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Regulations of RLM1 gene affect the anti-autolytic ability of
lager yeast
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Abstract: The autolysis of brewer’s yeast seriously affects the quality of beer and the quality of yeast is considered as one of
the key factors in beer brewing. Previous studies on brewer's yeast autolysis showed that RLM1 gene, an important
transcription factor in cell integrity pathway, is closely related to the autolysis of yeast. In this study, RLM1 was knocked out
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and overexpressed in a haploid brewer’s yeast. RLM1 disruption resulted in poor anti-autolysis performance of yeast, whereas
overexpression of RLM1 contributed to the anti-autolytic ability of yeast. In addition, RLM1 gene knockout affected the
osmotic stress resistance, cell wall damage resistance, nitrogen starvation resistance and temperature tolerance of yeast strain.
The transcriptional level of GASL involved in cell wall assembly and DNA damage response was regulated along with the
expression of RLM1, whereas other genes in CWI pathway did not show apparent regularity. RLM1 might mainly affect the
expression of GASL so as to improve the stress resistance of lager yeast in harsh environment. The result from this study help
further understand the mechanism of yeast autolysis and lay a foundation for breeding brewer’s yeast strain with better

anti-autolytic ability.

Keywords: lager yeast, anti-autolytic ability, RLM1, cell wall integrity

B8 — B K I Tl i ol HAS 25 22,
MR Rz — o BERER OB Tl H i B R 2
—, WHECA R MR RS A B R R 2 — . MR
REER TR, BEREARMTE 2 e T 2 k4R AR
fiff, O [ i oo R A A R A I R
X WP F i BT S e T I R AR e
A R SR FERE: 2 1 VAl 2 o L XU | TR
FesE ko MR i R T T REA R SR B
Y fEE,

WL & TR I W0 K 2B (R TR 1 0 R R R
Bz WSO VA ROPERS R 5 AR Y o A R
AN — I Bk, X BRI R ARSI IR R AR
N o AR RESEEEYE (Cell wall integrity, CWI). i
JiEL R 4 2L R AR - T g it w128 )
CWI Sl [ 0T o 8 3 1% 20 b e 3% 2 4 R 400
IS TN A E T RO R o BEEE AT L RE A7 AR
JE B T, 3% M1, Mid2, Wscl, Wsc2
DL Wse3, ik s [H &5z B 1 ip, ik T
22 B4 5 3% Ak 55 1 B4 B (Mitogen-activated  protein
kinase, MAPK) ZHKS i, TEAMLN #4742 Rk
ST 7 208 TR JSAS [ 4 07 9 52 7 4 24 25 e 3 440 i
HAAER Y 78 CWIEER T i, SIt2 B AL s
f 4 Swia/Swi FI RIMIPIE Y s ST H5dR
i, Slt2 fil RimL YIRS, 7640 i BE 32 2145
ik, RIML &S T REBUKIT SIt2 (144 s Ts
EAL, RIS, CWI &A%t FLA 530 B 1) i s )
T2 A TE I 1 B 0 Z0038 o RImL AR %) 8 6 ik
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RS, A, BORRIBEGE BN, RLML LR &
5T 2 M (Spt-Ada-Gen5-acetyltransferase,
SAGA) &G Wl 240 e RE I 38 5 L Y e S
B RLML 4S80 CWI il itk 2k 1 14

Bt A, G R 20 A e Ok AR A R
J1, VP25 WO N A G I 3 R 2 B, LhE
L ERBE AR o TR 20 R 235 44 R 25004 328 7 4
A LR X RS g b R RS R AL
Mt B iE LR, CWI AR i i A% IR R 7 4
5 3 435 MID2 Fil MTLL #2356 7KF T ¥ , i CWI
BAEH BCKL il RLM1 kK& 2 EiEE. [
W, A SRR BT [ VA AR T 00 TR A0 A e B I
£ 200 R 5% A R 0 0 7 B R 7Y AR
K RIm1 7E CWI % Hh ) I ZE BRI I Bk 2
FHSCAHGE , (EJEHAE MR REEERT A 3 1 BRI
/b, [RIEE, MR EE L S R A R
B TR TS e RS [ 1) T S 2 B 1O
I, ARWEFEXT lager Y ML I R ) RLML #E1 7
PR, ST I M [ REBT B VA RE DT 1 ) S AR
FABLE

1 MRBET %

11 #MH
1.1.1 BRRFIIE SR

IR H5 Ry ASHI Y 2 (T i) LI 1 B B 1A
BRI bR 5 SEREDY 3 TR pMD19-T simple K K i
5 EW E. coli IM109 ¥l F TaKaRa A Fl; JiTh:



I8 Z/lager I2HEES RIM1 ERFENERE BN 1061

PUGE A B 78 % i

LB }i7f%E (1L): 109 &AM, 59 BehHhik
Y, 10gNaCl, pH 7.4, BE{AREFRELRM 20 g B
fgky, 121 CKE 20 mint*™, SHEEEEEN
PR IR FL LR Sl 100 pg/mL .

YPD 15373 (1 L): 10 g EEEkHh4REY), 20 g
E M, 20 g #iZ 0%, pH 6.0, 115 'C K 15 min,
T G418 MRS IR AL LMk 537124 200 pg/mL
300 pg/mL #1400 pg/mL., &4 NaCl fyHi ki 3%
FLRHRIE R 1 mol/L o KR SR BT 3 IR SR 2k i
“J7 30 ng/mL., Calcofluor white 3 15 35 L4 v JiF
J 10 pg/mL .

YNB-N #5353 (1L): 1.7 g LEILR LR
BB RIR, 20 g MIAIHE, EHAEEFREEASN 20 g
iRy, 115 CKE 15 min,

x1 HBWEEKTASY
Tablel Primersused in thisstudy

1.1.2 R&F
ik vk S NN 7L e D BN L R g e Wl
& BRWIvENUIEG S B TaKaRa 23l
YNB &R F it . st aln & W A
AETAEY TR (BH) B ABR2A A ; Fluorescent
brightener 28 (Calcofluor white) It [ Sigma-Aldrich
A KRZFEIE A RS 25,
12 FEFE
121 RLM1EFEMRER S RE
HIF R % £} Saccharomyces cerevisiae
RLM1 #3331 51% RLM1-F/RLM1-R 4" % mj i
Feby: RLML JEH, 5 J5 DAFTI RLML 35 413
RS RLM1-LF/RLM1-LR, &84 1
fii7s o LA pUGE Bt AR , RLM1-LF/RLM1-LR
95 M) PCR /- 3i—247: (SFH-PCR)

Name Sequence (5'-3)

RLM1-F TGGGTAGACGGAAGATTGAAA

RLM1-R TTATATTTTGCTTGAATTTTTTT

RLM1-LF ATGGGTAGACGGAAGATTGAAATCCAGAGGATTTCTGATGACAGACAGCTGAAGCTTCGTAC
GC

RLM1-LR TTATATTTTGCTTGAATTTTTTTCTCCTGAAATATCAGTCGAAAAAGCATAGGCCACTAGTGGA
TCTG

Upper-F ATAAGAATGCGGCCGCTGGAGTTGCCCCCTTCTCTAAGC

Upper-R CGGGGTACCGGACTAGTTCTTGGTAATCTTGTGAAACTCC

Lower-F CTAGCTAGCTTGCGCGCCTGCTGCCTTCCTTGGATG

Lower-R CGGTGGTACCATGGGCCCCTTTGATGATTCATAATAACTTTTCG

PGK1-F GGACTAGTTATTTTAGATTCCTGACTTCAACTCAAG

PGK1-R CGGGGTACCACATGCATGCACGCGTCGACTGTTTTTATATTTGTTGTAAAAAGTAG

KanMX-F ACATGCATGCTAGGTCTAGAGATCTGTTTAGCTTG

KanMX-R CGGGGTACCCTAGCTAGCATTAAGGGTTCTCGAGAGCTCGTTTTCG

RLM1-F ACGCGTCGACATGGGTAGACGGAAGATTGAAATCCAG

RLM1-R ACATGCATGCTTATATTTTGCTTGAATTTTTTTC

Up-1-F TACGGAAACCTTGTTACGACT

Up-1-R CCAAATATGTATTTCTTGCATTG

Up-2-F GGTTCACCTACGGAAACCTTG

Up-2-R TTGACCAATTTATGCAAGTTTAT

Down-1-F CGTAATGGCTGGCCTGTTG

Down-1-R AAATCTCGACCCTTTGGAAG
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PHA RLIML B[RV AL KanMX,
DNA J Be g alifbJm A il iy, # i Js w7
T Al P P BE PR T R HS, B Ak IR A TR
1) YPD *F-i, 24 h 552 El 25 A 200 pg/mL Y
G418 Hitk - |, 28 ‘CHi3% 48 h, PREUPH 4
b F AT 76 PCRIGIE, 25159 RLM Rl % o
DIEEKIZH DNA Shftk, LLE M54 EF3.
EF4 ¥4l 2 £ 18S rDNA JE41), I 5 it
5 H R e 200 bp 28 A 4 F B AR K [ U
B, @it PCR 313 PGK1 B s v5 H KN
RLM1, [AlHf Lk pUG6 it , PCR FRAGHT 14 3 A
KanMX, & 1 B[R B 5140 KorE i i g )
R, ¥ EiR B TA TR EER
pMD19-T simple ik b, 4 Not I Fl Apa I XU
Yl e k5% b 2 H5. 16 G418 Bt -t L Hk 3k
PE 5 I AT E 75 PCR B6lE, 38715 RLM1 33
KR . AR G418 Bt i i 55 0 1% 13 #5 D1 B
i FE AR PRSP AL TR R 10 mL
YPD £ g5k, 28 C . 200 r/min &% 15 9% 12 h,
3 000 xg 0> 5 min, WA B AR I:7E 0 R A B ER
kA, FREIAWKE R ODgo=1.0, i Hi
PR J5 S0 2 G418 ¥ Sy 200 pg/mL . 300 pg/mL
Je 400 pg/mL FHHEF-AR 1119, 28 TR % 48 h,
WLEE MR 1 2R ROAR DL, B T 3R A5 5 A 4 U
I RLML 3 3k s ik o
1.2.2 RIm1ZEHK SDS-PAGE 438 K Ri% % E
A H & TR PR HE Fllat SRk AR AE 5 mL Y PD 3%
F:Fdh 28 *C. 200 rimin k%1 3% 12 h, 5B
WA TR HE S 50 mL YPD R 95 5L, 28 CHR% #5535
35h, ZHIEHIE N ODgro=1.0-1.5, 3 000xg &
L5 min, FF FEWERK, H PBS ZHiRiE Tt
3, FA TrisHCI Z i E &Rk, IMAEA
B 90 S A, R R R R R e
RImL S, ARSI ST R A 40 A% 8 2K
B A ) 6 [ e B 4 T B P R B
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WE A S EAEZRIE A, WK 5 min 5
b#E, 1T SDS-PAGE failll . K H 4545 U1 F IF
#E1F MALDI-TOF-TOF/MS 43#7, % IE® N
F 94 1 RIm1t*2,
1.2.3 bl BERREONE

S 25 W IR T I I BE BT B 8 SR I i
P ABEAEECN  (AcsolAcgo) FET- 3, BRERINE i &
B H5. PR B TR R M o Fe R AR Y Aeo. Asso
FFET- 2, THEARTFIL A 18 BORRAEAS BRI
PrE B ERED,
1.2.4  fhiam szt

W H5 . BE DR AR TR R RN IR TR 97 12 h
JE B OWUR TR R, ERTICRKH, o BB S
1% 2 NaCl HrtE Pl 2 Rl pidE F AR FUK R
ISP A, RIS 1 000 £ B RS IR AT T
YNB-N VA, A X EE R . A0 RERS 5 A
PUBRAHTIE s FRAF BB RE T YPD SFAl, 7E 22 °C
28 °C .37 "CHI 42 CH5F% , o I FHHRLEE R 521 -
1.25 MOEZEELR

B — PR RHE R A e 2 10 mL 12°P %
kAT, T 28 CFiEfk 24 h, J5LL 1% Fp
EHEESA 70 mL 12°P EF=MMh T
25 ‘CH:3% 48 h, #& 2x107 CFU/mL % B 41 i vk Ji
BEREE T 2 L 12°P 27T R 3 L R AR AR
W, 11 CRIEES do E RS o e IO & e M
BEAN A T BRAL R BR AT
1.2.6 4HMEAZES T

KA HG , WHERERRAN , i ] 5% —
(0.1 mol/L MEFRZE i, pH 7.2) PEATHTREE, Z
JEf A 0.1 mol/L BEFRZE M= Ve a0,
195k E2 (0.1 mol/L BERZE i, pH 7.2) #Hi7)n
%2, T 0.1 mol/L BEER2ZE Ml vk, & Beth
iAK, ST RS TR R E BN G L,
B IS R T T M U L
AR ARSI R A A R A e €5 A T



I8 Z/lager I2HEES RIM1 ERFENERE BN 1063

M, BT A ST o
1.2.7 qRT-PCR 4+#7

o S e B 1] O8 S e WY e D S N W s i
&L RNA Jf4% TaKaRa 2y Al J 5 iR &5 PrimeScript
RT reagent Kit #£47 s #%5% , 3K45 19 cDNA {-fF1F
M. i TaKaRa /2> F] 11 SYBR Premix Ex Taq i
F| 4 M Roche Light Cycler 480 Il PCR #"##{%
(Roche Diagnostics) X} CWI ik 44 Fp G4 35 R 1 7
gRT-PCR 4™, 440 F . 95 °C Hidstk 30 s;
95 °C 5's, IR A/EfH 55 °C 20's, fHFF 40 IK;
95°C 10s, 65°C 1min, 95°C 10s, HMFES 34
VAT, BCF A T R L

2 ER5AM

21 RLM1 ERFHIERRRIERIE

FB1% RLM1-F/RLM1-R L W79 % B 25 1k
B R H5 (5L 41 DNA Rt , PCR ¥4 H 3
RLML. = 2ifb/miiy, Wpas R, m
WREEE HE 19 RLML RS 2 043 bpi*!, 5
NCBI /1 B lRIE 2 £ S, cerevisiae S288c 1)
RLML AHALPE 5 5] 98% . A4 H5 [ FE D 3 51l 15831
S [ RLM1-LF/RLM1-LR, [AHfLL pUGE i

A
bp M, 1 2 bp M, 3 4

5000 5 000
3000 3 000
2 000

2 000
1 500 i ggg
1000 750
750 500

500
200

200

1 ELAHE H-rimlA & H/iriml B4 3 & 56 iE

R 3 KanMX , 44 8 RLML 3[R i 419
MAEEN 1704 bp, R B MEAL S e A L e
BRI H5, 7554 200 ng/mL G418 (1) YPD
M bR RS PR Ak, IFF1T PCR BHIE, 4521
WE 1A B, A H HS iR R/ 2 043 bp
MR B, PR AR 3RS 1 704 bp 1 7 B, 45
05 UM A AT, de 449 BB IR RBR O A 44 R
H-riml1A.

¥ 18SrDNA L[l I . PGK1 53+ . H
HEEA RLM1, HifE 5L KanMX, 18SrDNA T i
6] PR R 5 pMD19-T simple |, #y%t
RLM1 i ik gk, RFH R 24 Not T fil Apa
T WU ) I i Ak 2 MU e B SRR R Bk H5, 5
H5 L 2 18S rDNA & A& [R5 i 4], B4 )5 Ay
R B, RAZEN LI e R E b+, B ISR
DUBCAY B DL 2 B G418 Fi bk A5 55 Sk SR AE
B) G418 Hitkak 4L, H KanMX 5 U1 %0,
XL A RLML #% D1 St i 21 3 Rk B gk iy
BHP: B 21 TR 5% B 2 2 2 200, 300, 400 pg/mL
1) G418 Hitk Fak b, Z5R LRI, 4R m BE
i 5% 400 pg/mL G418, 28 CHi3: 48 h ), 16
47 400 png/mL G418 [FT -t b kg A 11 A

B
6 7 8 kDa M 1 2
200.0 —
116.0
972 — 3
66.4 —n —
o
443 — = i
=8
20,0 —w— .
— —_—
t=1
20,1 — hos-_ 4

Fig. 1 Construction and verification of the recombinant strains. (A) PCR verification of recombinant strains. Lane M;:
DNA marker DL5000; lane 1: H5; lane 2: recombinant strain H-riml1A, primer pairs: RLM1-F/RLM1-R; Lane M,: DNA
marker DL5000; lane 3-5: H/rlm1; lane 6-8: host strain H5. Lane 3, 6: primer pair Up-1-F/Up-1-R; lane 4, 7: primer
pair Up-2-F/Up-2-R; lane 5, 8: primer pair Down-1-F/Down-1-R. (B) SDS-PAGE verification of H/riml. Lane M:
marker; lane 1: H5; lane 2: H/rIml.
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I B EAT PCR BE, 451U Up-1-F f
Up-1-R . .Up-2-F #11 Up-2-R .Down-1-F # Down-1-R
YERBIY, L HE AR, B i BER/NR N
964 bp. 944 bp & 856 bp, i (K 1A) 5 iy
FHAT . RV, BRI 36 AR A 1) 2k 2R3 DA Ak 1 200 i
A% B RN 40 5 2 (1 32E T SDS-PAGE £ 56, 25 21
WK 1B Fis. B &Y T 527 MALDI-
TOF-TOF/MS 43-#r, H o434 5 i i 8 H T
RIm1 (& 3¢5 ¢i|6325168), il RLM1 R[N 7E &
AR T i Rk R A 1 R IR Bk A
£ Hiriml,

2.2 RLM1 ERFBIEXE I B IS M RERI S

L IRTIT S S e R OB S s ER S U LR E
B XU 02 LA™ 7 A, T P e
TE R BE I W R A 1 B V25 2 SO ML N 2590 048 U
G, IO MU e SR ) FEORI . TR L
THOLE , BIAnFE A R RS K AR
TR RE SR TRt v 5, MG % B 8 ] ) N K
AR R H L X ML 1 S5 AR B R
FLAT BT BT B ¥ 58 7 1 LT B 44 T ML 174 JRUA
A U TR

# H-rimlA . Hiriml 5 H5 B 2fa e e
1, IERERRE, FAFTIERR LR pPIRE TR 2-3 i,
£ 100 mL ZZ P HomA 1 g BERke, 30 CTR ik
PR A, BREE Asso. Asgo FIBET AL,
TR AR S, SEERRPL AR LT AW
FERORFAE [’ 2 3 MR E BT A TS BORIAE
T-RE LR . RLML FBR T H-rimlA SET- 3
BEsR, BT AR BB AR R AR, R A%
REE S, PrABEERE2ZE . JFAE, Hiriml SBT3
JEPT H5, BFEfEZ g, o] kB HbT A s
T H5, RIS A A HERe R

H IR GE v & B RLML 7E S [R5 ) A 6] B
L S~ M/ W= R X e =3 R i D S
RLML (56 st o, Tt B e RE 22 i e B

http://journals.im.ac.cn/cjbcn

A
25
—— HS5
o H/riml
2 L
0 —a— H-rimIA {

Mortality rate (%)
S
=
\ |

0 20 40 60 80 100 120 140
Time (h)

200 ¢
180 ——H5
160 L % ~o—H/riml
140 | —a— H-rimIA
120 }
100 |
80
60 -
40 +
20 +

Anti-autolytic index

0 20 40 60 80 100 120 140
Time (h)

2 EHESFRBEETE (A) URNBFEHR

(B) H9ELER

Fig. 2 Mortality rate (A) and anti-autolytic index (B) of

recombinant strains and host strain.

HRLML A5G RO A BiF g 4 S o ik
— B ENUE T RO IT A 45 SR, TR A T LAHE KT RLM 1
%) R 3% S e T LG IR RE 4T SRR DT, T R R A
H Y RLML A DA% i 0 2R

2.3 RLM1 EE % 3t Bk i i 52 14 B9 520
231 BEEKAREES G Z %S

£ 1 mol/L NaCl 1 YPD “F# I %f H5,
H-rim1A #1 H/riml #6417 s FE 0 H1, F 28 CHi3%
48 h JE MERILA AL, KD A5 TR AR X2 3% R 1
Mif 2ZME, S55AE 3 fis . Hiriml XFii%E R it
PERY 58 T & T HS, 1 H-rim1A %15 % & 4k
W 4 55 F & 1 HEHA,
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1 mol/L NaCl

30 ng/mL Micafungin

e =

3 EHRESRIBENZERERMBRERGTZ TS

10 pg/mL Calcofluor white

Fig. 3 Resistance of recombinant strains and host strain against osmotic stress and cell wall damaging agents.

KR25 (Micafungin) BEME IR 35 4 P4 i 1
BRI RE T 0 B-1,3- I A A, S R
£ B AN AT A M RE S R A Bl . 5
JeHa 17 (Calcofluor white) REfS 5 4 i BELH 43 JL
TIREE G, AR REAT AT ) 200 2 6F 5 S8 11 3R
JRUT KR 2 AN S0 17150 24 Bl p A B T
71, #Emis AR, K H5. H-rimlA F1
H/rim1 7351 0% 2 54 30 ng/mb KR 25§ ALE A
10 pg/mL &3 R iR 10, 78 28 1T 4%
PFTRREFE 48 h, WA KAFOL, PEU 25 TR XT 4
FELREA 493 AT A2 P 15 100 85 SR AN D 3 s, H-rim1A
XK AR SRR 0 1 e sk, R e 2
R, HARPEREM S . Hiriml XK
RIFEIIBIIE S H5 25, B Hiriml Xt o
FIRPTIERG R T H5, 45532 RLML ik ™ &
SN T A X LTS DG 1 4 LA 43 e A
232 REMZHES

1E YPD FA AT HS5, H-rlmlA Al H/rlml
BEAT SRR, A S CE T 22 °C .28 °C \37 'C I 42 C
B R R, R0 HOGHR B AT 22 PR . Ak
WTE 42 CHARER (GPRARIER), Wk 4

7~ H-rimlA 726 (22 °C) Fimii (37 C) W
AKBETI S HS MBS A TR, Hiriml (4R KR
A5 H5 MY, UL RLML iBR 5 o o i i
fiif 52 1 52 B — 2 W . 3 Ak, lager TGP & 1
TR — e 11 CAA L E S T 3RIAE 11 C
T WAERKEE T, EIRE AT,
H-rim1A A= KRB JI R 26 — 28, [HBA W] i X 51
2.3.3 AV Z 157

# H5. H-rimlA F1 H/rlml 5800 B s A
F YNB-N FAl, 28 CHi% 48 h, K45 Bk
ROV Z SOl . RIS R HE vk
Bk 70£5, H-rIml1A 7% 50Ch 21+4, Hirlml &
Bl 92+7, MWYLEBTHESRE , Hiriml 5% F H5,
1M H-rim1A B .55 F H5, 25 5L £ 0] RLM1 2R iA X}
R PR () UL i A2 MR 31 1 1 s A A

24 RLM1 ERPIEMNEKAEBEMERINBA
M RER RN

¥ T AL B 5 D B T R R,
REEAS S, e T RBERA LA EEZSH, L
PR AR BRI R BERE T . N3k 2 B, K T
JERM SRR, AR BRI & BEBE 1 AHY

28 °C

E 4 EHEBRSREEINEEMNZMAILR

Fig. 4 Temperature tolerance of recombinant strains and host strain.
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® 2 MEKERIERR O

Table2 Parametersmeasured from fermentation liquor ( X+ s, n=3)

H/riml H-rim1A H5 F value P value
Real attenuation (%) 70.39+0.37 69.68+0.60 69.94+0.47 4.67 0.036
Real extract (%) 4.07+£0.00 4.08+0.01 4.08+0.01 7.76 0.009
Diacetyl (ng/L) 137.00+7.00 137.33+£16.33 142.08+31.86 32.671 0.007
Acetaldehyde (mg/L) 3.39+0.00 2.96+0.00 3.11+0.00 607.044 1.61e-05
Ethyl acetate (mg/L) 7.14+0.01 8.58+0.13 7.08+0.04 47.115 2.15e-04
Isoamy| acetate (mg/L) 0.19+0.00 0.21+0.00 0.18+0.00 9.035 0.15
Isoamy! alcohol (mg/L) 53.84+1.89 59.36+0.69 58.87+1.08 24.298 0.001
Isobutanol (mg/L) 17.00+£0.04 19.39+£0.04 18.21+0.09 20.233 0.002
Dimethyl sulfide (mg/L) 68.67+£2.13 80.67+2.03 75.87+3.31 14.09 0.001

FEKNRASYUFE N LEE ., OB, L8R LHE.
LRSI . S | R T BERDU I (DMS) &
HABEA KK, TEIEH KB R, il
MEELEA SR BT, AN E AR A 2K f
BT, F2 W2 o 0 & B VRORE S 46 b i DN
ot L% W G DR s ko IR R ) 1 O R E 0 R ML
1 AR XK B A B A 5

R TR F R RBT B RE IR 25 R, R
RS A HAT T (SEM) Jeafs i L B
(TEM) 43t WK 5 frn, 5 H5 MIEL, H/riml
YA AN, RAEEDE , H-rimlA 4R
WK, HAE KBS B2 5 2 B 454 S N M E
B HEIAEM LS, RLML YRR AT RE 52 0 5
R 2 B 04 /N B A e W Al AR i A2 ML (U2
FLECAR TR R AE K IR, 3 AN F kR Z R 2
FHES . L, HEN RLML JE R &4 5 50T m
R IE AR . R, P % el o 5 e

5 H5(A). H/rml(B) & H-rlmiA (C) E’qﬂﬁﬁa%ﬁ@ (x8 000)

SRR AT B ST BT, 45 5 SEM 25— G
H5 21 i % X 56 5 B BTk itk (18 6A) . 7E Hiriml
4 % B L AR /N Ho Ay 8L (Bl 6B—C), H-rimlA
2 L e ) A BT % T ) G B R R RIA% IX 1
(¥l 6D—E). & D] i Bk i) ke 9 S 3 B 1 4 4t
HAREEN AL

RIm1 J& CWI i i B 5% st A+, X
Gt FE I RLML f I8 7 AT R T 42 52 i) 44t it 5 A
AR AN A Rk . A ORI IR S A5
BF 5 CWI i % 4 i BE R AR DGR R (46
WHI3, SNF2, KDX1, SM4, FKSL, SLT2, ARV1,
GASL. SMI1, PTC1, RHO1, PKC1, BCK1, FKS2,
SWM6, MLP1, WSC2, ROM1, ROM2, MTL1,
TUSL. MID2)"" A% mRNA /KK, HirbifZ
R R A R Y L R 1 AR bR A AR
o @58 &M, Hirlml th 5 CWI A=A DG 1y EE
TEMGG J2 T4 ol B R A KA o (BT 7), B

Fig. 5 Scanning electon microscopy (x8 000) images of host strain H5 (A), recombinant strain H/riml (B) and

H-rIm1A (C) after beer fermentation.
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6 H5(A). H/rim1(B. C) K H-rimlA (D. E) RIESTEEE (%25 000)

Fig. 6 Transmission electon microscopy (x25 000) images of host strain H5 (A), recombinant strain H/rim1 (B—C) and
H-rim1A (D-E) after beer fermentation. Regular nuclear area and large vacuole was viewed in A, small vacuoles (V)
was viewed in B and C. Progressive chromatin condensation (A) was found in D and fragmented nucleus (*) was viewed
inE.

15
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11
10

B H-/m/A B H/riml C—1H5

O

Relative mRNA level (Day 5/Day 0)

TTrrrrrrrr1rrrrrrrrrrrrrrr-r1rr-i

S = W ey @

B R E R

Gene

7 H5. H-rlmlA #0 H/rim1 o 40 A 52 SE B iR 2 4R K B AR K FE o7 i
Fig. 7 QRT-PCR analysis of genes relative to CWI pathway in H-rimlA, H/riml and H5 before and after beer
fermentation.

RZ M N GASL, ZEEFE W K afprE Y BCK1, KDX1, SM4, SLT2, ROM1, ROM2, TUSL
FI DNA F5 R0, R ok PAsmum & T A/ Hirml L A 38, At L R i S #5 AR
WG BT 1275 f5. MifRiRES SAMMEEA R B. £ H5 BEHRPEEI TR EERES, R
i) SMI1 EI T 6.29 f5. FKSL, RHO1, PKCL1, E RLML (Y ERIGFA TS 8T, 5 HIrimL A L,
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H5 H GASL K&K A & BE B W AR E L 55 — v i
KB A3 e A AR 7E H-rimlA FR & 4 T, GASL
LR R WA AR TIE, 1 SM6 A1 MLPL 3
MRk . MLPL J2 5 20 B A2 i F e 1 B 4t it
TS HI R ZIERAE H-rimlA &4 T H
B (1176 ). 40MEAE & B AR b 32 24514
BF, MLP1 LR AT fE & AR bl Dh4ERE20 i i T 28
. SEBIFGEALL, BEMBEF Swie
g BE R (1) R IKE EIE T 7.45 £ WSC2 . MTL1
i 00 i e 07 A R DR P2 3 R i P S R ),
EOREESY & o
3 itk
A=, T2 B AR B, R
W RE T S S A, R AV — e AR
W R Ja B DL e 2 R I B B Z )5, HEl
] P R 22 B0 ) M R K 2 il AR O
518, 5 5 )5 Ml Y A= B RE & AR KR
TRE, AR RN, 1R ) T ) 5 5
55K SZ B R A 520 T PR DG 5T Ay g
BE— R mT i T 22 15 40 [0 P MGG Tk P %) ML 7
BEFEARASE b AR b, R 40 WLy o Bk A 1 7 &2
% 3MBIAS I R HE IS, Wit 4 10K
95 5 UKL NG, Bt BV PERRE 55 i I B 20 i
h2s B i [ A B0 U R T
FE A 52 15 RE 5 A R0 1S i 1 B 1 [l PR B, i —
AR A RO, BRARIAS o BRI
7 A Ry — AR N, R R X AN A
LSRR RN, FHOR RN 258 ) . BEAE
KW SEAF RIiml 257 MAPK i % F1 241 i 5
SEEEVE (CWI) B MIIEPY, s LN RLML
J& Mpk1 7E CWI i B% P Ihae N, 25T
N RE SEEE R SRS . WNET TR, RLML JE R 7E
bk rh IR AR, HAEDT B 1A RE 7 50 1 W 1
BETR v 23R /KPR, TZEDL 7 RE 1 55 g gt
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B T 5 T v 2 1 7K P e A8
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BT Sy 2 ML e TR (A A% 0> o K ALY R ) B PR 4
W TARIESE T H A A 2728y K
R P R Rl (] B A 2, MRS T B ) 5P R T
BASR SRR, L H N AT % s AR MEVE A
b TSN JE R D RE o A RIS T SR P D LG
BEA AT AR HS 2 DA [ R T3 4 A Y
lager YN e BE B AR TP R BRI, BA —&
AOARTRE o 78 B A% A LG 19 51 B8 PR TR F 5T RLML
SER BT RE, RE NS 0 1 AR 1% I DR 7 N 1 R
T P 07 Rl % e DR 42 o MR8 R 335 ) 5 ) A
1B B SR AN SR TR AR 1) A A R TREPE R L (BTSSR 52
O 22 T AR P I IR S, 2 5 ALY A T 235 o TR
2 LB 245 2 S A O T B 200 i A T 2ok A op
G T 2RI A s I AR, s
JEIE . ZEEA . EIRIAE . AR T
JIT A 3 8 g 2 T S04 AR A 45 R Ak
RLML JE A (e 2k v BE NSl T 32 &l fe, R
FRELE ST & BT I P9 4 2% 45405 . Wi & B
2 L BE 2 25 S DNA 451403 1 A G KR K] GASL /Y
FIRRE RLML Ay 58 5 BRI A #E , 1 CWI
& A2 rp A AR 6 3 PR R 45 O ORI A BB Y
B, D RLML nlRE EZEm T CWI ke
GASL JE[R [ ik, i it i ML e Bk A6 T 45 36
B BTk

WG EE T AR L 0 700 RLML HE1 7
BrAad #ak, A8 T EHAE H-rimlA A1 Hiriml,
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R RLML RRERFZ T BERERHT AV RE o iR
T RLML {5 s B ot 4 O BE 451405 . WLk . B
5 JR 1R Tt 521 DR TR P SOk 32 3 s mig ) 4
4 gRT-PCR & ¥ CWI &4 H 55 K 24 i BE 24 ¢
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