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Yol a AT Thiobacillus sp. & 8@ 3i¢e] AggyadA Fejsidd. ¥e8 5
aFgEAe] £540) 2, IAR A% elgev], ¥NE T $E L A%l
MU s Agsh: 274 B4 sidA d9Felsld. EAFRE thiosulfated Pt
71guA AN §718E Felel ABaen, AixdeE 449 thiosulfater 32 mM o}49]
EFEAAE 2818 79 A ol F2 Yk At A thiosulfate FEE
32 mMeolgich DNAS] G+C B 65.0 mol%els, MEW F8 A4 ulf s} e
16: 147, 16: 034 438 P34 3.0H 12:0F 7HAlY, Cu® ©IEA 7iAige] Aix
X2 912l Ubiquinone system® Q-9 711 21gicl. 919} e A48y B4 A3z
e, ¥ ¥AFFE Thiobacillus sp. iw.2] ME2E Fo2 gdsigc)
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4 gl d7jedg do7|E oHstae dFal
3t 4 AR o Sl Ml Thiobacillus sp=
Bergey's manualel| 9J&ld o573 2 548 A
Wi geh(1.7,8.21.25). °]§2 1%A ] 1Hde
2 259 veEAd 2 HRE iRy, £AE §
AslA] ek b Ao 28 CO S o) 438, sulfide s
sulfate 2 48t o 24 HAEE ouAE Jdix)
oz olfshe ety dof Algeltt ol 7}
Lol ddi 3t AT ELS 7ol AgEl
slel A vlgke] §r18EEtE F3g (7.8,
22). ubddol B 4J shetghA] dokAl g A=, Asishy
EA4Jo] tioksle] Eldol F4cdF o n w=
F715tgEolv F718EES FAld v o
Bhgoez olgshes EAY Yyory A7 &
sle} (18, 25). webA] Thiobacillus sp.i= S35 83}
P& Astge a2 HysE dx]E oz gde
2 ol &3l slahghA AT F shilold, 7|ale]
H58 7Sl g AdA o g et 5 Qi
Thiobacillus sp.<= HF AR F83] 2] A4 o]
S35 37| ol dF-Folv, 9% FEL nitrite S
nitrate 2 4t3lsl= @Azl g} (15). Thio-
bacillus sp.52 34374, &AW ubiquinone
system, H| XUl o] xukat 24 DNAS} G+C &%
3 gl EAMol| o2} Thiobacillus sp.& 37px12
H¥-Fl7le @ch(6.15.16,17,18). RA L ubiqui-
none 0% 7FA 1 glve EA 31ehgtA ofokAlFe
18: +19.,.9 w4t xuk4atat 3-OH 10:09)

252

T4 kg $4-319. DNAY G+C ke
67.0~679 mol%elt). R Z ubiquinone 8& 7}
A U A SHEPA LTS 16:0.16: 1+
170 1811419, 7HA1& vlS:4ts} 2]ub4ks} 3-OH
10:0. 3-OH 12: 0 4418} zubikE §H5-319. DNA
9] G+C =2 650 mol%E el JRs
ubiquinone 10-& 7} 4] G438} z]ufate] 7 2]g
Z] 24 73} ubiquinone 98 43} 16:0. 16;
1+ 170 180 1+ 19, ¥]5 348} 219} Abs} 3-OH 10 : 0.
3-OH 12:02] 413} 244bg 7FA "4 DNAS
G+C #ao] 65+ 3mol%a] 252 2Esdc)
Thiobacillus sp.< *37%4317] H& oz eg Un
e 2] 3} thiocyanate ¥ sodium thiosulfate &
ojfalit A4 Heo) 2Hg ARV F ALY A
A A F FAlgk Fo] 23 o] ofg)y]| wlFo F
sodium thiosulfate S Ao r}gsto] A
= Zle g o4eA Qlc}(10).

wela] B Aol e A e 2 dsa
Aerdy 9 ols¥eld BAZF Thiobacillus
sp-5< b e 2 el Afsista EA1al DNAY o
7124 G+C = 9 Ao ubibzA,
ubiquinone system & FAlsled FAsleict &
AEHE Thiobacillus sp. 54& Az s ¢4,
o|F #F7} 71284 Sl F43HA olLd
der] A8-E el 8 duAYes A8y
sodium thiosulfate =%Xol @2 Fo v|AdA £ &
ZAbslsdch
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Al FTFe A 3 2ne) dekd A Gge 9
o}y ®eloA AN s HRARAN Fejs)
Qo9 (6), M2 TF2 Thiobacillus thicoxidans
(KTCC 2505)& AH&-3lsict. 718l =] 242 S/
1000 m/9l NH.Cl 0.05%, K.HPO, 0.40%. KH.PO.
0.40%, MgSO. 0.08%, EDTA 0.05%, ZnSO. 0.022%.
CaCl: 0005%, MnCl: 0.001%. FeSO. 0.005%.
(NH)MoOx  0.0001%, CuSO. 0.001%, CoCl.
0.001%7} Hx8 =Asige. pHE WITE 2N-
NaOHS$} 20%-HCI§ AHe-8led 2439t} (3.4, 5).
A BE 500 m! A2rEela ) Y 71 g X o 0.8%
sodium thiosulfate®} 0.2% yeast extract& E§8
¥ #5F 3984 30°C, 120 rpm o 2 15U Mg
aokgt & QHefA) 9ol FRxg sha oo jehd
ey 27|17k 0.5 mm ol AMALTI] wE
23§ Adste 33 A4 A S v
£48e89 2 (8.11,12,22), o #FE YAA

Table 1. Characteristic of Thiobacillus sp. fw.
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4°Cyoll Bahapa] 35oic)h Al wjgsldA] HE
v 2| 2 Apg-sidc)
25 B8 % Y

¥l gy E42 2% s Jd
vjdog Asiglch ikt 542 A
A e A7) g 9 47 5& FREAUL &
SA8 -5 M) Ajol stab culturedle] 73 A}s}
on of gt rlel A AAFTE TS,
14, 22.25). 712wl Rl 1.0% Y4 el 3k 001%
thiocyanate 3 0.8% sodium thiosulfate d @& ¥
g} dag F &35l v g Fo AR
58 A5kl (10). 0.2% yeast extract 3 E {3
7]} Aol sodium thiosulfate =& =8} (1
0,21) 79 MARE=E ARG AFA) 3
ZEEE 2% &1 7l Aol YA HHe A
718} 7|2zl {71Ee] e vilA}e] Fe] 2
718 viZdd #71F 53 58§ 2Astdd 2
15.23).
Ubiquinone system

$e|FFE LEZAH 30°C. 200 pmoE 3Y

Character Thiobacillus sp. iw: Thiobacillus Thiobacillus novellus
perometabolis®
Cell morphology rod rod rod
Colony size 03 mm~1.0 mm 03mm~10mm 0.1 mm~0.8
Spore formation + — =
Gram reaction - — _
Flagella + + -
Nitrate reduction + - -
Assimilation of
Elemental sulfur w + -
Thiocyanate w - -
Nutrient agar + - -
Optimum temperature 30°C 35~37°C 25~30°C
Optimum pH 7.0 5.5~60 7.0
Hydrolysis of gelatin + - -
Guanine plus cytosine
Content of DNA 65.0 mol% 65.0 mol% 67.3 mol%
Ubiquinone system Q-9 Q-8 Q-10
Major fatty acids”
Non-hydroxylated i6:1+17..16:0 16:0. 16:1+17.., i8:1+19.
fatty acid 18:1+19,
Hydroxylated 3-OH 12:0 3-OH 10:0. ND/
fatty acid 3-0H 12:0
Nutritional requirement facultative facultative facultative
chemolithotroph chemolithotroph chemolithotroph

“ Determined in basal medium containing 0.8 (wt/vol) Na:S:0: and 0.2% (wt/vol) yeast extract (From reference
2.3, 4). * from reference 16: * from reference 17: “ weakly positive: “ 16 : 1 + 17, (hexadecenoic acid plus cyclo-
propane of Cy). 16 : 0 (hexadecanoic acid). 18 :1+ 19... (octadecenoic acid plus cyclopropane of C..):/ not detected.
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Fo} sl ggsto] AR RolA] HFpR A A E}e]
WE mzsteck Ubiguinoned Katayama-Fuji-
mura (15, 16.17.18) $9 wiyell oo} 483
Hasteiel £2EL v ZEelz sy
{HPTLC. 10X 10 cm, Merck)ell 2 -8-8lo], ol & -
E(R0:2002 g8 Bujol 15F ¢ Ak
Qe ABolE WY EE ybiquinone A dtg )
AZEL X{AREY

Axufe] 24k Katayama-Fujimura (15, 16)
Zol wheg F&sty, AEY Al methyl
estery FID7} 249 Shimadzu GC-14AE ¥4
sholch o ¥ e 5 205°C, ¥eid 2x
185°CE A8tz F97badd AL 7hAs 30 mi/
minZ Fq)sigdch 2abg 2hzhe] methyl esterd]
el ojAAd A A|da} wlimste] A s, A
whare] 2A4E A Wz dxdi] 7} sizm 4 v
+% S35}
DNAZ] €01 XM

DNAE Marmur 8ol w2} Relstz A
shedcl (14,15, 17.19). FF G+ C ¥8k2 Tamacka
(24) %2} uhel w2l Shimadzurbe] HPLCE &
sk ck HPLCE L-3000 %27} (Hitachi)®} D-
2000 integrator (Hitachi}& Ab8-8lg.ev, cosmo-
sili packed colum RP-18§(4.6X15cm, Nacalai
tesque)®  Abgstel  AAEldch 2F DNAE
YamasaA} (Japan) #-&-8 2hgslgdct

ot o g

22|25 B ¢ da|, diEs 54

7i 8o 2}l 0.8% sodium thiosulfate 2} 0.2% yeast
extracty: EHE S Ael odietg sty 9
whs-fejo A ey 455 Azl A 33 A%
Achuf ekl F ol ODw7} 1.65 ol 4 i 2] 2] 3§
Aduistel gxuf Aol sgsln o)F A=ty Az}
0.5 mm ol4e AAE ole] Fdqie duy
Az serggel M Ryt #5F shielelen, o
TFE B AT A8 TR A sl ReladFe
EAe Table 13} 2o} Fejdtiss 2384l
228 Ashe HFe2 Fig 19 (a), ()2 et
Ao (114,20, =3 #ARo) sl &54 458 A
2}9] 271+ 0.3~09 mmolo, 7}A v ol e
PFaoln FAIRE U4 E AP BN HA o
HEy FAYE o Y 44e dAd QL)
Bergey's manualoll 23b Thiohacillus novelluse}
Thiobacillus vresurus 2} 7339 3 <fgh 3] 2ol 4| 4
Age B slgded. ¥ el Felgt @5l
AME dFgH o4l g B 2 el (25
#e#Fe T AP thiosulfated o483}
o 44 #Hulel &3 thiocyanate® »e}A 4t
sshe A sstghy odokg skadch(14.20.22)

KOR JOUR MICROBIOL.

Fig. 1. Transmission electron micrograph of Thio-
bacilus sp. iw. gram-negative rod {a) and
formation of spore (b},

Katayama-Fujimura 5o} @188 Thiobacillus sp.x=
A shatyhdd odokst §4 Sy dofoz A3
& B Fdch 14151617 #718 F3=
Table 29} v} 7] 2u Aol 7128 H71std e ws}
sodium thiosulfate & Z§3 7[R u o] »|4&
71kl s W F71E FEHE By e wis
A& ¥k & Peld 3 arabinose, sucrose,
gluconic acid. lactose. glyeerol, lactate, glucose,
proline, maltose. ribose. fructose $-& o]-8-3}41 3
vk citric acid. isoleucine, leucine, oxalic acid.
serine. phenyl alanine. acetic acid, methyl
formate. methanol, pyruvic acid, succinic acid,
ryptophan, glutamic acid 52 o] £ %] £algi},
gt 7] B "ol gluconic acid7h #B7HE s =] el
sodium thiosulfated LI 7] 2uf Ao gluconic
acid g H7HE wi Aol A Fof Aol of busigic)
e ol 28 712 Ael fructoser}
ribose s H7IgF F9 Fo 4FE 23]y oA
HAz AR S F e 7j P2 lactate S ¥
7Hgh Aol & 4Rl edsieh(23)
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Table 2. Assimilation of organic compounds by Thiobacillus sp. w.**, Thiobacillus perometabolis and Thiobacillus

novellus’.

Substrate Thiobacillus sp. iw.”

Thiobacillus sp. iw.

T. perometabolis  Thiobacillus novellus®

Arabinose +
Citric acid
Sucrose
Gluconic acid
D-glucose
Isoleucine
Leucine
Lactose
Oxalic acid
Serine - .
Pheny) alarine -
Acetic acid -
Methyl formate -
Methanol
Pyruvic acid
Succinic acid
Glycerol
Lactate
Glucose
Proline
Maltose
Ribose
Fructose
Tryptophan
Glutamic acid

b+ 4+

|

I+

P+ ++++++ 11

!

A+ ]+

i

I ¢ | %
I+ +% ++

!

| |
l++E++++++5++2€+ | |

|
+

“ Determined in basal medium containing substrate.

Ubiquinone system

B AFol ] K23t Thiobacillus sp.x= 541 3}3}
&4 odope slel FFAW ubiquinone system-2
Q92 uepydr}. Jackson (14)5# Katayama-Fu-
jimura (16, 1752 Thiobacillus sp.& ubiquinone
9] 7i&oll i} ¥-Falddct & Q-102 FA 2agA
o okg &lnj Q-8 i ¥-¥ o shatgtAl S sk
A #FE FA A d4dx ok ey
Thiobacillus sp. & Thiobacillus traurweinil®} J-%-
Thiobacillus rubullusx Q-9 7HX1 Y= 7AL=R
B gt (14,16, 17.18).
DNA o} §7|=4N

¥ Aol A Feigt #F< Thiobacillus sp.2] G
+C ke 650 mol%-& B, Thiobacillus sp.2)
DNA 971243 fAbsidch. dwbd o2 Thio-
bacillus sp.2] DNA %7]1241¢l G+C &=k 51~
68 mol%€ ¥} (14,15, 16, 17.24). & Q-10 & 7}
A Ae F579 G+C $ek2 63~68 mol%o] L,
mol%elt}. 22y} Q-9 Thiobacillus trautweinil 2
G+C #=& 66.0 mol%o)™, Thiobacillus rubellus
£ 65+ I mol%E ¥.3 =}

* determined in basal medium containing 0.8% (wt/vol)
Na.S:0: and substrate: * from reference 16: “ from reference 17: ¢ weakly positive.

ML Xt T4

B Aol A Relgt 7o F vAbs) x| upAke
16: 1+ 17.. 16:0. 743t 244 3-OH 12:09
Helo]l i, C.8] 7% viF A branched fatty acid®
A&= o Feldre A2 zw4lk 248 Table
3ol Yepdch 2N #Fe Rl AL 29
3 44ks} Ajuk4b (2. 3-OH)E 7FA19 (7. 11,12, 14,
17). Q-9 &8 Thiobacillus raurweinil®] F=
plgast AR 18014190 16: 14 17y
16:0 &ejolr, F4k3} zjubab-e 3-OH 10:05% 3-
OH 12: 08 ¥ 2 S|} (15.16, 17). & ubiquinone
system, DNAS] G+C gk Al E2] Aupal =4 9
Ae] Psietd B4 A2 gof ¥ ol eyt
54 Thiobacillus sp.2} 7% ¥4 sharghA dds
3l9] ubiquinone2 Q9. GC ¥ 65.0 mol%
a2} A A 2 AL 16:1+17.,16:0,3-OH 12:0
ZHA R 7] dFo AR #ea AbsbAFEal
Thiobacillus sp. iw.Z g3lgc},
Sodium thiosuifate 5554

71&2u) 2ol 0.2% yeast extract® ¥ sodium
thiosulfate EX& 8~160 mMEZ Z A5l Fj
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Table 3. Cellular fatty acid composition of Thiobacillus
sp. w.

Fatty acid composition* % fatty acids

3-OH 12:0 892
3-OH 14: 0 tr'
12:0 2.71
14:0 tr
15:0 tr
16:0 9.07
X 9.25
16:1+17. 68.06
16:0 9.07

* In fatty acid designations, the first number indicates
the number of carbon atom and the second the
number of double bond: ... cyclopropane fatty acid:
3-OH, p-hydroxy fatty acid.

* Trace amounts (less than 1%).

¢ Unidentified C,. branched fatty acid.

f
/
[
0.10 + /0 L) .
/

0.09 | /.' ‘\o_-//".\’ 4

008 e 4

Specific growth rate (he™')

0.07 1 L1 L 1 1 ! 1 A
0 16 32 48 b4 B0 96 112‘128|4d160

Thiosulfale conc. (mM)

Fig. 2. Effects of thiosulfate concentration on the initial
spectficgrowth rate at pH 7. 30°C.

A A £ 8 23ledct (10). Sodium thiosulfate
x| qE 79 94 == Fig 29 Zth o]
&5~ sodium thiosulfate FE7} 32mM o]3}
A w7t ot wel Fo] e ke
g, 32 mM ol e 57 o =8 F9
AL s F, 32 mM olAtoll Al 7] Ale)
AAialg zHgsled FFeol AL AAsisich
w24l o] F9 sodium thiosulfate F ol a}& 2]
A2 <482 Hiroshi (10, 17) 53} Nakamura (21)

KOR. JOUR. MICROBIOL.

ol LAY AFAAd FABIY AHAY Fre 32
mME veltc). Thiobacillus sp.8] 4345 E &
dFo) vl Yubzxez ma} B 74
A% Thiobacillus sp. iwt AA4xr) wa}
B354 Abshubge o1 4-¥ 4 gle #-8% FFY
Rog Argslo] At

2 2 8
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ABSTRACT: Isolation and Characterization of a New Hydrogen Sulfide-Oxidizing Bacterium

Thiobacillus sp.

Cha, Jin-Myeong' and In-Wha Lee* (‘Department of Genetic Engineering, and
Department of Enviromental Science. Chosun University, Kwangju 501-759,

Korea)

A new hydrogen sulfide-oxidation bacterium. Thiobacillus sp. was isolated from waste coal
mine water around Hawsun in Chunnam province. The isolate was motile gram-negative rod
shape. formed spore and grew up to be acrobically facultative chemolithotroph by using energy
released from the oxidation of reduced inorganic sulfur compounds. It could assimilate various
kinds of organic compounds and grew well upon thiosulfate-supplemented basal medium.
To the lelvel of 32 mM in thiosulfate concentration, thiosulfate in itself was utilized as energy
source for growth. However. from those of the higher concentration than 32 mM. thiosulfate
functioned specifically as the substrate inhibitor rather than as the energy source. It was found
that the optimum thiosulfate concentration for growth was 32 mM. The G+C content of the
DNA was 650 mol%. The isolate had 16:1+17,. 16:0 as their major non-hydroxylated
cellular fatty acids. 3-OH 12:0 as a hydroxylated fatty acid and also contained unidentified
Ci branched fatty acid. The ubiquinone system in the respiratory chain was Q-9. Based on
the physiological and biochemical characteristics, the isolate was assigned to a novel species

of the genus Thiobacillus sp. iw.



