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Characteristics on the Incubation of Sulfur Compound-Oxidizing Strains Separated
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el 2 Wl AEH(CH,SH) 5= DMS(CH,SCH,)$} 22 33359 ol & 282 0= Ast] flste] &
O 2HH EFORHE] sodium thiosulfate == 2|32} 7E% 718E ol gslo] mAES] e W F4E sk &
g vRBEES] Y 7HA pH, BIE, AkAEA, 71 EERME) B, A4d 9 @] B W el wNksE
T2 vz Sl ] wiekEA)S st At aS 5 é}%ﬂr -12128} DAH-1056 T52] 2 pH= 2t
7} 7.0 2 4.0019101] AR T 30~35°C YT 3 S ok E¢] ED-1138 5= w 2.93% Eoo]

Al EEsISitt. TE 1 sh Hlo] @8 ] ofF X E]el| QlojA] I DAH-10560]
F3pra AAGo] ST KD-1212 775 o]-83ato] 8sl3ae] v 9 Aad 9 gkide] st AgE54s =
AYst A3}, KD-1212% sodium thiosulfate®] 25 mM -5ollA] Ad7do] 71 2= 31, 549 © 2= glucose?} maltoses
Zho]g8h= A o2 el 18] 37 A4 0 2= yeast extracts 2 0]-8-5151.0.H 0.5% oA 7o) 71 F E Sl

71& 45 Thiobacillus sp. TWK.TF

Abstract — Both strains of KD-1212 and DAH-1056 were isolated and identified from animal manure-contaminated
soil by screening bacterial strains for the removal of sulfur compound-malodor with such substrate as sodium thiosulfate
or free sulfur. Then the characteristics on the incubation of these microbes were observed under various incubating-con-
dition such as pH, temperature, acrobic or anaerobic, substrate(sulfur compound) concentration, nitrogen and carbon
source and rotating speed for mixing, and the optimum incubating condition was established. The optimum pHs of KD-
1212 and DAH-1056 were 7.0 and 4.0, respectively, and their optimum temperatures were in the range of 30~35 °C.
Another autotrophic strain, ED-1138, was isolated from contaminated soil. The strain DAH-1056 excelled a strain Thio-
bacillus sp. IW in eliminating hydrogen sulfide during the process of malodor-biofiltration with a fixed strain. The char-
acteristics on the incubation of strain KD-1212 were observed under various substrate-concentrations, nitrogen and
carbon sources. KD-1212 favored glucose and maltose, and yeast extract as carbon sources and nitrogen source, respec-
tively. The optimum concentrations of substrate and nitrogen source were 25 mM of sodium thiosulfate and 0.5% yeast
extract, respectively for the growth of strain KD-1212.

Key words: Sulfur Compound-Oxidizing Strains, Isolation, Identification, Malodor, Hydrogen Sulfide, Incubation Char-
acteristics
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SH2]Q1 A2ful-g wiitell £-:u]go] s}, whehbA o] @ JE| 9}
2 AETH AEe Faeis T8 kA HElshe FAA
Q1 TiRko 2A] Fdatal Qith1]. ARbA o & vlo] @ E= F7kx
o i FH e AA Hojurta x| glok1-14].
3 AESA wHrtAAE Y W ] eddS A3t v
el 71wE Aelabr] flst B oz gl WhHoltH15-19].
glras 7] 9 A7 vAdEel gato] Al < Qlvt st
i Aol QoA SrwAEE] Aol HS o3 freldo]
247} §3 9] 23} SO o]0 7 AtslA el o] vgEe] He
gk YA S gt 5t A3leas 23 H7kae] HeE
flgt nfo] ] FoNA T3t AR F2 shb= v AEEA e
1A s} v Y& Ao 7N sl glol= ThiobacillusS:
filamentous Sete|2]o} Fo] QI Thiobacillus A1d pHellA
AL wol PAPIEANE 437 BAARE 2 579
vkl GeiA QUUHs). Sskaa 2l 5718w Sollkl Thiobacillus
& 9 IRMAITSIGIERT Gt AA e A,
53] Thiobacillus < 35718 5HGUAYES %7 lag phase
713k0] 7 Fom o 2 Sslkra A EES BRITH1,20].
Ty E 0] slga AlA | QeIM Pseudomonas putida CHI1
7} 2 FEYY A ES SHAYSNBER] Thiobacillus
thioparus CH11XX} 1 <=3} 1[10, 11], 3Fd =2 559 3
SlpAe Pseudomonas putida CH113} 322 $59F SAtsin] A
=9 S Alsie® lsls o] AlgkeE vt B ik 12].
2 AFeME ol LS AAE F e vAERA 51
QFoF = THYY AR BTl gist 7S 7R gl
4 E= 2R oFE 52 eE AEsr] 98te] sodium
thiosulfate B fre]sha 7|A = sh= v|dE2] 22 9 542 o
o, e uAEES] o] 7HA pH, WYL, akaztd, 713
GE33E) 5, a9 9 ghae] w5 9 wjoly] sIHEE 5
o] ik stellM o] mMidEAS Hsta AR Eds 75
sharzf gt

2. M= H Gy

2-1. AZRF H ASHIK|

HAA vEe] elE flel o] X9 FRow eu
Edee AMEEA AFESI. dFAATIEES 72| Foll ut
e} Faolsieel tieh &dgeio] thEr, 53] A 234
PslEs AASH: vdEe] v Bl el sitekas Al
Adhz vdE By W wldadeld ARiAS] pH 2312 B4
AP or o] dds JAslY otF =S Al sk
AE 2EE A% ARHIAIEA S Table 13} 2t

2-2. E3RIE MAHOIYES| &rEa|

FIE AAE HEE sfo] FAA mAEES] Felel g
ATE T Y5t 29E EdolA AES AF 3] Table
139} 722 AAHR] ol 1.5% agars 3715k 121 °ColA] 1583F 7}
& dareto] Az A Aol = - 30 °C 22719 w7
oA wieFEeltt. vk $ FAS F2Y oA 7 wEA A3
ok 2l =k Al stoiA SEiRtE Al e HElE

Table 1. Media composition for the isolation of sulfur-oxidizing bacteria

Medium Composition Content (g/L)

KH,PO, 20

K,HPO, 2.0

Medium (1) NH,CI 04
SH 7.0 MgCl, 0.2
FeSO,7H,0 0.01

Na,S,045H,0 8.0

Yeast extract 2.0

KH,PO, 3.0

NH,CI 0.1

Medium (2) MgSO, 7H,0 0.5
pH 4.0 FeSO, 7TH,0 0.01
CaCl,2H,0 03
S0 10.0

2-3. g2glE MIAn[d=E2| SEZAL

2238t 3315ME A|lA 52 Table 191412 thiosulfate”} ¢
¥ medium(1) BiAel] YL pHE} 25, A4z 4 wHEEE 5
of W2 F33HE AATTL wldEdS ARSI fElso] &

SHE medium(2) BIRE E-g3to] 2t 75 A% iRl
TG EE Al wasy] dste], wiA S darzate] o
2 Qlsf ZEolt e gYgAtEo] AR Y71= fEls diilel
thiosulfate= THAE medium(1) X E ARSI nAE-S- Hljoksk
T}t Medium(1) ¥iA|S] %7] pH, &%, A W Wik T
controke 242} 7, 30 °C, 37123 2 200 rpm®]™, medium(1) =Y
%] pH 70] obd t}& %7] pHES] WL 0.1 M HCIEF 0.1 M
NaOHE AREsto] Faslgint, Abhzzie] ue Ssists AlAT
o] WjFEA S AR 9I3819] thiosulfateS 3H-3F medium(1)
o FalehE AAETE 96AF 5714 2313} Ak 20w
Z}z} wljekatol vlwskivt. AEHHL WA 500 ml SRR
& AYAEEE vl 5714 3delA] 30 °CollA] 24417F wljokat
At 3714 Bk 22 227 stelA 72A1%E Al wiekekala,
Hh o] kA wljoR 24A13F 5714 2ol A wjeket wierls
572 @75 F dHire A vl g 72417 30°C
oA A% wllkslATt. A yeast extract, peptone, tryptone 52}
22 AAY 9 glucose, sucrose, fructose, maltose?} 2 €HAY
A7yek vk gelshE Al =S S-S ARSI
st 2t FelshE AA TS Sl A9 A4 pH =
< T3] flste] oy pH delA £ vjeksieitt.

m
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2-4. AN

Medium(1) Bi<]ellA] HF F21 31522 AFEZ4E flsto] &
AT HjoFe 1 miE 2|F 3 $-ol] UV-visible spectrophotometer
(Shimazu, UV-1601PC)E AFE-3l9 660 nm 3FgellM] F3=E &
Aakla, ERHE SHEE AT EERE IRt B3 3slE
AATF7}F medium(1) B1A] 2] thiosulfates AFSFA|AA WASE 3
A0) (S0P FhE o ARvPE T QI AR DX-120)
£ o] gsto] S5t

25, 2l@Fel B Y 5H
FAPAAFEA Y 7 (SEM)(Hitachi, S-4300yS ARg-alo] F-2]3) 3}
= AA 12 FHlE AEeta, FeldTE52 168 rRRNA 3
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3-1. E2RE MARRe 22l

ke gF2A 75 KD-12122F ED-11382 Table 12] medium(1)
H|X & AREE1O], 7 DAH-1056S Table 12] medium(2) HiA1 S
ARRslo] 24zt R elgith KD-12122 medium(1) HiA| oA
84AIZE e wliFet ARE AFEI] wBES] HE BY] S8l
SEMO2.& 28k AFS Fig. 10 YERILE. o] mAE-2 A2
TGl 717, cell debris'= -2 0.2 2| It B8k DAH-
10565 medium(1) Wi#|oA 84417t A wljekst A g5 x)F 5o
nAE2] AEE B 98l AR (SEM)CE wHEsE A At
A& Fig. 1bol] YERAITE o] SEM A2 KD-1212& =717}
oF 0.4~0.6 um=A] 2717} oF 2 um?l DAH-1056R.t}F €53] 2+

(e} o =5 2~
<> Ag e 5 Qi

3-2. E53tE MHTEEC| pHO| ME HEEN

KD-12125 medium(1) vi=]ol] FF3te] 30 °C, theFst pHollA
w|AE2] AA=tS A3t Fig 2()0l YERISITE. vilx]2] =
7] pH %ol 6.0~8.0 HlellA] m]AES] 57t wsgkon pH
5.0 pH 9.001M &= W= 3557t =5tk e wjekA

(b)

Fig. 1. Scanning electron micrograph of the strain: (a) KD-1212;
(b) DAH-1056.
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Fig. 2. Cell growth curves at various pHs: (a) KD-1212; (b) DAH-
1056.

7ro] 2177k 2 HYS = pH 5.0004 % ngEo] wo] A%
Sk A& B glet o7t Alzte] Bt we) v Eoe] At
4ze] A& 3 Aol 7|% Aoz AlgEth 27] pH #tel
79 W 18AIRE A s HOAE Belom T o]Felle
ZF AAaslon 66 e dse] #lol 2 Ws) QIgich
DAH-1056 75 medium(1) #i#]el| E3te] 30 °C, ThFst pH
of| X Azt wE WAL A=rdS AAste] Fig 2(b)ell YEr
Uit 27] pH7E 4.091 wliFRellA A7 713 & A= gl o,
pH 3.001M= v 8E0] AL “ddabA] kgt vl 21A1XF B3 A
AR} el B9l & 6N dsEs A0 Wt
ASTE. oo A= 3E o] 835k= DAH-1056 57} 3 tjal
thiosulfateE 71 v = 2 2558 & 4= 312w, pH 4.0
oA wEo] 7hd 2 Ak e} pH 5.0~7.02] B> RSl %=
vl & Apdvks 2l & 5 Alvh

33. E3RE MAZEE 20 E H4EEY
257F AR ARl rlAlE JEs doky] $1El, KD-1212&
thiosulfate”} S+ medium(1)ell HE3kod 30, 35 2 40 °CollA
36A13F BRF 712 ZEhleket ol eAIZImcE Al RE Al sl
gk 215 Fig. 3(@)°ll VeI 2 A3 30 °cs}
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Fig. 3. Effect of temperature on the cell growth of strains: (a) KD-
1212; (b) DAH-1056.

Al Ve M, 40 °ColM = s
ATk 2473F Fof] dFEETE HA
| o5k Aol Q3 oJoe i

kA DAH-1056 5=l th&t

35 °CollA 537%] 713
7 dAe] Adles '
S AL wiA|E] v gl
olg-std] 71A% Aoz AlgH. ¢
2] w2 A7 $18ko] thiosulfate”} Tl medlum( )
o ¢ HE F 72} 30, 35 2 40 °CollA 3677 H<E Z
HjeFeISiTE. 6AIZ} A RS AlF St AT EE ST
Fig. 3(b)ell FERAISIE). 7 A3} vl 124171ellA = 30 °Coll
AEE7F 718 =90, vk 18AIZT o] Folli= 35 °Cell A Hljekst
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SollA £ 2Jol7} Yot 40 °CollA = n A E Al 5ot @A

3 weg 2 4 gk

¢

=

e

f
ol N
r:LI o _1}'4

3

3-4. Z3BIE MAHZZL| thiosulfate HHSM X EslpA A

=gy

o

KD-1212% 30 °CollA wjokst #5437
A, oAl A2 E AF st kol z}
", DAH-10562 35 °CollA] Hljekslo] 6A1Z} A5 AlF 5
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Fig. 4. Time evolution of sulfate concentration incubating the strains of
KD-1212 and DAH-1056.

72} 27513 H(Fig. 4). AHE B 24A77H4]
KD-12129}+ DAH-1056g Hj okt vk Fo sulfate & T

g lglem, 36717t oﬂHL DAH-1056 HHOH ZollA sulfate
E57F KD-121200 B3l &1 5:A4] S7= Ak ATl Wt sulfate &
T2t 7N AL, o] nAEEC] 8,03 +H,0+20,—5>2H 2803~
9} 22 U210 2 thiosulfates sulfate® HEAFA sulfate’} 5
71E = A 02 AL HETE Fig. 4014 36A17F2] 5= DAH-1056 Hl|
A7 sulfate’} F53R= 212, Fig. 3(a)2t 3(belA el 2o +
TE57F 24417ES] AR oA HE Kolal T o]FollE o

s/t AAaEE AE 1HE u), 24031] WA= A4
A sulfate’} FFAZ0l AREE O] sulfate 55 S7P7) v|v]Eksi o
L it go] HE 2487 HlRAIRE o] $elli=, KD-1212 3
9] 79+ sulfate FHOF QI AW A ZAANY 57 v
/338}E]= Wi DAH-1056 wt-2] A-9-olli= w52 A3k &

2|51 A7) gl ule) AAE sulfate’} Bo| F2 ==t 7]
Qlah= A o7 et o= i} wpehA DAH-10562 3R o]
I thiosulfate= 2 o] 83l &1 W99 S o] 83 = Q=

) AEQl Zlo Alg R $h el SelA AlATE S
=817 9lto], FAksET DAH-10563 PR Yo} Alslt TS
&3 143t semi-pilot scale®] 7F71A] nlo] @ HE] oA
25~200 ppmv®] &3}F49F 120~240 ppmve] GELO}E EA] g
et 7S AP wloll Halrh HagS oF 95%
2A, E2 &AM Thiobacillus sp. TW 2 HE5EHA|E
=3 st vlo] e 9] sl AAERT} oF 15%7F =%
tH21].

3-5. BERIE HARTO S|/ A A SSHIUYEN
Abanzie] mE FHAA 28-S A $181] thiosulfates
3-8 medium(1)°] KD-12128} DAH-1056< 96X+ 3712 %
A7} a0 R Zbz) ujgksto] vlwsigith. v e
TS %X*?‘SF Az} FFFE 2 2olEe BT = glen
*J F20e] 2 Y WA e Z1oR Bick @ ED-11388,
. 2(b)} 2ol pH 4.0004 7P 52O % thiosulfateE ©]&-3f
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Fig. 5. Effect of pH on the cell growth after 18hrs of shaking incu-

bation using the consortium strains of DAH-1056 and ED-
1138.

Fig. 6. Scanning electron micrograph of the consortium of strain DAH-
1056 and ED-1138.

= 2102 ElE DAH-10563} &7 thiosulfate T medium(1)
ofl Al Z3hjekabaA pHell e vAE AR EE AT
%7] pH= Z}7} 3.0, 4.0, 5.0, 6.0, 7.0°% 3 medium(1)°ll &
F5 7 9ol 18213 kst A(Fig. 5), DAH-10562 5.0
2 wjekst Antels 2, pH 6.00014 Aol A 2 H9leS 2
T oH, pH 4.09145E] 7.0714] B4 H HelelA A
o] =7 YERE pH 3.0014% DAH-1056S 50 2 uljokst
Al w72 57 F & AR 9t DAH-10567 ED-
11385 84AI%E 23k, dehleket A8E AFste] nldE2] e
£ 1] 93 SEM AFS Fig. 60l HERIITE. DAH-10562 7
F3] 2A YERG O, ED-11382 JtZ o2 o} 27 YEl e
] DAH-10562} ED-11382 A& §z3510] Adgo] & =HSS & &
F=

3-6. 3= AT S35
Eolg A7 vl ABEL] 16S rRNA 214} 971498 2931 v}
KD-1212 755+ Arthrobacter sp.2} 97135 (sequence homology)

sletsst Ml47H He= 20094 128

33|

(a) Arthrobacter sp.PJ3
KD-1212
Arthrobacter sp. YL3

‘ |: Arthrobacter B-1046

A. anlaiti

— Brevibacternum liquefactiens
I | E A. mysorens
A. protophonmiae

A. bergeri
Arthrobacter sp. TUT 1003

A. woluwensis

A. ramosus
AE A. pascens
A. globiformis

Micrococcus futeus

A. ardleyensis

(b) DAH-1056
Enterobacter agglomerans

Fantoea agglomerans

Erwinia milletiae

Pantoea ananatis

Fig. 7. Dendrogram derived from Cluster-X (Kyoto University Bio-
informatics Center) of 16S rRNA gene sequences of isolated
strains. Sequence was aligned with 16S rRNA sequences obtained
from a BLAST search of the NCBI database: (a) KD-1212;
(b) DAH-1056.

0] 99%, DAH-1036 5= Enterobacter sp.2F 98%2] 71754
V7 W07 3 KD-1212% Arthrobacter sp. KD-1212, 1
= DAH-1056 Enterobacter sp. DAH-1056°_% 4" 3}5ICHFig.
7a-7b).

3-7. EElRtE MATZFS B, EAY 2 WHESE oE
HEHEY

F3HE FEd T FollA] 30~35°ColA dFA o] s
Arthrobacter sp. KD-1212 ol thgt medium =] (1)& AH8-3F
o] 30 °Col|A] wiere wo]l sodium thiosulfate =W 3}, oJ2] 71X
Fr1E e v W A4 4 wnkEeo] tid AHEALS FA)
sl 21 AYE Fig. 8a-8d 2 Fig. 99} 20| YRS}, Arthrobacter
sp. KD-12129] AHUA QYO 2 sodium thiosulfates AHE-3F0] 25~
100 mM2] “sIEellA] 24A1F viekslaA A s ARSIt
Arthrobacter sp. KD-1212F sodium thiosulfate®] 25 mM &%l
A A37Fo] 2 = Ith(Fig. 8a). =3+ B9 © 2= glucose®} maltose
5 2 o]g3 Ao F Ueht o]RL 7| &R Arthrobacter
spE2 A5 FAEFA tHEFig. 8b). 18l AaYo R
yeast extracts 2 0|25 01 0.5% s o] & FHck
(Fig. 8c-8d). B3 wiYF7] 3157} 237l = s Akt
7] 98 IAEEE 100, 150, 200 rpm o2 FABFIL 2417 =
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Fig. 8. Effect of sodium thiosulfate (a), 2.0% carbon sources (b), 1.0% nitrogen sources (c) and yeast extract (d) on the cell growth of strain

Arthrobacter sp. KD-1212 at 30 °C and 200 rpm.

—e— 100 rpm
1.4 4 —O— 150 rpm
—w— 200 rpm
—~ 124 v
€
c
g 1.0+
[m)
(<
- 0.8
E
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o> 0.6 >
]
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0.0 T T T T T T T
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Fig. 9. Effect of agitation on the cell growth of Arthrobacter sp. KD-
1212 strain at 30 °C.

QF vljekeldA Y EE ZABIIY. Arthrobacter sp. KD-1212
© SAEETL e AR wekor, 200 rpmellA A4
o] 71 Fz st (Fig. 9).

42 E

e, deazig, vedrtet 5 3e3dEs AAT 5 9l
£ o5 KD-12129} DAH-10562 o18X|1e] £H o2 odd &
F5ollA Fa]slitE. Medium(1) ¥iA] oA viSkEk wof] KD-1212
9} DAH-1056 2] 2 pHE= 27 7.0 2 4.00191.09 #HZA)
Q== 30~35 °C M HISITE KD-12129F DAH-1056 5= B5 4t
2Zzol thet Jgo] vulslsit). 2% Eoko ZHE thiosulfate
£ o] 8 = = SHYURE ED-1138S A= #2519 DAH-
10567 &7 thiosulfate’} 37 medium(1) BiAol W11 S|
et A vEE0] I & dAFsiion, 53] pHell g 5
2J& ¥ DAH-1056S ©H5 0 2 kst 7-9-oh= 4] =)
pH 4.0~7.09] Y= HSlelA v YEFe] & 3= glon, 53]
pH 6.0~7.0014 FA7do] S-3l8ltt. 55 17k vfo] e
E]9] el A g]e]l QloIM 1= DAH-10560] 7155 3 Thiobacillus sp.
IWRT} 33154 A As0] £330t KD-12128F DAH-1056
9] SEM ARS 928w KD-12123= 719] F&o|glon, E3]
=717} °F 2 um@) DAH-10562 2F 0.4~0.6 pm$! KD-12129] H]
& =717} A o} 3 DAH-10567 ED-1138% E3hajjokst
Fol] A2 SEM ARRlel| oJsha oF w7} Blwd] kgt 41693l

¢

4
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794 I

ol EFhede] ZE S-S & F oM DAH-10562 A717F &
Zell vlsl ED-11382 717} vl #] 22 2107 vehitt. e
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