ALATAIRRFF WSH-003 it D-1| AUSHB 0N
YRRk b7

WA, WER, K ORI FFL 2
(L ATRASE TR A TR A5 s% . VLA T 2141225 2. L AE /L0 TREBE, VT K6
214122)

HE . G. oxydans WSH-003 464 3 234 D- L LB A H LW A4 R T VC AP T 2R
o AABANF BT, ZA T AL SRR D-L AL B BLEBE IR R 3% (sldh) 123X 3 A A R %
EHHREAEA D- L B AR P ey R X LR KA T, WYLY HX |, 4 2£4) A BLAST (Basic Local
Alignment Search Tool) #R#F £ &b, #E T 3 # 8, 4 % 4 —# FAD (flavin adenine
dinucleotide) ## B 1% #1 49 L 4L 8% L 2.8 (FAD-SLDH) #= # #F R F 49 PQQ (pyrroloquinoline
quinone ) 4R # 69 .1y AL B2 Bt 5B (PQQ-SLDH) , R &, #) A #71 — K ZH 8 3 F AN R A 5 2 B
A2 S5 B H(4.8.12.20 h F= 40 h) &9 B AR5 ) 3t 4745 F 400 5 (RNA-Seq), & R &9, AR &
124 01G_RS0104395/01G_RS0104400 #9 sidAB2 A& B J£ 5 A~ B 2 49 3 F K -F FPKM (Fragments
Per Kilobase of exon model per Million mapped reads )18 ¥ 1R A& , i A& B 2 4% 4 01G_RS0105425/
01G_RS0105430 #) sldABI #= 3 B & 4% % 01G_RS0106820/01G_RS0106825 /01G_RS0106830
#9 sldSLC A B ¢ FPKM 154 &, HARM A D- LA Btk Ak mz d K, AL REAN,
sIdABI #= sldSLC & B 3 BACH) £ #EBRAT 8 WSH-003 F £ & Kk 89 DL LB AL AMEH . K
HERBRAAKRT DL R B LA B G S ARET 6,
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Analysis of D-Sorbitol Dehydrogenase Gene in
Gluconobacter oxydans WSH-003

HU Yudong'?, DU Guocheng'?, CHEN Jian'?, ZHOU Jingwen'?
(1. Key Laboratory of Industrial Biotechnology , Ministry of Education, Jiangnan University , Wuxi 214122, China ;
2. School of Biotechnology, Jiangnan University , Wuxi 214122, China )

Abstract: Gluconobacter oxydans WSH-003 is an L-sorbose production strain,mainly used of
industrial production of Vitamin C. It can effectively oxidize D-sorbitol into L-sorbose with a high
yield. The whole genome sequence of G. oxydans WSH-003 reveals that there are three different
gene clusters for D-sorbitol dehydrogenase, whereas the gene expression of these three gene clusters
in this strain has not been studied. In this study,two D-sorbitol dehydrogenases were proved to be
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PQQ dependent D-sorbitol dehydrogenase (PQQ-SLDH) and one was FAD dependent D-sorbitol
dehydrogenase (FAD-SLDH) by using the BLAST software in NCBI. The transcription analysis of
strain cells from 4 h,8 h,12 h,20 h and 40 h in fermentation cultivation were further studied using
the high through-out RNA-Seq technology. The result showed that sldhAB2 on gene locus
O1G_RS0104395/01G_RS0104400 had a very low transcript level (FPKM , Fragments Per Kilobase
of exon model per Million mapped reads) in all 5 time points,compared with the high FPKM of
sldhABI on gene locus O1G _RS0105425/01G_RS0105430 and sIdSLC on gene locus
01G_RS0106820/01G_RS0106825 /O1G _RS0106830. Here,we illustrated that the gene cluster
sldSLC and sldA BI played an important role in the oxidization of D-sorbitol to L-sorbose , which may

contribute to the further study of D-sorbitol dehydrogenase genes in the strain.

Keywords: RNA-Seq, vitamin C, L-sorbose , D-sorbitol dehydrogenase gene

A HBERAT R (Gluconobacter oxydans ) /&
— AR A 2 M, B T RS IR AT AL
LN T ENGE T R R AN 4B S KR
G. oxydans W ZRMLAE b 5 A7 K i B &0 B, Al DA
TN T8 A H S AR E R FIBE B R, G. oxydans
B AT Tl A B SR DGR 7 a0 2, 5-
FEAH AR | R RE DR Lt AR AR

L- 1l B85V g — i 22 00 A 2 5ok, 3w
D-1 BB A AR B SR, FEEBHIRIE 47 VE
A JEURHS IE T K B, L B 5 S ) (sldh ) &
G. oxydans " AE AL D-110ZLBEA: P L- 10 28 9 OC
FEAIT, S ARSK PR AS [ S B A 4t 1 1L B
S (SLDH ) 16 45 AT 11 rh A 4k o B A2 5E
55 A A H B BERR AT I (Gluconobacter suboxydans)
IFO 3254 F1 38 4T K 5 # #T B (Gluconobacter
frateurii) T BE LS 5 A G  FAD-SLDH (sldSLC) ,
H /N 3 (s1dS) R 3 (sldL) Fi4 i ta 25 C 7 St
(sldC) 0 R%, FF LA FAD R S g B2, 1 M G.
suboxydans 1FO 3255 43 #5453 2 (4 PQQ-SLDH
(sIdAB), BRI /NI HE (sIdA) Tt S0 R SIF H
(sldB) ¥4 B, 1% B AE R 1Y FF T4 v ¢ I T 1% I 5 Kt
g PQQ IAFETEN,

AW, G. oxydans WSH-003 2 28 o B A= 1
Z R AE T AR Y —Fhs 7 L- LAV R, B
RE A% i K IS D-10 BB 58 2 AL L1l 3
W BETAE S 20 AW vh VO AR 1 SRR ARy
— PP EE ) Tl A PP R AR L G. oxydans WSH-003 (1)
FEPR 2 © 48 58 WO A TP, A R R P 91 O
PR R T AEAE 3 A PR AR A A (] 4 1l 2 e I S

LD A T — AT AR TP AR 3 A D E AR BL A B
R DAL A BF 50 9 R WL AR T o A SO S R PR 2
HE 3 AN FE R BLAST 7628 D Rk 147 77 971 L
XF o SRJE BT % B 5 S 2 P (RNA-Seq) FoR
3 32 X DA R R TR R 0 5 AR [ B AT A SR
LM F, 34T 3 Fh sldh HE P 1 5% 56K 7 K A8 Ak
BTN 6. oxydans WSH-003 H D- 111 B2 B it 0 il
AR AT B VC — 20 T8 1 AG £ 2558 T B6Ail

1 #hs7E

1.1 ##
L11 #A# ALEPFFEHE G oxydans WSH-
003 F VL3 VL L ) 2547 FRZA w25
112 34k
1) Ff 715 57 55 R By 10 g, INALEE 150 g, &%
BT AKERZE 1L, BRI 20 o/L MBS .
2) RIS IR L B RERE 20 g, IHALEE 150 g,
EETKERRLL,
1.13 4 F & 4 % X A  RNAlater ® Tissue
Collection, 4 FI Ambion 23 H] ;Qiagen RNeasy mini
purification kit & RNA 807 &, H Qiagen 24
A ;Ribo-Zero™ rRNA Removal Kits (Gram-Negative
Bacteria) , 4 F Epicentre 23 7] ; TruSeq RNA Sample
Preparation Kit v2 Fil MiSeq Reagent Kit v3, 04 H
Mumina 23 #] .
L14  E&M0E | LAUSEE & BERE, SCIE NBS
ZN W, A5 S BIOFLO 110 5 AR €238 4%, 5% 5]
Agilent 24 7, #45  Agilent 1100,
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1.2 A&
1.2.1 BLAST &7l b x5 MR G. oxydans WSH-
003 H A ALy 25 58, il I NCBI 75 26 X 4K
4 BLAST (http ://blast.ncbi.nlm.nih.gov/Blast.cgi) , 1
% sldh B FEATIELE LU $R S 3 AH AL Y sidh
B
122 Bk

1) Pl 715 35 5544 . BR B G. oxydans WSH-003 B
TR T &4 75 mL BT 55 FR A9 500 mL Y =
FHL, 7E 30 °C 200 r/min BFE IR 3G FR XS Hh

2) RBEAAT B bR R R AR B 15% 4%
BT INA 425 mL % B8 57 2R 00 1 LA B o G
B 2.0 L/(Lemin),30 °C,400 t/min,pH 5.6,
123 Bk E A RNA it KRR RIFMHIE,
BERR 4 hOIRORE T B AN A S RNA RO I
D-tL 2 (R TH FE M2, JF I ODgy 25 il A 440 2E 1< it
2, TELRAF T B RNA SR BR RS 2 AR I 1:
1 M A RNA 22 5 RNAlater® Tissue Collection J&i
4 CRIRCE 05 % # 5)-80 CIKARIRAE . H BRI
B ) e 4E , i/ Qiagen RNeasy mini purification
kit 3 F & 3R B 1 B RNA , i il Ribo-Zero™ rRNA
Removal Kits (Gram-Negative Bacteria) i 7 £ 2% B
BHEIR RNA, K aifL )5 (9 RNA 28, (L pE
2100 BIAr M ACHEAT BT i 08 , B s T SO A
124 CEAEEMF U AS Tk, i
TruSeq RNA Sample Preparation Kit v2 #1 MiSeq
Reagent Kit v3 43l #4 # RNA-Seq 19l /7 3C I

HLIN . (81 MiSeq 5 38 42t I F7 {X 2£ 47 2100 PE
Al

1.2.5 RNA-Seq £ #17 &F o4 MWFRER
Bl fastq SO, 8 FastQC 3454700 5 it & 458
il , 3 H Fastxtoolkit A1 Cutadapt A4 2 BR A 5T &
AYEE B (reads) yRNA 75 4 Ay 52 BE Rk e 41 o v
Bowtie2 & FH Jay &8 L xof 98 b B 5 352 B i A 36 PR 4
VLB (genome mapping )™, Bowtie2 VG HL R H 1) 2
ZHRRA R GluOxy-1.0 (Gluconobacter oxydans WSH-
003), T~ # Mtk fip . //ftp.ncbi.nlm.nih.gov/genomes/
all/GCF_000263255.1_GluOxy-1.0, f#H Cufflinks X}
Bowtie2 [ mapping 45 5 i 17 5 K B 35 reads & i,
115 FPKM (Fragments Per Kilobase of exon model
per Million mapped read ){E!",

1.2.6 D-oli LB R Lob R g e teml  D-1L B EE K
L- L AU ) e B2 P i 80OOAH (3% (HPLC) A6, A6z 0
SRAFINR . @35S Aminex HPX-87H (Bio-Rad) ;
W EAH 5 mmol/L H,SO,; T & 0.6 mL/min ; 1 &
35 CydbFERE 5 L K 8%y 7R 22 4 GG I 4%

LR

2.1 WLEEER SERE E & B F 51 be 3t

FEH M T IR, G. oxydans WSH-003 T/ 34~
sldh 3E R 5% 43 51 4 01G_RS0104395/01G_RS010
4400,01G_RS0105425/01G_RS0105430 #1 01G_RS
0106820/01G_RS0106825/ 01G_RS 0106830, fii /i
BLAST FEZk L X, Z5 5 5k 1 FoR

x1 WWAERSHEEREKN BLAST &2
Table 1 BLAST results of three sldh gene clusters

G. oxydans WSH-003

i 3 R

BLAST X 45 %

e [N T B LA E

G. suboxydans TFO 3255 sldA, sldB

01G_RS0105425/
01G_RS0105430
(2 603 bp)

G. oxydans H24"!

G. oxydans H24

01G_RS0104395/ G. oxydans H24
01G_RS0104400

(2 669 bp) G. suboxydans IFO 3255

01G_RS0106820/ G- oxydans H24
01G_RS0106825/

O1G_RS0106830 ¢ syboxydans TFO 3254[9]

99%
Glycerol dehydrogenase small subunit, glycerol dehydrogenase large
. 100%
subunit
D-sorbitol dehydrogenase subunit SIdA, D-sorbitol dehydrogenase
. 81%
subunit SIdB
D-sorbitol dehydrogenase subunit SIdA, D-sorbitol dehydrogenase
. 100%
subunit SIdB
sldA, sldB 79%
Large subunit of sorbitol dehydrogenase, small subunit of sorbitol 100%
dehydrogenase, cytochrome subunit of sorbitol dehydrogenase ’
Sorbitol dehydrogenase small subunit, solbitol dehydrogenase large 999
0

subunit, sorbitol dehydrogenase cytochrome ¢ subunit
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4 % W 01G_RS0105425/01G_RS0105430
K G. suboxydans 1FO 3255 H1 [ PQQ-SLDH , #% fiiy 24
H sldABI 3 A . Bt 4 ,01G_RS0104395/01G_
RS0104400 115 PQQ-SLDH A 1R i i [A] P64 | i o
2 3 K 8 K 6] B9 PQQ-SLDH, #f iy 4 4
sldA B2, 11 01G_RS0106820/01G_RS0106825/ 01G_
RS0106830 M #E & 3 WAL, HXF4h R
NHK G. suboxydans TFO 3254 H1 [ FAD-SLDH, #%
44 K sldSLC, H.8% BLAST 45 R 8. 7% ,G. oxydans
WSH-003 HFEHFE S G. oxydans H24 w5 23T {2
T2 TR R 110 L1 R T 1 S T ) 2 780, A A o G b X 5
SR FH E I 1 SCHR SR R AR A
22 HEMEKBREWEN

HRYE & e 3% 4 h IR IRESS 5, 2l B IR Y
A<k [EE ] HPLC I 5E 4% s ] 45 % D-10
BTN L- LI B 1 0 v B A o LA IS J) Ay a0 R 1
TR AACTE B . s 1 B . HER R AR 2
BT ) LE 0D, AR A T A BIO) RR E  Rn EaR
HEYr D-111 B EEAE X E5O0 Bl Pk A6 7= 4 L-1h
AUp, AR 4 h(ZEH S ), 8 h(RHE#)
1), 12 h(HEUR ) ,20 h(FUE w13 ) F1 40 h(Faxe
Je 301) B R A, EAT A S AL e, 0 T T LA 4 v b AR
A5 BRI A e T 0T ) B R A SR

8 1150
4120
6-
=
190 =
g i
4
g =
160 1
S
2.
30
Y
0 L n L 10
0 12 24 36 48
i) /h

—o- 0Dy, —a—D-INFLEE, —w—L-1I1%208,

1 BEHEMERKE D-ILREHL %
Fig. 1 Strain fermentation culture curve and time-course

D-sorbitol oxidization

2.3 RNA-Seq il Fr 7% £ #3 1 b 12

{HH Miseq o5 @ 52 0 P48, X T i 4 19 5 A~
IR RNA 5 51T pair-end X P | & 22 B
FER 100 bp, ¥ A5 2] )5 4R fastq B0 SO, BEASFE
i B BUCE B 2920 20 M reads 35 2 G bp, 15 21 R A
FPRY K o X5 5 A FE I i Eiodis AT Ak
BB T o I e AR BT 0 B Sk A1 Mok
HTF rRNA 7532 B, 1980 7 &Rl
JEZ253HT Y clean reads , FAR 3 B4 45 SR WL 462,

*2 RNA-Seq MFRHBBIERSREBER
Table 2 Raw sequencing output and clean reads of RNA-Seq

4 h i 21,766,594 19,309,230
8 h Yy 22,463,168 22,229,338
12h 25,139,802 24,946,860
20 h 19 20,744,404 20,581,478
40 h 19 38,320,126 37,845,756

24 EFRALEREERRESHT

il FH 26 17 41 B X 31 Bowtie2 4 951 4k B S 11
clean reads PEPC 2] G. oxydans WSH-003 JE K 4] I+,
ARAFACFE S 1Y bam HEXF 45 30 f#H Cufflinks %X
gt 7 55 20 45 S R s B g, ek AR L
FPKM #ox . Kl 2 fli AR B 9o it 15 20 5 4
[i] SR ) FPKM (2046 (AR FR L) logioF PKM 3%
) o WEFTR  BEASFESL Th 2) 50% 5 ] FPKM (B 7E
32 (10°)~320 (10%) ZI[a], 2y 25%IP)HEH 5 7E
320~10 000 F1 1~32 X [H] 534 o Weoh AT A 53 50
ISR IR B R

19,060,477 18,548,214 85.2%
21,926,336 21,359,732 95.1%
24,616,540 24,037,030 95.6%
20,317,720 19,836,510 95.6%
37,364,411 36,292,768 94.7%

N T T A E

3t

log, (FPKM)
0

I I
I I
I I I I
of & % & : |
i ° ED g
-1 , . . ° L
4h 8h 12h 20h 40 h
A I TR R B
2 MEFHAPERAEFPKM 27
Fig. 2 Transcript FPKM distribution of RNA-Seq
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2.5 sldh EEMERKELE

R HE Cufflinks & & 25 &, 50 9 581t sldAB2 |
sldABI M1 sldSLC 3 ™ FEIFE R 5 A A9 % S AR
EJ¥ FPKM {8, W& 3 ffoR ,sldA B2 18 5 S0
B SRR SARAG, BLTC I R AR Ak e #h M sldABI
N sldSLC FE N FE BARF IR KR /|, R X B =
T WX — B BBt D- 111 AL B A4 420 Ak 1 2 e384 Jon
DL g5, JEF PQQ-SLDH 25 AL (Y sldABI
FAD-SLDH 287 () sldSLC 4 G. oxydans WSH-003
R ERIAW D- 1AL EE AR LR, HsldABI 1
IRV T sldSLC HE W, i F & T PQQ-SLDH
KA — LK FE slIdABI (%% 5K ARG, SLA
EARZYE D-INBLEE AR L1 AR 0 e A 72

6000¢ 5400 5450

5000F 4800 400 00
4000+ 3500 3
3000}
2000} 1
Z 1000} 'OO
&
= L

30t
20t
104

0

4 8 12 20 40
e [F]/h
B s/dAB], WEMsIASLC, WEMsIAAB2.
B 3 sldh EEHK FPKM &L

Fig. 3 Comparison of FPKM for 3 sldh genes

SZ Wk

| 3 i

PLAEK , G. oxydans W N A 5T K J Vil 9 )
2R T2 B At A Tl SRR 2
B T AN B A AR R 1 B S BB PR
A58 A EAREE W5 AL W A A L B R 08
2 SIS T 0 s J5 iz i, 7 )T e o i B B
HRT, 78 VC I 20 e 5 — B2 FH G.
oxydans ¥ D-11FLEERE AL N L-10ASRE . J2 Tl A
FHZDE R VO I AP BR

B e 3 2 0 BRI R R T AR 4 DR 2
FPHBAHLE A AT o AWFE 6. oxydans WSH-003 %k
PRI e Sk s I ) B LA 7 3 A AR 3 S R
JEEALAN A 1Y) D- LU A 5 S i LA MR A0 2 A 1 Sk
e, FIFH BLAST ZAE, i 3 A3k i 43 51 )@
PQQ-SLDH (sldA B1 ,sldA B2) #1 FAD-SLDH (sldSLC) ,
fé I e 38 & RNA-seq $EA, il il il 5 A Bk & b 5
AR ARG SR, B sldABI R sldSLC AF
A EERIR R D- 1L AL S B AL N 2 5 D-1
UL AL, T sldA B2 &R BEAR G 5%

A B 5 IR K R T 2232 T R b L B G
(AR ELAE T B VC — 25 T T B R 4 iy 1 55 T AR 28 58
#o HE Al

[ 1] De Muynck C,Pereira C,Naessens M, et al. The genus Gluconobacter oxydans:comprehensive overview of biochemistry and

biotechnological applications[J]. Critical Reviews in Biotechnology,2007,27:.147-171.

[2 ] Gupta A,Singh V K,Qazi G N,et al. Gluconobacter oxydans :its biotechnological application [J]. Journal of Molecular

Microbiology and Biotechnology,2001(3) :445-456.

[3 ] Merfort M,Herrmann U,Bringer-Meyer S,et al. High-yield 5-keto-D-gluconic acid formation is mediated by soluble and

membrane-bound gluconate-5-dehydrogenases of Gluconobacter oxydans [J]. Applied Microbiology and Biotechnology,

2006,73:443-451.

[ 4 ] Gatgens C,Degner U,Bringer-Meyer S,et al. Biotransformation of glycerol to dihydroxyacetone by recombinant Gluconobacter
oxydans DSM 2343[J]. Applied Microbiology and Biotechnology,2007,76:553-559.

[5]1 WANG X,LIU J,DU G,et al. Efficient production of L-sorbose from D-sorbitol by whole cell immobilization of Gluconobacter
oxydans WSH-003[J]. Biochemical Engineering Journal ,2013,77:171-176.

[6]1 GAO L,HU Y,LIU J,et al. Stepwise metabolic engineering of Gluconobacter oxydans WSH-003 for the direct production of
2-keto-L-gulonic acid from D-sorbitol[J]. Metabolic Engineering,2014,24.30-37.

[7 1 Sugisawa T,Hoshino T. Purification and properties of membrane-bound D-sorbitol dehydrogenase from Gluconobacter
suboxydans 1FO 3255[J]. Bioscience Biotechnology and Biochemistry,2002,66(1) :57-64.

[8 ] Toyama H,Soemphol W,Moonmangmee D,et al. Molecular properties of membrane-bound FAD-containing D-Sorbitol

dehydrogenase from thermotolerant Gluconobacter frateurii isolated from Thailand [J]. Bioscience Biotechnology and

Biochemistry,2005,29:1120-1129.

LHStHRASIL 2016 FE 5 EE 6




RESEARCH ARTICLE HU Yudong,et al; Analysis of D-Sorbitol Dehydrogenase Gene
in Gluconobacter oxydans WSH-003

[ 9 ] Shinagawa E,Matsushita K, Adachi O,et al. Purification and characterization of D-Sorbitol dehydrogenase from membrane of
Gluconobacter suboxydans var[J]. Agricultural and Biological Chemistry,1982,46:135-141.

[10] Miyazaki T,Tomiyama N, Shinjoh M,et al. Molecular cloning and functional expression of D-sorbitol dehydrogenase from
Gluconobacter suboxydans 1FO3255,which requires pyrroloquinoline quinone and hydrophobic protein SIdB for activity
development in E. coli[J]. Bioscience Biotechnology and Biochemistry,2002,66(2):262-270.

[11] GAO L,ZHOU J,LIU J,et al. Draft genome sequence of Gluconobacter oxydans WSH-003 ,a strain that is extremely tolerant of
saccharides and alditols[J]. Journal of Bacteriology,2012,194(16) :4455-4456.

[12] ZHOU J,DU G,CHEN J. Metabolic engineering of microorganisms for vitamin C production [J]. Subcellular Biochemistry,
2012,64:241-259

[13] Langmead B, Salzberg S L. Fast gapped-read alignment with Bowtie 2[J]. Nature Methods,2012,9(4):357-359.

[14] Trapnell C, Williams B A, Pertea G, et al. Transcript assembly and quantification by RNA-Seq reveals unannotated transcripts and
isoform switching during cell differentiation[J]. Nature Biotechnology,2010,28(5):511-515.

[15] GE X,ZHAO Y ,HOU W, et al. Complete genome sequence of the industrial strain Gluconobacter oxydans H24 [J]. Genome
Announcements,2013,1(1):e00003-e00013.

SWER(PN): 2016 BKAEHZEFHFITS
FrIE“ERE . EHOR 5 A0 TR R 2 5 e o

F i B . 2016-08-31 25 H . 2016-09-02

FrfEski . a4 Al HARH 5 IR

FINAAL: WM FLIR A =SB SIS LR P2

E-MAIL: tsaiyc@ym.edu.tw WMl http://www.cifst.org.cn/NewsIn.aspx?id=8579&SeeType=AddCount

SUCHE S 2k A A O 3 B A PR ARl A A P R T xR R AR TR R AR R . BRI ik U HAC R T,
AR 15-20% , I T 3 7 29 45% .,

7 FL IR B - 2 1 M (Asian Federation of Societies for Lactic Acid Bacteria, AFSLAB)H 57 T 2002 4, [ 2001 4F 2
R B2 I P FLIRR B T 2 (Asian Conference of LAB, ACLAB),2015 4F-7E 2 #2575 T 45 /\Jii ACLAB,2017 4755 Ju
JEMGAE B RZE D 5 [ 2008 47, 45 RUECAE 2% 7 37 I 36 B3 F 35 23 (AFSLAB Symposium), 2014 4F 76 JE At T2 24 5 1 4 DU Ji B
W2, 5 R K AE B L2 . &R 2 2 A 7E 200-500 44 .

AESC A ] B 5K

K4s M

1138 o A=y L 5 ek B

2. Tl P fn Y 55 RS A i A TR

3.1 A2 5 e

4% A R T TR A B 5 0028 RS e A S AR st S R

5.4 Az B ML s A SRR PRBE Al (B A KR IREE) AR L

6.1 % 5k

7P R BT 23 (P 30)

8.7 i e Bl 1] o

9.ISAPP(International Scientific Association for Probiotics and Prebiotics)#¢ By 4% ] % 5

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.35 No.6 2016



