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ABSTRACT : For the development of biocatalysts and processes for microbial desulfurization of
petroleum, more than 60 microbial strains capable of DBT(Dibenzothiophene) degradation were isolated
from oil-polluted soils through 3 months of continuous and enrichment cultures. Among them, A23-3 strain
could grow on DBT as the only sulfur source, while hexadecane was not utilized as a carbon source. The
rate of desulfurization by A23-3 in a DBT-glucose medium was satisfactory. The addition of yeast extract
or trace metal solution accelerated the rate of desulfurization about 4.5~6.5 times. In case of actual diesel
oil treatment, the specific rate of DBT degradation was 0.045g-DBT per g-cell - hour. A number of
aromatic compounds heavier than Cis in diesel oil were also degraded by A23-3. A23-3 strain was

evaluated as a good catalyst for the production of low-sulfur, low-aromatic clean diesel oil.

3471+ A28 A1



54 Af 2938 vAE 28 2 dA5d dF €35 37}

1. M B
Mgl TRl Ye VARE A2 UL
Qo) 5 AAFS HUA opgAsAE AN,
o 44uIE Fustd ABFY 24 Yoslv,

ArN1He2e EY 29E H5AA AHAE
stA €t

A Zo)= GR(Green Round)® 734 oidt Iuje]
A gAY nzg A, 4759 F4Ld A T
A7 AAAHez ZF3Hn don, FHAME o
Af 2 FACH 59 FFRF] FAV FEHD
A= AAolot

ol Afue FAEL A2 AN 7A
2] ol&tg A A olokgt Ftt A4A EFFAA W
& AdFe olv] cHARE 3] AYPHo Feow,
A I RELe F3EY A AF R i E
8% g2l R JFEHA AT

oy olyF ey FILRITAHL 1L, 1Y
o] AN o|FjAEZ[1] ¥ AA¥ H F7}
$guE gaz 3k =3 1t EFeje Rt
HQ AuE a7y, AT Eio] ol EAH
< 7HA 1 o

a8y AESEHQ g3y AL, Yy 23
g ZHAN Wrgo] g, Ad TR 2 &
Ay 5& #ZAAZ F A2, EAe 23T
BAHor AY stestEg 1 JdFEH FE5H
ojty, g o] FF WIS IHAEY FAAAE
Vs T A8 ol A& HAeE Atgdo
A ANARCZ NFFe 39 oj&E F U
n e FEdte a7 €93 JPHT e

B 79 €37bs TF7F EHEATE-11
2 ks 14131"3‘ B A7 olFolA A=
o}
meta B dFPe 238 A% AE Fv
A 2 olg Algste MEEHH FA BT A7
ol d#o 2, MR{UlY FUISANNEFT B2 ¢S X
AAME, 713 €%o] ojdutn e F[12] DBT
(Dibenzothiophene)& 24 3FE2 MA3 S, A
FE 99gEYgOoZNE DBTE Zg&A0E €3 A
AL # de 7 L34

agn HA3 FHErtsH AEE
Aglo] Eeld #FF o] &3Ach

aih:!

_Erlr

a2

e

sls) TAH

CLEAN TECHNOLOGY Vol 2 No 1

2. Tz ¥ 9y

2-1 &% dF9 ¥+

FU BARAe] A ARRI £5A £ FHE
% 30483 9f T 28 EY 2 4F L96F
209, @33 EY 104Po2RE 238 TF
o] BYE A=t d#e EF 2 dAs, 4
5< 37 AAgsel et 10833 WA F,
Z+z} o] A% 0.lmLE LBH) X|(tryptone 10g/L, yeast
extract 5g/L, NaCl 0.5g/L)o] &A, 24A17+ w33}
3, gl o] wldAS DBTS EETFE e 7
®4 222 (DBT 20mM, £E% Sg/L, NHCl 2g/L,
K:HPO, 1g/L, MgCl, 1g/L, NaCl 0.5¢/L, pH 6.5)¢] 3
% &, 2370470 AT o) F A% )
s WA S Ao E DBTE X3 FHA otz
o2 ujR|d A bicavailability FAIE s, DBTE
FYFYPoz AHo] 75T EFTFE oF Y
Ak

22 93 339 g

93 39 e fsA 250mL AAESEA
o ¥ 5gLE ¥ 10mLe] AEE HAau|R
£ FH71sle AMg38gth DBT F:= 1~2mMZ 2
A3tom, 30CToA 593 Iyt old
DBTx o] %2 @gormg F5 o gL (ethanol)ol
100MMEE2 % F, HAEY T2 vixd] FH7}
A €35l vXe vFFEo|2 ¥ &
ZF & E(yeast extrac)®] FFE ZAS7] 93, 9
e wWxE AFd uFFEE(trace  metal
solution : FeCls 2mg/L, ZnCl, 2mg/L, MnCl; - 4H0
2mg/L, Na;MoOs 1mg/L, CuCl, 0.5mg/L) =& 0.5g/L
o ARFESES 47 e F wiLstAh

2-3 Wjgd 9 27 DBT &

Wggo s iE v EFH] ¥gFe] JF DBTY
EEE EX3Y A8, gdH FY 29 n-RE
£ (butanol) = ¥ AH(hexane)S H7}8le] oF-d &
3tAon, FET HHd =EAF7] Y3 o)A
308 AAHATY o)F AFAEL I3t 3EZD
LAE10,000pm)E F, I3 FFHE HPLCE A}
|3t EAsA



£358, A8, 382, 259, 7%, 23S 55

2-4 A fo A ] DBT A A% %7}

AEE 23§ vAEe] dAF 87148 E =
A8tz S8, AdE %8, Ev =972 E F
ZulR) 9mLE T3l 250mL AAEeaAd, =

WelA Al#ElE H At UARE ImL F7hsted uf
FaRen, 27 HF HAEFET 9 354gLE £
A& gt old A% dAfUe] DBT $&7t 430
A3 gteng, of 10mM DBT/CAR7 HE
£ DBTE ¥EZ 78t A3t olF, 30T
oA 39Uzt 150pme. et wjgFE, 9mLe] n-HAk

o7 YA{FE A-A FZH3d, 1 FEF FFTAE
HPLCE EAM¥ozx ZF DBT =& FHI4A
t}.

25 BN 2 Ag Ao

HE9] ARL Spectrophotometer(Beckman DU-65)
g o]&3ld 600nmol A ZFAFEHPomw, vig] AGF
AzFFe HFZMd ot FAHsHT. DBTS
DBT wWh3-AbE9] AFFL 3| ElX|(Hitachi)A}e] HPLC
{Column: Novopak C18, Detector: UV 280nm, £-vj:
W et T 70% acetonitrile, A|EF Y SuL)E o]
£33l ZA3H. JAMIEF 3= 7](Phenolic ring)
g X33 279 HAZAlE Gibbs method[13]E
o] &3ttt A¥d A3 DBTE Aldrich Co.9 xﬂ
FE, VAE Fe AF WA= Difcorle] AF
AHg8FTh 71el Ayt Aok Sigmaile] AFE ]'
&3

fd

3. 3 % a3

31 9% 59 ¥

F5de I EFANE 2 dF2E AR
FE 3 AEe d&5ug 2 DBT FHAujAoA 9
AN GFE T3t 60 Fo 2FFFE EHIA
o0, o] #FEL DBT biocavailability 4% A3}, 3
=9 Y H7HE felx, DBTE #HUE o
DBT-EX % 712 HauA oA 45 A& "}
Bt Al B2 Fig to Yehgi i

32 9FFY WY 2 S¥5 Yo

DBT-X2 % 7|29 A A dA 60dF9 2y

TFE 44 5930 A7 wFIdey, wE YSE,
B2 285, 443 ol&rtsAdS TIEeE 9%9
TFE 22 A8
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Single colony isolation by tooth pick in DBT-MM
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Tested by Gibbs reagent
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If positive, culture broth was extracted by n-butanol
or hexane

| HPLC analysis for residual DBT concentration

Fig. 1. The procedure of desulfurization bacteria

screening.

o] 9% FFE uiFEol Wi¥r %7 pH 7
ToA HFFHOoF pH 3.5~403571A thAazre] pH
Z428AL rad =3 #Hes e
Gibbs testel] 73 44 ¥HgE HYo 2N,
2 ds 3‘5}"{}“5’- AEES ¢ & UAJT 2z A
¥ FFEL DBT-7]8Y HAuwAS} 1% =
H7tg DBT-HAufA| o)A 55U v 43te, n-34k

2 -} 323 F, HPLCY| ]3] FH DBT
stgon, 1 ZAE Table 10 Jel Aot
7R do% g4 49, § X3S HIIEIR
< DBT-7IE249 HiuwAdA o &2 235%
Ehlin, 3 ddd #FE0°] DBTE #4do
oilzl, gAhgdozgx o]4% £ LS ¢
ot tiZ279 93 & Rhodococcus & BiFoE o]
FoRud. ol FW 5713 v|AESR Ui A7
7} AR oHE =T AR Y oLl Uz, 9
FoA Bug Be 37 FT59] Rhodococcus &9
A5H o, AA vFAAq FE3}E 98
%9 #F X% R. rhodochrous ATCC 539682 ¢
2 Q7] W F)UTHUS patent 5,358,869). A R.
thodochrous ATCC 9086, 12674, 19067, 19140, 21197,
21198, 29672, 32278 Q¥ E d7de] BAZQ
Rhodococcus 6F S Aoz €352 ulmsj2 2

&8k

FUUE

mlm
2 nlhl 4 e oft

iErEL&"LJilom[o

g

o
0

3371 424 A1



56 Mg 23E AR Ed 2 gARd A8 285 W)

o gRE ugd 23%e MR AReY, ¥
R. thodochrous ATCC 211980] 7}&4 43 ZAo=
Q) Qlh(data not shown). watx B HyPAe
) 272 Rhodococcus thodochrous ATCC 211988 A}
3

Table 1. Residual DBT concentrations in broth

after treatment

edium DBT +
DBT - BSM
Strain glucose-BSM

R rhodochrous
0.310 0.767

ATCC 21198
A23-3 0.194 0.648
A23-4 0.140 0.230
I3 0.200 0.231
Jar-7 0.110 0.182
2 0.321 0.310
S9 0.180 0.120
Q10 0.173 0.148
A33-2 0.423 0.360
QP3B Not determined 0.160

Unit : mM

initial DBT 1mM, S5days culture

3-3 A23-37 3] 9% DBT €35 %7

AAH Heg e FFET oy, 1
% DBTO| MEWAE 7HA¢k &1, F2 FZUF
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Table 2. Residual DBT concentrations in broth

after 48 hours of treatment

edium DBT +
DBT-BSM
Strain glucose-BSM

R. rhodochrous
0.135 0.218

ATCC 21198
A23-3 1.380 1.130
A23-4 0.261 0.243
I3 0.193 0.112
Jar-7 0.540 0.420
2 0.216 0.120
S9 0.403 0.380
QP3B 0.360 0.160

Unit : mM

initial DBT 2mM, 48 hours culture

ole MEXFHd Fad g& JYEAY FF5H
4A, DBT £3{IES] AJaAUAE FUAHA
gstot, gz Wstz FE/MssEel Atsd
th. o] e AEIAZFTHY VI0F=7t Folgde
B39 w]Fo] ¥ w DBT £3A] thie o] Al
EA FHd 224 5 F Ao E=EY
A233gFE dAfe Aertd 3%E vXE oY
Ald] ZH(Hexadecane) S ©A 902 ALS¥ AL, FF
Aol A9 ojFolAA o} tAf Mgl A
o] 932 XA ¥owdA DBT €% 2 AA7} 7}
satelgt &=, olF AL UAs gyl
AL 7HsAE ZAEIA

olr

3-4 DBT @& % vA= 3% 0|2 4 A% F&

2o 9%

i)
4»-

Zol&3 EY FZEc] DBT €359 7
e ZAME] 98] £x9E ¥3¥E DBT-
AujAe] dxz AFF 0F

EEFEE 05gLes 74z J7te F, 482
gttt ol9) DBT 2715 %€ 0.52mM=2 zd3}
At 1 A3 Fig. 3 oM Zo] 27] ¥k 1443

=LA

1=}
"= Aé?:



Optical density (at 600nm)

£35 8§, 348, 382

0.076mM, & F&ol2 HrlTdA+E 0.18mM7lA]
Aasgoh ey, s FAIe] FIHEEA 36413
o] %ol DBT #Z47F eElA &gk, vjF g0
& H7}FoME DBT ¥E7} 0307TmM 2 ZF7lse
Aol et ol AX AjAdeEet Aol e
gt 3250, oo U AFe Y22 FYHo ok
& Aoz AlRHY HEAHOZ DBT o9 g24¢
o] A8l 7%, DBT E&FHRA AAE A3re
vlg F&ol@ EE HER(vitamin)o] 2 FHE &
% A3, 0.5mM FE9 ¥e %7] DBT TRYAAME
HZE 0076mM7AZ FE3 E&HA €3] 7%
s &+ AAJT-

51 1.0 8
RPN _7
4
_. 6
.. s
3 - E s
(5]
5§14 %
27 e 43
a
. 42
41
0 T T T~ T 0.0 -0
0 10 20 30 40 50
Time (h)

Fig 2. Growth of A23-3 in DBT-glucose medium
(Initial glucose concentration 10 g/L).

Cell growth (@), pH (A), DBT concentration (ll).
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Fig. 3. Effects of trace metal ions and yeast extract
on desulfurization of DBT by A23-3.

DBT-glucose medium ( @ ),

@ + trace metal solution ( [l ),

@ + yeast extract ( A )
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Fig.4. HPLC diagrams of DBT and heavy aromatic compounds in diesel oils.
panal A : (1) control : diesel oil in tap water medium (2) : (1) + DBT supplement
panal B : (1) + A23-3
panal C : diesel oil (1)+A23-3 in DBT-glucose medium
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