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The Effect of Organic Substances on the Growth and
Iron Oxidation Activity of Iron Oxidizing Bacteria

Shoji Usami and Toru Sugitani

(Department of Applied Chemistry, Faculty of Science and Engineering,
Waseda University, Nishiokubo, Shinjuku-ku, Tokyo)

Glucose was assimilated effectively by iron oxidizing bacteria, WU-66 B, up to about
0.2 % (w/v). Both of the growth and iron oxidizing activity were inhibited almost com-
pletely in the presence of glucose more than 0.3 %. When glucose was added to 9 K me-
dium, the medium for autotrophic growth, both of the growth and iron oxidation were-
delayed in the early stage of culture. but the delays were restored at least within 48 hr of
cultivation.

Malt extract was assimilated effectively up to about 0.15 % (w/v) and the delay of
the growth and iron oxidation in the early stage of culture was also found in this case.

Organic nitrogen sources, peptone and urea were assimilated by WU-66 B. When
peptone was added to the 9 K medium instead of ammonium sulfate, the growth was inc-
reased but iron oxidizing activity was decreased. It was presumed that peptone was assimi-
lated as a carbon source too, and could not be utilized as an energy source. When urea
was added to the 9 K medium instead of ammonium sulfate, the growth was decreased
slightly and less iron oxidation activity was found.
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Table 1. Some characteristics of WU-66B and Thiobacillus ferrooxidans.
WU-66B T. ferrooxidans*
Shape and size (@) short rods, 0.3x1.0 short rods, 0.5%1.0
Optimum temp. (°C) 30 30
Optimum pH-value 1.5—4.0 2.5—5.8
Gram stain — -
Motility + +
Nitrogen source KO — )
(NH.().SO. + +
FeSO,-7H;O + +
§ Liquid medium S° — —
2 Na,S,0s-5H;0 + +
B FeSO,-7H:0 + +
F-;-‘g Agar medium Na;S;0s-5H:0 + +
Silica gel FeSO4-7TH,0 + +
Isolation source (Dow?hl]{eosv;i;ermine)

* after Yagi®

Table 1 IC/RL7cBYVTH D, ABIZ A vF—-FE
UTE—SOMICF AR + ) v 258U TES
U, hoEBENEE» G, Thiobacillus ferrooxi-
dans THEHDIEEZ NS,

2. HE MUKRBONTABOREME LT,
Table 2 TR LIR® 9 KEEHA RO, ISR

~ Table 2. Composition of 9K medium.

Basal salts
(NH.).SO. 3.0 g
KCl 0.1 g
K:HPO, 0.5 g8
MgSO.-TH:O 0.5 g
Ca(NOs). 0.01g
10NH.SO. 1.0ml
Distilled water 700 ml
Energy source
FeSO,-7H.0 solutlig;17§g‘6 ml

i2500ml oz vy =4 ¥— - 73522 iTEEKI
ml ZANTHE -7, o Biizc A v ¥ —FT
$3 FeSO, - TH:O & basal salts &4, B4
W, 1% pH & LT3, $mEt, £BRICRIFL2.5

I LS., EHEOED 2 ml O ENIE K EE
WCHER Ukcds, EEEOEBRE S LTI, IoHEER
OB, BATREEALESHITVWEROD:
Ve, B2 30 °C 1818 T HEIREE (200 rpm)
WTITlE -7,

3. 4 R ORKICIE, FeSO.- 7TH:O0 OZE/L
Ul R 2 DRBRHHEPECHMENE L HLicEE L
B8, —ER, EBBRERE, BETICLitky,

HELUBREEEHHTE, BBICL-THDIZLEA
EVEET 2 LBABREENTE DT, ThO®EML,
ERER VB L THREERKRES. ChiEsk BE
40mp THENEZTLI LD HEEBLAEN
o Wy NVE—v - 225 B THEZEEESR
%, BEATOmp B35 O0.D. LOBEFREHE~IE
23 BhkERE (mg-N/l-broth) =0.D. X 23TH
o, FRTANVF-BETH2E—&BIIB~VH YV
BAY oL LOBREBIEIGEFBUTHIEL, i
pH O%F(t%E pH * — 2 —TRIEL .

ERERBIUER

1. ZNa—-20KE 9K EMIIRERES LTH
HEBLTHINY, CZhikISva—2%20~0.5%
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Table 3. Effect of the addition of glucose.
Glucose %(w/v) 0.00 0.01 0.05 0.10 0.20 0.30 0.50
Final pH 2.10 2.00 2.00 2.00 2.03 2.50 2.50
Rate. gﬁgﬁ’z %) 100 100 100 100 100 1.1 10.5
(C(g”Dgf‘;‘:’t}fm g 0.120] 0.125| 0.131| 0.143| 0.161| 0.020| 0.018
-4 3.0
(w/v) BINU T 96 BrffEs® U7z gkl b el S, 3
#i pH, BAEB % Table31CE LIz, EbdbhEE o
ST, Sua—2BEHMR0.3 %L ETIEES, S P
AEAEEZELTOSM, 0.2% FTIREEEE LTELY 122
WWEILLTWAEEZ ON, ThiREDISD ORRE B
FEF—HK LT3,
OKIEHE 9 KEMIC 0.1% D7 v a— 2 ATRINL 1o
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Fig. 2. Time course of iron oxidation and change
of pH-value during the growth of WU-66B.
Rate of Fe**oxidation
-+ &0 9K medium

—A— (9K+glucose) medium
-«—A-+- control
pH
0-00 S - " s % c+0--- 9K medium .
Cultivation time (hr) —®— (9K +glucose)medium
-+-®--- control

Fig. 1. Growth curve of WU-66B.
««O-+ 9k medium
—@— (9K-+glucose) medium
--®-- control
DA ONEM, TOBEDEERMOZBICONTH
BLTHO, BEOERENET - T3,

T OIS © O#kEL 5 L U pH L2 RIFRIITR
L7z, Fig. 2 Th5. I KEHICH~RTISva—
AWM TIISBILOEESA SNDE. T ORI
DEBEDESVR IS VI —ARMEBEDEKICO>NTK
&M ot L AR, yva—x@E 0, 0.0,
0.05, 0.10 % iTHF 3 24 BSOS BLEI &I
&%, 38, 31, 14, 5% Th-7. LrL, 48R
BRITII, TXTIEELAL 100 BHERALHHET LT,
¥ pH B TR URBE 1 & - 108, $B{to

BEICEELT, 7va—2RNgci, 2RLE
FEDSFRD SN, —RRICSEELAIRNIC X 2 sk b
RBRD2ACK->THETTEEINTEHDY,

4FeSO:+2H:S04+ 02 =2Fe;(SO4)3+2 HoO-+++++(1)

Fe:(SO4)s + 2 H,0 = 2Fe(OH)SO; +H3SO4-++++(2)
(ORI TERILAER L7z Fe* i3 pH 2.5~3.0 T(2)D
KR GIC & - T Fe(OH)SO& LTIEREL, (1)
DT NHVALRIMC L B pH LR 7725 ic(2) DB
(ERIGIC X > T pH ET &5 388, 23—z Rk
HITHBNT, 8~16EIDEEN D -» T 9K EHD
Bl U pH BbET3E0S &R, Sva—2R
IEEHIC BT DB BRI L TRV E
Ebrsb.

2. BFETHAOKE  Tabled 39K BEHuCES
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Table 4. Effect of the addition of malt extract.

Malt extract %(w/v)|  0.00 0.01 0.05 0.07 0.10 0.15 | 0.0
Final pH 2.00 1.96 1.92 1.97 1.97 2.59 ' 2.59
Rate of Fe™ °Xida(t;g’)1 100 100 100 100 100 6.5 6.0
Cell growth
ot 0.148| 0.161| 0.171| 0.174| 0.168| 0.008|  0.004

THR2%0~0.3% RINL, 96 RAERE L RER
9. Sva—RENORERRIC, HE5EE (0.15%)
PIERINT 2 S BBt B X UOEBLHEEL TO 50,

0.1% IR BOTRAROBIEICHAINTHS C
LEZ ONE, T va—20EES LIRS
PMIT BN THB L, RBESBE LD, XFT+
ZDBEM0.1% T TRERERHORRIC >N THEE
U, #BIE U 7- 8B b H48ERRIHICIE, 134T 100% T
L.

3 BERERRECIERTIVOEE  Bergey® O
X3 L, Thiobacillus ferrooxidans i3, —fRITT
VE-ZTHRERTICEBL, MBERERR, 3EA
EFFIALITOVE ShTW3hs, AEE Table 1 iR
LIcBORB Y V2= ATEEBL, BBAY »
LTR, BEAEAEET, Bergey DF#iE K< —
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Fig. 3. Effect of nitrogen source

v Cell growth (O.D.at 470 mp)
1 Rate of Fe** oxidation (%)

B U, AEOK D IS R BRI ER TS
LTHEBOZRFELRATIEINTED, HERE
ROFAZRETT 2 BITIRDEREITIE o7, IK B
HOBEBRTHAMKT Ve AORDYICRE,
L-TANRSGF ez NThEXBELLUTRAEAN, &
727+ Vi3 50mg AN THEE L1z, Fig. 3 i D
RAERUI, BT I/ EZERTHIRFTIE, EE
TVEZTEEORBT V= ATHNT, Sk LiE
BHEOETFTLTOENEEEFR, DTHCHIEE
ETHRI->TED, AL 7I/RBERD L-TR/¥T
FrT3sml, HEBRICEEINTNS, =7 b
VTREBEBRILOHEB T ey AOBA/ITH~RTES
DICbrbh 5T, BIFTEEBSS LN,

RV TOEEBRIFLCEMDS, 7 VBE
OEEAFTRE L., BT VE=Y600hHDIT
R VA 0~0.2 % 9K BEMiiThnZ, 96 B EL
745 R4 Table 5.iC;R LTz, <7+ VB & LTHE,
0.16%FTREILL, <7+ vEOHMELICHEST
HEHT TS, SERLRFIRLICHIZ S TEY,
~7 Vv EBNCONT, BAEEKEYD (B4 O.D.
YD) OHBLBESRBALLTHNS, £LT0.2% KL
EE73 5 LEERL, BEBHITITIEAETLITPHEN
T ->TWHA3B,

R+ VEMATRIC, SFBIEBPOPMI 5NBD
X LT, BEBBRUTHEZEDD, 7 bV
B3N 2Mic AvF—RISEFMEC D, K
BOBBRNELEE LBV ENEZ SN, ROER
2T -1 BT VYE=Y LA, RF LY, HBE—
kA 9K BEHD basal salts 1CN% T 96RERIREZE L7:
8% Table 6. iWRLT:. 2T+, —EHHD

Table 5. Effect of peptone.

Peptone %(w/v) 0.00 0.025| 0.05 0.10 0.13 0.16 0.20
Final pH 2.20 1.91 2.00 1.98 1.91 1.95 2.63
Rate of Fe™ °Xida(t;§’)‘ 85.0 | 100 98.6 97.8 97.0 9.8 3.8
Cell growth '

.0 w0 mp 0.0 | o0137| 0137 o0.49| 0.149| 0.167] 0.009
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Table 6. Effect of nitrogen and energy source.
Exp. No. 1 I m v
(NH.).SO, +* + — ¥k - +
Peptone + + + + -
FeSOs-7H0 + — -+ — +
Final pH 1.89 2.60 1.91 . 2.65 1.90
Rate of Fe** oxidation
Gy | 94 [T~ | w4 [T | 10
Cell growth
(O.D. at 470 mp) 0.184 0.000 0.143 0.000 0.134

* contained in the medium
** not contained in the medium

BEEEDLTED, BRTVE=v L, HEE—#%
RBOK Mz B 20D FEE, <7 b i30.05%%M
L7z. Table 6. kD=3 WF¥—FHThDHEE—H
DEELGVEER ABET (I, V), =7V ik
T RF—FEUTRAAINGT, BEFCILT
BEBOL ANVF—FEBNRETHIT L, BERELLT
BEEB7 v E=7 A0MICERYTHS T+ VR
HThscds (M), Fh HBERTWHEAD BTV
EoYABEETCBNTY, I5ERFLVEMZS
clicky, BROFETNR LLINDE T &0 D
(1), =7 b Vi 2 V¥ —IROEL T TREARE
ELUTHRAFINS 2 &08EZ Shik.
£ &

SR LR WU-66BE (Thiobacillus ferrooxi-
dans EBbhd) OB, SEBIEZSCRIETE
BREOZEA®ET L.

1) Zva—xi30.2% S TREDICELID, £
NULOBE LIRS E, BER, SBILEZIREALR
LWHFEL. 7 a—RRIER TS RgRIcA
B, %@ﬂ:i)ﬁéﬁ@bf:.

2) FEFIFRIF0.15%8FTTREDHELLI, 2
B EBORICES, SEBRILOBENE - 7.

3) EBERFETHIWMBRT VE=v L0MIC, H
BRETHHRTFPREEEM L. " PYT
BHEBR7ve=v Ak bRIFIEENS OGNS,

BNBEEY OBBRILERBA L, TAREREELT
bFAINBICEBEEINSL. UL, B8O
ANF—BREBCRATHVETH e, RERER
BELTHRWES, BTy ey ACHNTHEE
B, B®E{LRESIRICET L .

AREOKR DICHAE E LB O OICEBERE 5N/
W ERE AR RATCEC BB LETET.
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