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Improved B-glucosidase expressing in Saccharomyces cerevisiae
An-a by YPS1/YPS?2 gene inactivation
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Abstract: [Background] Low level expression and poor secretion efficiency are the common problems in
the production of secretory recombinant proteins by industrial yeast. [Objective] To investigate the effect
of inactivating yapsin proteases Ypslp and Yps2p on B-glucosidase expression in Saccharomyces
cerevisiae An-o, a yeast strain isolated from Angel industrial yeasts. [Methods] By utilizing
CRISPR/Cas9-based gene editing technology, we firstly constructed a UPR-indicator strain

Foundation items: Tianjin Science and Technology Project (18YFZCNC01240); National Natural Science Foundation of
China (31470208); National Key Research and Development Program of China (2019YFA0905600)
*Corresponding author: Tel: 86-22-27892069; E-mail: slzhou@tju.edu.cn
Received: 02-04-2021; Accepted: 17-05-2021; Published online: 01-06-2021
EE&WH: RiEHRHITRI(18YFZCNC01240); EZ ARFHAKE4:(31470208); ERKE ST A TTHRI(2019YFA0905600)
*BIEIEH: Tel: 022-27892069; E-mail: slzhou@tju.edu.cn
Wi HEA: 2021-04-02; 1EFZ HER: 2021-05-17; MKEE A BE: 2021-06-01



4486 A 2 A

Microbiol. China

An-o(leu2::UPRE-lacZ), designated as An-aL. Next, the YPS1 and YPS2 genes were inactivated, followed
by transformation of the B-glucosidase-expressing plasmid BG that was constructed on the YEplac195
vector. The growth and enzymatic activities of the resultant strains were evaluated. [Results] Inactivation
of the YPS1 or YPS2 gene of the strain An-oL did not affect the cell growth in YPD medium. The presence
of the plasmid BG increased maximum ODgg values in the YPC medium by 21.9% and 7.4%, respectively.
The maximum enzymatic activities were 0.087 5 and 0.068 6 U/(mL-ODgy), which were 2.268 and
1.778 times of the control value, respectively. The ratio of the secreted protein was also increased by
19.4% and 22.2%, respectively. There was a good correlation between the -glucosidase activity level and
the UPR signal response value as represented by the [-galactosidase activity level. [Conclusion]
Inactivation of YPS1 and YPS2 could improve the secretory B-glucosidase yield of the strain An-a.

Keywords: YPS1/YPS2 gene inactivation, Saccharomyces cerevisiae An-a, B-glucosidase, secretory expression

Til VS P £F: (Saccharomyces  cerevisiae) J&: HL 7 H.
WA P R o B I BRI A A T, )
TS Tolk sl b i s i i A
PR, SR R A A AR 0 e P T S A
YIRS, I Tl LR . BRI
TURBE R VR Tl AR R SR A I R A A
PR B AR, e T X ERE A PERE TR |
O 2K 2 TS A SR AR AN [R] . i i 2ok
{3 3§ . 2 (Metabolic Engineering) 1 i& & 1. 2
(Pathway Engineering) 7 A £ Jm ¥ 5001k, 2L
IR R R B A P A ST I RE AN 1 B
£ MUt 5 (Protein: Quality Control) 2 St i 4%
FUEE, ) 8 1 U5 2 (Secretory Pathway) i 42
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EHEZ W TR, T EREEEEE An-a @&
PR IR TR IE , DR A TA AT B 4 i
I R AR e AL RO A SE AT

1 HME5hE
1.1 8

1.1.1 E#k. RRAs|9

WA IR . SRS [ Wk 1, &
2. KIAtF# DHSo HFBOR AR MR BRI 3 5
PR R AR An-o FERIRY R MATo ura3, RS2
FOAE, AR AV EA R ARG 15 5
PR ILER 1, RIS 1Y 0% 2,
1.1.2 EFELF AR

fiE kG DNA | LiAC Fl1 PEG4000, Sigma 2\ Fl ;
YR . DNA Marker 55, A4 TAEY) TR HifE) 0y

F1 K PTRAERINRAL
Table 1 All strains and plasmids used in this study

HBRAFIFIKIE TaKaRa A7l ;5 BiIEWHEEI Fr B (0]
Wit & DA S SR AR 105 £, Omega /4 A ; Phanta
Max Super-Fidelity DNA Polymerase F1JC4% 5 2Hix
R, WEMEREA ] 516 BTSN E 4
MER AN H5E . PCR Y, Biometra /A F); Waters
Alliance 2695 SRR AH IS, Waters 2~ H]; HLIK
{¢, Bio-Rad A#],
1.2 EFREREFEY

LB #5555 (g/L): BEREhAEY) 5.0, HRALE A
Jfr 10.0, NaCl 10.0. [l {455 3% 5 55 i m B ¥y
15¢/L, pH7.0. RIGHH T LB Kk,
RS FRBT 37 °C BEFRM, WK FRA 12
37°C. 220 r/min, $ALFREERNBNA R EER
BAYSE 100 mg/L (T F5 >~ LB+Amp 100 “FE4R).

FRIARFNBRL FHIE eI
Strains or plasmids Characteristics Sources
Strains
Escherichia coli DH5a F-recAl endAl hsdR17 [tK-mK ] supE44 A-thi-1 gyrA96 relAl Our lab
Saccharomyces cerevisiae
An-a MATa ura 3, derived from Angel high-temperature-resisting alcoholic active dry  Our lab
yeast(TH AADY)
AZ An-a(leu2::UPRE-lac Z) Our lab!"?
An-0(YCplac33-Cas9) Obtained by transforming plasmid Y Cplac33-Cas9 into strain An-o. This study
An-aL(YCplac33-Cas9) An-a(leu2::UPRE-lacZ)(Y Cplac33-Cas9) This study
An-aL An-a(leu2::UPRE-lacZ) This study
An-aL(yps1)(YCplac33-Cas9)  An-oL(Aypsl)(YCplac33-Cas9) This study
An-aL(ypsl) This study
An-aL(yps2)(YCplac33-Cas9)  An-oL(Ayps2)(YCplac33-Cas9) This study
An-aL(yps2) This study
An-aL (YE) Obtained by transforming plasmid YEplac195 into strain An-o This study
An-aL (BG) Obtained by transforming plasmid BG into strain An-a This study
An-aL(yps1)(BG) Obtained by transforming plasmid BG into strain An-aL(yps1) This study
An-aL(yps2)(BG) Obtained by transforming plasmid BG into strain An-aL(yps2) This study
Plasmids
YCplac33-Cas9 Amp", URA 3, Cas 9, 5603 bp Our lab™*?
PRS42H-gRNA Amp', hphNT1, crRNA Our lab™
PRS42H-gLEU2 Amp', hph NT1, crRNA, 20 bp guide for LEU 2 gene Our lab™?
BG YEplac195- Ptpi-xyn2s-Aa BGL1-Tadhl, - glucosidase expressing vector Our lab®’!
pRS42H-gYPS1 Replacing Not I site in pRS42H-gRNA by 20 bp gRNA sequence targeting YPS1 loci ~ This study
pRS42H-gYPS2 Replacing Not I site in pRS42H-gRNA by 20 bp gRNA sequence targeting YPS2 loci ~ This study
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*2 KBFTASIY
Table 2  All the primers used in this study

Gk EA s 5zl H P
Primers name Sequences (5'—3") Purpose Size of product (bp)
P1 CACAATTTGCTAAAGGTACT To amplify donor DNA 3721
P2 CTTGTGATTCTTTGCACTTC
P3 TGACCAAGTTCGTAAATCTA To identify integrated strain 795
An-o(leu2::UPRE-lacZ) (control strain)
P4 CCATCTCCACAATAGGCATA 4327
(indicator strain)
P5 CTATTCGGTGGACTTGGAAGGTTTTAGAGCTAGAA To amplify 20 bp guide RNA (underlined)
ATAGC for plasmid pRS42H-gYPS1 construction
P6 CTTCCAAGTCCACCGAATAGGATCATTTATCTTTCA
CTGC
P7 CTTAGGAGGCGGTTCAGGTAGTTTTAGAGCTAGAA To amplify 20 bp guide RNA (underlined)
ATAGC for plasmid pRS42H-gYPS2 construction
P8 TACCTGAACCGCCTCCTAAGGATCATTTATCTTTCA
CTGC
P9 GGCTGACGGTTATGAAGAAA To amplify the left homologous arm in 75
P10 TCTGTGGTGGCTTCCAAGTCCACCGAAT donor DNA for YPS1 inactivation and the
product PCR1
P11 GACTTGGAAGCCACCACAGAACGTAACG To amplify the right homologous armin 77
P12 TATCCGAGCCCATAATCCAT donor DNA for YPS1 inactivation and the
product PCR2
P13 TCGGTGGAATTAGATATTGG To amplify the left homologous arm in 82
Pl4 GTCTGAACCCTAGATCAGAAGAACCAGT donor DNA for YPS2 inactivation and the
product PCR3
P15 TTCTGATCTAGGGTTCAGACAACCCATA To amplify the right homologous armin 70
P16 TTAAAGGATGAGCCAGTGGT donor DNA for YPS2 inactivation and the
product PCR4
P17 GGTTCTCGGTAAGATAATAC To identify recombinant yps1 strain 352
P18 CGCTTGACGAATCATCAC
P19 TCAGAAGAAATACGGCAGTT To identify recombinant yps2 strain 421
P20 GAATGTAGACGACTTAGAGG

YPD K775, CMG SER3EAREFRIE | ik
B MG U™ cMG VRIS E B (HyB)FIR
Ve S-FLIERR(FFR 5-FOA)- i Y Fic il 2 WL ST
BR[12,22]; YPC 35322 09RIE A 2T 2 %, HAr[A]
YPD. iXUErEFRILHFRERE SR, ARG SRR
30 °C Kigifh, WA IR 252 30 °C. 220 r/min.
1.3 R E

i 2 F5Ixt PS/P6 1 P7/PS, LU
pRS42H-gRNA (& 1)t & #4853 5l #4315 3]
pRS42H-gYPS1 #1l pRS42H-gYPS2 (£ DHIHitES
DLSCHR[20] 5 25 . A PCR A BER/MY K 6 528 bp.,
1.4 Donor DNA &5

HFE#E An-a(leu2:: UPRE-lacZ)f5 a1 Donor

DNA FBEA RO 20 : AR 1 kR AZ By taik
R, I 2 9519 PL, P2 4T PCR 974

AR YPS1 A1 YPS2 bR 2% 1% 1Y Donor DNA
FBE R RAH Phanta Max Super-Fidelity
DNA Polymerase #£17 PCR Jz i . Fiff PCR ik
ZHEIS LU EY R 0.2 pmol/L, HAeHIFZ 0
BEH45. PCR W 45fF: 95°C 5 min; 94°C 30,
(52-56)°C 30's, 72°C 1-5min, 30 {KAFEH; 72 °C
10 min,

55 1 YK PCR AU 1 R #R AZ HIgL il
Bk, X YPST, ISR 2 H514 P9, P10 9"
He A AR (PCRY), 514 P11, P12 ¥ 344 [
JE(PCR2); LA YPS2, {514 P13, P14 4"
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/e RS (PCR3), S P15, Pl6 ¥ 4545 [R]
J5E (PCR4), 45 2 X PCR 43 %ILL F3&R PCR 74 h
MR 728 LB Z LM PCR: XA YPS1, ffifH
Bitl PCR1+PCR2 #1547 P9, P12 974 Donor DNA
B X YPS2, ffi B PCR3+PCR4 F1514)
P13, P16 #"1% Donor DNA F Bt. 51¥1IF5) K74
KRR 2,
1.5 B RS SMARS & F0RAEE (L

FHSCHR [24]H0 0 S BRAR 52 il 4% 8%z 25 Al i 5
HEATHeAL B CRISPR-Cas9 J7 ke S Al i [ s
A PR B N I DR R TG TRIAR RS, S IEOSCHR(12,22]3F
1Ak | TR A o AL FIRIAR A PCR %5 (H
(A5 |t B SR = RN L3 2.
1.6 EHEKAEFITMN

FREL YPD VA Bt A K IR TS, A
24 YPD H57W MaE H, 30°C. 220 r/min 557
T, P T ORI GE 5, T R R
PERREREA 50 mL YPD 5351 250 mL $#3H,
PRI AR ODeoo 2924 0.2, 30 °C., 220 r/min §53%,
8 h S EHHIBEINE ODgoo fH, ZihiIHEA IR

LM UR N £F 4 R, B R e R
CMG "™ BEFRIERSE , MRS IRILMN YPC B
75, BT 0. 8. 16, 24, 38, 48, 62, 72 h Bt
M 5E ODgoo (BTG, HARIA |

P-4 2 WY AR ARG 00 o 2 DL SR 23], B- LB
R P T N 2 DL SR [12]

ME /DB 2 WHESK, BRI 51
{HF0 SD ffi .
1.7 SDS-PAGE #'#f

B3 mL B3R BN &0, 12 000 r/min 2
O 2 min WAE BIEW, A 4 f5RFR I KRS
TR IRS], 12 000 r/min B.0> 5 min £ FIE K,
FIRETUUHE, 50 L JCR KA i R4S 4 1
FEfh . % S G-250 kit E A e
i, % SDS-PAGE 3 A I e Bk e 3061 1 26 11 I
Lk 2L,

2 HRE40

AT B 2 F W . (Unfolded Protein Response,
UPR) & ¥ Bl A B8 B B Lz —, i
T 756 RSP ARSI PR A X ML PR ik B R | B AN
FSN K R 1) UPR MWK DL, 275 SCRR[12]19 )71
T Ackt A UPR WAL 5 7R A PR An-a(leu2::UPRE-lacZ),
TEICEERY b RBRIEIN YPST FIl YPS2, A p-Hidihi
TSR AR, A K M FRETE
2.1 &% An-o(leu2::UPRE-lacZ)}3iE

WAL E @ mERERED, A
CRISPR-Cas9 RSEHFA THIBRIMRIG Y I =22 (1)
Cas9 1Ak An-o(YCplac33-Cas9) K Hi4 4 .
il % An-o &S24, B YCplac33-Cas9 #H1 7
HARISE]; (2) gRNA FIA%A pRS42H-gLEU2: 5
BRERCAHMEEE D™ (3) Donor DNA K HA R
ZRACHR[12], DA 1 itk AZ BYgL A B ,
fFi I3 2 514 P1. P2 §71% Donor DNA HE%,
#5495 /L 3 721 bp 9 PCR 774,

il 25 IR An-a(YCplac33-Cas9)Esz A4, 5
3Rk pRS42H-gLEU2 #1 Donor DNA F Bk
b, WA CMG VAR R AR G AR
AR R BYE TSI T CMG R+ HyB P 52 07 |
H7% PCR %58 ki P, PCR %R HGIHM A 2
W) P3 . P4, BHYER AL BRI X B TR S 1A
PCR FB439 4 4 327 bp il 795 bp., #2238 4.3 kb A2
A K/N PCR WA TN, D45 AR UE IR 572 .
FiSCHR[231 1 IR &R TS PRI AL T B Rk R i
JkE, RN 4 AR BRI An-o(leu2:: UPRE-
lacZ), ABGRHE, LUK IERFFRA An-aL.
2.2 E#k An-aL(yps1)F1 An-aL(yps2)fEF4E
KHZEM

K YPS1 F1 YPS2 JRIGTEIRIIREE S 3 20
B, SRJGUEAT YPD RiFR3k LA KN,

2.2.1 pRS42H-gYPS1 1 pRS42H-gYPS2 [RFHE

F B HR[26] Guide RNA B35, %37
#m) YPS1 FEHL AT HHE Guide RNA A ALY DNA
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F#3: 5-CTATTCGGTGGACTTGGAAG-3' (B3
2 BB IHIXT PS/P6), HXFR T YPS1 3K ORF 1
55 246-265 (iBILT ] It TR M YPS2 SER
HPft Guide RNA & ) DNA JF5IUTF :
5'"ACACTGGTTCTTCTGATCTA-3' (Z W% 2 HH)
Slx; P7/PY), H XN F YPS2 [ ORF 1
55 296315 (B4

DLBR ) PE Y V) B Nor T B VI £k ME AL 1Y
pRS42H-gRNA J B, 4 5IA 5 9% P5/P6
1 P7/P8 #4T PCR #7314, X PCR j* ¥4 B /iE W
BERCHLIK I ZE L ILE 1. B 1 ATAL, PCR “4F
B 6528 bp MTHAK /N F4 8 FIr A5 TR (300 45 2
i — 2GR & AR T B AR L, BRIARAS T B R
#i pRS42H-gYPS1 F1 pRS42H-gYPS2,

2.2.2 Donor DNA &%

X} Donor DNA & ¥ PCR J” i1 T Bifig b
BEREHTK, SERIE 20 SR/ NS EUAAE, GE
>k H ) Donor DNA .

2.2.3 YPS1 730 YPS2 kKRR RBIME

2 H R An-aL(YCplac33-Cas9)EZ 2540,

Ay 5 JEokr pRS42H-gYPS1 . pRS42H-gYPS2 F14%

A
bp bp

200

. 150

132 100
75 50

E 2 PCR F=HRI3RARHE SR Rk

H Y Donor DNA Jy Bt btz 54, WA
CMG "+HyB 300 ik A, 30 °C £53% 3 do X
e AR b AE R I BRVE T TR A PCR %€ I PCR
P, SEE S 3R YPS1-%-U/YPS1-
%D Ml YPS2-%-U/YPS2-%-D, Xifh PCR F=HI K/
43524 352 bp F1 421 bp., PCR IR BIRMEREE R HL Tk
GELILIE 3, A R/NSTUEARSE, UERTh B

bp M 1 2 bp

7500
5000

6 528

2500

1 PCR F=4IRAEHE SR ik
Figure 1 Examination of PCR products by agarose gel
electrophoresis

B
bp bp
200
132 150
) 100
70 50

Figure 2 Examination of PCR products by agarose gel electrophoresis

W A ZEF YPS1; B: R YPS2, 1. ARIEEF B 2. ARIJE A B 3: Donor DNA, M: 50 bp DNA Ladder Marker
Note: A: The YPS1 gene; B: The YPS2 gene. 1: Left homologous arm in donor DNA for YPS2 inactivation; 2: Right homologous arm in
donor DNA for YPS?2 inactivation; 3: Donor DNA for YPS2 inactivation. M: 50 bp DNA Ladder Marker
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RIS YPS1/YPS2 JRG i TS B, An-on BRIRE B- AT i 200 223K 4491

500
400

300

[E 3 PCR FE=Y B3 AE ¥EER AL B3k

bp bp
421 "
400
350
300

Figure 3 Examination of PCR products by agarose gel electrophoresis
Note: A: The YPS1 gene: 1-4: PCR products for YPS1 transformants, 352 bp; B: The YPS2 gene: 1—4: PCR products for YPS2 transformants,

421 bp. M: DNA Marker

S3 Ak 3 Ak %58 PCR 16 T/ F
T, 048 R A B AR R AR T A AR
b, BIZr 5523 T YPS1. YPS2 JE[H ORF 1y
55 266273 (i FIES 296-315 13745 8 bp Bl 51 i ik
4, EMAAG AR YPS1 KA YPS2 BRI i .

WD UE B IE A R AL 280 2 ¥k YPD ifA
FEFRM 5-FOA ARk, #ilBoRifing %% )5 Bl
A% YPS1 KRIGEWM An-aL(yps1)Fl YPS2 JRiG bk
An-aL(yps2).

2.2.4 YPS170 YPS2 KEEMKHMERKS TN

PSR An-aL FIKIE R An-aL(ypsl).
An-aL(yps2)i 17 7 FE IS YPD iy E KX
WA, ERILE 4, Z5RER T F AR IO 2

12
10
8|
Q?’ 6 —=— An-oL
< I —o— An-aL(ypsl) 1#
4 —a— An-al.(ypsl) 2#
i —w— An-aL(ypsl) 3#
] —e— An-oL(yps2) 1#
2L —— An-al.(yps2) 2#
| —— An-alL(yps2) 3#
0 . 1 s 1 N 1 1
0 12 24 36 48

t(h)
El4 FHEEE YPD EFEQUREERE) PREKML

Figure 4 Growth curves of the recombinant strains in the
YPD medium containing 2% glucose

5, WP UL LR G L TR EXTTE YPD Kt
FErp i A KORTE R B AR
2.3 E#k An-oL(yps1)(BG)F0 An-aL(yps2)(BG)
RIMIEFOIER
2.3.1 E# An-aL(@ps1)(BG)F1 An-uL(yps2)(BG)
B

BG &3tk YEplac195-Ptpi-xyn2s-Aa BGL1-TadhI*!
MIfEFR. 1 BG 43 Al ALREHR An-aL(yps1)FHER A
An-oL(yps2) RS2 25401, T CMG V™ SEAR T
JIT A5 e Ak TR bk 53 5l i 45 0 An-oL(yps1)(BG) Fi
An-aL(yps2)(BG).
2.3.2 E# An-aL(yps1)(BG)F1 An-aL(yps2)(BG)
BIHE K SBEIE S HTITEM

LA WS BB RV E Y, AR
TR ME— B AR AT, AR RS R 55 57 B-
AT ERIA M2y, B, ERIEREEE 2%4F4E
W SR YPC TGRS T AR R TS AR O,
ST H A EZIED] YPS1 F1 YPS2 IS RIS . 45 5% I
Bl 5-8 FIK 3. iXSLgi AR EIERE L] AL
YPS1 H1 YPS2 RTEXF B-Hi g b i BRA A AR B3
s i H AR YPST R ] YPS2 R i,
FKIMHA: (1) EK: SXEE An-oL(BG)HHLL,
YPS1 Fl YPS2 KRG WARA R INR, #F AfeE B as
EHEFT(E 5); fR ODgoo THAHIHE R T 21.9%7F1
7.4% (K15 f14 3); (2) BLEIG: FEAK An-aL(ypsl)
(BG)FI An-aL(yps2)(BG):% 554 bk W1 Fifi 1 5 5] ]
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S AR e Ak, 38 h I3 ik B oK
0.087 5 U/(mL-ODggo) 1 0.068 6 U/(mL-OD4g0), 425
WA TEARAH IV AE0.038 6 U/(mL-ODggo) ) 2.268 15 H
1.778 f5 (I 6 F14 3); (3) W Hl . Hik
An-aL(yps1)(BG)HI An-aL(yps2)(BG)iE T4 73
BT B R TR 04 5 , o 38 h BB A xr
WA IR E T 19.4%F1 22.2% (K 7 FIZE 3); (4) Xf
FETRRE An-aL(YE)#E YPC R5FR3&rh B8l TRl iy
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Figure 5 Growth curves of the recombinant strains in the
YPC medium containing 2% cellobiose
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T3 EHFEKRTE YPCEFEQWAHE-BHIHEKS

I bhAL
Table 3

The growth of recombinant strains in YPC
medium (2% cellobiose)

LS K ODgo 38 h W& LA 38 h
Strains ODgoo 38h Sy Wb LI EEAE

maximum  B-glucosidase 38 h

activity ratio secretory ratio

An-aL(YE)  1.89 - -
An-aL(BG) 13.50 1.000 1.000
An-aL 16.45 2.268 1.194
Ops1)(BG)
An-aL 14.50 1.778 1.222
Ops2)(BG)
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Note: —: Activity not detected
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Figure 9 Analyses of the the supernatant by SDS-PAGE
Note: M: Protein Marker
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