
㓟໬㑏ඖ㓝⣲ࡿࡼ࡟ࣥࢧࢺ࢟࡜Ỉ⁐ᾮ࣮ࣝࣀ࢙ࣇࢫࣅࡢࡽ࠿ㄏᑟయࡢ㝖ཤ 
 

᪥኱⏕⏘ᕤ(㝔)  ○㎷ Ⰻᖹ 

᪥኱⏕⏘ᕤ  ᮌᮧ ᝆ஧࣭᯽⏣ Ṍ࣭ᒣ⏣ ࿴඾ 
 

࠙࠙࠙࠙⥴ㄽ⥴ㄽ⥴ㄽ⥴ㄽࠚࠚࠚࠚ    

≉Ṧ࢚࣏࢟ࢺ࣮ࢿ࣮࣏࣎࢝ࣜࡸࢩᶞ⬡ࡢཎ

ᩱ࡛࣮ࣝࣀ࢙ࣇࢫࣅࡿ࠶ㄏᑟయࡣ㸰࢙ࣇࡢࡘ

࣮ࣝࣀ࢙ࣇࢫࣅ㸪ࡋ᭷ࢆᇶ࣮ࣝࣀ A (BPA)࡜ᵓ

㐀ࡀ㢮ఝࡵࡓࡿ࠸࡚ࡋ㸪୍ࡢࡑ㒊ࡣෆศἪࡃ࠿

஘స⏝ࡀᠱᛕࡿ࠸࡚ࢀࡉ㸬ᗫᲠࡓࢀࡉᶞ⬡〇ရ

⏕ࡓࡲ㸪ࡋὶฟ࡟ቃ୰⎔࡚ࡗࡼ࡟ฟ⁐ࡸศゎࡢ

యෆࡾྲྀ࡟㎸࡚ࡗࡼ࡟࡜ࡇࡿࢀࡲⓎ⒴ࡸ✺↛

ኚ␗ࢆ࡝࡞ᘬࡁ㉳ྍࡍࡇ⬟ᛶࡿ࠶ࡀ㸬 

ࡋ࡜᪉ἲࡿࡍ㝖ཤࢆㄏᑟయ࣮ࣝࣀ࢙ࣇࢫࣅ

࡚άᛶⅣ྾╔ἲ㸪࢜ࣥࢰ㓟໬ἲࡢ࡝࡞໬Ꮫⓗฎ

⌮ἲࡸάᛶởἾἲࡢ࡝࡞⏕≀Ꮫⓗฎ⌮ἲ࡝࡞

᪉࡞᫬㛫࡛ຠ⋡ⓗ▷ࡾࡼ㸪ࡀࡿ࠸࡚ࢀࡽ࠸⏝ࡀ

ἲ࡚ࡋ࡜㓝⣲཯ᛂࢆ฼⏝ࡓࡋ㝖ཤࡓࡋ┠╔࡟㸬

ࣗࢩࢵ࣐ࡿ࠶࡛✀୍ࡢ㓟໬㑏ඖ㓝⣲࡛ࡲࢀࡇ

࣮࣒ࣝ⏤᮶ࡿࡼ࡟ࢮ࣮ࢼࢩࣟࢳࡢ BPA ࢫࣅࡸ

ሗ࿌࡚࠸ࡘ࡟㓟໬ࣥࣀ࢟ࡢㄏᑟయ࣮ࣝࣀ࢙ࣇ

࠸⏝ࢆࢮ࣮ࢼࢩࣟࢳࡢ㸪㯜⳦⏤᮶ࡀࡿ࠸࡚ࢀࡉ

ᙧᡂࡾࡼ࡟㓝⣲཯ᛂ࡟ࡽࡉ㸬࠸࡞ᑡࡣሗ࿌౛ࡓ

㸪࢟ࡵࡓࡿࡍ཯ᛂࡃࡼ࡜ᇶࣀ࣑࢔ࡣࣥࣀ࢟ࡓࡋ

ຠᯝⓗ࡚ࡗࡼ࡟╔྾ࣥࣀ࢟ࡢ࡬ࢬ࣮ࣅࣥࢧࢺ

ࡿࡁ࡛ࡀ࡜ࡇࡿࡍ㝖ཤ࡟ 1)㸬ྠ✀ࡢ㓝⣲࡛ࡶ⏤

᮶࡚ࡗࡼ࡟ᇶ㉁≉␗ᛶࡽ࠿࡜ࡇࡿ࡞␗ࡀ㸪ᮏ◊

ࣀ࢙ࣇࢫࣅ࡚ࡗࡼ࡟ࢮ࣮ࢼࢩࣟࢳ⳦㯜ࡣ࡛✲

࣮ࣝㄏᑟయࣥࣀ࢟ࢆ㓟໬ࡿࡏࡉ㝿ࡢ⮳㐺᮲௳

ࡼ࡟╔྾ࣥࣀ࢟ࡢ࡬ࢬ࣮ࣅࣥࢧࢺ㸪࢟ࡋỴᐃࢆ

྾ࡢㄏᑟయ࣮ࣝࣀ࢙ࣇࢫࣅࡢࡽ࠿Ỉ⁐ᾮ୰ࡿ

╔㝖ཤ᳨ࢆウࡓࡋ㸬 

 

࠙࠙࠙࠙ᐇ㦂ᐇ㦂ᐇ㦂ᐇ㦂ࠚࠚࠚࠚ    

<ヨᩱࡧࡼ࠾⁐ᾮㄪ〇> 

ᮏ◊✲࡛ࡣ᭶᱇ෙ(ᰴ)ࡾࡼᥦ౪ࡓࢀࡉ㯜⳦⏤

᮶ࢆࢮ࣮ࢼࢩࣟࢳࡢ౑⏝ࡋ㸪ࡢࡑẚάᛶ340.2ࡣ 

U/mg 㸬ࣜࡓࡗ࠶࡛ ࣥ㓟⦆⾪⁐ᾮ(0.01 M)ࢆ⁐፹

ࢮ࣮ࢼࢩࣟࢳ࡜ㄏᑟయ࣮ࣝࣀ࢙ࣇࢫࣅ࡚ࡋ࡜

⁐ᾮࢆㄪ〇ࡓࡋ㸬࢟  ⢏ᚄ㸸70㹼200)ࢬ࣮ࣅࣥࢧࢺ

µm㸪ẚ⾲㠃✚㸸70㹼100 m
2
/g)ࡣᐩኈ⣳⦼(ᰴ)࠿

ࣀ࢙ࣇࢫࣅ㸬ࡓࡋಖᏑ࡟㸪⦆⾪⁐ᾮ୰ࡋ㉎ධࡽ

࣮ࣝㄏᑟయࡣᮾி໬ᡂᕤᴗ(ᰴ)ࡽ࠿㉎ධࡓࡋ㸬

30%㐣㓟໬Ỉ⣲(H2O2)ࡣ࿴ග⣧⸆ᕤᴗ(ᰴ)ࡽ࠿

㉎ධࡓࡋ㸬࣏࢚࣮ࣜࣝࢥࣜࢢࣥࣞࢳ(PEG)ࡣ

SIGMA  㸬ࡓࡋ㉎ධࡽ࠿

<㓝⣲཯ᛂࣥࣀ࢟ࡿࡼ࡟㓟໬> 

ࢆࢮ࣮ࢼࢩࣟࢳ⳦㯜࡟ᾮ⁐࣮ࣝࣀ࢙ࣇࢫࣅ

ຍ࡚࠼㓝⣲཯ᛂࢆ㛤ጞࡏࡉ㸪ᡤᐃ᫬㛫࡟࡜ࡈ཯

ᛂ⁐ᾮࡢ UV-visible (190㹼600 nm)ࣝࢺࢡ࣌ࢫ

ࢆ௳᮲ࡢ࡝࡞㸬pH㸪 ᗘ㸪㓝⣲⃰ᗘࡓࡋᐃ ࢆ

ኚ໬ࣥࣀ࡚࢟ࡏࡉ㓟໬ࡿࡅ࠾࡟⮳㐺᮲௳ࢆỴ

ᐃࡋ㸪ࢆࢬ࣮ࣅࣥࢧࢺ࢟࡟ࡽࡉຍ࡚࠼㝖ཤᐇ㦂

 㸬ࡓࡗ⾜ࢆ

 0.5ࢆᾮ⁐ࡽ࠿཯ᛂ⁐ᾮ࡟࡜ࡈ㸪ᡤᐃ᫬㛫ࡓࡲ

cm
㸪80°Cࡋ᥇ྲྀࢆ3 ࡛ຍ⇕࡛࡜ࡇࡿࡍ㓝⣲ࢆኻ

άࡓࡏࡉ㸬࡚ࡋࡑ㸪ࡢࡇ⁐ᾮ 20 mm
3 ࢆ HPLC

㸪Inertsil ODS-3ࡋὀධ࡬ ㏫┦࣒࢝ࣛ࢔࡚࠸⏝ࢆ

㏿ὶࢆỈ⁐ᾮࣝࣜࢺࢽࢺࢭ 1.0 cm
3
/min ࡛㏦ᾮ

㸪ಖᣢ᫬㛫ࡋ 7㹼8 ศ࡛ࢡ࣮ࣆࡢ㠃✚ࡽ࠿㌿໬

 㸬ࡓࡵồࢆ⋠

 

࠙࠙࠙࠙⤖ᯝ⤖ᯝ⤖ᯝ⤖ᯝࡧࡼ࠾ࡧࡼ࠾ࡧࡼ࠾ࡧࡼ࠾⪃ᐹ⪃ᐹ⪃ᐹ⪃ᐹࠚࠚࠚࠚ    

࡛✲◊ࡢ࡛ࡲࢀࡇ BPE 㯜࡚ࡋ࡜ᑐ㇟≀㉁ࢆ

௳㐺᮲⮳ࡢ㓟໬ࣥࣀ࢟ࡿࡼ࡟ࢮ࣮ࢼࢩࣟࢳ⳦

ࡣ pH 6.0㸪30°C ࡛Ỵᐃࡓࢀࡉ㸬ࡢࡇ⮳㐺᮲௳࡛

ࡉ㓟໬ࣥࣀ࢟ࢆㄏᑟయ࣮ࣝࣀ࢙ࣇࢫࣅࡢࠎ✀

⾲ࢆᯝ⤖ࡢ㝿ࡓࡏ 1 ࣮ࣀ࢙ࣇࢫࣅ㸬ࡓࡵ࡜ࡲ࡟

ࣝ S (BPS)ࢆ㝖ࡃ௚࣮ࣝࣀ࢙ࣇࢫࣅࡢㄏᑟయࡣ

pH 6.0㸪30°C ࡛㯜⳦ࣀ࡚࢟ࡗࡼ࡟ࢮ࣮ࢼࢩࣟࢳ

ࣥ㓟໬ࢀࡉ㸪㌿໬⋡ࡣ཯ᛂ᫬㛫ࡋ᪼ୖ࡟ࡶ࡜࡜

㸪BPSࡋ࠿ࡋ㸬ࡓ ࡼ࡟ࢮ࣮ࢼࢩࣟࢳ⳦㸪㯜ࡣ࡛

ࢵ㸪࣐ࡓࡲ㸬ࡓࡗ࠿࡞ࢀࡉㄆ☜ࡣ㓟໬ࣥࣀ࢟ࡿ

㓟໬࡛ࣥࣀ࢟ࡿࡼ࡟ࢮ࣮ࢼࢩࣟࢳ࣒࣮ࣝࣗࢩ

ࡀࡓࡗ࠶ᚲせ࡛ࡀῧຍࡢ㐣㓟໬Ỉ⣲ࡣ 1)㸪㯜⳦

ࡶ࡚ࡃ࡞࠸⏝ࢆ㐣㓟໬Ỉ⣲ࡣ࡛ࢮ࣮ࢼࢩࣟࢳ

Table 1  Aspergillus oryzae tyrosinase-catalyzed 

quinone oxidation of BPA and different bisphenol 

derivatives at pH 6.0 and 30°C. 
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 㸬ࡓࡋ⾜㐍ࡀ㓟໬ࣥࣀ࢟

BPE ࡣ࡛௳㐺᮲⮳ࡢ BPA㸪࣮ࣝࣀ࢙ࣇࢫࣅ B 

(BPB)㸪࣮ࣝࣀ࢙ࣇࢫࣅ C (BPC)㸪࣮ࣀ࢙ࣇࢫࣅ

ࣝ T (BPT)㸪࣮ࣝࣀ࢙ࣇࢫࣅ Z (BPZ)ࣥࣀ࢟ࡢ㓟

໬ࡀ㐜ࡵࡓࡓࡗ࠿㸪㌿໬⋡ࢆୖྥࡢ┠ᣦࡓࡋ㸬

ࢆ㓝⣲⃰ᗘࡵࡓࡿࡆୖࢆᗘ㏿ࡢ㸪㓝⣲཯ᛂࡓࡲ

300 U/cm
3 ࣮ࣝࣀ࢙ࣇࢫࣅ㸬ྛࡓࡏࡉ᪼ୖ࡛ࡲ

ㄏᑟయ᳨࡚࠸࠾࡟ウࡓࡋ⮳㐺᮲௳ࢆ⾲  㸬ࡍ♧࡟2

ḟ࡟ BPA 㐺᮲௳࡛㸪࢟⮳ࡓࡋỴᐃ࡚࠸࠾࡟ ࢺ

ࢆࢬ࣮ࣅࣥࢧ 0.20 cm
3
/cm

3ῧຍࡋ㸪ᙧᡂ࢟ࡓࡋ

ᅗ㸯ࢆᯝ⤖ࡓࡋウ᳨ࢆ㝖ཤࡿࡼ࡟╔྾ࡢࣥࣀ

ࡿࡏࡉศᩓࢆࢬ࣮ࣅࣥࢧࢺ࢟࡟㸬⁐ᾮ୰ࡍ♧࡟

࢟ࡀࣥࣀ࢟ࡓࡋᡂ⏕࡚ࡗࡼ࡟㸪㓝⣲཯ᛂ࡛࡜ࡇ

㸪⁐ᾮ୰ࡵࡓࡿࡍ╔྾࡟࠿ࡸ㏿࡟ࢬ࣮ࣅࣥࢧࢺ

྾ගࡿࡍᖐᒓ࡟ࣥࣀ㸪࢟ࡋῶᑡࡀᗘ⃰ࣥࣀ࢟ࡢ

ᗘࡓࡗ࡞࡜ࣟࢮࡣ㸬ࡓࡲ㸪⁐ᾮ୰⃰ࣥࣀ࢟ࡢᗘ

ࡢ㓝⣲ࡿࡼ࡟ࣥࣀ㸪࡚࢟ࡗࡼ࡟࡜ࡇࡿࡍపୗࡀ

㜼ᐖࡀᢚไࡵࡓࡿࢀࡉ㸪࢟ࡢ࡬ࣥࣀ㌿໬⋡࢟ࡣ

 㸬ࡓࡋ᪼ୖ࡚࡭ẚ࡜ࡁ࡜ࡢῧຍ↓ࢬ࣮ࣅࣥࢧࢺ

BPA㸪BPB㸪BPC㸪BPT㸪ࡧࡼ࠾ BPZ 㸪ࡣ࡛

㓝⣲⃰ᗘࢆ 300 U/cm
㸪㌿໬ࡀࡓࡏࡉ᪼ୖ࡛ࡲ3

ࡀ⋠ 50㸣ᮍ‶ࡵࡓࡓࡗࡲ࡝࡜࡟㸪ᇶ㉁⃰ᗘࢆୗ

㸬BPAࡓࡗ⾜ࢆ㓟໬ࣥࣀ࡚࢟ࡆ ୗࢆᇶ㉁⃰ᗘࡣ

㸪ࡀࡓࡗ࠿࡞ࡋኚ໬࡝ࢇ࡜࡯ࡣ⋠㸪㌿໬ࡶ࡚ࡆ

BPT ࡜ BPZࡣᇶ㉁⃰ᗘࢆ 0.010 mM࡛ࡲୗࡿࡆ

ࡀ⋠㌿໬࡛࡜ࡇ ࡍᖐᒓ࡟ࣥࣀ㸪࢟ࡋ㐩࡟100%

ࡽ࠿㸪⁐ᾮ୰ࡽ࠿࡜ࡇࡓࡋ♧ࢆࣟࢮࡀ྾ගᗘࡿ

᏶඲㝖ཤ࡛ࡿࢀࡽ࠼⪄࡜ࡓࡁ㸬 

㸪BPAࡓࡲ ࡗ࠿࡞ࡁ᏶඲㝖ཤ࡛ࡶప⃰ᗘ࡛ࡣ

(PEGࡘࡶࢆࡁാࡿࡍಖᣢࢆάᛶࡢ㸪㓝⣲ࡵࡓࡓ

㓟ࣥࣀ࢟ࡿࡼ࡟ࢮ࣮ࢼࢩࣟࢳ࣒࣮ࣝࣗࢩࢵ࣐

໬࡟ᚲせ࡞ H2O2ࢆῧຍࡋ 2)㸪ࡢࡑ⮳㐺᮲௳᳨ࢆ

ウ࡛࡜ࡇࡿࡍ㌿໬⋡ࢆୖྥࡢ┠ᣦࡓࡋ㸬ࡢࡑ⤖

ᯝ㸪PEG 㸪ศᏊ㔞ࡣ 10000 g/mol㸪⃰ᗘ 0.10 

mg/cm
3㸪H2O2ࡣ㸪0.50 mM ࡋỴᐃࢆ௳㐺᮲⮳࡜

㸪࡚࡭ẚ࡟ࡢࡶࡢ㸪PEG㸪H2O2↓ῧຍ࡚ࡋࡑ㸬ࡓ

H2O2ࢆῧຍ࡚ࡗࡼ࡟࡜ࡇࡿࡍ㸪㌿໬⋡ࡍୖྥࢆ

㸪PEGࡋ࠿ࡋ㸬ࡓࡁ࡛ࡀ࡜ࡇࡿ ሙྜࡓࡋῧຍࢆ

 㸬ࡓࡗ࠿࡞ࢀࡉㄆ☜ࡣୖྥ࡞㢧ⴭࡢ⋠㌿໬ࡢ

 

࠙࠙࠙࠙⤖ㄽ⤖ㄽ⤖ㄽ⤖ㄽࠚࠚࠚࠚ 

㯜⳦࡚ࡗࡼ࡟ࢮ࣮ࢼࢩࣟࢳ BPE 㓟ࣥࣀ࢟ࢆ

໬ࡿࡏࡉ㝿ࡢ⮳㐺 pH࡜ ᗘࡣ 6.0 ࡜ 30°C ࡞࡜

᮲௳࡛㸪BPSࡢࡇ㸪ࡾ ࣮ࣀ࢙ࣇࢫࣅࡢ௚ࡃ㝖ࢆ

ࣝㄏᑟయࡶ㯜⳦ࣥࣀ࡚࢟ࡗࡼ࡟ࢮ࣮ࢼࢩࣟࢳ

㓟໬࡛ࡓࡗ࠿ࢃࡀ࡜ࡇࡿࡁ㸬BPE ࡜ BPF 㸪ࡣ࡛

㝖࡟᏶඲࡚ࡋ⏝ేࢆ╔྾ࣥࣀ࢟࡜㓟໬ࣥࣀ࢟

ཤ࡛ࡓࡁ㸬BPE ࡣ࡛௳㐺᮲⮳ࡢ࡛ BPA ࣀ࢟ࡢ

ࣥ㓟໬ࡢຠ⋡ࡀపࡵࡓ࠸㸪BPA ࡉ㓟໬ࣥࣀ࢟ࢆ

ᯝ㸪pH 8.0㸪40°C⤖ࡓࡋウ᳨ࢆ௳㐺᮲⮳ࡢ㝿ࡿࡏ

ࡍῧຍࢆࢬ࣮ࣅࣥࢧࢺ࡛࢟௳᮲ࡢࡇ㸬ࡓࡗ࡞࡜

⋠㌿໬ࡾࡲ㧗ࡀ཯ᛂᛶࡢ㓝⣲࡚ࡗࡼ࡟࡜ࡇࡿ

ㄏ࣮ࣝࣀ࢙ࣇࢫࣅྛ࡟㸪ྠᵝࡓࡲ㸬ࡓࡋ᪼ୖࡀ

ᑟయࣥࣀ࢟ࢆ㓟໬ࡿࡏࡉ㝿ࡢ⮳㐺᮲௳ࢆỴᐃ

࡛࡜ࡇࡿࡍῧຍࢆࢬ࣮ࣅࣥࢧࢺ࢟࡟ࡽࡉ㸬ࡓࡋ

㌿໬⋡ࡓࡋ᪼ୖࡀ㸬BPT ࡜ BPZ 㸪ᇶ㉁⃰ᗘࡣ

0.010 mM ࢆ╔྾ࣥࣀ࢟࡜㓟໬ࣥࣀ࡚࢟࠸࠾࡟

 㸬ࡓࡁ᏶඲㝖ཤ࡛࡚ࡋ⏝ే

BPA ࡢ௳㸪⮳㐺᮲࡚ࡋᑐ࡟ PEG㸪H2O2 ຍࢆ

ࡋ㸬ࡓࢀࡽぢࡀୖྥࡢ⋠㌿໬ࡿ࡞᭦࡛࡜ࡇࡿ࠼

㸪PEGࡋ࠿ ࠸࠾࡟✲◊㸪ᮏࡵࡓ࠸ࡉᑠࡣᙳ㡪ࡢ

 㸬ࡓࡋỴᐃࢆ࡜ࡇ࠸࡞ࡋῧຍࡣ࡚

௒ᚋࡣ㸪Ỵᐃࡓࡋ⮳㐺᮲௳ࡢ H2O2 ⃰ᗘ࠾࡟

ࢆウ᳨ࡢ⋠㝖ཤࡋῧຍࢆࢬ࣮ࣅࣥࢧࢺ㸪࡚࢟࠸

㸪BPA࠸⾜  㸬ࡍᣦ┠ࢆ᏶඲㝖ཤࡢ
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Figure 1  Removal of BPA through Aspergillus 

oryzae tyrosinase-catalyzed quinone oxidation and 

subsequent quinone adsorption on chitosan beads 

in the absence (●, ▲) and presence (○, △) of 

chitosan beads of 0.20 cm
3
/cm

3
 at pH 8.0 and 

40°C. 

Table 2  Optimal conditions of quinone oxidation 

of BPA and different bisphenol derivatives by 

Aspergillus oryzae tyrosinase. 

 

― 490 ―


