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Enhanced nitrogen and phosphorus removal with addition of microbes
in sequencing batch reactor and analysis of microbial specie

CHEN Jing ZHOU Xincheng CHEN Ping DENG Wen ZHANG Wenyi ™"
(School of Environment & Safety Engineering, Changzhou University, Changzhou, 213164, China)

Abstract; This paper aimed to investigate the performance and microbial community of denitrifying
polyphosphate accumulating bacteria ( Pseudomonas putida B8) in the sequencing batch reactor
(SBR) system. B8 bacterial liquid and B8 bacteria powder were introduced into SBR respectively to
construct new type DNPAOs-SBR sewage disposal systems (liquid type A and dry powder type B) ,
with a traditional SBR (type C) as contrast. The performance of these three reactors under
anaerobic-anoxic conditions was investigated. The results showed that the chemical oxygen demand

(COD) removal of all SBR reactors was above 90% , while the mean removal rates of nitrate in A, B

and C reactors during 49—77 days were 61.62% , 68.58% and 26.72% , respectively. In addition,
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the mean removal rates of total phosphorus (TP) in A, B and C reactors during 62—77 days were
53.66% , 55.45% and 46.61% , respectively. The kinetics of TP removal under anoxic conditions in
A and B reactors followed the first-order exponential decay model, with the kinetic constants 1.2584
and 2.0379 at 71 day, respectively. The polyphosphate accumulating microbial species in SBR were
also analyzed, and the dominant bacteria were Actinetobacter haemolyticus, Pseudomonas putida and
Alcaligenes faecalis in the system A and B, while the dominant bacteria were Actinetobacter
haemolyticus , Alcaligenes faecalis and Pseudomonas alcaligenes in the control group. The denitrifying
polyphosphate accumulating microorganism B8 put in the DNPAOs-SBR systems ( A and B reactors)
grew well.

Keywords : denitrifying polyphosphate accumulating microorganisms ( DNPAOs) , sequencing batch
reactor (SBR), DNA exiraction, strain identification, phylogeny.

JAH AR BT ( DNPAOs ) J2A7E IR A IR SR I, T B AT 22 58 B &4 T BRER UL, [R]t
AR N 1 22 SRBEIR EL 40t B W BT B K A v AE B S/ - S8R B v DU S R s 1 L 1 32 14
ISR B DNPAOs 2 A4 W3R fEBREE (EBPR) T. 24 R B IIRE R 2 — , Jr it XA 9 S i 2%
(SBR) J£REMEIZ1T EBPR W5 /KT 20 HA 1247 I ARG el Mz 7488 BRSAIC | 7 i A Y
Peas, AT AR Z /N AL TR AR S8 SBR I P15 e N PRNR 2 A SRR TAT  S A 1 4t v A Ak 20 o, H:
ML a4 RRUR , 75 SBR AbFHE 2R 55 [F] 26 T AU SR B SSCR B AIR IE AR A 6 SBR A BR B IF 5 T Z A vh
FLATF 2 41 : (1) R BEBRBE SBR P DNPAOs A= 92 5E , BI T RE B AR I 18 40 35 Al W g 45
FIWEFE )5 (2) SBR {& M5 JE M DNPAOs 54 S IML & HGEm R = W5t 7 78 DNPAOs R i , BF
FEANN DNPAOs 524k SBR i AU SR BAERCR SN A Yy Rl i b

ATRGCHRUT AL B VAR AFULT B0 I T 2 45 DNPAOs-SBR 13K AT 46 i
IHEAT AR Y SBR 15 7K AL B R GENE Rt A AT , 43 S 5 AR DR A - A PR B i oxt 27K o TP NO; il
COD By LBR¥rME TP [k 3l 712 S SBR WIUZERI R E 708, LI A SBR A= 438 4k ( Bioaugmentation ) flid
REREBE T 280 Stz 7S % .

1 #ES I ( Materials and methods)

1.1 3G TR IR S 52560 K

TEPETS U B T AT TS K AR BT [l 5 e A SE g {5 e, i 5 KA BT Ab BR Y5 OK T 25— Ui+
P+ i+ =PI B AR B YG K B N BN K, H AR BEEE 30 J7 0.

S K S TE AKCR N TBCH R K (pH 6—9) , Hify 5 M R 2= PR 55 S B0 A8 A F8 i R K, B4l
K B s /b 1 Na, HPO, 5 F RKIR-A L K BHE PR AN 1 .

1 SIHAKK

Table 1 Quality of experimental water

F845 Index COD TP NO3-N NO3-N NH;-N TN
L

. 420.15—971.04 5.50—14.42 1.24—1.74 0.57—1.92 1.92—2.14 3.82—5.65
Range/(mg-L7")
a1t

2 746.06 7.91 1.47 1.29 2.03 4.71
Average value/(mg-L™")

1.2 HEFp

JAEAL R BS (A% AR MR |, Pseudomonas putida) , 7385 H G R K5 /KA PR A AL H1 A N
TEPETS YR, KRR © 2% i [ 33 ol 4 0 T (A O 98, PR 2 5 CGMCC NO.9168.
1.3 SR i A sl 700 R0 R TR 5

B8 WA A4 oFF BS HEFP T pH {E M 6.5 BYIIA PAM B3R B IRIREE N 30 °C Fhd N
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120 r-min” 25 FIEFE 20 h, BPHI45 2 A5 Poly—P F it (1Y B8 WA (16 TECH 6.25%10—8.55x
10" cfu-mL™").

B8 TRy A 1 4 FF 20 mL 5 Poly-P #5011 B8 B AN VG0, 5 VE 2 WE M 20 mL 2R A
M FREE (pH N 6.5) HAE WA 5 g KW (525K 4.25 g MEKHK 0.75 g) , B 2 mL
PAM EEFEWE, AR IR (RLBE 7 30 °C ;553800 120 romin™") AR EE 8 h, 55 i M4 25 C B HHt T
2 HEACRALT 5%, BV TR BB 7 (6 FECH 1.75%10°—2.48%10° cfurmg™").

L4 5 RYIME S Hm

APV E 3 SBR, BN AMAE 4 L, 05458 A B C.H T A SHH AR DNPAOs-SBR 57K
AEFRFRSE ;B T K2 DNPAOs-SBR V5 KA R ST ; C WAESE SBR {5 /K AL B AR S8 (X HEHT) |, & SO 43
BIHEINZ 1 LIS VR,

B2 5 7K R i, DERR KBRS B T HK i, B Na, CO, I 15 V57K pH fH £ 7.0—8.0 J5 5 H.
IR AL 35 A% K 3 L EA SBR R R T T5 R 55 5 5 911k, 9k BN HEUe , HARSE: R L
2. 50ekER 1—2 JE )5, o1 WLi5 e AR G, B IR 4, SV, . COD ZBR% TP LBRRRaE T
26% .82.87% .16.45% , = W5 I 5535 1 2.

HEAK R IA) A SN A H AN 12 mL ARSI B85 1n] B S g N4 0.45 ¢ T-¥y BT B8 ;5
WHHEVR A 25 5207 2575 U8 455 BE B T 4E R 7E 15 d 2247, 15 TR 29 8 2.21—4.92 ¢- L' (F#5 3.98 ¢-L7').
SBR iz T AE L 2.

R 2 SBR BB fFHE A A

Table 2 Running mode and the practice of bacteria—throwing of SBR

T 1 4NEA Single cycle
e B
L SR wme o Em BUNOTN
%S RS T . . o
A . (FEN fi 1] Bt . o - Wty . ~
Serial Operation . . . P& Ja) B Ul JRIRR
Operation  Single cycle  Biomass/ . . . Initial . .
number name and . . Anaerobic/h  Aerobic/h Anoxia/h . Precipitate/h  Aeration/h
days/d time /h (x10")/cfu concentration/
mode
(mg-L7")
15l
AB.C BRI 1—14 7 - 2 4 - - 1 -
AR
A o
% " &E] 7.50—10.26
B MrBRE-  15—4 9 2 40—11.90 2 4 2 10 1 -
¢ EbE A
PR 10(45—
A CHR L 7.50—10.26 ﬁ#ﬁ%)
BEIRA- 4577 7 8.40—11.90 2 - 4 S(56— ' 0.5 0.5
C LR — ,
B 7 A
SBRiZ15 1 KB A7 1 AJAW], HARHF R R & Running mode of SBR: 1 day to run a cycle, the rest of the time to spare.

1.5 Mk

KI5 3R FH ORI AR W AW k) (SRR ) ', Hodr COD 0 52 SR 2 6% 1 ekt 4% 4]
TH AR, TP DU R 2k B R BT i SR B B0 2 Y6 BE L, NO S -N I SR AR IR 1) 28 9 43 G BE k.

VG RFE RN E + SV 4 5 SR AR , MLSS 7 R H i 1k

WA 5 - PR ] SBR H BGE PETS VAN A PR A | R 0.9% A BEER K A 7435 LU AR 1
2107 WU BRE T 200 0 B B L PAM B3R 3E BB T 28 CEIER M RE 3 d,
PEBCTAR F M A A 30—300 4B 7% 1 F-AR A T VE THEL, IF B[R B A5 B0RE 5 A5 3 AT ATHE.

DNA $EICR [FIEPE 24T DNA $2HCR 58 i 2 9 TR BRAA R 240 8 41 DNA S B0 7) £&
(BSOAEARY) A4S R ] 16StDNA #% 1 R4 H 43 A, Hoh 1A 16StRNA-PCR 434 ir R FH 519 43 51 h
27F F 1492R, B 1K 16SrDNA-PCR ) L W 4K 2 A 50 L (25 pL 2X Taq Master Mix, 1 pL 27F, 1 pL
1492R, 0.5 pL DNA #i47,22.5 L ddH,0). = 554 PCR § 3448 95 C #iAEPE 3 min, 94 C A5 1
1 min,55 CiRK 30 5,72 CHEM 1 min, 25 2 G BROGER 30 K, P 72 C HeZ&AE A 10 min, J=4)
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4 CARATF, JG 82 PCR AF i Al SN PP 2246 i 26 75 AR W B 2GR PR A W) 52 1.
2 ZER 51718 (Results and discussion)

2.1 SBR(A.B.C)RGi5 W B4t ot

TESS 45—77 KN ,SBR(A B .C) ZbFERSE COD ~F-¥ LBRF53h 94.47% (93.31% F1 94.75% . 745
49—77 KW, il RAE TR 5 min FIRAEZE I (RI 2 h H7K) COD MR ARl 15, A Fl B SN #$ 75 K48
BERTJE BT COD 2 B5:R 4313k 28.08% F1 27.29% , 1iif C 53k %) 55.17%. Al fig /& C 5 SBR N K W5k B4
A NO; , Bl HAE DA BT 2 COD K BRREw, HEM i H2A B8 #E A SBR N & %BR/rJE R w4
A1 5 ST A SR B T A PR AR B e U A s 4T TR B wT S SBR P SR PR 40 1 A KR TR A 3 TS
Te PN R B AL 49—77 KN, A B 5 C 5 SBR i NO; I E BRI K 61.62% .68.58% 5
26.72% . 7655 62—77 KN ,A B 5 C 5 SBR ) TP ¥ L FRZ 05124 53.66% .55.45% 5 46.61% . FE5MN
W B8 YEFHT , A Fil B RGERY BRBER LR 5378 7.05% F1 8.84%.
2.2 FEHERIL SBR DA B
2.2.1 SBR AR ST

M 1(a)  (c) . (e) ATH TEIBFTIRIE 26 CHISE 45 KN, A B .C RS REI L DNPAOs [R154:
TE, HAE M i 4 N 29.37% . 31.03% F1 26.24% , & 1(b) . (d) W8, fE 18 TR 26.5 C 1)
5577 KINL,A B RSG5 SBR KB H B i DNPAOs BRI5HREAE , HoA: bRk 4 518 32.07% .35.20% , B
BOHAR LBRFIIAE] 100% , 111 C REM AV BRBEE A 16.76% M5 R KR EH 23.74% .55 45 K1)
SBR AT X 0 45— 4% B B B AL AR 55 77 KA SBR B AT % 7 55 4% i I B AL % Ry o DR 2 —
BB BRSO B2 SRR AT B2 4 h FREeip SR BS P (F2 IR IR 55 7% 4 ) A % 2F 1M 20 SBR
SRAL R Y3 A1, R TRAL S ) DNPAOs 76 A 51 B 5 SBR G HETS e NS 35 A RIS & HHIFEH
S A A AR 20 TR A A SO Y S A A S SRR T I 58 8 DNPAOs 32 F BR . PR e 4 I o 48
W C RGN ESRBRE AL S G PETS VR | IR A0 AL L B o W IS e A oy 4 B ) o G s e Y
R I i A SR B A RS . 1T 458 B8 BBk A 51 B 5 SBR LA BRBEE AT - 16 P15 Ve 2 2 BS
TR REMR R R AE 8 U . PN R S A AL B e SMNJEME BS TR Bk SR AL R B AT K B8 AR AT A 51 AL LTS
TR R TE P S A SR B A B L R KON, S ANHE B 2R G P IR A T 7 AR B s 4%
2.2.2  #HEA SBR RS EABRBE 5h 1 2R

M 3 LA S5 aT LU Y, 2R TSR 2 2 B 7 i Ak S 80 FE A 1 065 e R R4 mT 35 51 0.99
DL b 4 DT R AT DU AR A S A DNPAOs-SBR 1 B 5145 %) DNPAOs-SBR 7 B4 [ B 14 TP
W R, I FF G — IR O . SR 3 IR FESE 65 Kz A7 i, B Jmys 4% B 700 0 143 B 751 1) i
W R AHIT , H K, 20 300h 1.2658 F11.0934 7655 71 KT ia A7, F5 0014 B ) e ol i S A b ) L K oA
2.0379 , BN A4 T8 ) W il R A 18 K, Sl 1.2584 HEMN R 2. (1)B RERERR T A 5L
(5%—8%) , (2) FES 71 RKBf FLBOWERAT B R G/ H3 B 70 AR A RS 1 15 Y A P 2R, AT AT B8 TR
TR B E B ARG Wi ok R, £ @5 0 A EM H Rk SBR BRTS R T B 35 2 I K 2 W A it
ST Fn R R AT A SOk S R AR AR 77 R 3G T R TR E R RMERN, S S T RN
HERRFRAE TP AR AL A2, RO AE MR A BT A 8 it i TP 25 B R i 8 SO i 8 400 5 A R RAIR.
2.3 HESRIE SBR RGME AR AT
2.3.1 SBR RGN T

TEMTS IR TR A W T RE S AR A IR B 1A & M 5 R B 1 TR I 50 WL 3% 4, 75 66 R BOMRAR 1
FIFT R B A SBR 16 M 15 U6 N R BB ECRE AR, 58 75 REFBUINT M BRI B REEHE TG W&
RPN, X0 LIRS 65 KT A REMBEHA K, F B RGN KA ;5 71 KRB B REEM K, K
T A RGN K, LA S5 AR
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X —=— COD —~—TP —— NO3
180 3.0 2400 45 145
160 Egﬁﬁb- h %Q& h IS O;/'/' {7 Lanes ) ’
R [ Anaerobic phase —Anoxicphase _—al,s ] Ree Anoxic phase 140 140
T, 140 < ‘ 14 200r Anaerobis 155 13s
& v ~ 112 = = —~
2 120f T {22 IR Theop R —. 130 =~ 1307
S 100f .m0 B o v 25 2 Jas B
g 1oor 1152 13 £ Enof N S E i E
o 80r TRA— = g 3 | 120 £ {20 3
60| . /_ 1107 16 = O 80F g - 115 & 415 #
40+ 14 [ Adding A i i
ol Aiding / \' . b 40F  Dbacterium li- Tos los
¢ L . .
0 bacterium ) ] ) 0 1o 0 r— A ; " Jy 1y
0 1 2 4 5 6 0 1 2 3 4 5 6
t/h t/h
c d
180 3.0 240 45 1
o~ BB Ji6 NP 7N T 4
160 [ v Anoxic phase y, — 500 Tﬁﬁﬁb' Anoxic phase 14.0 14.0
~ 10} Ri%‘%‘ S L N\ phase N Ps {35
T Anaerobic, 112 . ! V. = z
= 1201\ phase v120 _ o~ £e0f \,\ B0 {304
g T 410 4 = - v 20 &n
E 100} a W & 25 £ 425 £
a 11.5 20 18 = =] 120 = </,,
8 sl \ gpE E og Lo g
O ——— A = g [ A = Z
60 {10z 1 2 9 sof fis o s
]
0F o e— los 1 ol Adding . 110 1o
20+ bAadC‘::;lgu m \ : iy F bacterium n \./-_ 0.5 os
0 . . . . . LI Jo 0 Y S . LS . Jo Jo
0 1 2 3 4 5 6 0 1 2 3 4 5 6
t/h t/h
e f
180 3.0 240 R o 45 145
A 116 o
160 '\/' //ﬁjgﬁﬁﬁ 25 1 200 | Anaerobic phase Anoxic phase 140 140
T: 140 Tﬁ%b Anoxic phase 14 = _ 135 . {352
2 120f \ ot 0 120 Tie — \c\oiv/'-s.o R Y
< 100 - Joz 2 A aas 2 1,5 E
o {15 & £ Ei 2 E 1 E
S sof :\ 5::'8 ‘<25' g {20 & J20 8
60k \ 1105 46 O 80Ff 115 415
40k . {4 r J1.0 i
s __— \. los 40 [ e S e 1.0
20f . . ———a 12 3 . —u Jos  Jos
0 lAddmg llaactenm‘n ) ‘\! . o 0 IAddmg Ibacterm?1 . ' Jo 0
0 1 2 3 4 5 6 0 1 2 3 4 5 6
t/h t/h
E1 BIMEIAEBIEN (o) THRRER (c) RXIBRSG () 7656 45 4 JH N AR AR B R (b) |
B AU R 57 TIRARS 55 77 A JEWIN COD TP \NO; AR BEAE 1k
TR BITET (d) Sxt B ARG (f) 7E5S
Fig.1 Chang of COD, TP and NO; concentrations in the liquid agent adlittion (a),
powder agent addition (¢), control system (e); during the 45th cycle, and liquid agent addition(b) ,
powder agent addition (d), control system (f) during the 77th cycle
x3 TP LB FEMIEECRE R
Table 3 Data fitting of TP removal process with exponential decay equation
[ = Y
. KRB MOERR - HOCRE S A
Fisf ] . SIpAEE Yy Determination Correlation Kinetic
. Temperature Serial . . .. - .
Time/d Kinetic equation coefficient coefficient coefficient
/ C number R? p K,
65 31 A §=3.1270+1.3910¢ ™ !-2658( 1 -0.0060) 0.9989 0.00367 1.2658
B §=3.3882+1.4200¢ ™ 1034 1+0.0200) 0.9921 0.00874 1.0934
C _ _ _ _
71 27 A S$=2.5806+1.6283 ¢ |-2584( 1 +0.0098) 0.9964 0.00857 1.2584
B §=2.3555+2.6253¢20379( 1 +0.0050) 0.9951 0.01666 2.0379
C _ _ _ _
77 26.5 A §=2.5410+1.8941¢ 67 1+0:0259) 0.9664 0.02826 0.9679
B S§=2.4443+1.9679¢ 085001 0.9790 0.00076 0.8500
C _ _ _ _

SH TP BRI, mg- L' ;¢ A BRENTTR] (h)  R? pk e A, Tt o, HAEBEGE 1, RG24 R8s P MR, TR 49, 4
P<0.01, RN 52 BEARKCN 5.-18 % R2 13K, TLHEHLA.S is the concentration of TP, mg-L™!; ¢ is the time of anoxic phase, h; R? is
non dimensional coefficient of determination, the R*-value below 0.01 indicated that correlation was significant; sample number is 5. The symbol of

«“

-7 represents the R*-value is too low, it also indicated that the value unable to fit.
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Table 4 Variation of phosphorus accumulating microbepopulation in the activated sludge during operation process

SRR i 22

PN i SN 7% Gt 5 g3 . .
Days/d Serial number Biomass( x10°)/(cfu-mL™") Mean }zlomass/devuitllon
(x10°)/(cfu-mL™")
A 7.60 9.40 8.70 8.57/0.91
66 B 7.40 7.90 8.40 7.90/0.50
C 0.07 0.07 0.07 0.07/0.00
A 10.20 8.20 9.20 9.20/1.00
75 B 15.90 14.30 15.20 15.13/0.80
C 0.34 0.31 0.29 0.31/0.03

2.3.2 SBR RGBS M

PRI SBR &G U N BEAE R T M R BRI B TR AL RVA 28 3 IR B alifh , 2L 6 MREAR , HA o i 2
[CRATE T, BAILE SBR I AE#Y, 43 31475 & SBR-A-1 .SBR-A-2 SBR-B-3 SBR-B-4 .SBR-C-5 .SBR-C-6, Jf:
VER e — 5N 4.

%} SBR-A-1 SBR-A-2 SBR-B-3 .SBR-B-4 SBR-C-5 SBR-C-6 #:47 DNA $2Ht PCR ¥ 14 J2 I 5, 3F6¢
B WERIT 914258 & GenBank 4T BLAST, 5 € F1A AR T LT, 9 8 R E (b, 45 S an &l 2
7R,

Pseudomonas putida strain IRQBASS (HG416957.1)
Pseudomonas sp. PDR15 (JN934395.1)

43| Strain SBR-B-4 A

Pseudomonas putia strain E1-4(KJ958211.1)

Strain SBR-B-3 A

Pseudomonas putia strain B8 A A (AMINEIE)
Pseudomonas sp. LM24(AM913888.1)

30l Pseudomonas putida strain 1589(JN679854.1)

64| Pseudomonas putida strain IMI(FJ472861.1)
Pseudomonas plecoglossicida strain 2-3 (EU594553.1)
54 Pseudomonas putida strain W30 (GQ303714.1)
Pseudomonas alcaligenes strain AVO 73 (EF153394.1)
Strain SBR-C-5 A

166 100} pseudomonas sp. R6 (GU566346.1)

65| Pseudomonas alcaligenes strain XGO1 (KP738611.1)

53

Pseudomonas sp. HS-N62 (HM543464.1)
[~ Acinetobacter sp. MA2 (JF828050.1)

[ Acinetobacter sp. GXAS (AY902243.1)
Strain SBR-A-1 A

100

85
Acinetobacter sp. DS1 (KF300530.1)

Acinetobacter haemolyticus strain AR-46 (AY586400.2)
Alcaligenes faecalis strain 10UPMR (KJ748585.1)
é;[ Starin SBR-C-6 A
86| Alcaligenes faecalis strain CD23 (KC492051.1)

62| Alcaligenes faecalis strain 3911 (F1665504.1)
49

Alcaligenes sp. SR24-2 (KC710226.1)

2 Alcaligenes faecalis strain DZ2 (HQ202537.1)
Alcaligenes faecalis subsp. faecalis strain HNYM2 b (JN999870.1)
34[ Alcaligenes faecalis strain UG3-MRL (KC128844.1)

14 Alcaligenes faecalis strain THB B 6507 (KF475853.1)

strain SBR-A-2 A

0.05
—_

B2 SBR RZE 6 RILHE Y 16S rDNA JF41 5 GenBank ST 411 3 51 HE (LA
Fig.2 A series of 16S rDNA sequence and phylogenetic tree of 6 dominant bacteria in the SBR system
and GenBank bacteria in the most similar sequence
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[FIVEPE M M R G AR B SBR-A-1 28 %€ % LA BT FT 1 (Actinetobacter haemolyticus ) , SBR-A-2
F1 SBR-C-6 4] %5 5 A 2€ 7= i B4 ( Alcaligenes faecalis ) , SBR-B-3 F1 SBR-B-4 ¥J %5 5¢ “Jy W 5L {1 P M 14
( Pseudomonas putida) ,SBR-C-5 %5 N =B 5 il B ( Pseudomonas alcaligenes) , H:' SBR-B-3 . SBR-B-4
SEVI S SRS

HRAE SBR AT 73 A 1 SO LGS, A FI B ZRGEH i e 34 TR AR UK 2 V8 AN ShAT T 0 R A P i T R
PR 5 1Rt LR RAEE C ZRGEHh i U TR 2 MR 18 1A ShATF TR 367 8 1™ Bl B0 7, HLHG
PN SRR A TR S B Meltem: Sarioglu 41 A7 45 68 w1 B AE ) 1) 3 2 B FP A2 A Sh AT v s A S i
PR AR IR 1 o E AR R € ZR e P T U P T R A B PR A /I A MR R L
B B8 HAMA A B RGN G K A DI ES FR A A % R AR ST SBR-B-3 1 SBR-B-4.i i:d 5 {42
£ REEFNXE N SBR 384T /K BT IESE BS B AT AE A il B RGN A K & E ek T A R i — AR sh#F
SBR-A-1 I %5i.

TESME T B8 S5 T5 YR A L5 /K AL B 28 58 L SR X Al A= A s 40 BT S e Wy S B A
AR 2 DR AR T AE S8 th B AN E TR B8 AHXS T MR V5 VeI 1A TR HE IR T AR R B H 5 A
PEVS VRS H B8 #£ SBR PNAR LAZH sk e ik T 5 B8 A% 11 R )7 51 [m] s 1tk A — 350 %) P IR o R A 4, 3 A%
PR A SBR SR SBR Biri5 i A — 3 /N 5 7K A B R 0 A AR P A T 6 AR ITA AR 5 Y
HHL I, X 5B A5 RN —3 e H R RN A 5 K A B R G P M REVE SRR AR IR
BN RS AR L V5 /KA B G P A WU TR i R 2 RE R R R, ORI E W R I 0 A= D
SOETi7 A

3 %5 ( Conclusion)

(1) ¥ B8 BRI T B 700 43 551 A SBR, ¥ i A %Y DNPAOs-SBR R 4% A AT #3 % DNPAOs-
SBR 2% B, IAFEH SBR 240 C AR 1E4S 45—77 KIN,A B 5 C 5 SBR AF RSt COD “F-H4 %
IR 90% .55 49—77 RN, A 5 B REEH NO; 35 Ak 3 BR 25351 34.90% Fil 41.86%. 55 62—
77 KWL, A 5 B RG1 TP SEH4 3L 5B R 7054 7.05% £ 8.84%.DNPAOs-SBR 4 T A # # ) SBR A
AL EBRBERCR , 25 65—71 RNFEEHLA 70 Hr B DNPAOs-SBR 7EG A B TP i B2 47 & — s
B

(2)3# 353 B 4lifk, N SBR Wi 15 6 Bk WPk, 43l 4ir 24 4 SBR-A-1,SBR-A-2 SBR-B-3 SBR-B-4
SBR-C-5,SBR-C-6, 5 DNA #8250 PCR § 34 UL I 77 $f- 4 R 3R G2 & 7 A4 2t , ff o LD I 430l S 135
MANBIFF B 2 AT % S M T % SR S B B AR B ML T 2% B, JEh SBR-B-3  SBR-B-4
EAMINTEVR B8 4% & AR AR SBR 41 B& 73 A1 fE WSS A RVRT T 83 4 DNPAOs-SBR 1 (i L340
FMUE MASSIAT B W AR M TR NS Bl o 5 TR AR SBR 5 D035 TR KU 5 INLAS ZhAT 1 L 36
77 B R AR B M B B B8 T 7E MR S %) DNPAOs-SBR I T 83 %) DNPAOs-SBR A AT A= K 5 42 A2
T BRI RBE I — AN SIFF I SBR-A-1 B ARG AT 2 SBR AE Wi A A R BE T 2% 1 5tz 1742
5%
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