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Abstract; In this study, the sediment cores were collected from two areas with or without vegetation covering in the
intertidal zone of the Yellow River estuary, in which the characteristics and functional differences of bacterial community
were analyzed based on real-time fluorescent quantitative PCR and high-throughput sequencing. The mainly environmental
influencing factors were also explored. Results showed that the bacterial abundance from the vegetation area was higher than
that from the vegetation-free area. The richness and diversity of bacterial community increased with the depth in the
vegetation area, while they were the highest in the sample of middle layer (14—16 c¢m) in the vegetation-free area. The

shared dominant phyla in both areas were Proteobacteria, Chloroflexi, Actinobacteria and Acidobacteria. The dominant
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genera were Bacillus, Ochrobactrum, Amycolatopsis, Sphingomonas and so on. The results of correlation analysis showed
that salinity and nitrite concentration were the main influencing factors of the richness and diversity of bacterial community.
The functional prediction analysis showed that the processes of bacterial membrane transport, amino acid metabolism and
carbohydrate metabolism in the vegetation area were more active,, while the processes of bacterial DNA replication, repairing

and energy metabolism in the vegetation-free area were more active.

Key Words: Yellow River estuary; intertidal zone; bacteria; community structure
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DR 2 em BRIFSIEATUIE], e TR M R A LR HRH 148 67T -20 CUkAE, B EXRE 5 T-80
CHRAFE, T DNA P4, B RAE R 5IHE— IR BEEZ R 40 em 9T, ZEH VI LI H Rhizon 1S8R
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1.2 IS E I E

FIH Multi 3620 1DS 257K JFAG A (5 ) ) XA [ R 8 SR A 1) (R BRK AR 1 pHL R B EA T 34 00 2 5 1
F R A 3153 HT (Quaatro Bran-Lubbe Ltd.) X[ B/K rP iR Eh P AHFR SR | B 55 AR IR £k VU P s 552 48 & f it
T RE 5 1] Bk a7 R AR 5 A0 3 2 ) i 1CS- 3000 5 1 (233%4% ( DIONEX, USA ) #4722 .
1.3 DNA 25
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Fig.1 Location of sampling site in the intertidal mudflat of the Yellow River estuary

VT AR Vegetation; UT: TCHEP Vegetation-free

AR ZH DNA #EAT 32 L, 2 B0 & iy BB B R A7 #4023 )6 0% B 3 (Thermo Scientific,
USA) XU DNA FE R AT 5 52 A0 3 B AG 0 , 0 45 4% I, P R R I 22 (0—2 em) (IR EJZE (2—4
em) P2 (14—16 em) FUEKJZ (28—30 em) A DNA B 2% 005 23 7 247 5 3 B
1.4 Tlumina /5 7005

DIZEUAY DNA 4 PCR #E4, A A I FE 45 % barcode B9 514 338F ( ACTCCTACGGGAGGCAGCAG )/
806R ( GGACTACNSGGGTWTCTAAT) ' Xif ¢ i 3L K H bk i BEEAT 34, 9748 251444 . 94 °C, 10 min; 94 °C,
30 5355 °C,30 s;72 °C,45 s,27 MMEH ;72 °C,10 min, B3 85 24008 A 45 9 PCR P28 H T4
FE P SO, {8 A Tlumina Sequencer MiSeq Il X317 2x300 bp A9 Xm0 7, A QIUIME 5144 X v 18 2 0
JF LAY R LG BE A TR, RS BE /N T 160 bp B AFAERR B8 2L 1 7] 817 5], 75908 F USEARCH Xk & 14
FEANHEA TR A I TSI , DRSS B A R0 50 ) B, T3k 45 0T T /e 82 M e 7 51, ffF USEARCH
BAEXS BRI FRAG B FF 8 LA 97 % (4 5 51 AR BLE 3447 U5 - F1 AT #8:4E 43 25 BT (operational taxonomic units,
OTU) Xl 43, #kik 454~ OTU 3= IR @i P S K17 OTU AR IF 51, H RDF classifier 415 Silva $it4i 122
FXF HEA TR, ML R S243HT
1.5 SEEPZOGE = PCR A

FIH qPCR XA A B A TCAE B 6 S BF 5 X 08 0—30 em B 55 BR 2 em B9 3ERE 5 40 T 32 B 3R 4T 700 2
B il 20 wL i) qPCR KWK Z .10 wl ROX( FastStart Universal SYBR Green Master, Roche, Hi-t) , 1EJZ [ 54
(338F/806R) 4% 0.6 pL.,0.2 wL A~ I & F1,6.6 wL #HBLI/KFI 2 wL DNA i, S EERBEE 3 A FAT508,
ARSI INBAYEST B REAE ABI7500 %856 5E B PCR AL b EAT , e W 454 % B 7 :94 °C, 10 min; 94 C,
30 5358 °C,45 ;72 °C,1 min,35 PMEF;72 °C, 10 min, 27 25 55 38 10 445 Al 1 48 20 0 14 1 e S e 9 )
2% B BRI FL UK A BT B R
1.6 PICRUSt Zhfg i

PICRUSH J7 5L T 0 W 40 14 56 5 2H 9 16S rRNA 42 K 8 51, #f W7 1 A1 e ] 45 56 14 56 A o g 33, wof
Greengenes 45 4 v L& A0 4 1) 56 181 Ty R 33 047 44 DRI, 440 S22 o1y 1 R 40 R 3 4 i 2R 11 35k PR D B T 3%, e
e 5 DO 5 ) 1 P 2L Wt BB e o S O R A I T BB A T
1.7 BdEsrpr 5k

FIFH EXCEL 2010 1 Origin 2018 X 52 56 ¥0H (240 04 =F B BEVE 2540 ) #EAT 0020 b 38 S5 ], @ i SPSS
Statistics 25 X BRI TR Z I 22001, WA R 3.6.1 84« pheatmap” F1“ vegan” B2 ¥4, , X 41 15 J& i#F
FFREIFL R ffi H CANOCO 4.5 B¢F X 38855 [H 1 5 8 % 25 44 95 47 3138 X5 B 43 #7 ( Canonical

correspondence analysis, CCA)
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2 ERES

2.1 HEEHTFREIE

SXoF B YA 80 TR [ Bt /K o BRISE DR 7 0300 5 435 0 DL 26 1 TSRS DX el 10 3 447 s 10 FR A % 8 1) 4 o
REAR, A DX IR P B AR A T 8 2, 3R )20 35 FRREIR 20 417, pH (HBEVTRWIIRE AR IR/,
FAEWE X pH (B4 7.73—7.88 , TCAEHL X1y 7.18—7.44 , BREREL He FBE AL w37 4 22 5tk | 3 (P<0.05)
FETCAR B X IR B A T 17.40—28.79 mmol/L Z[8], T AE A A IX 35k, 28 29 5 5135 69.89 mmol/L, 2 K% X
WA Y 100 fi5 . Sk AR SR AR IR £ 2 B (R 3 BN A5 AR DX 3 s - JC M e X3k

x1 HAOBEFEBFKEXLSH

Table 1 Physical and chemical parameters of columnar sediment in the intertidal mudflat of Yellow River estuary

WA e RE s T e PRI
Surface feature Depth/cm Sample Salinty pH Sulfate/ Ammonium salt/ Nitrite/ Nitrate/ Phosphate/
(mmol/L) (wmol/L) (wmol/L) (wmol/L) (wmol/L)
AR 0—2 VTI 35.00 7.80 69.89 231.57 0.37 0.32 1.57
Vegetation 2—4 VT2 30.00 773 2.29 339.92 0.11 0.25 0.21
14—16 VT3 6.51 7.78 0.69 177.53 0.04 0.38 0.20
28—30 VT4 4.17 7.88 1.54 80.42 0.04 0.21 0.27
TorH B 0—2 UT1 22.70 7.18 28.79 130.75 0.07 0.72 0.02
Vegetation-free 2—4 UT2 21.71 722 2.27 113.19 0.17 0.78 0.01
14—16 UT3 14.84 7.44 17.40 4.82 0.07 5.10 0.13
28—30 UT4 14.14 7.27 24.17 38.94 0.03 0.62 0.01

2.2 YW 16S rRNA K 257

N JZ A L 5 R 2R )25 A A DX ) 240 7 = 3 e 50 A1 T (L 2) mT AR 40 8 = B AR AN (] IX s A [
JEA ARk AP DI, 0B T B V(B R B T 2, 32 IR 2 35 B AR AR, A AH R R B 1 TR
i o 200 A B A A DX b O e DX R AR B XS A R B 3.55x10°—1.29x 107 #5 DL ¥/ ¢, JCAE
Bl DX TR =F 2R 5.76x10°—4.23x 10° 48 DUEL/ o, 6 W A A4 P 458 AT LA A 440 81 2 48 B8 35 P ) A A7 0 R e 3R
Bi, MO B PCR F=HEA T A0 BRI v Tk 45 5 Sl Y S B () PR DA 38 (0 R Sk (181 3)
2.3 YR 2R

JIT A it v A 0 ) 7 5 P X R T 96.14% , U RN P TR B 36 T R 280 AN B R, SEAS BB A B LA i
AN REIE G B, 2R, 8 MRER LIRS 126647 254 5UTH1, 97% (ALl 1 5 25645 3] 12070 4~ OTUs
(F2), TEAEGXIEITERY H, F & EFEE Chao 1 f1EZ 2K JZ BN, Z M +5 %% Shannon 75K )2 F#
it PR R o JOATLE DX SO R v AT R R 1 B RN R TR TP AR S R I IR

®2 FEAOBEFERTRYAEN o SHEES

Table 2  a-diversity indices of bacterial communities of columnar sediment in the intertidal mudflat of Yellow River estuary

v - " P 45K " s P "
HhFRHE 135 FE Sequence OTU M4k TR SRR HwE
Surface feature Depth/cm Sample OTU number Chao 1 Shannon Coverage/ %

number
EERIEsD 0—2 VT1 15931 1000 1000 6.34 97.38
Vegetation 2—4 VT2 16094 1556 1556 9.12 97.33
14—16 VT3 15749 1874 1879 8.99 96.14
28—30 VT4 15685 2735 2917 10.38 96.37
T % 0—2 UTI 15852 2011 2215 8.75 97.42
Vegetation-free 2—4 UT2 15883 1888 2000 9.00 98.77
14—16 UT3 15836 2514 2690 9.92 96.96
28—30 UT4 15617 2214 2416 9.77 98.34
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oA R (UT2) 9 B 34 2 S5 T (28.1% ) VT \\3

BRI Z A1, B R Gl AR 5 B2 e e 2 S AR IR TR, R 15 L P

28. 4%—49. 6%, Wi > B 5% X 3 U1 B W v R AT R

(Acidobacteria ) 4 FH X 3 B2 #0042 i 5 % 52 104 185 i 1fg 344

Jne AR AH B T THE A FE b AR = B R 22 5%

Hr AR R Z A (VT SHERER 22508

W, OGS B AE R P R, 2T

14.8%—28.1% , 1€ VT1 HAIXFFEEAL R 1.3% , i<k —/<

PR B =k 29.0% , WE A TR -2l 3.8% , IRAFI 2 5 30 =

HE RS A AR, UH 0.4%
M5 R 53 2K LA R S R A 2 HTOMESRERETRYHAE 168 rRNA EE

F AR B HELE BT 20 ()R PRI IR i EF 752 £ Fig.2  The bacterial 165 rRNA gene abundances of columnar

ﬁi‘ljgé % %}’1\‘ |7§] ( [g 5) . Z: IEJ )%’Jﬁ é 1t %%Z: IEJ 2'5 E , E)ﬁ é ﬁél sediment in the intertidal mudflat of Yellow River estuary

12 128 1 XN RE P o B R (0 B R 3 1 VT AW Vegetation; UT: ToHIBYE Vegetation-free

MYFERERAG, 25 RN, & AT 8 R R
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Fig.3 Gel electrophoresis image of realtime fluorescent quantitative PCR products

http ; //www.ecologica.cn



JYEE AT LU R OO A0 R RV S5 AR

8501

[ Proteobacteria
I Chloroflexi

[ Actinobacteria
[ Acidobacteria
[] Bacteroidetes

[] Gemmatimonadetes
[ Nitrospirae

[] Firmicutes

Il Epsilonbacteraeota
[] Cyanobacteria
[] Planctomycetes
B it

MIXFFE Relative abundance/%

UTI UT2 UT3 UT4 | VII VI2 VT3 VT4
TekERE Lt

Vegetation-free Vegetation

B4 IHRKTELEFNARRFES T

Fig.4 The composition and abundance distribution of bacterial communities at phylum level
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Fig.5 Genus abundance heatmap of bacterial community in the intertidal zone of Yellow River estuary
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o FHAEE FFFR ( Ochrobactrum ) T8 Z2AFE S S 3B E |, JUHAE A A8 3R 2 FE b AR X FE 33K 25.4%
TETAEHE R ZHE S 5 9.8%, ZF L FF W ( Bacillus ) . 181 T B T R 7 ( Amycolatopsis ) 1 5 JI§ *f it 7
( Sphingomonas ) %5 A J& 43 WIAEA [FIRE S b 2 3 W 3
2.5 Y BEA LA S IREE IR F A O B

BLFEXF LA HT (CCA) 5 R BoR (K 6) , S— s — 10
HEF AL Bt 7 REAR S IAEE 0] 41.5% 1) R85
2 3 W SH—HET A GRS = A B R T Bk s
(0.7462) FRHAEL (~0.5396) , 5555 — HEFF Ml R 36 e o | "
i Y B BT R O I R k(- 0.4518) B iR #h
(-0.5189) .

FIFH SPSS R AF 4 X S K+ 5 Z R+ 5
BE(F4) EHAFESRAEIT(FRS5) T 7S

VT2 @

NOs~

CCA2 (20.2%)

! oNO,~
Bro Hrt Chao 1 $8%UF Shannon $5 5034 5 46 5 &2 1 3% SO | VTl

A2 (P<0.05) ; Shannon TE40 5 WA B2 £k FI# FR £h 5 | euT
W E A (P<0.01) . BEEAERE WRim s fipkme 1O | U

SRR 110 LA YU R 1 A 08 7 L0 cont 10
FEPER B SN R . LT 5 BB 7 B AH G o B 46

R EBIR,ZBIE 1 ( Proteobacteria) [ & & 5 pH £ g 3 1E
X (P<0.05) ; SR TH ( Chloroflexi) SRR AR o environmental factors

A A 2 1 2 S A OC (P <0..05 ), 1T 3 4 1A NH : 84k Ammonium salt; NO3 : fif B2 4E Nitrate; NO3 : W fif B2 £
( Cyanobacteria) 5 Z #1525 i 3 1EAH K ( P<0.05) 5 ik Nitrite;SO%™ : 524k Sulfate; PO3™  BiREh Phosphate

£ A (Actinobacteria ) 5 B B2 £h FIRE R £6 52 1 25 IEAH OC

(P<0.05) ; B FT TR ( Acidobacteria ) 5% £k ¥ B 52 I 2 7UAH 5C ( P<0.05) ; #UFTF TR ( Bacteroidetes ) 5 8 $h 5 1 I 2%
IEAHSE(P<0.01) , #REE ASFREh VR SRS BAT TAHOCHE A B3 (P>0.05) o BEBTUTRRA) A B Ak 1 B X 3 A=
RETK 2tk BAT 2520

6 AEEESINEEFHRENES R

Fig.6 Canonical correlation analysis between bacterial

®3 RNREEFEAERESWTHAIANHFREBEXRY

Table 3 Correlation coefficients of environmental factors with the first two axes of CCA of bacterial community

HEF il HhE " TR Bk TR AR ER B Eh
Sorting axis Salinity P Sulfate Ammonium salt Nitrate Nitrite Phosphate
HEFPH 1 Axis 1 0.3315 0.5236 -0.3731 0.7462 -0.5396 0.0632 0.3596
HEF 5l 2 Axis 2 -0.1860 0.4696 -0.5189 -0.3778 0.3977 -0.4518 -0.0223

F4 ZHEEMFEESHEEFHEXRBER

Table 4 Correlation coefficient matrix of Chao 1, Shannon and environmental factors

o SRR R I H e eth fHAREE RIZTT7EN Ve
Alpha diversity index Salinity P Sulfate Ammonium salt Nitrate Nitrite Phosphate
Chao 1 -0.787" -0.253 -0.561 -0.799 0.411 -0.797" -0.685
Shannon -0.757" -0.165 -0.830" -0.539 0.294 -0.900 ** -0.839 "

# o TE 0.05 ZHI(BUR) AR RE; + = . 78 0.01 LB (WUR) M B3

2.6 PICRUSt HyRETt 4347

TR E A R AROR % )2 TC AR i TUAR W) v 40 BRI 9 T BB A A [) A b HAE 3 5 ) b Y AR Ak 4
PICRUSE X PN IX Sl AS [F) R B2 TTCAR A it ) 20 TR RE I B AT D RE TN (181 7) o & 2R ILTERER] 6 5% KEGG — %%
T, FH R T KT 1.0% B9 D e L KA 3R 5% {5 B AL B ( Environmental Information Processing ) | {38

http ; //www.ecologica.cn



21 1 FHEE AF T 1) UOAR W AN TR T R S A R 8503

( Metabolism) 38f% {5 B AL FH ( Genetic Information Processing ) FI 41 Hfi 4% 4L ( Cellular Processes )4 Fi, {EREH 41
2% KEGG 22 A3 i, Ho 78 B A3 #E S v A XS S BEAE 1.0% UL LAY #4419 4, W12 i ( Membrane
Transport ) | IR ( Amino Acid Metabolism ) Al 7K 166 9 1K1t ( Carbohydrate Metabolism ) 7E P 1> X 35 %)
AR B 10% ; = F11E 52 ( Replication and Repair) 5 B8 511 ( Energy Metabolism ) P 118 % (Y
AEX R T 5%, AHLLELT & WG i F | SRR Ak K Ak G A R ik A 70 A A B DX Ry 16 BRI A%
MR S I AME 52 | e A A o ) 7 TO AR B DX Sl B s BR

®5 AESNEERFHEXREER

Table 5 Correlation coefficient matrix of bacteria and environmental factors

] Hh [FiZEeN ik TR AL DIRIEi7EN B
Bacteria Salinity pH Sulfate Ammonium salt Nitrate Nitrite Phosphate
AFFE B Proteobacteria 0.287 0.775* 0.228 0.422 0.139 0.401 0.696
L35 Chloroflexi -0.486 -0.424 -0.745" -0.189 -0.211 -0.747" -0.909 **
W Actinobacteria 0.335 0.255 0.723* 0.258 -0.288 0.706 0.786*
FRFFEE Acidobacteria -0.523 -0.357 -0.244 -0.823" 0.575 -0.552 -0.475
HIFFER Bacteroidetes 0.592 0.396 -0.081 0.922** -0.396 0.262 0.222
HALIEHER Nitrospirae 0.134 -0.692 0.069 -0.137 -0.065 -0.126 -0.387
EANH Cyanobacteria 0.521 0.28 0.810* 0.375 -0.287 0.792* 0.875**

# o FE 0.05 G (WUR) AR s+ + . 0.01 G (XU ), AHSCH: b

Cellular Processes Cell mc}tiljty VT4
Transcription Bl V13

. . . Folding, sorting and degradation v
Genetic Information Processing Translation — Rl
Replication and repair B UT4

Biosynthesis of other secondary metabolites UT3

Metabolism of other amino acids [ RV

Enzyme families B UT1

Glycan biosynthesis and metabolism
Metabolism of terpenoids and polyketides
Xenobiotics biodegradation and metabolism
Nucleotide metabolism

Lipid metabolism

Metabolism of cofactors and vitamins
Energy metabolism

Amino acid metabolism

Carbohydrate metabolism

Signal transduction

Membrane transport

0 0.05 0.10 0.15
FEAF=E BE The relative abundance/%

Metabolism

Environmental Information Processing

B 7 PICRUSt 4 KEGG £ %55 hmE
Fig.7 The secondary grade distribution map of KEGG predicted by PICRUSt

3 it

3.1 g AL U AR R R A R

TP LR R SRR R B AR A R S U P A A B e T A
DU 35 T BRI AR — B, — Rk, R BB AR B 1 ERET AR Sk W AR S A B
Sy R EAR I SET S BOBRARGE A TURR L3 mT LIk S 40 T S (0 5 A R s IR W o, (e it 4 e 1 A G
FIVECAH DSl HAHES AR DX, o o A B 0 L e rP A o e 1 AR e DORR Wy v 0 A S B AR R
[i) b B AR S B R AR ) AR A a3, PR AR B e o WK A3k 7 (A0 ]l 2 SR O R 32 2 T il B AL T
FIIZCHAEN  RRE R A A AR TR W 0 A A7, PR 3R R A TR RE VR 2 BRI, B DR 3 m
IR TRE , APLBGZ I R, A St T R4 B0 AR A7 30T SR O BCE R 3 22 . T S TR 2R Y
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UMW) AR IREE S5 ARG E | (B2 i R JZ DR R 4 TR0 B ) T At e 8 | R A5 28 J2 T AR T sl D, A0 T 19 2 G
FHEZ R T FR P B B REAR
3.2 BT AP IURR ) b A0 TR VR S5 AR R R

Xt BT O 1A OB rh A P B 98— 32 B N 2 3 DG T . X 0 45T R B e SR Tk A T-
RFLP $ARAE 2] 1 b % 0K 5t ) R BAT, 017 92k 348 5L BT | 0 41 81 RIS 00 Ak 40 7 455 £l AR sa it
PCR-DGGE 77 ¥ & 30 0] 11380 ¥k 75 25 1 {0 3441 B8 A 75 JF 1 ( Proteobacteria) R AT ( Acidobacteria ) Fil— 26
SRR Y ZETE . ASHIESE A vy 30 2 000 3 AR X T 0 ) I ol A e o I A e DX sl T R 0 v 4 AT 7 45
AT TRIFSE . 45 2R IR A DO AR v A0 TR 7% o B AN A AT T JO A X, 3 55 7 A X
SGERMAR, TRERP g — N EREE b DU R, 20 e AR A R AR A A R, ABGZ IR 4
FREA B MM BAL, AR5 & B8 O 00 5 H A 28 B 1 | 2R T (Actinobacteria ) | 2% 725 B
( Chloroflexi ) FNRRAT TR 55 , iX L6 R UFAE TR Y iy WLBO AR A . ST R Al A vh B R — T 126l 7R
e 0 V) )l T AR ) B 5 4 A R T A v o e DI A 2 9] A A R DA B K L R B A 3 ] A AR
W)t 2 L R R Y R A OB 1 R A R S A P 4 R BT B o A B VR 1 60% LA L S 4
DT . 2T TR AL S 2 (0 T AN A1 REAS R T [R] 2y U 2R R R 7 25 28 I o rh gl )iz
RIR, FENR A FREE A X F B 24 2%—25% " ASBIF SR v AR TR R A AR A DX 2 SR TR R o o
e, T L HRR D = B 5 R k5 e 52 3 AR ARG R R R O b 2 B R oy 4R AR T, HL R AR A
R Al (O 2 SR SR R 0 il 2 22 30 vh B R B, AR S0 SO RTRE B DG B, 91 3 67 1) 3R 22 R
T 41 B ( Cyanobacteria ) 7 i VB JZIREE S P A&, F2R RN S A LR a, VIRY R Z 5 S
HHATEEVER , AR T HATE LR B H (Bacteroidetes ) BERS A 75 0 A ML >, ABESE & BAUAT
PRI BT 3 TR 5 i RN 2 By SR ) 00 A B U ) 85 41 A5 WL G 0 A ) ) R i, D20 %)
MRS G, SR ( Chloroflexi ) 2 ASRIFSE HAR R = BEAL U TR T 1 19 35 — R OL T , A BF S 4l HAE K&
W= A HUTE S U b o PRARE , BEAS I DR AR R A5 T I A 2R 2

ARWFFEAE A 1 A TR R B 5 AR RME E A G R . INTERZREM & R W A AT
& ( Ochrobactrum) ,/ﬁj@%? a- AR L APl R A A T ,1%%5:%@%)%%%%%@”” LT HAEER
BRACAE T RERS R 2 21 D5 2 Sy e 1 B0y ¥ e 3 00 2R 08 A3 Bt T — o B B 5 D34 TR 2R AT T
(Bacillus) j&—FPRESE AL 7450, BATAR 98 05000 RE 0 A T s, FLAE s pH AR | g 6 B8 5500 2 IR 8 T AT)
RBAAF, 1T ELZF AT 1 20 W0 i — M B REAS 70— SE X o0 60 £ 1 B IR I S I, 3 RE M A58 rh R B SRR Y
SR AL S BN TS K A A A B b ) e R R R b 4 S —— i A
( Sphingomonas) ,J& FAETE 1] o A TE WA, RERE MR DS B AL A0 AR IR 22 oo S i 1 S v 3
5 P A R 2 —

VR M - S A ) B A R 1 ) B R DR B R TR A TS Qe ) AR AR S R G E TP R 4 A
FIP 3@t PIRCUSE Ty BT A5 260 3 ol ) ()i OB R BT B E &, b B i ek Ae & AR | 0k
FR AR D RE SR A TR R HEDU R By T () DR PR A2 B K R VWS T i s i, AT BT S R 1 RS i A
IRER AT , L IR ML SN B 3 A RE T AF b A AR AE D oK A A 2 A A A I 25 4 1 T2 24y T
P2 A0 BNE W B IEC A o K AL 5 AR T LAV A IR N K A6 0 AR 1 43 e AR B A0 3%
DrRe I e g Ut B O A A i G B, 7R R DX 3, A AR B 23 43 WA L, e 38 i K AL 54 2
R I LIRS | 33 By I 25 fi a0 Bl 4 00 P R S ARG 20, DR LA e gt DX S A i K A & 1 R RN s S
AR D REBTCHE WY X I TG R, JCABL A X I 200 T A v 70 A% 1 O ) AV 5 | R o A Qi aod PR A5 Al B A 0
R, T BB i1 T ICAE AR )5 A AR ) DR | AR AT R R ) (B PR A e 27 38 A ol SO il fin i 1 B
BRI HIFME S D RE , Inpag A QI LB ORI ), DA IR AR S B b AR A R e . ABETE AN L2
Ak HA A PICRUSE X 18] 2% J2 A JAE B TUAR ) v 9 400 v B v D RE 22 S b AT 1 020 B0, 2007 B —
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SE SR BRYE AR S A 1 R TR AN T DI RE , PTG RS B A A A AT IRAIESE
3.3 BT 1AL AR I BRI PR 00 48 B R 7 B9 2 )

R HERITE IR X A U REE SR N, TR R B pH K B AU B S 1
SETACAE WA V& 2R 11 S DR 3 5 M AT DA A i A T R R A L BN e S U S
SR/NTF B pH TC R TN S5 IR 372 355 S A0 AR 7 45 R0 10 2 S TR, AN I 7 45 2R B /s 38 T 10 38 )
JE WA PRER Bk DL S 5 A0 B R v 22 R 18 SO 2 6 B AR BRI AN R R JEE AR OGP, RS )
W AR RGP E YA S E B RO P AN 2R R O B R U S E R B
TS, AT BEJE T R HE A IR 28 e 4 B o 2 S S S TR 2 Wy W i %, S B0 R e v AR 1R TR IR
Mg b L3 pH 5 AR SR 2R AR DGR AN 3 S A MR se 45 RN IR AT R TR IR
F8 BT 1 3 ) A 7 DX pH AR A /DN, o 20 B R S A R AR S M AN B 8, AR SE 45 2R s 2 L3 R
V5 TR IR, BRRRER B ERAR OCIE 2, AOPURT T A RE XS =5 B2 5 Bk 35 i SR A 3 TERE O, DR g DU J v
A 2R EAE | et e P AEUEE  HEMTRE A Bk S T 5 AR L BRI 1 i R L UG 2
H T4 T B KRR E SRR IIRE . BB UESE T R R T AN IS A R LA T

4 ZHie

(1) BT 0 [E) i LA v A R B TR AN () TR R 2 S 5K, AR 3 IR g W T 8 e I 400 7 - B S T Je
REARM SR, AR XA 3.55%10°—1.29x 107 #5 I &/ o, TCHE B X IR 5.76x10°—4.23x 10°45 D1 £/ g,
FWIRE A TR R BE 252 e LA vh A o B I B R &

(2) B YA 11 3] ] ey A AR X ARSI 2 50 AR T, JOAE o XIS 21 56 AN ARTR T, DL 1A 22 2 1
TR T RAT R S, JE K FAEEE Ochrobactrum F1 Sphingomonas T4E A IS T BE BENS [ i LR Al LA ) v Y
AP Y)W AE W5 35 05 R N FH B () A S R B R T AR
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