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HABRATD) 5 BRI (LB BRI 27 B A 12 27 Bt i I
WAV EWTE ) s BT 2584 (AR e = A
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DNA Template Prep i 7| & 14 4 SMRTbell 3/, #&
JE i PacBio Sequel ¥ 5 X} SCHE#EATI . T
=AM e B, 8 8k Hifiasm ( version 0. 13 -
r308) 14150 Hicanu(version 1.7) M S5 HEAT4H %5 15
I ETI P A U e i VA 2 €T ie s T X
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Fig.1 Isolation, culture and identification of Bifidobacterium animalis B4

A: Gram staining of B4 x100; B: B4 grown in MRS medium; C: Agarose electrophoresis results with universal primers for B4; D: Phylogenetic

tree constructed based on 16S rRNA gene.
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2.2.1 MA 5% S AU =AREARX Y
MUSEFF B B4 EAT 2 FE 4L, 4061 T B4 Ay 43
DIZH BRI (JF 2) o S S FT 18 B4 423k R 40 5 %71
ML R 1 944 146 bp, GC &4 60.49%
U 2] 2 i R K H A 1568 A, S i 3L (K Y B K
FEh 1 687 818 bp, i ¥ 51 & Bk & ¥ 51 K B
86.82% , 4FRAEMAS RNA B H N 74 4, rRNA
A 12 4, tRNA A 52 4>, HAbIES S RNA 4 10 4>,
HA T AR L B e B 2 7 5 MR B 2 )F
G|, FEERLERI I TNALEE A 25 NI ER 1,2 ARHT
W AR 2 45 CRISPR 4544,

2.2.2 AARMeyhikiEs

2.2.2.1 NR $u¥sE b X a5 S0 R RN R 5 K
BRI NR B R — AR TU AR 8 AR
R D S S RE R AR R 2
RS NR B gnfis 2 ECH M 1563 A B E
BRI A IEAT 0T, 4 T NR P Fh oA (A
3A), S5 A R IZ A R Bl ) BB AT TR, AR ABLEE B 38
97.44% ., W %A N S AU R B e, A4S 42 3k
I P45, BT B2 T 1) sl ) DU T TR 42 3 1A
HIFFE B WELILFHRE R ER (K 3B) kiz
FERH BT (K 3C. K 1), NG R ra] LUE 1 3h

A NR Homologous species distribution

M Bifidobacterium animalis(97.44%)
Bifidobacterium(1.54%)
Terrabacteria group(0.32%)
Propionibacterium freudenreichii(0.19%)

M Bifidobacterium pseudolongum(0.13%)
Bifidobacteriaceae(0.13%)
Bifidobacterium tsurumiense(0.06%)

M Bifidobacterium magnum(0.06%)
Bifidobacterium longum(0.06%)
Bifidobacterium cuniculi(0.06%)
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Fig.2 Circular genome maps of B4
B4 . Bifidobacterium animalis B4 ; The four circles (outer to inner)
showed the following: Circle 1 and 2 exhibited CDS on the forward and
reverse strands, as well as rRNA, tRNA | and assembly gap; Circle 3 re-

presented the GC content; Circle 4 showed the GC skew.
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Fig.3 The species annotation and pan-genome analysis

A The species annotation of B4 against NR database; B: The phylogenetic tree established based on the core-genome of B4 and others B. animalis;

C: Flower plot diagram showing the distributions of core genes, accessory genes, and unique genes across all strains.
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F1 BAFZERASTEEER

Tab.1 The strains of B. animalis used for pan-genomic analysis

Collection strain Genome size (bp)  GC content (% ) No. of CDSs No. of rRNA  No. of tRNAs No. of tmRNA
B. animalis 01 1931 632 60.49 1553 9 53 1
B. animalis 19-D-1 1 963 057 60. 64 1587 12 53 1
B. animalis A6 1 958 651 60.49 1570 16 53 1
B. animalis ADO11 1 933 695 60.49 1575 7 53 1
B. animalis B4 1 944 146 60.49 1559 12 53 1
B. animalis B06 1 944 145 60.49 1559 12 53 1
B. animalis B420 1 944 145 60.48 1559 12 53 1
B. animalis BB-12 1944 152 60.49 1 561 12 53 1
B. animalis BFO52 1944 152 60.48 1 558 12 53 1
B. animalis Bi-07 1 938 822 60.48 1 557 12 53 1
B. animalis BL3 1944 323 60.48 1565 12 53 1
B. animalis BI-04 1 938 709 60.48 1559 12 53 1
B. animalis BI12 1 938 606 60.48 1 560 12 53 1
B. animalis BLa80 1935 434 60.49 1557 8 53 1
B. animalis BLC1 1 938 583 60.49 1557 12 53 1
B. animalis BP026 1935214 60.49 1 560 9 53 1
B. animalis H1 1 944 352 60.49 1 560 12 53 1
B. animalis H3 1 944 351 60.49 1 560 12 53 1
B. animalis HM019 1 935 423 60.49 1 560 9 53 1
B. animalis HY8002 1 944 140 60.49 1561 12 53 1
B. animalis 1797 1943 538 60.49 1564 12 53 1
B. animalis IDCC4301 1 944 141 60.49 1559 12 53 1
B. animalis KLDS 1 946 899 60.48 1564 14 53 1
B. animalis MGYG-HGUT-02459 1 958 651 60.49 1570 16 53 1
B. animalis MH-02 1 944 290 60.49 1562 12 53 1
B. animalis Probio-M8 1937 197 60.49 1559 9 53 1
B. animalis RH 1 931 057 60.48 1562 7 53 1
B. animalis S7 1944 072 60.49 1 586 12 53 1
B. animalis SF 1944 374 60.49 1 564 12 53 1
B. animalis TK-J6A 1 944 283 60.49 1564 12 53 1
B. animalis V9 1 944 050 60.49 1559 12 53 1
B. animalis Y12 2 027 369 60.21 1531 12 53 1
N Digestive system
oA R Tne R AE BB R RN I—Jﬁi e sy
RU ) A Wy b R A 7 22 1R L 1 A B B Tl R Nucéeﬂj?n‘iifagf:@iiii
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USRI K MG MR
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éjﬁ , Q%X%ﬂz X Lﬁ j‘jg‘q&ﬁ% , %1—[-‘#&%%”\5 IIFI g Me‘:g()h:n'onmie";ds - I:) yl:eu - | Environmental information processing
s Infectious diseases:Bacteril Genetic information processing
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N2 (949 4~) , Hod DL K A6 & P48 (195 Dnl\%cd‘dgArZ:pll
M) AR A'é\% ] ( 192 A4) R SEFR A (169 1) Replicsion nd o
Folding, sorting and degradation
FEAER ARG S F B (178 4) , FEALSE e
Signal transduction
BHIE(81 ) | Eﬁrﬁﬂ 55 (69 1)  F N WA 35 Cellar °°?!ﬁ§l§i}'§:ﬁ:'3£§§
,flil AL»AL }E ( 95 /\) EH H@ﬁﬂ:‘% ( 87 /l\) , A%%‘Q% frmpartand ol 0 50 100 150 200
e Number of genes
(51 4Y) AR R G5 (32 A1) o 788 RAC T % rh

fe gL (70 /I\) SR 1) A W R 3 (37 y %4 K?Gﬁﬁ K]?GtG ma;s};;ﬁ%ﬁlgm
)ﬁﬂéﬁ. 'ﬁ-*}kﬂﬁﬁgg{tlﬁjﬂguga %’é;b@ ig. annotation of B. animalis
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2.2.2.3 COG BEEER  #il COG FdiE It
XFA] DL AR P SRR S — COG B —
% COG H B A& [FUE T 504 B, IR 2 5 51 1) 2
REIFL il o B (18 5) o BRI COG $ds 22 1
IEREH M 1 243 A, B B = 1R i AR it
(E) LA 162 4~ 1EBHIE AR LS AL Y &
HE(T) W3 ECA 135 4, KAk A4 03 i AR
(G)MEHA 1334 TR s & EAMBEE
(L,99 1), 5% (K, 91 A, 4 ffd BE/ /40 B A= )
B (M, 74 4~) , THLE iz FC (P, 65 1),
ot Rz i A (F 61 A4 S5 5T,

COG function classification

150

100

Number of genes

ACDEFGHIJKLMOPQRSTUV
Function class
E5 B4 EHH COG IhaETFRSHE
Fig.5 The histogram displaying the COG categories and
the number of genes
A: RNA processing and modification; C: Energy production and
conversion; D: Cell cycle control, cell division, chromosome partitio-
ning; E: Amino acid transport and metabolism; F: Nucleotide transport
and metabolism; G: Carbohydrate transport and metabolism; H: Coen-
zyme transport and metabolism; I. Lipid transport and metabolism; J:
Translation, ribosomal structure and biogenesis; K. Transcription; L:
Replication, recombination and repair; M. Cell wall/membrane/enve-
lope biogenesis; O: Postiranslational modification, protein turnover,
chaperones; P: Inorganic ion transport and metabolism; Q: Secondary
metabolites biosynthesis, transport and catabolism; R: General function
prediction only; S: Function unknown; T Signal transduction mecha-
nisms; U: Intracellular trafficking, secretion, and vesicular transport;

V. Defense mechanisms.

2.2.2.4 GO BllEEER T GO Kl xS FE A
FIEE I REREAT FRGE R idt , 45 2R A 15 25 1 7= )
(5>FIIfE AEY@AE AR 503k =0 2 ik
SR (E6) . HERE] GO Bl i 4 B 343 053
A P AR BB HA 1035 A4, i EIRE

TR 33.90% , F 2 50T A | 4t ik 72 R0 or
S5 O TEANR A A b i e 31 374 N BERA o A
UIRETERERY 12. 25% , F B S5 M 5y 5546 & 7247
TR I RE 1 644 DNIEP 5 B RE R
(4 53. 85% , SHALTEE SEAHEHEREZ . GO
B B D) RE T s S BUE AT B B4 FEAE AL TS 3
(5 FIIBE i 3 R R

2.2.2.5 CAZy BilaFEHR  CAZy Fds K AH ¢
fiti o3 BT K i il RS R g 2 W 2L 5l
JEME MR B DI RE RS . Sh ) RUB AT B4 TE B
B CAZy B8 & () 3 K 38 195 4, Hih 4% 23 4~
Carbohydrate-Binding #1k 9 MR, 68 N HHF/K
fi AN 95 A WEHLFL RO (181 7) , AR oW
XUECHF TR B4 W] LASE S5 W5 17 7K ik il 55 5 6 il 25
WREIEH ., 7 CAZy MR R s v LA B4
K B-FLWE T M | L-L R i Sl | £ O S A 1Y
FER L CAE R S SUBAT T B4 82 (0 AR HLRR
S IR S AR PP B 25 & B R
MHTEEME, W2,

#2 CAZy THBE B4 BHHEXERFERE
Tab.2 The table of CAZy's annotation to the B. animalis

B4 related gene information

Gene_ID  Start End  CAZy_activities

B-galactosidase (EC 3.2.1.23); B-
mannosidase (EC 3.2.1.25);
B-glucuronidase (EC 3.2.1.31);
mannosylglycoprotein endo-f-mann-
osidase (EC 3.2.1.152) ; exo-B-
glucosaminidase (EC 3.2.1.165)
1_41 370904 371964 ethanol dehydrogenase (EC 1.1.1.1)
1_102 1049702 1060664 L-lactic dehydrogenase (EC 1.1.1.27)

1_155 178860 182318

2.2.2.6 CARD $¥aFEHR  CARD $dE & it
Pk Z 25 P A RIS B 1Y SNP 15 8, 3L F X 2L
P AR X B4 EATHUAE RPUE SR  w, f
Z R CARD $048 2 1) g i 2 R 2 H 4 100 4>,
iRt o (8 8) . Hoh & AP R AR R
FIEEH 50 4, (5 L 49. 50% 5 & Hi A R S 2 Y
FH 32 4~ (31.68% ), A R LA 14 4>
(13.86% ) , i 4O A FREEIN 3 4~(2.97% ), $1
RGN 2 (1. 98% ) . CARD B e vE B 4%
F SR SR FT T B4 O FE A FENA ms-
bA .macB Fl TetA %5, B A1 05 Z FE i 2 BT RKIF
PIBRZS 25 FIBT U R A G, Wk 3,
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GO and gene distribution of B4

GO_Number I Gene_Number
metabolic process 186 478
cellular process 121 324
localization 3] 125
biological regulation 21 76 a
cellular component organization or biogenesis 9 17 3
response to stimulus 8 31 2
developmental process 1 1 ;1
carbon utilization 1 2 9
Iti-organi C 1 1 Ex
multi-organism process S
detoxification 1 1 .8
)
immune system process 1 1
catalytic activity 370 622
binding 62 456 (=}
.S
transporter activity 27 72 b3
translation regulator activity 4 9 ‘E
S antioxidant activity 3 5 {gl
8 molecular function regulator 2 2 E
o
transcription regulator activity 2 18 3
structural molecule activity 1 53 E
small molecule sensor activity 1 7
cell part 23 136
=
Q
protein-containing complex 18 91 g
=5
£
membrane part 4 91 S
I
k|
organelle 2 52 é
Q
o
membrane 2 85
0 100 200 300 0 200 400 600
Number
&6 4 T
E 6 B4 HK GO WEERSHE
Fig.6 The representation of GO annotation
100 o -
The gene distribution on antibiotic
80 F antibiotic efflux (49.50%)
" antibiotic target alteration (31.68%)
2 [l antibiotic target protection(13.86%)
& 60 F [ antibiotic target replacement (2.97%)
S antibiotic inactivation (1.98%)
z
s 40
s
Z
20
5 e R oy o
0 El8 B4 HH CARD HAERERHHE
CBM CE GH GT Fig.8 The CARD annotation of B4 strain
CAZy class

E7 B4 EHH CAZy HUEEEIBESHE
Fig.7 Bar plot showed the distribution of
CAZy annotation categories
CBM: Carbohydrate-binding modules; CE: Carbohydrate esterases;
GH : Glycoside hydrolases; GT: Glycosyl transferases.
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%3 CARD HiEEIREE B4 EHXEEGEER

Tab.3 The table of CARD database’s annotation to the B4 bacterium related gene information

Gene_ID  Start End CARD_ID CARD_Drug_class CARD_Description
1_81 79881 80660 gbINP_415434. 11ARO: nitroimidazole =~ MsbA is a multidrug resistance transporter homolog from E. coli and be-
3003950 I mshA antibiotic longs to a superfamily of transporters that contain an adenosine triphos-
phate (ATP) binding cassette ( ABC) which is also called a nucleotide-
binding domain (NBD). MsbA is a member of the MDR-ABC transport-
er group by sequence homology. MsbA transports lipid A, a major com-
ponent of the bacterial outer cell membrane, and is the only bacterial
ABC transporter that is essential for cell viability
1_128 146813 147790 gblAAV85982.11ARO: macrolide an-  MacB is an ATP-binding cassette (ABC) transporter that exports macrol-
3000535 I macB tibiotic ides with 14- or 15- membered lactones. It forms an antibiotic efflux
complex with MacA and TolC. macB corresponds to 1 locus in Pseudo-
monas aeruginosa PAO1 and 1 locus in Pseudomonas aeruginosa LESB58
1_744 969713 971716 ghl AAA20117.11ARO: tetracycline TetB (P) is a tetracycline ribosomal protection protein found on the same

3000195 [ tetB(P)

antibiotic

operon as tetA (P), a tetracycline efflux protein
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Fig.9 Drug sensitivity

A: Drug sensitivity test of B4 ( Drug sensitive paper diameter = 6 mm) ; B Statistical graph of diameter of inhibitory zone produced by B4 against

various antibiotics.

MU AT B B4 BRI A 76 B S LU W i BB~ Al L
24 h K73 J5 AT UK R 52 24 00 B 7% (B 10A)
[vi) ) 7 P % 3] 15 A DL P S8 114 25 O 37 . P 3¢ 156
SYBUE AT B4 JCHSILE . B4 TR A AR A0 SO 4 5%
WEE R TR (E10B) , Br-L 4 A A B v 48
P 5 28 S 0 X Ul B Bl ) SUB AR T B4 B X
LRAETE 220 CH R KT LR ERE A
T B LR AR S S e T AR
TR A 14 S50 v 85 S ol (0 A8 D BB 25 AL s
TFEHM: ., £56 S SUB R B A A0 SN AR 5T 25

2.3.3 ®HEBER EFERM pHEE2.0 ~
3.0 Z[a], i R 2 £ AE T 20t 15 3135 1 A 5 —
A AR R 35 A BRI AT R e — A E B A

YRS T B4 ORI B SE e (1A 11) R 7E
it B 2 0.1.2.3 h J& R B A ARk, 78 1 x
10 ~*Fi B 8 v 2 Wk 5 IO 4 43 50l Sk 247
224 198 188 ™ Tai v , Bifi sf [1] P 365 0, 4240 15 W ity
PRECH DD 4t B R 3 h AREEE 1 3 ) LB
FFIR B4 A5 TRAETS R B85 R 76. 1% , Uit
FCEAT RA i B R, T 25 A R

ASBIESE I RN FEAE rh 73 B — Wk Sl SUB A R
B4t , 284 Bk DR A M8 TR 5 Sl OUBOT T A DL EE
=ik 97. 44% , 1 %€ N Bifidobacterium animalis sub-
sp. lactic, FETEIEH ARG & B W) EST Tz FLH



FMEMKFF®  Acta Universitatis Medicinalis Anhui 2025 Feb;60(2) + 263 -

B 10 A Fn 4 & R SRag

Fig.10 Hemolysis and biochemical reaction experiments

A: Hemolytic test of B4 in blood agar; B: Biochemical test of B4 in various fermentation tubes.
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Fig. 11 Resistance to stomach acid test
A Curves of the number of bacteria surviving after 0, 1, 2 and 3
hours in the stomach acid resistance test of B4; B: Bacterial survival rate

curve of B4 after 1, 2 and 3 hours of stomach acid resistance test.
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Whole genome sequencing of Bifidobacterium animalis subsp. lactic

B4 and analysis of its probiotic properties
Ding Ruipei', Liu Chengzhong®, Shi Cancan®, Zhang Huiyu', Dai Yiping’, Mu Ruxue’, Li Zilong®,
He Maozhang®, Li Zhuojun’
('The First Clinical School of Medicine ,” Dept of Microbiology , Anhui Medical University, Hefei 230032;
*Dept of Basic Medicine, Fuzhou Medical College of Nanchang University, Fuzhou 344000)

Abstract Objective To investigate whole genome information of a newly isolated Bifidobacterium animalis subsp.
lactic B4 strain from healthy human feces was analyzed and its probiotic properties. Methods The antimicrobial
resistance , hemolytic, gastric acid tolerance and biochemical characteristics of B. animalis B4 were evaluated by in
vitro experiments, and its whole genome was sequentially sequenced and functional annotation was performed by
next and three-generation sequencing technology. Results Whole genome sequencing of B. animalis B4 showed
that its genome size was 1 944 146 bp, with GC content of 60. 49% , no plasmid, and a total of 1 642 genes. The
results of in vitro analysis showed that the B. animalis B4 had good probiotic properties, including non-hemolytic
and stomach acid resistance. At the same time, the genome results showed that the B. animalis B4 strain did not
have toxin and disease-related genes, drug resistance genes were few and the transmission ability was not high, so
it had high safety. Gene annotation of KEGG, COG and GO showed that it contained many biological active en-
zymes, such as B-galactosidase, L-lactate dehydrogenase and other probiotic genes. Conclusion The B. animalis
B4 has good probiotic properties, showing excellent safety at the genetic level, with a probiotic gene sequence.
Key words Bifidobacterium animalis ; isolation and culture ; whole genome sequencing; genome analysis; probiot-
ics; probiotic gene
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