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Abstract 

Genetics of antibiotic resistance, species and numbers of probiot~c bacteria isolated from 13 

probiotic products that are comrnercialfy available for food animals in Thailand were determined. The 

bacteria of interest in this study included Lactobacillus, Bacilfus, and Enterococcus. The presence of 

genes encoding resistance to tetracycline (tetK, tetl, tetM, tefO, tetS, teW, arninog!ycosides 

(aadE), erythromycin (ermA, ermB, ermC) and vancomycin (van4 vanB, vanC) was investigated. The 

results revealed that each product has at least one flaw. The most common problem was the wrong 

nomenclature. Plasmid was identified in both Lactobacil/us (22%) and Baci//us (2.5%) but antibiotic 

resistance transferability was not observed. One Sactobacil/us carried vanA as one Baciltus 

harbored both tetW and vanA. Sine these two strains did not have plasmid, their resistance genes 

could no! be transferred via conjugation. In addition, the vanA genes was determined in 

Enterococcus faecium (33%, 216 isolates) 
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17nflnlnrnsnaoiau7d~~rlu::918~ lactic acid bacteria duun1i~lni9~TLfi~u~qu::di~~uiiu~td 
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ha vancornycin ~ U T L K U ~ ~  U D M ~ ~ I $  Laclobacil~us u l . r f l f l ? r d ~ d & h  baoitracin, cefoxitin . 
ciprofloxacin, fusidic acid, kanamycin, gentamicin, rnetronidazole, nitrofurantoin, norfloxacin 

streptomycin, sulphadiazine, teicoplanin, tnmethopriml sulphamethoxasole \La= vancomycin fnu 

fiugnssuag?'u&q 

2" 4 
uanl?nuu;l;un7~8nu7nuii Lactobaciltus oEil46en 25 ai%d 5 plasmid Simuss~xra7i~~a:: 

3 wuil iaaoimruMi;df47ul~oii plasmid i&valua?in ril plasmid tlldli;iitiu i f l ~ l f i ~ i l i l l d b l l l - z ~ d ~ ~ ~  
' Y 444 & 

u o d n l ~ u w f n t n l u i ? a n 8 ~ 7 ~ &  C i ' l i l ~ ~ l ~ n u . l ~ n l f m f 9 ' 9 ~ ~  R-plasmids WuilUnaLII tetracycline 



erythromycin, chloramphen@ol, macrolide-lincomycin trR: streptomycin 1I-l C. reuteri (3, 22,  28, 41) 

i. feimenivm ( I  5 .  20) i. acidophilus (Vescovo et a .  I 982) LLR: L. plantarum (I, I 0) dunn~nlln 
b 

61~7'1'83m~ l f !~~~ l l~~$9474~&9tJ  (44) 

f?nn?sinn7n7~isf~?und Baci,,us drif~n1~i4?nw7~~fl?u~~ld::i i ld9~ 5 ~lijmfiwi+h~~i7t11u 

d~:iwfianuql~d wuil e cereus nluisnrrflmaulau' R-lactarnase 16 h l d h i a  penicillin, ampicillin 
Y Y  

L L ~ :  cephalosporins u t l n ~ i n u i a ~ ~ n d i 9 ~ ~ ~ 8 ~ i a  chloramphenicol .a: tetracycline hhi?~ 1nR: 
z e cereus uipa inmdlii9uo~~~~'r~~~~u::~ufi~u~0nri~~n~rnilu fef% a.in?uqun~~olaoia tetracycline 

I X  luvi~uoet~uv7u wuil B. cereus owmriiunan~;udffoha tetracycilne IdG 8, subtilis iila:E;u 

~ w i ~ n n q i U  (5) uonmni; SCAN (2000) c ~ i ~ u a i ~ n l r l c  B .!icheoiformis lilual~I~uq?u:iu~ulri 
r 

dfionfiu ~ % o ~ 4 ~ n ~ ~ u a ~ i o n i r r i ~ u ~ 1 m w n 1 4 r n 0 ~ ~  erythromycin (1 8) 

U Y 

Enterococcus ~ q n d ~ ~ ~ Y ~ o u i P ~ u w ' u ~ n ~ ~ u a ~ i l l ~ ~  f m f l ~ r n v i ~  cephalosporins, 
Ir 

O-lactams un:: sulphonarnides Iu~:~u~~uA:~~~Q cl~ndamycin, am~noglycosides ~idf:h61 

Y 
(31. 32)  ~(ln~lni;ifl~4~'~~7n75m~~l1119~ln79iu plasmid M?D transposons Wntiaiu iil~~i~ifl 

cllndamycin aminoglycos!des l h 4 : 6 ~ +  ufi:$dPiQ chloramphenicol, erythromycin, tetracyclme, 

13-lactams fluoroquinolones Un: gycopeptides ldi (26) siaulijTiu4~unlP~nw~n~sri~fJnBm~uiBu~ 

V8P Enleiococcus &9fl% conjugation Tmulfi E. faecium ~intuniiiiu vaoA ifluPhl6 (donor) aatln' 

E. faecivm dim~~i~~n?n~~~nfl14~t~'s~i~u::i0u~'1s'~ (recip~ent) E. iaecium dlzllf nb$u vanA 

16 ilnt~4wui;nil~a$~n~ld"nd71~"i8+iupi~ streptomycin oo: rifarnpicin iGn&w (29) 



n?shiCun?~Xf l  ii 6 szu: drznsuho 
* A d  * 

I ~ii~w'?eri~;l~is~~~u~~u::d~~~dm'1~u'il7~~7u~udf::1n~~nu 
d Y Y 

%a:w 2 i iunuwzwr '19~ql6~~a  Probiotrc bacteria iu~u~~fl~~nl~~9~nirl 
d 

z a z n  3 rn~m~~41jlk Probiotic bacteria ~ ~ ~ ~ B ~ ~ . I D : Q ! ~ ? W L I ~  
zwnd 4 ~ l n 7 4 d 1 d l f ~ ~  Satmonelta UA:: E. co/i 

d 
z a z w  5 n n ~ r a u n r l ~ u ~ ~ ~ o u i d ~ 1 ~ ~ : :  

3 
zaznd 6 n m ~ s u n ~ ~ u w ~ ; ~ ~ s o I u n ~ ~ r i ~ ~ n ~ ~ m ~ u m ~ ~ l ~  

d A 
7 r n ~ ~ ~ u i n i ~ d ~ i n ~ ~ o ~ E ; u n ~ ~ l i  

Y ~ u n ~ r i ~ f i ! ~ ~ ~ f i n ~ ~ u d ~ ~ ~ n ' u i " [ i ~  3 Tic. Ro Lactobaci/!us, Bacitlus llRr Enleiococcus 



Strain 

0, subtilis 
8. subtilis 
0. subtilis 
B. licheniformis 
B, subtilis 
S. faecium 
L. acidophilus 
L. plantarum 
S. faecium 
0. subfilis 
B. licheniformis 
Bucillus spp. 
L. planfarurn 
S. faecium 
Bacillus spp. 
L. plantarum 
C, ocidophitus 
1, plontarum 
B. svbfilis 
B, licheniformis 
B. subtilis 
L. acidophilus 
L, acidophilus 
E. faeciurn 
€3. subtilis 
L, ucidophilvs 
8. sub filis 
8. lic heniformis 
E. faecium 
L. casei 
L. plantarum 
L. brevis 
S. faecium 



%!?I-; 2 iLunuaznmlfiesld"L~B Probiotic bacierfa 

~URISR:A~U Peptone Saline Diluting (PSO) f i ~ l m f  180 l r~ . l i l i $ l  d l u  probiotics ri~mdla:R1U 

probiotics f iuln7 1 UR. ~ R ~ T R : R ~ U  PSD ~ ~ U I I P  9 UEI. ~ITI~~L%S~.IL~DLLUU 10-fold q l f ~ l ! ~ ~ l  

3 J i d  s i ~ o t ~ i u A o d n ~ ~ u i ~ u ~ u 6 ~ ~ ~  3 ~ . l l u l ~ U % ~ U l m l ~ l ~ ~ l 4 l " i i ~ l w ~ m ~ 4 ~ 3  Lactobaci/lus tiquiz pour 
" $! 

plate O~~U~~'~~BUTIIU IS01 5214 b1~1%f1111191~~.~~~€1 &Mans Rogosa and Sharpe (MRS) agar auLgu4 

dad 37% Ulla 24-48 (U. d l l l k  E ~ ~ ~ ~ C O C C U S  pour plate nlrrda~ulu~u European Cornrnuity 
" Y 3 4  

Project SMT4 CT98-2235 fmal$~7~?~rzw 4Wl SE-Streptpcoccus agar nulauatsien 3 7 " ~  tdlu 24-48 
S 3 au. iifl:iluh 8aciltus 7% spread plate m l u i ~ k ~ l u ~ u  1807932 uua1~1slsealao Manitol Egg Yolk 

f & A  L 30 
Polymyxin-B (MYP) agar aulflrrsiaon 3 7 " ~  uiu 24 au. l u r n s i b ~ ~ ~ u m ~ n ~ n n d ~ ~ n ~ ~ u ~ $ ~ % u m z  2 

Y 
plates (duplicates) r n ~ ) q ~ u i U i l u ~ ~ r m l ~  plate ~iiilu?uiDS:rrils 30-300 khii nodluiiludlLQiu 

TIBQ~~M?u%ITR~ t l ~ i ~ ~ i B u  colony forming units1 gram (CFU/g) colony forming units1 rnililitters 

(CFUlrnl) 
* 2 J  .x 

~ I ~ I ~ L ~ u Q L T B ~ I ~ ~ A ~ ~ ~ ~ ~ I W ~ : ~ ~ L ~ B ~ ~ W ' ~ ~ C ~  (selective media) i a m 7 u ~ s o ~ m ~ ~ e n ~ n 1 w ~ i ~  

Y &  gnwm:Law~:ria~iiu1~~1~~un7r~nwois1~ P ~ ~ ~ ~ ~ ~ ~ : ~ Q ~ Y ~ : : ~ ~ ~ ~ ~ P I G ~ E I L L ~ ~ : ~ G W ' I U ~ ~ ~ ~ ~ ~ ~ ~ E I Q ~ ~ B  

il+ii&4i! 

3 2  
2.1 ~nwna:i~iw~:%nroq Lactobaciiius ~ l d ~ 3 ~ 7 9 ~ ~ f 1 4 ~ ~ 8  MRS agar 

d~udi . j ,Qnm~ua,~w T~lb!~:iaui~dnuln ifiur.ixqu6naw 0.5-3 .o xu. idlu&Gru 

3 % 
2.2 Gnwru:4~~wq:m4 Bacillus I U ~ ~ V ? T L B U \ ~ ~ % D  MYP agar 

4-4 ., 
U U A ~ & I ~ U ~ ~ U  Bacillus ?l8llmd~?8~%!4 ~ ~ u ~ w ~ ~ ~ u u R ~ w c ~ ~ : : F ~ ~ u w I L I ~ ' ~ ~  8. cereus 5 

~fiud7u~~EiIlfi?;l3-6 U . U .  ?illma LLUUnU ' ir~~lrj&~I~ ~ % ? S I ? ~ ~ U ? ~ I U ~  8. mycoides fi~8)IMd7ldpd61la34 

3-6 11.U A ~ ~ Z O ~ M + ~ ~ U ~ ~ B U  LLUUT~U ~ IBU~~&IU  ~ ? & 7 l d f l 1 ~ 1  5. s~bt/I!s &8udlup.16nll7.12-4 1.1.11. 

ircrzsa iiht$sndn6nu oifluiiq=i:ufiq anfihuiia:sryf:: 8. lichenifomis iiiducjiu~uu'naia 3-5 x l .  

u.1 iu#o~v?o~w'Iw ~f lu~~onuu~-~su~E~~:uM'a  
Y Y  

2.3 ~nterococcus ~ ~ ~ 1 ~ 7 f ~ f i £ l 4 i T i f l  SE-Stseptpcoccus agar 

ii~~?iEhltdnfiu Enterncoccus Gauim~ijniYi~hQ4huym Tmu E. facalis ~8umwiu d?u 

E. faecium 34.au4deu 



r X  X 
~ k ~ 1 n ~ u ~ 1 n l t m ~ ~ ~ ~ ~ 9 u i a f l i u ~ ~ m " u m " ' 1 ~ n 1 ~ m ~ ~ ~ m t a ~ ~ ~ ~ 1 l d ~ a ~ ~ i j ~ i ~ 1 ~ ~ ~ p i ~ 1 h ' ~ ~ $ ~ ~  

-44 - 
k d R : f h  891~18~~5ult11u Cowan and Steel's manual for identification of medical bacteria 6-d 

Lactobacillus: oxidase test. catalase test, ntrate reduction test Llax fermentation of 

arabinose, galatose. lactose, maltose, manitol, safinose La=: sorbitol 

Bacillus: oxidase test, catalase test, Voges Proskauer (VP) test, urease test, nitrate 

reduction test uw:: fermentation of galactose, mannose, ramnose UR:: 

xylose 

Enterococcus: oxidase test LLR:: catalase test 

~csu$mfluu?nr4~31n8;91~~ Lactobacil!us, Bacillus un:: Enterococcus rbf icsa~f l ldn?~ wtd7t-1 

%a=$ 3 wt'1l~jpu%raflui$~ Probiotic bacteria F;?fl~iian74orq'di7nfn 
Y 

dlrrfii.do Lactobacilius and Eoterococus  dad w 9 ? 9 q [ l a ~ u u 3 n 7 4 ~ 9 ~ h ~ i ~ & 9 ~ 7  W ~ ~ ~ U U ' W  

di?uInnirn multiplex PCR assay &flH primers $ ~ ~ L W ~ Z B ~ D  genus URt species ( m l g l d d  3) n@O(lu 

n?iu~iiw:ro.r primers Pmfln73firk PCR products 69u QlAQuick Gel Extraction kit (Qiagen, Hilden, 

~ e r m a n y ) ~ a ~ . d d ~ o o m p u ~ f i ~ ~ ~ n 9 ~ ~ 1 ~  Macmgen inc. (Seaul. South Korea) l6~ll DNA 69il(l whole 
m 

cell boiled lysate La:: genomic DNA 1m?uu~rnLt~"qm~lmn8.~ QuickExtract (Epicentre @ 
di 

Biotechnologies. Madison, WI, USA) d?ui'd€l Bacillus ~ l d i j l d m " l £ ~ l ~ ~ ~ ~ ~ ~  amplified ribosomal DNA 

restriction analysis (ARDRA) niu~idm~uw~m wu LR:: R N Z I U ~ ~  2006 (46) I ~ U ~ ~ U ~ I U ~ U E ~ U  16s 

rRNA uRz6m PCR products 6 9 f l 1 8 ~ ~ d ~ l v l  ira: Taql (Fermentas Inc., Hanover, MD, USA) mmWoU 
Y 

the ARDRA patterns 'UU 1.5 -2% agarose gel ~ l t l -hd~%~l i  PCR ~ ~ v u m l ~ ~ m n n w o u d ~ h @  
@J 

Eppendorf MasterMix (Eppendorf, Hamburg, Germany) ~ I U ~ I L L U ~ ~ I ~ B ~ ~ W ~ W  



w l n a f f  2 primers ~ I $ [ u ~ v ~ < v R %  

R 10- l 
LbLM.41-rev 
T[)L03R 
IDL04L 
DL1 I F  
JDL22R 
1DL3 1 E 
IDIAZR 
I5L52F 
IDL62R 
1DL73R 
Enterwccus 
Ent l 
Ent2 
FLI 
FL2 
FM I 
FM2 
GAL 
GA2 
CA F 
CA2 
HII 
MI2 
DU I 
DU2 
Bacillus 
B-K1IF 
R-K 1 R 
Resistance EeTw 
GyrATw 
GyrAtw 
Parcfw 
ParCrev 
aadEt 
aadElt 
tetKl 
tetKn 
tet(L)I 
tet(L)II 
tet(M)I 
tet(M)I1 
tet(0)I 
tet(0)II 
tet(S)I 
tel(S)Il 
tet(W)-I 
tet(W)-Il 
van4 l 
vanA2 
v a d  1 
vanB2 
vanC l 
vanC2 
ennAI 
e d l l  
emBI 
errnBII 

CITGTACAC ACCGCCCGTTCA 
CTCAAAACTAAACPLkAGTI?'C 
CCACCTTCCTCCGGTTTGTCA 
AGGGTGAAGTCGTAACAAGTAGCC 
TGGTCGGCAGAGTAACTGTGTCG 
AACTATCGCTTACGCTACCACTTTGC 
CCGTGCTACACCTAGAGATAGGTGG 
A'ITTCAAGTTGAGTCTCTCTCTC 
ACCTGATTGACGATGGATCACCAGT 
CTAGTGGTAACAGTTGATAAAACTGC 
GCCMCAAGCTATGTGTTGCTTGC 

TACTGACAAACCA'ITCATGATG 
AACTTCGTCACCAACGCGAAC 

TCACCAAGGCRACATGCG 
CGTATTCACCGCGGCATG 

CAMCGKCGKAnCmACGGA ATG 
TTRTTGATATCRCGB AGCARTC 
TATTCYAAATAYATCATTCARGA 
GCYTCNGTATAACGCATMGCCG 
GCAGAACAGGATGAACGTATTCG 
ATCAGTCGGAACTATGTCCC 
CAATACCTACGATATCTA 
TTGAGCTGTCTTGGTTCA 
TGGTCCTATCTTCTACTCATTC 
ZTCCGATTTCGGCAGTAC 
GGTGAACATCATAGACACGC 
CTTGTTCGAGTTCCAATGC 
AGCGTCA AAGGGGAATCACTATeC 
CGGCGGGGTTGCCAAATA 
ATCAAGATATTAAGGAC 
'ITCTCTATGTGGTAATC 
GGMCAYRTGGATTT(WT1GC 
TCIGMlGGlGTRCTiRCIGGRC 
GGGAAAACGACAATTGC 
GTACAATGCGGGCG'ITA 
ATGGG AAGCCGATAGTC 
GATTTCGTTCCTCGACC 
GGTATCAAGGAAACCTC 
CTTCCGCCATCATAGCT 
TCTAAAAAGCATGTAAAAGAA 
CTTCG ATRGTTTATTAATATTAGT 
GAAAAGGTACTCAACCAAATA 
AGTAACGGTACTTAAATTGTTTAC 

L casei gro yo 
L. acidophilus 
L. DIbrueckii 
L. gmseri 
C. reuleri 
L. pIatrtarum 
L. rhomnorus 

Genus-specificity 

E. jheca1i.r 

E. faecium 

E. gallimmm 

E. cosselijTuvus 

E. hirae 

All Bacillus 

QRDR of gyrA 

QRDR of parC 

aadE 

lerK 

teIL 

te~M 

l e t 0  

tets 

felw 

vanA 

van B 

vanC 

srmA 

ermB 

Variable 



d C 

%nzn 4 m.a37~7n?d~i f l0~ SalmoneEla ua:: E. coli 

Vl'M7U1 Salmonella bl~Ziij-$U7nT%71d'YBqu Microbiotogy general guidance on methods for the 

detection of Salmonella (IS0 6579, 7 993) f mu~lf4?4~??u~?ld:: 10 n;u M?€I I10 ua. w6uk Buffered 
" 2 i A  

Peptone Water (BPW) fiulrn? 90 UR. L R ~ ~ W ~ U L ~ U W ~ W  37OC raw 1832 au. ldoiduilupui~~ 
di 3 "  

1ln~U~uvi ln l~Lia .p74l la~u '~ t l  10-fold U R : L W ~ : L ~ U ~ U U ( I I M ~ ~ L ~ U ~ I ~ B  Xylose Lysine Desoxychoiale Agar 
Y 2 . i  

(XLD) auLmuqraan 3 7 ' ~  uqta 24 qu. 

dla5i E. c o a ~ $ i $ d o a ~ l a ~ ~  Microbiology general guidance for enumeration of 

presurnpfive E. coli most probabje number technique (130 7251,1993) ~ B U ~ I ~ ~ ~ T L W ~ ~ ~ ? ~ :  10 
3 

M% I o ~ E I .  u a r r ~ u w m = ~ i u  PSD ~ u i m s  90 uw. .iivm~~:a9w~m~~uu I o-told im:duwuuowv 
Y r  
uo4Laa Easin Methlene Blue Agar (EMB) auigud~%i 3 7 ' ~  ulu 24 3u. 

q I V -  A m  
i i w u n i ~ u d o u n o d  sa/mne/ja ua:: E, co~i  9:~iin~~uuni a MU4qWS mufnnm Satmoneita 

uar. E. c o h h  20% glycerol dqfu~f$ - 8 0 ' ~  C U : ~ ~ U ~ M R R ~ U ~ ? ~ U ~ ? ~ ~ E ~ ~ ~ ~ ~ ' ~ U :  n14ii plasmid as: 
Y 

m ~ ~ . u o i . u i ~ n 1 u n ~ ~ r i ~ u n o m ~ ~ r n ~ u ~ m ~ u ~ ~ ~ ~ ^ ~ u ~ ~ ~ u ~ : : u : 4  6 

~ u - $ s  m a ~ o u n ~ ~ u l ~ a i a u d  j7su- 
4 "  Y 

uiln7rn?rilm.ilu1%u%ldi1~~9~utl~~n7f L T B L ' ~ ' ~ ~ L ~ L I T ~ T ~ ~ L ~ B ~ U I ~ ~ ~ ~ U ~ T ~ ~ ~ B ~  b~u166q~lm-1 

rd61 (Minimum Inhibitory Concentration, MIC) hu?? Two-fold agar dilution ~ I M &  Eacillvs f11h 
3 Y 

fl?~?'dl~fl4~?I"ll~6m11$4 Muller Hinton Agar (MHA) 89lu%~7m~~ltd%d4 ClnicaF Laboratory Standard 

lntitute (CLSI) 2002 4914 Lacfobacflus ~inlm+il  MIC ~ ~ G ~ ~ B U T J I U  Klare et a1 (2005) Llnr 
Y Y  

Egeravrn eta! (2007) hul$€1lln9lou.lnti LAB susceptibility test medium i d l l n a ~ ~ i l ~ ~  [so-Sensitest 
3 $ 4  

broth uR:: deMan-Rogosa-Sharpe broth IUPPT~~U 9: 1 ~IU(IUIRU~I~BYI 3 7 ' ~  IU$GDO~PL~U (aerobic 
lr ir I i. 

d , d ,  X X  
environment) IunlsiiunWt ~ n ? ~ u ~ b u ~ u ~ a d o i ~ u 4 " d ? 7 1 ' d 8 ~ ~ ~ % ~ ~ ~ . 0 ~ 1  (breakpoint) i i l ~ u l t m ~  

SCAN L ~ ~ L L U ( ~ # ~ U I  W ~ ~ U ~ I ~ I ~ U ~ ' ~ R ~ U ~ U Z ~ " L ~ ~ E  P, aeruginosa ATCC 27853 E. cali ATCC 25922 

~w:: S. aureos ATCC 2921 2 ~~/~U:~M~R~U;~HIII 12 air* (eiln~i 4) TIUI%~FI?~UL~IU$UF~I~~ 
" 

wj7i 



1. ampdcillin (AMP) 1.2, 4,8, 16 2 2 

2. chloramphennicol (CHP) 1,2,4,8, 16,32, 64, 128 7 6 16 

3. ciprofloxacin (CIP) 0.0625,0.125,0.25,0.5, 1 ,2 ,4 .8 ,  16 4 1 

4. erythromycin (ERY) 1,2,4,8, 76,32 4 4 

5. gentamycin (GEN) 0.25,0.5,?,2,4,8,16,32,64,128 1 8 

6. kanamycln (KAN) 0.5, 1,2,4,8, 16, 32,64, 128 32 64 

7, neomycin (NEO) 0.5,1,2,4,8,16,32 32 64 

8. Rifampicin (RIF) 0.5,1,2,4,8,16,32 32 4 

9. streptomycin (STR) 1,2,4,8, 16,32,64, 128 

10, tetracycline (TET) 0.25,0.5, ? , 2 , 4 , 8 ,  16, 32 

11. trimethoprim (TRI) 1 , 2 , 4 ,  8, 16, 32,64, 128,256 

2 2. vancom ycin (VAN) 0.5, 1,2,4,8, 16,32 



% a d  6 n r n ~ a u n ~ i u ~ i u ~ r o ~ u n ~ ~ ~ ~ u ~ a ~ ~ t d i ~ ~ ~  
3 -  ~u~umaui ;  6u~ua"9unl~rnpl4d8ui7 LIBQIIUR~; plasmid ~ ? 0 u  lm~n14d6~1 plasmid I%% 

Ir ir Y Y 

~ w l : t ~ f l . r l ~ ~  Lacfobacil/us ~ u ~ l l t l f l ~ f l d t ~ 0  MRS LO: Bacil\us ~ u f l 1 ~ 1 ~ ~ ~ ~ 9 1 ? k l  Luria Bertani (LB) 
a 

broth I E U ~ ~ P  5 UEI. d 3 7 0 ~  i i ~ . m ~ i  I au ~ ~ n i u i u j l a ~ ~ u n ~ s i n ~ w n n a  3.0 un IU eppendorf tubes i 
n 7 1 ; ~ h  13000 x g ~ ~ ~ 1 3 ~ 1 2  ~ 7 ;  6 7 4 1 ~ i ~ 6 6 ~  PBS 1 UR a 3 7 0  pellets 114 ice cold solution A (50 

mM glucose, 10 mM EDTA, 25 mM Tris-HQ pH 8.0) 100 pl tl~u~flr#lfi'id&~un?9 vortex ( ~ ? ~ 8 1 7  

~I:RI€I~U 1 00 111 ice cold 10 rngiml lysozyrne 11R: incubate dqruMl?~fi8iap 5 Ul;) Sln$L?U 619WLnlEI 

3 200 ~1 i (0.2 N NaOH, 1 % SDS ~n?uun'ld$dou%) ~ f i ~ w " . l 0 n - I ? ~ ~ ~ t f ~ d f l ~ d ~ 7 ~ i f i : :  incubate Uu 
:: 

lhu;4 5 lsl! ice coid potassium acetate pH 4.8 (L~?~IU&UIRU glacial acetic acid 3 rnl uW:ul 

n k  1 rnl t p ~ l ~  5 M potassium acetate 15 ml) f iu1~14 150 PI ~ f i u h l u n l ~  vortex rzu:iu7 incubate 
:: S d  ulauluaqon 5 uq* h d n m u h  13.000 x g d 4% 5 ~ 7 %  Id~dmno.ri~~?d~U1R (supernatants) R ~ I U  

eppendort tube blj dudnwuh I 3.000 x g d 4 ' ~  5 uiddnn%ae:lddm supernatants) n.ilu 

eppendort tube IU&J&:IK supernatants d - 3 ~ ~ 1 ~  400 p1 1 ; ~  RNaseA ~ ~ ~ R ~ ~ u L ~ u % u ~ ~ M " - I ~ . I  

SO pgtml Uti:: incubate dqluvl??! 3 7 ' ~  U l U  30ulbi lh! phenol:chloroform:isoamyI alcohol (25:24:1) 

dt:um~ 400 p~ wfiu&wn?~ vortex ~ U ~ A I ~ U J ~  I 3.000 x g 14114 2 u l i  ~ d i d ~ l l d 9 ~ ~ i i l u ~ a 4 i ~ w ~ ~ ~ ~ u  

eppendorf tube I ~ U  ice cold absoFute ethanol 1 ml (M% 2.5 volume) ~ f i ~ ~ 9 j a u n 7 ' l n 8 ~ ~ ~ ~ ~ ~ d ~ l  

LLR: incubate CliqmuO~ - 7 0 ' ~  U I U  30 ulCi ~ ? 8  incubate ~ q n b ~ l ? ~  - 2 0 ' ~  U I U  1 i ; ~  ildim91uh 

13.000 x g dqmvnii 4% UIU 5 UI?? ~d~drnd'lu~fi~d 6-14 DNA pellets $70 ice cold 70% ethanol 

Fnlu8-9 13.000 x g ulu 1 u16i w ~dmrdlu1k7ii.r ddautM' DNA pellets I L ~ ~ ~ ~ ~ I U M ~ B G Q ~ U ~ U  1 ulCi 

nzR7u DNA pellets iu&nklm+a TE buffer (A0 mM Tris-HCI pH 8. 1 mM EDTA pH 8) f i u 1 1 ~  15 pl 
Y 24 Y 

Lowl:laanu plasrnid I I R L ~ B ~ ~ u ~ ~ ~ $ ~ u :  1 ~ i l i l ~ m m ~ n ~ 1 1 1 1 ~ 0 1 ~ 7 ~ 0 1 t d n 7 ~ r i 7 ~ n ~ m ~ u ~ ~ a 1  

Y 
&%?I:'$ filter mating m'sa conjugation kudo LacfobaciMus UR:: Bacillus plasrnid u~:n€ihoui 

Y 
dj&u:lflui?ld (donors) d?ulaa Lactobaci/lus kn: Bacdlus piasmid I IR:I ' I~(~u~~~~?u: ' I I% 
Ir 

I d i ~  tflumY??u (recipients) 
Y 

~ - I M T U Y Y ~ ~ T L ~ % I U  recipients Lacfobacit/us 80 C. planfarum L11.1(2) L L ~ :  L.  plantarum L 
A ' "  

11.5(2) rdqu Bacillus i o  a. svbtiIis 81.6 ux 8. lichenifomis 810.2 ~9~64 4 isolates bdouiytqidn! 

* X  nmaau ~4$u&a1fifiqulsouunr~ln donors i~vi7biaovi.i 4 8 ~ 8 1  rifarnpicin LLUU spontaneous 
Y a ;  3 Ji 

rnutationss ~moiw1zmsd~ao l ~ a l ~ 1 7 m f l 4 i 9 ~  MRS M% LB 4 uw. lu  shaking incubator d q n d ~ ~ ~  37% 
2 s' ulu 18-24 au. %dl OD, La:: Plate 100 p4 L I U U B ~ M ~ I L ~ ~ U ~ L ~ B ~ ~ I ~ L L ~ ~  MRS 14% LB d~ rifarnpicin 

2 $ A  Y n ~ i u i 4 u h  8, I 6.32.64 im:: 128 pgtrnl outwo.rnan 37OC ulu 18-24 I U . ~ P I F I ' I U ? U A ~  mdLw+,:LBw 
Y 9 3 A 4  

u u a ~ n ~ s l ~ a ~ i a a d l i i i  ritarnpicin ~ i n ~ u ~ i ~ o n t n ~ i r d ~ ~ ~ ~ i ~ u ~ w u ~ a ~ ~ ~ ~ ~ ~ u ~ ~ ~  ritarnpicin 64 
Y U 

uR:: 1 28 pgiml ljlul streak U U ~ I M I P ~ ~ ~ U ~ L ~ ~ U ~ I ~ ~  rifampicin 1la:dl~~1niad1~Ull~~:: ; iuU1 streak 
* 44 24 a d w i a  i ~ o ~ i ? n i u ~ 7 ~  I o iu L ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ U ~ ~ ~ U ~ ~ O I M R ~ ~ ~ ~ ~ ~ L ~ ' L I T F I U U ~ ~ M ~ ~ ~ G U Q ~ ~ ~ ~ U  



ritarnpicin drnq~ut+u~ud~iu~in~~nn!4 .r~n5uvvil M IC i a t n  ritampicin ~ F I I U ~ U R ~  A(I~LW~:I%U~ - 
uuoirr?~i~udi=danlii iifarnpicln ~ f h ~ ~ n & ~ d f % l  MIC da rifampicin qsi~n:ril MIC ~afIldj~l16:~la:: 

2 u~ai~iaoairmdu~ kumnoiwwn parents !dodl Lactobacillus mu tants 47 L1 I .I (2)rif LLR: LI 1.5(2)rif 

~?UI&B~? Baallus mutants 81.6 rif iia:: BI .2rit' 
Y 2 z i ? ~ k  Lactobacillus i ~ l : i ~ ~  donors LLw:: recipient ~ l d f l 7 ~ 7 4 L ~ ~ 4 i ~ f l  MRS 1Gm1ua'~ 4 Ua. 

3 S lu shaking incubator d 37 O C  WU 18-24 fU. T I ~ ~ ~ u L ? D S ~ ~ & ~ V  MRS bdk~ldilld 1.50 L L A : I U ( ~ O ~ ~  

lu shaking incubator d 37 OC 1ufi.r Mid-log phase (3-4 au.) wdu$9fulm:$?lfi8dl.~~- 1 rnl lu 

eppendrof tube ~ u i ~ & ~ d i  8.000 rpm 1 167; 1~01iiuw:nau~slr6o::ai~l[ru::ndtd'1~ MRS broth dui 

q a u 4 $ 3 7 " ~  30-50 P I  ~ L ~ ~ : ~ ~ L ~ w A . I W U ~ ~ W M  nitrocellulose filter 21~?~l&uw'?u$~rinal4 q3 mrn ua:: 
" Y Y i .  

pore size 0.45 pm d o ~ u l r a ~ ~ i ~ ~ g w t a a  MRS agar ~lldauGioalod 37 OC uw 18-24 alr.wnZuiuril 
Y 

rrdu filter W ~ ~ U ~ ~ U E I W ~ S L T O ~ ~ ~ J ~ U  MRS broth 1 UR. IU eppendrof tube vortex tl~:a?lld 1 167; i ?  
V U 

L L ~ U  filter dfin ~ i f ? : ~ ~ ~ ~ : u . r i  10.000 xg U1U 1 ~ 7 ;  Plate L ~ Q ( I U U ~ ~ M I P L G ( ~ ~ ~ % I  MRS agar $G 

riiampicin 50 Wimi ILRZUILI j i i 9 u ~ d ~ ~ ~ p : m  fim~118m&1~~d&~i~ rifampicin iin:ii~dai?u:d 

du?%a.r dlnlro6fi plasmid 11n transcanjugants L L @ : F I P ~ ~ ~ ~ B U ~ ~  plasmid ~ ? o l J ~ u  gel 
2 X i d .  

electrophoresis ! ~ A ' ~ u ~ u % I  iactabacillus ~ ~ W ~ L L ~ U ~ U U B T I I T P L W ~ Q L ~ B W U  r~fampicin M%! rifampin UR: 
Ji uqrixaa n ? ~ r r 1 ~ ~ ~ 1 6 i u u a . r i l i d ~ ~ ' 3 ~ : ~ 1 ~ u n ~ ~ ~ ~ ~ ~ ~ n  transconjugants Ao riiarnpin 50 pgirnl, 

tetracycline 10 pglml, erythromycin 20 pglml iiW: vancornycin 32 pglml 

~ ~ T M T U  Bacitlus nms4sunacluw~u7~n1un~sri~~~a~iuiaa?m~7a5j~L~~?nu~a ~ m U ~ + n q M & w  

Luria Bertanj (LB) broth 

~ a z d  7 m t ~ ~ a ~ n 7 t i l ~ ~ n g a ~ s i u ~ B u l  
* 

v 44 Y 

~ u n ~ s m m ~ u ~ n ~ d ~ ~ n ~ ~ ~ ~ ~ ~ ~ ~ ~ l ~ i u u ~ ~ u ~ ~ f ~ ; ? u ~ ~ ~ ~  tetracycline, vancomycin, 
3 

erythromycin 118:: streptomycin ~rnun7o~nqxlra~vlmBu7~~a::i plasmid hu 1welQnnii;ln PCR ria:: 

primers d ~ 1 ~ ~ 2 : r n ' 4 ~ 1 4 ~ 4 1 ~ ~ 1 2 4 7 ~ i  2 
t. 

~ m u r n s ~ ~ t r 7 n 7 s ~ s i n ~ ~ ~ d ~ ~  aadE, tetK, teK, /el#, tetO, fetS 11~:: tetW ~ L ! B  Lactobacillus 
Y 

iia:: Bacilfus ~ ~ I Q R :  20 isolates ZM I U L T ~  vanA, van5 Uaz: vanC Lactobacillus ria:: Baci/lus 

h16'1u 19 !IRE 25 isolates n7xrii$u dlta~16 ermA, ermB Llaz: ermC ~iiaw?:~td Bacillus 4716'116 12 
l u 4U -i V" 

rsolates vwslzws71~aintr Lactobacillus %iovi~ur erythromycin ~ I ~ ~ ~ Z ~ ~ E ~ ~ T ~ ~ ' U B ; I I ~ ~ W ~ ~ T U ~ ? Y  

~ ~ ~ n g Y f i ~ u d o u ~ o o m ~ ~ w 7 n u u 7 n  

h~kl E, faeciurn i ium 6 isolates d U ~ l n ~ ~ n : u ~ ~ ~ u ~ ~ n i ~ ' ~ ~ ~ ~ u ~ m i n  itiii~1n1aiddiia~ju7 

idulr whole cell DNA Giluiz Boding preparation (27) &~~~~fiTtiir~~fi:~1~1~37nk~ 50 pI Lifi:h& 
* I  

~gnm I e 147; ~ 7 n f i u i j u ~ ~ l n ~ ~ ~ r n : : n ~ u a ~ n  ri?u DNA IUYBJLMW'IZW~ - 2 0 ' ~  





2 A. 
~u~udiuiiiui&i Baci/ius h u u n  164 isolates ~mfln~n~llnl$u~u species &?a?$ ARDRA 

;mum I I 9 isolates (n lndd  5)  ~ ~ n ~ ~ i ~ q ~ u ~ i u ~ u d i l ~  ARDR rdi ARDRA patterns 6ql1i 2 

8. subtitis, 8. Iicheniformis, B.cerevs UR:: Three members of the 8. subtilis cluster lfi ARDRA 

patterns w~ul~uuudgniia+ (46) 

wlmsd 5 species 804 Bacd/us iL€!n~n' (n = 119) 

7 B.subtiE!s 

2 8. licheniformis 

3 Three members of the B. subtilis cluster 

(B. pumihs, 5, amy/o/iquefaciens and 8. atrophaeus) 

4 B. cereus 9 (7.6) 



dl 2 ~ L L U U  ARDRA d ~ t i ~ ~ n n ~ ~ m ~ ~ ~ ~ ~ ~ t d ' ~ ~  Bacil/ulus 
u 

M Bacillus 16sRNA 

I GSRNA 910 Baclus spp d ~ t i w n n ~ T v i l  PCR iislsim 1 .I 40 bp (A) &lilrn&6wioula~~iul 

(B) uw: Taql (C) Tmfl M, Molecular weight marker; BS, 5. subfilis: BL, 8.licheniformis; BC, 8. 

celeus LLB: 3BS, B. subtilis cluster 



Y ir Y Y .-, J 
Zuni Al'onTdG tn 'ui~~ Enterococcus Zm"n'~unn 7 isolates u ~ n ~ & ~ ~ n ~ 1 5 ~ n ' 1 l d m r u r n y 1 4 , ~  ua: 

.r Y 

6 iluqu 3. 3 aW= 1 isolates ol'lu67h IGWL~?~MU~$$~~~SI~UU'U species 6 ~ 5 %  multiplex uA= 

i !od~ in~&l~ad< i tdvd  7 isolates i.r?m$uynhkCw sequencing wuiiidu E. hecium &di~naa.rluld 

d 3 

pl$ 3 PCR products d ~ ~ ~ ~ n n w m m ~ ~ ~ ~ ~ i $ n  Enterococcus iiuqu 7 isolates ~ ~ ~ U L W A G F I  multiplex 

PCR 

dodlflu Enterncoccus spp. 16 PCR products T u l R  -1 12 bp E. faecium lfi PCR product 
V d  " 

lu7m 21 5 bp ~ n ~ r i i l f i 7 4 ~ ~ e r ~ ~ n ~ T ' ~ b i 9 ~  sequencing I R f l  M, Molecular weight marker; fane 

1-7. E. faeciurn 

4 4  411 

8°7~356bb~ ww b ~ ~ V I p l % F l ~ 1 6 ' 6 1 1 % ~ f i ? ~ b % l ~ ~  
4 4  A "  d& 

R R ~ ? ~ ~ M ~ ~ ; ~ ~ ~ ' ~ ? z G ~ I U ~ ~ ~ Y B ~ I L U  wn i~un€14~1119 W Z U W ~ T  L ~ P ? u I ~ u : : ~ M ~ ~ ~ B u L ~ ~ ~ w ~ I u w ~ P ~ ~ $  6 
.-* 4 

w ~ m n ' m 6 d ~ u h l ~ ~ i ~ u ~ t d ~ ' ~ ~ 1 ~ ~ ~ ] m 7 u ~ ~ ~ ' ~ u n n  sn~luwfloliiornaunn 3.9. lo  LIB:: 3 7 Lolriwu 
44 J v  44- i~umn i ~ i l n u a u a ~ m l t d f i ~ ' j . ~ ~ ~ u ~ ~ u : : ~ ~ m ~  I 3 dsua~nfitu=& I 0 iia:~ 2 t:yid E ~ ~ ~ ~ D C O C C U S  ~ ~ d n m  

lriwuluflnd j d n ~ s  r d u ~ $ u ~ ~ Y m f i m d  5.8,9, I 0 ua:: 11 dsz4ilri L. acidophilus u u m n  ad 
d-r 4 

nsa41riwukmm$~oa~m~ od?;l~sn'm~~~~u~ld1~u~n1wnmm4ld'tf~flid~7~3~~84 Genus Inu~xirfiuIidm?u 

species 



Product no. Analysis of probiotic products 

Strain Number Specific species 

1 Bacillus spp. 1 xlo9 B. subtilis, 3. l~chen~ormis,mernber~ of the 
Loctobacillus spp. 6x 2 0' B.subtilis cluster ', L. planfarum, L. gasseri 

2 Bacillus spp. 1 x I 09. subtilis. B. lichenifomis, members of the 
Lac~obacillus spp. 80 B.subtilis cluster, L. plantarum, L. delbmeckii 

3 Bacillus spp. 9 . 4 ~ 1 0 ~  mem'bers o f  the B,subelis cluster 

4 Bacillus spp. 3.8~10' B. subrilis, 3 cereus, 3. lichenlformis, 
Lactobac~IIus spp. 1.9~10". delbrueckii, E. faecium 
Enferococcus spp. 1.1~10' 

5 Bacillus spp. t .7x1tI7 B. subtilis, members of the 5.sublilis cluster, L 
Lacto bacillus spp. 2 . 5 ~  1 o7 rhamnosus, L. plantamm. L. gasseri, E. faecium 
Enferococcus spp. 1 . 8 ~  10' 

6 BaciElus spp. 3 . 8 ~ 2 0 ~  B. subtil~s, members o f  the B.subfilis cluster, 
Lacfobacillus spp. 1 . 2 ~  10' L. rhamnosus, L. planiomm, L. delbrueckii, 
Enferococcus spp. 4 . 0 ~ 1 0 ~  E. faeclurn 

7 BaciIlus spp. 5.5~10'  B.lichenjformis,membersoftheB.sub~ilis 
Lactobac~llus spp. 1.4x10T cluster, L. rharnnosas, L. piantamrn, L. 

delbmeckii, L casei gr. 

8 Bacillus spp.  3 . 1 ~ 1 0 ~  B. sublrlu, members of the B.subtiiis cluster, 
LactobaciIIus spp. 4 . 8 ~ 1 0 ~  L. rhamnosus, L. planfarum, L. delbrueckii, 

L cosei gr. 

9 Bacillus spp. 3 . 2 ~ 1 0 ~  members of the B.subfil~s cluster 
lnctobocillus spp. 8 .0~10~ L. rhamnosus, L. gasseri 

10 Bacillus spp. 3 . 0 ~ 1 0 '  members OF the B.subrilis cluster 
Lactobacrllus spp. 2 .5~10 '  L. piantarum 

I I Bacillus spp. 1 . 4 ~ 1 0 ~  8. sublil~s, members o f  the B.sublilis cluster, L 
LactobacilElrs spp. 4 . 2 ~ 1 0 ~  plnnlarrrm 

12 Bacillux spp. 1.3~10' 3. subtilis, members of  the B.subfilis cluster 

13 NF" NF NF 

O 8. pumilus, B. amyloliquefaciens and 8, atrophaeus 

' NF not found 



wmdodmawl~%wz 
" Y P i a  Iwn~Al'unktdlaj~~rr~snn~~uw~~ul~Biou~d~~~u~~:uo;l EnCerococcu~ 16 ~wn:r.ne~muM 

I~a~u~~o~s%g~RulmZW 1doi~n~riiumr~:~iiui~4~'1fitlw i?1u~$u~fi'u ~ d ? u ~ ~ n o l a o u n ~ ~ u l q d f l u ~  
Y 

da!'lu:"ass Lactobacitlus ira:: Bacillus LYi16u fmad7 M1C tiau7d$?u:aa;l Lactobacillus UR: 
Y 2 Y 

Baci//us i~~n91urnvwd 7 LLEI: 8 G m ~ ~ n ? ~ m ~ d ~ d j % u n a d  ~ q a k  2 I I ~ B ~ I I R ~ ~ ~ U D ~ ~ T ~ . I Y I  9 L ~ Q  

di 3% 
Lactobacillus )?AA&LI~ gentamycin ~ U L T B T ~ G O U ~ B U ~  ampicillin, kanarnycin UR: streptomycin Iu 

,I {mn!duln (91.5,91.5 ua:: 92.7 % m7uih6u) ~ W U \ U G I ~ ~ ~ I U ~  chloramphenicol, erythromycin LIEF:: 
Y Y 

rifam picin d?u Bacillus n ~ d ~ s l d j ~ l ~ ~ a f i f l ~ ~ l d o ' ~ ' ~ d k 7 f i i 7  Lactobaci\/us rnnbwodnol 

tetracycline ~u&~fl~.fqF~ (1 2.2 %) 





mma4 8 41 MIC dat~xlj%uza~~a Bacillus 

B S U ~ ! I / I S  (31 3 0.25 - 1 1 - 1 6  0 1 2 5  025-05 0 . 2 5 - 0 5  0.5 -1  0 .25 -1  0 2 5 - 0 . 5  0 5 - 6 4  0.25-r6.1 0.25->64 0 2 5 - > 3 2  

8. licheniformis (6) 0.25 - 1 4 -16  0.125 0.25 - >32 0.25 - 2 0.5 - 2 0.25 - 8 0.25 - 0.5 1 - 16 0.25 - 32 0.25 - 0.5 0.25 - 16 

5. subt111s cluster (73) 0.25 - >8 3 - 8 0.125 - 0.5 0.25 - ==32 0.25 - 4 0.5 - 2 0.25 - 128 0.25 - 32 0.5 - 32 0.5 - >32 0.25 - 8 0.25 - >32 

B. cereus cluster (95 0.25 - >8 4 - 8 0.1 25 - 0.25 0.25 0.25- 0.5 0.5 - 2 0.25 - 1 0.25 - 1 2 - 64 0.5 - 16 0.25 - >64 0.25 -2 





sa!3ads-~qu! 2MTl JaV! E#RBMWIAfi\NB 1P1 Ll3BWR?WBUTaL!JLLUTLM 
m dl T 

nlnew~uu~ #.  - (1~16rl bg= DIN) ~~epo! J!AZ' 18 :~n (~wl5rl ~g= 31~) )!J 9' ra! sn\!peg r~b siue~nlu 
., 

~u~~s!sa~ U!~!~UEJ!J snoaue~uods n~p (1w16rtpg = 31~) ~J(Z)S'E LI :~n (1~16rlbg = 31w) f!~(z) 1'1 17 

ny @ty~rpi&\k sn~t!3eqo13e~ ras sluwnw )uasrsa uprdwe~u snoauwods ~~LUR$~LUPI\ 
P ,P ", 

11 LA 
r 

PULU~~"~U~~~SP~L~M~~~G~~~LRB~ 31W LYERUQ U!~!~WEJU KK/=B?l U~UOJ~~~ 'u!3AUJo3ue~ LRDjd 
"t 

n! E younu1 dg 000'6 lstnn p!wserd KM sa!uolo3 c n~n~p. sn11!3eg ntp tnb~strrn~buuiik$::w.cg~p 
, ,C -!- P 

tna! 3114 LW gzun Lr~y sapads nlparg p!wse!d p salelosloz P~LP~L~ sn/1!z~eqo13e~ a!$ T 4 

Lw~~n~wau~tpsLunL~stnLp~Lew 



AM NEO R!F STR T ! 3  AM? 

L. gasen 

L. delbrueckrt 

L.plantarwm 

L, delbrueckii 

L. rhamnosus 

L plantarum 

L. rhamnosus 

L.planlarum 

L, case; group 

L, case; group 

L, shamnosus 

L. rhamnosus 

L, rhamnosus 

L.ptantarum 

L.p/antarum 

L.planrarum 

L.plantarum 

L.p!antarum 

AMP-CIP-GEN-KAN-NEO-STR-VAU 

AMP-CIP-GEN-KAN-STR-TRI-VAN 

AMP-CIP-GEN-KAN-NEO-STR-TET-TRI-VAN 

AMP-GEN- KAN-NEO-STR 

GEN- K4N-NEO-STR-TRI 

GEN- KAN-NEO-STR-TRI 

AMP-CIP-GEN-STR-VAN 

AMP-CIP-GEN-WN-STR-VAN 

AMP-CIP-GEM-KAN-STR-VAN 

AMP-CIP-GEN-KAN-STR 

AM P-CI P-GEN-KAN-STR-TRI-VAN 

AM P-CI P-GEN-KAN-STR-TRI- 

AMP-GEN-KAN-NEO-STR- 

AMP-GEN-KAN-STR-TRI 

AMP-CIP-GEN-KAN-STR-TRI 

AMP-GEN-KAN-N EO-STR-TET-TRI- 

AM P-GEN-FAN-STR-TET-TRI-VAN 

AMP-CIP-GEN-KAN-NED-RIF-STR-TET-TRI-VAN 



1 B10.8 B.C@EUS ERY- VAN 1 0.?25 2 2 8 8 16 0.25 1 i 6 

2 Bl0.9 8. cereus RIF-VAN 1 0.125 1 2 8 16 4 0.25 1 16 

5 B 10.1 0 B. lichen~formis R1 F-VAN 1 0.125 2 2 8 8 1 16 0.25 15 



n l ~ s l n ~ ~ a ; l i u  km 
Y Y 

lunl6iun hii ii;ornda Lactobacrlius i i u u ~ ~ i ~ t l ~ l n l l l l n 7 ~ d ~ 3 n ~ ? 1 f l ~ ~ u m ~ ' ~ ~ ~ 1 n 7 4 ~ ~ F i ~  
A &  u? tetracycline, vancomycin UR:: streptomycin ~nunfaunq~~~ia~w~u7i~Fim::'1!~m11d::~ plasmid 6au l'rd 

" Y Y a " nw3.iunki w u h  vanA ~ U L ~ D  L10.3 (1) mi~a~ t i9 f i 1 i~  plasrnid 
P I P 

4 Y  4 ~do.rwnna eacsus iiAau7iin:ii plasmid iiilumlriuln ~ ~ J Z U I U ~ I P ~ ~ ~ ~ ~ ~ ~ ~ ~ T ~ M I M I ~ ~ ~  
A S  

dnna9B4~U$Qiaul~U4~BW~Bm'fl tetracycline. vancornycin, erythromycin 14m: arninoglycosides d b d  
A *  

plasmid Rrlu ~wfl~uni~d.r.3ngus~~ld tetW LID:: vanA I'd B8.7.1 a;la+8mii%iii plasrnid iiu6u 
Ir 

d.lu E. faeciurn 4 ~ u m l t i p n r i ~ u i n ~ ~ ~ u i n ~ d ~ ~ n o ~ n ~ ~ u ~ ~ u u m n  whole cell DNA ~illfh 

w u . i l i ~ ~ 4 l u ~ u  2 isolates (€1 iia: E2) iiiu vanA ~ d o ~ ~ ~ r n ~ ~ i u ~ ~ d ~ ~ ~ ~ u ~ s ~ ~ ~ ~ ~ ~ u ~ w ~ ~ n  lard 

M T ~ L I ~ ~ ;  plasmid i lhd t l~1 vancomycin IA 





Y Y Y 

zyiid~=netlm".1~li'~~ B. subti~is IY~~MYW, iivin<umm~~uiii Lactobacillus MSIU species ~auflGGi 

BacNvs spp iu7 %I Aqu n~muuuplRi3u Genus ~ I ~ I X T : ~ ~ U O ~ ~ ~ O ~ ~ ~ ~ ~ ~ ~ ~ U ~ ) Y ~ Q T Q Q ~ ~ ~ L ~ ? ~ U  

aumtiru~qfiuiuumznf::u~wnifcJ~m d l u n d  spcecies v o ~ ~ ~ u n 6 i i s u u n n o i i ~ ~ ~ n ~ ~ 2 : ~ 1 7 " ~ ~ ~ 1 ~  

~ ~ a ~ u ~ ~ ~ n n ~ ~ u l ~ i ~ ~ w ~ : : ~ % n ~ ~ u i ~ 6 ~ ' 1 u d ' r ' : : ~ ~ ~ n ~ r r ~ a ~ ~ ~ $ 1 ~ n d l ~ u n ~ ~ ~ : : ~  species ~uBml6iii 
n7tw~rna~o~~~u~17~u:iCrdi%r~uL~m7u7u ~ ~ ~ ~ ~ L U U ~ ~ ~ ~ O ~ ~ ~ U ~ ~ I ~ L ~ ~ T ~ ~ ~ ~ S ~ ' ~ U ? ~ ~ I ~ M ' U W U Y E ~ ~ I R : : ~ ~ ~ U  

d: 
nww2impioumuil~qlju ~ r " u ~ w ~ n n ~ ~ l ~ ~ l u l ~ ~ ~ ~ ~ l l ~ u " ~ u n ~ ~ ~ : : ~  specis l i~qiaai~di$ ~lv.~ 

w s : ~ ~ r r j r g ~ ~ a ~ v ~ ~ ~ m i  w .a. 2536 16o n ? i m ~ ~ ~ ~ o a u m ~ ~ ~ i i u ~ u  42 %~~llfl~lp77Lfl?U?'1td:d7~?~ 
V Y x 

P ~ P ~ ~ ~ ~ L ~ ~ ~ W ~ I U ~ ~ ~ ~ ~ U ~ Q Q ~ U ~ Q . ~ G L ~ ~ I ~ Z K B ~ " I U . ~ E ~ ~ B ~ M ~ ~ ~  nvwulna lactic acid bacteria hdaian 

oislri~wn~urannsia~u~i~Xmi ~w~i:~ao~rnri~<du GRAS oduril a i i ; o ~ i l u n 7 ~ ~ u n s ~ 4 ~ ~ 7 h ~ I . j i l 6 h  
3 lud~ds:lidai~uann~~::~3a~~Qnm"~4~~~~u ~ . m u f t ~ n ~ ~ i 8 u 7 ~ ~ ~ 0 ~ ~ ~ ~ 8 m i w " ~ ~  uanqmu 

nun~i~u~adl$1~1~iriad~::1~'~1~7a~ mlud~cr8mndv6~d 

~acilrus u~~u.a~mill~~ey~1m1fl~~du~~~1fi3~~~u::d1~Q~Kmi1m"t~ri B, subtilis, B. purni/us, 

B. cereus (an 15u 8. anfhracis), 8. coagulans, 8. clausii. B. licheniformis, 8. rnegaterium duhd 

:ri~l~rnl& ~ ~ ~ ~ ~ ( ~ ~ T : ~ ~ T : ~ + ~ u ~ ~ T ~ : ~ ~ ~ A L I R ~ ~ ~ E ~ ~ ' u ~ ~ ~ ~ I ~  
" .l A iirrnfdir uunb;i4oairmdwui15~~7u~mw~1~lun~~~::~ specices uqndqn Go e. subti/is n~lun@ua 

(the 8. svbtilis group) ds:nau&w 4 spcies zo 5. subtilis, 8. amytoliquefaciens, 8. licheniformis rrA: 
l Y  I 
u r. Y d  

8. pumilus ~ u v N : ~ L " D ~ u ~ ~ I M ~ ~ % ~ ~ " u  8. subtilis 8d75111n61 8. atrophaeus, 5. mojavensis LLm: B. 

vallismortis ddhf1db%67~ultlfl~f~ 16s rRNA ~ u n i 6 7 L L u n  Bacillus lvd7i!fl7allfO~idfSf71& 

I ~ U  5. purniius di1'IfiL~n1sn~ljain7'da&ifl listeiiosis, 6. Bchenifoimis vhlfitiirna1n19 toxemia aR: 
Y "  a6416 o d ~ a l r i i m i u w u ~ m n n ~ ~ ~ i i m l ~ w ~ ~ n ~ ~ ~ r i i s  2 a i i n~ l i asu~nu~ :~nwu '1~8m~~ i17~~1r " la~u  

.dY - unw io~uo~~:uunws h~qij[un'u ~ ~ u i ~ n ~ ~ s : ~ : ~ a ~ r n " ~ ~ ~ ~ ~ ~ r n ~ ~ u ~ ~ n ~ u d ~ u . a ' w  1 4  n w i q  won 

7:yjlliju 8. subtitis iiuunu~mai;a n~~1t~nfiia~l1un~~~iiunL~aii~n~ln~w1i~iu4wa~in:m~~ 
A r i a l f~ i im~uo lnu l f i~ :~ : :~~~  &u~ow~tlunt~iad~i~~~~~~lufin~~::~fi"s~m~~02:1~mni~~m1"~~~::d~w~ 

t f i n ~ s ; j ~ ~ ~ u ~ w ~ n i f i ~ a u  

~ ~ M F U ~ Q  multiplex PCR d~flunrunl~iiu~hi! ba7u~tn4-1~~un 8. cereus. e, anthmcis im:: 8. 
2 

thuringensis 16 (46) u i i i a d ~ r n o u k  wanl4%~~311w ::n74n0m~~fi~u~n~~~lp7u77n~:~1&i7~flu1~d B. 

cereus aiildbiimlu wflmn'~dvimr7.rwuli;o B. cereus 1ri16r:~l$oaiimi1:liUldaw7n i#o B. anthracis 

i~usllwy.uo4lm Anthrax d?u 8. fhuringensis uld~luvj~~f l1~14n0 k d d ~ 0 ~ ~ ~ 1 ~ t d ~ t d m ~ ? 8 ~ ~ 1 ~ ~ ~ 9  
Ir s 

(insect toxic protein) ~+lflun~~~liim~~il~tn'uw'~~~ ~ ~ L ~ ~ u ~ ~ u J ~ u ~ ~ ~ u u ~ L ~ ~ ~ I & ~ ~ ~ ~ ~ ~ ~ T : : ~ B ~  

numuli7mu1u green house 4.1 B. cereus Lm: B. thur,ngensis I I U ~ P ~ ~ ~ ~ ~ ~ ~ ~ M ~ T L ~ W ~ ~ W ~ U ~ M I ~  
~ u a q ~ u i i i ~ d ~ + I u n l ~ ; j f  ~ ~ ~ l f i i ~ ~ ~ o u ~ n l ~ i i  iiluliid B, cereus a i ~ ~ ~ r j n ~ u ~ r n i ~ ~ ~ t d n i t u ~ ~ i s u ~ ~  2 

qiirn51~ (46) 
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~ a a  Lactobaci l !~~ da~?~nu1r im~~udx~utdan7n  rini species ~mLiiunildr:~ uonwni! 

Y 
kwu L. acidophiius 1urrflnniu6$~:~ilfidda~mui~u i idwuili Laclobacflus riiind idam 

~ ~ a ~ r n ~ i n n ~ ~ r r u ~ n ~ a ~ n ~ ~ i ~ u u n ~ ~ m u ~  W$&I genus : ko~~ai~ri~~~~rn~u'u3n~rl~~i~1~~fi~j~on'td 
u ~ n  & ~ ~ ~ ~ ~ a ~ l a ? b n ~ ~ a ~ ~ ~ ~ ; j n ~ i 1 u n i o i ~ u t d n ~ ~ m ~ ~  

n ~ ~ $ ~ i u o ~ i ~ n n ' ~ i d u ~ ~ ~ i ~ ' s ~ ~ ~ u : : d ~ ~ ~ ~ d r n i ~ ~ ~ ~ d ~ : : ~ ~ t d d ~ ~ ~ m " ~ u n ~ ~ ~ d a ~ ~ f i u ~ ~ ~ ~  
Y 3 P w ~ n n i u n i ~ r j d  ~ ~ a ~ ~ d ~ u u ~ . r a i a ~ n a ~ ~ u ~ d ~ ~ ~ ~ : : ~ ~ u ~ n ~ . a i i a ~ ~ ~ ~ ~  idu Lactobacillus ljnnapiaal 

u Y Y  
ampicillin, vancomycrn La:: ciprofloxacin d9I.l Bacillus f h ~ ~ c i i s u l  ampicillin t i h 6 ~  tdBll'97nMn74m6 

U7 amrnoglycosides lu Lactic acid bacteria ~ h ~ Y d ? u ~ ~ ~ ~ ~ r n ~ 7 n i l ~ 7 ' f l n i ~ l ~ i d  (intrinsic resistance) l a d  

X 44 4 

i ~ o b R : n . l l U ~ . d n m ~ ~ n ~ ? 7 n n 7 ~ 7 f i ~ 7 ~ l B 4  cyiochrame-mediated election transport &1111141&1d 

3 A 4 t - d  5 2 3  Y Laanuuirn (bile) i ~ ~ i ~ l f i ~ ~ ~ h i o ~ ~ 1 u n ~ u ~ u ~ n ~ t d & ~ u  ~u~???~€ IRT .~u~~  Lact~baci l i~s mtl~ld j$?u:: 
& A ,, rrs~uairalu6mnq~ ~ ~ e a r n n ~ ~ 6 u n i s i n a 7 ~ ~ j ~ u u i ~ u ~ ~ ~ ~ 1 ~ 1 f l u  starter uoilun~~n~n'uu"7u wuii 

Y 
6mpinwpiauqlui$o saciitus h in i vnn  n7tffaullui& Lactobacflus ~ 6 6 ~  species f n u k ~  ar;l 

n77~367 M ICS ti~u47~~17n ~ i ~ ~ ~ ~ n i 4 ~ i m ~ q u ~ B ~ n 7 ~ f i ~ f a ~ ~ 7 ' s 1 u o ~ v 7 ~ i i a q b $ a i ~ n u ~ ~ s i ~ L y Y i z ~ ~ a z  
A Ir tr 

raawi~i: species j ; ~ ~ 1 u ~ a ~ n 7 s f i i m 7 ~ 7 k ~ r n n i 7 4 ~ ' ~  &hni.6;j.sirnk< LS~~IG;~~~:B~MI~LZUQIIB 
Y Ir 

Glcii?uni~fi~~UYlajilXiij w ~ ~ a n i s i ~ ~ ~ i ~ u P r n s l s ~  i;iie ~iuisr11.a"ln"n'u Lactobaci/lus MRIEI species KsMid 
P ww n i T ~ < w i 1 ~ i i u ~ ~ u n 7 ~ w ~ ~ i i  M ICS slo4~T"naaatobacillus :.3d+~616 

2 
T R U ~ W  Lactic acid bacteria ii plasmid Y I U - I I F ~ ~ ~  6u iuunl9iiunt4~ W U ~ ?  iaf~ B ~ C ~ / / U S  ii? 

Y Y l r  

plasmid (3 isolates} d~lu7~~8wn~71"11a Lactobacillus (18 isolates) ~ ~ n 7 ~ ~ ~ U f l ~ 4 ~ ~ ~ ~ l ~ n 7 ' ~ ~ 7 ~ ~ ~ ~  
d & A ,  6uiauq ? r ~ r ~ a n l ~ ~ ~ u ~ ~ s i r ~ ~ u ~ ~ ~ ~ u u n l ~ ~ ~ n ~ ~ ~ i ~ ~ ~ ~ ~ ~ u : :  rn '~uwanq~51 '~5~u 'uu~m~i~  ~6a~l.o" 

n a s o u ~ r i d ~ ~ : i f l u o i ~ u ~ ~ ~ ~ n ~ ~ d ~ ~ l n a m ~ ; u ~ ~ ~ ~ i ~ ~ : : ~ u ~ ~ ~ ~ ' b d ~ ~ ~ ~ u  plasrnid ad~d~i?mlu  m l i i ? ~ ~  
Y 3, 

~ o u i ~ u l ~ ! r i ~ d i q n n s a u ~ ~ u ~ ~ ~ l d n ~ ~ ~ f l n ~ ~ d n ~ u  plasmid ~ t~ee7ld?~~lomr6 K ~ ~ u $ u ~ . ~ ~ w L z  



n 7 . r ~ n w 7 i ~ u ~ i h  T W ~ ~ ~ ~ W ~ : ~ E ~ ~ J ~ Q ~ U E ~ ~ ~ ' ~ ~ ~ U ~ ~ ~ ~ ~ ~ P ~ ~ Z U W U  u a n ~ ~ n ~ n ~ r m ~ m w u ~ u  tetw ria:: 
2 2 '  

van4 lu 88.7.1 atpriu vanA IU& 110.3 ad~aaGd 2 6dh.id plasmid ~6u%bfi~~~~0[iwnow1m" 

k ~ 3 ;  conjugation 

l u n ~ s 4 n a ~ ~ ~ n ! ~ ~ l r j s ~ ~ ~ ~ n ~ ~ n ~ ~ ~ n ~ w ' u ~ n ~ ~ u n 1 ~ ~ ~ ~ ~ ' 1 ~ 1 ~  ~nteracoccus Id iiqua747 

L~~fl~~~~:~~u:un7'r'Elflu~u~fl~I~Id probiotic bacteria 16 ~di~dynf i7aY?U$ ~ ~ I ~ U ~ ~ ~ W U & T ~ ~ B I < I U  

Probiotics ~i~~kkfi~ifl~~md~~~~::u'lil~::5~~~~l::n~~~n7~8n~?oid~d ~ d d L r l ~ d P L n l 4 M &  ZII 

Probiotics d~ Enlemcoccus lfld?ud4:n~~~n9:~:yuwad1ni7 Streptococcus faeciurn a ~ i f l ~ h $ a  

udq.uaqLLunbill.uaQm$ n ~ n : q r d u ~ ~ ~ ~ ~ ~ d u n ~ ~ n x i ~ ~ ~ ~ ~ ~ ~ m f m ~ k ~ 1 ~ v 3 ~ I r i n ' ~  iipiRaiilunlt 

0m~i!auii~~~~1~~%~'19~1rj~fin*fl~1~i 

uornqn: nismnwuZu vanA IU E. faecium i i i u n 1 ~ ~ 7 n n 7 s r w ~ a ~ ~ u : : i ~ u A ~ d n ~ f 1 ~ " n ~ i u  
A 

fi~b~9~i:a%t:Cd ~ 9 k ~ ~ i i l 9 : 1 ~ l i n n U i 7 i f l ~ L ~ k 7 ~ ~  plasrnid &aifliDol vancornycin ldRm7~ ~ ~ 4 1 : :  

" % 
vancomycin-resistant Enterncoccus (VRE) ~~uL!(~PIuI~IIUU~~IMS~~UIL~::!U van A ~ f i a $ ~ I ~  

plasrnid (11) ~ $ a ~ i t d ~ & ~ : ~ l ~ r i ~ ~ n a f i ~ u   van^ ~kdadi io lPnhnuu?a  enterncoccus diaulLuntii3u 

d x i ~ d u o d ~ u r i i l f i ~  ~?unltwuliu v a n ~ l u  E. faecivrn duunldi~~nn~~~fi~'4u77uzi~~iudrn?aun7~ 
," * , Y Y  u a  

b Y * Y 

a7uns;lu .nlw mu47 n-1~15 probiotics ~ ~ ~ i ~ l ~ n i s i ~ u ~ S 3 m i ~ ~ ~ i ~ t d ~ ~ i ~ q ~ ~ w ' ~ a ~ ~ n ~ ~ ~ y i n ~ : : ~ ~ ~ 1 i ~ ~ 1  k~ 
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2 

49u:i71.fSYY$m.ii7 itlu7:auGobi lmu i f i ~ s u u ~ i a u n ' u w n 1 8 ~ ~ ~ 7 9 1 5 ~ ~ ~  
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$9 LLUR$~*PUI~ 2 t l ~ L i l $ W ~ ~ 6 ~ f l ~ t a b l i $ L i ~ d L d f l n 7 ' f ~ 3 h ~  ~ m f l f i n i ~ u i ~ ~ ~ ~ a m ~ ~ n ~ u f l ~ a w f f ) u n ' u  
X Y 

(muttidrug resistance, MDR) t~a:87~1~nsi7~lnorn~ag.q~7~nd~l1~6 FmuZufl~?Cuwui7dm'~~tyn1~fi~ 
l v 

u ~ d u w + n ~ : ~ ~ u ~ ~ i ~ ~ u u u m ~ d u u n f u u ~ n u a : : f i u  i i u  integrons kf iu iU~almone/h LLa:. E. COB Rflatn 

a ~ ~ ~ ~ u r i ~ d ; l ~ s ; l n ? 0 i 1 ~ ~ n ~ ~ ~ 1 ~ ~ u ~ f l ~ 1 ~ d ~ ~ ~ i ~ ~ ~ ~ ~ 1 u d ~ ~ 1 ~ ~ ~ ~ a u : : b l n : : d ~ f i 7 u 1 f n d ~ ~ l ~ d ~  ifi'bdu"~ 
Y Y  

uuni i i4ur ia~~~iaimih~ it;ludi3a ~ ~ a n n ~ ~ i ~ n ~ ~ i r m n ~ ~ t " l u r r ~  wi~uG4 2 ainluw5mi;Nfiirnlq 



* i. 
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1. n l s q  genus tm:: species b k j l n h ~  

2. nri~~h~aiamao~uunn'I"w1fiuni7d~~~~3j 

3. ii genus un:: species ~ U I & T : ~ ~ ~ U U Q R ~  
4 4  Ad- 

4. ~ 4 7 t d ~ t d ~ t r ~ ~ 1 ~ u n u ~ ~ m ~ ~ n i i d n ~ 1 ~ ~ d ~ ~ ~ ~ d a w  Tm~~w'liGmlrji~at~ 
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2. n l 9 3 : ~ ~ 7 ~ ~ ~ ~ ~ 4  probiotic bacteria u ~ m f i 1 l b 9 ( i ~ ? 4 ~ ~ ~ ~ ~ 9 ~ ~ i 7 ~ h ~ m i ~ ~ 4 ¶ ~ ( i l u n ~ ~ i d  
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~1iGi ~ ~ ~ i ; ~ ~ ~ 1 u d o ~ i ~ o i ~ a : : ~ ~ ~ u ~ ~ n n u i % r n m m ~ ~ 1 a " " u ~ ~ ~ ~ ~  ~ ~ ' ~ ~ l ~ t l i i 7 i l d f l ~ 4 7 n f i n 7 ~  

iuh~adn?sLW3~19~:: 
.r tr 
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Y Y 
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fil~ufi% n n f i ~ ~ ~ 6 ~ ~ 7 ~ : 3 '  ~ f l ~ ~ m ~ d ~ ~ ~ 1 u ~ ~ ~ ~ 9 d ~ ~ ~ ~ ~ 1 f l ~ d ~ ~ ~ m ~ m 9 1 ~ m ~ d ~ ~ " s ~ ~ ~ ~ ~ ' i f ~ ~ 1  

u a ~ s ~ ~ n j n d ~ ~ m ~ u ~ a n ~ ~ ~ n ~ ~ ~ ~ ~ ~ i p i ~ ~ d ~ ~ ~ u d ~ ~ ~ ~ u l u n ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ k m i ~ n ~ d ~ d ~ ~ ~ ~ ~ t l ~ ~ l f l u  

Cmnud~ulzjfieani~ I x I oS CFU Piea7ua~tTmi I i'iTan?u 'uh~ri 

1. Lactobacillus plantarurn 

2.  Lactobacillus casei 

3. Lac to baci/lus fermenturn 

4. Lactobacillus brevis 

5. LactobacilEus bulgaricus 

6. CactobacilEus acidophitus 

7. LactobacitIus cellobiosus 

8. Laclobacillus curvatus 

9. Lac tobacillus delbruekji 

1 0. Lactobacillus lactis 

1 1. Cacfobacillus reuterii 

1 2.  Lac tobacillus helveticus 

1 3.  L euconnostoc mesenteroides 

1 4. Sfreptococcus faecium ceneiie 68 

1 5. Streptococcus themophilus 

1 8. Streptococcus faecium 

17. Streptococcus cremoris 

1 8. Streptococcus diacetylactis 

19. Streptococcus lactis 

20. Streptococcus intermedius 

2 1 . Bacillus subtilis strain BN 

22. Bacil/us coagulan 

23. Bacil!us lentus 

24. Bacillus lie henifemis 

25. Bacillus pumjlus 

26. Bacillus s u m s  ~Lmmdlrj~ hdil7d@td2: 

27. Bacillus toyoi 



28. Bacteroides amylophiEus 

29. Bacteroides capiliosus 

30. Bacteroides ruminocola 

3 1 . Bacteroides suis 

32. Bifidobacterium adolescentis 

33. Bifidobacteriurn animalis 

34. Bifidobacterium bifldum 

3 5 .  Bifidobacterium in fantis 

36. Bifldobacterium Eongum 

37. Bifidobac f erium thermophilum 

38. Pediococcus acidilacticii 

39. Pediococcus cerevisiae domosus 

40. Pediococcus pentosaceus 

4 1 . Propionibacteriurn freudenreichj~ 

42. Propionibacteriurn sherrnanii 

s:u genus 

1 2 3 4 5 6 7  8 9 10 11 
Oxomygen requrrement 

Strict aerobic + 
Stnctly anaerobic + 
Facultative anaerobic1 + + + + + + 
m~croaeroph~lic 

MoM1ty i- + 
Catalase + + wl- - 
G r o ~ h  at 5'C + + 
Growth at 1 5 " ~  4- + 0 0 7  ? ? 
Gas from glucose + 
Carbohydrate, acrd from 

Ara binose D D -  D - 
Maltose + + + + + t d d +  
Melezitose + D - D - 
Salrcjn + + + d ?  D - 

VP + 
Nitrate reduced + d D +  
H,S product~on D - + d -  D + 

1. Kurthia spp. 2.  Brochofhrix spp. 3. Listeria spp.; Listerella 

4. Erysipelothrix spp. 5. Lactobacillus; group I, thermobacteria 

6. Lactobacil!ws; group II, streptobacteria 7. Lactobacillus; group I, betabacteria 

8. Arachnia propionica 

9 Arcanobacterium haernoiyticum; Corynebacterium haernolyticum 



7 0. Actinomyces spp. 11.  Clastridiurn perfringens: C. welchir 

+ 85-1 00% strains are positive (all, most, many, usually) 

- 0-1 5% strains positive (none, one, few. some) 

d 16-84% strains positive (many, several, some) 

O Diferent reactions given by lower taxa (genera, species, varieties) 

w Weak reaction or growth 

wl- Weak reaction or no reaction with different strains: positive reactions are weak or growth is 

feeble. 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4  
Growth at _ _ _ _ - - + + - + + ? ? ?  
Growth at 4 5 ' ~  
Gas from glucose 
Carbohydrate, acid from 

Arabinose 
Galactose 
Lactose 
Maltose 
Manntitol 
Melezitose 
Mellb10s.e 
Raffinose 
Sallcin 
Sorbrtal - + + + - - -  - d - -  
Trehalose d + d + d + + - d + - d d Q  

Asculin hydrolysis + + - d + + + d d + -  - D 
N~trate reduction - - - - - - - - - - + d D  

+ d m - + + - + -  Arginine hydrolys~s 

1. Lac tobacil/us acidophilus 2. L. jenenii 3. L. deibrueckii 

4. L. salivarius 5. L. gasseri 6. L. casei 

7. L. plantarurn 8. L.  brevis 

9. L. fermenturn Enot L. fermenfi, now also include L. cel/obiosuss) 

10. Listeria rnonocytogenes: LisSesella monocytogenes 

1 1 . Erysipelothrix rhusiopathiae; E ,  insidiosa 

12. Arachniia propionica; Actinomyces propionicus 

13. Arcanobacterium haemotflicum: Corynebacterium haemolyiicum 

14. Actinomyces spp. 







? N ~ u u ? M I ~ ~ ? L R ~ % Q ~  Enferomccus 

Oxidase test + 

Catalase test 4- 

1. Manitol Egg Yolk Polyrnyxin-B Agar (MYP Agar) 

Beef Extract 

Peptone 

0-Mannital 

NaCl 

Agar 

Phenol Red 0.2% aq.soln 

Distilled water 

2. SF-Streptococcus Agar (SF Agar) 

Tryptone 

Dextrose 

%PO, 

NaCl 

Sodium Azide 

Agar 

Brorncresol Purple 0.2%aq.soln 

Distilled water 

3. de Mans Rogosa and Sharpe Agar {MRS Agar) 

Proteose peptone 

Meat extract 

Yeast extract 

f ri-ammonium citrate 

Sodium acetate 

Mg2S0,.7M,0 

K2HPO4 

Glucose 

Tween80 

Typtone 



Agar 

Distilled water 

4. Broth sugar (BS 

Peptone 

Meat extract 

NaCl 

Bromthymol blue 0.2%aq.soln 

Distilled water 

5. Ammonium salt sugar {ASS) 

(NH,),HPO, 

KC1 

MgSO4.7H,Q 

Yeast extract 

Bromcresol purple 0.2 %aq.sol" 

Agar 

Distilled water 

6. Buffered Peptone Water (BPW) 

Peptone 

NaCf 

Na,HPO,.I 2H,0 

KH,PO, 

Distilled water 

7. Urea Medium 

Peptone 

NaCl 

WPO4 

Agar 

Phenol red 0.2%aq.sol" 

Distilled water 

8. Voges Proskauer IVP) 

Peptone 

Glucose 

NaCl 

D~stilled water 

20.0 g 

1,000 rnl 

1.5g 

5.0 g 

1.0 g 

10.0 g 

6 rnl 

1,000 mt 



9. Nitrate broth media 

Peptone 

Meat extract 

NaCl 

KNO, 

Agar 

Distilled water 

10. Peptone Saline Diluting fluid (PSD) 

Peptone 

NaCl 

Distilled water 

PCR conditions 

95°C 5 min 

94°C 45 

58°C 45 '1 > 3 0 ~ c l -  

72°C 45 sec 

72°C 7 rnin 

95*C 5 min 

94'C 45 sec 

58°C 45 set > 3Ocycles 

72°C 45 sec 

72°C 7 min 

95°C 5 min 

94°C 45 

58°C 45 1' 1 30~y~I .s 

72% 45 sec 

72°C 7 min 



rnin 

1' >30cycks  

sec 

min 

min 

1" > 30ws  

sec 

rnin 

rnin 

sec 

rnin 

:I 1 ~ ~ c y c ~ e s  

rnin 

min 

min 

r: > m:,,., 
sec 

min 

72°C S min 



rnin > 30cycles 

rnin 

rnin 

rnin 

1" > 30cycI.s 

sec 

rnin 

rnin 

1- > 30 cyc!es 

sec 

rnin 

rnin 

sec --J 

rnin 

rnin 1 30 cycTes 

sec 



min 

rnin 

sec 

sec 

sec 

min 

rnin 

sec 

sec 

sec 

I 30 cycles 

> 30 cycles 

72°C 7 min 



d' 
Probiotic strains Md~ln79~n w md'blnanmd~um~~7 

aadF 8. cereus 87 1, 8 cereus B7.2, B. cereus B I 3 ,  L plantarum L1 1 .  L plantarurn L1 2, L p/aniarum L1 3. 

8. sublilis 87.4, 8. subtilis cluster B8.6, C. gasseri t1.4, L. gassen L1.5, L. delbrueckir L2.1, L. 

B. subtilis 88.7. 8. sublilis cluster 810.4, 8. subtlfs plantarum L2.5, L. deibruecki L7.1, C. delbrueckri L7.2, 

cluster B10.6, B sublilrs cluster 010.8, 5. subLilis L. deibrueck~i L7.9, L, plantanrm L9.1, C. planlarum L9.2, 

cluster 10.9, B. subfilis cluster B12.2(2), 8. sublilis L. defbrueck~i L9.3, L. p/anlarum L9.4, L. plan!amrn L9 5,  

cluster B12.3(2), B subtilrs cluster B12.4(2), 8, subtilis L. casei gr L10.8(1), L. casei gr L10.10(1). L. rhamflosus 

cluster B12.5(2), 8. subtilis cluster B13.1 (I), 8. sublilfs L1l. l ,  L. delbnreckii L11.2, C. casei gr C11.3 

cluster 513.2(1), 8. subfitis B15.2(1), 6. subfilis 

815.3(1), 8. subtilis 815.1(2), 8. cereus 015.7(2), 

tetK 8. subltiis 01 . l ,  8. subti'ls cluster Bt.3, L. plantarum L 1.1, L. p lan lam L1.2, L. pfanfarum L1.3, 

fetL B.lrchenifomisB1.4,EsubtilisB7.5,B.subtiliscluster L.gasseriLi.4,L.gasserEL1.5,L.delbrveckiL2.1,L. 

telM 82.2, B. cereus 87.2, B. cereus 87.3, 8. subfilis 87.4, plan farum L2.4, L. planfarum L2.5, L. plantarum t2.7, 

te[O B. subfilis 08.2(2}, B. subtilis cfuster8.5(2), 8. subtilis L. delbneckR L7.1, L. delbrueckil L7.2, L. delbrueckil L7.3, 

telS cluster 89.4(1), 3. Subtiiis B9.5(1), B subtilis B9.6(1). L.  rhamnosus L8.1, L. rhamnosus L8.2. C. plantarum L8.6, 

tetw 8. lichentformis B10.6(1), 8. subtrlis cluster B f  0.8(1), L. plantarum L14.5, C. ptantamm C14.7, L. planlanrm L14.8, 

8. subftCs cluster B10.9(1), B. lichen!formis B10.10(1), L. plantarum L14.9, L. plantarum L14.10 

8. subtrlis cluster B10.14(1), B. subfiljs cluster 

01 1 .f 8(2), 8. subtilis cluster 81 2.3(1). 

ermA, 3. subfiEis cluster 81.2, 8. subfilis cluster Bl0.4(1) 

em8, 8. lrchenifomis 81 0.6(1), 5. lichenrformis 810.8(1), 

a'mC 8. subtrlts cluster B10.421), 8. subtil~s cluster B10.5(2). 

B. subtilis cluster 812.2(1), 8. svbtiiis cluster 012.3(1), 

B. sublilts cluster B12.4(1), 8. sublilts cluster B12.3(2). 

8. sublilis cluster B12.4(2). 6. subirlis cluster 813 6 

VanA, B.subtilisc~usterB8.6(3),B.subl1lisB87(1),B,sublilis L.planfarumL1.?,L.plantarumL1.2,L.plantarvmL1.3, 

v ~ B ,  cluster 810.4(1), B.licheniformis 810.6(1), 8. sublilis L. gasseri t l . 4 ,  L. gasseri L1.5, L. delbrueckri L2.1, 

vanC cluster 81 0.8(1), 8. subtilis cluster 810.9(1), L. planfarum L2.4, L. p lan tam L2.5, L. plantanrm L2.7, 

&. lichenifomis B10.10(1), 8. subfilis cluster 010.1 (2), L. delbmeckri L7.1, L. delbruecki L7.2, L, defbrueckii L7.3, 

8, subtilis cluster &12.2(2), 5, subfil~s cluster I31 2.3(2), L. mamnosus L8 1, L. rhamnosus L8.2, L. pkntarum L8 3 ,  

3. subtilis cluster 012.4(2), 8. subtilis cluster B12.5(2), L. gasseri 18.14, L. rharnnmus L8.15, L. Plantarum L8.17, 

8. subitlis cluster 813.1 (21, B. subtilis cluster B13.2(2), L. plantarum L8.18, L. plantanrm L10.2(1), L. pEantarum 

B. cereus 81 5.4(2), 8. cereus B15.5(2). 8. cereus L10.4(1). L. caseigr C10.8(1). L. caseigr L10.10(1), 

5 15.6(2), 8. cereus 8 3 5 7(2), 3. cereus 6 1 5.8(2) L plantarum L14.9, L.  plantarum L14.10 
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