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The Importance of Bacteriophages in Lactic Acid Bacteria

Young-Duck Lee* and Jong-Hyun Park
Department of Food Science and Biotechnology, Gachon University, Seongnam 461-701, Korea

Abstract: Lactic acid bacteria as probiotics contribute to various food and medicine industry. Recently, many groups
reported effects of lactic acid bacteria are the results of in vitro and clinical experiments. To apply lactic acid bacteria in food
and medicine industry, the genome based research might be need for understand physiological and metabolic capabilities of
lactic acid bacteria in the future. Also, study of bacteriophages for stable fermentation of lactic acid bacteria have to be per-
formed the bacteriophage molecular characterization, relation of lactic acid bacteria, bacteriophage resistant lactic acid bac-
teria. Therefore, these studies would provide the various functional aspects of lactic acid bacteria to improve food quality

and safety in the food industry.
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A, 37 AR, 3t B4 5 AEY TS AF 5
FEFE = AoE deA JUhFig. 1). L)AL probiotics
2 Abghe] Al MAshas Al &% i, B =
A A8, FEZEE Ast, BUd AldsEe] A5 A, F
T B A 59 oFs JEE ok sleE oA
A THLeroy and De Vuyst, 2004; Vyas and Ranganathan,
2012). 58, FH2 ohdst 3 ZA=E F3) probioticse} ©]
AE 0] A2F8F= bacteriocin 52 EZE0] Thkst A=
of thefl o2 aFtel 284 a3t Ue AR Haly
3 AH(Jeppsson et al, 2011; Wallace et al. 2011).

HA) AAIZ 22 probioticsZ ARE-0] Hal Y= tEHQ]
TF2 Lactobacillus acidophilus, L. casei, L. johnsonii,
L. reuteri, Lactococcus lactis, L. rhamnosus, L. salivarius
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59 FAHt3} Bifidobacterium animalis, B. infantis, B.
longum, B. breve 5°] WX &2 IHA it} HAHo=
o] gt probioticsE HHH-E FH3I ARE3FR O, o]
St A2 A% AREEC HIE] SEluet ARelAlE &
7t AAY §ls % UTHAnn, 2011; Mercenier et al.,
2003). = ] o] A 713, ti714, WA 3AL 5
oA &g A|F2] starter B= probioticsZ AFEE AT
=2 ©d, 54 &4, genome sequence, Y& 54 5ol
gt A7 = tk(Seo er al., 2010). TS, HE
213 2T 273715 AF ke e HE] probiotics
29 fFAkTE disl] gyt tieEe 87t F55H
Z7He) AL QA7) wiiEell Fdstar gk AE] s %
31 Q)= probiotics®] 7Hto] FESE @ &1 ITHGagga
et al., 2010; Guarner et al., 2012).
2135 el oA fFARES o83 wE AlF LS
3l 83 AL 7EAHo = gyl avHo R gy
ojof BIA|NF ThFEk Qiglo g wEv) 7 o] Fox| x| S
Beolle AFY FHol AstE L vt AAF E4o]
WAl (de Vos, 2011; Garneau and Moineau, 2011). ©]
A R T} o] FARA] = olfre TrFeAl EASHA
g dubH o2 fiktE ®o), Ftell &9, e E4,

ol Fml, e, Y87, bacteriophage 23 Tl
2t} E3] bacteriophage®] 2.9 Z9-oll= 2t starter

=
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Fig. 1. Overview of the application of lactic acid bacteria in
medicines and foods.

bacteriophage= H-fr, EY, &, AT & thae 370
L=l 3o A7t vl o AR dHA Ut
(Garneau and Moineau, 2011; Marc et al., 2012). & =&
NME FAIE LHEl oA Fag FH BAE A
U= bacteriophaged} f-2ktoll thdk 3-8 Hokol ],
EAESE] 530 sl =atarzt it

FekRe| AF A ofof Ao S8

Probiotics® ik 213 AF7} oJef 4Hg] FolollA
SFHLNHA AHE-EaL k. ProbioticsZ AHE-El= Akt
theFgh &0 Basar glon old a5 S
7oz i A=A HhAdams, 1999; Gagga et al.,
2010; Guarner ef al., 2012; Kumari et al., 2011). SA7}A]
By 852 3 WARE gt 802 frkre] AS3)
HA A= F718F, A5 A, bacteriocin 5ol 23]
B e Fof vAEd dis] 4SS Al |k 5

3] bacteriocin® 2kto] AAFSh= taEZAQ1 A4} peptide
et SAEA AAEA A 717, 7 AR SOl wet
WS g 257} Huea gew], Al AEHHL
3l &8 ot giEa ot F HAR A W
H] o|9}O 2 probiotics 43 Ald & 55 2 A9l Wk
Zha, A giAE 3 59 Bt o, Al HAE &
&, BE, FEAHo] AR T AEY A A,
& E29] 283 v A A, AW EIEZL 3
'4 2 A, AT Ay ek 2 e 59
Ho| &S] F& 5O= 7hsd AoR dEA Ut
v A Algre] Wzt #AE T M3, B A3, macro-
phage, cytokine 58 &35 S W T4 &7, oAl
HAZ WS A7l ghgof o3 Yehe g#EE7] e
olEde] tigh X5 a7}, A HAZ Tt AEAA
Aghol] 37t dHA UL I AFE FEAE Skl
NS (Table 1, 2), o]¢]oll%= gt E50] U= 3=
&4 * A THCollins and Gibson, 1999; Costa-Ribeiro et
al., 2003; de Vuyst and Leroy, 2007; Guarner ef al., 2012;
Mercenier et al., 2003; Reid et al., 2003; Salminen et al.,
1998; Vyas and Ranganathan, 2012). Z12]3l probiotics= A}
22 fAHTS generally recognized as safe(GRAS)Z 91
F7F Q3 AIZF AFE ) Fdsithar QIR E A o, ®
o P ARES flEliAe el i A S
FA} o] 7k Soll disk A7 283 Aotk (Adams,
1999; Gagga et al. 2010; Sybesma et al., 2006).

A T o R B AlgEo] A7 gk B4 =
7}=2 Q3| probiotics T AFFEC] X&EH o R FUE
= FAlo|th AlAIH L2 oJF probiotics & S|A}
o o]F IleXE dHo] AER 7T 7 Ak
TS ¥H=3le] probiotics A|ES.2 7fEste] Fhufjsiar Q)

Table 1. Health beneficial effects of lactic acid bacteria (Mercenier et al., 2003)

Health benefit : Proposed mechanisms

Alleviation of lactose intolerance : Bacterial 3-galactosidase acts on Lactose
Positive influence on intestinal flora : Lactobacilli influence activity of overgrowth flora, decreasing toxic metabolite production,

Antibacterial characteristics,

Prevention of intestinal tract infections : Adjuvant effect increasing antibody production, Stimulation of the systemic or secretory
immune response, Competitive exclusion, Alteration of intestinal conditions to be less favorable for pathogenicity, Alteration of toxin
binding sites, Gut flora alteration, Adherence to intestinal mucosa, preventing pathogen adherence, Competition for nutrients
Improvement of the Immune system : Strengthening of non-specific defense against infection, Increased phagocytic activity of
white blood cells, Increased serum IgA production, Proliferation of intra-epithelial lymphocytes, Adjuvant effect in antigen-specific
immune responses, Regulation of the Th1/Th2 balance, induction of cytokine synthesis

Reduction of inflammatory or allergic reactions : Restoration of the homeostasis of the immune system, Regulation of cytokine

synthesis, Prevention of antigen translocation into blood stream

Anti-colon cancer effect : Mutagen binding, Carcinogen deactivation, Alteration of activity of colonic microbes, Immune response,

Influence on secondary bile salt concentration

Blood lipids, heart disease : Peptidase action on milk results in antihypertensive tripeptides (angiotensin converting enzyme inhibi-
tors), Cell wall components act as angiotensin converting enzyme inhibitors

Urogenital infections : Adhesion to urinary and vaginal tract cells, Competitive exclusion, Inhibitor production (H,O,, biosurfactants)
Infection caused by Helicobacter pylory : Competitive exclusion, Lactic acid production, Decreased urease activity of H.pylori in

humans
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Table 2. Recent studies on the effects of probiotics on systemic and mucosal immune function, barrier function, and metabolism

(Vyas and Ranganathan, 2012)

Strain Indication

Results

L. rhammosus GG and B. lactis Bb12 Polypectomized and colon cancer

(10Beach with inulin) patients

L. casei Shirota
cancer

Recurrence of superficial bladder

Increased L. rhamnosus and B. lactis in feces, reduction in
C. perfrigens, prevents increased secretion of IL-2 in poly-
pectomised patient, increased production of interferon -y in
cancer patients

Significant reduction in primary multiple and recurrent sin-
gle tumors

Preventive effect on bladder cancer Significant reduction in risk of bladder cancer

L. casei LC9018 Cercical cancer

L. plantrum CGMCC No1258 and

L. acidophilus Lall and B. longum infectious complications on

Colorectal cancer surgery

L. acidophilus and B.bifidum cevical cancer

L. rhamnosus GG
of colorectal cancer

Barrier function and post-operative

Diarrhea during radiotherapy in

Diarrhea related to chemotherapy

Reduced immunity against tumor induction

Improvement in the integrity of gut mucosal barrier and
decrease in infectious complications

Reduction in incidence of diarrhea and better stool consis-
tency

Patient had less grade 4 of diarrhea, less abdominal dis-
comfort, needed less hospital care and had fewer chemo dose
reduction due to bowel toxicity

Table 3. Examples of probiotic strains in products and suppliers (Guarner ef al., 2012)

Strain (alternative designations) Brand name Producer
L. casei DN-114 001 Actimel, Danactive Dannon
L. casei F19 Cultura Aria Foods
L. casei Shirota Yakult Yakult
L. johnsonii La 1 (Lj1) L.C1 Nestle
L. plantarum 299V GoodBelly, ProViva NextFoods Probi

L. reutri DSM 17938 L. Reutri Protectis BioGaia

L. rhamnosus ATCC53013 (LGG) Vifit and others Valio
L. rhamnosus LB21 Verum Norrmejerier

S. cereviasiae lyo

DiarSaftr, Ultralevure,

Wren Laboratories, Biocodex

B. animalis DN 173 010 Acticia Dannon
B. breve Yakult Bifience Yakult
B. infantis 35624 Align Procter & Gamble
B. lactis HNO19 (DR10) Howaru Bifido Danisco
Enterococcus LAB SF 68 Bioflorin Cerbios-Pharma
E. coli Nissle 1917 Mutaflor Ardeypharm

o, A AAFC R FuEa Q= TFFSE probiotics A
322 Table 33} ZTHGuarner et al., 2012). T3 A= AY
i HrES BYeta Okt %S gRlstar o
4 5= 53 AT 7520 958 probioticsE 7N
=3 i}, X9 o] 3 probiotics A]74e] SiE <l3|
A FerH o Qbrgdoy TlsAde] dEEAl & AlE
ol = a Qlojx dml) Agtou 75 17] Fol
el Agto] o]Fo|x|aL k. webA o]E tiulsty] 9
3X= 7Nit=E]= probioticsZA2] FAkTl A in vivo
9} in vitro AFE B F5 R o]l It AP S
B3 gl tigk AshHQl A7 o E Ao|tkSeo et
al., 2010).

213 Al A ARE-E= probioticsZ2X41 9] frAbTES T
Z g E 53 AFoE HRFHOZA, FAIF wael
o 7P Fask 98-S "@islal e ik A

£ phenotype SHNX 5Ad0] 978 #F5 screeningS

i

e

¢
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A AlF S A8l okt BE =21 Y 59 o
] HG& AAEA o] FolF Sk (Khalid, 2012), ZHZoll
© bt BEARE Sl tial £ AEEE] SHoA
AT7E Har glew, ol wt vt ikt EENE 9
she fARTS E9dos AEE 4 A Sk =3
frakto] Bo 953 7|5S SHEE Tkt f3Ate] =
9 5 B3l HETF & o= AP A 7
o] 7Zste AIEF Asko] 7FssHAl Etk(Fang and O'Toole,
2009; McGratha er al., 2002; Zhu et al., 2009). ©]2]3F
2htE o] &3l AFS AAkskedl oA SnkE HEvt
218 =]7] Eir = ot aQlo] EAlskAINE, LE A
Foll ol F2E A= AL starter2 ARE-E fAkTo
o} Starter® AMEE fARES fAlE LA Al B LE,

R
] 2l AW 28l 2= vE,

—_

O

u A, g =
A A 59 71%-S dckKhalid, 2012). Z22]3L g A}
L2 fARte HFH AR on, 2 A &5 e
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AY2J o5, bacteriophageol] g A 55 7IEo=E A
3P, seed culture, mother culture, bulk culture®] ¥}A4-S
AA Xz, SAE T R o] &t 3HAIT, starterel]
Ht o4, s}, 5 Wol, 13 e, A,
=72, bacteriophaged] 24 & TSk ¥0o g EA7} #
Wxjo] Wil o]/fo] WAYSEHA Hrt. 53] bacteriophage
o o3k 2L FAIE T Ao FARTS ST AA
g7t EX] @A E7] Wil u=e] A% T A=
oAl B2 BAARQ 4o FdEr). Bacteriophages
W0 g2 AMEE= A, B, AP, 7] 5 X4 &
Aol 7] wFol| bacteriophageol] T A7} wlj-¢- 7}
& H(Garneau and Moineau, 2011).

Bacteriophage §4

ALAA ol Zo] &A= bacteriophage= 194]7] $-4ko]|
A virus2A] 54 AlS St (lysis)AA AFEAIT =
E54S Zka1 Qlo] A X sAZA e A7) k] 13y
AT (Casadess and D'Ari, 2002; McGrath and van Sin-
deren, 2007). SFA|TF FAYA| ] AR 13l A7} A A
Bt A WA Alite] &8 5 AZ U3
FAA dAFEeZ ThAlE Est A7 J& Foll QL
TH(Fig. 2). Virus®] YF2] bacteriophage= IHFZ O 2 &
T3 AZ3EH(Iytic cycle-virulent phage)?} 84 &3
(lysogenic cycle-temperate phageyS #X|HA Z2151A] H
t}. Z}2+9] bacteriophages 1 EAJ0) wlel HZ thekdt
AT Fofel 8o AREE I ot

SFA|TE, bacteriophage®] host immune system3}2] 7],
lysis®l YA v AYE-2] endotoxin, gene transfer 5ol T
Sk ZAZE Hol o mg Qb I FUHHQ AT
w3 A8 Fol] AcHKrylov, 2001; Mazodier and Davies,
1991). =9]9] 73-%- o]H % wij-9- Thegst okl 7|=ATF
2 S8 gt A7 Sl M Ut =S =
HellXx o9} Wetao] HAFH O F bacteriophageel] thgH

o,

@lo

A)

ZiEar Qo o] o] 85} sanitizer 7N T

A AW, Iytic 0] o] ], phage BA] @ 584

T 5ol o] WA Y= o}, A AR

Hls)] €t A7) Ha A e slo] d4dolt
_]

m o

|

e oo

ol

=

— %o

7P Al dE BdA nAEY AsAR = &
A Ud Alite] X 5ol AME-%= phage therapy, 578
oA = AE YHSoUj= phage display, 4 1
AE2] typing, W41 T A, bacteriophage RS 9]
&3 Iytic B4 9] & &40 AL, WA Alde] A
=, 3PH 2 A A&, phage FAF] Ho], phaged] <5+ &
o]/ dxt WA IAE Zhe F8A AT, fAlEl oA
lactic acid bacteria®] bacteriophage WA 5= 7id, 2%
OFHS 913 bacteriophage®} Fahte] 3-8 5 vli-¢- 3
QA o8 H AE L Itk(Boyd er al., 2001; Campbell,
2003; Roger, 2003; Clark and March, 2006; McGrath and
van Sinderen, 2007; Zhu et al., 2009).

Bacteriophage0il 2|8t fritzofl CHEF ZHednt LA
AT gutdgo g ¥As PR e Gram G
o] T4 7 AT SE pH 5 oA HH BES st
3, FejshE o 2= bacilli form¥} cocci formS 3L QL
o, G a740] wig =& 540 Aok 1AL, B
M-S WASH lactic acids HIFE TFdRE HE =S
Ao, dlaid oz ¢zl AR Oe. 2= Lactobaillus,
Leuconostoc, Pediococcus, Streptococcus 0] T, TS
AT F4S $18A FAol= Gram G4, BRI,
Fejstd 54 52| phenotyped] thdt 28-S 53l oF
oJF o, PCR & thfst B4} AESH 7S] Bol
ARSE T 9l tHEA O Z 16s rRNA gene sequence 2]
S B3l AEEE vwsle A= th(Vaughan ef al.,
2005; Khalid, 2012). 18]3L H 0] o8] 7] 24+
ol tSk whole genome sequenceE 2%k A3}, oF 1.8-
25Mb FE2] Z71%em, oF 1,500-3,0007H2] TS

Hankin observed d’Herelle Problems
antib ral di d and of commercial
activity against V. characterized the phage
cholerae bacteriophages products

1896 1915 1917 1926 1933

1940 1951 1980s 1981

b !
Discovery of First trials of Anibiotios Smith and Huggins
buctooplagm || phaoe tamey s e oy
sequence

begins exploring Phage therapy for f Ilnglllml."'l
westemn S 5§ DMo:nnm"‘
1 8. Lytic uw‘mn :

Fig. 2. Timeline of highlights in the developments of bacteriophages.



The Importance of Bacteriophages in Lactic Acid Bacteria 47

Adsslshe Aoz YeRdTh(Pfeiler and Klaenhammer, 2007;
Zhu et al., 2009). <ol o]fgt o] FiHtEel digh
whole genome sequence £-2°] TS FE3te w9 &
alA o] FAAIAL Q)aL, ool wt fihtEe] tiAl, e
54, W, EA 34 54 sl il E4F 5o
Al Ho] BolsliA AL glow, o]& Fall AFAgel 9
oF 2FJol| Al probiotics2A1Y] friktel tigh A7t Bt
k|3 ik a8]ar, FARTS plasmid®} prophage B
gk oe] FEHIE B35kl Qe ZAoE Biyal glon,
whole genome % ©F 3-10%<= prophage®] FEj7} H X
= Ao 2 531 AthBrssow and Hendrix, 2002). ¥
QA O 2 bacteriophage= PIAEE9] Fgte} ul-¢- LxHsH
HAE 231 e AR dHA o, F3at e, o
2 Axe] B A B 5 F83% 9T @IS
JE Aoz IHA Aok 53] FAMTY] genome Qo
prophage= EAJsh7} 27 ThFgk 87 1ZKUV, heat,
antibiotics %) S9l| 2|3 - =%©] temperate bacteriophage
2 YA it 75 AR APIAY e AE
S 7+dste] APEA17) 7% SHHDesiere et al., 2002).
o]2]8t AT bacteriophageol] 23 749-& thE bac-
teriophage®} L3 814 AL 84 LS
B3l o] Folxtt. 84td &3] ¢ bacteriophage®] Al
X JZ bacteriophage DNA F%, bacteriophage2] A%}
A, 38 2 54, AE AP 3 2] 3EE AA o) F
oJFt}. 894 AEFHS bacteriophage’} DNA 9 § <
FAH|E2] genomed] 701517t F prophage HEZ A|E
9} A S23hHA, S5 MEZAA bacteriophage”} B
she FAAPE SEEEA Tkt Ml 84, gAREE
59 phenotypeS YERA Hrt 18] 9% 37 ~E4d|
2= 5ol 93} temperate bacteriophageZ W21 LA o] &
| A3} FUEHA Y= EA AEE Fsta vt
o2 YA HHMcGrath and van Sinderen, 2007).
2t bacteriophagesel] ¥, genome sequence 5°f T
gk A= 197090 $RE e8] FdE L )lar, H27)
A] 1007} ©]/32] genome sequence’} HILE 31 1O, o]
23t fF38H4 75 53l bacteriophage®] HE H= Ui
A 71, &8, k] B4 Fo) A ATE
TH(Desiere et al., 2002; Pfeiler and Klaenhammer, 2007).
E3], B} ¢Fg3t Wa =S 98] bacteriophageol] WAdo] Sl
= ] ko] 3= Al Itk (Moineau, 1999). -3kt
o] bacteriophagedl] T3k WIS ZHA| == ®H-S bacterio-
phageZ} F-2HT9] teichoic acid, lipoteichoic acid, cell wall
component 52] F~&A|¢ke] F2} A3), DNA 4 A3,
bacteriophage W4 plasmid, bacteriophage’} H-2}7} DNA
A T& BHSE FrlEtE bacteriophage®] Fd 7
Aol HA| ¥ A Y, prophages Z= 89
2HTS bacteriophageSoll W W/do] e &-HUslol 9

3 Ho] gt 18]ar, AYE bacteriophage DNAS] o]
3] restriction/modification(R/M) system¥} clustered regularly
interspaced short palindromic repeat(CRISPR) associated
(CRISPR/cas) system®] 1TH(Hyman and Abedon, 2010;
Labrie et al., 2010)(Fig. 3). CRISPR/cas system= ||
g7 Aol WS 77k, Aol Al bacteriophage
o] 2} DNAZ} 50121 CRISPR F-Zo] 1Ak & ]34
DNA 755 dglste] Alite] CRISPR F-9fol Ak
==t} 18]al bacteriophage 52 DNAZ}F THA] S0 QA
T CAS proteino] ]3] £]F DNAS Adsle] ]F
DNA 5ol Alto] AES 4= A dot. HZ A7l o
23 FAtol| thdl whole genome 438 %3] CRISPR
o] EAlgke As 218k o™, bacteriophage WA
o F83 982 It LA Atk McGratha er al,
2002; Labrie et al., 2010). ™&}FA bacteriophageol] o 3F
fAkte] WAdel gk CRISPR/cas systemS HIBFOZ
Aht g e $-85kd Xt Py A<l HaE ALY

o] & AFS e F US Aotk

Fikg WS 0AM Bacteriophage2| X0
Akl ogt HaE gt glo] it 7 a9l
O FHE QYT bacteriophageol] 3t Aloj= FQ3}HA
ok ul-9- o]t} Bacteriophage®] ¥ 2 HH
E, dfF 5 948 == #3459 7 Al
B2 AFolM oF 937%E Ee FFOE 2PH0 310
Al Aol itk AH7} bacteriophage®] AA7F B4AY
Aotk (Madera et al., 2004; del Rio et al., 2007). 111,
F HAZ F42H19] prophageol] 23 A2 XA prophage”}
UV A}, 848, 9ok 312 S 2J3] induction®©] tem-
perate bacteriophage® WA AZAGAAIZIAY = /4
ol =0 APEAIA BpA o2 WE v} = R] A
HH(McGrath and van Sinderen, 2007). &< HEilo] 2J3}
H A e AREI e FARETEC] tiE) prophage
= 3Isk A3} 80% AEr} ARIFATH Mercanti et al.,
2011). 3}A|RE, dwz o2 893} ok Aol o) tE

Fig. 3. Bacteriophage resistance mechanisms of lactic acid
bacteria.
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bacteriophageol] T3t WjAdo] 4% 7]= 3}al endolysin 5
of o3 AprtastEEA kgt FHE A= st
(Garneau and Moineau, 2011). Al HA|Z F7]¢} 243 7]
7] e S0 2HTF2] bacteriophagee] 2.gFo] =&
Fo 2 FRIFIL gloix tekgt AT E 5T bac-
teriophage .92 AFf|oF SFCH(Verreault ef al., 2011).
A|F)A bacteriophageel] g RIS 93l AH&-== Y
o 2% HAY= HEZOZ plaque assays T3+ NS
@ol 3o, HZole Yo F PCRE o8¢ WY
o] Holy, 5olA, 2&A Tl Ho] o] Bol AHEE]
3 o} 3FA|FE, PCR -2 bacteriophaged] t3t 79 &
Jolut o] t=7] wiiFol] plaque assay 5= B3l bac-
teriophage 2] $MAIsl= A o] €231 Clokie and Kro-
pinski, 2009).

o8 % FAHTE9] bacteriophagedl] TH3l A|o1E Yl F
o ohFs o] AAIEA ok A HAR A AEE
she Ao2ZA] HZe sl Alof ozt Hshk= A
o] ofe} E2]4 W 35t WEES HEHFCE A
2J3llA] bacteriophageol] Tgh 3°4e] Ao EAE o]-&-3ict.
EH O Z pH, 2%, peracetic acid, isopropanol, sodium
hypochlorite, quaternary ammonium, alkaline chloride, eth-
oxylated nonylphenol 53 2=, UV 5°] 3o, dA=
o}ek3t virucidal agent E°] 9, JE Fo|H, good
manufacturing practice(GMP), cleaning-in-place(CIP), sani-
tation standard operating procedures(SSOP) 52| =¢j¢] &
Q3% Zo]tk(Garneau and Moineau, 2011; Shapiro and
Kushmaro, 2011). & HAIZ AAF] 2HE bacteriophage
o] A& S8 A, gAY, ] A e oA
£ 53 A& 53l 7FssiH, Al HAlZ starter® A
2 fFAHS 9=0] o}t £ #FE ARSHAY Al
A wA|sF= WP, vE2HO 2 bacteriophageol] tHat W)
do] e iRtS Zdsh= W ot Bacteriophage W
A At AP b A5 bacteriophage®] W4 7]
Zhel] 719kS Far oheFst ERESHY 7S o] 85t

HEoiAaL .

kO

(]
=

A F7HA BAlE probioticsEA 9] frikte] afel| s
Ae Y AT 55 T8l Bol AHEEUN o= AFE
Al A it o] &8l o] BHoh g o R AR
317] YelMe Ao genomedl] 7IRFO E B4 A &
A, gaad, Ha 54 55 d7shes Aol Boh 583
o Aolthk. 211, o] gt Akt HaE Qo] Fad F
£S5 A} A|Sl= bacteriophageol] t3F EAAYESHE EA]0|
st Aef Akt ko] 4 #A, bacteriophage WA
F 7 Soll tigk A7 B Aoltt. sk|Rk, =9

ol ritt

o

>

A TR FARTS o189 Slof Rol, AF o} Fol
A77} BEsP) QPR glovt, Tl ME A Sof
A B AL JTHe R FEST QAo B
oARck. wehAl, SslE o Aol g Balo] ol
3 94 AF AN Bek FEAG AT AT
7} Rgsolol & Flo= e,

ZALe 2
o] =12 20129 FRAD @S| )o g =
TFAEe] AL Ho] AEEYLS [NRF-2012-R1IA6A3A0]1-

040800].
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