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Performance optimization of phenol and indole co-degradation by
the synthetic microbial consortium KI-TY2+KI-TY6+KI-TYS8
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(1.College of Environment and Ecology, Taiyuan University of Technology, Jinzhong 030600, China;
2.Innovation Institute of Environmental Industry, Taiyuan University of Technology, Jinzhong 030600, China)

Abstract: This study was conducted using three functional strains, KI-TY2, KI-TY6, and KI-TY8, which were
isolated from activated sludge collected from a coking plant.Based on molecular biological identification,all three strains
belong to the genus Klebsiella. Taking into account functional annotation information from closely related strains, it is
hypothesized that the three strains may exhibit metabolic complementarity during the degradation of phenol and indole.
The results of a 2*full-factorial design showed that the consortium KI-TY2+KI-TY6+KI-TYS achieved degradation rates of
both phenol and indole exceeding 90% within 72 h, and its overall degradation performance was superior to those of
single-strain and dual-strain systems. Furthermore, single-factor experiments and response surface methodology were
employed to optimize the degradation conditions ,and temperature ,pH , and the initial phenol concentration were identified
as the primary influencing factors.The predicted optimal conditions were approximately 31. 7°C ,pH 7. 03, and an initial
phenol concentration of 507. 4 mg/L;under these conditions, the experimentally observed phenol degradation rate reached
91. 78%.These results indicate that the synthetic microbial consortium KI-TY2 + KI-TY6 + KI-TY8 possesses strong
synergistic capabilities for phenol-indole co-degradation, providing a reference for optimizing biological treatment
processes for coking wastewater.
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546 HBIZT 2

IR REE R B EON 5 BOE B W, 7E 4C T,
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FKI-TY8 1] GBS 5 1 2K By 5 05| Wik B2 At ook R A 470
Horth, HSS IR GRS BIGALA WA,
TR BT WA A AH AR B, RS A AR
NSIWR F DL A ) B i s AR, 6 N TR RE KI-TY2 +
KI-TY6+KI1-TY8 (13 75 B a] 5 fff b A A 7400, 4%
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W) FERENATHE . 450 S IR 25 S AR AT
GEHEA, VRO B pH | 2R I ) 4 TR B | s W) B Tk
B R DL R LU IE B R, AR
Ay 15 BN IRE 20,25 30,35 ,40°C ; pH=4 5,
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98% LA I, 2Rl MEGA 11. 0 3/ H 84 bR I R 58
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3.3 £ZAFIHER
NTHEBEERFEmEE RN 2 Fin,
x2 2EFIRER

. 72 h K 72 h |1

Fee ik 2/ % Ve At/ %
KI-TY2 78.16%1. 12 97.98=0. 24
KI-TY6 81.76=1. 85 96. 01=0. 24
KI-TY8 85.28=0. 89 98. 02+0. 34
KI-TY2+KI-TY6 78.56%0. 97 97. 67=0. 56
KI-TY2+KI-TY8 81.98=0. 88 97.58+0. 38
KI-TY6+KI-TY8 88.61x1.32 97. 64+0. 13
KI-TY2+KI-TY6+KI-TY8 91.56%1. 05 98.09=0. 16
2 3.06+1.05 1.23+0. 13

FH 2% 2 AT, 25 4 B RETE 72 h PN R I s
Wik 7= A B A 2SR AN, T2 P T FE 4 2 1y A s | e e
fift AN 3. 06%+1. 05% Fl 1. 23%+0. 13% , AR TG
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KI-TY8 XF Z Wy 1 72 h [& i R 43 5 N 78.16% +
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) B it R U 241 7E 96% ~ 98% /v A7, XWHH 44 Kl -
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FER R R A TR AR T Bl i R, e rf KI-TY 6+
KI-TY8 % [} [ it 5 1k 5] 88. 61%+1.32% , =
A KI-TY2+KI-TY6+KI-TY8 i & T fE, 72 h 4
T3 RIS | PR R i 23R 43 53] R 91 56% + 1. 05% K11 98. 09 +
0. 16% , B i & T B8 B R W 4 &, om th—
E [ IR R B A 500
3.4 BEEZRER
3.4.1 BEA pH

P L 3 () PRI 30 R T N T TR A it < 1 A s
WEIRE S se i i 2 BEFE TR B 20°C TR &2 30°C,
IR 9. 17% 35 48 = & 90. 16% , V5| Wk [
fif R A i 87.89% 2 = & 97.69%, [Al i 0D, i
0. 105 Fi= 2 0. 302, RIS B FRA R T RE# A K
Nt i e ) 45, MR — LT A & 35°C
IF, SRR A R IG5 2 83. 06% , 40°C I 4 iy 105 10
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0. 058 , I 3 vy ek B oF T A 0 1k LA 1D I 40 ol £
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TEXT R 9 2 BREE ), R, S 2R3 E B pH 7 1E
pSBTNER: SN

+0.10
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T3 i 2543 1K 91, 26% . 89. 94% il 90. 68% , 1|
AR IR TE 97. 69% LA, 0D, 2 35 76 55 15
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fiff- 7 R PR o Y| BE T 9 % 250 me/L B
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K5 2RELE

LR A R S AE Rl A, TR KI-TY2+
KI=TY6-+KI-TYS8 Xif 15| W 14 b4 i B 7 & (A, T 2K
T3 Bak e R PRI 25 PR G2 AT S 8508 A g URK R Ik
VPR I R A 3 A S S o T P AR I (B, 256
PR RS A5, S5 2 N T Ak 1k B EE L pH A
IRIPI AR BV S 5 55 R 2 3R 43 B A 30°C (pH 7
F1500 mg/L AE R H LK,

3.5 MmMEEAHEE
3.5.1 SFEBRLZREB I EHH

g BT MAS R IR 3,
F3 IMEEEZ®IZITMER
F5 A B c i) 17 1L/ %

1 -1 1 0 67.92
2 -1 0 -1 63.81
3 1 -1 0 81. 85
4 1 0 1 75.02
5 -1 -1 0 58.24
6 0 -1 -1 79. 62
7 0 0 0 91.41
8 0 1 -1 73.30
9 0 0 0 90. 32
10 0 -1 1 68.73




. 84 - IAX, 4 T 55 46 B18T 2
sk 0.994 2, JH#EAH X R B R, 0. 986 6, T A5 R
o y 5 C i BORE N 0.923 7, F BB EA B 14D £ FE A
11 0 0 0 90.46 BT GE F7 12", REREH f S e g% TR 2 5 2K
12 0 1 1 70. 49 R 322 2 ] (1) 5 B
13 : 0 -l 7675 TR IG5 AT 45 SRR A ik B I 13 ) B e
14 0 0 0 91.51 XoF 2 B o ik 3 EL AT ol 2 2 ) R e U B S i) g oy ik
15 -1 0 1 36.59 M0 pH I — IV M AN f 25 U WA A S 96 i ]
16 ! 1 0 75.09 PIHZMEAE RS . 454 F E A, TR 25 m A
17 0 0 0 89. 62

PTG g5 SR A Design —Expert 13 34X}
BT R 2 I A 5387, T AR I B A R
PR Z 8] 1 AR N (2) s

Y = 90.66 + 7.7X, — 0.205X, — 2. 83X, -
411X, « X, + 137X, - X, +2.02X, - X, -
12. 44X} - 7.45X; - 10. 18X} (2)
P, Y IR AR AR, X, X, A X, 23 IR pH
R HIIR IR E

Jr 25 Hr e Rk 4,
R4 FEREFAERNFEST
IR TR HEE F P
Al 2107. 05 9 23412 132.38  <0.0001
A 482. 83 1 482.83  273.01  <0.0001
B 0. 3362 1 0.3362  0.1901 0. 676
c 64.13 1 64.13 36. 26 0. 0005
AB 67.57 1 67.57 38.21 0. 0005
AC 7.54 1 7.54 4.26 0.0779
BC 16.32 1 16.32 9.23 0.0189
A2 651. 67 1 651.67  368.48  <0.0001
B? 233.58 1 233.58  132.08  <0.0001
c? 436. 41 1 436. 41 246.76  <0.0001
B2 12.38 7 1.77
AT 9.86 3 3.29 5.21 0.0723
afiii 2.52 4 0. 6305
B 2119.43 16
R? 0. 9942
R%, 0. 9866
R*. 0.9237

pred

FH S 4 WAL, BT ST 1 R I U A e A TR Al I
=, HARWIUR 2 BRI AL R4, AT T A
TRERE KI-TY2+KI-TY6+KI-TYS8 2 i [ fift 3k T 1)
SRT S S E Ak, R I, SR A O R B RP R

TR IFEMIERER RN R,

MECHAE AT IRES pH pH 528 B 0] bh
JBE 22 [A) BT A S 2 S8 A P L 3 5 2 1 00 2
JE Z IR SE B AN 2. 3%, W] 3% 22 1] iy B 5 A
FHM X855, HbAh, A® (B® Rl C* Hy3k B 3K
- U PATRLEE | pH RIS P 400 4y v L -5 I i R 2
[ER eI RTA:E| B2 i
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