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[ AE A )2 T A 2 B n) A 45 e TR P ORS
PRI R ER R . BRAERKZIESE, LR MAE
FERE &R, R T REAEERENZE .
515 Y AU AE I B 28 4 )t

AR SCR 45 85 775725 (Atmospheric and room
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K S5 e IR A 2 R R A, SRS B T &
I 243 1 2R 4 SO g il O ok R AR BRUR
PR RARRPE . 11 SCAT 2 i PCR il 5 /R %
8 (DURL,2) Fil# 12 AH 56 JE K (DUR3) K i 1 # A45
b, B PR 2 A AN B A8 AH G 1Y 2 P (DURL, 2
1l DUR3)ZR A= /3 7ll$2m T 81.2%7F1 30.1%. 45 2R
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112 5. £ 1 ARG SY, HH
Beacon Designer 7 #ff#31.

1.1.3  FEBEFAMYUES : MoFlo Astrios EQ j# i34
MRS, 3EE Beckman A+ ; ARTP 1€,

T S IR AE MR A R A Bl 5 Freedom EVO 200
MW TAESG, 31 Tecan /A H]; Cytation3 FEFR{X,
5% BioTek 2vr]; ZHEE 1260 UK AH (I,

F[E Agilent 2] ; LightCycler 480 11 SZHY & &
PCR #"141% , % 1 Roche 43 ] ; NanoDrop ND-2000
e, 2£E Thermo 23H]; PCR X, 2£H
BioRad /A w]; EL.0o#L, 3EE Eppendorf 22w]; ZH
WA RNA $2HGAGH & RNeasy Mini Kit, 7 [
Qiagen /A ) ; S IR 4 PrimeScript®” Reagent
Kit. SYBR Premix Ex Taq i#7 4 . DNA marker,

Ki# TaKaRa A #l .

12 ¥

121 FTHEFRE(YPD)(g/L): #%bE 20, HH
Wk 20, WEBERY 10,

1.2.2 VIR EE(/L): WA 20, YNB(EA
FERR AR ER) 1.74, Wik 5, #HEM 5, A
Wik 5, JRE 5.

% 1. RT-qgPCR F{ERHBI5I4

Table 1. Primers used in RT-gPCR
Primers Sequences (5'—>3)
GLN3-F CTAATAACTTAATGCGTCACAA
GLN3-R GGTAATATCGGAACAACAGA
GAT1-F CTGATATGAATATGACTATGAAC
GAT1-R TCCAGAATGATGATCTATTG
DURL1,2-F AAGAAGTAATGGTGGTGAAG
DUR1,2-R AAGTAATAATAACTGGCTCATCA
DUR3-F AACGATAAGGAACAAGAAGAAGAA
DUR3-R CCAAGGTTAGGCTCAATCAAT
ACT1-F TGGATTCTGGTATGTTCT
ACT1-R GTCAATATAGGAGGTTATGG
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123 HEFfkkaREE(o/L): Hi%H 20
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10 pL PRI SR A F IO 8 R i . SR IE
BAET ARTP FEFMRGMES b, TEAL
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) E 3w R 96 fLAHr, FESrRIVIMA 20 pL — &1
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JVE 10 min J&, FARSI T A6 R % 96 fLEH,
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R AR IR, PR R BRI AR IROL AR
TR RO C T8 2 0 R 75 7 A4V JE ODig0=0.1
R 5 20 mL R IR FR 5L (250 mL #ETE
), F 30 °C 44 F 220 r/min 1555 56 h 8000 r/min
240 5 min, BRI O e ASOROE 3% (HPLC) R
PREFEWRE, ikt IR R BB &bk . JRE
FRRTRE PRSI - % 52 07 TR A1 T YPD ~FAl
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14 R 28 I LA D0 i % 6 v (250 mL TR H),
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B, R R O DA R Y AL R
1.6 MBI REE
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W45 RS, 4000 r/min 2.0 10 min, BCEFRATT
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BT H PR ZR B 3 o OB AE - O R
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BT T B 3 o AR A - A 25
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(Aminex HPX-87H, Bio-RAD); i 45 °C; ik
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1.9 ZCEER PCR (RT-gPCR)

e TR TP B 4 ML AR SR 2 3 YPD RSk
H1, 30 °C (200 r/min)}i3% 12 h, BT 4°C 4%
££7F 10000 r/min #5.0> 5 min, ARG 7RIS
TR, JFAEEES RNA $FRBGLH &
RNeasy Plant Mini Kit #EHEELE S RNA K BEERE B
RNA Fi gDNase 42 °C 4b¥E 3 min, FRARENEA
DNA. Ffi/e ] RNA e 56300 &l 4 cDNA. LA
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FIr3lELE cDNA AR, FIH LightCycler48011 &
G Tt E R PCR, TSI LS 1. LA ACT1
R AN SN , R F R AR TR A 27T
PP KRR 2 L) RSN A A R A
T 83481k RT-qPCR Lk 20 L f&£ % ,95 °C
40s, 95°C5s fI55°C30s, 50 PMEH .

2 HERAHM

2.1 ARTP FEEBILEMK
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A A R . AR, TR RS
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b, SR T REN, Bz AT ME
YyE A28 ARTP 48 % o 2E P 41 i Al DNA H.
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SREOCRAMMIET . [FIEF, oo bR
filsd s B RABERITE RO RS . R T RS A 50
RASZ B BOLE T2, B 1 R R
XZ-11 A[REAEHERF[A]F Bt L, M5 E
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Figure 1. The lethality curve. Error bars are standard
deviation from biological triplicates.
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JEAETEANAE L, — Rt R 90945 T, M
I, BEHCAALBRETE] R 100-120 s,
2.2 EREBRRERN
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P 1 A R IO S 1y 95 S PR i (R, 4%
AR AN), AR . FRUEMERZE . B0k
AT ARG 1 T2 A DK TP v L R D o 3
L2 I (EV S DN I =T T a0/ = AR LR L
W RUErEZ, EbRE O BE—HILFER A
W RS R, LR AE B i K 451 T AT,
A FE S ARFR . A, BhKIE &S8O N AR
AR, Bl shiok . mIcRY & 2% |
WFE A8 . ANTE A RHL A A . ASBF 58 R
ALE i — s B, Bl =2 — 56k
IR . BEER R KB AR AL DL 1:5:4 IR A5 KA R,
AR Lo ALY 4,5- " FF L2 DRIEER .
WEEA A SR I 5 R A0 525 nm 4B AL, $iE A5 v
Mg, iRl 2 fis, REWE S ODsxs

12
0 1=34.54x-0.052
R=0.998

8+

¢ (urea)/(mg/L)
(o))
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ODSZS

B2 ®"@EEREENRERZ

Figure 2. Calibration curve of high-throughput urea

detecting. Error bars are standard deviation from

biological triplicates.

XK y=34.54x-0.052(R2=0.998), & & b
il e, [l ol 98.20%-101.18%, - [nlg
K 99.47%, SLEUER, RAb)E 0 2wt — N5
TR T T R TR R v PR 1 0 e B A
2.3 EEEE

R o R RV, LR S B R
AR, R Ak R A SR T
VESG T KEANTIY T, AU T i s ik i
FAL A TAE R R . AS W LAl ] SE Bl i
KAt ER , HA BRI A BB, A
WF5Eim L % SE 10 Y ARTP B8R #E, FH PI
e e J5 2855 e U 2040 R G040 1E 1 38400 Bk
WA, Fn R ARG I 2l —RG
) 38400 HRE AL MR IR KA RGO 45 R A&l 3-A
B, 5 H L HERAEL , 162 #k 2R HK ODsgs fH
M4 7 #2 y=34.54x-0.052(R2=0.998) 1} % IR % ¥k
B AT R 10 MRIKIR R B W R
i SRR TP EA T A0, ST RAS 5 BRIRE R
HEAREAR, WKl 3-B iR, 45l 1-11A . 8-8C.
2-12, 8-9H FI 5-11C. EfIMIRZEF R/t
R R ERFEE T 11.2%., 24.5% ., 42.4% . 46.1%F
55.50%. LAh, 435X 5 MR Ef T S A R
6 14, KRE . Wk 2 FioR, 5 HREK 1-11A
8-8C. 2-12, 8-9H Fl 5-11C 7£ 6 AL I 5t
ARFERRE . X P e 3 07 2 TR R EL AT S R
SE I IR 2R T RE
2.4 BB K BERIE

R T E SR R RAE B T IR R R
T, ORI A B R A TR Y R R UE .
Bk 1-11A. 8-8C. 2-12. 8-9H Al 5-11C #47
R LW, DL XZ-11 x iRtk 4558 A 4,
FHAS T R RR XZ-11, il a0 s bk 1-11A
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Figure 3. Typical high-throughput screening process of the reduced urea accumulation S. cerevisiae strains. A:
The first screening obtained 162 from 38400 strains by the method of high-throughput urea detecting, and 0 is the
control. B: The second screening obtained 5 from 162 strains, and XZ-11 is the control strain. Error bars are
standard deviation from biological triplicates.

Fz2 REMBRBTEMHNE
Table 2. The stability of urea accumulation

. ¢ (urea)/(mg/L)

Strains < nd d th m W
1% subculture subculture 3" subculture 4™ subculture 5" subculture 6" subculture

Wild 14.90£0.15 15.00+0.08 14.90+0.10 15.1040.05 15.50+0.18 14.80+0.06
1-11A 12.50£0.02 12.50+0.05 12.60+0.12 12.60+0.10 12.60+0.15 12.50+0.09
8-8C 10.10%0.06 10.30+0.10 10.60+0.11 10.80%0.07 10.70+0.10 10.40+0.07
5-11C 9.20+0.02 9.30+0.05 9.70+0.12 9.70+0.07 9.30+£0.10 9.00+0.03
2-12 10.10£0.22 10.40+0.24 10.70+0.03 10.40£0.06 10.90+0.07 10.60+0.16
8-9H 10.80+0.10 10.20+0.04 10.8040.15 10.40+0.09 10.20+0.13 10.00+0.10

20 20 8-8C. 2-12. 8-9H FiI 5-11C JR £ B 4 fr

ik, REMBEESH L HERK XZ-11 BEIRT

15 15
- — 16.4% . 20.5%. 45.2%. 49.2%7#I1 50.6%, 15t
h — e N N N
£ 0 %%mﬁﬁﬁﬁﬁ%m% 2 WE T
= =)
5 E O Ve A T EEYE, I HLAT R T R
bl s
°s 5 IEIEF' A PR Ty T O 3 AT AR AL BT v SR

I R A RR R 6%, 19 FH e A 0 7 3 DA R Y 0T
O XZ01 1-11A° 88C 2-12 891 5-11C ° K™ LRI AR AZ B .
Strains

2.5 ZCHPER PCR 4#T
B4 HBEDPREHZENG

Figure 4. The accumulatlon of urea in rice wine. Error
bars are standard deviation from biological triplicates.
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DURL,2. DUR3)FRIRA L, #F— i FSL i E
i PCR #7HiE. DL XZ-11 jjmﬁ FPE, ACT1
SR HNBIEN . Wi 5 R, SEERgsRE,
£ YPD Migpdkrh, IREMBEEMEK 8-8C,
5-11C. 8-9H. 1-11A Fil 2-12 5 & AIHHAH 1 [F 3¢
AR

S IGHBH 18 RN 3 B F e 4 R Y
FEAEE T —2 TOR 2T AR TORPL I
TORP2 JE[KFRIAMIMANE GLN3 I GAT1 (3R
R IR T 5 R R A S S M S
DURL,2 1 DUR3 3Rk o A4k A A P 2000 26
W 4 JER GLN3, GAT1. DURL,2 1 DUR3, 5t
i 22 1 PCR 945 5 (K] 5) B, IR = B BRI 50.6%
) 5-11C Bk, 5 R Z AR AHSC L GLN3 \GATL,
DURL1,2, DUR3 434l FJH T 3.6. 5.3, 3.3 fl 2.2
, REFEREIET 45.1%09 8-9H 5 R ZALiHAH
X:H:F GLN3, GAT1, DUR1,2 Fl DUR3 1%k
3500 2.6, 95, 2.1 F1 1.3, 1-11A, 2-12 F1 8-8C
kI GLN3. GAT1. DURL,2. DUR3 fgit3ik

e, BRAENSAHEA TR, Hikal %,
EGLN3
10 B GAT]
C_IDURI?2
g C_1DUR3
g 6
g
S 4
=
£
2
) llIA 8-9H  5-11C  2-12

Strains

5 HKGRBMEERXERRIE

Figure 5. The expression of nitrogen catabolite repression
gene. Error bars are standard deviation from biological
triplicates.

PREF R G IR FZ AT A FE K (GLN3 . GATL .,
DURL,2, DUR3)FRIA A X, FERMIEIRRIH R T
T AP PR 2R A A DG S PR e 3k d il i

3 it
PRZEANE A EC A A B B A, a8 o At b AR
1 BELE 2500 PG I A1 PR 28 e RS AR T b EC

oI T e . AU BH B N R S
B2 H H R A T rp 20k FH R & R 13k SR FH 1Y
WG, ZOR M B ALEEBR A BHIE , #E—2
I B R 2R B AR S R i . H i g Ak
T PR P R A IR 42 T 2 2248 T R BRI OR
Guo ZENOLE T EEER CARL (2 Ao ks 2 e 1) ofi 1 o
JRZ FI EC 23 BIFEAR T 77.89%71 73.78% , Wu Z5:143]
oK it 1k DURL,2 Filig bk CARL (5 Bl #5715
R Z IS FIEAT, Zhao 200 1 A1F 58 &1 QIS BHE
RUONE HHORE G BE DR A 28 6 & W T 4 s AR AR 4 7 R
PR A SGE s, HREREN TREAAEERE
PE2E L GG Y RNV TE I £ e 4 )

AR, BEE S 15748 ARTP ., i sl i =X
SYBERG . A AW T AR . ZFLREE R AT
RN, Sy v A e O 0 T T8 B, o0 e 7 32
ZE)TIZE R FET AR A G R i AR
FHEP IR QTR ST, A SO 3 o 1 328 5 i
M 38400 HRIFE BB GE IR . S0 FE
G I FHASEALL BT e B I TIE S B0 AR AT T IR E AR
AR AR 1-11A, 8-8C. 2-12, 8-9H Il 5-11C,
HPR BB AR T 16.4% ., 45.%. 20.5%.
49.2%7F01 50.6% . ST 1 PCR K -5 20 Gl AH ¢
AT REAELS R E R, REFBEMENERS
PR ZACEAH S SE R R I TR R . PR R R RIS
50.6%¥) 5-11C Fitk, 5 IR R B CEL GLN3,
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GAT1. DUR1,2 il DUR3 /\”ULﬂ 3.6. 5.3, 3.3
2.2 ff5, ASCEEHY Zhao Z5CME ST EIFR Ure2p
(NCR A4 H g —Ffr BH 8 @EE{)@E@E% FEREK
63% H 5 JR % A 8f A 3¢ 5E ] (GLN3 . GAT1 .
DUR1,2\ DUR3)W£1§?£&#£&O FH AT DA T
A 3 1 30 O O G M AR A T IR R AR AN A2 A O 11
ﬂ%ﬁlikiﬁ PR, MRS TIRE LR,
DRI, AR 5 30 2 v A 8 7 22 PRI VG A T aed
I EH R CBETTAYI B R, ke T AT RERY
BRI, W RE D T, BB R N AT
SMEENFRE X, LEATEM L.
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High-throughput screening of mutant strain to reduce the
accumulation of ethyl carbamate precursor in rice wine
fermentation

Yan Cheng, Guocheng Du, Jingwen Zhou, Jian Chen”

Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University, Wuxi 214122,
Jiangsu Province, China

Abstract: [Objective] Ethyl carbamate is a common potential hazard in different fermented foods. Urea and
ethanol are the major precursors of ethyl carbamate in rice wine. In this study, the accumulation of urea was
reduced based on a high-throughput screening strategy, therefore decrease the accumulation of ethyl carbamate in
rice wine. [Methods] An industrial strain Saccharomyces cerevisiae XZ-11 was used for the study. Lower urea
accumulating strains were achieved by using Atmospheric and Room Temperature Plasma (ARTP) mutagenesis and
high-throughput screening strategy. RT-gPCR analysis was used to detect the change of DUR1,2 and DUR3, two
important urea metabolism and transport genes. [Results] A mutant strain 5-11C was obtained with the capacity of
both efficiently urea using and genetic stability. The accumulation of urea was 50.6% lower than that of S.
cerevisiae XZ-11. RT-gPCR results showed that the expression levels of DUR1,2 and DUR3 increased 3.3 and 2.2
folds, respectively. [Conclusion] High-throughput screening strategy can be applied to obtain mutants with reduced
accumulation of ethyl carbamate precursor in rice wine.

Keywords: Saccharomyces cerevisiae XZ-11, high-throughput screening, ARTP, MoFlo Astrios EQ, RT-gPCR

(AT 4. TKEEM)

Supported by the Program for the Major State Basic Research Development Program of China (973 Program, 2012CB720802),
by the Key Program of National Natural Science Foundation of China (31130043) and by the Key Research and Development
Program of Jiangsu Province (BE2016689)

“Corresponding author. Tel/Fax: +86-510-85918309; E-mail: jchen@jiangnan.edu.cn

Received: 13 November 2016; Revised: 28 December 2016

actamicro@im.ac.cn



