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Isolation and identification of a bile-tolerant Bovis Calculus transforming
bacteria and its transformation activity
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Abstract: Objective To isolate and identify a Niuhuang (Bovis Calculus) transformed bacterium that can tolerate bovine
bile, and apply it to the transformation of Bovis Calculus cultivated in vitro. Methods The strain (NDZNM-01) that could
survive in bovine bile for a long time with high Bovis Calculus transformation ability was screened and isolated from bovine
bile, which external morphology, physicochemical properties, taxonomic status, ability to tolerate bovine bile, and
transformation activity of Bovis Calculus were observed and determined. Results According to the detection results of the
external morphology and physiological and biochemical characteristics of NDZNM-01, it was preliminarily determined to be a
bacterium of the genus Citrobacter. According to the results of cluster analysis of 16S rDNA sequence, it was shown that
NDZNM-01 and the other three Citrobacter bacteria clustered into one branch, but formed a single line, belonging to a newly
discovered strain. Using strain NDZNM-01 to ferment fresh bovine bile, the content of bilirubin increased by 2.35 times and
the content of bile acid increased by 2.13 times. Conclusion Based on results of the morphological observation,
physiological and biochemical identification, and molecular identification, it can be judged that strain NDZNM-01 belongs to
an intestinal bacterium of the genus Citrobacter that can tolerate bovine bile, and has the activity of efficiently converting
bovine bile into Bovis Calculus. The Bovis Calculus transformed bacterium was finally named Citrobacter bovis NDZNM-01
Wang Houwei, and the collection number was CGMCC24893.

Key words: Bovis Calculus transforming bacteria; Citrobacter; bovine bile; Bovis Calculus sativus cultivated in vitro; molecular
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wWE¥. 1IEM F 5[4 (16 bp): 5°-CGCAAGCC-
TGATGCAG-3; JxIn] R 5% (16 bp):
5’-CTTCGCGTTGCATCGA-3’. PCR [xJMfE & (25
ul) f%: DNA iR 1.0 uL, 5XBuffer 3.0 uL, F
517 (10 pmol/L) #1 R 514 (10 pmol/L) % 0.5 pL,
dNTP (2.50 mmol/L) 1 uL, ddH,O E#Z 25 L.
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IR “2.1.07 W76, 43 B8R 46 N PRREAS i
ZAM HEREA & EEAARE . bk
NDZNM-01 43640 fe Joieam, 78 “2.1.17 Tif#H
PRREFREE PRI, RIEeE . D555,
PFEARIK O RS, g alit, R TR
FIFFIR, PIAEER, F¥EE, TWE, SEREEKR

4

&

¢ FNT o
"‘g R
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BAIEFE  D-NDZNM-01 KRR 51 R A5 ks 28 & iR

A-morphological characteristics of strain NDZNM-01 B-NDZNM-01
fermented bovine bile to form Bovis Calculus granule turbid liquid
C- polymerization of Bovis Calculus particles into lithogenesis by
NDZNM-01 fermentation of bovine bile
Bovis Calculus granules by NDZNM-01 fermentation of bovine bile

D- polymerization of

1 WTARET R4 345U E NDZNM-01 MM R H
SR LRE

Fig. 1 Morphological observation and Bovis Calculus
transformation ability of bovine bile-resistant bezoar
transforming bacteria NDZNM-01
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#x1 E¥NDZ-1 EBEMR
Table 1 Physio-chemical properties of strain NDZ-1

3.3 M4RERI4EEE{LE NDZNM-01 B9 F£
ES5RG

YETEbR vk NDZ-1 % E bR bk NDZ-1 B /% NDZNM-01 () 16S rRNA {3 5] 1 Bl
Rl - MR i + e Rl 2 fios. FRAa KN 598 bp, (C+G)
R + ER R + & 55.69%.
Friemh + WR R LR - % NCBI Chttp://www.ncbi.nlm.nih.gov) 2t
B fibi n ST A B _ ] BLASTn 27> Chttps://blast.ncbi.nim.nih.g ov/Blast.
AL - . B cgi) & rRNA/ITS databases $#5 /2, 455 2w,
- . e . #k NDZNM-0L ) 165 rRNA J5[515 31 BL5 1%
P ————— &*?Eﬂﬁﬁf?ﬁﬂ FRIFRABUEE KT 98%, 4 AE MRS I
“+”: positive; “—": negative or no reaction {7 i B4 265-A 275-C. 280-G. 282-A. 537-A.
CGCAAGCCTG. ATGCAGCCAT. GCCGCGTGTA- TGAAGAAGGC. CTTCGGGTITG.- 50-
TAAAGTACTT. TCAGCGAGGA. GGAAGGTGTT. GTGGTTAATA. ACCRCAGCAA. 100.
TTGACGTTAC. TCGCAGAAGA. AGCACCGGCT. AACTCCGTGC: CAGCAGCCGC: 150.
GGTAATACGG - AGGGTGCAAG. CGTTAATCGG. AATTACTGGG. CGTAAAGCGC. 200.
ACGCAGGCGG. TCTGTCAAGT. CGGATGTGAA. ATCCCCGGGC. TCAACCTGGG. 250.
AACTGCATCC- GAAAATGGCA- GGCTICGAGTG: TAIGTAGAGGG. GGGTAGAATT- 300
CCAGGTGTAG- CGGTGAAATG. CGTAGAGATC. TGGAGGAATA: CCGGTGGCGA- 350.
AGGCGGCCCC. CTGGACAAAG. ACTGACGCTC. AGGTGCGAAA. GCGTGGGGAG. 400.
CAAACAGGAT. TAGATACCCT. GGTAGTCCAC. GCCGTAAACG. ATGTCGACTT. 450.
GGAGGTTGTG. CCCTTGAGGC. GTGGCTTCCG. GAGCTAACGC. GTTAAGTCGA. 500.
CCGCCTGGGG - AGTACGGCCG. CAAGGTTAAA. ACTCAAATGA. ATTGACGGGG. 550.
GCCCGCACAA . GCGGTGGAGC. ATGTGGTTTA. |ATTCGATGCA.  ACGCGAAG. 598

J5HE PN 58 H SRR T AE 9 NDZNM-01 FRSRAE PERR LAY 55
The bases highlighted in [ ] are the characteristic base sites of NDZNM-01

2 MHLERE AL E A LE NDZNM-01 fY 16S rRNA ERE 1 K N4 R
Fig. 2 Sequencing results of 16S rRNA gene fragment of bovine bile-resistant Bovis Calculus transforming bacteria NDZNM-01

581-A. % FH Fast Minimum Evolution A% 248 &
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254 DL E S B RE NDZNM-01 RS W 5E A= 78
ke, VLTS Es R, Ar LUA B B Ak
NDZNM-01 J& T —FihriE B AT i J& I i 4 g, 4]
#1544 A Citrobacter bovis NDZNM-01.
34 MARETRYAEREELE NDZNM-01 AU Kk

¥ NDZNM-01 FEREFEFN T 5 mL J73%42.1.17
TR ARG Fe gk, 37 CREHEFE6h 5, FEL
Horbr 1 mL BEWBEERDT& 100 mL i Rs R 3 b AT
PR EE 7%, B0 1 d & B A% B (ODseo)» PA ODsgo
E NN RR,  DLREFRIS (R R AL bR AR AR K ih 25
I 4 77 W, HEHk NDZNM-01 K576 48 h LA
P, SR EIEN T 21 B 1A B 1 K 0 £
W, K577 % 96 h I T PR B K, bR ket g 4 d,
AR T TP IR 218 T IR

MBS /R B ATCC33531 (NR_112011.1)
HXIPITH (NR_074888.1)
Trabulsiella guamensis (NR_114235.1)
9 BRI (NR_111998.1)
LR TR (NR_104933.1)
9 Enterobacter ludwigii (NR_042349.1)
Enterobacter kobei (NR_113321.1)
Enterobacter mori (NR_146667.2)
ONDZNM-01 Hitk
Qo SEMMILRRATE (NR_028688.1)
Citrobacter werkmanii (NR_024862.1)

0.008 Citrobacter braakii (NR_117750.1)

3 HF Fast Minimum Evolution 3% #J & 89 = %
NDZNM-01 & Eif%Etk 165 rRNA EEH EFFIR TR
RELER

Fig. 3 Rootless phylogenetic tree of 16S rRNA gene
fragment sequence of strain NDZNM-01 and its related
strains based on the Fast Minimum Evolution method
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Fig. 4 Growth curve of strain NDZNM-01
3.5 %B% pH {Ex NDZNM-01 B4 LEETIR
A

8 “2.5.1” Wi J57%, B 5.0 mL () NDZNM-01
B (ODsgo=0.505) #F11 % pH 1873714 6.0+ 6.5+
7.0, 7.5, 8.0 1 95.0 mL “FHT AT IR RE 7%, W
SE IRV R AR L AR () A &, AR pH-HAL
FHE A 2. I 5 7T L, Bk NDZNM-01
76 pH 75 BRI IR S &R, N
16.75%, f£ pH 6.5 INIHER & & dx i, 9 5.16%, 1M
REBEA MR PR S 8N 7.14%, HRE &
N 2.42%. HHILAT I, ZEPR NDZNM-01 & 4F
REVE A ARRRFIAR AL 25 & i B ey, P Ra
TEMMT 2.35 %, HREEMMN T 2.13 ff.

FH P 5 A] O, AR RE ) pH ARG B Pk NDZNM-01
PIIHER 5 IR 2 e A e A — B, IHZL K AE
Rl 25 T e, T IR R A IR PEIA B R %
e . AR & i [ 2 AR, Rl
RIEAENRIT ) pH B DR 263 IR AT 2 1 AN IR

18 6.0
17 55
161 15.0
g 1 l4s
B 41 &
o lag =
m| .
o= 134
135
12
114 13.0
10 . . . . . . 25
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5 BBt pH {EXf NDZNM-01 FEHE L ERF N
Fig. 5 Effect of pH value of bovine bile on Bovis Calculus
conversion rate of NDZNM-01

M. 254 2 7K Z, Bk NDZNM-01 (45510
ROR AR BEARYT (M) pH AEN 7.2 94, pH @A
TREBAT T4 s 4k
36 %AEEREXER NDZNM-01 FEit{kEE M
=AU

142,527 1J57%, #8h 5.0 mL ) NDZNM-01
K577 (ODsgo=0.505) T 95.0 mL HrfeEA-Hyt
Sy HIFE 10 15, 20, 25. 30. 35. 40 ‘CZ%M Tk
(120 r/min) ¥537 16 d, %M “2.1.27 U7 iEAaM 4
MR R IELL ZAAEER I & B . BT 6 AT, bR
NDZNM-01 7£ 30 CH;7:0f, KEZE 16 d JHRS &
i, k%) 6.42%; 725 ‘CAHI30 CHiFEm:, K%
2 14 d PR NGIgHKHH; 7F 35 CAHl
40 CREFRI, KIS 12 d JHERFEAL R N B K
B FEREVTRR B A 10, 150 20 CHf, JHERS
5 RBE ] ARG, RIS K.

fHLT 1%
ol

B 6 %B%EEXT NDZNM-01 BBEREE (L EE ES I
Fig. 6 Effect of culture temperature on bile acid conversion
ability of strain NDZNM-01

M 7 5] W, Tk NDZNM-01 78248 JH v A
PR 2N 30 CHEFRIT, KIEZE 16d HLA RS ER
B, IAH 2.01%, EREEE 14d BB KL R
NGB KEEREEN 35, 40 CHF, KEEZ
12 d IHLLR AR NGB IG K, £ RBHRE N
10+ 15. 20. 25 CHf, JHZ 25 &5 KN A] IEAH
K, KRGS
4 e

FARF AR B R R 0, EY e E
PR NAFEAR T IE B AR 38 45 0 1R B 2% 2 — 81,
BARRRV A BA T S ER, 280%iEanE
TAEAE AR IRV A7, AR EA Bt ae 10,

DRI, 3G R EL A 2 o e A v 1 SR A I T A7
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Fig. 7  Effect of culture temperature on bilirubin
transformation ability of strain NDZNM-01

T AR A AR AR A M S A BB R R K
P e Pe Rk AR B A ot . ST 2 HUmE g
A= JE A A R AE TR I ) LA 48 h,  JRiide i 52 4 I
ISR RO, R mmIME & A
K, BRARAE ™ A ()

AHIEFE T 2 35 ) EFERH T 4 2545 51 46
PRAHEE, %558 H— PP REBE K I (A1 52 2 JH V(1 B bk
(NDZNM-0D), 1wtk RA B & m i .
RGN NDZNM-01 AE B A b % s 5 3L, W18 ) T
Pk NDZNM-01 4 A7 &% B #F B J& 40 1% . R 4%
NDZNM-01 f#] 16S rRNA FE[H B i) PCR 4744 ., i
SRS EE R, H ik NDZNM-01 5 At 3 iy
BT B & A REE— N X b, HIERER,
J& T H I AR - 255 0 B Ik NDZNM-01 [T 2
Mg NS, DR TEESR, aTUH
WrEE ik NDZNM-01 J& T — Pt iRt )& i i i
YA -

N B R NDZNM-01 & B it A= JE 1, Hedr )
JHIRFIMH A RS BN R ER . ERBRERN
30 CHFRMF, KB 16 d FIIHL R SRS &S
AIAR] 2.01%0 1 6.42%, RHLLER S EILRIA IR
BT 2.35 £, MHEREEIMN T 2.13 f5. &4, &
I8 1% 4 35 3% AL 41 1 iy 44 4 Citrobacter  bovis

NDZNM-01 Wang Houwei, 3¢ i o [ 43 4= 42 1 Fif
PR 2 L 2l A O R (RS
CGMCC24893, Hilll: 2022.05.12), —HHIiFEHZK
RFERRY . AW E RIS T — MR AT 15
R A AR, X5 DA R KA AR A
WA E, BA RGO SEkit—5
I FH 388 47 T AR 450 AN 12 24 38 3 A T ok il AT 18 4% 14
i, R EEACR . ARG R NSRS
BB R ARG AL, S A B 2 AR A AT
PP R 25 HA — 8 B2 AR .
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