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B E IR ABZKEBER LKy adh, BETHERLRALHEEZ—. s RHEMEHK
AW S AR A RSB E ERAT AT, TARBH LT RIRMEH,, [B] THRRBEM
A Z AR, MR EEERE, [FE] RALE ARG T EREAEMHEMRAY, &
WFELREEFRAEAEMNET, 44 16S 1RNA KRV EFf i 7| o3t m @ 475 2. AK
LT Rk B, BOBE, HHERE. REEAER. [ER] AATRAG KRB ER
B3] 206 dhamE, Eit 2 AN 11 ANE. EHE T (Proteobacteria) 236 #k, &4 G4
79.73%, Ak %A KH E(Escherichia) 137 #k, &4 B ¥ 4069 46.28%; " X BT H & (Hafnia)
39 ¥k, BB B4 13.18%; T B (Proteus) 28 #k, LB B4 9.46%; ATREATH B
(Citrobacter) 23 #&, &3 469 7.77%; A £ E & (Aeromonas) 6 #h, &5 3 & 449 2.03%;
AT i /& (Enterobacter) 1 #&, & 4% % 40469 0.34%; &K B /& (Shigella) 1 #k, & o & L4k 0.34%;
% E108 B (Klebsiella) 1 4k, & B & 4069 0.34%. FAH I1(Firmicutes) 60 #k, &4 B %449
20.27%, 4~ #1A4: PIRE & (Enterococcus) 33 #h, LB & 11.15%; B4 K H B (Kurthia)
14 %k, &4 B 5309 4.73%; ¥ 54T 8 B (Bacillus) 13 #k, &5 5B 4069 4.39%. REHAEEAHT
# # 11 (Proteobacteria) F 9 3% 7 K, # /& (Escherichia), & 0 %4049 46.28%. Zit A ALET,
A E AR A ST B A B S & A H 16S rRNA A B L7 b ey Fr B Al —5. FTBEE ) oArss
RETH 8HIEEOH. 25 HTIEEE. 24 TR, ISHEHALER, 23 LB %
9 80.41%. 8.45%. 8.11%F= 5.07%. [ #1 KRB MmEmAEM S B E @A THAH 211 11 /&,
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Abstract: [Background] The crested ibis (Nipponia nippon) is a national protected animal in
China and one of the most endangered birds in the world. In this study, we analyzed the
microbial diversity and extracellular enzyme activity in the gut of crested ibis, aiming to provide
ideas for restoring the population of crested ibis. [Objective] To reveal the intestinal microbial
diversity and extracellular enzyme activities of crested ibis. [Methods] The intestinal
microorganisms of crested ibis were isolated by the pure culture method. The bacteria were
identified by Gram-staining, physiological and biochemical tests, and 16S rRNA gene
sequencing. The strains producing amylase, protease, cellulose, and lipase were screened out by
the hydrolysis circle method. [Results] A total of 296 strains of bacteria were isolated from the
fresh excreta of artificially breeding Crested Ibis, belonging to 11 genera of 2 phyla. The
236 isolates of Proteobacteria accounted for 79.73% of the total isolates, including
137 (46.28%) isolates of Escherichia, 39 (13.18%) isolates of Hafnia, 28 (9.46%) isolates of
Proteus sp., 23 (7.77%) isolates of Citrobacter sp., 6 (2.03%) isolates of Aeromonas, 1 (0.34%)
isolate of Enterobacter, 1 (0.34%) isolate of Shigella, and 1 (0.34%) isolate of Klebsiella. The
rest isolates (60, 20.27%) belonged to Firmicutes, including 33 (11.15%) isolates of
Enterococcus, 14 (4.73%) isolates of Kurthia, 13 (4.39%) isolates of Bacillus. The dominant
genus was Escherichia of Proteobacteria, with the isolates accounting for 46.28% of the total.
The physiological and biochemical properties of each strain were consistent with the result of
identification based on 16S rRNA gene sequence. The enzyme production experiments showed
that 238, 25, 24, and 15 strains produced protease, lipase, amylase, and cellulase, accounting for
80.41%, 8.45%, 8.11%, and 5.07%, respectively. [Conclusion] The bacteria isolated from the
intestine of crested ibis belonged to 11 genera of 2 phyla, among which Escherichia of
Proteobacteria was dominant with the isolates accounting for 46.28% of the total, and 80.41%
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of the strains had the ability of producing protease.
Keywords: crested ibis; gut microorganisms; pure culture; 16S rRNA gene; production of

extracellular enzymes

2K B9 (Nipponia nippon) 5% J& T #% & H
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BURE S i & T 4 °CukAE&H, 2 d AR
e, B HRRBSRAERAMET 10 g, 7EREEH
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T 4 °CIR A7
1.1.2 FERFIFLEE

2xTaq PCR Master Mix (with dye)lg H I
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BHI #5550 AR 10.0 g, FO0EH
17.5 g, FAALEN 5.0 g, #EWE 2.0 g, BERA—
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pH 7.4, T FRXE B RTAK A B .

MRS B35k R 10.0 g, F k) 8.0 g,
WERER RS 4.0 g, BRRRE M 2.0 g, FEERA
B 20 g, LMRENS5.0 g, BREREE 0.2 g, WRIRER
0.04 g, ¥l 14.0 g, MR 80 1.0 g, #B4i/KE
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2% 1000mL, pH6.5, HTIEHRIMAE. K, 10 5SS EER R . AL E, e

TSA i3t AR 15.0 g, KEMR 5.0 g,
SAbEN 5.0 g, BilE 15.0 g, HIAUKEZRZE 1000 mL,
pH 7.3, M THFRELXRZEAHE .
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H0.5g, BBRIEEL 0.01 g, FREREE 0.5g, &AL
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2uL, b, F#E514(10 pmol/L)4& 2 uL, ddH,O
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distances T BLHE R, SR H 2B (neighbor
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1.2.3 HEHk=EEE DN E
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124 FHITEHH

fdi 1] SPSS 21.0 H A5 KT 28 Uy 22 4 T A
RIEE R D/d 2R EASITFEX,
B S-N-K K36, 5377 2205 Dunnet’s T3
Rrge, HEATR ST, P<0.05 B HA ST

2 HERE4M

21 PENBESAURKESFLEEER

Joi, BAARE] 296 ML E R, Zad §s R
e, MRS 60 Pk, &E A
20.27%; EZRBATEREA 236 Bk, ok B BAL
[ 79.73%. HB43 BRI DA 9 R AIE 5 S AR AIE DL
Bl 1o X Bk o B A5 B AR TAE BRAE fL 4
WA F T S K B B RRVE AR R B, A=
AR BRI L 1, e ER,
B IFEFR SR ) 16S rRNA R 5 1 45 FL A
R
22 16SrRNA EERFAB N

PN SE R 2H DNA 3R BGR ) &4 I b
RYNTE A EL I 4H , PCR 4714 16S rRNA 5,
FH 1.0%Z50 5 8 e R Tkt 7 38 =y R4 7 4G 0
oI 25 S 34 4 BRAE , BT A 434 7 W5 ¥ 7E 1500 bp
AbAT B 5 HLBR— I LUK AR AT, AT P AR AR
PCR #3447 A1 BLAST ELXF#r )5,
Al 43k A8 B T 1] (Proteobacteria) 1 J& B 17 ]
(Firmicutes) 2 ], 11 J&(F 2), %I FH)F 42
NCBI " ) GenBank % JE I 315 % % 5
(OP755752-0P756047).

B 1 #MHOBEMEZRFES BREFEW00%)
Figure 1
diagram; A2-D2: The corresponding micrograph.

Al1-D1: HWi%E; A2-D2: XK

Colony characteristics and microscopic characteristics (100x) of some species. A1-D1: The colony
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E3R 296 #RANE R 16S rRNA FE[H ZREME
FEAl L xf 4 % 2, Hokh, I E ]
(Proteobacteria) 236 ¥, 425 B 79.73%,
S . 75 I @ (Escherichia) 137 #&, 543

M%zﬂﬁ 46.28% ; ' % JE V. T+ J& (Hafnia) 39 #k,
B BB R 13.18% ; 7% B T J& (Proteus)
28 Bk, 5 E BB 9.46%; FY B RR AT B
(Citrobacter) 23 #, (43 B EEH 7.77%; SH
it B (Aeromonas) 6 4, 43 B8 AL 2.03%;
¥ ¥ 7 J& (Enterobacter) 1 #k, 5408 B8
0.34%; T AH R (Klebsidla) 1 Bk, H4rE

oy

B 0.34%; HBEJE(Shigella) 18k, 5
B 0.34%., JEEER ] (Firmicutes) 60 k&, 54>
B R 20.27%, HiH 1% EK & (Enterococcus)
33 fk, B RN 11.15%; FEFFREE
(Kurthia) 14 #&, &0 BN 4.73%, T
w & (Bacillus) 13 #k, 708 B8 4.39%., &
FEHILLRT, RIGFREA 225 ¥k, G0 BEK
76.01%.
HTREFRA 16S rRNA EEN A R
GRFEMILE 2. MK 2 /AL, REREF R
A MWK S, JEEEE ] (Firmicutes) 528 T 1]

x2 KREMEMRHFIEFAE 16S rRNA EE L 4 F 5 L3
Table 2 Sequence alignment of 16S rRNA gene diversity of culturable bacteria in the gut of crested ibis

2 bR RwbE  MRIRE K AR
Strain group Clone Representatie Similar strains Identify
number  clones (%)
Escherichia 136 AB107 Uncultured organism clone ELU0013-T78-S-NI_000598 (HQ743023) 99.86
1 AGI128 Escherichia fergusonii strain MSP11b (MG984083.1) 96.67
Hafnia 27 AT94 Uncultured bacterium (AJ487023.1) 99.44
12 ATI168 Hafnia alvei strain 13-1275 (ON746755.1) 99.76
Enterococcus 12 ABA37 Enterococcus hirae strain 708 (CP055232.1) 100.00
11 ABA30 Uncultured bacterium clone a2 (ON745455) 99.72
9 ATS1 Uncultured organism clone ELU0020-T93-S-NI_000045 (HQ745899.1) 99.93
1 AT214 Enterococcus faecium strain CAU4888 (MF424888.1) 99.36
Proteus 13 AB054 Uncultured organism clone ELU0080-T380-S-NI_000270 99.79
(HQ776505.1)
11 ATI105 Uncultured beta protebacterium clone OUT-11 BBA (JN981931.1) 99.79
4 ABO001 Uncultured bacterium clone CR_68 (JX457190) 99.40
Citrobacter 17 AT82 Uncultured bacterium clone aaa97d11 (DQ816685.1) 99.28
5 ATI1 Uncultured bacterium clone 218002-280 (JQ940873.1) 99.47
1 AMO074 Uncultured Citrobacter sp. clone LHE104 (JX093178.1) 99.62
Kurthia 14 AMO029 Kurthia gibsonii strain TY-06 (MN960342.1) 99.20
Bacillus 8 ABA32 Bacillus atrophaeus strain cqs2 (MN826517.1) 100.00
2 ABA34 Uncultured Bacillus sp. clone S-35 (JF411336) 99.93
2 ABA2 Bacillus velezensis strain KKLW (CP054714.1) 99.71
1 B3 Bacillus halotolerans strain S-5 (CP101718.1) 99.93
Enterobacter 1 ABI105 Enterobacter hormaechei strain IPBCC 19.1426 (MN428803.1) 98.70
Aeromonas 6 AG124 Aeromonas sp. strain J160P4 (MN519543.1) 99.17
Klebsiella 1 ABO15 Klebsiella aerogenes strain ZM_BH_PB36 (OK642718.1) 97.16
Shigella 1 AMO038 Shigella sonnei strain PartP-Ssonnei-RM8376 (CP064376.1) 99.71

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4132 A 2 AR Microbiol. China

99 R
95 Escherichia fergusonii strain MSP11b (MG984083.1) J
7 AMO038 (OP755829) 1

DL |UHICUILUICU UdlLCLIuLLL ClULIC dda7 /Ul L \JJ\{O 100V0V. 1}
72| 99/ “—Uncultured bacterium clone 218002-280 (JQ940873.1)
92 AT82 (OP755919)

\ 100 AB054 (OP755768)
‘ 100 Uncultured organism clone ELU0080-T380-S-NI 000270 (HQ776505)

B2 EFRBEFEHAE 16S rRNA EFFIHENBIRREPBERSHIEMZEBHNRELERH
55 N5 AP HY GenBank %555 43 30 ERECTF RS E RGN 1 000 YOI ML
MIA T BRI 0.050 st L i 2

Figure 2 Phylogenetic tree between representative isolates and related species of crested ibis based on 16S
rRNA gene sequence of intestinal bacteria. Numbers in brackets are GenBank accession numbers of

sequences; The number on the branch point represents the percentage of the node formed when the system
tree is constructed for 1 000 calculations; The scale 0.050 is the genetic distance.
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(Proteobacteria) 5 & — 3¢ . 7£ & ¥ W ']
(Proteobacteria)y 5332 Hr, L AB107 MACEK
KB IR E ML AG128 S 0] B F2 40 14 5
B4 [ICH J& (Escherichia) B7E—i2, A AMO038
S AR R A AT R 55 AN T 5 A B TR R (Shigella) SR 7E
—i2, P AB105 AR WG IR M 5 A
J& (Enterobacter) R 17—, LA ABO15 UKD
A K IR A0 TE 5 5 1 R (Klebsiella) 28 75—
#2, DL AT11. AT82. AMO74 WILEMAKIEF
41 5 F7 ¢ BR #T 12 | (Citrobacter) B 7 — i

PL AT94. AT168 AR ABE F5 4 18 5 i K
JE W I J& (Hafnia) R A —&2 , L AB054 ,AT105,
ABO01 AL M KK MW 5 2T W R

Al A2

B1 I
| I

B 3 ER45E kR s g i ik E
B 7 UK Il TR PR A
INE K HES

A: PPEAMREKE; A1-A3:
B1-B3: J=HisMNEERE F1 22 5%, C: P=HEWiBE I fR AMO029. D: J=4F4E X R fK, |

(Proteus) B 7E—ife, LI AG124 AICEM KR
7% 40 7 5 SR L JE (Aeromonas) R 7E— i ; TE
JEREGE ] (Firmicutes) 4 1, LI AMO029
R R 55 37 A B 5 2 47 148 (Kurthia) 28 76
—2, L ABA30. AT81. AT214 Rt FEHE
R FRAME ML ABA3T AR AT E SR 418 5
J% BR T8 J& (Enterococcus) B 7E—ifd, L ABA34
JAR R KRBT TR AL ABA32, ABA2, B3
S AR 2R 0 AT Ky 5% A B 5 2 AT 1R & (Bacillus)
B,
2.3 BAEHEFEETFI

SEBG . FERYEG . NIV AT 4 2K 4 Fl
LR R VLT, RIS R AN 3 .

X .
X
©

FEMANERE 22 5, i /NEIRHES.

Figure 3 Screening results of representative strains producing extracellular enzymes. A: The protease producing
strains; A1—A3: The difference in extracellular enzyme production capacity, which are arranged from small to
large. B: The amylase producing strains; B1—B3: The difference in the ability to produce extracellular enzymes. C:
Lipase producing strain AM029. D: The cellulase producing strains, which are arranged from small to large.
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25 B B AR B 1 238 RRAHN TR
R, 5 MR 80.41%; 22 5 I i i 1k
FRFRFER G ) 25 ARAN DS e i, o5 TR PR B AL
) 8.45%, Z8UE K M0 106 3% 57 S0 1k it 24 R4
HETEREE, BRI RREEN 8.11%, LLYER
it i 196 5 R L0 BB 1S RRANBR P 27 dE K, 5
PR BB 5.07%. BT LS R L3R 3.

M RY i 1 AT BR SR AR Y 16S tRNA JE[A
ZHREMEFAI OSSR, 78 11 NEP &k 1 4
REH R, PRk 23 MUK FE R T4,

R®3 KRREIBHERSMEFINETEIELS
Table 3

W T RE AR R WA 2 4, B #isbE
BT VA RRIVIBG A A0 B8 LA 7 S 2 T
77 LT Y 2R il ) 20 D R B A AR R R I T
B EC TR, 7 DM Bl 1 4 TR 32 B 0 A 7 2F
A E . BIEEBER S HEAREE, EAM
MU M TE R A REJE . T EE .
IR R E . FrERITRE . MR RE . 5
WAEE . FERREE MG REE, iR
it %) 20 O R A A e 2R AP I 8 L s B A TR
V2 E TR i R A R R U

Screening results of extracellular enzymes produced by some bacteria in the gut of crested ibis

k352 e ey TE K il G I 15 it 53 HIKF-

Strain No. Cellulase Amylase Protease Lipase Classification level
AB107 - - + - Escherichia coli

AT99 - - - - Enterococcus faecalis
ABA32 - + Bacillus atrophaeus
ABA34 - - Bacillus sp.

ABA37 - - - - Enterococcus hirae
ABO054 - + - Proteus mirabilis

ABA2 - - - Bacillus velezensis

B3 - - — + Bacillus halotolerans
ATS82 - - + - Citrobacter braakii
AT94 - - + - Hafnia paralvei

AT105 - - + - Proteus vulgaris

ABO001 - - - - Proteus terrae

AT81 - - - - Enterococcus gallinarum
AT168 - - - - Hafnia alvei

AT214 - - - - Enterococcus faecium
ATI11 - - + - Citrobacter freundii
ABO15 - + + + Klebsiella aerogenes
AMO029 + - + + Kurthia gibsonii

AMO038 + - + + Shigella sonnei

AMO074 - - - - Citrobacter portucalensis
AGI128 - - - - Escherichia fergusonii
AG124 - - - - Aeromonas veronii
AB105 - - + - Enterobacter hormaechei

+o LR BREATIHACIEE ST s — X BRICT I AL RE T

+: The strain has the ability to produce digestive enzymes; —: The strain has no ability to produce digestive enzymes.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FARESE: RESIIE Y 2 A B T

4135

77 ML A1 il 4 TR 7 e T NP S AR AR A,
K 4 Fion, TEFrEREREGS, fikd 3 kA
B KBRS I MR R, PEEEEE W
K AA FR; Tk 4 2RHAG 75k AR 711
RFEH R, WK 4B i, Ho Ll ABA34 AR
TR RE ) i s Tk i 13 R A =K
FIRGRE I AR ERE, WE 4C Proas, HAgL

ABA32., ABO054 MU MK )™ B 6E 71 i o
(D/d>4.0); vk 5 FEA g i Re 1 1AL
LM, WE 4D i, HAPLL AM029 Jft 3k
(A TR AR 7 R T 5 o
AR AR R, Tk AM029
5 AMO038 Fll AMO15 F=RffgE 1 2 [a] 22 514
s TR ER B ICRE R, UL ABA34

A B
< 3.001 . S 250 a
3 3 b
£ £ 200F
5 o
S 2001 b = c
2 b ERE) ﬁ d
Q Q
= =
e} e}
g £ 100k
®) <
ool L1 PP N R O I A R
: AMO029 AMO38 AMO1S ABA32 ABA34 AB054  ABOIS
C D
| sl
< L]+ <
2 1.00 £ 2,00 ¢ . c
= = ]
000 T s s v — v oo %0 00™"ABA32 B3 ABOI5S AMO029 AMO3S
S NN < O N O — — A n O
5<<§?sz;28§§5
<22<< < T<zZ<
Bl 4 REGERHSRBMEMEATIINE S L s PELT YRR R AR S HIE . B PRIERY Y

RS IE T, e 77 3 F R B AR S S ). D Fﬁﬂaﬂﬁ@ﬁﬂ@ﬁk&,ﬁj}. D/d: [fif el BAR S % H
Bz D: BB ERE: d B ERE. ARG FRURAAE B 22 55

Figure 4 Analysis of extracellular enzymes produced by some representative bacteria in the gut of crested
ibis. A: Strains producing cellulase and their cellulase producing ability. B: Strains producing amylase and
their amylase producing ability. C: Strains producing protease and their protease producing ability. D: Strains
producing lipase and their lipase producing ability. D/d: The ratio of the diameter of the degradation circle D

to the diameter of the colony (d); D: Degradation zone diameter; d: Colony diameter. Different lowercase
letters represent significant difference.
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ABO54 AR E M BFRE ) 2Rk R E; 16
FEE A RERY, L ABA32 fl AB054 K
FRF MRS UL ABO1S S I H AR - B AE /1
Z 2R, TR BimCGRE kT, DL
AMO029 Fl B3 AR E ™ BERE J1 Z 7] 22 55
PR, DL B3 MUKW S L. ABA32,
ABO15. AMO038 A MR ™ Mg fE 1 2 7] 22
S

B 7 T T 43 1T R % AN 1R M AN R S A
Re 1ot anE 5 i, Hb, AR EES,
L AB0O01.ABO054 il AT105 402 A0 =2 H bk
ABO054 Fl AT105 Fr 43R i MR AR AT 7™ 8 (g
AEJT, DL ABO54 IR K I LI 0255 fig
J1EsR, AT LA AR VE Ry I N EE 11 EL 8
AE J1 x5k (D/d=4.25), TLL AT105 MK AYHE
MRAN AT =35 1, DL ABOO1 A2 i T8 Ak G ™
HALRERE T ; fEZFMUFFREJE S, LI ABA32,
ABA34 , ABA2 NACRM R A B3 #HA 7 H
TLERRE 11, Hid DL ABA32 AR B R
fLBGRE SISk, AT LA VEMBG . SR BE . BRI

88}
1

fitg , 1= & Y BE ) i 5E (D/d=4.0), DL
ABA34 R0 B R AT 7= U8 b B AR g, LA
ABA2 NAGRI R A] E FRg, B3 Al g
fiti; EAPERIFRE S, DL AT82. AT11 Mt
FPZEH A AMO74 1, DL AT82 F1 AT11
PR EHRACE - E AR RE S, DL ATI
JUT AR 3R B R PR B 1 E ) o (D/d=1.67) ; 7
TEEAHE B, ABO1S P2 I L BLE & RE J1 it
AL AEVERS G . SR TR . BRI HL 8
1 BE 1 fx 98 (D/d=3.6); TEJEHFIRE BT, LU
AMO029 AR AT =R . R, 5
I, L A A 2R Y RE ) B9 (D/d=2.5) ;
EREA G BT, AMO038 1] DLy el 4 Kl . &
FIRE . g i, b= 2F 2 0 BE ) fie
(D/d=1.75); FEMy RJEWEEH, UL AT94 F
AT168 ARG E D, UF DL AT94 S
F W TRAR AT LU Az — T Ak i B 2R e, i
AT168 AEMERIC ™ HALEERE ST £
FFR &, LL AB105 MR TR AR AT = 8
fitf; AR, L AG124 MR ERE

g B Cellulase Ed Amylase [JProtease ELipase
210
E 8t
on =
5 6 E
S h
5 4R B I 2
o) L B
Eorg L -
sUEEEEERENUERARA, o o
(=) o0 ol wy <t <t <t — wy oW (o] ol 0~ =~ (@) — 0 <t el o0 <t
B E Ll IRpE P 2B SEEESERE
@& & < < E < @m 2 <o < < & E 0 Q
T 22 <22 < T 2 <T<g << %22
Strain
B 5 KREBEMIRFKEMEE~INGFEMGEN ST D/d: FEWMELLHE; D: FMEER; d: W
KHEHRZ

Figure 5 Analysis of extracellular enzyme producing species and ability of some representative bacteria in
the gut of Crested Ibis. D/d: The ratio of the diameter of the degradation circle D to the diameter of the
colony (d); D: Degradation zone diameter; d: Colony diameter.
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T HAEGE M RE ) ERAERKEE T, L
AB107. AG128 MR PRI T 1L
M RE ST s TEMBRE B, L ABA30. ABA37,
AT81 AR 3 TR A AT214 24707 1 A il
fIRETT

i bk, fERMESENEE T, A
ik 84.80% M bR A 7 M AR RE ST, JUH
J& ABA32., ABO15. AMO029 iX =25 #k ™ L 4
B ey deo , AT VE A R AR S i 2 A0 TR N A
it R 52 i) 1) T BE A R o
3 it

SRR R AEE 2RI, TERERE S )
H, WRERIfE ERALEE — R, DAgERER
FE MRS, DT DR B A F2 R o FLsk ol £y
WM EFITAEL, HlnFR . A5, 89
B RS

7 T A A R R DA Ao A i T R i
AT XS A A e 7 A B s i . A5 WF IR B,
A5 H G E A — Rk, SRR T
DUAE IR B% R 7 T 38 A 35 6 AS ) 21 5% 119 35 )
B, AAETE R SRR AR A v AR [
BF, Bk 2 RS R, B iE E I T rE
FRfRE . B R REsaE Y,

A #iE R s, ML KR (Geronticus
eremita) il 43 B 15 8] 1 234 BRANEE, 40h
5011378, Hrr, JEEERET(Firmicutes) AL #
BT, HE RN 40%; HRETEE]
(Proteobacteria), i/ BB HH 32%; LA
I'J(Actinobacteria) (5 73 B G B HY 19%, A&
I"](Bacteroidetes) (5 73 25 B 7%, MATEET]
(Fusobacteria) i 73 5 A1 2% A 58 5 3C
R (22009 3 22 5 O ok I B 75 B2 G 5%
SR, TR BOH A REVF A 1 0 40 0 Tk
BB TRl SClk[22] 0 i HORR R VIR G 2 B

AT HIESH/NG, HRAMR TS, m
FEARNETE Y, KRR H RO TE RS, HRA
AR — AR BRI 4 B 1Y AT G R A
AN D I R 2 — o AR A RS
TE TR P 1% 7 B A1 it % 0 7 ) 1) SRk b A 4
N o A WFFE M LA 35 (Colinus virginianus) 1 & 1
AR s Hp 43301 0 5t 69 RRF 71 ARANES, 1
Bhath, S0MNIERERTT, 11 RN ZTBHIT,
6 MR TETT, 2 #R AT T 5 2l A e
47 R EBETET], 19 BRI R, 5 tRoAAE
P, PR EER A s, Tkt
AR ERAL AT IR, 7RO D7 A B R ]
M, ARWFFER I ZEMEREA, AT RE S 73 25 i 1Y
YHTRAE TR AR X0 5 R Bs oA AT BB AF
TERE SLBEAE . B R AR X R RS i B TR B b
PR 2R, il AT B R A T Y 2 AR
A W58 B A 5 1L JC# (Gyps himalayensis)
HEHEARE T 119 BRI, 70 6 A&, &
B J& % 4 [C B J& (Escherichia) . 7 Bk 7 )@
(Micrococcu), 547 G TR & (Moraxella) . ZE AT
15 J& (Bacillus) . 2542 1 & (Paeni clostridium) il 7
Bk 14 J& (Enterococcus)' . A 5T 43 8545 2 A 40
WA RS SCER[191M e, WA R A IREE
(Escherichia) . 2 fil [ & (Bacil lus) 1 17 BK 141 &
(Enterococcus), {HSCHR[19]1 34 73 2515 21 Z& 14
5 B LT R 547 FC B (Moraxella: osloensis) 5
R 2K I (Paeniclostridium sordellii), X 74
T R B AR 3] . 7 AR X R 22 S Y S L AT
EHFATUE BB, MAM R FRHE AR
85 2L LUB i i Sl £ .

e R R IR RETE 1 A] LAHS Bh 18 32 M il
K UL RSTRE R AT REY, BBk e R T LR
[ I S TR T ne =W £i(%75 17782 Nk 7
W T ALY . &b b, [FE AT R B
AW FEAR R IE LB T 4 AR ERES
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H vt i BR T ORI B BR R T HLA 25 A A
P, X8 25 AR TR R R S A A P AR AL R
BT, AT LAAE R H S AR5 55

P ] XX 4 B A 1R MR T DR Rk, JeBRCR
ECIRN &Y, mAREREYEISEN, B
A RRSI BT ST, BR T ISRk, ts i
AR, MXEEYasa —C
TEMMAAER . N T IR MRS RZA H 2
HK AR, RILFEAE 5T 6 2 e . IR Wi
Wi . VERYE . LT LE R WX 4 KRBT

AW T 4 B 1 AT P R ANER A T P, A
238 MRS B . 25 BRSCARIDIHE . 24 R UE R
B 15 MR EFAER B, b o B A A
80.41%. 8.45%. 8.11%F1 5.07%. VRHHAE 2k
R EEEY, HEAEEMEARPY,
EREHEME S, AL L] L™
AEON, XIETAFE TR EN, &6
A LUH RO RS i B BT, i dE AR
I G B S AT AL, X AT RESE RN
Je sk (R s & > T R, TS5
AT LAy R FE NG 07 %) 40 D 0Tk e B o AR F 5
e 24 R UEM B AR, O TR S B
8.11%; 15 MR EFAE R TR , o TR Ak S AL
1) 5.07%. KRGULIHKE SME N £ 8, (Hi
SARAD R R A, T RE SR v R
7T 2 2 TRt V) A R 2 RS 1 1 PN ) B

AR FTIR 5 B AT F R B P i e
JEW P RBEOR R, DL R AR R Y
I AP RRAT B I 2 A EOR B . X TR
BOP TR, N A 2 A M b ) BR B AR
B, BRI R AL B XS SRR
WRTR . A RO A U B RE /N, SRR
A T R T A 4 a2 B 4 F BRI T AN i XA
TG IR AT B 04 S, T X R A 4% 2 800 B AE K IR
W AR, DR 2 A A N T T

RO AT RS I, A0 LI N AR S il
AT T o

4 Zib

A G R T Sl 85 T AR A RS 1 1B AR W
HEAT T ZAEE R AN TE g . o st
7 296 MRANE , LIS RE SIS,
454 16S tRNA B[R EY# % s, a0k
2017 11 J@ AR T2 b, AR BT ] (Proteobacteria)
FARFTETT, AR S 79.73%; TEIB I 32
I, Y@ K8 (Escherichia)y MALHE &R, G4
BASELY 46.28%. Hidr, A 238 R E I
25 BRIZRR I . 24 RRSEVEMIEE . 15 BRI AR 4
R, 43000 o B BB 80.41% . 8.45% . 8.11%
M 5.07%. TEAMFEEA F, Al A —2 T
i R RO i 38 T R SR A DA ) ZRE M, TRl B BRI )E
YR HILAZS 33X S TR R %) 7 B ) AN 25 2R ThRe, DA
PEEARRG AN TMRFRAKE, S AR Rl R B P
PRI PEAHEFIE S HF
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