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2.3 HEPMDNH

BOSHS 7%, RIGKRZEBEL7ZEXRY hTIOmLY > 7)Y >/ L., BT F
V2mL T3EHIH L, —ERICHERL OB E#REZ7 O~ 757 ¢ — (A
. HPLC) TH#IE L 7=, HPLCIEM&S GILSON HPLC SYSTEM ( Pump,
MODEL 302, UV-Detector, MODEL 1001 ). # 5 AlZYMC PACK ODS-A
(4.6 mmid. X150 mm,YMC &#)EMMA L7, BHKIIAY ) —)—Kk%
AW, f#E I mL/min T4: 6059 : 1% T25/ HIAEASE S ¥7-(Scheme 1),

315 1 BRI EIL 230 nm THHT 1T 2o
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MeOH / %
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1 | | I _J
i 10 20 25 30 35 40

Retention time / min

Scheme 1 Gradient profile of HPLC.
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Table | Characteristics of B. cereus 1solated from the soil of Table 2 Characteristics of B. brevisisolated from the soil of

TOYAMA Prefecture (GOFUKU) GIFU Prefecture (MIY AGAWA)

Gram staining + o

Rod or sphere R Gram stainnig

TSI —/ A G (=) Rod or sphere R

SIM n < &

VP test + Growth anaerobically -

Lysine e Spore formation

Arginine i

- Motility
Ornitine ==
Growth anaerobically 5 Cell diameter> 1.0 um -
OF - Catalase test +

B3 -hemolysis +

Spore formation + Oxidase test -

Nitrate reduced nitrite + OF test F

Esculin ot

Hydorolysis of gelatin =7 MIRTES -

Glucose wi- Hydrolysis of gelatin b

ydroly g

Arabinose -

N P—— o Formation of indole -
¥ Mannitol == Utilization of citrate -
;, Maltose + _ - #
| Nitrate reduced nitrite -+ %
: Gluconic acid + 4
? Urease & Growth at pH 5.7 2
& o
j Adipic acid Growth at 40 C
p Malic acid +
| Citric acid = 2
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30 MLOLFEIZ10 mL OFRMERE B KO EEZ AN, 20— 35COHP TB.
cereus BLUB. brevis DIFEZEITVY, BEIRENHAEMBICKIITEZEEZH
Rz (K 1-a,b) o KMED20C. 25C TIIWEIEEENEL . 35C TIZHHAETE
WEITRERND, EFHICBTS2EKBEIIEN . TNSOERKD,. RiE
¥R E L, WS H30CTho, £z, TORFOEMEFHEIZ207 Tdh -
s
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1.5 |
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% e
= o f® s
BD AA O
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¢ AA o °
o o
AA OOO
a88086000° ,
0 2 4 6 8

Incubation time/ h

Fig. 1-a Effects of temperature on the growth of B. cereus .

Into a 30 mL L-shaped test tube were added 10 mL of a standard culture

solution and 0.1 mL pre-cultured solution. The incubation was carried
out by slow shaking.

(O:20C, A:25C,@:30°C, O: 35 C.
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Incubation time / h

Fig. 1-b Effects of temperature on the growth of B. brevis.

Into a 30 mL L-shaped test tube were added 10 mL of a standard culture
solution and 0.1 mL pre-cultured solution. The incubation was carried out
by slow shaking.

Or20C,-Ax 25 C,@: 36°C, O: 35°C,




30 mLOLFEIZ, HEBIKET MU D LKEKRZHWPH3—11 1230
U710 mLEMAZ. 30 CTB. cereus B L UB. brevis #1%#% L, pHMN
EEDOEMBIZ RIFTHE LR (K 2-ab). M LDpH3 BLU pHIL Tid
IFEAEEMETPHS TIIEENE L. ZNSDOHERL D EHBEIZBITS K
i# pHIZ7—9 Tdh > 7=,

151 1.5
g 101 i
— = 1.0
o =
8 2
~ o
A -
= o
< 0.5f é
) 05
g 0 . 1 L 1 1 ] " 1 1 gl | ‘h
1 0 * . * -
| P 1 3 s 7 9 11 13 :
pH 5
Fig. 2-a Effects of pH on the growth of B. cereus at 30°C. | ) ’
Fig. 2-b Effects of pH on the growth of B. brevis at 30 & o
% Into a 30 mL L-shaped test tube were added 10 mL of a standard culture
i solution and 0.1 mL pre-cultured solution. The incubation was carried out Into a 30 mL L-shaped test tube were added 10 mL of a standard culture
1 by slow shaking for 4h. solution and 0.1 mL pre-cultured solution. The incubation was carried out
| by slow shaking for 4h.
BAH BB
1) F 790 iERERLENYTY 7 B. cereus BLUB. brevis Th -
2) B. cereus & U\B. brevis D @55 #1330 C. pH7-9TH o7z
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FTI7ILONI T TICKABEITES KOHFEEINTED. 19564EIZR.
E. Klausmeier 573, Pseudomonas aeruginosa =B\ T, Y1 FILEEN A4
RENZZEERELTWS, £/, KEBERIEIZDWTIE. Pseudomonas
sp. Strain NCIB9816 7%, 1,2- kb ROoF-12-J L Ra+75L > 24 m%
L7=Z &2 Agmenellum quadruplicatum 78, 1-+ 7 b—)L &R L= Z
EMEEINTNSY,

—%. N EICK B EL RIS Cunnighamella elegans 7. ¥4 E L Tl
-+ 7 b= 4~ ROF-1-ThF02 Z4ERKRL. ZOMICABEDEIERY
FERLEZZEMBEINTNSY,

& 512, C.E. Cerniglia 512 & D B. cereus ATCC 145798 % il 7 & L
CORIGHEBIZOWTHANS N, PREELTTY L FF 2 FERFML. NIH
STMIEODI-FT RV EAERT D ZENREINTNDY, LHLAass,
N TV 7EFBALEMEEEISNWEEERIN TN,

ZZTIE, BERRIDEBEL /B, cereus W, RN F T YL D DO
BIZDODNWTRETL 7.

F2H RE

2.1 AHBLUEE

BHkIZ, 22—V TRbEWVWF 7L iEEERL B cereus & H
Wi, ATE&EIZ. 10 mL OFE%ESZ#MAEZ ANZ30mLO LFEICHES&HE TB.
cereus ZHEE L. 30 CoOEEEHI TI2 BB & 1o /2. /2. AEEIL.
500 mL =7 7 A IZEEEERE 100 mL SaTHE#ER 1 mL 2 i1Z 30 COfEiR
T 12 FRIRBIEE A 1To 7,

2.2 FIOLSLVVORIBESLVERMD S

AREEE, OB (B00XG 5min) THRE L 2Bk L /=%, it BRE
L7z ZOBEKRZS500 MLOKRAO 7 T ZAaICAN, F75L > (BRIEERR)
8B o7t HR (TR IIEMOIBERE L, AR, FERE L, )

—
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ZMA. 30 COEEEF TIREG.5 cm, 110 r.p.m.) L RIEETT - 7=,

TR EERT 572010, —ERFEBICEELZEXR Y N TRIGKEE10 mL
Yo7 0, BEBETF)I 2 mLT3EHH L. A7E &R HPLCTHRIE L
7o
Xz, KEHPOREGERERETL-DICTLCEHER L ET> 7=, RIbiK
PICEENSREBLMERNZ DI FINI—TI TRAICHEB L-1%, R
RERIEEIRSIE -, RIC, BEBWELY ) —IVICHERL, >UAZILT L —
(20X 66 mm, Kieselgel 60 F256, Merck Co.) F TR L. UVERH THN
ARy NORHEZEBIE L 7=,

FIE BERLEE

3.1 #7491 D&t

30 mMLOLFEIZI0 mL DEEHERE 3 K B, cereus % MNZ 30 °C T12 Kefu]ig
ExTom, EEE EMPEBENT20 umol/LEbF 759 > -7 b
BmiREMA, 24 Z 1T 572, RINKR10 mL% 2 mLOFEEE T F )| T3[al
tH LHPLCTa#iZzfro /. TORR. REFFF14.253A), 151577 BIZERY
DE—=INBDSNT, T T L CEBIEYMOEREDLEN S, ERMAITL
-+ 7 b=, ERYIBII2-F 7 F =)l DRFERRIEEN TN —EL =,

3.2 TV VOBULERYMDOSE LS

500 MLORNO 7 T A DITEEAERE #1250 mLB L KA &EK’R]L mL%E N Z30°C
TA4SKFRIE & AT o Tz KRIZ, BHHIRENT20 umol/LERDEDITFTH
L>—7t b U EREMAASKEIRIGE S Bz, ZORIGEFRKIZ4EITV, K
R T, RISR250 mLIZXH L50mL O T F)IT—F) (LAF, T—7F))
T3EME L. &z EKEE S N OLAT—BEAK L, T—FTIVEREL
L%, BEWELEODIY ) —)VIZERIE=, KRIiZ. ) A7) (Kiesel
gel 60, Merck®™) #2ZRE 14mm D H I AL IZES 200mm L THREL., 4R
MEAMI—T)I)ITREELF 7Y L 208t RELEZE aliz—F) : T—
FIES : 255 ¢ SICHA)BLTARE S B rABHR = BB 1T/ L 7z, TLC (it —
FI i I—=F)=7:3) TIHREHKREBEI VUV S 1 2R LIOEEEIRL.
£ E S OB HERN STEEEEE L H-NMR 22 bl & GC-MS ##llE L
Tmo TR, EAERMIILI-FTT7 b=V, BIERMEL T2-F 7 =)L EHE
aihiz. =8 17 =0 227 b D EEiE9 s 6 T, 1=9 7
M= UIRRIZ1I7%ICEL, AREDF 75 L EINREIZE5% TH -2
(Scheme 2).

OH
OH
=00 -C
B. cereus
naphthalene 1-naphthol 2-naphthol
A v L6

Scheme 2 Oxidation of naphthalene by B. cereus.
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Cunnighamella elegansz iz 745 L > OE(LTIZ. a-F 7 FILHIL
TxA bR, a-FI7FIN-B-D-F)Ir/a=_ROL>7%, F7 = I)IAEHEKD
N REINTNn3Y, £2C. #@r0o~xhry 77 4— (TLO) K&K
ISP D KB ICEM OB Z 1T > 7=, 500 MLOIKRMO T T A I K250
ml. EHPBENT720 umol/LOFTT75L > —F7 b Bk E12 g-wet/LD
WAz N 230 C TAMfEMRE L RS Z1T o 7=, RUGHR T, RIGKRZ BEME &
B KON RN FTHERY 2 BEBET 7)1 THI L. KEZBREZIFEZ 1T
KERELE. RIZ, REBYWOLY ) —IIBKREa-F 7 FINTFIT 71 b,
a-FT7FN-B-D-VNoO=ZREZVATINTL—KEIIANFY > : BFlE :
FFBE T F )L = 17:1: 2085 T EBH LIS EKROR T % i A 7/-(Scheme 3). D
R a-FT7FINTIN Ty 1 hEa-FT7FIIN-B-D-7) O Rz, RIEX
oz, LN T, B cereusiZ& 379 L 0 OB EIZBWTREGHK
AT HufEIEVWbD EE X 5N,
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Scheme 3 TLC of products in aqueous layer.

a: @ -Naphthyl- 3 -D- glucuronide
b: products in aqueous layer
C: @ -naphthylsulfate

3.3 P79V VBLUBILERMDB. cereusDIEMICRIZFTHE

3OMLOLFEICEAEZE M0 mL. FiE&£EKR 0.1 mL., HEHhiREL.0—2.0
mmol/LDF 7% L 2, 1-F 7 h=—INBLUR2-F T h=IDT7t kIR KREZ
NTNHEML30 COEBEHTIRE(10 r.p.m)I 300 B EICHE 660 nm
TN Z BIE L7= (X 3-a,b,0).

T L EEEEE RS BN (M3-a) . —H. 1-F7 h—Ilid,
1.0 mmol/LTHEZ/RL. 1.5 mmol/LTHEETEICAELZ (K 3-b) .
¥/, 2=+ 7 b—=)LiE1.0 mmol/LTHEZ-RL. 2.0 mmol/LTHii%Z TR
WHHELZE (K3-¢c) . 77 L X AEHENRDO SN BVWDIX, F7
5L OIERENMENZDICLDbD EHRINT-,
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Fig. 3- a Inhibitory effects of naphthalene on the growth of
B. cereus at 30C.

Into a 30 mL L-shaped test tube were added 10 mL of a standard culture
solution, 0.1 mL of pre-cultured solution, and dissolved in acetone. The
incubation was carried out by slow shaking.

@: Control, A: 1.0 mmol/L, (J: 1.5 mmol/L, O: 2.0 mmol/L.
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Fig. 3- b Inhibitory effects of 1-naphthol on the growth of
B. cereus at 30°C.

Into a 30 mL L-shaped test tube were added 10 mL of a standard culture

solution, 0.1 mL of pre-cultured solution, |-naphthol dissol ved in acetone.

The incubation was carried out by slow shaking.
: @: Control, O: 0.10 mmol/L, A: 0.50 mmol/L, (J: 1.0 mmol/L,
B 1.5 mmol/L.
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Fig. 3- ¢ Inhibitory effects of 2-naphthol on the growth of
B. cereus at 30°C.

Into a 30 mL L-shaped test tube were added 10 mL of a standard culture
solution, 0.1 mL of pre-cultured solution, 2-naphthol dissol ved in acetone.
The incubation was carried out by slow shaking.

@®: Control, O: 1.0 mmol/L, A: 1.5 mmol/L, (J: 2.0 mmol/L
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3.4.1 ARADPREICRIITE

Foy L EREMII BRI E SOV BOAKEEEZ M W2, 500 mLO KO
7 5 A DNZEEMERS 250 mLF X O FIEER L mL 2 I1x 30 C T48Ksfa]tE & %
fio7e TDOH%., HEHHBENT720umol/LERLZEDF 7L Z2T 2 K2,
DMSO., 7EZrZbU)b, T%/—=)LIZFNTNOmLIAR I, BEHUZERM
LASHEMIB S Z T T TDRER, 72 DMSO. 7 hZkUJJL, ¥
J =), BERMOIEIZ, 18 %. 16%. 8%. 2 %. 15%DNRZERHI. TH
SR, T b WERAEL TRBEL TWe, ZUd, 7EHIZFT
YL IMNEIRL . B THRILS OB ES NI ENEML DD & HEEE
AN Fo BHRINIHEANWENME T LZGEHBANZEOFEEICLL2DDET
HlE N7z,

3.2 REFIEHSIRFICRIZITEE

ARMBOKIGTIMTH 78 L > OBEEITV, 1-F 7 h—)LIRZELEL /-
(Z 3.

FIGA : X2 F1) 7 OEEF 7 5 L > DL Z R IZIT > 7=

b5, 500 mLOYKITT T A DIZEEEREM100 ml., AiE&E#K]L mL . 5%
i EIE720 umol/L £7225F 7% L > =7t b 2R Z M AZ 30 C T24F¢fH
WL RISEr> 7,

TNEB ; N2 57 7 OWEICF 75 L > OB EITH -,

205, 500 mLOKE 7 7 X DNITARUERE 100 mLB K FiHE &K1 mLZE
MAZOCTASKEE ZEEITH> 2. ZDK. EMHPREN720 umol/L £75%
FI5L =7tk R RENA AR R S E 1T 7=,

FIRC ; NI T 72RO L., FrLWEIZ ZOEEKEZMRA 7%
L ool EIT> 77,

T2H B, 500 mLOKIT 7 T 2 NTRERE 100 mLB L FIEER] mLzE
MA30 C T8I ZE AT /2. 2D, BODBTERAL. BA01 9B K
DI HIRE N 720 umol /1L &7 F 75 L > =7 N K E. i L WERE
i 100 mLIZ N Z 248 R s 2175 7=

FIGD 5 BOSHIEIITFNEC ERREICITVY, T2 TidtEth & L TREKRE AN
AR RIS ET T 5 7=,

ZHHDOFER, FIBAIIRIGHK 7#100 mLOKRRSIZ1gDINY TV 7 H3f
EL7ZM, 1-F 7 b—IL3AERL TWhah 57, FIEBIIRKGK 7T#. 100 mL
DESAIZ 1 gDN Y FUTFEELTHO, 1-F 7 h—)LIREIFZ13% TH -

7o FIACIL., WERMN3 % TH o7z, FIADIINEMN16 % IZEL /=,

FIBABLURCD Hikld, FIEBBLUODELLL& L TIRENE N7z, ZHUT
Eirh R EY E A FOM TRBOBRENE U O RIGVHEEIN DD LR
bbb, FE, FIECIZBWNWTI20FBIRIGZEZITD 2 EICXDINEMN14% £ T
WMmLz, TNSOFERED, T 750> OBILIIARAKEITBEEL N
LT,
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Fig. 4 Effects of temperature on the oxidation of naphthalene.

G N K etk

Into a 500 mL Sakaguchi-flask were added 100 mL of distilled water,
10 g-wet/L of bacteria, and 720 £mol/L of naphthalene dissol ved in

A0 CHlE 25, C @S0 8yt nEhRES

acetone.
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HEE R OOKEE LT R U A ZEHVWPH 3—11 12 L 7= &8 /K100 mLHIZ,
B BEMNT20 umol/LERBZF 7L -7 BRBELUI0
g-wet/LERDEKEMZ. 30 CTI2RRIRISZITOTfERZK 512/RT,
TR, pHS—9F TOHBMAWER TI-+ 7 h— )L L. pH8T K
ENRISHIZEL, £/, pH3RUPH LI TIZ, ZEAERIBLEN DT,
/-, pH5—9TIE. K THDOPpHIZHB8.4Z R L=, ZHid. BERBKD
pHARBKEENB N TNDE EE X 5N,

CNOSDORERIZ. NI TN 7 OREHEBEREIC KL, RINZEKRDHHAEIC
BLIEERETIZBWTRbEWNERERZ 5 Z ENREI N,

M(

Yield of 1-naphthol / %
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Fig. 5 Effects of pH on the oxidation of naphthalene at 30 C.

Into a 500 mL Sakaguchi-flask were added 100 mL of distilled water,
12 g-wet/L of bacteria, and 720 ¢ mol/L of naphthalene dissolved in
acetone. The reaction was carried out for 12 h.

3.4.4 FBHREOSNECRIITEE

Y, BEAROMERE S BB EERBRN G L0, BHIRENEED RIN
HEBIONRICZEZRIZTIENTFHRIEINZ, £2T. HHBEEZELS
HRINZEIT OISR ZK 61", RS A BPERGIC100E £ THINL =851,
F7213 KB K250 mL Iz, EhEUEMPIBENT20 umol/L &) 74
L > =7t b oBmiRPBEIN12 g-wet/L &7 5 FfA%E N &30 CTIRE L KL%
1To7. ZO/MRE. BHEFRRTIICONINHKSEE IZES 2D, ZREKD
H D F TILEER UG LRI R EDKOEHE S 2o 72, TabL, EEK
EHRWEHE, 24RREIRICINEN18.8 BIZEL DA L., BARE TIZ
35%TH-olz. TR, BHFDOKEMERFOFT 7F L MHEEGL. KK
HWEICZEEZRIILEbO EHRAII N, FE, 120 RiRRIIEE HIBE OBIK
b S FTIFIE—EDIRIZIK L=,
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Fig. 6 Effects of culture solution on the oxidation of naphthalene
at 30 C.

Into a 500 mL Sakaguchi-flask were added 250 mL of medium, 12 g-wet/L of
bacteria, and 720 mol/L of naphthalene dissolved in acetone.

B Culture solution, A: culture solution of 2-fold dilution,
OJ: culture solution of S5-fold dilution, A\: culture solution of 10-fold dilution,
Q- distilled water.
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3.5 BREAIMEBNIREICRIZTE

BHABICHL., —EOREHEENFETSIENTHIEN/Z. £Z T,
500 mLOkRE 7 5 A a2 Z&EK100 mL, 5 HiREA240 — 2400 wmol/L
EBF IV TR BRBELNI0gwet/LERDEAKRZEMA. 30 C
TR G S S ZE 1o o HEEZ DI HDITDONERITEML 7278,
HEAT720 umol/L LA FIZEAD S THNRIZEML -7, Lid-> T,
F 75 L OB TIZEE P RENT20 umol/L &7 5 IRIMENRHNEKT
HoTz,

3.6 HMGENSNERICRIITE

PRI RIS L TOEKEICHEILEMT 2 Z Enfifsani, £2CT
HARBZLEZTH 7Y OB LEIT>(E 4, 500mLOKA T T A THE
$K100mL, B IBEA720 pmol/L E785F 75 L — T N UBIRS
FUR6—24 g-wel /LERDEFRZMA. 30 CTHREL RINEITo72. £L0,
FAROE MO HEM L 7220 18 g-wet /L TIH26.4 %I1TET H &,
ZHULERBIEEZBEINSH THONRIZIFEAEENML o7z, bbb,
I —ERIEITET S R ICTREERMNE Uiz,

Table 4 Effects of the amount of bacteria on the yield at 30C for 24 h

Amount of bacteria Yield of I-naphthol  Yield of 2-naphthol

/ g-wet !/ % | %
0.6 12.8 0.8
1.2 18.7 |y
1.8 26.4 1.6
24 27.1 1.6

a) Into a 500 mL Sakaguchi-flask were added bacteria, 100 mL of distil led water,
and 720 mol/L of naphthalene dissolved in acetone.

3.7 FITSVCEBRAEMPNRNEICRITITCE

NI T ) 7DEEERIBICE D EREINZI-F 7 =)L, 2-F T h—I)LEK
INBRPIZEIIML ., F7 = 0FT75 L > ORI RIZTEE LR (F
5) .

LFEEIZEE K10 mL, B IBEAN20—200 pmol/LL&ERDF 7 h—Ib,
720 umol/L. 725 F 75 L 2Tt b DIBRBEIUNI0 g-wet /LLETE 2 HIK
ZMZ30 CTIRELKIGZITo72. TNSDFER, 2-F 7 b—)LIiRmEE
M200 umol/LT. 1-F 7 b= )VIREHN10.7%IZH D LIz, LHLians, &£
AW RN EAFNGE L 7= RISK P D2-F 7 b —)LARIBIEIZ. 8 nmol/L.TH %
., 2-F 7 h—IIBARIGEEELEEEEZ SNV, —4. I-FT7 b=
i, RINEIZS U TIRENFEA L, 200 pmol/LOBMTI-F 7 b—IL A ki
FIELZ, 2, FAOWNRNBIFNTE L ISP D1-F 7 b — )4 R
B8 L. LENST, BEEEFIZ. FIZI-FT7 b= ZE->TELCED
O EHERIET NI,

Table 5 Inhibitory effects of naphthols on the oxidation of naphthalene »

Naphthols  Conc. of naphthol / 1 mol/LL  Yield of 1-naphthol / %

0 17.0
2-naphthol = 3.8
100 11.7
200 10.7
0 17.0
20 15.3
1-naphthol
100 8.5
200 0

a) Into a 30 mL L-shaped test tube were added 10 mL of distilled water, 10 g-wet/LL
of bacteria, and 720 rmol/L of naphthalene dissolved in acetone. The reaction was

carried out at 30°C for 24 h.
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FI5 L OBELRISIIEADEEREICE S ML EIE2IADE FOF
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RxN/-,

F4E W
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FTTEERIITONTED, BEKEEZEATLIZLIIRESL N TN S,
L7zii-> T, —BfE,. Wik, BETKELTSIEDOTES L DIBMRRIESR
nRDEN TN S,

I, BRBEEDRICHFET 2ERAEERICEMNERNCRREMEMIZ X
THREZTHIENAHINTERY, 0B, Blticknrz /- d
HVEHTI-NERTHET 5 ENHERINTNSY,

T FINREEHFOEZBREBHEILLAYI —RIIHMEDIcH L THEMERLY |
EREH KO THERIELEMOERTFEREL TRAT 2 A 300, # 2,
Pseudomonaslg®D)N7 7 )7 ZHW, 1-AF I+ 7L > >n6l-EROF
AFIF T L O NOERMRB SN RITEN 5727

ZIZTWE. 75V EEE B. cereusB X UB. brevisE Wy, A F IV F 7
F L ORI D WTRET L 2.

F2H RE

BfE, &, HPLCIIE2E T 75 L > OFEfb ERIEKRICTT S 7z,

2.1 AFINF 7YV VHORREELVERMD S

A1EEE, BODBE (B00XG5min) TEE L. BEARZ2RIEFLI-H%K, Kt
BB L. TOEKZS00 mLOKRO 75 XA 21T AN, HiHIREMNT20
pmol/LERHHEEF -7 wBikEMA, 30 COBIRES THRE 4.5 cm,
110r.p.m.)L. B. cereusBLUB. brevis D AF IV 75 L ENOEE(LIE S
Tz,

R % BT 27201 TLC( Y A7)V 7' L — h20 X 66 mm, Kiesel gel 60
F256, Merck Co. )&fEM L7z, &, kY. TEERMOERENFH >
—I—7) (1:1) ORBEEHANTEMRL, UVS1 MRS LENEEZEL
2. £7=. A I1Z13Gbbs' ik # (2,6-dichloro-p-benzoquinone-4-chloro
imine M2% A% /) — )L iEikR)EH W,
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7. BHEBEMIZ7ZE R MY —KEHWRE 1 mL/min THEBESS 00
E1To7e NI A BEITIZRR, REKEEIZ 230 nm TITo 7

E3E HBREEE

3.1 AFNFTT7HLV UV EOBL

HERNSHBEX NN T ) 725, FUYL D OBEIEEERL 22
¥, §habt. B cereus&B. brevis EFHWTI-AF IV F 75 L > BARILSF
)E) AR, 1-Me-naph). 2-AFI)F 7% L > (FAREILZFEGED) ) (LLTF.
2-Me-naph) B X NR2,6-T AFI)IF+ 75 L > (BBEAFEGRRH) (LT,
2,6-Me,~naph) OEELIEHZ R /-,

1-Me-naph® i Tl WA & & REFFE13.1 75(A) £15.37 (B) 12 £ 6k
MOE—r 7 #RHE Lz, ERPAIIERDI-E ROFIAFIFT7HL > @R
L) (LR, 1-(HOCH,)-naph) D £ #F5HFR & —B L 7=, ERYBISRF
Rl —8 T 2R E R WEZE2h 57z,

2-Me-naph D G TIE, MEAEE H13.673(C)E16. 10 DOIZERYMDE — 2
R LU, ERHCIIEGZD2-t ROoF 2 AF)LF 74 L > (Aldrich Chem.
Co. #) (LAF. 2-(HOCH,)-naph) DR rififal & —B L7z, A YIDIS LR FefF
D—HTHERERNWZH RN ST,

2,6-Me,naph D K JETlE. MEK EH8.67(E) &14.453 PIZERRM D E —
DERBRH L. ERPERIERDO2-E ROF I AFIL-6-AFINFT75L 2 (L
K. 2-(HOCH.,)-6-Me-naph) D fr#lsfal & —8 L. £HFI32,6-E Ak RO
FIAFINFTEL BT, 2-(HOCH,)-6-Me-naph)& fr£eFs et — & L 7=,

3.2 AFINF 7YV HROBEILLEHDLEER

FRMESEH 10 mLZ&E ANz LFEIZ. B. cereus. B. brevis ZZNZNMA
0 CTHEEEIT> /-, 12 FfEE, HBHAIRENT20 umol/L &72% AF)LF
TV =Tt mERERML, 248 HIRE L RIS EIT S 72(K 6). T DFE
R, 1-Me-naph® K& 12 BT B. cereus 131-(HOCH,)-naph #10.3 %4 %,
L46.1 %D ERL AR LIz, —F#. B.brevis TiZ1-(HOCH,)-naph #9.1 %
ERL40.4 %D RIRE%E 5 X /-, 2-Me—naph ® R T3, B. cereus |
2-(HOCH,)-naph#22.1 %4k L 62.7 %D EINRL % E 2 1=, —F4. B. brevis
TIL 2-(HOCH,)-naph # 18.1 %4 L 57.2 ¥ D E R R % 5 2 -,
2,6-Me, naph® [ TIE. B. cereus 132-(HOCH,)-6-Me—-naph # 11. 3%
L 27.0%D&REE G 2 7, —F. B. brevis TI32-(HOCH,)-6-Me-naph

ET0%HERL 229%DENBEE X, ThH5DHER. 2 TOREIZBWTB.
cereus \3B. brevis&E D b EWNERB LI NEBIRREHEZ2 /-, LENST, TN
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Table 6 Oxidation of metylnaphthalenes by B. cereus and B. brevis 2

Yield / %

Select. / %

Conversion / %

Product Bacteria

Substrate

10.3

46.0

22.6

B. cereus

1-(HOCH,)-naph

1-Me-naph

9.1

40.4

22.6

B. brevis

22.1
18.1

64.6
) /.

354
S51.O

B. cereus

B. brevis

2-(HOCH,)-naph

2-Me-naph

_38,_

;)5

27.0

42.1

B. cereus

2-(HOCH,)-6-Me-naph

2,6-Me,-naph

7.0

20

30.7

B. brevis

a) After 12-h incubation, 720 rmol/L of substrates dissolved in acetone added into a L-shaped test tube were at 30°C for 24 h.
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EOITEEEMMICHEREL -, TORER 100 mL Z2EE500 mLOK D7 o
AOWZAN2 pmolOBEE -7 h B REMAT:. TDOH, 30 COEIRIE
PTHR% 4.5 cm, 110 r.p.m.) L 24K IRIS 21T 5 720 COBRIEZE20R 51700,
FOSHE T %, RISRI00 mLICH L 20 ML O T—F)L T2 [ L. fitiks
BKGMEFT R ILATERK, T—FINEBELEK. BREBDEAFY IEH
Iz, KRiZ, U AT (Kieselgel 60, Merck Co.) ZNfE 14 mm @ 751
TLIZEET 200mm FBEL, FEREAFY D TEBBRALEZE. AFH 20z
I—TINEREGLENSI—TILOEIEZEL0 % £ THRZ IO UIREHR % 75 EY
L7z, w2 EL TLC (BEX 1 mm) TRIGEMRY & B L Tiamitiic ko
Rk A BEEL -,

3.3.1 1-Me-naphDBILERND S B & 947
1-Me-naph® A ETLCIZTRERMALZEZ S, ARy b1(RE, 0.551F,
T OEZTVAERUIIE S L& Gibbs' il EOMEBIC IO ESEOL. HERIOK
BEENGFET LI ENMHTER, ARy b2 Rf, 0.3DIFHBIZFHEMBL.
1-HOCH)naph D 4E @ ORI & —B L=, £/, £ DGC-MSE
'H-NMR ZRZ ML &#HIEL 242, £R®1I(ZR v b 1DIEM/Z 158 (M;
19%),141 (M-OH; 24%),129 (M-CHO; base peak) Td > 7. £RM2( AR v
~2) I3 M/Z 158 (M; base peak),129 M-CHO; 25%) ThH > 7. £ 2D
'H-NMR® %3 #71&. 6 2.5(3H; -CH,), 6 4.8(2H; -CH,-), 6 7.3-7.7(6H:

aromatic) TH - 7=,

INS DR KD ERY2131-(HOCH,)-naph & [FE TE /2. M1 KEE
HOMBETIEHRIETCERDN S IENFERKELM TH 2 ENRBD SN
(Scheme 4-a),

3.3.2 2-Me-naph®DBE{LERMD S EE L D
2-Me-naph DR ZTLCICTREMLZEZA, Adh v M1 (RS, 0.551%.
7 ORZTERIZES L% Gbbs' iMEOEBZICLOFESREABL., FERITK
BERMNFET DA ZENHRTERZ, ARy 2 [Rf, 0.3)ITHBIZHEL .
2-(HOCH)naphDEZERORIEE —H L7z, /. E£RPDOGC-MS&
'H-NMR 2R %7 ML &ZBIE LR, ER2(ZR Y F2)IEM/Z 158 (M;base
peak),129 M-CHO;24%) T > 7=, £RWI(ZA K v b DITM/Z 158
(M;25%),141 (M-OH;16%),129 (M-CHO:base peak) T#% > 7z, 'H-NMR® %




#ri3 6 4.8(2H;-CH,-), 6 7.4-7.8(7H; aromatic) T > 7z,

NS ORI D ERW2132-(HOCH,)-naph E[FIE T&E 7z, 1T KEE
HOMBETIIRIETE RN 72N, FERKEBIEMTHSL Z ENBDHL N
(Scheme 4-b),

3.3.3 2,6-Me,-naphDE{LERMD S B & S

2,6-Me, naphD £ &= TLCICTRMAL/ZEZ A, ARy b1 (Rf,0.35)13
T A=)V DEFEICE D RBBICHEAL., 2-(HOCH,)-6-Me-naphtZ i O Rff#
E—H LT,

ARy RDD'H-NMR 227 kL& GC-MS &2l L =4 R, 4R
M1IEM/Z 172 (M: 16%), 154 M -OH; 13%), 129 (M -CHO; base peak) Td >
7. 'H-NMR® 7 #7 # £ 13, 6 2.5(3H;-CH,), 6 4.8(2H;-CH,-), 6
7.3-7.7(6H; aromatico) TH o7z, ZNHDERED ., Es2-(HOCH,)-6-Me-
naphEFETE/=. £72. EEM2(RR Yy "2)IZDVETH - =HPLC O IR F¥
FEIN2,6-(HOCH,), naph & —%t L 7=,

KRIT, BHEERHOME EITo7/-. £, RISERZ KT 8D D LKA
RCHEAY EHI2) IC L TR T F)LTHH L. P EEEEEMERD R
Wize RIZ. SEEETEEME OH3)ICL THI 21T o 72, GCOMTL 72/ER. tREFks
M8.8ICE— U MEN, TLC TIIRMAIZ0.75TH o7z TNZE M & Ed
HZEIZED6-AFIN-2-F 75 L > hINE B CLF. 6-Me-2-(COOH)-
naph) ERIETE /=, 22T, FHIEN S KISREAScheme 4—cliZxL 77,

a)

b)

CH,OH CH;

e R e |

| -Me-naph |-(HOCH,)-naph OH

CH, CH,OH
Rkt g S frse [ 200 ]

2-Me-naph 2-(HOCH,)-naph

%
H,C

2,6-Me,-naph

B. cereus

CH,OH CH,OH
B. cereus
H;C HOH,C

2-(HOCH,)-6-Me-naph 2,6-(HOCH,),-naph

B. cereus

COOH
H,C

2-(COOH)-6-Me-naph

Scheme 4 Oxidation of methylnaphthalenes by B. cereus.




3. RIEFGHPREICRIITEE

1-Me-naph. 2-Me-naph$ & *2,6-Me,~naph & 38 & L THWHEipH &
X TRIEEITS>EEZA, ETOREIZBNTPHS—9F TOBRNIL
WA TERELIENE R LT, —F. pH3BEL UL TRESKIGLAEN DT,

F7-. pH5—9IZ BT S RIGIE. BEMRRINRDOPHIZ8. 42 R L. HIKBH
OpHABEENEB N TN b LRI N,

HEHEEA LI TRIGET 2722 A, ETOHEHIIBV THEMZ AR
THIZONWIRKISEENKEES . Ll WRIIFRLZWEIEZES
Mmot-. -, FBREHEKEEME UGG, WENRHEN ST,

Emth OHEBELBLIBERIEET>REZA, TNENOEEIIDONT
NBEMIZREILEITOBREBENGELELEZ. $/2bb, 1-MenaphB XV
2-Me-naph T13720 umol/L. 2,6-Me,~naphTi3360 ¢ mol/L2M&IERE T
H o7z,

BERSREICE D RIEEITO /R ER TITRL I,

Table 7 Optimum oxidation conditions of methylnaphthalenes @

Products Yield / %

Reaction time
A

/ g-wet/L

Bacteria

Substrate
/ pwmol/L

pH Type of medium

Substrate

1-(HOCH,)-naph 16.0

24

30

760

Std. culture solution

7.0

1-Me-naph

24.8

2-(HOCH,)-naph

24

30

760

7.0  Std. culture solution

2-Me-naph

2-(HOCH,)-6-Me-naph 8.3

24

30

360

Std. culture solution

2,6-Me,-naph 9.0

l
=
w

I

8.6

2,6-(HOCH,),-naph

a )Into a 500 mL Sakaguchi-flask were added bacter ia]00 m Iof medium, and substrate dissolved in acetone. The reaction was carried out at
30 C for 48 h.



3.5 ERDEM
£ R D > bt 26-(HOCH,),naph . 2-(HOCH,)-6-Me-naph .
6-Me-2-(COOH)-naphidB&IZE R LR & L TRV,

3.5.1 2,6-(HOCH,),-naph ®&hk

1) 2,6-Naphthalene dicarboxylic acid (2.00 g) #K,CO, (3.20 g) & ki
DMSOG0 mL)H, iR TIHHRIEE®72, KWW T, CH,I(3.30 g)Z 12FF [
TR, 35CTRIEZIT 7. RIS, KTIOEIZHRL7ZD5 1 M HCIT
BEYElc L7000 A% > 10 mLT3EE L 7z, A#EZ0.1 MFAREES b
v LKA TIRE L. RWT., KTHREL. BKMES N LTHELE
%, BIEEEETHEIZATIVEEKRNERMNIZE SN (2.01 9.

2) MDD I ATIViEER (2.01 g) 250 mLOTHFIZANZ . LIAIH,0.81 g)
25 mLOTHF I EB7-D5, 300 TIZAT)VFEEEROTHFERIZ
Z. Kb TRIEZEIT> 7. BRI ZRLZIZH#E L. THFEZE AL 2%, 30 mL
DI—F)VT3EHMH L7, AHEBEEKHEET N DL THEL-E, BH
FRBRELCESN AR E 700NN LAERWTHEMRLLZ, T/ —)»
S EEEREITVL.2 gD2,6-(HOCH,),~naph 2fs 5 17z,

Mp :175-176C

Anal. Caled : C ; 76.57, H; 6.43. Found : C ; 76.59, H ; 6.45

MS :e/z 188M ;16.8%), 171(M-OH ; 3.4%), 157(M-CH,OH ; 10.8%),
141(M-CH,OH; 7.2%), 129(M-CH,OH X 2 ; base peak)

'H-NMR : 6 7.8 (4H, t, aromatic), 6 7.5 (2H, d,aromatic), § 4.9 (4H, s,
-CH,-), 6 1.6 (1H, s, -OH, D,0 L¥EiZ TE— 2 K

3.5.2 2-(HOCH,)-6-Me-naph®&pk

1) 2,6-Me,~naph(2.51 g) EN-7OEZ Y > >4 2 R(2.76 g & MUK #
(25.11 @IZVAREL ., 12-14BMIEEONICER L7z, 2%, KP THBZHH
SHWSIEAZEITVEEL 2. EIRIZHLZIM NaOHEKZMA20 mL D
PO LR FET IR L7z, AHEE BAME S N DA TERL %, AE
ZBELT.

2) T OEEOHEEER0.295 ) & AgNO,0.295 ) #90% 7 2 b > KA IZ
Mz, BIRT2KHERIGZIT> . MEZEALZOET7E N> Z2BEL. K
EMATCIO ML OIFI)IIT—F)LT3EHE L7z, AHREZEKTH S L BEKE
B U LTESREL, BE28EELE. AERE2IFINI—TII—AHI—
T (1:1; vol/voD) & 21 A4 IV 11 5 L(Kiesel gel 60, Merck) Z R W TH R L .

I% /=) TH#MT 5 E0.18 gd2-(HOCH,) 6-Me-naph”\15 51 /=,

MDD = §383-136°€

Anal. Caled : C;83.69, H; 7.02. Found : C ; 83.82, H; 7.10

MS :e/z 172 M ; base peak), 157 (M-CH, ; 4.1%), 155(M-OH ; 3.9%),
141(M-CH,OH ; 11.6%), 128(M-CH,, CH,®H : 8.3%), 115 (\M-CH,, C-CH,
OH;7.4%)

'H-NMR: 6 7.7 (3H, t, aromatic), 6 7.5 (1}, s, aromatic), 6 7.4 (1H, d,
aromatic), 6 7.3 (1H, d, aromatic), 6 4.8 (2H, s, -CH,~), 6 2.5 (3H, s,
-CH,), 6 1.9 (1H, s, ~OH; D,O ¥z T ¥ — 7 HE)

3.5.3 6-Me-2-(COOH)-naph® &k

2-(HOCH,)-6-Me-naph (350 mg) ® 7 & k > /AR IZ4 —SK N IT T
KMnO, (10 mg)/Kia&Z=MA . BRTRISEIT> 7. EtOHTELEIZ HfR L
2. MnO,ZEiEL 7=, 7t b THEMEKSRL. EREKZRKREZSDEIM
NaOHTHEEMIZL, 10mL O —7 )L C3@Et Lz, ZD%. 1M HCITHE
PHIZLU, 10mL O —F)LT3EMM L=, FNEFNOFERE % EKFGERES ~
DO LTEIRLIZ&, BEZ2ERL . BHEHEYORBSREREBEIFILE
DAT I A Z L Kiesel gel 60(MMerck) Z A W THH T 5 & 70 mg D
6-Me-2-(COOH)-naph”’¥ 1§ 5 17z,

Mb 1#3~185C

Anal, Caled : C; 77.20, H; 5.41. Found : C ; 77.20, H ; 5.60

MS : e/z 186 M ; base peak), 141 (M-COOH : 17.7%)

'H-NMR : 6 10.1 (1H, s, COOH), 6 8.3 (1H, s, aromatic), & 7.9 (2H, t,
aromatic), 6 7.8 (1H, d, aromatic), 6 7.3 (1H, s, aromatic), 6 7.1 (1H, d,
aromatic), 6 1.8 (3H, s, -CH.,)




FAE W

B. cereus ZRW, ISHIZAFINEZFHDOI-AFINFTHZL 2. 2-AF)LF

T BIO2,6-CAFINF T L ERICERE. LLTO#@EE.,

1) TRTHOEEIZCHBNWTB. cereus 13 B. brevis K0 HEWIUR & #BIRR %
LTz,

2) 'H-NMR ZRZ7 bl & GC-MS ZBIE L72#R. 1-AFINFT75L 2D
BALTIEI-E ROF I AFIN T 75 L O BRUEERKECHMMDERL .
2-AFNFT7HZL CORIETII2-E ROF L AFINFTI7I L OBLUFE
BRKEIEMMWER LTz 2,6-C AFIVF 75 L OB TIZ2-E FOoF
GC-AFINFTTIL . 2,6-ERE ROFIAFIIN G TIL >BRU6-A
FIN-2-F 75 L > HIIH BERERL .

o S i et 5. 2 S -

ES58E1 5| X
1) J.B. Davis, and R. L. Ravimond, Appl Microbiol., 9, 383, (1961).
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15, 857 (1967) .
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3 E7xZIVOEFHDORE
F1E #S

M4, E7z2)VITREMEORBEBRKE L TEREREO TWS, /2. Hl
HAZLOARRIIBITZ2MOREICBITS PCBRfEREOETIMEG &
LTRSS N TS, E7xZ)lid, MESHCHEEORERE L TH
LWHNTHD, XROECORIZELFKEZEBERICTREIN TS,

E7 2O EWE. HETE7I ko7 ke, P27z 7FF
SROF MU LD, BRIGREICEDFEONS, LNLBNS,
INSOHETLENERTHS2D, EETHEORVWE ROF I ET =
N OBUE S IEDORENKRD SN TS,

MAEMICELDE 7 I OBILIBZESCROBTIRIAS REZ->THD, HhED
D Absidia sp.” 134-E ROF L ET7 12 E44-P ROoF L ET =
NDOBRZEERT 578, FU< AED—ETHS Cunnighamella elegans® 13 ¥
A EL TA-E ROFoE T DI E44-C e ROF L ET DIV EER L.
AlEEL 2 E ROF L E72oN E3-E ROF L ET DI EART 5,
7. VI LBRMED Pseudomonas SG1043 #%?132-t Roxs E7xz o))
E3-bEROF L ET7ZIVEERT SH. Pseudomonas putidal3dE 7 = =
WZ&23-ebO0FET7xZI)VICEELL., C-1fi& C2 L DRARICE-T
2-E ROF26-FF/6-7 2N AFH-24-2 /T —MIKHFL., 5
ICREBERBICETHMTSYY, /5 LRME D Zoogloea remigera {3 7
SN ERITBRUERERT D EXE CRICKERN 1 BTN ALESL .
ZDO%. KEFEDAINBFIVEICEEI N, BREIZITZEIERREKICE
THMREN B,

TITIE. YILBHED B. brevis EB. cereus® D 7 x ZIWIZH T BB
fLisZztbEs L. X512, E7 IO LERMZ 78t RIEL. B2 E
2 BT ZINHIKEEILIED nTHEMEIZ DWW TRRET L 72,

F2E RE

2.1 BHBLUEER

RS #IT, WEREFEINSFHERZ10 mL OEHEREH 2 AN=30 mLO L FE&
ICHASETHEL. 30 COEBE T CI2RMIRG 215> 7=, £z, A&,
500 mL =7 T A JIZEEMERSH 100 mL & A &K | mlL 2 M1.Z2 30 COEiR
T 12 BFRIIRE00 r.p.m) Z1To 7.

2.2 E7IZINORRELITVERMDSH

AEE#E%K, #0508 (800X G 5min) THEKZGD, FWIRZE 20 1H L -1,
B BB L -, FOBRKRZS00mMLOKRIT T Z 23 £330 mLOD L FEIC
AN, E7 22 (Ph) (FIAEMESE TERDEHO Y £~ 2 iaikZ A, 30 Cotd
RAEH TIRE (00 r.p.m.) L RISZITS 7z,

A BBET 5720IZTLC () A5 )7L — K20 X 66mm, Kiesel gel
60 F256, Merck Co.) Z{HERIL 7. HE. k4. TRERY O ZE NFH
>100% T EMAL. UVEBHMTHEHN AR v b ORIMEZHIE L 7=,

R EERTAHEOIC - ERREICRNEZ SmLY 7Y 270, Bl
IF)L1mL T3EHEL THPLC THIE L7z, BRI~ MU=k
RV, 3: 7157 3ETISEIAELAE 72, BItKKIZ25AnmE L7z,

ST




F3E BRLEER

3.1 EZxZI/ILDOEME

TN SHBEI NN T ) 725, UYL 2 OKEELEFERMIZITO
7=28k B. cereus&EB. brevis ZRWTE 7 2 )L OEBILIE = RN/, @#E
EZENTIUEERM 10 mL 2 AN LEEICHEEL30 CTI2FEEEL /-
%, BEHPRENL.O mmol/L ER5E 72 -7 b BiRE ML, 24
B RUR 215 72, RUSHR10 mL%&2 mLOFfE T F )L T3EHH LHPLC TH
ixfrT>7=. TOHR. B cereus., B. brevis ODM@EKICY 7 = =)L DEE(LIE
PR SN,

MEAEDFEBOE 7 2 2K D BBEDENG6.673ABLUL3.67B) I4
YO E— MWD SNz, ERPMAIEMRD4,4-C L RoFET7 )
FIEME TEEOE) CLF. 4,4-(OH),~Ph,) DR FFRFE & —8 L 7=, F /-,
ERYIBIZA-E FOF 2 E 7 2 Z)) FOELME TEMOR) (AT, 4-(OH)-Ph,)
DIRFFRFRIC —F L 7=,

3.2 EZ7xZIOBEEHOLEE

EEMERZH 10 ml. & AN/ L FEIIB. cereus . B. brevis ZNFN Mz 30
CTHEZT-o -, 12KEE. BEthBENL.O0mmol/L &5 7 2)
~ 7 hNBERERML, S SIC24AMBIIKRE L TRIEEIT>72(%X 8), B.
cereus @ K Tld4-(OH)-Ph, % 6.4%4 i L. 4,4'-(OH),~Ph, #0.4% 4 i L
7ze —7Ji. B. brevis Ti34-(OH)-Ph,%&8.0%%m L. 4,4-(OH),-Ph,#0.8%
TR L. ZNS DR, B brevis 13 B. cereus& D @WIREERL =, L=
M>T. E7zZIVORINIZIEB. brevis =AW=,

Table 8 Oxidation of biphenyl by B. brevis and B. cereus »

_ Yield / %
Bacteria
4-(OH)-Ph, 4,4'-(OH),-Ph,
B. brevis 8.0 0.8
B. cereus 6.4 0.4

a) After 24-h incubation, 100 1 mol/L of biphenyl dissolved in acetone were

added into a 30 mL L-shaped test tube containing 10 mL of culture solution.
The reaction was carried out at 30°C for 24h.

_50_

3.3 E7xZIDBEILERMOSEE L S

A% HAZEOOBTEALBBEKT2EEFL 30gwet/LERD
EOICEMHEEMICHBE L /-, TOBREK 100 mL Z500 mLOHKR O 7 7 A1
IZANS00 MmOl E 7z 2L —7 & b LAk E MA . TDH%. 30 COIEIR
M T2AR RIS 21T 77, & DRIEZE FFFIZS0 41TV 241 %, ROSHR100
mLIZA L2 mL O ITFINT—F)L T2 L. itk s BKMEES Y
ATRIAK, IT—FIEBELE RESEOQMI—TIIICHERIEZ, K
1. 2 B4 )L Kiesel gel 60, Merck Co.) ZHNE 14dmm D AT L IZ@ES
200mm £THEL, BERIZAMI—TINTROAER, alz—T7 )T —7T
NEREGLEMNS T—FT )L OEE& %50 % £THRLZIZECL, HREKZTIRL,
A EE L) AN T L— MRS T mm)ZE WIS R ENFT S 1 T—
TI)L =60 :40 TREHRAL 7=,

TLCIZC TR LR, AR v b1 (Rf,0.12)i34,4-(OH),~Ph, DO Rffili & —%¢
L7, ZHw K2 (Rf,0.33)i34-(OH)-Ph,OR{fll & —F L 7=,

HED 'TI-NMR AR 27 k)L E GC-MS OREIE@IZ. 5 DfEsmE—B L.
Z #w F1134,4-(OH),~Ph,. Z £ v +2134-OH-Ph, & A ET&E~”
(Scheme 5).

-, BURHETICBTHE TIZERDIIRE S NN > T

X517, MAROEEEERT S0, 7)) 5mL ZEfE T F )L 1 mL
T 6 B L. HPLC THBEIFILAEEMMNIZ NI EE2HRBL 2%, RERZE
SENZ. 80°CT 1 BEEImMAAL 7=, Z D%, BT F)LTHIHL ., T oMtk
Z HPLC TH#il7m. TOE. EROFIE 7z ZISERITEDS N80 -
1%

OH + H()</;><\i>‘ OH

4-(OH)-Ph, 4.4'-(OH),-Ph,

Scheme 5 Oxidation of biphenyl by B. brevis.
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3.4 E7ZIELUVERMMNB. brevis DIBMBICKRIZTEZE

REAELE 10 mL, ATESEHR0. 1 mL. EiHiAiBEA0.1 —0.4 mmol/L&7s 5
Jx = @=(OF)-Ph. 4,4"(0}'1)3—Ph27&%3’l%‘\3’17ﬁ iz, 30
MmLOLFEIIMmMA, 30 CoOHiEfEh TIR& L 7=, £/=. K& 660 nm T3053
TV W A 2 B L 7=

BV Z VSR E & R X 72 - 7= (K 7-a). 4-(OH)-Ph, |3 ¥ 5 H & H354
0.1 mmol/L THEMHMZ L. 0.4 mmol/LTEEICHEMERZEL /= (X
7. EFF. A4-OH),-Phd 53 MR % 2 5 U72(14 7-0)0 ZH 5 DR 20T

L0, AOI-PhBOSEPICEM I ND T EICKDEKICHEENELC D Z
EINTRIENTZ,
1.5 |
p B
an
20T - am® " JooO
. S a o©O
[
o i ] O O
-g . O O O0og 0
1.5 | < o O O g
BII - O n
= [ B 0.5 | 0
o u @) o J
3 1.0 F | - 8 6 5
: -66 i!!""““.‘....
£ 0 ; ] % 1 . 1 f W |
< 8 0 2 4 6 8
ne
0.5 | O Incubation time/ h
o
6 Fig. 7-b Effects of the concentration of 4-hydroxybiphenyl
Oﬁ g " I . ! i ! . | on the growth of B. brevis.
0 2 4 6 8

Into a 30 mL L-shaped test tube were added 10 mL of a standard culture
Incubation time / h solution, 0.1 mL pre-cultured solution, and 4-hydroxybiphenyl dissolved
in acetone. The incubation was carried out by slow shaking.

| o . ) ) ) B Brank, O: 0.1 mmol/L, : 0.2 mmol/L, @: 0.4 mmol/L. ;
Fig. 7- a Effects of the concentration of biphenyl on the growth ,
of B. brevis. z

Into a 30 mL L-shaped test tube were added 10 mL of a standard culture 2

solution, 0.1 mL pre-cultured solution, and biphenyl dissolved in acetone.

The incubation was carried out by slow shaking. :

B Brank. O: 0.1 mmol/L, (J: 0.2 mmol/L, @: 0.4 mmol/L. %

:g;

E - —53— §




3.5 REFHDVREICRIITEE

3.5.1 RERENPRFBICRIITEE

LFEICEEMESEM 10 mL, B#ABENS00 t mol/LLERBE 7 =) -7
+ b BEHR. 30 g~wet /LETRDEARZE N Z20—35C T4 G 2175 1= 45
REMK8IZR LT,

TOFERED. 20-30CTEWIEHRZRLAZA, 35C TIHIEM A MmIZ K T
L 4,4~(OH),~Ph, MR E N sh o7z, £/-. 35CTIR, E7x IR

201 MR 5Nz,
S+ [ ]
|
R u ~
: LY Qe 30
g n " ® '
° 10f o §
% | Q
£ 3
< Ce
B O
S
0.5 - O e i
o =
. :
nat* -
0 " | 1 1 2 1
0 2 4 6 8
Incubation time/ h
Fig. 7- ¢ Effects of the concentration of 4,4'-dihydroxybiphenyl - o C g .
on the growth of B. brevis. 0 107 ; 20 30 40 50
Into a 30 mL L-shaped test tube were added 10 mL of a standard culture Reaction time /h
solution, 0.1 mL pre-cultured solution, and 4,4'-dihydroxybiphenyl dissolved
in acetone. The incubation was carried out slow shaking. ) S— )
B Bt 'C Ol | el sbded.? fmoll. @ 0.4 mmoll. Fig. 8 Effects of temperature on the oxidation of biphenyl.

Into a 30mL L-shaped test tube were added 10 mL of a standard culture
solution, 30 g-wet/L of bacteria solution and 500 £t mol/L of biphenyl

dissolved in acetone.
A: Yield of 4-(OH)-Ph, at 20 C, A: yield of 4,4'-(OH),-Ph; at 20 {9

B yield of 4-(OH)-Ph, at25 °C, [J: yield of 4,4'-(OH),-Ph, at 25 53
@: yield of 4-(OH)-Ph, at 30 °C, O: yield of 4,4'-(OH),-Ph; at 30 C,
@ yield of 4-(OH)-Ph, at 35 C, O: yield of 4,4'-(OH),-Ph, at 35°C.
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3.5.2 54 pH BDRE(CRITTEE 3.53 BHRENREICRIITEES

30 mLOLFZICHEBES L OKEELFT ) D AZB W PHS —11 IZFAEL 12482 S00mMLDIRIT 7 T 2T, EMEEMICHL 1/10 —2 (ZOBEIZRHEL -~
W10 mL. EHAIBEAS00 umol/LERBDE 7z ZI)L—7 kU IEIR. HESn S - 3R K100 mL . KEHBEAS00 nmol/LERRBE T T =l
30 g-wet/LERDEERAEMZ30 CT24RIRE L RN ZEITHo R ZK 9 12 =7t bR 30 g-wet/LERDEERZEMZI0 CTHESE L KIEEfr- 709
KT o 10)
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Fig. 9 Effects of pH on the oxidation of biphenyl.

Into a 30mL L-shaped test tube were added 10 mL of a standard culture
solution, 30 g-wet/L of bacteria, and 500 1 mol/L of biphenyl dissolved

in acetone. The reaction was carried out at 30 °C for 24 h.
@®: Yield of 4-(OH)-Ph,, O: yield of 4,4'-(OH),-Ph,.

.

10

Yield / %

10 20 30 0 50

Reaction time /h

Fig. 10 Eftects of culture solution on the oxidation of biphenyl
at 30 C.

Into a 500 mL Sakaguchi-flask were added 250 mL of medium, 30 g-wet/L
of bacteria, and 500 ¢ mol/L of biphenyl dissolved in acetone.
A Yield of 4-(OH)-Ph, in culture solution,

A yield of 4,4'-(OH),-Ph, in culture solution,
@ yield of 4-(OH)-Ph, in 2-fold dilution,

O: yield of 4,4-(OH),-Ph, in 2-fold dilution,
B yield of 4-(OH)-Ph, in 10-fold dilution,

[]: yield of 4-(OH)-Ph, in 2-fold concentration,
@: yield of 4-(OH)-Ph, in saline.
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TNSOEERELD. 4-(OH)-Ph,&4,4-(OH),-Ph, Ol E ZHRbE R LIZD

ITEFREMZRWZBETH oz, £, BHEFHRT 12 ON TRRIZE
FLZ., 2, BEHBEMETT 21200, ERYOBRNEENTRNEERIC
BMEr A EHEBINE, I0EFREMEVCEEREK TR
4,4~(OH),~Ph,I3ER TN T4-(OH)-Ph, DA AR L 7=, W 1% 21517
L= AIB 0 TH4,4-(0OH),~Ph, i34 L X 1134-(OH)-Ph, DR H A L
oo ZAUL. KR EMEREOBEONELC LD EEZ SN,

3.5.4 REIMENNEICRIITE

500 MLOK I 7 5 A AW EHERS #1100 mL. 85 IR E /250 — 1000 1
mol/LL& B E 72 —7 & b iRk, 30 g-wet/LERSEARZMAZ0 T
T2ARGIRE L RIG 2T 72 (£ 9). ZOfRBELD. REARMEZHEL I ES
IO RIZEINT % H4-(OD-Ph, D AR BIZED L. 2D & & DHK
BICH L - EDQORHEMHEEN DD SN,

Table 9 Effects of concentration of biphenyl on the yield of

hydroxybiphenyls
Yield / %
Conc. of Ph, / p#mol/L
4-(OH)-Ph, 4,4'-(OH),-Ph,
25() 10.4 1.10
500 6.5 0.62
1000 4.8 0.43

a) Intoa 500 mL Sakaguchi-flask were added 100 mL of a standard culture
solution, 30 g-wet/L of bacteria, and biphenyl dissolved in acetone. The
reaction was carried out at 30 ‘C for 48h.

3.5.5 HUEBOIREFCRIITEE

500 mLDKRM 7 5 A JITHMEBHE/KIO0 mL. 55 F 8% /3500 1« mol/L&
BAHET I -7 N BER. 14—112 g-wet/LERBSEKRENMZ 30 °CT
ASFEIIREE L RIS & 1T 72(% 10),

BARBEZHEMIE2CONERGBINL 220, WEEN56 g-wet /L i
A% &, 4-(OH)-Ph,ONREMIIFL L. ZOZELD, ET7x V2 H
BIZAWEBEIZBWTS, T 75 L CBIEEFRRRICERY D —E BT
D EIZEKDIRZERFIEIFIL 7=,

Ko, KERIZBWTHEMIIAHEAEKEHW-ZZ SICLD, EUER Hh # fi
W25 G EANER OV RIS ENE N, ERROBINNIC ST DIRD 1
meBEGIINEmo7,

Table 10 Effects of the amount of bacteria on the oxidation of
biphenyl @

Amount of bacteria/ g-wet/L  Yield of 4-hydroxybiphenyl / %

14 852
28 6.4
56 10.8
12 8.6

a) Into a 500 mL Sakaguchi-flask were added 100 mL of saline, bacteria, and
500 1 mol/L of biphenyl dissolved in acetone. The reaction was carried out

at 30 °C for 48h.
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3.6 EZ7IZIORGERDKR

500 MLOSK T 7 A D7 EEREEE# 100 ML E 72 134 K100 mL, 55t
AN 100 1 mol/L & 72 54-(OH)-Ph, B & 04,4-(OH),~Ph, &7t k >A
. 32 g-wet/LETDHRZMNA30 CTASH RS L KIS ZEIT->7=(F 11),

EEAERT N B TAA—OHD),-Ph,Z HE & L TRV G, ERIIRiE S
Nxm-rfe TS0 4(OH)-Ph,MHET7 2. 44-(OH),-Ph,,» 5
1-(OH)-Ph . ANDOW K ISIZBd SN ->7=. L7z T, 4,4-(OH),~Ph,®
kit E7 2 2V X0 ERE N 4-(OHD)-Ph, DFEREEILIZE > T
HBRL7HDOTH 7=,

F. EMARKUKTIZ, 4-(OH)-Ph,Z 18 & L THW=554,4-(OH),~-Ph,
G TR A WA SS/AY A

Table I'l Metabolism of 4-hydroxybiphenyl and 4.4'-dihydroxybiphenyl
by B. brevis @

Yield / %

Type of medium Substrate 4-(OH)-Ph, 4.4-(OH),-Ph, Ph
. -Fhy, 4.4 2~ 2
4-(OH)-Ph, e 6.1 0

Standard culture
solution 4.,4'-(OH ),-Ph, 0 g 0
4-(OH)-Ph, —== 0 0

Saline

44-(OH),-Ph, 0 = 0

a) Into a 500 ml. Sakaguchi-flask were added 100 mL of medium, 30 g-wet/L of
bacteria, and substrate dissolved in acetone. The reaction was carried out at 30 ‘C

for 48h.

3.7 EJIZINOBERRVPERBRICRIZITEE

B B L OEBRREEKZE AW THEKEBEI ge-wet/LERD LS ICHE
L7ZBERKRIOMLZ LFEIZAN., 2212500 umol/LERBE T =) -7
T hIBREMA Tz, —EREBIZS LD 71 240, 10,000 ZI2F
MLZBDZES) t LT OFERBEREMICEE, 05— TOLAIRERD
JiVF, 35 CTI2 et & OO — %A HIL, 512, a>ho—)L &
LTETZZZIEMA TWRWESIZOWTHREEEIZITWB. brevis O i X% %
KH7=(£12),

CORRED, @R & AR R KES O i 512 350 THE A ISR AR
BT 2IZONEAD L. EHBEKOSNHDEENKTHH72, IHIZ, ETx
ZIVEEFTIZZEOMEN AR R LTz, E7 2 ZI)LIZHERORMIENESRITE A
ERERM oI ELD, ARBOBALRIEICAERYMOBERICL LD TH S
EEAON, £ AEBEKPTERE 7 DI EMATOARENEEIZEBN
TOHEBBITI2 BRI KISICHEAD Lz, ZORELD, ShRMIcE 7oL
DRIGEITOIHEIZIE, BHHICRKESNLETH > -,

Table 12 Number of living cells under the various conditions

Number of living bacteria/ 10 ° cell/mL

g standard culture solution saline
Time /h
Control @ Ph, ® Control Ph, ®
0 8.89 5.18 8.11 7.29
I2 5.05 2.78 1.23 1.93
24 6.26 1.56 1.29 3 3L7
48 4.36 0.69 1.09 0.25

a) Into a 30 mL L-shaped test tube containing 10 mL of medium were added
bacteria. The incubation was carried out at 30°C.

b) Intoa 30 mL L-shaped test tube containing 10 mL of medium were added
bacteria, S00 £« mol/L of biphenyl dissolved in acetone. The incubation was

carried out at 30°C.
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Table 14 Relative activity for the oxidation of naphthalene in the presence of metal ions®

Relative activity

Metal 10ns Conc. of metal ions
etal 10ns

I0mg/L 50 mg/ L 100 mg / L
Na, (O, 1.00 1.01 0.98
MeSO, - 7H,0 .16 1.05 1.10
CaCl, 2H,0 .14 1.08 1.03
Ti,(SO,); - 8H,0 1.13 1.21 ks
CrCly - 6H,0 1.00 0.68 0.34
MnSQO, - 6H,0 0.85 0.34 0.28
FeSO, - 7TH,0O .15 1.03 1.06
CoSO, - TH,0 0.41 0.29 0.31
NiSO, - 6H,0 0.84 0.92 0.81
CuSO, - 5H,0 0.77 0.00 0.00
ZnSO, - TH,0 1.04 0.65 0.55
SrCl, - 6H,0O s 0.92 0.81
SnCl, - 2H,0 1.02 0.66 0.68

a) Into a 30 mL L-shaped test tube were added 10 mL of distilled water, 10 g-wet/L of bacteria, and
720 4 mol/L. of naphthalene dissolved in acetone. The reaction was carried out at 30C for24h.

b)

)

Table 15 Effects of pentobarbital on the growth of B. cereus “and yield of 1-naphthol

Yield of 1-naphthol / %

Yield of bacteria / g-wet

Conc. of pentobarbital / mg/L

16.8

S

19.4

2.2

12.5

15.5

29

25

18.7

3.6

50

a) Incubation of bacteria was carried out in a 500 mL Sakaguchi-flask by the addition of 150 mL of a standard

culture solution, 1 mL of pre-incubated bacteria, and pentobarbital at 30°C for 48 h.
b) Into a 500 mL Sakaguchi-flask were added centrifuged bacteria, 100 mL of distilled water, and 720 ¢ mol/L

of naphthalene dissolved in acetone. The reaction was carried out at 30°C for 24 h.
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Fig. 11 Oxidation of naphthalene with recovered bacteria
immobilized in K -carrageenan.

Into a SO0 mL Sakaguchi-flask were added 100mL of 10-fold diluted nutrient,
immobilized bacteria (2.4 g in 20 mL K -carrageenan solution), and 720 ¢ mol/L

of naphthalene dissolved in acetone. The reaction was carried out at 30 C for
15 h.
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3.1 9-7IALV/ VDER

{-HErh o o HEE X ANy 7)) T25kkd. 7Y L 2 DB Z ERIITR
L7 28k B. cereus® B. brevis #WV9-7 )AL/ LIZDWTHEEZ AN,
Tk Z N E USRI 0 mMLEAN L FEICMA30 C . 12855 EL .
BB REEAS ] mmol/L &7 %9-7 VAL /o= Tt b riEikE IRML. 24
SR AT - 7= FUSHE10 mLZE2 mLOBEEE T F )L T3l LHPLC TSy
WAt o5, TR, B. cereus. B.brevis DlEHRIZ-TNF L/ D
TSR ST, BiERE B12.5IERYOE— BN, RmdD9-T )b
* L ) — )b ERFERFEN—B L 7z,

3.2 9-7)AVL/ ORTEHDLLEER

30 MLOLEE T EEHERE 10 mL, B2 1.1 mmol/L E/125RHT
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BT HERT1.6%, INHR35.0% & 187, —4. B. brevis [324K5 %124 R%
56.8%. INER34.1%IZEL . B. cereus ICHNZBIRENGE N> 72, T T,
SEBINKDE B, brevis ZRW9-7 )AL ) D DORISEITS 72,

_«76__

Table 17 Reduction of 9-fluorenone by B. brevis and B. cereus ®

Conv. of 9-fluorenone  Select. of 9-fluorenol Yield of 9-fluorenol

Bacteria

! % ! % ! %
B. cereus 71.6 48.8 35.0
B. brevis 56.8 60.0 34.1

a) Into a 30 mL L-shaped test tube were added 10 mL of a standard culture solution, 20
g-wet/L of bacteria, and 1.1 mmol/L of 9-fluorenone dissolved in acetone. The reaction

was carried out at 30 °C for 24h.

3.3 9-IAV/VDETRICELDERMDOEE L 51

AKIGE%K., B brevis #Z R 00 THER CBA KT 2K ELEE. 20
g-wet/LEIZRADEDITEEZMICHBEL -, TOBE K200 MLEAE
500 mMLOKRAO 7 T A TIZAN2.2mmolDI-TIVAL /) > —T7 & b @ik
AZlze TDH%, 30 COHEIRIE D T2ARHIRISEIT 5 /2o BUSKE 7. BIRNIK
100 mLIZX L20 mL @ T—7 )L T3EHMHI L. filitii&z BoKaifE > N ) AT
ik, T—F)NVERBELER. BRae~FdY Iumpsti, R, 2 OAY
)l (Kiesel gel 60, Merck®) 2N 14mm ® A I L IZ&S 200 mm £TH
L, AFH 1008 TH L7038 T 74 —B{TWERY Z BB L /-,
H B IZGC-MS, 'H-NMR 2 X% b )L, THIEZ#{T-o7/. MSm/z: 182
(100) (M)*, 181 (92) (M-H)', 165 (17) (M-OH)', 152 (45) (M-CH-OH) T& -
7= 'H-NMR(400MHz,CDCL) ® % #7 #% £ 1%, 6 5.61 (1H;-OH), 6 5.59
(1H;-CH-), 6 7.64-7.67 (8H; aromatic) Td > 7=,

CNSDFERED., EBMIZS-T7IN AL /=) ERIE SN,




3.4 RIGEUPREICRIZTEE

3.4.1 BREASMEBIRECRIITHEE

30 mMLO La th iz B 10 mL, 55 P & A70.55— 5.5 mmol/L &7
29-T )AL /=T ¥ kR Bt iEE20 e-wet /L 72D WA ZE N
230 CT12WfHR % X B G %{T - 72(& 18),

HRIRIE A M & 8212 DAUURIZEML . 5 i IBEA10.55 mmol/L.
| | mmol/L. TZ=HZN. 82.5. 75.0%DWE#F/=, —%. 5.5mmol/LT
12N 15.6% 1K<, EREIC L —EORENHBRENRD 5N,

Table 18 Effects of the concentration of 9-fluorenone on the yield of

9-fluorenol »
Conc. of 9-fluorenone / mmol/L Yield of 9-fluorenol / %
0.55 82.5
_ 1.1 75.0
y1 2 26.9
| 5.5 15.6

R

20 g-wet/L. of bacteria, and 9-fluorenone dissolved in acetone. The reaction was
carried out at 30 °C for 24h.

a) Intoa 30 mL L-shaped test tube were added 10 mL of a standard culture solution,

3.2 RIEFHARMVI-TIAL/ - IVRKRIZRIFTEES

B. brevis i3, WX N, TROEEIEFHAKTI- 7 AL /> OBTiEE &
L7z, ZZTld, BEIEFHKRTHAICHEOLS TINR0% #1957, £ 2T, K4
12 AFHR[GRLE FTRIGEITOWINRIZ KT TEE LT,

AG A AAERMEIERROH), KFEHZA, ERHTRAFHFEEROE), &
(LRFEA A BRI AT FEEBOEFHKIT. TNTN30mMLOLFEIC
FRUERE M 10 mL, BEHAIBEAY.l mmol/LL &7259-7 LA L /> - T k>
Bk, 20 g~wet/LETR D FERZE N Z30 CT24MMIIRE L KIS 21TV, R
ERIIBITSRINE B L 2(E 19).

TORER, AF . KFE, BRI AFHG T TORISIETI—92% & & WI#R
ERLUIZ. —H. ZBRtikFR, BEHNAOFHK FTIE. TN EFNI16.6%.
5.4% EWAERNMEMN > Tz, UL, KRBT R XS5 ib OpHOE R, B #iC
L 2B CRISDEENHR TN,

Table 19 Reduction of 9-fluorenone under various atmosphere @

Atmosphere Yield of 9-fluorenol / %
Alr 50.0
CHa4 92.3
H2 88.6
N2 78.8
CO2 16.6
02 5.4

a) Into a 30 mL L-shaped test tube were added 10 mL of a standard culture
solution, 20 g-wet/L of bacteria, and 1. mmol/L of 9-fluorenone dissol ved
in acetone. The reaction was carried out at 30 “C for 24h.
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3.43 A9 UHAFEIDPREICRIITEE
HAFHAEMA TG EIT 272 ETA. AT AANRbEWNEE 5 2
7o T2 T, AYCHAFHKATBLIWAR FIZBIT 5 RICOBREE(LZ th#g
el

30 MLOLFEIZEEESEM 10 mL, BB ENNL. 1 mmol/L&E7859-7 )L F
L /> =7t kiR, 20 g-wet/LERASEKRZE N Z30 C T24RRIIRE L K
NEfr oz, TORR, 12K#%. @K TICHBIT D@ ORI RTS% &R L
Feis, AY CHEEK N TORISITREITBIEL., SWI-TI)IVF L/ — VIR
NPy

3.4.4 EBpHSNEICRIZTEE

Ay HAFEMIAF, 30 mMLOLFEICEBEROKELST N D LKBKE
VpH2 — 1312388 U /- R 10 mILIZ, 85t hiBE AN .1 mmol/L&7e 5
9-7 )AL /> —T kAR, 20 g-wet/LERSHEKRZE INZ 30 C TL2MEH
WRLKISEITS> . FOWE, -7 AL / > ORITIIpHT -8 THE W IR
1477, pH2R U pHI3TIERISEL 2> 7,

3.5 B.brevis EtBEBEDNDI -TINAL/ VICHTEIEAMDOLEK

WM LA OBICKISIBEREN - RWICHWShTWS, Z
ZTld. INCBERFBY) EB. brevis O RS Z LLE L 7z,

ALY HAFHAT, £HI3EK F T30 MLOLFEICEMESZE 10 mL. 15
BB EA. I mmol/LLERA9-7 AL /) > —TF7 kAR, 20 g-wet/L
L7125 B. brevis . £771320 g-dry/L 72 5BY(HEEB K &) ZMZ 30 CT
2ANFMIR % LU RIS 21T -5 7-(4 12), BYIZ, REZRMT 5 EICLDRED
WA EN S-S, T2 TIHI0 mLOKEEAIZ0.2 gD REZIRM L K
It B Ao WA

ZORER, AYCHAFHRFIZHBWT, BYIINEMHINERL2.7% & 157,

— . B. brevis {3 RT1.2%IZFEL, I 512, BYIZ24FMH%IZ IR A I
IZET HDIZxt L. B. brevis 131 2sfE 1%, 83FNIZEL 72,

I IZTIE. EIRARERETB. brevis N BYD10D1ILAFODETH HIZH 00
HHT. RIGZEERS EFTSHETIESENKTH > 7=,

X2, BYIZBWTH AT D HZAFHR FTIE. BRHP D RINIZ ARG 3
<HEfTLT=

100 -

Yield of 9-fluorenol / %
W
)

1 L 1

0 10 20

Reaction time / h

Fig. 12 Reduction of 9-fluorenone to 9-fluorenol by baker's yeast
and B. brevis.

Into a 30 mL L-shaped test tube were added 10 mL of a standard culture solution,

I.Immol/L of 9-fluorenone dissolved in acetone, and microorganisms.
A : 20 g-dry/L of BY under CH, atomspher,

A: 20 g-dry/L of BY under air atomspher,
@: 20 g-wet/L of B. brevis under CH, atomspher.
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3.6 9-TNAV/VORKIZEITSB. brevis BERDRE

B. brevis i3 A% > A AFAK P TNRRS-T7)N AL /> &&LL. 9-7)
FL /= IVEER LIz, £z, BIEFEK . 2EAEEK]FT-7)0A L / —
WEREE LGS, 24ARRIRICIZERET6.4% . INE64.9%T-7)I AL /
CEAERL SWEEIEEZ R L7Z(Scheme 6) ZDZ ELDEBERRIIAF IR
L0 —EDIFENRBEI Nz, £/2. r- K. s-KDOLN1: 1D1-Tt&F
77/ =)vE, 12 (£72132 1) OEETIUKRKBIEILZTW, 1-7tF
75 /) > EER L 7= (Scheme 7).

—_— \\
B. brevis U P
O

H OH
O-fluorenone O-fluorenol

Scheme 6 Reduction of 9-fluorenone by B. brevis.

OH o) OH
74
et 1 “
Sy 3w
B. brevis /

I -acenaphthenol 1-acenaphthenon 1-acenaphthenol

(R/S=1) (R/S or S/R=2)

Scheme 7 Oxidation of 1-acenaphthenol by B. brevis.

EAED W

B. brevis # AW9-7 )AL / D ORIGERHEZERFTL. LT O Z1S72,

D 9-7)IAL /> E&ETL. 9-7)NFL /= EERLTE. £, 9-7
WAL /= IVEEEL., -7 AL /) > EERL Tz

2) -7 AL /) >ORBITKRIGE. AT HAFHRK F TRIGTE WK ZE
157,

3) B.brevisid. A% HAFHKI N CTEEALD bEWETIEEZ/RL I,

4) 1-7tF+ 77 /=)L OSNIKX G EfT > 7,
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Scheme 8 Schematic diagram of an extraction apparatus for products.

OF Adsorption column, @ : separation tube, (3 : membrance tube, @ : reaction solution, ® : water, ®, : waste fluid, and ®: pump.
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AMATIZ. NITUT7OATH5ERMERICER L. RHOZRHE FTEE2) DER
MERSRIBZEITS 2 EZ2HMNEL T, ARABKODEER KUHEERRIKILEY DR
7RIS GO RRET 21T 5 72,
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b3 &0 LB U /- Bacillus cereus 3 & WX Bacillus brevis 783 7 4 | > Z 2RI BE 1L
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DEEZET, RBCRGEERG L. 75 L >ORISTIE. 1-F7 b=, 2-F
T h=ILEER L. FTOEMLEIZ : 6 TH -7z,
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ERENZERT 21-F 7 b= ZUEREL NS RIS Z EDNRE @ H /-, /-,
HADEENZITV., k- A FF—F EEMZRNRLZNS RIGZHEDIRL, 10M@
FEI0O%D]I—F 7 h— VIR ER DI ENTE .,

F2E W 1E I, Bacillus brevis RV, 9-7)L AL /) OB LREOREGE{To -,
A% I AFHKAFICHBWTI2ERER, INERI7.3%TI-7I)IVF L /=) Z2ERL T,

F2ETIE, SHEEZFA LB RBEZRARL 2.
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