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The Effects of a Dietary Edwardsiella tarda Specific Bacteriophage and
Bacillus subtilis Mixture on Innate Immune Responses and Antibacterial
Activity of Nile tilapia Oreochromis niloticus

Min Suk Baek, Yo Sep Hwang and Sanghoon Choi”
Department of Aquatic Life Medicine, Kunsan National University, Gunsan 573-701, Korea

The present study investigated the effects of dietary Edwardsiella tarda (E. tarda) specific bacteriophage (phage) and
Bacillus subtilis (B. subtilis) mixture on innate immune responses and antibacterial activity of Nile tilapia, Oreo-
chromis niloticus. In a dietary experiment, tilapia were fed the control diet (C), a phage-only supplemented diet (P), a
B. subtilis only supplemented diet (B), or a B. subtilis and phage mixed diet (B+P). A respiratory burst and significant
increase in lysozyme activity (P<0.05) were noted in the B+P group, as compared to other groups after 4 days of feed-
ing. The B group showed a significant (P<0.05) increase in respiratory burst and lysozyme activity versus the C and
P groups, whereas no significant increases (P<0.05) were observed in the P and C groups. ACH, was significantly
up-regulated in the B+P group versus other groups after 8 days of feeding (P<0.05). In vivo antibacterial activity was
significantly enhanced in the B+P fed group, as compared to other groups (P<0.05) after 7 days of E. tarda challenge.
A significant (P<0.05) increase in antibacterial activity was seen in the B group, as compared to C or P groups after
14 days of feeding. These results suggest that a B. subtilis and phage mixture could be utilized as an alternative to
antibiotics in the control of fish diseases caused by E. tarda.
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o =et=w o] Y1l Edwardsiella tarda (E. tarda)y= 4% 9 2 77} 5L o] # ¥ %] 3L ¢JtH(Chinabut and Puttinaowarat,
gl Aatol o] Aol sl UATE U & FAlof o) gt Eef A 2005). whzba] 7|20 Aol 9 2] 2.o] FA| ol thet o

AEYAE HIESEo] ARSEHY ofs), wo| B A, eeite] o © 2 2317 2 o] bacteriophage (phage)t Bacillus subtilis (B.
4, SAOFA| O] ARG, A W 3142 Fof| o8l T AEE subtilis)?} 7-2 probioticse]] T3t AT} A7} M2} 71
A 27 st A 7)3)| 4 o 2 A ZhE ok o] 2o 7y 1§l A& o]tk(Salminen et al., 1999; Park et al., 2000).

o] AAH R e EAS iﬂﬂﬂf’— AtH(Kanai et al., 1988; Phage= =A323] Alltol] Trdsto] A2 A 7]
Bang et al. 1992) 53] g2 FAoA 7MY B el E = 5 o|8dte] FASh= Hlo|HARA AAA Y de] £
o=l o] iy Zajo i %-‘:}vgfg W ey So 240 sha 9tK(Carlton, 1999). Phagel= 19154 Tworte} 19174

om F=2 J_~r—i7] of] wo] Y= AHo]tk(Kusuda and d'Herelleol| 2J3]jA] 2|22 HFAE] %] H(Sulakvelidze et al.,
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2001) 1980 o]l i= phage?] ¢JAFAE o] 42319t Smith
and Huggins, 1980; Smith and Huggins, 1982). ¢]% 5-=9]
A el et phage| =71 7HssteRs A7} Bl B
11 &2 (Soothill, 1992; Soothill, 1994; Merril et al., 1996;
Barrow et al., 1998) 3 o] 7] Alwt/] A= of| thgt phageX]
FATE A B EQIck(Rodgers et al., 1981; Stevenson
and Airdrie, 1984; Park et al., 2000).

Probiotics= <:7-0] 717}kl f-93t AtE Ut 4ofsl
= MAEEA Tt 7] B AU AletEelA e Al
ol thal 3412 oAskE Faele] Sl A0 el glo
B2 P4 A0 AREe #3e 4ska By Aol 5
AE JABk=t T 83 98-S Fdeltk(Shahani and Ayebo,
1980; Fuller, 1989). ©]&3t probiotics?] 83+ A3}= =2
At 7] thet AEE T hgol hiEe Aska glo
U(Tournut, 1989) o159} THE 44 ol 4= 44 wielyl
& a4 DR SRS AoR AR B
QIthBurr et al., 2005; Wang et al., 2008; Nayak, 2010; Cha et
al., 2012). sAkFA]of| Al AFE-E]<= probiotics=+= Lactobacil-
lus sp., Bacillus sp., Saccharomyces sp. 2 Enterococcus sp. -
o] gltk(Kumar et al., 2008). Probiotics7} 715 Al=-3-5 Al
AU o223 o] |4S AA|staL(Perdigon et al., 1990), %+
W u]AE Ao F3S v]*|(Shahani and Ayebo, 1980) %
) 5 471 ofs) A AL of 4| ek objeh vl S| 2] w
17| 7}3KShida et al., 1980) 5 o]#]7}7] thekslie 80
g aakso| Uehdth= A4 7 H s Stk (Nayak et al.,
2007; Kumar et al., 2008; Aly et al., 2008; Cutting, 2011; Cha
etal, 2012).

aBug 2 AtofA = A tAAE LS 9%k 7]
2l AR EA] E. tarda ©| T3t phages AA 2 02 Ha|s}
o] phage?] gt aTE F2I8H T probiotics@}e] E3HE 7}
o]F9] a2 A U gatu|olOreochromis niloticus)2] A1
A wloluk gt g fbel v A AR 2ARFORA o
Sope o] gt oy 0 AR gale] 7HeAS st 5
et

ERITE

Bacillus subtilis 22| & =3

%:4% 21X E Luria Bertani (LB) broth ol 231 37°CollA]
24|17k v oFet & HatE A 2] 4] ¢14= (Phosphate Buffered Sa-
line, pH 9.2, PBS)E 1:10 TA|8]43}aL LB agarol| =25}
B. subtiliso} A e} 2k 57448 Belshch. ele 7
E2 F tardeo| @ FRAINE ST T 1Y HHES 7
ZZ= 16S rRNA gene 0] 83}] B. subtilis¥-S 535ttt
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Table 1. Universal primers for B. subtilis KM-1 16S rRNA

Primer . . , ,

Name Object Primer Sequence 5'to 3

165-27F 165 RNAsequence ) arT1GATCMTGGCTCAG
amplification

16S-1492R 105 RNA sequence ooy TACCTTGTTACGAC
amplification

Hey 35

B Lo A AMESE E. tarda (KCTC 12267)%= Korean Col-
lection for Type Culture (KCTC)ol|A &8 H&slal QI
F5 HoFdkokr, BoF vho 13- brain heart infusion (BHI)
broth £} Salmonella shigella (SS) agarg ©]-8-3}o] 22 A tjjuj
& o 5 ARgsHTE

Phage

S-elubeke] Asfieh W grsficte]l 9113k 10001 H| o) oFAE
ol A =R ¥ & sample 2 5B 2 Ao 4] E2] ¥ E. tarda®)
Eo0| phageE A5 THLee et al., 2011).

el Az

& AFolM = 7| 2ARR (F)7HE ol Lt v FolE
RS ARESHT 7|2ARR S PR 34%, =AY
6%, 23|15 15%, 239 5%, 24 0.8% 2 91 0.8% =4 A
o AR AL = 7| AR E 23St - 47FA] &2 A 25ke] AL
&313ich A WA ALRE B. subtilis (2 X 10° CFU/g)2} phage
(3x107 PFU/g)E &3tsle] A7lelal 57)14 ZA2R 37T
incubatoro]| A 2% 7F HH AT & x5k AME-SHGITE F ®
A AbE= B. subtilis (2 X 10° CFU/g)E Z7}sto] 3714 27
© & 37 incubatoro| A 247F W A7l & A Z5}o] ARE-5)
oA}, Al MA| AR phage (3 x 107 PFU/g)it A7}3le] Az
AR Z ARG8T W A AbR = 2 o2 A 7] AR
B. subtilis®} phages 715F5le o ARSE A F U1 9
BHIE 71t & 5 2210014 A2AX] 5 ARE-8H3ITh B
At el Al A Ax e R EetaE A s
o] AbR3 A7HA] 4T ol A Bkt 3 A F ol ARg-SFEICE.
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B, subtilise} w}obA|7} H7hE Abmgol7t Eetujore] AW W @ut avte] nAl= §F 25

o] 5= group, B. subtilis 7AF=(B)RE Fo] 3= group,
phage 7FAFR(P)TE o] Sk group % 7] 2ARR(C)TE o]
Sh= 2] 47) group &2 LHeo] 80 L 4=20] group & 7t
ZF 13ute] 4] =g iet. 2442 Al 2 H Als = 1497 55 513
O nf sample> Ata3o 79 9 144740 =530t 22 A
2 BPaa Al U Hetujobe] A4 Wejuhkgo] of= 4
O] 77t FRE A E=A] gob ] {18l 3= SlTk F 470
o] group©. 2 L0] 80 L %220 27} 130}2]4) 285191,
A WA groupS B+PE 14U 7F 335+% 0] = ¥4 group
BPE 407kt B ot ARER AV AR S BaekAl ¢
orch % 7He] iz group® BHIVE 323t CE 2o b o
2 Z35k3iTh Sample S AFEE 4, 8, 109 2 1470 7t
7t s:3Jel9irt.

Sample %!

W AL 918 Bebslotel vpyRolA Hole At
oh FHL2 4T of| A 24417 5¢F SLAIT F 1,000 X gof| 4] 3
1 AR sto] EAS Eesiiitt EeE A2 lyso-
zyme /7 alternative complement pathway (ACH, ) 2
240] AHg ST AT 2L Sla) Detslols st
AW o AT F et AN Adeolh. A%
gk =412 nylon mesh9jell A =2 WH-5 FE3H915L His-
topaque-1077 (Sigma)< ©]-8-5}0 2,500 X gof| A 3027+ ¢4
2] sko] 2] % buffy-coat F-Hof| A P 0HE: = w5t
ek EelE WA= AL o]8-5to] Alstiet. #
9] A3 == 10 cell/mLE Dulbecco's Modified Eagle's
Medium (DMEM, Gibco)&2lof F-7-A]7 respiratory burst
2 Ao AFgsET

Respiratory burst 24

g AA|E A-8-9] respiratory burst Z4J-2 Secombes
(1990)2] ®Hof| w2} nitroblue tetrazolium (NBT, Sigma)=-
ARg-sho] A5t e LS 96 well plateo]] 200 pLA] 23
3 5 120x g o] A 557k Y41 519ich PBSE 23] wash-
ing3t & phorbol myristate acetate (PMA, 1 pg/mL)E %7}
3 NBT (1 mg/mL)E 2+2}F 100 uL% 27}skod 250 o)A 14]
7t =9t v eFstict. vieF & 70% methanol= 1175}a1 PBS
2 23] washingst ¥ 2 M KOH 120 uL$} dimethyl sulfoxide
(DMSO, Sigma)E A7}l t}. M7 & Microplate reader”]
(Sunrise, TECAN) 620 nmol| 4] &34%=2 24313t}

Lysozyme €/

A 9] lysozyme Z4-2 Sheikhzadeh et al. (2012)2] WS
S-8-310] A5t 96 well plate]] 0.2 M citrate phosphate
buffer (pH 5.8)°ll 2 mg/mL 2] Micrococcus lysodeikticus (Sig-
ma)yE F-HAIZ &S welld 75 pLot @4 25 uLs #5°5t
o] FG A7 302 FRE| 42 302714 s Fe] o

S Microplate reader”| 405 nmoj| 4 4 31¢ict. o]df 1 unite
B10.0019] BT} sk ofo 2 walstt).

Alternative complement pathway Z4(ACH,,)
ACH ;& Yano (1992)2] ¥l o]-g-3ke] RAateic}. £

50—

of o2 7)o} g ol 4 2)7/5}0] Histopaque-1077< ]
gsto] AL Helshdct. Hel £71¢] 4E7Z PBS
2 23] washing@t % 0.01 M EGTA-Mg-Gelatin veronal buf-
fer (EGTA-Mg-GVB)& 3]4]5}0] 1 X 10% cell/mLe] =&
z4sto] ARGS9t Eetulote] E4& EGTA-Mg-GVBE
1:209] H =2 3435 & 96well plateof well 200, 150, 125,
100, 75 uL* 2-33}3 EGTA-Mg-GVBZ 27}] wello] &
20| 200 uL7} HEE Yol 2o e}, 1 oG BelE 5] 4
TH(1 x 108 cell/mL)E Z+2+9] wellol] 100 ulLA E5=5}103 25C
incubatorol| A 1AIZF 59F BEEAIXT 3 120 x goflA] 581+ ¢
A1) 3 the 21719] wellol 4 439 100 uLAE A3k
Micro plate reader 405 nmof|A] £43}$i Tt

ACH_ value (Unit/mL) = I/K x @7 3]4] vjj4= x 0.5
In vivo &= 1t

e gatu]ofe] E. tarda 1912 4 Al B. subtilis?} phage
7} A Woll Al wlA= Bt avks dobid 7] flsf 27HA] WY
o= AT A 13 AL 47 group©.2 Lhirol
80 L g=z0f 247} 13up2] 4] =§-51%ict. B+P, B, P 3 C& 717}
9] groupef 4947t 55 F 197 AAAA E. tarda (1% 107
CFUML)Z gefalofe] u7go] FAlslolch #4F o]F: 142
$9h 22te] AR E FHAGT T4 50,7, 14970l 22t
groupoll A 4ute]¥ B= 7S AE5Hinh AEE A7)
wE PBS | mLE BesiA @Aske 5 72% ol galA
1000 % g Q4HEE slof 215 stk 1 ¥ AEpoe o
% PBSE 1:10 ©HA|3]4 3}o] SS agarof FHewi o2 E,
tarda®| AYt=-5 7453

22} AR 12 AR} n7 A & 4719 group &= Lo
80 L 4:20] Yol 17} 13u}e] 4 -8 - 27)19] group
S BP9} C2 7427t o1l 1202 441412 5 E. tarda
(1x10" CFUML)E &E7oll FABIL AFRE 5a0HA] 948k
o} U2 2702] group )& groupt FAgH 27ol4] 10
Q] Eo} Z4z}ko] AlgE Ittt CE 32361l E. tarda &
A 10907 A B 81 912 2709] group o
2F07 QST BE groupel 4 FAF 7 4,62 X 109
Aol Ztzt 3npef 4] K= 7|5 A Eshe] 12 Aol v 22 W
oz 235

A =4

= 1

glo|E & Wt T} xS HXHMean+ S.D.)2 ¥&3}0] PRIM-
ER (Mc Graw-Hill, Inc., ver. 1.5)¢] one way analysis of vari-
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Fig. 1. Respiratory burst activity (A), lysozyme activity (B) and
ACHy, (C) of Nile tilapia Oreochromis niloticus fed the control
diet, phage (3x10” PFU/g) supplemented diet, B. subtilis (2x10°
CFU/g) supplemented diet and phage and B. subtilis mixed diet
for 14 days. Data represent the mean+S.D. (n=4). Different letters
above the bars indicate significant differences (P<0.05).

ance= o|-85}o] =435}t Student-Newman-Keuls test=
7} groupAto] &) -2l S ARSIl on P<0.05Y 7S 924
o] gl A0 2 HFBl.

-

my

o}«

2 Atoll A= oheFet A W] St 22 7129
Aol 2 A 520 FAH | thgt A 0= o] =obxl %
2174 A 91 phage®} probiotics2] U521 B. subtilis7} <4 %
PP ol 5to] Lol Hetalobe] 4717 wejuks T} ol =ob
T30 A E. tardaol] et =t avt7t S74E=A] ol o
gt 2ARE kAT
B. subtilis 53

A oA Ee2)H #3E 16S rRNA universal primerZ F,
5-AGAGTTTGATCMTGGCTCAG-3’, R, 5-TACGGY-
TACCTTGTTACGAC-3"2 0] 88} 917] A& 54 A3} Gen-
banko]] 5-Z%! accession number JF496383.121 B. subtilis®)
168 ribosomal RNA gene™} 100% 45732 LIEF 2l ch(Baek
etal., 2013).
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AN 2220l Q)| A A7 = FIAL AR}l 2/d44(0,)
2} 78 reactive oxygen species (ROS)= 7485t A4t a7}
Q= Aoz deA gl om(Ells, 1999) lysozyme2 peptido-
glycano|eh= Alet2] A28 JES Holleh= 282 741t
om o]Qjofe Fa, utol| A PG FollE HolE
= Ao 2 A Bl EojQltk(Jolles and Jolles, 1984). 12|11
B 9] alternative pathways+= Alt, Zl4f, HFo|2 2 W 7|5
ol tigh ol 79 gt AHA Wo7| 2o = Kl Eojqlrt
(Miiller-Eberhard, 1988).

B+P, B, P ¥ C& 47]9] group®ll 717} 1447 3¢t & A
A HARRS- 12} A3 9] respiratory burst, lysozyme 2 ACH,
2/ d3h=Fig. 1 A, B % Cofl 22 Uehfigler 25 fA
o A3ES Btk B+PE 3¢ group] C,P 4 BE 3+
3t groupef| Blaf) AlEa & 7Y 2 149 A X5 respiratory
burst, lysozyme 3 ACH, &/J 0] 524 A 57HP<0.05)%]
lth. BE 333 group> ti 2+t & P& 35t groupel| H] 3]
79 14U A R F-OA 0 & =2(P<0.05) A E Bl on
B+PE 3-g¢t group B b= W2 =2 & UEFY STt PRt o]
g group-2 2+ groupt 1212 Q1 Zko] 7}k G ATH(P>0.05).

B+P3a Al U detujoe] AH A HYREgo] o= H%
O] 717k FRt F A=A Goti7] flaf] =27t A3 2] HY 9
2 A= Fig. 2 A, B ¥ CoflAf Yepfigl o & SR
AES HOth BHPE 1447t X &4 02 F3F groupo]
t}-E groupsol B3l 8UA|FE 14U A 7HA] respiratory burst,
lysozyme %! ACH,  2/d°] 248 Al =41 57HP<0.05)%]
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Fig. 2. Respiratory burst activity (A), lysozyme activity (B) and
(C) ACHs, of Nile tilapia Oreochromis niloticus fed the control
diet for 4 and 14 days, respectively and phage (3x10’ PFU/
g) and B. subtilis (2x10° CFU/g) mixed diet for 4 and 14 days,
respectively. Data represent the mean+S.D. (n=5). Different letters
above the bars indicate significant differences (P<0.05).
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Fig. 3. Antibacterial effect of phage and B. subtilis supplemented
diet fed for 14 days after E. tarda injection. Data represent the
mean+S.D. (n=4). Different letters above the bars indicate signifi-
cant differences (P<0.05).

St} B+PE 44 7 33t group?] respiratory burst, lyso-
zyme & 8UA A= t 2t groupEol| HIB =2 dh=
HOU 102AREE AAA02 437k HojA Ho] o
Q1= om ACH,, B2 8dAolwt t =< group=of HIsf
014 S E(P0.05) A2 BTk 7| A RS B2
o) 52 group?ke 5912121 Aotz GIeieHP-0.05). o]
22 A o9 dA-Eol A= B. subtilis 7S 3o
51915 uf =u|(Salinas et al., 2005), U+ Ez}ujoKAly et al.,
2008), F- 2] 7]} o] (Panigrahi et al., 2007), % ©1 1} o F(Kumar
et al., 2008) 50l 4] respiratory burst, lysozyme % ACH, &
go] A= ickar HarE 8at dAskgleh eyt o] 7o
4] probiotics7} o] E g M| AH Yol 2fsf A2 HARRS-S 3F
& A7l Aol g Aeket MAUSS BarEo] §lA] gt
Abraham et al. (2007) A7} o 59| Y2523} wele
= A = dekar B SRRt 2w A Y Sof] Tt st
S S AlAISHA] SLRi. o] o] Aol H<= B. subtilis?t
prebiotics?! inulin, chitosan ! fructooligosaccharide 5-¢] &
T AR E B Rl of5 0] A Welukg o] 9]
Th= X 31(Zhang et al., 2010; Geng et al., 2011; Cerezuela et
al,, 2012)%= =)o QIA)ut B. subtilis?} phageS E3H=o] <
Al A A HREgof n| 2= ok Foll THE A= o7}
7] 83 )7] Qkleh. 1 915-] A3} phage A = Hetulol
O HHA "7 52 577 A= ZBt A T At Al oF =3
ol HolS Al AT ol = 3le wioh 192 AFsadt
(P<0.05)7} YeRdt 218y o9 A B. subtilis?} phage”| &
o] HS o e 2 AEE S R AHE WY
5ol A5 EEAo] dhet 27149 A7 A En,
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Fig. 4. Antibacterial effect of phage and B. subtilis supplemented
diet fed for 4 days only and consecutive 10 days after E. tarda
injection. Data represent the mean+S.D. (n=3). Different letters
above the bars indicate significant differences (P<0.05).

In vivo &5 1t

Fig. 3= B¢} P 22 9 B+PE 0|8t 2} group?] datd]o}
o E. tardas 57 ARG 3 14% 5t A&2 08 7} group
of A= AHRE wol ¢ F Uehthes dHadE Hole
t}. B+PE 239 group & E. farda (1 x 107 CFU/mL) 27}
AL o]% 7 9 1497 o] T groupo]| H]8f E. tardac] tHsH &
o|H o8 7H #2(P<0.05) F=ta s Eirh B AATH
Saqt group> 14474 0] thxt 9 PE 53t groupol] Bl sh
E. tardaol| i3t 2174 QU= (P<0.05) 52 =t aitsE 23
O} B+PE Fagt group Hrhs R A rE UERARL
th F Y o]F2 U Hetujobs ti o= 3 thE dtolA =
(Aly et al., 2008) B. subtilisE 53t groupf|A] tzto H]
3l Aeromonas hydrophila?} Pseudomonas fluorescens®l| | gt
A g/d o] L= kAl HAlE Stk P AFA|Rhe 557t group
2 14X17H o]l Tt 25t groupX th =2 -2/ 91=(P<0.05) 3¢
w83} Zpo]E UEHHTE o] M 9] kol A %= phageE 7zt
MRS rof el ool A FF38t3 & W Lactococcus garvieae
9} Pseudomonas plecoglossicida®]) that 2Fz}Fo] #|gkA] o] gAY
it B g9l ck(Park et al., 2000). ©| 23t Z7}= phage
ARA|7F Detuiote] AA| Woll A E. tardaol it &t 22 Vet
e Ao 3248 4 9} 3hH o & B+PE 533t group|
M i 2e-2 EE B B PRhS Folgh group R ot =2 4t
AIE Bt o] g It A= 2 AtollA A%
72 HAREE-S] S7keF WS Ao & Ao 4
o} oh2 B2 Aol A= B. subtilis7t H71HE AFRE o F(Qi
et al., 2009; Nayak, 2010; Sun et al., 2010; Merrifield et al.,

& A

2010)2} Aj--(Li et al., 2009; Tseng et al., 2009)°]] 3392
o) Ajiz/d 2 A W7 5ol 3R E| o] Al E Blo]g A 5
of thek A|gH/do] =tk Bt Qlct. 12y B+PE ¥
Tot%E o o w2t wlAUEol 2Jsf phage”t B. subtilisg =
OF AHA HY 7|5 tlEo] FateElE ASAl7]= Aol High
F7H41 A7t Z a5t

Fig. 4= B+PE Fo|gt detu]oto|| E. tardas FoI3t 5 10
A7HA] X454 0 2 B+PE Foldt groupdt AHIALE TS o]
gk groupoll Al Yeh = St aate] gt zfol& Hojar 9f
th. E. tarda (1% 107 CFU/mL) 273A} 0| B+PE |43
© 2 ofgt groupo| 445E 10947HA] Th2 groupel H] sl
O)H 0 & 7MY =2(P<0.05) Pt aIE E ot LUt B+P
4% 7t F553t group E. tarda A} 0] 44 A o] 2t
group=0l| Bl8l =2 St ATE HGl o 4Y o] S RE = Y
g0l “Fakglo] A ake] Apol= A UhA] ottt 71 2AR
£ 353 2709] 25t group 2212 E. tardaol] sl 3-9] 4]
o] Zpo| & el A 9F9tH(P>0.05). E. tardaZ 27}5A} 3t o]
$- 4ol A 109744 & ATHE F8l| B+PE A|&24 02 3g3t
group®| BE 4% 719t 353t groupH o} -2 3t a7} Sk
= AL eIkt 18y o] A Aante 2 = ARt
0] 29| probiotics®} phage S X2 0 & F-sfjopit B Hatol
gk A =27} 7Hs skt @Sl o= ol glol St det]
oFF o= 3t thE AHollA = B. subtilis 7R E 1-2
WL T3 $ Aol gt A AES eYstlr] i
Al(Aly et al., 2008) =20l &= E. tarda Z75AF o| Ao Al2 &
717k ko] FAF o] AZHA] W AtRE F%t groupt 5
Af o] Fol e A &5H 0 & SGALE S ¥t groupite] AlolE
] k= =7HA Q1 A-L7E 4=df =] ofof 3 Aot}

AEA o= 2 Ao A= BP0 B H Py Hof v
detu]ote] A4 HAR-SI} E. tardac] gt St a7HE F
AN AT o] 2|3t AIHE-2 B. subtilis®} phageS S35 AL
A7HA7F o 7o) 2+ Al Ao o2 52 A5 E 9l
FAA HAA A T2 7HsAd o) a2 s AL it

Al AL

0] =110 2012 = 47| 94 214424 (12B12224700)
QA7) A 9lo = A7 gt
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