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Purification of Alginate Lyase from Streptomyces violaceoruber and the
Growth Activity of Intestinal Bacteria by Degree of Polymerization of
Alginate Hydrolysates

Min Yoon, Young-Seo Park, and Gwi-Gun Park*
Department of Food Science & Biotechnology, Gachon University

Abstract

Alginate lyase from Streptomyces violaceoruber was purified by DEAE sephacel chromatography and SP sepharose
chromatography. The specific activity of the purified enzyme was 14.6 units/mg protein, representing a 40.6-fold
purification of the crude extract. The final preparation thus obtained showed a single band on Tricine-SDS poly-
acrylamide gel electrophoresis whose molecular weight was determined to be 23.3 kDa. The polyMG block of
sodium alginate was hydrolyzed by the purified alginate lyase and then separated by activated carbon column chro-
matography and bio gel P-2 gel filtration. The main hydrolysates were composed of hetero type M/G-oligosaccha-
rides with the degrees of polymerization (D.P.) being 6 and 8. To investigate the effects of hetero type M/G-
oligosaccharides from the sodium alginate on the growth of some intestinal bacteria, cells were cultivated individ-
ually on the modified-MRS medium containing D.P. 6 and 8 M/G-oligosaccharides. B. longumgrew 4.25-fold and
6.44-fold more effectively by the treatment of D.P. 6 and 8 M/G-oligosaccharides compared with those of standard
MRS medium. In addition, B. bifidumgrew 3.3-fold and 5.4-fold more effectively by the treatment of D.P. 6 and 8
M/G-oligosaccharides. In conclusion, D.P. 8 was more effective than D.P. 6 hetero M/G-oligosaccharides as regards
the growth of Bifidobacteriumspp. and Lactobacillus spp.

Key words: hetero M/G-oligosaccharides, Streptomyces violaceoruber, Alginatelyase, Bifidobacterium spp., Lactoba-
cillus spp.

M B

Tro 2 4% homo-polymannuronate block (polyM-block),

S5 718 4 /4ol uronic acid® Hol $low
(Atsuki et al, 1926), % B-D-mannuronate (M)3} a-L-
guluronate (G)7} 2579 o-1,4 2% EE B-14 22
o] Fo]Z heterod TIFHE YA JtHHaug et al,
1966; Penman et al., 1972; Panikkar et al., 1996; Darget
et al,, 1997). &, B-D-mannuronate (M)Z} o-L-guluronate (G)
o] A2 37t obd 23/ polymer=, 1) mannuronate
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2) guluronate T2 F/J % homo-polyguluronate block
(polyG-block) ¥ 3) mannuronate®} guluronate®] randomH}
&2l hetero-random copolymer (polyMG-blcok)2] 3%/ <]
EEG72E EAgth(Haug et al., 1967; Skjak-Braek et
al., 1989; Decho, 1999). ©]&3 <7I2ts Edsle=
alginate lyase= ZH&-%F2]9l w2} polyM-blockS 3l 3=
polyM-specific lyase (EC 4.2.2.3), polyG-blockS E3ljsl=
polyG-specific lyase (EC 4.2.2.11) & E0]2 02 polyMG-
blockS #3ll3}+= polyMG-specific lyase (EC 4.2.2.-)7} X
o] d7lak He g ol dg Aol
, G712k FEAHEESIA Dol polyM H polyGell
YA e g ae] 71 5ol do] A

2 TH(Sutherland et al., 1995; Kim et al., 2011a).
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§;}6]—:TLHO 27141ke]
H| 2] =4 7455]5’— A TH(Chitnis and
Ohman, 1990; Ostgaard, 1992). A} Lz714ke 2 F 7
Al QPEA, &FA, FretAl ek 2 AEFH T E AR E M,
AA 7 ofo) AT, QAR FA WE = S| oG 2
ol &-E 3 gl Hegh A7 AshF4Tt HA &7 o
ol G772 BhE A7) to|oE 2 F 07 0] &5 7]
T gt FEAOME il SEE5S FAS AR
WEAI7|AL, YEFS MAAA ESE WFo] FE e
2 4 °AE}(Lee et al.,, 2003). HZoll& L
Z5F 9 7154 AR thek #Ao] HojRHA] =
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THKim et al., 2011b). = <714k % R
‘6]—01- 7_(]—_9_ D:]Oﬂ 17]- 6]— ia-"/\ﬂ]
&t A x2H 75l i Hise] 9)\
st g Az &3 A1V A HGuven et al.,
1991). &, 28|23 Bifidobacteria®l 4 7 2 7|
Alet-2] 7R, A 2R Fo] o To] SeAHA B
A7} o] Fo)X L UthJoo et al., 1996). ST 1 FL i
sigo g FalER] i ol =R Bifidobacterium
I 7o Folgol 93| acetate, propionate$} 7H2 3]
A ¥-2H(volitile fatty acid, VFA)S. 2 A¥ =g A2 2|7}
A9 $lem, Bifidobacterium 52 AAZ 2-&3= WA
AU FEalae 42 At Colombel et al., 1987;
Fuller, 1992, Ryu et al., 1998).
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UL}, hetero type G714t S G2 AL o] §HA] %
L 91{— ol dx1ake e EETx Folle B

S hetero-polymeric random sequence -T-Z(polyMG-
blOCk)7} SAstaL 2ol gk Eal & aTt obF Bol &
ALA e As = F Aok 227 wE, & d79
X = Streptomyces violaceoruber +5-2] polyMG-specific
lyaseE ©]-8-3F hetero type oligosaccharides 24| ¥ £ &
2axZ 3}5/_ o rq ZULI:E' -H—Dﬂ o],o:] 61—1:1:3:] hetero
oligosaccharides®] FU Aol tigt AKEAH LS H2-HE

sttt

ME 2w

Streptomyces violaceoruber 72l alginate lyase2| A4+

Streptomyces violaceruber 1FO 15732= Y& National In-

stitute of Technology and Evaluation Biological Resource
Center (NBRC, Tokyo, Japan)ol|4] ¥<oF Hho} Agof AlLg-
AT EAALEY] HlR 242 sodium alginate (Junsei
Co., Tokyo, Japan) 1.0%, peptone (Neogen Co., Lansing,
MI, USA) 0.5%, yeast extract (Neogen Co., Lansing, MI,
USA) 0.3%, KH,PO, (Duksan Co., Seoul, Korea) 0.5%,
MgSO,-7H,0 (Duksan Co., Seoul, Korea) 0.05%% i3}
= AA WAl 100 mLoll Streptomyces violaceruber 45 E
&3t 30°C, 125 pmellAl 96A17F Bl Y3ted 4°C, 11,000
rpmol| A 1587+ 4152 (rotor 14, Beckman Coulter, Inc.,
Brea, CA, USA)S+ & J5HS 4N 02 ARSIt

Alginate lyase®| &4 &3

a4 g4 =4 dinitrosalicylic acid (Sigma-Aldrich
Co., St. Louis, MO, USA)E A}8-3}%13L alginate lyase®]
2212 DNS 3 A3 Miller, 1959)0 2]35te] =33 3}
At =, 0.5% sodium alginateE >33k pH 8.09] 50
mM Tris-HCl €818 717 gdo g slo] ¢z 7}
Z[‘—.‘L:'E.z‘sHo]] Uq.% pj- _]1:1— /lg/ﬂ E]:_Q_ .Z.X—] ]. 1‘4— A3
09mLe] 712 £d3} 0.1 mLe] FA7F AAH W)
E&ste] 30°C FexodA 3027 A
0.2mLo] 2.0mL DNS &S 7}ate] | 0°coﬂ*1 10
H-SAIA 530 nmollA FEEE S48
mannuronic acidS ©]&3te] EF AT
1 unit®] alginate lyase® & Z 704
mannuronic acid®ll 3]33F= 1 mg/mLe] 3
E 840 go 7 Aot
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3l DNS A =H Miller, 1959)0l ¢late] =385}
t}. = 7RSS 0.1 mLe DNS AleF 1.0mLE &3
o] 100°C 1087 2582 3t W2zl

skl 530nmellA FRE=E FAHEAT FEFAL

mannuronic acidE 0.1-1.0 mg/mLE A&} T}
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220 M|
844 A A Z+= DEAE sephacel (GE-healthcare Co.,
Berkinghamshire, England), SP sepharose FF (GE-healthcare
Co., Berkinghamshire, England)E A}&-3} . 20 mM Tris-
HCl gyz_g.ou(pHgo)i Hysle Lol w3 4%l
DEAE sephacel (2.5x42 cm)°l| packingslo] F248h a4
= 60mL/he] F42 2 fraction collectoro] LH‘—Oi
7—} R alha ‘%‘3—1 —J%Ur E/\«] 24s S5
Rol F53L, T B
w3 X0 SP sepharose
1< 0-03M NaCl2 %
fraction collector®l] U+

71
FF (2.5x42cm)o] =3 &
TRl 28] 60 mL/nh 4
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Tricine SDS M7 |¥&

BAEALE 7Hdete] MAAI & BAFE protein size
marker (Thermo Scientific, Waltham, MA, USA)S ©]-&-3}
o] A3, Schagger (2006)0 2|3} tricine SDS-PAGE
E T3

Sodium alginate 75=23al 22|02k &2

12} activated carbon column chromatography; A &4~
A 50 mL (10 units)°] W3l 0.5% sodium alginateE 30°C

oA 24A17F 7HE-3l5le] TLC (Thin layer chromatography)
9} FACE (Fluorophore Assisted Carbohydrate Electro-
phoresis)E &3l patterne FHE3I & activated carbon
column chromato-graphy (3x120 cm)& ©]&3l = 12 &
g8kt

22} Bio gel P-2 gel filtration; Activated carbon column
chromatography®ll 4 2]t &2 F phenol-sulfuric acid3
of oJeix T FFS Sk & spoto] A 2>
fractione THAl 347319 bio gel P-2 gel filtration (3x120
em)=ol&3l 7 FHEEE 24} sk

TLC2} FACE

TLCE McCleary?] ““”(McCleary, 1982)°l uwje} oF2-
I e 7\740}01]}\1 x47H UV XA 2 E ‘j}\]Okoi
Bralo] 1400Col N SE7 Ttdste] g8 BA ).
TLC plate; 20x20 cm silica gel 60 F,,, (Merck, Darmstadt,
n-butyl
acid/water (5:3:2 v/v), Spray Reagent; 30% sulfuric acid-

Germany), Developing Solvent; alcohol/acetic
ethanol.

FACEE ANTSel =3t g9 17|95 2= Jackson
o] "W (Jackson, 1996)° wel 4-30%<| polyacrylamide
gelS AHESIGITE B89 50 g sAAET F 15%
acetic acid®] 0.15 ME ZA 3 ANTSEAS 5 uLet
Dimethyl sufoxide (DMSO)°l 1.0 MZ ZA|d Sodium
cyanoborohydride (NaCNBH,)&-< 5 pL£ A7k, o]
EFNE 37°C 15A17F REGAIZ -, A EES siA]
20% glycerol 50 uLel &3l 3} ).

Timell modification methodd|| [}E SElT HE

Al&9] S = Timell’s modification method (Hirst et
al., 1964yl wa} =433t 2] oligosaccharide £
200 uLoll 1.0% sodium borohydride 200 uLE =33+t
iz Adgo 2= IN sulfuric acidZ THE 1.0% sodium
borohydrideE 200 pLE %3ttt o] A& oA 14]
7 WX g & 5% phenol £ 1mLE FH7ME o,

QoA 3087F HEHR]
E—‘% %—7@ :6} t}. ]ﬂ] standard*‘

/\}\
o, & EETH O}EH 2o o3 FHE=S WOP‘HU}(JOO
et al., 1996).
- _Q
DP = 55

(41714, Q=non-reduced oligosaccharide®] O.D.%}/reduced
oligosaccharide2] 0.D.%})
Setzd T8l S2|1129| Bifidobacterium spp.,
Lactobacillus spp.0il CHEt A4SEHA

Bifidobacterium% 5~(B. animalis KCCM 11209, B.
bifidum KCCM 12096, B. breve KCTC 3220, B. infantis
KCCM 11207, B. longum KCCM 11953)%} Lactobacillus<s
(L. acidophilus KCTC 3145, L. casei KCCM 12452,
L. reuteri KCTC 3594)° tigt A& 3 E4d5& 54
3171 918 MRS media®l| 4] B4 dextrose WAle] =
A -H2l = %%‘E% M/G-oligosaccharidesE 3o Z1F
=271 & DNSHMiller, 1959y ©]&3}o] dextrose2}t
A3k ggEFo T A3t M/G-oligosaccharidesS
A9og 121°CA 1587 H+# 3 modified MRS
mediaE ZA|8t, 277 10022 3]Aste] F7]4 =
sl A 37°C, 48417 HHu| e & colonysE H] L3}
3(Deya et al, 1982), 3Lt 0= AA wljgate]
590 nmoA SBEE SA 8 FHFTE BIALSATH(Toba,
1985).

rﬂ oft off

DEAE sephacel anion chromatography % SP
sepharose FF cation chromatography0l| 2|8+ ZX|

Z8 4N Cellu'Sep MWCO 12,000-14,000 (Membrane
Filtration Products Inc., Seguin, TX, USA)° *2]3}o3 150
mM NaCle] 2% 50mM Tris-HCl 589 (pH 8.0)2
2 4CoAM s FAEAL oAl 20mM  Tris-HCl €+
€ (pH 8.0) 22 4°CollA] &=t FA sttt F43 a4
-2 DEAE sephacel anion chromatography (2.5%42 cm)®l|
BAE st A3 B8 No. 19-649014 T4 E4o]
E}stth(data not shown).

FYEE wheol FFE 4 249 22 F 10K
centricon filter (Millipore Corporation, Billerica, MA, USA)
£ o83t 53t w53 E4HE Cellu'Sep MWCO
12,000-14,000 (Millipore Corporation, Billerica, MA, USA)ell
2] sk 20mM Tris-HCl 9588 (pH 8.0) 0.8 4°CoA] 3}

9 243 3, SP sepharose FF cation chromatography
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(2.5x42 cm)°l| loadingst A3} No. 95-105°1A4 a4 &
Jol =2 peak’t YEFSTHFig. 1). 2t AA @AE 4
A=l &L Table 19 YERA 2™, DEAE sephacel
chromatography A 23}, H]&/dL2 1.56 unit/mg, A=
= 4441 ST}, SP sepharose FF chromatography A 23}
HAxHoz HAAY &40 WAL 14.59 units/mg, F A

=& 9F 40.6815 YERATH

Enzyme activity (U/mg) (O)

Absorbance at 280 nm (@)
e

NaCl gradient ( — )

Fraction number

Fig. 1. Purification of the alginate lyase from Streptomyces
violaceoruberby SP sepharose cation chromatography. Symbols;
O, alginate lyase activity; @, absorbance at 280 nm; —, NaCl
gradient.

——

W ——
70kDa x— -
55kDa mmm| SN
40kDa == . —
35kDa === .-
25kDa m— .-

2 S e 23.3kDa
15kDa == o -
10kDa ==
4___~AA - BA

Fig. 2. Analysis of the purified polyMG-specific lyase by tricine
SDS-PAGE. A, Marker; B, purified polyMG-specific lyase.

XA alginate lyase2| 2X|2F

A G A= tricine SDS-PAGE®] ]3] HUwi=g e
A2 (Fig. 2), alginate lyase®] A2 23.3kDaS 2 A
A= AT, Alteromonas sp. 272 2 A A alginate lyase?l|
A= 33.9 kDa, Streptomyces sp. ALG-5914+= 282 kDa,
Vibrio sp. AL-14591X= 23 kDa, Pseudomonas aeruginosa®l
A& 30 kDa®] #2}#o] B3 =7 QthKim et al., 2011b).

Sodium alginate 72§ M/G-oligosaccharides?| 22| %
S 24

12} activated carbon column chromatographyol] <]af +-
FHog B Fgdo TLC patterns 7 E3+9 S M (Fig.
3), ¥ =% M/G-oligosaccharidesE 3|43}%] 22} bio gel
P-2 column (3x120 cm)& ©]-&-3t gel filtrationS 33331
oh 60mL/h F5C 2 tube 10mLY &F3te] LT

Rt e oo

.

B

B
I EEE L
e

< . 85— . < < - . 1

M G 21 138 140 145 150 160 170

Fig. 3. TLC of sodium alginate hydrolysates on 1st activated
carbon column chromatography. M, mono-mannuronate, di-
mannuronate, tri-mannuronateand tetra-mannuronatefrom top to
bottom; G, mono-guluronate; From 21 to 170 are fraction numbers
on Ist activated carbon column chromatography.

Table 1. Summary of purification of polyMG-specific lyase from Streptomyces violaceoruber

Ste Total activity Total protein Specific activity Yield Purification
P (Unit) (mg) (Units/mg) (%) fold
Crude enzyme 399.0 1110.0 0.36 100 1
DEAE sephacel 203.5 130.2 1.56 51 4.4
SP Sepharose FF 174.4 12.0 14.59 43.7 40.6




Effect of Alginate Hydrolysates on the Growth of Intestinal Bacteria 107

Wog 3T E =43 F(data not shown), peakES L}
= 2t 2985 3ot 2 B FHEE Rl
98kl TLC (Fig. 4-A)$} FACE (Fig. 4-B)2 %3] Rf 3t
o 9|t patterns Hl-HES A3 EF No. 20-80°14]
T &%= 89 M/G-oligosaccharideE, fraction No. 86-120°]
62] M/G-oligosaccharideE 2]4~35}%1 T}

2 AFollA = alginate -2l M/G-oligosaccharides®] -
22 FHEA &2 BHelv THEE A s H st
$3 Timell’s modification method (Hirst et al., 1964)
upet 249 A3, bz £2-39E 8 No. 86-120
M/G-oligosaccharide®] Q& 1.194, Q-1= 0.194, Q/Q-1&
6.1542 3] No. 20-80 M/G-oligosaccharide®] Q& 1.138,
Q-1= 0.138, Q/Q-1& 82462 UEFGETE o]o] £3F No.
86-1202] MG-oligosaccharide= T3 %= 6, 2 No. 20-80
2] MG-oligosaccharide® &%= 82 71 3} tH(Table 2).

X
o
o E?L‘
b1

SEI=H poly-MG 7 =23l 22| 0%2| Bifidobacterium

spp.2t Lactobacillus spp.Ofl CHEH ASEH
Bifidobacterium% wF(B. animalis, B. bifidum, B. breve,

B. infantis, B. longum)®} Lactobacillusss T<+(L. acidophilus,

A LR

M G 20 22 24 26 32 35 40 50 55 64 71 80 8 91 100 105

L. casei, L. reuteri)?l] T3+ A& &3 & 5S 437

23l MRS mediadl| 4] AUl dextrose thAle] ZA] -

st A3}, B animalis, B. bifidum, B. breve, B. longum
I3 L. casei®l 9014 D.P. 89] 7% 3uj] o]ite] Ah
84S YeRNA AL, B bifidum3 B. longum®)| U=
D.P. 69 73-% 3u} o]’de] A& vepliith 53] B.
longum| <= D.P. 6 M/G-oligosaccharideS B¢ o2 U
AZE 75 MRSHRA| 9} HlaLste] 4251, D.P. 894
6.44u1 8] FHEd S veEflo] 7Y 3 AS2ES v
EPI o™, B, bifidum®] 735X % D.P. 6914 3.27ul,
D.P. 8ollA] 54u[9] oj&/d-S YERATE WA, L
reuteridll Ik D.P. 82 H$-oX= EF MRS medias}
Hlaate] 02902 7H4akqith. B3k DP. 89 &%
o] D.P. 69] £ IFHET A A 7dste AL
Z e THTable 3). & A--olx AL&-E Streptomyces
violaceoruber®] alginate lyase= polyMG blockTHs E-0]%]
o2 71483 Al7]= polyMG-specific lyase (EC 4.2.2-)

Fig. 4. TLC (A) and FACE (B) of sodium alginate hydrolysates on 2nd bio gel P-2 gel filtration. (A); M, mono-mannuronate, di-
mannuronate, tri-mannuronateand tetra-mannuronatefrom top to bottom; G, mono-guluronate; From 20 to 105 are fraction numbers on 2nd
bio gel P-2 gel filtration. (B); M, mono-mannuronate, di-mannuronate, tri-mannuronateand tetra-mannuronatefrom bottom to top; G, mono-
guluronate; 80 and 91 are fraction numbers on 2nd bio gel P-2 gel filtration.

Table 2. Determination of D.P. value by the Timell's modification method

D.P. value

Sodium alginate hydrolysates by Streptomyces violaceoruber purified polyMG-specific lyase fraction No. 86-120 [§
Sodium alginate hydrolysates by Streptomyces violaceoruber purified polyMG-specific lyase fraction No. 20-80 8
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Table 3. Summary ofgrowth activity of Bifidobacterium spp.
and Lactobacillus spp. by the D.Ps hetero M/G-oligosaccharides
by Streptomyces violaceoruber

Viable cell

. . . Relative
Microorganism  Culture medium ( (I:l]l:‘lll}l/t::]:rL ) activity (%)

Standard MRS 6.5x10° 100
B. animalis MRS +D.P 6 1.6x10'" 246
MRS +D.P 8 1.95%x10'" 300
Standard MRS 7.5x10° 100
B. bifidum MRS +D.P 6 2.45%10'"° 327
MRS +D.P 8 4.05%x10'" 540
Standard MRS 6.5x10° 100
B. breve MRS +D.P 6 1.3x10'" 200
MRS +D.P 8 2.05%10'"° 315
Standard MRS 5.5x10° 100
B. infantis MRS +D.P6 1.15x10'" 209
MRS +D.P 8 1.3x10'" 236
Standard MRS 8x10° 100
B. longum MRS +D.P 6 3.4x10" 425
MRS +D.P 8 5.15%10'" 644
Standard MRS 2x10° 100
L. acidophilus MRS + D.P 6 3x10° 150
MRS +D.P 8 3.5x10° 175
Standard MRS 2x10° 100
L. casei MRS +D.P 6 4.5x10° 225
MRS +D.P 8 6x10° 300
Standard MRS 3.5x10° 100
L. reuteri MRS +D.P 6 4x10° 114
MRS +D.P 8 2.5x10° 71

© 2 sodium alginate 2 &2 3232 mannuronate®} gul-
uronate H]&©] random3¥t hetero type M/G-oligosaccha-
rides© & Adske 54 YL ok 5d SHEE
Z+= homo type oligosaccharide®} hetero type oligosac-
charide®] Bifidobacterium spp., Lactobacillus spp.©| U]
A 88X ol F2F<Q ZWolA hetero type oli-
gosaccharide®] mannuronate®} guluronate random g
“d°] homo type oligosaccharide 2.T} "] & A§S-EAd o
dFS ¢ nHe Zer FE232 Utk M/G-oligosac-
charides®] mannuronate®} guluronate®] T+ QY= X7
o] 7, AMFAFH, AFAAZ] A Al wEt v27]
wf ol M/GH Y E-x}&Fe]| 2]3] oligosaccharidese] 2] 3}
3H4 g gFaith. MIGTAHIZE B2 AR &AL
Fo A, Altzrdel gk "o &8 FA71, A
el AE M2 ZRE et oA folAlE F24] 9
ZFg-o] Yty R Y tHkawada et al., 1997; Tajima
et al, 1999). Loz FAAZA E Ao o] &3
polyMG-specific lyase®] &&2 A4y 7ol S84
g2 rAE 2 polyMG-specific lyaseE ©]-&¢F A4
sl diall theFst =2 hetero type oligosaccharides

2~ O I~ - =1 O -
o & 4 £LE ol WHo] 8% 9T & Ao

2 AzteEc)
o [e]3
L =|

DEAE sephacel anion chromatography % SP sepharose
cation chromatographyoll 2|3l Streptomyces violaceoruber
2 alginate lyase2] HAE F73) 3t B4 14.59 units/
mL ZAE 40.649 5 UERA AT Tricine SDS-PAGEI]
o3t GAMES SIS, EAMERS 233 kDal 2 A%
HAt GAg o] 28] sodium alginateE 7HE3) 5
12} activated carbon column chromatography®} 232} bio
gel P-2 gel filtrationol] ©]3l B7Frital=S W& 3]st
TLCS} FACES 53 $3%=Z <18t Timell’s method
o 2]&l hetero type M/G-oligosaccharide 3= 6, 8%
AR E AT}, B. animalis, B. bifidum, B. breve, B. infantis, B.
longum®} L. acidophilus, L. casei, L. reuterioll A5/l
e ST 6, 89 IS AESH] f18te] modified-MRS
media®l] Ao FTUE 6, 8& thA|sle] AZEAH S
Hlwsk A3 B longumd 4= D.P. 6 M/G-oligosaccharide
E gAdo® dAT 49 T MRSHIA| 2 H] sk
4.254, D.P. 8914 6.44u 9] FTHEAS veRlo] 7 -
T ASEEES PN, B bifidum®] 75X =
D.P. 6014 32740, D.P. 8ollA 5.4u1¢] FehiddS e
Tk, oLl = B. animalis, B. breveL2]3l L. casei®l U
oAM= DP 89 7% 3uie] F&dS vERl o L
reuteri®l Tk D.P. 82 oA EFE MRS media®}
Hwake] 02082 A4Sttt A7 o2 DP 8o &3
o] DP. 69] SE|AFHT ASEA | A 7dsk=

Ao 2 e
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