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B =z=dioiess mo 2 s

O FAOWHO Z=ZHlo]E X2 Ay H7}F 7ol =2l

2002 A A4 FE Y 71T (Food and Agriculture Organization,
FAO) ¥ AMA E7]7(World Health Organization, WHO)l| A+
2 GHollM el Zruto] QB QbR HT7} rloleile NS E

Holsetele] Wam Q4 2ARA AZHY olSe] He =z
Hfol Q€| zo] ol FFE WL, /154 WAUZES HA
FoglE A8 AT 8 A oy GRS Skl AR
5 FANT AL VAL UL

=]

TR iZEnlo] @ 5 (probiotic strain)ol|l thgk HAZHY <HA

| SN B4
AN AATES 1T S

oX

O ZE2Hjo|EX Ao

LAY AFAS w JdA FE&F B a3 E veh= Aokl

s 2 2

Live microorganisms that, when consumed in adequate amounts confer a health
benefit on the host

< £ s

= 20024, WHO/FAO ZE=ZHIO|QEIA 7HO|- Llive microorganisms which when

consumed in adequate amounts confer a health benefit on the host

= 20134, ISAPP7} WHO/FAORt 2HH| 2002 707 LIS ®HIO|E; Live microorganisms

that, when consumed in adequate amounts confer a health benefit on the host

* |SAPP: International Scientific Association for Probiotics and Prebiotics




O ZEHlo|RE X 54
HEEA] Aggtolojof &, A oA /&3 &7E lojoF s,
5/do] glem v ¥ Y4 (Non-pathogen) ©]ofoF g
A AHE AFAA o AAC FE&T BAart dSH o oF
st, e YaAAE FUlgts A Folgh gl ek 78

=7F 55 & il g E A

|
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82
oo

1. Guidelines for the Evaluation of Probiotics in Food, WHO/FAO(2002)
2. International Scientific Association for Probiotics and Prebiotics (ISAPP):
ISAPP conensus statement on the scope and appropriate use of the term

probiotic, Nat Rev Gastroentero!/ Hepatol 2014




n OIXA HZEXIE

O (I& H&Extg) '_7‘|7*7|'5’4%°| 717 U 72,0 DA El(species) w3 (strain)
e DA|EX] OILSE FFE 7|54 /22 Q™IS X} sH= AL

_I_|_

7I2Hez THAIISHE 7|"M = 8 VlEng Q8o et A48, A4z

oo ™
FIERIE U8 2 87 K7= (EE0] #e R0l T2 NEEL o
A8 ) F=tolof B
- FFO| QWY WIS ol MEKTM P7IMYD BMXIE, FF VIYE S
w5 5old &l Armet AN LY, 8EEE, 5¢ YEoF, AN &
Atz Mz
72| strain H7HXA| =OIZ|0{OF Bt
O &7 HEXR) 252 IAGF, 43" {fF 121 FX48 J=2
met SgAgAE 52 ME
= THZLI|sAZ9| 7|2 U 24, JH 370 7|
LEA)0| weEl SOHA M=

<)
P PP SUAEXES YT & 9

ool-

off

on

2 T A(2-51 ZEHHO|

4
238 21 50|

O 71& AEAR

Aol B4 FAY % 9
M(fastq Y 5) 2 &
iy

A BAA(E71HE wla-2a, phylogenetic
systematic analysis )%} =

71¥5 5ol AZHojoF g

ol #F+= strain W7HA] FelEojof |, 2]F F L Flo| QE
2o g A HIF Jho| =ElI(WHO/FAO) ol w2 &AA U4,
3

SEEY, 54 AEAF 5 A B4 A5 AlEsolor &
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1 AtE, ©F

4

FHKM(fastqg It 5) A=

Lactobacillus 00000

ATCOC 14917 PRINASSS

L i subp. P
Lacrobacsiins piantarum mbgp. plantarum NCS PRINALTS984
Lacrobacsiies plantrum mubgp. planserum ST-II PRINASIS3T
Lactfobac siin: piantarum WL PRINAIIIZSSE

Lactobacitiu: plantarum 4_3 PRINAIIIELS

| Lacrobaciiu: planterum LPPL PRINAIZ1362

Lacredaciiiug piansarum 3165 PRINA2I0ISI

Lacrodaciiiu piantarum WCFS1 PRINAGSIPLL

Lacrobacsiius pianrum DM PRINA 9361
S

Lacrobaciiivs piansarum 3935 PRINAIIOITI

Lacrobacsiius piantarum ZI316 PRINALSS6ES

Lacrodacsii piantarum 18 PRINAICO0A

Lacrobacsiin: piantrum mubsp. plantarum P-§ PRINA303333

Lacrobaciiu: piantzrum UCMA 3037 /PRINAIDITEL

pian PLASS <,

Lacrobaciiu: piantarem AX01 PRINAIIIISS

or

General Report for Genome Sequence Analysis

T ke s b the €1 e
Chunia, T p pomorn s snd By ——
i amabyin. For resion, phasss watt

I ——

ErTavene mame | Lactsbacilln, curyarm
v

Tanonsmy (EaTasen e
Origmal Namme | Laciobacillus curvaies
ExGenems Accesiion - 18)79.LC 7601 1

General Report for Genome Sequence Ann

This file st bees sutamarically goer ated by fhe €L gemoumic ™ piogram
(atte.

(__h—mtmm-‘mmw
wnp e . For
e L I R ety

me - Lactobacillus plant

ExTaxon-s

Taxenomy (ErTaxon-s) :
Oviginal Namme  La s ph
ErGenome Acconiion - 10ATOLFIOS

s |
2.1

Coomaimne ae 3188360 bp

frRNA gomes 4
sa

Method | [umin Seq_100_PE
Method reads - 1810588
Method coverage 40817

Asembler

CLCbio CLE Comomicy Workbench 7.8
. 7




7t AN E FF

(1) 175 (species)

|«
t

AR EAE A2 B FA, A 3 A A1E D FHERSL 3
Hlol QE 2ol LAY FF 17FEOEM, HAFE UL RAG

Sol gtk BAAPARE VYT 5 S

™
o)
2
k|
>
i
4

X

=], T(species)e] 2} st s Ao FE3AL
nare -9 B2 5 B4 R, AA-f%F 3 F BAg
A=

L
A% SNYAR} 27D & e

B [actobacillus : L. acdophilus, L. casei L. gasseri L. delbrueckii ssp. bulgaricus,
L. helveticus, L. fermentum, L. paracasei, L. plantarum, L. reuter; L. rhamnosus,
L. salivarius
lactococcus : Lc. lactis

B Streptococcus @ S. thermophilus
Bifidobacterium . B. bifidum, B. breve, B. longum, B. animalis ssp. lactis

¥ OA| K|2021-65%(2021.7.29.), Al L(2024.1.1)
()
lactobacillus i Zgggﬁ?ggs L. gasseri L. delbrueckii ssp. bulgaricus,
Lacticaseibaciflus L. casej L. paracase, L. rhamnosus
Limosilactobaciflus L. fermentum, L. reuteri
Lactiplantibaciflus L. plantarum
Ligilactobacillus L. salivarius
Lactococcus Lc flactis
Enterococcus E. faecium, E. faecalis
Streptococcus S. thermophilus
Bifidobacterium B. bifidum, B. breve B. longum, B. animalis ssp. lactis




(2) 2% (species)

AR EY VIE 2 4, A 3N JE 2 4251 ==
Hpo] QE| ol 1AJE 27)9] #FS FAA WA/ 548 A gl A
[ "3 s2Fe] 71 2 74, A" 14, A2018-673(18. 9. 5.)]

A58 A&sholo

B fnterococcus faecium, Enterococcus faecalis

¥ Enterococcus & w2 YEN U SHGHA =HQl A”(THL7|SAMES 7|E
S 4, 3 1A, H2018-67%)

) AAHY BUH YL S4 Xt 85

[@wﬂ =5
A B Microbiological cut-off values(mg/L)

1 Ampicillin 2
2 Vancomycin 4
3 Gentamycin 32
4 Kanamycin 1024
5 Streptomycin 128
6 Erythromycin 4
7 Clindamycin 4
8 Tylosin 4
9 Tetracycline 4
10 Chloramphenicol 16

* GHAE EH2dNsE HAKMIC Test, Minimal inhibitory concentration Test) & A Xl (cut-off
value) 0|52 % &g

=g elxt
1 Cytolysin
2 Aggregation substance
3 Hyaluronidase
4 Gelatinase

(2) dAIEHE

[T LY QTR el HAl

@ Enterococcus & dF FEAL TH A= ME 24 (Full genome sequencing)
@ HAE 105 SdHo e A =2l




® MM LUK sE HAHMIC Test, Minimal inhibitory concentration Test)
- Clinical and Laboratory Standard Instittue(CLSl) 5+ European Union on

Antimicrobial Susceptibility Testing(EUCAST) 2'# Sl 0|2t S5t 20| M2 Al

* EFSAOIA HAIBt cut-off value 7|= H-E(EFSA Journal 2012; 10(6): 2740)

[=d REA 22 ZAR

@ Enterococcus & dF ST FH Als ME 24 (Full genome sequencing)
@ Cytolysin, Aggregation substance, Hyaluronidase, Gelatinasel| 3 & a4
FEA =2l

(M=tatA AR Cytolysin, Aggregation substance, Hyaluronidase, Gelatinase =
QIAE, 88d =0 A, 2T ST S AE

o

©

@ CIe|RE0=gAE

* QM5 2 AT H (Good Laboratory Practice, GLP)Of| 2} 2F = 7|20 OECDOIAM &
otn A= SFAYRO Z510] A™

. IANEHA & FF

(1) 4743l A= &F

A EAE Ve 2 w4, Al 3 ANE Ve 2 AR50 ZEh
E] 2ol TAE R ke T F(species)o] AR, Lo A 27 Eo]

°|2H

A= TF(: FDA GRAS A «F), A& LaHF T= T3 27
Aol s dF(9: Badllus subtilis, B. amyldliquefaciens )<
A5 HAE Hal go] glvd SAAPEARE ST ¢ e

() 478"l e dF

ARIsHES 1F D FA, A 3 A 71E L FARSL T
=

-

O|QE| 1ol TA|EZR] L2 HF(species) O E AATE Flv 3
(EF £ 374 SolA 28 2% 5 SRR, 0%
WHEFS, FHSAAAAR)E ASslor &



ﬂ OIXIA mI} M L mE(OH

O AZAFAA F7IME 9 #44 BEHAE 52 5ol 79 SoldS
1t #52] A 7l AFRE s,

AE FF(19F), A48l de IANFHA &2 IF 5 YA ol

O I
e IAHA 2 dFA B,

- A FIIGEE(FAA WA, §E84, 54 A4 B dAE
=4) B4 23, 1] °] 39 Hr1dE5dEE 3dvlE A8)dA
ool BRATE Aol dASA we FFE WY

| TNE BF % Entewecus & FFE 34 WA 2 B4 S
SANH S Bal §7 §72 SRlskodof 3

O 3, AAdl gl LAHA &2 dF= dAAY B olF
43S Wrlste] FEY A Vs oE AFHoT PO
TAE #FF(195) A E|X] B2
: Enterococcus 5 AT & TFEHEEH) LA E|X] B2

SUH Y % =4 :GRAS SX|, HE U5 TFEAEE |
|TX T ol S e P
1. 8 LG AlE - 8 MIc 3 Al ES/UxH LiE ET
2. SEEM AR - SEHY 0% B
3. 54 MO A - 54 MR BT
L 4. cHALE £7d A& - D-lactate/Bile salt deconjugation 44/ ({5 ZTE |

z
ook
2]

=
=

a9 1. obEY I TR "RHeh @
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ﬂ OFXIAI WY} AjSdttt

¥ 2 710|E0|M HAIE MAYHS Z=Ho|E[A QHHd EIE #E Al
U Al =28 Ed|nx} SHYsts A2z, HIEA] X|FO} St o FAIE2

lelg YBC2|n, Ko oloh SSOIALE 1 olMQl AlEHHo| Yk
B0l 0|8 s

0ol

=)

1. A HA

O FHA WY FAAE I Yo AT TG A BAAL T}
2 % glo] e, A el FAA WA faze)
dol7k ol Yold ¢ Qomz vgRe 71 FAA WA

O ml= CDCoIAM = strip 71Wke] A WA HAF WA A=
(Minimum Inhibitory Concentration, MIC) Al &e| Ha]/d} 2}
wdg el E-TEST W< FHsta 3l

- MIC &% % EFSA (European Food Safety Authority) 7]<ell
upeh mwel Agol= AHgel 7Hed e, 23Ee Afole
454 B WAL WAAR-E adsior &

- EFSA®] MIC cut-off value: ¥ 13} zg#E=2% 12)



H 1. EFSAS| MIC cut-off value (mg/L)

< Q — 9q [} o -+
32|83 /8|23 2|3 g
5 0 =4 & © = Q o =L
S. | © o 3 g 3 o a o
= < a I < < < = o
= oF = =p o, o, o). 3 -
5 3 3 E 5 5 o
Lactobacillus obllgaate 1 » | 16 | 16 | 16 : : 4 4 )
homofermentative
Lactobacillus acidophilus group | 1 2 | 16 | 64 | 16 | 1 1 4 4
Lactobacillus Ob]lgfte > lnr |16 | 32 | 6a | 1 : 8 4 )
heterofermentative
Lactobacillus reuteri 2 n.r 8 64 | 64 1 1 16 4 -
Lactobacillus fac_ultatwe 4 o |l 16 | 64 | 64 1 1 8 4 )
heterofermentative
Lactobadillus plantarumypentosus | 2 | nr. | 16 | 64 | nr. | 1 2 | 32| 8 -
Lactobacillus rhamnosus 4 nr. | 16 | 64 | 32 1 1 8 4 -
Lactobacillus casei/paracasei 4 | nr.| 32 | 64 | 64 | 1 1 4 4 -
Bifidobacterium 2 2 64 | nr. | 128 | 1 1 8 4 -
Pediococcus 4 nr. | 16 | 64 | 64 1 1 8 4 -
Leuconostoc 2 nr. | 16 | 16 | 64 1 1 8 4 -
Lactococcus lactis 2 4 32 | 64 | 32 1 1 4 8 -
Streptococcus thermophilus 2 4 | 32 | 64 | 64| 2 2 4 4 -
Bacillus spp nr. | 4 4 8 8 4 4 8 8 -
Propionibacterium 2 4 | 64 | 64 | 64 | 05 |025| 2 2 -
Other Gram + 1 2 4 16 8 | 05 |025| 2 2 -
Enterococcus faecium 2 4 32 | 1024 | 128 | 4 4 4 16 4

n.r. not required, ? including L delbrueckii L. helveticus,

c

including L. fermentum

ook

R 0 %

Jot

H 2

M2
S

OH

° not required for L. salivarus

- —
Antimicrobial Solvent Diluent
Agent
Unless otherwise stated, use a mininum | .. . P
amount of the Ii‘se‘tjéd solvent to Flnslzl;lugcl’lhlﬂ:sg sigfegnféﬁ.mc"
solubilize the antimicrobial powder
Ampicillin Phosphate buffer, pH 8, Phosphate buffer, pH 6,
0.1 mol/L 0.1 mol/L
Vancomycin Water Water
Gentamicin Water Water
Kanamycin Water Water
Streptomycin Water Water
. 95% ethanol or
Erythromycin glacial acetic acid Water
Clindamycin Water Water
Tetracycline Water Water
Chloramphenicol 95% ethanol Water
Tylosine DMSO DMSO

- 10 -




¥ EFSA MIC cut-off valueOf [} Ty HFEHEIZY 12)

e o

O EFSA 24X Wd 7ol =efel
(Guidance on the assessment of bacterial susceptibility to antimicrobials
of human and veterinary importance) EFSA Journal 2012;10(6):2740
- FDA : 201993 2& GRASE Szl ZZH[O|QEAO| ofdlX| Lfd EIF Al

EFSAZ|Z=& [E(GRN Notice 847)

- BIHEE

[1HAl] Quantitative MIC" determination (Microbiological cut-off values)
- MICZ} cut-off 0|3} : AHB7tS
- MIC7Z} cut-off £1} : 71 2921 ER(2)

* CF E. faeciumO| ampicillin MIC7} 28 Z1t5l= &
YMinimal Inhibitory Concentration : O]

CLSI, ISO, EUCAST S0 #83l= 7|&E22 HAL

o0

[2SHA|] Genetic basis of resistance (SHE/LHAHE Ljd off

T - 1
- Intrinsic resistance : €2 FEH)0| LA EXst= e &
Z MHE OME

FO| LA EFQ B2 A8Vt
- Acquired resistance : &7} 29 E8(3)

= - B

[3EHA|] Acquired resistance(EHH| LY 25 F=)
- Genomic mutation : I99HAC| SHO|Z Al LildS

=L

fot
J)I'I

J2 250t 32 A8 ks
- Added genes : AFEE7L WA WEd FEXC| F Y OF HE A
7180 LT SEA U8 REAR BlWStY SiE gLl #AE S8
ot= A22&= Wd RAEAES F /0| glgs HEHE = 83
[ EXIAESE ER |
JL
| HEH mic 23 |
| wcolst | [ wmczab |
b L
A" A=ss | XMgdo gEE 71X |
\ =y ” LK K ‘

il TL

| CET R I

™IS |

Y 2¢EHO|
J L =3
- uHI™ o = Q|
Eo™rg=oh || = ._(A_;%)%]._Jg




1-1. Agar dilution assay

¥ Clinical & Laboratory Standards Institute [(CLSI : YUMZAAEZTATIL)O|
MO7 &A]] =& European Union on Antimicrobial Susceptibility Testing
(EUCAST) gl 9l oo 553 welof et AjgE»ER 19

(1) 3AA & A=

@ EFSAdA A" FAA gt o) A

@ A Stock solution A|F(E 2. FF)

@ Syringe Filtration(0.2 pm filter)S £3F 344 g Hit

(2) Agar dilution plate ZH]
O ANE T A A 44
@ THHAR)(1.8% 3HH)E A|Z=3st] Autoclave F, =€ G Ulol|A 45~50°CE =4
@ FAA &H4E FH/AMEDFE FEE F a8 F7HAIA HHEA 4
A7} (xFEA A 0, 20, 21, 22 27, 2heeeer)
@ FAA7E B71E FHMA S Petri disholl 20 mi¥ 25 F A0 1333}
(3) 75 # & (Spotting)
O Algstaat st ¥ 5(1x10° CFU/ml) 1 pLE 3-8 #] 4o Spotting st
D HE HE 95 (1x10* CFU/spot)
(4) F71e) <&
O "AFS o771 dduAe & A2 EES Y| =
@ 37°CY 7] =004 46~43A17F vl &3

A,
2
>
(%]
(e
pre
o
oy
rfo
ok
N

(5) MIC &3
O F2Yrt g4 =HA &&= HAFEE MICE A (O™ 2)

1 M

2uM

16 uM

32 uM

& 2. Agar dilution assay OflA|

(6) +4 7%
1 9789 A Al thA EFSA MIC cut-off 71&(& 1) Bt} mukel Aol =
Abgol ZHed g gley, TlERT A 23 A 5/ HANY G

- 12 -




1-2. Broth microdilution assay

¥ Clinical & Laboratory Standards Institute [(CLSI : QYU&HAIRFHTN)O|
MO7 &A]] =& European Union on Antimicrobial Susceptibility Testing
(EUCAST) & 2 0|9} S53 Wreof map AlgE?EY 1

(1) A & A=
O EFSAA 4% A g §of 44
@ A A Stock solution AZF(FE 2. F=x)
@ Syringe Filtration(0.2 pm filter)S £3F a4 #] &oje d4f

(2) Broth microdilution plate ZH]
O AE 5ol A mx 44
@ AA" AA 8RS Autoclave ¥, 96 well platee] 100 pL# &5
@ FAA EHE FH/NANEZDZRE & Tl FIAA QA wj=] 7t
270 welld] Z+zF @7} (x5 ZaA: 0, 20 2L 22 23 2h....)
(3) ¥ HZF (Spotting)
O NAsA = F5 (5x10° CFUAD 10 pLE 2 wellel %3
D #HF ¥4 6x10* CFU/well) 2 well 9 HF 4% ¥ (5x10° CFU/ml)
(4) & 7)a) %
@ 37°Ce] @71 =4 46~48A13t vl 3
(5) MIC &A
D MIC= ZAAE ¥R & gz §9te = HluwdtAY viewing devices
Abgste] ERlgt
@ 293 Zo] AMA spote] AlFEY] A FEE MICE FH(2¥ 3)

13 3. Broth micordilution assay OfA|

(6) &4 71+
1 9789 A Al thA EFSA MIC cut-off 71&(& 1) B} mukel Aol =
Abgol ZHed g gley, TlERT A 23 Al 5/ HANY G

- 13 -



1-3. E-TEST®

X 7ty BEHEo=Z AZL[= antibiotics stripO|0, 0|2 CDCOMEZ AREStD UAZ

(1) 5 =4
@D 05~1.0 McFarland (15~3x10°® CFU/ml) ¥ 5% #5& 34 & FH
(2) 5 HF
O TF AA FHAMA(1.8%)= A =x3dt Autoclave &, Ao A 113 3}3}
@ Bvd WS o777 F30 dA R HA & A
@ AN HES FHw R lawne] A EE=F streaking$t
@ HF wF7F sAMA Y & 2 EEE 7] A 10~2027F A
1k
(3) Strip ¥l X

O ANgataA st FAA stripS WA Yol YA Al
@ Strip7te] Ag7F UF 717k A9 MIC Ao EA17F A4 4 9oz
A% AYE FA ] wjA g
(4) 879
@ 37°Ce) d71z=doNA 46~48A17F v] gt
(5) MIC &4
O ¥ 49 Zo] o] AR FE strip FH 7ML FES MICE 84

MIC 0.25 pg/ml
12 4. E-TEST MIC THE Of|A|
6) A 7|+

1 9789 A Al thaA EFSA MIC cut-off 71 (& 1) B} mukel %‘—?—011—‘5
Abgol Zhed ¢ Yoy, Vg A 23 A F5/HAWAY G

14 -



¥ HASAMAY W8 B T

¥ 2S/UI WHEE EESHY| fsiAM M EE 23 (Bioinformatics) 7|8 47HX] &
X etetnxt gt

rE

(1) HGTree 7)4F sho} wpwy (@229 14)

O Horizontal Gene Transfer (HGT) events 72 4 & iz oz
3t Genome Wl EA43= GC%, dN/AS 5 53 Genomic Signature?] Ew¢
sto] A= e #Hst= WHHGT-DB, HGT-Finder) % Phylogenetic
distance®} Taxonomy?| =YAE #Fét= Wi (DarkHorse DB) 5°] A+

O o3 WY FT ATAHE Gene Tree?} Species Treed] EUAE Fa
HGT eventE® A 3= Horizontal gene transfer database (HGTree DB)E
ZIgto ® &= AEARTH EAS F83ud AFFHAAE 7o s 3
LY AR g IS5 HAE TR 7s

O A5 WANAESE &5t flste AGFHAE &85t HGTree
DBE 7|Wte g F&3t= WS Altetara 1y 5)

@ @

HGT Browser |riws 1 analysis of user

12 5 HGTree A2 BHE (1) HGTree DB so EHMF| LiA QFEAL ZAM 7|5 (2) 8T 9
HYFTN GR2YHSZ HGTree 2ME AlZ (3) HGT event/t &8st ST X0

Ot ZoF 22l (4) phylogenetic tree 7|8t SEMILE SEAS| A=A 8 Mutd=
mtete 2 2SLHM/LIHUE 2
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g5 U] 9 =ZA conjugation, transduction, mobile elementol] 2|3} 4]
AA HE=Z HGT 71vte] #dd sty ofg e} 2 F714

HES T3 744 AFAZRE getst 4= glor, HGT eventd 4 Ax=
o g2 A WA fAdAke] dubdR giet rks

(2) Conjugation®ll 9% TS/ R4 WA sgEEE 15

% PlasmidO]l 2/8+ Conjugation HZLIZ 7|dre] ESLHA M} oS 2QI517| 2f5j0]

PlasmidFinder & 7[g8t Z2ZZ 0|83t &Y

(D PlasmidFinder 2.1 =218 7|4k (cge.chs.dtu.dk/servicesPlasmidFinder)

AolEd] HE @ BASTA s WAGHA FASTA ¥4e Hag

@ ¥ 67 22 43 stHe 2R HEH Plasmid ¥ A E9 olg, dA =
A F I
@ 39 Accession numberE Z#35e] NCBIolA #71¥ Plasmid 9714 <€

9 447 ARE T 5 A8

(Identity) @ Accession number %<

@ Annotation® NCBI Genbank AR Z5EH 3|9 Plasmid Weol a4 A
FAzke} tra A7 QlEA &

® Plasmid ol tra §3A £4 2 &AA] WA 712 4 A 5=
A

_ 16 -



PlasmidFinder 2.1
Service Instructions Output Article abstract Citations

Software version: 2.0.1 (2020-07-01)

Database version: (2021-11-29) e g d'“dbas; I‘s'wmtvj hj:_
= lenrik | an B
fest sequence {chek to contact)
Select datab | 1. Gram Positive / Enterobacteriales &

Gram Positive ~1

Enterobacteriales 1 75*_'"0“ Al.-gt-" DB HE_I“ (%‘? EE_I“ 7}%)

Select threshold for minimum % Idcnu'ty

{95 % v
Select minimum % coverage

160 % ~|
Select type of your reads

Only data from one single isolate should be uploaded. If raw sequencing reads are uploaded KMA will be used for mapping. KMA supports the
following sequencing platforms: lllumina. lon Torrent, Roche 454, SOLID, Oxford Nanopore, and PacBio.
Assembled or Draft Genome/Contigs® (¥ |

2. Y2E & mUg MEd

Name Size Progress Status

3. 8% HES L2 g YRE 3
5 XE02 B4 AR

PlasmidFinder-2.0 Server - Results

Organism(s): Enterobacteriales,Gram Positive

m “

9976  420/420 w” 1] Saimonellatyphl 3970, 40121

4, ST Accession= F2H EH%EIE NCBI
2| Genbank H|0|X|2 HX{Z 5+ /AS

2! 6. PlasmidFinder Z1} 3} oA

- 17 -



(3) Transductionol €& FS/ ] WA sgE2EY 1)

X Prophage0i| 2|3t Transduction BIZHLIZ 7|gte| SSLfH MO} =S ole}7|
_I_|O|.0:| PHAST 2! 7|I:||- o= =3 0| -('5|.E Hf EH

(D PHAST (phast.wishartlab.com)Ale)|E o] H& et BA&axt sl AA#
AA 2] FASTA 3#Y 2= XTi= Genbank Accession®] A& A i<
O ES Wil ¥4 A

@ A3 3pHo| A Detailed files 335} Phage Ado] HAEH 7 493
e 99 Yola ZAFE Bacterial DB T Genbank A €9 ald3+=
FHAAHS| Moz FAH ZF F)7F A=A z}?l

@ ¥ 73 Zo] A=A FAA Yol FAA A FAAIF A=A &g

@ Prophage Wlol A U4 #32 A A d5Udez gd

Submat J| Hesmt 1. Genbank accessionQ| EXS= B2 s HEE ZIUSHT Submit

f
e
\

Select your GenBank formatted file | =% v |sas oe e (Examnia)
Submit || Reset

or

Select your nucieotide e
sequence file (FASTA IA'E € |maE o 28 I

Check your Inputfis is contigs file. The ssrver wil concatenats ail the
sequences togethe:
or
| 1 2- A EXZ X2 melsE Zix| D = B
\ Pete your muctootide \ HUS Y= L= FF| MES ofjol =0
‘ nq‘unn-hsﬂafAl‘fAhim‘l‘ D submit
L

La-14,
Summary result file
b - . =

Detsiled fils I 3. Detailed fileE =310 xXtMist 21} =tel

ELASH image of the result (Flash plaver 11 needed. the latest verson 17.00.188 not work well in some browsers

BNA info

. i i S

I Fiis aigetri Vieus st propiege OO 4. INput= =5 5| Prophage A|=0| S&HE & (35
Hits against Bacterial DB or GenBank file + = b | =
= /B ial GeneO| ZHEMEl 22 (5]24) =l

Region 1. total : 9 COS.
- [ CDS_POSITION - MArh b ) | E-vALUE, |
1 se3sss se3ves AL TAAAAACAAAATAAAAAG oo oy
2 |complementisse3is 870290 mmz Parame_FRA83: bypothetical protein FRAB3_NOP3R: LA14_0914; phageigi155370191) 1e-25 T
5 ls7oass srosis oo
la B71656) Te-72 $Chick
5 jcomplement(871876.872076) 0.0 1
3 872 2e-05 Cl
= T =
3 hete  flhouc
3 = =7
o jarsr ErAGE_Bacil BerTe: pucsive Srihass LATa G355 phaoeioeOeSETSY =y
11 (876711 j772hl PHAGE_Bacil_phiAGATE: putative dibydrofolate reductase: LA14_0923; ph..q.(qmzsows) lGe-18 Click
12 [ssoo0s-swo0e StR_ TAAAAACAAAATAAAAAG o0 ik

IU
m

SHE VHOIAM MatchingE E7] ME2] XM B8 = 2 252
I:HEO"A-[ 27l ME CIREE=E Vs

T2 7. PHAST Z1} 3}H OfAl.

- 18 -



(4) Mobile elemento] 23k 2=/0A Uy sgE2ed 17)

ot

FOIBL7| 2510 Mobile Element

J

¥ Mobile elementd] 2|3t 2SN FO} EE
Finder & Z|Et Z23H 8 0|85l 2

=

D Mobile Element Finder (cge.chbs.dtu.dk/services/MobileElementFinder)

AlolEo H& 9 BAS fste AARAA S FASTA w1 9d=2=

ResFinder 7|9 gAA YA FHAAe] @4 A5 E 25 g4 A=

E4E Adste] a9 83 22 AFEFE MMGEs € JHE FEE

MGE7} 279 A4d 2 d3d 92 Resistance F42 ARE &9l

@ Mobile element 97|14 <E otoll Hdl= A A FAA7E A=A &2151e]
EA A 5o dd

The database is curated by.
Markus Johansson
(click to contact)

MObiIeEIement
Finder

Software version: ¥v1.0 3 (2020-10-05 1[ 09)
Database version: v1.0.2 (2020 09)
mobile genetic elements and their relation to antimicrobial resistance genes and virulence factors

meniFinder

Example sequenca

Annnuﬂu accessory uenes (Optional)
pou want io use dalabasas currently not suppoartad by MobllaElamantFindar. plaasa downioad tha mobila alamant saquancas and upload tham is tha sarvice of cholca

1. AMR EE= VF R EXE =W 243517] 215 A=) == 3|

- Acquired Antimicrobia
€4 virulence genes (VirulenceFinder)

2. YEE B oAU M

Name

size Progress Status

I" f_l:'-"'-:—:,--- 1
.Y HES 20 OU=S 942 o
5 XIS2= 2af AR

MobileEiementFinder Resuits
Sampile nama: DTU2017-818 contigs-tast
Date: 2022-09-02_12:23
MOEfinder version: 1.0.0
MGEdb version: 102
= ==
Displaying: 19 of 149 mobile elements 4. MGER} AMRO| T EHEE HS S =eig 5+ US
Contig Plasmid #MGEs Resistance Virulence

NODE_S4_langth_ 19224 cov_7.73& Inci1
NODE_72_length_7006_cov_10.268...
NODE_94_length_2336 cov_10.495.,

nlojole

blaTEM 1C
blaCTX-M-1
IsitABCD ucC, iutA,

MODE_1S0_length 82552 cov 10.1..
NODE_90_length_ 3004 cov_18.102...

NODE_56_length_16010_cov_9.207...

ompT, hiyF

olo|o| =

MNODE 66 _length_ 10147 cowv 10.62.. INCFIB(AP001918)

NODE_82 length_4717_cov_11.130... mchC, mchB

12! 8. MobileElementFinder Z1} 3HH Of|A|

- 19 -



2. £98A
0 #F7} BYHAL /ML Jod sF9] HATE WA B
e}

o1& B2Uste] kAL B

¥ A|HEE 2 0|= American Society for Microbiology 7H0|E2t9! xp(H2EY 18)
1) & 33 ¥R (TSA Blood agar) # %
D vg&3 e 2AHoE HRE TE F autoclave & 2FFFUoA 40~

50°CZ =4
- Pancreatic digest of casein USP 150 g
- Papaic digest of soy meal USP 5.0 g
- NaCl 50 ¢
- Agar 150 g
- Distilled water 1,000 ml
@ 5%¢°] " ¥ sheep bloodS 7}t
@ ddo] H7ld viAE 20 mlY B F AoA 1y 33}

2) T HF
D G #F= o Hu]x o streakingF
3) Hemolysis A3} #4
O &8ES gty Aaiaes vt=A] Fgo s fador (¥ 9)
@ a-hemolysis : A8 3| EF 2RI Methemoglobing #AAIA =4 224 A4
B-hemolysis : AEFE st FHs S22 FA
y-hemolysis : & & (hemolysis)@4o] == e

B3PS 7Ix|= BT

gl 9 2¢

4) £884 71+ #A
. Positive control®} ¥]iste] &3S 7MX] = A9 ALE &7

- 20 -



0

3. 54 A4
Zaupo] RE2VF 54 AAY e Al Feld 2aE 29
Ql

& F glomg AxE 7]%2& in vitrog &3l sl oF &
O LDH (Latate dehydrogenase) assay+ =/gcl ©J3] A
F e+ LDHO| &= SAst M2 AdEs 4T

O

(L9 10)

(f “:ﬁ\" Y \/h:m
AP A L

n—.-l-l—-l-—

2 10. LDH AlE &z

O LDH r:tssrsly(’érl'srﬂ 19)

1) Alxug 2 4
@O Z+¥¥ DMEM HjAe]l o9& WA 5]
solution (100 U/mL)& #7}
@ @43 ANZ Caco-2 T=E HT-29 cell line (10* cells)S 100 plLe] F=H) =
DMEM A ¥ s8] Xol] % F
@ 96 well plate®] Z} welldl HEd ME A& &

24A1 ¢l
@ wieF F wiA AA F 1% BSA7F E£3E PBSE 23] washing & MZ&

AE WA 100 yL A7k

#3] Penicillin-Streptomycin

0 F 5% COy 37°Coll A

- 21 -



2) &5 HF
@D 7t wellol AFFF(10"~10° CFU)E HEska 5% CO, 37°Coll A 24412 uj %
@ BT o 2 A Positive control (Lysate 89 7} - AWEdA) 2 Negative

control (No lysate solution, No bacterial cell addition) 4]

3) LDH assay (kit A}-&)
D 583 9AEY T (250 x g), 50 pLe] AZHe AMEZL %Bwell plated] =7
@ 50 pL LDH reaction mixS Y il 30&7F A20A 8]k 3 NADHE AA
@ A4 ¥ NADH”} INT-Formazan(colorless)& Formazan(purple) 2 ¥ 2A] 7

@ Wsle AZ-S 450 nmollA FHE 4 5 T2l ok} cytotoxicity (%) A4k

.. Test sample —Negative cont
Cytotoxicity (%) = < 2 % 100
- N Positive cont.—Negative cont

4) B4 A AR NE:
O 54& At ¥ TF(control) A A
@ vluTrRY A gho] v AY FolFHo® =4 U4E Al AFE B}

- 22 -



4, AE EA
O JAIS] 7% L-lactate= A7} 7HssFAIRE, o] A& A|Q1 D-lactate 2]

2l
35 AE =7hs e

6

O xZdlo] Q8 ~9o] AL L-actateE D-lactate® WHES= &4
DL-lactate racemaseS 7}A| 3l lo] &4 o] 73t -5l
Aot ofgolo] B A A5 (short bowel syndrome)

%

(<]
gtAtol| Al D-lactate”} 2 ¥o] 4b5F(acidosis)e FEAIZE

rlr

0] o
A=

O Bile salt®] A% AW F3HAA lipasee] 28-S F3Ist] A4t
Hoflol Tg= 51, ZZHlo] QB 2o EA|SH= bile salt hydrolaset
bile saltZ2HE] ZZHO|QEAE HII Zh) AHZES =8V |=
SFA YL, bile saltE deconjugation A1 bile salt®] #3752 §lof”7]
wfoll APAE elE oA &

O X3 deconjugation ¥ bile salt®] 75 oh& AU v =2 thAlel
olal) FAS 71X 23k AR A EE, o= HAH R AFES

L
5 e

23 -



4-1. D-lactate production ¥y #*=% 20

1) AEF1]
NEdFE 37°Co A 2477 vl g 3 A= gug
@ Kitel A% D-lactateE 7]WFe 2 standard 4= FH]

2) D-lactic acid production test (kit AF&)
@O #v" AE 50 uL & 96well plate®] 2z} welld] 53 3 50 plLe]
reaction mix (D-lactate assay buffer 46 pL, D-lactate assay substrate
2 pL, D-lactate enzyme mix 2 pL)& &%
@ Zd2olA 3027t wj ek

@ Wstd 7S 450 nmol A 8= 534 F T4 e} D-lactate ¥ 54

M Z9| D-lactate HLa, nmol) =

HE9| D-lactate 5= (hmol/pl) = La/100 pL

3) D-lactate #3 7|+
. D-lactate®] A 5ol wel racemase £ FA/SAHoE TA

X (HD) Ygo| AL Ao, 0fZ10t0], short bowel syndrome ZHAHOIA
2 T A28= g3 Al FoArd S0 &E E7 Al 28

24



4-2. Bile salt deconjugation 3 #*=% 22)

1) #Hujx] o)A BSH (Bile salt hydrolase) &4 Alg 4]
D 0.5%9] taurodeoxycholic acid (TDCA; bile acid, Sigma)’} #7}d MRS

A AE F=H]

2) 3w Ao A BSH (Bile salt hydrolase) &4 Ald % HA
O NATFE 05%2 TDCAZ} A7t MRS g-dujA o] streaking ¥ 37|
Z7 A 37°Ceoll A 2L 7t Wik
@ BSH activity7t & @59 49 F2Y FH E5FEE stk Z247}
FAHE(ZHE 11

MRS agar with 0.5% TDCA

Lac. rhamnosus GG (ATCC 53103) Lec. rhamnesus GG (ATCC 53103)

12l 11. Bile salt deconjugation test Z1} OfA|

3) BSH #A 7]+
. Bile salt deconjugation®] 4] F5-° uwe} Bile salt hydrolase &4 %4/
o7 #A

X (F1) ¥dol 2 deconjugationE bile saltl] 2A CHAMMGZO| 5dE 7HE
T Ae8E ot HF6HA| BEE Fof A TR

- 25 -



n SN Al TEARE

¥ 2 710|E0M HAIE DHAE2 ZRHO|QEIA E-AIY sl A =
ce[axt Qtjst= A2=2, 'OECD SJAE 7Io|E2R] 5§ EO=
delst AR 2, HIEA| X[Z{0} S5t= o|FAIE2 ofdE 2T ER|H, 1t
22 o|et FS57L O o|¥e FLol= ol80| Jtse

o e oo
2 4 njo

]

1. Z2Hlo] Y2 SAAF L Y3 FERY =3 9 FHFH3F
1) NEFE BFF
7 F4A EAdol7) gl d BE AHE

__TO_[_
) A3¥EE(ex, C degng, +%(Drosophila), &117](zebrafish), 23]+
S B2 g0l AREHAT, Aed duds Aol vlg, Tz |

o

-

7 WrEA] A 74 7% (oral gavage)
+ Al 222 stomach tubeE AtE35H0{ 9| 2 AU (gavage)2 2 T

) SHAF B g5 S5 ELHolok &)W, W9l CFU/kg/day =

th Ad5E A2 10°~10° CFU/kg/day ©142] 4oz Folg)

2 #F 1% 1011}31 olde] TEE zldstodof sk, ko] HEE
112 sfjof &

oh Fo] 717 HA 25 oo, mld Fofs|ok gt

26 -



2. T2HO| QYA ZAHAFHEY

7H AldEEe AR/ o 2R T 1F<s Addstoor &
) ATRos dHH o2 FAFAR sk, B4 Fo A JdAHARE

g2 AF(FH A 10" CFU/kg)<

ol BEEAELHAY F AW Asfol the go] ZatEolof §

. Ahel AAr

v Y PHFHE BBIF

>
o
N
rﬁ_}
o\
[6V]
o
o
o
fo
__}&'
ofy
[
o2l
N,
Jht

=
AR EE AT F 152 Hustelol g

o
) Z2upo] QB AF(FH A 100 CFU/ke) S A&l 903t vid

N

JE A
Z
4

=
) AE FE F A WA, BkA, walA, HelEAst g

- 27 -



Bl A (H 4 10" CFU/kg)S #H 4 33 o] Fo

T, AAFe 5, 22 AEAA FEHE dAAe] &4
A& vt

) GAA 2Zbolu dAAl AAE 2Fehe 2Fo IAH R

cytogenetic damage =74

O =EHIZ|otE 0|83t EXHO|ISHAIH
- HRYEtE Ee= UETE 0|8% SUHO|SFAYeR ZZHRO|QEA
M O|8SIME AlRE TIdE 5= QOB E AFE 0|8310] TIds|{oF &
=

AHOI=HAIE 2 AHHS(2Y)

# (F3) NGS 718 WeHAl s Merskad 71€ 718F b 7 3y
1) WEtAE 4 719 bdd ot
7}) 165 rRNA amplicon sequencing 71&€< 3 AU ¥ F

) AEARI AL W AU #F 24 BA % wa
=
=

o ZzuloleE s AF W EE BFEFE W #F FF e o

) 75 AF & WY WEAE B4 N e E fo i/ fall
[e) o O
= =



2) WERER B4 ) BgEd A

g =)
U= ©

o

U
&3 B¢ AF W

o
it

7F Total DNA random sequencing 7|
4 ZzhHlo]eH2 A& e d F
) mEREA &4 Ko F &

o

BES U Y

B ANEEEEZ3 EE FHX SAHHO|7t glE LU B8 ALE
@ MEEE(ex C ns), =% (Drosophils), B17|(zebrafish), SAIF & B2 80| A8

Sixjol as EBdt Al B8, 712 Hade 15l MAIRE BREl
Z3o| F2 Cyst =82 #1510 5~65Y SE2 7IF 43

SENEZ BES R A=}
@ HtEA| ZHZT50](oral gavage)
@ SHAME 50 FZ $£ SUL|0{0F 310, THlE CFU/kg/day2 M
@ W28 24 107~10° CFU/kg/day 0|42 Yo 2 =0f
® 2 1712 1002] 0| ¥o| S22 THE5t0{0f 50, g4l vl 111
@ 0] 7172 H2 2% o 40|H, 0jY Sof

R EoSHAE

@ ZSH0|QEA HIAA 107 CFU/kgIE CHE SE22 AlE 520 20
@ 4% T 2% SO DO AYOLE 5] AT BOI
@ AI®7IZHE 38 0142] HE SYI HEA I YoHH AIZ o] Y4 B
saMg 90% U5 EOISHAH
L e e ] meHojo A MR(AIA 10°CFU/KkgIE AIEEE0) 9027 i 13] S0f

Heg s9ME © 20l T HE A2 HHT, 2 43, 2+ HAT SR I IR
3 AIE B2 3 A7 9A, VoL HATTST HAL JIE 7|5 HAS S6l 54 B

FUSEME
@ ZZ2HI0|QE|A M (A A 1011 CFU/g)S A& 33| 0|4 £ T, MX|F2 T5Lf, BT
L A HE0AN FEEE MY &4 P oo}
@ FHH =Zo|L BMH HHE ZEote 23 EHOEE cytogenetic damage

A8 12, SEAIE Al AR

29 _



H=X=

XAl

(A gl

- A" . Agar dilution assay, Broth microdilution assay, E-test® S9| &
dH W8 BtE S MIC(E[ 2 Y9HsE) 27 = EFSA MIC cut-off

7|1t Bl

- MIC EF 21t

FEHASAEYE XEAH OE 97t

oF

P Aol CHol Ligol Bl=

o

Microbiological breakpoint: mL)
Antimicrobail Agent Mi::::‘:’;;;:;“gg ;gmagm FEEDAP 20?2 Lactabl.::il.lussf)plgi/gatl
homofermentative
Ampicillin <0.03125 1
Chloramphenicol 0.25 4
Clindamycin 0.25 1
Erythromycin 0.125 1
Gentamicin 1 16
Kanamycin 4 16
Streptomycin 4 16
Tetracyline 0.125 4
Vancomycin 0.0625 2

(Agar dilution assay O A])

- 30 -




MIC 0.25 pg/m
(E-TEST MIC G| A])

SHAA LY ot QEX M

L 0000 0000 #F9| HHFHM 24 ZIME CARD W RGI(Resistance
Gene Identifie)2t Resfinder Gi|O|HH|O|AE E-ESI0] 2Alot At A Lo
2 SR EXSHK| R A2 LEtH

¥ 3. CARD RGI &4 Zi1}
Strain Perfect Hits Strict Hits Loose Hits
L plantarum 000 o o 181
£ faeciun 000 ] 7 166
£ faecium 000 6 s 175
£ faecalis 000 5 6 184

Perfect : matches reference sequence / Strick : similarity within model / Loose : similarity outside of model

H 4. Resfinder &4 It (L. plantarum 000 )

Class 000 Class 000

Aminoglycoside (22) Nitroimidazole (1)

Beta-lactam (27) Oxazolidinone (1)

Lincosamide (2) Peroxides (1)

Macrolide (8) Pleuromutilin (1)

Phenicol (3) Polymyxin (1)

Tetracycline (5) Pseudomonic acid (1)

Aldehydes (1) Quaternary ammonium compounds (1)

Aminocyclitol (1) Rifamycin (2)

Fluoroquinolone (3) Steroid antibacterial (1)

Folate pathwayantagonist (2) Streptogramin a (4)

Fosfomycin (1) Streptogramin b (3)

Glycopeptide (2) Under_development (1)

(): Z classOl & VEH 7is

(CARD RGlI, Resfinder 24 ZA1} O A




Ok

PEH Lg olsd &4

0

0000 0000 wZF°| QFEHE PlasmidFinder, PHASTER, ISfinder 52

s fUTe) 83 SN FAHOl 2 Wl 4 RER@

In Jx
ﬂJI

—/ —

, prophage, insertion sequence element) £/ O{&E =2l Zut O§7j
AL Sl Aoz =050 ddH Wde 88 0|52 LO{LiX|

A I
o T
f=3
=

Instruchiong

PlasmidFinder-2.0 Server - Results
Organism(s). Gram Positive

Input Files: 000 consensus. fasta

Eanits mriwsi  Fawsiy e, M r pross o Pwesd segarons

(PlasmidFinder 24 Z1t 0fA])
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EFRIRIE
- AR ;- IDH assayE % MEZEYH 7}
- A"EZAL: L 0000 0000 #F= Positive controldt B[ A| §O|Hoz k2
MEZE 40| LiEre
saR
gee |
150 P |
§1on-
s
s
ol L 11 .
Negative Positive 107 10° 10° 107 10° 10°
L 000 0O0O E coli
(CFUAwell) (CFUMwell)
" p<0.005 vs positive control
"'p<0 005 vs same concentraion between . QOO0 0000 and E coli
- =4 44 9EK ol
L. 0000 0000 T3] whole genome sequence0f OjO|EH|OlA

(VirulenceFinder 2.0, ToxFinder 1.0, PathogenFinder 1.1, DBETH &) &E&35I0 =4
FHX EX O FE 24t 21t £ |RTUAVE EMSH| Ee AS2 LIEHY

H . Viulencefinder 2.0 A2 A

Gene Result Lactobacillus 0000
Shiga-toxin genes No hit found
Virulence genes for Escherichia coli No hit found
Virulence genes for Listeria No hit found
Hostimm genes for S. aureus No hit found
Toxin genes for S, aureus No hit found
Excenzyme genes for S. aureus No hit found
Virulence genes for Enterococcus No hit found

[2E 4]
- AlTEE - Sl S HIX|Of| L 0000 0000 #3E FESI0 8¢ e WY}
- AEZD: ofg| EO| 7oz HiYSIYE [ 2€2 Qlsh YUMot ANO| HI20|

= iy -] [
LIEfLIA| Qo EEH 0| Bl= Sd(y-hemolysis)2 2 =HQlEt
H9 224 ol £
a% S84 WX e X
Tryptic Soya Agar
Lactobacilus 0000 36T, 48A12, BI| =2
+5% & §% (Bio-Media)

- 33 -




SURYE X EUHF  SHUYO| Q= TSHO|EA
(g =g Za oA

[CHATE E4]
+ D-lactate 4F Of &
- A8 : D-lactic acid production test(kit AFHE)E &3l D-lactate & 53
- A"EZDb: L 0000 0000 @F+ L(+)-lactate(0.0 g/L)2F D(-)-lactate(0.0
g/L)8| HSto|dHHNE dLitstE A2 =2 LiEHE
¥ D-lactate 8 Al EF Al FoAKEHESZET )0 2

» Bile salt deconjugation ¥4t O£

- Algeh - SESEIX| O A BSH(Bile salt hydrolase) &4 AlES Sdf| BSH &4 £4M

- A[gZd} . L 0000 0000 TdF+= Bile salt hydrolase &4 ¥Hdo = =H0IE
¥ Bile salt hydrolase @4 2 Al &F Al FoIAFZH(CHEF)0 EHE

MRS agar (control) MRS agar with 0.5% TDCA

BSH (+)

Lac. rhamnosus GG (ATCC 53103) Lac. rhamnosus GG (ATCC 53103)

(Bile salt deconjugation test Z21} Of|A])
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1) vlolmZnulo]l S 7154 AFQ ZZujole ¥ s HT Eds U AF
71N FF T8 ol4r, 2019, ©]4 8]

2) vlolZzutol g3} WAo] B4l Ezulo] QE| A4l A, 2019, T
Hlo] 2 ¢ 3]

3) ZEulo] Q¥ 2~ V| &5, 2018, #37]E U A7 &3]

4) GRAS notice 758 for Lactobacillus helveticus R0052, 2018, FDA

ol
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1. Introduction

The Joint FAO/WHO Expert Consultation on Evaluation of Health and Nutritional
Properties of Probiotics in Food held in Cérdoba. Argentina from 1-4 October. 2001
recognized that there is a need for guidelines to set out a systematic approach for the
evaluation of probiotics in food leading to the substantiation of health claims.
Consequently, a Working Group was convened by FAO/WHO to generate guidelines and
recommend criteria and methodology for the evaluation of probiotics. and to identify and
define what data need to be available to accurately substantiate health claims. The aims
of the Working Group were to identify and outline the minimum requirements needed for
probiotic status. Consequently. guidelines were prepared to meet this objective.

2. Scope

The report of the Joint FAO/WHO Expert Consultation on Evaluation of Health and
Nutritional Properties of Probiotics in Food addressed probiotics in food. and excluded
reference to the term biotherapeutic agents, and beneficial microorganisms not used in
food (http://www.fao.org/es/ ESN/Probio/probio.htm). The Working Group adopted the
same scope as the Expert Consultation. and specifically excluded genetically modified
organisms (GMOs).

3. Guidelines for Probiotics

In order to claim that a food has a probiotic effect. the guidelines set forth in this report
should be followed. A scheme outlining these guidelines for the evaluation of probiotics
for food use 1s shown in Fig. 1. This was the basis for discussions and details are
specified in the following sections of this report.

3.1.  Genus/species/strain

It was recognized that it is necessary to know the genus and species of the probiotic
strain. The current state of evidence suggests that probiotic effects are strain specific.
Strain identity is important to link a strain to a specific health effect as well as to enable
accurate surveillance and epidemiological studies. A possible exception is the ability in
general of S. themophilus and L. delbrueckii ssp. bulgaricus to enhance lactose digestion
in lactose intolerant individuals. In this case. or in other cases where there is suitable
scientific substantiation of health benefits that are not strain specific. individual strain
identity is not critical.

Speciation of the bacteria must be established using the most current. valid methodology.
It is recommended that a combination of phenotypic and genetic tests be used.
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Figure 1. Guidelines for the Evaluation of Probiotics for Food Use

Strain identification by phenotypic and genotypic methods (Detailed in
Section 3.1)

*Genus. species, strain

*Deposit strain in international culture collection

Functional characterization
(Detailed in Section 3.2)

* In vitro tests

® Animal studies

|

Safety assessment (Detailed in
Section 3.3)

* In vitro and/or animal

*Phase 1 human study

Double blind. randomized, placebo-controlled
(DBPC) phase 2 human trial or other appropriate
. design with sample- size . »
and primary outcome appropriate to determine
if strain/product is efficacious
(Detailed i Section 3.4)

Preferably second
mdependent DBPC
study to confirm
results

v

Phase 3. effectiveness
trial 1s appropriate to
compare probiotics with
standard treatment of a
specific condition

Probiotic Food

Labeling (Detailed in Section 3.5)
*Contents — genus, species. strain designation
*Minimum numbers of viable bacteria at end of shelf-life
*Proper storage conditions

*Corporate contact details for consumer information.
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Nomenclature of the bacteria must conform to the current. scientifically recognized
names. Protracted use of older or misleading nomenclature is not acceptable on product
labels. The use of incorrect names does not properly identify the probiotic bacterium in
the product and forces consumers and regulatory agencies to make assumptions about the
identity of the real bacterium being sold. Current nomenclature can be retrieved as
tollows:

e Approved Lists of Bacterial Names (Int. J. Syst. Bacteriol. 1980.30:225-420) also
available in Lttp:'www .bacterio.cictfr

e Validation Lists, published in the International Journal of Systematic and
Evolutionary Microbiology (or International Journal of Systematic Bacteriology,
prior to 2000)

DNA-DNA hybridization is the reference method to specify that a strain belongs to a
species: however. as it 1s time consuming and beyond the resources of many laboratories,
requiring a large collection of reference strains, the use of DNA sequences encoding 16S
1RNA is suggested as a suitable substitute. In this case. it 1s recommended that this
genotypic technique be combined with phenotypic tests for confirmation.

Patterns generated from the fermentation of a range of sugars and final fermentation
products obtained from glucose utilization are key phenotypes that should be investigated
for identification purposes.

Strain typing has to be performed with a reproducible genetic method or using a unique
phenotypic trait. Pulsed Field Gel Electrophoresis (PFGE) is the gold standard.
Randomly Amplified Polymorphic DNA (RAPD) can also be used, but is less
reproducible. Determination of the presence of extrachromosomal genetic elements. such
as plasmids can contribute to strain typing and characterization.

It is recommended that all strains be deposited in an internationally recognized culture
collection.

3.2, In vitro tests to screen potential probiotics.

In vitro tests are critical to assess the safety of probiotic microbes (see Section 3.3).

In addition. in vitro tests are useful to gain knowledge of strains and the mechanism of
the probiotic effect. However. it was noted that the currently available tests are not fully
adequate to predict the functionality of probiotic microorganisms in the human body. It
was also noted that in vitre data available for particular strains are not sufficient for
describing them as probiotic. Probiotics for human use will require substantiation of
efficacy with human trials. Appropriate target-specific in vitro tests that correlate with in
vivo results are recommended. For example. in vifro bile salts resistance was shown to
correlate with gastrie survival in vive (Conway et al.. 1987). A list of the main currently
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used in vitro tests for the study of probiotic strains is shown in Table 1. All of these tests
require validation. however. with in vive performance.

Table 1. Main currently used in vitro tests for the study of probiotic strains

Resistance to gastric acidity

Bile acid resistance

Adherence to mucus and/or human epithelial cells and cell lines
Antimicrobial activity against potentially pathogenic bacteria
Ability to reduce pathogen adhesion to surfaces

Bile salt hydrolase activity

Resistance to spermicides (applicable to probiotics for vaginal use)

3.3.  Safety considerations: Requirements for proof that a probiotic strain is safe and
without contamination in its delivery form

Historically, lactobacilli and bifidobacteria associated with food have been considered to
be safe (Adams & Marteau, 1995). Their occurrence as normal commensals of the
mammalian flora and their established safe use in a diversity of foods and supplement
products worldwide supports this conclusion. However. probiotics may theoretically be
responsible for four types of side-effects (Marteau. 2002):

1. Systemic infections

2. Deleterious metabolic activities

3. Excessive immune stimulation in susceptible individuals

4. Gene transfer

Documented correlations between systemic infections and probiotic consumption are few

and all occurred in patients with underlying medical conditions. The following is a list

(including some microbes used in non-food applications) of infections reported to be

associated (although not necessarily proven) with the consumption of commercial

products:

= Two cases of L. rhamnosus traced to possible probiotic consumption (Rautio et al..
1999: Mackay et al.. 1999).

= Thirteen cases of Saccharomyces fungemia due to vascular catheter contamination
(Hennequin et al.. 2000).

*  Bacillus infections linked to probiotic consumption include three reports (Spinosa et
al., 2000: Oggioni et al., 1998: Richard <t al.. 1988) detailing seven cases of B.
subtilis bacteremia. septicemia and cholangitis. all in patients with underlying
disease.

No cases of infections from Bifidobacterium have been reported. Enrerococcus is

emerging as an important cause of nosocomial infections and isolates are increasingly

vancomyein resistant. The Working Group recognizes that some strains of Enferococcus
display probiotic properties. and may not at the point of inclusion in a product display
vancomyein resistance. However, the onus is on the producer to prove that any given
probiotic strain is not a significant risk with regard to transferable antibiotic resistance or
other opportunistic virulence properties.
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In recognition of the importance of assuring safety, even among a group of bacteria that
1s Generally Recognized as Safe (GRAS), the Working Group recommends that probiotic
strains be characterized at a minimum with the following tests:

1. Determination of antibiotic resistance patterns

2. Assessment of certain metabolic activities (e.g.. D-lactate production, bile salt
deconjugation)

3. Assessment of side-effects during human studies

4. Epidemiological surveillance of adverse incidents in consumers (post-market)

5. If the strain under evaluation belongs to a species that is a known mammalian toxin

producer. it must be tested for toxin production. One possible scheme for testing
toxin production has been recommended by the EU Scientific Committee on Animal
Nutrition (SCAN. 2000)

6. If the strain under evaluation belongs to a species with known hemolytic potential.
determination of hemolytic activity 1s required

Assessment of lack of infectivity by a probiotic strain in immunocompromized animals
would add a measure of confidence in the safety of the probiotic.

3.4. In vive studies using animals and humans

In some cases, animal models exist to provide substantiation of in vitro effects and
determination of probiotic mechanism. Where appropriate. the Working Group
encourages use of these prior to human trials.

The prineipal outcome of efficacy studies on probioties should be proven benefits in
human trials, such as statistically and biologically significant improvement in condition.
symptoms, signs, well-being or quality of life: reduced risk of disease or longer time to
next occurrence; or faster recovery from illness. Each should have a proven correlation
with the probiotic tested.

Probiotics have been tested for an impact on a variety of clinical conditions (see Expert
Consultation Report, Section 5.3). Standard methods for clinical evaluations are
comprized of Phase 1 (safety), Phase 2 (efficacy). Phase 3 (effectiveness) and Phase 4
(surveillance). Phase 1 studies focused on safety are discussed in Section 3.3 above.
Phase 2 studies. generally in the form of randomized. double blind. placebo-controlled
(DBPC) design. measure efficacy compared with placebo. In addition. phase 2 studies
measure adverse effects. A general recommendation for the testing of probiotic foods is
that the placebo would be comprized of the food carrier devoid of the test probiotic.
Sample size needs to be caleulated for specific endpoints. Statistically significant
differences must apply to biologically relevant outcomes.

Probiotics delivered in food generally are not tested in Phase 3 studies, which are
concerned with comparison with a standard therapy. When a claim is made for a
probiotic altering a disease state. the claim should be made based on sound scientific
evidence in human subjects.
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In Phase 2 and 3 studies, the Working Group recognizes the value of validated quality of
life assessment tools.

It is recommended that human trials be repeated by more than one Center for
confirmation of results.

No adverse effects related to probiotic administration should be experienced when food is
considered. Adverse effects should be monitored and incidents reported.

The Working Group recommends that information accumulated to show that a strain(s) 1s
a probiotic, including clinical trial evidence be published in peer-reviewed scientific or
medical journals. Furthermore, publication of negative results is encouraged as these
contribute to the totality of the evidence to support probiotic efficacy.

Further information on the generation and use of clinical information to substantiate
health effects can be found at www.ftc.gov/bep/conline/ pubs/buspubs/dictsupp.htng IIb

3.5.  Health claims and labeling

Currently in most countries, only general health claims are allowed on foods containing
probiotics. The Working Group recommends that specific health claims on foods be
allowed relating to the use of probiotics. where sufficient scientific evidence is available.
as per the guidelines set forth in this report. Such specific health claims should be
permitted on the label and promotional material. For example. a specific claim that states
that a probiotic ‘reduces the incidence and severity of rotavirus diarrhea in infants” would
be more informative to the consumer than a general claim that states ‘improves gut
health’. This would better comply with Codex General Guidelines on Claims (CAC/GL
1-1979 (Rev. 1-1991) to avoid misleading information.

It is recommended that it be the responsibility of the product manufacturer that an
independent third party review by scientific experts in the field be conducted to establish
that health claims are truthful and not misleading.

The Working Group recommends that the following information be described on the
label:

= Genus, species and strain designation. Strain designation should not mislead
consumers about the functionality of the strain

= Minimum viable numbers of each probiotic strain at the end of the shelf-life

= The suggested serving size must deliver the effective dose of probiotics related to the
health claim

= Health claim(s)

= Proper storage conditions

«  Corporate contact detafls for consumer information
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4. Recommendations

Adoption of the definition of probiotics as ‘Live microorganisms which when
administered in adequate amounts confer a health benefit on the host™.

Use and adoption of the guidelines in this report should be a prerequisite for
calling a bacterial strain ‘probiotic’.

Regulatory framework to allow specific health claims on probiotic food labels. in
cases where scientific evidence exists, as per the guidelines set forth in this report.
Promotion of these guidelines at an international level.

Good manufacturing practices (GMP) must be applied in the manufacture of
probiotic foods with quality assurance. and shelf-life conditions established.
Further development of methods (in vitro and in vivo) to evaluate the functionality
and safety of probiotics.
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5. List of Abbreviations

CAC/GL: Codex Alimentarius Commission/General Guidelines on Claims
DBPC: Double blind. randomized. placebo-controlled

DNA: Deoxyribonucleic Acid

FAO: Food and Agriculture Organization of the United Nations
GMO: Genetically Modified Organism

GMP: Good manufacturing practices

GRAS: Generally Recognized as Safe

PFGE: Pulsed Field Gel Electrophoresis

RNA : Ribonucleic Acid

RAPD: Randomly Amplified Polymorphic DNA

SCAN: EU Scientific Committee on Animal Nutrition

WHO: World Health Organization
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