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Biodegradation of Methyl tert-Butyl Ether by Stabilized Immobilized

Methylibium petroleiphilum PM1 Cells and Its Biodegradation Kinetics Analysis

CHENG Zhuo-wei', FU Ling-xiao', JIANG Yi-feng', CHEN Jian-meng', ZHANG Rong’

(1. College of Biological and Environmental Engineering, Zhejiang University of Technology, Hangzhou 310032, China; 2. Zhejiang
Tianlan Environmental Protection Technology Co. Ltd. , Hangzhou 311202, China)

Abstract ; Methylibium petroleiphilum PM1 , which is capable of degrading methyl tert-butyl ether (MTBE) , was immobilized in calcium
alginate gel beads. Several methods were explored to increase the strength of these gel beads. The central composite design analysis
indicated that the introduction of 0.2 mol-L ™' Ca’" into the crosslinking solution, 1.38 mmol-L™'Ca’" into the growth medium and
0.1% polyethyleneimine ( PEI) as the chemical crosslinking agent could increase the stability of the Ca-alginate gel beads with no loss
of biodegradation activity. The stabilized immobilized cells could be used 400 h continuously with no breakage and no bioactivity loss.
Examination of scanning electron microscope demonstrated that a membrane surrounding the gel beads was formed and the cells could
grow and breed well in the stabilized calcium alginate gel beads. Kinetic analysis of the gel bead-degradation indicated that the rate-
limiting step was biochemical process instead of intraparticle diffusion process. The diameter of 3 mm affected the biodegradability less
while high concentration of PEI induced much more serious mass transfer restraint.
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FESCHER (11 ) R m L et B, ol e h (g L7):
KH,PO, 0.7, K,HPO, 0.85, ( NH, ),SO, 1.23,
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0.001. 5 mL & G E B (mg- L") : H,BO, 60,
CoCl, - 6H,0 40, ZnSO, - 7H,0 20, MnCl, - 4H,0 6,
NaMoO, -2H,0 6, NiCl, -6H,0 4, CuCl,-2H,0 2, pH
7.0. WFREKEG, EMAEYE (cells) 8 0.2 g-
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0.2% F10. 4% ) il 2% 1Y 15 3 1R 5 [ 5 16 40 B ( A=
B 435 B F 50 mg-L ™' MTBE f{ #5517k
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A HEAT A3 AT 45 8] R Z oo mlE 5 F2 SR O R AR
1) ) [0 5 R B T 6T 7 1 2% PR 3R e AL G, DT 3R
15 e R Ak 251
1.4 sk [ fh 40 i ff At ok % 5%

Vg A ) AR W 1) R 5 A T A 200 P N 28 A
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Table 1  Experimental factors and levels of Box-Behnken design
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Fig. 1 Biodegradation by immobilized gel beads
treated with different chemical agents
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Table 2 Actual and predicted degradation rate by RSM

St e/ Sd F2 A ) BE |
X, X, Xy /mg-(L-h) /mg- (L-h)
1 0 0.1 0 7.01 6.92
2 0 0.1 0.4 2.46 2. 60
3 0 0.5 0 6. 06 6.33
4 0 0.5 0.4 1.98 1. 96
5 4 0.1 0 6.38 6. 64
6 4 0.1 0.4 1.88 1. 86
7 4 0.5 0 5.43 5.32
8 4 0.5 0.4 1.18 1.23
9 0 0.3 0.2 5.47 5.56
10 4 0.3 0.2 4.19 4.31
11 2 0.1 0.2 5.41 5.54
12 2 0.5 0.2 4.23 4.32
13 2 0.3 0 6. 65 7.14
14 2 0.3 0.4 2.17 2.10
15 ~20 2 0.3 0.2 5.07 ~5.17 5.22
®3 MREEIREDH
Table 3 Analysis of variance of response surface
PALISES AME iz F »
ABEFRWD Ca® 1 0. 158 132.2387  0.000 1
B R th Ca®* 1 0.153 127.802 4 0. 000 1
C PEI ¥ Ji& 1 3.640916 3 047.23 0. 000 1
A xA 1 0.0110 9.24152 0.012463
A xB 1 0.008 731 7.30767  0.022 188
AxC 1 0.042 418 35.50126  0.000 14
B xB 1 0.011 31 9.465 75 0.0117
BxC 1 0.0176 69 14.787 66 0.003 296
CxC 1 0. 238 806 199. 866 6 0. 000 1
s 9 4.74508 441.2612  0.000 1

SEHEF R Ca " vk BE XoF T 5k i R (1 % fige o
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6T ) 14 344 o 8 2 B T A AR ( Ca® P MRIESM 0.1,
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Fig.2 Three-dimensional curved surfaces of the effect

of three variables on the MTBE biodegradation rate
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e — B CEUIEmS ) . T 2(b) R 2 () 23l 2 232 Bk
Flrp Ca® " M PEL M K53 3Erh Ca’ " M1 PEL & B XF
TV By gt s R Y o o7 (TR, 24 PED Wk BN O 3
JEE 0. 1% B 5 A 2 30 AR f R B R K 08 Ca® " ik
FERT LLER 3 HIKH PEL X T B A 3 2 09 52 a5 H Y
PEL ¥ B 3 i 25 0. 4% |, % fifk 30 52 A0 A0 A8 B AR A, D
i3 Ca® W RN PEL SRS M . K1k, PEI
RIS 2 X6 400 3 2 s AR K A B e T
LA 2 35 1 0 A B s TR 11 AL i

Xt 22 76 Il )3 5 B AT I 5 oK A, A5 IR R iR A
ZME R ACBEF) Ca® YR 0.2 mol - L' B 53 Ca®”
WP 1. 38 mmol- L™l PEL W JE 4 0. 1% . X[ 75
AT R, Wit g R mE 4 iR, WLUE
HH SR 0 2 Y AR S 0 23R I (1% B i R ) R 2
YITE 2% W, Ul WA £ JC 8] 9 5 B2 Al 45 o 1 b 79000
47 e it 3 2.
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Table 4 Experiment design and results of validation of model

SR [H K A T {E
ETReS X, X, X, /mg+(L-h) " /mg-(L-h) ~!
1 1.38 0.2 0.1 7.01 £0.02 6.92
2 1.5 0.2 0.1 6.75 £0.04 6.81
3 1.4 0.4 0 6.90 £0.02 6. 86
4 1.4 0 0.2 5.62+0.02 5.54

1
o

S Ak 11 5 Ak 20 P A P 2 5%

S B RE T LR B R A AR Ok A
200 Jf0 1% B A2 T R AR R PR I R b HILAR R
K F Mosbach %570 5 W 1% 7 36 9 i LAk KL, 0
Rz 2 8] ) JEE 48 o A P oA 000 3 6 g A %o 15 B 411 7
HCTRE 1, a2 B R AE T 40y oy (n sk J1 85 91
5 ) X B i UL 19 B . 43 I 100 8T PEIL Ab ¥ A
Je (1 T3] 5 Al B e 0k 55 50 UM [R) B AR 0 DY B R IR
G5 BT 170 remin T R RIR Y, SR 12 h I
TE MR M S5 R UL Bk oR (£ 5). 4 PEl
Aib B [ A A0 e TR f) AL bR 5 5 B A5 4R
36 h IR 26 WA 20.27% | 1 e B 3 568 114 56 i 5
KLU 58 W iE. ALy & (& 3) ,4 PEI
S A0S, R 5 R 1) i B ) 25 1 400 h A (29 50
), I HAR B R B4 T oA SR Ak 1 BB i OR
i I 23 b5 il Hh BUURE B B | A= 0 W A 35 Tk KR R
R, 24 A HE R A 21 29 LR, B R H A 0. 44

mg- (L-h) ™", 3 W3 i o AR = B 5 ARG 9% 2 o i
Ca’ " W R4S 4 PEI AL R VIS ATAY. PEI 0 F
R R 86 19 £k 58 BR B 1l — 2 B 1 S, PEL 3 F i &
LR85 & A4 0 FR P B IR | 4 i 2
&5 B HE PEL 4y JA B, 38 i 1 958 M S0k X6 3% b A1
FIRIRBTRE 1, HLAR 58 5 AN 75 A 2 A5 DL Bl
LU E B T b 2 R IR RN g, IR R AR Y
[#4] 7 £ 200 B A A B AR SEORL , A GV B2 () MTBE 4%
PUEIK ML 2% e a2 32 17 50 d LA b, Jf ot 3
I A R R 1O TR I, AR R A T 9k T A A e
KPR R0 58 8 M | B — 5 S B 1 F A1
£5 BB ER AR RN
Table 5 Breakage test of the gel beads

. o R/ %
I i e 5 M T .
12 h 24 h 36 h 48 h
A Ze 0 1k b B 19.24 50. 94 100 100
255 AL 4k 7 1.14 5.98 20.27 43.78
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Fig.3  Batches of MTBE degradation by gel beads

and stabilized gel beads
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BETF . SRV HR A 3 Bk R R i S T A A A
L T 240 R 2 R TR AT 5 5K T EOT A 30°C K 9
72 h Ja, B BT S 0 4 i % 3 4 g2 8.0 x 10°
CFU-mL "1 1.7 x 10°CFU-mL ™", 801 7 1 £%, %
BT PM1 REFE PEI &b B i iy [ 5 4k UKL 4 &8 A= &
R, B B AORE L 3R T 4 A 3R B 3 3 5 i AU

s Ak BE S UKL /Y He 2% T AR A AL AR i 1,89
em’-g " 430 nm Fl 1.53 cm’-g ™' 270 nm, FEf# 10
T P I 2 fU 42 43 01 B T 32 000 nm #1500
nm. — BN HAEW B RN 1 ~5 wm, B KWK
) FLAR B B A W B o Tt . AL AR 0 1t 2 R 0
B, i Ak B JE U A [ fige o B b B A R By 1k B B
VK, - X LA 3 DR B2 A BR AR T 4R I UKL
A& RO DL B SC 50 08 3R B PRI 78 85035 &
i UKL AL A 548 ) [R] 1), BE A A4 B Lk 4 e Tt s [ i
XoF 24 A 0 A e T P 1) 5 e O AN Y
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Fig.4 SEM of the surface of the gel beads
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T T AN BB e nT DL R 2 R R A 0 9 B R
Hil. R T S AL 0B 2 R R O AR IS A
—E R LI 58 A s BE R PEL 51 A 9 B
T8O, PR I 0 20 R JBCAH 7 1 8 it DA AS Joit b 4 il Py
SRS 30p- AT Cassidy s USIRE g FE , 18 1o ek AR
[i] 5 Al AURL B4R AT DL G 5 i SE RIS 9 0 N 9 1 RR
il PR 23 i A T AN R ELAR Y [ A I R
T2 AF 17 A A o S, OF At 150 1 Y BT I A R A
AT RLE A BIA N 3 5 280, a5 Rk 6
R, HARHN 0.2 em F10.5 em A4 5 I R A 55 %
(n) 433175 0.888 F10. 711, ESE T Hik: A2 P HL

FR il £7 7 — € B9 52 W 5 ELAR N 0.3 em B9 &8 i 9k,
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Table 6  Effects of diameter on the values of kinetic parameters

D, x 10*
d,/em  V/mg-(L-h) ! n )

/em? s !
0.2 7.16 0. 888 1. 41 2.00
0.3 6.97 0.872 1.53 3.72
0.4 6.18 0.773 2.23 2.76
0.5 5.69 0.711 2.69 2.73
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Table 7 Effects of PEI concentrations on the values

of kinetic parameters

PET ¥ & 4 D, x10*
/% /mg- (L-h) - K ® /em? s 7!
0 7.16 0. 888 1. 41 2.00
0.2 6.16 0. 646 2.25 0. 568
0.4 1.98 0.248 11.02 0. 094
3 &g

(1) A2 22 3650 PET fig A7 2% ol 35 181 5 A 38 i A
L ATLARC SR | 0 ML M VA R T . 3 A o 3 T
SEYG BT AT M AT Y B SR AL A R SRR Ca® " iR
F£0.2 mol-L™" 5353 Ca’ " ¥ 1.38 mmol-L™'
PEIWREEN 0. 1% . FefEim Ak 50T, 18 1k 35 g
B Bl 75 A is #) 400 h DL B (2 50 i), R H B
B REBLGE | F- Y R H R N 6. 85 mg- (L-h) .

) EH IR R, 28 PEL Ab 35 % I
UKL 22 Y B — 2 RE 8% 22 T Ca® ™ 0 N 5 %% M AH B
ShO A — R 0 T A B R AURL ) AL A i
JE. PM1 4 M 77 5 e URL N 38 A KA 0 R4, B B i)
e FSE T 200 L 4% A 0 AT 3 ISR R ) 52 i)

(3) A IRl B AR 1 [ 22 1 58 B kD @ ﬁﬂad\?
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