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Gordona sp. MS62] dibenzothiophene B350 v X+
A AES o3
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QEEEELTELV PR LR E T

H R - A4238s F52 B3 Gordona sp. CYKS1#3E dibenzothiophene (DBT)E 2-
hydroxybiphenyl 2-HBP)9} SO, 2 Ealgtc}h. £ T4 CYKS]l FH28E 42 {59350
Fgd FdWo| ] MS6FFE ©l-43toi DBT Hal|4-5o] DBT 23t5d] w|X& d3FE zAs%ch
MS6FF+ 3922 NaxSO,& DBTe} 37 wlx|o] Arletd AzAd4sE B EA e dro
2u] A= Z7leksich T2, DBT 2352 sulfated] &l A& #F9t=d], NasSO, S 0.05g/L o} A I
7kt 271 A 9] DBT B84 E& sulfate S H71eiA] g& &£x9 oF 2/5 %712 A= et HF ol
AHAEQl 2-HBPS} 1§44 2, 2'-dihydroxybiphenyl (DHBP)S H 718k kL tze] ZH$ 5.0
umol + Lt - h'12] DBT ¥4 58 & 4 1 o), 2-HBPS DHBP #rlsx5) 271842 DBT ¢
d4&sx AH 4%} Gordona sp. MS6FF 2] DBT ©3H:-2 2-HBP 0.15mM, DHBP 0.8 mM o]

& A7 27 A 48] Asigho.

N B

7V} o7 AYAAA Fo shiel Afele
< f7132 8] 8- vk A5 das
718345 SO, JHl2 drjFes HEFHo
AAulE L3k, o eyl WA AAg 37
AE op7) AFIR ok AFAAE BHgo) AL A
3 55 AASl ARgs) gtov), A48 e o
722 33kl B2 IR UGS AMEER god
A=A ek w8 AA Gl Afo) sHHg-skel
A AR A o s stm e FAoluz,
B 28 A4 B 2lesl Aol 79T Uk
WA, G e Bl AEET Uk A5 9 Py
Agol 28 Aot FALEE FHras Yoz
A A 4343 (hydrodesulfurization, HDS) o)t}
e}, HDSHM -2 212 - wgkellA A E7] o o
Azl e} A7} vinta, GRS f78k et e
sulfur heterocycles & =3g 4 9= o] ¢ldh
wehA, A Aol o] 53 AE =3k uhy
(biodesulfurization, BDS)ol| 4] o] &-o}x|31 ¢)t}(Setti
et al. 1995).

BDSHI-& &3 AL Ad v YEE o83l 4

S

Mo R gl

frEdl T FIFEE AASE etk A4
i e #3EE FolA HDSE ©3sly] 3&
3131318 9] sl}:= dibenzothiophene (DBT).C.2, 1)
A2 Yo A d)3e) 97E DBTE v HeE
2 AHgstel 9% B4 9 99 B4 Wlen U
Kodama (1973)% v|A]Eof 2|3 DBT7} 444 EAql
2~hydroxy-2- formyl-benzothiophene o 2 -3 &g
B3 v}, o] 2 Kodama pathwayelsl 8=, Pseudomon-
as sp. Acinetobacter sp. Rhizobium sp. Cunninghmella
elegans, Sulfolobus acidocaldarius®} -8 FFE52
Kodama pathway$} A8t 7 2o ¢]s] DBTE £33}
+ ez B3yE 9 v} (Sagardia et al. 1975; Hou &
Laskin 1976; Fedorak & Wesrlake 1982; Cork et al.
1983; Kargi & Robison 1984; Kargi 1987; Crawford &
Gupta 1990; Constanti et al. 1992, 1996; Kim et al.
1996). 71319, Kodama pathwayel] 23] DBT: &35
A 43 3] Bl fAkA AARE Aelr] o
Eoll, A &8 FA e 25| ultAlslA] ook

3|2 o], DBTZYH kg Adgxoz 50,579 3
Bz Aslels A2E e vgESe] EEEEd
Rhodococcus rhodochrous IGTSS8 (Kilbane & Fackowski
1992; Kayser et al. 1993), Rhodococcus erythropolis D-1
(Izumi et al. 1994; Ohshiro et al. 1994), Corynebac-
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terium sp. strain SY1(Omori et al., 1995)¢] v}2 1 o
o}, o]2|dt v BEE-2 4S pathwayel 93] DBTE
hydroxybiphenyl (HBP)$} SO2 2 Haj3te] Aol 3
3 GRS A A= Ao 73t} (Kilbane 1989;
Setti et al. 1995). o|2j3t FFE] 23 A=A {7
o] AAE Aeu 987t Sl glol 3RS
AR o 2 Bty w-Foll AA) AF &3 FAN A
£-0] fold AHE 7M.

2 d7ae 94 d4 x| £ 256 DBTE 48
pathwayell ojs] @33 £ gl #FF AHE Z3},
DBTE 2-hydroxybiphenyl (2-HBP)2} SO2 2 #3&
2> Q)= Gordona sp. CYKS1#5& #2]3}91t} (Rhee et
al. 1998). £ QA Fol|A= CYKS1RT AAr&x¢l DBT
F&mr) AN EQH) FF MS6E JNEstA, of
732 DBT ©3H50| u]X]= DBT E3jAbE2] g
ZAFsk o

Mz ooy
1. vz

E Qo) A4 HaTr) el A MSM)e AR
o] g WiNEA 1 242 &3 2ok NHCl2¢g/L,
K,HPO, 4.5 g/L, NaH.PO, 1.5 g/L, MgCl, 0.2 g/L, CaCl:
0.02 g/L, trace element solution 1 ml/L, vitamin solution
1 mU/L. Trace element solution®] *A]-2 FeCl; - TH0
2100 mg/L, CoCl; - 6H20 250 mg/L, NiCl; 24 mg/L, CuCl,
5 mg/L, MnCl, 100 mg/L, ZnCl, 144 mg/L, HsBO; 30
mg/L, NagMoOy - 2H,0 36 mg/L, EDTA 0.01 mg/Lejc}.
Vitamin solution®] =A}-2 folic acid 2.5 mg/L, ribofla-
vin 200 mg/L, lipoic acid 5 mg/L, biotin 100 mg/L, nico-
tinic acid 350 mg/L, thiamine Cl; 300 mg/L, p—~amino-
benzoic acid 200 mg/L, pyridoxal chloride 100 mg/L,
Ca2?+ pamtothenate 100 mg/L, Vit Bi» 50 mg/Lo|o}h. 2
3} % CaCl$} Mgl o2 2UET Wl 3
Mg Yooz gz Y@l Frhskadch MSMe) =
Aoz Wxz AP glucosed 5gL7F HEF H7t
o). w3k, sUsd oz DBTE AHrksiglsd, DBT
= ethanololl =<9l 100 mM stock-2 AH£-3ted 0.3 mMeo]
Sx2 wAd A7k

2. &5

2 A7elM ST FHE A42RE 9l A4 o
A2 €A 2RE &4 238 Gordona sp. CYKS1

(Rhee et al. 1998)8] EHw o] FF¢ MS6o|c}.
Zdo] $54)9] ethylmethanesulfone (EMS)E 0.1

ot} 0.2Mo] H =2 X753k MSMullxlellA 0,2, 4,6,7
A7rEet EQWolE frxdldth 4 X AhEE £
el Fx3 vigd 0.1mlE HF st DBT/I =
Z¥ agarose v ol =23 F 30°CollA 5~30Y 7} vl
oFabsict. wlek71zt E<tell agarose TAWHA] A A}
8} colony®] DBT &3flel] 2Jsjx] WA=+ clear zone H
A3} colony 27|15 Aste] el FFE AAINA

. olda U9 A B A FdWe FTFE
Fol4 427 DBT @i5e] $4% #78 Agshe

MS6=z. =9 slgt}.

3. MS673¢] DBT €359 v+ vitamin ¥
DBT ¥ A& 9%

MS6739 DBT 23 ¥4 AL
vitamin 3 a2 dFE 2] A% 49
250 ml A+ kA Aol 50 ml iR S H71ste 43
oict. DBT #l Aol A 6041759t Al oFat MS6w5 Wi
ofoll.g- f1A1%2] (8000 rpm, 20 min)3te] FA & 357
% pH 7.09] phosphate buffero] AEsleic). o] A
ggag olgstd 27 HEpEE imglrt Ix=
5 9ok WA A 2492 Mg W
Ag dxzos S veede 4 3¢ AT
o2 sl B FF MS67} 4433l DBTE &%
stedl glo} Meks 27eE EARKIS. =T, 59
o] #5 MS62| A4z} DBT &35l w]X|& sulfate

J5e FAFsl7| $18l NaSO.Z DBT wiA]ell 0.01,
0.1,0.2, 0.5g/Lo] =& A 7Vekgd v} =3 2-HBPS} 2,
2'-dihydroxylbiphenyl (DHBP)7} Z+7t 0~0.2mM, 0~
1 mM 37} Aol A19] MSe@Fe] 475 DBT @5
sS4 zAslch MS6 228 274 WA 30°C
oA A wershele, 12412b}ck ekl e A2 sko]
A Z %%, DBT %%, glucose 3= & 43k

sy

= v

X oclo rfy

lo

M E 2%=¥F spectrophotometer (Milton Roy Company,
USA)E olgste] 600nmelA FHEE SR
DBT %+ HPLC (Waters, US.A)E Ag3td 243}
ok AAT efle SNHClos pH2 AEZ 23
% ethyl acetate® $UI BRI 2 Hrlsle 3027 F
2% F oAl 3087 AANA A4S 10uE Bt
o}, B2 UV-VIS 71&7] (Waters 486, U.S.A)9} G4
C1s column (3.9 X 150 mm Nova—Pak, waters, U.S.A)&
ALg-3ted}. £l 100% methanol & ARE-3191 1, #-4
2 0.6ml/min® =2 39} Glucose ¥ =+ glucose an-
alyzer (YSI model 2700, U.S.A)S o|-&3le] BAM3lic}
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Fig. 1. DBT desulfurization patterns by Gordona sp.
CYKS1 (a) and Gordona sp. MS6 (b).
e, 0D(600nm); o, DBT (mM)

Za o n@
L geuo] #5 MS6S) 54

MS6+4d-F= Gordona sp. CYKS1#5Z ethylmetane-
sulfone (EMS)2. ¥ o| & frxdle] 4L FFolv) &
A0 2 glucoseE 5g/L, 9 P oz DBTE 0.3mM
A7FgE WA A Gordona sp. CYKS13} £4we] FF
MS6E ulje}3t Au}2 Fig. 1¢] A8t} CYKS1#3
o 7S, oF 24X A=) AAA 7|7} HAE o,
MS6dF= AAAD7]17F 2041 tez #odo) =3t v
°F 20A17t F CYKS1#F9] wiokde] F33=(600nm)
£ 0.26°]51.0v}, MS6TF-9] wijokle] Fxi= 0.342
o ¥%vh DBTV} B 5+ 54& v)as) s, CYKS]
TFE vk 116A]7bel] ufoflo] zk&3sl= DBTH =7}
0.02 mMo|gl ov}, MS6FF2| 7% wijek 72417 Fab
A7}5l DBT7} $b43] el =€ & 4 Atk

Z7re] @52 v|AdA4 s, DBT €34 <, DBT 93
8¢ vwg Z4E Table 16 A A3} o} Wild type
Ql CYKS1 #32] DBTuj A2 2] AR} £&£x= 0.07h™
ojgiont, Ede] F5 MS69] vjAALEEE 0.09h
2, MS6#F-2| w4271 CYKS1 ¢5-Het oF 1.3+
A= wgtel wil, o9 Bug <9) Az DBT ¥

Table 1. Comparison of DBT desulfuriation activity bet-
ween wild type Gordona sp. CYKS1 and its mu-
tant, MS6

Wild type Mutant
CYKS1 MS6

0.07+0.004 0.09+0.002

Growth rate (h™?)

DBT degradation rate
(umol - L - h™)
Specific DBT degradation rate

(umol - g-DCW™ - h-) 0.90+£0.02 1.62+0.04

Yield (mmol of DBT
degraded/mole of carbon)

2.64+0.11 3.90+0.09

0.80+0.04 1.00+0.03

5% vwslry CYKS1FFE 2.64umol - L - htel
9 ¥l8), MS67F2 74$ 3.90umol - L' - hlz =3}
Sxx 154 @3t 74 =z FIY gL Es
CYKS1#F+ 0.72umol - g~-DCW™! . h™lo]g] 0],
MS67F9] 79+ 1.62umol - g-DCW™ - h''z MS6
F27h $5%E ¢ 5 AN A9 hE 1mole
=31%l DBT mole4>¢l 431484 wlws] 24, CYKS1
@3+ 0.80 mmol DBT/mole carbon, MS64-5F+= 1.00
mmol DBT/mole carbon ¢ 2, &3}4=8 % MS6TF7} $
e 5 AT olEF AFHZAE], MS6TFE
wild typeR ot A5 ¥9t olve}l DBT €35 = 34t

d 4 Fddel FRYL T S YA
2. vjglule] Q7%

MS6 752 DBT e&&tgtAlell 9leJA] vitamin®] &7
=7} Q=X 8 =Abede}. Fig. 24 vitaming A7}8HA
v A7REEA] k2 wi A A S MS6FF] u|A A=)
DBTE 3458 ©A8lg ok RAI A4S 2 vitamin A7}
Al 0.053 h''e]st, A7}elA] gL A9} 0.052 h'le,
vitamin F7} o Fef| met 22 2 ze|F YepiA
oksrel. 22, DBT €8k 2= vitaming H715<& 7
%, 292 pmol - L7 - higda, ArsiA] o2 742 2.36
pmol - L' - h'2 vitamin& Zr}spd of 1.2w) A=
23t&wr}t 3)E . geb, vitaming A7hslE A
o] DBT &&& ¢l3f witAd 7oz Almsgich

3. Sulfate®] <3

MS6F %= DBTE 2-HBP<} SO 2 ¥33luz, 3

E&AHEQl SO, 74 MS6FF2] i) nlx):= o
Fo zARIE, Qb o2 Bage) u) g DBTY
2 IR f7133gE Hobe 50279 e 33
FEAXNFE Al Aol B AL $AHoz
ARg3tE e kel vt 9l-E DBTS}: oh2 {733}

o
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Fig. 2. Specific growth rate and DBT desulfurization rate
in medium with or without vitamin.
o, Growth rate (h™); m, DBT removal rate (umol
.L1.hY
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DBT desulfurization rate (tmol-L™"*h’")
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Fig. 3. Specific growth rate and DBT removal rate with
different sulfate concentration.
@, Growth rate (h™*); o, DBT removal rate (nmol
L1.hh

e YRY 4 v H4LFEEEE A5, WA
sulfate7} Zz)& o] DBTO &3l A#EHE= Zlow
B uE v Qot(Izumi et al. 1994; Omori et al. 1995;
Oshiro et al. 1996a,b). o] DBT &33} A dsz
genes?] W3 o] sulfateol] <J&l =A A 7] wW-Fol
©} (Oshiro et al. 1996a; Oshiro et al. 1997). 1 2=,
DBTW} e #7133He-5e) Q8aeA 44D sl
faterh BE FF) o) o= BY o AR @
T A6 2EHA Sw 2R TR YRR 3
e w7 A

P
oY

4

2 dFdME MS6FF2 DBT @a5el vwA&
sulfate®] °J3F& xA}5}7] $8l, DBTS} &7 Na.S0.&
FxEz FA6 s iR e MSe 752 AR
& <9} DBT &3l w2 F A3t Fig. 3¢ =A|s}gdtt
vjAdA gz o] AL sulfater} H7VE A ¢k31 DBTHle]
Aoz ATHYS wW 0.08 hleo]gl o}, sulfater}
0.01, 0.07, 0.13, 0.3 gL A7F e We] HAFEEE
z}z} 0.15, 0.16, 0.16, 0.15 h''=, DBT9HE 3713t A%
B} of 2v) Ax Egivh 2, DBT &84x9] A
< sulfate’} H7}=A] 492 @& 3.9umol - L' - h?
Qld uhE), sulfate === ztzk 3.3, 1.3, 1.5, 1.5
umol - L1-h'2A sulfate T= 0.07g/L o]AtelAl
DBT 28457} of 132 74stn). & sulfated 3
7Veto 24 MS67FF RAA4SEE F7HAF 4 A

gk, ubH sulfate =7} Z7}5H DBT ©8l&xr} 7
A8t o} mhetd MS6dF AAsted sle] Sdez
A DBTR T sulfate® o] §317] 4190, wixl ] Ex)
3}= sulfate= MS673F2] DBT Hal&a4s W& oA
FE ¥4 5 A

4. 2-HBP$} DHBP] &3

oA BuEwl DBTY 2719 $AHHES 933
2 Qe =8e 7= FFEL 2-HBPY sulfateOﬂ L)
6}] product inhibition& W¥x Zeoez deA Sioh

(Oshiro et al. 1995a, b; Omori et al. 1995; Oshiro et al.
1996a). o| FolA Aoz DBT7} Fl=HA YA
5 2-HBP: A9 FEHeoz H&HI, dAA ¢
A ezl EAE 2-HBP: AHFASY F2 AEe]”]
o Fol, 2-HBP2| Sl o3 @sgFEo 443
DBT e3¢ A2 A74d 4 Yo (Oshirio et al.,
1995a, b). L& 2.2 Gordona sp. CYKSIQ] L

Z=q] MS62] DBT &3}e) u|x]:= 2-HBP2| 943& =
T

2 AFelAME 2-HBP} 2749 #Al DHBPo)
Wa CYKS1#F9] wAA4=el DBT 43&45=8 =
Abslgl e} Fig. 49} Fig. 591+ 2-HBP$} DHBPE Hx
Mz 77 WARe A4 449 DBY 9 Age
EA5ld o, DBT &3 £ w9} v|AdA&EsE Table 2
o AAlstct. $41 2-HBPS 7% (Fig. 4), v
F3} 5= DBTre] A7} controle] ) 2.35¢l9 wt
& 0.05,0.1mMo] A7} A9l OD7} 2.57,2.502 <F
7t 71544, 0.15mM o)l Al AAe] HAAFA] &
Stc}. 3t Table 20) A A)E AR Hx= »wws] 29
2-HBP7} A7} %] %S 9 0.10h 03l 37, 0.05, 0.1,

0.15mM= 2-HBP ¥ %7} Zold4F u|AALEE=
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Fig. 4. Effect of 2-HBP concentration on the growth and
DBT desulfurization activity of Gordona sp. MS6.
e, 0mM; v, 0.05mM; m, 0.1mM; ¢, 0.15mM; A
0.2mM

0.08, 0.05, 0h'o 2 Hx}2 7tAste] 2-HBPe| 23
A& A Felo]l ¥ 4 9lsidh 2-HBP7} 0.2
mM7tx] H7FEH A Sl $718He ethanold] 3HE
A3} 8 7+ 2AWZ ethanold) £ 1.6g/LE
dA A g3e] Fd

DBT etstex 2-HBP7} A715A ¢ 7497} 724
7rel ¢bA =aks|g] ot 0.05, 0.1 mM 2-HBPE 7|3t
ASo|= DBT7} 77t 0.03, 0.056 mM7+x] &= 2o}
0.15, 0.2 mM 2-HBPS #7}3t 7S DBT &3}e]
FRHA @kt (Fig. 4). B3] A7 @) v &3t
% DBTY mole42 v|mwsl R 2-HBPES #7}3}#]
ore 7$o DBT &&<5+ 50umol - L7 - h7'Ql dt
4, 2-HBPY A lxxd wa 77 3.2,3.3,0,0
umol - L' - h'2 A} 2tasigct. olejd Az HRE
2-HBPS] #H7}= MS6 739 AA3} DBT &334 &
A ge o & A

Gordona sp. MS63F2] A4z @3gAe] wlx&
DHBP®] ¢J3;& Fig. 55} Table 2¢] | A]5}3ict. DHBP
 A7eA @2 9ol wickde] FF=x FH9 OD
2.35747) Zr}sl=d u]sl, 0.2, 0.4, 0.6, 0.8, 1.0 mM=

OD (600nm)

DBT (mM)

| | { ! \
0 10 20 30 40 50 60 70 80

Time (h)

Fig. 5. Effect of 2, 2’'-DHBP concentration on the growth
and DBT desulfurization activity of Gordona sp.
MS6.
e,0mM; 0, 0.2mM; ¥, 0.4mM; v, 0.6 mM,;
u,08mM; o, 1.0mM

Table 2. DBT removal rate and growth rate with differ-
ent 2-HBP and DHBP concentrations

Metabolite DBT removal rate
concentration (mM) (wmol - L' -h™)

Growth rate (h™)

2-HBP 0 5.040.08 0.10+0.002
0.05 3.2+0.10 0.08+0.003
0.10 3.3+£0.07 0.05+0.004
0.15 0 0
0.20 0 0
DHBP 0 5.0+0.12 0.10+0.004
0.2 2.5+0.09 0.09+0.003
0.4 1.2+0.08 0.08£0.005
0.6 0.4+0.05 0.05+0.002
0.8 0 0
1.0 0 0

A7bPs=7}b F7heel wet wiorye) Ho Fg=sth A
Z+ 1.24, 1.08, 1.07, 0.10, 0.092 745 %I} (Fig. 5). ¥]
A4 =% DHBP H7bge] 571845 3pashe 4%
o] F35A vehtom, DHBPE 0.8mM o4 A7kt
7ol MS6wF2] el &A1) A gt

DBT 23184 2| 7, DHBPS A7lshx| 42 7%
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o= 724|7te] DBT7F <bA Es=Eglov), 0.2 mM
DHBP7} A7tg ZAg-ole WA F9] AF{ DBT v=+
0.15mMo| i} =3t 0.4mM7} 0.6 mM DHBPE #7}
3 749¢ DBT A% =¥ 77 0.21, 0.27mM=
DHBP ¥7} sx7} 2718445 3% DBT =7 ¥
o}. DHBPE 0.8mM o|4 713t 7 DBT &3+ #
A% 9tk (Flg. 5). DBT 234z AAlste] vl
s}, DHBP7} A7}sx] ¢t 7297} 50umol - L7 -
h™e]1, 0.2, 0.4, 0.6 mMS] DHBPS A7} whe} 2.5,
1.2, 0.4umol - L - h'2 DBT €8t&xx 7143ttt
(Table 2).

2-HBP¢} DHBP: ¥ ©} F=7} Z7}845 MS62)
A3 DBT €&3%-& A&3lgen, §3] 2-HBP=
MS6FFel © 2 A& veh o3 Az iE
(Oshiro et al. 1996a, b)o] ¥ 3+ wle} o] biphenyl
nucleusol] €2 hydroxy groupe] A= DBT =+3l&4
£ AeAgE o4 5 Usde

Ab A}

2 Q78 AALE oA F1e AL AR AT
o o8l saAFH o, olo] FA=H s

o

} T =

Ho
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Effect of Degradative Products on Dibenzothiophene
Desulfurization Activity of Gordona sp. MS6

Kyung-Suk Cho

{Department of Environmental Science and Engineering, Ewha Institute of Science and Technology,
Ewha Womans University, Seoul 120-750, Korea)

Abstract - Gordona sp. MS6, desulfurizing petroleum, can convert dibenzothiophene (DBT) to
2-hydroxybiphenyl (2-HBP) and sulfate. In this study, the effect of DBT degradation product on
DBT desulfurization activity was investigated. When Na,50,; and DBT were simuitaneously add-
ed in the medium sulfur sources, specific growth rate of strain MS6 was doubled compared to not
adding Na,SO4. But, sulfate inhibited DBT desulfurization rate, furthermore, when 0.05 g/L
Na;S0s was supplied DBT desulfurization rate decreased down to 40%. When 2-HBP and its
derivative, 2, 2'-dihydroxybiphenyl (DHBP) were not added, DBT desulfurization rate was 5.0
pmol - L™ - h™, With the increase of 2-HBP and DHBP concentration, DBT desulfurization rate
was decreased. No DBT desulfurization activity of Gordona sp. MS6 was observed when initial
concentration was over 0.15 mM 2~-HBP and 0.8 mM DHBP. [Gordona sp., Desulfurization,
Dibenzothiophene, 2-Hydroxybiphenyl, Sulfate].



