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Investigation of the Microbial Diversity and Structure of Biological Activated

Carbon from Different Sources in Drinking Water Treatment Process

DU Er-deng"?, ZHENG Lu*’, FENG Xin-xin', GAO Nai-yun’

(1. School of Environmental and Safety Engineering, Changzhou University, Changzhou 213164, China; 2. Changzhou Drainage
Administration, Changzhou 213162, China; 3. State Key Laboratory of Pollution Control and Resource Reuse, Tongji University,
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Abstract ; Restriction fragment length polymorphism (RFLP) technology was used to investigate the microbial diversity and structure of
biological activated carbon (BAC) from different sources in drinking water advanced treatment process. Diversity indices of samples A,
B and C, with relatively high tannic acid and humic acid adsorption capacity, were close to each other, which meant higher microbial
diversity. However, samples D and E had relatively lower diversity indices with the low tannic acid and humic acid adsorption
capacity. There were five species including B-Proteobacteria, a-Proteobacteria, Planctomycetes, y-Proteobacteria, Bacteroidetes in the
phylogenetic tree of BAC samples. Among them, B-Proteobacteria and a-Proteobacteria were the dominant microbial species in these
BAC samples, which played an important role in organic matter removal. Planctomycetes, y-Proteobacteria, and Bacteroidetes were the
non-dominant microbial species. Bacteroidetes only existed in samples A, B, C and D, while did not occur in sample E. The BAC
samples with the higher tannic acid and humic acid adsorption capacity had higher microbial diversity. This research should deepen the
understanding of microbial community in BAC, and provide a theoretical basis for the safety of drinking water.

Key words: drinking water; biological activated carbon ( BAC); microbial diversity; 16S rRNA; restriction fragment length
polymorphism ( RFLP)
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FAESZ K TR A HLER (DOC) | AEW AT R A Ay
BLEK (AOC) [ B T e 1) 4 IR P AR AR 2%
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VIR RESS K o3 A0 . ASBFSE UGS B kKT AR
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Fe A B 70T HE IR R B, 25 58 A ) R 5T P 7
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AR FE SR F B R K . A
JK)ACBRRE F1 M 148 J7 m’-d 7 b R K R
I P4y 22 —. 7K 7K AL FE T 2560 375 19 R AR Ak 2 fi
o, EE R, VR E N R AR A
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BN RAFTE TR RS IR & T 0 ~4C kT,
1 h N3z 3525602 57 B4
1.2 BEISIEN4] DNA $2HC, 4lifk

A S DNA 4R, aifb R TRm =N
AR B AGERRIR %5 g RIS s
53 o LRI TR TR G IS AW 3
WA 13.5 mL fEE /I (27 0.1 mol L~

Tris-HC1, 0. 1 mol-L~" B§f&4H. 1.5 mol-L ™' NaCl,
0.1 mol-L~" EDTA | 1% CTAB) 150 pL & [/ K
(10 mg-mL™") ,37°C fHIREGFE 30 min, NI A 20%
SDS 1.5 mL, KIE8# h 65°C AbFE 2 h, SR 5 2 B
O, BRI BT I SRR 2 TR, AT BT 15 DNA.
IR EFFLEE AU DNA 1E 100V HLE T 19% Bg ki vk
1.5 h, i J5 H DNA 4 {6 %55 & ( Promega Biotech
Co. , Ltd. , USA) Bt [ml it fr4ifk.

1.3 16S rRNAJEH 48 Fl 7 [

FLHY A O B R AR TR E A W
PR P Atk 3 (0 3 X 2H DNA AV A B ROR #E 17
16S rRNAZER 3. R WVAR R T 2 mmol L7
DANTPs | 2.5 mmol-L~" MgCl, . 1 x PCR ZZ M1 (10
mmol - L.~ Tris-HCl [pH8.3]. 50 mmol-L ™" KCl. 2
mmol-L.~" MgCl, PA & 10 mg-L™" gelatin), 100
ng-pl.”" DNA,5 pmol-L™"IEM 54,5 pmol-L~" JX
[5149,1.25 U Taq B, 1E 519 08 514 63F
(5'-CAGGCCTAACACATGCAAGTC-3") , JZ In] 5| ¥
s 514 1387R (5'-GGGCCGGWGTGTA CAAGGC-
3. PR 4°C TR, SR JE ST B PCR X
o IR E] 94°C , BUAE T 5 min; § R R T2 T
AR 45 5,55°C 3Rk 45 5,72°C ZEfH 1 min,30 ME
A AE 72°C FEAH 7 min. PCR P2HIR M 1% B3R
WL e FL PR ARG, SR FH DNA 46463857 £ ( Promega
Biotech Co. , Ltd. , USA)Ziifk H ¥ F k.

4ifb i) PCR P29 sile ik TOPO TA FEREid i &
WA SR )5 %% AN Escherichia coli TOP10F J&~%
A4HH (Invitrogen, USA). LS BEHVLHESE 100
~130 PN TERE T HEAT PCR Y88 i ik | [A)inF k47
LKA, BHAE PCR 7= 9 im A BRI DIl HinP 1
FiMsp 1 42 U, BT 37°C /KiePEEI %, B
P2 3% SR ME IS F Uk AGr U, FL UK 5 264 T RFLP
SESRATHT.

1.4 JPHNNE RRGERE 5P

Wit 4> At RELP 3% $k ik HoA AR M0
16S rRNAZE R 7 5 #4700 15 4387, )7 512Kk NCBI
(http:  //www. ncbi. nlm. nih. gov/BLAST/) i8]
BLASTN T H#kF75r 285558 , JFFIH Clustal W ( jRA<
1. 8) Fl Mega( AR 3. 0) #1440 42 1% Fir A vl A
BTN AT 02 R KB TR M
REKRBArEs R, PRk bl HA916S rRNAJF 51 F
£ Clustal W BIFHERF L BN, KIEHNTF
G4 28 & GenBank I 15 2 J¥ 5] 5, 4 il .
HQ)157206 ~ HQ157220, HQ157222 ~ HQ157227 .
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HQ157229 ~ HQ157231.
1.5 BdEgit5odr

KT AT EAFE S Z A ) 2R LR
JEAH L B B RFLP & 35 S — A 7T # /E 3 oc
(OTU) , I#5iC N BACL . BAC2 , BAC3 25! 140

OTU 19 Margalef ¥ Fh 3= & B $5 ¥ 0 1155
v

S-1
Due = N (D

A, S AR TR B W R EE S
16S rRNARY RFLP SR N f{316S rRNACE
AL

SCERIFEZS (coverage, C)ITHEARX N .

|
-1-=
¢ N

A, nl AFRAESOE AU BL— IR OTU A5
Simpson FEEAITTHEAR N .

D=1->(p) =
;P P N

A p, s&E—A> OTU FERE S A 7 19 e 3 RI7E
BEAFE R R — N JURE OTU 19 20 A A 38 S H: | A
SO H 1 L.

115 OTU Y Shannon-Weaver ZHEVEFEEL(H) .

H =- Z(pi)(lnpi)

LE AR FH AR R EE il £ 2 TF M T Bk 32 114 5 e 4
H R R A R K. A
y =ax/[1 —e™]
FIF SYSTAT Geitit 842 (SPSS 17.0) XF fir f3
FES AT T 250 B (PCA) |, FHR R 2884y B 4=
Yy, A SRR RIS (] R A

2 HFR5ITE

2.1 ORI M A 0 ) SRR

AR IS TP R R R B 5 AN TR
b, XoF R P I A ARG DN G ) BRRRAE | 5 R DL 3R 1.
SRJE X M 2 W) B AR 22 B0 AT 32 43 (principal
component analysis, PCA) Z3#T, 255 UL 1.

R1 5 MEERIARMERSE

Table 1  Characteristics of five fresh activated carbon

24 lLES

A B B % C B D %k E 5
KA/ % 3.13 3.43 3.93 3 1.84
KA/ Y 9.38 9.18 9.26 9.39 8. 61
WL/ mg-g ! 1028 1059 1019 1003 917
Tl /mg g ! 252 214 223 196 187
I/ % 93 95 94 95 96
H ORI/ mm 0. 66 0.72 0. 69 0.7 0. 67
¥I—R1H 1.70 1. 80 1.60 1.90 1. 60
HeFUH /g cm 3 0.38 0.42 0.39 0.45 0.47
AT TR BAHE/ mg - g ! 4.30 4.11 3.57 2.35 2.33
JE TR A/ mg - g ! 0.32 0.29 0.29 0.23 0.28

M AT LUE 5 P 0 W B A, A4
WLE, W R BT ARSI —
ZE. MR A R B B A R T L R RN
DO AR R AR LA 43T B it 254 ) F1IE
S (AR 201 i 320) B2 1 ROT 8/, R SR
TIETEAE 2 AL LB 1 2 TR R BE R /N340 okt B4 Wi
BHBE ST, AR KT B A K IR K Sk T
K, KB EHEREZR Sy FHfaEa Iy, o rE
TR, T A B8 I W R 28] 355 44 e Bl LR A7 .
T ARSIV P 35 5 TR R T 7 A 0% 2 o 7K T 7K v
HHLYIRRERE 11 TR R L SRR A A X
SRR, R TTK b & 250 E A Pl
W | B A R 2 HE 0T A LK H A L e 08

fiE SO A ORI T A ) B S R T R o a0 i
(B D) WA LUE 5T R | A IR PR AR RL T 2R
FE—. A . B B, C o B7 R W A 2 51 ok
4.30,4.11,3.57 mg-g~',D %, E BT R FAHE
H2.35 mgeg ", 2.33 mg-g ", S WG AR A G I
BRBE IR T AT 3 FhamvEm. b, A B¢ 45 Fh g Bt
PERETE PR R T A M e, B A ] RE AT K
ERIO1 N N7 e SR VK7 O =W I (T OB A D=2
W B8 AR AE BT A e Th B84 T 45 4
2.2 SR SCIE KR EIE R B B 2 A b
L PCR 4446 A B 5e 1 iy 16S rRNA Jv
BE R HinP T A Msp T 3 b B 10 P9 170 1t 37 1 1
AV Y= W, R4S Wl V) 48 SCE S SR A 58 AS [ A 9
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Fig. 1 Principal component analysis of activated carbon

physical property parameters

TR SRR 20 B VR ZRR e, NS AN T M R
FESBY16S rRNATE [ SCE 4 Bl Pk ik 1 96 ~ 124
Mok HEATBR G E FBEREZEE SN
(RFLP) , & 57 [ili V) 48 SC 3 | SCPE 1) e 25 {8 43 5]
M 95.05% ~99. 16% (35 2). 0 Hh £k i 45 F
(Pl 2) a3 WA i Az 00 ) o 2 45 B AT LA sz e A A~
FE S PR I8 1 22 1 S o A K. ASTRL T
PERAE S OTU MR AE A B 25 5 40 E %
FES A 14 4~ OTUs, 1 A JFESAT 20 4~ OTUs
(#%2).

2 16S rRNAMYIAFIEE H £ 547
Fig. 2 Saturation curve analysis of 16S rRNA

AN, A B2 . B k. C #hY Shannon-Weaver 24
PEFEECR I, 230 h 2.69 . 2.76 F12.73, D % F1 E
BRI g 2,35 Fl 2. 24, X S1ETER TR S
JE FE R W FHEL IR A A R AE S TE AR DG, RPEPE J H
1% 55 J R R W B B RNk T e AR ) 2k
TR AN, AT UL, BT R T I T R X
ANTA] R A 00 1 e ) B A ) R R A R — i Y 5
Wil , BEAK FH R DF A 1% 4 25 W BT 7K 7K v R 431 A AL
SYYIRIRE ST, I RITE T BRI 5T R A B
PRI B, R EE R RAL . HLILBR A 5,
REAS M I A W B It R 1) 2 A K IR 35 AT 5L 3%
U NITE Sy E G/ EZ s e

R2 AMEMREREEENSEE
Table 2 Diversity analysis of clone library of BAC samples

FE OTU %k FEEER

JEAR Simpson 5%

Shannon-Weaver

(D) (C)/% (D) EEL(H)
AW 20 3.98 98.31 0.91 2.69
B % 19 3.77 99. 16 0.93 2.76
C ¢ 19 3.73 98.39 0.92 2.73
D % 17 3.47 95.05 0.87 2.35
E 14 2.85 96. 88 0.87 2.24

HE— 2525 A W PR e S E I RE S P OTU 1Y
O3 A SR ILE 3. AT LU EAEATA OTU W, A 7 Fh
ZAIf) OTUs( BACI , BAC2 . BAC4 . BAC7 , BACIS
BAC24 Il BAC26) B¥IfELETA 1 5 ANFE & (32
B~ OTU 7E2H s b 740 H iy LR AR 55 50
BAEYTEE R FE S R 2= 2 ~ 4 4> OTUs 16 %
AR T PRI B TR R

A B BACL, BAC2 il BAC4 43 31| i B p C
PE B 17.8% . 12.7% F111.0% , B 7% g 4>
FH OTUs (BACL, BAC2) 4351 (5 1% K 5 v I ST
BB 14.3% M 11.8% . 16 C = 3 EFh 5 B

B OTU —FF, HUE HCRIE A AN E. D e 1w
ASTEB OTUs (BAC2 . BACA) 4351 5 3% ke i 7o B SC
JE B 22.7% F118.7% . T E % & 3y
OTU A 4 4, 43 %] & BACI, BAC2, BAC4 #l
BAC24, 43 51| o o B SO B8y 11.5% | 17.8%
22.9% F111.5% (& 3). BAC2 7 D ¢ 545 4o %t
T, BET D A s ST EH I 22.7% , It
Ab BAC2 e HoAth A= 4 155 M o B b b s g P AR
B TERAFE P  HR 50 A 5% (12.7% ) ,B
(11.8% ) ,C #%(13.7% ) M E % (17.8% ). 4k
AR —FB 53 () e e Ry B —FRE, A B, B Ji¢, C
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BAC2l  BAC22? gacag BAC26

BAC26 BACI
” BACI
L7%— 26%- 349 [ 4% 17.8% BACM  6.7% 14.3%
BAC20 6.7
. BaCc22 7%
1.7% BAC2 3 4% BAC2
BACI9 127% A% AC2
6.8% BAC19 11.8%
BACI& 4.2%
34% BACIS
BACI7 o 250
1.7% E— BAC17 »'
BACI15 42%
34% . '
BACI4 BACIS BAC4
1% 4.2% 8.4%
BACI12 BAC4 BACI3 BACS
0.8% 2 5, . /
11.0% =% BACH 7.6%
BACII BAC12-/ 349 '
51%  pacto — BACS o ] BAC6
ACIOBACO BACEN- BACT  6.8% pacio— BACO L gacs | gac7  2.5%
2% 08% 59%  17% 67%  34% 42  0.8%
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