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FHEE: CRISPR/Cas9 Z—AM#. FHaLeyM T B ey AR feifitey ARA T2y TR, AR A ERIG B BB 41
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Abstract: CRISPR/Cas9 is a.simple and efficient tool for targeted and marker-free genome engineering. Here, we constructed the
silencing component PGK-SGPD1-CYCL1 of Saccharemyces cerevisiae to interfere the glycerol 3-phosphate dehydrogenasel (GPD1) geneand
express in the specific region of PGK promoter-and CYC1 terminator. Using CRISPR/Cas9 technology, while interrupting the alcohol
dehydrogenase Il (ADH2) gene, the target site were knocked into the antisense interference component of the GPD1 gene, thus interfering with
the expression of GPD1. Through high-efficiency yeast transformation, the components were transformed into Y1H, CRISPR/Cas9 mediated
recombination efficiencies of 43.40% were achieved, thus mutant strains with ADH2 gene interruption and GPD1 antisense interference were
obtained: Fermentation test shows:that the ethanol yield of the mutant strain SG1-1 was 9.07% higher than the wild type, and the yield of
glycerol and. acetate were decreased by 12.05% and 12.30%, respectively. Results showed that the antisense interference of the GPD1 and
interruption of the ADH2 ican not only interrupt the function of ADH2 gene, and reduce the conversion of ethanol into acetaldehyde, but also
effectively interfere with GPD1 expression in engineered yeast strains, thus improving the yield of ethanol.
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BB I R A R S RUR A 7 LB R AL R AV P R
W, Rk, ARSI R R R R, I
B REREACHT R R =R R, T B2 E ) B

ZEE A B#(E.C.1.1.1.1, alcohol dehydrogenase,
fEFK ADH)BES AT (KIHEAL 2% 5 2B A EL %A,
TFELGSMOAERERT. . . NAIV&52E
RS, Horh 2 W S 1A B Ay 2%
U, g e 1) 308 3o ) S R VT B F U7 R R 0k R 1A
PURH-SADH2, %757 ADH2 A J T4 B Bk
JYOLl, KRE:WROEEEIRGWEEOES &R T
14.33%. [KUk, i PHE 2 B0 S AT 2.8
AN RS, Wb CRERA v 2%, B AT
PErR BRI R R R T A B R

R, REEIREPZ 5%MBIEH T H
ARG HME= RO RS S — KA. N
RARE P H =4, 7T CAEAIE Imges e A
FRYIL T H e RT B 2 =, Hh-3-Bi Rt
AW EA T EMIE R ) FBE SN E G, GPD1
M GPD2 & H 3 Z AR A, GPD1 fEi2i& AT
W EEAEH], 1 GPD2 5 PRI IR v] LS T HIE A
ik, BN EZIEMM PCR fld H-3-
i 2 0t S T 6 DR R KanMIX 975 3 b I PR, e e
PYES2.0-GPD1/KanMX Jse L FRIE A, SRAFH K AR
5IFMERAAEEL, H ARG LS ) R T 20.04%,
CIEA EE S T 9.74%.

CRISPR/Cas9 J&[X g fHHAE L 25 1)) LEFE 145 2]
THGEMERE, O Z T AR YRR FE Hik
& B, DiCarlo®™ &5 A v BRI B R P
CRISPR/Cas9 /131 5.5 K i B FH o sk 3 4% 1k,
W HAZ TR (dsOligos), B AAG RLIFRAS Cas9 4
S XUBE WrsE (DSBs) | [ PRI 5 . AWK
CRISPR/Cas9 F:[FJmi A, 1T ADH2 KK 7] 4
AN X RNALT#E4 4 PGK-SGPD1-CYC1, T4t
GPD1 & [Al i) % o , etk o ARl i&1e, A
CRISPR/Cas9 HiRFERRIE REME K 2 TRE ML $AE 1
AR () B i S i Sl o

1 HNSEE

11 RN

111 A A4

FRVE 2R (Saccharomyces cerevisiae) Y1H, K7
¥ 5 DH50 (Escherichia coil) A 5286 = 45717, ki
pMD-19T ef##i 4N Takara A =], CRISPR/Cas9

Ak pML107(#67639) 114 [ Addgene A &, FH
PML107 JFiki[HI &4 Cas9 FIAHEF! single guide
RNA (sgRNA)FIAHE, Hr A2 Kz iR (Leu2) i
hrid.

112 &I L84

PCR ¥ 1859t LA TAYM TIEER AR &
& TransTaq DNA Polymerase High Fidelity &
SR E (TransScript One-Step gDNA Removal
and cDNA Synthesis SuperMix ).~ % e & iR &

(TransStart Top Green gPCR SuperMix) 4 5 43044
MEARA R A A R dE A DB Smily Fbal,
pMD™19-T Vector Cloning Kit 4 [/ Takara. 23 . R
T RFRE R ZH AR BRI & (TIANamp. Yeast DNA Kit).
JkL NG IR AR S BRI AR A
PR BRIPGEE RF RNA SRIGEGT S (EZ.N.A® Yeast
RNAKit) JE Omega A al; AR N E = 2 #r
Al
113 3#EHE

LB ARG FREE . LB EIAR 7R A B FifgiE TR
Y TAEA PR A

YPD IR AR AL 1%MERHIRY), 2% F I,
29I %INE, HAA pH, 121 ‘CKIH 20 min,

YPD [l A5 IR 5L 1% RN, 2% FI Ik,
2% & BE, 2%I0E, HER pH, 121 ‘CKTE 20 min.

PR FER (SD-lew): 0.67%MEEEZ AR,
20 EINE, N 90 mL Z&MEK, 121 CKEE 20 min,
AEEMN 1% 100 XxAA (leu )

R FREL: 1T% R &N, 8% EEK, 5% (NH,)
2S04, 2% KH,POy, 2% MgSO, 7H,0, 115 “C K 20
min.

114 &

Thermal Cycler PCR 1% (%#15:: 2720), 3% [ Applied

Biosystems /A & ; StepOnePlus™SZHT 5 ) 5 & PCR 1%

(145 StepOnePlus), [ Applied Biosystems A& ;
EEA R B OHL (5. D-37520), Z£[E Thermo 2
Al; Waters miiAH (i (2455 Alliance), £[H
waters A &

12 ik

121 y¥E51Hegkat

S Wit 5% A Primer5.0 B ¥t . KIS
GenBank H R RESE LR 20 7 471, BEAT AR SR 51 it
ik B E THHT5IE . & 51 5% K 1.
1.2.2 CRISPR/Cas9 />34 ADH2 A A & 7 %
B3 RNA T4 GPD1
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AT FCLERTIARE FE LA -, $R A CRISPR/Cas9
X SUTR & X RNA TFHEA, 7EIEF|H1llr ADH2
SR AR, 52 paddi A L RNA T4 ETER GPD1
B, DI — D O .

W 1 foR, CHAEFEdR pML107-ADH2 (4
£ Cas9 FEkHEATHL ] ADH2 FEBRHE 2 f7 15 /K] sgRNA
Fik&) 5 ADH2 7o [FEE . ADH2 A5 [AEE s X
T4t PGK-SGPD1-CYC1 4k BRI EERF Y1H
H, Leu2 NFEALEHITHEIR L. B Cas9 HETE
ADH2-sgRNA 5| 5 N 1E ADH2 Ft [R5 7 45 (DI 67
HALT ADH2 F:[A il 580 bp 4b) HEATUIE], R4
DNA XU Wr4%E (Double strand breaks, DSBs). 1k,
BE BB BRI ) ADH2 A [FIJEE . ADH2 45
FEE K e U2 A% PGK-SGPD1-CYC1 4k i
R EJRA 5 DNA 125 (homology-directed
repair), AL FEENT DNA 25, 215304
ADH2 FEH i N IR R AR Bk 1 40
JTHE Cas9 K Cas9 RiA&, W gRNA fRFE
ADH2-sgRNA E£ix&, RXTHHAMH PGK-
SGPD1-CYC1 W& 50 bp 28 H, T RIVAEL.

Cas9

l.cuZ <
e
b

— ==
ADH?2 left HR donor ADH2 right HR donor

TIH strain

e——
PGK-SGPDI1-CYCI

Trnnsfonnnliorﬂ

Target site
[ ADH2 Chr XIIT

59
@)SB induced by CRISPR/Cas9
Leu2 o
A
¥
H\ Error-free homologous

recombination

50bp overlap 50bp overlap
insertion

&l 1 CRISPR/Cas9 9\ S:hY ADH2 B RIp I K/ LR HERDFE
Fig. 1 CRISPR/Cas9 mediated ADH2 interruption and
insertion of antisense components

1.221 HFRVRELARBAH O H R e

(1) M FENAA PGK-SGPD1-CYC1 #7d: %
FEZEH PCR 2K, H56H 5% GPD1-F. CYC1-R
¥ CYC1 5 GPD1 £H It & m— N HI A B, A
J& % F PGK-F. CYC1-R ¥ PGK 5 SGPD1-CYC1 fit:
B AN TR R T4t PGK-SGPD1-CYCl.
PCR #3825 F WK 2. W B THRAPmss i G 5
GPD1 72, AR AHIER 50 bp E&FH], HTHE
MM, k1R,

(2) FT IR E 20 e B RIS A9 385 : ADH2 72
F.R HT¥ 4% ADH2 7 [FlJ5 (left HR donor), ADH2

66

i F. R AT¥ 1% ADH2 £ [FIYEE (right HR donor) .
1.2.2.2 FlEEEE YIH ADH2 £:[F sgRNA ik $E &
EEREN Al

XfF ADH2 %X sgRNA 1¥it, RAEL T
T.E (CRISPR design tool, http://CRISPR.dbcls.jp/) I
#E1T SgRNA ik SEFH crispr-cas9 sgRNA J£71 vl
HIFEZE T H (http: //wyrickbioinfo2. smb. wsu. edu/crispr.
htmD), R £ 2R F 1 =) sgRNA J741 v 2|
etk pML107 sgRNA ik M o SR A TR A
Y S AT
1.2.2.3 BRIEEEREFEAL 2 ADH2 AT 15 35 R i 5 ik
)iz

SKH LIAC/SS -carrier DNA/PEG VEMHf Tl 1%
B ST, FHRATT e R FR (SD=Leu-)H, 30 C
H7E 3~5 do WAL N ok &4 ADH2 sgRNA 4%k,
FAR AT S50 2= B0 K FH BRI I R (R 2H TR
R T S ARRIEIR 4 HL R, PCR 719 ADH2 54 [,
UoF HE AR A D6, IR AHICHT PCR #4700 56k -
1.2.3. % HZ =2 PCR¥E ADH2. GPD1 A H
AR R AL

B 20mL Ab 0 B50AE KA BB I BE R af R S 5%
LB MR, B OICERZ RN, SR OMEGA #£} RNA
FREGAGEIAT RNA FEHL,  BIRRR I P UK SGIE o
K H4:304 TransScript One-Step gDNA Removal and
cDNA Synthesis SuperMix 5 4t il G AT 55,
TransStart Top Green gPCR SuperMix 5%t i€ Sl &
BTV I, JEITA A COEIENT H FIFER &
WS EED B-actin AT EERI RIS B ) 704, B4 OB
3WEL,
1.2.4 FRIHEE R TARK BE M AL A

FEPhEARTER YIH RASHR A 20 mL YPD ik
Rk, 30 °C, 220 r/min 5557 42 ODgyo 1.0 7245, 10000
rimin WCOREBEREAM, JHEM (1:10) F1E&4 150 ml
RIFEREFRHEN) 250 ml #2)fiHH . 30 'C, 150 r/min K E%
80 h, #FR% 10 h HUFEBHATAHOCEARIE . R 2
B, BE2ml, 1 THA ODgy UlllE, 1EHT
REEP=IME . M OCREE A KT T
ODeoo HHEIN, 35 FRFAE I XTI

Xt & BER 12000 r/min, 250 1 min, BBt
47 0.22 um JEMBALEE . R = RGBS il ik (HPLC)
W5E REER ORI H. Ol e =, A
TEAE: Aminex HPX-87H Bt EREEN 20 pul,
Rl 26 AEIR 55 °C, IRENH 10 mM BRIRER, £
MR R R ZSTERES (RID), BRAM=HEPATSE
HCFIE .
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Table 1 Primers for amplification

AR g (5-3) Rk
F ATGTCTATTCCAGAAACTCAA
ADH2 R TTATTTAGAAGTGTCAACAACGTAT
F ATGTCTATTCCAGAAACTCAAAAAGC
ADH2 £ R  gagttgaagtcaggaatctaaaata CCGTTGGATTCGTAGAAGATAATG
PGK F cattatcttctacgaatccaacgg TATTTTAGATTCCTGACTTCAACTC
R  gattggatctggtaactggggtac TGTTTTTATATTTGTTGTAAAAAGTAG
F ctactitttacaacaaatataaaaaca GTACCCCAGTTACCAGATCCAATC
GPDL R  gcgtgacataactaattacatgat TCCGCACAACAAGTATCAGAATGG
ovel F ccattctgatacttgttgtgcgga ATCATGTAATTAGTTATGTCACGC Saccharomyces Gereviviae Y 1H
R cttectttcctggaccaccatcaat AAATTAAAGCCTTCGAGCGTCCCAA
F  ttgggacgctcgaaggctttaattt ATTGATGGTGGTCCAGGAAAGGAAG
ADHZ % R TTATTTAGAAGTGTCAACAACGTATC
. F TGGATTCTGGTATGTTCTAGCG
At R ATTTCAAGCCCCTATTTATTCC
F TAGCGCAGTCGTTAAGGCTACCA
GADHz R GACAACAGTACCGTTCGCCCTACA
F CTACTATTGCCAAGGTGGTTIGCC
4GPDL R ACCAAATTGTCGGGCAGAGTG
72 PCR ] N2t
Table 2 PCR reaction conditions
YA TR Tt 1B K AP PBIRREL Rk IE N
ADH?2 94 C 5min 94°C 305 60°C  1min 72°C 30s 30 72°C 5min
GPD1 94 ‘€ 5'min 94°C 30s 62°C 30s 72°C 30s 30 72°C 5min
PGK 94°C 5min 94°C 30s 62°C 30s 72°C 30s 30 72°C 5min
CYC1 94 °C/ 5min 94C 30s 60 °C 30s 72°C 30s 30 72°C 5min
ADH2 £ R B4 94°C 5min 94°C 30s 60°C 30s 72°C 30s 30 72°C 5min
ADH2 % R B 94°C 5min 94°C 30s 58°C 30s 72°C 30s 30 72°C 5min
K ADH2 94°C 30s 94°C 5s 60 °C 15s 72°C 15s 40
% 76 GPD1 94°C 30s 94°C 5s 60 °C 15s 72°C 15s 40
3K Actin 94.C 30s 94°C 55 60 °C 15s 72°C 15s 40
) sEEEsE ADH2 4 [FlJfE LL & PGK-SGPD1-CYCL & 41K

2.1 Hx BHyFEE BRI

KHERE HiFi DNA R48, DIERPERLE Y1H
FRIZH DNA AR, FIHZER 1 it m sl T
PCR, #15 H WK ADH2 (1047 bp). ADH2 /: [FJ
B (600 bp). ADH2 £ [A J§ ¥ (450 bp) -
PGK-SGPD1-CYC1 Jx S(ZHf4(1900 bp), JiiEARFH%
£ 1.5% TR IE AL vk g R 2. B 3. B 4 R
HIPkEE R, HIEER ADH2, ADH2 77 [R5 |

/NSBS ST H B R R —3. R T 2D RE
F A3 21 B SR R, RIS B S
PMD-19T B A — e L R+, A K
FFREAT R 7% PCR BHIE S Y, 482 NCBI 7EZE X,
ST R 5 HEER P H—8 o #8153
BT B0 H IS B

2.2 ADH2 #t [ %% # /K pML107-ADH2 7
B ik
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FEEL pML107-ADH2 FEHRIEHA, Bl
RS H0C 0.8%Br RSB AT R I, Havk 4t SR & 5
Fizs, BUORLEARGUIR /NS TS R —8. K EHAH A
1% AR T T S6AIE - 280 FF b XF, ADH2 sgRNA
CLIERAIE A,

bp M 1
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(& 2 ADHz EE3T 38
Fig.2 Amplification of ADH2
7Z: M: 5000 DNA Marker; M: 5000 DNA Marker; 1:
ADH2 £ R RA .
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& 3 AT EIRERECEE
Fig.3 Amplification of genes related to homologous
recombination
7E:1: ADH2 2L 2: ADH2 %l /R4 ; 3: PGK; 4: SGPDL;
5: CYCL,
bp M 1

2000

1000
750
500
250
100

E 4 R MBEHRIYIE

Fig.4 Amplification of antisense components
E: M: 2000 DNA Marker; M: 15000 DNA Ladder Marker;
1. KB FiAs pML107,

68

& 5 ELRBL pML107-ADH2 BB E
Fig.5 Single enzyme digestion of recombinant plasmid
pML107-ADH2
JE£: 1: PGK-SGPD1-CYC12: = Jfi4:i pML107 $8a47;
3: FLAHAK pML107-ADH2 #8547,

2.3 FRIEE R T MKW

PRI AV JE S atre] oo BT AR B E 4 14% 23
PRy BEATHERAHPRFEIRAE K2 DNA. KA 519
ADH2-F. ADH2-R 45k Je AR NG DL HHETHT]
A1, AF ADH2 i fUd N LA, 37151 PCR 242
9 3kb, T AAENR S, A 291 H 1.1kb K/
(F2& e B MRHEEI VA, 4l 6 Fos, $REX
22 b4k, Hirp 10 ¥k PCR P24 K/NA 3kb, H125
Y E BRI R XA, B 3 Bk PCR 7241k
MFPRAERRNTE B, MFPE5 SRR, 7E ADH2 FE[H
IR CAAE PGK-SGPD1-CYCl. 1%t 4Bk
B 23 BREEIIARTE ADH2 JE R HR i\ s LA, G
7 ok, @it CRISPR/Cas9 451 A B 41 31k
43.48%, T BB A [RIR L 4H B RN ZCR N 0.

1 2 345 67 8 9 101112 13 141516 17 18 192021 2223 M

& 6 #HUTHRATHIL
Fig.6 Screening of mutant strains
7Z: M: 5000 DNAMarker; 1-23: 25240 23 #rAEALT A
B 3% =4,

M 1 2 34 5 6 7 8 9 10 11 12 13 14 15 16 1718 19 20 21 22 23 M

&7 xEREERER 1
Fig.7 The electrophoresis results of the target genes in the

control group
J£: M: 5000 DNA Marker; 1-23: xtA84H 23 ARéEAL-TF 3
B3 =4,



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.10

2.4 %t & PCR I E ADH2. GPD1 # K #y

ik

a
OADH2 BGPDI 2.345
251

20k

L5

RQ

1.0~ 0.729

051

0.0

YIH ADH2-1

1 OADH2 ®GPDI

1.00 + %

0.75
g 0.578

0.50 |-
0.255
025} '

0.00 YIH SGl-1

& 8 [RIAHRRLIRZTHR ADH2. GPDT BRI ATEELER
Fig.8 Quantitative results of ADH2 and GPD1 gene of original

strain and mutant strain

N T IAIE ADH2 JEPE T 12 Sz S RNASEA R4
X} GPD1 A 52, PRHUHE IR AL A i de B 2t
Tt B, 45 R P 8 e

Y1H ANEIEHE R, ADH2-1 7y ADH2 JE[K K i
Pk, SG1-1 4 ADH2 J:[H i Hm MRS BB Pk -
FEX T AR TR YIH, R4Sk ADH2-1 ADH2 Ji Al AH
W RIS BN 0.729;, F#K 1T 27.10%; GPD1 F:PEAHXS
FILFON2.345, WET 1.345 £ TRARHE R SG1-1
H ADH2 JE[RAHhIA 5:05,0.578, GPD1 JEA A% %
IAEN 0255, HIFEART 42.20%, 74.50%. HLA]
DAt B R ADH2 2 K] 5 AR 0T LA BRI ADH2 B4 A1 1)
KA, /2 GPD1 B F X FIA R BB L, 1M
PATEISE ADH2 H WA B i N R ST R —0
BT ADH2 JERFRIL, [FIRBIE— R LBk T
GPD1 &, FHi T GPD1 2 H KIA,

25 JRAEH AR R R T BAR K B M 68 AT
B IR IERR YIH FIZRAHE ADH2-1. SG1-1 73l

FiaE 150 mL (A BB TRIL b AT IR AU, Y
(] 52 AT HUREAGE . BRCHURERR 4 ml, 2 ml T
R R A A A DL, 2 ml KRR 4 CARIR 2 O IR B b
TEWL H0.22 um JERRIEAT I IESRAG A B FAL B,

KA RGBS I A B s b . R 2B H

TV SE o
a 2.0_
1.5+
~ 10
e}
-+ Y1H
0.5 -= ADH2-1
-4 SG1-1
00 1 1 1 1 1 1 1 1 1 ]
10 20 30 40 50 60 70 80 90 100
Time / h
b 100 - YIH
ool -= ADH2-1
-4 SG1-1
Q
e 80 -
B2 70
ey
ool
4=
50+
40 1 1 1 1 1 Il 1 1 1 ]
0 10 20 30 40 50 60 70 80 90 100
Time / h
C 25_
20
=)
2 st
ﬂﬁﬁ
i
= 10
5k - ADH2-1
-4 SG1-1
0 1 1 1 1 1 1 1 1 1 ]
10 20 30 40 50 60 70 80 90 100
Time / h
d 40r oy
35F = ADH2-1
-+ SG1-1
g 3.0F
2 a5t
0H 2.0F
Lo
H 15
= 1.0+
0.5}F
0.0 y y

10 20 30 40 50 60 70 80 90 100
Time / h
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[¢’]

081 ovim

07F = ADH2-1
06l  ASGLI
05h
04t
03
02t
01F
0.0

R /(L)

0 10 20 30 40 50 60 70 80 90 100
Time /h
9 EREREERIAEK SRR LB RENIE
Fig.9 Fermentation properties of original strains and mutant
strains of Saccharomyces cerevisiae

(1) 381 82 h A P /4 ODgoo fEL, LA ODgoo
E2N Y Bl ISFTA) g X Bt oRe o i) e T O ) T A P A= K it
2k, sl 9a flrzs. HIKER YIH 594k ADH2-1,
SG1-1 fER BRI ) ODeoo 1H A EH [FI(P>0.05,
KH Turkey’s 2 B, n=2), iR R L
TR A A A W R

(2) Pl — R G H AR L, 0S8 % W VR BE AR
HERNZR . Fom EIRE AR th 42l R 77 RE T B A R A
Vbl il 9b pos. KEEZE 30 h I, RAEFE SG1-1
BT FE 2 = T SR APk Y1H R A8k ADH2-1. B
Jri 30 h~82 h K BEAa], JEdadk Y1H SAMETH B AR 2
a1 A 2 BRR AR

(3) k9 flw, KA 60 h, JSIAEM YIH
R Ol s T ALk ADH2-4."SG1-1,4H
W5 k2RI 2 82 h i RR W= A TR R &

PR KBUHE, Wk 3 B, @ THE 3 MR HIL

B e, AR SG1-TAHEL T JRUR TR YIH, 28>
HIRE T 9.07%; Z8Akk. ADH2-1 ekl F- 54 F ik

Y1H, ZEF=Rgm T 4.12%; M58k SG1-1 L
FERALL T RAHE R ADH2-1, ZEEP=Rik—H
T 4.75%. SCEGEEREM, @Il ADH2 BFE, B
SRTT DA s Ol =2, (A 1 i ADH2 A [+H]
AN SOR B, — 5 THE P Hm AR sc i, 5
— 5 THEL kT ADH2 ZER I ThRE, BHWT 2B A
IT A A I B8 AR S, Bl e R
LW, S T I3 (p<0.05, K Turkey’s
R ERR, n=2),

(4) B E R BAS R H S & e 2 A
od Fon Hil & AR e EEIA, JRIGE I Y1H
L RAF R bk ADH2-1 Hl & g iE g s —8e
FAFTR R SG1-1 Hef & =3 T Hodth 2 k.

R 3 FR, B 3 KRR MR R, AR
PR SGL-1 Hmy = thF JoAh 2 #ks 2AFEAK T
12.05%. 18:05% (p<0.05, Z=5¢ 3% ), SLUhEE RK
RN R S, AE— R85 FUTER T GPD1
ik, ARHPEET A sE. XS5 R
3, Wenjin He &M Mg il oG, Hgbib
I

(5. tn&l9e Fir, KIEEZR 82 h, FFk SG1-1
CIRSENE T FUA B YIH R4 H Pk ADH2-1,
LR FE 2y IR T 12.30% . 14.40%, i A5 Bk
ADH2-1 ZRr=H Tt T 2.40%, p<0.05 Z5F 03,
AT HM A SR, SFRCRNAERE,
X2k RGP s 3. 2RO R
MRS EA NADH', B FHMM AR FRF, T
Ji7 SR A0 5 H il LE A B P R AR R AR A o e
NADH 7EAHA N AW 5, H AR R A 2
FWH], HER T 2R AR,

*® 3 REHBAXBURHE RO

Table 3 Calculation and analysis of related fermentation data

Straly Relevant Products/(g/L) Yield of ethanol Yield of glycerol Yield of acetate
genotype Ethanol Glycerol Acetate (9/g glucose) (9/g glucose) (9/g glucose)
ADH2;
Y1H GPD1; 21.06640.011 3.031#0.011 0.530#0.018 0.485+0.000 0.0697+0.0000 0.0122+0.000
ALD4
ADH2-1 adh2 20.61140.033 3.051#0.011 0.51140.006 0.505+0.000 0.0748+0.000 0.0125+0.000
ADH2-GPD1-1 adh2;gpdl  20.17140.038 2.34040.081 0.40940.001 0.52940.001 0.0613+0.002 0.010740.000
N IWHNERH, AERSmEN. AL RN
3 LHig

3.1 e ERJUAEF, CRISPR/Cas9 i ALE K 414w
WOTIE T TR R E, I HAEA R4
IZSRA, LR DNA 5. SErig e R
(ZPN) A1 TALEN £ARHHEE, CRISPR/Cas9 R4t
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CRISPR/Cas9 %%, ik ADH2 & [A [E] 4 A e X4
4, SXHIRZEALE, FERHGARCRIL 43.40%, Xt
—3ZFR T CRISPR/Cas9 & 4i/5 i K E 4H 1 7= 2%
LG

3.2 EEAEESZEG, AL TR, AR SG1-1



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.10

LIEF e T 9.07%, H NFE T 12.05%, 4R~
FFBET 12.30%, VBT RNA F4i0f GPDL HEH
FE] T —EHER], 520 PSR g5 A R P
BhAk, FLREEChE R Bk B REAN B B FH B R
M Fpslp, #0i 7HMA=E, KEESLIGR, 48
WO EHE TR, SARLEARIMSGRMER. &
i FEAE Z H A Fe A |, SR H CRISPR/Cas9 /-1
BRI E fUR A RAERAEOR, 16 ADH2 FE R A7 K2
KX RNA FHdsGitik, KAk, Mtk
M, 98] 7R R AR IR TR S
TR, AL T SRR, R K
ARH T SEIS AT TR IR, BT —E N AN [FIE,
AW FONSEEEY) CRE P R T — R 2,

#1958 1 CRISPR/Cas9 2 [Al g B AR AE BRI B RERE R 40
TAEHIRN .
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