ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

rRE BB A S IR ST L £
: M @ HE




w % # 3 $536 % 455

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2015 4E 5 A 15 H

H &K

I K ORI T PG 2RI YLRIFT wevvvvvvmmmmrreeeeeeeeenem et INEEM ¥ B BRIEM, YHE(1513)
AL HCAT AR AL VOCs HEBUFAETITE -oovvevereossemrseseinneees Y RIER TR, RS EE, R, B#(1523)
2006 ~2010 2k =X S0, BRIEATHT  coevrerrememere, ZIE B BEYR, N E, RS, B, R A& E(1530)
PR PM, G R T TR HOR IR, +ooveveeeeeeeesse e F, e R KL AYL(1538)
PRI R | AT RS R ) BTG HERI -+ eeeeremmmmmmmmm e e 2K (1544)

RIS [R1 R A A A 0 1 [ B TR e B LSO AR ] L T BEAAR FIIMI SR -+ vvvmmmee e e e e et
................................................................................. F FEE EE HES AL, EE, B EE(1550)
HT GOCHARRIUK I A 1 PRI 483 o YOEBIRAN S -ooeeeos B, 4, TR, KT, BB, FZH(1557)
ST K VTR A AL BB TARIIPHT - eveveveeeemsnssnn B, G, R RE, B K (1565)
FEEA IR AR ER 55 2 53 BRI ++vvvoeevereresennsennenens WE, AW, EL, MEE, KEHE, FH(I5T3)

N2 e R T A @ O R 73 O T A e R ey I b
.......................................... XY A, Bk, RER, EAR, KEF, BNE, 2EA, BHAE, KE4(1582)
AT SR S M R K AL R LA E LR B - eveeeeeeeeens W BT, IR, KB, 44 (1590)
LB LM PSR AR AU wverveeersees e Bk — RUEE EER, FER,LEF (1508)
F VAR A X TS 0 PR OV M TR BB oo eevoeereeneeeooe INEN, EAR, REE, Tl % (1605)
LIS PR TP R FE 5 e AR BT RS BIESE - veveveveeseen s VEE HWE, EEF, I, EEHE(1615)
050 HA Bl LU BB BRI SR S M, oo voeveeeeeeeooe $RAEH, EAM,ER, N, % H(1622)
P LIS O R B AR I HOREIR - vveeeesenenenene WA, B K R TR (1630)
N 128 6 0 K AU ST LI BEBREQIEIT wooeevoeeseeseesee WEGH KRR, SR8, 55E, B (1639)
%ﬁgufxﬁ%@ﬁ{ﬁ%ﬁﬁzﬁﬂ)lﬁ%ygmE(]%ﬁ[][’u] ................................................ i /J\ 7;@ , %E‘Z% , $§$ T , e E]&eg( 1648 )
S U TN Ly b O L P WA, E A (1655)
TR SRR R 1 1= DT BILE] <eeeeereeeeereereeene e TAE, G REH BE(1662)
KPR A B G IRARE  2EFITN TR R FEIAE REE - s Bk, B, A2 (1668)
AR 1 R K TP AR REI oo eveeereeseessensnnnes W, XE, B E, TRE, B, RE(1674)
A IR IK G U IR -+ vveeeeemmmmreeeemmm et D MR, AR, ELH(1678)
T T ERE PSS TR AT W AR FTIFGY. ceveveeenerneeeee [ RS , Wil = , %3 , x| 7K i JEEE A (1686)
SPG R TP TS e AL AT SR RUME  woveeeeeneereeeneeens K, HAR, K&, EMWE, TR, X &, KE (1694)
THO, 15 F A2 HE U 2 T DR B LR oo vveveeeseeeooe BEE T, R, B, R E B, B HR(1700)
P AT BRI E K P Cr( VD) B AETERE -, TR AR, EEF %E(1707)
JEF OUR-HPR W AL A A PTG IR AR PHA Bt oevvseesseessensecinnen B3, ERF, R AR, KRE, FEA(1713)
S RV 58 R B L 11 S AL - vveveeneeeseeennnenne B, B, K, B R AR 3R, BE(1720)
S KSR JEE A T 5 PR 0 F AL R BEI ovvoeeveeseesessnnnaes W, Bk OB, Edkk, PR, ER, HH(1727)

H AT R AREL ST EIR NN - ZBR VUGN IR T EE 4 B ZEBUSCRAIIIFGT +eeeeeeorrmreresesmmnneere e
................................................................................................ AE BB FRR HEE, ISIHEC1733)
TR 58 ( BIOLAK) {6 P75 82 2 P I AR W) 2R BT RE I - eveeeee e H & x| SO, B, RO R BRI, Sk B (1739)
BFRA I E AL B YL AU EUERTE v v eeemmm e B EFH AL MBS TR (1749)

Bikk Arthrobacter sp. CN2 FEARRTR IR Y RRIE GBI J12 v veerereerne et
..................................................................... ﬁ’:fﬁ,i;@ﬁfb’%m’ﬁhgﬁ’l{uth Nahurira,%%?}?,l‘i—]%%( 1757)
S 2T TR B EEROHEE - ooevoeeeeeeeemeeeemeeen KR HE, BRI 4 T et F A BT (1763)
B A I A B HIMEFLTIATIER - ovvvrrmerrerrmmmmr e e e e e EE i B4, RILE(1769)
ARG RN TRR M BT p 2B R 251k ARG T BEPRA -ooeeeveeeeeeee ZwerE, B, B, K&, a4, #HE(1776)
TR T TP BRI IR AL BAI - evveesemssem e W, Al Far s BT vHEE(1785)
LV B BT A A T AR A SJENP I A 2 ] S B oeevvereremmeere e, TR E , ?;g%;%’ EES, RILE(1793)

MEET 3 4 5L X 25 T A A H3 R I T, ARG [ B U] + v v v v eeremmmmmeeemmmm e ettt
--------------------------------- Zaw, BEA, 2K, NRF, TXF, KEF, FHW, Fwdl, 2RE, BHEHE(1802)

B AT AR 4B I A B A B JRUG A v vv v eeermmereeemmmmn e e e e ettt
............................................................... XA, BARM, NTE, KRR, kBT, T, THEECISI0)
SN T AT A SRR AL 23 ] A0 A5 JE TR T Y - eeeeeeeermmmmmmmmmimi e e W B KM, B, AR E(1818)
KHAC ™ WA R FIRRL A AT ML AR ERFAE ooeveeeereeeeens BEW, M40 %, 7%, KA, T, A (1827)
B AR R 2 75 2o A M) FIBETE PR EAIE  vv v eeeemmmmmeeemmmmin et F S|, x| B /NE(1836)
VLSO R S U MRFIE 5 LRI wooeeeeeseeeeessee s e, A, Rk, B EE(1842)
AR ISR X R T I PR P T e IR SRR v HUEEE, TRAR, BE 4B (1849)
ATITG e IR A B R B BRI A AL oo ovvveeeeeemeeeeeeeseee Wi, R EA, XL, TEE KAE(1856)
AR B G GLDA 3R R KRB BRI Y LIEAIITE -oeeeeeeeeeeeeeees T, IR, R B E,ER(1864)
2R £ Pb-Zn A MHA N EE ISR EIIAARLNE oo S, REFE S, DAL R XK, TR K (1870)
% SOV L E S 7S i i A WAL G AL B R IR EE ERK BE AR HE, LKA (1877)
oI T N S e O A R LT LT LT PP PPN 2 (1888)
BTN BT QAT FE PG I IERE oo B R BRRE, B R B, R IE(1902)

(ARBERI2EVIETITJE F (1543) (AR FYMERG RN (1756) {58.(1667,1726,1809,1848)



36 4545 5 7 1% Bl 2 Vol. 36,No. 5
1545 /] ENVIRONMENTAL SCIENCE May, 2015

BR%E (BIOLAK) &5 R EEF AR EM S HEER
hEES i

SN2 XIBGH ™ BRSO B BRI, ki A
(L. FEGRFEIRE SR M 2211165 2. WG T 2B 2P, & 2 222005; 3. T ERHEBE IR AL Rl
WFFEBe, b5 1001015 4. ERBEBEKSHRAR, EH  222002)
fZE . AR5 (BIOLAK) & — M 7E 23k 5 B N5 B I #E T M 2 Q0GR I T2, SR, 3245 % T B R T2 M0 00
TEMETS VR AL Wi B L TR i 5 WLARGE. DA% = W T R Tolk X B K AR B8 R 81, 15 B T — s i HoR
FRAGE AR TIGETS  H CRIAR 1 7 56 R 20 250805 (428 588 2% 11 iv i DNA J741) . Mgt 47 AN12E | 872 A& M1 35141, 41
B (289 93340 41 ) LA 33 AN 1T, Hdh A8 JE B 1] Proteobacteria & 242 #) 8 e F & 1017 (62.54% ) , Hok BT & 1]
Bacteroidetes (11.29% ) . fHALIRBETE ] Nitrospirae (5. 65% ) FIIF R [ ] Planctomycetes (4. 79% ) , {8 iX S5 4: M S BEAE AR 0
JEAKALIRZR G vh KA GV E . T 748 N ANTHE Y i AL SRR Nitrospira (5. 60% ) ik F- & , TG L5 Je BAR R F v i)
TR L. RN B Gemmatimonas (2. 45% ) , R EWIEHET A EEEE. AEHHEE (10195 F5) P g 3 4
I8 39 ANR. BRI (1 055F51) , %5 H 10 AN 60 NJF , Hod 47 #] Ciliophora R K17 (257 &F51) . R,
R E] 448 057875, EECAWERIR. FEA RSOIEMIS R , Z2 5 A . SRS W ABECEY DI REEE K LU 43 2. 50% |
2.28% M1 1. 56% , 3371 F 35 [ RN AR P K AR B 6 P15 e HP DI RB L R A L ). ZE LRI 4 AN R, RO AR AH 26
BEDA i o L B e, 3K F) 80. 81% , HUCR A (12.78% ) | fifAk (4.38% ) FIEI A (2. 04% ). W, TE T AR FOIG 5 I8 b 20
EWAEY 2R RN, 2 5% FEAGY B iRe R AR £
K4BIA . @ ARTL(BIOLAK) 3 2L AL 1T, A 2aet: 2, stk
FESEE. X172; X703 XEEFRIRAD. A XELHS. 0250-3301(2015)05-1739-10 DOI: 10.13227/j. hjkx. 2015.05.032

S

Biodiversity and Function Analyses of BIOLAK Activated Sludge Metagenome

TIAN Mei'?, LIU Han-hu'* , SHEN Xin>’, ZHAO Fang-qing’, CHEN Shuai’, YAO Yong-jia®

(1. School of Environment Science and Spatial Informatics, China University of Mining and Technology, Xuzhou 221116, China;
2. College of Marine Science, Huaihai Institute of Technology, Lianyungang 222005, China; 3. Beijing Institutes of Life Science,
Chinese Academy of Sciences, Beijing 100101, China; 4. Lianyungang Henglong Water Co. , Ltd. , Lianyungang 222002, China)
Abstract: The BIOLAK is a multi-stage activated sludge process, which has been successfully promoted worldwide. However, the
biological community and function of the BIOLAK activated sludge (the core component in the process) have not been reported so far.
In this study, taking Lianyungang Dapu Industrial Zone WWTP as an example, a large-scale metagenomic data (428 588 high-quality
DNA sequences) of the BIOLAK activated sludge were obtained by means of a new generation of high-throughput sequencing
technology. Amazing biodiversity was revealed in the BIOLAK activated sludge, which included 47 phyla, 872 genera and 1351
species. There were 33 phyla identified in the Bacteria domain (289 933 sequences). Proteobacteria was the most abundant phylum
(62.54% ), followed by Bacteroidetes (11.29% ), Nitrospirae (5.65% ) and Planctomycetes (4.79% ), suggesting that these
groups played a key role in the BIOLAK wastewater treatment system. Among the 748 bacterial genera, Nitrospira (5.60% ) was the
most prevalent genus, which was a key group in the nitrogen cycle. Followed by Gemmatimonas (2.45% ), which was an important
genus in the biological phosphorus removal process. In Archaea domain (1019 sequences) , three phyla and 39 genera were detected.
In Eukaryota domain (1 055 sequences), 60 genera and 10 phyla were identified, among which Ciliophora was the largest phylum
(257 sequences). Meanwhile, 448 viral sequences were detected in the BIOLAK sludge metagenome, which were dominated by
bacteriophages. The proportions of nitrogen, aromatic compounds and phosphorus metabolism in the BIOLAK sludge were 2.50% ,
2.28% and 1.56% , respectively, which were higher than those in the sludge of United States and Australia. Among four processes of
nitrogen metabolism, denitrification-related genes were most abundant ( 80.81% ), followed by ammonification ( 12.78% ),
nitrification (4.38% ) and nitrogen fixation (2.04% ). In conclusion, the BIOLAK activated sludge had amazing biodiversity,
meanwhile, functional genes involved in nitrogen, aromatic compounds and phosphorus metabolism were very abundant.
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Fig. 2 Top 100 most abundant genera in the BIOLAK sludge metagenome



1744 78

i

Boox 36 &

2.3 AR, AR

XTI (10195 P 78 SR S ih P75 8
FAER A PR R 3 AT, 39 A&, Tl ]
Euryarchaeota +& fix F & ) 1] (916 & F %, 4 kb
89.89% ) , HK Jy#r 1 i1 Thaumarchaeota (52 %)%
51,5.10% ) MR 5 B 1] Crenarchaeota (51 5% %31,
5.00% ) (& 1). Seh, % T BRI (1055/741) , 4k
KM E] 10 417, 60 4@, Horp £ FE H7] Ciliophora
SRR (257 27 90), R & IR M W 1]
Streptophyta (192 5 ¥ %)) Al F#E B '] Ascomycota
(111 Z&FF31).

TE T SR 5e i M5 e 2 B R A b, SR AG I 3] 448
FIGEEIF N, 5 e BT R 1 A E LT AL, K
02 e R ARR TR A N . REZBURTER T4
W K H Caudovirales, 43 J& T WL & M # 1A BE
Myoviridae . 5 & W & /A Bl Podoviridae Fl4K & W 7
AF} Siphoviridae Z5%}. b T A R ME A AN, A6 %)
TR EE R ARG, PIRE B AL Mimiviridae | 3
REF IR 7R Phycodnaviridae F1IT %% 7
B} Iridoviridae 55, FIH PCR 43 1Y J7 %, 725G R
TR AT 5 U8 2 5 PR A BIF 90 v 2 A A6 TN 3] 5 2
XA RRSE PCR 7 vk iy R BRME IS 1 V5 e
PPFEAE 1 WG TR A 2 R A 25 R - A 0 E S A
JFAT BB X R K AL BHASCR DA K 52 AR /KA 7= A= T HE RS
Wiy, RO, 3 1 T U v R 9 BE SR REELAS S R TR A
S
2.4 AIRSEIEMETS IR IRE AT

FIH MEGANS i) SEED 1 B 1 35 g i1

DIReEER (&1 3) FESE — B R 27 S F R G, ik
IKACS P AH I T RE L R d5 ok 5 (26 865 25 5L (]
FEH1,13.51% ), LU 3 1M1 G A L IR (20549 4%
BEHFH1,10.33% ). HEmFEENTREUER
FEmR N HAT AW (19 076 277 51,9.59% ) | &
F 5 AR 5 (16 629 4% 5 A 7 1], 8.36% ) . I
(12754 % FL 751, 6. 41% ) F1 DNA AR} (12 694
FIEHF,6.38% ) 5 (K 3). X2 55kKALE
Yy, EHRR AN A G AR DGR D Re R L, 5 TR
HRMSENEWEBNER SHEREAST . 25
B BN AL A AR DG (1) D) REJE PR S Bt
TPV Ve R P AR O RIEDS (B 3)  [RIA, SR gk
SEED F RSt — L2 58 A TG
R REILH (& 4).

I R IRE ) 15 K Ab B TR ELUAY & EBPR
(enhanced biological phosphorus removal , 5 {6/ ¥ 5%
W) T8, 76 A 2 Ak A= 1y o Wl 355 42 ¥ 0 v 0 il
IEIT 11551388 550751, = S5 i QI D Re 5L K 1 Le
B4R 0. 89% . AW FT 1 HY 7K A K 5 W 0 4 B
TR TP (EBRR N 65. 2% . e % 3 R4 34
W3 104 55 5 ¥ 500 K AR (1 1.56% ),
o T 5 R IR I 375 4 35 e 2 ik R 2 P i A Rt oy
REFLH Y L. 7EBE AR SEED — R T REH, S
EIRR IR ER AR 15 1 T RE L PR B 2 i £, 3K F1)2 857
(71.69% ) , Ho & i A 45 755 5% F1 7 8 2 £ 7% 1z il
PHO 875 T 10480 (22. 1% ) | SRR B g 1Y F)
(5.12% ) FMRERR ER AU (1. 08% ). WIS Je b Y
A A RS D8 T /K AR A 3 T2 Pl 25

30000
25000
20000
=
= 15 000

10 000

5000

El3 ER%(BIOLAK) &5 REREH SEED FR % (ER 1) WHE
Fig. 3 Abundance of SEED subsystems (Level 1) in the BIOLAK sludge metagenome
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Fig. 4 Nitrogen, phosphorus, sulfur and aromatic compounds metabolism classification analysis based on Level 2 SEED subsystems
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