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Abstract: The present study was conducted to investigate the possible functions of a-galactosidase
derived from Streptococcus alactolyticus strain FGM in Astragalus membranaceus fermentation.
The a-galactosidase aga2 gene was cloned with homology-based cloning and its expression during
A. membranaceus fermentation was estimated using the determined ideal reference gene ldh
through real-time reverse transcription quantitative PCR (RT-qPCR). The results showed that
the strain FGM was in exponential growth phase within 6 h and there was a rapid decline of pH
value from initial 7. 2 to 5. 3. The bacteria stable growth phase was post 12 h, pH value was 4.5
and pH value changes were not observed from 48 h to the end of fermentation (72 h). A nucleo-
tide segment of 648 bp was successfully obtained (GenBank No. KC202825) and its highest se-

quence identity was 98%. Aga2 gene expression was significantly up-regulated (P<C0. 05) within

Wi HE:2012-10-29

ESWMA - EHXKARFAEESDE (31072162) 5 B KAk AN BHIF L 51 (201303040) 5 24 15 PEWF 58 BT EEAFLATF 2% (1610322011007)
YE & B A AP HE IR (1988-) Lo INARZRZE N B A, 255 45 AR TR BEMLIE 5% » E-mail: muyue807@126. com

* BEEE . ZEE,BIWISG , E-mail: lzjianxil@163. com



4 FRAEE LR 42 T 25 45 1 FGM 1Y aga?2 e P78 3% 18 R e 8 vh 1) 25 36 643

24 h and reached a maximum at 24 h (6. 04-fold). The aga?2 gene expression was only 1. 3-fold

higher at 36 h. However, it showed a gradual decrease from 36 h to 60 h and was down-regulated

at 72 h when it reached a minimum (0. 68-fold). The results suggested that ¢-galactosidase pro-

duced by S. alactolyticus strain FGM not only showed some ability to hydrolyze some anti-nutri-

tional factors o-galactosides in A. membranaceus,but also might be responsible for exopolysaccha-

rides biosynthesis indirectly by the Leloir pathway of galactose metabolism.
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fi A FGM & M8 E 77> 8 19— Fh FL IR 1A
% 16S rDNA % & F AF fi# 2L 5% Bk H (Streptococ-
cus alactolyticus strain FGM, GenBank % 3% %5
IX435470) . 3 fifk FL A B 2K A 2 1D W B K R/ A i
BB & G Bt (Streptococcus bovis/Streptococcus
equinus complex, SBSEC) i) —1~Fp, H 1984 4E J.
A. E. Farrow %5 A WSE G 7 38 73 85 2% 8 )5 . A
Ak H At 3l ¥ Can A9 5~ B8 /Y I 38 by B 3%
- M. L. Rinkinen %" 4% i R %5 Jj il 3 o
AP 7l IR T 2 3F A 3L OBE B Bk . 2010 4E .
Czerwinski % 3 iF DNA 5 80 E3% £ 0. %9 5 1
P F2 S A ) R e A LB B R T . SR AT
K% A0 1 RE S R I 58 A il . AL EE
2007 4E 34— T 1% B Y A ) 1k 58 S HL7E #b 45
Je v 2 R 2 W T O D G S TR

5 1€ (Radix Astragalus) J& SR E Y, EE A 3L
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o F M B (a-Galactosidase, EC3. 2. 1. 22) /A~ Y
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%[1—3]

KX R B LR AT AN B A S
WUF SN S ook TR WS aga2 SR L 9B
B A Bt PCR B A K 3L 435 K F .+ & 15 4 B bR
FGM % B SR B 2 2 B0 L3 B S A A

1 #MRtEFE
L1 ##

B3R 5L . MRS W7, &2 16 AL AU 5 e e G 97 2k
S ER R T RN 8.0 g L'
FEH] AN 4] DNARNA 2 BUL 7] & (O-
MEGA) ,pGEM-T Easy #{k (Promega) . DNA #t
i [l e i Ak 3 300 & kL £ IO R &L K AT I
DHOS o J8 52 25 20 0 L N DD S 58 K98t 5E i PCR
G & B TaKaRa 22 7] .

1.2 EEZADNAREE a-FEEHEE aga2 EE
EBE

A0 DNA 3550 & U6 5 42 Utk FGM 3k
K4 DNA, 31 F§ NanoDrop 2000 3% & i (USA) il
E DNA MR 4iE . L GenBank $U¥E 2 0 4- 45 Bk
a2 LB B agal B Y 5 2 2% B, R
Primer premier 5. 0,Oligo 7 4% i+ 4 R 151 Y
aga2-F fl aga2-R(FE D), 5P b 42 KIEH A Al &
.

PCR & i & & : Premix Ex Taq 25 pL, # 4R
DNA 5 pL(0. 1 pg) 54 (20 pmol « L™ 4% 1 pL,
FMINK T FE K % 50 pl, PCR W 444 :95 C il
A5 4 min; 95 CAEME 155,53 CiBk 155,72 C4E
fif 30 .35 NMEM s I f5 72 CHEAH 7 min, T4
ok 1% 9 B e W B R Uk R I PCR ™= 4. H
DNA B i a4k 120 & sk Hiy r Bs B #E R
pGEM-T Easy Vector,4 Cif 1% )5 # 4L B K g AT
DH5q B2 A4 i, W5 I BEf 2 . PRHCE 38 T2 %
TR LB AR 77 ik b 6 (8 15 3% JBORE $2 1R 71
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Table 1 Primers used in aga2, recA and Idh gene cloning
519 3 (5'-3") Bl 1K /bp GenBank % &
Primers Sequence(5'-3") Primers size Products size/bp GenBank No.
aga2-F GAGATAATTTTGAAACGCCAGT 22
648 KC202825
aga2-R GGTCGCAAGATAAGTATCACC 21
recA-F GTGCTGTTGACCTCGTCGTTGT 22
655 JX947343
recA-R GTGCTGTTGACCTCGTCGTTGT 22
ldh-F GGTGCCGTAGGTTCATCT 18
857 JX947344
ldh-R TGTTGTTCAGCGTCATTCA 19

1.4 EERFFISH

W 45 5 i DN AStar 80 3647 15 90 DF 42, B
157 51 $2 28 & NCBI $ 4l i 32 1T Blast 2 5 2817 /F
G AL 15 2R A 23 A
1.5 RBRIHFES FGM £ K & 4§

¥ FGM T8 bk 72 MRS PR3 55 97 B b 5236 A5 AR
Bige AR S HARBU B A D R R (2 4.5 X 10°
cflus mL ™D ASEH 100 mL KB FRX(EH
Na, CO, JA¥I 4 pHAAEE 7. O M = MM+ .37 C,
100 r » min ' JREAFEIR KB 68 h, 7EREELFES .,
SrE 0.6.12.24.36,48.60 F1 72 h W) KWK 50
mL, SRR A T WA B O 2 A8 B0 IR A MRS B
JgFAR .37 CRRERGFRHM i SR 72 h 5 it 80T 2
MlA R 2. ® L BEWN E pH J5 /2T — 80
CukA b4 RNA $2EUT
1.6 ZAHE 2 RNA 2ES DNA & %

BRAFE T —80 CUKAH M Z BRI T 37 C K vh
PR R I 1 000 g4 CEJ.L 3 min fff 8 FER) 55 AN
Vi 2R BT E I R BV A T RNA R & Bt
B 542 B Bk FGM B RNA L Bt 72 7 B RNase-
free DNase ICOMEGA) EFrZEHF 4 DNA 5L, LU
Jo 43 B0 106 1 B AR B 5 G PR DK R I RNAL 58 %
P, NanoDrop 2000 3 & 11 (USA) il i RNA ¥ &
A . >R PrimeScript® RT 385 & 525 5% & 0L
cDNA,10 pL RN & R P & FH 5 X PrimeScript®

Buffer 2 pL, PrimeScript® RT Enzyme Mix [ 0.5
pL,Oligo dT Primer (50 pmol « L™'), Random 6
Primers(100 pmol « L™ ') 4% 0.5 pL, LA &%) 500 ng
BRNA, RT W £4:37 C 15 min;85 C 5 s,
1.7 SYBR Green I LR 3¢ E 2 PCR

L7.1 SERFO6E & PCR 515 6 M R
W& 48 ) FGM Bk 16S.recA.ldh Flaga2 3 A
#5375, JF 2% SYBR Green | %86 5E 2177 &
Ui BB W R B R R S (R 2) L 51 W
R B 2w B

L.7.2 Fpuefh 2y g s BUREE O h b sy
cDNA, | Easy dilution (TaKaRa) % 107 ', 10 %,
107710 ".10° " A1 10 ° HEAT 10 A5 B B2 3 B . S
TR R B SR A5 F T RS IR S | ) 3 38 808 oA
CRAR SRR Y

1.7.3 NS H: PR E Mo B Z & J. Helle-
mans N T NS R recA filldh A
[] 2 e B Be A i Cr A S AH GBS A gbase™™
2.4 B4t 384T geNorm F&J¥ 4387 recA il ldh N2
HE D RS E ME AT A TP (geNorm<T1. 5)

174 SEEPE & PCR OB & A iCy-
cler iQ™5(Bio-Rad 2~ Hl) KB E 19 96 FL AR EAT 5L
W2t i PCR W, 25 pl [ B R & b 4 &
12.5 pL SYBR® Premix Ex Taq¢™ 1, 5| 4 (10
pmol « L") 2% 1 pl, cDNA Fifl 2 pL, LA SKCK
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ddH,0O 8.5 pl, #E—Eamil 3 NEE .2 DETEXS
MBI 5 P D . Bk R 2 )7 : 95 C
RASHE 30 $;95 'C 55,60 C 30 s, W 40 MBI,
Z G RS SR VO AF 5 HEAT Bl it R4 A . R AR

*2 FAFTEMRKHXEE PCRHSIY
Table 2 Primers for Real-time PCR

.60 'C 10 s, LA 0.05 C « s "gy#F M 60 CFh i
B 95 C. B4 BT HCHE J Bio-Rad Q™5 % &
GERRAE 2.0 A,

514 A5 514 P4 b b
Primers Sequence(5'-3") Primers size Products size/bp
16S-F GCGACGATACATAGCCGACCT 21
16S-R TGATTCCCTACTGCTGCCTCC 21 .
recA-F CGAAAAGATAGCAGCATCGGTAAAG 25 )
recA-R AAGGTGTCAGGGTGGTCACTCAAG 24 21
ldh-F CAAGAAGACTCCGTTGAAACCAGA 24
ldh-R CTCGTAAACCAAGGAATCGCACA 23 21
aga2-F CAACGCAGAAAAACTCGGTGG 21 (
aga2-R GCTGGCTTGATGGAGGCTATG 21 2!
L7.5 REEAF B aga2 £ N KK F 4L Pede . 90%.

LA recA Fl Ldh N2 D BUAS [A] 4 18 B B 1Y)
cDNA Sy B 2517 52 I 96 & PCR N . LK 88
0 h I YRR AR X IR A AR A R 3 DR L 2
KA 2oL AT R B RE Cr (TR R 5
ARk e AR A AT ATk

2 % B
2.1 aga2 EAFI S

R AL DNA Z245 I ODz60 w / ODsgo i LU
B 1. 8~2. 0,4 % R4f . IAFHIETI aga2-F
Ml aga2-R BN 345 1 Bt 648 bp B ER T 51 (Gen-
Bank % 5t5 KC202825) ; Blast 4% 3 B~ , 5 & H i
FEER T (S, macedonicus) 5| — B . N 98% .
2.2 recA 0 ldh E B F 55

LR AL S recA-F Ml recA-R i 3k45 1 B
655 bp M 4% 2 ¥ 71 (GenBank % 5% 5 JX947343);
Blast #5287~ , 52 LGBk B 2L FR (S, infan-
infantarius) JFF ¥ — Wk & &, N
8620, LAREFMERIY) ldh-F F ldh-R {3k 1 B
857 bp W% 2 ¥ %] (GenBank % 5% 5 JX947344);
Blast 25 R WoR . SRS T IREERE MR E 7RI
B (S. gallolyticus subsp. gallolyticus) 5| — 5

tarius subsp.

2.3 FGM EKHM& 5% 8% pH T %

A [6) By B 1Y) & B W R A7~ A EOrn pH
E 21l FGM A K il 4R & It #2 v ) pH 22 4k
Mz (8 . 45 R B8 K 6 h N FGM &b T Xf
BOERKI 12 h IR a i AR e . pH 28l 48
LRI 6 h 5 pH BIG 7.4 sl FREF| 5.3,12 h
J& FREE] A.5.48 h R RIS 4.0 £4.

|—'—pH —A—Tﬂ%ﬂ
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Fig. 1 The pH value of broth and growth profile of the

strain FGM during A. membranaceus fermenta-
tion
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2.4 ELHKAXEE PCR WIRAHZ

FEHL RNA 1 ODyso i/ ODaso o LAY TE 1. 8~
2.0, 4 B B 47, BB WH BE R HL KR T B s 58, 16S
1 23S 57 52 % i 1T mRNA 19 &R0 . NS
FEH rec A i idh VLK BB aga 2 bR AE T2

R3 REHZBXEE

Table 3 The relevant data of standard curve

R RAFAMESCR K 3 FURY HBOR E AL 90%
~110 207 .l fife i 2% s o B0, SR E R 1 9 —
RARMAR RS Y44 . w] DU T 92 mp 90 i PCR
o HT.

A R e R R R Y

Gene Amplication efficiency/ % Slope R square The highest coefficient of variation/ %
16S 100. 9 —3.301 1. 000 2.14

recA 106. 2 —3.201 0. 997 1. 87

ldh 104. 8 —3.321 0.995 1. 56

aga? 104.0 —3.229 0.994 2.35

2.5 ASEEREESNT

51T gbase™"™ 2.4 #BAFH ) geNorm & ¥ 43 Bt
WS LR RS E PR 45 R AN 2 BT 7R . 16S recA Fl Ldh
i) geNorm M {H 43 528 1. 148.0. 990 F1 0. 929,31
RFIGAE 1.5, FRBX 3 NN SEEE ] A 1 52
2 2 B PCR A& . 26 geNorm M (B & 1K 1
recA iR NS HK .

120

s LISk

*:E';il 1.10

> < 110k

g | osk

e

*@ S 1.00}

g 0.95

.H% 090 1 1 1 J

16S ldh
NZ K Reference gene

recA

B2 349ASEER geNorm M (&

Fig. 2 The geNorm M values of three reference genes

2.6 aga2 ERERBABMENRIZKEEZL

PhrecA Fl ldh N2, 0 h Ry xf B, ok
27RO T AT . AR INIE 3 TR saga2 HEHAE
KM 24 h N FRIBKF- 8 3 B (P<0. 05) If ik 31| i
VIR KO h 1 6.04 £%53;36 h #5 24 h &
P (P<C0. 05) 2 W G LTI 1. 28 55 Z g L&
W S /NE T B, R 60 h I aga? FEPI R
KK R I KB 2 £55 72 h iR BKF T

P SR R K 1 0. 68 47

- Bt

7
6
5
41
3
2
1
0

HAXS IR IKT
Normalized fold expression

0 12 24 36 48 60 72
kI A]/h - Stages of fermentation (hours)

B3 a2 BEEEERRBERENMRARIEKRTE
Fig. 3 The aga2 gene expression at different phases of
A. membranaceus fermentation
33 i

A5 A FUBEHE BRI FGM Py [R] 28 2 2 & 1% . RI
I W B R A2 (EMPO U - A FLIR S5 . £ e
SFEE I JL I 9 5E i PCR HARKG I T EMP
14 2 A BIR 3 88 2 W BT (g L KO 0 B R 1 i IR U8k
Tl Cp k) 15 81 T K I 2o e TP Y 3R KK P A8 4k 46
KGR KB pH AL FGM A K A )
BBk FGM adi i EMP AU ™R . gLlcK T pgk
F A kK- G BRI Ik B e pH HIBIER 7. 2
SRR R 4.5 A0 AR R AR AR TR A
ZJG gleK Ml pghk FEN R KK 6 h LR T R
B R B W IR pH E T FER 4.2 5.
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PRA KB 12 h J5 2 DR R B KT 6 T,
WA E e pH [HAETE 4. 0 247, BUIF 4 B 2E K
getg i A TREN . AR TR, K
R aga2 FEHTE 60 h &K B .72 h 3
N B R LB R ARy Be ik
KA . i3k R W IE A FLME 4 3K 7 FGM AR 7E 88 B
R RE A o2 LB R, BT R B
e R T EEAN, AR Z— Al GE2 70 it s i
W a2 RS B X R HUE TR A R A
FEHR I I 5 A AT, AT — 2B Bl kI R
WA RBAT

a2 FLVET B O3 % o P FUBE 257 A 0y 2 2L bk
F ) Leloir s A2 A 78 & 42 rh 2f 2L B 422
FUHBOG 2F 2LBE- 185 B2 IR e B i . UDP-2 LB
A~ S5 ) T R B Tl R AL A A AL L B BRI ATP LAt 1
RF . Hrp, UDP-E 2L 0 4-5 14 i (galE) fi
77 A= 1 UDP-2E ZUBE W] AE g Z2 05 & BURTIA ) B 2
5 i 4b Z % (Exopolysaccharide, EPS) & i, galE
A UDP-4 %5 bl Fl UDP-2 U5 2 8] 19 41 5% 1k
S LR T ML A1 22 B A A B DG B A Y B
FKERU LIRSS Z WSS B b e I
) EEHRICZ —, Leloir 3& 72 X il 4 22 M i 44 1 5
BTG M2 REE, HE MG Bk J 8w d
M A 2RI A A T L A 2 W 0 A s — A
0 T B AR AR E W B K eps KR
P 2 15 K7 BB H N, C. B. Ingeborg %5
WMraE 0, LR FLEK i (Lactococcus lactis) L4 %
WG LB B eps B U IR R R IK K TR 3
. A, AR 12 h J§ FGM @tk 2 i A
AR AR E T 20 TR A A 2 0 R I A R IR
FOBE R R Z TR, AT, 2R EE 24 h aga2 B
PR 2235 W S b 3k B fe s X AR OR o2 FLBE 1T
I A A 0 2 FUBE A UDP-2L 3B IE U5 5 iy
S BE L AT aga2 JEPIZRIR . 36 h Kk
AKFH 24 h B3 T R (P<<0. 05) , AU W) U K K
FHY 0. 68 £, ik Al RE S B T K 24 h N aga2 HEH
1o KT 238 8 o2 UM T Tl 40 i A AR R R
FUH L EF L Leloir 4244k 7= 4 K UDP-2
FUBH T LA 20 A AT ROE X2 5 s 2 86
36 h 245 R W I U 3k B — 5 - A o DR O P R
KAKPBAR . Z 5 —H B LB 60 h, Z MG Ui 4
UDP-2 2B (14 75 A 8] 42 2 i aga2 &P 3R 35 IR
LA R o FURE S A R L R LR A

Leloir & 20 7= 24 UDP-2 2L 85 i 48 £ 15 & i
F AR ALK SEIEAT . X G A i R —
Tl Z2 85 R VA4 K 32 T A o A DG 1 A4 A 5 0 s 4
ST H B R, X 5 AR R AW
Bro B, a2 200817 B8 53 — 1 AR T fg 2 LU 4
PR LB R R 2 5E o Leloir 342 A3 2 5 M4 £
WG

g b ik AR 56 3 o ot E i FLBE BE ER B FGM
Pk aga2 K& PRTE B8 B[] Kk T B B 1 4% 3K K P 43
Br s B o2 FUWE T i 20 43 7 2k 2L bR Rl 4 S
S MiA 205G R B R B Z M R R T
—EVER AR R LS EE BRI FGM BRI ™ o2 LB
T BGRB8 R P IR o FLRE T S A AL
G 3K A BT R T T FE AR U oy i — D e

2 3k

[1] FARROW J A E, KRUZE J, PHILIPS B A, et al.
Taxonomic studies on Streptococcus bovis and Strep-
tococcus equinus ; description of Streptococcus alacto-
lyticus sp. nov and Streptococcus saccharolyticus sp.
nov [J1. Syst Appl Microbiol » 1984, 5. 467-482.

[2] KURZAK P, EHRMANN M A, VOGEL R F. Di-
versity of lactic acid bacteria associated with ducks
[J]. Syst Appl Microbiol s 1988, 21 588-592.

[ 3] BAELE M, DEVRIESE L A, BUTAYE P, et al.
Composition of enterococcal and streptococcal flora
from pigeon intestines [J1. J Appl Microbiol , 2002,
92, 348-351.

[4] RINKINEN M L, KOORT J M, OUWEHAND A
C, et al. Streptococcus alactolyticus is the domina-
ting culturable lactic acid bacterium species in canine
jejunum and feces of four fistulated dogs [J]. FEMS
Microbiol Lett, 2004, 230(1) . 35-39.

[5] CZERWINSKIJ. HZBERG O, SMULIKOWSKA
S, et al. Influence of dietary peas and organic acids
and probiotic supplementation on performance and
caecal microbial ecology of broiler chickens [J]. Br
Poult Sci, 2010, 51(2). 258-269.

L6 RBIA. AWM M IR M ML F 5 KBS B iF
FELD]. Abnt . i E ROk FL 2 B, 2008.

[7] 5k Bl.B&n, B85 REA KR I X A
739 A = P R Kt i IR B 1 A AE AT SR LT . 94k
WAk 4,2011,50(6) :1216-1218.

[8] sk Hl.ZHE. HEMR, . KERNEEIY YK
A7 X AR 7 M 8 K I WA A 38 AR B s LT ). b R R A4



648

B
3
I

53
RS

it 14 %

L9]

(10]

[11]

[12]

[13]

[14]

[15]

PR ,2011,38(5) :31-34.

QIN Z, L1J, YANG Z Q, et al. Effects of fermenta-
tion astragalus polysaccharides on experimental he-
patic fibrosis [J]. J Anim Vet Adv, 2012, 11 (8):
1195-1203.

TRARZR, E AR T AR A o2 FUBE T 10 8 S L2
Ko FCT 0 BT SE LT DL o I 7 408 B, 2006, 33 (12)
27-30.

KATROLIA P, JIAH Y, YAN Q G, et al. Charac-
terization of a protease-resistant q-galactosidase from
the thermophilic fungus Rhizomucor miehei and its
application in removal of raffinose family oligosaccha-
rides[ J]. Bioresour Technol, 2012, 110; 578-586.
HELLEMANS J, MORTIER G, PAEPE A D, et al.
QBase relative quantification framework and software
for management and automated analysis of real-time
quantitative PCR data[ J]. Genome Biol , 2007, 8(2) .
R19.

FoJe. R 2 TR AR s R RS LD
Jemt s E AL B B, 2012,

GUO H J, LI L, WANG P G. Biochemical charac-
terization of UDP-GICNac/Glc 4-epimerase from Ese-
heriehia coli 086: B7 [J]. Biochemistry, 2006, 45
(46): 13760-13768.

CHAI Y R, BEAUREGARD P B, VLAMAKIS H,

[16]

[17]

[18]

[19]

[20]

et al. Galactose metabolism plays a crucial role in bio-
film formation by Bacillus subtilis [J]. MBio, 2012,
3(4): e00184-12.

MOZZI F, ROLLAN G, DE GIORI G S, et al.
Effect of galactose and glucose on the exopolysaccha-
ride production and the activities of biosynthesis en-
zymes in Lactobacillus casei CRL 87[J]. J Appl Mi-
crobiol , 2002, 191 160-167.

GOH K K T, HAISMAN R D, SINGH H. Exami-
nation of exopolysaccharide produced by Lactobacillus
delbrueckii subsp. bulgaricus using confocal laser
scanning and scanning electron microscopy techniques
[J]. J Food Sci, 2005, 70: M224-229.
AAFERR B I 20 T A S 22 0 A= W5 LI KT 3 4
(1. Y2 2 35,1990, 10(1-2) 1 136-141,57.

INGEBORG C B, RICHARD V K, MARJA W K.
Increased exopolysaccharide production in Lactococcus
lactis due to increased levels of expression of the
NIZO B40 eps gene cluster [J]. Appl Environ Mi-
crobiol , 2003, 69(8): 5029-5031.
EMRFRE, K HLE YRR C88 s £
A 6 IR R v B KR B X [T ). SRR AL
ML A= 4% ,2011,30(4) : 331-337.

(¥ cxP



