TRAE SRR Mar. 20, 2020, 47(3): 681-690
Microbiology China DOI: 10.13344/j.microbiol.china.190576

tongbao@im.ac.cn
http://journals.im.ac.cn/wswxtbcn

IR MREER CWP2 BE RS EANAES g-A8EE
BB SMNERSE
i gE KW BAR RUH

WAEMH E R AR Bl sSl R R foR B B 200240

B E () EARBBE 2R TAS T higkBAEE, RLANMEEEFREE T2
e b EZWFA, BB TAEAZERA. [B] RETURBEHRTFR,;LEONES, HES
ey FREOLEFmILT, [F %) XM LT CRISPR/Cas9 #9 L F A% A, AL T B-F 248
FrEEe) LRI B Y294-BGL A A Bk, M@ Ea LR CWP2 s rE 4. [£R] 5
K RARARLL, BIR CWP2 49 B3R ) bR A2 K B% 96 h B b B-#] 248 el % 7T - 3 53%, I BiE 42
27T 208%. sbi, BMIAEHAERKKRZE| o, HREFLIEMIAGFEEIRT TH, RERTE AR
Wit . dt— K I, RIREHIL A ER BT T, BN EG I A E S fo ki 1240 £ 44 %
BARRRERIE S N mR A MERARERA L L TR, [4€] 837 @it &a kLR CWP2 #
BRZ[HFREG P-R BN HEE OIS, TAEARBRIEREA T FREG N ILAR.

K. HFpdkme, BOBRE, B-A]A1EFEE, CWP2, FREARA

Disrupting cell wall protein encoding gene CWPZ2 enhances extracellular
B-glucosidase activity by recombinant Saccharomyces cerevisae
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University, Shanghai 200240, China

Abstract: [Background] Saccharomyces cerevisiae is widely used to produce industrial enzymes and
pharmaceutical proteins. However, low protein production level and poor secretion efficiency are the
major bottlenecks for its industrial applications. [Objective] To improve protein production by the
recombinant yeast strains, and provide basis for development of robust yeast cell factory for heterologous
protein secretion. [Methods] The cell wall protein encoding gene CWP2 was disrupted through
CRISPR/Cas9-based genome editing in the recombinant strain S. cerevisiae Y294-BGL, which can secret
B-glucosidase. [Results] At 96 h of fermentation, the extracellular activity of B-glucosidase in the mutant
Bewp2 A was improved by 53%, and intracellular activity was improved by 208%. No negative effect on
cell growth was observed, and no significant change was observed in the tolerance to acetic acid and
ethanol in the mutant yeast strain Bcwp2A. In addition, no difference in growth of the mutant in the
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presence of the endoplasmic reticulum stress inducers dithiothreitol and tunicamycin was observed.
Further studies showed that less reactive oxygen species was accumulated inside the cells of the mutant.
Disruption of CWP2 decreased transcription of genes associated with protein trafficking and secretion, as
well as cell wall biosynthesis genes. [Conclusion] Disruption of the cell wall protein encoding gene CWP2
promotes extracellular B-glucosidase activity, and can be employed as a target in metabolic engineering of

yeast protein production.

Keywords: Cellulase, Saccharomyces cerevisiae, B-Glucosidase, CWP2, Heterologous protein expression
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Table 1 Strains and plasmids used in this study
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Strains and plasmids Description References or sources
Strains

Y294-BGL1 bla ura3/URA3 PGK1P-XYNSEC-Sf.cel 3A-PGK1T [15]

Y294-Bewp2 A bla ura3/URA3 PGK1P-XYNSEC-Sf.cel 3A-PGK 1T, CWP2A This study

Escherichia coli DH5a For plasmid construction and amplification Lab preservation
Plasmids

Cas9-NAT Nourseothyrcin, expression of Cas9 [16]

pRS42H-gRNA CWP2

gRNA expression plasmid targeting CWP2 gene

This study
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Table 2 Primers used for strain construction and verification

51445 F% Fe5il

Primers name Sequences (5'—3")

CWP2-gRNA-F
CWP2-gRNA-R
CWP2-donor-F
CWP2-donor-R
CWP2-C-F CATCACATTCGCTACACACTAAC
CWP2-C-F CAGCAAACTCGAAGAAACCC

GATCAGCAGTGGTGGTAGCTTCGG
AAACCCGAAGCTACCACCACTGCT

TACTTAAACTGCTTAAACCGAAGCTACCACCACTGCTGCCCCATCTTCCACCGTTGAA
TTCAACGGTGGAAGATGGGGCAGCAGTGGTGGTAGCTTCGGTTTAAGCAGTTTAAGTA

T T RIZHIIEE N IR Z LB T(TAAY L.

Note: Position of the introduced stop codon (TAA) is marked by underlined bold characters.

1.6 RERASEMESRN

TEREUR I 48, 72 196 h iF, 23 B & Rk
MBEIR TR B 200 L, K 5 mg/L 2265k
DCFH-DA (2,7-dichlorodi-hydrofluorescein diacetate,
FAFF K CBERC TR B, 3R SRR I 5 i 4
4350 488 nm Al 525 nm. JASEHE 4350 LAA B 1
ODgoo AT IH—FLAL IR, PR —FHcHh %o i & B ke e
AR AL B 04, BAR T 22 DL SCRR[ 1]
1.7 RNA {ZEUK AT EZE(RT-qPCR) 731

VL 48 h INEL 4 mL K, 8 000 r/min
20 2 min WERA, FITHEH RNA M7 SE0E
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ALGY 1E NS IEA, it 2 it AL R AR
Xt ikl Seme T R SE E RS 1 I 3.
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W 15 7% 2 SO B AT AR 2 IR ODgoo 14 1.0,
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DTT). %645 (calcofluor white, CFW), Z R
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FREBREC: P<0.05, BF; **: P<0.01, i
g R P<0.001, JEWRE).
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Table 3 RT-qPCR primers used in this study

[ GIE/ RS gl

Genes Primers name Sequences (5'—3")

ALGY9 rt-ALG9-F ATCGTGAAATTGCAGGCAGCTTGG
rt-ALG9-R CATGGCAACGGCAGAAGGCAATAA

BGL1 rt-BGL1-F ACCGGTTGGCAATTAGATCC
rt-BGL1-R AGCAAGACCGGATGGATAGC

CHS3 rt-CHS3-F GCCTGCTACTTCCGTTGGACTG
rt-CHS3-R AGGTTGAAGCACGCTTGTGTCC

RHO1 rt-RHO1-F TGGTGATGGTGCCTGTGGTA
rt-RHO1-R ACACGACGCCCATCAACTTC

EXG2 rt-EXG2-F GGCACCACAGAGAAGGAAGAATCG
rt-EXG2-R CTGTTACTAGCCAGCCGCCAATAG

YPS6 rt-YPS6-F CGCATTGGCATTGAACAGAACACC
rt-YPS6-R CCGAAGTGTGCATCAGGTCCATTC

SSO1 rt-SSO1-F GGCACTCCCTGGACAACTTC
rt-SSO1-R CCTGAGCTTGCTTGTTGGTG

SSO2 rt-SSO2-F CGAAGACGCTCAGCAAGATG
rt-SSO2-R CAACCACAACGACAACAACAATAG

VPS36 rt-VPS36-F GGATGAATCAACCGTGAATGAACC
rt-VPS36-R AACTCGGACAACGTGAACTCG

CCwW12 rt-CCW12-F CGCTTCTGCCGCTGCTAACG
rt-CCW12-R TCATCGACGGTGACGGTAGCG

SCWA4 rt-SCW4-F ACGGTGTTGCTGTTCCATCTAAGG
rt-SCW4-R TTCCAGTAGTCGTTGAAGGCAGTG

SCwi rt-SCW1-F AAGCCCTCCTCCCTTGACACC
rt-SCW1-R GGGTAGAAGCAGGGATGCGTTG

CWP1 rt-CWP1-F CTGAGAGCGATGCTGCCACTG
rt-CWP1-R CGGTAGCGTCGTCGGATTGC

VPSL rt-VPS1-F GGTTCTCAAGCAATGGTTATGGTG
rt-VPS1-R CGCCTTACTAGACGATGGTTGG

SEC18 rt-SEC18-F TAGACACTCCAACGACATTCC
rt-SEC18-R CGTGCTTACCGCCTTACC

o L AN FN A S AT RS 5 T A R BGL A BT ISR OGS AR B L, HEiBE

HERETT FEE RPN T . AR, BEEE . 7R
2.2 ABRMANE N ERIE FEAL S, e A S5 P ol — PR g S U 1 0 T

B EARE PRI — R E 22 AWk AR B EGR ZAR IR RE (dithiothreitol
B, SR O RIBAE FA G S AR DTDREBINE A& f2 b —H s sl 2219
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Figure 1 Effect of CWP2 disruption on enzyme activity of p-glucosidase

{E: A: BGL RIBRMRAMMAKOL; B: M4 BGL Mgi&; C: MIN BGL [#if; D: M Endo H Zb P IS BGL MG ; +:
@SN Endo H; — NS/ Endo H #X)BE.

Note: A: Growth curve for the recombinant and control strains; B: Extracellular enzyme activities of the recombinant yeast and the
control strains; C: The intracellular protein concentration of the mutant and the control strains; D: Extracellular enzyme activities after
treated with glycosidase Endo H; + and — represent with and without Endo H treatment, respectively. All values represent mean values of
assays done with error bars indicating standard deviations.
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2 FERERXBRE KRS £ER SDS-PAGE 534

Figure 2 SDS-PAGE analysis of parental strains and CWP2 disruption strains

T A EFAHEIKESE; B: MBS BGL HEEA G EMIEEIKE LS

Note: A: SDS-PAGE results of supernatant of the mutant and the control strains; B: Grayscale analysis results of the ratio of BGL in the
total extracellular protein.
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K% 24 h e B BRI S0 IR A TG 22 51
UERHBEIR CWP2 ] LIYEAS R A RN M 1 15 0L
P 1 SRR 1 A BRI

BCK
Bewp2 A
Control

B3 CWP2 ARG FR X BR Bk P B P BB EE 5

5 mmol/L DTT

2.4 CWP2 iRt ELARE R REAIEE SRR

i VPG R X A PN A3 I = 4 9 1 4R (reactive
oxygen species, ROS)HJ N M e FHA 2,
R B P 375 P A R 6% R B A4 R3S A A B (R
KAEM ROS F=AESXM A B lifiitsn, $2
FECE TR, SR, EE AR R A RS R
RS IRE A, ATRE S A — iR,
MR EIE K ROS. L, IR+ Bewp2 Ak H?
NGRS AN 5 R, G AR E, B
SRR - i, (BRI iErEE AT
IHARTF A TERE, HEWREIR CWP2 BRI 2% T LN
(1) ROS Wl , MIAEHE T B2 1 e Y A ™
2.5 RBEFEERKFESH

HTRFEWIR CWP2 $i v F 21 ¥ £F i 4 BGL il
T (5122 AL, X3 DA S ) S L R A 7
TR E RN, SRILE 6. 5 kKA,
CWP2 B IRF-rh 2 1 B~ 4 Ml 11 il 2t A1) ik [A)
BGL1 7t 48 h WFestmsA M, RUIBIR Cwp2

0.5 ng/mL T™M

Figure 3 The growth of Bcwp2A and the control strain under the ER stress induced by DTT or TM

8% Ethanol

4 CWP2 IR EI#k FN XS BB E R 1 TR 4

® O

3.5 g/L Acetic acid

2 g/L CFW

Figure 4 Effect of CWP2 disruption on various environmental stresses tolerance of the yeast strains
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Figure 6 Effect of CWP2 disruption on transcription levels of key genes in the recombinant strains
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