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A Study on the Method for Counting the Cell Number of Thiobacillus
ferrooxidans in a Mixed Culture with Thiobacillus thiooxidans.
—by Selective Culture Using a Membrane Filter—

Takakatsu TAKAMORI, Keiko SASAKI,
Masami TSUNEKAWA and Tsuyoshi HIRAJIMA
(Received October 29, 1990)

Abstract

A method to estimate the cell number of T. ferrooxidans in a mixed cell of T.
Serrooxidans and T. thiooxidans by means of the selective colony formation on a membrane
filter was studied. It required 10 to 15 days for the formation of colonies. It was possible
to count colony numbers when the colony formed from 1 ml of the sample is under 10%
Using this method, it was clarified that the cell number of highly active 7. ferrooxidans
existing in the leachate of bacterial leaching or culture solution can be estimated.

1. % A&

NZFVUTEFBELT, $R»SBRSEBHUEBINT 2E M TCHE NI FVTV—F 7
X, BEHASECEHEE SN TBY, ZOBERGOWES BN L LU EEIFEMER TR
PUTHB NI T T —F 7 Ed I FAINTHBIME & LT, Thiobaciltus [E D#EE
1M (Thiobacillus ferrooxidans) & A A& VEBAGHE (Thiobacillus thiooxidans) %% 5
EWRTEDL, NS 2HEOBEIRE b IWHFBET, HENEEEOSREA A v EmiEsmRL, #il
DOEBERNAKGZEZEBL TWE I LMo TS, 083 2 MigkA 4 > H 5 0idET
BAFY2BEL, BHEIERHA A7 EZBLEL T2 VE 2B TED, b TBREs
EL L2 64 F T 2{LF M RBEHE TH 2,

BIER? 2 B W TEE S 1Z, HHFEONNZ TV TV —F 7%, T ferrooxidans B—BETITi S
&0 b T fervooxidans & T. thiooxidans DRSS T o 7o BN LA 4 » OB H B ER
TEIENTELILERLE (Fig 1), BHBBCB Y 2MEOEHEMEIEL, BRHEE DM

HIRBAFE TR SRYALTE TR
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EBLRBEMFEROBER2E»5 5 2T, MEOFALELNET 2L BEETHS, Lrl, B
HERHOO N T AEEEE" CR2EULORAHEOES, 2B EM it D,
ERHOBEREE TN FNETAI L BTER Y, 2T, KEKCHANZ XTI VRO HE
&Y, T ferrooxidans O 20 =—B5ERINICIGEL S ¥, FOau=—EEHEL, BEEEEs
KD B FEEDWBTRE 21T% 5 72,
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Fig.1 Comparison of copper leaching by T. ferrooxidans and by
the coexistence of 7. thiooxidans with T. ferrooxidans.
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Table 1 Culture medium for 7. ferrooxidans

9K medium (g/1)

basal solution

(NH,) S0, 3.0
KC1 0.1
K,HPO, 0.5
Mgs0,7H,0 0.5
Ca(No,), 0.01

energy source

F85047H20 44,22

. Lo *2
trace inorganic ions

B, Mo, Zn, Mn

pH 2.0

FEB ATz 9 K, Table 1 WRT & S icn A VF —RE UT 2 fligkA A4 > 2 &l
D9 KO RS OE»Z, EFREODIZE S HEBEORBRGEE»HMLZb0T
Hbo AT I URBBEOFIRELTIORT AR T pH2 WEE L 2By (T RNr Ty
JEHE M-085, 1HFPD)OEFEEImMDE2 Y »y—VIZESE, T KEH Im]l 2EBHs ¥
3, BE[WEETA LTI 7 4 VF — R, BHREEE 05ml 2B 2, 20X 7507 4
W — BRIy D RICE  SERMAMFA VT 7 4 Vv =D B L B0,
BlHkzidohkTyyr—9—0fyy—VvEN, TV —F—Tk4 Fa—5—(25C)
WKANTHEERTRY &, 0~15HMT7 4 vy —DRcan=—23ERaNn5, BRashza
O = — i Z TR 2 H1EY CHRE LR, ST 5, Thbb, 1%8EY 7y v AkKER(ER
BRI IR 2) 1.oml 2H 2By V& EY, QL ag=—2BR LI T 507
ANy — BB EISHMEPETE, DEW, IORBLIEAYTITU 7 408 —EHLWBRI Sy
T O EERRESRE, 30— WEI TN T . MR, IOFBCLAEEIn =
BTNk E RS,

BB, AVTIUT AN —KEEPEET B, 74V —0OHPERT AEOBEEIC DY
THERT BTz, AT I T7 4 VI —% " HMEBRTHARO LS CEEEEL, “HED 7 4 L
Y= OnTH—KE L ERRCEER{TR> T, WThOERIZBWTH, “HMED7 415 —
iEao——DOHRERLELONEL-120T, —HEDO 7 4 VY —2EPERT 2 AEe
TubDrHrENnS,

*2 SR BRI (9 KBS £ th) © Na,B,0,-10H,0 0.1mg, (NH.).MoO, 0.05mg, ZnSO,-7H,0 10mg,
MnSO, 10mg
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3.1 T. ferrooxidans E—F D A>T 5 HEFE .

BRI BT E I, EPILTTA S 9 KESHIC B8 U, H4- IR (EREE | 25°C)
2720, BERIEEONBUSTEHERIICE RO~ 2L, IhEmesicEE LBy
B UM THEEZT R (ChEBRREV D), ZOMRE < D2 Lictk, ¥ ) 2 FiREH#Y @ X
> THBEEL ZE(HUTYS80801)® TH D, < DHE% 9 KEHI B8 URIRIRBEE 21TV, #i(R
PRIERE DR L /-8, HIEBREOH 2 I EERO— PR L, ThEH L TiEx
OFEFEEP IR B EIICHFRL, FNFREA VT I VEHOFERE Lk, EREROKEL
LO»SIBIESIEERE L > TEFRFNANDOA TS T7 4 05— FICEEL, BioFER
L DEEEETE o fo, HEHBORRICHE Y, BEREBE (B Iml H7: 0 OBEE) OB »b O
SIECKBISKIC LD AT TV 7 4 vy —DEABRALN, £ a0 —DERSBEES T,
HEAMIOHELZR I o= —BOEMZE L A LD dNR»- 20T, REEPE413HM L
L7z,

SHEUETEHIC B TR L 728 DI DD TORER% Table 2 10T, & 2 TREFBREHOFHH
WD & 3 DOUMFIEERITV, Z OV L FEH¥FERRIE L 72, Torma FHEMRIC X 2 E RS
BETIE, Iml 2D 2104 —F I TOEEHOBE, BHRECZ L R TH 2, —A,
AT T URER TR ean =~y NRIZ X AEBEE I, 1004 — 5 —%#z 284, 2
O = — AR D 7e DFHEBRARECH o Too B—DEICDWT, EEFHHURC X 28 E L,
aa=—A Uy MR DESHE L DOtE Moo= - (colony forming activity) | k E3
L, BERREROERCOVWTZOEERD 2, I 0= —ERREIFREBDORKEVEIATE
DREVEEZRIEAND 20, NTYFHRKELS Rol, ZOMER% Fig 2 1R, - DR
M5, I DBEOREEEREFEE T 10%cells/m BETHY, #0O L 2D 0 =—FRZIZH0.21
THH72,

Table 2 The colony forming activity of 7. ferrooxidans in the
logarithmic phase

Dilution Cell number Cell number Colony forming
by direct count by colony count activity
(cells/m1) (cells/ml)

1 (8.04 + 0.68) x 107 c -

10 - C -

102 - c

10° - c -

10t - 1.4 +0.6) x 10° 0.17 + 0.07
10° - £0.3) x 10 0.21 + 0.04
108 - (1.7 £ 1.0) x 10 0.22 + 0.12
1o’ - 4.7 % 1.1 0.58 + 0.16

C = complicated, number of samples = 3

*OBRBARERER 1B, \EKIFMABEOHEFEBILI0TH 2,
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DEW, MEEEREE R R U IR L b O DT RO ESR R TR - 2, TOBEE
% Table 3 WWRT, Table2 L FAfRIC, 2 0 = —FRBIHFRBHOKEVELE IATLIDKENE
ERTEAND BH, NTVYFHREL Lo, UL, FEFENEHEOBEEOES X EOETHER
WdHEE KL T, 20 = —BRERRE-OFRERICE LT ZATNL/6~1/NTBD L iz,
Thbb, 20 —JEREBERZFOBEOL OEMEOBRECKEL TE D, SHEUETEEIC B W T

COLONY FORMING ACTIVITY
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Relationship between cell number and the colony forming
activity of T. ferrooxidans in the logarithmic phase.

Cell number is calculated by using the results obtained from
direct counting method and dilution.

(@ : mean value, length of line: standard deviation, num-
ber of samples=3)

Table 3 The colony forming activity of 7. ferrooxidans after the

logarithmic phase

Dilution Cell number Cell number Colony forming
by direct count by colony count activity
(cells/m1) (cells/ml)

! (5.73 + 0.22) x 10% c -
10 - c -
102 - c -
103 - c -
10t - 1.4 x 103 0.025
10° - (1.6 + 0.3) x 10° 0.029 + 0.006
106 - 1.5 £ 0.3) x 10 0.026 + 0.005
107 - 5.3 + 4.1 0.093 + 0.072

C = complicated, number of samples = 3
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HOBOEESW D a0 —FEENGVWLOLMBEENS, au=—h vy MERED, N
75TV —F B L REERT, EEOBVWERORBE 2HENE T 2 Z ARk
%,

AT UEBCBY AMBEOETRIE L, WO OBMEE, BPRE, BREESC
BOUTEDLOTHLWEBE2ZITWw207T, 1EOMESX LTI 7 4 vy — L THEEEL,
1EDIu=—%2EHRT 22 RESTHEVwEEZONS, 2O o= —BlE TR
A EL, 20— PBREZETSRI2FTEREEZ >N S,

3.2 T. thiooxidans BBEED A 75 3EE

EER B E I, BVELLITAAKE A 4 o8 (Table 4 WR$ & 512, Table 1 @ 9 KEFHIEL
SHOLANFE—FETH D 2 BB RAATICEERZ L O) CEEL THSRRIERESE
BEERE 25°0) 2T 2w, MREBIERT LI ED, COEBEST 22 EFEEELHE
THY, 1ZIF T thicoxidans ThH D LHEIND, COWEA A UEMNCEREL, RRRENES
Tz, NEEEIRC B W TEERO— 2L, Zh% 9 KEHIC THE2 OFFRERCHER
L, ZNENIEDWTHIIRD FETA > 7T VR EITR » TR % Table 5 R I RIFRICRE
NTWIEEHEC L 2EREEFERERRD T, MEEEHC S 2B CEENEE % 2
YT T 4N —ZEELLC b rb ST, IKEMERAWTAY T UEER TR
25, BRanfau=—HBEEC A rol, IO LR, BRELULEIKEWTRER
TEZW T thiooxidans PS> THwbE I ERR LT3,

Table 4 Culture medium for 7. Hiiooxidans

Sulphur medium (g/1)

basal solution

(NH4)ZSO4 3.0
KC1 0.1
K2HP04 0.5

MgSO47H20 0.5
Ca(N03)2 0.01

energy source

sulphur 20.0

. ) x + *2
trace inorganic ions

B, Mo, Zn, Mn

pH 2.0
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Table 5 The count of trace cells of T ferrooxidans in the enrich-
ment culture of 7. thicoxidans

Dilution Cell number Cell number

by direct count* by colony count
(cells/m1) {cells/ml)

10 8.75 x 10° 46

10° - 42

10° . 34

10 -

10° .

*total cells

3.3 T. ferroxidans ¥ T. thiooxidans OREEED A 7 75 &%

1B L UB2THRATAET, ThFN 9 KB L U1 4 i) & WHEEEENI I L 72
T. ferrooxidans ¥ & U T. thivoxidans %, W& OEEBEI L H122.10X 10%ells/ml &2 5 & 5
W9 KBEHTHRL, 2he® 11 TRAE LK, 28K, ZORSGHEEEEERS 9 KEgTEL
DFEPUEENC 25 LD CHRL, BROFETA VT T VEERTE > T2, ZOfEHR% Table 6
R, FIEPOESETEGEC L 2EEREBE R T. ferrooxidans 127 DEER LIS DTH 5,
FHRERE 2 —BREB I UEONNT Y F L OBERIE Fig. 3WWRT X3, T. ferrooxidans
H—HOBESE SN EERE (Fig.2) L FEE, HREEN LD RKEVE I A Tau = —BRZER
KELIRDD, TV FNELL D EWIEAERL T2, 2 DEE OREEEEARIEE 310%ells/
mBETHY, 20OLEDOIT T =—FEEIIN0.86TH o 72, Tableb 8 & U Fig. 3iwmanT
Waao=m—JBEE, Table2 8L U Fig 2 WREN TV AHEICHERTELDTEL, 2D &
B HIETEHC B L THEEOBEVEEROEENEL TwE Z ER2RBLTn 3,

Table 6 The colony forming activity of 7. ferrooxidans in a mixed
culture with 7. thiooxidans

Dilution Cell number Cell number Colony forming
by direct count by colony count activity
(cells/m1) (cells/m1)

1 (1.05+ 0.0) x 108 c .
10 - C -
102 - c .
10° - c -
10 - (4.7 +0.4) x 10° 0.44 + 0.04
10° - (7.3 + 0.3) x 10° 0.70 ¢ 0.04
10° - (8.9 + 1.0) x 10 0.86 + 0.08
10 - 9.0 + 2.5 0.86 + 0.30

C = complicated, number of samples = 3
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COLONY FORMING ACTIVITY

CELL NUMBER (cells/ml1)

Fig. 3 Relationship between cell number and the colony forming
activity of T. ferrooxidans in a mixed culture with 7. thioox-
idans in the logarithmic phase.

Cell number is calculated using the results obtained from
direct counting method and dilution.

(@ : mean value, length of line: standard deviation, num-
ber of samples=3)

4. % & &

T. ferrooxidans ¥ T. thiooxidans DRESEIW DWT, A > 77 v E#FEIC L 5 T, ferrooxidans
OEIRAEEERIT 2D 22 & D, T ferrooxidans ODBEABE 2RO 2 FHEX D TR 21Tk
27

ZOFER, au=—OBRICIFI0-15BMZEL, I 0= — KOS Iml 5k s
Z30=—0EMPI0 LLTOBEHEETH > 1z, £ 7z, T, ferrooxidans & T. thiooxidans DRE
B 5 T, fervooxidans D210 = — % BIRNRTE S Z PRI N a0 =—A v > Mk
T, FHEOE W T, ferrooxidans DEES 10— BR T2 EEZ o520, REK LD,
N7 FYTV—F B 5BHER, H50REERTCEET 5EEOE W T ferrooxidans
OHEBEOHENTRETHL Z L 2Lz LT,

ZE XM

1) SRR | OIS, (1984), p.63-90, {LERA.

2) ERREERE, LARERH, TART, ENIERE, & B HF - BHESEE 106[10],(1990), p. 611-616.
3) O.H. Tuovinen and D.P.Kelly: Arch. Microbiol., 88 (1973), p. 285-289.

4) NEESE, /ORIRZSE, WOSE IR, 65 (1986), p. 45-48.

5) ERREERs, WoRkET, ENEAE, FE Bl EE - BHEETE 106[4], (1990), p. 173-179.



