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Abstract Objective: To establish a selective culture medium screening method for counting viable bacteria
from multi—strain microecological preparation based on gene and metabolic pathway analysis, in order to solve

the problem of mutual interference in the measurement of counting viable bacteria. Methods: By analyzing the
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genomic scale metabolic network, the antibiotic sensitivity and resistance of Bacillus cereus, Enterococcus faecalis,

Lactobacillus acidophilus, and Bifidobacterium infantis were quickly predicted. Based on the prediction results,

suitable types and concentrations of antibiotics with resistance differences among the four microorganisms were

screened and added to the culture medium, effectively inhibiting the growth of interfering microorganisms and

ensuring accurate and effective counting results. Simultaneously, conventional drug sensitivity experiments results

were used to ensure and compare with this method. Results: In the process of viable counting for multi—strain

microecological preparation, this method effectively eliminated the interference of Enterococcus faecalis on the

counting of Lactobacillus acidophilus live bacteria and the interference of Lactobacillus acidophilus and Enterococcus

faecalis on the counting of Bifidobacterium infant, and the counting results were accurate and reliable of each

microorganism. Conclusion: The method has strong foresight and specificity. Genomic analysis and metabolic

pathway analysis can effectively predict microbial antibiotic resistance, and experimental design based on the

predicted results will greatly accelerate experimental efficiency, making the results more predictive and accurate,

and has broad application prospects in selective culture medium screening for counting viable bacteria from multi—

strain microecological preparation.

Keywords: microecological preparation; viable count; gene metabolism network; antibiotic resistance genes; drug

sensitivity testing
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Tab.2 Summary of antibiotic resistance genes and their metabolic pathways
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Tab.3 Drug sensitivity results of Enterococcus faecalis measured on VITEK"” Compact 2

202201016 202201017 202203198
B ER AR
(antibiotic name ) MIC o MIC P MIC o
(evaluation ) (‘evaluation ) (evaluation )
ALY T ( cefoxitin )
K8 K (benzylpenicillin ) 4 o 8 o 16 o
ZRPEAR Campicillin ) <2 o <2 o <2 o
ARG (oxacillin )
RRBGZ 7K - PrRIfE SYN-S S SYN-S S SYN-S R
( gentamicin high level-synergy )
FERE R BT — D RIFE] SYN-R R SYN-R R SYN-R R
(streptomycin high level-snergy )
PEKFEZ (gentamicin )
ISP A (ciprofloxacin ) 2 I 4 R >3 R
LA AL (levofloxacin ) 2 S =38 R =38 R
BPGY A (moxifloxacin )
S MREE R 25
(inducible clindamycin resistance )
21752 (erythromycin ) 2 I 2 I 4 I
i kA (clindamycin )
BPEEIT / ikt 1% *R 1 #R 2 #R
( quinupristin/dalfopristin )
Iz (linezolid ) 2 S 2 S 2 S
Ji & (vancomycin ) 1 S =32 R =32 R
PUEREE (tetracycline ) <1 S <1 S <1 S
BANFRZE (tigecycline ) <0.12 S 0.5 0.5
WA Z A (nitrofurantoin ) 64 I 128 R =512 R
FIHF (rifampicin )
S5

( trimethoprim/sulfamethoxazole )

H (note ): +. HEWTZ44) ( deduced drug ); ¥ AES EIE ( AES modified ); **. i FHZZ B IE (user modified ); o. it/ FF7 Ml ( missing required test ); S.
J& (susceptible ) ; R. i 24 ( resistanc ) ; 1. U (intermediate ) ; 28K AbFoR AR A 25 25U TR 25 2R (the blank indicates that the instrument has not
provided drug sensitivity test results )

F4 MIAEFRHENELS R

Tab.4 Results of tetracycline sensitivity test

e . .
( stra[fltzme ) ( cultjrﬂe%m::iium ) ( at:iizij:ic ) MIC/ (g ml.™)
HMHERTE ( Enterococcus faecalis ) EC PUIE (tetracycline ) 0.062 5~0.125
FERRFLIT I ( Lactobacillus acidophilu ) MRS PUIE (tetracycline ) 2.0~4.0
BOILXMUEEFT I ( Bifidobacterium infantis ) TPY PYFRZ (tetracycline ) > 4.0

AL HREL
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FRE
( Enterococcus faecalis )
EC 570k
( EC medium )
FERRFLAT I
(Lactobacillus acidophilus )
MRS $5 773
( MRS medium )
BLBUE A
( Bifidobacterium infantis )
TPY Kk
(TPY medium )

0.062 5 pg - ml™" 0.125 pg - mL™" 0.25 pg - mL™!

4.0 pug - mL™

2.0 pg - mL™

1.0 pg * mL™

1.0pg - mL™”  20pg -ml”  4.0pg-mL™”

B2 MARRRIMEREERE
Fig. 2 Cultivation diagram of tetracycline minimum inhibitory
concentration

283 HEFREMMUARRIREMA b & U
IR0 2L 0H , DU IR 2 X 2% iz BR B A9 MIC {H7E 0.0625~
0.125 pg - mL™ JE B, Rt , BERR I 45 DUPA 2R T
e B )9 0.1,0.125 LA K 0.2 pg - mL™' i MRS B i 1%
B, T 552 R IR S B TR ZLFF I P IS O o
FE MRS 8572 FL R g R vy, DU PR 28 5 ok 15
0.1 pg - mL™" B, MR A D AR IE RN, Y
A2 B R B 0.125 pg - mLt B, 255 Bk R 4=
K, PUBRZE i Mk S 55 3 0.2 pg - mL™ B, BERR FLAT
PRI, PR BL 2R 5 75 08, 26 8% 0.125 pg - mL7 /E R
G MR LT AT TS 37 3 v DU BR R A v BE (1 3 ),

0.125 pug * mL™' 0.2 pg*ml™

0.1 pg - mL™!

0 pg - mL™
E3 MRS EFEMAZRERULER

Fig.3 Optimization results of tetracycline concentration in MRS medium

Pz ARG R B, DU 2 W R FLAT R
) MIC {H7E 2.0~4.0 pg - mL™" JEFIN, Rk —4 1k
TPY 35553 i DUPR 38 B IR N, 5 5 DU PR 2K o ot
W H 3.0.4.0 LUK 5.0 pg - mL™' (8 TPY g5 55t
A ERTA TR FLAT R AN EL ) LXUE AT B ) A KA B

RVRINPUFR 2 1 TPY Byl 3 5 5L i, 3E
H R ™ P B LU AT B (43 8, ZE s i by
R B RIE %M 3.0.4.0 F15.0 pug - mL™" i, 22
JUSUEAT R A AR IR FLAT IR ZEER A A E K
K, 7] % $E 3.0~5.0 pg - mL " VB S BB AT 50
FREEDUPR R AR EE (&1 4),

3.0 ug - mL!

4.0 pg - mL™!

0 pg * mL™! 5.0 pg* mL™

El4 TPY BFEMIAFREMULER

Fig.4 Optimization results of tetracycline concentration in TPY medium

F£ MRS 5552351 TPY iR 5L ILah [, &8 PUIR R
W PR AR 0 A5 P RS BT DU B3 B - v g
AR LT B R LOBUBEAT B 16 BB e P R 7R 3
HLAKRREC T W3 5 (R E RS 71,2023 1 1319236.7 ).

x5 MUEHBFELRT

Tab.5 Optimized formula of culture medium

At (content )/ ( g L

VETRFUT IR BLAUSAT

P 4
medium ) ( Lactobacillus ( Bifidobacterium
acidophilus infantis
counting medium ) counting medium )
1% 2K 1% ( casein peptone ) 10.0 10.0
AR (beef extract ) 10.0 2.0
KEHE A (soya peptone ) / 5.0
H%IHE (glucose ) 20.0 5.0
B REZ T (yeast extract ) 5.0 3.0
35 80 ( tween 80 ) 1.0 1.0
L- V3 ( L-cysteine ) / 0.3
WERR E —# (KGHPO, ) 5.0 2.0
SUkEE (MgCLy ) / 0.5
BRsE (ZnS0y4) / 0.25
SAEES (CaCly) / 0.15
=5 (FeCly) / 0.05
4ELE 2 B, (vitamin B ) / 0.015
442 B, (vitamin B ) / 0.015
#4: % Be ( vitamin B ) / 0.015
1245 (calcium pantothenate ) / 0.001 5
PSR = W (triamine citrate ) 2.0 /
LHREN ( sodium acetate ) 10.0 /
TRAREE (MgSO,) 0.5 /
Bi%h (MnSO; ) 0.2 /
Bl (agar) 15.0 15.0
PUIRE (tetracycline ) 0.000 125 0.003~0.005
pH(25C) 52+02 7.2+0.1

2o M Al 5 B 97 B il A, PEEC TPY
BigRdk AR LOUSFT A MRS 5972 E RYPETRTL

FEBE 1, 43 0% 85 2 10 mL K B AR AR K v, 5843
TRAT, HSCRHN B o SR DUPR R A 15 97 2

CRCAR R R



-+ 876 -

M 4 W 22 E ChinJ Pharm Anal 2025,45(5) ‘JPA

SR B0 55 7 HE 0 W TR LA T A28 LSUBCAT 1 Y
BB TR, R L3R 6.

®6 MUEREFEEREEX

Tab.6 Comparison of applicability of optimized culture media

REE N EAE
( counting results of culture -
L medium )/ ( cfu+mL™") it [LSREDI 200
i : . . (colony
(swainname) — JEPIFE  AUIFE (o)
morphology )

('not containing  ( containing

tetracycline ) tetracycline )

LU AT 55 10° 72x10°  0.76 —5

( Bifidobacterium ( consistent )
infantis )

FERRTLAT IR 56 x 107 42 % 107 133 —5

( Lactobacillus ( consistent )
acidophilu )

EIAAS TNV IR A5 I3 LU, B LBUSRT iR Al
I T LT AT 1) BV B EL ALY 7E 0.5~2.0 S FT P, FLEA
IS R/NEAR —EC(E 5.6 ), BN DU R 2 A i 12
Br g BE FIER B A6 2020 AFRR € A ARSI ]
2y ) =ARAYAICEDR

TePERER

('not containing tetracycline ) g

FIORE

( containing tetracycline )

5 BEFEEBRIATEITHEREE(1:1x10°)
Fig. 5 Comparison of Lactobacillus acidophilus count results between
different media(1 : 1 x 10%)

LS

('not containing tetracycline )

FIOERE

( containing tetracycline )

6 2 FERER)LNEHEITHERIER(1:1x107)
Fig. 6 Comparison of Bifidobacterium infantis counts in two different
media(1 : 1 x 107)

AL HREL

Chinese

3 atig
3.0 HETED A 45 ) 24 B B T s

FEPR BRI AL 2 UG I v Y 2 > S
PR8I R 2 A %%}F”erﬁlmﬂﬁ
RIVE A, e P B 45 A A Y, DR R 5 A B
QbR E R TR AL R B A BEE O TR
PP S, AT 237 R 24 B | i 24 5 PR AT
TEIRAR T IR R T o 25 U2 B
LA A, K 24 Sl i () 4 R 21 48 he HHT, 70
TGRS Wy A B AR AT LR B S SR A 24 1
CAARGININ 7 A R T A 24 1) BURRRE B8 B 24 7K 1 ik
B ) A3 2 (R T sl ) e A RO A T 24 ik
P58 43 A7 73k ) 2 2 0, b 3l BT (next
generation sequencing, NGS ) F{ AR JE H i 43 F 12 Wit
T 20 R T 24 5 RIS DN 3 BT 1 B SO fle e 1 TR 24
LR 0 PR S 5 VR IR T 24 5 R A Y A B, ol ]
TR R Z8 0 NGS ARG AE W) 0 B ali Ak A 4
FrAELDEA T7 i v] LATR] i 5 50 5% 35 MU T 55 SRR )
T 24 5 PR R 11, B e R R S, TR
W R 4 TR, A A A R e NP A 5 42
PR AT A A LA

SRR IX B T DA A 1 2% 1) 25 8000 A O v
FARFA R HX R ETE A Y o B alife
FHSCEEFRITT A B WA AEH B B TRl

B PR R A (antibiotics resistance
genes, ARGs ) B E M 585 2 . 2013 48 & A 125
Bt R 25 MRS (the comprehensive antibiotic
resistance database, CARD ) FI] FHHT 4= 2 i 25 14 4 {4
(‘the antibiotic resistance ontology ) BT 25 K K AL 5
Tiif 245 56 PR G 1 AR FHBIL B s R AR 3RS BRI &
ER, I TFREAH AT, A2 PO R i 24 35 PR 44
VR AR SO R B Ml P A 2 B0 e . SR, Bl
A5 s e, B TR (AT i 24 5L
Blln e R SE# (0 AVFZ I AE 9 ARGs A1 R il E Al
Ea%i 18

SR e AT ZH 0 > 8040 % P00 45 SR 180 52 00
REAFOLT I P DFHETT N AL T2 75 7 9 Pk
75 A SOIE S S P s — 8, (HiX A
TR BRI B A I SR R 2 P81,
ALUFER: 1) BARNESH ¥ I AT 100% ifE
ﬁﬁ 1, AR S P9 P A R AREAS ER, B D27 571

Btz RBOHMERS; 2) %05 E2 5 %7 5%
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M AR K, BEBEAN ] 1 2 25 )3 3 245 BN [R) 9 0 )3 45
FEERAME—; 3) S P 5 5007 PrFp 2 8] W SR A7F
TER KA LS AR S M TG R Bl s 25 4 A8 S 0 (A
b, AR SCAA FH 2 2 5 DR AL , 17 el P 2 7 21 2%
(de novo ) Jy ¥, X HE AT D KRR FE AR IE 25 SRR A
YIRS H & .

R R S R 5 R A OB . FE 3RS
ARGs M5 BUG , e ZRK L R Y 5 i 25 P SR RUAH G
W, H 0L ARGs (I H 2 IZAAAE TRUE Y h i it 25
L) (T 250 e RURN g AD 2E ( R E )T I E ST L AR
MR A — 28 ARGs 5k 28 AR {7 ik PR 41 558 b ol 4
F, W AT R BRI R AT . AN IR 5 AR
Xif & AU ) S M AL A7 T 67 A R R RR P 25 57 A7 AR A2 24
Y BUBME R AT RE . B OCBEIJR , AHR X 259
AT 2 P 37 B 5 R ek K RE IR . 33X — &R B )
FILAE 52 M) DA S0 &85 SR A v A T 24 15 B A I K . i
PRIX — [t T AR TR 45 SR A L md_ b i RSN
TEB R 255 S

A SR PR 5 35 DR IR 4% D NGS 352 A 1 B 2
W53 B Al A e B 15 75 S A0 Ak vk T 3R AR 1) 245
SEIL BEA TN 4 S T AR S AR AN IR I, nT AT AL
i v 3 R AR 5 R A O o SCRRHR T o A B T R
B WG AE X — [A] 0 RS a1 B Ak A
AT £ 5090 DRI 47 B 245 4 S M AT SR T R P 22 Bk R
{EE A A A A, [R]85 T AL A AR A6, T
DI - 552 0L DA 000 235 SR A A A v 1) i A 0 it 245

e

ﬁllla\O

3.2 AR FAR R USRI 75 58

FEAE FAR BH BR A A RO e 75 58 b, 4 3k
TIHPUER R B —PUA R, HEZ AP UE RIS
IR BIAE A ARG, 2 TRUT 5 E AR RS
FUAR T Z S H A 3 FhllE F AR B B 45 1 SR bi A
AR BCA BT, W2 R R I T AR Al a5 A, A
KFZAHENR . BMEAEEBEERSA
ZFp 0, SCHRARGE 5 AR RRFLAT B UL A
RATRRE SKAEEE KA B AR,
SO RIS R E AR HAR R A R A R
PEATHESN AL A B, 07 10 AN 22X F b ™ A R i
P A ZRBC (R, W TARSR BEBOR, teAh, Z R R
MHBOR B2 RV 2 A E N R, =X H
PRI AR A SRR R, SR I AT B AR R bk
LTI 59 , DR ) LR A U 22 57 1Y

PUER AT W BE B, 73 5] 1 bl A
FUARTE , 45 R 22 id ] R Bk iz 5, RIVRT A5 1 g b R
bt . P—PUERARTIAEZAHENEK,
PAES IR e X5 B SR 2R e Al AR, 22 5
(a8

RV ESART S A T — R e T
SRS T PO A 2 T ) 3 T RO 9 SR R A U
D5 TR BT s RO R b, A SO R
T AR IR G EOH R ST A
KNP R DA T RE TEI K A Qi 0 BT i T U E )
20 P 38 AZ ) Bt ) RS TN , HAT AR5 A T
WEPEAN L I, 3 it 25 PR A W B A g o0 A ol A
RN Py RO A SR AU, D AR T2 Rt A T
SRV, IIT IR KRG/ T HUAE R i e T L
IR T TARSREE, $ T 7 SEIRCR , Al il Ak 255
RO A EOR S FHOCHOAR ML AT FE BT R N A5
RIS AREI)Z ]
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