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Abstract: The fermentation abilities of the recombined strain BPM-M and its overexpressing MAL62 along with deletion of
MIG1 were investigated. Our results showed that the recombined strain BPM-M has the following advantages over the paren-

tal strain BY-14a. Maltose utilization was 29.1% higher, glucose repression of BPM-M was reduced by 38.8%, and the leav-

ening ability of the lean dough was enhanced to 163.4 mL/(h-g) , which was 50.6% higher than that of BY-14a.
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T AL A Py A S AR BY-14a JE SR AR PR
BY-14 (1 a B AAE AR,

ki pUC-MKAB!'2 1 pUC-P! 4 52 56 25 i
WIR R, pUC-P k7454 BT 7 B 3R Hh i
FRIMIEIE N (PGK) 58 )5 31
1.1.2 454

TE R (LB) - 10 /L JEE M, 5 o/L BEhk
¥, 10 g/L S4L%A, pH 7.0.

WEEE RS 4% 30 ~ 35 Brix HMEERBEE 10 ~
12 Brix, #SINEEEER; 5 o/L  BifREL 0.5 g/L, pH 5.0.

Fif 13 5% 77 % (YEPD) : & [k 20 g/L, BETE R
10 /L, %4k 20 g/L.

TRAAASADL T (A1 55 % 2 (LSMLD) -

(1) #j % % LSMLD : 7 45 % 40 g/L, i FR £%
2.5¢g/L, JRE 5g/L, MR 48 16 g/L, MR A M
Sg/L, MR EE 06gL, MR 225mglL , 7 R
5.0 mg/L, 4/ % B, 2.5 mg/L, 4E/E % B 1.25 mg/L,
4k % B, 1.0 mg/L, MR 0.5 mg/L, ZEME/K Bl

(2) % Wi LSMLD : Dk 38 g/L 2% % B AL %
40 g/L Hi%I0E , AR AR,

(3)IRAKE LSMLD: Pl 3325 g/L 24 .5 /L
HIEIECER 40 o/L A, HAh S AL
113 #&L5NE
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Tab.1 Primers used in the construction of the recombi-
ned strain BPM-M

514 51151 (5°—3)
Mal62-up CCGCTCGAGATGACTATTTCTGATCATCC
Mal62-down CCGCTCGAGTTATTTGACGAGGTAGATT
CGCGGATCCAAGCTTTCTAACTGATCTATC-
CAAAACTGA
CGCGGATCCAAGCTTTAACGAACGCA-
GAATTTTC
MA-up GGATTTTATGGAGTGTTGATG
MB-down GCTATGACTACGGCACCTACGA
M-S TAGAAGTTAGCGAGCCAGCAC
M-X GCTATGACTACGGCACCTACGA
K-S-B CCTTTTATATTTCTCTACAGGGGCG
PGK1+(IN) -up TAGGTTGTATTGATGTTGGACGAGT

PGK-up

PGK-down
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MALG62; ¥ MALG2 i A% pUC-P Bk Xhol FH)
P, 153 Fki pUC-PM; LA pUC-PM At , il
5% PGK-up Fl PGK-down PCR 41 PM FBt, 4%
F| pUC-MKAB ki BamHI BYI7 &5, #4825k
pUC-MKABM.
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FAL U T 2 S A B R AR BY-14a. #4L)E
AR AT T4 G-418 9 YEPD “EAit, 30 ‘CHiF
48 h. PFAFMFEAL 7l PCR 1 75 IE.
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R AR FREE, 30 °C L 180 /min FiFE R,
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> 5 min, YEH 2 SR AR I
125 HBELE

JEREE SRR pH 2 4.5 (IR
BHEE TR 0.5%) , ININE BRI IS 45 0.5~ 1 h LIUK
B AR TRl S A IKFLIRY pH 2 5.0, ffige
FEUTTEHERR ; 8 24 h DL b, 1 IEEC IR
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43 R 22 0 R ORR O i 2 R B A9 W T G
(umol/ (min-mg) ) .
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17, R R EEse B A r— PR e . A0 5 242 20
) 5 R T AR A (i i T A € A
47 : Bio-Red ) Aminex HPX-87H {4} (300 mm x
7.8 mm, 9 um) , WaNAHA 5 mmol/L AIFGEARER , i i
4 0.6 mL/min, ¥EIE 65 °C, kil 88 R 2230 6H:
TS, K BB y 45 C. KSR BREIA & 1
W (IXF 1.000 g/L) A 0.22 pm AOENEIT I, JERE
HoM 20 pl.
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s, 3R wy (mmol) 5 PR [RIE H] P 522 2 AR
PR R 73 b 22 2RI AE R, 3124 wo (mmol) 5 H
20 () AT RATHAE A e BB A 12,

1= 5100% (1)
U,

1.2.9 TAe @ A & B Ay o) 2

1T A1 & e SR GB/T 20886—2007 &5 hn T
FmERE ) U7 05 - TS 280 g, /K 150 mL, 44
fbil 4 ¢ FEERERE (5 KR 75%) 9 g 76 (30 £ 0.2) T4
PR RSB 5 min, BA LB S0 E AL, i85t
30 ‘CF 90 min NI CO, 7 fe. S EKR 3 ECE
¥H.
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2.1 EZHE BPM-M

¥ MA-KanMX-(PGK1p + MAL62 + PGK17)-MB
2 SRR SR BY-14a, W) 75 8 4 5 72 4n &
1 IR, 3R1909 G-418 Prikit b4 PCR Kk, 45
Wi 2 Fos.
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KanMX PGKI, MALG2 PGKI,
—
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(a) EHE MA-(PGKIp+ MALG2 + PGKI7)-MB 5
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Fig. 1 Homologous recombining process

TEHEAF M BPM-M JEHA L, FH 3 X514
M-S/M-X . M-S/K-S-B . M-X/PGK1;(IN) -up #Fft %
PCR 4384 545 2B Wi — 45 B, K/ 5 A 45
R (6470bp.2454bp 1 533 bp) —F; MiA 51
M-S/K-S-B il M-X/PGK1;(IN)-up fEEAH K BY-
14a FERIZ] FIPARRE PCR 47 8401500 & B, ik gk
ZEEN, fEE A FE AR BPM-M R4 |, EH &
MA-KanMX-(PGK1p + MAL62 + PGK17)-MB i 2[ %%

A IEH.

M1. 10 kbp ladder; 1.k BPM-M 3 [H41 MR, M-S 5 M-X K514
P 2E) MS-MA-KanMX- (PGK1p+ MALG2 + PGK17) -MB-MX J
B£(6470bp) 5 2. L BPM-M FER A, M-S 5 K-S-B 5[ ¥~
WA A B (2454 bp) 5 3. LI BPM-M A MM, M-X 5
PGKI1(IN) -up A5 194 1815 5009 B (533 bp) ; 4. LABY-14a SE[H 40
AR, M-S 5§ K-S-B A5 HARRIEE A 5. UL BY-14a JER4]
B, M-X 5 PGKI;(IN) -up Jy5| ¥4 15 8 Ao 45 %

B2 ZARE BPM-MEREARIE

Fig. 2 Verification of the recombined strain BPM-M
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Fig.3 Maltase activity of BY-14a and BPM-M in LSMLD
medium of different carbon sources




76 3 MRS LSMLD ki3edkh | 5 A stk
BY-14a L, G 1L Rk MAL62 LR 1) 8 411
BPM-M , .32 ZF WE B 1% 1 ¥ $E 5. IR & 0
LSMLD ¥igsbH, RS AAAE— e 1 B i A 2 W BH i
BN, (A FEZH B BPM-M $5e K2 2B J1 L RAR TR
Pk BY-14a & 42.9%; £ 280 LSMLD KigRdt,
BPM-M [ f K32 2EMERGTE ) LR AR TR R BY-14a 15
49.3%; TERGA9IE LSMLD B33k | RS Rk 32
ZEREEGNE F1 T 0.5 pmol/ (min-mg) , {H 2 B 4 5
BPM-M )35 K52 2 S 14758 5 B SR AR TR BY-
14a 100.0%. XEELEFERE A RIE MALG2 fHiH
Y PR ARZ ZF RS ) 5 R, AT () PR R A AN
Wil 2R RE .

222 RAREEMERZAA T ORBEEE HHEME
R

Wik HPLC M%E TIRA LSMLD KiFEe 4%

RN 22 ZE A e B Rt s ) A8 4, S5 SR K 4 Bk,

6, 35
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Fig. 4 Concentration of residual maltose and glucose of
BY-14a and BPM-M during shaking cultivation in
maltose-glucose LSMLD media

20 — IR, PIRRRAES A 25 i
BRI AT -GOBE LSMLD FE4DL 1 P H SR 28, #45 B Y
PUAE ZF W55 A A B L ) R B G AR T S A T
R BY-14a H 2 ZE IR R Dh 46 26 Wl 4 A A B T

ARBEALEER F298 B3

—BEFA). 7EFR A HE R BPM-M A2 FH R i
SR, TR 2 b RELE B 4 W R R, A SRR
BRI AN, & 240 min A2 2R ECREEA
PE 29.1%. [Fm, alad =X (1) T35 20 P AR 0 # A
WHRLIEBFLREE . SEARE R BY-14a 5274 %5 Wi B8 L 5
N 59%, EAHR R BPM-M 52 4 % i FHL i 72 5
36.1%. SHEAFME BY-14a ML, A FEK BPM-M
FH B FE B FRAIR T 38.8%. X SEZEIRIER , i
R A F bR BPM-M  HA 58 B0 2 B B
BE T B2 2R I AE /7. Klein 251000 d b
MIGI . #ik MALT . MALS VIRl MIGI TRjist3éik
MALT . MALS 1 3 FRERP 2R 4] B AR A ) 5 R A
PAMR G R B - TR EAETEINT , 3 Rk T 2 TR 1) i
WHBH 2 B 5 98055 , 22 ZEHER s R A B e e, &
ZFRIK MAL WL B A2 2P BRI O 28 A % 7 2
BEESREL. A ITEE RNEA Bbr MIGT AL IR 3t
FEIk — 22 ZEWE R R 00 I ———22 2500 16 g 5 I 1R
MAL62 (MALS) 5 AT L fof i P 15 5 2 W R A FH s
55, 22 ZERER PSR 5.
223 RAE@ A LB

T [ 2 g AR A B T JO 8 1 TR (AR A SRS 5] [
W= COy MIPRFRA . N W) B8 78 J B 1T [ Hh
CO, F=He U 5 Fisw.
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Fig.5 CO:. production of the strains in lean dough

SFEARHME BY-14a 7E 80 min I CO, P ik 3
K, JoHE T A & B R (108.5 + 0.3) mL/ (heg) . T EE
M BPM-M 7EA T 50 min Wl a] LA 3[R 2554
71, Bl RS BOEA R BY-14a $#25 10.2%, 1
JoRE I A R 8 )1 (163.4 + 0.8) mL/ (heg) , HEA
PRAR 55 T 50.6%. %25 R B, 40 B 8 4 A AR
BPM-M HA = 22 200 A RE T, AT DAFERSR 1Y
] RS4RI CO, P . Higgins 2 ERT 22 2
WERGS 1 5 22 2EpRE S S it B/ 5 CIRR
W R EERE SRR RS R R, TG 1S CO,
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