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F FUHE R AR & Bl M GG K B R 5 B R o AT B AT B 1 RR T R SUAE 09 R T k——F A4k 2k B IMAUS0809Y
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WE IEEBR TR (Streptococcus thermophilus ) & &
Pz 2L ot ot I bl A A SR, R S R IQFLAT
T RN A Fh (Lactobacillus delbrueckii subsp.
bulgaricus ) 2 FCHIERR WM A A Bt Fevh | FLAE
1 FLBE 2 i 1 (Lactose permease, LacS) % iz 51| 4f|
MIRE N, 1€ B—FFL Wi B B (B-galactosidase,B—
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AFN0 - Benateya SEMULRE FAEE EK T 0 R TR AR R
I NTG 258K 15 3] 1 kR BE 08 41 i 8 A% BR 7
PRI FLBERE ) Y R A2 1K, Ge Z512H ] NTG Xf +
1% 2, FT B (Lactobacillus casei) FEATH 7, 0 k15
B 1 BRBEUE 02 HE AR AR 7 R AR

AL 1 AR EA B AR BEPERE (1) 18 I EE
BRI IMAUS0809 it 36 b bk, fil FH 15 25 & )& 10
NTG XiZ W MR AT, Wit o Hrifs 2 kb 52
LB AT AH OC 5L P T3 51 RN A 3 4, S T AR
WREFLRE R 2 AR bR, AR B IERE I 3E— 25 T R R
TR T 5 722 ok ) 5 1 i T L A A T AR T 5 3 1] pH
{H ¥ 22 B2 FE (Titration acidity, TA) & FF/K T
(Water holding capacity, WHC) DA X ZLR | 7L B¥ |
UM | B A OGO  a HT RAE
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E AR K IUAE R ARG R AL A B 27

i 2 7L IR TR B S 5% (LABCC ) #1243t
1.1.2 K3 M17 W% MI1T Bifig B35 5% 78 8k
KRB (AL AR F]

19 FLBE-M17 85323k . DLPZL0E N e — ik
U8 TN 1% 102 ZLBE 6 4%

JI 1 FL 85 5% 2 L 10% B LR ,0.1% 19 B 3
ZEABIK B, 121 CK B 7 min, 2% BT 4 CIK
GER- gl
.13 FEH NIG, bigZEEATRH AR
ONEL O ASC AT LR CEFLEE AR SR
PR s, dER R A w2 AR (8-

GalK) , P4 il B2 38 1§ (Pyruvate kinase, PK) | 7 % #
I (Glucokinase , GK) ¥ 4 46 M3 57 &, AL 5L So-
larbio BHE A BRA W AR FL A B vE 215 KR A
FRAW
.14 HelH SRR W68 25K
A 60 °C, A 11.5%4 5 FLK F1 0.19% M 58 43
W ESE2EM , KA 30 min J&5 , 78 65 °C, K&
15 MPa Fl 5 JE 35 MPa 248 R L4 5T 2 4,95
°C,5 min IR AR, T 4 COKFERH L
12 NEH5E&
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galactosidase ,B—~GAL) .} FLH# 4 if (Galactokinase , R o
1 UHE5E&&
Table 1 Instruments and equipment
& AR IS
& E R H 4R MLS-3750 HAKZ&NF
HF R MAL B A OLYMPUS 2 3]
BAEITES ZHJH-C1214C kR RAL T B A R )
18 5 K 5 4% HWS28 L i — e A B R 5]
PCR A PTC-200 % % [ Life Technologies 2 4]
wF R AR2202CN P AL G A TR ]
W, kAL DYY-12 # FEA—NE
B AR 5 AT AL CDS8000 2 £ E UVP 24
T # R E A SP-650 H A YAMATO 2 9]
BRI DHP-9272 L — 1B AR R 4]
pH 3 & 7% PHS-3C LA A F AR A TR F)
At BROOKFIELD DV-1 AR BALE X E A R E)
2 JE 3 R AL SRH 60-70 b iR AR R 5]
& AR AR &AL Agilent 1260 % B Aglient 23]
% 3 Rk B ARAX MULTISKAN ASCENT B R R EAEALE A RS

1.3 Ak

1.3.1 WHRTEARIE SR 3 T -80 C¥e VR IR 11 g
Bk ER P IMAUS0809 # 7 M g FL A 77 5k vp 42
CHFE 18 h, SRJG DL 2% By e Fh 2 4280 T M17
s IR E SR ARG IR 3 R, S 73k B
RaH,

1.3.2 W B H A KIS A S B RS O
(8 000xg,4 °C,5 min), 5% FIE W, 2545 19 & Je H
PBS 5% 2 i 5 , AT pH {EM 6.0 1B IR Eh 2%
PR R B A A G B TR AR

1.3.3 NTG EAE 78 B 43 500 U n ok v
M 1 mg/mL /9 NTG BEf, i A TTHEE N 0,

100,300,500,700,900 wg/mL, T K i L 42 C,
150 r/min 25 N0 4% % 60 min, W 45,
FH PBS 22 Ml vk LA AR ), EAET M17 Ky 3R
42 CH: 5% 3 h, R B 50 B A A
NTG 2 J5 2 e B B BOE %, B R BB R
80%~90% I 1A T #E 1% FUBE-M17 55 77 5 - %)
LI BB E T
FICH (%) =
AR AL BT R PR S FOV AT o (1)
b BT R TR 7 5L

1.3.4  ZRARBRMITHE 76 RE 37 Mrb PR OR /D |
LR —H) 65 FRIe SRR Al b 55 5% 5 v bR AR 5
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1) AERK%HE g EEsk i IMAUS0809 5
Gy LR 65 AN A RR R T M17 $5 5% 5
o E L ODggoun I HIIBE

2) KTERFIR] K g #EE BR T IMAUB0809 5
e difb)E i 65 AR REE A 2 RELTT BT
42 CREEEL S (R pH K 4.5), icatEEFL T
[&]

3) M IE 00 e BB R R 0 e A
A 3 3 751 6 A U W B Bk B IMAUS0809 Fil i
R (1) 5 (2) i 19 228 Bk 1 B—GAL .GK . PK

F1 GalK 1 7, Ui 1 1 T REAC I FLWE A0 28 A8 bk

1 HUvE PAGE BR A IMAUSO809 7 %€ 715 bk 1)
DNA , F| 1 2 4 il 5 20 )2 V7 (Polymerase chain re-
actioon , PCR) #EAT4 18 | P LA IE B8 i L vk i2E 47
GO E K A5 2 A0 i WS B — ST AT e R U
A

HR4lE Genbank H T A1 1) W FAVEE 35Kk 17 4= 5 [
A lacZ,glck ,pyk 1 galK 13 H ¥ 51, F H
Primer 5.0 WitHe 5519, HARG B WER 2 i
LI i Je AR MR IR R A L

*2 PCR¥ #5149
Table 2 The primers for PCR analysis

LB 4 A 31 40 % AR 34 B (5°-3") 31 4 % /& bp
lacZ lacZ—F CTATTATGGATACGGTGC 18
lacZ-R ATGCTTTATTAAGTGCGG 18
glck dek-F TCGGTGGTGGTGTTTCTG 18
glck—R GAGGCATTGTCCCTTCAT 18
pyk pyk-F CATGGTAACCACGCTGAG 18
pyk—R AGCATTGTCGCATCAGTA 18
galK GalK-F CCGGAAGGACGTTACCTC 18
GalK-R CCGATGTCTAGTATCCTC 18

1.3.5 et th K RAR R T M17 WA R 57
Fe B IR AN O B IR IR 2% , & 2 AR AR
B 10 10, A0 TE 42 CHE 52 18 h, I 5E B-GAL,
GK .PK il GalK & ,
1.3.6 KEEFLAH & K rEIEEEK I IMAUS0809
LA MR L 5x107 CFU/mL 19 £ Ff 5 432 A 2 J 4
feFLH, T 42 CLEE, 76 LB 0,3,6 h FIE 5 (4]
4 pH 4.5)0,1,3,7,14 d BPEURE, K % B2 LAY
pH A . TA ZhJE WHC % 5L K FLmR  FLME
HPREAEZUBE & AR L
1.3.7 EHEEBR I IMAUS0809 K H: %8 78 #k & %
FLrf pH (B TA B EE \WHC 3 AU 22 4k

1) pHAEMME A pH 1 76 & B
I 5% 40 15 W8 $R 4 BR B IMAUS0809 T %€ 745 ¥k & 1%
FL% pH 1H,

2) TA e MRS E AR e R R B Y
W 5E Y (GB 5009.239-2016 )M & 4% % 1% FLAE i
) TA

3) FHEEMIN R BRI R A I FLAE
BROOKFIELDDV -1 %1% B2 I 7 2 BE W 7 251
92 5% # 100 v/min, {14 20%~100% .,

4) WHC e ¥ R EEZLRE GRS e | e
FRHL 10 ¢ & T & .08 1,4 000 r/min .0 20
min, # &5 FFS , 28R LI, R FR R UTIE Y T
o, RRRK A

5) IR SR IR BT LA vk R D g
HAEBR T IMAUS0809 K H: 2 748 M & 1 7L v 14 TR
B As Ak, B 1 mL & EERLAE ST 9 mL KB A B
oK IR G R AT AT AR EEAR R R M7 AR
Br R I 75,42 CCHE 77 48 h Ji , iC SR VR A HL
1.3.8  MEHEEER B IMAUS0809 K H: %€ 45 bk % M
L S HEAR I = 4 A

1) FLBE CEZUWE R &0 & il mrkk
P73  MER AR 1 g B2 T 25 mL A =,
A ZZRIKES PR’ 30 s, #7430 min, 8 000xg &5

WHC(%) =
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E AR K IUAE R ARG R AL A B 29

> 10 min BCEVEW, ] 0.22 wm AL 8 B 8
J& , B TR AR

HPLC € : (435 FE R Aglient ZHE4E (5 pm,
250 mmx4.6 mm) ; #1435 °C 5 il 5 S s 22 K
g 5 PERE SN 10 pL; W3l A o 2 < 7k =70: 30,
F FARFL IR 2T 5 %A 0.5 mL/min,,

2) FLER S AME AR AL I E R AR
0.5 ¢ MM T 10 mL A&, A 0.1 mol/L
H,S0, & %, #2%% 30 5,8 000xg &> 10 min, H |-
TR, 0.45 pm fHALUE B U8 | & TR GO
SR ERIN

HPLC W« A% Ml ZorbaxSB—Aq {53 #:
(5 pm,4.6 mmx150 mm) ; #3635 C; K 45 by %6
SR 2% PERE SN 10 L K I 9% KA 210 nmy;
TRBIAH A F B : 0.01 mol/L BEFRERZZ M (pH 2.0)=3
197 Wi A 0.5 mL/min,,

2 HRESMH
21 EHRBLEHEERNTHE

SR S [ o 6 A NTG X 18 BB BR 1 1-
MAUS0809 HEATiA4E , 5 5] NTG X g #AHE Bk 1 1-
MAUS0809 HJEAEHR U 1 fryR, 24 NTG i & ik
JE R 700 we/mL B, BUFE F Gk F 88.5% ., 4K ,
YT R B F N 80%~90% i, i 1 2] f) 5 78 bk 1F
GRAR R 0 R B . NTG X g VR R B 1-
MAUB0809 17575 it & e J& 24 700 pg/mlL.
2.2 RETHRKITHIE

v PBE BRI IMAUS0809 42 NTG 74 )5
E 1% FUBE-M17 Ji 973 BRI, 159 48 hm,
MAFIL kB SR — . R/ H 65 thE 28
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NTG % J5 s vk Ji
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TE: ARG 53 3R R AN ] Tt e R SO A HAT i 35 1 0
5 (P<0.05) .
Bl 1

AE NTG &RERESEREIRE
IMAUB0809 EI 7t £ X &

Relationship between different final concentrations

Fig.1
of NTG and lethality of S. thermophilus IMAU80809

FE, IR G5 e P4 BR 7 IMAU80809-1,2,3,

221 AEKEESKEENTE 0GR E -
MAUB0809 5 65 B 5 48 ¥k 7E M17 #5 7% £ b (1)
ODgonn TEFIAJEFLA A L BERS ) AN 3 Fin, 5
g A BR B IMAUS0809 HH L , 28 78 #k W8 $1 ik K 14
IMAU80809-5,15,20,40,42,45,47~50,55~60,63
() OD {EL (=, A IR R [R5 it 156 ) 3k 46 5 A0 AR A
M17 ¥R B2 REFL A K B, AR 2 1Y
FLAE o DRI 5 58 728 R B FAVRE BR T IMA UB0809—
5,15,20,40,42,45,47~50,55~60,63 ¥ il 52 7
AR A O il 1 %

* 3 REHHEIKE IMAUB0809 R REH#A LB B K OD &
Table 3 The fermentation time and OD value of S. thermophilus IMAU80809 and mutant strains
BBk BB BBk
H AR5 OD 000 i e/ WAk %5 OD g0 B 1] / Bk 5 OD o0 B 1)/
h h h
IMAU80809 1.006 + 0.008 8 IMAU80809-22 1.039+0.010 7.5 | IMAU80809-44 1.013+0.018 8
IMAU80809-1 0.977 £0.012 8.5 | IMAU80809-23 1.017+0.015 7.5 |IMAU80809-45 1.252+0.029 7
IMAU80809-2 1.113 £0.016 8 IMAU80809-24 1.027 +0.021 7.5 | IMAU80809-46 1.062+0.018 8.5
IMAUB0809-3  0.967 +0.017 8.5 | IMAU80809-25 1.045+0.008 7.5 |IMAU80809-47 1.112 +0.009
IMAU80809-4  0.991 + 0.009 8 IMAU80809-26 1.053+£0.017 7.5 | IMAU80809-48 1.125+0.020
IMAU80809-5  1.132 +0.039 7 IMAU80809-27 1.034+0.013 85 | IMAUS0809-49 1.128+0.025 7.2




30 oE g S W 2025 4E45 140
(&% 3)
BB -4 4
Bk 5 OD g0 B I8/ Ak 5 ODeaonn WE/ | Ek%S ODegonn B} 1/
h h h
IMAU80809-6 1.006 +0.012 9 | IMAUS0OS09-28 1.054+0.012 7.5 | IMAUS0809-50 1.127+0.030 7
IMAUS0809-7 1.021 £0.010 8 | IMAUS0809-29 1.049+0.012 7.5 | IMAU80809-51 1.056+0.016 8
IMAUS0809-8  1.016 +0.017 8.5 | IMAU80809-30 1.036+0.013 8 | IMAUS0O809-52 0.988 +0.006 8.5
IMAUS0809-9  1.036+0.010 8 | IMAUS0809-31 0.982+0.013 8 |IMAUS0809-53 1.027+0.022 7.5
IMAUS0809-10 0.940 +0.018 8.5 | IMAU80S09-32 1.032+0.010 8 | IMAUS0809-54 1.015+0.021 7.5
IMAUS0809-11 1.043+0.013 8 | IMAU8S0809-33 0.974+0.012 85 |IMAUS0809-55 1.165+0.025 7
IMAUS0809-12 0.973+0.021 8.5 | IMAUS0809-34 0.932+0.017 85 |IMAUS0809-56 1.131+0.022 7
IMAUS0809-13 1.013+0.016 8 | IMAU8S0809-35 1.000+0.010 8.5 |IMAUS0809-57 1.190+0.017 7
IMAUS0809-14 1.033+0.015 8 | IMAUS0809-36 0.938+0.017 8 | IMAUS0809-58 1.279+0.022 7
IMAU80809-15 1.112+0.005 7 | IMAUS0809-37 0.902+0.010 9 | IMAUS0809-59 1.284+0.023 7
IMAUS0809-16 1.047 £0.017 7.5 | IMAU80809-38 1.045+0.013 7.5 |IMAUS0809-60 1.181+0.020 7
IMAUS0809-17 1.016+0.015 8 | IMAU80809-39 1.027 + 0.025 IMAUS0809-61 1.029 +0.021 8
IMAUS0809-18 1.044 +0.016 7.5 | IMAUS0809-40 1.128+0.034 7 | IMAUS0809-62 1.045+0.022 7.5
IMAUS0809-19 1.042+0.013 8 | IMAUS0809-41 1.052+0.016 7.5 | IMAUS0809-63 1.186+0.019 7
IMAUS0809-20 1.127+0.034 7 | IMAUS0809-42 1.122+0.033 7 | IMAUS0809-64 1.054=0.022 8
IMAUS0809-21 1.028+0.017 8 | IMAU80809-43 1.063+0.010 7.5 |IMAUS0809-65 1.072+0.021 7.5

222 FEIBEBRE IMAUSOS09 K 28 7% ¥k 5 FL
BE AR A OC 0 Bl TR MR E M IR BR R L-
MAU80809 K Lik 17 ¥k B~-GAL .GK ,PK
M GalK B 1% 7zl 25 & 2 i . B-GAL fig
B I ik UM, T P 3 A R T 7 v LB Y o
. PK RN GK J& b e fiff 2 12 v i) OGSl , PKC #] LA
Vo Tl 1 s it = D T 2 2 A ol TR R, GKC Ak 7 44
R R 25 B 6 TR T 26 W, B0 AIR 1Y) 17% M 18 08 DL
RO ICEHE L GalK AEAS ML FUBE AR ok
FLBE-1-BERR A4 il 05 PR 25 5, ke L R

HEER B IMAUS0809-45 1 B—GAL I3 714 0.11
nmol/h/10* cell \PK #1518 4.44 mU/10* cell .GK
B 3% 14 20.39 1U/L GalK B 1% 718 24.92 10U/
L, SrEHGEBRE IMAUS0809 fY B-GAL .PK .GK .
GalK #H Lt ,IMAU80809-45 i B-GAL 4 GalK i%
PERE T, BRI 2 i UM R 2L BE  GK Rl PK
T PR ARG, HE 28 1 0 T A i 6 PR] ob 0 3 58 70 ok v
PBEER B IMAUS0809 45 I 44 g Mg P4 BR 14
IMAUS0809Y .,
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Fig.2 The activities of S. thermophilus IMAU80285 and its mutants B—GAL (a), PK (b), GK (¢), GalK (d)

W B R S WP B eE A B BRI
MAUS0809 J H. 58 A5 ¥k lacZ glck .pyk .galK (1) 3
W g, g5 RmnE 3 FroR, 5igMeEek e 1-
MAUS0809 #H Lt , Z3 A5 bk 4 Fiv i i 5 A 15 51 2%
KM T NIRRT B e Lac Z FEINAE 18 37 45
ECTRAE R T s pyk FERAE 93 5 B “C7 AR

IMAU80809

g lck IMAUS0809Y |SEgS

IMAUS0809
lacZ
IMAUS0809Y ESSEvpyy]

h AT sglek HEAE 625 7 45 1 “CT 5 AR Ry <T7
galK SEFTE 168,180,220 {37 £ 435 “G .C A”
MK ZEAE ] “T A G”, BA I 28 NTG 748 5 , W8 #4
BEERTE IMAUS0809 (1 lacZ glck pyk .galK [ 3E A
FEANB R AT s 9AE 5 TR A Rk 1) 3k R ) 3 A
UM 5518 99.5% ,98% ,98.22% ,94.34% .,

k IMAU80809
py IMAUS80809Y

168 180

galK

stgaatctattgctggtcaaaaagtaggtttccttcttgacactaaggga ! gi

B 3 mEHEBkE IMAUB0809 K REHKRI glck,lacZ,pyk # galK £ & Fr 51 bt 3¢ 45
Fig.3 Sequence comparison results of glck, lacZ, pyk and galK genes between S. thermophilus IMAU80809

and mutant strain

2.3 EEMGEIKE IMAUSO809Y i fEfa e i

28 AR A BT B HAT A B R 0 T AR TR %
SR SR B h 5 5 R AR IR, BRI
RO AL RARIRIS PR EK TR IMAUB0809Y
fE M17 ¥ Fe e i 22648 10 18, & — 10 B-
GAL .GK .PK I GalK ¥ P45 I 25 L 3% 4 frow

a5 R TE 2 R # rh ,B-GAL .GK .PK F1
GalK 36 PR FEA TR 2 , B T i 3 25 5% (P < 0.05),
Ui B g B BR A IMAUSO0809Y 4 NTG %748 5 B
A Rttt AT H T RBEZL S & A Tk
ferr=,
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Table 4 Genetic stability of enzymes associated with galactose metabolism in S. thermophilus IMAUS0809Y

AR B-GAL/(nmol/h/10* cell) GK/(1U/L) PK/(mU/10* cell) GalK/(IU/L)
1 0.11 +0.00* 20.28 £ 0.47" 4.44 +0.23¢ 24.96 + 0.42°
2 0.12 = 0.00 20.17 £ 0.62" 4.25 +0.18° 24.89 + 0.50°
3 0.11 +0.00* 20.39 £ 0.59" 4.39 +0.25¢ 24.92 +0.67°
4 0.12 + 0.00* 20.35 047" 434 +0.15¢ 24.88 +0.61¢
5 0.12 +0.01* 20.42 £ 0.61" 431 +0.25¢ 24.93 +0.84¢
6 0.11 +0.00* 20.35 £ 0.26" 4.44 +0.27° 24.84 £ 0.51°
7 0.11 = 0.00 20.37 £ 0.55" 4.44 +0.35° 24.99 £ 0.57°
8 0.11 +0.01* 20.21 £0.29" 439 +0.21° 24.92 +0.73¢
9 0.12 + 0.00* 20.33 £ 0.45" 434 +£0.21° 24.88 + 0.65°
10 0.12 + 0.00 20.37 £ 0.78" 4.33 £0.36° 24.93 + 0.65°

T AN )N TR R A R A UK B R R N S B M 22 5 (P<0.05)

2.4

533 BEREXEFUNSTER
TE % I 500 5 01 6], g #4BE BR F IMAUS0809

R HEIKE IMAUB0809 K Rtk A B2 3L

R G AR A W FL U | 2 U A A A S LR
A& R 5 fron, 7EARBE O h ), B IAEERR
IMAU80809 K¢ 7€ 7% #k & I FL Hh FL o & 1 43 3l
4.814 g/100 g 1 4.859 /100 g, TENTHT 14 d B, 5
IR ZE 2.665 ¢/100 g 1 2.066 g/100 g, % 48 Bk A 42

*5

I P BRI IMAU80809 £ il T 0.599 ¢/100 ¢
FLUE, L] S AR MRAC I LM 00 58 07 1 35 T A
HEER B IMAUS0809 (P<0.05) .,

T R T 55 T 30 1] g PR B BR i IMAUS0809
REEFL L ZLME & BRI R, 7RIV 14 d B
MIRHIH 0 ¢/100 g B4 E] 0.595 ¢/100 g, i £ 5
5 Bk R W L b P FUBE O R AR IR 1 d Bk ) 0
18, Bl J5 T 05 T e, 2 W1 9 728 kA QG > LA Y e

FEHGEIRE IMAUBO8B09 R REM L BZLFEL R ZLME FABMAERIEN TR

Table 5 Changes of lactic acid, lactose, galactose and glucose in fermented milk
of S. thermophilus IMAU80809 and mutant strains

i $L42/ (/100 g) 3 5L42/ (/100 g) A A/(2/100 g) $LER/ (/100 g)
R R ®EH JB. 4 g JR % B £ E JR 4 #R R
0h 4814 + 4.859 + — — — — — —
0.077" 0.017*
3h 4.508 + 4.257 + 0.153 = 0.181 = 0.096 =+ 0.192 =+ 0.217 + 0.197 +
0.127" 0.043" 0.002" 0.004 0.004" 0.002* 0.032° 0.005"
6h 3.993 = 3.541 = 0.343 + 0.386 0.161 0313 + 0.630 = 0.645 +
0.078" 0.092 0.014" 0.008" 0.003" 0.010* 0.014" 0.007
0d 3.415 = 2.701 = 0.471 = 0.480 =+ 0.199 =+ 0.495 =+ 0.728 + 0.784 =+
0.024" 0.028" 0.049" 0.008" 0.007" 0.007* 0.006" 0.009°
1d 3.006 =+ 2511 = 0.508 + 0.530 — 0.444 + 0.751 = 0.881 +
0.055" 0.060° 0.007" 0.005* 0.001 0.004" 0.017*
3d 2.834 + 2267 + 0.560 = 0.501 =+ — 0.465 =+ 0.875 =+ 0.981 =+
0.043" 0.017 0.008" 0.003" 0.006 0.017" 0.016°
7d 2719 = 2.160 + 0.586 + 0.439 + — 0.470 + 0.831 = 1.084 +
0.014 0.069 0.017* 0.021" 0.004 0.011° 0.004
14 d 2.665 * 2.066 =+ 0.595 =+ 0.387 = — 0.463 =+ 0.803 =+ 0.956 =+
0.047" 0.105* 0.007¢ 0.012" 0.006 0.023" 0.012

T —. ARG (P<0.02) s AR /NG T30 R Rl 5[] — I i) B A7 S 35 4 22 5% (P<0.05)
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B2 TR ER B IMAUS0809 (P<0.05) ,

e P BE BR 7 IMAUS0809 & i L. v 7 % Wi 1
FEAAE LT 3,6 h FI O d Il /054G HY i
S AAF Bk e T LT e A0 30 (0] 14 G 1S 4 285 A
LSRRI (0,1,3,7, 14 d) I 29 5 & 50
(0.444~0.4954 /100 g), X AT BEJEH R NTG 748
HE RIS R R AR A, RENE S I TE £ A9 A
EWEE REERLT

T R T RN 5 1 6], g FABE BRI IMAUS0809
Kok LWL P LR A B R BT, mis
Wk EBEFILT ARG R R & TIREK, WS
g HEE BRI IMAUS0809 A Lt , 58 48k y™= iR it Ji o
L (P<0.05)

2.5 FEHGEIKE IMAUSOS09 KR Tk & BEFLH
pH & . TA 5 & WHC RiEEHNTH
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Y B[] (7.5 h) 3k B A B2 A5 RO TE & I8 3~6
h B, AR AR BEFLAY pH (EEE FF%, 1 TA b
Ft, UL 1258 A8 B AE M0 R) 1 7 R e ) T e A
HEER A IMAUB0809 ., W& #A 55 1Kk I IMAUS0809 Az H
G AR MR R W FLAE WL IR]  pH (A 3 2 R B
TENE 14 d i), mgHAEER B IMAUS0809 % 3L
) pH {6 R 4.41, i 2828 bk & BEZL 19 pH (K
4.35, ULHA I (] 98 A8 bk 19 7= R BE ) i 1 g AR
HEBK A IMAUS0809, ZEUAYZSE SRAE TA 19725 4k ith
Lrh R,

4.6 - - 120

— 110
45 |

- 100

H
TA/CT

-9

43 |
480

a2l L L L 170
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P 1]
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B4 FEXE(a)Fd (b)HAEEMRERE IMAUB0S09 R ERTHABZF pHE. TAWEHLER
Fig.4 Changes of pH and TA in fermented milk of S. thermophilus IMAU80809

and its mutant during fermentation (a) and storage (b)

252 FhEE BhEEJE SR W RS o M Y E
febrz —, WEREERRH IMAUS0S09 M 28748 bk &
FLAE & I B0 () R0 400 I) 288 8 G I 45 S an 1] 5 B
TN o BT R R 2 R B A I B[] ) S KT
K, TERBEL GRS, 2728 bR R B 7L B 985
mPa-s, FEHEEER B IMAUS0809 % 4 825 mPa-s,
FEW 58 14 d By, 28748 Bk & I 7L 26 B ik 1 724
mPa-s, W HEEER T IMAUS0809 % M 3L %k B X
H3 1504 mPa-s, UiW] 5 g REEER I IMAUS0809
A, RAR MR A B AF i R R

253 FEKJ1 REAK T BR6E S WLEE e I 2% 1 B

PE5 RoE vk, 8 BE 5 ) WHC ] 236 5, 02>
P EVEHT A T AR dy & 6 )AL 7R A T F
SRR B R L A R OK 0 HR 2 T v VRS BR
IMAUS0809,

254 WHEIFEES R B AEE Bk T IMAU80809
T 53 A% pk e T 2L rb 0 TR B0 AR AR B an | 7 BT
TN o TE R I IR] 5 728 ke 2 Tk L vin 1 358 TR 5 g AR
BEER T IMAUS0809 1 4 i £ 5 K, 7RIV 8K 3 d B,
ikF] 931 lg(CFUMmL), & T & HAEEEK# IMAU80809
() F5e TG T #X 9.29 1g(CFU/mL) .
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Fig.5 Changes of viscosity in fermented milk of S. thermophilus IMAUS0809
and mutant strains during fermentation (a) and storage (b)
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Fig.6 Changes of WHC in fermented milk of S. thermophilus IMAU80809

and mutant strains during fermentation (a) and storage (b)
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Fig.7 Changes of viable bacteria count in fermented milk of S. thermophilus IMAU80809

and mutant strains during fermentation (a) and storage (b)
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Fig.8 The sugar metabolism pathway of S. thermophilus
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Breeding and Fermentation Characteristics of Galactose Mutant Strains

of Streptococcus thermophilus

HE Binbin'*?, TAI Jiahui'*?, LU Wenhui'*?*, CUI Xinrui'**, DAN Tong"*¥*
('Key Laboratory of Dairy Biotechnology and Engineering (IMAU), Ministry of Education,
Inner Mongolia Agricultural University, Hohhot 010018
*Key Laboratory of Dairy Products Processing, Ministry of Agriculture and Rural Affairs,
Inner Mongolia Agricultural University, Hohhot 010018
’Inner Mongolia Key Laboratory of Dairy Biotechnology and Engineering,
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Abstract  Streptococcus thermophilus is often used as a starter culture in the production of fermented dairy products. In
this study, S. thermophilus IMAU8B0809 was selected as the research object and subjected to mutagenesis treatment with
nitrosoguanidine (NTG). Through the determination of enzyme activities related to galactose metabolism and gene sequence
alignment analysis, a mutant strain capable of efficiently metabolizing galactose, S. thermophilus IMAU8S0809Y, was
screened out. On this basis, fermented milk of S. thermophilus IMAU80809 and its mutant strain was prepared, and the
changes in pH value, titratable acidity, viscosity, water—holding capacity, viable cell count, and key metabolites were
analyzed in detail. The results showed that compared with the wild type strain, the curdling time of the mutant strain’s
fermented milk was shortened to 7 h. The activities of B-galactosidase and galactokinase increased by 76.16% and
21.13% respectively. While the activities of pyruvate kinase and glucokinase decreased by 46.89% and 18.83% respectively.
In addition, the metabolic amounts of lactose and galactose by the mutant strain increased by 0.599 g/100 g and 0.208
¢/100 g respectively. These results indicate that the ability of the mutant strain to metabolize lactose and galactose was
significantly higher than that of the wild—type strain. This study provides a theoretical basis for the production of low—
galactose fermented dairy products.

Keywords Streptococcus thermophilus; nitrosoguanidine; mutagenesis; galactose



