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Toluene Degradation by Pseudomonas putida in Closed Vial
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The ability of Pseudomonas putida to degrade toluene was studied in toluene-containing vials. The strain grows
anaerobically in toluene as a sole source of carbon. When the initial toluene concentrations injected in the vial are
varied, the changes of headspace toluene concentration and cell density are observed. We set a model for this vial
and simulated the vial reactor using Matlab. With a variation of model parameters, simulated results were compared

with the experiment.
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Figure 1. The simple model of a reaction vial.

Ta X 3
B Apoxe Efdo] HtE wiAES TFE 23 Aol
Aol ngEe A% headspace?] BT FEE #asly,

Mailab Version 5.19) odedhrE o] 83k Ak mARAIsE A
}E Hm_zs}“"/ﬂ Efgs vyl Wé*‘fi FHHAt =9, 2
o] H7tE wiAlE 2§
-:J 74]"“*19] =4 ﬁJrE}U]HS* nZFOZHN, Pseudomonas
putida®) &7 2 FTH FFYE vAE HFES Gl

o3 A x|

Agel| o]&H n|MWEL Pseudomonas putida(ATCC 12633)
olar 4C, uA FH wjAllA Btk vl wjefel At
251 oA wiA 2AL F74 102 Glucose 1.1 g ,Yeast
extract 1 g, NH4,Cl 0.1 g, MgSO;-7H:O0 0.05 g, FeSO, -
7H,0 0.0005 g, CaCl, 0.00375 g, 0.1 M phosphate buffer
(pH=7) 18 mLo]At}.

973 500 mL Eep2Fo| 100 mLe) vjAE Fujs}
Fol& AMgsle] HERH AFE HE3ln, A48 wldr]
o) 30°C, 150 pmo2 Wyl 8AIJ U Ft el
1= = Y 5%S Baos EFAE AHERIEE &
F3z71 gle WA HEsn 12AI7P s HH%WE}. o}
W EF9 1000 ppme A HolFE §% AL AR
®). ol %TMH f= A4S AL o EFd fallﬂ =]

2 ol of§ Holrh7.8). ES wik Alztol
3t ekl 1 t} ZojA He EFAE HAHE 9 f=
717te] ol #Holx] 7| wjFolc}

©
PN

357

FEE AEEL 6000 rpmolA 28 YAE S 53
3ty 0.1 M phosphate buffer solution(pH=7)0.2 5 ¥ 4
N 4 AASL 2Ea=st QE WA 100 mLo
A &), /ELJE] % vz e 5 mLel serum vialof
3 mLY Jyo] ¥edh Z2H2He] vialo]l ERQE dAew F
skt 150 pm, 30TAH G WFLh o @ FUhe

5 w7t A3 wgolth wf AZE vialg sy Aol
okl e] pH, A EF%, headspaceoAe] EFol T8 =
gk o AZE 3709 vials ZA 3] AEAE RIS

Aol AHEE 23 AR viale] 27| F9l% VS o

o
A s=e W 0494 05 P9 145
ETAe RFoz Fsion, e
o Fr2 WHIAH.

e s
2 290, 5803} 870 ppm

=a

A% AE F%Dry cell weight)2 Aahz A7l 235
ARel FAEE 24P F AR 0xEEH FREste
Aude Adeel Agsidd. of W, Free PREEA)
(CE1020, CECIL)E A}23e] 600 nmojA] ZA 3}t

E59¢] FTE gastight syringe (Hamilton 81330)2 1 mL
9} theadspace®] 71 HMEES AFHsld BE oledl HEY)
(FID)7} Z#9 7}~ ZZobE1#)3)(SRI 8610C)E o] £3}he]
A%ty HHL 5% dipheny! 95% dimethyl polysiloxan
capillary® AH831QlT, &9 A2 AHEE HEe] 452 6
psiglth. FIDoAe] Q@ B3t HEy) 2=F 1407, 250°C ).

O

EETU g

zx7) EF99 FEE W3AZE W), headspaced] EF
T AE Bx HIE HAYE Tl TEIYch HEAE
“(1) Q)9 EF Aoz HMEAREE #AA i)

g Aol sh= 8ol Urk Matlabg o] &3t #
Q} U*}O}-Tl ol AT uimsHA, AMEEE W) W
ak A s Kot
, AR AMgS Wil WeE F 28" 5 e #gE
& EHJO}?&‘Z}- Aol AME-F headspace®] HI(Vy)ed B

WA oV 27 29} Jelu A4 dyelNe) B
A 7] 5 008 FojAm, Aho] Ao ulz} W3l
ok A Wi Fgd g 27 #4 F=9) F8L
Ao ofsl] ARGk NAAF &£ dre wale] Ao
WHate Aol whet vl Adgteg 7d 4 diglskdh
F, S50 B3 &5 Ao ATl wek Walaizoh

& vialo] Aoz F3 EEQA FEE 290, 5803
870 ppmo. 2 HIA|ZAE ul, headspaceo] A o] EFA ET
Haltol tigh HEghel wo] Ak RARE AsE Jehid
Figure 29} #t}.

o] 7} d¥e] il HFE FoA &3 % o) WA
4 Dl Wske FRAVAY WU B B o] 2]
Y EFe v FE §9 = A5 deE aHEHA
O 88 &% ol wMaE R SEsh Age) whe wa
ek 271 E%A Y w=o w2k, &3 i) b 2
71gs AT Fol &8 vl e HEE o3&l 2

e Ni

.9
=
[¢]

F



358

T T T T T v T T T T T
800 4 B

m toluene conc. 870 ppm (experiment)
700 ~ ® toluene conc. 580 ppm (experiment) -
A toluene conc. 290 ppm (experiment)

600

€
& toluene conc. 870 ppm (simulation) .
G B N toluene conc. 580 ppm (simuiation)
é s0d /! toluene conc. 290 ppm (simulation) |
[ 1 !
2 !
© 400 B
=
8 4
© 300 -
Q
] 1/}
& 200 | -
@ 4 J
o !
< 100 4
® LIS [
o 2 - | 2 a
T M i T T T
0 15 20 25 30 35

time(h)

Figure 2. Time-course changes of toluene concentrations in headspace

under various initial toluene concentrations.
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Figure 3. The effect of initial toluene concentrations on the cell

growth in vials under various initial toluene concentrations.
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: The concentration of microorganims (g cell/ ¢ )
: Volume of headspace (mL)

. Volume of liquid media (mL)

: Condensation rate constant (mL/h)

: Vaporization rate constant (mL/h)

. Dissolution rate constant (yg/h)

. Specific growth rate (h')

: Yield (g cell / mg toluene)
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