௧䠐ᖺᗘ㻌 ⚟Ꮫ་Ꮫ㒊་Ꮫ⛉Ꮫኈ⦅ධᏛ⪅㑅ᢤᏛຊヨ㦂ၥ㢟㻌

⮬↛⛉Ꮫ⥲ྜ䠄⏕⛉Ꮫ䠅㻌

⛉  ┠

㡫   ᩘ

⮬↛⛉Ꮫ⥲ྜ
㸦⏕⛉Ꮫ㸧

㸯 㡫 㹼 㸯㸱 㡫

ὀព㡯
㸯 ヨ㦂㛤ጞࡢྜᅗࡀ࠶ࡿࡲ࡛ࡣ㸪ࡇࡢᏊࢆ㛤࠸࡚ࡣ࠸ࡅࡲࡏࢇࠋ
㸰 ヨ㦂㛤ጞࡢྜᅗࡢᚋ࡛㸪ၥ㢟Ꮚࡢ㡫ᩘ㸦㸯㸱㡫㸧㸪ゎ⟅⏝⣬ࡢᯛᩘ㸦㸴ᯛ㸧ࢆ☜
ㄆࡋ࡚ࡃࡔࡉ࠸ࠋ
㸱 ゎ⟅ࡿ๓㸪ᚲࡎཷ㦂␒ྕࢆ࡚ࡢゎ⟅⏝⣬ࡢᡤᐃࡢḍグධࡋ࡚ࡃࡔࡉ
࠸ࠋ
㸲 ゎ⟅ࡣ㸪ᚲࡎゎ⟅⏝⣬ࡢᡤᐃࡢḍグධࡋ࡚ࡃࡔࡉ࠸ࠋᡤᐃࡢḍ௨እグධࡋࡓ
ࡶࡢࡣ↓ຠࡋࡲࡍࠋ
㸳 ၥ㢟Ꮚࡣ㸪ᣢࡕᖐࡗ࡚ࡣ࠸ࡅࡲࡏࢇࠋ










㸦ⓑ ⣬ 㡫㸧



Ϩ㸬
ḟࡢᩥ❶ࢆㄞࢇ࡛㸪௨ୗࡢၥ࠸⟅࠼࡞ࡉ࠸ࠋ

㖄ࡼࡾࡶ㝧Ꮚࡢಶᩘ䠄Z䠅ࡀࡁ࠸⮬↛⏺ぢࡽࢀࡿཎᏊ᰾ࡣ㸪Ᏻᐃ࡛ᨺᑕᛶ࡛ࡍࠋᨺ
ᑕᛶࡢཎᏊ᰾ࡣ㸪ูࡢཎᏊ᰾ኚࡍࡿ㐣⛬࡛㸪㸯ࡘࡲࡓࡣ」ᩘࡢ⢏Ꮚࢆ⮬Ⓨⓗᨺฟ
ࡋࡲࡍࠋ
⮬↛ᔂቯᑐࡍࡿᨺᑕᛶཎᏊ᰾ࡢᏳᐃᛶࡣ㸪ࡑࡢ༙ῶᮇ t1/2 ࡼࡗ࡚

ᐃࡉࢀࡲࡍࠋ

ᨺᑕᛶᔂቯࡣࣛࣥࢲ࣒㐣⛬࡛ࡍࠋ≀㉁ࢆ࠸ࡘほᐹࡋ࡚ࡶ㸪㛫 t1/2 ᚋࡣᔂቯࡋࡓಶ
著作権の関係上、この部分は公開しておりません。
ᩘࡀ༙ศ࡛㸪ṧࡾࡢ༙ศࡣᔂቯࡋࡲࡏࢇࠋ㏫࠸࠺㸪ᨺᑕᛶ≀㉁ࡢࢧࣥࣉࣝࡣ㸪ࢧࣥ
ࣉࣝࡢ༙ศࡀᔂቯࡍࡿࡢᖖྠࡌ㛫ࡀࡾࡲࡍࠋ
࠶ࡿᨺᑕᛶ≀㉁ A ࡢཎᏊࡢಶᩘ NA ▷࠸㛫
༢⣧࡞㛵ಀ㸦㸯㸧 NA=

t ࡛ᔂቯࡍࡿཎᏊᩘ

࣭NA࣭ t ࡀᏑᅾࡋࡲࡍࠋࡇࡇ࡛㸪

㸯

NA ࡢ㛫ࡣ

ࡣ ᔂቯᐃᩘ࡛ࡍࠋ

㸯

(Schaum’s outlines, College physics ࡼࡾ㸪୍㒊ᨵኚ)

ၥ㸯㸬้ t ࡛ࡢᨺᑕᛶ≀㉁ A ࡢཎᏊࡢಶᩘࢆ NA(t)ࡋ࡚㸪㸦㸯㸧ࡢ㛵ಀᘧࡽᑟࢀ
ࡿᚤศ᪉⛬ᘧ㸸
     

ሺ ሻ

㸻㸫

㸯

࣭NA(t)

ࡽ NA(0) = N0 ࡢ᮲௳࡛ NA(t) ࢆồࡵࡼࠋࡲࡓ㸪ࡑࡢ㛫ኚࡢᴫ␎ࢆゎ⟅⏝⣬ࡢࢢ
ࣛࣇᥥࡅࠋ

ၥ㸰㸬 log e 2

0.693 ࡋ࡚㸪

㸯

 t1/2 ࡢ㛵ಀࢆ♧ࡏࠋ

ၥ㸱㸬ᨺᑕᛶ≀㉁ࡢ࡞ࡣ㸪AЍBЍC ㏲ḟᔂቯࡋ࡚ࡺࡃ≀㉁ࡀ࠶ࡿࠋ้ t ࡛ࡢ
≀㉁ A ࡢཎᏊࡢಶᩘࢆ NA(t) 㸪≀㉁ B ࡢཎᏊࡢಶᩘࢆ NB(t) ࡍࡿ㸪NB(t) ࡣ
ᚤศ᪉⛬ᘧ㸸
     

ሺ ሻ

㸻

㸯

࣭NA(t) 㸫

㸰

࣭NB(t)

ࢆ‶ࡓࡍࠋࡇࡢᘧࡢྛ㡯ࡢពࢆㄝ᫂ࡏࡼࠋࡓࡔࡋ㸪

㸯

ࡣ AЍB ࡢᔂቯᐃᩘ࡛㸪

ࡣ BЍC ࡢᔂቯᐃᩘࡍࡿࠋ

㸰

ၥ㸲㸬ၥ㸱ࡘ࠸࡚㸪้ t㸻0 ࠾࠸࡚㸪NA(0)㸻N0㸪NB(0) = 0㸪NC(0) = 0 ࡛࠶ࡿࡋ㸪
 

㸻 㸯࠸࠺㛵ಀࡀ࠶ࡿࡍࡿࠋ≀㉁ B ࡢཎᏊࡢಶᩘ NB(t) ࡣ㸪ၥ㸱ࡢᚤศ᪉⛬
ᘧᚑࡗ࡚㛫ኚࡍࡿࠋNB(t) ࡢ㛫ኚࡢᴫ␎ࢆ㸪ၥ㸯࡛ゎ⟅ࡋࡓ NA(t)ඹ
㸰

ゎ⟅⏝⣬ࡢࢢࣛࣇᥥࡅࠋࡲࡓ㸪≀㉁ B ࡢཎᏊࡢಶᩘࡀ᭱࡞ࡿ้ࡀၥ㸰ࡢ t1/2
࡞ࡿࡇࢆ♧ࡋ㸪ࡑࡢࡢ≀㉁ B ࡢཎᏊࡢಶᩘࢆồࡵࡼࠋ





















㸦ⓑ ⣬ 㡫㸧








ϩ㸬
ḟࡢᩥ❶ࢆㄞࢇ࡛㸪௨ୗࡢၥ࠸⟅࠼࡞ࡉ࠸ࠋ
⭷㍺㏦ࡢ⤌ࡳࡣ㸪௦ㅰ࢚ࢿࣝࢠ࣮ࢆᚲせࡏࡎ  ᚑࡗ࡚⾜ࢃࢀࡿ༢⣧ᣑᩓ࠾
ࡼࡧಁ㐍ᣑᩓ㸪௦ㅰ࢚ࢿࣝࢠ࣮ࢆᚲせࡋ࡚  ㏫ࡽࡗ࡚⾜ࢃࢀࡿ⬟ື㍺㏦ศ
㢮ࡉࢀࡿࠋ⬟ື㍺㏦ࡣࡉࡽ㸪ATP ࡢຍỈศゎ࢚ࢿࣝࢠ࣮ࢆ┤᥋⏝ࡍࡿ୍ḟᛶ⬟ື㍺
㏦㸪୍ḟᛶ⬟ື㍺㏦ࡼࡗ࡚ᙧᡂࡉࢀࡓ≀㉁ࡢ  ࡢ࢚ࢿࣝࢠ࣮ࢆ⏝ࡍࡿḟᛶ
⬟ື㍺㏦ศࡅࡽࢀࡿࠋࡇࢀࡽࡢ࡞࡛ಁ㐍ᣑᩓ㸪୍ḟᛶ⬟ື㍺㏦࠾ࡼࡧḟᛶ⬟ື㍺
㏦ࢆᢸ࠺ࡢࡀ㸪  ࡛࠶ࡿࠋ
⚄⤒⣽⬊࡛ࡣ㸪  ࡢ࠺ࡕ⣽⬊⭷Ꮡᅾࡍࡿ(a)Na+/K+࣏ࣥࣉࡀ⣽⬊ෆእࡢ Na+࠾ࡼࡧ
K+⃰ᗘ໙㓄ࢆᙧᡂࡍࡿࠋࡲࡓ㸪Ⓨ⏕ึᮇࡢ⚄⤒⣽⬊࡛ࡣ㸪1 ಶࡢ Na+㸪1 ಶࡢ K+㸪2 ಶࡢ
Cl㸫ࢆ⣽⬊ෆ㍺㏦ࡍࡿ(b)Na+/K+/2Cl㸫ඹ㍺㏦యࡀ㸪ᡂ⇍⚄⤒⣽⬊࡛ࡣ 1 ಶࡢ K+ 1 ಶࡢ
Cl㸫ࢆ⣽⬊እ㍺㏦ࡍࡿ(c)K+/Cl㸫ඹ㍺㏦యࡀⓎ⌧ࡋ㸪⣽⬊ෆእࡢ Cl㸫⃰ᗘ໙㓄ࡀᙧᡂࡉࢀ
ࡿࠋ࠶ࡿ࢜ࣥ X ࡢ⣽⬊⭷ෆእࡢ  ࡀ࡞ࡃ࡞ࡿ㟁ࡢࡇࢆ X ࡢᖹ⾮㟁㸦EX㸧
ࡼࡧ㸪
ሾ ሿ
ሾ ሿ

 ൌ

ࡢᘧ࡛⾲ࡉࢀࡿࠋࡇࡇ࡛㸪zX ࡣ࢜ࣥ X ࡢ౯ᩘ㸪ln ࡣ⮬↛ᑐᩘ㸦e ࢆᗏࡍࡿᑐᩘ㸧㸪R
ࡣẼయᐃᩘ㸦8.31 J/K࣭mol㸧㸪T ࡣ⤯ᑐ ᗘ㸪F ࡣࣇࣛࢹ࣮ᐃᩘ㸦9.65 x 104 C/mol㸧㸪[X]o
ࡣ࢜ࣥ X ࡢ⣽⬊እ⃰ᗘ㸪[X]i ࡣ࢜ࣥ X ࡢ⣽⬊ෆ⃰ᗘࡍࡿࠋ㟼Ṇ≧ែ࡛ࡣ㸪 ࢘ 
ẚ࡚ ࢚ ࡢ㏱㐣ᛶࡀ㧗࠸ࡓࡵ㸪㟼Ṇ⭷㟁ࡣ ࢚ ࡢᖹ⾮㟁㏆࠸್ࢆࡿࠋ୍
᪉㸪ṇࡢ㟁Ẽ่⃭ࢆ࠼࡚⣽⬊⭷ࢆ㜈್㟁ࡲ࡛⬺ศᴟࡉࡏࡿ㸪(d)㟁౫Ꮡᛶ ࢘ ࢳ
ࣕࢿࣝࡀ㛤ཱྀࡋ㸪⭷㟁ࡣ ࢘ ࡢᖹ⾮㟁ྥࡗ࡚ࡁࡃ⬺ศᴟࡋ࡚ ࢜ ࡀⓎ⏕
ࡍࡿࠋ
Ꮫࢩࢼࣉࢫ࡛ࡣ㸪ࢩࢼࣉࢫ๓⣽⬊ࡢ⚄⤒⤊ᮎ ࢝ ࡋࡓ ࢜ ࡼࡗ࡚㸪 ࢟
ࡀศἪࡉࢀࡿࠋ ࢟ ࡀࢩࢼࣉࢫᚋ⣽⬊ࡢ ࢡ ⤖ྜࡍࡿ㸪 ࢣ ࡀ┤᥋ⓗ࠶ࡿ࠸
ࡣ㛫᥋ⓗ㛤ཱྀࡋ㸪ࢩࢼࣉࢫᚋ㟁ࡀⓎ⏕ࡍࡿࠋࡇࡢࡋࡃࡳࢆࢩࢼࣉࢫ ࢥ ࡼࡪࠋ
ࢩࢼࣉࢫᚋ㟁ࡣ㸪ࢩࢼࣉࢫᚋ⣽⬊ࡢ⭷㟁ࡀ⬺ศᴟࡍࡿ ࢧ ࢩࢼࣉࢫᚋ㟁㸪
㐣ศᴟࡍࡿ ࢩ ࢩࢼࣉࢫᚋ㟁ࡀ࠶ࡿࠋ

ၥ㸯㸬ୖࡢᩥ୰ࡢ✵ḍ   㹼  ࢩ ࠶࡚ࡣࡲࡿ㐺ษ࡞ㄒྃࢆୗࡢ୍ぴࡽ㑅ࡧ㸪
グධࡋ࡞ࡉ࠸ࠋ࡞࠾㸪ྠࡌグྕࡣྠࡌㄒྃࡀධࡿࠋ
࢜ࣥࢳࣕࢿࣝ㸪άື㟁㸪㓝⣲㸪⯆ዧᛶ㸪ࢧࢺ࢝ࣥ㸪ཷᐜయ㸪⚄⤒ఏ㐩≀㉁㸪
㟁ẼᏛⓗ໙㓄㸪ఏ㐩㸪ఏᑟ㸪⬟ື㍺㏦㸪⭷㍺㏦ࢱࣥࣃࢡ㉁㸪ᢚไᛶ㸪ࣜࣥ⬡㉁㸪
Na+㸪K+㸪Ca2+

ၥ㸰㸬ୖࡢᩥ୰ࡢୗ⥺(a)㹼(d)ࡘ࠸࡚㸪ಁ㐍ᣑᩓ㸪୍ḟᛶ⬟ື㍺㏦㸪ḟᛶ⬟ື㍺㏦ࡢ
࠸ࡎࢀࡢࡋࡃࡳ࡛ࡣࡓࡽࡃ㸪ゎ⟅ḍࡢ㐺ษ࡞㑅ᢥ⫥ 1 ࡘࢆࠐ࡛ᅖࡳ࡞ࡉ࠸ࠋ




ၥ㸱㸬ୗࡢᅗࡢࡼ࠺㸪⚄⤒⣽⬊ A㸪A’㸪A’’ࡢ⣽⬊యࢆಶู่⃭ࡍࡿ㸪⚄⤒⣽⬊ B
࡛ࡣ࠸ࡎࢀࡶ i)ࡢᛂ⟅ࡀᚓࡽࢀࡓࠋ⚄⤒⣽⬊ A  A’㸪A  A’’㸪A’ A’’ࢆࡑࢀࡒࢀ
ྠ่⃭ࡍࡿ㸪⚄⤒⣽⬊ B ࡛ࡣ࠸ࡎࢀࡶ ii)ࡢᛂ⟅ࡀᚓࡽࢀࡓࠋ⚄⤒⣽⬊ A㸪A’㸪
A’’ࢆ 3 ࡘྠ่⃭ࡍࡿ㸪⚄⤒⣽⬊ B ࡛ࡣ iii)ࡢᛂ⟅ࡀᚓࡽࢀࡓࠋ࡞࠾㸪ಶࠎࡢ
⣽⬊࠼ࡿ่⃭ᙉᗘࡣྠࡌࡶࡢࡍࡿࠋ

A

B

0 mV

A’
-70 mV

A’’

i)

ii)

iii)

㸦㸯㸧i)ࡢᛂ⟅ࡘ࠸࡚ヲ⣽ㄪࡓࡇࢁ㸪Na+ K+୧᪉㏱㐣ᛶࢆࡶࡘ࢜ࣥࢳࣕࢿ
ࣝࡢࡣࡓࡽࡁࡼࡿࡇࡀศࡗࡓࠋࡇࡢ࢜ࣥࢳࣕࢿࣝࡢ㏫㌿㟁㸦ṇࡢ࢜
ࣥ㟁ὶࡀࢮࣟ࡞ࡿ⭷㟁㸧ࡣ 0 mV ࡛࠶ࡗࡓࠋ⣽⬊ෆእࡢ࢜ࣥ⃰ᗘࡀୗࡢ⾲ࡢ
㏻ࡾ࡛࠶ࡿሙྜ㸪ࡇࡢ࢜ࣥࢳࣕࢿࣝࡢ Na+ K+ᑐࡍࡿ㏱㐣ᛶࡢẚࢆᑠᩘⅬ➨
ࡲ࡛ồࡵ࡞ࡉ࠸ࠋ⪃࠼᪉ࡶグࡍࡇࠋ࡞࠾㸪࢜ࣥࢳࣕࢿࣝࢆ㏻ࡿ࢜ࣥ X ࡢ㟁
ὶࡢࡁࡉࡣ࣮࣒࢜ࡢἲ๎ᚑ࠸㸪࢜ࣥ X ࡢࢥࣥࢲࢡࢱࣥࢫ㹅X㸦ᢠࡢ㏫ᩘ㸹
࢜ࣥ㏱㐣ᛶࡢ㟁Ẽⓗ࡞ᑻᗘ㸧㟁ẼᏛⓗ㥑ືຊ㸦⭷㟁࢜ࣥ X ࡢᖹ⾮㟁
ࡢᕪ㸧ࡢ✚࡛ồࡵࡽࢀࡿࡶࡢࡍࡿࠋࡲࡓ㸪ᚲせ࡞ࡽࡤ ln 10 = 2.30㸪ln 5 = 1.61㸪ln
130 = 4.87 ࢆ⏝ࡋ࡚ࡶࡼ࠸ࠋ
࢜ࣥ

⣽⬊እ⃰ᗘ㸦mM㸧

⣽⬊ෆ⃰ᗘ㸦mM㸧

Na+

140

14

5

130

130

5

K

+

Cl

㸫

㸦㸰㸧iii㸧ࡢᛂ⟅ࡀᚓࡽࢀࡿ࣓࢝ࢽࢬ࣒ࢆㄝ᫂ࡋ࡞ࡉ࠸ࠋ
㸦㸱㸧ࣇࢢẘࢸࢺࣟࢻࢺ࢟ࢩࣥࢆ㸦㸧⚄⤒⣽⬊ A ࡢࡳస⏝ࡉࡏࡓ᮲௳㸪ࡲࡓࡣ㸪
㸦㸧⚄⤒⣽⬊ B ࡢࡳస⏝ࡉࡏࡓ᮲௳࡛㸪⚄⤒⣽⬊ A ࡢ⣽⬊యࢆ่⃭ࡋࡓሙྜ㸪
⚄⤒⣽⬊ B ࡢᛂ⟅ࡣ௨ୗࡢᅗࡢձ㹼մࡢ࠺ࡕࡢࡼ࠺࡞ࡿணࡉࢀࡿ㸽
㸦㸧㸪㸦㸧ࡑࢀࡒࢀ␒ྕ࡛⟅࠼࡞ࡉ࠸ࠋ

0 mV
-70 mV
䐟
ᛂ⟅䛺䛧

䐠
i) 䛾ᛂ⟅
䛸ྠ䛨




䐡
ii) 䛾ᛂ⟅
䛸ྠ䛨

䐢
iii) 䛾ᛂ⟅
䛸ྠ䛨

ၥ㸲㸬࠶ࡿ✀ࡢ࡚ࢇࢇࡸ៏ᛶ⑊③ࡢែ࡛ࡣ㸪⚄⤒⣽⬊ࡢ Na+/K+/2Cl㸫 ඹ㍺㏦య
K+/Cl㸫ඹ㍺㏦యࡢⓎ⌧ࣃࢱ࣮ࣥࡀ⚄⤒Ⓨ⏕ࡢึᮇࡢࡼ࠺࡞≧ែ࡞ࡗ࡚࠸ࡿࡇࡀ
࠶ࡿࠋࡇࡢࡼ࠺࡞⚄⤒⣽⬊࡛ࡣ㸪่⃭ᑐࡋ࡚ࡢࡼ࠺࡞ᛂ⟅ࢆ♧ࡍ⟅࠼࡞ࡉ࠸ࠋ
ࡲࡓ㸪ࡑࡢ᰿ᣐࡶㄝ᫂ࡋ࡞ࡉ࠸ࠋ



















㸦ⓑ ⣬ 㡫㸧








Ϫ㸬
ḟࡢᩥ❶ࢆㄞࢇ࡛㸪௨ୗࡢၥ࠸⟅࠼࡞ࡉ࠸ࠋ

ࢭࣥࢺࣛࣝࢻࢢ࣐ࡣ㸪㑇ఏሗࡀ DNA → mRNA →ࢱࣥࣃࢡ㉁ࡢ㡰ఏ㐩ࡉࢀࡿ⏕≀
ඹ㏻ࡢᇶᮏཎ๎࡛࠶ࡿࡀ㸪ᐇ㝿ࡢ⏕యᛂࡣ」㞧࡛㦫ࡃ⢭ᕦไᚚࡉࢀ࡚࠸ࡿࠋࣄ
ࢺࡣ⚄⤒⣽⬊㸪ୖ⓶⣽⬊㸪⫢⣽⬊࡞ࡢ  ✀㢮௨ୖࡢ⣽⬊ࡽᵓᡂࡉࢀ࡚࠸ࡿࡀ㸪ྛࠎ
ࡢ⣽⬊ࡣ⭾࡞㑇ఏሗࡽ(1)୍㒊ࡢ㑇ఏᏊࡢࡳࢆ㌿ࡍࡿࠋ๓㥑య mRNA ࡣ᰾ෆ࡛
(2)RNA

ࣉࣟࢭࢩࣥࢢࢆ⤒࡚㸪᰾⭷Ꮝࡽ⣽⬊㉁㍺㏦ࡉࢀ㸪(3)୍㒊ࡣ㌿ᚋไᚚࢆཷࡅ

࡚ศゎࡉࢀࡿࠋࢱࣥࣃࢡ㉁ࡢ⩻ヂࡣ㸪ࣜ࣎ࢯ࣮࣒ୖ࡛ mRNA ࡢ┦⿵ⓗ࡞ࣥࢳࢥࢻࣥ
ࢆᣢࡘ tRNA ࡼࡗ࡚㸪㛤ጞࢥࢻࣥࡽ⤊ጞࢥࢻࣥࡲ࡛࣌ࣉࢳࢻ⤖ྜࢆ⧞ࡾ㏉ࡋ࡚㐍ࡴࠋ
ྜᡂࡉࢀࡓࢱࣥࣃࢡ㉁ࡢከࡃࡣ㸪⣽⬊ෆእࡢ㐺ᡤ㐠ࡤࢀ㸪(4)࣌ࣉࢳࢻ⤖ྜࡢษ᩿㸪
Ꮫಟ㣭࡞ࡢ⩻ヂᚋㄪ⠇ࢆཷࡅࡿࠋࡲࡓ㸪(5)ࣘࣅ࢟ࢳ࣭ࣥࣉࣟࢸࢯ࣮࣒⣔ࡼࡿࢱࣥ
ࣃࢡ㉁ࡢ㑅ᢥⓗ࡞ศゎࡶ㸪ရ㉁⟶⌮ࡸ⣽⬊࿘ᮇ࡞࠾࠸࡚㔜せ࡞ᙺࢆᯝࡓࡍࠋ

ၥ㸯㸬ୗ⥺㸦㸧ࡘ࠸࡚㸪㌿ࡀάᛶࡋ࡚࠸ࡿࢡ࣐ࣟࢳ࡛ࣥࡣ㸪୍⯡ⓗࣄࢫࢺࣥࡢ
ࣜࢪࣥṧᇶࢭࢳࣝ㸦CH3CO-㸧ᇶࡀຍࡉࢀ࡚࠸ࡿࠋࡇࡢࣄࢫࢺࣥࢭࢳࣝࡣ
DNA ࣄࢫࢺࣥࡢ⤖ྜࢆ⦆ࡲࡏࡿ⪃࠼ࡽࢀ࡚࠸ࡿࠋࡑࡢ⌮⏤ࢆᏛⓗㄝ᫂ࡋ࡞
ࡉ࠸ࠋ

ၥ㸰㸬ୗ⥺㸦㸧ࡘ࠸࡚㸪RNA ࣉࣟࢭࢩࣥࢢࡣࡁࡃ㸱✀㢮࠶ࡿࠋࡑࢀࡒࢀࡢྡ⛠
ᶵ⬟ࢆ⡆₩ㄝ᫂ࡋ࡞ࡉ࠸ࠋ

ၥ㸱㸬ୗ⥺㸦㸧ࡘ࠸࡚㸪㌿ᚋไᚚᶵᵓࡢ୍ࡘ RNA ᖸ΅ࡀᣲࡆࡽࢀࡿࠋRNA ᖸ΅
ࡣ࣓ࣜ࢝ࡢࣇ࣮࣓࣮ࣟ㸦 ᖺࣀ࣮࣋ࣝ⏕⌮Ꮫ࣭་Ꮫ㈹㸧ࡼࡗ࡚ࣔࢹ
ࣝ⏕≀ࡢ⥺ࢆ⏝࠸ࡓ◊✲ࡼࡾⓎぢࡉࢀ㸪㏆ᖺ࡛ࡣࡑࡢ⤌ࡳࢆᛂ⏝ࡋࡓ᪂ࡋ࠸
⒪⸆ࡀ㛤Ⓨࡉࢀ࡚࠸ࡿࠋࡇࡢ RNA ᖸ΅ࡢศᏊᶵᵓࡣࡢࡼ࠺࡞ࡶࡢ㸪ලయⓗ
ㄝ᫂ࡋ࡞ࡉ࠸ࠋ

ၥ㸲㸬ୗ⥺㸦㸧ࡘ࠸࡚㸪ࣉࣟ࢝ࢫࣃ࣮ࢮࡣάᛶᆺ࡛⩻ヂࡉࢀࡿࡀ㸪࣌ࣉࢳࢻ⤖ྜࡢ
ษ᩿ࡼࡗ࡚άᛶᆺ࡞ࡾ㸪࣏ࢺ࣮ࢩࢫࢆㄏᑟࡍࡿࠋࡇࡢ࣏ࢺ࣮ࢩࢫࡢ୍✀
ࣄࢺࡢⓎ⏕࠾࠸࡚ࡶ㔜せ࡞ᙺࢆᯝࡓࡍ 㸦㸧 ࡀ࠶ࡿࠋ 㸦㸧 ᙜ࡚ࡣࡲࡿ
ྡ⛠ࣄࢺࡢⓎ⏕࠾ࡅࡿලయࢆㄝ᫂ࡋ࡞ࡉ࠸ࠋ
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ࣘࣅ࢟ࢳ࣭ࣥࣉࣟࢸࢯ࣮࣒⣔ࡢࡗྲྀࡾࡀཎᅉࡢ୍ࡘ⪃࠼ࡽࢀ࡚࠸ࡿࠋࡇࡢⓎ
ࡀࢇㄏᑟࡢ⤌ࡳࢆㄝ᫂ࡋ࡞ࡉ࠸ࠋ
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a)A

gene-silencing technique based on CRISPR can relieve pain in mice, according to a study.

Although the therapy is still a long way from being used in humans, scientists say it is a
promising approach for squelching chronic pain that lasts for months or years. Chronic pain is
typically treated with opioids such as morphine, which can lead to addiction.
“It’s a real challenge that the best drugs we have to treat pain give us another disease,” says
Margarita Calvo, a pain physician at the Pontifical Catholic University of Chile in Santiago, who
wasn’t involved in the research. That’s why the new technique is exciting, she says.
Scientists are already evaluating CRISPR therapies that edit a person’s genome as treatments
for blood diseases and some forms of hereditary blindness. The new version of CRISPR doesn’t
edit genes directly — it stops them from being expressed — and so shouldn’t cause permanent
changes, although it’s unclear how long its effects last for.
Some studies estimate that a large proportion of the population in Europe and the United States
— as high as 50% — experiences chronic pain. This pain can become debilitating over time by
limiting a person’s activity and affecting their mental health. Despite the condition’s prevalence,
few options exist for providing long-term relief without side effects.
This plight inspired 著作権の関係上、この部分は公開しておりません。
bioengineer Ana Moreno and colleagues at the University of California,
San Diego, to seek an alternative.
Pain registers with the brain when a stimulus — such as touching a scalding hot pan —
triggers neurons to send an electrical signal through the nerves in the spinal cord and upwards to
the brain. This happens when pore-like openings along the neuron — called ion channels — open
and close to allow ions to pass through, which transmits a current along the nerve. With chronic
pain, parts of this pathway can become hyperactive.
Although there are many types of ion channel, studies have suggested that a sodium channel
called Nav1.7 could play a central part in chronic pain. When people have mutations in the gene
coding for this channel, they either experience extreme, constant pain, or can’t feel any pain at
all.
So Moreno and her team thought that they might be able to stop pain signals travelling to the
brain by preventing neurons from producing Nav1.7. Chemists have been trying to block Nav1.7
with small-molecule drugs and antibodies, but have struggled because these therapies also
interact with structurally similar sodium channels in the body, causing side effects including
numbness and poor coordination. But with CRISPR, which targets genes with precision, the
researchers thought they might be able to hit Nav1.7 directly, without any off-target effects.
The team started with a modified version of the Cas9 protein that’s normally part of the
CRISPR gene-editing system. It could target, but not cut, the DNA sequence encoding Nav1.7.
The researchers attached to the modified Cas9 a second, ‘repressor’ protein that stops the Nav1.7
gene from being expressed. The researchers packaged this system in a small, inactive virus called
an adeno-associated virus that could shuttle it into cells.
They gave mice a spinal injection of the gene-silencing therapy, then tried to induce chronic
pain by injecting the animals with chemotherapy drugs or inflammatory agents. These mice were



more tolerant of painful stimuli. And mice that were already suffering from chronic pain
benefited from the therapy, the team showed. For instance, mice that received doses of
chemotherapy became highly sensitive to pain, but lost that sensitivity after a single injection of
the gene therapy. The results were published in Science Translational Medicine on 10 March.
The pain relief seemed to last, in some cases, for as long as 44 weeks after the injection.
“That’s quite remarkable,” says Sulayman Dib-Hajj, a neuroscientist at Yale University in New
Haven, Connecticut.

著作権の関係上、この部分は公開しておりません。
Importantly, says
Calvo, the treatment seems to have knocked down expression of Nav1.7
without shutting down other sodium channels — the mice didn’t lose any sensations apart from
pain.
Despite their excitement, scientists caution that these results are still preliminary, and need to
be translated to humans. “It gives us hope” for treating chronic pain in humans, says Dib-Hajj,
“but more work needs to be done.”
Moreno is now chief executive of Navega Therapeutics in San Diego, which plans to continue
developing the treatment with the hope of one day trialling it in humans.
(ฟ : Nature 591:359 (2021), ୍㒊ᨵኚ)
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80 Ꮠ௨ෆ࡛ㄝ᫂ࡋ࡞ࡉ࠸ࠋ
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ၥ㸱㸬ୗ⥺㒊 a)ࡘ࠸࡚㸪㏻ᖖࡢ CRISPR ࡼࡿ㑇ఏᏊ⦅㞟ẚ㍑ࡋ࡞ࡀࡽ㸪250 Ꮠ௨
ෆ࡛ㄝ᫂ࡋ࡞ࡉ࠸ࠋ
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It has been 30 years since David Strachan first reported the association between larger
household size and decreased allergic disease, leading to the so called hygiene hypothesis. The
ensuing decades have provided compelling evidence that diminished microbial exposure during
early life is a risk factor for allergic disease, and that this association is likely to be mediated by
changes in the human microbiome. More recently, it has been proposed that losses of specific
bacterial species from our ancestral microbiota may be relevant to the increase in immune related
diseases; and that depletion in the compositional and functional diversity of the gut microbiome
may be in part linked to a decrease in dietary fiber intake. The maternal gut microbiome during
pregnancy plays an important role in stimulating fetal immune development; and cord blood
immune phenotype at birth is associated with subsequent allergy. To date, however, no human
study has employed culture-independent techniques to investigate the relationship between
maternal gut microbiota during pregnancy and subsequent allergic disease among offspring.
The commensal genus Prevotella is substantially less abundant in westernized populations
than in traditional, nonindustrial communities. Prevotella are gram negative anaerobes that
ferment dietary fiber to produce the short chain fatty acid (SCFA) acetate. SCFAs have potent

著作権の関係上、この部分は公開しておりません。
anti-inflammatory effects,
in part by promoting the development of IL-10 producing regulatory T
cells. In pregnant mice, acetate produced by gut microbiota can cross the placenta and attenuate
postnatal allergic responses in the offspring. Prevotella also metabolize dietary fiber and fat to
produce succinate, which stimulates innate immune cell development, migration and function. In
addition, Prevotella produces endotoxins, which influence fetal immune development and
allergic outcomes via Toll-like receptor 4-dependent pathways. Thus, it is plausible that low
maternal carriage of Prevotella during pregnancy may be causally related to dysregulated
immune development and high rates of allergic disease among children in westernized
populations.
The aim of this study was to investigate the relationship between early life exposures,
including maternal diet and household size, maternal and infant gut microbiota, and the risk of
allergic disease during infancy. We hypothesized that greater maternal intake of dietary fiber
during pregnancy is associated with decreased allergic disease in the offspring and that this
association is mediated by SCFA producing gut organisms, in particular Prevotella.
We show in an Australian prebirth cohort, that larger household size predicts maternal
carriage of P. copri during pregnancy, which in turn strongly associates with protection against
food allergy in the offspring.

ฟʁNature Communications 11:1452 (2020), ୍㒊ᨵኚ
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