
㯜⳦࣮ࣝࣀ࢙ࣇࢫࣅࡿࡼࢮ࣮ࢼࢩࣟࢳㄏᑟయࣥࣀ࢟ࡢ㓟ࡿࡅ࠾ 
⮳㐺᮲௳ࡢỴᐃࢆࣥࢧࢺ࢟⏝ࡓࡋ㝖ཤ 

 
᪥⏕⏘ᕤ(㝔)  ○  

᭶᱇ෙ(ᰴ)⥲◊  ⛙ ὒ࣭ሷ⏣ ຌ 
᪥⏕⏘ᕤ  ᯽⏣ Ṍ࣭ᯇ⏣ Ύ⨾࣭ᒣ⏣  

 
࠙࠙࠙࠙⥴ㄽ⥴ㄽ⥴ㄽ⥴ㄽࠚࠚࠚࠚ    

ࢩ࣏࢚࢟Ṧ≉ࡿ࠸࡚ࢀࡉ⏝㒊ရࣥࢥࢯࣃ

࢙ࣇࢫࣅࡿ࠶ཎᩱ࡛ࡢ⬡ᶞࢺ࣮ࢿ࣮࣏࣎࢝ࣜࡸ

ࣅ㸪ࡕᣢࢆᇶ࣮ࣝࣀ࢙ࣇࡢࡘ㸰ࡣㄏᑟయ࣮ࣝࣀ

࣮ࣝࣀ࢙ࣇࢫ A(BPA)ᵓ㐀ࡀ㢮ఝࡽࡇࡿࡍ

ෆศἪࡃస⏝ࡀᠱᛕࡿ࠸࡚ࢀࡉ㸬≉Ṧᶞ⬡

య⏕ࡿࡍὶฟቃ୰⎔࡚ࡗࡼฟ⁐ࡸศゎࡢ

ෆࡾྲྀ㎸࡛ࡇࡿࢀࡲⓎ⒴㸪✺↛ኚ␗ࢆ࡞

ᘬࡁ㉳ࡋࡇ㸪⏕ែ⣔ࡢᙳ㡪ࡿࢀࡽ࠼⪄ࡀ㸬 
࡚ࡋ᪉ἲࡿࡍ㝖ཤࢆㄏᑟయ࣮ࣝࣀ࢙ࣇࢫࣅ

άᛶⅣ྾╔ἲ㸪ࣥࢰ࢜㓟ἲࡢ࡞Ꮫⓗฎ⌮

ἲࡸάᛶởἾἲࡢ࡞⏕≀ⓗฎ⌮ἲ࠸⏝ࡀ࡞

㓝࡚ࡋ᪉ἲ࡞⋠㛫࡛㧗ຠ▷ࡾࡼ㸪ࡀࡿࢀࡽ

⣲ᛂࢆ⏝ࡓࡋ㝖ཤὀ┠ࡓࡋ㸬࡛ࡲࢀࡇ㓟

㑏ඖ㓝⣲࢜ࣝ࣌ࡸࢮ࣮ࢼࢩࣟࢳࡿ࠶࡛✀୍ࡢ

ࡓ࠸⏝ࢆࢮ࣮ࢱࢩ࢟ BPA ࣮ࣝࣀ࢙ࣇࢫࣅࡧࡼ࠾

ㄏᑟయࣥࣀ࢟ࡢ㓟࡚࠸ࡘሗ࿌ࡿ࠸࡚ࢀࡉ㸬

࢟ࣝࡢࠎ✀ࡣࢮ࣮ࢼࢩࣟࢳࡢ㸪㯜⳦⏤᮶ࡓࡲ

㸪㓝ࡁ࡛ࡀࡇࡿࡍ㓟ࣥࣀ࢟ࢆ࣮ࣝࣀ࢙ࣇࣝ

⣲ᛂࡾࡼᙧᡂࣀ࣑ࡣࣥࣀ࢟ࡓࡋᇶ㧗ࡃ

ᛂࡵࡓࡿࡍ㸪ࣥࣀ࢟ࡢࢬ࣮ࣅࣥࢧࢺ࢟྾╔

ࡿࡁ࡛ࡀࡇࡿࡍ㝖ཤຠᯝⓗ࡚ࡗࡼ 1)㸬ࡋ

ㄏ࣮ࣝࣀ࢙ࣇࢫࣅࡿࡼࢮ࣮ࢼࢩࣟࢳ⳦㸪㯜ࡋ

ᑟయࡢฎ⌮㛵ࡿࡍሗ࿌ࡀᑡࡃ࡞㸪ྠ✀ࡢ㓝

⣲࡛ࡶ⏤᮶ࡤࢀ࡞␗ࡀᇶ㉁≉␗ᛶࡇࡿ࡞␗ࡀ

ࢫࣅ࡚ࡗࡼࢮ࣮ࢼࢩࣟࢳ⳦㯜ࡣ࡛✲◊ᮏࡽ

㐺⮳ࡢ㝿ࡿࡏࡉ㓟ࣥࣀ࢟ࢆㄏᑟయ࣮ࣝࣀ࢙ࣇ

᮲௳ࢆỴᐃࡓࡋᚋ㸪ࣥࣀ࢟ࡢࢬ࣮ࣅࣥࢧࢺ࢟

྾╔ࡿࡼỈ⁐ᾮ୰࣮ࣝࣀ࢙ࣇࢫࣅࡢࡽㄏᑟ

యࡢ㝖ཤ᳨ࢆウࡋ㸪ࡢࣥࢧࢺ࢟ᙧయࡢ㐪ࡼ࠸

 㸬ࡓࡋẚ㍑ࢆ㝖ཤࡢㄏᑟయ࣮ࣝࣀ࢙ࣇࢫࣅࡿ
 

࠙࠙࠙࠙ᐇ㦂ᐇ㦂ᐇ㦂ᐇ㦂ࠚࠚࠚࠚ    

<ヨᩱࡧࡼ࠾⁐ᾮㄪᩚ> 
ᮏ◊✲࡛ࡣ᭶᱇ෙ(ᰴ)ࡾࡼᥦ౪ࡓࢀࡉ㯜⳦⏤

᮶ࢆࢮ࣮ࢼࢩࣟࢳࡢ⏝ࡋ㸪ࡢࡑẚάᛶࡣ 342 
U/mg࡛ࡓࡗ࠶㸬ࣜ ࣥ㓟⦆⾪⁐ᾮ(0.01M)࡚࠸⏝ࢆ

ᾮ⁐ࢮ࣮ࢼࢩࣟࢳࡧࡼ࠾ㄏᑟయ࣮ࣝࣀ࢙ࣇࢫࣅ

⢏ᚄ㸸70㹼200 µm㸪)ࢬ࣮ࣅࣥࢧࢺ࢟㸬ࡓࡋㄪ〇ࢆ

ẚ⾲㠃✚㸸70㹼100 m2/g)ࡣᐩኈ⣳⦼(ᰴ)ࡽ㉎ධ

ㄏ࣮ࣝࣀ࢙ࣇࢫࣅ㸬ࡓࡋಖᏑ㸪⦆⾪⁐ᾮ୰ࡋ

ᑟయࡣᕷ㈍ရࡲࡲࡢࡑࢆ⏝ࡓࡋ㸬 

<㓝⣲ᛂࣥࣀ࢟ࡿࡼ㓟> 
࣮ࢼࢩࣟࢳ⳦㯜ㄏᑟయ⁐ᾮ࣮ࣝࣀ࢙ࣇࢫࣅ

ࡈ㸪ᡤᐃ㛫ࡏࡉ㛤ጞࢆ㓝⣲ᛂ࡚࠼ຍࢆࢮ

ࡢᛂ⁐ᾮ UV-visible  190㹼600)ࣝࢺࢡ࣌ࢫ
nm)ࢆ ᐃࡓࡋ㸬pH㸪 ᗘ㸪㓝⣲⃰ᗘࡢㅖ᮲௳ࢆ

ኚ࣮ࣝࣀ࢙ࣇࢫࣅ࡚ࡏࡉㄏᑟయࣥࣀ࢟ࡢ㓟

ࣅࣥࢧࢺ࢟ࡽࡉ㸪ࡋỴᐃࢆ௳㐺᮲⮳ࡿࡅ࠾

 㸬ࡓࡗ⾜ࢆ㝖ཤᐇ㦂ࡓ࠼ຍࢆࢬ࣮
<HPLCἲࡿࡼ㌿⋡ࡢ ᐃ> 

ᡤᐃ㛫ࡈᛂ⁐ᾮࡽ᥇ྲྀࡓࡋ⁐ᾮࢆ

80°C ኻࢆάᛶࡢ㓝⣲࡚ࡋศ㛫ᾐᩘᜏ ᵴ୰ࡢ

άࡓࡏࡉᚋ㸪࡛ࢪࣥࣜࢩࣟࢡ࣐⁐ᾮ 20 mm3ࢆ

HPLCὀධࡓࡋ㸬GLࢫ࢚ࣥࢧ(ᰴ)〇ࡢ Inertsil 
ODS-3 ࢆỈ⁐ᾮࣝࣜࢺࢽࢺࢭ࡚࠸⏝ࢆ࣒ࣛ࢝

ὶ㏿ 1.0 cm3/min ࡛㏦ᾮࡋ㸪ಖᣢ㛫 7㹼8 ศ࡛ࡢ

 㸬ࡓࡵồࢆ⋠㌿ࡽ✚㠃ࢡ࣮ࣆ
 

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

pH6.0㸪30°C 㓝⣲⃰ᗘ 100U/cm3࡛✀ࣅࡢࠎ

ᯝ⤖ࡿࡅ࠾㓟ࣥࣀ࢟ࡢㄏᑟయ࣮ࣝࣀ࢙ࣇࢫ

࣮ࣝࣀ࢙ࣇࢫࣅ㸬ࡓࡵࡲ㸯⾲ࢆ C(BPC)㸪ࣅ

࣮ࣝࣀ࢙ࣇࢫ E(BPE)㸪࣮ࣝࣀ࢙ࣇࢫࣅ F(BPF)㸪
࣮ࣝࣀ࢙ࣇࢫࣅ O(BPO)㸪࣮ࣝࣀ࢙ࣇࢫࣅ S(BPS)
࣮ࣝࣀ࢙ࣇࢫࣅ T(BPT)ࡣ㯜⳦ࢮ࣮ࢼࢩࣟࢳ

࡚ࡗࡼ pH6.0㸪30°C ⋠㸪㌿ࢀࡉ㓟ࣥࣀ࡛࢟

࣮ࢲࢩ࢟࢜ࣝ࣌㸬ࡓࡋ᪼ୖࡶᛂ㛫ࡣ

ࣇࢫࣅࡾࡼࢮ࣮ࢼࢩࣟࢳ࣒࣮ࣝࣗࢩࢵ࣐ࡸࢮ

㐣㓟Ỉ⣲ࡣࡿࡍ⌮ฎࢆㄏᑟయ࣮ࣝࣀ࢙

(H2O2)ࡢῧຍࡀᚲせ࡛ࡀࡓࡗ࠶㸪㯜⳦࣮ࢼࢩࣟࢳ

ࡣ࡛ࢮ H2O2ᅾୗ࡛ຠᯝⓗࣥࣀ࢟㓟ࡀ㐍⾜

୰࡛ࡢㄏᑟయ࣮ࣝࣀ࢙ࣇࢫࣅ㸬ࡓࡋ BPE㸪BPF

Determination of Optimum Conditions for Quinone Oxidation of Bisphenol Derivatives 
by Aspergillus oryzae Tyrosinase and Their Removal with Chitosan 

 
Suguru TAGAI, Ayumi KASHIWADA, Kiyomi MATSUDA, Kazunori YAMADA, 

Youji HATA and Kazunori SHIOTA 

Table 1  Tyrosinase-catalyzed quinone oxidation of 
bisphenol derivatives at pH 6.0 and 30°C. 
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ࡧࡼ࠾ BPOࡣ㧗࠸㌿⋡ࣥࣀ࢟ࡽࡇࡍ♧ࢆ

㓟ࡿࡅ࠾㓝⣲⃰ᗘࢆỴᐃࡓࡋ㸬BPE  BPF
ࡇ࠸▷ࡀ㸪ฎ⌮㛫ࡃ㏿ࡀ㓝⣲ᛂ㏿ᗘࡣ

ࢆ㓝⣲⃰ᗘࡽ BPE࡛ 40U/cm3㸪BPF࡛ 30U/cm3

㸬୍᪉ࡓࡁపୗ࡛࡛ࡲ BPOࡣ㓝⣲ᛂ㏿ᗘࡀ㐜

ࢆ㓝⣲⃰ᗘࡽࡇ࠸㛗ࡀ㸪ฎ⌮㛫ࡃ 300 
U/cm3ࡓࡏࡉ᪼ୖ࡛ࡲ㸬 

ḟ pH6.0㸪30°C ῧຍࡢࢬ࣮ࣅࣥࢧࢺ࡛࢟

BPOBPE㸪BPFࢆ㝖ཤࡿࡼ╔྾ࣥࣀ࢟ࡿࡅ࠾
㸬BPEࡓࡋウ᳨࡚ࡋᑐ ࣮ࣅࣥࢧࢺ࢟㇟ᑐࢆ

ᅗ㸯ࢆኚࡢ⋠㌿྾ගᗘࡿࡼῧຍࡢࢬ

ࢮ࣮ࢼࢩࣟࢳᏑᅾୗ࡛ࡢࢬ࣮ࣅࣥࢧࢺ࢟㸬ࡍ♧

ẚᅾୗࡿࡍῧຍࢆ BPEࣥࣀ࢟ࡢㄏᑟయ

ࡢἼ㛗ࡍ♧ࢆᙧᡂࣥࣀ࢟㸪ࡋ᪼ୖࡣ⋠㌿ࡢ

྾ගᗘࡣ᪼ୖࡢᢚࡓࢀࡽ࠼㸬ࡣࢀࡇ㓝⣲ᛂ

Ꮫࢬ࣮ࣅࣥࢧࢺ࢟ࡀࣥࣀ࢟ࡓࢀࡉᙧᡂࡾࡼ

ⓗ྾╔࡛ࡇࡿࡍ⁐ᾮ୰⃰ࣥࣀ࢟ࡢᗘࡀపୗ

ࡍ♧ࢆࡇࡓࡋ᪼ୖࡀ㸪ᛂ㏿ᗘࡋ 2)㸬ࡽࡉᙧ

ᡂࡿࡼࣥࣀ࢟ࡓࡋ㓝⣲ᛂࡢ㜼ᐖࣥࢧࢺ࢟ࢆ

ࣥࣀ࡛࢟ࡇࡓࡏࡉῶᑡࡾࡼ╔྾ࡢࢬ࣮ࣅ

㓟ࡀ㐍⾜ࡿࢀࡽ࠼⪄ࡓࡋ㸬ᛂ㛫㸱㛫

ࡀ⋠㌿࡚࠸࠾ 100%㸪྾ගᗘࡓࡋ♧ࢆࣟࢮࡀ

ࡢᾮ୰⁐ࡽࡇ BPEࣥࣀ࢟ࡀ㓟ࣀ࡚࢟ࢀࡉ

ࣥㄏᑟయࡾ࡞㸪ࢬ࣮ࣅࣥࢧࢺ࢟ຠᯝⓗ࢟

࡛ࡇࡿࡇ㉳ࡀ╔྾ࣥࣀ BPEࢆ㝖ཤ࡛ࡁ

࣮ࢼࢩࣟࢳᾮ⁐ࣥࢧࢺ࢟㸪ࡓࡲ㸬ࡿ࠼࠸ࡓ

⢊ᮎ(ᖹᆒ⢏ࣥࢧࢺ࢟ࡸᆒ୍⁐ᾮ⣔ࡓ࠼ຍࢆࢮ

ᚄ㸸70㹼100µm)ࢆศᩓࡓࡏࡉᆒ୍⣔࡛ࡣ㸪࢟

࡞ࢀࡽᚓࡀ⋠㝖ཤࡢࡓ࠸⏝ࢆࢬ࣮ࣅࣥࢧࢺ

ࢬ࣮ࣅࣥࢧࢺ࢟ࡢ㸪ᆒ୍⣔࡛ࡽࡇࡓࡗ

ᚲせୖྥࡢ⋠㝖ཤࡀ✚ẚ⾲㠃࠸㧗╔྾ࡢ

㧗ຠࡘ㛫▷ࡣ㸪ᮏ᪉ἲࡾࢃࡀࡇࡿ࠶࡛

 㸬ࡓࡗ࡞ࡽ᫂ࡀࡇࡿ࠶࡛⋠
BPF BPOࡢ㝖ཤࡿࡅ࠾⤖ᯝࢆ⾲㸰ࡲ

㓝⣲⃰ᗘ࠺ࡼࡍ♧㸰⾲ࡣ㸬BPFࡓࡵ 30U/cm3

࡛㝖ཤ࡛ࡁ㸪ࡽࡉ⮳㐺᮲௳࡛ࡿ࠶ pH5.0
 35°C࡛ࡣ㝖ཤᚲせ࡞㓝⣲⃰ᗘࢆ 15U/cm3ࡲ

࡛ῶᑡ࡛ࡓࡁ㸬ࡓࡲ BPOࡣ BPE BPFẚ

㓝⣲ᛂ㏿ᗘࡀ㐜ࡽࡇ࠸㓝⣲ᛂࢆ㜼ᐖࡍ

㔞ࢬ࣮ࣅࣥࢧࢺ࢟ࡵࡓࡿࡍ╔྾ࢆࣥࣀ࢟ࡿ

0.20cm3/cm3 ࡁ㝖ཤ࡛࡛ࡇࡿࡏࡉቑຍ

㐺⮳ࡶ࡚ࡋᑐ㸬ᚋ㸪BPOࡓ pH ಶูࢆᗘ 

ࢆ㓝⣲⃰ᗘ࡞ᚲせ㝖ཤ࡛ࡇࡿࡍウ᳨

ῶᑡࡿࡏࡉணᐃ࡛ࡿ࠶㸬 
 

࠙࠙࠙࠙⤖ㄽ⤖ㄽ⤖ㄽ⤖ㄽࠚࠚࠚࠚ 
㯜⳦࡚ࡗࡼࢮ࣮ࢼࢩࣟࢳ BPEࣥࣀ࢟ࢆ㓟

㐺⮳ࡢ㝿ࡿࡏࡉ pH ᗘࢀࡒࢀࡑࡣ 6.0 30°C
ㄏᑟయ࣮ࣝࣀ࢙ࣇࢫࣅࡢࢆ௳᮲ࡢࡇ㸪ࡾ࡞

ᯝ㸪BPC㸪BPE㸪BPF㸪BPO㸪BPS⤖ࡓࡋ⏝ᛂࡶ
ࡧࡼ࠾ BPT ≉㸬ࡓࡗࢃࡀࡇࡿ࠶ຠᯝⓗ࡛

 H2O2ᅾୗ࡛㯜⳦ࣇࢫࣅࡿࡼࢮ࣮ࢼࢩࣟࢳ

ࡣࡇࡿࡍ⾜㐍ࡀ㓟ࣥࣀ࢟ࡢㄏᑟయ࣮ࣝࣀ࢙

࣮ࢼࢩࣟࢳ࣒࣮ࣝࣗࢩࢵ࣐ࡸࢮ࣮ࢲࢩ࢟࢜ࣝ࣌

BPE㸪ࡓࡋ♧ࢆ⋠㌿࠸㸬㧗ࡿ࠶ᚩ࡛≉࠸࡞ࡣࢮ
BPF BPOᑐࡣ࡚ࡋ⮳㐺㓝⣲⃰ᗘ᳨ࢆウࡋ㸪

ࢀࡒࢀࡑ 40U/cm3㸪30U/cm3 300U/cm3ࡓࡗ࡞㸬

ࡢ㓝⣲࡛ࡇࡿࡍῧຍࢆࢬ࣮ࣅࣥࢧࢺ࢟ࡽࡉ

ᛂᛶࡀ㧗ࡾࡲ㸪ࣥࣀ࢟྾╔ࡾࡼ⁐ᾮ୰ࡽ

BPE㸪BPFࡧࡼ࠾ BPOࢆ㝖ཤ࡛ࡇࡿࡁ

Ꮫࡀࣥࣀ࢟ࡓࡋ㸪ᙧᡂࡓࡲ㸬ࡓࡋࡽ᫂ࢆ

྾╔ࡋ㸪⃰ࡢࣥࣀ࢟ᗘపୗࣥࣀ࢟ࡾࡼ㓟ࡀ

ಁ㐍ࡿࢀࡉᆒ୍⣔࡛ࡢฎ⌮ࡀ㸪ࣥࢧࢺ࢟⁐ᾮ

㛫࡛ຠᯝⓗ▷ࡶࡾࡼ⌮ฎࡢᆒ୍⣔࡛ࡓ࠸⏝ࢆ

ከࡣ㝖ཤ࡛ࡢᆒ୍⣔࡛ࡽࡉ㸬ࡓࡁ࡛⌮ฎ

Ꮝ㉁࡛ẚ⾲㠃✚ࡢ࠸⏝ࢆࢬ࣮ࣅࣥࢧࢺ࢟࠸ࡁ

ࡀᮏ᪉ἲࡿ BPEࢆ㝖ཤࡶ᭱ࡢࡿࡍ᭷⏝࡛ࡿ࠶

㸬ᚋ㸪BPC㸪BPO㸪BPSࡓࡗ࡞ࡽ᫂ࡀࡇ
 BPT 㝖ཤ࡛ࡇࡿࡍỴᐃࢆ௳㐺᮲⮳࡚ࡋᑐ

㛫⦰▷ࡢ㝖ཤຠ⋡᳨ࢆୖྥࡢウࡿࡍணᐃ࡛

 㸬ࡿ࠶
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Figure 1  Removal of BPE through tyrosinase-
catalyzed quinone oxidation and quinone adsorption 
on chitosan beads in the absence (● , ▲ ) and 
presence of chitosan beads of 0.20 (○, △) cm3/cm3

at pH 6.0 and 30°C. 

Table 2  Removal of BPE, BPF, and BPO by the 
combined use of quinone oxidation and subsequent 
quinone adsorption on chitosan beads at pH 6.0 and 
30°C. 
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