EBMPE—ER S FKHIRSI R Y = 7Y v —F L B/ 2015, vol. 2, 57-61

TOEA—RBEZECHFHASEA ) TROBESH & TOHENHERNRE

R DEE

SFFE—BR, AIUETE, MERAF BMER KBER, RERRE, FMikxE B5F
fRITRX

IR S P IR IS LA 5

BN HAES NS & T O VE X 7 EGBEAAREA] (CEA) 0% BZHELT, Sl (e —X) ofoiEch s
o e d— A EEE b O A U TREO BN HELENRICOWT, CEAIZET VIBNMEE L L2 ORI RE RS Lz, 4
Y IREIIRER R SN TR L, IR v~ N7 T 7 412TC 3 2DEFME IR LT-. A D MS #5 L OV TH-NMR A7
MLVERIE Lt e B4 — AEEORRF LR L. £ DREGMEKIREE 1% L7225 X 5 ITE T VIR #E RN L, KR
HICH 7Y 7 L 168 U AR Y — b RNA BRI T & AW 7o AMANRE AR SV ERIkE) (DGGE) (2 CTEDZ{LZEf#T L7z. DGGE
FRHTIZINT, &1 B A — RSB ININEEEE © Lactobacillus J&# & Enterococcus J&1# D/ RIREE N HIRINES 2 & He~B4n L7z,
R — RN L B u B — AR L OV — RN T Enterococcus BFE D/ RIREMNR L=, LS TOR RigE
DOEACITIZE TR o7z, Er Ed— 2L b Ok A ) THARINE CE H DM # S R ~DOF AL R L7z,

F—U— R ) T, BN, TLANAT A IR, TASAL AT IR, T IT—P, WERBRG

A - BINC L DR EOEREL, HrEex
TNETHTN, TR - itz
% BIAERRED ST & 0 FASE T 1999 LUK
BMEMICH Y, e 2 —/gREREI

row == HAERTRE o= i) E-REETUF TP RE — SRR

800

600

L 3is

400

200

mmmmmmmmmmmmmmmmmmmmmmmm

1 EEERPHREGEROERER

I S A T — B Chetpuf I/t fseisakunitsuite;/bunya/
leenkou_iryouyshakuhin/syokuchu/04, himiiga-2) &4 s

moTnS (K1), LaL, WreExrT7BTEH
TEED &L O IHE T EERRERZD, Z
Day b —/VIEETHDH. FHIFHEEE EET
L TPWEr 2SRRI TH O, R CRERE R
(WHO) & EEORFERKEMKR (FAO) 1334
MR B AR O 7= DI HUE A O F Tld 7z <,
A &M OIEDO B ZHELE L TS (2009).
Nurmi & Rantala (1973) [3ZpEOMGNAME#
e TICHEIA T NVERTRGENMET T 55 % A
WIEZL, IR C KD bE R 7 HERRZIRIT
[Competitive Exclusion (CE, #i&008ERR) | %0
RIicEk b0l Lz, Z0LEHA%Z CE Al L O,
BIEEINHICOEH STV D, B bIidgTE
EERE DO ZABIZHE D %3 & LT CE #los#fk - &k
BICH#HLA T 7~ (Shimura », 2015).

BELEFEE  ERTEEE T010-0195 FKHIT FHrbk P P HRERIE 241-438 AT REEE AT BT R4 W & IR R 2505 A

PFtEFRL. E-mail: yshimura@akita-pu.ac.jp

- 57 -



ERVE—BSS KBRS KRS Y = 7 2 % —F LV B /2015, vol. 2, 57-61

—J7C, &4 51X Thermoactinomyces vulgaris
R-47 o/ —=7ENE7rI7—8
(TVATL) @ )& G m%ﬁ%%@4¢%L%
Mros o BEREEEOMUTICIY A TE
(Tonozuka ©, 1995;Shimra ©, 1998 ; Kamitori
5, 1999; Shimura &, 1999; Ichikawa &, 2000;
Ohtaki &, 2001 ; Yokota &, 2001 ; Mizuno o,
2005). TVAILX, 7/vT v 2Kk =HE <) —
AEERT DEERT, RISRIZT NV a—AET
N A=V IR ENGFIET D LN VIR L
LAY T ART DR e RS (K 2
Tonozuka ©, 1994 ; Shimura ©, 2011). 73/
T oal-6 #EHE L al-4 fiiE a2 b ODEA Y Thf
0)*0“6?9) v, b MHEERNORESRE TIELOHRE

62:}\)\ VAl
VAl
Pullulan

~
c } ;?‘b TVAII
ok 53 RR B
+H,0

1 EHM?

\ ﬁ'kgﬁﬁ; \:reuoniuse
>
N
Gﬂu GO thb]c
Panose m \_*(\ ‘_(

2 A IO FILS vz d B R

AU BB TEICE TRIES 2.2 D720, FEis
BEOSIZ 0 £ Uik A U S FETHLE
WCEIET LR DY, WEBNREEYW TH
% CE AlOBRIZAY TFEPFIATED LD LB X
7o. £ZT, KR TIIEDEME (Bre—2) O
W CH 5 u Bt — R 2 BB S ORI &
L7ofiiA ) T2 iRamk L, Tk ek
AV TRER RN LAREAINOFE#EICS 2 5 2%
iR L7z,

mH & A&

FEERRERIG &7 ) JHERE A

PR SOSIE 5% 7V T v L 5% trbed—R L
%t HUER 300 mélT, T U AMRIENE L LT 0.5
B/ mllZ 70 2 K 9 WSR2 TN L C RO % BR

BH L, 40°CC 72 RERISOG L 7o, SO 2 4y BUR A
su~ 777 41 &ijn%% YBRL7=. AV
= B o H ¥E 1L, ESIMS % & Exactive
(mmmmwmm>f%%%(m)%,
JMN-ECP-400 (JEOL) T 'H-NMR A7 kL% HIE
LfkEsd L7z,

FEREEEADOA ) THERMER

il SPF BB N A8 & & 7 VI 5 &
LT, BIRE (%&b L2104V IFEEZRML
STC TR 7Y 7 LS 72 Bl E T
HEREE LS. BB, ko d—2B LUV —2
W, 2 —AE, Bo e d—2Em,
AU, I L OEERINERR 1T 72
OB U 7= BRI A B 42 DNA Z 4%, Myzer 5 O
J71E (1993) (ZHEV, M D 16S rRNA i&{s 1% PCR
ECHE IR L, EVEAIRE AR S L E S K E)
®mm)&_£@ﬁ%@%m%ﬁﬁbt

7 a—

BREEE

TG R T X T — Y OIS T, tH
EA—AMEIE L O A Y TR AR LTS, RS
WEDBURIKZ o~ N 777 kL, BERREAERK
MEEZOND 3 OO — 7 BNHERSNT (1K 3).
WY MS 1T miz 827 [M-H]73, £7- 'H-NMR
IZTBlAFEA DY 7T ANBHREN, Tu et —2
WG RFFT A I CH L EREER SN, TVA I

tOEF—R /=R
'

-
NN
LU

B min)
B3 S EAHPLCTOEH 18—

H5 L, Mightysil RP18 GP Aqug ($20x250mm, BIE{ES) S04,
Milliazk ; FEE, 4nl/min; T2 BHTELE (Hitach L-7400) E{EF.

13, 7N a—REPERE KGOS RIRE LIgGE,
FD CANLED DT CONLIZ =D X ) VI B diifs
L2 ARk 95 2 L2 5 (Tonozuka &, 1994),

- 58 -



ERVE—BSS KBRS KRS Y = 7 2 % —F LV B /2015, vol. 2, 57-61

trbAd—AD C6 ML, Cl0NL, IO CI2 ALAH
T RFERICBE D S TV D Z L MR ST,

BB AL 53 DR E N+ TIX AR o 72728 3 flihy
DIREMIZOWNT, ET /VAGEHNHIEEE ~D RN SR
AT o T ZALDWEE TH - 7= 48 W] H 0¥ > 7
JUZ 2T PCR-DGGE 2 X % W AT Ofk R % 7R~
T (X 4). ot —AEBYIRNEZE T
Lactobacillus sp. % Enterocouus sp.\ZAHY 3 5/
REREEN @< 720, WESIMMAHEE Sz, £72,
oA —RABION ) —=2AWIMNBH D 0NEx 7
— AMINEFFIZIBNT,  Streptococcus sp.AZFEY 3
D3 ROBRENRLS Ie ooy, Ny FALE R
0, B THD EHER ST

=
-
w
&
w
@

b
“ [
|

—-
-

Y
(N R
[N 113 T
1) T

Ul i

(]
(R

Ea PCR-DGGEIZESA) T MEINE R O W RN

L=, £REF —R+ U/ —ARGETNER.L—22 O —AEENENER. L—2>
3, S/ —ABMIEE: L —a, TAO—RENER L —25 +OEF—ZBMENE:L—6
ET0EE LT hiaRinE OB EREER !OﬁmlﬁllFiﬁi%

o=ty AR UL FA, Loctobacillus sp.; /8o FB,
g, EIERRLDREI0%~50%, BHT PUILTEFS L :klnsﬂt uuv Ll w“c

WA N2 R BN EY 72 £ b CE Al %
AT DRI, AR TER LR A Y ThED
WINEER TR OEIIZE N v, CE Aloik
RBOm{bIlc 2 2 rTReE N o 5. ik CE A0
PN B R R D 3 BEBR IS K D WM R G o o
v r T 2 —ORGE EEIRIIERSS Clostridium
perfringens RN RN HE SN TH Y (Aho b,
1992;Schoeni & Doyle, 1992 ; Hofacre ©, 1998),
Z D X 5 72 CE Fl O Lot BIXHERR G I
DOHEPAZ AT 2000 LR, SRV OXLE b
W HL S 70 & o 156 A2 B |2 Lactobacillus <°
Enterococcus D X 9 72 A H % b L7 CE Al %
T2 2 &3 B PRI ER S D ATRetE
bdD.

ARFZEIE, BRI E R B4 — &L b Doy
FV TPEZ AL, CEAlE LTHWDHREBNAL:
BWEETNAENMEE L LTEOA4 ) TR

#%&17\y, PCR-DGGE VAT TH# DA b IR 4
AL, e bt —XEBMIRNERICENT,
Lactobacillus sp. & Enterococcosus sp.0D 732 REEE D
wmABEs I vk, LW (CE) Al or#
DYGEICTHHT 5 Z LRI T,

HEE

AR, BEarset GEF B, 18780076) 5 X
OMHEBENKRFFRE T a2 FEF « AZ— T
v TIRE OBEE % FiTbhi. T VBN
ML (BR) BUEERHIFIET B4y 54 521 72
Zo%EBMEY LA R L EIFET, SEUHK
w7 v~ N77 7 ¢ BEEE TGN I20 T EERTE
B TEHIE L £, 'TH-NMR 3B L O MS JIEIHk

SNV NN SRSV R e B S} i = BN N
W12 T2 =, £ 72, DNA BECAISEAT ISR H R ST
KERLTT 7 ) O— o F =T H 12020
7o, AL L EFET.

X

Aho, M., Nuotio, L., Nurmi, E., & Kiiskinen, T.
(1992). Competitive exclusion of campylobacters
from poultry with K-bacteria and Broilact.
International Journal of Food Microbiology, 15,
265-275.

Ichikawa, K., Tonozuka, T., Yokota, T., Shimura, Y., &
Sakano, T. (2000). Analysis of catalytic residues
of Thermoactinomyces vulagris R-47 o-amylase
I (TVA II) by
Bioscience Biotechnology and Biochemistry, 64,
2692-2695.

Food and Agriculture Organization of the United

site-directed mutagenesis.

Nations and the World Health Organization.
(2009).
chicken meet. Microbiological risk assessment
series 19. ISBN1726-5274.

Kamitori, S., Kondo, S., Okuyama, K., Yokota, T.,
Shimura, Y., Tonozuka, T., & Sakano, Y. (1999).

Crystal structure of Thermoactinomyces vulgaris

Salmonella and Campylobacter in

- 59 -



BAE—BS KSR Y = 7Y% —F L B /2015, vol. 2, 57-61

R-47 oa-amylase 11 (TVA
cyclodextrins and pullulan at 2.6 A resolution.
Journal of Molecular Biology, 287, 907-921.
Hofacre, C.L., Froyman, R., Gautrias, B., George, B.,
Goodwin, M.A., & Brown, J. (1998) Use of

Aviguard and other intestinal bioproducts in

II) hydrolyzing

experimental Clostridium perfringens-associated
necrotizing enteritis in broiler chickens. Avian
Diseases, 42, 579-584.

Mizuno, M., Ichikawa, K., Tonozuka, T., Ohtaki, A.,
Shimura, Y., Kamitori, S., Nishikawa, A., &
Sakano, Y. (2005). Mutagenesis and structural
analysis of Thermoactinomyces vulgaris R-47
a-amylase II (TVA 1II). Journal of Applied
Glycoscience, 52,225-231.

Muyzer, G., De Waal, E.C., & Uitterlinden, A.G.
(1993).

populations

Profiling of complex microbial

by denaturing gradient gel
electrophoresis analysis of polymerase chain
reaction-amplified genes coding for 16S rRNA.
Applied and Environmental Microbiology, 59,
695-700.

Nurmi, E. & Rantala, M. (1973). New aspects of
Salmonella infection in broiler production.
Nature, 241, 210-211.

Otaki, A., Kondo, S., Shimura, Y., Tonozuka, T.,
Sakano, Y., & Kamitori, S. (2001). Role of
Phe286

cyclomaltooligosaccharides (cyclodextrins) by

in the recognition mechanism of
Thermoactinomyces vulgaris R-47 alpha-amylase
2 (TVA 1I); X-ray structures of the mutant TVA
IIs, F286A and F286Y, and kinetic analysis of the
Phe286-replaced mutant TVA IIs. Carbohydrate
Research, 334, 309-313.

Shimura Y., Oh, K., Kon, M., Yamamoto, E., Mizuno,
Y., Adachi, T., Abe, T., Tamogami, S., Fukushima,

T., & Tonozuka, T. (2011).

Enzymatic synthesis of novel branched sugar

J., Inamoto,

alchohols mediated by the transglycosylation
reaction of pullulan-hydrolyzing amylase II (TVA

1) cloned from Thermoactinomyces vulgaris

R-47. Carbohydrate Research, 346, 1842-1847

Shimura, Y., Shoji, N., Tanikawa, T., Obayashi, T.,
Honda, J., Tanaka, M, Sasaki, Y., Fukushima, J.,
& Inamoto, T. (2015) Nurmi-type culture
prepared using culture media without L-cysteine
enhance Salmonella exclusion in hatched layer
chicks. Journal of Poultry Science. submitting.

Shimura, Y., Tonozuka, T., & Sakano, Y. (1998). The
action of two a-amylase, TVA I and TVA II, from
Thermoactinomyces vulgaris R-47 on glucosyl
cyclodextrin. Journal of Applied Glycoscience
(Oyo Toshitsu Kagaku), 45, 393-395

Shimura, Y., Wang, Q., & Sakano, Y. (1999). Subsite
structure of o-amylase II (TVA 1II) from
Thermoactinomyces vulgaris R-47. Bioscience
Biotechnology and Biochemistry, 63, 2199-2201.

Shoeni, J.L. & Doyle, M.P. (1992) Reduction of
Campylobacter jejuni colonization of chicks by
cecum-colonizing bacteria producing anti-C.
Jjejuni metabolites. Applied and Environmental
Microbiology, 58, 664-670.

Tonozuka, T., Sakai, H., Ohta, T., & Sakano, Y. (1994)
Carbohydrate Research, 261, 157-162.

Tonozuka, T., Mogi,S., Shimura,Y., Ibuka, A., Sakai,
S., Matsuzawa, H., Sakano, Y., & Ohta T. (1995).
Comparison of primary structures and substrate
specificities of two  pullulan-hydrolyzing
oa-amylase. Biochimica et Biopysica Acta, 1252,
35-42.

Yokota, T., Tonozuka, T., Shimura, Y., Ichikawa, K.,
Kamitori, S., & Sakano, Y. (2001). Structures of
Thermoactinomyces vulgaris R-47 a-amylase 11
complexed with substrate analogues. Bioscience
Biotechnology and Biochemistry, 65, 619-626.

SER% 27 4E 6 A 30 H&ZA)
SER% 274E7 A 31 BB

- 60 -



EBMPE—ER S FKHIRSI R Y = 7Y v —F L B/ 2015, vol. 2, 57-61

Enzymatic Synthesis of Novel Branched Oligosaccharides with Cellobiosyl Unit
and Probiotic Effect of the Products for Enterobacterial Flora

Yoichiro Shimura, Miho Ishiyama, Tomoko Kato, Kana Tamura, Yoshinori Mizuno, Takashi Adachi,
Tomomi Abe, Jun Fukushima, Tamio Inamoto

Department of Biotechnology, Faculty of Bioresource Sceinces, Akita Prefectural University

To improve of competitive exclusion (CE) agent, which made from gastrointestinal contents of specific pathogen free chicken
and is prophylactic used with Sa/monella infection of chick, we estimated the efficacy of a novel oligosaccharide with cellobiosyl
unit used CE agent as a model enterobacterial flora. A novel oligosaccharide was made by an enzymatic transglycosylation
reaction, and three transfer products were fractioned by preparative high performance liquid chromatography. Cellobiosyl unit
signals were detected in the products by mass and nuclear magnetic resonance spectrum. The mixture of three transfer
products was added a culture with enterobacterial flora to be final concentration of 1% (v/v), reaction mixture was fractioned
periodically, and bacterial flora of the culture was analyzed by denaturing gradient gel electrophoresis (DGGE) using PCR
amplicon of partial 16S rRNA gene. In the culture added cellobiose transfer products, intensities of two bands corresponding
Lactobacillus and Enterococcus spp. were increased more than control. In the culture added to panose or both cellobiose and
panose, intensity of the band corresponding Enterococcus spp. was increased. The addition of oligosaccharides with cellobiosyl

unit to CE agent would contribution to improve the efficiency of the agent via changing of lactic acid bacteria number.
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