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Kinetics and Mechanism of 4-Aminobenzenesulphonate Biodegradation
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Abstract: Kinetics of 4-aminobenzenesulphonate (4-ABS) degradation by Pannonibacter sp. W1 under aerobic condition was studied. At
medium and low initial concentration (50-1 000 mg/L); the 4-ABS could be degraded almost completely in 14 h, and the degradation reaction
conformed to one order kinetics. At high initial concentration (1 200-2 500 mg/L) > up to 90% degradation rate could be achieved in 32 h; and
it conformed to zero order kinetics in earlier period of degradation and one order kinetics in later period of degradation. Haldane inhibition
model was used to fit the special degradation rate at different initial concentration> and the parameters zt,,,,» K, and K; were determined to be
227.977 mg/(g*h), 84.306 mg/L and 1270.675 mg/L respectively. UV spectrum and HPLC detection indicated that no other aromatic
intermediates were accumulated during the 4-ABS degradation. The degradation of other substituted benzenes by strain W1 were detected> and
the metabolic pathway of 4-ABS degradation was proposed.
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1 #R5AH%E
1.1 EZ

XKL AT R (4-ABS), 4654 9% , 43 HT 46,
TG T REETH 6 SRS AL TR LT s FHBE ARSI , {0
Te4li, 1 Fisher Chemical 28 7] (FE ) |
1.2 HEFREE

JCHLER 55 7R 5L : Na, HPO, *2H,0 2 ¢/L; KH, PO, 1
g/L; NH,Cl 0.5 g/L; MgSO, * 7TH,0 0.25 g/L; FeSO, *
7H,0 0.002 g/L; K,S0, 0.06 g/L; CaCl, * H,0 0.035
of Ls $5 T BN — 32 111 4-ABS ¥ (L 5% 10 000
mg/LEE, 1 NaOH ¥ 0UA 17 pH {42 7.0, KB &
1.

A e DRI IR TR R A IR AL
ERHC T IONIE =1 07 A .
1.3 SER R

SKH AE & YA 53 B 1 4-ABS 1w 250 1% fi# B PR
Pannonibacter sp. WE A Ay S50 R
1.4 STk

KH 4-ABS W JE N 800 mg/LIF oL 585 5 A&,
UF ARG IR 220 BRI, B 10 9% CHRFR 23 380 1) B 4%
Fifr, DA OR GIE B 5 B 77 b B A W] LA w3
(Dsss o =0.08, TH LN 23.7 mg/L); 73 7 HC il & A
200 ~ 2 500 mg/LANGEI L 4-ABS IR G AL # 15 77 4%,
WEAT B AR 2)) 77 57 S 56 5 e ey 512 56 SR FAH ) L
ERBCTT, FLH R 200 mg/ LI TG AL #6 35 75 L b AT IS )
TR S s VR 5 T i S8 A TR AR T e R i R AR
KM FHEAT R F%: pH N 7.0, W BE N 30°C  1H il 37
PRI A 150 v/min.
1.5 7tiiik

BRI IR : K H JASCO V-560 % 40h-1] W73
JERETE, T 555 nm [ K W E TE KOG
(Dsss )3

4-ABS (1) 5E T : KA EE LC-6AD i BOBUAH
a3l CHPLCO Wl & , (1% 4 8 €18 41 (i Shim-pack
VP-ODS; 4.6 mm x 250 mm, Japan), #1341 25°C , BEAT:
O 20 pL, VEBNAHA 55% W 143 % 7K : 2% UK T TR ,
IR 1 ml/min, R0 35 2 58 40 0T W43 5601 FE A4S
2% Kl Kk 249 nm. K Beckman 25 DoAUKEFE
T12 000 r/min 3 F L 10 min, BUEEHEZ 0.22 ym
TR B3 0 0 00 s, AR A A< B 5 0 T AL P e
2 vh 5 4- ABS W BE AN B fif %< W] LK ) HP1100
1 A0 AH (1% CHP1100, Hewlett-Packard, USA) M 5E
A €18 A (Waters, 4.6 x 250 mm, USA), #E ¥

W5 pl, MBI A 1 g/ LI IR0 (1)
TR, K FH 2 PR FE WE I 30 min, FHEE/7K A 10:90
RO B H T = 22 1009 F R, S8 5 H 1009 F i
TEYE 10 min, JIHE A 0.8 ml/min, £ I 5% Sk XU K48
ANTT WL 66 A DU 2%, 46 9% KR 249 nm Fl 254
nm.
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Fig.1 Time course of 4-ABS degradation by strain W1 at different initial concentration
- de F1 EH WL X HRKE 4-ABS (BB hF 752
MoK M, v=0v, o= =0, =k &Y . . ) .
s dt Table 1  Kinetics equations of 4-ABS degradation by strain
WA AL 5 RIS R B A W1 at i and o concenttion
; N Njges - 4-ABS HIHHHSEE I
J& AR AT, B8R T AT L, = ) ) N P R
mg*®
5 R R,
jj%’mig{ﬂ:' 50.25 Inc=-0.0963¢+3.9105 0.987 1
c=hkit+b (3 122.32 Inc=-0.1000¢+4.826  0.9903
K, ¢ WIRYIIREL, k, N AR 5 ) 2 B fift i 212.36 Ine= -0.1521¢+5.4170 0.9673
ﬁ%&’ L jjﬁ%ﬁgkﬁ“‘m, b }Jﬁﬁ 408.97 Inc=-0.1127t+6.1026 0.9607
*E%Lﬁﬁ%ﬁﬁﬁﬁ%ﬁ}gﬁ,xﬁg 1 Eﬁ;% 618.32 Inc=-0.1057¢ + 6.500 6 0.9711
SRS TAP NI — - " 798.56 Inc=-0.0985¢+6.7607 0.9709
AT A, 13215 1. 2 o i B 8 ) 2
7}7}“ 989.89 Inc=-0.0807¢+7.029 6 0.9325
=+ .
R2 EHWIXNEKRE 4-ABS BN N F 2
Table 2 Kinetics equations of 4-ABS degradation by strain W1 at high concentration
4-ABS HIHHHSEE e P s I iy 30 Wi g S I i 304
/g1, B) 12T R? TR R
1223.28 c=-83.2919¢+1158.43 0.966 4 Inc=-0.2099¢ +8.7179 0.998 2
1510.35 c=-97.6093¢+1417.54 0.934 97 Inc=-0.1126¢t+7.9197 0.998 8
1819.03 c=-106.9899¢ +1725.32 0.962 6 Inc=-0.0836¢+7.7132 0.9849
2008.35 c=—108.6126¢+1901.18 0.958 9 Inc = -0.089 3¢ + 8.003 0.9955
2189.98 c=-121.2229¢ +2055.47 0.9246 Inc=-0.0890¢ +8.174 8 0.994 1
2512.32 c=-93.95341+2712.76 0.9130 Inc=-0.1133¢+9.062 38 0.9970
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2.3 WFE WI B 4-ABS 1K8)) ) 2 A

H T 4-ABS X I AE W B AT — o 5 1, Mk B2
18 Bl — 2 L I 4 0 PR A 7 A= — s (R I L od i
SEIG R I W EAIG T 408.97 mg/LINF, LU P figd 1k 22 b
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Fig.2  Relationship between specific growth rate and 4-ABS concentration

2.4 4-ABS Bt B2 KSR AME R A HPLC RAE

K HVILRAE A 400 mg/LIF) 4-ABS JoHLERRE 77
FEATR: IR, JRAEFRME I A4 04 4.5+ 8.5 11.5 h
I 5 I ERE , T-10 000 r/misi 3 250 10 min, AR5 7 22
W 3 R R AR [F) 45 5005 7E 200 ~ 400 nm [ 5841
WX AT G DG W 3 R

HHEE 3 AT 0L, & 4-ABS (1 bR fE 1% 7% 3 fe K
WA 249 nm, [F] B 76 5 2R IR &5 M AH OG0 E Ay
(205 ~ 220 nm)FI B 17 (260 ~ 300 nm) 73 51l A 58 W%
AHp i B WO B S B AR N TRD TR 3 K, 7 4-ABS $3 K
WSCE K 249 nm AL RO BE S WIS, [R] I B Aty Al
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Fig.3 UV spectrum of 4-ABS biodegradation at different time intervals

VLI 4-ABS 75 Bl ok B2 v R AR T 2RI I IR, AR
TAREAG IR R 52— 28 1 w0
T CHPLCORL I Can 3% 3) K B, AN it 4-ABS 1E 2.6
min PR B4 B[] Cretention time) H U6, Bifi 25 25 4 % fi#
(FJREAT, RT = 2.6 min AL WEETRIAE Bk /N, 7F RT =
4.6 min Kb H I T OB I IR0 (AT RE R 4-T 1R k- L
W), HBATAE e R B I (0] H 00 0, R 2 T
(VBT AR 4R 2% by VB TR 99.759% LA L, 31X i i
7 4-ABS FIFE i F2 0, 4-ABS 2R 3R Erl g5l A
R T ST A AE R IX PR A I m A D N
AN AR /N, £E HPLC AW Hh B v 8 1 AR L 43
WA/, B e R] P LT A R S e 8 T ) 4
PERR W1 AR

R3 WIAIREH 400 mg L~ '#Y 4-ABS P&fRi3 32 HPLC #i
Table 3 HPLC detection of 4-ABS degradation (400 mg*L~')

by strain W1 at different time intervals
PRETIN A = 2.6 min PREI = 4.6 min

t/h

W B R Bl e VIR WAL %
0 12289860 99.99 ND" ND
4.5 7496363 99.83 10837 0.14
8.5 4412873 99.75 10 884 0.25
11.5 90453 68.17 17413 13.12

DND 7= B Kl 21 v ()74

2.5 B WI BRI 5L

SR R 2 B R R WA R ME — B B R, LA
4- ABSTCHL B 15 77 3 1% 5% 45 6k 50 oK 101 100 e Pl A b 7
PREE, WEST T R WX AN [ JES 40 1) e 4 B A 1
Bl S5 R CUIER 4D, Bk W1 A2 52K FH R 6]
IR R B ) 4 s AR 5, 23 b mT LUSE B 909% LA
PR B R TR R R VAR IR R LR FK
T3 11 B8 A A 3 0 45 95 30005 6 1 R 1) 3 ) 4 S
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Table 4  Degradation of different substituted benzenes by strain W1

Ame  VIUGEWEE 9 hJEBE 23 hJEPE 45 h 5k
et /om /mgeL7U WREI% RN %
WA 265 200 59.54 90.06 96.39
R R 250 200 60.03 92.52 97.03
7 R 223 200 7.97 40.92 96.23
A2 T 275 200 11.33 42.76 89.42
K 228 200 7.62 8.41 2.3
4-F} 277 200 4.56 24.19 56.59
3-Hiiy 271 200 18.45 26.27 54.83
2-FH i 270 200 2.18 4.15 5.94

A, TRRR W1 0T 4- PR AT 3 I A 0 1D e
TR 2- F Gy J L AN AT AR A IX SEBL 5 Ui W TR P W1
X2 T AN (¥ 2% 2 0 AT B Ak B 0 TR) I A e
52 MU AT (1 e ST B8 5% %

3 itit

G5 SCHRARE , 0 B EE AR TR 0 8 R 2k
WA — AR 5L LR IR AR TR A 7, LR IR
£ 3, 4- UM A M B 4, 5-XUIN M A TR A A48
A7 Cortho ) B A7 Cmeta) FF PRS- 200 i 26 FH R 48 2
YO LRI KA IR W REAE 53 5 2 4% AL I 55 75
AT PIRE MR IR AR AR2R Y IR AR R K R ik A2
FRTAAONT FEY Iy 1) AN [ S5 ) A S 300 L ) P A ) 22 3¢
)5 AT Ay AN [ P R BBCA A 1 P P S ) £ KA B A
ANTR], 56 FE Py R0 1) Y 7y S 40 it ) L o R AR i 3k 422, 2- F
Py W RE AT /KM IR AR I 3 4202 T L, TRk WL h i
T S L7 By B2 At 3 A2 1) 22 28 00 AT AR e 1) o i
3 A3 HeAd AR 2 428 ) 2 2R 4 D) o AR A 1) 45
T ISR 5 5 AR AR DY (R A BE R, B AN BE B AR

KT 4-ABS [ E W) AR Feigal 267 8 T 7E
o oSt #
Agrobacterium radiobacter THHE S2 IR & B B A% 4-
ABS [ FE T, 4- 1R JE- )L 1) ( catechol-4-sulfonate
CS) A& B IR H 187 4 Hammer %527 M4RGE T A
Agrobacterium radiobacter WK S2 1 HEHLIK) J5 L 7% 19y
3, 4-X0 N4 Mg ] LLAEAL ¢Sy B CS AT BUAE i 1 i
N R A TE IR ARl B bR W1 X At 2R 2R 0 1 e A
B8 R 2 2R 2 ) WT e R AR R A ) B it ad A%, 41 it
JUZR I} 3, 4-XUMNAE S AR W1 B 4-ABS i f2
R ZEA — Pl i, JE 1D HEN H AR W1 B 4-ABS
AR 4 Pros .
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Fig.4 Proposed pathway of 4-ABS degradation by strain W1
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(3)4-ABS B i & 1) UV G A HPLC
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