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Abstract: [Objectives] Crested Ibis Nipponia nippon is protected at the national level in China and is also
one of the most critically endangered bird species globally. Unfortunately, the population of wild Crested
Ibises has experienced a drastic decline due to environmental degradation. Research indicates that the gut
microorganisms of Crested Ibises play vital roles in nutrient absorption, immune regulation and healthy
growth. The objective of this study was to culturally analyze the intestinal microbiota of Crested Ibis nestlings
for beneficial microorganisms. In this study, the gut microbial diversity and extracellular enzyme activity of
Crested Ibises were examined to further understand their healthy development. [Methods] The intestinal
microorganisms in Crested Ibis nestlings were obtained through pure culture methodology. The identification
of the bacteria involved a combination of Gram staining, physiological and biochemical analysis, and 16S
rRNA gene amplification and sequence analysis. A phylogenetic tree was subsequently constructed using 16S
rRNA gene sequences of intestinal bacteria derived from Crested Ibis nestlings, including representative
isolates and related species. Strains that produced amylase, protease, cellulase, or lipase were screened
through hydrolytic cycle degradation. [Results] A total of 254 strains of bacteria were isolated from the fresh
excreta of artificially-reared Crested Ibis nestlings, comprising 2 phyla and 9 genera (Table 2). Thirty-three
gram- positive strains and 221 strains of gram-negative bacteria were identified (Fig. 1). Among these strains,
211 were identified as Proteobacteria, accounting for 83.07% of the total isolates. Among them, 179 were
Escherichia sp., representing 70.47% of the total number of isolates, additionally, 18 strains of Citrobacter sp.
(7.09%), 14 strains of Enterobacter sp. (5.51%), and 14 strains of Klebsiella sp. (5.51%) were also isolated.
Of the total number of isolates, 7.09% were identified as follows: fourteen strains of Enterobacter sp. (5.51%),
4 strains of Klebsiella sp. (1.57%), 4 strains of Shigella sp. (1.57%), two strains of Aeromonas sp. (0.79%),
and another 2 strains of Aeromonas sp. (0.79%). Forty-three strains, accounting for 16.93% of all the isolates,
belonged to Firmicutes, in which 27 strains (10.63%) belonged to Enterococcus sp., 4 strains belonged to
Lysinibacillus sp. (1.57%), and Bacillus sp. had 4 strains (1.57%). Physiological and biochemical
identification revealed that the traits of each strain were in accordance with their respective 16S rRNA genes
(Table 1). The differences between enzyme-producing strains were evaluated (Fig. 4), and the types and
efficacy of extracellular enzyme production in these cultivable bacteria were analyzed (Fig. 5). The results
revealed that 244 strains produced protease, 19 strains produced lipase, 10 strains produced amylase, and 4
strains produced cellulose (Fig. 3). [Conclusion] The Crested Ibis conservation station aims to research
intestinal microorganisms to prevent deaths resulting from intestinal diseases during the summer and fall
seasons each year. We found that the bacteria isolated from the intestines of Crested Ibis nestlings were
classified into nine genera belonging to two phyla. Escherichia, a member of the phylum Proteobacteria, was
the most abundant genus, accounting for 70.47% of the isolates, and 86.22% of the strains produced proteases.
The findings can offer technical insights into the breeding of Crested Ibises.

Key words: Crested Ibis nestling; Gut microbes; Pure culture; 16S rRNA gene; Produce extracellular

enzymes
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Fig.1 Colony characteristics and microscopic characteristics of some intestinal bacteria of

Nipponia nippon nestlings (x 1 000)
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Tablel Physiological and biochemical identification of someintestinal bacteria of Nipponia nippon nestlings
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Fig.2 PCR amplification of 16S rRNA gene of intestinal bacteria of Nipponia nippon nestlings
M. - FERIL: 1~ 14 AR BB FEA . M. Marker; 1 - 14 are bacterial samples obtained in this study.

K2 GIRREHEARETRREH

Table2 Classification and total number of intestinal bacteria of Nipponia nippon nestlings

190K YR 7y 2K M R AL
Classification of Bacteriophages Classification of the genus of bacteria Total Percentage (%)
AT ] Proteobacteria 57 K14 )& Escherichia 179 70.47
FiE R FF 14 J Citrobacter 18 7.09
J% AT B @ Enterobacter 14 5.51
5e A Klebsiella 4 1.57
BHHE R Shigella 4 1.57
S T & Aeromonas 2 0.79
JEEEE ] Firmicutes J7 ¥k @ Enterococcus 27 10.63
il )s Bacillus 4 1.57
UM 2 LT R Lysinibacillus 2 0.79
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K3 GERESGIEME TR 16S rRNA 2 244 7 51ty
Table3 Sequence alignment of 16SrRNA gene diversity of culturableintestinal
bacteria of Nipponia nippon nestlings

J& TR RE Rz FHLF 51 ARALEE (%)
Genera Clone numbers Representative Similar strains Similarity
clone
4y IKT# )& Escherichia 175 YI9 Uncultured organism clone ELU0113-T282-S-NI_000126 (HQ788468) 99.86
4 YJ39 Escherichia fergusonii strain 90ft2b (MG639902) 99.04
Jl#k i JE Enterococcus 21 YBI151  Enterococcus hirae strain MLG3-29-2 (MT473367.1) 99.37
5 YB118+ Uncultured bacterium clone a5 (ON745458) 99.52
1 YB003 Enterococcus avium strain 2324 (MT604783) 98.47
Frig R J& Citrobacter 10 YB074  Uncultured organism clone ELU0018-T230-S-NIPCRAMgA Na_000413  99.72
(HQ744946)
8 YBO057  Uncultured Citrobacter sp. clone F2apr.45 (GQ417381) 99.51
JAT i % Enterobacter 11 YBO080  Enterobacter hormaechei strain IPBCC 19.1426 (MN428803) 99.55
HBICH R Shigella 4 YB082  Shigellaflexneri strain A64 (OP204110) 99.63
i H I E Klebsidla 4 Y38 Uncultured organism clone ELU0138-T119-S-NIPCRAMgA Na 000118  99.63
(HQ795637)
T & Bacillus 2 YB078  Bacillussp. (in: Bacteria) strain Z78 (MG470729) 99.72
2 YBI127  Bacillus atrophaeus strain B-4 (MT434773) 99.64
SHMLE B Aeromonas 2 Y89 Uncultured Aeromonas sp. clone AS0829L1 (OP268346) 99.55
AL J& Proteus 3 Y96 Uncultured Proteus sp. clone DH5 Alpha 8 (OP748776) 99.46
AR R 2 YBI134  Lysinibacillus xylanilyticus strain C5 (KX832684) 99.74
Lysinibacillus

TR 53R A IR J8 RAE—iE, BL YBO71 AAR
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—itg, PL Y96 AMRE M AR FRM A 5L H R
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DL YBO80 AR MW K FR 4 6 5 W AT 1 s
(Enterobacter) Z7E—jiZ, LA YB074 1 YB057
NREWM KRR FME 5B R E B
(Citrobacter) RE—i#2, LL Y38 MKMW
B IR0 5 v T A B (Klebsiella) BRAE—i#z .
FEERER 13, BLYB118 AR AR 97
YA YB1S1 K& YBO003 AR ] 55 7740 5
5 i3k % J& ( Enterococcus) S 78 —it2, LL YB127
A YBO78 AR AT 85 3R A R 5 5 A R
(Bacillus) R7E—#Z, L. YB134 AMREMAT
B IR SRR S AT B8 (Lysinibacillus)
RIE—i.

23 [pEHE T E L

S0 A Mg Ot L 3G TR AR TR L 244 BRP R B
filg, b ERREE 83.07%, 26 W EE TR LR IR
FemiE 10 BRAHE R ATEE, B SE
3.94%, ZUERYEEIHILEEFREIHIL H 19 ARAH B
FEVERN I, RSN 7.48%, LYK
iR FRILGHIE Y 4 PRANBE TSP 4E R, S
PREE 1.57%. #R5 MBANITIE WL 4, #6
IRk LE R IR 4.

MR8 A RS i v] 55 7R 40 16S rRNA A
RS SR, R E R &Pt —
MREF R, bkl 15 MK FE, LMET
AT, BT A RIIAREFERRA 14,
MUAMERE T BT 41 4 R IR 40 1 LAk 47 22
S E T

PR RN TE FERERNKENH
(Shigella sonneid; =i #r B I 41 B 32 2R 7=
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Fig. 4 Screening diagram of extracellular enzyme production of some strains

a. PPEREAME, al ~a3 R MSNEERE I di/NEIR: b, PAENTEE bR, b1 ~ b3 AT MISNERRE I ZE SR ol Ml c2. PRETdE BRI I

d. PER BRI .

a. Diagram of protease-producing strains, al - a3 represent the difference in extracellular enzyme production capacity; b. Diagram of

lipase-producing strains, bl - b3 represent the difference in extracellular enzyme production capacity; ¢l and c2. Cellulase-producing strain; d.

Amylase-producing strain.

SOLEMAE FRTEENITERATEE:
R A B 2 B v T A B L 2 AT B
BIATHE R (Proteus). FriEBTH)E. K
B (Escherichia coli) FIRHNIKERE; 7~
1 7 il P B v TR A R . A AR
B (Bacillus atrophaeus) 14 P FGEBT
TEFE R MR R, WPk YBO78
(7= AN REARXT T Y25 F1 Y96 % 5 3%

(F4, 10 =303.708, P < 0.001), F#k Y25 Al Y96
(7= BN RE JIARN T w R YB127 %R

(Y25 vs. YB127: P<0.01, 95% CI=[0.237 7,
0.644 4]; Y96 vs. YBI27: P<0.01, 95% CI=
[0.278 2, 0.735 1]), YBO78 HHkIHI ™~ EEHE /11
i (Bl Sa). fE/= R H MR E Y, Ftk Y96
A YB127 (77 AR AR XS T Ak Y38 %
% (Fg 3 =4 338260, P<0.001), Htk
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Table4 Screening results of extracellular enzymes produced by some intestinal bacteria of Nipponia nippon

k737 YR TR =] Jisgigices 44
Strain No. Cellulase Amylase Protease Lipase Strains name

YJ4 - - + - KWa¥TF i Escherichia coli

YJ39 - - - - PR ARILA IR Escherichia fergusonii
Y38 - + + + PR B A Klebisella aerogenes
Y96 - + + - iR JEAT T Proteus mirabilis
YBI125 - - - - FEJ7 ¥R Enterococcus faecalis

Y29 - - - - 3 IKFERH E. hirae

YB003 - - - - 55 FRE E. avium

YBO083 - - + - 4 IR Enterobacter hormaeche
YB134 - - - - PR ZE fUFF A Lysinibacillus xylanilyticus
Y25 - + + - ¥R T B @ Citrobacter spp.

YB057 - - + - FETHERAT A C. freundii

Y89 - - - - 2 IS LR Aeromonas veronii
YB078 - + + - 2E 75 )& Bacillus spp.

YB127 - + + + 45 F A 14 B. atrophaeus

YBO071 + - + + KA ICESE Shigdla sonnei

“+7 FoRGEREA BRI RE

s 7 RO IZREMRTE T AL BE S -

“+” indicates that the strain has the ability to produce digestive enzymes, and “—” indicates that the strain has the ability to produce

proletarian digestive enzymes.

Y38 (7= L ANEERE IR T H Ak YB134 2 53 &
# (P<0.05, 95% CI=1[0.1554, 0.611 3]),

Y96 F1 YB127 BRI~ BERE /1 feid (B 5b).

FEAERTE RS, B YBOIS. Bk Y26
HEE YBOT1 A gRE ) E R B E (Fy e =
778.400, P<0.001) (& 5¢), YBO1S @k~
Mg fE 775 5% (YBO18 vs. YBO71: P<0.001, 95%
CI=1[0.268 2, 0.411 8]; YBOI8 vs. Y26: P <
0.001, 95% CI =[0.648 2, 0.791 8. =JEi
FEACRBE R, Btk YBO71. Btk Y38 K Efk
YB127 W= Mushigfe N EREE (Fy 6 =
218.679, P<0.001; Y38vs YB127: P<0.05,
95% CI=[0.061 7, 0.2583]; Y38vs YBO7I:

P<0.001, 95% CI=[-0.4371, -0.2629];

YB127 vs. YB071: P < 0.001, 95% CI =

[ - 0.6116, -0.4084]) (/& 5d), YBO71 Btk
(1) 7= B e 7] B 58k

Xt RS 0 T S SR 1 R A B

FRe S4T30, Horr, 7R E S, L Y96
HNREMIBEE, AT BRI ARy, Hr &
FIEgAE iR (DId=4.00); 7EHA KEES,
PLYJ4 1 Y39 AARE M E RS, KA Y4 7]
FE—MEAN, YI39 ARG AN fE

EEREJE T, PL YB083. YBI25. Y29 Al
YB003 ANAREMEHF, KA YBO83 nff=ik
R, HRBEERISARA~RAINEERIRE ) 15
MR EES, L Y25 F1 YB057 AR
FEH, Y25 vl PR UERR AN B, YBOS7 B
FEE AN, EFAFEES, B YB127
YB078 AAEMERS, YB127 0] JE ki |
BRI TR T A, B A RE I RE i
3% (D/d=3.22), YBO78 1] P2y 4y il Al 2% (4 1 s
S EIAEET, LL Y38 NARRIM B,
AIPEE R . AR RS AR RS, e R G
fEJ1fsk (D/d = 4.03); EEHHEET, L
YBO71 AR IR, 1T 4E 250 2 I
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Fig.5 Analysisof extracellular enzymes produced by some representative intestinal bacteria

of Nipponia nippon nestlings

a. PUEMBERI R ST D b PR AR ST D o PREMEREBRI TR AL s d. PRIRITEBRI TR S BT 7). DA R
B ERSERERNE. B AR T OSBRI D ERE 2R (P<0.05), MFEATRMNFRAFAREEESR. *

FERAFRIRUERE o

a. Amylase producing strain and its activity; b. Protease producing strain and its activity; c. Cellulase producing strain and its activity; d. Lipase

producing strain and its activity. D/d stands for degradation zone ratio, D stands for degradation zone diameter, and d stands for colony diameter. P

< 0.05 indicates there is significant difference between the strains, different letters on the bars indicate that there is significant difference between

them, and the same letters indicate that there is no significant difference. Error bar indicates standard deviation.

e, e~ R Dl e )ik (D/d=1.76);
EAFMEES, Ll Y8 AREMHIE, A
AreMasEIRE /s R IR AT B )E T,
DL YB134 NARERM B, ARG MAh g Re
71 (E6),

Zx BRR, FEARROMIE 7 5 AR,
A =I5 86.22% M H Ak A ™ AN E T . JC
HJZ Y38.YBI127 Ml YBO71 =N bk H S
Re 1R, IR R o S i 30 4 T 5 1 gk

JRERE 0 1Y) D RE TR PR o
3 Wig
AHFR 9 Hl R4 S N0 TEXT 4,
A5 FH A8 TR TR R R il S A Wik AT 73 B 4l
e, ARG 254 TR, R TARIEE TR
BEE ], HAAIBRE T T w1, hT R
SN R FRAFAEANA, AT RE = EE 4
WA B BEAh, AWFFOCR T 7 A
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Fig. 6 Analysisof extracelular enzyme producing species and ability of some representative intestinal bacteria of

Nipponia nippon nestlings

D/d FR/K AR, D RaKRBIER, d RRmEER.

D/d stands for degradation zone ratio, D stands for degradation zone diameter, and d stands for colony diameter.

Ity FEARKRFIRESE IR, WE 5 2 T Ak ik
DREYNE . SEiEEl T AL, g
T RAEYIYIRE S I AR A AT,
X FREYIRL, 29 99% HIPI R & ToidAE 5L
AR IR ORI BT AR A R R 77
AT AERKERA L, KGNS 14 0 5 DA
Mgz, S EE PR B TR I R A B 2R
18 BB AR R 2K o

¥ (Zhuetal. 2021) 38 & &l 7
BRI AR B, R IN4)
WBARES 6 ~ 9 HESH, JERER AN 20T
Fekady, [FRASEETTRIAE 20 EAES.
YR ESIE 9 HIS LLS , IAE R AEME T,
LR B4 TR B N AR T 1R ] 40 T R S B B T4 R
FAARIE (Ranetal. 2021) F5H, ZhE KBRS
EHAEY) R ERER . AT TR AT
I'] (Fusobacterium) #p%, M9 HBZ)E, W%
EMAEFEIF BT —5, FEE YR AR H
FLrFoETEEYE 6 (Misgurnus anguillicaudatus) 1)
BN, AR BT B4 B AT R BE B T b AR B
P R KRN, AT )40 R R B R 1)
YU AR D, JERE TR ] 32 B 270 B AR

W BN, FHIEEEANE. FEFH 9 Hig
JE IR RSB AR T AR T AR, R AR
FUR LI B4l AR RO S A &, K
AT AR B IIEME, L4t )E 24T,
ali i IR A0 DU RE B T TR TE B T TR o 32,
Hrr, ZIREHTTRMMBET, B KEE 2N
ABEE, TR, MEMAENILAHER
53k (Zhuetal. 2021) —5. A7 A
FRAT BRI T VR T T T4l R, AT RE R T & &
b, AR K 25 T 4k H A 2 R 7 2 S BURVE A
JELEE B [T B AR B2, 32 B DA R R e o
1M 3CHk (Ran et al. 2021) HF FE PR FHE N F .
Al RE T AW TR BAT IRE R 77, RERM A
1R JEE B TR 1 o B AR B g X 2 IR 4R TR K g
Bk,

DA A a8 aek vy 168 e 0 7 5 AR R A i e
() RS (Garrulax courtoisi) (Wang et al.
2022) LA K B (Passer montanus) (Zhang et
al. 2023) FIZL4 (Falco tinnunculus) (Yu et al.
2020) HIEREYIEREIAT 102K, KIE
IR b, JERERR T TR T TR 1 1A B o
SR, MERAKY L, HTWR [ ZER
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LR EEIR N, SRR &AM . Zhu
% (2021) K Ran %5 (2021) XHRBES7IE A
Vit eI R, R AR TR ]
A F], VEE S, XPET TR &
F AL A TR RN L4 FS (Colinus
virginianus) (Su et al. 2014). F&2% (Geronticus
eremita) (Spergser et al. 2018) FIEHARRY (5
PSR 2008) HIATE A AT 3 B 5 7%, 4
REIRIERER ], AT TR E T #
BT,

TR AR X B AR M —
PISZI (X E 05 20160, RRSLRY UL FRIEL)
W R R H 2k HAg R, B R Fi
HER, Bk, ELRASEHEISTLERE L £
% THAMRRSI RIS, TR AR RS
Y SIP S () O [ VA U D RN N 2 I Sy |
0, MAEN T B 4 ARG, H AR R A
PN E &, HBMH (Tenebrio molitor). %)
A R0 SEEARE A B DA TR B SRR S5
B, WA AIERAEI RIS KRG EEXT 9
H e R RS ARG LE Ve i, 3ok i, SR
W WO AR 3% 55% 5% 5%~ 10%-
5% 15% LUBIE & FTRE AN o =5 R 3 R RY R
JOT G, GG A AR RS B, APk
TREBEERE. IBTEE . ek B £ 4E R B
4 NEEGHDIRERHAT A B DI RERE T, AR SRR
X B3 AR RS I TE A 7 1) PR R 2 B8 R Al

RSy BT = MO S I AR o, A 244 Bk
FEEREIE 19 BRPEUER R 10 BRI RE AT 4
L7 RS A I Wl W = 7 S )
83.07%-~ 7.48%- 3.94%F1 1.57%. T HANYE
BRI NAIE ARG F Y, SHRENEA
Jit CBRAL 6 2002, BREKR 2021), AHFIT5)
BRI B A 83.07% 140 B AT LA~
EI, SRS FURA AR B RN, X5
ARG iE K A =
(Lubbs et al. 2009). 24 9 HEE ARG LA IR 7
(AR g gy, AT DA S e b v A TR ST A
S/ N AN 7R R sh Fa e tt iy SR N AL S L

(1) B 3 B B S TR IR 1B B 48 2R RO PR R A
HE e ) & 2D, nT e A B e i e i g 1D
SRR/ AEESE 2022), 5 R HIEN
AR TCiE AR IbAh, BT REER bt
T REEMEEY, LA N TIE
o, FSESORACE BN Y, DA EN
Ji7y T8 P 77 2T A 23 AN 7 R TR T 4T T A

VE T EEE V2 IR, fEEERD
Y, iR S R AR LA
KFZR, 4EREE M IEHEHLIEE, (HIXF-Fdrnr
DABHAE e PREE . XA SIS A R 3R
R T AR . It A AT LA i e AR 1
FRIERE I TE AR, AR
B, Wi e SR RS MR T
A A AR BAE RS, AR5 15 32 T 40 H%
77 (Cheng et al. 2021),

SVNE AR SO
R, REEBIRIEAE. BRI RAEKEE
S & AR EEIATEH (Rooks et al. 2016,
Osadchiy et al. 2019, Tilg et al. 2020). A<SZL
33 27 MK IR, SR SIEENAT 21 #R
NIRRT . RIE SR, W IRpERE N
VB R AR, CEWH T, SR
ASHIFE (BB 2019); Ruiz-Rodriguez
2 (2013) MWl (Upupa epops) 144> B543
F IR ERER, R A (R 40 2R m) LA
16 F BRI SIS Arokiyaraj 55 (2014)
ORI 7 — kAT LA i hom R . B
T R A I IR KB . AHIE TR FH 2l 5%
1% 7 BEARAT AT RS SRR, 0 X I L TR AR
PERETE, SN KRR E A AW, I
HIVE R AEAS T, A X & a SR
2 TR IEMAE S, DARBEHERK
.

Z % X W

Arokiyaraj S, Hairul Islam V I, Bharanidharan R, et al. 2014.
Antibacterial, anti-inflammatory and probiotic potential of

Enterococcus hirae isolated from the rumen of Bos primigenius.
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