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Identification and genetic analysis of three strains of Bifidobacterium
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(1. National Institutes for Food and Drug Control, Beijing 100050, China;2. Yantai Inspection and
Testing Center for Food and Drug Control, Shandong Yantai 264000, China)

Abstract: Objective To identify three Bifidobacterium strains using different methods and analysis of acquired
antimicrobial resistance determinants and their transferability combined with antimicrobial susceptibility testing results
and whole genome sequencing (WGS) data. Methods Three Bifidobacterium strains were isolated from three probiotic
products, respectively, and identified using biochemical tests, matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF MS) , and WGS. The antimicrobial susceptibility of the strains to eight antibiotics,
including ampicillin, was tested using the broth microdilution method. The WGS data were used to analyze the acquired
antimicrobial resistance determinants carried by the strains and assess their transferability using online databases.
Results The results showed that biochemical methods could provide reliable genus-level identification, MALDI-TOF MS
could provide reliable species-level identification, and WGS-based average nucleotide identity and DNA-DNA hybridization
values could provide reliable species and subspecies-level identification. Combined with wgSNP and wgMLST analysis, all
three strains were identified as Bifidobactertum animalis subsp. lactis. The three strains showed decreased susceptibility to
tetracycline and gentamicin. The decreased susceptibility to gentamicin was associated with the lack of transport system in

the anaerobes and was an intrinsic phenotype. All three strains carried tet(W) on their chromosomes, and there were 1S5
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sequences downstream of tet (W), suggesting that this resistance gene may be a mobile element. A comparison of tet (W)

sequences from 58 bacteria of different species and genera in GenBank showed that tet (W) sequences in B. animalis

subsp. lactis have a certain degree of conservation. Conclusion

The identification and genetic analysis of Bifidobacterium

should be comprehensively carried out by combining biochemical tests, MALDI-TOF MS, antimicrobial susceptibility and

WGS. WGS technology can not only perform precise identification of Bifidobacterium at the subspecies level but also

conduct in-depth analysis of resistance determinants and transferability. It provides strong technical support for the

research, supervision and healthy development of related probiotic products and the food industry.
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Figure 1 Analysis of biochemical identification results of Bifidobacterium
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Figure 2 Evolutionary diagram of MALDI-TOF MS tree clustering analysis of Bifidobacterium
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0 HPRR 5 WERA R
T T 1 FC13331 Bifidobacterium animalis subsp. lactis
HNO19 Bifidobacterium animalis subsp. lactis
BB-12 Bifidobacterium animalis subsp. lactis
FC13332 Bifidobacterium animalis subsp. lactis

CMCC93906  Bifidobacterium animalis
FC13359 Bifidobacterium animalis subsp. lactis
DSM10140  Bifidobacterium animalis subsp. lactis

ATCC 25527  Bifidobacterium animalis subsp. animalis
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Figure 3 Results of genome-wide single nucleotide polymorphism (wgSNP) analysis

73 e LSRR GenBank number
FC13359 Bifidobacterium animalis subsp. lactis /
HNO19 Bifidobacterium animalis subsp. lactis NZ_CP031154.1
BB-12 Bifidobacterium animalis subsp. lactis NZ_CP001853.2
FC13332 Bifidobacterium animalis subsp. lactis /
DSM10140 Bifidobacterium animalis subsp. lactis NC_012815.1
FC13331 Bifidobacterium animalis subsp. lactis /
CMCC93906  Bifidobacterium animalis /

| ATCC25527  Bifidobacterium animalis subsp. animalis  NC_017834.1

I eNeM 1-4602 Bifidobacterium animalis subsp. animalis NZ_CP028460
JCM1217 Bifidobacterium longum subsp. longum NC_015067.1
KCTC3128 Bifidobacterium longum subsp. longum NZ_CP070995
JCM11342 Bifidobacterium longum subsp. longum NZ_CP071684

| ATCC15697  Bifidobacterium longum subsp. infantis NC_011593.1

Inererisiz Bifidobacterium longum subsp. infantis ~ NZ_LR134354
ATCC15703  Bifidobacterium adolescentis NC_008618.1

BB23 Bifidobacterium adolescentis NZ_CP010437

PRL2019 Bifidobacterium adolescentis NZ_CP053072
JCM1255 Bifidobacterium bifidum NZ_AP012323.1
JCM7004 Bifidobacterium bifidum APO18131.1
HN002 Bifidobacterium bifidum NZ_CP069279

T2 2R T R 0 B BN D TR T AR AT 5 Ik 5 2R
El 4 B S 20057 5153 B (cgMLST) 43 B 45 1

Figure 4 Results of core genome multilocus sequence typing (cgMLST) analysis
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s o Forp O FR ZR T 2547 508 16 mg/L, 3 K B I 1
BRI 8 mg/L, KRR R M 2547 s 0 128 mg/LL,

3 BR B MNR 45 R 64 mg/L, — 3 1Y MIC {5 #B{Y
LU it 25 $ 5 AR — A B, 2 SR LR 1.

1 RS O B 2R TR R A BRI 45 2R

Table 1 Sensitivity test results of three Bifidobacterium strains to seven kinds of antibiotics
N s MIC{H/(mg/1.)
Nach il iR i 245 47 5 L

UL R REXR W25 475/ (mg /L) FC13331 FC13332 FC13359
HHEEE SRR 4 1 1 1
ZIRE TR 4 0.5 0.5 0.5

, KRR HR 128 64 64 64
5 By
BEmTR R 256 64 64 64
KIF N RS 2 0.06 0.03 0.03
DU I 32 UIEZN- 16 8 8 8
RN EE HAER 8 2 2 2
LIRS i R 2 0.015 0.015 0.015

TE < MIC S/ B L - AR A0 v, T T 245 90 AU T 5% 37 8 v 2 07 26 I ) B IR 24 0 e 5 T 245 07 e 0 D) T U LTt 25 46 ) MIC L, /N T55 T

Pr W U KT T 25
2.5 FEIIFEHEIHT

2 5 VFDB M CGE VirulenceFinder %% §& J% tf
FLAGF M R 2R Sh R RAE AT 14 e N T2
Y B ) B R EAT B, B R RO H R0 0 B ) Sk
75 .
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Figure5 Annotation of peripheral gene structure of tet(W)
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GenBank number [k ke [RREA
NZ_AWUG01000006.1 2L Bifidobacterium breve
NZ_AWFR01000022.1 MCC 0305 Bifidobacterium breve
NZ_CELR01000001.1 MC1 Bifidobacterium longum subsp.infantis
NZ_JAAJBJ010000009.1 VAO07-1AN Bifidobacterium bifidum
NC_011835.1 ADO11 Bifidobacterium animalis subsp.lactis
NC_010816.1 DJO10A Bifidobacterium longum
NZ_CP021556.1 139W423 Bifidobacterium breve
NZ_AVQA01000002.1 MCC 0121 Bifidobacterium breve
NZ_JAASHEO010000001.1 K05 Bifidobacterium bifidum
NZ_JHWMO01000007.1 DSM 20212 Bifidob ium thermophi
NZ_BQNF01000001.1 CE91-St35 Eggerthella lenta
NC_017617.1 Gz1 Streptococcus suis
NZ_CP022054.2 FDAARGOS 328 Corynebacterium jeikeium
NC_016800.1 BH8 Corynebacterium diphtheriae
NZ_ALTY01000020.1 GB00679 Streptococcus agalactiae
NZ_CAJGWTO010000036.1 15-Ref0063-15 Campylobacter coli
EU434753.1 LMG 21813 Bifidobacterium thermophilum
EU434752.1 LMG 13197 Bifidobacterium longum
NZ_AMPMO01000014.1 IPLA 20015 Bifidobacterium bifidum
NZ_JABAGI010000019.1 BSM-130-P53-3C Bifidobacterium thermophil
NC_012815.1 DSM 10140 Bifidobacterium animalis subsp.lactis
NC_017214.2 BB-12 Bifidobacterium animalis subsp.lactis
NC_017215.1 CNCM 1-2494 Bifidobacterium animalis subsp.lactis
NC_017216.2 BLC1 Bifidobacterium animalis subsp.lactis
NC_017217.1 Vo Bifidobacterium animalis subsp.lactis
NZ_ABOT01000001.1 HNO19 Bifidobacterium animalis subsp.lactis
NZ_AWFL01000005.1 ATCC 27536 Bifidobacterium animalis subsp.lactis
NZ_AWFM01000002.1 ATCC 2767 Bifidobacterium animalis subsp.lactis
NZ_CBWX010000073.1 CECT 8145 Bifidobacterium animalis subsp.lactis
NC _017867.1 Bi-07 Bifidobacterium animalis subsp.lactis
EU434754 in E4 Bifidobacterium animalis subsp.lactis
FC13332 FC13331 FC13332
FC13359 FC13331 FC13359
NC_012814.1 BI-04 Bifidobacterium animalis subsp.lactis
NC_022523.1 ATCC 27673 Bifidobacterium animalis subsp.lactis
FC13331 FC13331 FC13331
NZ_CELR01000001.1 MC1 Collinsella aerofaciens
DQ060146.3 / Bifidobacterium longum
NZ_CP021140.1 C592 Eggerthella lenta
AJ222769.3 / Butyrivibrio fibrisolvens
NZ_AVQE01000001.1 MCC 1604 Bifidobacterium breve
NZ_NIGS01000016.1 BB02 Bifidobacterium breve
EU434756.1 L42 Bifidobacterium longum
NZ_CABMOF010000011.1 MGYG-HGUT-02523  Christensenella minuta
NZ_CP029256.1 DSM 22607 Christensenella minuta
NZ_BJLB01000001.1 NBRC113352 LEnterocloster clostridioformis

NZ_CABKQO010000004.1
NC021042.1

MGYG-HGUT-01386
L2-6

Enterocloster clostridioformis
Faecalibacterium prausnitzii

NZ_CP029462.1 AJHI120 Megasphaera stantonii
NZ_CP077959.1 SEZ_14-145 Streptococcus equi subsp.zooepidemicus
NZ_CP006711.1 12L Bifidobacterium breve

EU434751.1 E111 Bifidobacterium longum
NZ_CAAKNS010000032.1 CECT 7210 Bifidobacterium longum subsp.infantis
NZ CP034413.3 J115 Dysosmobacter welbionis
NC:015977.1 A2-183 Roseburia hominis

EU434749.1 B93 Bifidobacterium longum

EU434750.1 B94 Bifidobacterium longum

EU434755.1 L22 Bifidobacterium bifidum
NZ_CP029001.1 TP4479 Trueperella pyogenes
NZ_CABVEO010000001.1 P9391 Faecalibacterium prausnitzii
NZ_CP029487.1 YI Eubacterium maltosivorans

A [R) Tl JER 20 T (W) 51 114 T 8 43 BT

Figure 6 Homology analysis of tet(W) sequences in different species of bacteria
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