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WFZER - OMEEE (JE30) : The structure and function of thermophilic enzymes related to
C-S bond formation and cleavage of naturally occuring important cyclic compounds were
studied for the first time. Targeted enzymes are KAPA synthase (BioF), which is involved
in the first step of biotin (vitamin H) synthetic pathway, as the model enzyme related
to C-S bond formation pathway, and dibenzothiophene (DBT) monooxigenase (BdsC), which
is involoved in the first and second steps of DBT, an air pollutant contained in petroleum,
as the model enzyme related to C—S bond cleavage pathway. As for the former enzyme, the
temperature properties and substrate specificities were significantly superior to those
of known mesophilic organisms. As for the latter enzyme, a useful new reaction was found
in terms of application.

TR TERA
(BEHHAL - 1)
B B LIEESES ¢ =i

200 9 1, 600, 000 430, 000 2,080, 000
201 0% 1, 100, 000 330, 000 1, 430, 000
201 148 1, 100, 000 330, 000 1, 430, 000

FIE

FHEE
it 3, 800, 000 1, 140, 000 4,940, 000

WFFEsy e - Bt

FHFE D3R - fE - B e - ISAEAED T
F—U— NGBS FRWERER  BRIREMARILEY AT UAERHKREER U
U F AT = Bk R



1. WFEBAsE S WD 5
HRFUZFET 2RO EHILEY  (HFE
BELAM) ITIZ, BAF Y (BEX 2 1),
FTIV(EXIBL) REDEH I R
=YV T aRARY v FFRTTF o
F—=VL AR, FANLTF U EOHEY
BIoRFESNDEE R ABIEEDE N X <
HHNTWDENR, ENHET TR, Al -
LIRICEEND IRV F 47 = (DBT)
T A7 = VIR S D HEBR EEER
Bi5YmE 7 E v ¥ T onb,
COXHICHARRICBW TEHERERZ
BT H2ERBMANED D20 ZEGTE
THIZH DL T, ZTORFE—HE (C-S)
F (1) OAERRCREEESE (BioW, BioF,

O
1

C
HN/‘\NH

\ /
CH-CH

HZC\S _CH(CH,),COOH

X1 v4F

LIS

X2 v_oYFA47 = (DBT)

BioA, ,BioD, BioB) %, 7= C-S fE& D
WG EDLHHFR R ELTOETLELT
IRV FFT7 o (DBT, M 2) BilkfeHHR
DOEEFESH (DszC, DszA, DszB) # & 0 HiF7-
D3 DTS BRI A W H SR O G B I
FIZOWNWTOREE L EEEICOVWTIEAE T
L HENR Do T2,

2. WO HBY

BRI AFET DR R LA D RFE—
fiids (C-S) F&EAB DRSS E L OBIREG I
B O —HOREFEHORER & LT, /iEic
DU TR AFEE A8 D C-ShE G T Rk B o
BER L LTOEAF U EARREEE (Bio
FERE) . RIS ER2BR M I s % il i3 2 BioF %
FIZHONWT, BEUOBEHFICOWTIET XY
F A7 = (DBT) Wil A:4 D C-SkE G DB
SRS B E OBEFE R & L CODBT LA HR
B (Dsz, BdsEESEJH) @9 HOEEFE, FFiC
1B PSS % filtt 5~ 5 BdsCRESR I DWW T E
DO & BEREFRNT 21T 2, TOMFTIZ L - T

Frk, ARR CEHE LR Z2HT A MR
WaET LS OMEM R & D
JSHIHIBEFEIC T 5 FaAT — & D flk & Bl
DSz Ay E Lz,

3. WHEDTTIE

(1) BFELFEE R B4 F G RIS
3% BioF OHUfF

NH,
Hac)YOH CDA-SMOH
o} + o} o
L-Alanine Pimeloyl-CoA
Pyridoxal
phosphate
(PLP) CoA-SH + CO,
NH,
H3C OH
o} o}
7-Keto-8-aminopelargonic acid (KAPA)
3 KAPA Grkl## (BioF) Ui

TR Aquifex aeolicus VF5,
Symbiobacterium thermophilum 1AM1486,
Thermosynechococcus elongatus BP—1,
Clostridium thermocellum ATCC2740,
Geobacillus kaustophilus JCM12893 D&/
FT =2 X=X KIGW bioF i&fr1BlA
EFHFEPEDE WA T Z PCRICE > T/ m—
=7 L, RKIBE CEREIRIEL, b0
bioF LHEE SN B FEZLU FTIXENE
2L TTHA1582 gene, AgbioF, CltbioF, GkbioF,
SytbioF X EchioF &%, ZhbHDi#
BFZ2RKGEIEA L ORI TFED S
NI B @RS, ZO®RSHED T L%
ATz bDH VX B3 _TH—C
R L CARRFFRIC AV T2,

(2) BioF E#ZR UGS OMRIE L

BioF B#5% (KAPA G pkl%3R) DORUSEX 11
7, BioF B23% (KAPA A pklEE) OHIEIX
F & LT 3 IR R PO & F5E OWRE T
1 b7 o TH L 5 UGS RRIKAPAD & %
Saccharmyces cerevisiaeZ F2 4N
HIE BVEIC Ko CTHIE L7z, BERHAL 1 unit
B E SNBSS FT 1 onmol KAPAZ /R
REEoEERELE Lie, £BEE LTS
TRt acyl-CoAn» B A9 5 CoASHA El Iman
FAGKDTINB & St & # Tthiophenolate M
FAZEE D 412nmiZ 31T 2 WO EE Db &
60°C, 1 min#f5e sy e AL K- THIE L
£ 4 = 13,600 M cm 2 F-S U TCoASHD A
R = S A AR A E LT,

(3) DBT &/ AF 7 F—1E (BszC) DO
1+



ff- 20 DBT Wil Bacillus subtilis
WU-S2B @ DBT & / A& %7 F—F¥ (BszC) i&
{51 bdsC % KIGHIZE AN L TH#E L BszC %
RIS, ZOEBIKRBGED D BszC
EEICRER LT,

(4) BdsCi&EMEDRIE F ik

X 4 12777 BdsC (DBT &/ ¥4 F—+F)

DFGIZ LT=A3 > T, DBT,, FMN,NADH & & %
(T BdsC FERUEESR & ff1oD DBT B B
DIDEI;IS;I_P)\DD'IEIIE

o j E‘l?)‘gooxygenase C FFMNNHZD fﬂf’l:"-"gﬂ :ﬁ; + H
DBT sulfoxide ‘:‘ m

FMNH, 5

H 03 E’E)Imnxygenase C: MN D refil:n‘:";se C :ig; + H
DBT sulfone
B 4 BdsC (DBT £/ AF¥7F—E) ®

B

Rhodococcus erythropolis D-1 OFLHEx
DszD B¢ ZMA T30CTHMLLLIEE D LT
% AT - T, OISR OFEEE = F VAR &
HPLC 434 L ¥°— 7 g H> & DBT A Lk Ak
sEEMN L,

(5) XV FF 7=z BT (LEMKEOA
v R—= LGS 2 BdsC D RSERIE
ik
[ﬂﬁﬁ%bfﬁhﬁ(4)@Mﬂ@ﬁb@

IBT{bEEINZ (4) <E [AARIZ ﬁﬁﬁﬁﬁ’ﬁ
&I?w%mm%mm DT E— 7 S
DAERMEEZIE LT, 1 ]\_/1/&%@:*
R REIIHWZSGEE, B oA Y
TARZE DFHEIRDKIZ T?@ MDY AF
NI NV AT 2K (DMF) TN L=dH En
< OO % U THREFEAF =13 HPLC THl
L, AR GOMS THOMF L7 GEMIERS
XM,

4. BFIERRR

(1) HEWEMAY B AT AR
(Bio BEEJA) DAFEME BioF MR DS & 1

RE D ]

Bfn T —Z ~— A BLAST Z 5 /3 A
AA LT HYT AT ADFENL, B4 F
A RCRIFES BioF ZFF0 & HERE I D 4T 8L
Wi A. aeolicus (AqBioF), C. thermocellum
(C1tBioF), G. kaustophilus (GkBioF),

S. thermophilum (SytBioF), BX O T
elongatus (TseBioF) ® 5FAERWZL
FNFEND BioF AR nu 7 LHEE SN -E fz:

FDIm—= T ERITV, R KIGEIC X
> TEFE B &7 /# 2. AgBioF, CltBioF,

GkBioF, SytBioF, 5 J U TseBioF [i#5% % f# i
T5HE LB, BioF IEMEZ 4T EVE & LTI
T@ﬁ?é:kﬁ%%bto%$m3%%ﬁ
ERRE TURR, Wb #iRE O KRG
@ BioF &bk U CRERE (X 5A) I
FOmEWE (X 56B) & bicm<, FFiC

AgBioF 733 L < EiiREHN E < . BioF %
FrEa- X TIVERBEET 7 2

U—"TClebEnoiz, EFRETORSE

Relative activity (%)
g Z

20 8 4 S0 &0 70 B0 00 100
Temperature *C)

100 T-——E &‘g-_}% ’_, - —

'y
|

Residual activity (%)

0 \’\ “Il-a—cm&;:_‘"

30 50 0 20 10
Temperature {C)

4 5. 4FEAEE K BioF O ReE
BT ; B, MiEVE
— @, AgBioF. —A—, EcBioF:

A, FiE

——0—-, CliBioF:; ——A——, GkBioF;
- SytBioF: ——3——, TseBioF.

X L THE LWVIREZREME A R 2 &8
oMY ERNREHRZHETLZ L
NohoT-, S 5T SytBioF ¢ FLE HEFpE
TR (D v FUoHET a4
BUACHIANTEOMFETH DL Z LD
77



F 1. AL HOR BioF o BB RS

Specific activities Specific activities
BioFs Amino acids®  (nmol/min/mg)  (nmol/min/mg)

Acetyl-CoA Pimeloyl-CoA
AgBioF L-Alanine (1} 2,460
Glycine o ]
L-Serine 1} 0
GkBioF L-Alanine 0 71
Glycine o ]
L-Serine [ ]
SytBioF L-Alanine 272 T8
Glycine 897 32
L-Sering o 0
TTHA1582" Glycine 191 2
L-Alanine 109 4

L-Serine 27 2

(2) EWEMIEBR RS XY F 47 =
(DBT) Wil REEFERD DBT &/ A X4 F
— (BdsC) D LVVERED I A,

hfEGE DBT M E Bacillus subtilis
WU-S2B @ bdsC Ein+ % KIGHE T S
E KL 72 BdsC AW TAS RO T
& % DBT LA Dfiiss & & £ 72 WA Fl S FRAL
AEEE L L 2oRIGEIC Y W TR
FLUIRER, M6 lRT oA F—1k
OEHEA > F— L aF 8RR & BE R S D3
L ERWE L, ZORENS DBT £/
XS —ERNMEE S E WA E R
EMHLREBE LT HENTEDHZ ERbh
> 72 (K 6 \ZFE# DALBE LN T-A F LA
v R—=, 5T uE S N—, 5-r/mnnaAg
VR= A NFUA U R B LR
S72), A ¥ K= VFHERD 723 TRIZ 5- A
FAA L R= AP bRBIFREEE D Z
Enbnrot,

A =B REE L L E & NHRIZAKR
BEIEDOF VVE N AR L TWD Z & 0%
émto:@mrﬁiwgémmfﬁ%%
DIFW RGBT TR Ay ao
BEUEW S L R URE R 21572, Lo LA O R
B L LT AL ERIICITAER L 722
Moty # 206DIETH -T2, A AL
Shf D £ RIE HPLC TIXBIE SN eno
72o ZHUE McClay HOETHHEEL TV
HENT, AV F—=Anb A TIELHH
WWiM EFE FCTIEALETE LI
SIREEM AL LTV 5D & Bz, AiFze
TP BdsC BERMLEITO & ZITH LR E
AL TWBDTZOHEEN Y T E 5,
EREDOA v K= VFHERN S OERRY XA
VR AT IAKRNA TN E S
ROHEERREE (X 7) 2SN T, ZhbH D
BRI E T 28RN GRS TV D
Lo EHEESND,

© 004

Indigo derivati

0 10 20 30 40 50 60
Reaction time (min)

B4 6. BdsC IZLDHA v R—/VROEFEA
V R—=HERN L DA Y IHERE R
DRI

O, indole; @, l-methylindole;

/\, 4-methylindole; A,
b-methvlindole: 1. 6-methvlindole

=
Q‘\> Indole
S N
H
}@é@@@@
i:;[f& : \Vj:f%smm
'"doxvl L':'ﬂLt'C'ﬁC"“@

Indlgo Indirubin

7. BdsCIZL DA F—=nmbA Y

IROA N B RROHEERR R

5. FlaREiR %
(Hﬂﬁ%% FFge sy 035 M OV HEAIF 72 3
I TR

UdEsERm s 7 1)

@O Takaaki Kubota and Yoshikazu Izumi,
Detection and Characterization of a
Thermophilic Biotin Biosynthetic Enzyme,
7-Keto—8—aminopelargonic Acid Synthase
from Various Thermophiles, Biosci.
Biotechnol. Biochem., 76, 685-690
(2012)

@ Jiro Arima, Hirokazu Usuki, Tadashi
Hatanaka® and Nobuhiro Mori: One-Pot
Synthesis of Diverse DL-Configuration
Dipeptides by

a Streptomyces D-Stereospecific
Amidohydrolase, Appl. Environ.
Microbiol., 7, 3209-8218 (2011)

® Jiro Arima, Masazumi Morimoto,
Hirokazu Usuki’, Nobuhiro Mori, and
Tadashi Hatanaka: [J-Alanyl Peptide
Synthesis by Streptomyces S9
Aminopeptidase, J. Biotechnol., 147



http://www.ncbi.nlm.nih.gov/pubmed?term=Arima%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21948842�
http://aem.asm.org/search?author1=Hirokazu+Usuki&sortspec=date&submit=Submit�
http://aem.asm.org/search?author1=Tadashi+Hatanaka&sortspec=date&submit=Submit�
http://aem.asm.org/search?author1=Tadashi+Hatanaka&sortspec=date&submit=Submit�
http://aem.asm.org/search?author1=Tadashi+Hatanaka&sortspec=date&submit=Submit�
http://aem.asm.org/search?author1=Nobuhiro+Mori&sortspec=date&submit=Submit�
http://www.sciencedirect.com/science/article/pii/S0168165610001331#aff2�

52-58 (2010)

@ Tsam A. Mohamed Ahmed, Elfadil E.
Babiker’ Nobuhiro Mori: pH Stability and
Influence of Salts on Activity of a
Milk-clotting Enzyme from Solanum
dubium Seeds and its Enzymatic Action on
Bovine Caseins, LWT-Food Sci. Technol.
43, 759-764 (2010)

(® Takashi Ohshiro, Shuhei Nakura,
Yoshitaka Ishii, Kuniki Kino, Kohtaro
Kirimura, and Yoshikazu Izumi: Novel
Reactivity of Dibenzothiophene
Monooxigenase from Bacillus subtilis
WU-S2B, Biosci. Biotechnol. Biochem.,
73, 2128-2130 (2009)

® Isam Ali Mohamed Ahmed, Jiro Arima,
Tsuyoshi Ichiyanagi, Emi

Sakuno and Nobuhiro Mori: Isolation
and Characterization of
3—-MNTrimethylamino— 1-propanol
Degrading Khodococcus sp. strain A2,
FEMS Microbiol. Lett., 296, 219-225
(2009)

(@ Shiro Mitsuya, Yuka Yokota,
Takashi Fujiwara, Nobuhiro Mori, and
Tetsuko Takabe: 0sBADH1 is Possibly
Involved in aCetaldehydeoxidation in
Rice Plant Peroxisomes. FEBS Lett., 583,
3625-3629 (2009)

(& Dfh]
R— b=
http://www.bio.tottori-u.ac.jp/~kinol/
page/result.html

6. AFFERERE

() ArgefEE

R a3k (I1ZUMI YOSHIKAZU)
FHURS: « RSP ToARFFER: - 44 % 2w
et Fs 40026555

(2) ey

% 128  (MORI NOBUHIRO)
SRS - B - %
WrgeEFE 301274009



