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Abstract: The effects of REGI (regulatory subunits of protein phosphatase type 1 PP1) deletion with protein kinase gene SNFI
overexpression on the maltose metabolism and lean dough fermentation by industrial baker’s yeast were investigated by analysis of the MAL
mRNA expression, maltase and maltose permease activities, maltose metabolism and leavening ability in lean dough. The basic growth
characteristics of REG1 deletion with SNF'I overexpression strain BYKPS-R, the parental strain BY 140, and the REG! deletion strain BYK-R
were also studied. REG! deletion with SNFI overexpression had significant effects on increasing MAL gene expression and enzyme activity, and
relieving glucose repression, thereby enhancing the maltose utilization efficiency (increase of 18.59% and 4.40% compared with the strains
BY14a and BYK-R, respectively, at the point of glucose exhaustion), and lean dough leavening ability (12.51% and 3.22% increases compared
with the strains BY 14a and BYK-R, respectively). On the background of REG! deletion, overexpression of SNF'/ further improved maltose
metabolism and leavening ability of industrial baker’s yeast in lean dough. Moreover, overexpression of SNFI did not affect growth in REG1
deleted yeast. This strain has potential for application. This study lays a foundation for the breeding of fast-fermenting baker’s yeast.
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L1 A#

L1L1  EfAms

I B B BF b B & BY14a  ( Saccharomyces
cerevisiae, [HELEAREESAET TV M BY 14 1 o BLH
f5K). REGI SRR AREG] (MAT a; AREGI:
loxP) Kt @ (Escherichia coli) DH5a~ pUG6 5k
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AR SR S AR 56 TR B 3-B AR H R
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.12 BHRA

B B 58 4 9 55 (YEPD medium): 7 %54 20 g/L,
FERERY 10 g/L, EEHR 20 g/L, pH 6.0;

Luria-Bertani #5753 (LB medium): ZKHEMR 10
g/L, BEERKY 5 /L, &AL 10 g/L;

PEERTF75E (cane molasses medium): 10~12 Brix
VEE, WiREZ 0.5 g/L, WEREKY 5 ¢/L, pH 5.0

TR A BB RO 185 97 25 (glucose-maltose
LSMLD medium) ' #i%H 5 g/L, F25HE 33.25 ¢/L,
FlREs 2.5 g/L, JRE 5 /L, Wil 54 16 gL, B
A5 gL, BREREE 0.6 g/L, MR 22.5 mg/L, 2R
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S5mg/L, 4% B12.5mg/L, 4i4:% B61.25 mg/L,
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DNA EEWF ANTP W H FE A TROGE) A RA
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Table 1 Primers used in the current study

HE7] 54 /5 7 (5°—3°)

Kan-F CGCGGATCCCAGCTGAAGCTTCGTACGC
Kan-R CGCGGATCCGCATAGGCCACTAGTGGATCTG
SNF1-F  CCGCTCGAGATGAGCAGTAACAACAACACAAAC
SNF1-R°  CCGCTCGAGTCAATTGCTTTGACTGTTAACGG
PGK-F ACATGCATGCTCTAACTGATCTATCCAAAACTGA

PGK-R ACATGCATGCTAACGAACGCAGAATTTTC
MALG61-F AGTTTCCTGGCAAATCGG
MALG61-R GTCCCACGGCAATCATAC
MALG62-F TACCTCCGTTTGTTTGCG
MALG62-R AGGACCATTGTGAGACCC

ACTI-F ATTGATAACGGTTCTGGT
ACT1-R AATTGGGTAACGTAAAGTC

1.3 SNFI R F 8 7w %

R, TR AR BY 140 Jetfk DNA
KRR, 514 SNF1-F #1 SNF1-R, F % B Pfu DNA
FEWEHAT PCR ¥4, MNZAF: 95 °C Smin; 94 C
40's, 56 ‘C 1 min, 72 'C 2 min, f5¥ 30 ¥, 72 C 10
min. PCR F=#)#% 8 PCR =47 [al SiaFs) & 15 B 15 1) L
SRIFEATAlAR A
1.4 Gk eh fy

PLpUG6 KL MR, 45 FH 51 #)Kan-F HIKan-Rit
ATPCRY Y8 KanMXFr B, #ifbnl£91.6 kb KanMX

JrBUE - BamHIBEY), 5 [EFEBamHIG I Yep352 5
bRz, FREAFR Yep-Ko XholBFVISNFI B ¥
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(qQRT-PCR) J5i%, VIMACTIANSEIA, 73519
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Fig.1 Verification of target gene
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Fig.2 Verification of recombinant plasmid
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2T LLE Y, BLYep-K A Yep-KPS AR 73 5l
P 4815 201613 bp I KanMX Fr B, 1M BA 4 X J& 2% 44
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Fig.3 Verification of transformants
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Fig.4 Relative expression levels of MAL62 and MALG61 in
different strains
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Fig.5 Maltase and maltose permease activities of different strains

HESFTRAE H, #ATBYKPS-RI 2 27 B A
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48.07%, Ut HIEIRREG RIS FIE SNF IO TH A 1% B}
(1) 22 2 Wl Bilg R 22 28 i 383 Bl /K P A7 2 3 50 s 4
BYK-R73 il #2 #5 1713.57%H125.20%, FHIAEREGIR
SRRt b, S FRIASNFIREE— PR w2 PR A
ZENNEE NG 7). SRRREGIHEA Pt FRIASNF I —
AT TR MALFE R e, AT 22 2 H )
FIMIRER AR AL, 1X-5Sune Nw su s i—a5,
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Fig.6 Concentrations of residual glucose and maltose in cultures
of different strains in LSMLD medium

H1EI6 AT A H , 7E58 T HE AN 22 28 B R A
R FREE T, MR R R b Al s anE, B
FE9O min /e A5 Hil EHIH FESR S o 757 %) WETHAE R RN,
AN RV BRI PR ) 22 2P BT BTN R . (ERT &R 8
AHFETEZ AT, SEABEIEBY 14aFIBYK-RIFIZE 2 HER]
JFH 2655 3l 9 15.22% F117.29% , 3 3R 1k SNF1 AL+
BYKPS-R 922 2 K K % 918.05%,  EZBY 140 AT
BYK-R7}I$2 i 1 18.59%K14.40%. 4t TBYKPS-R
ff)Time spanfE#ZBY 14afMBYK-R %) 5 F#AK 1 15.61%
4.42% (R2). Lk ELRERY], FERREGIFAIN L%
IESNFIREA Rcbe i B e B 22 2P, ELAERER
REGIW R )8 55 A FEFL@ Atk b, 1 RIASNF 1t

—BURES TR ERELERT, IR R R 2
ZEREAA KT
=2 EEEFA MPEE R RES
Table 2 Data from LSMLD medium and lean dough
A Time spanh X B //[mL CO,/(g CDW-h)]

BY 14« 2.05+0.14 355.63+4.23
BYK-R 1.8120.11 387.62+5.12
BYKPS-R  1.73+0.12° 400.11+5.22"

VE AR F) 3R P A Time span #4E; AR
Heed B it B K B A . 488 Student’s r-test 3t 4546-F BYKPS-R
St REMZIE £ FHATOM, (p<0.05) MEHZEZF (p
<0.05, n=3).

232 FRApekEd B a4 R BN E
% 1,10 T332, FHR P ACIN & WARAE AN Db i (4]
1 CO, =S E. SR 7,
HIE 7 WTLE W, EAIRE R, PR
REIRIH ?‘ﬁﬁz CO,, HAFREAE] 1175 mL f CO, =S &,
R RBREA YR ER . FA T BYKPS-R 77
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ik, FEKIE 60 min I, FPAEZEH 930 mL, %
BY 14a 1 BYK-R 73 l#& 1 130 mL #130 mL, HH.
KBRS R A5 BY 140 A1 BYK-R 20535
720 min A1 10 mino HRHE AT 1 B AR TE BRI 7]
W F=AE CO, IR B e T A R ), 4558wk 2. %
fbF BYKPS-R [ K /7158 %] 400.11 mL CO, /(g
CDW-h), tt BY14a A1 BYK-R Z35il$2E 1 12.51%A1
3.22%. £ BESREW], ik REGI RN Rik SNFI
RE ik 25 2 w100 CL P BRI OowE o [ R e RE,  HLAE
REGI SRR L, 1Rk SNFI geit— i sAm
VE R 7. BeAh, 4208 1.11 57k, % BYKPS-R
MIEE 1+ 5+ 10 A 15 AREALT-HAT A INE T ] R 1%

RIEITRA BE 2SR CRAREEAR) , BIEEHLEEEU)
AT RIbR BYKPS-R ELAE 15 Rz kA il m
BRAIENL . LTS, SNFI ERISRIERIFE
F BYKPS-R & PERERRE -

1200+ = BYl4a

--BYK-R
-4+ BYKPS-R

1000 |-
800 -

CO,/ < /mL

(I) 210 4]0 610 810 160 1210
IR 8] / min
E7 A hnyEmEE AR EIEREIC.~ S8
Fig.7 CO, production by different strains in lean dough

24 AEKpEaEEINE

3 NEIEMEIEKIMERESE
Table 3 Growth properties of different strains

Btk poAd KkikE/h! A4E/(g CDW/L #EE)
BY l4a 0.24+0.03 7.66£0.23
BYK-R 0.23+0.04 7.53£0.22

BYKPS-R 0.27+0.04" 7.85+0.26

E: 128 Student’s f-testtt 454t FBYKPS-R-5 f F& H #RZ18]
EFBATHH, (p<0.05) A BFHEF (p<0.05, n=3) .
TE VAR, R IR KPR REXT B ARSR BTN
HIE, ERL2FL3M7E, 20l e =R R TE
YEPDH 775 o 1 LU A K3 2 FpE 2 55 77 2k vh (1) AR )
B, SRR FERREGITERRI LA Kl A A4
HECRARMKBY 14a i BT N, (HEZERIFAHE
(Cp>0.05); #:ALTBYKPS-RIHAE Ki# R HBY 14a
AIBYK-RZMHIHEE 112.50%F117.39%, A& 73R
1 12.48%F14.25%, 27 b 45 R i B RIASNF THE R ]
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FEMILEBAEA, e B3 SRR Migl 5 H
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Lk TreitelSEWF 7 KN, (ESNFIFER G IA T,

MALFE R G332 BN AT TROwE Tt —5 &
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