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M7e88 59 Gordona sp. CYKS1E ethylmethanesulfone *2ste] E¢o] #F EIDE sjwsid,
dibenzothiophene(DBT) €& 54 & =A1et¢ldh. EID ¥FE DBTE 2-hydroxybiphenyl(2-HBP)$} sulfateZ A}
8 4S pathwayE 7HA™, wild type?d CYKS1¢] 26 pmol - L™ -h'e) 28452 Mo|= Wi EIDEFE 40
pmol - L™ - h'e] #8&52 dehQh ga902 FFH glucosed 557 EID 739 DBTERLE 5 )%
£ 9%E A 27 glucosed] FE7F 3UMEFE 28457 ZU8T £, DBT 28459 v X+ DBT
o 27] ¥%9 4FE ol A7, 20 mMolA Ao DBT Eal@4(1L1emol - L' -0 & dehuigid. 2
A 2-HBPS sulfate 57 $7184% EID #5¢ DBT #a5¢ 22stedth 02 mMel 2-HBPE 3
7te iR A EID 759 4747 DBT 3% ¢4 As) @sich  Sulfate’} 05g/L H7td @)X EID
#5F9 DBT %45+ 14 pmol - L7 - ho]id

ABSTRACT : Mutant strain EID was developed by treating Gordona sp. CYKSI with
ethylmethanesulfone, and the desulfurization characteristics of dibenzothiophene(DBT) by mutant EID was
investigated. Strain EID desulfurized DBT to 2-hydroxybiphenyl (2-HBP) by 4S pathway. Desulfurization rate
of the strain EID was 40 gmol - L™ - h, while that of the wild type CYKS] was 26 gmol L' -h™. The
effect of glucose concentration supplied as the carbon source on the DBT desulfurization showed that DBT
desulfurization rate was enhanced as the glucose concentration increased. Maximum DBT desulfurization rate
was 111 pmol-L?-h™ at 20 mM DBT concentration. As end-products such as 2-HBP and sulfate
concentrations increase, DBT desulfurization activity of the strain EID decreased. When 0.2 mM of 2-HBP
was added in the medium, no growth and desulfurization activity was observed. When 0.5 g/L Na;SO; was

simultaneously supplied with DBT, DBT desulfrurization rate was 1.4 gmot - L :h™,
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Acinebacter sp., Rhizobium sp., Cunninghmella
elegans, Sulfolobus acidocaldarius 5°) 9 TH3-12]. =
g, 198013 0l Kee$} Rheeoll 2)al A¢t® 4S pathway &
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erythropolis 5°| 24z} v|Z 3 R oM 22 SHHY
tH13-24]. Kodama pathway:= DBTE 37|13 ez
HEstA e ¥ 4 BFHA Y= FAHo

pathway® DBTE sulfates} 2-HBPZ 4 €8 & &
dol, dA H A2 F Aty 28 FAH Y
Age Aoz @A U 4, 7N #F F
Desulfovibrio desulfuricans M6= DBT 9] 39kS A
Ao 2 &3ste biphenyl® #EFiZ A@AUS
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7] Wizl FA o] Hgeti A7} Be) 288+ A
o2 d#A g

B ATE 3714 ABEEITHL e
A3 44 #H Mg XY H DBTY 2352

e Gordona sp. CYKS1S £&8hltH28l. Gordona
sp. CYKS1S 3718 373 % 9 €8 #H=9 45
pathwaydll 2|3l DBTE 2-HBPY sulfate® 23 3}
v Acz ¥Wdxd DBT 2d#%5g zE #F
DBTE#HEES & o 44717 98 dyess
FAA A2y DY Fd¥e] el Utk B AT
A M= Gordona sp. CYKS1S Ed4o] AA =9
ol #FE MLstAod, 9ol #F9 DBTE RS
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21 v Az 2wy

d4 He Ay suxERH 2gd #F
Gordona sp. CYKS1 ¥ €] #F9 ujge 93
£ d7f A A4-% minimal salt medium(MSM)-2 3
AEol gle MARA 1 242 9% 2g : NHCI
2 /L, KbHPO, 45 g/1, NaH:PO4 15 g/L, MgCl, 02
g/L, CaCl2 0.02 g/L, Trace element solution 1 ml/L,
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Vitamin solution 1 ml/L. Trace element solution®] &
4L FeCl,- TH:O 2100 mg/L, CoClz-6H0 250
mg/L, NiCl; 24 mg/L, CuCl; 5 mg/L, MnClk 100
mg/L, ZnCl; 144 mg/L, HsBOs 30 mg/L, Na;MoOxs -
2H,O 36 mg/L, EDTAo°lt} Vitamin solution®] &4
2 folic acid 2.5 mg/L, riboflavin 200 mg/L, lipoic
acid 5 mg/L, biotin 100 mg/L, nicotinic acid 350
mg/L, thiamine-Cl; 300 mg/L, p-aminobenzoic acid
200 mg/L, pyridoxal chloride 100 mg/L, Ca*
pamtothenate 100 mg/L, Vit Bz 50 mg/Le]tl. 14
A& Az237] Y814 agarose 10 g/l E=+ gellan
gum 10 g/L& wix]el H7tetges, MSMe o &
¥2=2 DBTE %7l 284 DBTE 9 % °l
&9 o DBT 100 mM stock solutiond #Z3t9]
3, o] DBT stock solutiong AHE3te] DBT ¥&7t
03 mMe| HEE wjAle] H7lstgich. DBTE #7he
MSMEj Ao #FZ H£3 T Agur|dA 30 C
180 rpm® ZAOE 48~72 A7+ wigFstch. sl
< 8000 xgolAM 10 ¥ 43E 3tdq dAE 3+
3 & 343 #AlE 01 M phosphate $F 8o
23] AFaAch AA3 FAZ 0.1 M phosphate &3
o] A 3 o] FAH FHAE FAW] FE4
g3 Edvo] #F 54 A8 A% FF Aoz A}
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Edo] #50 4437 DBT E3&ke) v
= glucose =9 L A87] 439 500 g/L9
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1, 3,5 10 g/L7t HEF szl H7lstgch old
DBT #71%< glucose X A4#%lol 0.3 mMz o
ZA3HA sk ok

DBTY v&= W3] me 49 dF9 4%
3 DBT sl WA= 9%E 2Aech MSMd
DBTY %715=7F z+2k 0.3, 05, 1.0, 1.5, 20, 25, 3.0,
35, 40 mMe°] HExE H7stgth.  DBT7F &9 o
3 g3lmrt vx, dxo) v e DBTE ResA 3
7betz7] skl uiE ole&S A14-3 DBT stock
solutiong A3t AME&E At wiX oA 2 DBT &
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43192, 20~40 mMolAE 200 mM stock solution
& AHgatgth oleld DBT w59 Z7bol wika of
B2 H7bEe] FUtEHA HER dEd TR 9%
S AN A BE zHoA ofekge] %o] 16
g7y HEE 2388t =3 ghdez 5 g/l
Artakgdrt.

DBT £a412% 2-HBP7l Ed¥o] #39

DBT &8s mAle 9T 2AEEY 5 g/L9Y
glucose$t 0.3 mM DBTE #7138 MSMl 100 mM

2y 7z}
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HYJ|l= Hs5H H235



82 EdWo] @5 Gordona sp. EID®} dibenzothiophene €3} =4

2-HBP stock solution® ARE3le] 2-HBPE 0.5,
0.10, 0.15, 0.20 mM7} H== A7lstgct.
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& ¥ 45 pathwayel 9s EaHn, HFAE2Q
2-HBPEZ ®jA|2 &3}, sulfates #Po2 FA7}
o] §-grH29].

Wild type CYKSl] #F¢ gdio] wF
EID¢| H’344 59 DBT €34 5E Table 19 Ag
A

Table 1. Comparison of specific growth rate and
DBT desulfurization activity.

Wild type| Mutant
CYKS1 EID
Specific growth rate
pecttic ere 007 | 006
(h™)
DBT desulfurizatio t
e un_z;ax 2 rate 26 40
(gmol-L7 -h™)
Specific DBT desulfurizati t
pecific esu u'rwxlza 102 rate 0.9 20
(gmol - g~-DCW™ - h™)
Yield (mmol of DBT
0.8 14
degraded/mole of carbon)

Wild type Gordona sp. CYKS19) M IZAdA<E%
DBT ©%4% 9 DBT ®g3&EE 2H2 007 b
26 pgmol-L"-h”, 09 pmol - g-DCW' - hlo]d}.
ol¢} HlW3le E@We #F EIDY HNIAFAEE
DBT €34% 9 DBT ng&45E 006 b, 40 «
mol L™ -h7, 20 pmol-g-DCW'-h'z2 zAHY
o E£d¥o] ¥ EIDY v 5% wild type #
Foll wla ok A3k 18U, DBT 28459
% 1 #F¢} vlaste] EA¥e] #F EID7F
S5ull 3FE A, DBT vg9345s 228 4
At =3, 7]E2 AREslE  glucose o+°ﬂ o gt
DBT &3] &% ®asge u, wild type Gordona
sp. CYKS12 0.8 mmol DBT/mol glucose?! ¥4 =
gdwio] #F EDY &€& 14 mmol DBT/mol
glucoseZ 4= et

32 Edo] EFEIDY ARAF @35 nxE
glucose Fx o] g3

Ed¥o] #F EIDY glucose =93l wz
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Fig. 1. Specific growth rate and DBT desulfurization
rate with different glucose concentration.

@ DBT desulfurization rate( zmol - L™ - h'Y);
] Specific growth rate(h™).
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Fig. 2. Specific growth rate and DBT desulfurization
rate with different DBT concentration.

@ DBT desulfurization rate(zmol + L™ - h));
[ Specific growth rate(h™).

EIDS HME4% &xo i3 DBTS RS 43
DBT #%7} 03 mMelA 15 mM2 Z7}gtel e
AERZEE7E 006 hlold 010 h'g Z=7psicis}
15-25 mM Abojol A ¢ 010 h'2 A=t 2 o]
49 sxoAMe DBT 571 71848 Axy3s
27} @etA ads #FEgY. DBTESE:
£ DBT 03 mMoIA 42 gmol-h™-L7elglx, 20
mMAA 111 gmol-h L7 20 mMZARE 27
DBT #%=7} 5718 5% AAs 3L 2yAWH,
40 mM9 ZEEoME DBTEHEE7 49 gmol -
h'-L'2 72439, 23802 DBTY $57} =
7bgtell wrek EID9] g4o] AT se ¢ = AUt

34 S9ddo] 39 4343 DBT B3] v
2+ 2-HBPS] 943

235E /1X #F58 DBT/ BejE s A0

A AZHE dAZA A AE e Rz ¢
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Fig. 3. Effect of 2-HBP concentration on growth
and DBT desulfurization activity.

@ 0mM O, 005 mM; ¥, 0.10 mM;
v, 015 mM; I, 020 mM.

Table 2. Effect of 2-HBP on the growth and DBT
desulfurization of Gordona sp. EID.

DBT Specific

desulfurization rate "

(umol - L7 - 1Y growth rate (h)
OmM 41 0.12
0.05mM 33 0.09
0.10mM 19 0.09
0.15mM 10 007

0.20mM 0 0

005 mM# 01 mMe 2-HBPEZ vuj=le] H7}et
B, A A Bz AE Aol #EHYch
22u, DBTE3siE 005 mM 2-HBP7F #7t8 2%
o= 60417l oF 0.056 mM7ZHA] E3H QLo 0.1 mM
2-HBP7} A7 A$ole ¢ 02 mM7HA o Ea)
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EHE 1REY 1]&**1*01 P&%El%iﬂ, DBT+ ¢
005 mM &3HEAct E3 02 mM 2-HBPE oA
£ EID #59 Aﬂi/‘mﬂr DBT &350l ¢4 A3l
S AL & F U

2-HBP #7} 352 AEA44 $5¢ DBT &
HEEE vl ED 005 mMS AL ATYZEEE
00% ", DBTESEEE 33 umol-h'-Llo]gq
001 mM% Z$+E 009 h', 19 pmol -h? - L'
2831, 015 mMelA 007 h™, 10 gmol -h'- L'
vebdislth &, ujddExe DBT B4z 2%
2-HBPE =7 Z7hdsE zaste A%e ngd
2-HBPE A#Ae] F8 AEo|7] @& 2-HBPY
549l 93 EID #59 433 DBT €350 A
& w2 Aoz Agdo3031] zeu, 2- “HBP: 4
wyo] skl wWEol AA wjorelelr  pass
2-HBPFEE 0.05~0.10 rr1M°]3}°]‘:]' =&, Gordona

2-HBP¢] ZA7} €859 wAes 93%
o2 Algdd

35 E4ddol dF9 433 DBT B3 &
U] X = sulfateo] <3k
HF-Ee PBEEY 3 a7%e HBxAEFY
OS2 %01 % W] A%E Beg v} =3 uly
=5 sulfatest Zo] o]&o] A3 e P33
Tz AbgdtEE AP it agemz,
BT< d& 7133384 ggd

it

to

o o]
At A @
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FaTE9] A, WMAY sulfate’t A4 © DBT
g35o] AsHE Aoy AR AN Raudu 9
tH30, 311 ©l= DBTY ©3%3 #3% Dsz genes

Lo

F&o] sulfatee] oJs] A3 W] wFEolc},

Eddo] @3 EIDY sulfated) =gl nj=
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Fig. 4. Effect of sulfate concentration on growth
and DBT desulfurization activity.

@ 0gL O01g/L; v, 02gL; V,05g/lL.

Table 3. Effect of sulfate on the growth and
DBT desulfurization of Gordona sp. EID

DBT desulfunization  Specific growth

rate( pmol - L™ - h™) rate (h™)
0g/L 40 0.06
0.1g/L 3r 0.17
0.2g/L 2.8 0.17
0.5g/L 14 0.17

DBT%& A7t %4 growth rateo] 0.06 h'9l
g 8] Sulfate ¥5 05 g/LY o 017 h'& 2~3w)
F7 k. @335 F Corynebacterium sp. SY1&
DBTRHE H7HgE Z$-8rh, dimethyl sulfide, sulfate,
dimethyl sulfone®# %2 FSTEE 7 s9e o
Aol EAHALH([32], Rhodococcus erythropolis
D-1% DBTYHE #H7Mst A$HY, sodium sulfate,
methanesulfonic acid, DBT sulfone, dimethyl sulfone
& Hede o e EEATH29]

=2

274 03mMel DBTE iy Bajsied 2
ARAZHE sulfate® AB7bekA] ge iz Tl A
=]

A H9H DBT Es&lo A88E A7+& 9 1009

oz Z7betgthFig. 4). 112 AR WA 2E
&= DBTY %2 #7198 sulfates = E vms|ed,
0.1, 02, 05 g/Lol @&l 7k} 0.04, 0.08, 0.15 mMe] !
U F, sulfate ¥ % 0.1 g/L9 02 g/LelA DBT &3
£%27t 31, 28 gmol-h - L7011, 05 g/LAAdE
14 pmol-h™-L72, sulfate H7bgko] Z7}842
DBT €8&%e 44288 ¢ 4 Idsith

el
S, 9k 70 AzZre] 488U o uHE, sulfateE A
7t
Al

4. & E

Aol A ethylmethanesulfoneE AH23le] A

€59 Gordona sp. CYKS1& AHesld gaw
EIDE 23z, ol & |83 dxE3d #7|

3l53HE<l dibenzothiophene(DBT) 3 =48 =

ARG 23 & 2 ZEE At

1. EID ¥#F<= wilde type® w72 DBTE
2-hydroxybiphenyl(2-HBP)9} sulfate2 A}t
4S pathwayE #A 391, wild typed] CYKS1o]

9 Ho
r:“ﬁl
R A

agt

i

26 pmol-L7'-h'9 ©IFETE Hol: Wyl
EID#FE 40 gmol-L7-hle] gasgr g4
A=Ay

2. EID #59 DBTE#4x0 v
A glucose?] FE7t F7184E 284 T71 71
st

3. DBT 2345 nlx& DBTY %7] 529 43
& Yot A7, 20 mM FE7HXE DBT 557t
F7Hee wet @34 vt st Hd DBT &
41l gmol - L7 - h) & JEhiAD, 25mM
o349 DBT ¥ZoMe DBT B%7 718 w
g 28&E7 A wct

4. DBTY #HF dAxrE<l 2-HBP$ sulfate %7}
g8+ DBT #3l%5& A# 3k 02 mM
2-HBPE #71¢ wiAdqXE EID ¢59 A%z
DBT €852 9xAs] @93 sulfate’t 05g/L
F7te xPoMe EID #5¢ DBT ¥93&x:
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e
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