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Studies on the Kinetics and Microbial Diversity of Microbial
Consortium with Highly Efficient Thiocyanate Degradation Ability

WANG Liuwei, XIAO Xiaoshuang, AN Xuejiao,
LI Ningjian, XIE Dong,ZHANG Qinghua’

(College of Bioscience and Biotechnology , Jiangxi Agricultural University , Nanchang 330045, China)

Abstract: [ Objective | As a common pollutant in gold mining, textile, printing and dyeing and coking in-
dustries, Thiocyanate (SCN- ) has strong toxicity and chemical structure stability , and its environmental pollu-
tion has become an urgent problem to be solved in recent years.[ Method | Based on a group of high—efficiency
thiocyanate degradation microbial community constructed in the previous stage, the effects of the microbial
community on thiocyanate degradation rate and growth rate of the microbial community under different initial
thiocyanate concentrations were explored.Kinetic analysis was implemented. According to the sequence results
of 16S rRNA of bacteria, the community structure was analyzed.OTUs, Chaol index, Shannon index, and Simp-
son index were used to analyze the diversity of raw sludge and microbial community.[ Result] (1) The degrada-
tion of thiocyanate and growth of the microbial community conformed to the substrate inhibition model-Haldane
equation. The optimum degradation rate of thiocyanate and thiocyanate concentrations were 0.137 85 g/(L+h)and
0.121 26 g/L, respectively. The maximum growth rate of microbial community and thiocyanate concentrations
were 1.278 28 ¢/(L+-h)and 2.784 68 g/L, respectively.In addition, the microbial community could completely
degrade 4 g/l thiocyanate within 30 hours, the maximum tolerance of the microbial community was 15 g/L thio-
cyanate, and the degradation rate reached 100% after 6 days of culture.Biomass was increased by 8.65 ¢/L.(2)
The bacterial diversity and structure of the microbial community changed from those of the original sludge , the
diversity and structure of bacteria were changed after thiocyanate enrichment and acclimation, and the biodiver-
sity decreased again.Uncultured_bacterium_f_Blastocatellaceae ,Alicycliphilus ,uncultured_bacterium_f"_NS9_ma-
rine_group,Diaphorobacter , uncultured_bacterium_f__Mitochondria , Thiobacillus are the main genera in the origi-
nal sludge samples.Dokdonella , Thiobacillus , uncultured_bacterium_f__Saccharimonadaceae , uncultured_bacteri-
um_f_NS9_marine_group , and uncultured_bacterium_f__Chitinophagaceae are the main genera in the microbial
community samples. Among them, Thiobacillus changed from the inferior genus in activated sludge (the abun-
dance was about 2.69% ) to the dominant genus in microbial community (the abundance was about 77.73%) ,
which was considered as the key genus for thiocyanate degradation by microbial community.[ Conclusion | The
research results preliminarily revealed the rule of thiocyanate degradation by microbial community , analyzed its
microbial evolution process, and revealed functional microorganisms, which provided research basis and theoret-
ical foundation for the efficient disposal of thiocyanate wastewater.

Keywords: microbial consortium; thiocyanate; efficient disposal of wastewater; degradation; dynamics;

microbial community structure
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EYNAARAT T — 20 B i 2 b T =y EL S5 A RS M B U RR B = A i B B T A o X BERT7E 27 h
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(a) Degradation curve with initial thiocyanate concentration of 0.1-3 g/L, (b) degradation curve with initial thiocyanate con-
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centration of 4—15 g/L, (¢) Growth rate of bacteria with initial thiocyanate concentration of 0.1-3 g/L, (d) Growth rate of bacteria
with initial concentration of thiocyanate at 4-15 g/L.
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Fig.1 Degradation of thiocyanate at different concentrations by microbial community
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Tab.1 Kinetic equation and parameters of thiocyanate degradation
and microbial growth of the microbial community
PR it U ER KA MEwA K
B 7 . . I
Thiocyanate degradation Microbial growth
(mmol-L™") . o
. G 2 HHEIH ,
KSCN concentration R lig
Kinetic equation Kinetic equation

0.1 c=—0.05:+0.1 1 ¢=0.016 5t 1
0.5 ¢=—0.125¢+0.500 4 1 ¢=0.055¢-0.01 0.975 8
0.8 ¢=-0.135 8/+0.811 1 0.996 9 ¢=0.080 5¢-0.029 0.976 9
1 ¢=-0.145(+0.983 8 0.9970 ¢=0.091:-0.004 0.9870
2 c=-0.1441+2.042 0.997 6 ¢=0.115 9t-0.075 0.9953
3 c=—0.141 8:+3.323 4 0.9775 ¢=0.127 8:-0.000 4 0.996 8
4 ¢=-0.138 1:+4.182 3 0.984 5 ¢=0.115 5¢-0.091 7 0.9815
5 ¢=—0.132 4¢+5.159 6 0.9877 ¢=0.119 7t-0.116 0.978 8
8 ¢=-0.128 7:+8.467 3 0.979 8 ¢=0.102:-0.116 0.966 0
12 ¢=-0.123 7:+12.888 0.981 1 ¢=0.092 5¢-0.967 8 0.955 4
15 c=—0.118 8:+16.69 0.978 4 ¢=0.071 5t-1.010 8 0.966 1

W 3 AR, MR B R 435100 0.916 51 F10.941 28, 1 B BL A 8RB i Bt 65 70 50 19 3 Ak 2 ) AR I 7
TR o IR AP ARSI A R AR AR YR A, 38k 38 e vy e BIVPP T i R R A 38 V, FI O 5 TR B R A il
BV, 3012 0.148 79 g/(L-h)F10.236 46 ¢/(L-h) , IE Y4 # £ K530k 32.845 5 ¢/LF15.928 0 g/L, Ji&
PR K 5331 0.051 74 o/L f11.337 59 /L, K 2 iR . FRAARITE 8 B R AER MRy, 5
R FURER IR S, 53 N 0.137 85 ¢/(L-h) 0.121 26 g/L, FeHEEREA: K v, R R h vk
S, 3k 1.278 28 ¢/ (L-h) .2.784 68 g/LL, X #4525 18] 2 (g i i AR — 34

F2 SAHBMBRABRANNFRAHEEIERINESY

Tab.2 Parameters of thiocyanate degradation and microbial community growth Kinetics

Bl )2 ZH Parameters
Kinetic models Vi K K, R Vo S
ek e o U #h 3 2
o ) ) 0.148 79 32.8455 0.051 74 0.916 51 0.137 85 1.278 28
Kinetics of thiocyanate degradation
AR RS )2
o i ) . 0.236 46 5.9280 1.337 59 0.941 28 0.121 26 2.784 68
Kinetics of microbial community growth
0.157 (a) _ 0.147 (b) B Experimental data
i ‘m ™ Experimental data " —— Haldane model R'=0.941 28
014 —— Haldane model R'=0.916 51 = 017
P 2 E
=2 =iy
= W E
.2 =20
=5 i 2
%ﬂ-:‘g g £ 0.06
g2 g
&= A & go.
i ¥ 5
i 8 0.024
0.09 T T : : - - - . 0.00 T T T T T T |
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T EEREE S/ g (L-h) ] BREIRER I /g (L-h) ]
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(a) B TRER AR 2 1%, (b) A T REAE K 3 1%
(a)Degradation kinetics, (b)microbial community growth kinetics.
512 G4 R R PG i 4R

Fig.2  Fitted curves of Haldane model of microbial community
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Vo VAR R T R R oA e 23 0 AR U P 2 PR R RS Al B v R K, ME A B A W s R, FERGe
A A o R B2 L SR R BELLE 1 ) 35 P DX, AT S , DA RELAG T A= R A i S i AR . R
A R R AL SRR SR I At e R TP A A S W B R AR R — 5 W T B URR A IR AR R Al M. XS
B O TSEIE T 45 SRR, (EJE LRI 9 0 B SEURR RIS W MR B J KR 3 227.21 mg/L, ARSI e i R
M 15 g/l AR FIBR SR Fh 7E SEPR K o B & 5 0.5~3 o/L, (HIZE & B RE T FEA# 15 o/ L 1B SR
£, 0 A 19 B R KT 70 mmol™, I HLAB AR A S MR AR AS0R . X Je TR 26 TR RE AL 3 v Tk B2
52 2= 0 S PR R B B K B AL T E B A e R
22 MERIEEESEHMEMSHESHT
221 BLAER SR ABRE LM ST T O SRR R 2 A W RS IR TS e R
DA HETR S A LA S & BE TR 97 % AHUK S B3 T8 WA Z R EFR 8RR TS P15 Ve A 4 T A 4
P ZFEPER B (3R 3) , 7 55 R AR BURAE i 0 DU R Bt SR WA o A 7 55 2%, 6 /1 FF o Y 7 25 5% 03 S 2
0.997 4.0.998 5.0.998 2.0.999 2.0.999 2 F10.998 7, 3 BH 4t A &R 53 14 241 P P L AT gl RS I ke o B A 0
i 6 o itk TR 1 8 SR AL , I Ak TRAE v ) A 7l 2 R AR AR 2 sl /D, i sl B TR PR TS R 2 i 1 R YIS
W5y J B IG (OTUs) M 87.89 .84 [ Ky 44 44 .40, F R P8 BB I\ 2.667 8.2.857 4.2.714 3984 1.512 6.
1.813 8.1.393 1,3X K W41 1A 2 FEME R 578 5 G TR R A T 0088, AN BT 4 va U I 32 Wk B8 o) 7
SEA A A R T A Y R IR D o TR R 04 3 43 T A A R R R kAR
B, A ST RS PR TS R R R A 6, (A R RE S AT T DA A R 5 R i %) 7 ) 8 R
Wi T A A7

p=

RI WAEHEZHMEREY

Tab.3 Diversity indices of bacterial community

ikl ERTE TR GRZHNE ASV % AL R FEAAEEL Chaol 54K

Group Sample 1D PD_whole_tree ASVs Shannon Coverage Simpson Chaol
CK CK1 9.706 2 87 2.667 8 0.997 4 0.618 3 96.230 8
CK2 9.7617 89 2.8574 0.998 5 0.653 4 91.769 2
CK3 9.083 4 84 27143 0.998 2 0.6519 88.583 3
DK DK1 5.606 7 44 1.5126 0.999 2 0.356 0 45.428 6
DK2 5.3857 44 1.8138 0.998 2 0.465 8 99.0
DK3 5.296 1 40 1.393 1 0.998 7 0.3413 49.3333

CK Rl Ei5 8, DK 4 5 A W, CK1.CK2 ,CK3 1 DK1.DK2 . DK3 40 iR 4L 34 PATREA
CK represents activated sludge , DK represents microbial community, CK1,CK2, CK3 and DK1, DK2, and DK3 respectively

represent three parallel samples of each group.
222 FLAURR MM AR AR F AR EAA W 3(a) R, TS TR PR ] 24 Acidobacte-
ria . Proteobacteria . Bacteroidetes . Firmicutes o 3 B K28 :57.95% .22.05% . 12.49% . 1.32%; 55 & T FE )
P 7] F 22 Proteobacteria . Bacteroidetes . Patescibacteria . Armatimonadetes , 7o 35 8 K 24k : 81.04% .
14.46% .1.80% .1.34% ,3X 5 Wang FURIBF T A5 AL P & A R UA 1Y Patescibacteria B 8% i 1E
HH 5 AL B LA™, Armatimonadetes X 42 7K H1 3 2 49 BT HAT B I R AR Acidobacteria 7E
3G TR RE I 2% 09 JEL PR AT BE R TR AR SRR Fh 38 T o TS BE A &80y A FH B TEURR £h T2 Bl v UK, A SR
FW] Acidobacteria 5 PR H Y C RN £ it BUSE LB™Y, SX DA RS 1 7 A0 S5U IR WA ik o 75 b 20 R0V 2 1R
T%} MR . Proteobacteria Eﬁﬁﬁfﬁﬁﬂ/ﬁ%%ﬁ q:%g%{jgﬁ’[% l‘] s H7# %% :'JIJIWGJi%I'E '43 5'5& i ﬁf]’%%} ’
X B 7R UR R 04 8 TR SZ 52, T HLREAR 4 s A5 245 [R]#F Bacteroidetes WL J2 L 4R V5 JE Fl
AW A I H ] RS W R YA A b R TE ] R 22 5, 9] Bacteroidetes BEIE WV Bl HURR
ERAUIE , R I AT B AR 22 A5

Wl 3(h) Frs, UG TS e i 0 A 8 M T BE R < Uncultured_bacterium_f_Blastocatellaceae \Alicy-
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cliphilus . uncultured_bacterium_f_NS9_marine_group . Diaphorobacter | uncultured _bacterium_f_Mitochondria .
Thiobacillus. HH-FERLN :57.95% .12.40% .5.98% .2.80% .2.93% . 2.69%: 5 45 VR A1 34014 Ja A1 i
533N« Thiobacillus . uncultured_bacterium_f_Chitinophagaceae ,uncultured_bacterium_f_NS9_marine_group .
Dokdonella . uncultured_bacterium_f_Saccharimonadaceae HEFERAN:77.73% .6.16% .5.63%.2.09% .
1.80%., TE& A WRET, UG TS e T 0903 E BE Alicycliphilus . uncultured_bacterium_f_Blastocatellaceae F1
Diaphorobacter Y7 H B, & X LE B J& AN BB A AF AR SRR ER 908 R o Thiobacillus C %) 2 B REA
R i R AL, FLI B B SURR R A K AL B AR 42 vh ) SCBE TAT s , 28 T R FH HL S MR BB IR A K FE S A
PR AP RN 77.73% , AR B AR 16 k5 e P LR BE RN 2.69% , 45 R 3 M Thiobacillus T fESE i
FRER FE AR #E o Dokdonella .uncultured_bacterium_f_Saccharimonadaceae F1 WPS—2 7 18 £ & £ I
A b B, U X S TR AT LA P (R AR B IR Eh miH: I A ) AR K AR o wuncultured _bacteri-
um_f_NS9_marine_group F & 75 & S YN B2 H % A B 12 2l 28 | X nT RE S 12 1 J& 1T LAFE i vk B2 A FUIR 16
38 A ARAR o AN [ B 20 R BAT AN [R5 G W R A 4 DI RE [ — b 4 T o T ELAT A 22 RO TR] 35 e )
FILIRE , 4N Thiobacillus AN BERE ARG SR £L , 10 BA TR IR A LA AL RE 1™ R S5 SRR M2 A v
AN TR JER A TRV it v B = BEAN [, A7 S 587 i 1)~ B8 2 A7 22 A, 100 I 20 T AR 7 o e 8 T U R v 1 A7
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