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W B ERTERREE. pHE. BREE. RESAENEREMET, [P BRMEME Cirobacter formeri
b O O R A o 72 H SR LR TOC B, RSN BRI IR L. 45 REM, Cisrobacter farmeri (8]
FRMBERE N 35C, SEREYL pH EH 6.5—8.0, BMKFKEN 170 r - min™', EHAALANRFE
BRMMERERT Citrobacter farmeri X8 7 YK FERR; 4[5 B4t We AR T 375mg - 17, Citrobacter
Sarmeri MR BT E TR NHITR; FFBMIBLKREL S 60 mg - 174 4 h TLMEM, TOC MR
8 h WATEBI 1%, ZIGILPARAE; Citrobacter farmeri 7] 52 REM 4 600 mg - 17" (B I BY, RILMH B
SRMEZENNES. NWENRERA, KB 12-UMEBREHRMK, WP Cirobacter farmeri
LS 0 2 o ) P AT A

XA AYRER, ATR, KRS

BMBUKKAE T FE R E: . kel RS HETERRAESY . &
2, LHEBER,. RED>, ERERERE. BRLEY - RLUBERQ,5-“REXFMRA 2,3
PIBREEEFFER) | SBOL(SPE B B AW R EABREE Z B FF3F) SRl (X By B 2, 3 frfksEml 7+
W) KB BITF RS, BEMNET . RBEAECHEELBEKLER, &IBIREKEREN
Yyrh e BN HAE R, B, WA SR A LB AL BT 1B 4 A8 B — bk LA 16 B B R
ME—BRIR . BEIRAEK, HEEMRCRAT 2R ME Cirobacter farmeri.

EXEXMN RN A EERARERZ L, ST RS LB R MR TOC Ak, AEE
BB ARIE R A FFIALE, MHBRER B HTR T

1 RED

L1 2GR H) H B e

&, K,HPO,2.24¢-17", KH,PO,2.74 g-17", (NH,),S0,1.00 g+ 17", MgCl, - 6H,00.2
g-17', NaCl0.1g-17", FeCl, - 6H,00.02 g+ 17", CaCl,0.01 g-1°".

TERA 100 ml THLEESESFRAMEES, LR FBEANE—MREMER, BER(KER) &
AHF, NFIBEERE (25T, 30, 35C, 40C) ., pHAE(444,5,6,7,8), BEKHHE (0, 50, 100,
150, 200, 250 r - min~") X} (6] F MY PR AR SR R A0 M. B RMMS S AR NH,Cl, (NH,),S0,,
NH,NO,fit CO(NH, ), 2 5% 58 4 F A [R] BIRXT a] H Bp A AU B 1.

WA FIRERE B IMA TSR3, AREE KA T Ent B, Wil P BT ks
SRR, LA YRR KIS R A xR,

K LA ] B B e — BRI SR B R A T8, BT 35C, 170 r - min 'K T %, BF
1 h B, [R5 SR o (6] B R e JB A B A0 TOC {8, 3347 250 nm—300 nm B4 SMNEE I 333
1.2 BHELE

HEMEMBI XN ERED, HHREXNFEY (ODg,, AN 0.544), BHELFE L

2008 4E 5 H 27 HUES.
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(10000 r * min~', 4°C)10 min, BEHEAVKAH0.01 mol « 17! K,HPO,-KH, PO, 2 ¥k (pH7. 5) e 1% 2
K, BEREHEEREFERE TR —-ZhEBES, EXKBPEHEREE 20 min(FTHE15s, HEKS s,
REREER) ; RHEEAEREHEREHFE 12000 r - min™', 4CTFE.L 10 min, EEREVHER.
1.3 S¥hk

(6] 5 Bk B ] Waters1 525 TG RRMUAH (215X ( 32 E Waters A 7] ) #4770 47, Waters 2487 UK 4E4h
RWIES . XBridge™ A RP18 K (4.6 x250 mm), WiEhAH R EBY: /K =80:20, WEK1.0 ml + min~',
RREE R 30C, BKHF 220 nm; TOC dy TOC {LH5E. BER A=Y 752 F50AT WA BE T
( RS ARAR)ME.

2 ZR5i®

2.1 FERZNEW

B 1 HIREE. RN AT pH (B, 78 5R5 & M AR S AR 5L 44 wof 1 Bk e A 1] B 7 4 2 0.
ME 1(a) (b)) TTUEH, BREESERERNISCESL, BEAESSEYRH FREOMRE; &
BEBBE pH (% 6.5—8. 0.

BAFEHEVERHEE L RBREH T RBRENTER, B 1(c) iR, EHFEXGTHER
150 r + min~'—200 r - min "' Bf X (6] B BYEOMEARA B, CWEMETR, H3E >200 r - min B ATRES
B ) 40 G 0o IR A7 R AR KO R B A T R IR R A 38, DRI, A BLERE M 170 1+ min ™',

REMEDERDARTLHERTEZ—, NH,Cl, (NH,),S0,, NH,NO,#1 CO(NH,),% 4 f#4h
I IEXS Cisrobacter farmeri BEMRRI BRI MALE 1(d). RUENELAENR(RE)EAATHE
HAER, ESAEMESAEMNTAENEK.

(b)

. ¢ pH4.18
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s 60 ¢ Or* min” d
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X 250 r + min e :
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Fig.1 Effect of different reaction condition on biodegradation of m-cresol

2.2 REBshESNT

F35C, pH=7, BERFFEH 170 r - min "' WAKT, 47T HEBR UL T B 0 —BRIR B0 P& 5h
NEBE, EAXMNBREXETHEAERER. WP BORREMT 375mg - 178, FEMMHLKES
BT RFRRN TR, ShhETBESHEAEL
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®1 EFBRERSHHENE

Table 1 m-cresol degradation kinetic equation of Citrobacter farmeri

i8R B (%)) Cp/mg- 17! A% ERT R RNE A ky/meg - 17" - b~ R
65 C = -16.57:+65.63 16.57 0.987
97 C= -19.52:+100.57 19.52 0. 984
152 C=-25.27t +161.62 25.27 0.985
253 C=-37.15:+251.48 37.15 0.994
317 C=-36.27:+333.15 36.27 0.987
375 €= -7.02¢ +405.59 7.02 0.971

B 238 1 A B R B R
400 C=-9.75t+398.13 9.75 (3.707 ») 0.914
503 C= -13.10¢ +492. 87 13.10 (3.142%) 0.987
596 C=-7.59t+574.71 7.59 (2.895 %) 0.952

« M BRNRIER, RAEBRK b, - PHRRER. FSARENESENNNTIIRRER.

MFLATLES, APBEE<375mg - | N EERTFHUFATRRMAE, BHERER
W ke, BV P RV BE B FH RS TN, M IAIRE AN 250 mg - 17'—300 mg - 17'BY, SR EERE POE
BBA, AXNITmg - 17 - h7', BEEHIBRAE, SIRERN 375 mg - 170, BREERIBRIIATEA
#, HELRE7TEA, WHERNEYREE—EBE LME T e = BRRER, HYEME
REEMEGE, HEREIITELSKE.

WRYIRELE 375 mg - 17'—600 mg - 17'Bf, HBTMMARNIFRARKAEN, U6 KRR
HRTHEIORL L, —BRMBFHES, WERBFERNREMER. LI R B HREE N 400. 44
mg + 17 08, STRMMETT 108 h; FIHYREE R 502. 86 mg « 17" ByE F B Z 400 mg + 1 ' A&
T#128 h, FAM 400 mg - 1752 LMEMIFAT 26 h; FIIAIREE N 596 mg - 17" i}, Citrobacter farmeri
AT 152 hEHREHEZE S0 mg - 17" A4, ZENEE 54 h LTHELEMR. BT UES, BHENE
shitiEl s FANDNE YL ERREREENE N, —BFREs, ERLEHMR. EEHRETS,
EVIRIEAHERE 10% G REAR 345 0 AR 8 ShEOAR, 400 mg + 17", 502 mg + 17" 1596 mg « 17" {y3& NS
451% 68 h, 123 h #1144 h, ZEHRENBIXERERNERE, FREIEBEFOELAEXE.

LEERYMEERALITERNRZRE, FHLEEZ2ERS5IBAFNATEEERL RN
To. R EIM, Citrobacter farmeri FEAT ML M ERSRA HEBRMUEHENESL T, X 700
mg - 1" R P B B 2R, T 600mg - 1" BN EARBIMEMEE S, HBERFRMKER
VIR E R (ST k) WE T BRTS0R e 400mg - 17 BHFBMER 11 1img - 17+ h ™"
2.3 [AIFP B BRH TOC AL

Rt —3 TR R BRI R, Wik T AR BN R L ER A TOC {E, B2 AR P
H®E, TC, TOC 1 TIC &bk, G4RE

: : ::ﬁﬁwﬁixl BR, 7E30h 4, b3 R A Y-S B4 BT 4h A9
P e ToC 00§ 56.9mg - 17 BERO, TCAITOC tabE FHE, T TIC
5 2 TR 3 bR, RARRUNER T B ORRTET, B
% |© 5 SHNBSERZAR A TIC T LA ER
2 o 1, & B, SERBNERLTEAERE, tANERR
E o EEHLEERH. M TOC MEREEE, B8hk

¢ 3 ""Mlg‘”ﬂ;" 2 %0 £, TOC hE#HIf 96. 9mg - | ' FEZE21. 97mg - 17,
MR T4 77% , L) TOC FHEZEE, B4 TOC
2 Fz?ﬁ\fnftlilﬂz:ao?fcji;ol’ri;c:r(l)tl(':a:fnﬂicﬁg}Mt ERRHA Féﬁ R ﬁifbiﬁﬂ B

T SMPs( soluble microbial products) #1 &, TOC 7E ja 4k
BRABE A EA DR, EURE R B R

TOC and TIC during the biodegradation process
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FE=Yal R B AR ERA Y ; TIC WS 4 N EPIRKERTFREHR T, HEEELE RN
VISR BERFF, MRS LT TIC SRR THAYUEML, #—2Fh CO,, B RALBKEKIH M
R4 A
2.4 (615 YRR P EI = M 6 SN

40 A e 9 /R S R R T AR B D B B 2 /N (IR 3 BT ), (R R R
271.5 nm BB SMFAE R WOREAE 1. 388 BEMRZE 0. 192, XTHRE 2 °lH1, 4 4h HHEBEILERLRE
f, T AT S SME IR E DR 1. 089, SLBIRIH BBER & R =Y A 518 P B UM A b
Y, ATRAERBITHE 1—5 h & bW 2 (6 B 0 L5 M S 0L e T = A TR M e 1) B s
55 6 /DRI K, BRRARE A SHRINOYR, Hit, I8 R =Y 250 g et & 7
5 5—6 /Nit. FIEATLARENT, SRS B R (= M R LATF IR IS BB R B VLA £
2.5 (6] YR AR L AR PP R SR P IR A

A4 AR BFARBEK TEIMSRERER, NE4TUEY, HMRERE, #
260nm LEMROLIE B — MM BN B B S, A M2 0.085, HE 4 MREIJLVEARZE, ATLHERE
HBREMm IR AEERER, AN EERBEN=YRERS, DRSS FRE
Citrobacter farmerifff 0] F By B £ R84 . ILIRE 1,2-DUMARMEIL 3 4-—REXHRK, 53 M4
NIBREIAIRIT M, M B- RN, EEHE— LR, WA REMAMREIT:

CH, COOH COOH COOH
—= (= (™ Cloor—= RO it
OH H FG~0H COOH 0
H

i TOC JiLF0 RSN LE RN, R P BFEMRNL “4R” BRI, 774 RE™Y
PR 89 TOC 5 8 TOC B 25% 7ea; MABRLTFIR g R el o, RATIN K o ] 7= Yy Br LUK KR A
¥, B L EAAkGE RN 3- AT B CoA, RFTE3-BEC M CoA MMBMELT, Btk
ZBENERRMBEIBE CoA THEA TCA §83F, BEAFRIR S, TIC #1TOC EREIBRPELBE,
RPE—PRFACK R AT R B TR ZAHHY, BRI SHENEE, FERMGRBAR

YR RA .
T 260nm
0.69

275nm, 320nm, 330nm, 340nmE S

12F

08 F
<
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0.0 - + 'E 0,
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A /nm Ji2 J9; 5 (8] /min
B3 [EFRERTEPRKKEL 4 [0 5 BEEmL R HME
Fig.3 UV scan spectrum of the supernatant during Fig.4 The enzyme activities during
the biodegradation of m-cresol biodegradation of m-cresol

3 i

(1) Citrobacter farmeri B ¥R [ AR (8] H By B LRGN IRE 35C, pH{H 6.5—8.0, HKHEHE
170 r - min~'; EHLEBERFHRIRN: NH,Cl 5 (NH,),S0,l1ERME, HEETF NH,NO,, Wik
L 3 FEHRBEH L CONH, ), EA | T 40 5 e 1a] F 5.

(2) FEBHEMRMEMT, Cirobacter farmeri EFRYRE KN 0—375mg - 1 ' M H B BT B
G hEFB, KV YRR ERTE 16.5Tmg - 17" - h™'—37.15mg - 17"+ h™' 2], BIHEKEH
250 mg « 17" B AR RER A, £ 3Tmg - 17" - b7, HAh, HEFT L PEML 600 mg - 17 HY1H]
Hly, 28 BB BRE Citrobacter farmeri B RR-53Tt 52 BE J1 UHRFAE .
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(3) [H)FP BRREAR L 7 h ALY TC #1 TOC B 7] H B vk BE (O RRAR T RRAIR, Do it 3Ry TIC F
R BRI B EER,; MR BEeM@Z)E, TC M TOC {A7EMEE T HE, B
ABEPFEFYH ISR BTN S THBKA 23R CO, BIT BN i 3 & 4GRS, SR
8 TIC SR B RAIHIMKF.  BERHE SRR H KR ] 12 W Citrobacter farmeri %1
QBT R A2 8 ] H .
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DEGRADATION CHARACTERISTICS
OF m-CRESOL BY CITROBACTER FARMERI AND
THE ELEMENTARY STUDY OF METABOLIC PATHWAY

PENG Li-hua'  REN Yuan' — DENG Liu-jie'  ZHANG Xiao-xuan®  WEI Chao-hai '
(1 College of Environmental Science and Engineering, South China University of Technology, Guangzhou, 510006, China;
2 College of Chemical and Energy Engineering, South China University of Technology, Guangzhou, 510640, China)

ABSTRACT

A m-cresol degrading bacterium named Citrobacter farmeri, which utilizes m-cresol as sole source of
carbon and energy, was isolated from an aerobic activated sludge in a coke-plant wastewater biological treat-
ment system. Some environmental and nutrition conditions for the biodegradation of m-cresol by Citrobacter
farmeri such as temperatures, initial pH, shaker rotary speeds and nitrogen sources were studied. TOC, UV
scans and key enzyme activities related to the ring-cleaving were measured to analyze the metabolic pathway.
The optimal conditions are found to be temperature at 35°C, pH 6. 5—8. 0, and 170 r + min "' shaker rotary
speed respectively. The effects of different nitrogen sources on biodegradation were investigated and the order
was NH,Cl= (NH,),S0, > NH,NO, > CO(NH, ), which shows the inorganic nitrogen is easier to be uti-
lized. The degradation reaction of m-cresol by Citrobacter farmeri can be described with zero order kinetic
equation when the initial m-cresol concentration islower than 375 mg + 17'. m-Cresol was degraded completely
in 4 hours when the initial concentration was 60 mg * 17!, and TOC removal efficiency was 77% in 8 hours
and then nearly kept constant. Catechol 1, 2-dioxygenase had obvious augmentation when detected the enzyme
activity which means Citrobacter farmeri degrades m-cresol through orth-cleaving pathway.

Keywords: biodegradation, m-cresol, metabolite pathway.



