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Studies on the enzymatic chemistry involved in the inorganic sulfur metabolism and its application.
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This study has been performed to progress our knowledge about the enzymes involved in the
dissimilatory inorganic sulfur metabolism in the sulfur-oxidizing bacteria. We have isolated and
identified the gene encoding tetrathionate hydrolase (Af-tth) which is the key enzyme in the metabolism
in Acidithiobacillus ferrooxidans. Although Af-tth was cloned and expressed in recombinant Escherichia
coli, the recombinant proteins were synthesized in inclusion bodies as an inactive form. However, we
have developed a new method to obtain the recombinant Af-Tth in an active form by refolding under
acidic conditions. The enzyme was purified to homogeneity and crystallized. X-ray crystallographic
analysis showed that the crystal diffracted to 2.15 A resolution and belongs to space group P3; or P3,
with unit-cell parameters a = b = 92.1, ¢ = 232.6 A. Further analyses such as multiple/single anomalous
dispersion methods are required to determine the Af-Tth structure.

AR FE R
(REHAT - 1)
[ERES L LIEESES ¢ & @t
201 0% 2,100, 000 630, 000 2,730, 000
201 14 700, 000 210, 000 910, 000
201 24 700, 000 210, 000 910, 000
w &t 3, 500, 000 1,050, 000 4,550, 000

Wrgesr e - B
B O - ME - BERES - R
F—U— RN BEFER



1. BFFERRAA SO 5=

R ITAEMICMNAEADITRE TH Y, HiEk Lo
EICIFET D, AMOBHTIC X DRENTFEE
T B> THREFENREBICH D Z EnEE 72
DooH D, EWM e OB IX, B
TEOFAN 72 FENHEBEINTELT, i
BRI D03 T, AW X DR
APAR LT e b, fiEo T, Ui
WFFCRRREClE, FREE 2 4 A TR DI ERRL
I OREFR xRz, T OMREHT DA%
LN T HHEND D,

2. WHFEDHK

ABFTERHVEIT, fisH 2 bf A TR DR
MRS T ket 8% «

G & L CTAETR - 0 FAEMFINICHITE L,

1iEl % DB SR O B HERE DRI B 1T 5
MAEERSEZ AT 52T, ZRETIEE
A ERFFEN T2 STV WERERR B AW &
R+ 2BE0M RO L, EER LS
WM OBEFALT: &\ D BT 2505 B & R NE 9
HZEXEBHELTITY,

3. WHEDFTIE

-l M A 5 R L A o> — L Acidithiobacillus
ferrooxidans A58 D XI5 & LT MR R AL
AT F X —JRE L TREEAITV., kx
e AL AT kT D B LIE E &2 /E L7
LA T INTTFA UK L TR R
REER LT, AMETIEZORBHOHE 2D
R, 7 8T TF A AL FeF—FElZon
TREMZ T 2D 7=, BB Lo hg o
— R 2B 7FORE, EFRT, K%
HEEILE LB BB 2TV, 20
BEZE DA O R AR EZER LI Z &b,
refolding JLERIC X DIEVE(L A AT, £725
DIVTIEMERIEE R 2 TR L, N
7 RFa oy FRKILBIEC L0 &2 R A
Too BBV RERGITH LT X-RR 2 RS L, 5
SAE ISR 21T o 72, £72. MEEMERTSER(L
MEICB T A ARBERICOWVT HBIBE DR
ERAA LTI 2T T, REEELSMNT
HAREOMEFENHICB W TABEDOEE T
DT NTTFAUBEMRGT A EERKE
ERETEEZOND, TAMETE Kb
F—¥ oK L MEE RS 1T o T2,

4. BFFERE
(1) A. ferrooxidans O k7 F A g ANA K

07 —YOKRIBEEZIEEE Lo/ 2 5%
H, Zhzxza— KL-EEF (Aftth) %

KIGHE TR BB L= 2 A, Rintk
DEANKZTER LTz, Z D78 refolding
WLEZ L DB R DB AEEITo TR, 2
IWETIZZ L OWEN & D HHETOWLE
TILEEDEIEIZRD ST, BRPEEREE
TCRE L & ZAEERRE L, 2
D Z L TAF IR R O ABEFR A, Al
BN SHUT= %ISR LTI PR &
DT EEKRL TV, BRMERE T T
@ refolding ALER 3451 23 HE < | AMFFEIRE
ICBWCHRE INFT- R TIETH D,

(2) AR-Tth Offigsflk, Btk refolding ALEC K
DIEMAL LT ARBER 2 S EIOERI L, &
b AT - 77, K 200 3V DSk
L7ciBb a2t U, fhdnfb stk & ik L
7o ZOREEIC X-MERE L, 2.15A ©
BIPTER 2157, AfEsa X2/ P3, £7¢
X PRHLICETDHZ EN o T-, LL
RS REERITHEMEEE AT 5720,
B R - 23R EEBELEIC X 0 AR
ExETIHUNERND T, 20, L
J AFF = @R LT ARTth OFE S 1E
L, XM 21T o7, WS 2 5
EH#EITL TV D,

(8) FAHiET & Kus—+t (Af-Tsd) (2B
T 552, A. ferrooxidans (235 T ARES
IXAFTth IZEEE CTH LT NI TF A V%L
e L, FAREE DB 2 Ak T 5
HEREEX A TS, RKELDFA
WEEr e FasrF—E oL HEHh
. IhEa— R T 2EBETOREELT
ST, ABEFIT. WA X XU B L
AR ERT A Z L1 X 0 IEHRZL
THZERHELNERD . AREOREA
BT DB Z R EDIFE L
HAERICOWCH -2 R E 57,

(4) MLEMERTSERRLAHEE A, thiooxidans SH %
kDT v TF4 A Fno—+%
(SH-Tth) DOWF9E, AREE#E% SH KL D
BRL, WERF, chEza— KT 5E
A DFEE (SH-tth) #17-72, & 51T
KIGHEAH 2 RN D DTz &
R BIXE AR R LT3, ARTth
A4k, refolding (& L 0 IS 48555
ZEITRB LT, E 72, refolding DEEIC
NaCl DOFF(EIZ XV 3D m B3R
. MELEVERE Bk DR Z R LT,

5. LRFEERE
(WFFeE . WFge s 4aE M ORI 42 1
RN



¥eE%x 6 1F (2010 £ —HfE)

(1) Kanao T.,, Kosaka M., Yoshida K.,
Nakayama H., Tamada T., Kuroki R., Yamada H.,
Takada J., Kamimura K., Crystallization and
preliminary X-ray diffraction analysis of
tetrathionate hydrolase from Acidithiobacillus
ferrooxidans, Acta Cryst., ##:4A, F69, 2013,
692-694

(2) Kikumoto M., Nogami S., Kanao T.,
Takada J., Kamimura K., Tetrathionate
-forming thiosulfate dehydrogenase from
the acidophilic, chemolithoautotrophic bac-
terium Acidithiobacillus ferrooxidans., Appl.
Environ. Microbiol., & %A, 79, 2013,
113-120

(3) Manchur M. A., Kikumito M., Kanao
T., Takada J., Kamimura K., Characteri-
zation of an OmpA-like outer membrane
protein of the acidophilic iron-oxidizing
bacterium, Acidithiobacillus ferrooxidans.,
Extremophiles, ##HiA, 15, 2011, 403-410

(4) Kanao T., Matsumoto C., Shiraga K.,
Yoshida K., Takada J., Kamimura K.,
Recombinant tetrathionate hydrolase
from Acidithiobacillus ferrooxidans
requires exposure to acidic conditions
for proper folding.,, FEMS Microbiol.
Lett., #&#cfT, 309, 2010, 43-47

(&) G111 1h)

(1) Kanao T., Tetrathionate hydrolase from the
marine acidophilic sulfur-oxidizing bacterium
Acidithiobacillus thiooxidans strain SH, 9"
International Congress on Extremophiles, 2012.
9.10~9.13, Spain Sevilla

(2) Sato T., Isolation and properties of acidophilic
bacteria and the cryptic plasmid from acidic
environments, 9" International Congress on
Extremophiles, 2012. 9.10~9.13, Spain Sevilla

(3) &M EE, T ERIEEBRBIE AR DO RAT

AAREBZEFSERRKS, 2013.3.25, e

(4) bRT—HE, SkER{LAAEA. ferrooxidans® =

B — AR S 7 B OBEREMNT. A AR

bR RE, 2013.3. 26, filie

(5) )25, Bkt W2 L AN E Acidithiobacillus

BILT NTTFA WA Re

7 — BB ORG & FERICBE T 2058, A

ARREZEFERFRANE, 2013.3.26., il

(6) H LAz, BkAi s AL A Acidithiobacillus

ferrooxidansti>k7 ~ 7 FF A Fr T —

B oREsk.

(7) &RETF. WML E Acidithio-

bacillus thiooxidans SHED T ~ 7 F 4 ik

A Ra 7 —BIZET 20198, ARRE T

SHEWKRE, 2012.3.25., HUED

(8) HIARZEAE, BREA{LAMEAAL ferrooxidansd 7
FHEET & Nu s — O L O&s T

DIRIE, AARRZEFRFIRNRE, 2012. 3. 25,

AR

9) £ 8. BYEILILEEKOARICE G 28

BRI R . A AR EFRERRE,

2012. 3. 25., HUKD

(10) @ REI5 . it R EMIT X 2 Al

Tiehic 25 0D LB & CO, [ E [l £, JOGMEC-

TRCY 4 —72011, 2011.11.8. T3 (Bf5k

{#)

(11) Kanao T., Tetrathionate hydrolase is a key

ferrooxidans(Z

Ll

enzyme of the dissimilatory sulfur metabolism in
the iron- and sulfur-oxidizing bacterium
Acidithiobacillus ferrooxidans. Internatiuonal
Union of Microbiological Societies 2011
Congress, 2011. 9. 7. #Li%

6. WFIEhR

(1) WFzEf s
& B (KANAO TADAYOSHI)
MRS « KRB MBI 5eRl - UE
iz
FgeE 5« 40379813



Q) g sy
L ( )

(3) HHEAF IR

R —HE (KAMIMURA  KAZUO)
[ LS« KEEPEER B A B AR 9T R - #
%

WFgeE 5« 80294445




