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Preferential utilization of energy sources and the elemental sulfur metabolism in
Thiobacillus ferrooxidans. Ko, K., N. Suvcimoro, and S. Usamr (Department of
Applied Chemistry, Waseda University, Okubo 3-4-1, Shinjuku, Tokyo 160) Hakko-
kogaku 59 : 415—420. 1981.

The growth and the activities of energy-acquiring enzymes of Thiobacillus
ferrooxidans, one of the more common iron-oxidizing bacteria having the capacity to
oxidize elemental sulfur as well as ferrous iron, were investigated with mixed-
substrate medium. Highlights of this study are as follows :

1. Addition of elemental sulfur resulted in delays of the iron oxidation as well
as the cell growth.

2. On the mixed-substrate medium ferrous iron was preferentially utilized.

3. Elemental sulfur was well oxidized after complete oxidation of the ferrous
iron, but a gradual oxidation of sulfur had occurred during the iron oxidation.

4. Ferrous iron might induce the synthesis of iron oxidase and repress thiosul-
fate-oxidizing enzyme while it didn’t inhibit rhodanese or AMP-independent sulfite
oxidase.

5. Diauxic growth on the mixed-substrate medium might be caused by the con-
version of energy metabolism.

6. A main pathway was proposed in the elemental sulfur metabolism of 7.
ferrooxidans : S°—>S0s2 —>S042"
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AT o RREERUTEERRE L. thOBSRE
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Fig. 1 KRT X HKBIFSET 2R UL, KB TR
L0 L THEME T = 4 vF -] E U HWERINEDS
Bz emHon.®

BEAIRNFE—RIEMICHITSD T. ferrooxidans

20} -~
4.0 ¢
c
— o
= |20} s
E 15} s
E s S
L0 | £
" L “
1.0 2
5] 3
0.5F ©
L
0o o 2 P 6 8 10 0
Cultivation time (day)
Fig. 1. Growth of T. ferrooxidans WU-66B on

elemental sulfur medium (S° medium). The
initial pH of the medium was adjusted to
2.5 with 2N-H:zSOu4.

(O, pH changes; @, amount of SO« ; [,
cell growth.
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Fig. 2. Effect of elemental sulfur on the growth
of T. ferrooxidans WU-66B growing on 9K
medium. (a) pH changes, (b) oxidation of
ferrous iron, (c) cell growth.

O, 0g:@, 5g5[1,10g; M, 15¢g of elemen-
tal sulfur per 1/-medium were added.
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Fig. 3. Growth of T. ferrooxidans WU-66B on

9K medium containing elemental sulfur(5 g
per 1/-medium). The dotted line indicates
the time when ferrous iron was completely
oxidized and only elemental sulfur remained
as the energy source for growth.
O, pH changes ; @, cell growth.
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oxidans DHEBE»IHT, HEHHBICEEEI2-H
B &5, PFTRRCERILINTHLLOMEDY
Bibxn s EREL TS, Beck® & 77— 7y
v/ A= 2= AOTHREORERPBETE, FEDS
DR E—FKT 5.

IR LF-EBRCOOTORRL NI TORKRE

BE&ExFVF~RESICET 25T TRD N L
5 13 diauxic growth i3, R4L#E I (catabolite
repression) THH N3 X 51T, WEB{UEBESRAFE D
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9K, S° BIURAE A F-FISHTAERLL
WU-66B i @ = 1 V¥ —BERERIEH 2 WiEL
tofE3 % Table 1 iC/Rd .

iron oxidase #EMEIE, S° BT < 9K RE#AEH
MBS TOHHE L, supernatant E5 CTOLETIZH
500 f% & {E M E. Chid TTHEMER M T iron
oxidase £EENMZ SN TWALHEEFELLN, BE
S° A % 9 K BB U T b SRR (LHBEAME S,
HEOMARELTOIRVE, b & OGRR{LEEDRE
BLRROC EB2HRBLTNE. TLBATRIVF IR
B ABFMETE, KA b TEELE
{, Fe** NREBILIN-HEDEECHELE 12
BETE, BEAFELRED L. LT,
T Hih TiE TR THIZ 5 11T Wi iron
oxidase DAL RN Fe?* 1L - TREINZ DD
LHEEINS.

* 7- i AR {LEESR TdH 5 rhodanese 5 L U AMP-
independent sulfite oxidase O EM:IZ, SEEBE
HRBNTHHERIN, TOERELHREEEREE
DHBIC BN TKRENIE D 5 7. —T, thiosulfate-
oxidizing enzyme 7E#: i 9 K Brib A BHIE TR %H
I otc. IHLERAT A —FISH A EMR
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Table 1. Comparison of enzyme activities in T'. ferrooxidans WU-66B.
Growth Culture Specific activities (nmol/min-mg-protein) of
row . :
A time Fraction ; _ dokk
d Iron Thiosulfate- AMP-independent APS
medium (day) oxidase* Rhodanese” oxidizing enzyme »gulfite oxidase reductase
9K 6 S 0. 483 2.42 ND** 10. 89 3.25
P 4.773 25.72 ND** 247.72 ND**
g0 6 S 0. 001 25.20 4.98 16. 49 4.60
P 0.502 30. 40 21.30 219. 30 ND**
6 S 0.324 3.32 ND** 12. 49 3.28
9K+S° P ) 2. 568 28. 68 0.10 251.44 ND*x*
(58/D S 0. 350 12. 48 2.58 15.45 3.53
p 2.248 27. 56 9.75 258.32 ND**

The cells were harvested by centrifugation (11,000X g, 10 min, —4°C). The resulting cell paste
was washed twice with distilled water (pH 2.5 with 2N-H2SO4), and WU-66B cells grown on
9K medium were treated with ion exchanger IR-120 to remove Fe?* and iron particles. The
washed cells were resuspended in 5 mM phosphate buffer (pH 7.0), washed twice with the cold
buffer, centrifuged (11,000 g, 10 min, —4°C), and resuspended to 10ml with 5mM phosphate
buffer. The cells in the 10 ml suspension were disrupted with a 20 kHz sonic oscillator for 30
min in ice-water. After centrifugation at 24,000x g for 30 min, the supernatant fraction (frac-
tion S) and the pellet fraction (fraction P) were used for the enzyme assay.

* Iron oxidase activity : (¢ mol oxidized Fe?'/mg-protein+15 min).

** ND : not detected.
*+*x APS : Adenosine-5'-phosphosulfate.

T, Fe'* O t# C OBHEERO LAVED 5
7. THiE, thiosulfate-oxidizing enzyme (D
RAS Fe WE DA ONTVAELERRTHDTH
A.
Table 23 ABREIICKITT Fe'* DEB R~
726D T, R Fer MIRIMOABEREN 2100% &
L7 B0 fEAEE T/R U 72. Rhodanese Tl Fe?* @
EBIHE0RD S NI -7, thiosulfate-
oxidizing enzyme ¥ L ¥ AMP-independent
sulfite oxidase T3y UATEMILIFRD S .

T. ferrooxidans WU-66B (D TGRS
TCHFMA DM T 2RI 2 OBf%eE
KX INTED, ™ Fig. 417’7 L 575 KRB
BhHZ 6N A Silver 519 |3 Ferrobacillus
(Thiobacillus) ferrooxidans % Fi T, Wikme{bE:
FD1DTH 5 sulfur-oxidizing enzyme & ¥ i
KT Fe? O B2 FH~TED, 107*M T52.2%,
1073M T20. 9%ICTEVELME T U, Fe? d35Z OBEFE 2.
ELUHEREL TS, COWERSE L, thiosulfate-
oxidizing enzyme D A fRAH5 Fe?* (¢ kb 12 51,

Table 2. Effect of Fe?* on enzymes of T. ferrooxidans WU-66B grown
on S° medium.

Relative activity (%) at Fe?* concn. of

Enzyme -- e
oM 107 °M 10~*M 10:M
Rhodanese 100 99.9 102. 4 98.6
Thiosulfate-
oxidizing enzyme 100 117.1 126. 4 130.2
AMP-independent 100 164.0 177.3 186.5

sulfite oxidase

Supernatant fraction was used for the enzyme assay. Assay mixtures were prein-
cubated for 5min with Fe?* before the initiation of reaction, and enzyme activities
were determined using a 10-min assay as described in Materials and Methods.

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

19814 5% Thiobacillus ferrooxidans DILHEMBH 419
cytoch;;;r::m 5 (Table 1), #HFt % i3 ¥ iZ AMP-independent

1
So: SnO;- 6 "/ﬂ540:-

7

poly thionates
|

05 AMP '
7 ;V gb”
APS !
/
S/ 9
cytochrome SOrF ADP

system

Fig. 4. Scheme for elemental sulfur metabolism.
1 and 3, nonenzymatic; 2 and 4, rhodanese ;
5, sulfur-oxidizing enzyme; 6, thiosulfate—
oxidizing enzyme ; 7, AMP-independent sul-
fite oxidase ; 8, adenosine-5’-phosphosulfate
reductase ; 9, ADP-sulfurylase.

% (O K H rhodanese ¥ t ¥ AMP-independent
sulfite oxidase (¥ Fe? iC X DPHEINITINENSE
BRERE»S, BAx ¥ —FRH# TO WU-66B O
WHERTCENT, (VORBHERS 2T VSRR ICHERF &

NTHhAC LRSS,

1 4 7
S° — 83042 —> S0 —> SO0 (1)

Z D1 HFOREBALLARNC SMEOBEILIZfThN T
B0, $BREBILINIRHOBAEI MR
CHARED 12D THAD EfRDNRE. UL thio
sulfate ~OFEFDKLISH FHBFKMICETT 2720,

T DI HSEEESE & 730, Fe* H3FETET 230D A
BTIE, RO L S cgkm@itick - THLN B T 20V
F-PHEBFCRELBEFTI2HDEEI OGNS, Fbs
ZaCB{bsh s, Fe? 12k % sulfur-oxidizing
enzyme & thiosulfate-oxidizing enzyme ~ @ [
EBIUHEIHRERIN, RD(2), (3)DREEHE
O TRMESEENICRILINDOTHAL S LR

5 7o0r8, 9
S° —> S0~

1

S° —> $205}" —> S4062” —> —> —>S504*
(3)
bhs. BaxirF—FEHTED 5h i diauxic
growth(Fig. 3) i3, D& 5 uEFEROEE, H
BLUZORRICHE - 1 ABHEBOBRICL - Tl &
KRB THAI LEZLONS.

PLEDBE) S, WU-66B D TEMBABEHRICE
WTRD & 918 BEMATREL 125, £ 9 adenosine-
5’-phosphosulfate reductase /f £ 25 AMP-inde-
pendent sulfite oxidase D fHH:IC BT & >

SO~ (2)

sulfite oxidase {Z & » THRILIN THIEIC 722 O
EBbLNS. FIUEMED S thiosulfate ~DKS
D3 FEREFRITIC AT § 272D RD (4) D BRI b3
WU-66B (I B51) 5 TTHEMBERBD ERBETHH5 &

Bbh s,

5 7
S° —> SO0z~ —> SO42- (4)

U 72935 T thiosulfate 7 5 FffER 2 4%H1 L T Wil
Biban 5 (1)DEEE B LU thiosulfate 7> 5 tetra-
thionate % &£H3 2 (3)D KBRIVWINd E DT
FMERBRBETHA > LBEbLQL 3.

U EOERERITEMEADE k2 oL Bflire
WTOEFRRILTHRONLODTH 55, HRR
I 2 N S HAEYIOETERER b - 8L D
Thb. Lo T, BEESLR@INNIFIVT « )V —F 0
TNOHEN IS %EZ T, Fkgh (FeS) 0 k5
IEEBOPA T 2 EFEE 2 SHOBEHE LT
LIRMEF LT 20 THA.

T. ferrooxidans WU-66B O jR& = # V¥ —JFiE
HTOEFICISNT, THRMAIC L O IRt X U
HEOENVERERD SN, T CDENIZIZ—FL
TWAZ Evn, WHOEER, BRIk > THES
INKZAVF—REFEL TR EEI LN 35
ICHE—FBREBILIN TS b FBEWVELEL,
MAERMILIC L 2 2 BEDABT LU pHETHEC
% diauxic growth 338% 57z, SEMILIERRIC
HC2H00, FERICHEORILOBRL I HHEFTL
BABCES LT, COMETERZORILICE
W, Fe s n 2888 L, INBORBO 2/
U EORBHEBROFIEDEZ Hnr:.

—%, TANF —FRRLIEM TOETEGHE
FVF — A RBERTE D JBIC X U, Fe?* 13 iron
oxidase M A:h% % 1 L thiosulfate-oxidizing en-
zyme DERBMA 5 EEZ S, MEABHIBES
3 % rhodanese ¥ L ¥ AMP-independent sulfite
oxidase {Hthid, SREBMIICKSHTHRERIN, T
MBS ATMICENZITD o - &
7oMEEE L b Fe' (WX VHEINT, LA B
OEAEERD 6 h . LA ED KBREEE & sulfur-
oxidizing enzyme %3 Fe?* i XD HEIN B & VS
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