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I I BE ) B- 1 S L DAB-1, 3-HI b 32, A
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1. KRR

Table 1. Primers used in this study

Primers Sequences (5'—3")

SNF-F/SNF-R
URA3-F/URA3-R
FKS1-F/FKS1-R
FKS2-F/FKS2-R

GACGGAGCTCACTTGTGTATACCCGTATACTTGC/CGGGGTACCTTTTGGGATCCTTTTGTTGTA
CCGCTCGAGAGATGCTAAGAGATAGTGATGATA/GGAAGATCTCTTTACAGTCCTGTCTTATTG

AGGCTGAGCGTCGTATTTCTTTC/CCCATTCAACGGGATGTAATTGTTTT
TCGTTCAAATGTTCGGTGGTAAT/AAGGGAGGTTCTTCATCCAGGTAGG

CWH41-F/CWH41-R CACTTACAATAAACTTGGCACTA/TTCCCATAGAAATAACCGATTCCTCC

ROT2-F/ROT2-R
KRES-F/KRES-R
CNEI-F/CNE1-R

CCGATAAGCGTCCTTTCCTTCTAA/CGGCTCCTATAAATGGCATACCAGC
TCGAAAGCGACCCGCAATATGAC/ACATTAACGGCACGAACCAACCCAC
TGATAAATAATGCCAAGTACAAAG/TGCTGCTCTTCGTAGTATAGCGGGT

KREI11-F/KRE11-R  GTTCTGTTACCCAAATCAACTCAA/TGTGACTTCTGTTTCCCATGATGTTC

KREG6-F/KRE6-R
SKN1-F/SKNI-R
KRE9-F/KRE9-R
KNH1-F/KNH1-R
KREI-F/KRE1-R

P1-A GGGGCCAAGACATAGCTTTGGGCTT
P1-B CCTGGGCCCACCACACCGTGTGCATTCG
P1-C AACAATACCTGGGCCCACCACACCG

TCTCCATTTGGTGGGTATCCTGCTT/ACCTCCTTCTATCCAGTCTTGCCTC
CACCTGACAGTGCGAAGACAAGA/GTAGTTGTAACGGCATCTGGTGAG
ACAACCACTACAAACAACGCCCAA/GACCCAAAGGTAGAGTAATATGTC
GGTGCCACGATTGATTCTAAGAGTT/ACCCTGGTGTTACGGTAGTATGTT
TCAACAGAGCCACTATGCTACCAAC/ATACAGTCCCGAAGACAACGATGA
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1.1

1.1.1  ERRFIBEFREL: BN EERE(S. cerevisiae)H
FRBFERIFERRIY 102 (MATo ura3 leu2 lys2)ES288c
IR AERIRE, HARSZEZE . E. coli DH Safyk%
TR LB R B (10 g, SALEN10 g, TR
FEEI5 g, ddH,O 1 L, pH 7.2-7.4), ¥4k
IHER N B 100 mg/LAY Amp., YPD K373k
(R%HE20 g, HIAR20 g, BERHEEWI10g, ddH,0
1L, pH 6.2 FEERERE 3% . ARG FRILYNB(AN
IR B R R6.7 g, %20 g, ddH,0 1L,
pH 6.0-6.2) HF @R b+ B i 1k .

112 FERFFER: RGN DI . T4 DNA
HEHEBE . MLV U 5 S DNase 1550l 4 K% 524
YT RAR/AA, Invitrogen TRIzol Kit I H
Invitrogen, FastStart Universal SYBR Green Master
Il HRoche, StepOnePlussiH}7%¢ Y 52 S PCRANIE
H Applied Biosystems.

1.2 SNFIERE AR 5 R AR

AR5 TR T Bk S 28 8 14 SNF 1 35 P T 91) (F5: [
*7: YDR477W), &it5|¥SNF-FAHISNF-RY 1
SNFIFER W25, 4 380 R Bt Sac THI
Kpn DU J5 3% 4 2 25 #idKpBluescript SK(+),
& 4H 25 /A pBS-SNF1., LIS288cH] M DNA
¥, PAURA3-FFIURA3-RN 514 8 i debnic 5t
I URA3M 475 . FIFHSNE 13K N R AFAE B XRo T
FBgl NG RGN 25, K URAZSER 6 A B &
HARAKpBS-SNF1SNF IR b, MM FT b
SNFIFER , JER L TR . 8 e n gy
2, B R TR A TR R T 7R B A B AR
JY102h, TEYNBEEACK: F5 5L (Fh 7o 50 2 R R 24
i) b i BHE ek, 38 i PCRJT I I .

FEESNF IR R E AR . Ff 20 2 /A pBS-SNF1
i o A B O 2B A SNE T8I B KR (snf1A) T,
FETRIIN T PRIEWEFN 5- 98 FLIE R (5-FOA) T YNB -l
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b B SR . R B RE URA 3 W TR B A fiff
5-FOAREZE L5 -FUI LR, FHLiE 200 it 3 7 5 35
RSET . R R URASEEIR AT AL T fiE
72 v 5 € | v U VA LI E AN o
1.3 ZHuRESEEE M BRI

BRI RE A, TSR R
KV TR AR 3R I R, TR R LR R
2x107 cells/mL, F-LA 1O 3 i B 1 0o 18 B 41
HEATRRRE o LS LA TR A6 B 1Y) I B 4t L G = 5
B W RLT 388 AR YPDFAR -, 30 °CHiE:
rgR2 d, WEERERER ARG I
1.4 FEBRHIS SRR

BRI S R TR R R, TS TROBR
IKPEBRARIUR, FFAEAS cCoKIBH I 402 h,
HEAN T ICR RGE K, PRI ih e B 2% 107
cells/mL, ZJG#FATiELLM10M5H0 BB . HU
5 uL H i 20 MU 2 i 2 YPDIEHe |, 30 °CHp 1S
F22d, WEREEREA AR AT L
1.5 BEERBRNARRBU LR €& PCR (¢RT-
PCR)

W05 Ak 1 1% BE 40 e A B2 2 W R Y PDBS 57
Hr, 30 °CRERIR A HEF718-24 h, WA S
K HITRIZolE AR BUERNA , Jf:FIDNase TIHfb 25
5% B YDNA . HU1 pegl) SRNAE It , FIH
MLV S5 s g H R 5% s ilicDNA . 1 pL cDNA |
10 pL FastStart Universal SYBR Green Master, 0.5 uL
K519 8 WLIGTR XL ZE K ¥4 il g R T-PCR Y K7 {4
£ . GAPDHIEHFHIMEAT RN S IR, AACT
POTRMER M RIE R, EE3K,

2 HERAAH

2.1 FEREBERESNF IR SRR R EBRE
g

T BAESnfI/AMPK AR I EE R Th e, oAl
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F T SNFIHE A B2k TR bR AT RE I+ bk o T
PRI UE 2% 51 4743531 /& P1-A/P1-C X P1-B/P1-C.
MK LR, FESIYP1-ANSNFIRIG AR ik
W) W5 LA Sh—BEDNAJF 5, P1-B&{ FURA3
B PEREIT Y, P1-CIESNFIREIR 2R AT Ui [R5
AN T o LA o3 TR R 1 35 P 4H DNACA 5
M, FP1-B/P1-C5|¥yaEuY 44 th H W&, bk
Hf AR R SL A DNAH IR, AEAH R 45 0 T ANRe
P HR RN, [FRE, PAIP1-A/PL-CRHEIHRT,
SRR T URAZIE P R, 193] 5854 A
PRRR /INAN ] B R S 4ty , 145 SR 5 B T
EAHATF o [P PCR™ My, B IR i i ) 5
RIS R) T SNFII R RE

FEFGEESNE T RN BRI, 358 TN PR g g
F15-FOA Y NB-F-# > i i BHA: 4 b . SRt
Jrids, SUREE A #A 58 BRI SNF IR &4 T TR
U5 2H H URA3HE R 4 O 6 Ak 7 0 18~ Al |

(A) P1-A

s, BEA: TR %, DIP1-A/P1-C K PI1-
B/P1-C5| W)Xt AN AR AT S0 00, T 45 38 A Y
A RIRAR — B R RS . SE R NELPTR, M
I B PCR ™ W) 2%y 5 BRASAEAR AT o % 45 H % W
SNF I5E R P8R TR AR S IR B AR A i Dy, 3]
14 Hsnfld . snflC,

2.2 snfTAZEEERRT 20 BRI 5) AU%

N T BAESNF IR R 5, 9878 RR A0 BE 1)
SEREVE IR BIF, FRATTHE 50 5 A 2R 2 B
TR REREL . EO0HG F ) Ay 35 3 A i
GBI A L EEA R B RO . B2, TR
7 IN0.06 mg/mLRIR LT 50.03 mg/mL75¢ 61 7
(IYPD - I, AR MR AR A2 3 T AR R 4
i, T AR AR AN R AR A R A, B SR T
snfIAWI AN EE SEHME DL 222 3 TREIR . XA Al
ST BRI B snf I AR FETAR I

URA3 P1-C
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1. EBRERAE 4 EHRATPCRITIE
PCR verification of the SNFI disruption (A) and its complementation (B, C). The ORF of SNFI was

replaced by URA3 through homologous recombination. Primer pairs, P1-B/P1-C and P1-A/P1-C, were used for PCR
verification. The locations of primers are indicated.

Figure 1.
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(&l 2. snfIASSEE RS20 BEEE HIHI 78 =%

Figure 2. snfiA mutant was severely sensitive to cell
wall inhibitors. Fresh cells in serial dilution were
spotted onto YPD agars supplemented with 0.06 mg/mL
Cong red or 0.03 mg/mL Calcofluor white respectively,
and cultured at 30 °C for 2 days.

2.3 snflAZRES BRI UK

ZHTIETE TAERI, BB Ik BESNF T
K2 5 B 0 PR 2452 0 o T I I TR
SNF 2R BAIIIRE, AT 1 snf1A58 25 %+
P BN . SER AL, FEZad45 cCIE2 h
i, SEPAERVHRARNEBRAE L, AR bRsnf14
AR BT (E3), UL snf AR RAE PR T iE
N AE S 5Z BIREIR . snfl AGEAE RS AG SUR T AE
SRR T PRI B PRI, AT RE 2 R T 4 M e
SEREPEMAIR o %R A 5 R FRIK I BEsnf 145878
PR ARARL,
2.4 gRT-PCRAMTsnfIAZABR SHRRE & BLAH
REF RS
2.4.1 SNFIRB-1,3-HFWE G BRHXERNRE
RSB . AR Snf18E Al BE YT W4
B, ARSCEEEREC S A RER-1,3 -8 R A
WAYFEN, FKSIFIFKS2, R HqRT-PCRIV Tk,
NI S 7K AT T Snf 1 AR Pk it o L PR Rk
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B . G5 NE 4R, 5WPA R RN R PR AR
b, snflAZAS R FKSIFIFKS2 1) 33k 8 1 1
%, PONEFERIR0.3M5 AT, RIWISNF A 1k
ST SN | R R B- 1,30 SRME Y B U
Y2RIA

2.4.2 SNFIZ5B-1,6-BRMEA RAREEKFE
B: B-1L6-HI RN A HGRTR M ARF IR, (EH
FE Y 436 S HAE 20 B 7 ) 67 6 A il 2 G HE
gil PN 5 2R [1(KRES . CNE1. CWHA41}

3. snfIASREEHRST AL U=

Figure 3. Sensitivity of snf/4 mutant to heat shock.
Yeast cells were collected and incubated at 45 °C in
water bath for 2 h. The cells were serially diluted and
spotted onto YPD agars at 30 °C for 2 days.

1.6 @ Y102 O snfl4 8 snfiC
1.4 1

D A0
1.2 1
1.0 1
0.8 1
0.6 1
0.4 1
0.2 1
0.0

Relative mRNA levels

FKS1 FKS2
Genes

B 4. snfIARTHEFB-1, 3-BRESREXEENR
B8

Figure 4. Expression of B-1,3-glucan-related genes in
snfl4 mutant. Total RNA was extracted and gRT-PCR
was applied. The expression of FKS/ and FKS2 in
snfl4 mutant took account of approximate 30% of the
JY 102 wild-type strain respectively. The assay was
performed in triplicate, and errors were expressed as the
standard deviation.
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ROT2, 4 mib it Ro e . 451 . A
il 1| FIRRE ) 2 5 B-1,6- M B p i A ", A
SEH K FHQRT-PCRIGIT L, IFE ;K- 4G T
Snf 12 PG X 1% N 5T ) 28 RGBS . 45
WMESHR, SEAR R EIANERA L, snfl4%E
ASKRFRKRES . CWH41 . ROT2 M CNEIF)ZEk S04
%, Zr9 B AR 190.82, 0.32, 0.46520.331% .
KREIIFEHR SRR EH, S 58 R
PRI O T e 7R BEAR Z (B i i, %o B-1,6- 7 SR BH Y
ANEXEED @i gRT-PCRAY T H:, AWFS
RISNF ISR - E 2 [ KRE 115 3%
ik, IR EREON B A RIA0.436%, HISNFI3E
PRI (1M 5T KREL T E 5 3235 (K16).
KREGHISKN I Ziht i /K AR IR
15 B-1,6-H BB A B B AR, gRT-
PCRIYLEIRFH, S AERIMIEIANEMRA L, snfid
ZAKRH KREGFISKNT Y 2 15 HEME T T IR (1E17).
KREIFKNH I Jmt 4R M 2L 11, Krelpig
— Rl RN BE A SE A A AT R A

1.4 1 B8 CWH41 B ROT2 8 KRES @ CNE]
1.2 4

Relative mRNA levels
=

i e N O
o b 2 o

JY102 snflA snflC

Strains
El 5. 5p-1,6-AREARBXNARMNEQERNE
BT
Figure 5. Expression of B-1,6-glucan-related genes in
snf14 mutant which encodes endoplasmic reticulum
proteins. Transcriptional levels of KRES, CWH41,
ROT2 and CNE] reduced to 82%, 32%, 46% and 33%
of the respective level in JY102. The assay was
performed in triplicate, and errors were expressed as the
standard deviation.

1.4 1
127 KREI1 mRNA
5 107
% 0.8
& 061
2
= 041
>
0.2 1
00 L] L) 1
JY102 snflA snflC
Strains

6. S5p-1,6-AREARMBXNMEEREENRIE
BT

Figure 6. Expression of -1,6-glucan-related genes in
snf14 mutant which encodes a predicted cytoplasmic
protein. Transcriptional level of KRE1 reduced to 43%
of that in JY102. The assay was performed in triplicate,
and errors were expressed as the standard deviation.

B8 JY102 8 snfid 8 snfiC

1.2 1

1.0

0.8

0.6

0.4 4
0.2

Relative mRNA levels

0.0

KRE6 I SKNI l
B-1,6-glucan-related genes

7. S5p-1L6-AREARBXNSREFEERER
HRIEEETWL

Figure 7. The expression of B-1,6-glucan-related genes
in snf14 mutant which encodes glycoproteins located in
the Golgi. Transcriptional levels of KRE6 and SKN/
reduced slightly compared to that of JY102. The assay
was performed in triplicate, and errors were expressed
as the standard deviation.

W, snflARZERRHKREOFIKRE 193 1k 13 5
ZWPARIA0.49 )20.361%, MKNHIZEH F)FRiE G
o 22 1 A 7R 190,085 (1K18)

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



1138

Ping Zhang et al. | Acta Microbiologica Sinica, 2016, 56(7)

KREY9 O KNHI! B KREI

1.2 1

1.0 1

s
72
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0.6 1

0.4 1

Relative mRNA levels

0.2 1

&

JY102 snflA snf1C
Strains

0.0 -

8. Sp-1,6-ARESHEXNARTEERERN
RILELT

Figure 8. The expression of B-1,6-glucan-related genes
in snfl4 mutant which encodes cell-surface proteins.
Transcriptional levels of KRE9, KNHI and KRE! took
account of approximate 49%, 8% and 36% of the
respective level in JY102. The assay was performed in
triplicate, and errors were expressed as the standard
deviation.

Wi BRI AL, fEsnflARAR T, B-
1,6-40 FME G UM G HE I i Ik B AIR . i 4h
REW, SNFIFER BRI AERE K- B2 T B-
L6- MBI 1

3 W
SMNRIRBEIR 1 22278, ANEEFE R 40 L i
— LSRR, R A e 7 — S O PR B Y
PR T EEEH . AT R
DA T SNFIEE BRI MR, B0k T SNFIERR TR
RS A4t HELBE A ) 550 S U, R WISNF 12 5 40
BE [ A JIRI 200 B 5 B PR B e HF . FEAR LR,
SR T 270 4 L R i 700 A AR 2% P R 4 LR ) 5
HPE WIS AT 32 SR M ) AR EAE A,
il 200 R G 2T 22 (R HES LA F A 5 A 4 i
A ZR R AR B LG, AR A i ) 25 4
AL AR s S R TR A R LT
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TR 53 A o AEASIN0.06 mg/mL WIS 41 550.03
mg/mL ZECHE HAFIAYPD Al b, 5 HFAE A K [n]
HERA L, RARMMEILTARRAER, YR
PN TR 14) 4 L B S e 1 A7 B IR

SHHRFE Sl ER [ 2 38 5 £ 38 KR 52 1)
A RE SRR, FRATTA R BRI R A SR AR R Y
FEFRBEE, BT — 22 5 g Bk
B B SRR B O o RIS T 4 B 1) 3 2
Gy R H BN, BIRMESILT R, Hb XU R
J . BRI, FKSIFFKS23 FXFTB-1,3-1i
RE G R R CESE, HEVR AR FB-1,3-1 K
BE G 8, B-1,6-H RBE & Az 2R H0Y
Wi, Fkslp X Fks2pe:p-1,3-%5 M A nld filk i) 8 241
P RSB T gRT-PCRAGI R I, snflA%E
AR Rk H FKS TR FKS 200 3 15 10 35 B AR (1A B A 7Y
130%), ULBISNF 13 ) 5878 T 30 4 g e B-1,3-
HIRME A A S FE R A5G Sl

B- 1,6~ M= LA A S E R A L RELH 45,
B L A IR AR SR A . Z A AR
"B >R FH R DR 53 1) D7 e o B- 1,67 R M 45 B AH
KA o B2 T 5 25 SR 2 OB 2 11 1938 i %
SR UATEB-1,6-H B A b B EEAEHT.
FEARSZEG Y, FRATAN T — R 5 FIB-1,6-H R A A
BA CRRER P L B-1,6- MR P . R 3
AR L5 ) o S LA A 2R 1 Y 6 ISR
R, TEsnflAZE7E R, B-1,6-H FME A HUHH
BRI FRBEIA AR N, sLBHSNFIIERH
() ZE A5 AR, T B L B- 1,6 H TR A BUAH SEJE A 1Y
BESEAMA] . SXESUFIETUR T SNF T JE PR 1 5 0 4
SRMEB HUAH G JE R %) 5 SR 145 5 A L R ) o K
Peo [FIRT, AFFTEE A R B-1,6- 38 R & s
TR T —2e455 |, (HATEENE, B-1,3- 8%
BEFIB-1,6-7 RBE I A& BUE I R E 20,
AN fes 1AZE 75 RE Y B-1,6- 76 50 1 B B0 £ I
K", kre6AZE7E R APB-1,3- 4 B M A Fridi "
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TR T A L RE ST AR B e, IR AR SR AKOE AR
E TR R ASNF 12 5 RS T 72, ke
FUEE A AR SC R Gk . 9 — 7T, IR
R R HSNF IV B-1,6-F MG LN, 1
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Snfl/AMPK affects cell wall integrity through regulating the
transcription of cell wall assembly-related genes in
Saccharomyces cerevisiae

Ping Zhang', Qiang Zhao', Dongsheng Wei', Jiao Yang', Xiangyang Zhu',
Xudong Zhu"*’

' National Key Program of Microbiology and Department of Microbiology, College of Life Sciences, Nankai University, Tianjin
300071, China
? Institute of Biochemistry and Molecular Biology, College of Life Sciences, Beijing Normal University, Beijing 100875, China

Abstract: [Objective] To study the role of Snfl/AMPK kinase in cell wall integrity in Saccharomyces cerevisiae
JY102. [Methods] SNF1 deletion mutant of S. cerevisiae was created by homologous recombination. Congo red and
Calcofluor white were applied to evaluate the cell wall integrity for the mutant strain. gRT-PCR was used to analyze
the transcription of cell wall-related genes. [Results] The SNF'I disruption mutant was severely sensitive to Congo red
and Calcofluor white, manifesting the impairment of cell wall integrity. The mutant exhibited apparently growth
defect at high temperature. The results of gRT-PCR revealed down-regulated transcription of several genes involved
in B-glucan biosynthesis. [Conclusion] The deletion of Snfl impairs the cell wall integrity by reducing the

transcription of B-glucan-related genes, suggesting a new role of Snfl in the activation of cell wall synthesis.
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