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≔≑ᄂᆮႸ‒

⏕యศᏊࠊ⣽⬊࡚ࡋࡑࠊ⧊⤌ࠊಶయࡿ⮳⏕ࡣ࣒ࢸࢫࢩ

ᖖእ⏺(ࡽࡉ)ࡢ࡛ࣝ࣋ࣞࣟࢡ࣑ࠊࡽࡀ࡞ࢀࡉ“่⃭”

ࠋࡿ࠸࡚ࡋฟࡾసࢆ⬟ᶵ࡞㡹ࡋఏ㐩࡛ࡲࣝ࣋ࣞࣟࢡ࣐ࡀ

⏕య⣔ࡢᛂ⌧㇟ࡢከࠊࡣࡃ」㞧࡞୰≉␗ᛶࠊࡕࢃ࡞ࡍࠊ

㑅ᢥᛶ࣭ᶵ⬟ᛶࢆಖ᭷ࡢࡑࠊ࡚࠸࡚ࡋ≉␗ᛶࡀ⏕⌧㇟ࡢ

่ࡢࡽ⏺እࠕࡣ⬟యᶵ⏕ࠋࡿ࠸࡚ࡗ࡞Ἠ※ࡢࡉ㇏

࠺కࢀࡑᵓ㐀ኚࡢ㐃୍ࡿࡲጞ࡚ࡋ⟆ᛂࡿࡍᑐ⃭

Ꮫᛂ࡛ࠖࠊࡾ࠶㝵ᒙࢆ㉺ࠕࡓ࠼≧ែኚࠖࡾࡀ࡞ࡘࡢ

ࡵࡓࡿࡍゎ⌮ࢆ࣒ࢸࢫࢩ⏕࡞࠺ࡼࡢࡑࠋࡿ࠼࠸≀⏘ࡢ

ࢆᵓ㐀⌮ᩘࡿࡍᏑᅾᚋ⫼ࠊ࡚ࡋูࠊࡣࢳ࣮ࣟࣉࡢ

ᥦၐࣥ࢘ࢲࣉࢵࢺࡿࡍⓗᵓᡂㄽⓗᡭἲᚤどⓗ࡞❧ሙࡽ

ⓗ㑏ඖㄽⓗᡭἲࣉࢵ࣒ࢺ࣎ࡿࡳヨࢆ⌧ࡢ㇟⌧࡞ࣟࢡ࣐

↛⮬ࡵࡓࡢ⢒どࡸ௬ᐃ࡞⫺ࡣ⪅๓ࠋࡿࡍᏑᅾࡀ

㞳ࣝࢹࣔࡓࡋ㝗ྍࡿ⬟ᛶࡀᏑᅾ୍ࡿࡍ᪉࡛ࠊᚋ⪅ࡣಶࠎ

ࡇࡿ࠼ᤊࢆయ࣒ࢸࢫࢩ࡛ࡅࡔࡿࡍᯛᣲࢆ㇟ᚤどⓗࡢ

 ࠋࡿ࠶ᅔ㞴࡛ࡣ

 ⮬↛⛉Ꮫ◊✲࡚࠸࠾㠉ⓗ࡞Ⓨᒎࠊࡣࡢࡶࡍࡽࡓࡶࢆ

ከࡢࡃሙྜࠊ᪂࠸ࡋᐇ㦂ᢏ⾡ࡢࡑ᪂࠸ࡋᐇ㦂ᐇᇶ࡙

ࡢ➼⾡ศᏊィ ᢏ୍ࠊ㏆ᖺࠋࡿ࠶㌿ᅇ࡛ࡢㄽ࣭ᴫᛕ⌮ࡓ࠸

㣕㌍ⓗ࡞㐍ᒎࠕࠊࡾࡼほ  ࠊࡆ㐙ࢆኚㇺ࡞ࡁࡀ᪉ࡾᅾࡢࠖ

つᶍᵓࡢࣝ࣋ศᏊ୍ࣞࠊ࡛⬟㛫ศゎࡢᗘ⛬⛊࣑ࣜࣈࢧ

㐀ኚᙧࡸ⣽⬊ࡢศࡢ⤒ኚࢆ┤᥋ほ ྍࡀࡇࡿࡍ⬟

 ࠋࡓࡁ࡚ࡗ࡞

ᙜヱ◊✲ศ㔝࡛ࠊࡣᏛᛂࡸ⏕యศᏊࡢᵓ㐀㌿⛣࡞

↛ᚲ↛അࠕࡿࡅ࠾ែኚ≦ࡢ 㑅ᢥᛶィᛶ⤫ࠕࠊࠖ 㒊ࠕࠊࠖ

ศయ ͇ࣥ࢘ࢲࣉࢵࢺࠊ͆ࡶࡿࡍゎ᫂ࢆ⌮ᇶ♏ཎࡢࠖ

᪉ࡸᴫᛕࡿࡍࡋᶫΏࢆࢳ࣮ࣟࣉ୧ࡢ͇ࣉࢵ࣒ࢺ࣎͆

ἲㄽࡽࡀ࡞ࡏࢃྜࡋࡽ↷㇟⌧↛⮬ࡅࡔࡿࡁ࡛ࠊࡋ❧☜ࢆ

⏕ࡢ࣒ࢸࢫࢩ㝵ᒙᛶࡢㄽ⌮ࢆᵓᡂࠊࡋ⏕ࡢ୰✚ᮌ⣽

ᕤࡿ࠼ࡇࢆ᪂࠸ࡋᴫᛕࢆฟࢆࡇࡿࡍ┠ᣦࠋࡿ࠸࡚ࡋ 

㝵ᒙࠊ࡚ࡋ㏻ࢆ యィ⏕ࡓ࠸⏝ࢆ༢୍ศᏊศගࠊࡢࡇ

700ࠊࡣලయⓗࠋࡿ࠸࡚ࡗ᥈ࢆ㛵┦ࡢ⬟ᶵᵓ㐀ࡓ࠼㉺ࢆ

㹼1400 nmࡢ㏆㉥እἼ㛗㡿ᇦࡢගィ ᢏ⾡ࡓ࠸⏝ࢆ㠀く

ィ ࡢࡲࡲࡓࡁ⏕ࠊࡾࡼ⏕య⤌⧊ࡢᐃ㔞ⓗ⏕యィ ᢏ⾡

ࣝ࣋ಶయࣞࡽࣝ࣋༢୍ศᏊࣞࠊࡾࡼࢀࡑࠋࡿࡍ❧☜ࢆ

 ࠋࡿ࠸࡚ࡋᣦ┠ࢆⓗ⌮ゎྜ⥲ࡔ࠸ࡓࡲࢆ㝵ᒙࡢ࡛ࡲ

 

≕≑ᄂᆮௐ‒

㸦1㸧ᛂᗙᶆษ࠼᭰ࡾᶵᵓࡢᐇ㦂ⓗ᳨ド࡚ࡅྥ 

[ᑎᮏࡽ PRL 106, 054101 (2011); ᑎᮏࡽ PRL 115, 

ࢆ࣮ࢠࣝࢿ࢚ࡢศᏊࠕࠊࡓࢀࡉᥦ࡚ࡗࡼ[(2015)093003

ࡽ≦ᙧࡢࣝࣕࢩࣥࢸ࣏ࡀᛂᗙᶆࡢศᏊࠊࡃ࠸࡚ࡆୖ

Ỵࡿࡲᴟ㝈ᛂᗙᶆࡢ᪉ྥࡢูࠊࡽ᪉ྥ㐃⥆ษ

ࠋࡓࡋウ᳨ࢆᐇ㦂ⓗ᳨ドྍ⬟ᛶࡢ᪂つᛂᶵᵓࠖࡿࢃ᭰ࡾ

ᐇ㦂ⓗ᳨ドࡵࡓࡢ㑅ࡔࢇ⣔ࡣ┤ࡿࡍ㟁ሙ☢ሙ୰ࡢỈ⣲

ཎᏊ࡛ࠋࡿ࠶ᡃࡢࡇࡣࠎ⣔ࡢࡘ୕ࢆほⅬࡽ㑅ࡘ୍ࠋࡔࢇ

ᚲせ᭱ᑠ㝈ᚲせࡵࡓࡿࡇ㉳ࡀᶵᵓ࠼᭰ࡾᛂᗙᶆษࡣ┠

ࡢࡇࡣ┠ࡘࠊࡇࡿ࠶⣔࡛࡞ࣝࣉࣥࢩࡘᣢࢆ㸱⮬⏤ᗘ࡞

⣔ࠊࡋࡓ‶ࢆ๎ࢢ࣮ࣥࣜࢣࢫࡣ㐺ษ㟁ሙ☢ሙࡢᙉᗘࢆ

ㄪᩚࡾࡼࡇࡿࡍ⣔ࡢ᭷ຠࢡࣥࣛࣉᐃᩘ㸦㔞Ꮚᛶࡢᙉࡉ

୕ࠊࡇࡿࡁ࡛ࡀࡇࡿࡏࡉኚ⏤⮬ࢆ㸧ࡘ୍ࡢᣦᶆࡢ

ࡋゎ㞳ࡽỈ⣲ཎᏊࡿࡇ㉳ࡀ࠼᭰ࡾษࡢᛂᗙᶆࡣࡵࡘ

㣕ᩓ᪉ࡢ㟁Ꮚࡢࡑࠊ࡛ࡢࡿࡍኚࡀ㣕ᩓ᪉ྥࡢ㟁Ꮚࡃ࠸࡚

ࠊࡇࡿࡁฟ᳨࡛ࢆ࠼᭰ࡾᛂᗙᶆษ࡛ࡇࡿࡍฟ᳨ࢆྥ

ࡶࡢ㧗ᶫṇᙪᩍᤵࡢᮾᏛከඖ≀㉁⛉Ꮫ◊✲ᡤࠋࡿ࠶࡛

ࣟࣉࠋࡓࡋࢆ㆟ㄽ࡚ࡋ㛵ࣝࢥࢺࣟࣉฟ᳨࡞ヲ⣽ࡢࡑ

ࡍ┤࡛࣒࣮ࣅศᏊࢆỈ⣲ཎᏊ୰✵┿ࠊࡣ࡚ࡋࣝࢥࢺ

‽࣮ࢠࣝࢿ࢚ࡓࡗ≻ࡾࡼບ㉳ගࠊࡋᨺᑕ㟁ሙ☢ሙ୰ࡿ

᭱ࠊࡿࡆୖᚋࢆ࣮ࢱࢡࢸࢹᛂᗙᶆษ࠼᭰ࡾ๓

ᚋࡢ㟁Ꮚࡢゎ㞳᪉ྥタ⨨ࠊࡋ㟁Ꮚࡢ㣕ᩓ᪉ྥ᳨ࢆฟࡿࡍ

 ࠋࡿ࠶࡛ࡢࡶ࠺࠸

࣭ᙜึᐃࡢࣛࢫࢸᩘࡓ࠸࡚ࡋ☢ሙࡢᙉᗘࢆᐇ⌧ࡣࡢࡿࡍ

ᐇ㦂ⓗ㞴ุࡀࡇ࠺ࢁ࠶࡛࠸ࡋ᫂ࢥࢶ࣒ࣝ࣍ࣝ࣊ࠊࡋ

ࣝ➼࡛ᐇ⌧ྍ⬟ᩘ࡞༑ᩘࡽⓒࢫ࢘࢞⛬ᗘࡢ☢ሙᙉᗘୗ࡛

ᛂᗙᶆษࡀ࠼᭰ࡾ㉳ࠊࡣ࠸ࡿ࠶ࠊࡢࡿࡇ㉳ࡋࡓࡗࡇ

ᛂࡤࢀࡍ⨨タࢆ࣮ࢱࢡࢸࢹࡢࢬࢧࡢ⨨ࡢ࡚

ᗙᶆษ᳨ࢆ࠼᭰ࡾฟ᳨ࡀࡢࡿࡁ࡛ࡀࡇࡿࡍウㄢ㢟ࡋ

࡚ᾋୖࠋࡓࡋ 

࣭᭷ຠࢡࣥࣛࣉᐃᩘࢆኚࠊ࡛ࡇࡿࡏࡉ㔞ᏊຊᏛࡢ≉␗

ᴟ㝈༙ྂࡿࡓ࠶㏆ఝࡀⰋࡃᡂࡘ❧ࡾ㡿ᇦࡢࡑࡽᴟ㝈

ࡽᑎᮏ]ࠋࡿ࠶࡛⬟ྍࡀࡇࡿࡍᐇ㦂࡛ࡲ㡿ᇦࡓࢀ㞳ࡽ



 

PRL 106, 054101 (2011); ᑎᮏࡽPRL 115, 093003(2015)]

ࡼᐇ㦂ࡢࡇࠊࡀࡓࡗ࡞࠸࡚ࢀࡉ៖⪄ࡣ㔞Ꮚຠᯝࠊࡣ࡛

࡞࠺ࡼࡢࡀ㔞Ꮚຠᯝ࡚ࡗᶵᵓ࠼᭰ࡾᛂᗙᶆษࠊࡾ

ᙺࢆᯝ᳨ࢆࡢࡍࡓドࠋࡿ࡞⬟ྍࡀࡇࡿࡍ 

1䠅H. Teramoto, M. Toda, M. Takahashi, H. Kono and T. Komatsu-

zaki : “Mechanism and Experimental Observability of Global Switch-

ing Between Reactive and Nonreactive Coordinates at High Total En-

ergies”, Physical Review Letter, 115(093003) (2015) 

2䠅H. Teramoto, M. Toda and T. Komatsuzaki : “Breakdown mecha-

nisms of normally hyperbolic invariant manifolds in terms of unstable 

periodic orbits and homoclinic/heteroclinic orbits in Hamiltonian sys-

tems”, Nonlinearity, 28(2677) (2015) 

 

㸦2㸧ɔ 㐀␗ᛶᛂࡽࢡ࣮࣡ࢺࢵࢿ㛫㝵ᒙᵓ㐀ࢆ᙮ࡾ

 㛤Ⓨࡢ࣒ࢬࣜࢦࣝሗ⛉Ꮫⓗࡍࡔ

Ꮫᛂᩘࡽ⛊ࢺ࣒࢙ࣇࠊࡣ㛫Ώࡿከᵝ࡞㛫ࢫ

ᶆࡶ᭱ࡿࡶ✚ぢࢆᛂ㏿ᗘᐃᩘࡢࡑࠋࡿࢀࡉ ほ࡛࣮ࣝࢣ

‽ⓗ࡞⌮ㄽ࡛ࡿ࠶㑄⛣≧ែ⌮ㄽࡣ⣲ᛂ࡚࠸࠾ᡂຌࡓࡋ

⌮ㄽ࡛ࠊࡵࡓࡢࡑࠋࡿ࠶㸦ከᵝ࡞㛫࣮ࣝࢣࢫᛂ⤒㊰ࢆ

ぢ࡚ࡋᑐࡾࡶ✚ぢࡢ⣲ᛂྛࡢࢡ࣮࣡ࢺࢵࢿ㸧ᛂࡘࡶ

ࡢᅛ᭷ࡣᐇ㦂⣔ࠊ᪉࡛ࠋࡿࡁᮇᚅ࡛ࡀࡉⰋࡢࡾࡶ✚

✵㛫ゎീᗘࡾࡃࡗࡺࠊࡵࡓࡿ࠶ࡀ㐍⾜ࡿࡍ࡞ࡁᛂ

ࡋ࡚ࡗ࡞ࡃ࡞࠼ぢ࡚ࢀࡉ⢒どࡀᛂ࡞ヲ⣽ࠊࡿࡍ┠╔

᫂ࢆ㛵ಀࡢ࣮ࣝࢣࢫほ 㛫⢒どࡢࡇࠊᮏᖺᗘࠋ࠺ࡲ

 ࠋࡓࡋ㛤Ⓨࢆどἲྍࡿࡍࡽ

ᛂ⤒㊰⮬ື᥈ࡃᇶ࡙⟭ཎ⌮ィ୍➨ࠊ㛫ࡢᖺᩘࡢࡇ

⣴ࡸ࣒ࢬࣜࢦࣝMDࡽࣥࣙࢩ࣮࣑ࣞࣗࢩᵓ⠏࣐ࣝࡿࡍ

࣐ࢀ㞃ࡢ⣔ิࡓࢀࡽᚓࡽ ศᏊィ୍ࠊࣝࢹែࣔ≦ࣇࢥ

ィ⟬࣭ᐇࠊ࡚ࡗࡼゎᯒ㸦䃔ᶵᲔ㸧ࡓ࠸⏝ࢆࣝࢹࣔࣇࢥࣝ

㦂୧㠃࡛ᛂࢆࢡ࣮࣡ࢺࢵࢿ┤᥋ᢳฟࡿࡍ᪉ἲࡀ㛤Ⓨࢀࡉ

ᩘࡣᩘࢻ࣮ࣀࡢࢡ࣮࣡ࢺࢵࢿࡓࢀࡽᚓࠊࡽࡀ࡞ࡋࡋࠋࡓ

༑ᩘࡽⓒࢆࡽࢀࡑࠊࡾ࠶ゎ㔘࡛ୖࡿࡍၥ㢟ࠋࡓࡗ࠶ࡀ 

ᾏ㐨ᏛࠊࡣࡽỌᖭࠊࡵࡓࡿࡍゎỴࢆㄢ㢟࡞࠺ࡼࡢࡇ

ࠊ༠ാ࡛͆ᇼᒣ㈗ྐẶࡢᇸ⋢Ꮫࠊ๓⏣⌮Ặࡢ  ᮶͇᭱ ᑠ

࠸ᇶ࡙ࢀࡑࠊࡋᑟධࢆ㑄⛣≧ែࡢୖࢡ࣮࣡ࢺࢵࢿࡿ࡞

ࡋ㛤Ⓨ⮬⊃ࢆᢳฟἲࡢᛂ㛫㝵ᒙࡽࢡ࣮࣡ࢺࢵࢿ࡚

㝿ࡢ㌿ࣥࢮࣛࢡࡢࣝࢸ࣮࢚ࣝࢽࣅࣝࣜࡓࡋ㛤Ⓨࠋࡓ

ゎᯒࡢࡇࠋࡔࢇ⤌ࡾྲྀゎᯒࡢࢡ࣮࣡ࢺࢵࢿᛶᛂ␗ࡢ

ࡁ࡛⌧⾲ࡣ㎿㏿ᖹ⾮㏆ఝ࡛ࡸᗘᐃᩘ㏿ࡢᚊ㏿ẁ㝵ࠊࡾࡼ

☜ṇࢆᏳᐃࡿࡼ࣮ࣆࣟࢺ࢚ࣥࡢᛂ⣔࡛ࠊࡓࡗ࡞

ほ 㛫㛫㝸ࡀᛂ㛫㝵ᒙࡓᚓࠊࡋᡂຌࡇࡿࡍ⌧⾲

ࠋࡓࡋ♧ࢆࡇࡿࡍᑐᛂ㝵ᒙ㛵ಀࡿࡌ⏕ሙྜࡓ࠼ኚࢆ

ຍࠊ࡚࠼ᚓࡓࢀࡽ㛫㝵ᒙࠊࡣᏳᐃ࡞㒊ศᵓ㐀ࡇࡿ࠶ࡀ

ࡇࡿ࠶Ᏻᐃ࡛ࡿࡼn-䃟ඹᙺࡀࢀࡑࠊࡋࡽ᫂ࢆ

 ࠋࡓࡋᣦࢆ

ࠊࡣゎᯒࡓ࠸⏝ࢆ㑄⛣≧ែࡢୖࢡ࣮࣡ࢺࢵࢿࡢࡇࠊࡋࡋ

ィ⟬」㞧ᛶ௬ᐃࡢṇᙜᛶࡢ୧㠃࡛ၥ㢟ࠋࡓࡗ࠶ࡀỌᖭࡽ

ΰࡢᛶࣇࢥ࣐ࣝࡿࡌ⏕ࡾࡼࡇࡿ࠼ኚࢆほ 㛫㛫㝸ࡣ

ྜ㝵ᒙࢆຠ⋡ⓗ┤᥋ྲྀࡾฟࢆ࣒ࢬࣜࢦࣝࡍ⪃ࠋࡓࡋ

ᥦἲึࠊࡤࢀ࠸⏝ࢆᮇศᕸ౫Ꮡࠊࡎࡏࡓ࠼ᇶ‽ࡶࢆ

ࡌ⏕࠺㝵ᒙⓗࡀ㛫㛫㝸Ǽtࡿࡍ㢮ఝࡀ⋠☜⛣㑄ࠊ

㛫ྛࠊࡽࡉࠋࡿࡁ࡛ࡀࡇࡿᚓຠ⋡ⓗࢆᅗࡍ⾲ࡿ

㝵ᒙ࡛ࡢ⢒どࡢࢡ࣮࣡ࢺࢵࢿࡓࢀࡉ㏿ᗘᐃᩘࡀ䂴㼠ኚ

⢒ࡢ࡚ࡋࢡ࣮࣡ࢺࢵࢿᛂࠊ࡛ࡇࡿࡍホ౯ࢆࡿ࠶࡛

どྍ⬟ᛶࢆホ౯࡛ࠋࡿࡁ 

1) Y. Nagahata, S. Maeda, H. Teramoto, T. Horiyama, T. Taketsugu 

and T. Komatsuzaki : “Deciphering Time Scale Hierarchy in Reaction 

Networks ”, The Journal of Physical Chemistry B(2015) 

 

㸦3㸧ࣝ࢝ࢪ࣏ࣟࢺ⤯⦕యࡢ⾲㠃≧ែࡢไᚚ⌮ㄽ 

㠃⾲ࡀࡿ࠶య࡛⦖⤯ࡣ࡛ࢡࣝࣂࡣయ⦖⤯ࣝ࢝ࢪ࣏ࣟࢺ

࢟ࢵ࣓ࡅࡔ㠃⾲ࡀయ⦖⤯ࠊぢ୍ࠊ࠺࠸ࡍ♧ࢆఏᑟᛶࡣ࡛

౯ࡢ㉁≀ࠊࡿࡼㄽ⌮ࢻࣥࣂࠋࡍ♧ࢆᛶ≀࡞࠺ࡼࡓࢀࡉ

㟁Ꮚᖏఏᑟᖏࡢ㛫⇕ບ㉳ࡶࡾࡼ࣮ࢠࣝࢿ࢚ࣕࢠ࡞ࡁ

⦖⤯ࣝ࢝ࢪ࣏ࣟࢺࠊ࡛ࡢࡿ࡞య⦖⤯ࡿ࠸࡚࠸㛤ࡀࣉࢵ

యࠊࡾ࠶ࡀࣉࢵࣕࢠࢻࣥࣂࡣ࡛ࢡࣝࣂࡣ⾲㠃࡛ࡣ㛢࠸࡚ࡌ

᪉ࢡࢵࣛࢹࠊࡣⅬࡿ࠸࡚ࡌ㛢ࡀࣉࢵࣕࢠ࡞࠺ࡼࡢࡑࠋࡿ

⛬ᘧࡢ㉁㔞ࡢࣟࢮࡀ⮬⏤⢏Ꮚ࣮ࢠࣝࢿ࢚ࡌྠ㐠ື㔞ࡢ

ศᩓ㛵ಀࢡࢵࣛࢹࠊ࡛ࡢࡍ♧ࢆⅬࠊࡾ࠾࡚ࢀࡤ㉁㔞

ࣥࣛࢺ࣮ࢠࣝࢿ࢚┬ࠊࡵࡓ࠺⯙ࡿ࠺ࡼࡢ⢏Ꮚࡢࣟࢮ

㏆ഐ࡛ࡢࡑࠊࡓࡲࠋࡿ࠸࡚ࢀࡉᮇᚅࡀ⏝ᛂࡢ➼࣮ࢱࢫࢪ

࠾࡚ࢀࡉࢡࢵࣟࡀ᪉ྥࡢࣥࣆࢫࡢ㟁Ꮚ㐠ື㔞ࡢ㟁Ꮚࠊࡣ

ࣥࣆࢫࡢࡁୗྥࠊഃྑࡣ㟁Ꮚࡘࡶࢆࣥࣆࢫࡢࡁྥୖࠊࡾ

ࡑࠋࡿ࠸࡚ࡗ࡞࠺ࡼ࠺࠸ࠊࡃືࡁᕥྥࡣ㟁Ꮚࡘࡶࢆ

ࡍฟࡾྲྀࢆ㟁ὶࡓࡗᣢࢆ᪉ྥࡢࣥࣆࢫࡢᐃ≉ࡿ࠸⏝ࢆࢀ

ࡇࠋࡿ࠶࡛⬟ྍࡶ⏝ᛂࡢࢫࢡࢽࣟࢺࣥࣆࢫࠊࡁ࡛ࡀࡇ

Ⅼࢡࢵࣛࢹࡿ࡞ࢠ࢝ࡢࡑ≉ࠊయ⦖⤯ࣝ࢝ࢪ࣏ࣟࢺࡢ

㏆ഐ୍ࡢࣥࢽࢺ࣑ࣝࣁࡢ⯡ⓗ⾲ᘧࢆᗈ୰ศゎ࡚࠸⏝ࢆᚓ

ࣂࡢⅬ㏆ഐࢡࢵࣛࢹࠊୗࡢᘧ⾲࡞ⓗ⯡୍ࡢࡑࠊࡓࡲࠋࡓ

ࡢᛂ⏝≉␗Ⅼㄽࢆࢀࡑࠊࡢࡿ࡞࠺ࡼࡢࡀᵓ㐀ࡢࢻࣥ

ほⅬࡽศ㢮ࢻࣥࣂ࡞࠺ࡼࡢࡿࡍᕪࡢࡿ࠶࡛⬟ྍࡀ

ࡢ࡛ࡇࡿ࠼ຍࢆ➼እሙ㉁≀ࢆⅬࢡࢵࣛࢹࡢࡑࠊ

Ꮫᩘࡢࡵࡓࡿࡍゎ᫂ࢆࡇ࠺࠸ࠊࡢࡿࡁไᚚ࡛࠺ࡼ

ⓗ⌮ㄽࢆᛂ⏝≉␗Ⅼㄽࡢᑓ㛛ᐙ࡛ࡿ࠶ᾏ㐨Ꮫ⌮Ꮫ㒊ᩘ

Ꮫ⛉ࡢἨᒇ࿘୍ᩍᤵࡢࢫࢡࢽࣟࢺࣥࣆࢫࠊᑓ㛛ᐙ࡛ࡿ࠶

ᾏ㐨Ꮫ㟁Ꮚ⛉Ꮫ◊✲ᡤࡢ㏆⸨᠇ᩍᤵࡽᵓ⠏ࠋࡓࡋ

ணഛⓗ࡞⤖ᯝ࡛ࡢࡇࠊࡀࡿ࠶⌮ㄽࡲࢀࡇࠊ࡛ࡇࡿ࠸⏝ࢆ

 ,ᯝ㸦L. Fu, Phys. Rev. Lett. 103⤖ࡢᦤືࡓ࠸࡚ࢀࡽ▱࡛

ᅗ  㛵ಀࡢศᏊᵓ㐀ᛂ㛫㝵ᒙࡓࡁ࡚ࡋฟࡾྲྀ 1



 

266801 (2009)㸧ࢆ⤌⧊ⓗ㧗ḟ࡛ࡲ᥎ࡋ㐍࡛ࡲࢀࡇࠊࡵᚓ

㸰ࢆᮇᚅ್ࡢࣥࣆࢫ㟁ᏊࡢⅬ㏆ഐ࡛ࢡࢵࣛࢹࡓ࠸࡚ࢀࡽ

⛬ᗘࡶᨵၿ࡛ࠋࡓࢀࡉ♧ࡀࡇࡿࡁ 

1) H. Teramoto, K. Kondo, S. Izumiya, M. Toda and T. Komatsuzaki: 

“Classification of Hamiltonians in neighborhoods of band crossings 

in terms of the theory of singularities”, Journal of Mathematical Phys-

ics, 58: 073502-1–073502-39 (2017) 

 

㸦4㸧ࢻࣥࣂᕪ㏆ഐࡢࣥࢽࢺ࣑ࣝࣁࡢᚤศ┦ᗄఱᏛⓗ

ศ㢮࡚ࡅྥࢢࣥࣜࢽࢪ࢚ࣥࢻࣥࣂࠊ 

✺⾪ࢆࢻࣥࣂࡢᩘ「ࡢᅛయࡣࢢࣥࣜࢽࢪ࢚ࣥࢻࣥࣂ

ࡼࢀࡑࠊࡏࡉኚࢆᵓ㐀ࢻࣥࣂࡢࡑࠊࡾࡼࡇࡿࡏࡉ

-Dirac-cone engineerࠊࡾ࠶࡛ࡢࡶࡍᣦ┠ࢆไᚚࡢᛶ≀ࡾ

ing୍ࡾࡼࡴྵࢆ⯡ⓗ࡞ᯟ⤌ࢆࡳᣦࠋࡍ㏆ᖺࣟࣀࢡࢸࣀࢼࠊ

ࣛࣃᛶ≀ࢆᵓ㐀ࢻࣥࣂࠊࡾࡼ㐍Ṍࡢ⾡ほ ᢏࡧࡼ࠾࣮ࢪ

᥋┤ࢆᵓ㐀ࢻࣥࣂࠊࡾࡓࡋไᚚ࡛ࡇࡿࡏࡉኚࢆࢱ࣮࣓

ほ ࢚ࣥࢻࣥࣂࡢࡑࠋࡓࡁ࡚ࡗ࡞⬟ྍࡀࡇࡿࡍࡾࡓࡋ

⛠ᑐࡢᬗ⤖ࡓࢀࡽ࠼ࠊࡣࡵࡓࡿࡍ⌧ᐇࢆࢢࣥࣜࢽࢪ

ᛶࡧࡼ࠾㛫㌿ᑐ⛠ᛶࡢୗࠊࡿࡏࡉ✺⾪ࢆࢻࣥࣂࡢࡘ

ࡼࢀࡑࠊࡌ⏕ࡀᗄఱᏛⓗኚ࡞࠺ࡼࡢࢻࣥࣂ࡛ࡇ

࠶㔜せ࡛ࡀࡇࡿࡍゎ⌮ࢆࡢࡿࢃኚࡀᛶ≀࠺ࡼࡢࡾ

ࡀ㛫㌿ᑐ⛠ᛶ✵ࡣ㛫㌿ᑐ⛠ᛶཪࡎࡲࡣ࡛✲◊ᮏࠋࡿ

ࢻࣥࣂ㛫▐ࡿࡍ✺⾪ࡀࢻࣥࣂࡢࡘࠊἣ࡛≦ࡓࢀ◚

ࢺࢫࣜ࡞ໟᣓⓗࡢࡢࡿ࠺ࡌ⏕ࡀኚ࡞ᗄఱᏛⓗ࡞࠺ࡼࡢ

㛫࡞࠺ࡼࡢ௨ୖࠋ[JMP 58, 073502 (2017)]ࡓࡋసᡂࢆ

㌿ᑐ⛠ᛶཪࡣ✵㛫㌿ᑐ⛠ᛶࡓࢀ◚ࡀሙྜ࣐ࣛࢡࠊࡣ

ࠋࡿ࠺ࡌ⏕ࡀᕪࢻࣥࣂࡿࢀࡤⅬࣝ࣡ࡅゎࡀ㔜⦰ࢫ࣮

Ꮡࡢࡑ࡛࠸ḟ┦ࡾࡼࣉ࣮ࣝࢢᐇ㦂ࡢࡘ㏆ᖺࡣⅬࣝ࣡

ᅾࡀᐇ㦂ⓗࡶド᫂ࠋࡿ࠸࡚ࢀࡉᮏ◊✲࡛࣡࡞࠺ࡼࡢࡑࡣ

ᚓࢆࢺࢫࣜ࡞ໟᣓⓗࡢᕪࢻࣥࣂࡢ⯡୍ࡾࡼࡴྵࢆⅬࣝ

 ࣥࣂࡉࡲࠊࡋ✺⾪ࡀࢻࣥࣂࡢࡘࡣࡽࢀࡑࠋࡓ

ࠋࡿࢀ⌧࡚࠸࠾ศᒱࡿࡍ࠺ࢁࢃኚࡀᗄఱᏛⓗᵓ㐀ࡢࢻ

ࡿㄪࢆᬑ㐢㛤ᢡࡢࣥࢽࢺ࣑ࣝࣁࡘᣢࢆᕪ࡞࠺ࡼࡢࡑ

ࡍᦤືࢆࣥࢽࢺ࣑ࣝࣁ࡚࠸࠾ศᒱⅬࡢࡑࠊࡾࡼࡇ

ࡢࡿࡌ⏕ࡀᗄఱᏛⓗኚ࡞࠺ࡼࡢࢻࣥࣂࡓࡋ✺⾪ࡿ

 ࠋࡿࡁ࡛ࡀࡇࡿㄪࢆ

Ꮫᢏ⾡⯆ᶵᵓ࣭ᡓ␎ⓗ㐀⛉ࡣ✲◊ࡢ㸦3㸧㸦4㸧ࠊ࠾࡞ 

◊✲᥎㐍ᴗ/ࠕࡅࡀࡁࡉ♫ⓗㄢ㢟ࡢゎỴᩘࡓࡅྥᏛ

ㅖศ㔝ࡢ༠ാ 㸪ࠖࠕ≉␗Ⅼㄽࡢ≀㉁⛉Ꮫࡢᛂ⏝ 㸦ࠖH28-31, 

ᑎᮏ ኸᩍᤵ௦⾲㸧ࡢᡂᯝ࡛ࠋࡿ࠶ 

 

 

㸦5㸧ሗ⇕ຊᏛࡢᵓ⠏ 

࠸࠾㡿ᇦࢡࢵࣆࢥࢫࢰ࣓ࡢ࣮ࣝࢣࢫࣀࢼࡽࣟࢡ࣐

ࡍ࠺ࡼࡋᵓᡂࢆຊᏛ⇕ඖࢆᛶ⋠☜ࡢࢫࢡ࣑ࢼࢲ ,࡚

ຊᏛ⇕࡞ⓗ⋠☜ࠋࡿ࠶ࡀศ㔝ࡿࢀࡤຊᏛ⇕࡞ⓗ⋠☜ࡿ

ࡀ㛵ಀࡢຊᏛ⇕ሗ⌮ㄽࡢᚑ᮶ࡣ㏆ᖺ࡛≉ ,࡚࠸࠾

㆟ㄽࡾ࠾࡚ࢀࡉ, ሗ⌮ㄽ⇕ຊᏛࡢ⼥ྜศ㔝࡛ࡿ࠶ሗ

⇕ຊᏛࡢࡇࠋࡿ࠸࡚ࢀࢃ⾜ࡀ✲◊ࡿࢀࡤሗ⇕ຊᏛࡣ

ࡢᏛᛂ⏕ࡢ⣽⬊ෆࡿ࠶࡛㇟⌧య⏕࡞ࢡࢵࣆࢥࢫࢰ࣓

ሗఏ㐩࡞㐺⏝ྍ⬟ࡵࡓ࡞, ሗ⇕ຊᏛ࡛ࡇࡿ࠸⏝ࢆ

⏕య⣔ࡢሗฎ⌮ࢆ⇕ຊᏛࢫ࣮࣋ࢆ㆟ㄽࡁ࡛ࡀࡇࡿࡍ

 ࠋࡿ

┤㏆࡛ࡣ☜⋡ⓗ࡞⇕ຊᏛ࡚ࡋࢫ࣮࣋ࢆ, ሗ⌮ㄽࡢᗄ

ఱᏛⓗ࡞⌮ㄽᙧᘧ࡛ࡿ࠶ሗᗄఱࡢ㛵ಀࡢゎ᫂ࡗ࡞⾜ࢆ

ࣆࣟࢺ࢚ࣥ࡞ຊᏛⓗ⇕ ,ࡣᗄఱᏛ㔞ࡿࡅ࠾ሗᗄఱࠋࡓ

࣮ኚ࡚࠸⏝ࢆグ㏙࡛ࢆࡇࡿࡁ᫂ࡋࡽ, ᗄఱᏛⓗ࡞

➼ᘧࡽ⇕ຊᏛⓗ࡞☜ᐃᛶཎ⌮ࢆᑟࡇࡃᡂຌࠋࡓࡋ

ࡢࢻ࣮ࣆࢫ⛣㑄 ,ࢺࢫࢥ⇕ࡿࡍ㛵⛣㑄ࡢែ≦ ,ࡣࢀࡇ

㛫ࣇ࢜ࢻ࣮ࣞࢺࡢ㛵ಀࡾ࠾࡚ࡗ࡞, 㓝⣲ᛂ⣔ࡢ࡞⏕

Ꮫᛂࡿࢀࢃ⾜࡚ࡗࡼሗఏ㐩ࡢ⇕ຊᏛⓗ࡞ཎ⌮ⓗ㝈

 ࠋࡿ࠸࡚ࡗ࡞ࡢࡶࡿ࠼ࢆ⏺

  

(6) ᅇ㌿࣮࣮ࣔࢱF1̺ATPase୍ࡢศᏊ⣔ิࡽࢱ࣮ࢹ

ᵓᡂࡿࡍᛂᶵᵓࡢゎ᫂ 

⏕య⣔ෆࢆ࣒ࢬࢽ࣓࢝ࡢ⌮ゎࡶ࡛᭱ୖࡿࡍ㔜せ࡞㘽୍ࡢ

ኚ࣮ࢠࣝࢿ࢚㸦Ꮫ㸫ຊᏛ࠺ࡼࡢࡀ㓝⣲ࠊ࡚ࡋࡘ

࠸࡚ࡋᚓ⋓ࢆᇶ㉁≉␗ᛶࡸ㸧ᛂಁ㐍ᛶࡓࡗ࠸⋠㧗ຠࡢ

ࣀࢹࡿ࠶࡛࣮ࢱᅇ㌿ศᏊ࣮ࣔࠋࡿ࠸࡚ࢀࡉ┠ὀࡀࡢࡿ

ᅗ 2㸸(1) ᛂ⏝≉␗Ⅼㄽ࡛ᚓࡿࢀࡽ౯㟁Ꮚᖏࢻࣥࣂࡢఏᑟᖏ

୍ࡢࣥࢽࢺ࣑ࣝࣁ㏆ഐ࡛ࢻࣥࣂࡢࡇࠋᵝᏊࡢᕪࡢࢻࣥࣂࡢ

⯡ⓗ࡞ࢆ࠸⯙ࡿグ㏙ࠊࡣࡵࡓࡿࡍD0, D1 D2ࡧࡼ࠾ ࡘ୕ࡢ

ศࡾࡼㄽ⌮ࡢᬑ㐢㛤ᢡࡀࡇࡿ࠶༑ศ࡛࡛ࡅࡔࢱ࣮࣓ࣛࣃࡢ

ࡉኚࢁ࠸ࢁ࠸࠺ࡼࡍ♧࡛(b)ࢆࢱ࣮࣓ࣛࣃࡢࡘ୕ࡢࡑࠊࡾ

ࢆᕪ㛫ᕪࢻࣥࣂࡢ(1)ࠊ࡛ࡇ㸧࡚ࡋࢆ➼㸦እሙࡿࡏ

ࡉศᒱᙧ࡞ࠎᵝ࠺ࡼࡢ(3)ࡧࡼ࠾(ᣑᅗࡢࡑࡣ(’2))(2)

 ࠋࡿࡁ࡛ࡀࡇࡿࡏ

ᅗ3㸸ࢻࣥࣂᕪࣝ࣡ࡢࡘࡃ࠸ࡀⅬศᒱࡿࡍᵝᏊ 



 

㓟ྜᡂ㓝⣲㸦FoF1̺ATPྜᡂ㓝⣲㸧㸦ᅗࣥࣜ୕ࣥࢩ 4a㸧ࡑࡶ

ࡢ 㥑ືࢆయศᏊᶵᲔ⏕ࡢࡃከࠊࡋ⏝ࢆᅇ㌿ࡢࡑࠊ࡛ࡘ1

F1̺ATPaseࠋࡿ࠸࡚ࡋゐ፹ࢆATPྜᡂຠ⋡ⓗࡵࡓࡿࡍ

㸦ᅗ 4b㸧ࠊࡣዲ⇕ᛶ⣽⳦ᏑᅾࡿࡍศᏊ࣮ࣔࠊࡾ࠶࡛࣮ࢱ

ATPຍỈศゎࡢ㝿ᅇ㌿ࡿࡍFoF1̺ATPྜᡂ㓝⣲ࡢỈ⁐ᛶᡂ

ศ࡛ࠋࡿ࠶ᮏ◊✲࡛ࠊࡣ⣔ิゎᯒࡸᛂᣑᩓࣔࢢࣥࣜࢹ

ࢢࣥࣜࣉࢵ࢝Ꮫ̺ຊᏛࡿࡅ࠾F1̺ATPaseࠊࡽほⅬࡢ

᥋ゎ┤ࡽᅇ㌿⣔ิࡢࣝ࣋ศᏊ୍ࣞࢆ࣒ࢬࢽ࣓࢝⏝సࡢ

᫂ࢆࡇࡿࡍ┠ᣦࠋࡿ࠸࡚ࡋ 

ᡃࠊ࡛✲◊ࡢ࡛ࡲࢀࡇࡣࠎ㝵ẁ≧ࡢᅇ㌿⣔ิࡢࢱ࣮ࢹ

୰ࡿ࠶ゐ፹ᛂࡢᅇ㌿ఇṆ㐣⛬ࢆᐈほⓗ≉ᐃࡓࡿࡍ

ࣜࣉࣥࢧࡸኚⅬゎᯒࡿࡍฟ᳨ࢆࢻࣥࣞࢺࡢ⣔ิࠊࡵ

ἲ㸦ᅗࢢࣥࣜࢱࢫࣛࢡࢺࣇࢯࡓࡋ៖⪄ࢆㄗᕪࢢࣥ 4c㸧ࢆ㛤

Ⓨࡢࡽࢀࡇࠋࡓࡁ࡚ࡋᡭἲ࡚ࡗࡼF1ࡢゐ፹≧ែࢆグ㏙ࡍ

␗ࡢࣝࢡࢧゐ፹ࠊࡁ࡛ࡀࡇࡿࡍᵓᡂࢆィ㔞⤫࡞ࠎᵝࡿ

ATPຍỈࠊADPᨺฟࠊྜ⤖ATPࠊࡤ࠼ࡓຊᏛ㸦ືࡢᡂศࡿ࡞

ศゎࣜࠊ ࣥ㓟ᨺฟ㸧ࢆ≉ᐃࠋࡿࡁ࡛ࡀࡇࡿࡍᮏ◊✲࡛ࠊࡣ

ຍỈศゎࣥࣜ㓟ᨺฟࡀ㉳ࡿࡇࡢᅇ㌿ఇṆ㐣⛬ࡋ┠╔

 ࠋࡓ

ᅇ㌿ఇṆ㐣⛬୰ືࡢຊᏛࢆ࣒࣮࢟ࢫ≉ᐃࡓࡋ⤖ᯝࡣ㸦ᅗ

4e㸧ࡓࡋྜ⤖ࠊATPࡀຍỈศゎ๓ᚋ࡛⣙ 20r࠺࠸ഹ࡞ゅ

ᗘቑศ(d2+d1)ࢆㄏⓎࡢࡑࠊࡋḟࡢゐ፹㒊࡛ࣥࣜࡢ㓟

ᨺฟ㸦ᅗ 4d㸧ࡀ㉳࠺࠸ࡿࡇ᪂ࢆ࣒ࢬࢽ࣓࢝࡞ࡓ♧၀࡚ࡋ

㟁Ꮚ⛣ື㏿ᗘㄽࠊࡣຠᯝࡢࢢࣥࣜࣉࢵ࢝Ꮫ̺ຊᏛࠋࡿ࠸

 ,Sumi et al., J. Chem. Phys., 84)ࣝࢹSumi-Marcusࣔࡢ

ࡢ㢮ఝ(1986 ,4894 2ḟඖᛂᣑᩓࣔࣝࢹ㸦ᅗ 4d㸧࡛ㄝ

᫂ࡢࡇࠋࡿࡁ࡛ࡀࡇࡿࡍᯟ⤌ࠊ࡚ࡗࡼࡳATP⤖ྜࣥࣜ

㓟ᨺฟᛂࡶࡾࡼ࣮ࢠࣝࢿ࢚⏤⮬ࡢⴭࡃࡋᑠࢿ࢚⏤⮬࠸ࡉ

ᙺ࡞㔜せࡢࡘ㸰ࡣຍỈศゎᛂࡢATPྜ⤖ࡘᣢࢆ࣮ࢠࣝ

ࢆࡇࡿ࠶ࡀᣦ࡛ࠋࡿࡁ㸯ࣥࣜࠊࡣ┠ࡘ㓟ࡢᨺฟࢆຍ

ࡢࣝࢡࢧゐ፹ࡣ┠ࡘ㸰ࠊࡁാࡿసࢆࡅࡗࡁࡿࡏࡉ㏿

ṇ࠸ࡋᛂ㡰ᗎࡍಁࢆാࠋࡿ࠶࡛ࡁ 

୍᪉ࡢࡇࠊ 2ḟඖᛂᣑᩓࣔࡢࣝࢹ㔜せ࡞≉ᚩࡣゐ፹ᛂ

㏿ᗘᐃᩘࡀJ-ࡢࢺࢵࢽࣘࣈࢧゅᗘ౫Ꮡࠋࡿ࠶࡛ࡇࡿࡍ

⤖ᯝࠊ࡚ࡋほ ࡓࢀࡉゐ፹ᛂ㏿ᗘᐃᩘࡣȚ-ࢵࢽࣘࣈࢧ

࠺ࢀࡉㄪ⠇࡚ࡗࡼ࣮ࣝࢣࢫ㛫⦅ࡢࡂࡽࡺ⇕ࡢゅᗘࢺ

సື࡛࣮ࣝࢣࢫࣀࢼࡣᚩ≉ࡁࡃ㦫ࡢࡇࠊࡾ࠶ࡀᛶ⬟ྍࡿ

 ࠋࡿࢀࡉᮇᚅࡢࡶ࠸࡞࠼ࡾࡇ㉳ࡋศᏊᶵᲔ࡛ࡿࡍ

1) C. Li, H. Ueno, R. Watanabe, H. Noji and T. Komatsuzaki : “ATP 

hydrolysis assists phosphate release and promotes reaction ordering 

in F1-ATPase”, Nature Communications, 6(10223) : 1-9 (2015) 

 

㸦7㸧F1 ศᏊ࣮ࣔࡢ࣮ࢱᅇ㌿ᦂࡿࡅ࠾ࡂࡽ㠀ᖹ⾮ᛶࡀ

ᛂືຊᏛཬࡍࡰຠᯝ 

F1-ATPaseࡣATPࡢຍỈศゎࡃື࡚ࡗࡼ࣮ࢠࣝࢿ࢚ᅇ

㌿ศᏊ࣮ࣔࡾ࠶࡛࣮ࢱ㸪ࡢࡑᏛ-ຊᏛ࣮ࢠࣝࢿ࢚㛫ኚຠ

ࡽࡅ⥆ࡀ✲◊ࡓࡅྥ㸪ືసᶵᵓゎ࡚᫂ࡗࡲ┦ࡶࡉ㧗ࡢ⋠

ࡅ㍈ཷࠕ㸪࡛✲◊ࡿࡼ ศᏊィ୍ࡢ㏆ᖺࠋࡓࡁ࡚ࢀ ┦ࠖ

ᙜࡿࡍ䃐㻟䃑㻟࡛ୖࢺࢵࢽࣘࣈࢧ㉳ࡿࡇຍỈศゎ୰㛫ᛂࡢ

㏿ᗘࡀ㸪䃐㻟䃑㻟ࡢᵓ㐀ኚࢆ࡚ࡋᅇ㌿㍈䃒ࢺࢵࢽࣘࣈࢧ

ゅ≉㸪ࡾ࡞ࡽ᫂ࡀࡇࡿ࠸࡚ࢀࡉไᚚᅇ㌿ゅᗘࡢ

ᗘ౫Ꮡᛶࡢᙉࣥࣜ࠸㓟ゎ㞳㐣⛬࡛ࡣ䃒ࡀ⁐፹ࡿࡅཷࡽ⇕

ᦂࡃࡲ࠺ࢆࡂࡽᛂ⏝ࠋࡿ࠸࡚ࡗࢃࡀࡇࡿ࠸࡚ࡋ 

ᮏ◊✲࡛ࡣ㸪 ᗘኚࡶȚࡢࢺࢵࢽࣘࣈࢧᅇ㌿ゅ

ᗘᦂ࠺ࡼࡢࡀࡂࡽኚࢆࡿࡍㄪࡶࡿ㸪ࢀࡑ

ᛂືຊࡢ⛬ຍỈศゎ㐣ࡢ㓟ゎ㞳㸪F1⤖ྜATPࣥࣜࡾࡼ

Ꮫࡿࢀࡉࡽࡓࡶᙳ㡪ࢆㄪࡢࡑࠋࡓ㝿㸪୍ศᏊィ ࡛ࡣ

ほ ྍ⬟࡞ ᗘ㡿ᇦࡀ㝈ࡿࢀࡽ㸪ຍỈศゎ๓ᚋࡢゅᗘ

ᦂࢆࡂࡽ㆑ูࡵࡓ࠸࡞ࡁ࡛ࡀࡇࡿࡍ㸪㻞㻜㼪㻟㻟䁸㻯ࡢ࡛ࡲᐇ㦂

ࢆࣥࣙࢩ࣮࣑ࣞࣗࢩ࡚ࡋᵓ⠏ࢆࣝࢹࣔ⌮ᩘࡶࢆࢱ࣮ࢹ

ㄪࢆ࣮ࣝࢣࢫ㛫ࡿᛂྛࡂࡽゅᗘᦂ㸪࠸⾜

 

ᅗ 4㸸(a) FoF1̺ATPྜᡂ㓝⣲(b) ATPࢆຍỈศゎࡿࡍỈ⁐ᛶᡂศࡢ

F1-ATPase(Yoshida et al., Nat. Rev., 2, 669, 2001)ࠋ(c) ୗᅗ㸸

༢୍࣮ࣔࡢࢺࢵࢽࣘࣈࢧ-Jࡵࡓࡿࡍฟ᳨ࢆኚࡿࡅ࠾ࢻࣥࣞࢺ

ኚࡓࢀࡉ㸸᳨ฟ⥺◚ࠋኚⅬゎᯒࡓࡋ⏝ᛂࢆࣜࢺࢡ࢙ࢪࣛࢺᅇ㌿ࢱ

Ⅼࠊ⅊Ⰽ㒊ศ㸸ኚⅬࡢ⨨ࡢㄗᕪ⠊ᅖࠊᤄධ⏬ീ㸸XYᖹ㠃ୖࡢ

ᅇ㌿㊧ୖࠋᅗ㸸ࠕఇṆࠖࠕᅇ㌿ࠖࢆ≉ᐃࡿࡍኚⅬࡢ㛫㝸ࢺࣇࢯࡢ

ࡀࢱࢫࣛࢡࠋࢢࣥࣜࢱࢫࣛࢡ 95㸣௨ୖࡢ☜⋡࡛ఇṆ≧ែᒓࡿࡍሙ

ࡼ⣔ิศᯒ (d)ࠋࡓᙜ࡚ࡾఇṆࠖࠕࢆ㛫㝸ࡢኚⅬࠊྜ

ࣥࣜࣉࢵ࢝Ꮫ̺ຊᏛࡿࡅ࠾ᅇ㌿ఇṆࡢゐ፹ᛂࡓࢀࡉ♧࡚ࡗ

ࡿࡍᥥࢆࢢ 2ḟඖ⮬⏤ࠋࣝࣇࣟࣉ࣮ࢠࣝࢿ࢚qhydqPiࡣຍỈศ

ゎࣥࣜ㓟ᨺฟࡢᛂᗙᶆ࡛ࠊTࡣJ-ࢺࢵࢽࣘࣈࢧゅᗘ࡛ࠋࡿ࠶ୗ

ᅗ㸸๓ຍỈศゎᛂୖࠋᅗ㸸ࣜࣥ㓟ᨺฟᛂ2ࠋ ḟඖᛂᅗࡢ㔜せ

ࡣ⥺ⓑࠋࡿ࠶ࡀkPi(T)ᛂ㏿ᗘᐃᩘkhyd(T)ࡢゅᗘ౫Ꮡࠊࡣᚩ≉࡞

࡚ࡋ♧ࢆᣑᩓ㸦ᶓ⥺㸧⤒㊰ᛂ㸦⦪⥺㸧ࡢ㠃ୖ⾲࣮ࢠࣝࢿ࢚⏤⮬

ࣞࢡࢾࡢ࣮ࢱศᏊ࣮ࣔࡿࡍᑐᛂᅇ㌿ఇṆࡢゐ፹ᛂ (e)ࠋࡿ࠸

 ࠋែ≦ࢻࢳ࢜



 

 ࠋࡓ

Ș㻟䃑㻟ୖ࡛Ꮫᛂࡀ㉳ࡢ࡛ࡲࡿࡇ㛫㸪䃒ࡢᅇ㌿ࡣ⣽

ᑐᅇ㌿ゅᗘࡽࡇࡢࡇࠋࡿ࠸࡚ࡋṆࡽࡀ࡞ࡂࡽᦂࡃ

☜ࡶᏛᛂࢆ㠃ࣝࣕࢩࣥࢸ࣏࣮ࢠࣝࢿ࢚⏤⮬ࡿࡍ

⋡ⓗษࡀࣝࢹࣔࡿ࠼᭰ࡾᚑ᮶ࡾ࠾࡚ࢀࡽ࠸⏝ࡾࡼ㸪ࡽࡉ

ࡌ⏕ࡀᑠᅇ㌿ࡢ㻞㻜䁸⛬ᗘຍỈศゎᚋࡣࣉ࣮ࣝࢢࡢࠎᡃ

ࠎูࢆࡕ㓟ゎ㞳ᚅࣥࣜࡕ㸪ຍỈศゎᚅࡋࡽ᫂ࢆࡇࡿ

㸪 ᗘࡣᅇࠋࡔࢇ㎸ࡳ⤌࡚ࡋ㐠ືࡢෆࣝࣕࢩࣥࢸ࣏ࡢ

ඖࢆ࣮ࣝࢣࢫ㛫ࡢᛂྛࡓᚓࡽࢱ࣮ࢹ⣔ิࡿ࡞␗ࡢ

ࡾษࣝࣕࢩࣥࢸ࣏ࢆࢀࡇ㸪ࡵồࢆ࣮ࢠࣝࢿ࢚⏤⮬άᛶ

ࣥࣙࢩ࣮࣑ࣞࣗࢩࡓ࠼ኚࢆᗘ ࡛ࡇࡿࢀධࡾྲྀ⋠࠼᭰

 ࠋࡓࡋ⬟ྍࢆ

ィ⟬ࡢ⤖ᯝ㸪 ᗘୖ᪼క࠸ᅇ㌿ゅᗘᦂࢩࣥࢸ࣏ࡀࡂࡽ

㸪㠀ᖹࡁ࠸࡚ࢀእࡽᒁᡤ⇕ᖹ⾮ศᕸࡿࢀࡉᐃࡽࣝࣕ

⾮ᛶࡀࡣࢀࡇࠋࡓࡗࢃࡀࡇࡃ࠸࡚ࡗ࡞ࡃࡁ㸪⁐፹⢓

ᛶࡢపୗక࠺Țࡢࢺࢵࢽࣘࣈࢧ᫆ືᗘୖ᪼ୖࡿࡣࢆ

ᅇ࡛ࢫ࣮࣌ࡿᏛᛂ㏿ᗘ࡛ࡇࡿࡍ᪼ୖࡀ㸪ᒁᡤᖹ⾮⦆

ࡿࡁࡋ๓ḟࡢࣝࣕࢩࣥࢸ࣏ࡢษࡀࡾࢃ᭰ࡾ㉳࡚ࡗࡇ

ᾘኻࡀ᠈グࡢࡂࡽ㸪ゅᗘᦂࡣࡇࡢࡇࠋࡿ࠶࡛ࡵࡓ࠺ࡲࡋ

㸪ࡋពࢆࡇࡿࡍ⾜⛣⛬㐣ࡕᛂᚅࡢḟࡃ࡞ࡇࡿࡍ

ࡕ㓟ゎ㞳ᚅࣥࣜ㛫ࡕຍỈศゎᚅࡿࡍ⥆㐃ࡾࡼࢀࡑ

㛫ࡢ㛫┦㛵ࡶࡇࡿࡌ⏕ࡀ᫂ࠋࡓࡗ࡞ࡽᚑ᮶ࠊຍỈ

ศゎࣥࣜ㓟ゎ㞳ࣥࢯ࣏࡞❧⊃ࡣࣉࢵࢸࢫࡢࡘ2ࡢ㐣⛬

ᅇ㌿ゅᗘṆࡣᛂ㏿ᗘᐃᩘࡢࡽࢀࡑ㸪ࢀࡽ࠼⪄࡚ࡋ

㛫ࡢศᕸࢆ㔜ᣦᩘ㛵ᩘ࡛ࡾࡼࡇࡿࡍࢺࢵࣇぢ✚ࡶ

ࡓࢀእࡃࡁࡽ⾮㸪ᖹࡣᯝ⤖ࡢᅇࡋࡋࠋࡓ࠸࡚ࢀࡽ

≧ἣ࡛ࡢࡇࡣ௬ᐃࡀᡂ❧ࡎࡏṇࡃࡋᛂ㏿ᗘᐃᩘࢆぢ✚ࡶ

㸪㻣㻜䁸㻯௨ᐇ㝿ࠋࡿ࠸࡚ࡋ၀♧ࢆᛶ⬟ྍ࠸࡞ࡁ࡛ࡀࡇࡿ

㔜ᣦᩘࡀᅇ㌿Ṇ㛫ศᕸࡣ࡛ࣥࣙࢩ࣮࣑ࣞࣗࢩࡢ࡛ୖ

㛵ᩘ࡛ࡶࡢࡇࠋࡓࡗ࡞ࡁ࡛ࡀࡇࡿࡍࢺࢵࣇ㸪

ࣜࣥ㓟ゎ㞳㐣⛬࡛ࡣ ᗘୖ᪼ࢀࡘᛂᚅࡕ㛫୰ࡢᅇ㌿

ゅᗘศᕸࡀᛂάᛶ⮬⏤࣮ࢠࣝࢿ࢚㞀ቨࡢ㧗࠸㡿ᇦᒁ

ᅾࡾࡼࡇࡃ࠸࡚ࡋ㸪ᅇ㌿Ṇ㛫ศᕸࡽᚓࡿࢀࡽぢ

-㸪nonࢀࡉᢚไࡶᗘୖ᪼ ࡀᛂ㏿ᗘᐃᩘࡢୖࡅ

Arrhenius࡞ ᗘ౫Ꮡᛶࡶࡇࡿࢀ⌧ࡀศࠋࡿ࠸࡚ࡗ 

௨ୖࡽ㸪ᮏ◊✲࡛ࡣ㸪ᖹ⾮ࡽእࡓࢀ⏕యศᏊ⣔࡛ࡣ

Arrhenius๎ࡽእࡓࢀ ᗘ౫Ꮡᛶnon-Markovian࡞ᛂ

ືຊᏛࡀࡇࡿࡌ⏕ࡀ♧၀ࡽࡀ࡞ࡋࡋࠋࡓࢀࡉ㸪ᅇࡢ

ศᏊࡢࡎࡣࡿࢀࡉከ⮬⏤ᗘ࡛グ㏙ࠊ㸪ᮏ᮶ࡣタᐃ࡛ࣝࢹࣔ

ࡾࡸ⌮↓ࢆ㐠ືࡢ࣮ࢱ࣮ࣔ 1 ⮬⏤ᗘⴠ࡛࠼࠺ࡓࡋ㸪ࡉ

ࡼᗘ ࡶᖜࣝࣕࢩࣥࢸ࣏ࡿࡍᙜ┦ࡉࡽᰂࡢศᏊࡽ

⏤⮬ࡓࢀ㞃ࡣᚋࠋࡿ࠸࡚ࡗ⾜ࢆ⟭ィ࡚ࡋ௬ᐃᐃ୍ࡎࡽ

ᗘࡢຠᯝࡀᐇຠᦶ᧿ಀᩘࣝࣕࢩࣥࢸ࣏ࡸᖜ࡞࠺ࡼࡢᙧ

ࡋ៖⪄ࢆ⢓ᙎᛶࡢ㉁ࢡࣃࣥࢱ㸪ㄪࢆࡿࢀࡽࢀධࡾྲྀ࡛

㸪ᅇ㌿㐠ືࡶࡍᣦ┠ࢆᥦࡢࣝࢹࣔ࡞☜ṇࡾࡼࡓ

ࡢȘ㻟䃑㻟 ࡓࡋ㆟ㄽࡶ࡚࠸ࡘᩓ㐓⇕ࡢෆࢺࢵࢽࣘࣈࢧ

 ࠋࡿ࠸࡚࠼⪄࠸

1) Y. Tamiya, R. Watanabe, H. Noji, C. Li and T. Komatsuzaki: “Ef-

fects of non-equilibrium angle fluctuation on F1-ATPase kinetics in-

duced by temperature increase”, Physical Chemistry Chemical Phys-

ics, 3(20): 1872–1880 (2017) 

 

 ไᚚࡢჾᐁᡂ㛗࡞☜ṇࡃᑟࡽ⣽⬊ᡂ㛗࡞ከᵝࡢ≀᳜ (8)

ჾᐁࡀṇࢬࢧ࠸ࡋ฿㐩࠺ࡼࡢࢆࡇࡓࡋ⣽⬊ࡣ

ࢀࡽ࠼⪄࠸㧗㠀ᖖࡀ㞴᫆ᗘࡢၥ㢟ࡢࡇࠊࡢࠖࡿ▱ࠕ

ᅗ 5㸸(a)㛤ⰼ๓㸦ᕥ㸧ᡂ⇍ᚋ㸦ᕥ㸧ࡢ㔝⏕ᆺࡧࡼ࠾ ftsh4ࠋftsh4

-(b)ࠋࡿ࠶ከᵝ࡛ࡣࢬࢧࡢ∦ⴟࡢࡑࠊࡀࡔࡢࡶࡢⰼᗎࡌྠࡣⰼࡢ

(c)ᡂ㛗᪉ྥࡿࡅ࠾✵㛫ⓗኚືࠋ㔝⏕ᆺࡢᡂ㛗᪉ 㸦ྥPDG㸹ⓑ

⥺㸧(b) 24 㛫㛫㝸࡛ࡢᡂ㛗ࢆィ⟬ࡓࡋ ftsh4 (c)ࡢⴟ∦⣽⬊

㸦ୗẁ㸧ࠋⴟ∦⣽⬊ࡍ♧ࡀ 24 㛫ࡢᡂ㛗㛫㝸࡛᭱ࡢᡂ㛗᪉ྥ

࡚ࡋ♧ࢆ᪉ྥࡢᡂ㛗᭱ࡣ᪉ྥࡢ⥺ⓑࠋ✵㛫ኚື㸦▮༳㸧ࡿࡅ࠾

ゎࠋࡿ࠸࡚ࡋ♧ࢆつᶍࡢᡂ㛗ࡿࡅ࠾᪉ྥࡢࡑࡣࡉ㛗ࡢ⥺ⓑࠋࡿ࠸

ᯒ࡛ࡣᡂ㛗⥺㸦ⓑ⥺㸧ࡓࢀࡉ♧⾲ࡀ⣽⬊ࠋࡓ࠸⏝ࢆࡳࡢ(d)-(e)48

㛫ࡿࡓࢃ㛫ᖹᆒ0ࠋ㹼48 㛫ࡢ⣼✚ᡂ㛗ࡢ PDG ࡋ⟭ィࢆ

ࡢ⬊ⴟ∦⣽ࡢ㔝⏕ᆺࠋࡓ 48㛫᭱ࡢᡂ㛗᪉ྥ(d)ࡣ 24㛫᭱ࡢ

ᡂ㛗᪉ྥ(b)ࡿࡅ࠾✚⟬⤖ᯝ࡛ࡾࡼࠊࡾ࠶༠ㄪⓗ࡛ࠋࡿ࠶ftsh4

ࡓࢀࡉྜ⤫48㛫࡛ࠊࡣⴟ∦⣽⬊(e)ࡢ PDGࡀᖹ⾜࠸࡞࠸࡚ࡗ࡞

୰࡛ࠊ㔝⏕ᆺࡶࡾࡼ㛫ᖹᆒࡢኚືᛶࡀᑡࠋ࠸࡞(f)⣽⬊ᡂ㛗ࡣ

ኚືᛶࡀ㧗ࠊࡃ㛫࡚ࡗࡼኚࠋࡿࡍࠊࡤ࠼⣽⬊ࡢ 24㛫ࡈ

ࡢ PDG ✵ࡧࡼ࠾㛫ࠋ࠸࡞ࢀࡋࡶࡃഴྑࠊᚋࡓ࠸ഴᕥࡣ

㛫ࡿࡼኚࡣ⣽⬊ኚືࢆᖹᆒⓗࠊࡵࡓࡿࡍࡤ࠼ 48㛫ࡼ

ROS㸦ྑᅗࠋࡍฟࡾసつ๎ⓗ㠀ᖖࢆჾᐁ࡞ᆒ୍ࡣ⣼✚ᡂ㛗࡛ࡿ

ࢆṆࡢᡂ㛗ࡧࡼ࠾ࠊᑠ⦰ࡢ⣽⬊ศࠊ⇍ᡂࡢ⬊⣽ࡀⴟ∦ୖ㒊㸧ࡢ

ಁ㐍ࠋࡿࡍᡂ⇍ࡓࡋ⣽⬊ࠊ࡚࠸࠾ROSࡢ✚ࡣඛ➃࡛ጞࡾࡲᗏ

ftsh4ࠋ༳㸧▮ࡢⴟ∦ෆ㒊ࡢ㸦ྑᅗࡃ࠸࡚ࡋ㝆ୗ࡚ࡗྥ ኚ␗యࡀ

ཎᅉ࡛ࡾࡼࠊ㐜ࡘࡃኚືᛶࡢᑡ࠸࡞⣽⬊ᡂ㛗ࠊ⣽⬊ศࡢ⦰ᑠࠊ

ᡂ㛗ࡢ✵㛫ᖹᆒࡢᢚไࡧࡼ࠾ࠊⴟ∦ࡿࡅ࠾ࢬࢧ㡹ᛶࡢ

႙ኻࡍࡽࡓࡶࢆ ROSࡢቑຍࠊኚືࠊ᪩ᮇࡢ✚ࡀ㉳ࠋࡿ࠸࡚ࡗࡇ 



 

࠶࡛ࡵࡓࡢᣲື࡞࣒ࢲࣥࣛࡢ⬊⣽ࡢჾᐁෆࠊࡣ⏤⌮ࡿ࠸࡚

ࣃ࡞యⓗࠊሙྜࡢࡃከࡣ⬊⣽≀᳜࠺ྜࡾ㞄ࠊࡤ࠼ࠋࡿ

࣐࣮ࣗࣄࠋࡿࡍࢆศࡧࡼ࠾᪉࡛ᡂ㛗ࡿ࡞␗ࡣ࣮ࣥࢱ

ࠊୗࡢᨭࡢ࣒ࣛࢢࣟࣉ࣭ࢫ࢚ࣥࢧ࣭ࢸࣥࣟࣇ࣭ࣥ

ᡃ᳜ࡣࠎ≀Ꮫ⪅࣮ࢱ࣮ࣗࣆࣥࢥࠊ⛉Ꮫ⪅ࠊ⏕≀≀⌮Ꮫ⪅ࡽ

ࢼࢾࣟࢩ࡚ࡋ࣒ࢸࢫࢩࣝࢹࣔࠊ࠸⾜ࢆ✲◊ᅜ㝿ඹྠ

࠾✵㛫ከᵝᛶ㸦ࡢ࡞⋠ᡂ㛗ࡢ⬊⣽ࠊㄪࢆ∦ⴟࡢࢼࢬ

ᚲせ࡛ୖࡿࡍ㐩฿ࢬࢧ࠸ࡋṇࡀ㛫ᖹᆒ㸧ࡢࡑࡧࡼ

ࠊ࡚࠼ຍࠋࡓ࠸ᑟࢆᯝ⤖࡞┤ឤⓗࡘ㔜せ࠺࠸ࡿ࠶࡛

άᛶ㓟⣲ࡀ⣽⬊࣒ࢲࣥࣛࡢᛶჾᐁࢆࢬࢧࡢไᚚ࠸࡚ࡋ

 ࠋࡓࡋⓎぢ᪂つࢆࡇࡿ

ᡃࡣࠎAAA-ATPaseࢮ࣮ࢸࣟࣉࣟࢱ࣓(άᛶ୰ᚰ㔠

ᒓࡀࣥ࢜㓄ᗙࢡࣃࣥࢱࡿ࠸࡚ࡋ㉁ศゎ㓝⣲㸧ࡓ⭷ࡘࡶࢆ

FtsH4ࡿ࠶࡛ࡘࡦࡢࢮ࣮ࢸࣟࣉ㉁ࡃࡥࢇ ࡥࢇࡓ࠺࠸

ftsh4ࡓࡋኚ␗ᑟධ㉁ࡃ ኚ␗యࡢࢼࢬࢼࢾࣟࢩࡀჾᐁ

㸦ᅗࡓࡋぢฟࢆࡇࡿࡏࡉኚࢆࢬࢧ 5aཧ↷㸧ࠋⴟ∦ࡢ

ィ⟬ࣔࠊ࡚ࡋࣝࢹⴟ∦͆ࢆ㢼⯪͇ぢ❧࡚࡚ࠊⴟ∦ࡢሙ

ᡤሙᡤ౫Ꮡࡿ࡞␗࡚ࡋᙎᛶ⋡࣒ࢲࣥࣛࢆ࡚࠼㸦ࡻࡕ

ࠊᙜ㸧┦ࡇ࠸࡞ࡣつ๎ⓗ࡛ࡀ⨨㓄ࡢ⬊⣽࡞ࠎᑠᵝࠊ࠺

ࠊ࡚͆ࡏࡲࡽ⭾࡛ࡲࡿࡍ㐩฿⾮ᖹࠊ⣽⬊ෆᅽୗࡿ࠶ ⴟ∦͇

ࠋࡓࡋᵓ⠏ࢆࣝࢹࣔࡿࡍホ౯ࢆࡿࡍ㐩฿≦ᙧ࠺࠸࠺ࡀ

ࡿ࠼ᆒ୍࡚ࡗΏ㛫✵㛫ࢆ⋠ᙎᛶࠊࡣ࡛ࣝࢹࣔࡢࡇ

ሙྜࠊ͆ࡣ ⴟ∦ ࠊึࡀࡿࡍ㐩฿≦ᙧ࡞ᆒ୍ࡣ͇ ᮇ้

࡞͆ࡘࡧ࠸ࠊࡣ࡛ࣝࢹࣔࡓ࠼ࢆ⋠ᙎᛶ࣒ࢲ࡚ࣥࣛ࠸࠾ ኚ

␗యࡢ͇ࡁࡶᙧ≧฿㐩ࠊࡋᙎᛶ⋡ึࡢᮇ✵㛫ศᕸᛂ

ࡶᡂ㛗⤒㐣ࠊࡽࡀ࡞ࡋࡋࠋࡿྲྀࢆ≦ᙧ࡞ከᵝࡓࡌ

㠀୍ᵝ࡞ᙎᛶ⋡࣒ࢲࣥࣛࢆࡓࡋ┤ࡾィ⟬ࣔࠊࡣ࡛ࣝࢹ

͆ⴟ∦͇ࡣᆒ୍࡞ᙧ≧฿㐩ࡋᚓุࡀࡇࡿ᫂ࡢࡇࠋࡓࡋ

ჾᐁ࡞ṇᖖࡀ✵㛫ᖹᆒࡢᛶ࣒ࢲࣥࣛࡢᡂ㛗ࠊࡣࡇ

ࠊᐇ㝿ࠋࡿ࠸࡚ࡋ၀♧ࢆࡇࡿ࠶㔜せ࡛࡛࠼࠺ࡿࡍᙧᡂࢆ

ftsh4 ኚ␗యࡣ✵㛫ᖹᆒ࡚࠸࠾Ḟ㝗୍ࡿ࠶ࡀ᪉࡛ࠊ

㔝⏕ᆺࡢⴟ∦ࡢࢬࣀࡣከ࠸⣽⬊ᡂ㛗ࡢ✵㛫ᖹᆒࢆ⤒

ࢆᐃ㔞ⓗᡂ㛗ゎᯒࡸࢢࣥࢪ࣮࣓ࣈࣛࢆࡽࢀࡑࠊࡾ࠾࡚

 ࠋࡓࡋド᳨࡚࠸⏝

᭦ࠊᡃࡣࠎ⣽⬊ᡂ㛗ࡀ㛫ⓗࡶ✵㛫ⓗࡶ 12 㛫

㛫㝸࡛ከᵝ࡛ࢆࡇࡿ࠶ぢࠋࡓࡋࡔ࠸ᑐ↷ⓗ48ࠊ㛫㛫

㝸࡛⣽⬊ࡢࡑፉ⣽⬊ࡢ⣼✚ᡂ㛗᪉ྥࢆほᐹࠊࡿࡍ㔝⏕

ᆺࡢⴟ∦ࡢᡂ㛗᪉ྥࡣⴟ∦⣽⬊ࡢ࡞ᡂ㛗᪉ྥࡰᆒ୍

ࢫࢭࣟࣉᖹᆒࡣ∦ⴟࡢኚ␗యࠊ᪉୍࡛ࠋࡓࡗ࡞⾜ᖹ

࡛Ḟ㝗ࡀࡇࡿ࠸࡚ࡌ⏕ࡀ☜ㄆࠋࡓࢀࡉኚ␗యࡢ⣽⬊ࡣ㔝

⏕ᆺࡶࡾࡼᑠ࡞ࡉ✵㛫ኚື48ࠊࡀࡍ♧ࢆ㛫㛫㝸ࡢ⣼✚

ᡂ㛗᪉ྥࡣ㠀ᖖከᵝ࡛ࡘ࠾࡞ࠊࡾ࠶ⴟ∦ࡢ࡞ᡂ㛗

᪉ྥᖹ⾜࠸࡞࠸࡚ࡗ࡞ࡣ㸦ᅗ 5b-eཧ↷㸧ࠋ 

ᩘ್ィ⟬ࣔࣝࢹ⣽⬊ቨᙎᛶ ᐃᐇ㦂ࡢ⤖ᯝࠊࡣ㔝⏕ᆺ

ftsh4ࠊࡃ㧗ࡀከᵝᛶࡢ⣽⬊ᡂ㛗ࡣ࡛ ኚ␗య࡛ࡣ⣽⬊ᡂ㛗

㞄ࡣࠎᡃࠊ࡛ࡇࡑࠋࡿ࠸࡚ࡋ၀♧ࢆᛶ⬟ྍ࠸పࡀከᵝᛶࡢ

᥋⣽⬊⩌ࡢ✵㛫ⓗ࡞ᡂ㛗ከᵝᛶࢆᐃ㔞ࡿࡍᡭἲࢆ㛤Ⓨࠊࡋ

ᐇ㝿㔝⏕ᆺࡢ᪉ࡀኚ␗యࡶࡾࡼ✵㛫ⓗ࡞⣽⬊ᡂ㛗ࡢከᵝ

ᛶࡀ㧗ࢆࡇ࠸᫂ࠊࡓࡲࠋࡓࡋࡽ㔝⏕ᆺftsh4 ኚ␗

యࡢჾᐁࡢᙧ≧ࢆẚ㍑ࡵࡓࡿࡍFourierゎᯒࡿࡼᙧ≧

ከᵝᛶࡢᐃ㔞ゎᯒࠊ࠸⾜ࢆftsh4 ኚ␗యࡣ㔝⏕ᆺẚⴟ

ࡽ᫂ࢆࡇ࠸㧗ࡀኚືᛶࡃࡋ୧᪉࡛ⴭࡢᙧࢬࢧࡢ∦

 ࠋࡓࡋ

✵㛫ࡢ⣽⬊ᡂ㛗ࡢከᵝᛶࡢࡑᖹᆒࡀⴟ∦ࡢᙧ≧ࠊ

ᡂ㛗᪉ྥࢆỴ࡛࠼࠺ࡿࡵ㔜せุ࡛ࡀࡇࡿ࠶୍᫂ࠊࡀࡓࡋ

᪉࡛ࠊ⣽⬊࠺ࡼࡢࡘ࠸ࡣᡂ㛗ࢆṆࢆࢢ࣑ࣥࢱࡿࡵ▱

ftsh4ࠊࡓࡲࠊࡢࡿ ኚ␗యぢࡧࡼ࠾ࢬࢧࡿࢀࡽᙧ≧

ᐹ⪄ࡶ࡚ࡋᑐ࠸ၥࡓࡗ࠸ࠊఱࡣཎᅉࡢኚືᛶ࠸㧗ࡢ

 ࠋࡓࡋ

FtsH4 ࡃࡥࢇࡓ㉁ࡢኚ␗యࡣάᛶ㓟⣲✀㸦Reactive Ox-

ygen Species. ROS㸧ࢆቑຍࠊࡋⴥࡢᙧែ␗ᖖࢆ㉳ࡇࡍࡇ

ᡂ㛗ẁ㝵࡛ࡢ∦ⴟࡀROSࠊ࡛ࡇࡑࠋࡿ࠸࡚ࢀࡽ▱࡛ࡍࡀ

ftsh4ࡧࡼ࠾㔝⏕ᆺࢆࡿ࠸࡚ࡋศᕸ࠺ࡼࡢ ኚ␗య࡛ホ

౯ࡢࡑࠋࡓࡋ⤖ᯝࠊ㔝⏕ᆺ࡛ࡣⴟ∦ࡢᡂ㛗ࠊࡶROSศ

ᕸࡀⴟ∦ࡢඛ➃㒊㸦tip㸧ࡽᗏ㒊㸦base㸧ඃࢺࣇࢩ

ẁ㝵ࡢROSศᕸ࡞࠺ࡼࡢࡑࡣftsh4ኚ␗య࡛ࠊ㠃ࡿ࠸࡚ࡋ

ⓗࡣࢺࣇࢩ࡞㢧ⴭㄆࠊࡎࢀࡽࡵ᪩ᮇࡢᡂ㛗ẁ㝵࡛࡛ࡍ

㸦┦ᑐⓗ㸧㐣Ⓨ⌧ࠊࡋROSࡢศᕸࡶⴟ∦Ώ࡚ࡗᆒ୍

ࠊ࡚ࡋᑐ↷ᐇ㦂ࠊࡓࡲࠋࡓࡵṆࡁ✺ࢆࡇࡿ࠸࡚ࡋศᕸ

ࡢftsh4ኚ␗యࠊ࡛ࡇࡿࡏࡉῶᑡࢆROS࡚࠸⏝ࢆ㓝⣲ࡿ࠶

ⴟ∦࣭ࢬࢧࡢᙧ≧ࡀᆒ୍ࡧࡽ࡞ࠊࡇࡿࢀࡉ㔝⏕ᆺ

࡛ROSࢆῶᑡࠊࡿࡏࡉ㏻ᖖ᳜ࡢ≀࡛Ⓨぢࡶࡾࡼࡢࡶࡓࢀࡉ

࡞ࡁ㸦ᙧ≧ᆒ୍࡞㸧ⴟ∦ࢆࡇࡿࢀࡉ⏘⏕ࡀぢฟࠋࡓࡋ 

ftsh4ࠊࡣࠎᡃࠊ࡚ࡋྜ⥲ࢆぢ▱ࡢࡽࢀࡇ ኚ␗యࡢⴟ∦

㛫✵࡞㠀୍ᵝቑຍࡢROSࡀཎᅉࡿࢀᔂࡀᆒ୍ᛶࢬࢧࡢ

ศᕸ࡛ࡧࡽ࡞ࠊࡇࡿ࠶ROSࡣⴟ∦ࡢᡂ⇍ᡂ㛗ࡢṆࢆ

௳ቃ᮲⎔ࡀROSࠋࡓࡋᥦၐࢆࡇࡿ࠶ෆ⏕ⓗᡂ㛗ไᚚ࡛ࡍಁ

ᛂࡿࡍࡾࡓࡏࡉㄪᩚࢆࡉࡁࡢ㌟⮬ࡾࡓࡏࡉ㐺ᛂࢆᡂ㛗

ຊࡧࡼ࠾ࣝࢼࢢࢩⓎ㐩ࡢࣝࢼࢢࢩᣦᶆྍࡿ࠸࡚ࡗ࡞⬟ᛶ

 ࠋࡿࢀࡉᮇᚅࡀ✲◊ࡢᚋࠊࡾ࠶ࡀ

1) L. Hong, M. Dumond, S. Tsugawa, A. Sapala, A. Routier-Kierz-

kowska, Y. Zhou, C. Chen, A. Kiss, M. Zhu, O. Hamant, R. S. Smith, 

T. Komatsuzaki, C. Li, A. Boudaoud and A. H. Roeder : “Variable cell 

growth yields reproducible organ development through spatiotem-

poral averaging”, Developmental Cell, 38(1) : 15-32 (2016)   

2) S. Tsugawa, H. Nathan, O. Hamant, A. Boudaoud, R. S. Smith, C. 

Li and T. Komatsuzaki : “Extracting subcellular fibrillar alignment 

with error estimation: Application to microtubules”, Biophysical 

Journal, 110(8) : 1836-1844 (2016) 

 

㸦9㸧ẟ⣽⬊ࡢ࿘ࡢࡾᘬᙇᛂຊᚤᑠ⟶ᛂ⟅ࡢᐃ㔞 

᳜≀ჾᐁࡣಶయ౫ྠࡰࡎࡽᙧ࣭ྠࡢࢬࢧᙧ≧ࢆ⋓

ᚓࡿࡍ㦫ࡁࡃ┦ྠᛶࡸ⌧ᛶࢆᣢࡘ㸬ࡽࡀ࡞ࡋࡋ㸪⣽

࠺ࡼࡢࡀ≀㸪᳜ࡾ࠶ከᵝ࡛ࡀࢬࢧࡸ≦ᙧࡣ࡛ࣝ࣋ࣞ⬊

ゎ᫂ࡔᮍࡣࡿ⮳≦ᙧ⤊࡚᭱ࡋ࣮ࣝࣟࢺࣥࢥࢆከᵝᛶ

㸪᳜ࡣ࡛✲◊㸬ᮏ࠸࡞࠸࡚ࢀࡉ ≀ჾᐁⅬᅾࡿࡍẟ⣽⬊(ᅗ

6A)ࡀჾᐁࢬࢧࡿ࠼ᙳ㡪ࢆㄪࡿ࠸࡚㸬ຊᏛ࣑ࣞࣗࢩ

ࡢᘬᙇᛂຊࡢࡾ࿘ࡢ⬊ẟ⣽ࡓࢀࡉணゝ࡛ࣝࢹࣔࣥࣙࢩ࣮

ᚤᑠ⟶ᛂ⟅ࡀ㔝⏕ᆺኚ␗య࡛ࡢ⛬ᗘ␗ࢆࡿ࡞ᐃ㔞

࠼ࢬࢧჾᐁࡢయࡀຊᏛኚ࡞㸪ᒁᡤⓗ࡛ࡇࡿࡍ



 

 㸬ࡓࡋᣮᡓࡇࡿࡍࡽ᫂ࢆᙳ㡪ࡿ

ඹྠ◊✲ࡿࡼࣉ࣮ࣝࢢ⣽⬊ᅽຊࣔࡾࡼࣝࢹ㸪ࣥࢥ

ࡓࡋᐃࢆᅽ⭾ࡽෆഃ࡚ࡋᑐ⬊௬ẟ⣽ࡢୖࢱ࣮ࣗࣆ

ᅽຊࢆ࠼㸪࿘ࡢࡾ⣽⬊ࡢ⾲㠃ᛂຊࢆㄪࢁࡇࡓ㸪ẟ⣽

᫂ࡀࡇࡿࢀࡉᵓ⠏ࡀࢡ࣮࣡ࢺࢵࢿᛂຊࡢ≦ࡾ࿘ࡢ⬊

࡞ᛴ⃭ࡢ⬊㸪1)⣽ࡣ࡚ࡋཎᅉࡢᯝ⤖ࡢࡇ㸬ࡓࡗ࡞ࡽ

⭾ᅽኚ㉳ᅉࡿࡍሙྜ㸪ࡣ࠸ࡿ࠶ 2)⭾ᅽ୍ᐃୗ࡛⣽⬊ࡢ

⾲㠃ࡀ㌾࡚ࡋᛴ⃭ᡂ㛗ࡿࡍሙྜࡢ㸰ࡀࡿࢀࡽ࠼⪄ࡀࡘ㸪

⣽⬊ࡣሙྜࡢ㸦㸰ࡶሙྜࡢࡽࡕࡣୖࣥࣙࢩ࣮࣑ࣞࣗࢩ

యࡢᙇຊࡀᚲせ࡛ࡀࡿ࠶㸧ẟ⣽⬊࿘ࡾ≧ࡢᛂຊᵓ㐀

 㸬ࡓࢀࡽࡵ☜࡚ࡋ⏝ࢆᐇ㦂್ᩘࡀࡇࡿࢀ⌧ࡀ

᳜≀⣽⬊ࡣᛂຊᵓ㐀㉳ᅉ࡚ࡋᚤᑠ⟶ษ᩿ࢡࣃࣥࢱ㉁

Kataninࡀᶵ⬟ࡾ࠾࡚ࢀࡽ▱ࡀࡇࡿࡍ㸪ᚤᑠ⟶ࡣᛂຊ᪉ྥ

㸬ࡿ࠸࡚ࡗ࡞ࡽᐇ㦂࡛᫂ࡢࡃከࡀࡇࡿࡍ㓄ྥ࡛ࢇ୪

ᡃࡣࠎ㔝⏕ᆺ(WT)㸪ᚤᑠ⟶㔜ྜḞ㝗ኚ␗య(bot1-7)㸪ᚤᑠ

⟶㔜ྜಁ㐍ኚ␗య(spr2-2)ࡢ 3 ࿘ࡢ⬊ẟ⣽ࡢኚ␗యࡢࡘ

㸦ᅗࡓࡋᐃ㔞ࢆᚤᑠ⟶㓄ྥゅᗘࡢࡾ 6B-E㸧㸬ࡢࡑ⤖ᯝ㸪

ẟ⣽⬊ࡢ㏆࠸㏆ഐ࡛㸪ẟ⣽⬊ࡢฟ⌧┤๓ࡢᚤᑠ⟶㓄ྥࡣ㸪

WTspr2-2 㸪ࡀࡓࡗ࠶≧㓄ྥᗘ࡛ࡢᗘ⛬ྠࢇࡣ

bot1-7 㸬୍᪉࡛㸪ࡓࡗࢃࡀࡇ࠸࡞࠸࡚ࡋ㓄ྥ≦ࡣ

spr2-2 ࠸࡚ࡋᣢ⥔ࢆ㓄ྥࡢ≦ࡶᚋࡓࡋ⌧ฟࡀ⬊ẟ⣽ࡣ࡛

㸦ᅗࡓࢀࡽࡵ☜ࡶࡇࡿ 6F㸧㸬ࡢࡑࡓࡲഴྥࡣ㸪ẟ⣽⬊

㸦ᅗࡓࢀࡽࡵㄆࡶ࡚࠸࠾㏆ഐ࠸㐲ࡢ 6G㸧㸬ࡕࢃ࡞ࡍ㸪bot1-

7 ẟ⣽⬊㏆ഐ࡛ࡀ㸪≧㓄ྥࡵࡓ࠸㐜ࡃᙅࡀ⟆ᚤᑠ⟶ᛂࡣ

㸪spr2-2ࡎࢀࡉᙧᡂࡶ ≦㸪ࡵࡓ࠸᪩ࡃᙉࡀ⟆ᚤᑠ⟶ᛂࡣ

㓄ྥࡀ㛗ࡃ㐲࡛ࡲࡃ⥔ᣢࡿࢀࡉ⤖ㄽ࡙ࡿࢀࡽࡅ㸬 

㸦8㸧㸦9㸧ࡣ㟁Ꮚ⛉Ꮫ◊✲ᡤࡀᏛ⾡༠ᐃࣚࣜࡿ࠸࡚ࡋ⤖⥾ࢆ

ࣥ㧗➼ᖌ⠊Ꮫᰯࢧ࣭ࢸࣥࣟࣇ࣭࣐࣮ࣥࣗࣄࡓࡵྵࢆ

-From stoࠕ㈹ ◊✲ㄢ㢟ྡࢺࣥࣛࢢ ࣒ࣛࢢࣟࣉ࣭ࢫ࢚ࣥ

chastic cell behavior to reproducible shapes: the coordination be-

hind morphogenesis㸦ࣜࣚࣥ㧗➼ᖌ⠊Ꮫᰯ Arezki Boudaoud

ᩍᤵ ◊✲௦⾲㸧ࠖ  ࠋࡿ࠶ᡂᯝ࡛✲◊ࡢ

1) N. Hervieux, S. Tsugawa, A. Fruleux, M. Dumond, A. Routier-

Kierzkowska, T. Komatsuzaki, A. Boudaoud, J. C. Larkin, R. S. Smith, 

C. Li and O. Hamant: “Mechanical Shielding of Rapidly Growing 

Cells Buffers Growth Heterogeneity and Contributes to Organ Shape 

Reproducibility”, Current Biology, 27(22): 3468–3479 (2017) 

 

㸦10㸧1 ⣽⬊ࣛࢢࣥࢪ࣮࣓࣐ࣥሗ⌮ㄽⓗゎᯒᡭἲࡢ㛤

Ⓨ 

⏕⣽⬊ࡢRaman㢧ᚤ㙾⏬ീࡣ⣽⬊యࠊࡸ⧊⤌⭷ࡤ࠼

᰾ࡓࡗ࠸⣽⬊ࢆᡂࡍᵓᡂせ⣲ࡽࢀࡑࠊ⬡㉁ࢡࣃࣥࢱࠊ

㉁ࠊ᰾㓟ࡢ࡞⣽⬊ᡂศࢆᙧసࡿᵓᡂせ⣲ࡢ࡚࠸ࡘ࡞

ሗࢆ㇏ᐩ࠺ࡼࡢࡇࠋࡿ࠸࡛ࢇྵከࡢࡃሗࢆ᫂ࡽ

ࠊࡣศᯒᡭἲࡢRaman⏬ീࡢᅾ⌧ࠊࡎࡽࢃ㛵ࡶࡿ࠸࡚ࡋ

ほ ࡚ࡗࡼᚓࡿࢀࡽሗࡢࢇࡢᑡࠋ࠸࡞࠸࡚ࡗᢅࡋࡋ

ࡢࢫࢩ࣮ࢺ࣏ࠊࡤ࠼┤๓ࢺࢩࡽ⭷ࣜࢻࣥࢥࢺ࣑

ࢻࣥࢥࢺ࣑ࠊࡀࡿ࠸࡚ࢀࡉほᐹࡀࡇࡿࢀࡉᨺฟࡀc࣒ࣟࢡ

✀Ꮫࡢࡃከࡢࡑࡿᚓࡾ࡞ࡅຓࡢᐃྠࡸᒁᅾࡣࣜ

ࢫࡢᑡᩘࡿࡌ⏕ࡽc࣒ࣟࢡࢺࢩࠊࡵࡓࡢࡑࠋࡿ࠸࡛ࢇྵࢆ

ࡅ࠾ศ㢮ࡢ⣽⬊ᡂศࠊࡃ࡞ࡣ࡛ࡢࡿ࠸⏝ࢆᛶ≉ࣝࢺࢡ࣌

ࠊᡃࡽࡉࠋࡿ࠼ゝ┈᭷ࡀࡇࡿ࠸⏝ࢆࣝࢺࢡ࣌ࢫࡿ ࠎ

ࠊࡕࢃ࡞ࡍࠋࡓࡋ⏝άࢆሗ⌮ㄽศ㢮ࡢࣝࢺࢡ࣌ࢫ⬊⣽ࡣ

 ィࠊ࡛ࡇࡿ࠸⏝ࢆࢢࣥࣜࢱࢫࣛࢡࡿࡼṍ⌮ㄽࢺ࣮ࣞ

ㄗᕪࡿ࠶ᩘࡢཎᅉࡢᐃ㔞ࡳ⤌ࡧࡼ࠾㎸ࠊ࡛ࡇࡿࡍࢆࡳ

㞧㡢ࡴྵࢆRamanࡢࣝࢺࢡ࣌ࢫศ㢮ࡢ⢭ᗘࢆ᱁ẁ㧗ࡿࡵ

ᅗ 6㸬A)ࢼࢬࢼࢾࣟࢩⴟ∦ࡢẟ⣽⬊㸬B)ᚤᑠ⟶㓄ྥࡢ≧㓄

ྥᗘࡢᐃ㔞᪉ἲࡢᴫᛕᅗ㸬C-E㸧㔝⏕ᆺኚ␗యࡢᚤᑠ⟶㓄

-ẚ㍑(F:10umࡢ㛫ศᕸ㸬F-G㸧≧㓄ྥᗘ✵ࡢ≧㓄ྥᗘࡢྥ

20um, G:20um-30um)㸬 

ᅗ 7㸸✵㛫ⓗ࡞ࢺ࣮ࣥࣞࣄࢥ⣽⬊㡿ᇦࡿࢀࡉ♧⒴ᛶࡧࡼ࠾

㠀⒴ᛶࡢࢺࣄࡢ℞⬊⏥≧⭢⣽⬊ࡢ Raman 㢧ᚤ㙾⏬ീࢡ࣌ࢫࡢ

ࡍ♧ࢆ⣽⬊⎔ቃ࡞Ṧ≉ࡢෆ㒊ࠋศ㢮ࡢࣝࢺ a) ℞⬊⏥≧⭢⒴⣽

  ࠋ⬊⣽⭢≦⏥⬊℞ࡢࢺࣄ (bࠊ⬊



 

ᅗࠋࡓࡁ࡛ࡀࡇ 7 ࢱࢫࣛࢡࡢࣝࢺࢡ࣌ࢫࡢࢀࡒࢀࡑࡣ࡛

⒴⣽⬊(ᅗ⭢≦⏥⬊℞ࠊࡾ࠾࡚ࢀࡉࡅⰍศࡀ 7a)ࡢࢺࣄ℞

⬊⏥≧⭢⣽⬊(ᅗ 7b)ࡢ⠊ᅖࡀ✵㛫ⓗ࡞ࢺ࣮ࣥࣞࣄࢥ㡿ᇦ

⣽࡞Ṧ≉Ꮫⓗࡑࡼ࠾࠾ࡀࢀࡒࢀࡑࠊࡾ࠾࡚ࢀࡉศ㢮

⬊⎔ቃࡢࡇࠋࡿ࠸࡚ࡋ♧ࢆ⤖ᯝࢆ㋃ࠊ࠼ࡲ⌧ᅾࡣ࡛✲◊ࡢ

ࡿᙜ࡚ࢆⅬ↔㔞ࡿࡵ༨ࡈ⬊⣽ࡀࢱࢫࣛࢡࡢࢀࡒࢀࡑ

ࢆᥦࡢᡭἲࡿࡍ㆑ูࢆ⬊⣽ࡢ㠀⒴ᛶࡧࡼ࠾⒴ᛶࠊ࡛ࡇ

┠ᣦࠋࡍ 

 

㸦11㸧ᝏ⭎Ꮡᅾࡢ࣒ࢬࣜࢦࣝࢡࢵ࢙ࢳ㛤Ⓨ 

ẼࡸᶵᲔࡢᨾ㞀ࡢデ୍᩿ࡇࠊࡣ࡛࡞⟠ᡤ࡛ࡶ␗

ᖖࡿ࠶ࡀၥ㢟ࡢࡶࡿ࠶ࡀデ᩿࡞࠺ࡼࡢࡑࠋࡿࢀࡉデ᩿

ࠊ࡚ࡗษࡕᡴࢆⅬ࡛デ᩿ࡓࡗࡘぢࡀᖖ␗ึ᭱ࠊࡣ࡛

␗ᖖࡾ࠶⤖ㄽ࡙࡞࠺ࡼࡢࡇࠋࡿࡁ࡛ࡀࡇࡿࡅ␗ᖖ࠶ࡢ

ྛẖࡃᘬࢆ⭎ࠊࡣၥ㢟ࡿࡍデ᩿ࡃ㏿ࡅࡔࡿࡁ࡛ࢆࡋ࡞ࡿ

ᦆኻࠊࡿ⿕ࢆᦆኻ࠸ᚑศᕸࡢୖ༊㛫[0,1]࡞ᅛ᭷ࡈ⭎

∧K⭎ࢺࢵࢹࣥࣂタᐃࠊ࡚࠸࠾ᦆኻᖹᆒࡿ࠶ࡀ㜈್௨

ヨ⾜ᅇ࠸࡞ᑡࡅࡔࡿࡁ࡛ࠊࢆྰࡿࡍᏑᅾࡀ⭎ࡿ࠶࡛ୖ

ၥ㢟ࢡࢵ࢙ࢳᝏ⭎Ꮡᅾࠕࡿࡍᐃุ࡛(ᅇᩘࡃᘬࢆ⭎)ᩘ ࡋࠖ

࡚ᐃᘧ࡛ࠋࡿࡁ 

ᝏ⭎Ꮡᅾࢡࢵ࢙ࢳၥ㢟࡛ࠊࡣ࣮ࣥࢰࣞࢢࡓࢀࡽ࠼ᖜ

ǼѮ(0,0.5)㜈್䃗䌜㻔䂴㻘㻝-䂴㻕ᑐࠊࡋᦆኻᖹᆒ䃛ࡀ䃗㻗䂴

ࡍ⭎ࡢ㈇ࡣሙྜ࡞ࡉᑠࡾࡼ䃗-䂴ࠊ⭎ࡢṇࡤࢀࡅࡁࡾࡼ

Ꮡࡀ⭎ࡢṇࠊࡋᑐ䃓䌜㻔㻜㻘㻜㻚㻡㻕⋠☜ࡾチᐜㄗࡓࢀࡽ࠼ࠋࡿ

ᅾࡿࡍሙྜࡣ 1-䃓௨ୖࠕ࡛⋠☜ࡢṇ Ꮡᅾࡋ⭎ࡢ㈇ࠊࠖ

ࡣሙྜ࠸࡞ࡋ 1-䃓௨ୖࠕ࡛⋠☜ࡢ㈇ࠖฟຊࣜࢦࣝࡿࡍ

ࠊ࡛ࡧ࣒ࢬࣜࢦࣝࢡࢵ࢙ࢳ㻔䂴㻘䃓㻕-ᝏ⭎Ꮡᅾࢆ࣒ࢬ ࡁ

ࢦࣝࢡࢵ࢙ࢳ㻔䂴㻘䃓㻕-ᝏ⭎Ꮡᅾ࠸࡞ᑡࡀヨ⾜ᅇᩘࡅࡔࡿ

✲◊࠸㏆タᐃࡢࡇࠋࡿࡍᶆ┠ࢆࡇࡿࡍ㛤Ⓨࢆ࣒ࢬࣜ

ࠋࡿ࠶ࡀⰋ⭎㆑ูၥ㢟᭱ၥ㢟ࢺࢵࢹࣥࣂ㜈್ࠊ࡚ࡋ

ᝏ⭎Ꮡᅾࢡࢵ࢙ࢳၥ㢟ࡀᑡࡘ୍ࡶࡃ࡞ṇࢆ⭎ࡢぢࢀࡅࡘ

㈇ṇࡢ࡚ࡍࡣၥ㢟ࢺࢵࢹࣥࣂ㸪㜈್ࡋᑐࡢ࠸࠸ࡤ

Ⰻ⭎㆑ู᭱ࠊࡓࡲࠋ࠸࡞ࡅ࠸ࡣ࡚ࡃ࡞ࡋ༊ูࡃࡋṇࢆ⭎ࡢ

ၥ㢟ࠊࡣᦆኻᖹᆒࡀ㜈್ࡶࡾࡼ㧗ࡶ᭱ࠊࡃ࡞ࡣ࡛⭎࠸㧗࠸

 ࠋ࠸࡞ࡅ࠸ࡤࢀࡅ࡞ࡋᐃ≉ࢆ⭎

ᮏ◊✲࡛ࡣ㻔䂴㻘䃓㻕-ᝏ⭎Ꮡᅾ࠾࣒ࢬࣜࢦࣝࢡࢵ࢙ࢳ

ṇࡢ⭎ࠊሙྜ࠸ࡁᗘ⛬ࡿ࠶ࡀᖜ䂴࣮ࣥࢰࣞࢢࠊ࡚࠸

㈇ุࡢᐃࢆᑡࡿ࠼⾜࡛ᩘࣝࣉࣥࢧ࠸࡞⭎ุᐃつ๎ࡘࡶࢆ

㜈್ࠊࡓࡲࠋࡓࡗ⾜ࢆศᯒࡢ㞧ᗘ「ࣝࣉࣥࢧࡢ࣒ࢬࣜࢦࣝ

ၥࢡࢵ࢙ࢳᝏ⭎Ꮡᅾࢆ᪉⟇APTࡿࡍᑐၥ㢟ࢺࢵࢹࣥࣂ

㢟࡚ࡏࢃྜᨵⰋࡓࡗ⾜ࢆAPT-BC᭱Ⰻ⭎㆑ูၥ㢟ᑐ

✚㸪⣼࠼ຍLUCB-BCࡓࡋ⟇㑅ᢥ᪉⭎ࢆ⟇LUCB᪉ࡿࡍ

ሗ㓘᭱ၥ㢟ᑐࡿࡍUCB᪉⟇ࢆ⭎㑅ᢥ᪉⟇࡚ࡋ᥇

ࠊࢆᩘࣝࣉࣥࢧࡢ࡛ࡲṆࡢ㝿ࡓࡋ⾜ᐇࢆUCB-BCࡓࡋ⏝

㸦ᅗࡓࡗ⾜ࢆẚ㍑ࡾࡼᐇ㦂ࣥࣙࢩ࣮࣑ࣞࣗࢩ 8㸧ࡢࡇࠋᐇ

㦂࡛ࡣAPT-BCࡢᖹᆒṆ้ࡶ᭱ࡶࡘ࠸ࡀ᪩ࡲࠋࡓࡗ

ࠊࡣࢀࡇࠋࡓࡗ࠶㢧ⴭ࡛ࡣᕪࡢࡑࡣࡁ࠸ከࡀ⭎ࡢṇࡓ

LUCB-BCࡸUCB-BCࡢᩘ「ࡀṇࢆ⭎ࡢከࡃ㑅ᢥࡲࡋ࡚ࡋ

ഴྥࡃᘬ࡚ࡋ㞟୰ࢆ⭎ࡢṇࡢࡘ୍ࡣAPT-BCࠊࡋᑐࡢ࠺

 ࠋࡿࢀࡽ࠼⪄ࡔࡵࡓࡿ࠶ࡀ

 

 

㸦12㸧࣐ࣛࣥ㢧ᚤศග⏬ീࡢᶵᲔᏛ⩦ⓗࢳ࣮ࣟࣉ 

ᶵᲔᏛ⩦ࢱ࣮ࢹࡿࡼศᯒ࣐ࣥࣛࡓࡏࢃྜࡳ⤌ࢆศග 

ᐃࠊࡣ⏕యࡿ࡞␗ࡢ≧ែࣝࢺࢡ࣌ࢫ࣐ࣥࣛࡿࡅ࠾⧊⤌ࡢ

≉ࠋࡿᚓࡾᡂ࣮ࣝࢶデ᩿࡞ᙉຊࡿࡍศᯒヲ⣽ࢆ࠸㐪ࡢ

࠸࡞࠸࡚ࢀࡉᐃ≉ࡀ࣮࣮࣐࢝࢜ࣂࡢẼࡿ࡞ᶆⓗࠊ

࣮࣓࣐ࣥࣛࠊࡽ࡞ࡐ࡞ࠋࡿ࠺ࡾ࡞㔜せࡶሙྜ࡞࠺ࡼ

ࡽࡓࡶࢆᏛሗࡧࡼ࠾ᵓ㐀ࡿࡍ㛵ศᏊࡢᐃ≉ࡣࢢࣥࢪ

ࡽࡓࡶࡶࢆሗࡢయࣝࣉࣥࢧࡓࡋศᯒࠊࡃ࡞ࡣ࡛ࡅࡔࡍ

࡞ࡀᚲせࡿࡍᐃྠ࡚ࡗࡼⓑ㉁⺮࣮࣮࣐࡚࢝࠼࠶ࠊࡵࡓࡍ

 ࠋࡿ࠶࡛ࡽ࠸

ࢱ࣮ࢹ࡞㐺ษࠊ࡚࠸࠾デ᩿ࡿࡼศග ᐃ࣐ࣥࣛࡢࡇ

ෆಙྕ࣐ࣥࣛࠊ࡛ࡇࡑࠋࡿ࡞せࡀ㛤Ⓨࡢἲࢢࣥࢽ࣐

ᅾࡿࡍศᏊࣝࢺࢡ࣌ࢫࡢᕪࢆཧ↷ࠊࡾࡼࡇࡿࡍᇶᮏⓗ

ࡢ࣒ࢬࣜࢦࣝࡿࡍ㆑ูㄽⓗ⌮ࢆẁ㝵ࡢࠊᆺ⧊⤌࡞

ࡣࠎᡃ≉ࠋࡿ࠸࡚ࡋ㛤Ⓨࡣࠎᡃࢆ࣒࣮࢛ࣇࢺࢵࣛࣉ

㸦CMDSࡣࡃࡋࡶISOMAP࡞࠺ࡼࡢ)ḟඖ๐ῶࠊࡸศ㢮ᇶ

࠸࡚ࡗ࡞⾜ࢆ(ࢺࢫ࢛ࣞࣇ࣒ࢲࣥࣛ)⩦Ꮫࣝࣈࣥࢧࣥࡃ࡙

ࡍෆᅾࢱ࣮ࢹḟඖ࡛㧗ḟඖ࠸࡞ᑡ㐶ࡣḟඖ๐ῶࠋࡿ

ࡿࡍどྍࢆࢱ࣮ࢹࠊࡘࠊࡋ⬟ྍࢆࡇࡿ᥈ࢆᵓ㐀ࡿ

ࠋࡿ࠼⾜ࢆࢢࣥࣜࢱࢫࣛࢡࡿࡍᑐᛂែ≦⧊⤌ࡿ࡞␗࡛ࡇ

Ꮫࢆᵓ㐀ࡢࣝࢺࢡ࣌ࢫ࣐ࣥࣛࡣࢺࢫ࢛ࣞࣇ࣒ࢲࣥࣛࠊࡓࡲ

ࡿ࠶ࡢ㛵㐃ࡶ᭱ࡽᚩ≉ࡢࣝࢺࢡ࣌ࢫࠊࡾࡼࡇࡿࡍ⩦

ᛶ⬡⫫⫢ᝈ࣮ࣝࢥࣝ㠀ࠋࡿ࠶࡛ࡢࡶࡍぢฟࢆࢱࢫࣛࢡ

(NAFL)ࡢ⥺⥔ࢆண ࠊ࡚࠸⏝ࢆࣝࢹࣔࢺࢵࣛࡿࡍḟඖ๐

ῶࢢࣥࢪ࣮࣓࣐ࣥࣛࢆࢺࢫ࢛ࣞࣇ࣒ࢲࣥࣛࡧࡼ࠾ᑐࡋ

࡚ᐇ⾜ࡔࡲࠊ࡛ࡇࡿࡍ⌮ࡀほᐹึ࠸࡞࠸࡚ࢀࡉᮇẁ㝵

 ࠋࡓࡗࡀ⧄ຊྥୖ⬟ࡢデ᩿ࡿࡅぢศࢆែ≦⧊⤌ࡶ࡛

ࢫ࣐ࣥࣛ࡞ᚩⓗ≉࡞⬟㆑ูྍࢆẁ㝵ࡿ࡞␗ࡢࠊࡓࡲ

ࢆែ≦ࡢNAFLࠊࡋᐃྠࢆ࿘Ἴᩘࡢࣝࢺࢡ࣌ 2 ࡋศ㢮ࡘ

1ࠋࡓ ࠺ࡶࠊNAFL࡛࡞Ᏻᐃⓗࡀࡘ 1 ࡢ㐍⾜୰NAFLࡀࡘ

㠀࣮ࣝࢥࣝᛶ⬡⫫ᛶ⫢⅖(NASH)࡛ࠋࡿ࠶NAFLࢺࢡ࣌ࢫ

㒊ศࡿ࠸࡚ࡋ「㔜ࡃࡁ୧᪉ࡢNASHࡧࡼ࠾㏻ᖖᆺࡣࣝ

ᅗ 8㸸ேᕤࣥࣙࢩ࣮࣑ࣞࣗࢩࡿࡼࢱ࣮ࢹᐇ㦂ࡢ⤖ᯝ

�Ǽ ����ț ������ࠋᦆኻ࣮ࢾࣝ࣋ࡀศᕸᚑ࠺ ࠺ࡢ⭎100

ࡕ m⭎ࢆᖹᆒᦆኻࡀ㜈್ࡶࡾࡼ100ࠊࡋ⭎࡞ࡁ-m⭎ࢆᖹᆒ

ᦆኻࡶࡾࡼᑠࠊࡋ⭎࡞ࡉAPT-BCࠊLUCB-BCࠊUCB-BCࡢ 100ᅇ

ᐇ⾜ࡓࡋᖹᆒṆ้ࡢࡑ 95%ಙ㢗༊㛫ࠋྛࡓࡋࣇࣛࢢࢆ

㜈್ȟࡣࣝࢺࢱࡢࣇࣛࢢ ಶᩘࡢ⭎ṇ mࠋࡍ⾲ࢆ  



 

ࢀࡽぢࡀᆒ୍ᛶࠊࢀࡉほᐹࡀ୧᪉ࡢ㒊ศࡿ࠸࡚ࡗ࡞␗

 ࠋࡿ࠸࡚

ᡃࡢࠎᡭἲ࡛ࣝࣉࣥࢧෆᅾࡿࡍ⏕Ꮫⓗሗࢆᢳฟࡍ

ࣂࡢࡵࡓࡿࡍ㆑ูࢆែ≦ࡿ࡞␗ࡢNAFLࠊࡾࡼࡇࡿ

ศࢺࢫ࢛ࣞࣇ࣒ࢲࣥࣛࡓࡲࠊࡾ࠶࡛⬟ᐃྍ≉ࡀ࣮࣮࣐࢝࢜

㢮ჾࠕࠊ࡚࠸⏝ࢆṇᖖ 㠀ṇᖖࠕࠖ NAFLࠖࠕࡣࡃࡋࡶࠊࠖ

㠀NAFLࠕ ࡣἼᩘࡢࡑࠊࡋゎ᫂ࢆἼᩘ࡞㔜せࡿࡅศࢆࠖ

⬡㉁⺮ⓑ㉁㛵㐃ࡓࡋ♧ࢆࡇࡿࡍ㸦ᅗ 9㸧ࠕࠋNASHࠖ

࡞␗ࡢࣉࢱࡣ㠀NASHࠖࠕࠊࡾࡼ✚㔞ࡢ㉁⬡ࡣ࡛

ࢵࣛࠊࡀデ᩿᪉ἲࡢࡇࠋࡿ࠶ࡀᛶ⬟ྍࡿ࠸࡚ࡗ࡞㉁⬡ࡿ

࣮ࣝࢶ࡞ࡓ᪂࡚ࡋᑐ ணࡢ⥔⥺ࡢNAFLࡢࣝࢹࣔࢺ

᭷ຠ㠀ᖖศᯒࡢᝈ⫢⫫⬡ࡢࢺࣄࡣ࡚࠸ࡦࠊ࠼ࡾ࡞

 ࠋࡿ࠸࡚࠼⪄ࡿᚓࡾ࡞

Ꮫᢏ⾡⯆ᶵᵓ࣭⛉ࡣ(12)-(10)  ᡓ␎ⓗ㐀◊✲᥎㐍ᴗ

/CRESTࠕሗィ  㸪୍ࠖࠕ⣽⬊࣐ࣛࣥィ ሗ⛉Ꮫࡢ⼥ྜ

㛤Ⓨࡢ⾡㎿㏿ゎᯒᢏࡢ⣽⬊デ᩿ࡿࡼ 㸦ࠖH28-33㸪ᑠᯇᓮẸ

ᶞᩍᤵ௦⾲㸧ࡢᡂᯝ࡛ࠋࡿ࠶ 

 

㸦13㸧⣽⬊ࡢᙺศࢱ࣮ࢹࡢ⛉Ꮫ 

㞟ᅋⓗ⣽⬊㐠ືࠊࡣࠊࡤ࠼⬇Ⓨ⏕ࠊ⒴㌿⛣ࠊയ⒵

ᙺ࡞㔜せ࡚ࡵ୰࡛ᴟࡢ⛬Ꮫⓗ㐣≀⏕ࡢࡘࡃ࠸ࠊࡓࡗ࠸

ࢆᯝ0ࠋࡿ࠸࡚ࡋࡓDGLQ̺'DUE\ࢾ⭈⮚(MDCK)ୖ⓶⣽⬊

͇࣮ࢲ࣮ࣜ͆ࡓࡋṦ≉ࡓࢀ⌧ዴ✺ࠊ㞟ᅋ㐠ືࡢ

ᑐ⩌⬊⣽ࡢ࿘㎶ࡿࢀࡤ͇࣮࢛࣡ࣟࣇ͆ࡀ⬊⣽ࡿࢀࡤ

ࡘࡘࡕಖࢆయᛶࡢ⧊⤌⓶ୖ࠸ᢸࢆᙺ࡞ⓗ࣮ࢲ࣮࡚ࣜࡋ

࡚ࡗ࡞ࡽ᫂ࡀᵝᏊࡿ࠸࡚ࡁฟ࡚ࡽ┠ቃࡢ࣮ࢽࣟࢥࡶ

⬊⣽࣮ࢲ୰࡛࣮ࣜࡢ࣮ࢽࣟࢥ㐟㉮ࠊࡣ࡛✲◊ࡢ㏆᭱ࠋࡿ࠸

ࡿ࡞ࡅࡗࡁࡢ⏕Ⓨࡢ㉳✺ࡢ࡛➃ᮎࡿࡇ㉳࡚ࢀࡉඛᑟ

⏕యศᏊ࣮ࢲ࣮ࣜࠊࡋࡋࠋࡓࢀࡉ♧ࡀ⣽⬊ࡢฟ⌧ࡢ⫼ᚋ

⣽⓶ୖࠋ࠸࡞࠸࡚ࡗࡲ῝ࡀゎ⌮ࡔᮍࠊࡣ㇟⌧ⓗ⌮≀ࡿ࠶

ࡢ㇟⌧ⓗ⌮≀ࡢ⣽⬊ฟ⌧࣮ࢲ࣮ࣜࡿࡅ࠾㞟ᅋ㐠ືࡢ⬊

ኚࢆ⌮ゎࠊࡵࡓࡿࡍᡃࡣࠎ㌾ࣝࢤࣥࢤ࣮ࣛࢥᇶ㉁ୖࡢ

࡛ᇵ㣴ࡓࢀࡉMDCKୖ⓶ࡢࢺ࣮ࢩ┦ᕪ㢧ᚤ⏬ീࡢ⤒ኚ

㸦⏕⼥ྜ⛉Ꮫࢫ࣮ࢥⰾ㈡Ọᩍᤵࡾࡼࡽᥦ౪㸧ࡽᚓࡽ

ᢏ⾡ⓗၥࡢ᭷≉⣽⬊㏣㊧ࡢࠎಶࠋࡓࡋ┠╔ᗘሙ㏿ࡓࢀ

㢟㸦⏬ീ⣔ิࡸ⣽⬊ศࡢ⺯ගࡢࢺࢫࣛࢺࣥࢥ୍⮴㸧ࢆ

㑊ࡢ⧊⤌⓶ୖࡣ࡛ࡇࡇࠊࡵࡓࡿࡅ㏿ᗘሙࡣ⢏Ꮚ⏬ീ㏿ᗘ

 ᐃ(PIV)ᢏ⾡࡚࠸⏝ࢆᚓ࡚ࠋࡿ࠸ᐇ㝿ࠊPIVࡣ㐃⥆⏬ീ

ࠊ㏻ᖖࠊࡾ࠾࡚ࡋᢳฟࢆࣝࢺࢡ࣋ᒁᡤኚࡽ┦㛵┦ࡢ

ὶయຊᏛ࡛⏝ࠋࡿ࠸࡚ࢀࡽ࠸┦ᕪ㢧ᚤ㙾ࡢ⏬ീࡢᵓ㐀ࡢ

ຍࢆ࣮ࢧ࣮ࣞࢺ࡞ᚤᑠᐇ㦂⣔ࡣ࡛✲◊ࡢࠎᡃࠊ࡛ࡆ࠾

 ࠋ࠸࡞ࡣᚲせࡿ࠼

 

ᅗ ࣉࢵࢼࢫ࡞௦⾲ⓗࡢᗘሙ㏿ࡓࢀࡽᚓࡽPIVศᯒࡣ10

┿࡛࡛࣮ࢽࣟࢥࠋࡿ࠶✺㉳ࡀ㉳ࡿࡇ๓ࠊ⣽⬊ࡸࡸࡣ༠

ാⓗ࡛࠸࡞ࡣ㐠ືࠊࡤࢀࡍࡶࠊࡾ࠾࡚ࡋࢆつ๎ࡘ

ࠋࡓࢀࡉ ほࡀࡇࡓ࠸࡚ࡏぢࢆࡁື࡞࠺ࡼࡿࡍᅇ㌿ࡣ

ศᯒ࡛ほࡢࡇࠊࡣᚋࡓࢀ⌧ࡀ⬊⣽࣮ࢲ࣮ࣜࠊࡽࡀ࡞ࡋࡋ

ἢ᪉ྥࡢ⬊⣽࣮ࢲ࣮ࣜࡀ⬊⣽ࡢ⩌⬊⣽ࠊ࠺ࡼࡓࢀࡉ 

ᇶᗘሙ㏿ࡓࢀࡽPIVᢏ⾡࡛ᚓࠋࡿ࠸࡚ࡋ㐠ື༠ാⓗ࡚ࡗ

ࡀ㉳✺ࠋࡓࡋ⟭ィࢆศᕸࡢࡉࡁࡢᗘ㏿ࡢࡈ㛫ࠊࡁ࡙

ࡓࢀ⌧ࡀ㉳✺࡛࣮ࢽࣟࢥࠊࡿẚᮇẁ㝵ึࡢ๓ࡿࢀ⌧

ᚋ㸦ほ ࢆጞࡽ࡚ࡵ 35㛫ᚋ㸧࡛ ࡀࡇࡿࡀᗈࡀศᕸࡣ

ศࠊࡣࢀࡇࠋࡓࡗ㧗ືྍ࠸ᛶ࣮ࢲ࣮ࣜࡍ♧ࢆ⣽⬊ඛᑟ

ࣜࠊࡽࡉࠊࡋ⌧ฟࡀែ≦ࡿฟ๓≦ᣦࡽ⏺ቃ࡚ࢀࡉ

ࢀࡉ௰ࡾࡼࣥࣜ࣊ࢻ࢝⬊⣽࣮࢛࣡ࣟࣇࡣ⬊⣽࣮ࢲ࣮

๓ࡢ㠃⾲ࠊࡵࡓࡢࡑࠋࡿ࠶࡛ࡽࡿ࠸࡚ࡗಖࡃᙉࢆ᥋ゐࡓ

㌟ࡢ㛫࣮࢛࣡ࣟࣇࡶ⣽⬊ࡶ㧗ືྍ࠸ᛶࠊࡋ♧ࢆ⤖ᯝ࡚ࡋ

ᣦ≧✺㉳ࡓࢀ⌧ࡀᚋࡣᖹᆒ㏿ᗘࠋࡿ࠸࡚ࡋ᪼ୖࡀከḟඖᑻ

ᗘᵓᡂἲࠊ࡚࠸⏝ࢆᡃ࣮ࢲ࣮ࣜࡣࠎ⣽⬊࣮ࢽࣟࢥࡀฟ⌧

ูࡽࢱࢫࣛࢡࡿ࠶ࡀศᕸࡢࡉࡁࡢᗘ㏿ࠊ㝿ࡿࡵጞࡋ

ࢥࠊࡣࠎᡃࠋࡓࡋⓎぢࢆࡇ࠺࠸ࡿࡍኚࢱࢫࣛࢡࡢ

㢮ఝࡢࡿࢀࡉ ほࡀ⌧ฟࡢ⬊⣽࣮ࢲ࣮ࣜࡿࡅ࠾࣮ࢽࣟ

ࡿࢀࡽᚓࡀᯝ⤖ࡿࡍྜᩚᯝ⤖ࡢᅇࠊࡶ࡚࠸࠾ᐇ㦂ࡢ

 ࠋࡿ࠸࡚࠼⪄࠺ࢁࡔ

ᅗ 10, ௦⾲ⓗ࡞㏿ᗘࣉࢵ࣐㸸㏿ᗘୖࡣࣉࢵ࣐⓶⣽⬊ࡳࡢୖࡢ

ࡓࢀࡉᇵ㣴ࡢᇶ㉁ୖࣥࢤ࣮ࣛࢥ㌾ࠊࡾ࠾࡚ࡋࢺࢵࣟࣉ࡛ MDCK

⣽⬊ࡢ┦ᕪ㢧ᚤ㙾ࡢ⏬ീୖࡢ㔜࡚ࡡᥥࠋࡿ࠸࡚ࢀ 

ᅗ 9㸸ࠕṇつᆺࠖᑐࠕ㠀ṇつᆺ 㸦ࠖୖẁ㸧ࠕࠊNAFLࠖᑐࠕ㠀 NAFLࠖ

㸦୰ẁ㸧ࠕࠊNASHࠖᑐࠕ㠀 NASH 㸦ࠖୗẁ㸧ࡿࡅ࠾㔜せ࡞≉ᛶࠋ 



 

 

㸦14㸧࣮࢛ࣟࣇ࣮ࢲ࣮ࣜࡿࡅ࠾ࣂ࣮࣓⣽⬊ࡢᙺศ

 

⣽⬊ࡢ㞟ᅋ㐠ືࠊࡣࠊࡤ࠼⒴ࡢᡂ㛗ࠊയ⒵ࠊჾᐁ

Ⓨ⏕ࡓࡗ࠸ከࡢࡃ⏕≀Ꮫⓗ㐣⛬࡚࠸࠾㔜せ࡛ࠋࡿ࠶༢

⣽⬊⏕≀ࠊ࣮ࢽࣟࢥࡢࣂ࣮࣓ࡤ࠼Dictyostelium dis-

coideum(Dicty)ࢆ⧊⤌ࢺࣄࠊࡣ⌮ゎࡢ࡛ୖࡿࡍᮃ࠸ࡋࡲ≉ᛶ

ࢫࢩࡢࡑࡽሗ⌮ㄽⓗほⅬࡣ࡛✲◊ࡢࡇࠋࡿ࠸࡚ࡋ᭷ࢆ

┠ࢆࡇࡿࡍࡽ᫂ࢆ⣽⬊จ㞟ࠊ࡛ࡇࡿࡍศᯒࢆ࣒ࢸ

ᣦࠋࡍຍ࣒ࢸࢫࢩࠊ࡚࠼ෆ࡛ࡢሗఏ㐩ࠊ࡛ࡇࡿࡍ✲◊ࢆ

⣽⬊ࡢᙳ㡪ࡢᐃ㔞࣮࢛࣡ࣟࣇࡧࡼ࠾࣮ࢲ࣮ࣜࠊ⣽⬊ࡢศ

㢮ࠊ௧ࢆୗࡍ㝿ࡢ࣮ࣝࣝࡢ⌮ゎࠋࡿࡍ⬟ྍࢆ 

 Dicty⣽⬊ࢡࢵࣜࢡࢧࡣAMPࡿࢀࡤᏛ≀㉁ࢆᨺ

ฟࡾࡼࡇࡿࡍ㐃⤡ࢡࢵࣜࢡࢧࡢࡇࠊࡀ࠺ྜࡾྲྀࢆ

AMPࡣᬑ㐢ⓗ࡞Ꮫ≀㉁࡛ࠊࡾ࠶ࡢ≀ືࡧࡼ࠾ࢺࣄࡤ࠼

ࡢࡶࡿ࠸࡚ࡗᢸࢆᙺࡿࡍኚATPࢆ⢾㢮࡚࠸࠾⮚⫢

ࡇࡃ㏆࡙໙㓄ࡢAMPࢡࢵࣜࢡࢧࡣ⬊Dicty⣽ࠋࡿ࠶࡛

⤖ࠋࡿࡍᨺฟࢆAMP⮬యࢡࢵࣜࢡࢧࡽࡉࠊࡋᛂ࡛

ᯝࠊ࡚ࡋᛂᣑᩓ⣔࡛᭷ྡࢫࣥࢳ࣎ࣕࢪ࣭ࣇࢯ࢘ࣟ࣋࡞

⏕ࢆ࣮ࣥࢱࣃࡢἼࢇࡏࡽࡿ㏻ࢆ⩌⬊⣽ࠊ࡞࠺ࡼࡢᛂ࣮࢟

࠺ࡼࡢ⬦ᚰᩚࡣἼࢇࡏࡽ࡞࠺ࡼࡢࡇࠋࡿ࡞ࡇࡍฟࡳ

Dicty࡚ࡗࡼࠋࡿ࠸࡚ࢀࡽ▱ࡶࡍࡇ㉳ࡁᘬࢆᖖ␗ࡢ⮚ᚰ࡞

⣽⬊ࢆ⌮ゎࠊࡣࡇࡿࡍ⣽⬊ࡢ㞟ᅋ㐠ືࡢ⌮ゎࢆຓࡔࡿࡅ

ࡇࡿࡍゎ⌮ࢆ⌧ฟࡢἼࢇࡏࡽࡿࡅ࠾య⣔⏕ࠊࡃ࡞࡛ࡅ

 ࠋࡿࡀ⧄

 ┤㏆࡛ࡣDicty⣽⬊ࢆᐇ㦂ࡢࣥࣙࢩ࣮࣑ࣞࣗࢩ୧᪉

ᅗࠊࡣᐇ㦂࡛ࠋࡓࡋ✲◊ࡽ 11 ⬊Dicty⣽ࠊ࠺ࡼࡓࡋ♧

ࢆ⢏Ꮚ⏬ീὶ㏿ ᐃࠊࡵࡓࡿㄪࢆኚࡢ⣔ࡿࡼจ㞟ࡢ

ࡀᗘ㏿࡚ࢀࡘ⏕Ⓨࡢ⛬จ㞟㐣ࠋࡓࡋฟ⟭ࢆᗘሙ㏿࡚࠸⏝

ࡼ࣮ࣆࣟࢺ࢚ࣥShannonࠊࡵࡓࡿࡍ㛵┦㛫ⓗ✵ࡍࡲࡍࡲ

⬊⣽ࠊ࡚࠼ຍࠋࡓࡋⓎぢࢆࡇࡿ࠶࡛⬟ྍࡀ ணࡢจ㞟ࡿ

ࡢ㠀ᆺⓗࠖࠕᆺⓗࠖࠕඹ㛫ࡿࡲጞࡀจ㞟ࡢ

ᐃ⩏ࡀኚ୍ࠊࡵࡓࡿࢃ㐃ࡢᆺᛶࡢᡭἲᩘࡾࡼ㛫๓

จ㞟ࢆண ࠊࡣࡽࡉࠋࡿࡁ࡛ࡀࡇࡿࡍಶูࡢ⣽⬊ࢧࡢ

ࡧࡼ࠾࣮ࢲ࣮ࣜࠊࡾࡼࡇࡿࡓࢆAMP⃰ᗘࢡࢵࣜࢡ

⬊⣽࣮ࢲ࣮ࣜࡀື⛣ࡢ࣮ࣆࣟࢺ࢚ࣥࡢ⣽⬊㛫࡛࣮࢛࣡ࣟࣇ

≉ᐃࡢࡵࡓࡢ᭷ຊࡀ࣮ࣆࣟࢺ࢚ࣥື⛣ࠋࡿ࡞࣮ࣝࢶ࡞㠀

ᑐ⛠ࠊࣜࡤࢀ࠶ࡀ ࠶࡛ࡿ࠸࡚ࡌ⏕ࡀ㛵ಀ࣮࢛࣡ࣟࣇ-࣮ࢲ࣮

ࡢ⩌⬊⣽࡞ࡁࠊࡽࡀ࡞ࡋࡋࠋࡿ࠸࡚ࡋពࢆࡇ࠺ࢁ

୰࡛ࡢ࣮ࣆࣟࢺ࢚ࣥື⛣ࡢ⏝ࡔࡲ࠸ࡣㄢ㢟ࡀṧ࠾࡚ࡗ

つᶍࠊᅾ⌧ࠊࡵࡓࡢࡑࠋࡿ࡞ᚲせࡀࢱ࣮ࢹࡿ࡞᭦ࠊࡾ

 ࠋࡿ࠸࡛ࢇ⤌ࡾྲྀ⢏Ꮚ㏣㊧ἲື⮬ࡢࢺࢵࢭࢱ࣮ࢹ

 

㸦15㸧㛫ศゎἲࠊࡓ࠸⏝ࢆ⤌⧊῝㒊ࡢ⺯ගࢺࢵࢤ࣮ࢱ 

 㛤Ⓨࡢᡭἲࢢࣥࢪ࣮࣓

ฟ᳨㧗ឤᗘࡾࡼࣈ࣮ࣟࣉᨺᑕᛶࢆኚ㒊ࡢ࡞ࣥ࢞

ᚲせࢆタ࡞Ṧ≉ࡸ᭚⿕ࠊࡀࡿ࠸࡚ࡋᐇ⏝ࡀ᪉ἲࡿࡍ

࡞ࣈ࣮ࣟࣉග⺯ࢆࣈ࣮ࣟࣉᨺᑕᛶࠋ࠸ከࡀၥ㢟࡞ࡿࡍ

࠼⪄ࡿࡁゎᾘ࡛ࡣၥ㢟ࡢࡽࢀࡑࡾࡼࡇࡿ࠼ࡁ⨨

ࡵᴟࡣฟ᳨ࡢࣈ࣮ࣟࣉග⺯ࡓࢀࡲ㎸ࡵᇙ⧊⤌ࠊࡀࡿࢀࡽ

࡚㞴ࡣࢀࡇࠋ࠸ࡋ⏕య⤌⧊ࡀᙉ࠸ᩓ྾ࢆᣢ࠶࡛ࡵࡓࡘ

㧗ࡓ࠸⏝ࢆ࣮ࢨ࣮ࣞࢫࣝࣃ࣒ࢸࢫࢩගᏊ᳨ฟࡋࡋࠋࡿ

ࣉග⺯ࡢ㸯㹡㹫⛬ᗘࡉ῝ࠊࡾࡼ ィࡘᣢࢆ⬟㛫ศゎ࠸

ࠋࡿ࠸࡚ࡁ࡚ࡗࢃࡀࡇࡿ࠶࡛⬟ฟྍ᳨ࡶ࡚࠸ࡘࣈ࣮ࣟ

ࢢࣔࢺග⺯ࡿࡺࢃ࠸ࡿ▱ࢆ㛫ⓗศᕸ✵ࡢࡑᐇ㝿ࠊࡋࡋ

㛫ࠊࡣ࡛✲◊ᮏࠋࡿ࠶㏵ୖ✲◊ࡶᅾ⌧ࠊࡣᡭἲࣇࣛ

ศゎ⺯ග᳨ฟࡢ࣒ࢸࢫࢩ㛤Ⓨࡢࡽࡇࡑ㛫ᛂ⟅ࢱ࣮ࢹ

 ࠋࡓࡗ⾜ࢆ㛤Ⓨࡢᡭἲࣇࣛࢢࣔࢺග⺯ࡓ࠸⏝ࢆ

⺯ගࡢᩘ「ࠊࡣࡵࡓ࠺⾜ࢆࣇࣛࢢࣔࢺࡢ✵㛫ⓗ␗

⟆㛫ᛂࠋࡿࡍ ィࢆ㛫ᛂ⟅㛵ᩘࡢග⺯࡚࠸࠾Ⅼࡿ࡞

㛵ᩘࠊࡣ⺯ගࡢࣈ࣮ࣟࣉ⺯ගῶ⾶≉ᛶࡶ⤌⧊ෆࢆ

ఏࡓࡋග㊰㛵ࡿࡍሗࡽࢀࡇࠋࡿࢀࡲྵࡀᑐࠊࡋග

ఏࢆࣝࢹࣔ⌮ᩘࡢసࡢࡑࠊࡾ⤖ᯝẚ㍑ࡢࡑࡋᕪࡀᑠࡉ

㍺ࢆගఏࠊࡣᅇࠋࡿᚓࢆീ⏬࠸⾜ࢆస᧯࡞࠺ࡼࡿ࡞ࡃ

㏦᪉⛬ᘧ࡛グ㏙୍ࡿࡍ᪉ࠊບ㉳ග୍ࡣᵝ༙࡞✵㛫ࡢ፹య࡛

 ࠋࡓࡋ༢⣧࡚࠸⏝ࢆゎᯒᘧ࡞㏆ఝⓗࡢ

ࡾࡼἲࣟࣝ࢝ࢸࣥࣔࠊࡵࡓࡿࡍㄆ☜ࢆ࣒ࢬࣜࢦࣝ

ගఏࡢࡑࠊࡋࣥࣙࢩ࣮࣑ࣞࣗࢩࢆ⤖ᯝࢱ࣮ࢹࢆぢ❧࡚

⏬ീᵓᡂ༙ࡣ࡛ࣥࣙࢩ࣮࣑ࣞࣗࢩࠋࡓࡗ⾜ࢆ✵㛫ࡢ⤌⧊

✵༙ࠋࡓࡋ⨨タࢆࢺࢵࢤ࣮ࢱග⺯ࡢᙧ⌫୰ࡢࡑࠊ࠼⪄ࢆ

㛫ࡢ⾲ഃ4ࡢ⟠ᡤ࡛㡰ගࢆධ12ࠊࢀ⟠ᡤ᳨ࡢฟⅬ࡛⺯ගࢆ

ほ ࡿࡼࢀࡑࠋࡓࡋࡓࡋᵓᡂ⏬ീࢆᅗ12ࠋࡓࡋ♧

ᅗ12ࡢ AࠊB ྾ಀᩘࡢࢺࢵࢤ࣮ࢱග⺯ࡢ࡛ࣝࢭࢡࣆྛࡣ

ࡢീᵓᡂ⏬ࡢࢫ࣮࣋ࣝࢭࢡࣆࡿࡺࢃ࠸࠸࡞࠼ࢆไ㝈

⤖ᯝ࡛ࠋࡿ࠶㉥ࡢࡢ┿ࡣ⨨ࡢࢫ࣮࣋ࣝࢭࢡࣆࠋࡍ♧ࢆ

⤖ᯝࡢ┿ࠊࡶ࡚࠸࠾ീ㏆࠸ศᕸࢆᵓᡂ࡛ࡀࡇࡿࡍ

⺯ࠊࡇࡇࠋࡿ࠸࡚ࡗࡀᗈࡣศᕸࡓࡲࡃࡉᑠࡣ್ࠊࡀࡓࡁ

ගࡢ್ࡢ࡛ࢺࢵࢤ࣮ࢱศᕸ2್ࡋ࠸࡞ࡀ࡞࠺ࡼࡿࡍᣊ

᮰ࢆᑟධࢺࢵࢭࣝ࣋ࣞࡿࡺࢃ࠸ࠊࡋἲࡾࡼ⏬ീࢆᵓᡂ

ࡀᯝ⤖ࡓࡋ C,D ࡾࡼࡇࡿࡍไ㝈ࢆゎࡋ2್ࠋࡿ࠶࡛

⏬ീࡣᖜᨵၿ್ࡓࡲࠊࡋ⮬㌟್┿ࡶ㏆࡙ࠋࡓ࠸ 

 ᚋࠊࡣᐇ㝿ࡢᐇ㦂ࡓ࠸⏝ࢆࢱ࣮ࢹ⏬ീᵓᡂࢆ㐍ࡿࡵ

ගఏᦙࣔࡢᣑᩓ᪉⛬ᘧ࡛ࠊ࠸࡞ᑡࡀィ⟬ຍࡾࡼࠊࡵࡓ

ᅗࡢ࣒ࢬࣜࢦࣝ࡞ࢺࢫࣂᏳᐃ࡛ࣟࠊࡶࡿ࠸⏝ࢆࣝࢹ 11㸸Dicty⣽⬊ࡢᆺⓗ࡞จ㞟㐣⛬ 



 

ᵓ⠏ࢆ┠ᣦࠋࡍ 

1) K.Prieto, and G.Nishimura, “A new scheme of the time-domain 

fluorescence tomography for a semi-infinite turbid medium.” Opt.Rev.  

24, 242-251, (2017) 

 

(16) ගᏊ᳨ฟࡓ࠸⏝ࢆ࣒ࢸࢫࢩ⏕య⤌⧊ࡢᩓගࡽࡺ 

 ✲◊ࡢᐃ ࡂ

ࠊࡵࡓ࠺⾜ࢆᐃ㔞ࡢ ィࡂࡽᩓගᦂࡢ࡛ࣝ࣋ࣞ⧊⤌

⏕య⤌⧊ᶍᨃヨᩱࡢከ㔜ᩓගᦂࡂࡽィ Time-of-

Flight(TOF)ィ ྠࢆ ᐃࢆ࣒ࢸࢫࢩࡿࡍᵓ⠏ࠊࡋゎ

ᯒࠋࡓࡗ⾜ࢆ 

⏕య⤌⧊ධᑕࡓࡋගࡢ⧊⤌ࠊࡣᙉ࠸ᩓࡢᙳ㡪ࠊࡅཷࢆ

⤌⧊ෆࢆᣑᩓⓗ㏱㐣ྍࠋࡿࡍᖸ΅ᛶࡢ㧗࠸ගࡀධᑕࡓࡋ

ሙྜࠊ⤌⧊ෆࡢᩓ⢏Ꮚࠊࡾࡼࡁືࡀගᙉᗘࡀᦂࡓࡄࡽ

ࢆሗ࡞ⓗືࡢ⧊⤌ࡾࡼࡇࡿࡍ ィࢆࡂࡽᦂࡢࡑࠊࡵ

ᚓࡿࠋࡿࡁ࡛ࡀ㏻ᖖࡢ༢ᩓࡢࠊࡾ࡞␗ከ㔜ගࡣ

ᩓࡓࡲࠊࢀࡉᩓᅇᩘࡣ☜⋡ⓗศᕸࡢࡇࠋࡿࡍศᕸࡣ

ග㊰㛗ศᕸẚࡋࡶࠊࡽࡇࡿࡍග㊰㛗ศᕸࢀࢃࡀ

ࡁ࡛ࡀࡇࡿࡍホ౯ࢆ㸦ᖹᆒ㸰ኚ㸧ࡁືࡢᩓయࠊࡤ

ගᏛࡢ⧊⤌ࡶ࡚ࡋࡓࡋ㏆ఝᆒ୍ࠊሙྜࡢ⧊⤌య⏕ࠋࡿ

ᐃᩘࡀᮍ▱࡛ྠࠊࡵࡓࡿ࠶ࡿ▱ࢆࡽࢀࡑᚲせࠋࡿ࠶ࡀ

ࡿࡍᑐගධᑕࢫࣝࣃ▷ࡢ⛊ࢥࣆࠊࡣගᏛᐃᩘࡵࡓࡢࡑ

㛫ᛂ⟅㛵ᩘࢆ ᐃࡋග㊰㛗ศᕸࢆ┤᥋ᚓࠊࡿࡁ࡛ࡢࡇࡿ

TOFἲྠࢀࡑࠊ࠸⏝ࢆᩓගࡢᦂࢆࡂࡽගᏊ┦㛵ἲ࡛

ィ ࢫࣝࣃ▷ࠋࡿࡍගྍࠊࡣᖸ΅ᛶࡀపࡲࡲࡢࡑࠊࡵࡓ࠸

ᖸ΅ᛶྍࠊࡵࡓ࠸ࡋ㞴ࡣࡢࡿࡍ ィࢆࡂࡽᦂࡢᩓගࡣ࡛

ྠࡃࠊࡋධᑕྠࢆගࡢ࣮ࢨ࣮ࣞࢻ࣮ࣔ⦪༢୍࠸㧗ࡢ

ᵓ⠏ࢆ࣒ࢸࢫࢩ࠺ࡼࡿࡁᐃ࡛ ࢆ⪅୧ගᏛ⣔࡛ྠࡌ

᪂ࡶࢫࣂࢹࡵࡓࡿࡍ ィࢆගᏊ┦㛵㏿㧗ࠊࡓࡲࠋࡓࡋ

つヨసࠋࡓࡋ 

⤌⧊ᶍᨃヨᩱ࡚ࡋ⬡㉁⢏Ꮚ(ࢻࢵࣆࣜࣛࢺࣥ)ࡢᠱ⃮

ᾮ࡛ࡇࡑ࠸⏝ࢆගᏊ┦㛵 ᐃTOF ᐃࠋࡓࡗ⾜ࢆᅗ13ࡑ

ධᑕ᳨ࠊࡋ♧ࢆගᏊ┦㛵㛵ᩘࡣᅗ13(ᕥ)ࠋࡓࡋ♧ࢆᯝ⤖ࡢ

ฟ㛫㊥㞳�Ȩ�ࢆኚࡓࡲࠊ࠼༢୍⦪࣮ࣔࢻ(CW)࣮ࣞࡳࡢ࣮ࢨ

ࡋ♧ࢆᯝ⤖ࡢධᑕྠࡢ࣮ࢨ࣮ࣞࢫࣝࣃ⛊ࢥࣆධᑕࡢ

ࢨ࣮ࣞࢫࣝࣃẚሙྜࡢධᑕࡢࡳࡢ࣮ࢨCW࣮ࣞࠋࡿ࠸࡚

࣮ධᑕࡢሙྜࡣᖜࡀῶᑡࢫࣝࣃࠊࡶࡿࡍගࡾ⧞ࡢ

㏉ࡋ࿘ᮇᑐᛂࡿࡍືࡀぢࠋࡿࢀࡽ㊥㞳ࡀቑຍࡿࡍᩓ

ᅇᩘࡀቑຍࡵࡓࡿࡍ┦㛵㛵ᩘࡢῶ⾶ࠋࡿ࠸࡚ࡗ࡞ࡃ㏿ࡣ

ࡢࡳࡢCWࡣ⾶ῶࡢ㛵㛵ᩘ┦ࠊࡶሙྜ࡛ࡓࡋධᑕࢆගࢫࣝࣃ

ධᑕࠊࡽࡇࡿࡍ⮴୍ගᏊ┦㛵ィ ࣮ࢨ࣮ࣞࢫࣝࣃ

ගࡀᙳ㡪୍ࠋࡿ࠸࡚ࢀࡉ♧ࡀࡇ࠸࡞࠸࡚ࡋ᪉ྠࠊィ

㝈፹↓༙ࠋࡿ࠸࡚ࢀࡉ♧(ྑ)ᅗ13ࡣ㛫ᛂ⟅≉ᛶࡓࡋ 

యࡢࡁࡓ࠼⪄ゎᯒゎࣛࢺࣥࠊࡾࡼࡇࡿࡏࢃྜࢆ

ࢆࢀࡇࠋࡓฟ᮶ࡀࡇࡿࡍỴᐃࢆගᏛᐃᩘࡢᾮ⁐ࢻࢵࣆࣜ

┦㛵㛵ᩘࡢゎධࢱ࣮ࢹࢀᙜ࡚ࠊࡾࡼࡇࡿࡵࡣග㊰

㛗ࡢᙳ㡪ࡾྲྀࢆ㝖ࡓ࠸ῶ⾶㛫ࢆᚓࡿࡢࡇࠋࡓࡁ࡛ࡀῶ

⾶㛫ࠊࡣ༑ศⷧࡵ༢ᩓ᮲௳ୗ࡛ᚓࡓࢀࡽῶ⾶㛫ẚ

㍑ྠࡽࡇࡢࡇࠋࡓࡋ⮴୍ࡀ್ࡰࠊࡁ࡛ࡀࡇࡿࡍ

 ᐃࡾࡼከ㔜ᩓࡢᙳ㡪ࡾྲྀࢆ㝖ࡁ┦㛵㛵ᩘࢆゎᯒ࡛ࡁ

 ࠋࡿ࠸࡚ࢀࡉ♧ࡀࡇࡿ

ᐇ㝿ࡢ⏕య⤌⧊࡛ࠊࡣ྾ࡀࡃࡁኚࠊࡵࡓࡢࡑࠋࡿࡍ

ග㊰㛗ࡶ࡛⧊⤌୍ྠࡣኚࡓࡲࡋಶయ㛫ࡢᕪࡶࡑࠋ࠸ࡁ

ࡵᴟࡣࡇࡿࡁ࡛ࡀࡇࡿࡍࢆᙳ㡪ࡢከ㔜ᩓࠊࡵࡓࡢ

࡚᭷⏝࡛ࡿ࠶⤖ㄽ࡛ࡢࡇࠋࡿࡁᡭἲ࠸⏝ࢆ⏕య⤌⧊ࡢᩓ

యືࡢⓗ࡞ᛶ㉁ࡢゎᯒᛂ⏝ࡃ⾜࡚ࡋணᐃ࡛ࠋࡿ࠶ 

1) G.Nishimura “Design of a full photon-timing recorder down to 1-

ns resolution for fluorescence fluctuation measurements”, Review of 

Scientific Instruments, 86 : 106108 (2015) 

 

㸦17㸧㛫ศゎἲࠊࡓ࠸⏝ࢆ㧗ឤᗘ⺯ග᳨ࢺࢵࢤ࣮ࢱฟἲ

 㛤Ⓨࡢ

ྜࡳ⤌ࢆ࣮ࢨ࣮ࣞࢫࣝࣃ࣒ࢸࢫࢩගᏊ᳨ฟࠊ࡛ࡲࢀࡇ

㸯㹡㹫⛬ᗘࡉ῝ࠊࡾࡼ ィࡘᣢࢆ⬟㛫ศゎ࠸㧗ࡓࡏࢃ

ࢆീᵓᡂᡭἲ⏬ࡢ࡚࠸ࡘࣈ࣮ࣟࣉග⺯ࡓࢀࡲ㎸ࡵᇙ

せࢆィ⟬㛫࡞ከࡣീᵓᡂ⏬ࡋࡋࠋࡓࡁ࡚ࡋ✲◊

་ࡢᐇ㝿ࠊࡋࡋࠋ࠸ከࡀㄢ㢟ࠊࡣࡿ⮳⏝ᐇ࡞ࡿࡍ

⒪⌧ሙ࡛ࡢࡑࠊࡣᏑᅾᐃᛶⓗ࡞⨨㛵ࡿࡍሗ࡛ࡅࡔ

 ࠋࡓࡋᐹ⪄ࢆ᪉ἲࡢࡑࠊࡾ࠶ࡀᛶ⬟ྍࡿ࡞⏝ᐇࡶ

⺯ගయ࡞⧊⤌ࡀᇙࡵ㎸ࡿ࠸࡚ࢀࡲሙྜ᳨ࠊฟ㝈⏺ࡣ

⫼ᬒගࡾࡼそ࠸㞃≉ࠋࡿࡼࡇࡿࢀࡉᙉ࠸ᩓయ࡛

྾ࡢ፹㉁ࠊࡇࡿࡀᗈࡃࡋⴭࡀീࡢගయ⺯ࠊሙྜࡿ࠶

࡚ࡗ࡞ࡃ᫆ࢀࡶᇙᬒග⫼ࠊ࡚ࡗࡲ┦ࡀ⾶ῶࡢᙉᗘࡿࡼ

࡚ࡋ༊ูࢆග⺯ࡢගయ⏤᮶⺯ᬒග⫼ࠊࡵࡓࡢࡑࠋࡿ࠸

 ᐃࡾࡼࠊࡾࡼࡇࡿࡍ⺯ගయ᳨ࡢฟ⬟ࡀࡇࡿࡆୖࢆ

A (yz ᖹ㠃)            B (z ᖹ㠃) 

   

C (yz ᖹ㠃)            D (z ᖹ㠃) 

  

ᅗ ീ⏬ࠊࡿࡍᑐࢱ࣮ࢹࣥࣙࢩ࣮࣑ࣞࣗࢩࣟࣝ࢝ࢸࣥࣔ 12

ᵓᡂࠋA,Bࡢࢫ࣮࣋ࣝࢭࢡࣆࡣ⏬ീᵓᡂࠊCDࡽࡉࡣ

࡚࠸⏝ࢆἲࢺࢵࢭࣝ࣋ࣞ 2್ࡓࡋ⏬ീᵓᡂࠋ 
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4.1 Ꮫ⾡ㄽᩥ㸦ᰝㄞࡾ࠶㸧 

䠍䠅 J. N. Taylor, M. Pirchi, G. Haran and T. Komatsuzaki: 

“Deciphering hierarchical features in the energy land-

scape of adenylate kinase folding/unfolding”, J. Chem. 

Phys. Special Issue on Single Molecule Biophysics, 148: 

123325-1–123325-14 (2018)(invited) 

䠎䠅 Y. Tamiya, R. Watanabe, H. Noji, C. Li and T. Komatsu-

zaki: “Effects of non-equilibrium angle fluctuation on F1-

ATPase kinetics induced by temperature increase”, 

Physical Chemistry Chemical Physics, 3(20): 1872–1880 

(2017) 

䠏䠅 N. Hervieux, S. Tsugawa, A. Fruleux, M. Dumond, A. 

Routier-Kierzkowska, T. Komatsuzaki, A. Boudaoud, J. 

C. Larkin, R. S. Smith, C. Li and O. Hamant: “Mechanical 

Shielding of Rapidly Growing Cells Buffers Growth Het-

erogeneity and Contributes to Organ Shape Reproduci-

bility”, Current Biology, 27(22): 3468–3479 (2017) 

䠐䠅 J. Alfermann, X. Sun, F. Mayerthaler, T. E. Morrell, E. 

Dehling, G. Volkmann, T. Komatsuzaki, H. Yang and H. 

D. Mootz: “FRET monitoring of a nonribosomal peptide 

synthetase”, Nature Chemical Biology, 13: 1009–1015 

(2017) 

䠑䠅 H. Teramoto, K. Kondo, S. Izumiya, M. Toda and T. Ko-

matsuzaki: “Classification of Hamiltonians in neighbor-

hoods of band crossings in terms of the theory of singu-

larities”, Journal of Mathematical Physics, 58: 073502-1–

073502-39 (2017) 

䠒䠅 K.Prieto, and G.Nishimura, “A new scheme of the time-

domain fluorescence tomography for a semi-infinite turbid 

medium.” Opt.Rev. 24, 242-251, (2017) 

䠓䠅 K.Prieto, and G.Nishimura, “A novel approach for the 

time-domain fluorescence imaging of a semi-inifinite tur-

bid medium: Monte Carlo evaluation.” SPIE Proc., 10059, 

1005910 (2017). 

䠔䠅 L. Hong, M. Dumond, S. Tsugawa, A. Sapala, A. Routier-

Kierzkowska, Y. Zhou, C. Chen, A. Kiss, M. Zhu, O. Ha-

mant, R. S. Smith, T. Komatsuzaki, C. Li, A. Boudaoud 

and A. H. Roeder : “Variable cell growth yields repro-

ducible organ development through spatiotemporal aver-

aging”, Developmental Cell, 38(1) : 15-32 (2016)   

䠕䠅 S. Tsugawa, H. Nathan, O. Hamant, A. Boudaoud, R. S. 

Smith, C. Li and T. Komatsuzaki : “Extracting subcellular 

fibrillar alignment with error estimation: Application to 

microtubules”, Biophysical Journal, 110(8) : 1836-1844 

(2016) 

䠍䠌䠅 G.Nishimura, K.Awasthi, and D.Furukawa, “Fluorescence 

lifetime measurements I heterogeneous scattering me-

dium,” J.Biomed.Opt. 21, 075013  (2016). 

䠍䠍䠅 C. Li, H. Ueno, R. Watanabe, H. Noji and T. 

.RPDWVX]DNL���͆ $73�K\GURO\VLV�DVVLVWV�SKRVSKDWH�

release and promotes reaction ordering in F1-

$73DVH͇��1DWXUH�&RPPXQLFDWLRQV��������������-9 

(2015) 

䠍䠎䠅 Y. Nagahata, S. Maeda, H. Teramoto, T. Horiyama, 

7��7DNHWVXJX�DQG�7��.RPDWVX]DNL���͆'HFLSKHULQJ�

7LPH� 6FDOH� +LHUDUFK\� LQ� 5HDFWLRQ� 1HWZRUNV�͇��

The Journal of Physical Chemistry B,  120, 1961

Ѹ1971(2016)(invited) 

䠍䠏䠅 Y. Sumiya, Y. Nagahata, T. Komatsuzaki, T. 

7DNHWVX�DQG�6��0DHGD���͆.LQHWLF�$QDO\VLV�IRU�

the Multistep Profiles of Organic Reactions: 

Significance of the Conformational Entropy on 

ᅗ 14㸸⺯ගయࢆᇙࡵ㎸ࡢ࡛࣒ࢺࣥࣇࡓࢀࡲ㛫ᛂ⟅㛵ᩘ
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the Rate Constants of the Claisen Rearrange-

PHQW�͇��7KH�-RXUQDO�RI�3K\VLFDO�&Kemistry A, 

119(49) : 11641-11649 (2015) 

䠍䠐䠅 *�1LVKLPXUD�͆ 'HVLJQ�RI�D�IXOO�SKRWRQ-timing re-

corder down to 1-ns resolution for fluorescence 

IOXFWXDWLRQ�PHDVXUHPHQWV͇��5HYLHZ�RI�6FLHQWLILF�

Instruments, 86 : 106108 (2015) 

䠍䠑䠅 H. Teramoto, M. Toda, M. Takahashi, H. Kono and 

7��.RPDWVX]DNL��͆ 0HFKDQLVP�DQG�([SHULPHQWDO�2E�

servability of Global Switching Between Reactive 

and Nonreactive Coordinates at High Total Ener-

JLHV͇�� 3K\VLFDO� 5HYLHZ� /HWWHUs, 115(093003) 

(2015) 

䠍䠒䠅 H. Teramoto, M. Toda and T. Komatsuzaki: 

͆%UHDNGRZQ� PHFKDQisms of normally hyperbolic 

invariant manifolds in terms of unstable peri-

odic orbits and homoclinic/heteroclinic orbits 

LQ�+DPLOWRQLDQ�V\VWHPV͇��1RQOLQHDULW\�����������

(2015) 

 

4.2 Ꮫ⾡ㄽᩥ㸦ᰝㄞࡋ࡞㸧 

ヱᙜࡋ࡞ 

 

4.3 ⥲ㄝ࣭ゎㄝ࣭ホㄽ➼ 

䠍) ᑠᯇᓮ Ẹᶞ:Ꮫᛂ⌮ㄽ䛾ᬑ㐢ᛶ䠖GRRM 䛻ᮇ䛩䜛

䜒䛾䚸IQCE NEWS No.57, 1(2018). 

䠎) すᮧ ࿃ᮁ : ࠕ⤌⧊➼ᩓయෆ㒊ࡿࢀࡲྵ⺯ග≀㉁

⾡㧗ឤᗘ᳨ฟᢏࡢ 㸴ࠊࢢࣥࣜࢽࢪ࢚࣑ࣥࣝ࢝ࢣࠊࠖ

㸱(㸰) :165-170 (2018). 

䠏) ᶔ ♸୍ࠊ᪂ᾏ ஓࠊᑠᯇᓮ Ẹᶞ: ࠕ≉㞟㸸ᑡᩘᛶ

⏕≀Ꮫࡔࢇ࡞࡚ࡗ㸽: ࠕᑡᩘಶᛶ䇷ศᏊᩘࡢ⏕

 (2017) 3190-3196 :(19)35ࠊᐇ㦂་Ꮫࠊࠖࠖࡉࡋࡽ

䠐) ఀ⸨♸㸪Ἃᕝ㈗: ࡢୖࢡ࣮࣡ࢺࢵࢿࠕሗ⇕ຊᏛ

⏝ᛂࡢ⌮యሗฎ⏕ࡢࡑ ࠊ᪥ᮏ≀⌮Ꮫㄅࠊࠖ

72(9):658 (2017) 

䠑) ఀ⸨♸: ࠓࠕㅮ⩏ࡢୖࢡ࣮࣡ࢺࢵࢿࠔࢺ࣮ࣀሗ⇕

ຊᏛࡢࡑ⏕యሗฎ⌮ࡢᛂ⏝㸦➨ 62 ᅇ≀ᛶⱝᡭ

ኟࡢᏛᰯ 㞟୰࣑ࢮ㸧ࠖࠊ≀ᛶ◊✲(2017) 064232:(4)6ࠊ 

䠒) すᮧ ࿃ᮁ : ࠕ㏆㉥እ⏕యศග㛵᭱ࡿࡍ᪂ᢏ⾡ ࠊࠖ

ග(2017) 7-10 :(6)28ࠊ ࢫࣥࣛ. 

㸵) L. Wiesenfeld, W. Thi, P. Caselli, A. Faure, L. Bizzocchi, 

J. Brandão, D. Duflot, E. Herbst, S. J. Klippenstein, T. 

Komatsuzaki, C. Puzzarini, O. Oncero, H. Teramoto, M. 

Toda, A. Avoird and H. Waalkens : ࠕTheory of Gas Phase 

Scattering and Reactivity for Astrochemistry  Reportࠊࠖ

from the Workshop on Theory of Gas Phase Scattering 

and Reactivity for Astrochemistry Nov 23 – Dec 4, 2015ࠊ

1-24 (2016) 

㸶) ᑠᯇᓮ Ẹᶞ : ࢱ࣮ࢹࠕ⛉Ꮫ㞧ឤ  : (4)54ࠊ⌮≀≀⏕ࠊࠖ

197 (2016) 

㸷) ᑎᮏ ኸࠊᡞ⏣ ᖿேࠊἙ㔝 ⿱ᙪࠊ㧘ᶫ ṇᙪࠊᑠᯇᓮ 

Ẹᶞ : ࠕᏛᛂࡁ⾜ࡢඛࢆኚࢳࢵࢫ“ࡿ࠼䇿䒾࢚

㇟⌧᪂ࡿࢃ᭰ࡾษࡀᛂ⤒㊰࡛᪼ୖࡢ࣮ࢠࣝࢿ ᭶ࠊࠖ

หᏛ(2016) 25-30 : (5)71ࠊ 

㸯㸮) すᮧ ࿃ᮁ ͇⏕య⤌⧊ࢢࣥࢪ࣮࣓⺯ග⏬ീᵓ

ᡂࡢࡑࡢ᪉ἲㄢ㢟͇�� ග11-27:6 ࢫࣥࣛ 

(2016). 

 

4.4ⴭ᭩ 

㸯) M. Tavakoli, J. N. Taylor, C.-B. Li, T. Komatsuzaki and 

S. Pressé : “Single Molecule Data Analysis: An Introduc-

tion” Advances in Chemical Physics”, John Wiley & Sons 

Inc. 162, 205-306 (2017) 

㸰) Ọ ࠊᶔ ♸ 㸦୍⦅㸧ࠊᑠᯇᓮ Ẹ 㸦ðⴭ㸧 : ࠕᑡ

ᩘᛶ⏕≀Ꮫ㸸➨ 5 ಶᛶ㸽ࡶಶᛶ㹼ศᏊࡢᑡᩘࠕ❶

㹼ࠖࠖࠊᰴᘧ♫ ᪥ᮏホㄽ♫ (2017) 

 

4.5 ㅮ₇ 

㹟㸬ᣍᚅㅮ₇㸦ᅜ㝿Ꮫ㸧 

㸯) S. Ito* : “Stochastic thermodynamics of information”, 

Frontiers of complex systems science: soft matter, bio-

physics, and statistical physics, Institute of Physics Au-

ditorium, Academia Sinica, Taipei, Taiwan (2018-01). 

㸰) T. Komatsuzaki* : “How one can extract energy land-

scape from single molecule time series under the exist-

ence of noise?”, The 2nd Korea-Japan Joint Symposium 

on Single-Molecule Biophysics, Seoul National University, 

Korea (2017-11) 

㸱) T. Komatsuzaki* : “Energy landscapes learned from sin-

gle molecule FRET time series : Role of Photobleaching”, 

Deciphering complex energy landscape and kinetic net-

work from single molecules to cells: a new challenge to 

make theories meet experiments, Hotel Mercure Dijon, 

France (2017-09)  

㸲) S. Ito* : “Thermodynamics of information on biochemical 

signaling networks”, Deciphering complex energy land-

scape and kinetic network from single molecules to cells: 

a new challenge to make theories meet experiments, Ho-

tel Mercure Dijon, France (2017-09)  

㸳) G.Nishimura*, “Near-infrared fluorescence detection and 

its medical applications,” The 10th ICME International 

Conference on Complex Medical Engneering (CME2016), 

Tochigi Prefecture Culture Center Utsunomiya, Japan 

(2016.8.4-6) 

㸴) T. Komatsuzaki* : “Global Transition States in Reaction 

Network”, Telluride Workshop on Chemistry & Dynamics 

in Complex Environments, Telluride Elementary School, 

United States of America (2017-06) 

㸵) T. Komatsuzaki* : “Data-driven mathematics in single 



 

cell Raman imaging”, Telluride Workshop on The Com-

plexity of Dynamics and Kinetics from Single Molecules to 

Cells, Telluride Elementary School, United States of 

America (2017-06) 

㸶) T. Komatsuzaki* : “A kinetic disconnectivity graph to 

decode timescale hierarchy buried in reaction networks”, 

Conference on Energy Landscapes: Theory and Applica-

tions, The Centre IGESA, France (2016-06 ࠥ 2016-07)  

㸷) &��/L���͆)URP�VLQJOH�PROHFXOH�WLPH�VHULHV�WR�

networks and dynamics: approaches from infor-

PDWLRQ�WKHRU\͇��&RQIHUHQFH�RQ�WKH�7LPH�LQ�%LR�

logical Systems and Beyond, National Tsing Hua 

University, Hsinchu, Taiwan (2016-03) 

㸯㸮) H. Teramoto*, M. Toda and T. Komatsuzaki : 

͆&ODVVLILFDWLRQ�RI�(OHFWURQ�(QHUJ\�/HYHO�&URVV�

ings in terms of the Theory of Singularities and 

Analysis of Non-Adiabatic Transitions around the 

&URVVLQJV͇��&RPSXWDWLRQDO�&KHPLVWU\��&&��6\P�

posium in ICCMSE, Metropolitan Hotel, Greece 

(2016-03) 

㸯㸯) 7��.RPDWVX]DNL���͆7RZDUG�GHFLSKHULQJ�FHOO�LQ�

GLYLGXDOLW\�LQ�V\VWHPV�ELRORJ\͇��6\PSRVLXP������

Life at Small Copy Numbers (The 2015 Interna-

tional Chemical Congress of Pacific Basin Soci-

eties), Sheraton Waikiki, Hawaii, USA (2015-12) 

㸯㸰) 7��.RPDWVX]DNL���͆(QHUJ\�ODQGVFDSHV�DQG�FRQ�

formation network learned from single molecule 

WLPH�VHULHV͇��6\PSRVLXP������'HFLSKHULQJ�PROHF�

ular complexity from protein functions to cel-

lular network (The 2015 International Chemical 

Congress of Pacific Basin Societies), Convention 

Center, Hawaii, USA (2015-12) 

㸯㸱) ᑠᯇᓮ Ẹᶞ* : ࠕSingle Molecule Biophysics: How 

can One Dig the Underlying Network from Noisy 

and Short Time Series?  International Conferenceࠊࠖ

RQ�͆&KDOOHQJHV�LQ�'DWD�6FLHQFH��D�&RPSOH[�6\V�

tems Perspective"ࠊTorinoࠊItaly (2015-10) 

㸯㸲) *�1LVKLPXUD���͆ 'LIIXVH�2SWLFDO�7RPRJUDSK\�- Ac-

tual Problems in Reconstruction with Time-domain 

'DWD͇��7KH��WK�,&0(�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�

Complex Medical Engineering (CME2015) , Okayama 

Convention Center, Okayama, Japan (2015-06) 

 

㹠㸬ᣍᚅㅮ₇㸦ᅜෆᏛ㸧 

䠍䠅 ᑠᯇᓮ Ẹᶞ* : ୍ࠕ⣽⬊࣐ࣛࣥィ ሗ⛉Ꮫࡢ㧗

ᗘ⼥ྜࡿࡼሗィ ᢏ⾡ 2017ࠊࠖ ᖺᗘ➨ 2 ᅇ࢜ࣂ

༢ศᏊ◊✲ࠊᚚⲔࣀỈ㸿T㹇㆟ᐊ(2018-03) 

䠎䠅 ᑠᯇᓮ Ẹᶞ* : 1ࠕ ⣽⬊࣐ࣛࣥศගࢢࣥࢪ࣮࣓

ሗ⛉Ꮫࡢ interdependent ࡚ࡋᣦ┠ࢆྜ⼥࡞ ➨ࠊࠖ 65 ᅇ

ᛂ⏝≀⌮ᏛᏘᏛ⾡ㅮ₇ࠊ᪩✄⏣Ꮫす᪩✄⏣࢟

 (03-2018)ࢫࣃࣥࣕ

䠏䠅 ᑠᯇᓮ Ẹᶞ* : ୍ࠕ⣽⬊࣐ࣛࣥィ ሗ⛉Ꮫࡢ⼥

⛉Ꮫ⏕ࡢᑡᩘᛶࡿࡼྜ 2017ࠊࠖ ᖺᗘ⏕⛉Ꮫ⣔Ꮫ

ྜྠᖺḟࠊ⚄ᡞᅜ㝿㆟ሙ(2017-12) 

䠐䠅 ఀ⸨ ♸* : ࠕ⏕Ꮫ⣔ࡢሗ⇕ຊᏛ ➨ࠊࠖ 60 ᅇ⮬ື   

ไᚚ㐃ྜㅮ₇ࠊ㟁Ẽ㏻ಙᏛ(2017-11) 

䠑䠅 ᑠᯇᓮ Ẹᶞ* : ࠕHow can one quantify singularity in 

cells from Single Cell Raman Imaging? ➨ࠊࠖ 55 ᅇ᪥ᮏ⏕

≀≀⌮Ꮫᖺࠊ⇃ᮏᏛ㯮㧥ᆅ༊(2017-09) 

䠒䠅 ఀ⸨ ♸*, ten Wolde Pieter rein: ࠕInformation ther-

mos dynamic study of biochemical clock ➨ࠊࠖ 55 ᅇ᪥

ᮏ⏕≀≀⌮Ꮫᖺࠊ⇃ᮏᏛ㯮㧥ᆅ༊ (2017-9) 

䠓䠅 ఀ⸨ ♸* : ࠕ⏕య㐺ᛂࡢ࣮ࢧࣥࢭሗ⇕ຊᏛ ᪥ࠊࠖ

ᮏ⚄⤒ᅇ㊰Ꮫ 㝈◊✲ ࣕ࢟⏣ி㒔Ꮫྜྷࠊ2017

 .Japan (2017-7)ࠊࢫࣃࣥ

䠔䠅 ᑠᯇᓮ Ẹᶞ* : ୍ࠕ⣽⬊࣐ࣛࣥィ ሗ⛉Ꮫࡢ⼥

⣽⬊デ᩿ࡿࡼྜ 2017ࠊࠖ ᖺᗘேᕤ▱⬟Ꮫᅜࠊ

 (2017-05)ࡕ࠸࠶ࢡࣥ࢘

䠕䠅 すᮧ ࿃ᮁ*:ࠕTime-domain fluorescence diffuse optical 

tomography for quantitative imaging of a fluorescence tar-

get in deep biological tissueࠖ➨ 94 ᅇ᪥ᮏ⏕⌮Ꮫ

ࠊᯇࠊ࣮ࢱࣥࢭࢫࣞࢢࣥࢥࢸࢩࢺࢡᯇ 

(2017.3.28-30). 

䠍䠌䠅 ᑠᯇᓮ Ẹᶞ* : ࢸࣜࣀ࣐ࠕ⣽⬊ࢆ᙮࣮ࢹࡍࡔࡾ

Ꮫ⛉ࢱ ➨ࠊࠖ 39 ᅇ᪥ᮏศᏊ⏕≀Ꮫᖺࢥࣇࢩࣃࠊ

ᶓ (2016-11 ࠥ 2016-12) 

䠍䠍䠅 ᑠᯇᓮ Ẹᶞ* : 1ࠕ ⣽⬊࣐ࣛࣥศගࡽࢢࣥࢪ࣮࣓

ዴఱ࡚ࡋ⣽⬊ࡢಶᛶࢆᐃ㔞ࡿࡍ㸽 ➨ࠊࠖ 5㸲ᅇ

᪥ᮏ⏕≀≀⌮Ꮫᖺࡤࡃࡘࠊᅜ㝿㆟ሙ (2016-11) 

 

㹡㸬୍⯡ㅮ₇㸦ᅜ㝿Ꮫ㸧 

䠍䠅 T.Suzuki, R. Saito, N.Kitada, T.Koike, S.Maki, Y.Michi-

waki, G.Nishimura, H.Niwa and Y.Yamada, “Aspiration 

Risk Detection Using Oral Administration of Fluorescent 

Food -- Preliminary Experiments Using Meat Phantoms”, 

2017 IEEE International Conference on Cyborg and Bi-

onic Systems (CBS 2017, Oct.17-Oct.19, Science Park 

of Beijing Institute of Technology, Beijing, China). 

䠎䠅 H. Teramoto* : “Application of Singularity Theory to Ma-

terial Sciences ”, Geometric and Algebraic Singularity 

㼀㼔㼑㼛㼞㼥㻘㻌㻮㾤㼐㼘㼑㼣㼛㻌㻯㼛㼚㼒㼑㼞㼑㼚㼏㼑㻌㻯㼑㼚㼠㼑㼞㻘㻌㻼㼛㼘㼍㼚㼐㻌㻔㻞㻜㻝㻣-09) 

䠏䠅 K.Prieto, and G.Nishimura, “A novel approach for the 

time-domain fluorescence imaging of a semi-infinite tur-

bid medium: Monte carlo evaluation”, Bios SPIE Photon-

ics West, The Moscone Center, San Francisco, CA, USA 

(2017.1.28-2.2) 

䠐䠅 K.Hattori, H.Fujii G.Nishimura, K.Kobayashi ad 

M.Watanabe, “Quantitative method to determine the op-

tical properties of melons by the photon diffusion equa-

tion”, Asian NIR Symposium 2016 (ANS2016), Shiroyama 



 

Kanko Hotel, Kagoshima, Japan (2016.11.30-12.3) 

䠑䠅 H.Fujii, G.Nishimura, K.Hattori, K.Kobayashi and 

M.Watanabe, “Near-infrared optical properties of white 

bread using the light propagation model,” Asian NIR Sym-

posium 2016 (ANS2016), Shiroyama Kanko Hotel, Kago-

shima, Japan (2016.11.30-12.3) 

䠒䠅 K.Hattori, H.Fujii, G.Nishimura, K.Kobayashi and 

M.Watanabe, “Optical properties of melons determined 

by an analysis based on the photon diffusion equation,” 

Furst Fiid Chemistry Conference – Shaping the Guture of 

Food Quality, Health and Safety, NH Grand Hotel 

Kransnapolsky, Amsterdam, The Netherlands 

(2016.10.30-11.1) 

䠓䠅 K.Prieto and G.Nishimura, “A new strategy of the time-

domain fluorescence imaging for a semi-infinite turbid 

media,” 2nd Biomedical Imaging and Sensing Conference 

2016 (BISC2016), Pacifico Yokohama, Yokohama, Japan 

(2016.5.18-20). 

䠔䠅 J. N. Taylor*, A. F. Palonpon, C. Li, K. Fujita 

DQG�7��.RPDWVX]DNL���͆'DWD-driven quantifica-

tion of heterogeneous microenvironments in live-

FHOO�5DPDQ�PLFURVFRSLF�LPDJHV͇��7KH�%LRSK\VLFDO�

Society 2016 BPS Annual Meeting, Los Angeles 

Convention Center, USA (2016-02) 

䠕䠅 J. N. Taylor*, A. F. Palonpon, C. Li, K. Fujita 

DQG�7��.RPDWVX]DNL���͆'DWD-driven quantifica-

tion of heterogeneous microenvironments in live-

FHOO�5DPDQ�PLFURVFRSLF�LPDJHV͇��6\PSRVLXP������

Deciphering molecular complexity from protein 

functions to cellular network (The 2015 Inter-

national Chemical Congress of Pacific Basin So-

cieties), Convention Center, USA (2015-12) 

䠍䠌䠅 H. Teramoto*, M. Toda, M. Takahashi, H. Kano and 

7��.RPDWVX]DNL���͆$�*OREDO�'\QDPLFDO�6ZLWFKLQJ�

of a Reaction Coordinate and its Experimental 

2EVHUYDELOLW\͇����VW�6\mposium on Chemical Ki-

netics and Dynamics, Frontier Research in Ap-

plied Sciences Bldg., Faculty of Engineering, 

Hokkaido University (2015-06) 

䠍䠍䠅 Y. Nagahata*, S. Maeda, H. Teramoto, C. Li, T. 

Horiyama, T. Taketsugu and T. Komatsuzaki : 

͆'HFLSKHULQJ� WLPHVFDOH� hierarchy encoded in 

FRPSOH[�UHDFWLRQ�QHWZRUNV͇����VW�6\PSRVLXP�RQ�

Chemical Kinetics and Dynamics, Frontier Re-

search in Applied Sciences Bldg., Faculty of En-

gineering, Hokkaido University (2015-06) 

䠍䠎䠅 7��.RPDWVX]DNL��0��7RGD�DQG�+��7HUDPRWR���͆$�

Dynamical Switching of Reactive and Nonreactive 

0RGHV�DW�+LJK�(QHUJLHV͇�������6,$0�&RQIHUHQFH�

on Dynamical Systems, Snowbird Ski and Summer 

Resort, USA (2015-05) 

䠍䠏䠅 *�1LVKLPXUD��͆1HDU-infrared fluorescence fluc-

tuation measurement system - Its design and ap-

SOLFDWLRQV͇���Wh Asian and Pacific Rim Sympo-

sium on Biophotonics (APBP`15),  Pacifico Yoko-

hama, Yokohama, Japan (2015-04). 

䠍䠐䠅 '�)XUXNDZD�DQG�*�1LVKLPXUD��͆6WXG\�RQ�D�UHFRQ�

stuction technique using time domain reflectance 

PHDVXUHPHQWV�GDWD͇���WK�$VLDQ�DQG�3DFLILF�5LP�

Symposium on Biophotonics (APBP`15),  Pacifico 

Yokohama, Yokohama, Japan (2015-04) 

 

㹢. ୍⯡ㅮ₇㸦ᅜෆᏛ㸧 

䠍䠅 すᮧ ࿃ᮁ,ࠕ⏕య⤌⧊୰ࡿ࠶⺯ගࡢࢺࢵࢤ࣮ࢱ㧗

ឤᗘ᳨ฟࠖ,Optics and Photonics Japan 2017, (2017) 

10.30-11.2 (⟃ἼᏛᮾிᩥࢫࣃࣥࣕ࢟ிᰯ⯋ᩥࠊி

༊) 

䠎䠅 ᑎᮏ ኸ*ࠊἨᒇ ࿘୍ࠊᑠᯇᓮ Ẹᶞ : ࢠࣝࢿ࢚⇕᩿ࠕ

࣮㠃ᕪ㏆ഐ࡛ࡢࣥࢽࢺ࣑ࣝࣁࡢ≉␗Ⅼㄽࡿࡼ

ศ㢮 ᪥ᮏ≀⌮Ꮫࠊࠖ 2017 ᖺ⛅ᏘࠊᒾᡭᏛ ୖ

 (09-2017)ࢫࣃࣥࣕ࢟⏣

䠏䠅 K. M. Helal*, H. Cahyadi, J. N. Taylor, A. Okajima, Y. 

Kumamoto, H. Tanaka, Y. Harada and T. Komatsuzaki : 

“Information-theoretical data analysis approaches to Ra-

man micro-spectroscopic images”, ➨ 11 ᅇศᏊ⛉Ꮫウ

ㄽ, ᮾᏛ ᕝෆ(09-2017)ࢫࣃࣥࣕ࢟  

䠐䠅 ఀ⸨ ♸*, P. R. ten Wolde : ࠕ⏕Ꮫィࡢሗ⇕

ຊᏛ ᪥ᮏ≀⌮Ꮫࠊࠖ 2017 ᖺ⛅ᏘࠊᒾᡭᏛୖ⏣

 (09-2017)ࢫࣃࣥࣕ࢟

䠑䠅 J. N. Taylor*, K. Fujita and T. Komatsuzaki : “Data 

Driven Approaches to Raman Microscopic Analysis”, ➨

5㸲ᅇ᪥ᮏ⏕≀≀⌮Ꮫᖺ  ᅜ㝿㆟ሙࡤࡃࡘ ,

(2016-11) 

䠒䠅 N. Preetom*, K. Helal, H. Teramoto, N. Yamaguchi, C. 

Li, H. Haga and T. Komatsuzaki : “Spatial heterogeneous 

and transient dynamics during collective cell migration in 

a monolayer of MDCK epithelial cells”, ➨ 5㸲ᅇ᪥ᮏ⏕

≀≀⌮Ꮫᖺ, ࡤࡃࡘᅜ㝿㆟ሙ (2016-11) 

䠓䠅 K.Prieto, すᮧ ࿃ᮁ*ࠕࠊᑕᆺᣑᩓ⺯ගࣇࣛࢢࣔࢺ 

- ༙↓㝈፹య୰ࡢ⺯ගࢢࣥࢪ࣮࣓ࢺࢵࢤ࣮ࢱ ࠊࠖ

Optics and Photonics Japan 2016ࠊ⟃ἼᏛᮾிࣥࣕ࢟

 .(2016.10.30-11.2)ࠊ⯋ிᰯᩥࢫࣃ

䠔䠅 Ọᖭ ⿱ࠊ๓⏣ ⌮ࠊᑎᮏ ኸࠊṊḟ ᚭஓࠊᑠᯇᓮ Ẹ

ᶞ* : ࠕ㛫ゎീᗘ౫Ꮡࡓࡋᛂࡢࢡ࣮࣡ࢺࢵࢿ㝵

ᒙⓗኚࡢࡑண ᡭἲࡢ㛤Ⓨ ศᏊ⛉Ꮫウㄽࠊࠖ

 (09-2016) ࢺ࣮࣐ࣥࣙࢩࢵࣇᡞ⚄ࠊ2016

䠕䠅 ྂᕝ ࠊすᮧ ࿃ᮁ:ࠕ㛫้ࡳ⿵ṇࡿࡼ㸱ḟ

ඖᣑᩓ࣮ࣇࣛࢢࣔࢺἲࡢ㧗㏿ ᪥ࠖᮏගᏛᖺḟᏛ

⾡ㅮ₇(OPJ2015)ࠊ⟃ἼᏛᮾிᩥிᰯ⯋ᩥࠊ ி༊ࠊ

ᮾி㒔(2015.10) 



 

䠍䠌䠅 すᮧ ࿃ᮁ:ࠕᣑᩓᖸ΅ィ 㛫ศゎィ ྠࡢ 

ᐃࡿࡼᩓయືែゎᯒ ᪥ࠖᮏගᏛᖺḟᏛ⾡ㅮ₇

(OPJ2015)ࠊ⟃ἼᏛᮾிᩥிᰯ⯋ᩥࠊி༊ࠊᮾி㒔

(2015.10) 

䠍䠍䠅 Ọᖭ ⿱*ࠊ๓⏣ ⌮ࠊᑎᮏ ኸᮤࠊ 㢼ࠊᇼᒣ ㈗ྐࠊ

Ṋḟ ᚭஓࠊᑠᯇᓮ Ẹᶞ : ࠕ」㞧ศᏊ⣔ࡢ␗ᛶ

ᛂࢡ࣮࣡ࢺࢵࢿᇙࡵ㎸ࡓࢀࡲ㛫㝵ᒙᵓ㐀ࡢゎㄞ ࠊࠖ

➨9ᅇศᏊᏛウㄽࠊᮾிᕤᴗᏛ ᒸᒣࣃࣥࣕ࢟

 (09-2015) ࢫ

䠍䠎䠅 ⏣ᐑ ⿱*ᮤࠊ 㢼ࠊΏ㑓 ຊஓࠊ㔝ᆅ ༤⾜ࠊᑠᯇ

ᓮ Ẹᶞ : ࠕ㠀ᖹ⾮ຠᯝࡀᘬࡁ㉳ࡍࡇF1ศᏊ࣮ࣔࢱ

ᆺ ᗘ౫Ꮡᛶࢫ࢘ࢽࣞ㠀ࡢ࣮ 9ᅇศᏊᏛウㄽ➨ࠊࠖ

ࠊᮾிᕤᴗᏛ ᒸᒣ(09-2015) ࢫࣃࣥࣕ࢟ 

䠍䠏䠅 ⏣ᐑ ⿱*ᮤࠊ 㢼ࠊΏ㑓 ຊஓࠊ㔝ᆅ ༤⾜ࠊᑠᯇ

ᓮ Ẹᶞ : ࠕ㠀ᖹ⾮ຠᯝࡀᘬࡁ㉳ࡍࡇF1ศᏊ࣮ࣔࢱ

ᆺ ᗘ౫Ꮡᛶࢫ࢘ࢽࣞ㠀ࡢ࣮ ≀≀⏕53ᅇ᪥ᮏ➨ࠊࠖ

⌮Ꮫࠊ㔠ἑᏛゅ㛫ࢫࣃࣥࣕ࢟⮬↛⛉Ꮫᮏ㤋 

(2015-09) 

䠍䠐䠅 ὠᕝ ᬡ*ᮤࠊ 㢼ࠊᑠᯇᓮ Ẹᶞ : ࡢ≀᳜ࠕ୰ࡢᒁ

ᡤᚤᑠ⟶⣽⬊ᡂ㛗ࡢ㛵ಀ࡚࠸ࡘ ⏕53ᅇ᪥ᮏ➨ࠊࠖ

≀≀⌮Ꮫࠊ㔠ἑᏛゅ㛫ࢫࣃࣥࣕ࢟⮬↛⛉Ꮫᮏ㤋 

(2015-09) 

䠍䠑䠅 Ọᖭ ⿱*ࠊ๓⏣ ⌮ࠊᑎᮏ ኸᮤࠊ 㢼ࠊᇼᒣ ㈗ྐࠊ

Ṋḟ ᚭஓࠊᑠᯇᓮ Ẹᶞ : ࠕ」㞧ᛂࢡ࣮࣡ࢺࢵࢿ

ゎㄞࡢ㛫㝵ᒙᵓ㐀ࡓࢀࡲ㎸ࡵᇙ ⏕53ᅇ᪥ᮏ➨ࠊࠖ

≀≀⌮Ꮫࠊ㔠ἑᏛゅ㛫ࢫࣃࣥࣕ࢟⮬↛⛉Ꮫᮏ㤋 

(2015-09) 

䠍䠒䠅 &��/L���͆6LQJOH�0ROHFXOH�7LPH�6HULHV�$QDO\VLV�

of F1-ATPase to Unravel the Role of Bound-ATP 

+\GURO\VLV�͇��➨ 53ᅇ᪥ᮏ⏕≀≀⌮Ꮫ , 㔠ἑ

Ꮫゅ㛫ࢫࣃࣥࣕ࢟⮬↛⛉Ꮫᮏ㤋 (2015-09) 

䠍䠓䠅 ᑎᮏ ኸ* : ࠕ≉␗Ⅼㄽࡓ࠸ ⏝ࢆ㠀᩿⇕ᕪࡢᏳᐃ

ᛶศᒱࡢゎᯒ -㛵すᏛ (2015ࠊ᪥ᮏ≀⌮Ꮫࠊࠖ

09) 

䠍䠔䠅 ᰗ ⚽ᖾ*ࠊἙྜ ಙஅ㍜ࠊ⏣➃ ோࠊᒣ ె♸ࠊ

ᇉሯ ᙲࠊᑠᯇᓮ Ẹᶞࠊᒸ⏣ ᗣᚿࠊ㔝ᆅ ༤⾜ࠊᮧ 

༤⮧ : ୍ࠕ⣽⬊ィ ࡛ぢࣜࢸࢡࣂࡓࡁ࡚࠼⣽⬊ෆ

ATP ⃰ᗘࡢከᵝᛶ ➨ࠊࠖ 67 ᅇ᪥ᮏ⣽⬊⏕≀Ꮫࠊ

 ᇼ (2015-06)⯪࣮࣮ࣝ࣍࣡ࢱ

 

㹣. ◊✲࣭࡞ࣉࢵࣙࢩࢡ࣮࣭࣒࣡࢘ࢪ࣏ࣥࢩ㸦Ꮫ௨

እ㸧 

䠍䠅 K. M. Helal*, C. Harsono, J. N. Taylor, A. Okajima, Y. 

Kumamoto, H. Tanaka, Y. Harada and T. Komatsuzaki : 

“Mulitivariate Data-driven approach to Raman Hyper-

spectral Images to Diagnose Non-alcoholic Fatty Liver 

Disease(NAFLD)”, 2017 ᖺᗘ᪥ᮏ⏕≀≀⌮Ꮫᾏ㐨

ᨭ㒊, ᾏ㐨Ꮫ⌮Ꮫ㒊 5 ྕ㤋, Japan (2018-03) 

䠎䠅 S. Sattari* and T. Komatsuzaki : “Understanding cell col-

ony dynamics from images using velocity extraction and 

analysis”, 2017 ᖺᗘ᪥ᮏ⏕≀≀⌮Ꮫᾏ㐨ᨭ㒊, 

ᾏ㐨Ꮫ⌮Ꮫ㒊 5 ྕ㤋, Japan (2018-03) 

䠏䠅 ⏣⏿ බḟ*ࠊ୰ᮧ ⠜⚈ࠊᮏከ ῟ஓࠊᑠᯇᓮ Ẹᶞ : 

࣒ࢬࣜࢦࣝࢡࢵ࢙ࢳᝏ⭎Ꮡᅾ࠸࡞ᑡࡢヨ⾜ᅇᩘࠕ ࠊࠖ

ேᕤ▱⬟Ꮫ➨ 106 ᅇேᕤ▱⬟ᇶᮏၥ㢟◊✲ࠊᣦᐟ

ᕷẸ㤋ࠊJapan (2018-03) 

䠐䠅 ఀ⸨ ♸* : ࠕStochastic Thermodynamic Interpretation 

of Information Geometry ィ≀⌮Ꮫ⤫ࠕⱝᡭ◊✲ࠊࠖ

࿘㎶ࡢࡑ  ᮾிᏛ⌮Ꮫ㒊(2018-03) 㸦ᣍᚅ㸧ࠊࠖ

䠑䠅 ᑎᮏ ኸ* : ࠕ≉␗Ⅼㄽࡢ≀㉁⛉Ꮫࡢᛂ⏝ ࡀࡁࡉࠊࠖ

Ꮫ༠ാᩘࠕࡅ ➨ࠖ 8 ᅇ㡿ᇦ㆟࢚ࢡࢫࣔࢫࢥࣝࢸ࣍ࠊ

 Japan (2018-02)ࠊ࣮ࢱࣥࢭᅜ㝿ὶ

䠒䠅 G.Nishimura, “Diffuse Correlation Spectroscopy: Analy-

sis of Moving Particles”, Inverse problems and medical 

imaging, (Graduate School of Mathematical Science, The 

University of Tokyo, 13 Feb.-- 16 Feb., 2018) 

䠓䠅 すᮧ ࿃ᮁ,ࠕᩓගࡢ㛫ᛂ⟅㛵ᩘධᑕฟᑕ࢜ࢪ

ࣜࢺ࣓ య་⏝ගᏛ, (⏘⥲◊⮫ᾏ㒔⏕㏦⌮ㄽ㍺ࠊࠖ

ᚰ1 ,࣮ࢱࣥࢭ Feb. 2018). 

䠔䠅 ఀ⸨ ♸* : ࠕሗ⇕ຊᏛࡢ㐍ᒎ㸸⣽⬊ෆ࣮࣡ࢺࢵࢿ

ᣑᙇࡢሗᗄఱࡧཬࢡ ◊ᮾᏛᩘ⌮⛉Ꮫ㐃ᦠࠊࠖ

࣭࣮ࢱࣥࢭ✲ ࡢࢡ࣮࣡ࢺࢵࢿ⣽⬊ෆ ࣉࢵࣙࢩࢡ࣮࣡

ᮾᏛࠊ༠ാ㹼ࡢᏛ⛉⌮ᩘ㹼⏕≀Ꮫࢫࢡ࣑ࢼࢲ

Ꮫ㝔ሗ⛉Ꮫ◊✲⛉(2018-01) 㸦ᣍᚅ㸧 

䠕䠅 ⏣⏿ බḟ*ࠊ୰ᮧ ⠜⚈ࠊᑠᯇᓮ Ẹᶞ : ࠕከ㝵ᒙࢫࢩ

ᒎ㛤ࡢ㥑ື⛉Ꮫࢱ࣮ࢹࡿࡅ࠾Ꮫ≀⏕࣒ࢸ ᾏ㐨ࠊࠖ

Ꮫ㟁Ꮚ⛉Ꮫ◊✲ᡤ ᖹᡂ㸰㸷ᖺᗘ ◊✲ὶࠊ࢟

-Japan (2018ࠊ㟁Ꮚ⛉Ꮫ◊✲ᡤ࣭㸯㝵㆟ᐊࢫࣃࣥࣕ

01)  

䠍䠌䠅 ఀ⸨ ♸* : ࠕሗ⌮ㄽ⇕ຊᏛ ᾏ㐨Ꮫ㟁Ꮚࠊࠖ

⛉Ꮫ◊✲ᡤ ᖹᡂ㸰㸷ᖺᗘ ◊✲ὶࠊࢫࣃࣥࣕ࢟

㟁Ꮚ⛉Ꮫ◊✲ᡤ࣭㸯㝵㆟ᐊࠊJapan (2018-01) 

䠍䠍䠅 ᑠᯇᓮ Ẹᶞ* : ࠕ᪥❧ᇶ♏◊ࢱࣥࢭ㐃ᦠࡼ

⏝ᛂㄽ⌮ࡢࢢࣥࢸ࣮ࣗࣆࣥࢥ᪂ᴫᛕࡿ  AIMaPࠊࠖ

␗ศ㔝㐃ᦠࡢ࢘ࣁ࢘ࣀࡢඹ᭷Ỉᖹᒎ㛤ࢆ┠ᣦ࣡ࡍ

ࠊࢢࣥࢹࣝࣅࢫ࢚ࣥࢧࣇ᪥ᮏᶫࣛࠊࣉࢵࣙࢩࢡ࣮

Japan (2017-12) 㸦ᣍᚅ㸧 

䠍䠎䠅 ᑎᮏ ኸ* : ࡢ㇟⌧↛⮬ࠕ୰ࡴ₯≉␗Ⅼ ≉†⍇⍈ࠊࠖ

␗Ⅼㄽ࣮࣡ࢪࢵ࣮ࣟࣗࣅࠊࣉࢵࣙࢩࢡ⍇⍈ࠊJapan 

(2017-12) 㸦ᣍᚅ㸧 

䠍䠏䠅 H. Teramoto*, S. Izumiya and T. Komatsuzaki : “Toward 

Molecular Propagation through Degenerated Electron 

Energy Level Crossings”, The 18th RIES-Hokudai Inter-

national Symposium, Chateraise Gateaux Kingdom Sap-

poro, Japan (2017-11 ࠥ 2017-12) 

䠍䠐䠅 S. Ito* : “Thermodynamics and information geometry”, 

The 18th RIES-Hokudai International Symposium, 

Chateraise Gateaux Kingdom Sapporo, Japan (2017-11 

ࠥ 2017-12) 

䠍䠑䠅 K. M. Helal*, H. Cahyadi, J. N. Taylor, A. Okajima, Y. 



 

Kumamoto, H. Tanaka, Y. Harada and T. Komatsuzaki : 

“Raman Microscopic Image Analysis based on Infor-

mation-theoretic Approach”, The 18th RIES-Hokudai In-

ternational Symposium, Chateraise Gateaux Kingdom 

Sapporo, Japan (2017-11 ࠥ 2017-12)  

䠍䠒䠅 K. Tabata*, A. Nakamura and T. Komatsuzaki : “Bad Arm 

Existence Checking Algorithm”, The 18th RIES-Hokudai 

International Symposium, Chateraise Gateaux Kingdom 

Sapporo, Japan (2017-11 ࠥ 2017-12)  

䠍䠓䠅 J. N. Taylor* and T. Komatsuzaki : “Apparent Nonequi-

librium Behavior in Single-Molecule FRET Time-Series 

Induced by Photophysics”, The 18th RIES-Hokudai In-

ternational Symposium, Chateraise Gateaux Kingdom 

Sapporo, Japan (2017-11 ࠥ 2017-12)  

䠍䠔䠅 ࠊ*ࣜࢱࢵࢧ ࣥࣔࣜࢫᑠᯇᓮ Ẹᶞ : ࠕPredicting Bi-

ological Cell Aggregation Using Scalable Random Forest 

Decision Trees  The 18th RIES-Hokudai Internationalࠊࠖ

SymposiumࠊChateraise Gateaux Kingdom SapporoࠊJapan 

(2017-11 ࠥ 2017-12)  

䠍䠕䠅 ᑠᯇᓮ Ẹᶞ*ࠊ୰ᮧ ⠜⚈ࠊ⸨⏣ ඞᫀࠊཎ⏣ ⩏つ : 

㧗ᗘࡢሗ⛉Ꮫ ィࢢࣥࢪ࣮࣓ศග࣐ࣥࣛࠕ

⼥ྜ 2017ࠊࠖ ᖺᗘ ே࣭⎔ቃ≀㉁࣮࣋ࣀࡄ࡞ࡘࢆ

ࢫࣥࣛࢡࢵ࣑ࢼࢲ ฟࣥࣙࢩ G3 ศ⛉࣮

␗ศ㔝⼥ྜࣥࣙࢩ࣮࣋ࣀฟࢆ┠ᣦࠊ࣮࡚ࡋᮾ

Ꮫ ∦ᖹ࣮ࣝ࣍ࡽࡃࡉ ࢫࣃࣥࣕ࢟ / ⛅ಖ Ἠ ࣍

 Japan (2017-11)ࠊỈᡞᒇ࣮ࣗࢽࣝࢸ

䠎䠌䠅 ᑠᯇᓮ Ẹᶞ* : ࣐ࣥࣛࠕศගࡿࡅ࠾ࢢࣥࢪ࣮࣓

ሗィ ᢏ⾡ࡢᒎ㛤 ࣟࣉᇶ┙(S) 㞳ᩓᵓ㐀ฎ⌮⣔ࠊࠖ

2017ࠕ ࢺࢡ࢙ࢪ ᖺᗘ ⛅ࣉࢵࣙࢩࢡ࣮࣡ࡢ ࣝࢸ࣍ࠊࠖ

ࠊJapan (2017-11) 

䠎䠍䠅 ⏣⏿ බḟ*ࠊ୰ᮧ ⠜⚈ࠊᮏከ ῟ஓࠊᑠᯇᓮ Ẹᶞ : 

ࣝࢡࢵ࢙ࢳᝏ⭎Ꮡᅾࡓࡋ⏝ࢆᖜ࣮ࣥࢰࣞࢢࠕ

࣒ࢬࣜࢦ ➨ࠊࠖ 20 ᅇሗㄽⓗᏛ⩦⌮ㄽ࣮࣡ࢵࣙࢩࢡ

 Japan (2017-11)ࠊࢫࣃࣥࣕ࢟ᮾிᏛᮏ㒓ࠊࣉ

䠎䠎䠅 ᒣ⏣ ᐶᏊ*ࠊᑠᯇᓮ Ẹᶞ : ࡛ࣝࢺࢡ࣌ࢫ࣐ࣥࣛࠕ⣽

㸫PCAࡿࡅศࢆែࡢ⬊ ⏝ࢆࢺࢫ࢛ࣞࣇ࣒ࢲࣥࣛ

㸫࡚࠸ ᗈᓥᏛᮾᗈࠊᐇ㦂ࠖ2017ㄽ⌮ࠕ✲◊ࠊࠖ

ᓥࠊࢫࣃࣥࣕ࢟Japan (2017-10) 

䠎䠏䠅 ఀ⸨ ♸* : ࠕ⏕Ꮫィࡢሗ⇕ຊᏛ ⌮ࠕ✲◊ࠊࠖ

ㄽᐇ㦂ࠖ2017ࠊᗈᓥᏛᮾᗈᓥࠊࢫࣃࣥࣕ࢟Japan 

(2017-10) 

䠎䠐䠅 ఀ⸨ ♸* : ࠕLangevin ⣔ࡿࡅ࠾⇕ຊᏛ, ሗ⇕ຊ

Ꮫ  Perspectives of Nonlinear Phenomena in Random andࠊࠖ

Non-autonomous Dynamicsࠊி㒔Ꮫ ⌮Ꮫ㒊 3 ྕ㤋ࠊ

Japan (2017-9) (ᣍᚅ). 

䠎䠑䠅 ఀ⸨ ♸* : ࡢୖࢡ࣮࣡ࢺࢵࢿࠕሗ⇕ຊᏛ⏕య

⏝ᛂࡢఏ㐩ࣝࢼࢢࢩ ➨ࠊࠖ 62 ᅇ≀ᛶⱝᡭኟࡢᏛᰯࠊ

 Japan (2017-8) 㸦ᣍᚅ㸧 ࠊࢡ࣮ࣃࣝࢸ࣍㛗Ⰻᕝ Ἠࡩࡂ

䠎䠒䠅 ᑎᮏ ኸ* : ࠕ≉␗Ⅼㄽࡿࡼᅛ᭷್ᕪ㏆ഐ࡛ࣁࡢ

ศ㢮ࡢࣥࢽࢺ࣑ࣝ RIMSࠊࠖ ඹྠ◊✲ ຊᏛ⣔ ࣮ ⌮

ㄽᛂ⏝ࡢ㐃ᦠ᥈⣴ࠊி㒔ᏛᩘᏛᩍᐊࠊJapan (2017-

06) 

䠎䠓䠅 ᑠᯇᓮ Ẹᶞ* : ࠕከ㝵ᒙ࣒ࢸࢫࢩ⏕≀Ꮫࢹࡿࡅ࠾

ᒎ㛤ࡢ㥑ື⛉Ꮫࢱ࣮ ✲◊᪂Ꮫ⾡㡿ᇦࠕࠊࠖ ࣔࢫ࣮ࣃࢫࠖ

ᡂ 2017ࡢ㥑ື⛉Ꮫࢱ࣮ࢹ㧗ḟඖ῝ࡢࢢࣥࣜࢹ

ᖺᗘ➨ 1 ᅇබ㛤ࠊ࣒࢘ࢪ࣏ࣥࢩᮾிᏛ Ṋ⏣ࠊ࣮ࣝ࣍

Japan (2017-06) 

䠎䠔䠅 ᑎᮏ ኸ* : ࠕ≉␗Ⅼㄽࢻࣥࣂࡿࡼᕪ㏆ഐ࡛ࣁࡢ

ศ㢮ࡢࣥࢽࢺ࣑ࣝ ࠊ⏝ᛂࡢⅬㄽ␗≉ᚤศᗄఱᏛࠊࠖ

ᒾᡭ་⛉Ꮫ❧㸴㸮࿘ᖺグᛕ㤋ࠊJapan (2017-06) 

䠎䠕䠅 ⏣ᐑ ⿱*ࠊᑠᯇᓮ Ẹᶞ : ࢡࣃࣥࢱࠕ㉁୍ศᏊࡢ⢓

ᙎᛶᣲືࢆグ㏙ࡿࡍ᪉⛬ᘧෆ㒊ᦶ᧿ࡢ⪃ᐹ ◊⌮ࠊࠖ

⌮ㄽែືࡢ࣒ࢸࢫࢩ⬊⣽ࠕ࣒࢘ࢪ࣏ࣥࢩ IX ⌮ࠊࠖ

Ꮫ◊✲ᡤ ⏕≀⛉Ꮫ◊✲ᲷࠊJapan (2017-04) 

䠏䠌䠅 ᑠᯇᓮ Ẹᶞ* : 1ࠕ ⣽⬊ࣛࣝࢺࢡ࣌ࢫ࣐ࣥ⏬ീࡽᢳ

ฟࡿࡍ⣽⬊≧ែ࣑ࣀࢯ࢟ࢱ䇷 ᖹᡂࠊࠖ 28 ᖺᗘ᪂ศ㔝

ᡂࢫ࢚ࣥࢧࢢࣥࢪ࣮࣓࣮ࢱࣥࢭ◊✲ศ㔝ࢪࣟࣉ

 Ꮫ◊✲ᶵᵓົᒁ㆟ᐊ⛉↛⮬ࠊᡂᯝⓎ⾲ࢺࢡ࢙

(2017-03) 

䠏䠍䠅 ᑠᯇᓮ Ẹᶞ* : 1ࠕ ⣽⬊࣐ࣛࣥศගࢢࣥࢪ࣮࣓⏬ീ

ሗィ ⛉Ꮫࡃゎࡳㄞࡽ ◊⾡ィ ゎᯒᢏ࢜ࣂࠊࠖ

✲ࡢࡱࢇࠊᐟ ᑠᶡ (2017-03) 

䠏䠎䠅 G.Nishimura,”Optical tomography for near-infrared fluo-

rescence imaging”, Inverse problems and medical imaging, 

Graduate school of mathematical science, The University 

of Tokyo (2017.2.13-17) 㸦ᣍᚅ㸧 

䠏䠏䠅 K.Prieto, G.Nishimura “A new scheme for the time-do-

main fluorescence imaging of a semi-infinite turbid me-

dium: Monte Carlo evalutation.” Inverse problems and 

medical imaging, Graduate school of mathematical science, 

The University of Tokyo (2017.2.13-17) 㸦ᣍᚅ㸧 

䠏䠐䠅 J. N. Taylor*ᮤࠊ 㢼ࠊFujita Katsumasaࠊᑠᯇᓮ Ẹ

ᶞ : ࠕData-Driven Analysis of Raman Microscopic Im-

ages ࠊ㟁Ꮚ⛉Ꮫ◊✲ᡤࠊ㟁Ꮚ⛉Ꮫ◊✲ᡤ ◊✲ὶࠊࠖ

㸯㝵㆟ᐊ (2017-01) 

䠏䠑䠅 ᑠᯇᓮ Ẹᶞ* : ࠕศᏊࡽ⣽⬊ࡢಶᛶ㛵࣮ࢹࡿࡍ

㥑ືᆺᩘ⌮⛉Ꮫࢱ ➨ࠊࠖ 1117 ᅇ⏕≀⛉Ꮫࠊ࣮ࢼ࣑ࢭᮾ

ிᏛ⌮Ꮫ㒊 (2016-12)㸦ᣍᚅ㸧 

䠏䠒䠅 K. M. Helal*, P. Nag, H. Teramoto, C. Li, H. Hisashi and 

T. Komatsuzaki : “Collective Cell Migration: Underlying 

Dynamics and Emergent Structures of Heterogeneity”, 

The 17th RIES-Hokudai International Symposium, 

Chateraise Gateaux Kingdom Sapporo (2016-12) 

䠏䠓䠅 P. Nag*, K. M. Helal, H. Teramoto, C. Li, H. Haga and 

T. Komatsuzaki : “Dynamical Heterogeneity During Col-

lective Migration of MDCK Epithelial Monolayer”, The 

17th RIES-Hokudai International Symposium, Chateraise 

Gateaux Kingdom Sapporo (2016-12) 

䠏䠔䠅 J. N. Taylor*, C. Li, K. Fujita and T. Komatsuzaki : 

“Data-Driven Approaches to Raman Microscopic Image 



 

Analysis”, The 17th RIES-Hokudai International Sympo-

sium, Chateraise Gateaux Kingdom Sapporo (2016-12) 

䠏䠕䠅 Y. Tamiya*, C. Li, R. Watanabe, H. Noji and T. Komatsu-

zaki : “The Non-equilibrium Effects on Reaction Kinetics 

of F1-ATPase”, The 17th RIES-Hokudai International 

Symposium, Chateraise Gateaux Kingdom Sapporo 

(2016-12) 

䠐䠌䠅 ᑠᯇᓮ Ẹᶞ* : ୍ࠕ⣽⬊࣐ࣛࣥィ ࢫ࣮ࣃࢫᏛ⩦ࠊ

⬊⣽ࡿࡼྜ⼥ࡢሗ⛉Ꮫࡢ࡞ᡭἲࢺࢵࢹࣥࣂ

デ᩿ࡢ㎿㏿ゎᯒ ࢙ࢪࣟࣉᇶ┙㸦S㸧㞳ᩓᵓ㐀ฎ⌮⣔ࠊࠖ

2016ࠕࢺࢡ ᖺᗘ ⛅ࣉࢵࣙࢩࢡ࣮࣡ࡢ ࣮ࣥ࢟ࢺ࢞ࠊࠖ

 (11-2016) ࣏ࣟࢵࢧ࣭࣒ࢲࢢ

䠐䠍䠅 ᑠᯇᓮ Ẹᶞ* : ୍ࠕ⣽⬊࣐ࣛࣥィ ሗ⛉Ꮫࡢ⼥

㛤Ⓨࡢ⾡㎿㏿ゎᯒᢏࡢ⣽⬊デ᩿ࡿࡼྜ 㹁㹐㹃㹑ࠊࠖ

㹒࣭ࡅࡀࡁࡉ」ྜ㡿ᇦ ࠕィ ᢏ⾡㧗ᗘሗฎ⌮ࡢ

࣭ ィࢺ࢙ࣥࢪࣜࢸࣥࡿࡼྜ⼥ ゎᯒᡭἲࡢ㛤Ⓨ

ᛂ⏝ ࢫࣥࣞࣇࣥ࢝㇂TKP ᕷࣨࠊ㆟ࣇ࢜ࢡࢵ࢟ ࠖ,

 㸦ᣍᚅ㸧(11-2016) ࣮ࢱࣥࢭ

䠐䠎䠅 ᑠᯇᓮ Ẹᶞ* : ࠕᑡᩘ⣔ࡽ」㞧ᛂࢡ࣮࣡ࢺࢵࢿ

ไᚚ῝ࡢ㑄⛣≧ែᴫᛕࡴྵࢆ 㑄ࠕ✲◊タศ㔝≉ࠊࠖ

⛣≧ែไᚚࠖ◊✲௦⾲⪅ὶࠊ᪥ᮏᏛ⾡⯆ 

(2016-10)㸦ᣍᚅ㸧 

䠐䠏䠅 J. N. Taylor*, F. Katsumasa and T. Komatsuzaki : “Data-

Driven Approaches to Raman Microscopic Image Analy-

sis”, ࠕ⌮ㄽᐇ㦂ࠖ◊✲ 2016, ᗈᓥᏛᮾᗈᓥ࢟

 (10-2016) ࢫࣃࣥࣕ

䠐䠐䠅 ⏣ᐑ ⿱* : ࠕᅇ㌿⮬⏤ᗘࡢ㠀ᖹ⾮ᛶࡀศᏊ࣮ࣔࢱ

࣮F1-ATPase ࡚࠸ࡘᙳ㡪ࡍࡰཬᛂືຊᏛࡢ ࠊࠖ

ᐇ㦂ࠖ◊✲ㄽ⌮ࠕ ࣥࣕ࢟ᗈᓥᏛᮾᗈᓥࠊ2016

 (10-2016) ࢫࣃ

䠐䠑䠅 P. Nag* : “Spatio-temporal heterogeneity during collec-

tivemigration in a confluent monolayer of MDCK epithelial 

cells”, ࠕ⌮ㄽᐇ㦂 ◊ࠖ✲ 2016, ᗈᓥᏛᮾᗈᓥ࢟

 (10-2016) ࢫࣃࣥࣕ

䠐䠒䠅 T. Komatsuzaki* : “Molecular Functions and Energy 

Landscapes Extracted from Single Molecule Time Series 

Data”, HOKUDAI-NCTU Joint Symposium on Nano, 

Photo and Bio Sciences in 2016, Lecture Hall, Frontier 

Research in Applied sciences Building, Hokkaido Univer-

sity (2016-10)㸦ᣍᚅ㸧 

䠐䠓䠅 C. Li* : “Single Molecule Time Series Analyses of F1-

ATPase to Unveil the Roles of ATP Hydrolysis”, ศᏊ◊

◊✲ࠕ㉸ᶵ⬟ศᏊࡢᡂ-ྜᡂࠊィ ࡾ⧊ࡀ⌮ᩘࠊ

ࣥࢥ㛤Ⓨ-ࠖ, ᒸᓮᡓ␎ⓗタィࡢᐇศᏊ♫ࡍ࡞

 㸦ᣍᚅ㸧(06-2016) ࣮ࢱࣥࢭࢫࣥࣞࣇ

䠐䠔䠅 T. Komatsuzaki* : “Phase Space geometry and Chemical 

Reaction Dynamics: Past, Present, and Future”, Seminar 

of the ICB/Nanosciences department, Laboratoire Inter-

disciplinaire Carnot de Bourgogne, France (2016-06)㸦ᣍ

ᚅ㸧 

䠐䠕䠅 T. Komatsuzaki* : “Single Molecule Biophysics: How can 

One extract the Underlying Markovian/non-Markovian 

Network from Noisy and Short Time Series?”, IXXI-ENS 

Lyon seminar, ENS de Lyon, France (2016-06)㸦ᣍᚅ㸧 

䠑䠌䠅 T. Komatsuzaki* : “Defining Global Transition State over 

an Entire Markov Network”, Seminar of the ICB/Nano-

sciences department, Laboratoire Interdisciplinaire Car-

not de Bourgogne, France (2016-06)㸦ᣍᚅ㸧 

䠑䠍䠅 T. Komatsuzaki* : “Single Molecule Biophysics: How can 

One Dig the Underlying Network from Noisy and Short 

Time Series?”, Seminar of the ICB/Nanosciences depart-

ment, Laboratoire Interdisciplinaire Carnot de Bourgogne, 

France (2016-06)㸦ᣍᚅ㸧 

䠑䠎䠅 T. Komatsuzaki* : “Defining Global Transition State over 

an Entire Markov Network”, Seminar at Beijing Compu-

tational Science Research Center, Beijing Computational 

Science Research Center, China (2016-05)㸦ᣍᚅ㸧 

䠑䠏䠅 C. Li* : “A Nano-Scale Key-and-Unlock Mechanism in 

the F1-ATPase revealed by Single Molecule Time Series 

Analysis”, Seminar at Beijing Computational Science Re-

search Center, Beijing Computational Science Research 

Center, China (2016-05)㸦ᣍᚅ㸧 

䠑䠐䠅 ᑠᯇᓮ Ẹᶞ*ࠊᑎᮏ ኸࠊᡞ⏣ ᖿேࠊἙ㔝 ⿱ᙪࠊ㧗

ᶫ ṇᙪ : ࠕᏛᛂࡁ⾜ࡢඛࢆኚࢳࢵࢫࡿ࠼䇷࢚

㇟⌧᪂ወࡿࢃ᭰ࡾษࡀᛂ⤒㊰࡛᪼ୖࡢ࣮ࢠࣝࢿ ࠊࠖ

㝃⨨◊✲ᡤ㛫ࡘࢆࣟࢡ࣐ࣀࢼࡿࡼࢫࣥࣛ

 ࢺࢡ࢙ࢪࣟࣉ␎〇ᡓ࣒ࢸࢫࢩ࣭ࢫࣂࢹ㉁࣭≀ࡄ࡞

ᖹᡂ 27 ᖺᗘᡂᯝሗ࿌ࠊ㜰Ꮫ㖟ᮥ㤋 3 㝵 

(2016-05) 

䠑䠑䠅 H. Teramoto* : “Classification of Hamiltonians in neigh-

borhoods of band crossings in terms of the theory of sin-

gularities”, ᗄఱᏛ࣒࢘࢟ࣟࢥ, ᾏ㐨Ꮫ⌮Ꮫ㒊 4

ྕ㤋 (2016-05) 

䠑䠒䠅 ᑎᮏ ኸ* : ࠕᛂᗙᶆࢢࣥࢳࢵࢫᶵᵓࡢ⫼ᬒࡢᴫ

ㄝࠊព⩏ᚋࡢᒎᮃ ࠊ࣮ࢼ࣑ࢭࣥࣉ࣮࢜◊㧗ᶫࠊࠖ

ᮾᏛከඖ≀㉁⛉Ꮫ◊✲ᡤ (2016-05)㸦ᣍᚅ㸧 

䠑䠓䠅 ᑠᯇᓮ Ẹᶞ* : ࡢࢼࢬࢼࢾࣟࢩࠕⴟ∦⤌⧊ぢࡿ

᳜≀⣽⬊㞟ᅋࡢື⌧㇟ ⬊⣽ :࣒࢘ࢪ࣏ࣥࢩ◊⌮ࠊࠖ

⌮ㄽែືࡢ࣒ࢸࢫࢩ VIIIࠊ⌮Ꮫ◊✲ᡤ ⏕≀⛉Ꮫ

◊✲Ჷ (2016-04) 

䠑䠔䠅 J. N. Taylor* : “Error-based Extraction of States and En-

ergy Landscapes from Experimental Single-Molecule 

Time-Series”, Mathematical Sciences Evening Seminar, 

ᾏ㐨Ꮫ㐲Ꮫ⯋ (2016-04) 

䠑䠕䠅 ᑎᮏ ኸ*ࠊᡞ⏣ ᖿேࠊᑠᯇᓮ Ẹᶞ : ࠕClassification 

of Electron Energy Level Crossings in terms of the The-

ory of Singularities and Analysis of Non-Adiabatic Tran-

sitions around the Crossings ➨ࠊࠖ 89 ᅇ⌧㇟ᩘ⌮ࢼ࣑ࢭ

 (04-2016) ࢫࣃࣥࣕ࢟ᕞᏛఀ㒔ࠊ࣮

䠒䠌䠅 ᑎᮏ ኸ* : ࠕClassification of Electron Energy 



 

Level Crossings in terms of the Theory of Sin-

gularities and Analysis of Non-Adiabatic Tran-

sitions around the Crossings ೫ᚤศ᪉⛬ᘧጲ㊰ࠊࠖ

◊✲ࣞࢢ࣮ࠊጲ㊰ (2016-03) 

䠒䠍䠅 7��.RPDWVX]DNL���͆0ROHFXODU�'DWD�6FLHQFH�3HU�

spectives for Individuality Covering from Mole-

FXOHV� WR� &HOOV͇��⤫ྜ⏕་⛉Ꮫ◊✲࣮ࢱࣥࢭ

ᝈ⏕≀Ꮫ࣮ࢼ࣑ࢭ, ⌮Ꮫ◊✲ᡤᶓࢫࣃࣥࣕ࢟ 

(2016-03) 

䠒䠎䠅 ᑠᯇᓮ Ẹᶞ* : ࠕᑡᩘᛶ⏕≀Ꮫࡢ᪂ᒎ㛤㸸ศᏊಶᛶ

⣽⬊ಶᛶࡽ ᑡᩘᛶ⏕≀Ꮫࠕ᪂Ꮫ⾡㡿ᇦࠊࠖ  ࠖ◊✲

ᡂᯝሗ࿌ࠊᮾிᏛ ఀ⸨ㅰᜠ(03-2016) ࣮ࣝ࣍ 

䠒䠏䠅 C. Li*, H. Ueno, R. Watanabe, H. Noji and T. 

.RPDWVX]DNL���͆ 7KH�NH\�DQG�XQORFN�PHFKDQLVPV�LQ�

F1-ATPase unveiled by single molecule time se-

ULHV�DQDO\VLV͇��᪂Ꮫ⾡㡿ᇦࠕᑡᩘᛶ⏕≀Ꮫ  ࠖ◊✲

ᡂᯝሗ࿌, ᮾிᏛ ఀ⸨ㅰᜠ(03-2016) ࣮ࣝ࣍ 

䠒䠐䠅 ᑎᮏ ኸ* : ࠕClassification of Hamiltonians in 

neighborhoods of electron energy level crossings 

in terms of the theory of singularities ㄽ⌮ࠊࠖ

ศᏊ⛉Ꮫ࣭ศᏊ㠀⥺ᙧ⛉Ꮫࠊࡽࢀࡇ࡛ࡲࢀࡇࡢᮾ

ிᏛ㥖ሙࣜ(03-2016) ࢫࣃࣥࣕ࢟ࢳ࣮ࢧ 

䠒䠑䠅 ᑠᯇᓮ Ẹᶞ* : ࠕ⏕≀ಶᛶᏛ㸸ศᏊࡽ⣽⬊ ᑡࠊࠖ

ᩘᛶ⏕≀Ꮫ◊✲2016㹼ᑡᩘᛶ⏕≀Ꮫࡢᮍ᮶ࢆㄒࡿ

㹼ࠊᐃᒣୡ㛶ࠊࢿ࣮࣑࢜ࣜࣝࢸ࣍ᾏ㐨ᮐᖠᕷ 

(2016-02) 

䠒䠒䠅 &��/L���͆7LPH�6HULHV��1HWZRUNV�DQG�'\QDPLFV��

Constructing Hidden Markov Model from Infor-

PDWLRQ�7KHRU\�͇��'HSDUWPHQW�6HPLQDU�LQ�'HSDUW�

ment of Chemistry, Computational Biophysical 

Chemistry, Hong Kong University, Hong Kong Uni-

versity, Hong Kong, China (2016-02) 

䠒䠓䠅 ᑎᮏ ኸ*ࠊᡞ⏣ ᖿேࠊ㏆⸨ ᠇ࠊᑠᯇᓮ Ẹᶞ: ࠕ≉

␗Ⅼㄽࢻࣥࣂࡿࡼ㛫ᕪࡢศ㢮 ࠖࠊ➨ 1ᅇ࣏ࣟࢺࠕ

ࠊ 㡿ᇦ◊✲ࠖࢸࣥࣟࣇࡢ㉁⛉Ꮫ≀ࡄ⣳ࡀ࣮ࢪ

ி㒔ᏛⰪ⹒㤋 (2015-12) 

䠒䠔䠅 Y. Tamiya*, C. Li, R. Watanabe, H. Noji and T. 

.RPDWVX]DNL���͆ 7KH�2QVHW�RI�1RQ-equilibrium Ef-

fects at High Temperature in the Reaction Kinet-

ics of F1-$73DVH͇��7KH���WK�5,(6-Hokudai Inter-

national Symposium, Chateraise Gateaux Kingdom 

Sapporo (2015-11) 

䠒䠕䠅 G. Wang*, C. Li, H. Tatsumi and T. Komatsuzaki : 

͆.LQHWLFV� RI� 0XOWLSOH� FRQGXFWDQFH� OHYHOV� RI�

0HFKDQRVHQVLWLYH�,RQ�&KDQQHO͇��7he 16th RIES-

Hokudai International Symposium, Chateraise Ga-

teaux Kingdom Sapporo (2015-11) 

䠓䠌䠅 Y. Nagahata*, S. Maeda, H. Teramoto, C. Li, T. 

7DNHWVXJX�DQG�7��.RPDWVX]DNL���͆ 'HYHORSLQJ�KLJK�

precision algorithm to predict observation time-

scale hierarchy of an isomerization reaction 

QHWZRUN͇��7KH���WK�5,(6-Hokudai International 

Symposium, Chateraise Gateaux Kingdom Sapporo 

(2015-11) 

䠓䠍䠅 +��7HUDPRWR���͆&ODVVLILFDWLRQ�DQG�&RQWURO�RI�

electron energy level crossings in terms of the 

WKHRU\�RI�VLQJXODULW\͇��7KH���WK�5,(6-Hokudai 

International Symposium , Chateraise Gateaux 

Kingdom Sapporo (2015-11) 

䠓䠎䠅 Ọᖭ ⿱*ࠊ๓⏣ ⌮ࠊᑎᮏ ኸᮤࠊ 㢼ࠊṊḟ ᚭஓࠊ

ᑠᯇᓮ Ẹᶞ : ࣇࢥ࣐ࣝࠕ㐃㙐ࡢ㛫㝵ᒙⓗࢫࣛࢡ

ࢢࣥࣜࢱ ERATOࠊࠖ ‖㞳ᩓᵓ㐀ฎ⌮⣔ࢺࢡ࢙ࢪࣟࣉ 

ࣉࢵࣙࢩࢡ࣮࣡ࡢ⛅ 2015ᖺᗘࠕ -㥖 Ἠ (2015ࠊࠖ

11) 

䠓䠏䠅 7�� .RPDWVX]DNL� �� ͆3KDVH� 6SDFH� JHRPHWU\� DQG�

Chemical Reaction Dynamics: Past, Present, and 

)XWXUH͇��&ROORTXLXP�RQ�NLQHWLFV�DQG�VFDWWHULQJ�

theory for astrophysics (Nov 26-27) (in a part 

RI�WKH�H[WHQGHG�ZRUNVKRS�͆7KHRU\�RI�*DV�3KDVH�

Scattering and Reactivity for Astrophysics(Nov 

23-'HF� ��͇� DORQJ� &267� ͂2XU� FKHPLFDO� +LV�

tory’Action CM1401), Max Planck Institute of 

Colloids and Interfaces, Potsdam, Germany (2015-

11) 

䠓䠐䠅 ᑎᮏ ኸ* : ࠕ"Dynamical Reaction Theory: Beyond 

the conventional perturbation theory" ࠖࠊ

Colloquium on kinetics and scattering theory for 

astrophysics (Nov 26-27) (in a part of the ex-

WHQGHG�ZRUNVKRS�͆ 7KHRU\�RI�*DV�3KDVH�6FDWWHULQJ�

and Reactivity for Astrophysics(Nov 23-'HF���͇�

DORQJ� &267� ͂2XU� FKHPLFDO� +LVWRU\̓$FWLRQ�

CM1401) ࠊMax Planck Institute of Colloids and 

InterfacesࠊGermany (2015-11) 

䠓䠑䠅 ᑎᮏ ኸ*ࠊᡞ⏣ ᖿேࠊᑠᯇᓮ Ẹᶞ: ࠕ≉␗Ⅼㄽࢆ⏝

ゎᯒࡢศᒱᏳᐃᛶࡢ㠀᩿⇕ᕪࡓ࠸ ◊⌮ィᩘ⤫ࠊࠖ

✲ᡤ ᩘᏛ༠ാࣉࢵࣙࢩࢡ࣮࣡ ࣒ࣛࢢࣟࣉ (♫

㐀ᩘᏛ◊✲ࡢ࣮ࢱࣥࢭඹྠ㛤ദ)ࠊ⮬⏤ᗘศᏊ⣔

⌮ᾏ㐨Ꮫࠊ ไᚚゎ⌮ࡢᏛᛂᶵᗎࡿࡅ࠾

Ꮫ㒊㸱ྕ㤋 (2015-10 ࠥ 2015-11) 

䠓䠒䠅 Y. Tamiya*, C. Li, R. Watanabe, H. Noji and T. 

.RPDWVX]DNL���͆7KH�WHPSHUDWXUH�GHSHQGHQFH�DQG�

non-equilibrium properties of the single F1-

$73DVH�NLQHWLFV͇ࠕ��⌮ㄽᐇ㦂ࠖ◊✲2015, ᗈ

ᓥᏛᮾᗈᓥ(10-2015) ࢫࣃࣥࣕ࢟ 

䠓䠓䠅 ὠᕝ ᬡ*ᮤࠊ  㢼ࠊᑠᯇᓮ Ẹᶞ: ࠕ⣽⬊ෆ࡛ࣞࣝ࣋

ᢳฟࡢᚤᑠ⟶㓄ྥࡢ ᐇ㦂ㄽ⌮ࠕࠊࠖ ◊ࠖ✲2015ࠊᗈ

ᓥᏛᮾᗈᓥ(10-2015) ࢫࣃࣥࣕ࢟ 

䠓䠔䠅 Ọᖭ ⿱*ࠊ๓⏣ ⌮ࠊᑎᮏ ኸᮤࠊ 㢼ࠊṊḟ ᚭஓࠊ

ᑠᯇᓮ Ẹᶞ : ࠕ」ྜᏛᛂ⣔ࡢศᏊ࣮࣑ࣞࣗࢩ



 

-⾡ศᏊᢏࡽࣥࣙࢩ࣮࣑ࣞࣗࢩ⌮ཎ୍➨-ࣥࣙࢩ ࠊࠖ

Ꮫᛂ⤒㊰᥈⣴ࠊࢸࣥࣟࣇ࣮ࣗࢽࡢရᕝ༊❧⥲

ྜ༊Ẹ㤋(2015-09) ࢇ࠶ࡾࡹࡁ 

䠓䠕䠅 +��7HUDPRWR���͆&ODVVLILFDWLRQ�DQG�FRQWURO�RI�

HOHFWURQ�HQHUJ\�OHYHO�FURVVLQJV͇��⌮ㄽᏛ

ᾏ㐨Ꮫ⌮Ꮫ㒊 ,ࣉ ࢵࣙࢩࢡ࣮࣡ 7ྕ㤋 7-219ᐊ 

(2015-09) 

䠔䠌䠅 ᑠᯇᓮ Ẹᶞ* : 1ࠕศᏊ⣔ิࡽࢱ࣮ࢹゎㄞࡿࡍ

ࢡ࣮࣡ࢺࢵࢿᆅᙧ࣮ࢠࣝࢿ࢚ 㥑ື⛉Ꮫࢱ࣮ࢹࠕ ࠊࠖ

᪂ᒎ㛤ࡢ ᾏ㐨Ꮫ ⓒᖺグᛕ㤋 ࠊ✲◊ࢽ࣑ࠖ

㆟ᐊ (2015-09) 

䠔䠍䠅 ᑠᯇᓮ Ẹᶞ* : ࠕᑡᩘ⣔ࡽ」㞧ᛂࢡ࣮࣡ࢺࢵࢿ

ไᚚ῝ࡢ㑄⛣≧ែᴫᛕࡴྵࢆ ⛣㑄ࠕタศ㔝≉ࠊࠖ

≧ែไᚚ ◊ࠖ✲௦⾲⪅ὶࠊ᪥ᮏᏛ⾡⯆ (2015-

09) 

䠔䠎䠅 &��/L���͆7KH�.H\�DQG�8QORFN�0HFKDQLVPV�LQ�)�-

ATPase Unveiled by Single Molecule Time Series 

$QDO\VLV͇�� WKH� �WK� :RUNVKRS� RQ� 0ROHFXODU� 	�

Chemical Kinetics, Berlin, Germany (2015-09) 

䠔䠏䠅 ᑎᮏ ኸ* : ࠕIdentifying Different Reaction Pro-

cesses in terms of Graph Laplacian ຊ࣒ࢲࣥࣛࠊࠖ

Ꮫ⣔⌮ㄽࡢࡑᛂ⏝ (2015)ࠊி㒔Ꮫᩘ⌮ゎᯒ◊✲

ᡤ 111ྕᐊ (2015-09) 

䠔䠐䠅 ᑠᯇᓮ Ẹᶞ* : ࠕᑂᰝဨࡢ⤒㦂ࢺ࣏ࣥࡓࡳࡽ ࠊࠖ

ᖹᡂ㸰㸵ᖺᗘ ᾏ㐨Ꮫ⛉◊㈝⏦ㄳࠊ࣮ࢼ࣑ࢭ་Ꮫ

㒊Ꮫ㤋(09-2015) ࠖࢸࣛࣇࠕ 

䠔䠑䠅 &��/L���͆'HWHFWLRQ�RI�7LPH�'HSHQGHQW�&DXVDO�

ity: An Information-WKHRUHWLF�$SSURDFK͇��'\QDP�

ical System Seminar, Math. Department, Hokkaido 

Univ. (2015-07) 

䠔䠒䠅 7��.RPDWVX]DNL���͆7UDQVLWLRQ�6WDWHV�IURP�*DV�

3KDVH�� &RQGHQVHG� 3KDVH� WR� &RPSOH[� 1HWZRUNV͇��

7HOOXULGH�VXPPHU�ZRUNVKRS�͆ *HRPHWU\�RI�&KHPLFDO�

5HDFWLRQ�'\QDPLFV͇��7HOOXULGH�(OHPHQWDU\�6FKRRO��

USA (2015-07) 

䠔䠓䠅 &��/L���͆ 6HDUFKLQJ�IRU�1HZ�0DWKHPDWLFDO�)UDPH�

works to Understand Complex Systems in the Real 

:RUOG͇��&URVV-ERUGHU�)RUXP�RI�͆ 0RQH\�SUREOHPV��

Job market, and Chaos: mathematical and econom-

ical perspective on distribution of value from 

a viewpoint RI�,WDO\̓V�DQG�-DSDQ̓V�(FRQRP\�͇ ��

Hokkaido Univ. (2015-07) 

䠔䠔䠅 +��7HUDPRWR���͆ $�*OREDO�'\QDPLFDO�6ZLWFKLQJ�RI�

a Reaction Coordinate and its Experimental Ob-

VHUYDELOLW\͇��7HOOXULGH�VXPPHU�ZRUNVKRS�͆*H�

RPHWU\�RI�&KHPLFDO�5HDFWLRQ�'\QDPLFV͇��7HOOX�

ride, USA (2015-07 ࠥ 2015-08) 

䠔䠕䠅 ⏣ᐑ ⿱*ᮤࠊ 㢼ࠊΏ㑓 ຊஓࠊ㔝ᆅ ༤⾜ࠊᑠᯇ

ᓮ Ẹᶞ : ࠕSumi-Marcus ᆺࢆࣝࢹࣔࣝࣕࢩࣥࢸ࣏

ゎᯒࡢᛂ㏿ᗘᐃᩘࡢ࣮ࢱF1ศᏊ࣮ࣔ ࡓ࠸⏝ ᪥ࠊࠖ

ᮏᏛᾏ㐨ᨭ㒊 2015ᖺ ኟᏘ◊✲Ⓨ⾲ࠊᾏ

㐨ᩍ⫱Ꮫภ㤋ᰯ (2015-07) 

䠕䠌䠅 Ọᖭ ⿱*ࠊ๓⏣ ⌮ࠊᑎᮏ ኸᮤࠊ 㢼ࠊᇼᒣ ㈗ྐࠊ

Ṋḟ ᚭஓࠊᑠᯇᓮ Ẹᶞ : ࠕ」㞧࡞␗ᛶᛂࢵࢿ

㛤ࡢゎㄞἲࡢ㛫㝵ᒙᵓ㐀ࡓࢀࡲ㎸ࡵᇙࢡ࣮࣡ࢺ

Ⓨ ࠊ᪥ᮏᏛᾏ㐨ᨭ㒊 2015ᖺ ኟᏘ◊✲Ⓨ⾲ࠊࠖ

ᾏ㐨ᩍ⫱Ꮫภ㤋ᰯ (2015-07) 

䠕䠍䠅 ᑎᮏ ኸ*ࠊA. HadjighasemࠊD. KarraschࠊG. Hallerࠊ

ᑠᯇᓮ Ẹᶞ : ࡿ࡞␗ࡿࡼࣥࢩࣛࣉࣛࣇࣛࢢࠕ

ᛂྠࡢࢫࢭࣟࣉᐃ RIMS ◊✲㞟ࠗࠊࠖ ຊᏛ⣔ࡢࡑ

ㅖศ㔝ࡢᛂ⏝ -ி㒔ᗓி㒔ᕷ (2015-06 ࠥ 2015ࠊ࠘

07) 

䠕䠎䠅 J. N. Taylor*, C. Li, D. F. Cooper, C. F Landes 

and T. Komatsuzaki��͆(UURU-based Extraction of 

States and Energy Landscapes from Experimental 

Single-Molecule Time-6HULHV͇��7KH�&RPSOH[LW\�RI�

Dynamics and Kinetics from Single Molecules to 

Cells, Telluride Elementary School, USA (2015-

06) 

䠕䠏䠅 Ọᖭ ⿱*ࠊ๓⏣ ⌮ࠊᑎᮏ ኸᮤࠊ 㢼ࠊṊḟ ᚭஓࠊ

ᑠᯇᓮ Ẹᶞ : ࣇࢥ࣐ࣝࠕ㐃㙐ࡢ㛫㝵ᒙⓗࢫࣛࢡ

ࢢࣥࣜࢱ  ࢺࢡ࢙ࢪࣟࣉERATO‖㞳ᩓᵓ㐀ฎ⌮⣔ࠊࠖ

ࣉࢵࣙࢩࢡ࣮࣡ࡢ2015ᖺᗘ ึኟࠕ ᾏ㐨ᏛᕤᏛࠊࠖ

㒊 (2015-06) 

䠕䠐䠅 ᑠᯇᓮ Ẹᶞ* : ࣝࢹࣔࠕࠕඛ⾜ࡢ⛉Ꮫࠖࢱ࣮ࢹࠕࡽ

Ꮫ⛉ࡍࡔࡾ᙮ࡽ ࠖ ࡢᑡᩘᛶ⏕≀Ꮫࡿ࠼⪄ࡀನࠕࠊࠖ

ḟࠖウㄽ ᪂Ꮫ⾡㡿ᇦࠕᑡᩘᛶ⏕≀Ꮫࠖ➨㸷ᅇ㡿ᇦ

㆟ࠊᅜὠᱱ㤋 㸦Ἀ⦖┴ྡㆤᕷ㸧 (2015-06) 

䠕䠑䠅 ᶔ ♸୍*ࠊᑠᯇᓮ Ẹᶞᮤࠊ 㢼ࠊᑎᮏ ኸࠊ᪂ᾏ 

ஓࠊ୰ᕝ ṇᇶࠊ࣮ࣛࢸ ࢫࣛࢥࢽ ࢫ࣒࣮࢙ࢪࠊ

࣡ࢺࢵࢿᑡᩘศᏊᛂࠕ : ࢢࢳࢵࣞࣇ ࢛࢞ࣝࣇ

ᵓ⠏ (7)ࡢㄽ⌮ࢡ࣮ ᑡᩘᛶ⏕≀Ꮫࠖࠕ᪂Ꮫ⾡㡿ᇦࠊࠖ

➨㸷ᅇ㡿ᇦ㆟ࠊᅜὠᱱ㤋 㸦Ἀ⦖┴ྡㆤᕷ㸧 (2015-

06) 

䠕䠒䠅 7�� .RPDWVX]DNL� ��͆$� NLQHWLF� GLVFRQQHFWLYLW\�

graph to decode timescale hierarchy buried in 

UHDFWLRQ� QHWZRUNV͇�� &KHPLVWU\� 	� '\Qamics in 

Complex Environments, Telluride Elementary 

School, USA (2015-06) 

䠕䠓䠅 7��.RPDWVX]DNL���͆+RZ�FDQ�ZH�GHILQH�D�WUDQVL�

WLRQ�VWDWH�RYHU�D�QHWZRUN"͇��5��6WHSKHQ�%HUU\�

Tribune Symposium, Telluride Elementary School, 

USA (2015-06) 

䠕䠔䠅 7�� .RPDWVX]DNL� ��͆(QHUJ\� /DQdscapes learned 

from Single-Molecule Time-Series: Dimensional-

LW\�DQG�'LVFRQQHFWLYLW\�*UDSK͇��7KH�&RPSOH[LW\�

of Dynamics and Kinetics from Single Molecules 

to Cells, Telluride Elementary School, USA 

(2015-06) 

䠕䠕䠅 &��/L���͆7KH�5ROHV�RI�$73�+\GURO\VLV�5HYHDOHG�



 

by Single Molecule Time Series Analysis of Ro-

tary Fluctuations in F1-$73DVH͇�� 7HOOXULGH�

:RUNVKRS�RQ�͆ 7KH�&RPSOH[LW\�RI�'\QDPLFV�DQG�.L�

QHWLFV�IURP�6LQJOH�0ROHFXOHV�WR�&HOOV͇��7HOOX�

ride,, USA (2015-06) 

䠍䠌䠌䠅 +��7HUDPRWR���͆,GHQWLI\LQJ�GLIIHUHQW�UHDFWLRQ�

processes LQ� WHUPV� RI� JUDSK� ODSODFLDQ͇�� ,O�

Luminyating 2015, Instituto de Ciencias Matemát-

icas, Universidad Autónoma de Madrid, Spain 

(2015-05) 

䠍䠌䠍䠅 7��.RPDWVX]DNL���͆�$�'\QDPLFDO�6ZLWFKLQJ�RI�

Reactive and Nonreactive Modes at High Ener-

JLHV͇�� 'HSDUWPHQW� 6HPLQDU� LQ� 'HSDUWment of 

Chemistry and Chemical Biology, Cornell Univer-

sity, USA (2015-05) 

䠍䠌䠎䠅 7�� .RPDWVX]DNL� ��͆(UURU-based Extraction of 

Effective Free Energy Landscapes from Experi-

mental Single-Molecule Time-6HULHV͇�� 'HSDUW�

ment Seminar in Department of Chemistry, Boston 

University, USA (2015-05) 

䠍䠌䠏䠅 &�� /L� �� ͆5REXVW� &RQVWUXFWLRQ� RI� 'ZHOO-Time 

Statistics from Experimental and Simulation Time 

6HULHV͇�� 'HSDUWPHQW� WDON�� 3RWVGDP�� *HUPDQ\�

(2015-04) 

䠍䠌䠐䠅 &��/L���͆7LPH�6HULHV��1HWZRUNV�DQG�'\QDPLFV��

Constructing Hidden Markov Model from Infor-

PDWLRQ�7KHRU\͇��'HSDUWPHQW�WDON��'HSDUWPHQW�RI�

Mathematics, Computer Science and Bioinformatics, 

Free University of Berlin, Germany (2015-04) 

䠍䠌䠑䠅 ὠᕝ ᬡ*ᮤࠊ  㢼ࠊᑠᯇᓮ Ẹᶞ: ࠕ⺯ග⏬ീࡽᚤ

ᑠ⟶㓄ྥᵓ㐀ࡢᢳฟ ࠊ᪩✄⏣Ꮫ┦⃝◊✲ᐊ◊✲ࠊࠖ

᪩✄⏣Ꮫす᪩✄⏣(04-2015) ࢫࣃࣥࣕ࢟ 

䠍䠌䠒䠅 ᑠᯇᓮ Ẹᶞࠊᡞ⏣ ᖿேࠊᑎᮏ ኸ*ࠊἙ㔝 ⿱ᙪࠊ㧗

ᶫ ṇᙪ : ࠕA Global Dynamical Switching of a 

Reaction Coordinate and its Experimental Observ-

ability ᕞࠊᡂᯝሗ࿌ࢫࣥࣛᖹᡂ26ᖺᗘࠊࠖ

Ꮫ ఀ㒔(04-2015) ࢫࣃࣥࣕ࢟ 

䠍䠌䠓䠅 ὠᕝ ᬡ*ᮤࠊ  㢼ࠊᑠᯇᓮ Ẹᶞ: ࠕ⺯ග⏬ീࡽᚤ

ᑠ⟶㓄ྥᵓ㐀ࢆᢳฟࡿࡍ᪉ἲ࡚࠸ࡘ ࣏ࣥࢩ◊⌮ࠊࠖ

ㄽ⌮ Ϯែືࡢ࣒ࢸࢫࢩ⬊⣽ࠕ࣒࢘ࢪ ✲◊Ꮫ⌮ࠊࠖ

ᡤ ⏕≀⛉Ꮫ◊✲Ჷ (2015-04) 

䠍䠌䠔䠅 ⏣ᐑ ⿱*ᮤࠊ 㢼ࠊΏ㑓 ຊஓࠊ㔝ᆅ ༤⾜ࠊᑠᯇ

ᓮ Ẹᶞ: ࠕF1 ศᏊ࣮ࣔࡢ࣮ࢱ ᗘ౫Ꮡᛶ ࢩ◊⌮ࠊࠖ

ㄽ⌮ Ϯែືࡢ࣒ࢸࢫࢩ⬊⣽ࠕ࣒࢘ࢪ࣏ࣥ Ꮫ⌮ࠊࠖ

◊✲ᡤ ⏕≀⛉Ꮫ◊✲Ჷ (2015-04) 

 

 㛤ദࡢ࣒࢘ࢪ࣏ࣥࢩ 4.6

䠍䠅 ᑎᮏ ኸࠊᒣᒸ 㞞┤ : ࠕAIMaP 㠀ࠕࣉࢵࣙࢩࢡ࣮࣡

⏝ᛂㄽ⌮ࠊ⟭ᆺィ࣐ࣥࣀ ᾏ㐨Ꮫ㟁Ꮚ⛉Ꮫࠊࠖ

◊✲ᡤ (ᾏ㐨ᮐᖠᕷ) (2018 ᖺ 03 ᭶ 30 ᪥)  

䠎䠅 ᑠᯇᓮ Ẹᶞ : ࠕ࣭᪥❧᪂ᴫᛕࣥࢸ࣮ࣗࣆࣥࢥ

ᙲᘧ⾲ 2017 ࢺࢫࢸࣥࢥࢢ ࢟⏣✄᪩✄⏣Ꮫす᪩ࠊࠖ

2018) (ᮾி㒔᪂ᐟ༊) ࢫࣃࣥࣕ ᖺ 03 ᭶ 15 ᪥) 

䠏䠅 M. Nagayama, K. Ijiro, N. Tamaoki, H. Uji-i, H. Kaiju, H. 

Aonuma, H. Mitomo, H. Teramoto, K. Sato, T. Inose, M. 

Jusup, Y. Kim, M. Akiyama and K. Sakai : “The 18th 

RIES-HOKUDAI International Symposium ᴟ  [kyoku] 

joint with the 2nd International Symposium of Dynamic 

Alliance for Open Innovation Bridging Human, Environ-

ment and Materials (the Five-Star Alliance) ”, 

CHATERAISE Gateaux Kingdom SAPPORO (ᾏ㐨ᮐ

ᖠᕷ) (2017 ᖺ 11 ᭶ 30 ᪥ࠥ2017 ᖺ 12 ᭶ 01 ᪥) 

䠐䠅 P. Senet and T. Komatsuzaki : “Deciphering complex en-

ergy landscape and kinetic network from single molecules 

to cells: a new challenge to make theories meet experi-

ments”, Hotel Mercure Dijon (Dijon France) (2017 ᖺ 09

᭶ 03 ᪥ࠥ2017 ᖺ 09 ᭶ 08 ᪥) 

䠑䠅 ᑠᯇᓮ Ẹᶞ : ࣐ࣥࣛࠕሗィ ㆟ 19ࠊࠖ ேࢭࢽࠊ

2017) (⏫ࢥࢭࢽ㒆⏣⺁) ࣮ࢱࣥࢭẸ⏫ࢥ ᖺ 08 ᭶ 18

᪥ࠥ2017 ᖺ 08 ᭶ 20 ᪥) 

䠒䠅 T. Komatsuzaki, R. S. Berry and S. Presse : “The Com-

plexity of Dynamics and Kinetics from Single Molecules to 

Cells”, 25 ே, Telluride Intermediate School (Telluride, 

CO. United States of America) (2017 ᖺ 06 ᭶ 20 ᪥ࠥ

2017 ᖺ 06 ᭶ 24 ᪥) 

䠓䠅 Ọ ࠊ㮖ᑿ 㝯ࠊᑠᯇᓮ Ẹᶞ : ࢜ࣂࠕィ ゎ

ᯒ◊✲ 23ࠊࠖ ேࡢࡱࢇࠊᐟ ᑠᶡ (ᾏ㐨ᑠᶡᕷ) 

(2017 ᖺ 03 ᭶ 18 ᪥ࠥ2017 ᖺ 03 ᭶ 20 ᪥) 

䠔䠅 ᑠᯇᓮ Ẹᶞ : ࢜ࣂࠕィ ゎᯒࣞࣉ◊✲ 7ࠊࠖ ேࠊ

ᐟ ᑠᶡ (ᾏ㐨ᑠᶡᕷ) (2017ࡢࡱࢇ ᖺ 03 ᭶ 17 ᪥) 

䠕䠅 ᑠᯇᓮ Ẹᶞࠊᶔ ♸୍ : ࠕᑡᩘᛶ⏕≀Ꮫ◊✲

2016㹼ᑡᩘᛶ⏕≀Ꮫࡢᮍ᮶ࢆㄒࡿ㹼 ᐃᒣୡ㛶ࠊࠖ

2016ᖺ) (ᾏ㐨ᮐᖠᕷ) ࢿ࣮࣑࢜ࣜࣝࢸ࣍ 02᭶ 14

᪥ࠥ2016ᖺ 02᭶ 16᪥) 

䠍䠌䠅 7��.RPDWVX]DNL��-��:X�DQG�-��:DQJ���͆'HFLSKHU�

ing molecular complexity from protein functions 

WR�FHOOXODU�QHWZRUN͇��+DZDLL�&RQYHQWLRQ�&HQWHU�

(Hawaii, U.S. USA) (2015ᖺ 12᭶ 15᪥ࠥ2015ᖺ

12᭶ 16᪥) 

䠍䠍䠅 7��.RPDWVX]DNL���͆7KH�ZRUNVKRS�͆7KHRU\�RI�*DV�

Phase Scattering and Reactivity for Astrophys-

LFV͇�DORQJ�&267�͂2XU�$VWURFKHPLFDO�+LVWRU\̓�

$FWLRQ�&0����͇��0,$33��Max Planck Institute 

(Garching, Germany Germany) (2015ᖺ 11᭶ 23᪥

ࠥ2015ᖺ 12᭶ 08᪥) 

䠍䠎䠅 7��1HPRWR��7��.RPDWVX]DNL�DQG�.��2WRPR���͆7RS-

Collaboration Support Project International 

Lecture also as Nikon Imaging Center at Hok-

NDLGR�8QLY��,QWHUQDWLRQDO�/HFWXUH͇���� ே, 



 

RIES, Hokkaido University (Sapporo) (2015ᖺ 11

᭶ 19᪥) 

䠍䠏䠅 ᑠᯇᓮ Ẹᶞࠊᑎᮏ ኸ : ᩘࠕᏛᏛྜ⼥ࡢ㛵ࡍ

Ꮫᛂᶵᗎࡿࡅ࠾⮬⏤ᗘศᏊ ⣔ࠕ㞟✲◊ࡿ

ᾏ㐨Ꮫ (ᾏ㐨ᮐᖠᕷ) (2015ࠊไᚚࠖࠖゎ⌮ࡢ

ᖺ 10᭶ 31᪥ࠥ2015ᖺ 11᭶ 01᪥) 

䠍䠐䠅 Berry StephenࠊKeshavamurthy Srihariࠊᑎᮏ ኸࠊ

Waalkens Holger : ࠕGeometry of Chemical Reaction 

Dynamics in Gas and Condensed Phases  Tellurideࠊࠖ

Elementary School 447 West Columbia Ave (Tellu-

ride USA) (2015ᖺ 07᭶ 27᪥ࠥ2015ᖺ 08᭶ 07᪥) 

䠍䠑䠅 T. Komatsuzaki, S. Presse and R. S. Berry : 

͆7KH�&RPSOH[LW\�RI�'\QDPLFV�DQG�.LQHWLFV�IURP�

6LQJOH�0ROHFXOHV�WR�&HOOV͇��7HOOXULGH�(OHPHQ�

tary School (Telluride USA) (2015ᖺ 06᭶ 14᪥

ࠥ2015ᖺ 06᭶ 18᪥) 

䠍䠒䠅 Ṋḟ ᚭஓࠊ㣤᳃ ಇᩥࠊᒾబ ࠊኴ⏣ ಙᘅࠊᑠᯘ 

ṇேࠊᑠᯇᓮ Ẹᶞࠊబ⸨ ಙ୍㑻ࠊᑎᮏ ኸࠊ୰㇂ 

┤㍤ࠊ୰ᒣ ဴࠊ㛗㇂ᕝ ῟ஓࠊᘅᕝ ῟ࠊ๓⏣ ⌮ࠊ

Ώ㒊 ┤ᶞ : ࠕ➨ 31ᅇᏛᛂウㄽ ᾏ㐨ࠊࠖ

ᏛᕤᏛ㒊ࢸࣥࣟࣇᛂ⏝⛉Ꮫ◊✲Ჷ (ᮐᖠᕷ) 

(2015ᖺ 06᭶ 03᪥) 

䠍䠓䠅 *�1LVKLPXUD���͆�WK�$VLDQ�DQG�3DFLILF�5LP�6\P�

posium on Biophotonics  (APBP'20���͇���3DFLI�

ico Yokohama (Yokohama) (2015ᖺ 04᭶ 22᪥ࠥ24

᪥) 

 

4.7 ඹྠ◊✲ 

㹟. ᅜෆᏛࠊ◊✲ᶵ㛵ࡢඹྠ◊✲ 

1㸧 ዉⰋዪᏊᏛ⌮Ꮫ㒊≀⌮Ꮫ⛉ ᡞ⏣ᖿேࠕᏛᛂࡢ

ືຊᏛ2007ࠖࢫ࢜࢝ᖺᗘ-⌧ᅾ 

2㸧 㜰ᏛᏛ㝔ᕤᏛ◊✲⛉ ⢭ᐦ⛉Ꮫ࣭ᛂ⏝≀⌮Ꮫᑓ

ᨷ ⸨⏣ඞ୍ᫀࠕ⣽⬊࣐ࣛࣥィ ሗ⛉Ꮫྜ⼥ࡢ

 2016ᖺᗘ-⌧ᅾࠊ㛤Ⓨࡢ⾡㎿㏿ゎᯒᢏࡢ⣽⬊デ᩿ࡿࡼ

3㸧 ி㒔ᗓ❧་⛉ᏛᏛ㝔་Ꮫ◊✲⛉ ཎ⏣⩏つ୍ࠕ⣽

㏿㎿ࡢ⣽⬊デ᩿ࡿࡼྜ⼥ࡢሗ⛉Ꮫ ィ࣐ࣥࣛ⬊

ゎᯒᢏ⾡ࡢ㛤Ⓨ2016ࠊᖺᗘ-⌧ᅾ 

4㸧 ᾏ㐨ᏛᏛ㝔ሗ⛉Ꮫ◊✲⛉ᕤᏛ◊✲⛉ ୰ᮧ⠜

⣽⬊デࡿࡼྜ⼥ࡢሗ⛉Ꮫ ィ࣐ࣥࣛ⬊⣽୍ࠕ⚈

 2016ᖺᗘ-⌧ᅾࠊ㛤Ⓨࡢ⾡㎿㏿ゎᯒᢏࡢ᩿

5㸧 ᮾிᏛᕤᏛ◊✲⛉ᛂ⏝Ꮫᑓᨷ 㔝ᆅ ༤⾜ࠕF1 ศ

Ꮚ࣮ࣔࢱ࣮ࢹࡢ࣮ࢱ㥑ືᆺᩘ⌮⛉Ꮫࠖ2010-2018ᖺᗘ 

6㸧 ᾏ㐨Ꮫ⌮Ꮫ◊✲㝔ᩘᏛᑓᨷ Ἠᒇ࿘ ␗≉⏝ᛂࠕ୍

Ⅼㄽࡢ≀㉁⛉Ꮫࡢᛂ⏝ࠖ2016ᖺᗘ-⌧ᅾ 

7㸧 ᾏ㐨Ꮫ⌮Ꮫ◊✲㝔Ꮫᑓᨷ Ṋḟᚭஓࠊ๓⏣⌮ 

 ㄽࠖ2015㸫2016ᖺᗘ⌮ࣇࣛࢢࡿࡍ㛵ࢡ࣮࣡ࢺࢵࢿᛂࠕ

8㸧 ᮾᏛከඖ≀㉁⛉Ꮫ◊✲ᡤ 㧗ᶫṇᙪࠕᛂᗙᶆࢫ

 -ᐇ㦂ⓗ᳨ドࠖ2015ᖺᗘ࡛ࢢࣥࢳࢵ

9㸧 ᮾᏛ⌮Ꮫ◊✲⛉Ꮫᑓᨷ Ἑ㔝⿱ᙪࠕᛂᗙᶆࢫ

 ᐇ㦂ⓗ᳨ドࠖ2015ᖺᗘ࡛ࢢࣥࢳࢵ

 

㹠. ⏘ᴗ⏺➼ࡢඹྠ◊✲ 

㸯) ᰴᘧ♫᪥❧〇సᡤ࢙ࣝ࢘ࢻ࣮ࣁࣝࢹࣔ⌮ᩘࠕ

ᛂ⏝ࠖ2016-2018♫ࡃᇶ࡙࣒ࢬࣜࢦ ᖺᗘ 

㸰) ᰴᘧ♫ࢥࢽ య⤌⧊ィ ᢏ⏕ࡓ࠸⏝ࢆගᏛⓗᡭἲࠕࣥ

 ᛂ⏝◊✲ࠖ2015.6-2019.7ࡿࡍ㛵⾡

 

㹡. ᅜ㝿ඹྠ◊✲ 

䠍䠅 ᮤ 㢼, ᑠᯇᓮ Ẹᶞ (ᾏ㐨Ꮫ)ࠊArezki Boudaoud 

㸦ࣜࣚࣥ㧗➼ᖌ⠊Ꮫᰯ㸧ࠊAdrienne Roeder㸦ࣝࢿ࣮ࢥ㸧ࠊ

Richard S. Smith㸦ࢶࣥࢱࢫࣥࢥ㸧ࡢᅜ㝿ඹྠ◊

 From stochastic cell behavior to reproducibleࠕ✲

shapes: the coordination behind morphogenesis ࠊࠖ

2013-2016ᖺᗘ ᅜ㝿ࢧ࣭ࢸࣥࣟࣇ࣭࣐࣮ࣥࣗࣄ

 ࣒ࣛࢢࣟࣉ࣭ࢫ࢚ࣥ

䠎䠅 J. N. Taylor, ᑠᯇᓮẸ 㸦ðᾏ㐨Ꮫ㸧ࠊGilad Haran 

㸦࣐࣡ࣥࢬࣥ◊✲ᡤ࢚ࣝࣛࢫࠊ㸧ࡢᅜ㝿ඹྠ◊✲

ࣝࢿ࢚ࡢࡽศᏊほᐹ୍ࡳࡓࡓࡾᢡࡢ㉁ࢡࣃࣥࢱAKࠕ

 ᆅᙧᵓᡂ࣮ࠖࢠ

䠏䠅 ᑠᯇᓮẸᶞ㸦ᾏ㐨Ꮫ㸧ࠊRigoberto Hernandez 㸦ࢪ

Ꮫࠕ✲◊ᅜ㝿ඹྠࡢᏛ㸧ࢫࣥ࢟ࣉ࣭࣍ࢬࣥࣙ

ᛂືຊᏛࡿࡅ࠾┦✵㛫ᵓ㐀⌮ㄽࠖ 

䠐䠅 ᑠᯇᓮ Ẹᶞࠊᑎᮏ ኸ(ᾏ㐨Ꮫ)ࣄࢵ࣮ࣜࣗࢳࠊᕤ

⛉Ꮫ㸦George Haller㸧ࣗࢪࣥࣛࢢࣛࡢ༠ྠᵓ㐀

㛵ᩘࡿࡍ⌮◊✲ 

䠑䠅 すᮧ ࿃ᮁ(ᾏ㐨Ꮫ)ࠊJijun Liu(ᮾ༡Ꮫ)ࠊ⏫⏣ 

Ꮫ(ᯇ་)ࠊ୰ᮧ ⋞(ᾏ㐨Ꮫ)ࡢᅜ㝿ඹྠ◊

ࠖ✲◊⌮ᩘࡿࡍ㛵ᡭἲࣇࣛࢢࣔࢺᣑᩓ⺯ගࠕ✲

(2017ᖺᗘ㹼) 

 

d.እᅜே◊✲⪅ࡢᣍ⪸ 

䠍䠅 Henry ArguelloࠊColombia㸦2017 ᖺ 09 ᭶ 25 ᪥ࠥ2017

ᖺ 09 ᭶ 27 ᪥㸧 

䠎䠅 Arezki BoudaoudࠊFrance㸦2017 ᖺ 07 ᭶ 31 ᪥ࠥ2017

ᖺ 08 ᭶ 01 ᪥㸧 

䠏䠅 Bi-Chang ChenࠊTaiwan (Province of China)ࠊ㸦2017 ᖺ

07 ᭶ 31 ᪥㸧 

䠐䠅 Sky NicholsonࠊUnited States of Americaࠊ㸦2017 ᖺ 07

᭶ 11 ᪥ࠥ2017 ᖺ 08 ᭶ 07 ᪥㸧 

䠑䠅 Jason Roger GreenࠊUnited States of Americaࠊ㸦2017 ᖺ

06 ᭶ 12 ᪥ࠥ2017 ᖺ 08 ᭶ 11 ᪥㸧 

䠒䠅 David AlloucheࠊFranceࠊ㸦2017 ᖺ 05 ᭶ 01 ᪥ࠥ2017 ᖺ

05 ᭶ 02 ᪥㸧 

䠓䠅 Andrey GritsenkoࠊUnited States of Americaࠊ㸦2017 ᖺ

04 ᭶ 04 ᪥ࠥ2017 ᖺ 04 ᭶ 30 ᪥㸧 

䠔䠅 Patrick SenetࠊFranceࠊ㸦2016 ᖺ 11 ᭶ 12 ᪥ࠥ2016 ᖺ

11 ᭶ 17 ᪥㸧 

䠕䠅 Srihari KeshavamurthyࠊIndiaࠊ㸦2016 ᖺ 11 ᭶ 09 ᪥ࠥ

2016 ᖺ 11 ᭶ 10 ᪥㸧 

䠍䠌䠅 Nathan HervieuxࠊFranceࠊ㸦2016 ᖺ 08 ᭶ 20 ᪥ࠥ2016



 

ᖺ 08 ᭶ 28 ᪥㸧 

䠍䠍䠅 Kai-Chun ChangࠊTaiwanࠊ㸦2016 ᖺ 08 ᭶ 15 ᪥ࠥ2016

ᖺ 08 ᭶ 18 ᪥㸧 

䠍䠎䠅 Kevin MitchellࠊUSAࠊ㸦2016 ᖺ 08 ᭶ 14 ᪥ࠥ2016 ᖺ 08

᭶ 19 ᪥㸧 

䠍䠏䠅 Sulimon SattariࠊUSAࠊ㸦2016ᖺ05᭶28᪥ࠥ2016ᖺ09᭶

11᪥㸧 

 

4.8 ண⟬⋓ᚓ≧ἣ㸦◊✲௦⾲⪅ࠊศ㢮ࠊ◊✲ㄢ㢟ࠊᮇ㛫㸧 

㹟㸬 ⛉Ꮫ◊✲㈝⿵ຓ㔠 

䠍䠅 ᑠᯇᓮ Ẹᶞࠊᇶ┙◊✲ B ≉タศ㔝◊✲ࠊᑡᩘ⣔ࡽ

」㞧ᛂࡴྵࢆࢡ࣮࣡ࢺࢵࢿ㑄⛣≧ែᴫᛕࡢ῝

ไᚚ2015ࠥ2017ࠊ ᖺᗘ 

䠎䠅 ᑠᯇᓮ Ẹᶞࠊ᪂Ꮫ⾡㡿ᇦ◊✲ࠊከ㝵ᒙ࣒ࢸࢫࢩ⏕≀

Ꮫࢱ࣮ࢹࡿࡅ࠾㥑ື⛉Ꮫࡢᒎ㛤2017ࠊ ᖺᗘ 

䠏䠅 ᑠᯇᓮ Ẹᶞࠊⴌⱆ◊✲ࠊ⣽⬊ࡢ㞟ᅋᑡᩘᛶࢫࢩࡢ

2016ࠥ2018ࠊᏛ≀⏕࣒ࢸ ᖺᗘ 

䠐䠅 ᑠᯇᓮ Ẹᶞࠊᇶ┙◊✲ B ࠊ⏕ືែ࣒ࢸࢫࢩᑐࡍ

2017ࠥ2019ࠊᵓ⠏ࡢᏛ⛉ࢱ࣮ࢹศᏊࡿ ᖺᗘ 

䠑䠅 ఀ⸨ ♸ࠊⱝᡭ 㹀ࣝࢼࢢࢩࠊఏ㐩⣔ࡢሗ⇕ຊᏛࠊ

2017 ᖺᗘ 

䠒䠅 ᑠᯇᓮ Ẹᶞࠊ᪂Ꮫ⾡㡿ᇦ◊✲ࠊከ㝵ᒙ࣒ࢸࢫࢩ⏕≀

Ꮫࢱ࣮ࢹࡿࡅ࠾㥑ື⛉Ꮫࡢᒎ㛤2016ࠊ ᖺᗘ 

䠓䠅 ᮤ 㢼ࠊᇶ┙◊✲ BࠊData-driven Multiscale Modeling 

of Signal Processing in Bacterial Chemotaxis2016ࠊ ᖺᗘ 

䠔䠅 ᑎᮏ ኸࠊⱝᡭ 㹀ࠊᛂᗙᶆࢢࣥࢳࢵࢫᶵᵓࡢ」

㞧ศᏊ⣔ࡢᒎ㛤2016ࠊ ᖺᗘ 

䠕䠅 J. N. Taylorࠊⱝᡭ BࠊNew Data-Driven Tools to Quantify 

Heterogeneous Microenvironments in Love Cell Imagesࠊ

2015㹼2016 ᖺᗘ 

䠍䠌䠅 ᑠᯇᓮ Ẹᶞࠊ᪂Ꮫ⾡㡿ᇦࠕᑡᩘᛶ⏕≀Ꮫࠖィ⏬⌜ศ

ᢸ,ᑡᩘศᏊᛂࢡ࣮࣡ࢺࢵࢿ⌮ㄽࡢᵓ⠏㸫ᑡᩘᛶ

㝵ᒙᛶࡢほⅬࢢࣥࣜࢹࣔࡢࡽ㸫2011㹼2015ᖺᗘ 

䠍䠍䠅 ᑠᯇᓮ Ẹᶞࠊᇶ┙◊✲ Bࠊ㝵ᒙᛶ㡹ᛶࡘࡶࢆ⏕

ືែࡢ࣒ࢸࢫࢩゎᯒᇶ┙ᵓ⠏2013ࠥ2015ࠊᖺᗘ  

䠍䠎䠅 ᑠᯇᓮ Ẹᶞࠊⴌⱆ◊✲ࠊศᏊಶᛶࢆ᙮ࡾฟࢸࢫࢩࡍ

 2013ࠥ2015ᖺᗘࠊ᥈ồࡢᏛ≀⏕࣒

 

㹠㸬ᆺཷ࣭ࢺࢡ࢙ࢪࣟࣉク◊✲ 

䠍) ᑠᯇᓮ ẸᶞࠊCREST୍ࠊ⣽⬊࣐ࣛࣥィ ሗ⛉Ꮫ

2016㹼ࠊ㛤Ⓨࡢ⾡㎿㏿ゎᯒᢏࡢ⣽⬊デ᩿ࡿࡼྜ⼥ࡢ

2021ᖺᗘࠊ⛉Ꮫᢏ⾡⯆ᶵᵓ 

䠎) ᑠᯇᓮ Ẹᶞࠊᰴᘧ♫᪥❧〇సᡤ)ᩘࠊ ࣁࣝࢹࣔ⌮

2016ࠥࠊ⏝ᛂ♫ࡃᇶ࡙࣒ࢬࣜࢦ࢙ࣝ࢘ࢻ࣮

2018ᖺᗘ  

䠏) ᑎᮏ ኸࠊࡅࡀࡁࡉࠊ≉␗Ⅼㄽࡢ≀㉁⛉Ꮫࡢᛂ⏝ࠊ

2016㹼2019ᖺᗘࠊ⛉Ꮫᢏ⾡⯆ᶵᵓ 

䠐) すᮧ࿃ᮁࠊ㐃ᦠ༠ᐃά⏝ᆺᴗࠕᵓ㐀↷᫂ᶵᲔᏛ

 ㄪᰝ◊✲䛃ࡿࡍ㛵⾡ᰝᢏ᳨ࡢᩓ፹యෆ㒊ࡿࡼ⩦

ᾏ㐨⥲ྜ◊✲ᶵᵓ, 2017.7.-2018.2 

䠑) C.B. Li㸦ᅜ㝿࢚ࣥࢧ࣭ࢸࣥࣟࣇ࣭࣐࣮ࣥࣗࣄ

�᥎㐍ᶵᵓ㸧㸸͆)URP�VWRFKDVWLF�FHOO࣒ࣛࢢࣟࣉ࣭ࢫ

behavior to reproducible shapes: the coordi-na-

WLRQ�EHKLQG�PRUSKRJHQHVLV͇������㹼2016ᖺᗘ, A. 

Boudaoud (ࣜࣚࣥ㧗➼ᖌ⠊Ꮫᰯ), A. Roeder㸦ࢿ࣮ࢥ

ࣝ㸧, R. Smith㸦ࢶࣥࢱࢫࣥࢥ㸧ࡢඹྠ◊✲ 

䠒) すᮧ ࿃ᮁࠊ་⒪ศ㔝◊✲ᡂᯝᒎ㛤ᴗࠊ⏘Ꮫඹᇶ

♏ᇶ┙◊✲࣒ࣛࢢࣟࣉ㸸ࢺࣄࠕ⤌⧊῝㒊ࣥࢪ࣮࣓ࡢ

ᇶ┙ᢏࢢࣥࢪ࣮࣓ᐃ㔞ⓗ⺯ගศᏊࡿࡍ⬟ྍࢆࢢ

❧☜ࡢ⾡  ᪥ᮏ་⒪◊✲㛤Ⓨᶵᵓࠊ2011㹼2016ᖺᗘࠊࠖ

 

4.9 ཷ㈹ 

㸯) Ọᖭ ⿱: ➨ 31ᅇᏛᛂウㄽ࣮ࢱࢫ࣏ࢺࢫ࣋ࠕ

㈹ࠖ 2015ᖺ 6᭶ 

㸰) Ọᖭ⿱:➨㸷ᅇศᏊ⛉Ꮫウㄽ(ᮾி)ࠕศᏊ⛉Ꮫඃ

㈹ࠖ2015ᖺ࣮ࢱࢫ࣏⚽ 10᭶ 

 

 άືࢳ࣮ࣜࢺ࢘ 4.10

䠍䠅 ᑠᯇᓮẸᶞࠕࠊ᪂ᴫᛕࡣࢢࣥࢸ࣮ࣗࣆࣥࢥ㸽ࠖ

ᖹᡂ30ᖺᗘᾏ㐨Ꮫබ㛤ㅮᗙࠕཤࡿ௦ࠊ᮶ࡿࡓ

௦ࠊࠖࡿ࠼⪄ࢆᾏ㐨Ꮫ㸦2018.7.2㸧 

䠎䠅 すᮧ ࿃ᮁࠊ㧗ᰯ⏕(ᾏ㐨❧ᮐᖠす㧗➼Ꮫᰯ)ࠊᅜẸ

㸟ࠖࡿぢࢆග࡛⏕యࠕࠊ⩏Ꮫ࣭ᢏ⾡ᑐヰฟᙇㅮ⛉ࡢ

(2016.10.25) 

䠏䠅 ᑠᯇᓮẸᶞࠕࠊᑂᰝဨࡢ⤒㦂ࠊࠖࢺ࣏ࣥࡓࡳࡽ

ᖹᡂ㸰㸵ᖺᗘ ᾏ㐨Ꮫ⛉◊㈝⏦ㄳࠊ࣮ࢼ࣑ࢭ་Ꮫ

㒊Ꮫ㤋ࠖࢸࣛࣇࠕ㸦2015.9.11㸧 

䠐䠅 ᑠᯇᓮẸᶞࠊ㞟୰ㅮ⩏ࠕ≀⌮Ꮫ≉ูㅮ⩏➨୕㸦ศᏊ

Ꮫ㸧ࠖ⛉ࢱ࣮ࢹ ୰ኸᏛ㸦2015.9.2-4㸧 

䠑䠅 ఀ⸨♸62➨ࠊᅇ≀ᛶⱝᡭኟࡢᏛᰯ 㞟୰ࡩࡂ .࣑ࢮ

㛗Ⰻᕝ Ἠ(8-2017) ,ࢡ࣮ࣃࣝࢸ࣍ . 

䠒䠅 ᑎᮏ ኸࠊ⍇⍈†≉␗Ⅼㄽ࣮࣡ࣉࢵࣙࢩࢡ ㅮᖌࠊ

ὠᕷࢪࢵ࣮ࣟࣗࣅࠊ⍇⍈⍚ (2017.12.20-22) 

 


