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Abstract: [Background] As high concentration organic wastewater, piggery wastewater was one of the main
factors that lead to area-source pollution of agriculture in China. At present, an increasing number of
researchers focused on piggery wastewater treatment with bacteria-algae symbiotic system. Compared with
the traditional sequencing batch reactor (SBR), the algal-assisted SBR showed better performance in nitrogen
and phosphorus removal, sludge activity improvement and energy consumption reduction. [Objective]
Aiming at the influence of algal-bacterial symbiosis system on the nitrogen and phosphorus removal, the
distinction on sludge characteristics and microbial community structure were anlyzed between the
algal-bacterial symbiosis system and the conventional SBR. [Methods] The algal-assisted SBR (R1) and the
conventional SBR (R2) were operated in parallel at room temperature to study the performance of piggery
wastewater treatment. The sludge characteristics were also observed, such as sludge particle size, sludge
settleability and microbial metabolites. Denaturing gradient gel electrophoresis (DGGE) was used to analyze
the microbial community structure in R1 and R2 systems. [Results] Compared to the R2, chemical oxygen
demand (COD), NH, -N, total nitrogen (TN) and total phosphorus (TP) were increased by 5.1%, 20.3%,
19.4% and 23.9%. The average values of extracellular polymeric substances (EPS) and soluble microbial
product (SMP) in the R1 were 3.7% and 38.5% higher than that in the R2, respectively. Compared to that of
R2, the sludge particle size of R1 was increased by14.8%, due to the adhesion of algal to the sludge. In
addition, the SVI value of R1 was 11.7% less than that of R2, indicating a poor settleability of sludge in the
R1. The sludge specific oxygen uptake rate (SOUR) of R1 was 64.8% higher than that of R2. The formation
of stable bacteria algae symbiosis system further reduced the concentration of suspended solids in the
effluent of the R1, which further indicated that the addition of algae could improve the characteristics of R1
sludge. [Conclusion] Actinobacteria, Alphaproteobacteria and Gammaproteobacteria as the dominant
species in the R1 played an important role in the piggery wastewater treatment. The major Chlorophyta were
Desmodesmus and Acutodesmus which had a significant effect on nitrogen and phosphorus removal.

Keywords: sequencing batch reactor, nitrogen and phosphorus removal, bacteria-algae symbiotic system,
microbial community structure
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FAET, I TRRHE R VIR SRR, RR
TBOKIRRBRBERCR . 15 R S B R IR 4 1
ZIBIRER ; BB R T R B AR R SR K
IKAE PR S v B AL B

1 AR
1.1 ##

IR KB B BT SR G i, 285 U
BRI Z ies . SBR RS IR EL A 1A /R IE K
TGRSR ISR K I 5T
k27 % it (Chemical Oxygen Demand, COD)F
NHy N ZEBRRDHIH 70%H 80%H 5 I8 Y fk45
W, IREWGEIFEIAMixed Liquid Suspended Solids,
MLSS) i 5 ¥ FE 221 £ 6 000—7 000 mg/L . ¥ HL
F BT 30k 5t 52 06 b FE L gk I, FIH R Z =W
H TR0 BG1 #3300 er s, %%
52 16 FH W R N 2 3 1] (Chlorophyta) B 5% 7 W )&
(Desmodesmus) . BliAF #AEYI R, FREEK
BB I A, SChl ) SR R K e
EFE B E a WEIAF] 1100 mg/m’ I 52 i 3
ML RE IR . RO AR 7K A SEPRFRAE K, HoK
FRRHEINR 1 PR, FREEKE T RkEA L
K, ABEERER, Hb CNIR2.4:1,

1.2 EFEAFIFUERIEFRE
A+ RN 4] DNA #2807 &, AR
T AE VR A BRITE/A A]; COD. NH,-N,
S (Total Nitrogen, TN) M &\fi#(Total Phosphorus,
TPl & HFEM R, Jb Rt R AR R B A
PR o S A ] DL BB B Z2 S B0K BTl e . %
1, AEHERRK R KA BRAE] ;. AN

x1 FEEKIENIRESE
Table 1 Compositions and contents of the raw piggery
wastewater

%43 Compositions

#J¥ Concentration (mg/L)

COD 4 870.4+37.9
NH,-N 2017.5421.3
TN 2092.8+17.6
TP 123.6+20.5

JCEETE, AbEE M E AR A R T A W s A:fk
B, Big—ERECA AR Bk B
R 53 M1 & 4, Bio-Rad 24 ; PCR 4" Hi{X,
Applied Biosystems 2\ w5 #OGRLEE 73 #X
Malvern 23w 5 fEH#EAVE MR,  BICHARREAY
A PR ]
1.3 R #FRERIEIT

R1 il R2 )i &A1 7R, SBR A
BEM BB A AL, (8 T AR SO ARAS o R
FR2AMAEFII 4L, F20cm, HIZE18.5cm.

SR A N TR B U . g A pHT, A
VR o=y pp s

FEEFriafT R AT R2 T2, EERAMET
(24+2 °C)Ja s Bz M 6 h: #£7K 30 min,
WA 4 h, DIFE 1 h, HEK 30 min, ARSI R
HITE 50%, BRSHRBHIE 0.04 m® 2=5/07, 2
#RA fi 4R (Dissolved Oxygen, DO)KEEUNZR 2 Fr
No BRAN, REEIZ AT BB RN A 47K T 45 B 15 [

1 RIFIR2ZWREE

Figure 1 R1 and R2 experimental apparatus

TE: 1 FRIEK; 20 K% 3. BBV, 4. BRI 5.
oK 6: SGI: 7. HFRE

Note: 1: Piggery wastewater; 2: Influent pipe; 3: Peristaltic pump;
4: Air compressor; 5: Effluent pipe; 6: Light source; 7: Sludge
discharging pipe
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Table 2 Parameters of the R1 and R2

1817251 Parameters R1 R2
SRT (d) 20 20
HRT (d) 3 3
Temperature (°C) 24+2 24+2
pH 7.5+0.2 7.1+0.2
DO (mg/L) 4.240.3 2.2+0.2

(Hydraulic Retention Time, HRT)FIV5 Jef5 & b} [a]
(Sludge Retention Time, SRT)43%°4 3 d 120 d,
BTG IRBATALL Ay 1:48 R2 S0 2§ 41MEE T8 9
PMAEE T RS T, R BK 7:00 2
19:00 [ #FIMTLAELT (50 em, AT IEST
12 h, TiAEFASEREST, SeaREEZR 6 000 1x,
1.4 NI HAE
1.4.1 JRAKRERMRIE RFE

553 d AR FITR2 S a5 32E H K EURE 10 mL,
28 0.45 um BERRZF AU UE . AR E SR E )y
WP K ug s KEEH COD, NH,-N, TN Fil TP
K BT R o
142 SRFES A E

HUCRTFIR2 R AR A 15 A, FHZERK
PRI 101 HIREET 100 mL B, PIHE 30 min
Je BEBOITIE TS TR, TS AR B £ (STudge
Volume Index, SVD{EH. ¥ 50 mL 75JeiE & FE
5000 r/min &0 5 min, B VS 0.45 pm g
FREF AR uE , S UB IS VS TED . SMP; K
OJE PETS ek — 2 HZEIRKES 2 50 mL,
TR2)5 T 80 °C /KA 30 min, /KA HUEE S dE—2
fE 5 000 r/min Z5F &0 5 min, BCEIHRE
0.45 um FEEEREFAENEMSTE, FIAR 2R 8 A T
EPS 3000, SO R EE 43 M A R 15 U8 £LA
K, PRSI RN o SR E Rl e
FETE R NAF R MLSS FIRA W5 A P 17 [ R
(Mixed Liquid Volatile Suspended Solids, MLVSS)
ez, FFH SOUR FRAE S A s i v,
TER N ity 100 d ZEdemt, % R1 Ml R2 7

3 K SOUR #aill . #HZA=(1)i145E SOUR:
SOUR=(DO4DO,)/(t*MLVSS) (1)
143 EEYENE

K442 a (Chlorophyll a, Chl-a)fy ¥k
FRAEEE A Yy A B, R N R RIS e
SR AW A Chl-a, 435I SN #s HoRAE 20 mL
HIRIRAFE, MG e MRt B, i
4 000 r/min #.L> 10 min, 3 EiFW. RI5Ksk
[ 1A 90% M DI ERVA VS fin 0.05 g CaCOz IR A=
20 mL, FIH 8 HEHR 7t b 1R A I 09T U 7S o Bk
¥ 1 min, BT 4°CEOGIRFE 240, TJa, KRG
% 4 000 r/min B5.0> 10 min, F3EH Chl-a 7 & A]
Jy Chl-a ¥

FIR AN e, 7 4 D750,
663. 645 1 630 nm) Fll5E Chl-a ¥, 90%
(RN A i T R okt B, R A K (2)1H58 Chl-a ¥

J¥ (mg/m*):
=[11.64X(ODegz—OD150)—2.16X(ODgss—OD150)+0.10x
(ODg63—=OD7150)1V1/ Vs (2)

KX OD RARR A ISR, vy RN i
P ARRU(mL), vV AR REMIIAT(L), o R
AL (cm).
144 WEVMREEHIH

AR P B8R L VK (Denaturing Gradient Gel
Electrophoresis, DGGE)i KRB &) iz H T¥HH%
FESRUE RSSO BF ST . A SCR AT DGGE
FORHT RT A R2 HP A WIS A5 M FRAE . 25T
iR LN 4] DNA =BG & a B0 1k
R e (1) KT PTG U8 TOTE AR A B A A
H, I8 ) ARG F R Q1 i 60 uL,
ETNEUENRSY; (3) A I B i e S
Bis b, eoRP AR EE LR 10 min; (4) &
i 13 000 r/min .0 1 min; (5) ¥%#% L E—1
T & (1.5 mL); (6) A 200 uL %
Q2 B Ly, L THIEIRS), 4 °CHFHE 5 min;
(7) Z 1 13 000 r/min #5.0> 1 min, 5 FIFRIHIH
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WS (8) M 200 pL K Q3 3 R+, I
TFEEIRA], 4 °CH¥H S min, & 13 000 r/min &
O 1 min, 58 OB 900 pL)EH A IEEE
Hr, A Q4 AW 1200 uL ) B3, FREENRE
5], fn#k 710 pL E3E A F, 13 000 r/min &5
O 1 min, FRUEM, AkSLinal i 2 A,

Hi 2 EESEIAA FIE; (9) 1500 pL AR Q5 &
LFEH, 13 000 r/min B0 1 min, FREIER. EXE
ERVE—R, WCBAE R R B AEAE , 13 000 r/min £
L 3 min, FBREEOHEZESE L, BT (10)
BLDAE/ NGB ARSI 100 pL %
7 Q6, 13000 r/min #.0> 1 min, FEB.OFE, I
LG DNA AT THFSLE . 400§ PCR 5149
%fA 338F (5'-FACTCCTACGGGAGGCAGC-3")#ll
518R (5'-ATTACCGCGGCTGCTGG-3"), GC ¥#%-CG

CCCGCCGCGCGCGGCGGGGCGGGGGCACGGG
GGG; H# PCR 51#%t K euk-R (5'-GACTACGA
CGGTATCTRATCRTCTTCG-3")#! euk-F (5'-CGCC

CGCCGCGCGCGGCGGGGCGGGGGCACGGGGG
GGGCAAGTCTGGTGCCAG-3'). PCR [y ik &

(50 uL): 10xBuffer 5 pL, dNTP Mix (2.5 mmol/L)
5 uL, 5/%(20 pmol/L)%& 1 uL, ExTug DNA [if§
(0.025 U/uL) 0.25 uL, 42 DNA 0.5 L, ddH,O
#ME 50 pL. ZHEE PCR JWAcF: 95 °C 5 min;
94°C45s, 60°C45s, 72°C 1 min, 35 MEH;
72 °C 10 min, FL#% PCR 54 95 °C 5 min;
94 °C 45s, 66°C45s, 72°C 1 min, 35 PME;
72 °C 10 min, PCR ¥ 1% BEREHHEE HL Uk
R, PCR 74 iy afi Ak R A =X [l sc i) & ik
Trunie I H i B, IR UkA I . DGGE #f %
PIAHT, RASER AR R e Xt PCR KN =)
#4750 8. DGGE HRe s e i [mlie . sk I
T B FE3E 3 A b e S 4540 P AR B 454 U0 [l
W&y, mIcAsE DNA. BRI DNA AR
M, FMFERSIHINT GC J), RARIFiA R
PCR FEFF AT 48 . M)

2 ZR5WE
21 I ZRKEBYREEE

R1 F1 R2 MK COD ¥ uk B 43 5 K
541.8+88.6. 783.0+63.2 mg/L, R1 [t COD “F-j%k
BRgA R2 5 5.1% (K 2A); NHy'-N P34 54351
47 394.9+68.8, 868.7+54.7 mg/L, R1 M NH, -N 3=
R AH R2 15 20.3% (18 2B); TN SE-Xguk s 2351
1 433.4+76.7. 1 927.8+44.4 mg/L, R1 B TN £[&
A R2 & 19.4% (& 2C); TP “FHVE 4> 5K
63.2+10.1, 92.1+4.9 mg/L, R1 [ TP ERZH4H R2
151 23.9% (K1 2D). 4RI AT K A
B ERE, RERVARE R KA PERCR . 7S
T, REEEE TR TR R i B T R
(A, 75 8 22 Ao ] T B B2 AR W i, B BB
[Fi A A R ALY DT AT S 7 7 7 e 2 7 [
AR P 4 v R AR A AR

iR B R1 19 DO W H 4.2 mg/L, # R2
FET 09 £5. % %A1k B (Ammonium Oxidizing
Bacteria, AOB)J& T2 418, XJ A8 K+ U,
R KBRS A 1 DO Ve A SRTUO), 95625
AR RS & AL B R B AR Y CO,, [
BEREC O, IEAHPA A, H9MT R1 A9 DO VREE, M
MR T NHy -N b, [, #8aa1Em
O RS E R, NS R A
TN 1 TP EBRZ4 7% R2 5 19.4%F1 23.9%.
22 SREESR

R1 F1R23217 100 d IR, 435 a2 > e
N # ) EPS Fl SMP 224k, WKl 3 fizR . BF9E kB
i eskagiafrid s, R1 Y EPS fil SMP & &
% R2 H. R1 A1 R2 () EPS &imi il E¥h
72.8+10.9 mg/g-MLVSS 1 70.2+5.4 mg/g-MLVSS;
R1 Fl R2 ) SMP & 537 F- 320 0.18+0.04 mg/L
F10.13+£0.01 mg/L. EPSVEARAYCH =9 £ %
R A s, BTSRRI o W Y
EPS £, 255320 R1 1y EPS EH & &% R2
B 3.7%, JEixF R Rl ROV RS TETS TR RY
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= Influent —— NH,*-N removal of R1
A B — Effluent of R —— NH,*-N removal of R2
—— Effluent of R2
5000 - - 100 3000 - 100
G e ]
D e N e T e L N —
4000 | N0 R 2 400 / AT NS EAG < 80 S
~ P N Y e e N 2 : ./\ . 5
< / TN 2 N N i 2
2 3000 /T uent 180 5 21800 W 60 2
g Effluent of R1 = Z. &Q:)
8 2 000 L — Efﬂuent 0fR2 i 70 ,;; +'<r 1 200 L i 40 =
&} —— COD removal of R1 z % z
COD removal of R2 = % g
1000 160 2 600 -\\\% 120 2
R T T e
0 | | ! | 50 0 ! L I ! 0
0 20 40 60 80 100 0 20 40 60 80 100
1(d) t(d)
—— Influent —— TN removal of R1
C —+ Effluent of R1 —— TN removal of R2 D —— Influent —« TP removal of R1
—— Effluent of R2 —— Effluent of R1 TP removal of R2
2800 [ 4100 500 - —— Effluent of R2 - 70
180 & 400 {156 &
2100 s <
) 160 & = 300 142 B
= 5 = 2
E 1400 o el e & g g
Z / N\ o o | 40 = & -§
= ] g :
700 % TR e A § 3
0 1 1 1 1 0
0 20 40 60 80 100
1(d)

2RI 71 R2 AR KALEBHR
Figure 2 The wastewater treatment effect of R1 and R2

TF: A: COD AbBHALR; B: NH,-NALFHERCR; C: TN AFIUE; D: TP AR
Note: A: COD treatment effect; B: NH,'-N treatment effect; C: TN treatment effect; D: TP treatment effect

SOUR # R2 27 T 64.8%, ME—HWFo8 uFsL s
VR AT A AR SR E g, NI EPS 11
b, BOEEOEAERES T RN DO WK
B, i R1 5 DO WAL R2HEIN T 0.9 1%, NIFH
AR B Z AR TR 1Y Oy, AIAERE T 1
PiiiE e, EPS EZMMEZE G EPS MR %L,
A1 EPS 415, b AAEEs & EPS M ZEHT 1 i i
REBRAMGEED, WRHEREILERS, S
HR S WA, FE, SIEERRA&
T, mFRErE sz IR M5 M R b B R

BRIz s, LAE 2 R AR R T S
EPS Z5A S INFATL, M 5 52 KA B5 U] 1 52
WA T 9%, SN N #R Y SMP VREE . L, RI1
J g i SMP -k B2 R2 3G/ T 38.5%.
A, WFFERE R FI R2 W #0975 Jekifs
I3 51K 261.4£7.9 um 1 227.7+6.3 pm, Bl R1 f475
JeRIA25E R2 25 14.8%, RI1 {5{RAHY SVI {E4E R2
FEAR T 11.7% (3 3). W52 & BUFAHL EPS HAT AR
R, XHEIRAZEERS RIS B B AEH,
FAHL EPS B3N AT 38005 Ye 45 M AN T, A B 4
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150w EPS-R1 10.25
Il EPS-R2
L —— SMP-R1 J
%\ 1200 SMP-R2 0.20
> ~~
3 90r 0.15 5,
2 g
£ 60f 0.10 &
- »
[a W
=30t 10.05
0.00
E 3 R1 70 R2 A EPS 1 SMP 1t
Figure 3 Changes in EPS and SMP of R1 and R2
x3 SREELH
Table 3 The sludge characteristics of the R1 and R2
15Utk R1 R2
Sludge characteristics
Particle size (um) 261.4+7.9 227.7+£6.3
SVI (mL/g) 89.4+4.6 101.3+5.1
SOUR (mg-O,/(h-g-MLVSS)) 17.8 10.8

T, FEARTS e SR TTREED, iy R1 V571
UREEE: R2 2.

R R1 B K A5 e Chl-a & A8 {0 1h
SIS A B (B 4), HoKHY Chl-a ¥ B RO
BLAFFHIIAI RO 378.9 g/m’ R,
FIZATZ 100 d I, Chl-a ¥eJE HFH 18.2 g/m’;
SRR A WA TP Chl-a ¥k B K B I 1 - 24
3 187.8 g/m’ i/l , s TR 25 d JE ke
7E 1 908.7+55.6 g/m’. WFFTRMILNE /A EPS Al
R SIS IR RS A, BT ke B R s R
RG5, Mg 0 A% 7K P AR [ A B
23 WEMBEEMTH

R1 SN A A O 21 A T B S 76 M 75 U H i 4
FRRIEESS, R2 SN AR A% O 2 TR B R TE RS 8
A . 5K FE AR, SR W RV S5 4
B T RN R S RE A5 K AL BRIV B is
TE5dEy, BIES 100 K, 4390%F R1 Al R2 KL
TS TR A TRBURE A3 AT SLAIUE P iE V5 25 4 e
i, 2RI SA, 48R SA 1 DGGE Bl 5%

4000 -
—=—Sludge
—— Effluent
3200
5, 2400 F
g
i
= 1600
)
800
T
0 20 40 60 80 100

1(d)

4 RI1HHKFFRH Chl-a KETL
Figure 4 Changes of Chl-a concentration in the effluent
and sludge of R1

WU B, Rl MERESS S R2 B
[, XATHEZE T R1 S s Hh e 2 45

R1 WIS ELEBR AT 1. 3. 5-6,
8-13, 15, 18, 22-23, 27, 29, 30 FifUEME
BERIL, R2 MBETEZ5M R & 1. 2.
4-17. 19-30 PrACRARIEA N, R2 WA Z
FEPERE R1 o DR RIS AE K AT S MA Y
TR Z2RENE , U8 R A AR B (T B 4 F O
T A= 0 T T 245 Ay ot G ] D 2 25 P 3 194 722 A i
B, WEORFE, WA RS E, N
[ R A L A B B i v A S0, I R
WAL S R2AFE R 2257 . dE— 2% DGGE
KL (Y AT HEA TIP3 B (R 4), TEATRE
RN L, R M FELEEH N ERER
(Actinobacteria) . o-8IE M (Alphaproteobacteria)
1 y-2 I B 9N (Gammaproteobacteria), R2 )
+ E BN I W N (Actinobacteria) . o-7%
E T W (Alphaproteobacteria). P-"2 1 & 24
(Betaproteobacteria) . y-"SIEH A Gammaproteobacteria)
FHAT B D (Bacteroidetes), R, T 432511
PKFE, R gy mwifE R R2 K. 4F
FE R AT B 44 (Bacteroidetes) e R A H 2", T
HARRER A Ehae, B AT DU 52 A2 W) I s
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T, 18
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Figure 5 The bacteria and green algae community structure of R1 and R2

. A: RIFIR2 EHELEH; B: R1 I R2 SRy AW HER 45

Note: A: Microbial community structure of R1 and R2; B: Algal community structure of R1 and R2

(S R RN 2 R T I HDUFT TR N
(Bacteroidetes) it 1 H SV 2 N BB 48 A% LA 4 5T
FETEDR X o WUAT B 4 (Bacteroidetes) VF: 24 21 fig
B, TSI R R AR AT DL T i — A {2
F R2 W g RS T KRR A, e
COD EFRACHE ., RIS g AKAL B Fe 2K
A INE— 38 T R1 IV #51 DO EE, fii R1
i) DO REEHE R2 $m 1 0.9 fi%, T Rl 2K
EAUFF B D (Bacteroidetes) A E W E— W R1
BN N AL BT 5]

il 26 T A (Actinobacteria) ELA 2 5E/E Y,
X R1 S0 i JE BB i e 2E 1A R R 3 AR 9 i
HAER . PR &, R1 A7 78 4 W
(Actinobacteria), 1335 21 Bk B (Rhodococcus) .
TFF TR (Microbacterium) F4% 25 1A J& (Streptomyces)
6 AR B R, T R2 HAF L LR BN
(Actinobacteria), 354K (Rhodococcus) . 1

FF B8 (Microbacterium) F1 4 55 14 J& (Streptomyces) )
9 MAFFIE. Rl Shiaeth, HTFEAEM, W
WIAKRRWIE R, A8 T % E R
(Actinobacteria) ¥ Z L . MR RFATEEIG R R
G, LR A AN (Actinobacteria) 55 5 4 W)k
e, FESIRSIKARG BT, R R A
2% TR 4W (Actinobacteria) Z FEVE 1F) FEAR T 32— 25 Ui
5 e 2 I A 0 ) R ) s B

a-"BIE T M (Alphaproteobacteria) ¥ A HLAK 1)
FBpiE EE B RN o2
W (Alphaproteobacteria) i : KIEFF
(Phenylobacterium) I 3 B (Afipia) ) 5 AR B
J&, R2 JuhiasH oI (Alphaproteobacteria)
A 45 . RILATFE (Phenylobacterium) ., % FRA
(Chelatococcus)MIRCEL B (Labrys)F) 6 A~/ R 1#
JE& . SEERERRY], BEEERUSINE T R SOV A
1 o~ I B 2N (Alphaproteobacteria) ) 226 . 0~ %
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Table 4 Results of the 16S rRNA gene sequences alignment

Band Description GenBank The most similar ~ Similarity Class

accession No. GenBank No. (%)
1 Rhodococcus koreensis MW559123 LN867191 100 Actinobacteria
2 Microbacterium MW559124 MT533961 95.00 Actinobacteria
3 Microbacterium foliorum MW559125 MF664177 100 Actinobacteria
4 Pseudomonas sp. MW559126 MT556436 98.54 Gammaproteobacteria
5 Streptomyces sp. MW559127 KY214222 98.33 Actinobacteria
6 Microbacterium sp. MW559128 MT397182 98.88 Actinobacteria
7 Pseudomonas stutzeri MW559129 MN698979 100 Gammaproteobacteria
8 Microbacterium phyllosphaerae MW559130 MT533897 99.44 Actinobacteria
9 Pseudomonas fluorescens MW559131 LC217386 99.03 Gammaproteobacteria
10 Phenylobacterium MW559132 MNS813835 99.43 Alphaproteobacteria
11 Phenylobacterium aquaticum MW559133 MH321064 99.43 Alphaproteobacteria
12 Pseudomonas cedrina MW559134 MN173422 100 Gammaproteobacteria
13 Uncultured Microbacterium sp. MW559135 LC053129 98.84 Actinobacteria
14 Methylophilus sp. MW559136 MH447392 98.54 Betaproteobacteria
15 Phenylobacterium sp. MW559137 LC378769 99.43 Alphaproteobacteria
16 Uncultured Flavobacterium sp. MW559138 KC886746 96.41 Bacteroidetes
17 Afipia sp. HS25-MRL MW559139 KX128939 98.28 Alphaproteobacteria
18 Delftia sp. MW559140 MT197047 100 Betaproteobacteria
19 Labrys sp. MW559141 MT337403 98.86 Alphaproteobacteria
20 Chelatococcus composti MW559142 MNS596015 98.29 Alphaproteobacteria
21 Phenylobacterium sp. MW559143 KX711548 100 Alphaproteobacteria
22 Enterobacter asburiae MW559144 KY660468 99.03 Gammaproteobacteria
23 Microbacterium foliorum MW559145 MF664177 100 Actinobacteria
24 Microbacterium oxydans MW559146 MK942422 98.89 Actinobacteria
25 Microbacterium maritypicum MW559147 MT409539 99.44 Actinobacteria
26 Rhodococcus sp. MW559148 MH688784 98.89 Actinobacteria
27 Microbacterium sp. MW559149 MT397197 98.89 Actinobacteria
28 Rhodococcus sp. TJ-13 MW559150 EU049202 99.45 Actinobacteria
29 Rhodococcus sp. MWS559151 MT588482 98.88 Actinobacteria
30 Microbacterium paludicola MW559152 KP125969 98.89 Actinobacteria

E I 2N (Alphaproteobacteria) W] #t 11 2 Fi AR 1] 2
B, WEATER . BA . EEAMEILE TR,
a- 2 ¥ B 20 (Alphaproteobacteria) W) 78 FE FF 1 J&
(Phenylobacterium) X} 52 25 A HIL4Y) J5T 1) [ fife ke 21 1
WA ME Y, 455360, R1 A1 R2 M AR
1 o-5 T 1 29 (Alphaproteobacteria) - 5 h K FaFT
W J& (Phenylobacterium), X} F=ME K K& 244G ML
Y A A5 i Ak 3 e SR

B-ZE T T# 4X (Betaproteobacteria)J&: & 7K 4= W ik

H AR R RO R 2 Y S A Y, e A R
95 [ NH, N B9HAL . R1FTR2 2 #4356
W2 B-~ I i 4R (Betaproteobacteria) N H /R f 45 T
J& (Delftia) ¥ Wg W 2L T4 J& (Methylophilus) . LV 2%
i B-AEFE 1 Y (Betaproteobacteria)fH < B B AF1E
AL EFRAE K T NHS N 1 Bk

v-Z I EH N (Gammaproteobacteria) vl 43 i
EPSPY A5 58 LA T B ML HE S %75
PRITTRENE, $em oK. AFEa R, Rl
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Table 5 Results of the 18S rRNA gene sequences alignment

Band Description GenBank accession No. GenBank No. Similarity (%) Phylum

1 Desmodesmus armatus MW570772 MN879270 100 Chlorophyta
2 Desmodesmus armatus MW570773 MNZ817678 99.28 Chlorophyta
3 Desmodesmus communis MW570774 KY448333 99.03 Chlorophyta
4 Acutodesmus deserticola MWS570775 KX495014 99.32 Chlorophyta
5 Desmodesmus sp. MW570776 LC505545 98.56 Chlorophyta

hs RN E] y-A8IE B 4R(Gammaproteobacteria) i)
1B 5 i B (Pseudomonas) F I T 14 J& (Enterobacter)
(4 3 ANTEFIRE, T R2 R g A y-2 T T 4N
(Gammaproteobacteria) [ 18 . il B (Pseudomonas)
T T J& (Enterobacter)l?) 5 M &, B R1 2
s 2R U s TR 2R

ASSCHE— A T R1 AR S0 g 28 il
PIMBEEZEHI(E 5B, 3 5). 450K R1 A%
HAATE A B 2E U, T R2 i as bk
ARIEEEAED . Rl ROV ABSS A %
HBE W W B (Desmodesmus) R OB
(Acutodesmus), HRJE T LB 1(Chlorophyta).

W57 % R BT 352 )8 (Desmodesmus) X B A1 42 J&
BT A BRI R ST, A B L BRARIL
94%-100%" . 225 3 8 (Acutodesmus) AL AT
LB, T HXDERE . CO, . A pH 4
A RA BRI Z 6 ), JUHZHAE pH
5.0-10.0 JI I AT /s RAF A A KRB P2 FR 0
PR AL P AR, BT R EU B AN pH A
72 FHEZE 7.8 i TR BEJE (Acutodesmus) K o
3 s

(1) RIS B A A e e A A 22 AT A &0
RBRFFHEE K H1# COD, NHy-N, TN #1 TP, 5
XHAE R2 ROVIERAHEL, R1 () COD KBfR#Es T
5.1%; NH,'-N BRF$ER T 20.3%; TN 4 R2 f&w
T 19.4%; TP R2 #5 T 23.9%.

(2) 5 R2 AL, R1 P EPS &t
3.7%, SMP FHHIN T 38.5%. [RIE, R1 57

KA R2IGINT 14.8%, V58 SVI{EEL R2 FEAIG
T 11.7%, 15781 SOUR ¢ R2 #2751 64.8%, H.
FoE B B RGN, #E— 2P0 RN A
IKH PR AU, RUTBSEATA I R1 V57
FEPER R .

(3) RIS A I s i) i 6 20 1 % ] ik —
A0 A A W B R A, D i 2 RN
(Actinobacteria) . o-"FIEH M (Alphaproteobacteria)
1y B AN (Gammaproteobacteria) ) R1 TR
B FEZERAE, XTI K b P B 2R .

(4) R1 SV fow B B R FE I 2 8y 2R e 1)
(Chlorophyta), 1335 : Bty % )& (Desmodesmus) Fl
5 P JE (Acutodesmus) , X 3708 7K 19 Mt 220 B 1
RN FEEAEN
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