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A A|2Bl(cell-free enzyme systemys 2]-8-310] Sl ofA|EAL] tigt 23l 7S ERlshes A8 S s
P putidai= E5- EA) 3ol A T toluene dioxygenases A/d310] EF<S cis-toluene dihydrodiol® 35, C.
necatori= acetyl coenzyme A synthetase-1-S A/ d3}0] oFHEARS: acetyl CoAR F3HA|HA AJEof Qs ATPL A
3l 7d (biodegradable) 1Lt A}R1 Polyhydroxyalkanoate (PHA)E #/3 Sttt P putida®] &5 i3l 221 toluene
dioxygenaser= T 80]7] WlEoll toluene dioxygenase A3d X3} T2 o] AES AASIAT P putida®] 5
ol Falles ER1S $13 gas chromatography (GC) -4 Az}, tlZ 3} toluene dioxygenase 8] Q1 A3 10014
= AEY E709 o] AL fAFE S, toluene dioxygenase A 21 AFT- 204 = HEE EF<02 ol
Zt 2 A 19 v]E) ZFASITE B8t C.onecatore] oFHIEAL 85 E ERlE $139t gas chromatography-mass
spectrometer (GC-MS) 4] A3}, FAZ G4 AARE 2835 ATox= oA EA ) tist 1=7) HE=A] kst
o WA P putida®t C. necatori= F-A|I3E B AJAE A4 So| i EBall 9l oM EAL 73] TEo] fHE oL,
P, putidai= FAIE G4 AAERE AE3P7] del 5 a4E Adshs 2] ozt

Abstract — This study deals with the possible degradation of toluene and acetic acid when subjected to cell-free
enzyme system from the toluene degrading bacteria Pseudomonas putida and acetic acid degrading bacteria Cupriavi-
dus necator. P. putida produces toluene dioxygenase only under the existence of toluene in culture medium and toluene
is degraded to cis-toluene dihydrodiol by this enzyme. C. necator produces acetyl coenzyme A synthetase-1 and con-
verts acetic acid to acetyl CoA in order to synthesize ATP to need for growth or PHA which is biodegradable polymer.
In case of toluene degradation, the experiment was conducted before and after production of toluene dioxygenase as this
enzyme, produced by P. putida, is an inducible enzyme. Toluene was detected using gas chromatography (GC). Similar
amount of toluene was found in control group and before production of toluene dioxygenase (experimental group 1).
However, reduction in toluene was detected after the production of toluene dioxygenase (experimental group 2). Acetic
acid was detected through application of gas chromatography-mass spectrometer (GC-MS). The results showed the ace-
tic acid peak was not detected in the experimental group to apply cell-free enzyme system. These results show that the
cell-free enzyme system obtained from P. putida and C. necator retained the ability to degrade toluene and acetic acid.
However, P. putida needs to produce the inducible enzyme before preparation of the cell-free enzyme system.
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2-1. ARE o=, HIK| 2= S HHQF =A

 AFolM= 27HA1 8] #FE o] &3Ilnh &Rl a7
Pseudomonas putida (P. putida, KCTC 1452)8} oFA EAL #-3l)
1 Cupriavidus necator (C. necator, KCTC 2337)= 7| =4}
A (KCTC)olA &4 7z e = Fgich n & vk
0] Wl X]:= KCTC medium?] beef extract 3 g/L, peptone 6 g/L
£ X3H= NB vl (pH 7)F ol &-sISith. ot Baks 15k 314
wllA) = NBHIR|Z2Ad ol agar 15g/LE 715 NB-ager 541 (pH 7)%&
o5k AL, M= 100 mLe] ¥iA|7} e 250 mL AH2}
St 2700l AR A BE52l colony HERS] F A5
F2Z(loop)E 0831 27} A ol Z4EgE $- 30 °C, 150 rpm 3t
Al ZlEhaeF shelt.

=2 e Ml ©

222, TR #F [l FAIE 54 AIAR M 3 AH

o ArellA o] &7t 5 kA w5 olgsto] dd o Frl
P Ea Eat o Bt A I L LT R e = o R RS |
425~600 um2] 74 2] Glass beads (Sigma Aldrich, G9268)% 121 °C,
15psiolA] 2081t BatA 2] 5 Ad2ollx] YZ3A2] v vialell H7F
3197 bead-beatingS X1 &&FITE. 2702] 20 mL vialoll 5 mL F-3] vk
F 328 glass beadsE WL 5 mL2] WAE 8] ¥ (pre-culture) S
247y Q9& X vortex s ©]-8-3l 15+ 1t bead-beating X1 B3} 1L,
bead-beating®] &3l WAy$H wpEHol o3l A7 HAE = S
WS flalA v ekt 5ol B7F WA 12]. o] F-
¥ AL 3h1)E(cell debris) 3 BHHA] 952 A|ES A7 6] 918
Whatman® microfilter (0.45 um pore diameter; GE Life Sciences, USA)
of| 23AIZ] F A E gl B (cell-lysateyS A IL[6,12], FAE T2
Aol 288 ZE e flete] AlE Gall=) v]gE ek
H-& NB-agar #1 A ¢l 30 °CollA] Z+2} 24 3F Hlj kst & colony 3
7 o= FRlaglth

2-3. 22U I OMIEAH Fall A™

FAHE g4 AlAEo] H88 F 752 B24l 2 o}A| EAL 23
588 dolr ] 93l thETFOEE 250 mL AFAEZ kA= 274
27} 100 mL2] FF5= 2 B4l 50 ppm 2 100 mL2] F7F5
oFH EAL 50 ppm & EolA A ZE oM, AT O 2= 250 mL
Azg A" 2o 42 95mLe 759 P putida B C.
necator?] A3E EHES 212 5mL Eo] 100 mL £ 271 AlF
st v AR 34 9 of | EARS 217 50 ppm S EE W
t}. o] % 30 °C, 150 rpmol|A] 5AZF W)k 313, vk & 2
23 el golle g Elsl] S8l 7t~a2viE 125

Table 1. Operating conditions of gas chromatography [21]

Instrument Agilent 7890A

Column HP5 30 m x 0.25 mm % 0.25 um)

Oven temp. 40 °C (15 min) — 20 °C/min — 260 °C (10 min)
Injection temp. 250°C

Detector temp. 300 °C

Carrier gas N, (1 mL/min)

Headspace GERSTEI MPS

Pretreatment 70 °C (10 min)




Single cell-strain}f-E] 2%

Table 2. Operating conditions of gas chromatography-mass spectrometer

[21]
Instrument GC: Agilent 6890, MS: Agilent 5973MSD
Column HP INNOWAX (30 m x 0.25 mm x 0.25 pm)
Oven temp. 40 °C (12 min) — 10 °C/min — 250 °C (10 min)
Injection temp. 240 °C
Carrier gas He (ImL/min)

(GC, Agilent 7890A, USA)Z |43} o w3k ujok 5 Zap A
A ol Holgli= oAl EARS #Hels}y] el A 2ehE 1)
AR A(GC: Agilent 6890, MS: Agilent 5973MSD, USA)E
o] &-3F3itt. GC % GC-MS9] #4271 Table 1 % 2¢]] LFER

2-4. = EA(Inducible enzyme) 2%
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P Qlek whebA oef] st St A de ﬂ~ﬂr o] g3
A AEE S8, oA A et TR e AR S Al
s}, Ho]:oﬂoﬂ E2q E!J o]./ﬂ]E)\]._E_ 50 ppm =5=4 7_}-7_]— %101
0°C, 150 pmellA] 24417k 359k F7k wjesto] T 57k
2 oA EARE WAl St E S SFGATE. o] & wj kel & bead—
beatingS A8 5 2701¢] 250 mL AFzFEZ e =10 95 mLe) &
TE 92§, AR BallES 2 5 mLEo] 100 mLe] &<l 27H:‘§—
Azt 74 2 oREARS 50ppm FEE o] 30°C,
150 rpmellA] 57 2ok 3FGlTt. o] % GC % GC-MSE ©]&-
sto] HolQlis B4l 9l o EARS Elskt).
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3-1. Colony &4 O£ QI

UREA QL it T} ge] FAIE G4 AR n]AYE-2] Maruh
< 38H7] witel njEo] AetglA] ettt webA Al £-3)

S NB-agar B %] ]| vjekshd Aol o] §17] Wlizell colony

7V A ¢, ol & Sl vAE vl Y AE EEY
colony 373 o5& ERIC mH FAE F4 Al Hlo] 285G
=22 71dshA AEEE 4= Qi)

B AgelA o] & T el tisted, ZHzke] m|AYE vk}

AM|E &35S NB-agar W <] o]l w3t AFR1S- Fig. 1 9 2¢f L}E}

Fig. 1. Confirmation of colony about P. putida, pre-culture (a) and
cell-lysate (b).

FAIE Fd A2E o) g3 B Ul obHEA e 667

Fig. 2. Confirmation of colony about C. necator, pre-culture (a) and
cell-lysate (b).

WATh. Fig. 1= P, putida, Fig. 2= C. necator®l] thsl] t] A& vl
SN A FE G ES UEPA AR, FEHOE (a)9) x5}
(b)°lA colony”t EABHA] eh=th= 21 & 5 Qltt. o] & Eall Al
3 gl Eoll= Aokl Al EAlEkA] ko, kA A
T4 AlEe] Al E A8H vk 21S gRlg 4= Qi

3-2. SR ol

] A ﬂ:rLOﬂ/ﬂ Pputida‘:— St Oﬂﬁxlc’ o 1 Ea?ﬂ, il
£ ERAL Roas
Lﬂ toluene dloxygenasei ‘é’j”ﬂﬁl’/]—[S o] Bhe 47<]-7]- =
R A (flavoprotein)©ll 2] 3] NADHOA ferredoxinTOL O 2 -
WHE 31, ferredoxinTOL Y| &HEEl 227} iron-sulfur protein-TOL
(ISPTOL)el| A& & A4 o} Aglslo] E-F41-S- cis-toluene dihydrodiol
2 233H13,19,20]. o] ATl A= cis-toluene dihydrodiol 2]
A 7980 ZH toluene dioxygenase2] Vg AR5 BRI 1,
S5l A sfollA] vl ke Fo| AT cis-toluene dihydrodiol©]
PAEE S Gt o] & 3l E7al —‘?—3]1 §_/:\_°] toluene

=

F

dioxygenaset= &4l A St ATt T E = FEaado] v
RO, TS tod operon®] 2J3llA] AAtEFo] 24 ‘—4*— Zio] Bt&

Fh13-15,19].
P, putida®) &< w3l 52 545 dobry] 98 GC #4&

0] g3t o] Bl % 54 U & S A AIE Table 39 1+
ERQISIEE tizTtel HolRls 5919 & 4= 0.0269 mmolE 1
B, AT 10 HolglE EF<lo] B 4= 0.0258 mmol® L}

Epgitt, 2o} Z57¢l ofo] iz A3 164 7M AR
upe} 54l —cfsﬂ SO AlF B0 (FEste] fiE 4 AY
S Z33k91ar, ool Tt Fhof B4l K] 1 E?é AET 20]]
HERA ST e AE T 204 2] zHeq %H"'—Oﬂ 445 0.0232 mmol®
el o, o] EF¢l & 47} izl 83l 0.0037 mmol©]
S AL P putida®ll FAIE 48 A ./:E“:% A gl S50 7
3] Fo] 3] AR o, P putidas E5-410] 3
HjA| o] wiekste] H A AR dAIE AX o) S Rl &
Art.

i M

5

3-3. OIMIEA =3l

C. necator®] O EAL 28] 58S Lol 7] 98] GC-MS 4
AR 2 97 (peak)E Fig. 391 HERNSITE. Fig. 3(a)= tiZT
o] ok EAL 93 57 A 70| AL, Fig. 3(b)= A< ofA|EAL
93 54 47 ot} GC-MS 4 ¥, Fig. 3()2] W55 A%t
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Table 3. Concentration, volume and mole of toluene after shaking incubation at 30 °C, 150 rpm and 120 h

Liquid
Toluene aut

Gas Total

Concentration (ppm) Volume (uL)

Concentration (ppm) ~ Volume (uL) Volume (pL) Mole (mmol)

7.41
7.69
11.15

*Control
**Experimental Group 1

0.741
0.769

***Experimental Group 2 1.115

11.34
10.94
7.32

2.120
1.969
1.354

2.861 0.0269
2.738 0.0258
2.469 0.0232

*Control: water + toluene

**Experimental Group 1: toluene-uninduced cell-lysate of P, putida + toluene
*#*Experimental Group 2: toluene-induced cell-lysate of P. putida + toluene
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Fig. 3. GC-MS peak of acetic acid to remain after acetic acid was degraded by C. necator, control group (a) and experimental group (b).

(retention time) 20.626 min®ll X A5 3] A7} (b)oll A= AR

A& & 3T} o] I o) ot mass spectrum= Fig. 4(a)ell Lt
ERA a2, oFA| EAT] thét mass spectrum library (reference)= (b)

of ERNIRITE. Fig. 4(b)2] oA EAT reference mass spectrum®]| 4]
A} 0] &(molecular ion)> m/z=60 (CH;COOH)©] 3L, base ©]-&-
m/z=45 ©| B2, fig 4(a)2] TAto]ll SFsh= m/zS8} base ©]-°l]
ANGEh= m/iz W ZZ (fragment) 0201 S| FER= m/z 30| reference
9} fAKEHA HEE Q7] WiEell, Fig. 3(a)ollA] AEH == ofA)
Exte) dfFdsh= 3a9S & 5= Tk C necator= PN EAL,
22459 X]B“‘}(fatty acidy& waliato] A gol o] &atALY,
TR} FARSE S-S 2L Qlo] ARald X]i o] &%= PHASH
22 A EA sl ]%E]wtﬂ 9,16], ©] 75 acetyl coenzyme
A synthetase-15 ©]-8-5}0] OPHEALS: acetyl CoAR %k A7 &

o]& H}Z PHA @Al o] &3tAY A/ EZAL 3] 2(TCA cycle)E
A ATPE &/dsh=d

o]-2-5}a1 T3t oM EARS: succinyl-CoAR
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A8AZ1 5 PHAE /dsh=d] o] -&-31tH17]. ©] &
acetyl CoAT 3} A|7]+= acetyl coenzyme A synthetase-1-> ATP
SIS Q% HFAQl G 40)7] ujiol ARl EA0]a1, oM EALS]
3] 27} Fig. 3(b)oll A UEFA] 42 A0 2 Ko} C. necator P

= o].,q] E /\}Q

putida®} E2] 7L SAS AF A Qlo] FAIE G4 A4 A
& Fo oM EALS Bl 5 9t 5HE fXshs slow #
\_%q—.

4.8 E

2 A M= EF4 B3l 721 P putida®} OFHEAL H-&]

TR C. necatorel] 3l @ 35 ] FAIZ &40 A ARE A8
sto] Z4z7te] el so] R = =A ol tiste] s Xyt
P putz’da7 | A3418H= toluene dioxygenasei= %1 A}7} NADH, ferredoxin
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Fig. 4. Mass spectrum of acetic acid from GC-MS, this study (a) and reference (b).
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