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Abstract: The production of D-psicose using D-fructose as the raw material and Saccharomyces cerevisiae as the host has inherent
advantages in food applications. In order to reduce the consumption of fructose by the hostSaccharomyces cerevisiae itself, the hexokinase
isoenzyme 2 (hxk2) gene was editedin Saccharomyces cerevisiae. In this study, CRISPR/Cas9 technology was used to construct Cas9 and gRNA
co-expression plasmid pYES2-CG-Ahxk2, and using Saccharomyces cerevisiae BY4741 as the starting strain and URA3 as the selection marker,
hxk2-deficient strain BY4741-Ahxk2 was obtained by high-efficiency electroporation-induced transformation and intracellular homologous
recombination technology. On this basis, a fructose fermentation experiment was conducted to evaluate the consumption rate of D-fructose in
the mutant strain BY4741-Ahxk2. The experimental results showed that the fructose consumption rate in the BY4741-Ahxk2 strain after 14 h of
fermentation was 3.35 mg/h (which decreased by 6.42% compared with wild strain BY4741). In addition, the ODggg ,,, of BY4741-Ahxk2 was
8.65 after 22h of fermentation (which increased by6.40% compared with BY4741). This research shows that deleting the hexokinase hxk2 gene
can reduce the utilization of fructose by Saccharomyces cerevisiae to a certain extent, and the defective strain exhibited advantages in growth
compared with the wild type. These findings lay a foundation for the subsequent production of D-psicose by Saccharomyces cerevisiae using
BY4741-Ahxk2 as the host.
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JERE PRI C 2 oy 4 BRIE G,
AR e P RE R S R AR R 2 AR N e i e 2
AN EEFEE, D-FlEETRE (D-psicose) FEIT4E
R — P BAT R R OR AR B D ReMER R, B
FI T HERERT 70%, #oE RGN 0.3%>, HHf
FUHRAE, D-Bly& EhE ay DO H0) 5 TN 5T & R
TE MR IE AR (Abdominalobesity ), [Klt D-
BT i T FHAESRA £ i (diet food) (K975 204,

LFTHIR TS, KREZHEPLE AT R
B 3-Z2 W) A, S8 FH B A Wi AL SRS AR 7 D-Bili
RRECOL, e ok, EA K EHAT D-
By LB A6 7= FF AN KOG S D-Balvg Wbl E 2 T &
WINEI K. BRI EE— B35 FDA (Food and
Drug Administration ) ik A & GRAS ( Generally
Recognized As Safe) “E/=Btk, B LETLEURNE.
LT SOGEMT FEIRR R BRSNS, 2ThEe
Pk R D-FT 34 B ) AR A P T AR,

TETRP I LA, R R L 2HXK2

(hexokinase isoenzyme 2, GenBank: CAA96973.1)
AT LR SRR A T I R E-6- R, MATTI I A\ K TRE i
R, BRIk, A B hxk2 SRR E T e gg 1L,
N T oA A 3= R TP P B ot SRV 6 LS B 74
D-Bal & WpE A7 o FERRPIRE B, R R AR
AR SRWEARN I, HXK2 IR FE mT DA 2 Xy 5=

BEIRFEC . S Ah, IR FH 2000 207 T ) B 8 P £
P A RBER A7, HXK2 sk AE sl D i
Bt SRR P e 5 S A L

CRISPR/Cas9 4 A2 Iy 5 — QL R H g 4B 1L
A 2013 SFE 1 VN I EBGERERE R, B R N L B
REAS . St Ead et L2 mbi A1, 78
L P 5 Sk 15 B 4 R HoR, T A
CRSPR/Cas9 RN 2 EiZFRGH, gRNA H
crRNA (CRISPR RNA) F1tracrRNA (trans-activating
crRNA) ZHf%, T4 20 bp U7 H1 BRI AL AN A L P it
FromiE"%; Cas9 AZIREEN TR DNA XU T 2458
i donor DNA A5, b M SEEHEER 5 [ di . A
WF 7248 F K CRISPR/Cas9 JLRIA RS, X HRE}
hxk2 J: R T o R S, DU BB i B E e
PR SRR VG, IS SRR R IR BEA A DL D-SRHE
JEEHEAG A= D-Bs RS SE AE nr 471

1 MR5RE

L1 A

1L1.1 A#Fft

KIGAFH Topl10 NASZIG == WG, T ORI
BRI 1, BREREEE BY4741 NASSZI 3 SO A RAT -
SEIG R R AR B R SR, IR 1

A ARSL PR Bk
Table 1 All the plasmids used in this study

S XS F¥
PYES2 Amp', URA3, AT 3HEEMAH & AFEE
DNA-Ppgr1-Cas9-Teyer Kan', T3 Cas9 Rik & AEBRE
gRNA-trp-HYB Amp', Hyg's A T¥ 3 gRNA AL & AEBE
PYES2-Ppgi-Cas9-Teyer Amp', URA3, 4EA#HIRiEH: oRNA L& AFRFAMEE
PYES2-CG-Ahxk2 Amp', URA3, F T %% hxk2 AFRFAEE

1.12 BEHRA

Luria-Bertani (LB) #5375 HT KT @ 4E
K (5 g/L BARHEEW. 10 g/L 8 A EAT 10 g/L NaCD),
] A R M 75 BN BRI KD 2 o/Ls Ak TRk ey
TR INE T HHEREIKE 100 pg/mL. YPD (Yeast
Extract Peptone Dextrose Medium) 35573&:  FTHRA
FERFAER (10 g/L ERHEEU. 20 g/L B AN 20
o/L A, RS FR IR IR IR 2 g/Lo
SD-U Ki7dk: HI TRl i %L 7 (6.7 g/L %
BFEJR YNB. 0.66 g/L AUra DO Supplement 120 g/L
W) . YPF 3E7idk: & RPERL IR (10 g/L BEEHE
. 20 g/L 25 (IR 20 o/L S0, TPl mRimg i
BEXCH R BB TE AR DL o

113 ZE2XAABE

KOD DNA (R4&H§# [ TOYOBO Aw]; PR
PILIG Beul A1 Sacll f T4 DNA JEB:R [ FE8R K it
REHE (hED ARAF]; 2xUTaq PCR MasterMix &
DNA marker 1% H b5 B3 E bR AL R A TR 2
Fls BRIEREEER BRI & DL A kR &
T H 234 Seamless Assembly Cloning Kit JG4%H
HikH &M H £ E Clone smarter; 51408 2R E
MHEARARA R T8 FPHIE A TAY TR (R
) B ERAFENR. FEEA: RIMeE
it 2EE Unico A7]; PCR 1%, [ Bio-Rad A 7;
TEREE R4, AR AED R A R A A
Mini-Beadbeater #ff BEERYA i %%, 32[F Biospec A H] o
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Table 2 Primers used in this study

2 F5) (5°—3") A &
Fl CTGCATTAATGAATCGGCCAACGCGCGG
Rl AAGCTGGAGACCAACATGGCGGCCGCGCATGCCCGCGGACTAGTATT ¥ pYES2 BUR A &
GCGAATACCGCTTCCAC
F2 CTCCAGCTTGCAAATTAAAGCCTTCGAGCGT .
¥ 3¢ Cas9 A H k&
R2 GGCCGATTCATTAATGCAGGAAGTACCTTCAAAGAATGGGGT
F3 TGTGGATTGCGCATACTTTG P
R3 TATGTCACGCTTACATTCACG PYES2-Ppgii-Cas9-Teyer
F4 TGGAAGCGGTATTCGCAATACTAGTTCTTTGAAAAGATAATGTATG L
Y38 BT Porsz
R4 GATCATTTATCTTTCACTGCGGA
s CAGTGAAAGATAAATGATCTTCCTTTGGCACATCGGCCAGTTTTAGAG
CTAGAAATAGC 5 20 bp hxk2 #5714
2EAH =
s AACATGGCGGCCGCGCATGCCCGCGGAGACATAAAAAACAAAAAAA gRNA £49/551
GCACCACC
F6 TTCCTTTGGCACATCGGCCA %% pYES2-CG-Ahxk2
g7 ATGGTTCATTTAGGTCCAAAAAAACCACAAGCCAGAAAGGGTTAATG
GCC
Donor DNA /71|
CAAAATTCTCAATTTGTTGCATCAATTCCTTTGGCACATCGGCCATTAA
R7
CCCTTT
F8 ACGAAACACCTTTGATTGCG »
K7 BY4741-Ahxk2
RS GCTTTCAAAGAGTCGGCAAT
Sacll
Bceul
ori
2p ori
\ AmpR Tevar Cas9 Prxi
[ <
URA3 | |
I
P 3]
Cas9
PYES2-P,, -Cas9 || AMPR
TCYCI
URA3
4 Sacll Topu o ?cul
: 2p ori L — e |
Sacll Beul |
R | Tats

pYES2-CG-AHxk2 AmpR

A URA3

2p ori
Beul

1 CRISPR/Cas9 $£3RIEFRHI pYES2-CG— A hxk2 BIFIEE

Fig.1 The construction of pYES2-CG-Ahxk2
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1.14 3|4
SEIG B S1 ILER 2.

1.2 377k

1.2.1 Jikatz
CRISPR/Cas9 A Tk pYES2-CG-Ahxk2 14
AR 1 Fis. BB NS
1) LA pYES2 1 rDNA-Ppgyi-Cas9-Teyer A KA
B, M S B R Cas9 B AR H A
PYES2-Ppgii-Cas9-Teycr o ZEATIFEAR : (Dl 4% pYES2
Bk B DL pYES2 FUROAMSR, S 5140%) F1/R1
P4, SASHA 2 B pYES2 ik A B, Tl
FBUR/N 4499 bp; (2) #ill#% Cas9 ZE[R B A 5
Y%} F2/R2, LA tDNA-Ppgk1-Cas9-Teyer BRI ,
3K Ppoki-Cas9-Teyer Kk, T BeR/)N 5428 bps
(3) B EAk: RPN B clone smarter T54%
HARGHIEIATIER, FA KA TOP10 &34
M, £ 100 pg/mL ZFHHZRM LB (LBA) TR
b (4) BlbTY%E: M LBA PARBRIER LT,
FIF 51905 F3/R3 HHATHVE PCR, #E [HIE ke, dh
PEFRLEA T .
2) LA pYES2-Ppgki-Cas9-Teyer A gRNA-trp-HYB
AR BRI EISE] pYES2-CG-AhxK2 . FEATFE &
(1) #4552 hxk2 [ Ponrso-gRNA-Toups 1AL LA
gRNA-trp-HYB AR, FIH 514X F4/R4 F1F5/RS,
P T Powse & 20 bp hxk2 4 ¢ %
(5TTCCTTTGGCACATCGGCCA3’) [#] gRNA £5#%)
FH; BEIEER I Y% F4/RS, ZEhé& PCR K15
Psnrs2-gRNA-Tsyps FIA &KL, FIHAA/INA 439 bps (2D
BEUIAER:: A BR &I A UIEE Beul F1 Sacll, Xf
PYES2-Ppgii-Cas9-Teyer 1 Ponrso-gRNA-Tsups 4T
BED), WIS BT IERE (3D Ffk: Kb
REREEA AT E TOP10 BAZA4NME, 8
100 pg/mL BN EHEZRN LB (LBA) “FRIfik; (4)
A7 %E: A LBA “FRPGERAL T, FIHEI%)
F6/RS HHTHiv% PCR, Wi Ik, HhRmkLEE
T
1.2.2 Donor DNA #4443
Wit 15 bp HBIXHGIYX F7/RT, #4THS
PCR J v, PIERIENR, 3% Donor DNA F B, HIT
BRI EE RE A . PCR 3925 9: 94 C7ME 5 min;
98 ‘C 105,55 C 305,68 ‘C 12, fEH 30 k; 72 C
FE{H 10 min.
1.2.3 @ 4ALERE B ERA R AL T 09 5

AR SCHERT T o ) el o A 92 4% 2 S 4
HFAT A, BARWTR . H S EREEERE BY4741 (1%
ZASYHM, W Bk pYES2-CG-Ahxk2 £ donor DNA F
BULEEAY, J3A SD-U “FARE:FF 2~3 d. 7EHIT G HEL
HAb¥, FIFSIP0% F8/RS #3147 PCR %558, FUH B
KN 683 bp, Fifif#s Firfd PCR =458 HHAE Tl o

TFEH BY4741-Ahxk2 [FIRERARE: HRHCT AL
BY4741-Ahxk2 ¥ %, T 10 mL YPD 5373, 30 'C.
200 r/min 3577 24 h; SRJE%4%T 25 mLYPD H1, $5ii
FEEH ODgyo N 0.2, 30 C. 200 r/min 1%5% 22 he
124 FRESZHNE

HY 1 mL RESREENE 0.74 g BFEERIOBRE
PSS AT I B U , BRI EE 1 min Z J5 T
7EVK L 1 min, EE 8 K. MEELEH)E, T 8000 r/min
B0 5 min, B EIEIERL 0.22 um JEMEENE, BEEHET
HPLC 77, KrllZ&14h: Waters 2695 74 = aiidH €2
W4, Shodex SP-0810 fiftft:, AN 65 C, ¥ish
FEAERAK, AEY 1 mL/min, Waters 2424 ELSD &
M

FHEFEER MR AT

ST R K (mg /1) = M= MO

XP: MIRRBIZIR 14 h HRAES S, MO ZALKER
AFegRAESE; TA 14N,
125 ZKBEAE

1z ] Microsoft Excel 2010 34T 245 135 {E AL BE LA
Kot EbrEm 2z, K Origin 8.0 #AHEAE I, FIH SPSS
17.0 BT R E T .

2 HZR59Mh

2.1 i #E A CRISPR/Cas9 k3 1k i kv Ay 2

5%

2.1.1 Ji#: pYES2-Ppgki-Cas9-Teycr #9403
PCR #"14 pYES2 #A& Fr Bt (4499 bp) A58 /5
517 PGK1 1] Cas9 A & Ppoii-Cas9-Teyc1 (5428 bp),
FHIG PCR Jr BEA B IEREEER UK 45 , Fkh S LI
2a. bo ¥ FIRPILIRIFHIEAARA Ppari-Cas9-Teyer %
K ELICEEERE, ek TOP10 328, Bhkiib ikt
#7% PCR, @4 PCR P4 B la it s ik %52 (&
20), SEULME 631 bp AHFF. BEJGBHMEEALFREES
r J il 5 BB IR AR TN, IR &5 SR AIE W BORE
pYES2-Ppcii-Cas9-Tever MEERLL), FF& T
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a M 1 b M 2 ¢ M 3
7000 | 7000
4000 4000

1000

500

B2 BRI pYES2-Pr~Cas9-T o AWEEITFE P PCR F=44 LK
3
Fig.2 Agarose gel electrophoresis of DNA fragments for
PYES2-Ppgii1-Cas9-Tcyc; construction
7 : (a) M: 10000 DNA Marker; 1: pYES2 #/4k A
(b) M: 10000 DNA Marker; 1: Ppggi-Cas9-Teycy £iE &S (¢)
M: 10000 DNA Marker; 1: &40 X #%4F# TOP10/pYES2-Ppgka-
Cas9-Teycy-
2.12 ¥ hxk2 # gRNA #
I 7E 28 1. CRISPRdirectChttp://crispr.dbels.jp/)

USI, it 7 T #E hxk2 =B 20 bp 551

(5’TTCCTTTGGCACATCGGCCA3*) . #il&H %
20 bp TEHNIGIY) F5, %514 S5 )8 3§ SNRS2 (1)
59 A 19 bp BHEXIH. FIH 510X F5/RS5 % BTRL
gRNA-trp-HYB ¥ 3445 tH 261k Tsups, FIH 51905
F4/R4 X} JFifi gRNA-trp-HYB ¥ #4453 tH J5 31 Psnrsos
A XTIEA BTG, SRS E R ET Powrsz 11
A hxk2 J:[K] gRNA Z544)751), 1444 gRNA-Ahxk2 .
L IERERER UK EEE, MARES i BUNR S T
SERMTTILIE 3.

500
400

[E] 3 FRIXLBHF eRNA- A hxk2 O3] 18
Fig.3 Amplification of expression components gRNA-Ahxk2
J£: M: 1000 DNA Marker; 1: &iX£84F gRNA-Ahxk2.
2.1.3 ¥z hxk2 49 CRISPR/Cas9 &4 ks
by
2 BRI M N DI RS Beul A1 Sacll Ab EE (1
pYES2-Ppgri-Cas9-Teycr 5 AH [7] XU B V) 4b 22 3 (1)
gRNA-Ahxk2 Jr Bk SNER:, R4k TOP10 /&
SRS, PRk 73T AT PCR KA E BAME vk, B
7 PCR P=YIK/NSEIRAA 147 bp B & (LB 4).
Bl 5 e ARG TR S B BORLR A T, I 45 SRk

76

AR, AT T CRESEE hxk2 g kL
pYES2-CG-Ahxk2.
1 M

200
100

[ 4 ELAABAHTE TOP10/pYES2-CG- A hxk2 4 7E
Fig.4 Diagnostic of TOP10/pYES2-CG-Ahxk2
7£: M: 1000 DNA Marker; 1: #4t5 TOP10-pYES2-CG-
Ahxk2,

2.1.4 donor DNA k eyt

a 434445 b M
5—][AIAIW 3

L .

PCR

T, )
||||||||||||||mllll||||||||I||2, 100
donor DNA
[E]5 donor DNA #3324 PCR =45 ER ik [E]
Fig.5 Agarose gel electrophoresis of donor DNA

VZ: M: 1000 DNA Marker; 1: donor DNA.

S FT ) 35w &4 15 bp P85 51 RT 1 375
#HS (Kl 52), i PCR HEKSIRL S, M3
EA hxk2 PAM A7 11 E 7R A Bt donor DNA

(90bp), ZHEE A3 NT, F AL A, 54540
N A, FTLMEJRSE Cas9 N FHIFEEEE ol hxk2
ISR 44 £ C KA A, 45C BillER, 46A
W% 45 A1 E, S OHE B0 R TN 2 R oAL Bl
il SHURFERIR BIKEE, PCR YIRS D
EAHRF (K 5b).

22 CHEEE 2 HXK2 6% f bk oy 2 50

¥ pYES2-CG-Ahxk2 F1 donor DNA L4 4V R
BY4741 B2 A4, AT SD-U Fiidk TR, ik
T-H F8/R8 N5 |IWIXI ¥ PCR, F=HIHiik NN 683
bp, HHIKEGERM 2 (K 6a); FfijEK PCR =ik
AT, AR TREEFE 4 6L C RN
A, [FAIRFERE T hxk2 2K ORF %R 45 Arist) 741,
3158 46 fir A FE15, MIMTTER TAA, &R T BASRAR
FARAT21ECE 6b) o BRI RE hxk2 43K 1461 bp!'™,
R TE IS 45 AT IRIMRAS AR, 5E 4 m] g5 i
MNEERE. PIMERIEEERERIAE BY4741-Ahxk2 )

5a
3»
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BRI AHEE T PEMK IR Cas9 F gRNA FKIA i
R AL 2 AR R REOR Y BEATRE R g 407, 123k RA

JiOkL— e FEIE_EARRE 1 SR IR I AR DL SR 1 ik
PRICHIE -

a M 1 b 45
44| 46
43
700
500 BY4741 ccaaaaaaaccacaagccagaaagggttccatgg

BY4741-Ahxk2 cccaaaaaaccacaagccagaaagggttatgg

[ 6 ZREEERK BYA741- A hxk2 #93E
Fig.6 Construction of mutant BY4741-Ahxk2
7E: (a) BY4741-Ahxk2 TAZE 69%5F; M: 5000 DNA Marker; 1: #4t-F BY4741-Ahxk2; (b) BY4741-Ahxk2 545 R pext.

23 TRE B AR T R AL

40 CIBY4741
CIBY4741-Ahxk2

-
i

[N

35F

——

30F
25F
2.0
15}F

S FEEZE / (mg/h)

1.0}
05

0.0

12 -
b =-BY4741
10 -eBY4741-Ahxk2

oD,
[*))

2 4 6 8 1I0 12 14 16 1I8202IZZA
M /b
7 BREBSEISSITENR BY4A741- A hxk2 REFMERENE
Fig.7 Fermentation properties of original strains and mutant
strains BY4741-Ahxk2

M YPF BiFRIERS bk BY4741-Ahxk2 2475
I, VEANCHERNE hxk2 SRR TR RWETH AL
B, SR Ta. 78 14 h JEFRIAE] (14 h 2 )5 R0EH)
JETHFE), Bk BY4741-Ahxk2 FIEFAE 5 BY4741 5t
FHE T FESR 2> BN 3.35 mg/h AT 3.58 mg/h,
FIERE R (p<0.05). FIFFARAHL, CHEENE
hxk2 SRBEIR K R FERIR T 6.42%, Yo'l g ot
hxk2 5 PRI EAT RSk S IR B SR VAR ARG 2D
SEIL T FATHI T E - I SRR R hxk2, BH

W SRR (3t N\ BRI e A QA e B B A
EREIE, SRR 22 h 5, SFEK

os
0

BY4741-Ahxk2 F15%$HE BY4741 1) ODgoo 535N 8.65
1813, MERLEEZEZER (p<0.05), WK 7b Fix;
FIEL T EF AR BY4741, BY4741-Ahxk2 BA B S
ODgo» HIZE T 6.40%. 1 HEEFE 8 h J&, BRIEHE
A KE-BEEFAER L B, SRR IIELK
e, BRI FBAUO, hxk i i AR KA L I
FEOL T84 7. Diderich® 45 i CUBHIES 2 (HXK2)
(R 2 SETRAN BRI IR AR, DT AT LA JRE o A AR
R A ) A, DRIEHEDN hxk2 flo e A A K
HIFUIRE . A TARIEHAERE . KRR 1)
s, LI A IERE BY4741-Ahxk2 75y & B
P, AR FE SR A 7 DI i B 1 7 B R
PR TR A

24 itk

7Eid £ )L, CRISPR/Cas9 HiATERE K4 2
WA TSR, H HAEANF AR
TN, B DNA FA M, A szag R A
CRISPR/Cas9 #%t, % /LA URA3 #xid, Cas9 Al
gRNA FLHIATFE R pYES2-CG-AhXK2, [Ih%
T BERERE COMEEE hxk2, 7937 HURE hxk2 Br
Btk BY4741-Ahxk2. FHELT A2 H4 Cas9 Fl gRNA Hi
MFIE I SCRRIRIED ™, X BRI IE ORI R I 2L
Mgk D 1 GRS FHPE R A I BT AR, 4 T 2R
SRR TR DSRIR A, (HRUE TS RS R SEB 2 N2
Kgt, HRpE— bSO, kAR IR R
N, M TEAR BY4741, SREGHK BY4741-Ahxk2
THEHFEE R TR T 6.42%, BiH hxk2 ZRThfE
SR BRTBT I REF s A — 2 AHIEF, X 5200
fAHSE RIS e —F, (B, (AR,
ELTEF2ERY, BY4741-Ahxk2 [I4HI%0E (OD) #5
T 6.40%, RILHE—EREKMEREH. NG, &
BRBERRIERS_E T RH ) D-Fa i Bk A P T R R T
AlRE.
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3 Z5ig

AWFFCE A Cas9 Al gRNA ik Hi R
pYES2-CG-Ahxk2, K —HHkEeAl, Sl 1 miBmE L
H hxk2 2 DRI R b SRAF X AR 8 Y AR MR
BY4741-Ahxk2. L TG Hib Ak imig, AJ7ik
GRJHE TSI AR IE], N CRISPR R ARME— 7+
RS TR HR, WO T R EIE AR, A&
KAEREDL R SR PEARERIE I BF BY4741-Ahxk2, A
A GRAS [T BEAH L LLSRE A JEORE AR 72 Bl s B b
B T A

(11 PLEHE, 0, 5K IR, 55 D-Fa s B K D) e b S B & it
TR E[)]AE W) TRES44,2018,34(9):1419-1431
SHEN Xue-mei, WANG lJing, ZHANG Yuan, et al.
Research progress of D-psicose: function and its biosynthesis
[J]. Chinese Journal of Biotechnology, 2018, 34(9):
1419-1431

[2] Zhang W, Yu S, Zhang T, et al. Recent advances in
D-allulose: Physiological functionalities, applications, and
biological production [J]. Trends in Food Science &
Technology, 2016, 54: 127-137

[31 Mu W, Zhang W, Feng Y, et al. Recent advances on

applications and biotechnological production of D-psicose [J].

Applied Microbiology and Biotechnology, 2012, 94(6):
1461-1467

[4] Matsuo, Baba Y, Hashiguchi M, et al. Dietary D-psicose, a
C-3 epimer of D-fructose, suppresses the activity of hepatic
lipogenic enzymes in rats [J]. Asia Pacific Journal of Clinical
Nutrition, 2001, 10(3): 233-237

[5] Park C, Park C, Shin K, et al. Production of D-psicose from
D-fructose by whole recombinant cells with high-level
expression of D-psicose 3-epimerase from Agrobacterium
tumefaciens [J]. Journal of Bioscience and Bioengineering,
2016, 121(2): 186-190

[6] Zhang W, Li H, Zhang T, et al. Characterization of a
D-psicose 3-epimerase from Dorea sp. CAG317 with an
acidic pH optimum and a high specific activity [J]. Journal of
Molecular Catalysis B: Enzymatic, 2015, 120: 68-74

(71 EFIRFE,E5,5 830 T HIEH S AU AE AR R B
Wi A2 A N [T]. AR R 18Rk, 2018,34(6):38-47
WANG Ke-wen, YIN Xue, WANG Yu, et al. Application of

selection and optimization of promoter in metabolic

78

[11]

[12]

[14]

[15]

engineering of Saccharomyces cerevisiae [J]. Biotechnology
Bulletin, 2018, 34(6): 38-47
Herrero P, Galindez J, Ruiz N, et al. Transcriptional
regulation of the Saccharomyces cerevisiae HXK1, HXK2
and GLK1 genes [J]. Yeast, 1995,11(2): 137-144
Carvalho R S, Gomes L H, Gonzaga D P F L, et al. Obtaining
and selection of hexokinases-less strains of Saccharomyces
cerevisiae for production of ethanol and fructose from
sucrose [J]. Applied Microbiology and Biotechnology, 2008,
77(5): 1131-1137
Yu J, Jiang J, Ji W, et al. Glucose-free fructose production
from Jerusalem artichoke wusing a  recombinant
inulinase-secreting  Saccharomyces cerevisiae strain [J].
Biotechnology Letters, 2011, 33(1): 147-152
Dicarlo J E, Norville J E, Mali P, et al. Genome engineering
in Saccharomyces cerevisiae using CRISPR-Cas systems [J].
Nucleic Acids Research, 2013, 41(7): 4336-4343
FRUD S, B B #BE.CRISPR-CAS R4/ 3 1 HT— AR HE
B R B AR B FLAE A A= v (4 B [ 8 A= 24,
2017,57(11):1621-1633
CHENG Miao-wen, LUO Wei, DU Yao. CRISPR-CAS
system-mediated new-generation gene-targeted modification
technology and its application in industrial microorganisms
[J]. Acta Microbiologica Sinica, 2017, 57(11): 1621-1633
Zhang G, Kong II, Kim H, et al. Construction of a quadruple
auxotrophic mutant of an industrial polyploid Saccharomyces
cerevisiae strain by using RNA-guided Cas9 nuclease [J].
Applied and Environmental Microbiology, 2014, 80(24):
7694-7701
Bao Z, Xiao H, Liang J, et al. Homology-integrated
CRISPR-Cas (HI-CRISPR) system for one-step multigene
disruption in Saccharomyces cerevisiae [J]. ACS Synthetic
Biology, 2014, 4(5): 585-594
Jakocitinas T, Jensen M K, Keasling J D. CRISPR/Cas9
advances engineering of microbial cell factories [J].
Metabolic Engineering, 2016, 34: 44-59
Sander J D, Joung J K. CRISPR-Cas systems for editing,
regulating and targeting genomes [J]. Nat Biotechnol, 2014,
32(4): 347-355
Xu Z W, Zhang Y, Wang Z X, et al. A highly efficient
protocol for transformation of Saccharomyces cerevisiae and
Pichia pastoris by electroporation [J]. Acta Scientiarum
Naturalium Universitatis Sunyatseni, 2010, 49(3): 98-101
(TE£882770)



