS7JMɊɍǯË99.�$K6MŖΥQ̘/,�ǅț 16ȁͿư�D-PBS

7JMɊɍǯË99.�PFAŊŹQ̘5�HA4 ABCA3mVenus9ˎ˰îƍŎQçʉ̕æț

̈Ʌ7JL̫ȗ%,�DIC:ƵøƜəâQʥ%25M� 
(D) αƕŉβĜƐMDCK-ABCA3mVenusˎ˰Q 0.2 MOI (60,000 pfu/ml)9 IAV PR8ȟ7ǅț

$),�ǅț 16 Ϳư�ŖΥ¤ɘQŅĦ%����`TslV7JL IAV ċÑQŹ͵%,�

ĭŹ͵Ù7052 IAVûȍċÑ (60,000 pfu/ml)7Ƈ'MŞȵȺ fold increaseQʽ÷%,� 

αīŉβĜƐMDCKˎ˰Q 10 MOI9 IAV PR8ȟ7ǅț$),�ǅț 1ȁͿư�D-PBS7

JMɊɍǯË99.�$K6MŖΥQ̘/,�ǅț 24ȁͿư�D-PBS7JMɊɍǯË99

.�ˎ˰ɾŰɹ9ɞŹQ̘/,�ĭa��:ɷʴ%, 3 Ņ9źΨÙ9ƝőQ�Y��~�

:*9Ȫɠ̹ƖαS.E.βQʥ%28L�wsv:ĭŅ9źΨÙQ̛%25M�*P < 0.05; **P 

< 0.01 (by two-sided Student’s t-test). 
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15A 

 
15B 

 
15C 
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15D 

 
 
図 15. ABCA3は液胞状オルガネラの形成に必須ではない 
(A) ȫʴ%, ABCA3-KOˎ˰`���9 ABCA3ͪÅŮ9ͬú̫ȗQ̘/,�«Ǹ:̨ȟ

6K=7 ABCA3-KOˎ˰`���9 ABCA3c|�ΝŔQͫøʑ7 PCR7JLŞƛ%�ɵ

ʇʑ��V��7JLh�`Y�j̫ȗQ̘/,˒șQʥ%25M�¥ȶ: ABCA3-KOˎ

˰`���ʁȓ9 cDNAQ͹Œ4%2 ABCA3ͪÅŮQͫøʑ7 PCR7JLŞƛ%�ɵʇ

ʑ��V��7JLh�`Y�j̫ȗQ̘/,˒șQʥ%25M� 

(B) ĜƐMDCKˎ α˰̨ȟ6K=7 ABCA3-KOˎ˰`���βQ 10 MOI9 IAV PR8ȟ7

ǅț$),�ǅț 1ȁͿư�D-PBS7JMɊɍǯË99.�PVF-tetα20 μMβŰŎ¥4M5

:ΕŰŎ¥3$K6MŖΥQ̘/,�ǅț 24ȁͿư�D-PBS7JMɊɍǯË99.�ˎ˰

ɾŰɹ9ɞŹQ̘/,�a��:ɷʴ%, 3 Ņ9źΨÙ9ƝőQ�Y��~�:*9Ȫɠ

̹ƖαS.E.βQʥ%28L�wsv:ĭŅ9źΨÙQ̛%25M�*P<0.05; **P < 0.01 (by 

two-sided Student’s t-test). 
(C) ĜƐMDCKˎ α˰̨ȟ6K=7 ABCA3-KOˎ˰`���βQ 10 MOI9 IAV PR8ȟ7

ǅț$),�ǅț 1ȁͿư�D-PBS7JMɊɍǯË99.�PVF-tetα20 μMβŰŎ¥4M5

:ΕŰŎ¥3$K6MŖΥQ̘/,�ǅț 16ȁͿư�Lysis buffer7JLˎ˰Qɡ̫�ŅĦ

%�ĭp��`ͅ9ʎɺQWXjp���svɅ7JL̫ȗ%,� 

(D) ĜƐMDCKˎ˰α̨ȟ6K=7 ABCA3-KOˎ˰`���βQ 10 MOI9 IAV PR8ȟ

7ǅț$),�ǅț 1ȁͿư�D-PBS7JMɊɍǯË99.�PVF-tet (20 μM)ŰŎ¥3$K

6MŖΥQ̘/,�ǅț 15ȁͿĚư�Lysotracker (75 nM)Qɗč%�$K7 30ø9ŖΥQ

̘/,�D-PBS7JMɊɍǯË99.�PFAŊŹQ̘5�HA9ˎ˰îƍŎQçʉ̕æț̈

Ʌ7JL̫ȗ%,αƕŉβ�ĭf���3��q�7ǭâ%,ʃâ9K�ˎ ˰î9 Lysotracker

Έƽ90 HAΈƽ9Ȩ͜Ê9ʗƮQ ImageJ7JḼɞ%,�ĭf���7852 Ņ9ź
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Ψ3ȉÉ 150 ÖÁ¤9ˎ˰7052̭ɞQ̘5�Ȩ͜Ê9fVkøƗQ̫ȗ%,�a��

:ɷʴ%, 3Ņ9źΨÙ9ƝőQ�Y��~�:*9Ȫɠ̹ƖαS.E.βQʥ%25M� 
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16A 

 
16B 

 
 

図16. HAを隔離する構造体はラメラボディとは異なる性状を示す 
(A) ĜƐMDCK-ABCA3mVenusˎ˰Q 10 MOI9 IAV PR8ȟ7ǅț$),�ǅț 1ȁͿư�

D-PBS7JMɊɍǯË99.�$K6MŖΥQ̘/,�ǅț 15ȁͿĚư�Lysotracker (75 nM)

Qɗč%�$K7 30 ø9ŖΥQ̘/,�ǅț 16 ȁͿư�D-PBS 7JMɊɍǯË99.�

PFAŊŹQ̘5�̕æʃâ9ǭâQ̘/,� 
(B) ĜƐMDCK-ABCA3mVenusˎ˰Q 10 MOI9 IAV PR8ȟ7ǅț$),�ǅț 1ȁͿư�
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D-PBS7JMɊɍǯË99.�$K6MŖΥQ̘/,�ǅț 16ȁͿư�D-PBS7JMɊɍ

ǯË99.�PFAŊŹ6K=7 filipinț̈7JLˎ˰î9͢ΏŒd�jt���Qț̈%�

̕æʃâ9ǭâQ̘/,� 
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第5章 液胞状オルガネラの形成を担う必須分子の同定 
 
5-1 本章の概要 
� ĂʵC39 ͝9̫ȗ9K�HA QΊΏ'Mɓ˰ɶ[�]{�9ƬǊ��PVF-tet 4M5

: ABCA39ƌ6�4G 209øŮ7J/2Ó͟$NM"4Q̤÷%25M��*9ƬǊQ

ǘ6ƹΜøŮ7052:Ðɯ4%2ǿK93:65�̄Ķɔ5"47�©˪7J/2ƬǊ

Ó͟$NMɓ˰ɶ[�]{�:�ƵøƜəâ�îͫ9ͱƽɽŝ6K=7d�jt���ø

Ɨ7852̇� ̃'MƽͅQʥ'"49K�ȭ˲9D6K(Ȩ͜ʑ7Gë͚%25M"

4�±ǂ$N,�*"3�ĭøŮ7J/2ƬǊÓ͟$NMɓ˰ɶ[�]{�7052�Α

Ů΢Ƶͼ7JM͈ƵˎȨ̩͜ƄQ̘5�Ȩ͜ǁř9K*9źÊ9įŹQ̳D,� 

 

5-2 実験方法 
5-2-1 実験試薬 
� 抗体ならびに細胞染色試薬 
�Wjǒ HAǒÊαclone C102β   αGenetexβ 

Wf_ǒ HAǒÊ    αGenetexβ 

�Wjǒ ULK1ǒÊαclone F-4β   αSanta Cruzβ 

Wf_ǒ PIK3C3ǒÊ    αCell Signaling Technologyβ 

�Wjǒ LC3ǒÊαclone 5F10β   αNano Toolsβ 

Wf_ǒ LC3ǒÊαPM-036β   αMBL Internationalβ 

Wf_ǒ p62ǒÊ    αMBL Internationalβ 

HRPȪ̿W�ǒ�Wj IgGǒÊ   αCell Signaling Technologyβ 

HRPȪ̿�_ǒWf_ IgGǒÊ   αCell Signaling Technologyβ 

Alexa Fluor488Ȫ̿�_ǒ�Wj IgGǒÊ  αThermo Fischer Scientificβ 

Alexa Fluor546Ȫ̿�_ǒ�Wj IgGǒÊ  αThermo Fischer Scientificβ 

Alexa Fluor488Ȫ̿�_ǒWf_ IgGǒÊ  αThermo Fischer Scientificβ 

Alexa Fluor546Ȫ̿�_ǒWf_ IgGǒÊ  αThermo Fischer Scientificβ 

Alexa594-dextran    αThermo Fischer Scientificβ 

Lysotracker DND-99    αThermo Fischer Scientificβ 

Filipin     αCayman Chemicalsβ 

� IAV感染実験 
2-2-1. 細胞培養、IAV感染実験7ɠ(M� 

Leupeptin     αWakoβ 
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Pepstatin A     α��rwʝʱǌβ 

E-64     α��rwʝʱǌβ 

SAR405     αCayman Chemicalsβ 

� ウェスタンブロット法 
3-2-1 ウェスタンブロット法7ɠ&M� 

� 電子顕微鏡解析 
4-2-1. 電子顕微鏡解析7ɠ(M� 

a�sw¿\~�]�j   αȕɐʠŮƔȥβ 

� MDCK細胞の樹立 
4-2-1. MDCK細胞の樹立7ɠ(M� 

５-2-2 透過型電子顕微鏡による液胞状オルガネラの超微細構造の解析 
MDCK-ABCA3mVenus細胞の解析 10 cm dish¤7Ǭʮ%,ĜƐMDCKˎ

˰Qʀ5,�10 MOI9 IAV PR8ȟQŖΥŖŏ«3ǅț$)�ǅț 1ȁͿư7Ɋɍư�

͚ƚŖΥŖŏ«3ŖΥQ̘/,�ǅț 24ȁͿư�D-PBS7JL 2Ƣ9ɊɍQ̘/,

9.�v��h�-EDTAöɼ4ͧƸǯËα4ºC, 180 g, 5øͿβ7JLˎ˰��sv4

%2ŅĦ%�ȯ53 2% PFA/1% Glutaraldehyde/PBS7JLŻɝ3 1ȁͿ9ŊŹĥƻQ

̘/,�Á΃9f���̼̠�ùɳ9Ë̠: 4-2-77ɠ&2̘/,� 

光-電子相関顕微鏡観察法（CLEM 法）による MDCK-HAmVenus 細胞の解析
 \���̎ʚ$),a�sw¿\~�]�jQ 24 well���v9ĭ wellơ7̰

ˣ%�MDCKˎ˰Q 2x10	 cells/well9ƂƢ3Ǭʮ%,�˨Ǿ�10 MOI9 IAV PR8ȟ

QŖΥŖŏ«3ǅț$)�ǅț 1ȁͿư7Ɋɍư�PVF-tet  (20 μM)ŰŎ¥4M5:

ΕŰŎ¥3ŖΥQ̘/,�ǅț 16ȁͿư�D-PBS7JL 2Ƣ9ɊɍQ̘/,9.�

3.75% PFAŊŹɓ7JLŻɝ3 20øͿ9˄ȀŊŹQ̘/,�Ƚɑ��kQʀ52ȱ

ʴŒëɮɬ��g�΢Ƶͼ7JLĭa�sw«9ˎ˰9̕æʃâQħƲ%�*9ư�

1% GlutaraldehydeŊŹɓ7JLŻɝ360øͿ9ŊŹQ̘/,�Á΃9f���̼̠�

ùɳ9Ë̠: 4-2-7 7ɠ&2̘5�̕æʃâQħƲ%,ɵŹ9ˎ˰7052ΑŮ΢
Ƶͼ̩Ƅʀ9͈̒ƐùɳQË̠%,� 

５-2-3 ウェスタンブロット法によるタンパク質発現解析 
24 well���v7Ǭʮ%,ĜƐMDCKˎ˰Qʀ5,�10 MOI9 IAV PR8ȟQŖ

ΥŖŏ«3ǅț$)�ǅț 1ȁͿư7Ɋɍư�vehicle4M5: PVF-tet (20 μM)QĲE

ŖΥŖŏQɗč%2ŖΥQ̘/,�ǅțư 3ȁͿ9ȁɬ3��nn����tT�m

΂ŽĄα20 μM Leupeptin, 20 μM Pepstatin A, 20 μM E-64βQɗč%,�$K7 13ȁͿ

9ŖΥư7 D-PBS7JMɊɍQ̘5�50 μl9 Lysis buffer3ɡ̫%�Cell lysateQ̼
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̠%,�*9ư9f���̼̠Ʌ�SDS-PAGE 6K=7WXjp���svɅ:

3-2-47ɠ&2̘5�ĭp��`ͅ9Ȥ÷Q̘/,� 

５-2-4 遺伝子ノックアウトMDCK細胞の樹立 
 sgRNA発現コンストラクトの構築 Vz ULK1ͪÅŮ6K=7Vz PIK3C3

ͪÅŮ9Y`n�QȪʑ4'M sgRNA9̰̭�6K=7ʎɺd�jv�`v9Ȩ˂

:̛ 27ʥ'[�e DNAQʀ52 4-2-59ǎΛ7Ʊ/2̘/,� 

ULK1-KO細胞ならびにPIK3C3 (+/-)細胞の樹立 sgRNAʎɺd�jv�`v

9Ɗè�6K=7h�a�d�y�9ƬǊC39ͣʭ7052: 4-2-59ǎΛ7Ʊ
/2̘/,�ŖΥ 10Ǿư�h�a�d�y�QƬǊ%,ĭ`���7052�˖À

ǯË7JLŖΥʀ6K=7p��`ͅʎɺʀ9 207øĉ%�ȯ53p��`ͅ9ʎ

ɺ̫ȗQ̘/,�96 well«9ĭ`���α80%d���Y�vÁ¤βQ 30 μl9 Lysis 

buffer7JLɡ̫%�͈ΘɆöɼQ̘6"47JL total cell lysateQ̼̠%,�*9

ư9f���̼̠Ʌ�SDS-PAGE6K=7WXjp���svɅ: 3-2-47ɠ&2
̘5�ULK16K=7 PIK3C39p��`ͅ���39Ȥ÷Q̘/,�*N+N70

52�̨ȟ4Ⱥ͍%2p��`ͅʎɺ͵�̍ɛ%25M`���Q|s`TWv

MDCKˎ˰4%2ͩǕ%�Á΃9źΨ7ʀ5,� 

5-2-5 免疫蛍光染色法 
液胞状オルガネラの性状解析 ĭMDCKˎ˰9 IAVǅțǎΛ: 3-2-57�C,
çʉ̕æț̈Ʌ9ǎΛ: 3-2-27ɠ&2̘/,�ǒ LC3ǒÊ6K=7ǒ p62ǒÊQ

ʀ5,ț̈9΋7:�0.3% Triton X-1007JM˼ͣ͘öɼ7À72�100 μg/ml i_

vy�/PBS7JLŻɝ3 10øͿ9˼ͣ͘öɼQ̘/,�Alexa594Ȫ̿u^jv��

Qʀ5,ț̈9΋7:�ǅț 13 ȁͿư7Ŗŏ«7 Alexa594 Ȫ̿u^jv�� (250 

μg/ml)Qɗč%�16ȁͿư7įȩ9ǎΛ3ŊŹǯËQ̘5�*9ư̩ƄQ̘/,�̕

æʃâ:ëɮɬ��g�΢Ƶͼ LSM710αZeissβQʀ52ħƲ%,� 

オートファゴソームの定量 ư͔'M[�v�Si�ȮǪ MDCK ˎ˰9ƽɶ

̫ȗ9΋7:�24 well���v9ĭ well7ɂF, 13 mm¬\~�]�j¤7 2x10	 

cells/well9ƂƢ3Ǭʮ%,MDCKˎ˰Qʀ5,�Ǭʮ˨Ǿ�D-PBS7JL 3Ƣ9Ɋ

ɍQ̘/,9.�͚ƚ9ŖΥŖŏ4M5: HBSS(+)Qč7�37ºC CO2V�^���p

�î3 24 ȁͿ9ŖΥQ̘/,�ŖΥư�D-PBS 7JL 2 Ƣ9ɊɍQ̘/,9.�

3.75%PFA/PBS7JLŻɝ3 10øͿ9ŊŹQ̘/,�*9ư�100 μg/ml i_vy�

/PBS 7JLŻɝ3 10 øͿ9˼ͣ͘öɼQ̘5�Á΃9Ȥ÷ǯË: 3-2-2 7ɠ&2
̘/,�ĭöɼ˦70�̡ǵ9̦ʹ9ˎ˰Q��q�7ǭâ%�ĭˎ˰î9 LC3 9

͎ɬ9ǵQ̭ǵ%,�̕ æʃâ9ǭâ7: ORCA-ER CCDuip�\��αɎȕ�v
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y`jβQʀ5,� 

5-2-6 IAV感染実験 
遺伝子ノックアウトMDCK細胞における IAV細胞傷害活性の解析 96 well

���v7Ǭʮ%,ĜƐMDCKˎ˰Qʀ5,�10 MOI9 IAV PR8ȟQŖΥŖŏ«3

ǅț$)�ǅț 1ȁͿư7Ɋɍư�ĭɩƢ9 PVF-tetQɗč%2ŖΥQ̘/,�ǅț

24ȁͿư4M5: 40ȁͿư�D-PBS7JL 2Ƣ9ɊɍQ̘5�ȳˎ˰QΆĢ%,9

.�Cell Counting Kit-87JLˎ˰ɾŰɹQ̭ɞ%,� 

遺伝子ノックアウトMDCK細胞におけるHAの局在解析 MDCKˎ˰9 IAV

ǅțǎΛ7052: 3-2-57�C,çʉ̕æț̈Ʌ9ǎΛ7052: 3-2-27ɠ&
2̘/,� 

PIK3C3阻害剤を用いた解析 96 well ���v7Ǭʮ%,ĜƐ MDCK ˎ˰Qʀ

5,�10 MOI9 IAV PR8ȟQŖΥŖŏ«3ǅț$)�ǅț 1ȁͿư7Ɋɍư�ĭɩ

Ƣ9 PVF-tet�4M5:ŖΥŖŏ9DQɗč%2ŖΥQ̘5�$K7 1 ȁͿư�ˏɩ

Ƣ 100 nM9 SAR405Qɗč%,�ǅț 24ȁͿư�D-PBS7JL 2Ƣ9ɊɍQ̘5�

ȳˎ˰QΆĢ%,9.�Cell Counting Kit-87JLˎ˰ɾŰɹQ̭ɞ%,� 

 

5-3 結果 
5-３-1 液胞状オルガネラはラメラボディとは異なる膜構造を持つ  
� CLEM Ʌ:æų΢Ƶͼ6K=7ΑŮ΢Ƶͼ7JLį 9Ƈ̀Q̩Ƅ'MǎɅ34L�'

6P.ɓ˰ɶ[�]{�QƬǊ%25Mˎ˰9Ƶˎ˼Ȩ͜Qʗǣʑ7̩Ƅ'M"4�3�

M�CLEMɅ7JM̫ȗ9˒ș�PVF-tetŰŎ¥3ƬǊ$NMɓ˰ɶ[�]{�:îͫ7Ϊ

ΑŮƂƢȨ͜4� ͫ3���ɶ9˼Ȩ͜QȊ%25M"4Q̤÷%,αŉ 17Aβ�C,�

MDCK-ABCA3mVenus ˎ˰9ΑŮ΢Ƶͼ̩ƄQ̘/,4"O�Εǅțȁ3:ţǵ9���

�uU�̩Ƅ$NM Ǻ3�IAVǅțȁ7:å4įȩ7ΪΑŮƂƢȨ͜4����ɶ9˼Ȩ

͜�6K=7Ƌ˰Ȩ͜QţǵȊ%25M"4�ǿK946/,αŉ 17Bβ�'6P.�"N

Kǹɾ HAQΊΏ'Mɓ˰ɶ[�]{�:����uU4:Ť��ʇ6M"4Q̤÷%,� 

5-３-2 液胞状オルガネラはアンフィソームである  
� ΑŮ΢Ƶͼ7JL̩Ƅ%,ɓ˰ɶ[�]{�9Ƭǆ:�T��Un��9Ƭǆ4̇� 

̃'M �+		��T��Un��:Y�wn��Q«Ƹ4'Mˎ˰î͏͖Ƌ˰�[�v�Sen

��4̖Į%,[�]{�34L�*9ư�nn��49̖Į7JL[�v�nn��?

4Ǌɱ'M ͣƽ[�]{�34M 	��%,�/2�T��Un��7:Y�wn����

\�α4M5:ˎ˰Ţ9Kħ͑R-ɴͅβ4ë7�[�v�Sen����\��ƍŎ'

M"4�ʜKN25M�*"3C(�"NK9��\�øŮ7ʚʖ%2ɓ˰ɶ[�]{�
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9̫ȗQ̘/,�[�v�Sen��˼7:��^r�ȩp��`ͅ34M LC3 p��`

ͅ�ƍŎ%�*9˼Çͽɋƽ7JL[�v�Sen��˼9ÇͽQǘ6�"9΋�LC3 :

�j�Sri�Yp|��T��αPEβ9¿č7J/2�ˎ˰ͅƍŎŒαLC3-Iβ9K[�

v�Sen��˼ƍŎŒαLC3-IIβ?4d�~�v'M 	�� 

� *"3�LC3 9ˎ˰îƍŎ7052̫ȗQ̘/,4"O�Εǅțȁ7:ˎ˰ͅ7852

punctaɶ9[�v�Sen��?9ƍŎ�̩Ƅ$NM Ǻ3�IAVǅțȁ7:ˎ˰˼?9ƍ

ŎšĔ�̩Ƅ$N,αŉ 18Aβ�"9ƍŎšĔ:�ˎ˰˼7ƍŎ'Mǹɾ M2p��`ͅ4

9ʘ³Ëʀ7JM"4�řĴ$N25M 	��PVF-tetŰŎ¥3 IAVǅțQ̘/,ŚĮ7:�

ɓ˰ɶ[�]{�7852 HA 4ëƍŎ'M"4Q̤÷%,�$K7�LC3 49ʘ³Ëʀ

7JL[�v�Sen��î?4ħ͑CNM"4�ʜKN25M p62 7052Gͫøʑ7

ɓ˰ɶ[�]{�9î˸?4ƍŎ'M"4Q̤÷%,αŉ 18Bβ�C,�

MDCK-ABCA3mVenusˎ˰7852:�Εǅțȁ7G����uUîͫ7¦ő 6 LC39

ƍŎ�̩Ƅ$NMG99�IAV ǅț7Æ/2Ȩ͜Ê9΄ʄ˼6K=7î˸7852 LC3 9

΢̍6̏ʰ�̩Ƅ$N,αŉ 18Cβ� 

� ȯ7�LC3-II 9ʎɺ͵7052̫ȗQ̘/,4"O�IAV ǅțȒÃ¥7852 LC3-II 9

̏ʰ�̩Ƅ$N,αŉ 18Dβ�"N:�IAVǅț�[�v�Sen��9ƬǊQÓ͟'M4

4G7�[�v�nn��?9ǊɱQ΂Ž'M"4Qʥ%,å̘ʝʱ9ʜ̤4 ̃'M 	��	
�

$K7�PVF-tetŰŎ¥3ǅț$),ŚĮ7:�LC3-II9̏ʰ͵�Şč'M"4Q̤÷%,

αŉ 18Dβ�C,�PVF-tet Ĝɷ3: LC3-II 9Şč:̩Ƅ$N69/,�̄Ķɔ5"47�

�nn����tT�m΂ŽĄ9ŰŎ¥7852G*9̏ʰ͵9Şč:̤KN65"49

K�HA 9ŚĮ4įȩ7ɓ˰ɶ[�]{�7852 LC3 9ø̫:͇"/2565"4�ʥ

ľ$N,αŉ 18Dβ�Á¤9 ͝9˒ș:�HA QΊΏ'Mɓ˰ɶ[�]{��[�v�S

en��7ʁȓ'M"4Qʥ%25M� 

� ȯ7�Y�wfVv�hjQ¼%2ħ͑CNMˎ˰Ţɴͅ9�u�4%2 Alexa594Ȫ̿

u^jv��Qʀ52�*9ɓ˰ɶ[�]{�?9ħ͑D7052̫ȗQ̘/,�u^j

v��: HA9͏͖Ƌ˰4:ëƍŎQʥ$65 Ǻ3�PVF-tetŰŎ¥3ƬǊ$NMɓ˰ɶ

[�]{�?4ħ͑CN25M"4Q̤÷%,αŉ 18Eβ� 

� Á¤9Ƭǆʑ6K=7ɾĔųʑƽɶ9K�ɓ˰ɶ[�]{��T��Un��34MĪ

˲ƽ�ʥľ$N,� 

5-３-3 液胞状オルガネラの形成はオートファジーの分子機構に依存する 
� ɓ˰ɶ[�]{��T��Un��34M4ÂŹ'M4�*9ƬǊ:[�v�Si�9

øŮȭȨ7ÐŰ'M"4�Ǥɞ$NM�[�v�Sen��˼: Phosphatidylinositol 

3-phosphateαPI(3)PβQ͇ɬ4%2�˼Çͽ̡ĮÊ�Ύʰ'M"47JLƬǊ$NM 	��"
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9"49K�PI(3)P9ɿɾͰˍ34M Class III Phosphatidylinositol 3-kinaseαPIK3C3β:[�

v�Sen��ƬǊ9ƹΜøŮ34M"4�ǿK976/25M�C,�"NC37�

PIK3C3 : ATG14L�Vps15 6K=7 Beclin-1 4̡ĮÊQƬǊ%2ȭ˲'M"4�"9̡Į

Ê9ɋƽĔ:�$K7¤Ɍ9øŮ34M Unc-51 like autophagy activating kinaseαULK1β7

JM��ͱĔ7J/2ȱ7ÿƳ$N25M"4�řĴ$N25M 	��ULK1:ȞΥΤΦjv

�j�DNAßŽHƋ˰Êjv�j659ʮ09jv�jĀɧ7ƻʼ%2[�v�Si�Q

ɋƽĔ$)M"49K�PIK3C34įȩ7[�v�Sen��ƬǊ9ƹΜøŮ4%2ʜKN

25M	�		
�*"3�c|�˝ΎǏ̙Qʀ52 PIK3C36K=7ULK19|s`TWvMDCK

ˎ˰Q*N+Nȫʴ%�"NK9ˎ˰78 Mɓ˰ɶ[�]{�9ƬǊ˲7052̫ȗQ

̘/,αŉ 19Aβ�68�PIK3C3 9��|s`TWvˎ˰`���3:Şȵ͛Ƣ�̍%�

É¥%,"49K�̫ȗ7:̨ȟ4įʺ9Şȵ͛ƢQʥ'�t�|s`TWvˎ˰`��

�αPIK3C3 +/-βQʀ5,� 

� C(�ˎ˰ͅ7ŰŎ'M LC3 punctaǵQǜȪ4%2ȞΥΤΦjv�j7Ƈ'M[�v�

Sen��ƬǊ˲9Ȥ̮Q̘/,4"O�̨ȟ3:ȞΥΤΦȒÃ¥3[�v�Sen��

ǵ�΢̍7Şč'M Ǻ3�ULK1|s`TWvˎ˰3:Şč�̩Ƅ$N69/,αŉ 19Bβ�

C,�PIK3C3 �t�|s`TWvˎ˰3:[�v�Sen��ǵ9ƵŞ�̩Ƅ$N,G9

9�*9Şč͵:̨ȟ4Ⱥ͍%2΄Źʑ34/,�%,�/2�"NK9|s`TWvˎ

˰3:ȞΥΤΦjv�jȁ9[�v�Sen��ƬǊ˲�ȮǪ%25M"4�ʥ$N,�

ȯ7�"NK9|s`TWvˎ˰9 IAV ǅțȁ78 Mǹɾ HA 9ƍŎ7052̫ȗQ̘

/,4"O�5(N9|s`TWvˎ˰7852G̨ȟ4įȩ7�HA9͏͖Ƌ˰?9ƍŎ

�̩Ƅ$N,αŉ 19Cβ�PVF-tetŰŎ¥7852:�̨ȟ3: HA�ɓ˰ɶ[�]{�?4

ʇƚƍŎĔ'M Ǻ3�|s`TWvˎ˰3:Ðɯ4%2͏͖Ƌ˰¤?9ƍŎ�̩Ƅ$N

,�'6P.�"NK9|s`TWvˎ˰� HAQΊΏ'Mɓ˰ɶ[�]{�9ƬǊ˲Q̍

%�Ȯ�"4Q̤÷%,�C,�MDCK-ABCA3mVenus ˎ˰78 M[�v�Si�9ø

ŮȭȨ9΀§7052G�PIK3C39ɵʇʑ΂ŽĄ34M SAR405Qʀ5M"47JL̫ȗ

Q̘/,�*9˒ș�SAR405ŰŎ¥3:�IAVǅț7Æ/2ɓ˰ɶ[�]{�?4ΊΏ$

NM HA͵�̍ɛ'M"4Q̤÷%,αŉ 19Dβ� 

� Á¤9 ͝9˒ș:�ɓ˰ɶ[�]{�9ƬǊ�[�v�Si�9øŮȭȨ7ƪ�ÐŰ

'M"4Qʥ%25M�ɓ˰ɶ[�]{�:Y�wn��4[�v�Sen��9ĤǺ9

ƽɶQÌ)Ǜ0"4Q>C7M4�*9źÊ:T��Un��34M4˩7KNM� 

5-３-4 オートファジーの分子機構はPVF-tet の抗 IAV活性に必須である 
� ȯ7�"NK9|s`TWvˎ˰78 M IAV 9ˎ˰ßŽɋƽ7052̫ȗQ̘/,�

ǅț 24ȁͿư7852�̨ȟ3: 80%ʭƢ9ˎ˰ßŽ�͇"M Ǻ3�|s`TWvˎ˰
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3:Ðɯ4%2 70%Á¤9ˎ˰�ɾŰ%25M"4Q̤÷%,αŉ 19Eβ�ǅț 40ȁͿư7

852:|s`TWvˎ˰7052G 80%ʭƢ9ˎ˰ßŽ�͇"M"49K�PIK3C36K

=7 ULK19|s`TWv7JL�IAV7JMˎ˰ßŽɋƽ�͡ƥ%25M"4�ǿK94

6/,�"9˒ș:�[�v�Si�� IAV 7JMT�v�hj̷Ɗ7ƹ̣34M"4Q

řĴ%,å̘ʝʱ9˒ș4 ̃'M 	+�*"3�PVF-tet9ǒ IAVɋƽQȤ̮'M΋7:�

̨ȟ4|s`TWvˎ˰9*N+N3Ęø6ˎ˰ßŽ�͇"MȁͿɬ�'6P.̨ȟ70

52:ǅț 24ȁͿư�|s`TWvˎ˰7052:ǅț 40ȁͿư7852̫ȗQ̘/,�

*9˒ș�|s`TWvˎ˰7852: PVF-tet�A4R5ǒ IAVɋƽQʥ$65"4Q̤

÷%,αŉ 19Fβ� 

� Á¤9˒ș9K�[�v�Si�9øŮȭȨ: HAQΊΏ'MT��Un��9ƬǊ7ƹ

Μ34M4ë7�*9ǒ IAVɋƽ7052G¦ĪȮ34M"4�ǿK946/,� 

 

5-4 考察 
� Ȑʵ3:Α΢���39Ƭǆʑ̫ȗ7ŗ152�ɓ˰ɶ[�]{�9źÊ�T��Un

��34M4Â̺Qʴ2�ˎ˰ɾɴųʑǎɅQʀ52Â̺9Ȥ̱Q̘/,�*9˒ș�ǹ

ɾ HAQΊΏ'MT��Un��:Ʊȓ9T��Un��4įȩ7 ULK16K=7 PIK3C3

7ƪ�ÐŰ%2ƬǊ$NM Ǻ3�*9ƬǊ� PVF-tetH ABCA3659øŮ7J/2 IAV

ǅțȁ7ƪ�̷Ɗ$NM"49K�Ʊȓ9T��Un��4Ėý%2̷ƊƽT��Un�

�αinducible amphisomeβ4̛ɺ'M"4�3�M�̷ƊƽT��Un��9ƬǊQǐÿ%

,ŚĮ7: PVF-tet 9ǒ IAV ɋƽ�ƪ�Ǫ6PNM"49K�̷ƊƽT��Un��:ǒ

IAV[�]{�34M4ǡ7KNM� 

� ͚ƚ:ˎ˰˼̛Ζ?4͏͖$NMǹɾ HA��59J66ˑ͊3̷ƊƽT��Un��?

4ͩý�ΊΏ$NM99:ɺȁɬ3:̫ǿ3�2565�[�v�Si�:ƍǌʑ6p�

�`ͅ9õΎ7͇ņ'M[�]{�jv�j7ƻʼ%2Ƌ˰ÊQͩǕʑ7ΊΏø̫%6M

"4�͒ƞřĴ$N25M�%9%6�K�Ȑʝʱ3̤÷%,̷ƊƽT��Un��7:

�i��6Ƌ˰Ê˼p��`ͅ6K=7e�iÊ˼p��`ͅ9ƍŎ:̩Ƅ$N65"4

9K�"NKQΊΏø̫'M[�v�Sen��4:ǿʢ7Ėý$NM�C,Ăʵ785

2̤÷%,48L�ǹɾ HA:d�jt���4j�U�e˳ͅ7ƃE͏͖Ƌ˰7ƍŎ'M

"49K�̩ƄQ̘/,ȁͿɬ3:Ťͫø9ǹɾ HA: TGN7852˳ͅ��v?4Ύʰ

%25M"4�˩7KNM�C,ɓ˰ɶ[�]{�9΄ʄ˼6K=7î˸7852G�ǹ

ɾ HA :"NK9˳ͅ4ë7*9ƍŎ�̩Ƅ$NM"49K�ΊΏ$N25Mǹɾ HA :

post-TGN d���v��v7ʁȓ'M4˩7KNM�ǹɾ HA Qˎ˰˼̛Ζ?4͏͖'M

͏͖Ƌ˰9̵ˎ7052:Ȏ-̫ǿ$N2565���fV`��aY�wn��Qˑʁ
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%25M49řĴGŰŎ'M"49K 
��post-TGN d���v��v9͏͖Ƌ˰î3õΎ

%,ǹɾ HA�[�v�Sen��7JMΊΏ9Ƈ̀46/25M"4�Ǥɞ$NM� Ǻ

3�PVF-tet4:ʇ6L�ABCA39Ϊʎɺ7J/2 HA9õΎ�͇"M4:˩7ΐ5,F�

ʇ6M�\yk�7JL�ǹɾ HA9ͩý�ΊΏ�͇"/25M4˩7KNM� 

� �vd�w�THƋ˰Ê�Ƞ DNA78 Mjv�j:*N+N7ɵʇʑ6l�f�øŮ

7JLǅʜ$N�ĭ[�]{�7ͩǕʑ6[�v�Si�Q¶͟'M"4�řĴ$N25

M 
��
��Ȑʝʱ3̤÷%,̷ƊƽT��Un��9ƬǊȁ7052G�ɿɾ$NM LC3-II

9˛͵�Şč%25M"49K�[�v�Sen��ƬǊ9ɋƽ́Ê�¶͟%25M"4

:ǿK934M�%,�/2�PVF-tet7JMǹɾ HA9õΎ�̏ʰQjv�j4%2ǅʜ

%�[�v�Si�9øŮȭȨQËđ$)MȎʜ9hax�ÅͥȭȨ�ŰŎ'M"4�ʥ

ľ$NM�C,͒ƞ�ǪßY�wn��˼7¿č$N,����^r�ͻQ͉Ś4%2

ULK1 QĲE̡ĮÊ��`��v$N�[�v�Sen��9ƬǊQ̷Ɗ'M"47JL�

Y�wn���[�v�Sen��î7ΊΏ$NM"4�řĴ$N25M 
	�"9ŚĮ�[

�v�Sen��4Y�wn��9̖Į7JLƬǊ$NMƱȓ9T��Un��9Ź˧4

:ʇ6MG99�ǹɾ HA�ɵʇʑ7ΊΏ$NMɺ̀Q̺ǿ'M 09�u�4%2:˩7

KNM�"NK9Ȏ̫ǿ6ͫø7052:�͒ƞǿK976/25Mʜ̤Q>C72�»

ưJL̵ˎ6̫ȗQ͟FMƹ̣�4M� 
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5-5 図表 
表 2. 使用したオリゴDNAの配列 
Oligo DNA name  

Sequencing prime Sequence (5’ to 3’) 

U6_fw GAGGGCCTATTTCCCATGATTCC 

sgRNA template Sequence (5’ to 3’) 

ULK1_sgRNA_F CACCGCGGAATTGGCCATTTCCTGC 

ULK1_sgRNA_R AAACGCAGGAAATGGCCAATTCCGC 

PIK3C3_sgRNA_F1 CACCGGGCAGGTCAGGGTACTTTAC 

PIK3C3_sgRNA_R1 AAACGTAAAGTACCCTGACCTGCCC 

PIK3C3_sgRNA_F2 CACCGCCCAGGTGGCCCTCACTATA 

PIK3C3_sgRNA_R2 AAACTATAGTGAGGGCCACCTGGGC 
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17A 

 
17B 

 
 
図 17. 液胞状オルガネラはラメラボディとは異なる膜構造を持つ 
(A) MDCK-HAmVenusˎ˰Q 10 MOI9 IAV PR8ȟ7ǅț$),�ǅț 1ȁͿư�D-PBS

7JMɊɍǯË99.�PVF-tetα20 μMβŰŎ¥4M5:ΕŰŎ¥3$K6MŖΥQ̘/,�

ǅț 16ȁͿư�D-PBS7JMɊɍǯË99.�PFAŊŹQ̘5�̕æʃâQǭâ%,�*

9ư�a�p�T�u�w7JMŊŹQ̘/,9.�͈̒ƐùɳQË̠%�į&ˎ˰70

52ΑŮ΢Ƶͼ̩ƄQ̘/,�¤ȶ:į&ˎ˰9ΑŮ΢Ƶͼâαƕβ�̕æ΢Ƶͼâα«β�
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ͳ8ĮP)âαīβQ*N+Nʥ%28L�ʛΞ:ɓ˰ɶ[�]{�Qʥ%25M�C,�

¥ȶ:ɓ˰ɶ[�]{�9Ϊ×ɹ̩ƄâQʥ%25M� 

(B) ĜƐMDCK-ABCA3mVenusˎ˰Q 10 MOI9 IAV PR8ȟ7ǅț$),�ǅț 1ȁͿư�

D-PBS7JMɊɍǯË99.�$K6MŖΥQ̘/,�ǅț 16ȁͿư�ˎ˰Q��sv4

%2ŅĦ%,9. PFA 6K=7a�p�T�u�w7JMŊŹQ̘5�͈̒ƐùɳQË̠

%,�ƕŉ:Εǅțˎ˰9����uUQ�īŉ: IAV ǅțˎ˰7ɵƶʑ6Ȩ͜ÊQʥ%

25M� 
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18A 

 
18B 
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18C 

 
18D 

 
18E 
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図18. 液胞状オルガネラはアンフィソームである 
(A-B) ĜƐMDCKˎ˰Q 10 MOI9 IAV PR8ȟ7ǅț$),�ǅț 1ȁͿư�D-PBS7J

MɊɍǯË99.�PVF-tet (20 μM)ŰŎ¥4M5:ΕŰŎ¥3$K6MŖΥQ̘/,�ǅț

16ȁͿư�D-PBS7JMɊɍǯË99.�PFAŊŹQ̘5�HA4 LC3 (A)4M5: p62 (B)
9ˎ˰îƍŎQçʉ̕æț̈Ʌ7JL̫ȗ%,� 

(C) ĜƐMDCK-ABCA3mVenusˎ˰Q 10 MOI9 IAV PR8ȟ7ǅț$),�ǅț 1ȁͿư�

D-PBS7JMɊɍǯË99.�$K6MŖΥQ̘/,�ǅț 16ȁͿư�D-PBS7JMɊɍ

ǯË99.�PFA ŊŹQ̘5�ABCA3mVenus 4 LC3 9ˎ˰îƍŎQçʉ̕æț̈Ʌ7J

L̫ȗ%,� 

(D) ĜƐMDCKˎ˰Q 10 MOI9 IAV PR8ȟ7ǅț$),�ǅț 1ȁͿư�D-PBS7JM

ɊɍǯË99.�PVF-tet (20 μM)ŰŎ¥4M5:ΕŰŎ¥3$K6MŖΥQ̘/,�$K7

ǅț 3ȁͿư�0.1% DMSOα-β4M5:�nn����tT�m΂ŽĄαPIβQɗč%�

13ȁͿ9ŖΥQ̘/,�ǅț 16ȁͿư�Lysis buffer7JLˎ˰Qɡ̫�ŅĦ%�ĭp��

`ͅ9ʎɺQWXjp���svɅ7JL̫ȗ%,� 

(E) ĜƐMDCKˎ˰Q 10 MOI9 IAV PR8ȟ7ǅț$),�ǅț 1ȁͿư�D-PBS7JM

ɊɍǯË99.�PVF-tet (20 μM)ŰŎ¥4M5:ΕŰŎ¥3$K6MŖΥQ̘/,�ǅț

15ȁͿư�Alexa594-dextranα250 μg/mlβQɗč%�$K7 1ȁͿ9ŖΥQ̘/,�ǅț 16

ȁͿư�D-PBS7JMɊɍǯË99.�PFAŊŹQ̘5�HAmVenus4 dextran9ˎ˰îƍ

ŎQ̫ȗ%,� 
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19A 

 
19B 

 

19C 
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19D 

 

19E 
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19F 

 

 

図19. 液胞状オルガネラの形成はオートファジーの分子機構に依存する 
(A) ̨ȟ6K=7 ULK1-KO ˎ˰`����PIK3C3-KO ˎ˰`���7052�WXjp

���svɅ7JL ULK16K=7 PIK3C39ʎɺQ̫ȗ%,� 

(B) ̨ȟ6K=7 ULK1-KO ˎ˰`����PIK3C3-KO ˎ˰`���QŖΥŖŏ«4M5

: HBSS(+)«3ŖΥ%,�ŖΥ 24ȁͿư�D-PBS7JMɊɍǯË99.�PFAŊŹQ̘5�

LC39ˎ˰îƍŎQçʉ̕æț̈Ʌ7JL̫ȗ%,�̕æ΢ƵͼâQ CCD\��7JLǭ

â%�ĭf���70�ȉÉ 25ÖÁ¤9ˎ˰7052�LC3 puncta9ǵQ̭ǵ%,�a�

�:�ʿ<!ŉ6K=7Ö09ˎ˰9̭ǵÙQ��jWZ����sv7JLʥ%25M�

68�ʿ<!ŉ9<!ͽ:�ńøÈˁň9 1.5×Q¤¥΄9ŗɠ4%2ʥ%25M�***P < 

0.001 (by Mann-Whitney U test). n.s., not significant.  

(C) ĜƐ MDCKˎ˰α̨ȟ6K=7 ULK1-KOˎ˰`����PIK3C3-KOˎ˰`���β

Q 10 MOI9 IAV PR8ȟ7ǅț$),�ǅț 1ȁͿư�D-PBS7JMɊɍǯË99.�PVF-tet 

(20 μM)ŰŎ¥4M5:ΕŰŎ¥3$K6MŖΥQ̘/,�ǅț 16ȁͿư�D-PBS7JMɊ

ɍǯË99.�PFAŊŹQ̘5�HA9ˎ˰îƍŎQçʉ̕æț̈Ʌ7JL̫ȗ%,�ŉ«

9ɬ˜:ȠQʥ%25M� 

(D) ĜƐMDCK-ABCA3mVenusˎ˰Q 10 MOI9 IAV PR8ȟ7ǅț$),�ǅț 1ȁͿư�

D-PBS7JMɊɍǯË99.�100 nM9 SAR405Qɗč%�$K6MŖΥQ̘/,�ǅț

16 ȁͿư�D-PBS 7JMɊɍǯË99.�PFA ŊŹQ̘5�ABCA3mVenus 4 HA 9ˎ˰

îƍŎQçʉ̕æț̈Ʌ7JL̫ȗ%,� 

(E) ĜƐ MDCK ˎ˰α̨ȟ6K=7 ULK1-KO ˎ˰`����PIK3C3-KO ˎ˰`���β

Q 10 MOI9 IAV PR8ȟ7ǅț$),�ǅț 1ȁͿư�D-PBS7JMɊɍǯË99.�$K
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6MŖΥQ̘/,�ǅț 24 ȁͿư6K=7 48 ȁͿư�D-PBS 7JMɊɍǯË99.�ˎ

˰ɾŰɹ9ɞŹQ̘/,�ĭa��:ɷʴ%, 3 Ņ9źΨÙ9ƝőQ�Y��~�:*9

Ȫɠ̹ƖαS.E.βQʥ%28L�wsv:ĭŅ9źΨÙQ̛%25M�***P < 0.001 (compared 

with parent at 24 h by ANOVA followed by one-sided Dunnett’s test). n.s., not significant. 

(F) ĜƐ MDCK ˎ˰α̨ȟ6K=7 ULK1-KO ˎ˰`����PIK3C3-KO ˎ˰`���β

Q 10 MOI9 IAV PR8ȟ7ǅț$),�ǅț 1ȁͿư�D-PBS7JMɊɍǯË99.�PVF-tet 

(20 μM)ŰŎ¥4M5:ΕŰŎ¥3$K6MŖΥQ̘/,�̨ ȟ7052:ǅț 24ȁͿư7�

C, ULK1-KO ˎ˰`���ģ= PIK3C3-KO ˎ˰`���7052:ǅț 48 ȁͿư7�

D-PBS 7JMɊɍǯË99.�ˎ˰ɾŰɹ9ɞŹQ̘/,�ĭa��:ɷʴ%, 3 Ņ9ź

ΨÙ9ƝőQ�Y��~�:*9Ȫɠ̹ƖαS.E.βQʥ%28L�wsv:ĭŅ9źΨÙQ

̛%25M�**P < 0.01; ***P < 0.001 (compared with no compound treatment by ANOVA 

followed by one-sided Dunnett’s test). n.s., not significant. 
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第6章 個体致死感染に対する(D)PVF-tet の抗 IAV活性の解析 
 
6-1 本章の概要 
� IAV:ĳȼ7JLɾÊî7ħ͑CN,9.�¤ȼͤ9έ˸ˇ˼¤ʓ�6K=7¥ȼͤ9ȼ

ʾǰˇ˼¤ʓ4ˮ˰¤ʓ7852ǅț%�Şȵ'M�ɵ7ˮ˰ΝŔ78 M IAV ǅț:ȁ

7ȳ7̂Mͳ˃6ƼƽķĳŃΌŽQƨ�͇"'"4�ʜKN25M�ˮ ˰:ǍƝ6 IŒ¤ʓ

ˎ˰αAT-Iˎ˰β4ïȜɶ9 IIŒˮ˰¤ʓˎ˰αAT-IIˎ˰β9KȨǊ$N�Ă˪:ˮ˰Ȼ

ˎ̗ʾî9̗Ɍ49Ϳ3]j·ǧQ�ư˪:ˮ˰ƾƚƽ9˘Ǜ7ƹΜ4$NMˮf��S

`p�v9øɄQǘ/25M�ˮ ˰ΝŔ78 M IAVǅț9­,MȪʑˎ˰: AT-IIˎ˰3

4L�IAVǅț7Æ/2 AT-IIˎ˰9øɄ'Mˮf��S`p�v͵�ɛƌ%�ˮ˰ƾƚƽ

9ʟ˚�ƨ�͇"$NM 

�
��ɵ7�ˮ ˰ΝŔ?4ɑɥ'MŪ«ɻQ«Ƹ4'Mɧ%5ɫʌ

ĥƻ:�IAV9`�T��jQǘ6 Ǻ3�ˮ ˰Ȩ͜QßŽ'M"47JLķĳŃΌŽQƨ

�͇"' 

	
+�*"3�Ȑʝʱ3;ʎ%,ǹ̥ǒ IAV��rw(D)PVF-tet7052��Wj

Qʀ5,ÖỄȳǅț�u�7Ƈ'Mǒ IAV ɋƽ9Ȥ̮Q̘/,�$K7�"NC37̤

÷%, PVF-tet9ǒ IAV�\yk�7052GÖÊ���39Ȥ̱Q̳D,� 

 

6-2 実験方法 
6-2-1 実験試薬ならびに実験動物 
� 抗体 
�Wjǒ HAǒÊαclone C102β   αGenetexβ 

Wf_ǒ HAǒÊ    αGenetexβ 

�Wjǒ ABCA3ǒÊαclone 3C9β  αBiolegendβ 

Wf_ǒ Pro-SP-CǒÊ    αAbcamβ 

Wf_ǒ FITCǒÊ    αMolecular Probesβ 

�Wjǒ LC3ǒÊαclone 5F-10β   αNano Toolsβ 

BiotinȪ̿�svǒ CD45ǒÊαclone 30-F11β αBiolegendβ 

BiotinȪ̿�svǒ CD16/32ǒÊαclone 93β αBiolegendβ 

BiotinȪ̿�svǒ EpCAMǒÊαclone G8.8β αBiolegendβ 

� 生存解析ならびに肺 IAV力価の定量 
BALB/c�Wjα♀β    αɘȽźΨȑǷβ 

Vn����     αWakoβ 

2-2-1. 細胞培養、IAV感染実験7ɠ(M� 

� 肺組織の組織学的解析 
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SeaPlaqueT]��j    αLonzaβ 

ȱƚ�_̗ɘ     αGIBCOβ 

ProLong Diamond mounting media   αThermo Fischer Scientificβ 

PARAPLAST PLUS Tissue Embedding Medium  αMcCormickβ 

^h��     αNacalai Tesqueβ 

��v^h��ɓ    αSigma-Aldrichβ 

1%Y[h� Yɡɓ    αȲ̔Ĕųβ 

� ウェスタンブロット法 
3-2-1 ウェスタンブロット法7ɠ&M� 

� RT-PCR法 
4-2-1 qRT-PCR法7ɠ&M� 

� 免疫磁気分離法 
20G \y���Ͷ    αy���S��β 

Dispase II     αĮįͭˈȟƧÄʧβ 

Dullbecco’s modified eagle’s medium (DMEM)   αGIBCOβ 

Wh˽˾ʁȓ DNase I    αWakoβ 

Cell strainer (70 μm)     αBD Falconβ 

Dynabeads MyOne T1 Streptavidin magnetic beads αThermo Fischer Scientificβ 

 

6-2-2 マウス個体致死感染モデル 
生存解析 ÖÊǅțźΨ7: 6͞38͞ί9 BALB/cˊ˔�Wjα♀βQʀ5,�

�WjĚǵ̃ȳ͵9 10×͵7ʘƫ'M 2000 pfu9 IAV PR8ȟQĭ͵9(D)PVF-tet4

ɖĮ%�PBS«7˛ɓ͵ 50 μlQ 1ĕø9Ǒ§̳Ƿ4%2Ⱦ¤3̼̠%,�Εǅț˦�

(D)PVF-tetΕǑ§˦7052:�IAV PR8ȟģ=(D)PVF-tetQ PBS7À72Ǒ§̳Ƿ

9̼̠Q̘/,�Vn����7JLĳȼʑ7άͮöɼQǻ%,�Wj9έ˸7Ǒ§

̳Ƿ 50 μlQɣ¥'M"47JL�ˑέɇèQ̘/,�ĭÖÊ9Êͳ6K=7ɾŰ7

052ˑȁʑ7�yp��aQ̘5�(D)PVF-tet9ǒ IAVɋƽQ̲Ñ%,�C,�IAV

ǅțư7(D)PVF-tetQǑ§'M΋7:�2000 pfu9 IAV PR8ȟQɓ͵ 50 μl72ˑέ

ǅț$), 6ȁͿư7�2.5 mg/kg9(D)PVF-tetQɓ͵ 50 μlQˑέʑ7Ǒ§%,� 

肺 IAV力価の定量 IAVǅț:¤͔9ǎΛ7Ʊ/2̘/,�ǅț 3Ǿư4M5:

5 Ǿư7ͣĈ͵9Vn����7JL�WjQŶȧȳ$),9.�͛H97;˱%�

éˮQv��h�ĲȊɭ̗ɘŖŏ«7ǫ÷%,�5 mmƮi�dyT��kαTOMYβ

Q 1ˆɗč%,9.���kƧʟʞ̝ˣMicro Smash MS-100RαTOMYβQʀ52ː
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ˡʟʞQ̘/,�ͧƸǯËα4ºC, 1,5000 g, 5øͿβ9ư�¤ɘQŅĦ%�2-2-2 IAV
の力価測定 9ǎΛ7Ʊ/2ˮ IAVċÑQŹ͵%,� 

6-2-3 肺組織の免疫組織化学的解析 
IAVǅț: 6-2-２9ǎΛ7Ʊ/2̘/,�ǅț 3Ǿư�ͣĈ͵9Vn����7JL�

WjQŶȧȳ$),9.�͛ H97;˱%�éˮQ 4%PFA/PBS«7ǫ÷%,�Żɝ3 72

ȁͿ9ŊŹĥƻư�ƕˮQ 5% SeaPlaqueT]��j«7ēœ%�Micro SlicerαDOSAKAβ

7JL 100 μmĠùɳQË̠%,�ùɳQ 0.1% Tween-20/PBSαPBS-Tβ«3 5øͿ9˼͘

ͣöɼĥƻQ 2 Ņ̘/,9.�50% �p|���80% �p|��«3 60 øͿ9˵˳ͅ

QΛȯ̘/,�ȯ53�10% �_̗ɘ/PBS-T7JLŻɝ3 1ȁͿ9��s^�aĥƻQ

̘/,9.�ĭp��`ͅ7Ƈ'M 1ȯǒÊQɗč%�Żɝ3 48ȁͿ9Ȫ̿ĥƻQ̘/

,�ĥƻư�PBS-T «3 1 ȁͿ9ɊɍQ 4 Ņ̘/,9.�̕æȪ̿ 2 ȯǒÊQɗč%�

$K6MȪ̿ĥƻQ̘/,�ĥƻư�įȩ9ɊɍǯË99.�ProLong Diamond�W�v

ĄQʀ52ƈèǯËQ̘/,�̕ æʃâ:ëɮɬ��g�΢Ƶͼ LSM710αZeissβQʀ5

2ħƲ%,� 

6-2-4 WB法による肺組織のタンパク質発現解析 
 IAVǅț: 6-2-２9ǎΛ7Ʊ/2̘/,�ǅț 3Ǿư�ͣĈ͵9Vn����7JL�

WjQŶȧȳ$),9.�͛H97;˺ư7ƕ˷đ˴Q�ȯ53ƕ˛Οđ˴QùǸ%,�

*9ư�;˱%�27GͶQ̝ʚ%,h��i7JLīƸŻ? 10 ml9 PBSQ͖ɓ'M"4

3ˮ9˵̗öɼQ̘/,�˵̗ư�ˮːˡQ 1 ml9 Lysis buffer«7ǫ÷%�5 mmƮi�

dyT��kQ 1ˆɗč%,9.���kƧʟʞ̝ˣMicro Smash MS-100RQʀ52ːˡ

ʟʞQ̘/,�ͧƸǯËα4ºC, 1,5000 g, 5øͿβ9ư�¤ɘ Total Lung homogenate4%2Ņ

Ħ%�3-2-49ǎΛ7Ʊ/2f���̼̠Q̘/,9.�SDS-PAGE6K=7 WBɅ7J

Lp��`ͅʎɺ9̫ȗQ̘/,� 

6-2-4 WB法による単離肺胞上皮細胞のタンパク質発現解析 
 IAVǅț: 6-2-２9ǎΛ7Ʊ/2̘5�ǅț 40ȁͿư�˵̗ǯËC3Q 6-2-49ǎΛ
7Ʊ/2̘/,�ȯ53�Οͫ9ΩȢʻ6K=7˒ĮːˡQħLΆ�6�KȼʾQΓ÷$

)�20G \y���ͶQȼʾî7Ǡè%,�\y���ʾQȼʾî7ʅˣ%,CCͶQǔ

�ħ/,9.�h��i7JL 3 ml9 10 mg/ml Dispase II/DMEMα10% ΕáĔ FBS�100 

units/ml Penicillin6K=7 100 μg/ml StreptmycinQĲE�Á¥�DMEM4̛̯βQˮî?4

͖ɓ%�$K7 0.5 ml9 1% SeaPlaqueT]��jQ͖ɓ%,�*9ư�Ⱦ7JL˱ͫQƼ

ò%2ȼʾ6K=7ȼʾǰî9T]��jQŊĔ$)M"47JL�Dispase IIɡɓ9͗Ɍ

΁Ȱ�6K=7ȼʾǰ¤ʓˎ˰9ąΏ΁ȰQ̘/,�éˮ�Ƹ˾6K=7˱˻Q PBS «7

ǫ÷ư�ȼʾǰQĪ˲6΄LΆĢ%6�Kīˮ̌ģ=ƕˮ̌Q 0.5 ml9 10 mg/ml Dispase 
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II/DMEM?4ŅĦ%�Żɝ3 45øͿ9ˎ˰ąΏĥƻQ̘/,�ĥƻư���lsvQʀ5

2 100 units/ml9 DNase IQĲE DMEM«3ˮːˡQ 1 mm̪Á¥7ˎøĔ%�Żɝ3 10

øͿΒ46'M"43�ąΏ%,¤ʓˎ˰QŖŏ«?4ǲ÷$),�*9ư�70 μm9l�

jv��x�7JLɪͣQ̘/,9.�ͧƸǯËα4ºC, 300 g,10øͿβ7JLˎ˰QŅĦ%

,�Á΃9ǯË:é2Ⱦ¤72̘/,�ŅĦ%,v�p�ˮˎ˰ʃø7��[r�Ȫ̿ǒ

CD16/32ǒÊ6K=7�[r�Ȫ̿ǒ CD45ǒÊQ 5 μl(0ɗč%�4ºC7852Ņ͌ɖĹ

7JL 1ȁͿ9ǒÊȪ̿ĥƻQ̘/,�ǒÊĥƻư�ͧƸǯËα4ºC, 300 g, 10øͿβ7J

Lˎ˰Qɂȷ$)�ȎĥƻǒÊ9ΆĢQ̘/,9.�25 μl9 Streptavidin magnetic beadsQ

ɗč%�$K7 4ºC7852Ņ͌ɖĹ7JL 30øͿ9ĥƻQ̘/,�ĥƻư��a{tU

s`jp�wQʀ52 Streptavidin magnetic beadsQΆĢ%�Ε˒ĮʃøQŅĦ%,�ȯ53�

�[r�Ȫ̿ǒ EpCAMǒÊQ 5 μlɗč%�4ºC7852Ņ͌ɖĹ7JL 1ȁͿ9ǒÊȪ̿

ĥƻQ̘/,�*9ư�Ă͔4įȩ9ǯË7JL Streptavidin magnetic beads7JMǒÊȪ̿

ˎ˰9ŅĦQ̘/,��a{tUs`jp�wQʀ52 Streptavidin magnetic beadsQ D-PBS

7JL 3ƢɊɍ%�ˮ˰¤ʓˎ˰ɩˠʃøQƲ,�ȐʃøQ 100 μl9 Lysis buffer«7ǉɨ

%2͈ΘɆʟʞöɼQ̘/,9.�ͧƸǯËα4ºC, 1,5000 g, 5 øͿβ7JL¤ɘQ Lysate

4%2ŅĦ%,�3-2-4 9ǎΛ7Ʊ/2f���̼̠Q̘/,9.�SDS-PAGE 6K=7

WBɅ7JLp��`ͅʎɺ9̫ȗQ̘/,� 

� 68�v�p�ˮˎ˰ʃø6K=7ˮ˰¤ʓˎ˰ɩˠʃø9 ͫ7052 3.75% PFA/PBS

7JMŊŹư�çʉ̕æț̈7JL Pro-SP-Cp��`ͅQȤ÷%�AT-IIˎ˰�ɩˠ$N2

5M"4Qʢ̶%,� 

6-2-５ IAV感染に伴う肺組織炎症の解析  
組織学的解析  IAV ǅț: 6-2-２9ǎΛ7Ʊ/2̘/,�ǅț 3 Ǿư�ͣ

Ĉ͵9Vn����7JL�WjQŶȧȳ$),9.�͛H97;˱%�éˮQ

4%PFA/PBS«7ǫ÷%,�Żɝ3 72ȁͿ9ŊŹĥƻư�ƕˮQùLø �Á΃9ù

ɳË̠7ʀ5,�ˮQ 50%�75%�80%�100% Yp|��«7852ĭ 10øͿ�Ż

ɝ3ǟʕ$)M"43˵ȽöɼQ̘/,�ȯ53�50% ^h��/Yp|��«78

52 10øͿ�Żɝ3ǟʕ$),9.�$K7 100% ^h��«7852 10øͿ9ǟ

ʕQ 3ƢˢL͓%�͘ƷöɼQ̘/,�ȯ53ˮQ���U�?4ēœ%�Ⱦò¥3

ŊĔĥƻQ̘/,�ŊĔĥƻư��`�v��αLeicaβQʀ52 10 μm Ġ���U

�ùɳQË̠%�̂ h��öɼ6K=7Yp|��öɼ7JM˵���U�ǯË99

.���v^h��ɓģ=Y[h�ɓ7JMț̈αHE ț̈βQ̘/,�ț̈ư�ð

ƢYp|��öɼ6K=7^h��öɼ7JL͘ƷǯËQ̘/,9.�n�v�W�

vƈèĄ7JLƈèǯËQ̘5�ˮːˡâ:źÊ΢Ƶͼ¥3̩Ƅ%,� 
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気管支肺胞洗浄液（BALF）の解析 IAV ǅț: 6-2-２9ǎΛ7Ʊ/2̘/
,�ǅț 3 Ǿư�ͣĈ͵9Vn����7JL�WjQŶȧȳ$),9.�6-2-4
9ǎΛ7Ʊ/2�ȼʾ7\y���ʾQǠè%,�1 ml9ò PBSQh��i7JM

ȼʾǰ6K=7ˮî?4͖ɓ%�ȯ53ŅĦ'M"47JLȼʾǰˮ˰ɊɍαBALβ

Q̘/,��Wj ĕ4,L 3Ņ9 BALǯËQ̘5�2.4 mlʭƢ9 BAL fluidαBALFβ

QƲ,�ͧƸǯËα4ºC, 1,000 g, 5øͿβ7JL BALFˎ˰6K=7¤ɘQ*N+N

øΏ%�BALFˎ˰ǵQ̭ǵ'M44G7�¤ɘ«9 IL-6p��`ͅ͵QŹ͵ ELISA

^sv7JL�̠ĺȈ9ǎΛ7Ʊ/2Ź͵%,� 

サイトカインの定量 IAV ǅț: 6-2-２9ǎΛ7Ʊ/2̘/,�ǅț 3 Ǿư�ͣ

Ĉ͵9Vn����7JL�WjQŶȧȳ$),9.;˱%�éˮQǫ÷ư�͛ H9

7ɓÊʳˍ3Ƽô˒Q̘/,�ô˒ˮ7 1 ml9 SepasolQɗč%�5 mmƮi�dy

T��kQ 1ˆɗč%,9.���kƧʟʞ̝ˣMicro Smash MS-100RQʀ52ːˡ

ʟʞQ̘/,�Á΃9RNAǗ÷ǯË�cDNAĮǊĥƻ6K=7 qRT-PCRĥƻ:4-2-6
9ǎΛ7Ʊ/2̘/,�68�cDNAĮǊĥƻ7: Random hexamerQ�qRT-PCRĥ

ƻ7:̛ 37ʥ'[�e DNAQ��V��4%2ʀ5,� 

 

6-3 結果 
6-３-1 (D)PVF-tet はマウス個体致死感染をレスキューする 
� �WjĚǵ̃ȳ͵9 10×͵7ʘƫ'M 2000 pfu9 IAV PR8ȟQˑέǅț$),΋7:�

ǅț 3 Ǿư9K΢̍6Êͳɛƌ�̩Ƅ$N�ȯ53ǅț 6 Ǿư9K 8 Ǿư79 2éÎ�

ȳµ%,αŉ 20Aβ�ȐǅțȒÃ7852�(D)PVF-tetQ 1.25 mg/kg6K=7 2.5 mg/kg9

(D)PVF-tet Qǅț4įȁ7Ǒ§'M4�Êͳɛƌ9˞Ĺ44G7�*N+N 10%6K=7

50%9ÖÊ�ɾŰ'M"4Q̤÷%,�C,�IAVǅț 6ȁͿư7(D)PVF-tetQǑ§%,Ś

Į7G�įȁ7Ǒ§%,ŚĮ4įʺ9ǒ IAVɋƽQʥ'"4Q̤÷%,αŉ 20Bβ�$K7�

įǅțȒÃ7852ˮ IAVċÑQŹ͵%,4"O�ǅț 3Ǿư6K=7 5Ǿư95(N7

852G�(D)PVF-tetǑ§˦3:ȊǄ6 IAVċÑ9ɛƌ�̤KN,αŉ 20Cβ�$K7�Á

¤9˒ș:�(D)PVF-tet:ÖỄȳǅț7Ƈ%2GȊĐ6ǒ IAV̓34M"4Qʥ%25M� 

6-３-2 (D)PVF-tet は AT-II 細胞を作用標的とする 
� ȯ7�ÖÊǅțȁ9(D)PVF-tet9ËʀȪʑ9įŹQ̳D,�ˮ ˰ΝŔ78 M IAV9­̣

6Ȫʑˎ˰: AT-II ˎ˰34M"4�"NC37řĴ$N25M 
��*"3�̃ȳǅțư 3

Ǿʖ9ˮ7852�AT-IIˎ˰9ɵʇʑ��\�øŮ34M Pro-SP-C9ʎɺQ̫ȗ%,4"

O�řĴ4 ̃%2 

	
��IAVǅț7Æ6 Pro-SP-C9̍ɛ�̩Ƅ$N,αŉ 21A, 21Bβ� 

Ǻ3�(D)PVF-tetQǑ§%,ÖÊ3: Pro-SP-C9ʎɺ͵�˘Ǜ$N25M"4Q̤÷%,�
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"9˒ș:�(D)PVF-tet9Ëʀɬ� AT-IIˎ˰74M"4Qʥľ%25M� 

� ȯ7�"9"4QJL̵ˎ7̫ȗ'M,F�ABCA3 Q AT-II ˎ˰9ɵʇʑ��\�4%

2�AT-II ˎ˰78 M HA�FITC-(D)PVF-tet 9ƍŎ̫ȗQ̘/,�ˮ˰ΝŔ3:�HA :

ABCA3·ƽ9 AT-Iˎ˰7852:A4R5Ȥ÷$N(�­4%2 AT-IIˎ˰7852Ȥ÷

$N,�"9˒ș:å̘ʝʱ9řĴ4 ̃%28L��Wj7852G IAV ǅț9­̣6

Ȫʑˎ˰� AT-IIˎ˰34M"4Qʥ%25M�$K7�4-3-23̤÷%,ʜ̤4 ̃%2�

îŎʑ7 ABCA3QΪʎɺ%25M AT-IIˎ˰3:�IAVǅț7Æ/2 ABCA34 HA9ë

ƍŎ�̩Ƅ$N,αŉ 21Cβ�̄Ķɔ5"47�IAV ǅț�Wjˮ7852�(D)PVF-tet :

AT-I ˎ˰7:A4R5Ȥ÷$N65 Ǻ3�AT-II ˎ˰7852ƪ�Ȥ÷$N�$K7

ABCA34į&d���v��v7ëƍŎ%25M"4Q̤÷%,�C,�HA4(D)PVF-tet

7052GëƍŎ�̩Ƅ$N,"49K�'6P.ÖÊǅțȁ7:�IAVǅț AT-IIˎ˰î

7852�HA�(D)PVF-tet 6K=7 ABCA3 9£˪�į&d���v��v7ëƍŎ%2

5M"4Qʥľ%25Mαŉ 21Cβ� 

� "NC39˒șQ>C72�(D)PVF-tet � AT-II ˎ˰7852G�HA QΊΏ'M̷Ɗƽ

T��Un��9ƬǊQÓ͟%25MĪ˲ƽQ˩7,�*"3�AT-IIˎ˰78 M LC3-II

9ɿɾ͵Q̫ȗ'M,F7��Wjˮ9K AT-IIˎ˰9ĜΏQ̳D,�*9˒ș�ˮ˰Qu

Uj��mͰˍ7JLöɼ'M"43ƲKNMˎ˰ǉɨɓαAT-Iˎ˰�AT-IIˎ˰7č7�

���ɻ�Ū«ɻ�Ĝɻ��`��S�i659ʐ̗ɻ6K=7ˮ˜˘̉ˎ˰QĲEβQ

ȑǷ4%2�ǒʐ̗ɻǒġαCD16/326K=7 CD45βǒÊ7JM negative selection4ǒ¤

ʓˎ˰ǒġαEpCAMβǒÊ7JM positive selectionQːDĮP),çʉˎ˰ʣȼøΏɅ7J

L�AT-IIˎ˰Q 6ĉA5ĲEˮ˰¤ʓˎ˰9ɩˠʃøQƲM"47ǊČ%,αŉ 21Dβ�ĭ

ȒÃ˦9�WjÖÊ9KȐʃøQ̼̠%�LC39ʎɺQ̫ȗ%,4"O�IAVǅț4įȁ7

(D)PVF-tetQˑέǑ§%,˦3:�LC3-I7Ƈ'M LC3-II9͵Ⱥ�Şčàı74M"4Q̤

÷%,�"9˒ș:�MDCKˎ˰7852̤÷%, PVF-tet9Đș4 ̃%25M� 

� Á¤9 ͝9˒șQC4FM4�(D)PVF-tet:ÖÊǅțȁ7852 AT-IIˎ˰î?4p�

ctU�a%�̷ƊƽT��Un��9ƬǊQ¶͟'M"47JL�IAV 9Şȵ6K=7

AT-IIˎ˰7Ƈ'Mˎ˰ßŽɋƽQǐÿ%25M"4�ʥľ$NM� 

6-３-3 (D)PVF-tet は IAV感染時の炎症反応を緩和する 
� AT-II ˎ˰�ĮǊ�̓̑6K=7øɄQǘ6ˮf��S`p�v:ˮƾƚƽ9˘Ǜ7ͳ̣

34L�ɵ7 Pro-SP-C9ǊɱŒ34M SP-C:ǒɫʌȭ˲QǛ0"4�͒ƞǿK976/2

5M ���*"3�IAVǅțȁ9ˮɫʌƻʼ7Ƈ'M(D)PVF-tet9Đș7052GȤ̮Q̘/

,�C(�ˮːˡùɳ9 HEț̈7JLʋɼâ9̩ƄQ̘/,4"O�IAVǅț 3Ǿư9Ö

Ê9ˮ3:�ˮ˰Ȼˎ̗ʾ9ĵ͐ͫ7852ţǵ9ʐ̗ɻɑɥ�̩Ƅ$N,αŉ 22Aβ� 
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Ǻ3�(D)PVF-tet9Ǒ§7J/2Êͳɛƌ�˞Ĺ$N25MÖÊ9ˮ3:�"9ɑɥ�ǐÿ

àı74M"4Q̤÷%,� 

� ȯ7�IAV ǅțȁ7ʎɺ̷Ɗ$NM"4�řĴ$N25M ͝9fVv\V�7052�

*9ˮ78 M mRNA9ʎɺ͵QŹ͵%,�̃ȳǅțȒÃ 3Ǿʖ7:�TNF-αQ:&F4

'Mʮ09ɫʌƽfVv\V�9«3G�ɵ7 IL-6 �ƪ�̷Ɗ$N25M"4Q̤÷%,

αŉ 22Bβ�̄Ķɔ5"47�"NK9fVv\V�9î�IL-6 9ʎɺ͵9D�(D)PVF-tet

Ǒ§˦3ȊǄ7ɛƩ'M"4Q̤÷%,�C,�BALF«9 IL-6øɄ͵Q ELISA7JLŹ

͵%,4"O�(D)PVF-tetǑ§˦3:�H:LȊǄ7ɛƩ'M"4Q̤÷%,αŉ 22B, ȉ

¥ȶīβ� 

� Á¤9 ͝9ʜ̤:�(DPVF-tet� IAV9Şȵ6K=7ˎ˰ßŽQǐÿ'M44G7�˒

ș4%2ˮːˡɫʌ7052Gͫøʑ7˞Ĺ%25M"4Qʥľ%25M� 

 

6-4 考察 
� Ȑʵ3:�(D)PVF-tet��WjÖỄȳǅț7Ƈ%2GãN,ǒ IAVɋƽQʥ'"4Q̤

÷%,�$K7�ÖÊǅț78 M(D)PVF-tet9ËʀȪʑ: AT-IIˎ˰34L� *9Ǒ§ȁ

7: AT-IIˎ˰î3 HA4ëƍŎQʥ'"4�$K7 AT-IIˎ˰78 M LC3-II9ɿɾQ¶

͟'M"4QǿK97%,�"9"49K�(D)PVF-tet̷ƊƽT��Un��� AT-IIˎ˰

7852G IAV ǅț7Ƈ'M΁ƳȭȨ4%2ȭ˲%25M4˩7KNM�C,�

MDCK-ABCA3mVenusˎ˰7852̩Ƅ$N, ABCA34 HA49ëƍŎ��AT-IIˎ˰9

ǅțȁ7852G͇"/25M"4QǿK97%,�å̘ʝʱ3:�Ȑʝʱ3̤÷%,̷

ƊƽT��Un��4Ȩ͜ʑ7̇� ̃'MȨ͜Ê� IAVǅț7Æ/2AT-IIˎ˰î7ƬǊ

$NM"4�řĴ$N25M 
��"NK9"4Q>C7M4�AT-IIˎ˰7852G�ABCA3

̷ƊƽT��Un���ƬǊ$N25MĪ˲ƽ�Ęø7ʥľ$NM�$K7�(D)PVF-tet

4 ABCA37052GëƍŎ�̩Ƅ$NM"49K�AT-IIˎ˰7852:�(D)PVF-tet6K

=7 ABCA3 9ĤǺ7JL̷Ɗ$NM}V��swŒT��Un���ƬǊ$N25M"

4�˩7KNM� 

� (D)PVF-tet: IAVǅțȁ9ˮɫʌƻʼ7052G�ͫ øʑ6ǐÿĐșQʥ%,�ÖÊǅț

ȁ78 M(D)PVF-tet9ËʀȪʑ� AT-IIˎ˰34M"4Q>C7M4�"9ɫʌǐÿĐș

7052G�AT-II ˎ˰Q¼%25M"4�±ǂ$NM�*9 09Ī˲ƽ4%2�ˮf�

�S`p�v9΀§Q˩7,�å̘ʝʱ9K�ˮf��S`p�v9øɄÉ¥:ȩ06ˮ

ʊƿ�u�7852ˮɫʌĥƻQ¶͟'M"4�řĴ$N25M ���ɵ7�f��S`p�

v7ĲCNMT�p��`ͅ SP-C:ǒɫʌȭ˲QǛ0"49K�*9ʎɺ͵9É¥:ʗǣ

ʑ7ˮɫʌQ¶͟$)M�IAVǅț�Wjˮ7852G�SP-C9ĂΧÊ34M Pro-SP-C9
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ʎɺ͵4ë7ˮf��S`p�v9øɄ͵7052GÉ¥'M"4�řĴ$N28L 

	
��

"9É¥�ˮɫʌ9¶͟7Ɓ§%25M4Ǥɞ$NM�"9J66˯ȄQ>C7M4�

(D)PVF-tet 9Ǒ§7JM Pro-SP-C ʎɺ͵9Ņƴ��IAV ǅț7Æ/2ͣĈ¶͟'Mɫʌĥ

ƻ9ǐÿ706�/25MĪ˲ƽ�Ęø7˩7KNM� 
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6-5 図表 
表 3. 使用したオリゴDNAの配列 
Oligo DNA name  

qRT-PCR primer Sequence (5’ to 3’) 

IL-15_F1 TTGAAGCTCTTACCTGGGCAT 

IL-15_R1 TGAAGACATGAATGCCAGCCT 

IL-12_F1 ATTACTCCGGACGGTTCACG 

IL-12_R1 ACGCCATTCCACATGTCACT 

IL-1β_F1 TGAAGTTGACGGACCCCAAA 

IL-1β_R1 TGATACTGCCTGCCTGAAGC 

TNF-α_F2 CCACCACGCTCTTCTGTCTAC 

TNF-α_R2 AGGGTCTGGGCCATAGAACT 

MIP-1α_F1 GCAACCAAGTCTTCTCAGCG 

MIP-1α_R1 GAGCAAAGGCTGCTGGTTTC 

MIP-1β_F1 TTTCTCTTACACCTCCCGGC 

MIP-1β_R1 GTCTGCCTCTTTTGGTCAGGA 

IL-6_F2 GCCACAGTCCTTCAGAGAGAT 

IL-6_R2 CTTGGTCCTTAGCCACTCCT 

GAPDH_F1 TGTGTCCGTCGTGGATCTGA 

GAPDH_R1 TTGCTGTTGAAGTCGTAGGAG 
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20A 

 
20B 

 
20C 

 
 
図 20. (D)PVF-tet はマウス個体致死感染をレスキューする 
(A) BALB/cˊ˔�Wjα♀β7 PBS4M5: 2000 pfu (Ěǵ̃ȳ͵9 10×7ʘƫ)9 IAV PR8

ȟQĭ͵9(D)PVF-tet4ë7ˑέɇè%�ÊͳšĔ6K=7ɾŰQˑȁʑ7�yp��a%

,�ÊͳšĔ:ǅțƫǾαday 0β9ĭÖÊ9ÊͳQ 100%4%2�ÖÊ#49šĔQʥ%2

5M�ƕŉ:Εǅț˦αMock, open circleβ6K=7 IAVǅț˦α2000 pfu, closed circleβ9

ÊͳšĔQ�C,«ŧŉ:ǅț4įȁ7 1.25 mg/kgαopen squareβ4M5: 2.5 mg/kgαclosed 

squareβ9(D)PVF-tetQǑ§%,˦9ÊͳšĔQʥ%25M�*P<0.05; **P < 0.01 (by Log rank 

test). 

(B) BALB/cˊ˔�Wjα♀β7 2000 pfu 9 IAV PR8ȟQˑέʑ7ǅț$),�ǅț 6ȁ
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Ϳư7 2.5 mg/kg9(D)PVF-tetQǑ§%�ÊͳšĔ6K=7ɾŰQˑȁʑ7�yp��a%

,�ƕŉ:Εǅț˦αMock, open circleβ6K=7 IAVǅț˦α2000 pfu, closed circleβ9Ê

ͳšĔQ�C,«ŧŉ:ǅț 6ȁͿư7 2.5 mg/kgαclosed squareβ9(D)PVF-tetQǑ§%,

˦9ÊͳšĔQʥ%25M�*P<0.05; **P < 0.01 (by Log rank test).**P < 0.01 (by Log rank test). 

(C) BALB/cˊ˔�Wjα♀βQ(A)4į&ȒÃ3 IAV6K=7 2.5 mg/kg9(D)PVF-tetQˑ

έɇè%�ǅț 3Ǿư6K=7 5Ǿư78 Mˮ IAVċÑQ���`TslV7JLŹ͵

%,�*P < 0.05; **P < 0.01 (by Mann-Whitney U test). 
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21B 
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21C 

 

21D 

 
 

図21. (D)PVF-tet は AT-II 細胞を作用標的とする 
(A, B) BALB/cˊ˔�Wjα-β7 PBS4M5: 2000 pfu9 IAV PR8ȟQ 2.5 mg/kg9
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(D)PVF-tet4ë7ˑέɇè%,�ǅț 3Ǿư7ˮQǫ÷%�Pro-SP-C9ʎɺQçʉːˡț̈

Ʌ(A)6K=7WXjp���svɅ(B)7JL̫ȗ%,� 

(C) BALB/cˊ˔�Wjα-β7 PBS4M5: 2000 pfu9 IAV PR8ȟQ 2.5 mg/kg9(D)PVF-tet

4M5: FITC-(D)PVF-tet4ë7ˑέɇè%,�ǅț 3Ǿư7ˮQǫ÷%�ˮ˰ΝŔ78 

M HA�ABCA36K=7 FITC-(D)PVF-tet9ƍŎQçʉːˡț̈Ʌ7JL̫ȗ%,� 

(D) BALB/cˊ˔�Wjα-βQ(A)4į&ȒÃ3 IAV6K=7 2.5 mg/kg9(D)PVF-tetQˑ

έɇè%�ǅț 3Ǿư7çʉʣȼøΏɅ7JL AT-IIˎ˰ɩˠʃø9ŅĦQ̘/,�ƕŉ:

AT-IIˎ˰��\�34M Pro-SP-C9ʎɺQǜȪ4%2�ȐɅ7JL AT-IIˎ˰�ɩˠ$N

25M"4Qʥ%25M�ĭ˦9KŅĦ%, AT-II ˎ˰ɩˠʃø78 M LC3 6K=7

β-actin9ʎɺ͵QWXjp���svɅ7JL̫ȗ%,αīŉβ� 
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22A 

 

22B 

 
 

図22. (D)PVF-tet は IAV感染時の炎症反応を緩和する 
(A) BALB/cˊ˔�Wjα-β7 PBS4M5: 2000 pfu9 IAV PR8ȟQ 2.5 mg/kg9(D)PVF-tet

4ë7ˑέɇè%,�ǅț 3Ǿư7ˮQǫ÷ư����U�ùɳQË̠%�HEț̈Q̘/

,�ʛĞ:ˮ˰ΝŔ78 Mʐ̗ɻ9ɑɥQʥ%25Mαƕŉβ�įȒÃ3 BALFQŅĦ%�

ĭ˦9 BALFˎ˰ǵQ̭ǵ%,αīŉβ�P value:Mann-Whitney U test7JLʽ÷%

,� 

(B) BALB/cˊ˔�Wjα-β7 PBS4M5: 2000 pfu9 IAV PR8ȟQ 2.5 mg/kg9(D)PVF-tet

4ë7ˑέɇè%,�ǅț 3Ǿư7ˮQǫ÷ư�total RNAQǗ÷%�qRT-PCR7JLĭf

Vv\V�9 mRNA ʎɺ͵QŹ͵%,�ĭfVv\V�9 mRNA 9ʎɺ͵: PBS Ǒ§˦

αMockβ9ƝőQ 14'MʘƇÙ7JL̛%25M�C,�ǅț 3Ǿư7 BALFQŅĦ%�
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ELISA 7JL BALF « IL-6 p��`ͅ͵QŹ͵%,α¥ȶīβ�*P < 0.05 (by 

Mann-Whitney U test). n.s., not significant. 
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第7章 結論 
 

� Ȑʝʱ3:ǽŰ̓4:ʇ6MËʀȭȨQȊ'Mǹ̥ǒ IAV̓9Ċ̠Qʖʑ4%2�HAQ

Ȫʑ4'MţÑŒ��rw1PVF-tet2Q;ʎ%,� ͝9̫ȗ9K�PVF-tet6K=7*9

v��h�˫ƽŒ34M(D)PVF-tet:�ŖΥˎ˰9D6K(�WjÖÊ���39̃ȳʑ6

IAVǅț7Ƈ%2GãN,ǒ IAVɋƽQʥ'"4Q̤÷%25M� 

� ɵ7ɇʖ'@�:�*9�y�`6ǒ IAV�\yk�34Mαŉ 23β�IAV9ǅțfV`

�9î�PVF-tet 9ËʀȪʑ:ǅțûȍαIAV 9ˎ˰îÒèβ3:6�ǅțưȍαIAV 9ɿ

ɾβ74M�ǅțưȍ7:�Ƌ˰Ê7852ĮǊ$N,ǹɾ HA�e�iÊQ¼%2�IAV

ɿɾ9Ś34Mˎ˰˼̛ΖC3͏͖$NMαˑ͊ iβ�PVF-tet:*ŃÊ�Ϊ5ˎ˰îʬ̘

ɋƽQǛ.�ˎ˰î7852ǹɾ HAQȪʑ4%2ͩǕʑ7˒Į'M�"9΋�ǹɾ HA:

PVF-tetQ¼%2ΪƢ7Ύʰ'M"43�*9ˎ˰˼̛Ζ?9͏͖�ΌŽ$NM4ë7�ɓ

˰ɶ[�]{�?4ΊΏ$NMαˑ͊ iiβ�"N7JL�IAV 9ɿɾ6K=7ˎ˰ßŽɋƽ

:̍%�ǐÿ$NM� 

� C,�Ȑɺ̀: PVF-tet ΕŰŎ¥7852G͇"M"4QǿK97%25M�'6P.�

AT-II ˎ˰9J67 ABCA3 QΪʎɺ%�Ϊ5����uUƬǊ˲QȊ'Mˎ˰αˑ͊ iiiβ

3:�IAVǅțȁ7ǹɾ HA�Ϊ5Đɹ3ɓ˰ɶ[�]{�?4ΊΏ$NMαˑ͊ ivβ�"

9ŚĮ7Gįȩ7�IAV9ɿɾ6K=7ˎ˰ßŽɋƽ:ǐÿ$NM� 

�  ͝9̵ˎ6̫ȗ9K�"9ɓ˰ɶ[�]{�9źÊ�T��Un��34M"4�%

,�/2*9ƬǊ7:�[�v�Si�9øŮȭȨαULK1 6K=7 PIK3C3β�ƹΜ34

M"4QǿK97%,�ɵ7�IAVǅțȁ7852 PVF-tet4M5: ABCA37JL*9Ƭ

Ǌ�̷Ɗ$NM"49K�͚ƚ9T��Un��4Ėý%2�1̷ƊƽT��Un��24

ĸİ%,�$K7ͳ̣6ʜ̤4%2�IAV7ǅț%, AT-IIˎ˰î7852�HA�(D)PVF-tet�

ABCA39£˪�ëƍŎ'M"4Q̤÷%25M�'6P.�AT-IIˎ˰3:(D)PVF-tetÐŰ

ʑ6ˑ͊ ii 6K=7 ABCA3 ÐŰʑ6ˑ͊ iv 9ĤǺ7J/2}V��swŒ9̷ƊƽT�

�Un���ƬǊ$N�IAVǅț�ƪċ7ǐÿ$N25M"4Qʥ%25M� 

� ͒ƞ�[�v�Sen��7JLˎ̋QͩǕʑ7ΊΏø̫'M xenophagy��H�WV�j

ʁȓ RNA Qǅʜ%2ǒWV�jͪÅŮ9ʎɺQ̷Ɗ'M mitochondrial anti-viral signaling 

(MAVS)hjt� ��	�	65�ʋġƵɾɴ7Ƈ'M[�]{����39ɾÊ΁ƳȭȨ�ǿK

946/25M�Ȑʝʱ3:�̷ ƊƽT��Un��� HAQͩǕʑ7ΊΏ'M"43 IAV

ǅțQǐÿ'Mǒ IAV [�]{�34M"4Qǹ,7̤÷%,�»ư�̷ƊƽT��Un

��9ƬǊQÿƳ'M̵ˎ6øŮȭȨQ̫ǿ'M"43�"NC3765ǹ,6ǒ IAV ǋ

ʆ9Ċ÷706�M"4�ȍƯ$NM� 
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図23. 誘導性アンフィソームによる抗 IAV機構の概略図 
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ʱQų=ŬF2 1ƞ7Gɟ,65ʩ9źΨȣ7ɲƸ7ˬQà �ƸI�C3ȩ06źΨT

���r7ǝǋ'MȭÄQ5,-5,"4�»3GΫǿ7̧728LC'�"9ˑΨ�6

 N;�"NC39ʩ9Ǌͽ:˩7KNC)R� 

""7ƸJLǅ̾9ǄQ̛%C'� 

Ȑʝʱ9̘͠74,L�Ȕ¸Ťųėʪųʝʱǌ Ƒ¥ ̸åɾ7:�Ȑʝʱ7Ƈ'Mʑʢ

6#ď̬�6K=7ȐʝʱQ̘͠'M¤3ŗʤ46MźΨǏ̙9#ǜƊQ̈́LC%,�Ƹ

JLƳʦʂ%¤!C'� 

Ȑʝʱ9«3Gɵ7ͳ̣6Èˣ¿ 74MΑŮ΢Ƶͼâ9̫ȗ3:�ìƤʙʴŤų żɦ

ɕŦǳǢ�̢ʹ Ȋɼďǳ�ɚ¤ ęȅǏ̙ļ7:ţŤ6#ǰǩ�#ěċQ̈́LC%,�Ġ

�Ƴʦʂ%¤!C'� 

Ȑʝʱ9˒̽QƊ�¤3¦ĪȮ6ˮ9ːˡųʑ̫ȗ3:�įƺʧŤųɾĸėʪųͫ żŐ 

ʜŸóǳǢ9ǈù¡ƅ6#ǜƊQ̈́LC%,�ƸJLƳʦʂ%¤!C'� 

įƺʧŤųɾĸėʪųͫ ɀƓ ΍ĻǳǢ�̅Ȑ ˭óǳǢ�ή̔ ʗ¹óǳǢ�Ř Ľ¯ó

ǳǢ�ɏʹ Ɉ˿óǳǢ�Ĺ® ăďǳ�6K=7˶ʪųʝʱʪ äƑ ˌǳǢ�ƳŌɾ ̞ǿ

ǳǢ�ɜ͐ ʨĬďǳ7:�ȐʝʱQ̘͠'M74,L�ţŤ6#ǰǩQ̈́LC%,�ƸJ

Lǅ̾ʂ%¤!C'� 

įƺʧŤųɾĸėʪųͫ ʹĩ ˁŮǳǢ6K=7Ƌα ˭ǳǢ7:�Ȑ̽Ƕ9Ɔȝ74,

L�ćȝ4%2ʑʢ90Ʀ̰ʑ6#ď̬Q̈́LC%,�Ġ�ǅ̾ʂ%¤!C'� 

ʩ9ǌƏ'MøŮɾĸĔųʝʱŻ9ʒȩ7:�ƚǾΚ9Kţ�9#ǰǩQ̈́LC%,�

ɵ7ĝŠưȍ̻ʭ9ȉˏƞƢ3:�ġ̍̽Ƕ9Ǒʯ7͕PN�ʝʱŻ9Ǜ.ŅL9½²7

A4R5ǎ�ŅK65ʩQɝ9�ǰ725,-5,"4�Ġ�ǅ̾ʂ%¤!C'� 
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� įƺʧŤųɾĸėʪųͫ²ĒŻ9Ǻ07:�ĝŠųɾ4%2ɾɋQ͖M¤3ţ�98ċ

ɗ7Q̈́LC%,�ɔ�Ƴʦʂ%¤!C'� 

� ȉư7�ĝŠưȍ̻ʭ?9͟ųưG˕7(ƻǩ%�̤ŵ/2�N,žǼ7�ƸJLǅ̾

9ǄQ̛%C'� 

 


