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a FH, TE®H, MEHE, IKF
(HdREXF LEFR/ERLEHZLTFN CRTITE) L%/
JERBEHMF SN ELERE, &K M 510642)

FHE: [HRIIHEFE M TSI IR P b SO A2 B PR 22 B 1, SR B 058 DR 7 3 S 1 At B s 5 i AN = FE R
M o (T v2% D3 3 Ay gt 5 IR S 28 N S 9% )l 58 7 PCR(RT-qPCR) X T AR 40 o s il A 200 T ) A &85 i) R0 3 B R AT 40
BT, FE4E AR HT (PCoA) FITUAR 44T (RDA) T 78 SORH A0 20 1 v -5 FRBE IR 7 (B O AH DG Pk o (4 SR Ui il
TIRAS [FRAEAL ST nirS B RAEACAN B ) 2R E FEARAE B R 22 % o TR K240 nirS J7 51 5 25010
SR A2 TR 5 2 0% R, T 5 HARFRSERE i o AR MR ok RBOE, HIRBRFTTIARY T nirS RAHAL A B 5K 2%
RABIEMYFE 7 WA ¥ )8 Rhodanobacter. BI¥K1E J& Paracoccuss Polymorphum gilvum- HF & H &
Herbaspirillum R JE K& Thauera. &5 (NH, —N) FIFEER T (NO;—N) 2 556 S A A4 4 B BT &5 # e e e AR
o RSN nirS SEPRP2 DIBGE A 8.26%10'~5.45%10° g, nirS T [ AL A1 B i 54k 2 75 & (COD). A&
(TN). NH, =N, 1 NO; -N & 2 [AMFTE B M I (4518 YRR A0 22i5 Gy DL RO K K AR L B 5
W SR R R S A AN 2 A

EREIR: AL B s BEVE 28505 32 1 BB IR 75 I8 iR
FE A= Q89 RKFRIRED: A ERE: 1001-411X(2018)03-0065-08

Abundance and structure diversity of denitrifying bacterial
community in sediments of Guangzhou Liuxi River

Z0U Yong, DING Xueyao, LIN Manxia, SUN Yongxue
(College of Veterinary, South China Agricultural University/National Laboratory of Veterinary Drug Safety Evaluation
(Environment Estimation)/Guangdong Provincial Key Laboratory for Veterinary Pharmaceutics

Development and Safety Evaluation, Guangzhou 510642, China)

Abstract: [Objective] To investigate the diversity of denitrifying bacteria in sediments of Guangzhou Liuxi
River, and explore the effects of environmental factors on structure and abundance of bacterial community.

[ Method] The community structure and abundance of denitrifying bacteria in sediments were analyzed by
constructing gene library and real-time quantitative PCR (RT-qPCR). The principal coordinate analysis (PCoA)
and redundancy analysis (RDA) were used to investigate the correlations between denitrifying bacterial
community and environmental factors. [Result] The composition and abundance of nirS-type denitrifier
communities in different sampling sites of Liuxi River had distinctive discrepancy. Phylogenetic analysis

showed that most of nirS gene sequences obtained in sediments had distant relationships with the known
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denitrifying bacteria, and the relationships with microorganisms from other environments were closer. The

species that had close relationships with nirS-type denitrifier in sediments of Liuxi River were Rhodanobacter,

Paracoccus, Polymorphum gilvum, Herbaspirillum and Thauera. Ammonium (NH, -N) and nitrate (NO5 —N)

contents had decisive effects on the structure of denitrifying bacterial community. The rnirS gene copy numbers

were ranged from 8.26x10" to 5.45x10* g”', and nirS-type denitrifier abundance was significantly correlated with

chemical oxygen demand, total nitrogen, ammonium and nitrate concentrations. [ Conclusion] The abundant

occurrence of chemical contaminants and reactive nitrogen in Liuxi River significantly influences denitrifying

bacterial community structure and diversity.

Key words: denitrifying bacteria; community structure; abundance; environmental factor; Liuxi River; sediment

TRV IR T M TR 7K 3 KR
—, Ak, B Tl 35 K DL i i & & 770
MV LN, HE AR AT K 38 R ATV P AL
B E AR, A KR E B IR S 2 1
FRIEAAE A RS RGP R R A S IR,
X 7K SRR RO PR I ke o A R AR
PR, W19 S R A A FH Rl A A AH S A A P AL )
YRS RGN E BRI B REHE,

SAEAAE FH A2 4 s B A AT TR 30 i i e &, o 3L
B AT B EE A S R, R
V7 B A BRI i B NO I8 JF B A1 N,O I8 Ji g
4 ML ST R o R A PR Ji il A % R PR Tk
B, FEH nirS f nirk FER LA RS, X 2 44
Bl 28 5 2 FH AR b 2 25k DR SR T 9 90 5 v 1) e A A A
H, i RIEEMRAS RGH nirS ZEH L nirk %
DR o3 A 5232, B IE & F T UORR P S s A6 A F )
7Y,

AL UL Al A 28 B VA 2 340 TR 8 () mireS A
VEJubm B HEDR, ) 3 5 DR ST P I IR T A T AR )
R A A 4 TR B T 25 A RN 2 FE I EAT 00T, 5
SEI 56 6 72 B PCR(Real-time quantitative PCR, RT-
qPCR) X s fiff A 20 B P = BE AT WF 9, JF Il I 324
B 43 AR TU AR JE 53 A1 45 2 78 B G vk 43 i 7 VA A
SR A B R v 45 8 =F B 5 3R B R 2 [ FR) A
A, BRI AN [F) SRAE 1S A T Vi 46 4 11 22 S
PE, T AR SO A 4 T ) A 5 K] 7 FR e B2 ATL ] A AE
B S RGP R RTEIA AR R 2K

1 MRER;
1.1 #H

AR TE R 90 S SR R E T 10 R
FE R R 18] AR IRBR D A : 7K EE (1-SK)- il
R (2-WQ). £HiE-3(3-LD3). £iE—2(4-LD2). 4EiE-1

(5-LD1). R H (6-LK). M1k (7-CH). % 7% &
(8-ZLT)- AT (9-RH). F = (10-NG)(E] 1). f# H
H i RV RFE RS, 76 %A RAE RCRBUK IR R JZ (0~
5 cm) FIUTRRY), REEJGSLZITANTCW H 48 W, H
T UKAIR IRAE o BN RAF RCR AR VTR FE M 1 kg
Feda, 18] S5 % JE R AE T—80°C HHIKIR VKAR -

N

—+

1 RELINTH

Fig. 1 Location of sampling sites in the Liuxi River

12 753%

1.2.1 2ZAek e /KR pH R 845 =i A

M EAX Multiline P4 7EILI7 BT &, JKJe H 1L

i % & (Chemical oxygen demand, COD). &%

(NH, -N). W4 #2 £ %0 (NO, —N). fif g 5 &

(NO; —N) FlI2 % (Total nitrogen, TN) & &S HH
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B, 85 M T SR IO SR A2 T R v =R P 5 A5 K 2 R 5T 67

He N BN ] [ AR R AT € 4 4 (3R 1) COD,
NH, N F1 TN 437 Z 8 GB11914—89.LY/T1231—
1999 F1 LY/T1228—1999/3 #4731l 52 ; NO, —N F
NO; N Z:# HI501—2009 Jz HI/T84—2001 FEATMIE
1.2.2 REFLAAY R A B DNA 2B R
B RFEAL DTS T 0 22 L R 4H DNA, R 3% 7
TIEDNA $#EHUAF & (PowerSoil®” DNA Isolation
Kit, USA) & HL, FAL AR 3 AN TFATHE,
FD-1E-50 B 5L ¥ ¥R T 1ML (Bilon) 41, 3 M
ITREIRATIEFREL 0.25 g F A b 47 DNA $2HL.
P e B DNA H NanoDrop # R £ F1 A 2 IR
K, BT -20°C UKFEIRAT -

1.2.3  nirS A B PCR ¥ 3% i/ cd3aF(5'-
GTSAACGTSAAGGARACSGG-3") il R3cd(5'-
GASTTCGGRTGSGTCTTGA-3") 1E A nirS HH F
5| PCR ¥ 34 1519157 %1, PCR [ M FEJTA: 95°C
TP 2 min; 95 'C 4814 30 s, 53 C iR K 1 min,
72°C #EAH 1 min, 35 NMEH; 72 C ZEAH 10 min.
PCR 347 =WF 10 gL' F B B W B e FL ok i A TR
5, H B K/NE 420 bp it

1.2.4 RAEC R nirS KB L EZMF54  PCR
I3 = A FH B T B A IR SR 6 (E.Z.NLA"Gel
Extraction Kit, Omega) J#EAT4i4k, afifb J5 (1) r=4)%
F pMD19-T Simple Vector ZE i 7 & ik T&E R
KR P WA 2 R AT B DHS o SR A2 2 40 L,
URAE LB AR 775 (5 100 pgmL ! 27
240 ug'mL "' IPTG 24 ng-mL'X-gal) I, &
T 37 C %M T 3% 12~16 him HEAT 15 A Bk,
AFEFE AR BEALEEELZ) 100 A B BE, B0 T
100 pgmL " Z R H B R MR R TR B KR

7%, R B 514 M13-D(5'-AGGGTTTTCCCAGT
CACGACG-3") 1 RV-M(5'-GAGCGGATAAC
AATTTCACACAGG-3") #4T 7 PCR KilE, 23 )5
A LAY TR (Rig) A R A = #4717 51
ME

1.2.5 nirS A B F & RT-qPCR 247 nirS FEH 5
I 7€ 6 78 &K FH 4a Xt € &35, FIF 1Q5(Bio-Rad,
USA) A E 7347 o #5288 1.2.47T7 50T nirS
DRI S, 97 ade FH 1 e B 1, PR B VR 5 7%, K
BNFRIR A & (E.Z.N.A" Plasmid Miniprep
Protocol, Omega) $&HUTUFL . 18I 10 {5 # R4 FH
PETORE ORI B 6 MR FERE B, BN BR R B
3WRER, FEBE MR, DA R R B b i A
N AT RT-qPCR N, £31fl] nirS £ K586 €
& PCR brfEth 2. 51957 4105<1.2.37 /1A . [k
F74920 pL:10 pL 44kl SYBR Premix Mix Ex
Tag 11, 0.8 uL F\ FI#EFI4) (10 pmol-L™), 7.4 pL
ddH,0, 1 uL 4 DNA. %64 N: 94 'C 2 min
(B JE 50); 95 °C FiAE 1 30s, 57 'C 3Bk 305, 72 C
WA 45 s (36 MG, BT 6 ANEFA IR KGR B REANE
WFK 1 °C, J5 30 MEIIR KRN 52 1C); 72 C
FEAH 10 min, )5 LA 0.1 ‘C-S™ HE M 65 C T+ E
95 °C . nirS F:HF 7 E & PCR AR th 28 I AH ¢ &
) R=0.995 2, ¥ E AN 109%.

12,6 ##HEAE KH MOTHUR #A4EX BTG M5
(1) nirS FE KR FFE OTU %45, FHt- SR FERFEAL 54
() nirS B RS B 2 FEPERR 2 B MEGA
6.0 MHHERG K E M. FIH Canoco 4.5 F£ 7%
nirS B S AHETE 73 AT HEAT 3 ALAR 43 BT (Principal
coordinate analysis, PCoA), XJ #f & 5L [ 1 ¢ &

R 1 ORBAPE R RREELMER

Tab.1 Physical and chemical properties of sediments in sampling sites within the Liuxi River
Tkt oH orc o wimeke) :

COD NH,—N NO, —N NO;—N ™N
1-SK 7.66 29.6 6.67 0.33 0.08 3.11 4.39
2-WQ 7.51 29.8 21.33 6.09 0.02 3.21 9.36
3-LD3 7.59 28.7 21.33 1.34 0.08 2.79 4.71
4-LD2 7.35 27.7 21.33 6.45 0.03 3.53 10.04
5-LD1 7.48 29.5 10.67 4.79 0.06 2.83 9.50
6-LK 7.38 29.0 12.00 5.58 0.08 3.34 6.94
7-CH 7.33 29.0 41.33 18.45 0.29 2.93 30.94
8-ZLT 7.33 29.4 16.00 9.38 0.23 2.97 21.52
9-RH 7.49 29.5 29.33 10.98 0.26 3.67 25.32
10-NG 7.62 28.4 69.33 26.52 0.23 2.19 71.35
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539 &

HEATTUAR 73 HT (Redundancy analysis, RDA). {3641
5 (RAH DG A B 75 72 43 KT R A SPSS 19.0 B AHiAT .

2 FRETH

2.1 R nirS BUR AR SR AT

AR PRI8XIAIR I 10 AN RAE sOTTRR IR i (1 %%
FHZH DNA HEAT PCR 4738 J& o B 1 7, 315 )
495 % E BB, 4E 83% AHBLE K P 3L 3k 15
53 NAFEIF R R ERAE 73 H T (OTU) (K 2). W4
ANSKFE AT ZFEME AR B T, RIS R R
ARG, Ko WF 2 OTU P ol E & 1
YURRA T 48 K5 16 nirS 79 o B 35 7K AT A5

i) Shannon. Chaol. Pielou 1 ACE 5 #{B &%, 7
54 0.16.2.0.23 F12.0, Simpson 5 %11 % = K
0.92, FBIZ KL STl 2 BE 1 e A% s N FIAL S5
i) Shannon. Chaol. Piclou A1 ACE 8 £{E ¥ & &,
43BN 2.48. 62, 0.87 Al 47.8, Simpson T EE HAK
N 0.08, K HIZAL SR LI T E o 7R T SRAE A5
H, MAb. B AFITRI 438 -1 47 55 /) Shannon,
Chaol. Pielou Fil ACE fi ZUE AR T HARRAE S
e, U 2 SR A OK AR SR ) B FE EUE BUK,
3 W SR 1 20 B L I IR 0T 5 AN (R SR AE AT R 1) 43 A
AR, X — 2 F 0l Rg 5 A R s R e 24k 14 i
(3 1) AR S 5 5 G AR B R

*2 RBAPRERECS nirS BURFHLHE SH MR

Tab. 2 Diversity characteristics of nirS-type denitrifiers in sampling sites in the Liuxi River

KREE wmBETHE  OTU#HE  SimpsonfE#t ShannonfB#{ Chaol 8%  Piclouf&#l  ACEFR#E HHER/%
1-SK 52 2 0.92 0.16 2 0.23 2.0 100.0
2-WQ 48 8 0.59 1.11 11 0.53 13.6 91.6
3-LD3 51 12 0.35 1.50 17 0.60 65.5 86.3
4-1L.D2 50 11 0.37 1.48 16 0.62 33.1 88.0
5-LD1 52 12 0.17 1.95 33 0.78 52.6 86.5
6-LK 50 19 0.12 2.45 30 0.83 50.9 78.0
7-CH 51 19 0.07 2.68 22 0.91 25.8 86.3
8-ZLT 47 9 0.28 1.59 12 0.72 16.8 91.4
9-RH 45 17 0.08 2.48 62 0.87 47.8 77.8
10-NG 49 10 0.26 1.67 15 0.73 239 89.8

22 IR nirS BRMUBAERRGELE SN

W5 NCBI #8 FE nirS J7 5 LU, K ILIRE
FPLAR I R K 2 80 nirS J7 51 5 C 501 S 10 41
B oR 4k R, 5 8 B A PR B RE )
nirS FF 96 Bom M AME (] 2) o MR 45 <8 A0 2 1%
M RGO, G 55000 1k 6 7%, 3 1 RS
P72 B AN I P S AT 1 )8 Rhodanobacter 4 il
U 55 2 RS o B TE NI RIEKE & Paracoccus
PL K Polymorphum gilvum ] ¥ SLO03B-26A1
Bom A 2B 3 RS BT AN AR 8
Herbaspirillum TV JE (R J& Thauera 5 = AHAL
P o HAWRR 7 21 SR 58 REUE R AR .
2.3 R nirS B RECHBRRE S R SIE

EFHEX Mo

PCoA 3 #2554l 3 fizw, PC1 Al PC2 T A
I OTRREEN 75.47%, G56 RAEAL U JE B PR, AT

DLW BT A nirS B RS A T B SR 2509 3 4, BT
A EVEIR L X (RS K R ShE -3, shiE -2, 4}
TE-1 AR ), RO FRFEIX (A NFH) R T A2 v
X (BPTETE . T i) IX 3 AN X I LE Hb 3L A7 B A FR 85
R RS 5 THI ) 22 S 52 T RO A AT R R T ) 4L R
Koy

TR YRR R nirS T SO Ak 20 6 B Uk 03 A
SR T A PE ) RDA 2 Hr i 4 fis . A
il RDA1 #1 RDA2 SRR N 95.3%, miff R
BT 3R 53 DR 7 6F S il A 200 T A % 93 A 2 T 1) ] 5
e SRR, nirS BRI A0 B 5 DU
NO, -N(P=0.001, F=10.713) Fl NH, ~N(P=0.049 8,
F=3.025) & REFEMK, 70 GiE 7 B EEEm
57.2% F1 12.3%; i 5 TN. COD 1 NO; —N & &.
pH AR FE AT A (P>0.05, 1 000 RS2 HE R FE
H), 4R T SRR R 30.9%.
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AB456911 Shiga prefecture forest soil A
OTU16 7-CH
& AB480490 Rhodanobacter
OTU14 3-LD3:6-LK
OTU11 7-CH

OTU17 7-CH >_
JN179089 Santa Fe River sediment I
OTU25 3-LD3;7-CH
OTU18 9-RH;10-NG

OTU36 6-LK
OTU23 7-CH;9-RH

OTU43 9-RH J

OTU31 6-LK N

HQ882556 Pearl River Estuary sediment

OTU7 1-SK;2-WQ;3-LD3;4-LD2;5-LD1;6-LK;7-CH;10-NG

OTU20 2-WQ; 5-LD1

HM104395 ammonia wastewater treatment sludge

0TU22 7-CH >II

@ CP002568 Polymorphum gilvum SLO03B-26A1

JN179262 Santa Fe River sediment

* AM230903 Paracoccus

OTU38 7-CH

66 OTU49 8-ZLT

OTU30 6-LK

FJ853850 Fredericton soil

OTUS52 6-LK

O FN555558 Herbaspirillum

O AB545733 Herbaspirillum

OTU37 3-LD3 >I11

HM773294 Pearl River Estuary sediment
OTU34 7-CH

O AY078268 Thauera

JN179301 Santa Fe River sediment

OTUS 4-LD2;7-CH;8-ZLT;9-RH;10-NG

94
5
|| el DQ676071 Chesapeake Bay estuary sediment
0OTU21 4-LD2;6-LK
& OTU35 6-LK
JN179137 Santa Fe River sediment
o OTU13 9-RH

OTU10 6-LK;7-CH;8-ZLT
OTUI2 2-WQ;7-CH >1V
GQ397321 Heilongjiang soil
OTU39 9-RH
OTUS53 6-LK
OTU9 2-WQ;3-LD3;6-LK;9-RH
JN179285 Santa Fe River sediment
OTU3 2-WQ;3-LD3:4-LD2;5-L.D1;6-LK;9-RH
OTU47 7-CH
OTU44 4-L.D2
EF558440 constructed wetland sediment
GQ453840 San Francisco Bay estuary sediment
EF615463 Baltic Sea sediment
DQ337904 Baltic Sea sediment
Q453848 San Francisco Bay estuary sediment
HQ427895 Wuhan East Lake sediment
JX852440 Shallow Eutrophic Lake sediment >V
OTU42 9-RH
OTU6 3-L.D3;5-LD1;7-CH;8-ZLT;9-RH;10-NG
JX852509 Shallow EutroLphic Lake sediment
99 'HQ428019 Wuhan East Lake sediment
HQ427997 Wuhan East Lake sediment

EF615417 Baltic Sea sediment
85 OTU28 6-LK
99 OTU46 9-RH
OTU32 5-LD1
60 OTU24 9-RH;10-NG
OTUS1 8-ZLT
OTU48 10-NG
OTU40 4-LD2
9 OTU29 6-LK
AB278665 Wastewater Treatment Plants sludge
OTU26 6-LK;9-RH
OTU41 9-RH
OTUS0 10-NG
OTU33 7-CH
OTU45 4-LD2 >VI
OTU19 3-LD3;5-LD1

4

60 |

OTU15 5-LD1;6-LK

OTU27 3-LD3;5-LD1
OTU2 2-WQ;3-LD3;4-LD2;5-LD1;6-LK;7-CH; 8-ZLT; 9-RH;10-NG
OTU1 1-SK;2-WQ;3-LD3:4-LD2;5-LD1;6-LK;7-CH; 8-ZLT; 9-RH;10-NG
OTU4 4-L.D2;5-LD1;7-CH; 8-ZLT; 9-RH;10-NG

D9676109 Chesapeake Bay estuary sediment
DQ675710 Chesapeake Bay estuary sediment
OTUS 2-WQ;3-LD3;4-LD2;5-LD1;6-LK; 8-ZLT

DQ675806 Chesapeake ]iay estuary sediment

78 JN179141 Santa Fe River sediment /

N

80

62

AN

76

AN

99

AN

0.05

2 ET nirS FHIMRECHAERG L B R
Fig. 2 Neighbor-joining phylogenetic tree of denitrifying bacteria based on nirS sequences
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Fig.3 Principal coordinate analyses of nirS gene

5 REIMR RSP nirs EEE I
Fig.5 nirS gene copy numbers in sediments of sampling
sites in the Liuxi River

3 nirS BERFESTERFHEIXAYK

Tab.3 Correlation analyses of nirS gene abundance

sequences
) 1
A 7-CH
4
A 9-RH A 6-LH
~ 2 NO,—N
< ;
“
o -
e NO,“N . A 2-WQ
~ 11011/
< NH, N
2o COD
TN
A5 A 4-LD2
A 3-LD3
L pH A 1-SK
A 10-NG
A §8-7LT
T ! ' I
—4 -2 0 2 4

RDAI (85.0%)

4 nirS BRECAEEEEHSIMERFRRED T
Fig. 4 Redundancy analyses for correlations between nirS-
type denitrifier community structure and environmental
factors

24 SRR nirS ERFERETRERERFHEXM

SR

W s frs, WER TR nirS L 18$5 D14
SR A A 22 e AT, FeA K R nirS kR4
T ERAR (8.26x10" g™, 7 b f iy (5.45%10% g, H
AL (2.96x10* g ), HARRFEARL 5 nirS PR #5
TUEGE N 7.89%10°~1.34x10* g '

5 TR = B R0 BA 855 DR - A DG R 2 i &5 SR 3k 3
i, nirS JE K F B 5 NH,-N. COD f TN & & 2
W 535 IEAE, 5 NOy -N &8 5 53 k<.

with environmental factors N=10

AL S PV R

pH 0.044 0.904
6 —0.367 0.297
w(NH,-N) 0.965+* 0.000
w(NO, -N) 0.609 0.061
w(NO;-N) -0.683* 0.029
w(COD) 0.948** 0.001
w(TN) 0.970%* 0.000

1)« ks K T 0.05 40 0.01 KFARR MR HE

3 Wi

A TR FH ) 2 8 R S PR R S I 2 O 0 B I
JPEEREFL T T PN T LR TR A v s A A0 40 T )
ZRENE, A T TR b SORE AR A R ) R T A A
FERFJE LSBT0 &R o BT8R I T
HonirS MREHHE EESTRETTHN a-,
BT "B TR N o 4 0% R, 45 R Henry
GUORE — B0 B T AR TR 1A RO A R
HEEH . R, AR nirS B 040 R ik
5 Z kA HMAES RS (B L3, mOgi
DA 5 K AL B T 15 0e) I AE PSR 4ok R, R
BH 7 AL I R A T A A R A VR R R R A
Gao Z5" DL} Zheng 5773 Sl 4R T8 5 - Hi A ]
N T SRS AC AR B nirS A3 5K A R G 1)
PRESR 25 00 RIBOIT, 1T RE SR DR 2 g /K 1 v 26 3 30
H A B 5 A AR S RAAEE R
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B, 85 M T SR IO SR A2 T R v =R P 5 A5 K 2 R 5T 71

KW 76 3% B IR B R 7 4 X S il A 240 e
ZEMIP ARSI . Gao SR I NH, -N & & 5 M
LA B BE TR 2 FEVE R IEAHOG, 5 A4 R — 2
XATRER T NH, N &= 1T m o O o FE 4
7 2 BTS2 AR, Francis 2RI NO, -N
R R nirS MR REE, I H NO,—N
VEREAEIR A I E Y, 0] CASEIA nirS J5 R 405
)7 R R T ) mRINA 7KUY, MR L 2h
A pH [RIFE 2 5 35 5 e S A A4 4 B A Vi 225 1 1 2
R AR ARG T SR SR B TR R BR ], R
RIAHKRIE o FEARLS T, KI nirS B AHILAN
E V% 5 TN, COD Fl NOy; —N & B A B 1M
Kt IX 3R B AR IR AR ) R SO A 4 TR A T R RE
E BT A — & M

WEF YA nirS FE KR 28 E 02
[F) S T 14 4 A (P<0.01)0 FRAE KA SR B SE A
], FRATT R B 1T A 305 X ) mirS 25 DR 3 B 2w TR
SkIX ALY FRFE X o AW FEH nirS R 1145 DLEL
9 8.26x10'~5.45x10" g, B RAR T BB Hb T
FAMD (4.3x10°~3.7x107 g~ ") KT 1130 1
(1.01x10°~9.00x10"g ") AIIH & LB YA
(5%10°~5x107 gy {48 DLEL 11 B R IRt
[ NO; =N & &5 nirS B2+ 5 58 B F AUk >k,
Dong FEPH K LR 114 NOs =N 7 &3 2> F 54
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