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when ingested in sufficient quantities, and their beneficial effects have been widely recognized.

However, the probiotic function of probiotics is strain-specific. As more and more emerging

technologies are introduced into the research on probiotics, the screening of probiotics with

specific functions according to individual needs has become a research hotspot. Conventional

probiotic screening methods have limitations and cannot meet the current demand for precision

medicine. Therefore, a bottom-up precision screening strategy for probiotics based on

phenotyping, genotyping, and target is of great practical significance. This article discusses the

theoretical basis, methods, and technologies of accurate screening of probiotics from

phenotype, genotyping, and target, and the application and safety evaluation of probiotics,

aiming to provide reference for the accurate screening of probiotics.
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Figure 1  Screening method of precision probiotics.
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Table 1 Precision probiotics and their applications

Strains Key findings References
Lactobacillus acidophilus No virulence factors or toxin genes with experimentally verified were found in the [33]
AM13-1 genome of strain AM13-1. Besides, a number of probiotic-related genes were

predicted from the Lactobacillus acidophilus AM13-1 genome, such as cbh, atpA-D,
and dlfD, with functions related to cholesterol-lowering and acid resistance

Bifidobacterium animalis subsp.
lactis BL-99

Discovered by metabolomics and metagenomics analysis that BL-99 promoted the [51]
accumulation of SCFA-producing microbiota and the increase of SCFA levels in

stool and serum, which may account for the increase of serum gastrin level. BL99
has potential applications in improving symptoms of functional dyspepsia

Bifidobacterium longum

Bifidobacterium longum can improve functional constipation (FC) by [53]

increasing intestinal utilization of arabinose

Lactobacillus acidophilus

Lactobacillus acidophilus exhibits anti-tumor effects in mice by secreting [58]

valeric acid. Probiotic supplementation is a potential preventive measure for
non-alcoholic fatty liver disease-associated hepatocellular carcinoma

(NAFLD-HCC)
Streptococcus salivarius 12

During radiotherapy, SsK12 inhibited conditionally pathogenic bacteria and [59]

enriched oral commensal bacteria, significantly reducing the incidence,
duration, and duration of oral mucositis, and had a good safety profile

Faecalibacterium prausnitzii

Faecalibacterium prausnitzii represented the most active species contributing [60]

to butyrate synthesis via the acetyl-CoA pathway. In the long run, probiotics
with high taxonomic diversity consisting of well characterized strains could
replace fecal microbiota transplantation (FMT) to avoid the costly screening
of donors and the risk of transferring unwanted genetic material
Lacticaseibacillus paracasei M129 The newly isolated MI29 strain can activate host defense immunity and [61]
prevent infections caused by the influenza virus through the gut-lung axis

Lacticaseibacillus casei Shirota

The intake of Lacticaseibacillus casei Shirota does not affect the efficacy of  [62]

lovastatin and slows down the inflammatory response of the liver

Lactiplantibacillus plantarum
L-arginine biosynthesis

Lactiplantibacillus plantarum colonizes the gut microbiome and contributes to [63]

http://journals.im.ac.cn/actamicrocn



4060

LI Jia et al. | Acta Microbiologica Sinica, 2024, 64(11)

X TAM AN R HRHTRE I AN ] [F]IF Xt 5 0 1
I R G AR AR A B RN il
Maldonado-Gomez 2533 1 WU 28 X Aal 56 A3k
W T, $87R T KU (Bifidobacterium
longum) AH1206 7NN 1 58 e 2 5l 52 3
MRS B WA YRR (B B 2, &
Wiz X i 2 TR E FEAHTRE T A A e . K
X 52 W P 658 DRI 1 B 928 52 o7 T A7 TE 26 57 o
AN TR] A A1 S 95 22 G0 AT BE T[] — 25 A T R 14 3R
BIBE I ANIR], DT 52 M ke 4 P 2R AN ) 15 32 00
FEEE S o BN, &8 U AT B (Bifidobacterium
breve) UCC2003 7E 1E & G L 25 1) B A U fl
P E AR TAE B 41T RE B (19 545 Bl
WA R AP BREAMR I 8L 1 e T
i EEAET K, IR W Ew A . T
BRI EAN, SEEMNNEMAN, i
X g 18 75 AR AR P AR T R R R AR, X
SR i T A TR A A AR R 22 5%
XL T AR T IE e IE e, JF il B
FrHERe o 7 AR ARIE T W A5 O 2 R AR 4R T Y
TEFEE R, AR 22 5 AR I 25 AR TR ARG
HEN 2 G %L,
4 KEfam AW W E AN
RERGHER A T BA B RPF &0 1, hd
Il 7 22 PR o A ] 9 2 2 TR R PR TE DD REFNAICR,: |
FEAE2E 50, MR A3l 1 TR R T R o 25 2B T
T G R THE f A A TAT I 114 [ A0 I TG T 5
JE, 5 A2 T bR Z 8] 1Y 22 7 AT B S BCEATTEA
A AR O R A A 0 3 25 S, X RN 2 A T
HEAT VR A M L) BE AT LA 28 B A R AR A4 &
g 2B T Y22 AVt g AR TR RE A5 FH T A 7 S e
FEABIR , PR SN IEAE ) T BEXT AR P TR R
A BB By, EL 2] RE i I By Iz i 1Y
file e, S B A B B MRES P, T

<l actamicro@im.ac.cn, & 010-64807516

AN £ A T 5 A FE AR P R AR B T RY
B A ROk e AR T RS AR
A A A AR e L eGEAEIRLE . el
R EEASONE . XSRS M 25 A Ty i 1R
(DS OR o 25 AR T Y 2 A MR BB N B R
(18 SRR R T 25 2E B e PP 3G LA T L
ANTTTH
4.1 TP

g A T ) S ) ST 2 A PP AN TS
R R, RN R A sh P SR s
1 2 A2 T HERN B SEIR Sh ) A 1 N, WA HAE IR
AR AR R AR T 0, 0 5 A AR A | LRSI
HAY) A A B A S50 S W 4 5 B 24
BRI, DS R BUN EFE, TF
it 35 4 TR 1R 2 A RPN MR AR P S A 2
i AR R SR N B AR RN BTE1G O0 R &, R
I BB R, e DL FEEIE Xk
HAARSNE 35 2E B BRI AN, R
H B S s AR AR OOT iV AR AR I AE I
WAL, A BB A s s 35
TEA4 R I A WUV, FICh #6 A: AE AR N A
IR el SR, 2R TR sh P e 1
BEXTHRAE B9 i A T AT ARV, 6 T oAt £
AR AT B — 2P
4.2 KSR

X BT A R )RR ) S 2 g AR T A T
Wit —C% 25 A4 BB AR R U
H T HT AR R A 25 2 AR T AR
F 2P 5Y Ry RAR VR 25 FARAG PEm 251, 2%
AT B BT T g AR SR, H AR
I £5 A T 25 M ) 7 AR K-BO AR
(Kirby-Bauer disk diffusion method). F7fLi%. A
DFRE . BRI B R P Ak %,

B P A T A SRR TR R AN 7 A il
B D R RUA I, Y TE N RO AR S L



| AR, 2024, 64(11)

4061

R I RER T B0 A S Bom Y, X 5
A=A A P I E R A TR
AR AT BS54 TR TR AR
1R BRE , Ud BHAERAS ELA il i 30 i g 0 {1 S
P 1 o
4.3 BIMMHNE

VLA 25 A ISR ML Z —, TRk
AR P AR, L4255 %,
A 3 LR R A I A 2 75 T B a7 3 .
ST L O b o I AR AR
MR AFBEIML, B 0L 7= A 58 42 15 W % 1 A
RGEAVRINL, v W I DA I JR R U I 3R S AN
I BB R A AR MG, TR IZFE
WL AR
4.4 ERFABNF

202249 H 12 H, HMRDEZTHAAT (&
At e 4 E AR B b A AR 2 2 METE M AR T )
(FESR B LRI, 32 X T Atk A7 2 M
B, X AR T4 3L ALy, A ) AR A 3L
DR 2 HEE 28 PR RN 5 B P, i e i a0 4 728 35
MG | R AE A OGN AR T 2R B 4y
B0 AR AT LB R 5 A R R R B
RIS PR R R

i 2 E 25 AR TR T I 1) Bk K =2 — & e
Oy AT B VERAYE , IR TN T 25 AR TR B bR A 07 1k
Z2OCHEE, HAT, FE o FEER RS T
FRH S a3 45 7 1%, B Z TR AR DR O R AL
TFFE . AN, B o b 285 S B T 15 BE R 1k
37 3 B 5 AL B ik R s e DO R
U, 2R S B EE BT s, nbLER
SR TR R AR, DASR & 4 A 46 % B4 o
,ré%nm‘%‘ri[63,110—lll]o

5 REZ

i A= R ARG T 7 26 2 > AT 5 (9 R R RN

Mo R A E AR AR, g G
RO LN RURUAR SR, AL EZ R
At ENRE TR BEE R D, R
g A TR R R S iz o Aok, BATIRE 2
R4 AR TR 78 A T M AR B 22 107 P, 0 A e
AN R AR AR SR T R
9 2 A R AR S RERS S B I R 7 IR (5
W, Shf B il AROAS 0 4 2R AR BB ALy, LA
W AN BT R R 1Y, S e AT (e
PRSI ORI, T i A TR RS Y O 2 7% T
— LRk, ALRRIRL T . REANESR | BT
TSI A 28 75 1T R TR0 L Sy 1 B e i 2 T
AR T AT FENE: | T Bk — 20 I 58 35 BT Y
TR S ARAMFTE R ST f A R A 28 5 VR
LTSS, BTG — AR BT AR R T 12,
IR =BR[], FATduiy)
& B HE S AE B TE NN R R A b | FROR A
DN T A SRR P AR o 0 v i A TR AT R
P vy 4 A TR HSCR AN L A [R]I i E1EAb
Ko BRI, HAETHIBTFEEAL TRIZE B, & 20
Z BB B IR HCR M2 2 o RSk BTSN
B S ] SEORS 0 3t 7 ) i A R S AR A% Rl
5 ) AT ) 7

SE

[1] HILL C, GUARNER F, REID G, GIBSON GR,
MERENSTEIN DJ, POT B, MORELLI L, CANANI
RB, FLINT HJ, SALMINEN S, CALDER PC,
SANDERS ME. The
Association for Probiotics and Prebiotics consensus

International  Scientific
statement on the scope and appropriate use of the term
probiotic[J]. Nature Reviews Gastroenterology &
Hepatology, 2014, 11: 506-514.

[2] SANDERS ME, MERENSTEIN DJ, REID G, GIBSON
GR, RASTALL RA. Probiotics and prebiotics in
intestinal health and disease: from biology to the
clinic[J]. Nature Reviews Gastroenterology &
Hepatology, 2019, 16(10): 605-616.

http://journals.im.ac.cn/actamicrocn



4062

LI Jia et al. | Acta Microbiologica Sinica, 2024, 64(11)

(3]

[10]

DAS A, BEHERA RN, KAPOOR A, AMBATIPUDI K.
The
intelligence to establish

potential of meta-proteomics and artificial
the next generation of

probiotics for personalized healthcare[J]. Journal of

Agricultural and Food Chemistry, 2023, 71(46):
17528-17542.
TR R R S A AR W AN 2. g 2R TR AU

WEGE 5400 B S04 (). o I 82
23(5): 444-455.
Probiotics Society of the Chinese Institute of Food

2023,

Science and Technology. A scientific review of
research and evaluation of probiotics efficacy[J].
Journal of Chinese Institute of Food Science and
Technology, 2023, 23(5): 444-455 (in Chinese).
MCCOUBREY LE, SEEGOBIN N, ELBADAWI M,
HU YL, ORLU M, GAISFORD S, BASIT AW. Active
Machine
probiotics[J]. International Journal of Pharmaceutics,
2022, 616: 121568.

SAKANDAR HA, ZHANG H. Precision probiotics:
does one-size-fit-all?[J].
1(2): e00015.
CONTALDO M. Use of probiotics for oral candidiasis:
state of the art and perspective. A further step toward

learning for formulation of precision

Precision Nutrition, 2022,

personalized medicine?[J]. Frontiers in Bioscience
(Elite Edition), 2023, 15(1): 6.

FERE, RESRFE. S AR A R A7 TE A 1] R i
PR MG LR R [I]. AR H AR 5245, 2023(1): 23-25, 29.
WANG LM, XIONG RY. Review of problems and
solution  strategy of animal microecological
preparations[J]. Agricultural Technology & Equipment,
2023(1): 23-25, 29 (in Chinese).

VEIGA P, SUEZ J, DERRIEN M, ELINAV E. Moving
from probiotics to precision probiotics[J]. Nature
Microbiology, 2020, 5(7): 878-880.

MR, FtEZE, BILBL, HE, XIAE, R 7
S WEFLIR T B I 1k S ERE[T]. B S LM, 2023,
39(4): 26-31, 169.

CHEN J, ZHOU JH, MAO QQ, TANG X, LIU CG,
ZHOU H. Screening and identification of extracellular
polysaccharide-producing lactic acid bacteria[J]. Food
and Machinery, 2023, 39(4): 26-31, 169 (in Chinese).
MACHADO D, BARBOSA JC, ALMEIDA D,
ANDRADE JC, FREITAS AC, GOMES AM. Insights
into the antimicrobial resistance profile of a next
generation probiotic Akkermansia muciniphila DSM
22959[1J]. Journal

International of Environmental

<l actamicro@im.ac.cn, & 010-64807516

[13]

[14]

[15]

[17]

(18]

Research and Public Health, 2022, 19(15): 9152.
KR, WiEY, BEE, FA&E, MRS, BR,
TR AT B B R £ A TR Y el R O R [C). S
VU Joi MU IR R Al AR, 20230 1.

ZHANG TX, FENG YB, QIU YC, WANG JX, XIANG
RJ, TENG X. HUANG S. High-throughput screening
of adsorbable microplastic probiotics[C]. Abstract
Book of the 14th Asian Congress of Nutrition, 2023: 1
(in Chinese).

R R ER A S R W Ay 2. g R TR A
FE A RBCR B A7l K R g L[], v R A R
2020, 20(9): 337-344.

Probiotics Society of the Chinese Institute of Food
Science and Technology. The top 10 probiotics trends
and proposals for industry development[J]. Journal of
Chinese Institute of Food Science and Technology,
2020, 20(9): 337-344 (in Chinese).

YANG JJ, QIN SY, ZHANG H. Precise strategies for
selecting probiotic bacteria in treatment of intestinal
bacterial dysfunctional diseases[J]. Frontiers in
Immunology, 2022, 13: 1034727.

LI X, ZHANG SQ, GUO G, HAN J, YU J. Gut
microbiome in
inhibitors[J]. EBioMedicine, 2022, 82: 104163.

SUEZ J, ZMORA N, SEGAL E, ELINAV E. The pros,
cons, and many unknowns of probiotics[J].
Medicine, 2019, 25(5): 716-729.
HINOJOSA-AVILA CR, GARCIA-GAMBOA R,
CHEDRAUI-URREA JJT, GARCIA-CAYUELA T.

Exploring the potential of probiotic-enriched beer:

modulating immune checkpoint

Nature

microorganisms, fermentation strategies, sensory
attributes, and health implications[J]. Food Research
International, 2024, 175: 113717.

dM, A, FERA, MRJESt, AR, BUEYR R
i & B AR Jy W 5Y E R [J]. L4, 2021, 53(2):
236-242.

RONG N, LI B, TANG HY, LIN XG, FENG YZ.
Advances in strain isolating technique and method for
microorganisms[J]. Soils, 2021, 53(2): 236-242 (in
Chinese).

PRABHURAJESHWAR C, CHANDRAKANTH RK.

Probiotic potential of Lactobacilli with antagonistic

activity against pathogenic strains: an in vitro
validation for the production of inhibitory
substances[J]. Biomedical Journal, 2017, 40(5):
270-283.



| AR, 2024, 64(11)

4063

[20]

(21]

[22]

(23]

[24]

[26]

[27]

Mz b, STRE, R, FE=, i, XE,
FFE Y. T R JH k25 A TR 0 O 2 N HC 2 A A 1 A
73031, TPERERE, 2020, 39(11): 103-108.

LIU ZY, JTIA JX, JIANG HW, LI ZY, GUO J, LIU ZK,
GAO XZ. Screening of probiotics resistant to acid and
bile salt and their probiotic properties[J]. China
Brewing, 2020, 39(11): 103-108 (in Chinese).
DOWARAH R, VERMA AK, AGARWAL N, SINGH P,
SINGH BR. Selection and characterization of probiotic
lactic acid bacteria and its impact on growth, nutrient
digestibility, health and antioxidant status in weaned
piglets[J]. PLoS One, 2018, 13(3): e0192978.

B, W, GKTE A, MR, FEE, WEW, 0%
B, ARNLAT, RO SR KRR LR T o) M as
H R[], AW iR, 2023, 50(9): 4063-4077.
LI T, HU X, ZHANG XY, YANG CX, L1J, CAO XD,
SHI XX, ZOU LK, ZHAO K. Isolation and probiotic
characteristics of lactic acid bacteria from intestinal
tract of giant panda in captivity[J]. Microbiology
China, 2023, 50(9): 4063-4077 (in Chinese).

FH, R, BUKEE, I, R R R
TR B 43 18 M08 MR F T (0], B RO B A,
2020, 53(14): 2964-2973.

WANG Y, LI M, LI YF, SUN Y, QIU HIJ. Identification
and properties of lactic acid bacteria isolated from wild
boar feces[J]. Scientia Agricultura Sinica, 2020,
53(14): 2964-2973 (in Chinese).

BV, BEOY, WA, FASE SR WAME
A 50 R A9F S R K ST D]. AR S s (A SRR
22, 2024, 46(2): 149-157.

CAI WT, QIN JF, QIN L, WANG JN, MA SY. Progress
and application of microecological preparations for
feeding[J]. Journal of Hubei University, 2024, 46(2):
149-157 (in Chinese).

SIVAMARUTHI BS, SUGANTHY N, KESIKA P,
CHAIYASUT C. The role of microbiome, dietary
supplements,
disorder[J]. International Journal of Environmental
Research and Public Health, 2020, 17(8): 2647.

de SIRE A, de SIRE R, CURCI C, CASTIGLIONE F,
WAHLI W. Role of dietary supplements and probiotics
the

and probiotics in autism spectrum

in modulating microbiota and bone health:
gut-bone axis[J]. Cells, 2022, 11(4): 743.
ONISZCZUK A, ONISZCZUK T, GANCARZ M,
SZYMANSKA J. Role of gut microbiota, probiotics
and prebiotics in the cardiovascular diseases[J].
Molecules, 2021, 26(4): 1172.

(28]

[29]

(30]

(31]

[33]

[35]

LI XQ, WANG Q, HU XF, LIU WX. Current status of
probiotics as supplements in the prevention and
treatment of infectious diseases[J]. Frontiers in
Cellular and Infection Microbiology, 2022, 12: 789063.
D’ELIOS S, TRAMBUSTI 1, VERDUCI E,
FERRANTE G, ROSATI S, MARSEGLIA GL,
DRAGO L, PERONI DG. Probiotics in the prevention
and treatment of atopic dermatitis[J]. Pediatric Allergy
and Immunology, 2020, 31(Suppl 26): 43-45.

HUANG JM, JIANG ZB, WANG YW, FAN XQ, CAI
J, YAO XJ, LIU L, HUANG J, HE JX, XIE C, WU QB,
CAO YB, LEUNG ELH. Modulation of gut microbiota
to overcome resistance to immune checkpoint blockade
in cancer immunotherapy[J].
Pharmacology, 2020, 54: 1-10.
SCHOLER D, SCHNABL B. The role of the
microbiome in liver disease[J]. Current Opinion in
Gastroenterology, 2024, 40(3): 134-142.

GODHA Y, KUMAR S, WANJARI A. Role of gut
microbiota in the development and management of

Current Opinion in

rheumatoid arthritis: a narrative review[J]. Cureus,
2023, 15(11): e49458.

LIU XD, WANG MM, HU TY, LIN XQ, LIANG HW,
LI WX, ZHAO SW, ZHONG YY, ZHANG HF, GE L,
JIN X, XIAO L, ZOU YQ. Safety assessment of
potential probiotic Lactobacillus acidophilus AM13-1
with high cholesterol-lowering capability isolated from
human gut[J]. Letters in Applied Microbiology, 2024,
77(1): ovad143.

GOPALAKRISHNAN V, HELMINK BA, SPENCER
CN, REUBEN A, WARGO JA. The influence of the
gut microbiome on cancer, immunity, and cancer
immunotherapy[J]. Cancer Cell, 2018, 33(4): 570-580.
TING NLN, LAU HCH, YU I
pharmacomicrobiomics: microbiota  to

Cancer
targeting
optimise cancer therapy outcomes[J]. Gut, 2022, 71(7):
1412-1425.

SHIN J, NOH JR, CHOE D, LEE N, SONG Y, CHO S,
KANG EJ, GO MJ, HA SK, CHANG DH, KIM JH,
KIM YH, KIM KS, JUNG H, KIM MH, SUNG BH,
LEE SG, LEE DH, KIM BC, LEE CH, et al. Ageing
and rejuvenation models

reveal changes in key

microbial communities associated with healthy
ageing[J]. Microbiome, 2021, 9(1): 240.

WU L, XIE XQ, L1Y, LIANG TT, ZHONG HJ, YANG
LS, XI 'Y, ZHANG JM, DING Y, WU QP. Gut

microbiota as an antioxidant system in centenarians

http://journals.im.ac.cn/actamicrocn



4064 LI Jia et al. | Acta Microbiologica Sinica, 2024, 64(11)
associated with high antioxidant activities of composition, gut-liver folate and unsaturated fatty
gut-resident Lactobacillus[J]. NPJ Biofilms and acids metabolism[J]. Gut Microbes, 2024, 16(1):
Microbiomes, 2022, 8(1): 102. 2304159.

[38] Vs, #E3CU. AR AME LS-1 M4AKEH4l  [45] CUI Y, HUANG LB, LI JL, WANG G, SHI YF. An
W 4rHr[I]. HEEE AR, 2023, 59(11): 42-46. attempt of a new strategy in PRV prevention:
TU HX, DONG WL. Whole genome sequencing co-injection with inactivated Enterococcus faecium and
analysis of bacteriocin-producing lactic acid bacteria inactivated pseudorabies virus intravenously[J].
LS-1[J]. Chinese Journal of Veterinary Medicine, 2023, Viruses, 2023, 15(8): 1755.

59(11): 42-46 (in Chinese). [46] WANG PP, YI YL, LU X. CRISPR/Cas9-based genome

[39] TORRES-FUENTES C, SCHELLEKENS H, DINAN editing platform for Companilactobacillus crustorum
TG, CRYAN JF. The microbiota-gut-brain axis in to reveal the molecular mechanism of its probiotic
obesity[J]. The Lancet Gastroenterology & properties[J]. Journal of Agricultural and Food
Hepatology, 2017, 2(10): 747-756. Chemistry, 2021, 69(50): 15279-15289.

[40] SKkANE, &) Ey. %%J\I*” fiE 1Y 25 A2 2L R B RS M [47] SUN Y, LI HC, ZHENG L, LI JZ, HONG Y, LIANG
i e K 77 olb AR G B R (], R B R A AR, 2023, PF, KWOK LY, ZUO YC, ZHANG WY, ZHANG HP.
23(6): 1-7. iProbiotics: a machine learning platform for rapid
ZHANG HP, GAO GQ. The key technologies of identification =~ of  probiotic  properties  from
precise isolation and industrialization of probiotic whole-genome primary sequences[J]. Briefings in
lactic acid bacteria based on artificial intelligence[J]. Bioinformatics, 2022, 23(1): bbab477.

Journal of Chinese Institute of Food Science and [48] WFH, IR, 2N, B/, WK, & LT
Technology, 2023, 23(6): 1-7 (in Chinese). o e DR L0 14 B 0 B 5 1 B R (0], A T

[41] KROPP C, le CORF K, RELIZANI K, TAMBOSCO K, FE2EH, 2020, 36(12): 2610-2621.

MARTINEZ C, CHAIN F, RAWADI G, LANGELLA P, TAN YX, HU H, LI CH, LUO XZ, TAN Y, DAI L.
CLAUS SP, MARTIN R. The Keystone commensal Research progress and applications of strain analysis
bacterium Christensenella minuta DSM 22607 displays based on metagenomic data[J]. Chinese Journal of
anti-inflammatory properties both in vitro and in Biotechnology, 2020, 36(12): 2610-2621 (in Chinese).

vivo[J]. Scientific Reports, 2021, 11(1): 11494. [49] SONG JR, DONG X, LAN Y, LU YW, LIU X, KANG

[42] LOUX V, MARIADASSOU M, ALMEIDA S, XN, HUANG ZL, YUE BS, LIU Y, MA WJ, ZHANG
CHIAPELLO H, HAMMANI A, BURATTI 1, LB, YAN HJ, HE M, FAN ZX, GUO T. Interpretation
GENDRAULT A, BARBE V, AURY JM, DEUTSCH of vaginal metagenomic characteristics in different
SM, PARAYRE S, MADEC MN, CHUAT V, JAN G, types of vaginitis[J]. mSystems, 2024, 9(3): e0137723.
PETERLONGO P, AZEVEDO V, LE LOIR Y, [50] XUSCHR, sk, 25 A B 2 DR 41 2 7 2L R oA i ik A
FALENTIN H. Mutations and genomic islands can SHEETEM A Ao N FH [J]. R SR, 2024, 45(1):
explain the strain dependency of sugar utilization in 21 1-11.
strains of Propionibacterium freudenreichii[J]. BMC LIU WJ, ZHANG HP. Application of probiogenomics
Genomics, 2015, 16(1): 296. in screening and functional evaluation of probiotics

[43] EJrmn, R, LIFE, KE, d:BE, LEE N lactic acid bacteria[J]. Journal of Chinese Institute of
T —AC 2 A A —— I AT B R s kSR (0], FLalk A Food Science and Technology, 2024, 45(1): 1-11 (in
25 AR, 2020, 43(1): 50-54. Chinese).

YAN DL, WU JR, SHI HS, LUO X, YUE XQ, WU [51] ZHANG Q, LI G, ZHAO W, WANG XF, HE JJ, ZHOU
RN. Recent progress in a next generation probiotic, LM, ZHANG XX, AN P, LIU YH, ZHANG CY,
Bacteroides ovatus[J]. Journal of Dairy Science and ZHANG Y, LIU SM, ZHAO L, LIU R, LI YX, JIANG
Technology, 2020, 43(1): 50-54 (in Chinese). WJ, WANG XY, WANG QY, FANG B, ZHAO YY, et
[44] LI H, WANG XK, TANG M, LEI L, LI JR, SUN H, al. Efficacy of Bifidobacterium animalis subsp. lactis

<l actamicro@im.ac.cn,

JIANG J, DONG B, LI HY, JIANG JD, PENG ZG

Bacteroides thetaiotaomicron ameliorates mouse

hepatic steatosis through regulating gut microbial

7 010-64807516

BL-99 in the treatment of functional dyspepsia: a
randomized placebo-controlled clinical trial[J]. Nature
Communications, 2024, 15(1): 227.



| AR, 2024, 64(11)

4065

[52]

[54]

[55]

[56]

[57]

OH KK, GUPTA H, MIN BH, GANESAN R,
SHARMA SP, WON SM, JEONG JJ, LEE SB, CHA
MG, KWON GH, JEONG MK, HYUN JY, EOM JA,
PARK HJ, YOON 8SJ, CHOI MR, KIM DJ, SUK KT.
Elucidation of prebiotics, probiotics, postbiotics, and
target from gut microbiota to alleviate obesity via
network pharmacology study[J]. Cells, 2022, 11(18):
2903.

ZHANG CC, YU LL, MA CC, JIANG SM, ZHANG
YF, WANG SH, TIAN FW, XUE YZ, ZHAO JX,
ZHANG H, LIU LM, CHEN W, HUANG S, ZHANG
JC, ZHAI QX. A key genetic factor governing
Arabinan utilization in the gut microbiome alleviates

constipation[J]. Cell Host Microbe, 2023, 31(12):
1989-2006.¢8.
AL, BUERE, BOR, BRER, FLRIR, 2L,

IR, g A TS A B OIS R v 2t R (7).
fih ol B, 2022, 43(24): 11-20.

LAN DX, QU XN, HUANG T, YAO GQ, ZHA MS,
PENG CT, LI ZJ. Research and application progress of
the active metabolites of probiotics[J]. Science and
Technology of Food Industry, 2022, 43(24): 11-20 (in
Chinese).

LI CC, WANG ZX, XIAO HN, WU FG. Intestinal
delivery of probiotics: materials, strategies, and
applications[J]. Advanced Materials, 2024, 36(32):
€2310174.

RAYMOND Y, CHAMPAGNE CP. The use of flow
cytometry to accurately ascertain total and viable
counts of Lactobacillus rhamnosus in chocolate[J].
Food Microbiology, 2015, 46: 176-183.

LIU KX, WANG YJ, ZHAO ML, XUE GG, WANG
AL, WANG WJ, XU LD, CHEN JG Rapid
discrimination of Bifidobacterium longum subspecies
based on MALDI-TOF MS and machine learning[J].
Frontiers in Microbiology, 2023, 14: 1297451.

LAU HCH, ZHANG X, JI FF, LIN YF, LIANG W, LI
Q, CHEN DY, FONG W, KANG X, LIU WX, CHU
ESH, NG QWY, YU 1I. Lactobacillus acidophilus
suppresses non-alcoholic fatty liver disease-associated
hepatocellular carcinoma through producing valeric
acid[J]. EBioMedicine, 2024, 100: 104952.

PENG XC, LI ZX, PEI YY, ZHENG SH, LIU JC,
WANG JJ, LI RD, XU X. Streptococcus salivarius K12
alleviates oral mucositis in patients undergoing
radiotherapy for malignant head and neck tumors: a

randomized controlled trial[J]. Journal of Clinical

[61]

[62]

[63]

[64]

[65]

[66]

Oncology, 2024, 42(12): 1426-1435.

DENG ZL, PIEPER DH, STALLMACH A, STEUBE
A, VITAL M, RECK M, WAGNER-DOBLER I.
Engraftment of essential functions through multiple
microbiota chronic

fecal transplants in

antibiotic-resistant pouchitis—a case study using
metatranscriptomics[J]. Microbiome, 2023, 11(1): 269.
KIM S, LEE S, KIM TY, LEE SH, SEO SU, KWEON
MN. Newly isolated Lactobacillus paracasei strain
modulates lung immunity and improves the capacity to
cope with influenza virus infection[J]. Microbiome,
2023, 11(1): 260.

SHEN SY, WANG J, MA CC, CHEN YN, DING H,
ZHANG JC. Understanding the
reaction” from the perspective of the interaction

“individual drug
between probiotics and lovastatin in vitro and in
vivo[J]. Microbiome, 2023, 11(1): 209.

KIM DY, PARK JY, GEE HY. Lactobacillus plantarum
NASH-related
upregulating L -arginine production[J]. Experimental &
Molecular Medicine, 2023, 55(11): 2332-2345.

LV LL, RUAN GC, PING Y, CHENG Y, TIAN YT,
XIAO ZF, ZHAO XF, CHEN DF, WEI YL. Clinical
study on sequential treatment of severe diarrhea

ameliorates inflammation by

irritable bowel syndrome with precision probiotic

strains transplantation capsules, fecal microbiota
transplantation capsules and live combined Bacillus
subtilis and  Enterococcus faecium capsules[J].
Frontiers in Cellular and Infection Microbiology, 2022,
12: 1025889.

LR, B, dw, 27, B BA RN
il 52 i A 3% R A 0 R 110 L TR T R PR O ().
frah R, 2023, 48(9): 9-16.

JIANG YF, TENG JW, HUANG L, XIA N, WEI BY.
acid bacteria strains with

Screening of lactic

cholesterol-degrading  probiotic and  postbiotic
properties[J]. Food Science and Technology, 2023,
48(9): 9-16 (in Chinese).

Di LUCCIA B, COLONNA M. Precision probiotic
medicine to improve ICB immunotherapy[J]. Cancer
Discovery, 2022, 12(5): 1189-1190.

LEGRAND R, LUCAS N, DOMINIQUE M, AZHAR
S, DEROISSART C, le SOLLIEC MA, RONDEAUX J,
NOBIS S, GUERIN C, LEON F, DO REGO JC, PONS
N, le CHATELIER E, EHRLICH SD, LAMBERT G,
DECHELOTTE P, FETISSOV SO. Commensal Hafnia

alvei strain reduces food intake and fat mass in obese

http://journals.im.ac.cn/actamicrocn



4066

LI Jia et al. | Acta Microbiologica Sinica, 2024, 64(11)

[68]

[69]

[70]

[71]

[72]

(73]

mice: a new potential probiotic for appetite and body

weight management[J]. International Journal of
Obesity (2005), 2020, 44(5): 1041-1051.
CIERNIKOVA S, SEVCIKOVA A,

MLADOSIEVICOVA B, MEGO M. Microbiome in
cancer development and treatment[J]. Microorganisms,
2023, 12(1): 24.

HU MM, ZHANG T, MIAO M, LI KW, LUAN QM,
SUN GL. Expectations for employing Escherichia coli
Nissle 1917 in food science and nutrition[J]. Critical
Reviews in Food Science and Nutrition, 2024. DOI:
https://doi.org/10.1080/10408398.2023.2301416.
KRR R NR R 96 PN TR R T T TR AR Y O B
KX e A SRR [D]. K AR HAARR A 2
L3¢, 2023.

ZHENG HH. Correlation between intratumoral flora
and digestive tract flora of canine breast tumor and its
influence on tumor development[D]. Changchun:
Doctoral Dissertation of Jilin University, 2023 (in
Chinese).

Di GESU CM, MATZ LM, FULTZ R, BOLDING IJ,
BUFFINGTON SA. Monospecies probiotic preparation
and administration with downstream analysis of
sex-specific effects on gut microbiome composition in
mice[J]. STAR Protocols, 2023, 4(3): 102386.

ZHENG LN, WANG SY, GU XH, GAO A, LIU L, WU
X, PAN HY, ZHANG H. Pantoea jilinensis D25
enhances tomato salt tolerance via altering antioxidant
responses and soil microbial community structure[J].
Environmental Research, 2024, 243: 117846.
PATEL R, DUPONT HL. New approaches
bacteriotherapy: prebiotics, new-generation probiotics,

for

and synbiotics[J]. Clinical Infectious Diseases, 2015,
60(Suppl 2): S108-S121.

CUI YH, QU XJ. CRISPR-Cas systems of lactic acid
bacteria and applications in food
Biotechnology Advances, 2024, 71: 108323.
BARANOVA MN, PILIPENKO EA, GABIBOV AG,
TEREKHOV SS, SMIRNOV IV. Animal microbiomes
as a source of novel antibiotic-producing strains[J].

science[J].

International Journal of Molecular Sciences, 2023,
25(1): 537.

KUMBHARE SV, PEDROSO I, UGALDE JA,
MARQUEZ-MIRANDA V, SINHA R, ALMONACID
DE. Drug and gut microbe relationships: moving
beyond antibiotics[J]. Drug Discovery Today, 2023,
28(11): 103797.

<l actamicro@im.ac.cn, & 010-64807516

[77]

[79]

(81]

[83]

[84]

WANG YP, AN M, ZHANG Z, ZHANG WQ,
KULYAR MFEA, IQBAL M, HE YY, LI FR, AN TW,
LI HD, LUO XL, YANG S, LI JK. Effects of milk
replacer-based Lactobacillus on growth and gut
development of yaks’ calves: a gut microbiome and
metabolic study[J].
10(4): e0115522.
LOZUPONE CA, STOMBAUGH JI, GORDON I,
JANSSON JK, KNIGHT R. Diversity, stability and
resilience of the human gut microbiota[J].
2012, 489(7415): 220-230.
MAZEL-SANCHEZ B, YILDIZ S, SCHMOLKE M.
host,
experimental  infection  models[J].
Microbiology, 2019, 27(5): 440-452.
ARUMUGAM M, RAES J, PELLETIER E, Le
PASLIER D, YAMADA T, MENDE DR,
FERNANDES GR, TAP J, BRULS T, BATTO M,
BERTALAN M, BORRUEL N, CASELLAS F,
FERNANDEZ L, GAUTIER L, HANSEN T,
HATTORI M, HAYASHI T, KLEEREBEZEM M,
KUROKAWA K, et al. Enterotypes of the human gut
microbiome[J]. Nature, 2011, 473(7346): 174-180.
MALDONADO-GOMEZ MX, MARTINEZ 1,
BOTTACINI F, O’'CALLAGHAN A, VENTURA M,
van SINDEREN D, HILLMANN B, VANGAY P,
KNIGHTS D, HUTKINS RW, WALTER 1J. Stable
engraftment of Bifidobacterium longum AH1206 in the

Microbiology Spectrum, 2022,

Nature,

M¢énage a trois: virus, and microbiota in

Trends in

human gut depends on individualized features of the
resident microbiome[J]. Cell Host Microbe, 2016,
20(4): 515-526.

A 24 NI 3 A BB R T o s S N T R A
py L ffe BT K 0 16 5 0T K [D]. JCB: TR R#
At -2 3, 2023,

LI LRL. Mechanism analysis and screening method
development of Bifidobacterium longum occupying
intrageneric  abundance advantage in  human
intestine[D]. Wuxi: Master’s Thesis
University, 2023 (in Chinese).

XIAO YP, LI KF, XIANG Y, ZHOU WD, GUI GH,

YANG H. The fecal microbiota composition of boar

of Jiangnan

Duroc, Yorkshire, Landrace and Hampshire pigs[J].
Asian-Australasian Journal of Animal Sciences, 2017,
30(10): 1456-1463.

WEN CL, YAN W, MAI CN, DUAN ZY, ZHENG JX,
SUN CJ, YANG N. Joint contributions of the gut
microbiota and host genetics to feed efficiency in
chickens[J]. Microbiome, 2021, 9(1): 126.



| AR, 2024, 64(11)

4067

[85]

[86]

[89]

[90]

[92]

At EUTEE, #iEiE, e, Ao s AR
Z T HUR AR CHBLH (0], R e i, 2022,
62(9): 3345-3357.

HUANG JS, WANG YJ, YANG GL, QIU HJ, SUN Y.
Multifaceted antiviral effects and the underlying
mechanisms of probiotics[J]. Acta Microbiologica
Sinica, 2022, 62(9): 3345-3357 (in Chinese).
EZENDAM ], LOVEREN H.
immunomodulation and evaluation of safety and
efficacy[J]. Nutrition Reviews, 2006, 64(1): 1-14.
ZHANG HL, DONG M, XU HH, LI HY, ZHENG AH,
SUN G, JIN WZ. Recombinant Lactococcus lactis
expressing human LL-37 prevents deaths from viral

van Probiotics:

Probiotics and
DOI:

infections in piglets and chicken[J].
Antimicrobial Proteins, 2023.
https://doi.org/10.1007/s12602-023-10155-6.
O’TOOLE PW, MARCHESI JR, HILL C.
Next-generation the spectrum from
probiotics  to biotherapeutics[J].
Microbiology, 2017, 2: 17057.

SANDERS ME, AKKERMANS LMA, HALLER D,
HAMMERMAN C, HEIMBACH J,
HORMANNSPERGER G, HUYS G, LEVY DD,
LUTGENDORFF F, MACK D, PHOTHIRATH P,
SOLANO-AGUILAR G, VAUGHAN E. Safety
assessment of probiotics for human use[J]. Gut
Microbes, 2010, 1(3): 164-185.

SEFHE . FFORS VLA BN Sl RS A g 107 T 14 2%
A B2 2 VETEAN (D). T8 LM KRS/
B3, 2023.

DANG DT. Alleviating effect and safety evaluation of

Lactobacillus mucilaginosus on nonalcoholic fatty

probiotics:

live Nature

liver disease[D]. Wuxi: Master’s Thesis of Jiangnan
University, 2023 (in Chinese).

DENG LQ, LIU LM, FU TY, LI CH, JIN NY, ZHANG
HP, L1 C, LIU YW, ZHAO CQ. Genome sequence and
evaluation of safety and probiotic potential of
plantarum LPJZ-658][J].
Microorganisms, 2023, 11(6): 1620.

DORON S, SNYDMAN DR. Risk and safety of

2015,

Lactiplantibacillus

probiotics[J]. Clinical Infectious Diseases,
60(Suppl 2): S129-S134.

WEI YQ, PENG J, WANG SY, DING Z, CHEN GX,
SUN JZ. Probiotics and the potential of genetic
food

modification as a possible treatment for

allergy[J]. Nutrients, 2023, 15(19): 4159.
sk, BAFul, ZEhiEE, XUahE, 2565 RIETL

[95]

[96]

(971

(98]

[100]

P2 BRI GLP236 (3 B %0E . MAh e hRE S/ Nl %
AEEANT]. SIIEFRFAR, 2023, 35(12): 8148-8160.
ZHANG YY, ZHAO MD, LI YY, LIU KY, LI GY.
Isolation, identification, in vitro probiotic function and
mouse safety evaluation of canine-derived Pediococcus
acidilactici GLP236[J]. Chinese Journal of Animal
Nutrition, 2023, 35(12): 8148-8160 (in Chinese).
WshWr, BI5, fik, EMETE, SR, RET ML
BOARHY £ A2 TR N REPE PR WTFE HERE[]. oP A o
R, 2024, 24(1): 418-429.

YANG DT, HUANG S, YANG X, WANG YY, LI WR.
Progress in functional evaluation of probiotics based
on microencapsulation technologies[J]. Journal of
Chinese Institute of Food Science and Technology,
2024, 24(1): 418-429 (in Chinese).

SANTACROCE L, Di DOMENICO M,
MONTAGNANI M, JIRILLO E. Antibiotic resistance
and microbiota response[J].
Design, 2023, 29(5): 356-364.
DUAN CC, MA L, QIN MC, ZHANG LF, HU SN, LIU
LF, SUN YX, MA FM, LI D. Potential of Lactobacillus
plantarum A56 in relieving food allergy through

Current Pharmaceutical

immunoregulation, antioxidation, and reshaping
intestinal microbiota[J]. The Journal of Nutritional
Biochemistry, 2024, 125: 109560.

SRERGH, PR, ERGE, TN, JHHEE, 5, W
KRN, SRR, 5 Pl A O K R 1 I R
R N FF R BB ROCR (9], 8 W E IR e Al 2023,
35(10): 6726-6736.

CAI XH, YIN W, WANG FL, WANG HM, ZHOU GL,
LI1Y, JIA YG, ZHANG AR. Preventive effects of five
probiotics on intestinal infection with enterotoxigenic
Escherichia coli of rats[J]. Chinese Journal of Animal
Nutrition, 2023, 35(10): 6726-6736 (in Chinese).

Le GUERN R, STABLER S, GOSSET P, PICHAVANT
M, GRANDJEAN T, FAURE E, KARACA Y, FAURE
K, KIPNIS E, DESSEIN R. Colonization resistance
against multi-drug-resistant bacteria: a narrative
review[J]. Journal of Hospital Infection, 2021, 118:
48-58.

R, dEs, TEUIE, R, A, Bl
FLER T TP i Ak 2R 2 1k B S e SR kSRR 9], b
FEW44, 2023(1): 48-52.

LI HJ, LONG JB, WANG MJ, XING HY, FEI XT, WEI
J. Research progress on antibiotic resistance and
control strategies in lactic acid bacteria[J]. China Dairy

Cattle, 2023, (1): 48-52 (in Chinese).

http://journals.im.ac.cn/actamicrocn



4068 LI Jia et al. | Acta Microbiologica Sinica, 2024, 64(11)

[101] & &, 24, Eil, . & W2 A w25 oo i QIAQY. In silico MS/MS prediction for peptidoglycan

JE[T]. TLIRA 244, 2022, 38(6): 1722-1728. profiling uncovers novel anti-inflammatory

JI X, LI J, WANG R, HE T. Research progress on drug peptidoglycan fragments of the gut microbiota[J].
resistance of common probiotics[J]. Jiangsu Journal of Chemical Science, 2024, 15(5): 1846-1859.

Agricultural Sciences, 2022, 38(6): 1722-1728 (in  [109] AMENU D, BACHA K. Antagonistic effects of lactic

Chinese). acid bacteria isolated from Ethiopian traditional

[102] PAMER EG. Resurrecting the intestinal microbiota to fermented foods and beverages against foodborne
combat antibiotic-resistant pathogens[J]. Science, pathogens[J]. Probiotics and Antimicrobial Proteins,
2016, 352(6285): 535-538. 2024, 73: 1-14.

[103] BKE, Bk, M=, BB, FH#i, ZU8R. 1 #k@r=  [110] CASABURI G, WEI JJ, KAZI S, LIU JL, WANG KW,
AW e I FUFE B BT b A8 e S e S R AL 4 B 0] TAO GZ, LIN PY, DUNN JCY, HENRICK BM,
AR, 2023, 23(10): 63-72. FRESE SA, SYLVESTER KG. Metabolic model of
ZHANG Y, JIANG N, ZHENG YX, GU Y, WANG Y, necrotizing enterocolitis in the premature newborn gut
HE YF. Stress resistance and whole genome analysis of resulting from enteric dysbiosis[J]. Frontiers in
a Lactobacillus  fermentum with high biofilm Pediatrics, 2022, 10: 893059.
production[J]. Journal of Chinese Institute of Food [111] SHENOY S. Gut microbiome, Vitamin D, ACE2
Science and Technology, 2023, 23(10): 63-72 (in interactions are critical factors in immune-senescence
Chinese). and inflammaging: key for vaccine response and

[104] LIN EK, CHANG WW, JHONG JH, TSAI WH, CHOU severity of COVID-19 infection[J]. Inflammation
CH, WANG 1J. Lacticaseibacillus paracasei GM-080 Research, 2022, 71(1): 13-26.
ameliorates allergic airway inflammation in children  [112] JI J, JIN WL, LIU SJ, JIAO ZY, LI XK. Probiotics,
with allergic rhinitis: from an animal model to a prebiotics, and postbiotics in health and disease[J].
double-blind, randomized, placebo-controlled trial[J]. MedComm, 2023, 4(6): e420.

Cells, 2023, 12(5): 768. [113] WANG H, ZHANG XY, KOU XF, ZHAI ZY, HAO YL.

[105] Amhedh. IS TEZE : I GNTRHESE B & 5 sk} B L 48 A ropy  exopolysaccharide-producing  strain
P A 58 38 b A 50 25 A8 R el Al R R B (N Bifidobacterium  pseudocatenulatum  Bi-OTA128
Bk, 2022, (6): 11-16. alleviates dextran sulfate sodium-induced colitis in
YANG XJ. National Health Commission: promote the mice[J]. Nutrients, 2023, 15(23): 4993.
reform of the approval and management of new food [114] XU MW, WANG YW, LIU YM, CHEN SS, ZHU LX,
raw materials, improve standards, and promote the TONG L, ZHENG YT, OSTERRIEDER N, ZHANG
healthy development of the probiotics industry[N]. CJ, WANG JC. A novel strategy of US3 Codon
China Food News, 2022, (6): 11-16 (in Chinese). de-optimization for construction of an attenuated

[106] LEE HB, BANG WY, SHIN GR, JEON HJ, JUNG YH, pseudorabies virus against high virulent Chinese
YANG J. Isolation, characterization, and safety pseudorabies virus variant[J]. Vaccines, 2023, 11(8):
evaluation of the novel probiotic strain Lacticaseibacillus 1288.
paracasei IDCC 3401 via genomic and phenotypic  [115] RATINER K, CIOCAN D, ABDEEN SK, ELINAV E.
approaches[J]. Microorganisms, 2023, 12(1): 85. Utilization of the microbiome in personalized

[107] HOSSAIN TJ. Functional genomics of the lactic acid medicine[J]. Nature Reviews Microbiology, 2024, 22:
bacterium Limosilactobacillus fermentum LAB-1: 291-308.
metabolic, probiotic and biotechnological [116] NKERA-GUTABARA CK, KERR R, SCHOLEFIELD
perspectives[J]. Heliyon, 2022, 8(11): e11412. J, HAZELHURST S, NAIDOO J. Microbiomics: the

[108] KWAN JMC, LIANG YQ, NG EWL, SVIRIAEVA E, next pillar of precision medicine and its role in African

LI CY, ZHAO YL, ZHANG XL, LIU XW, WONG SH,

<l actamicro@im.ac.cn, & 010-64807516

healthcare[J]. Frontiers in Genetics, 2022, 13: 869610.



