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Effect of MIG1 and SNF 1 deletion on simultaneous utilization
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Abstract: Migl and Snfl are two key regulatory factors involved in glucose repression of Saccharomyces cerevisiae. To enhance
simultaneous utilization of glucose and xylose by engineered S. cerevisiae, single and double deletion strains of MIG1 and SNF1
were constructed. Combining shake flask fermentations and transcriptome analysis by RNA-Seq, the mechanism of Migl and Snfl
hierarchically regulating differentially expressed genes that might affect simultaneous utilization of glucose and xylose were
elucidated. MIGL1 deletion did not show any significant effect on co-utilization of mixed sugars. SNF1 deletion facilitated xylose
consumption in mixed sugars as well as co-utilization of glucose and xylose, which might be due to that the SNF1 deletion resulted
in the de-repression of some genes under nitrogen catabolite repression, thereby favorable to the utilization of nitrogen nutrient.
Further deletion of MIG1 gene in the SNF1 deletion strain resulted in the de-repression of more genes under nitrogen catabolite
repression and up-regulation of genes involved in carbon central metabolism. Compared with wild type strain, the MIG1 and SNF1
double deletion strain could co-utilize glucose and xylose, and accelerate ethanol accumulation, although this strain consumed
glucose faster and xylose slower. Taken together, the MIG1 and SNF1 deletions resulted in up-regulation of genes under nitrogen
catabolite repression, which could be beneficial to simultaneous utilization of glucose and xylose. Migl and Snf1 might be involved
in the hierarchical regulatory network of genes under nitrogen catabolite repression. Dissection of this regulatory network could
provide further insights to new targets for improving co-utilization of glucose and xylose.

Keywords. Saccharomyces cerevisiae, glucose repression, MIG1, SNF1, RNA-Seq, nitrogen catabolite repression
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Tablel S. cerevisiaestrainsand plasmidsused in this study

Strains and plasmids

Characteristics

Source

S. cerevisiae strains

W32N55a MATa, PsXR, PsXDH, ScXK Provided by Yin Li lab at Institute of
Microbiology, Chinese Academy of Sciences

W32N55a (miglA0) W32N55a (migl::ZeoR) This study

W32N55a (snf1.40) W32N55a (snfl::KanR) This study

W32N55a (migl& snfl.A0) W32N55a (migl::ZeoR, snfl::KanR)  This study

Plasmids

pY ES2/CT-ZGO-ZeoR Plasmid carrying ZeoR gene This lab

pRS313-ZGO-KanR Plasmid carrying KanR gene Thislab

PsXR: xylose reductase from P. stipitis; PsXDH: xylitol dehydrogenase from P. stipitis; ScXK: xylulokinase from S cerevisiae.

*k2 AWMRETASY
Table2 Primersused in thisstudy

Primer Sequence (5'-3) Restriction site
F1 GAGAAACTCCAGAGTGGCGT
R1 CGGGGTACCATCAACGTTAGACACTTGTG Kpn I
F2 CGCGGATCCCCCACACATGGACTGATACG BamH [
R2 TGACGAGACAACCAACCACC
F3 CGGGGTACCCATATGCCCACACACCATAG Kpn [
R3 CGCGGATCC GATATCAGCTTGCAAATTA BamH [
F4 AGTACTCATTAACGAAGAC
R4 TCCTGCTCCTCGGCCACGAAGT
F5 CCACATGACGCAAGTAACTT
R5 CGGGGTACCTTGTTGTTACTGCTCATGTT Kpn [
F6 AAATATGCGGCCGCATGGAATTAGCCGTTAACAG Not [
R6 TGGCAGCATGATTTGATATC
F7 CGGGGTACC CCCGGGCGTACGCTGCA Kpn [
R7 AAATATGCGGCCGC CGGCCGATCGATGAATTCG Not [
F8 TGCGCATTCGTGTCCAAACA
R8 GCATCAACAATATTTTCACC
1.1.3 FERFIFUE 12 F&
Taq DNA B4 . PfuDNA B4 . BRI 1.2.1 SNF1MIMIGLEH R EL DNA H BHY
PIUIRG . T4 DNA JEHREN AL 2R ekt MR

ARA R F] 8 1 B2 B 3 9% [ Oxoid
ANl HREE . G418 AL R E A ;
A AP A 2 ERA AR . R
HLIKAY . BRI 1% R 450 H 25 [F Bio-Rad 28 Al ;
PTC100 %4 PCRAY I F 3£ [E M J Research A F] % .

& : 010-64807509

MIGL K [ #fi I [ 5 P B f g sl ol e ] LA
PR . DL W32N55a FREE N4 AR, F514
X FURL A1 F2/R2, 435141 MIGL J [K]  is [7]
J5EF migl-up #l migl-down, 4% 500 bp &4 . LA
Jfiki pYES2/CT-ZGO-ZeoR WiHy, FI5|¥%}
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- - -
£l RI R2 R3
PCR fragments migl-down 7o0R
Fl1 R2
>
Digestion and connection [ miglup | ZeoR | migl-down |
F4 R2
>
PCR fragments [ _migl-up |  ZeoR | migl-down |
<
R4
B F5 F6 F7
> > >
Genome-DNA 4| snfl-up | snfI-ORF | snfl-down .|_ _
- P -
F5 R5 R6 R7
>
PCR fragments snfl-down KanR
-
F5 R6
> ~
Digestion and connection [ snflup [ KanR | snfl-down |
-
F8 R6
.* =
PCR fragments [ snflup [ KanR | snfl-down |
-
R8

B 1 MIG1F1 SNF1 EERFRELRH BRAHETE

Fig. 1 Working flow for MIG1 and SNF1 disruption cassette construction.

F3/R3 P 1 5L A ZeoR FKiIAHE, K/hA 1 200 bp
Zidio FHBREIE A YIS Kpn 1 F1 BamH T K AR
FBA Y], F T4 DNA EREREE RS A0 F B
migl-up. ZeoR. migl-down iE#5 RS MIGL
JE IR B R 98 F B migl-up-ZeoR-migl-down” , Jf:
51 FUR2 911 7 B, KR/ 2k 2 200 bp.,

SNFL PR i Bk 201 1R 5 B g ey el R €]
1B it . LA W32N55a [ ik K 20 Ry sitle, 151
Y%t FSIR5 Fl F6/R6, 43418 SNF1 & K 7 i
i) P58 snfl-up FI snfl-down, 4% 500 bp Z&47. LA
JFikr pRS313-ZGO-KanR NHEAR , H 51 #%F FT/IR7
PG AP KanR &IAHE, K/NA 1500 bp 245 .
FBREPE IS Kpn T 1 Not T #4010 - Bt 434
fitg1), FH T4 DNA EE: 0K B Bt snfl-up, KanR,
snfl-down $zEok kA% SNFL Jk 5 d b [R5 B
“snfl-up-KanR-snfl-down”, JfH51¥1%f F5/R6 #~
B R FIE R Be, K/INZ2h 2 500 bp.
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g 5% TR R B by e R o 25 i B R G LR
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1.2.2 EERR4uMaIEsE, ZEERARBM PCR

5% SR [22-24) A THRAE
1.2.3 SNF1 ZHF MIGL R # B FEIE B HY
Bk R LT I

K- Fl LIAC/SS-DNA/PEG s B Ak 12
o MIGL S IR f B W] R B e Ak 2 TR T 1o Bk
W32N55a 837 A 4l AL o i A0 5 0 B R A e 2
100 pg/mL 1R EE R K YPD b (BEEEE 2%,
E A 2%, HZEBE 2%, IE 2%) b, 30 CH;
Fr 2-5 d ARTE L. K SNFL BRI w5 R
BUHAL ZE MR 1 W32N55a &z sl b,
AW 5 B T TRV A E 5 200 ng/mL G418 /Y YPD (F#
B 1%, R 2%, W% 2%, BEAE B 2%)
B b, 30 CHEF% 2-5 d B 7% H . B SNF1 5L
PR il B3 [R5 B ] Bt b 28 L 22 BB MIGL 11y
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TiE 7 i £F W32N55a (miglAQ) Sz A2, %%
b5 BB A AE & 100 pg/mL Ay e 55 2 AN
200 pg/mL G418 i1 YPD ¥4 I, 30 CH: 3% 2-5d
AR .
124 FREFRIE

PP A BRI, Pt E YPD MK
g, REUEHEA, B Tag DNA RAE G T
PCR IiE., FHS % FAIRA B IE MIGL H: K fik 4
W, A% F8/R8 Kl SNFL S @R s,
X X6 5 | 400 56 UF R B R
1.25 KEFSLLS

W5 2 A TR R R R AR TR e A A ) B 2R T
AP . RS0 . YP 3EFR5E (Wetk
B 2%, EFE 2%), S%IRAHI 10%R A ()
M - KBE=1: 1), 30°C, ¥IfHEFE A 050D,
250 mL =i & ER R 80 mL . 200 r/min,
1.2.6  F&spA 0 P FEdE S

Fie B BRI R ISR PG IR AL, B9 h Ak
E 3% 2R A 5 A R N RIHEA T SR AL D P I oA R
kA, R DRRRALERTR ] SGD Y
w72 B 48 % (http://pathway.yeastgenome.org)) -
YEASTRACT 7 £k £ i 4 FH >k 1500 7] i 2 5 94
P IR 22 AL N 1 S Hl s IR 120

Abp M 1 2 3 4

750
500

200

B2 [RIFREZEDNA REBHE

127 HEWE. AW, ZESEHIE

KRR RTINS . A . SIS A HPLC
AT o RIS 2T GRS (1) 24848 HPLC
Kmf2s, A5 Aminex HPX-87H 43#kE:, il
FH 0.005 mol/L iz , i 4 0.6 mL/min, YL 63 C.

2 ER5AM

2.1 SNF1# MIGL EER R EIIE
2.1.1 [RIPEEL DNA K Btz

DR T T W32N55a 5k [K 4 A4 , A PCR
NPT MIGL F1 SNFL JE[A . iR EE A
Bt, 4590nE 2A FFoR; ZeoR 1 KanR Hit: 5L Fr
LR RANE 2B s SNFA DRI RS G i [R) 6 A BE
“snfl-up-KanR-snfl-down” A K MIG1 H& A fi B [+]
J5 Fr Bt mig1-up-ZeoR-migl-down” 45 S 4 8l 2C fir
No GRLMFAE R, XFE, KA DNA K
BeaT DL T AR R H A 2 D8 A s o
212 REFRIE

FHB 191X} FAIRAIES T PCR 4 E ik H W32N55a
(miglA0) AYERTEkE, FISIHIX F8/R8 i1 PCR %
SO0 M WB32N55a (snflA0) Al W32N55a
(Migl&snflA0) AYHLFERE, FLIKZEIRUNIE 3 PR,
XSS SR B AR AR R A

Fig. 2 Construction of homologous recombination DNA fragments. (A) M: DNA marker; 1: snfl-up; 2: snfl-down;
3: migl-up; 4: migl-down. (B) M: DNA marker; 1: ZeoR; 2: KanR. (C) M: DNA marker; 1: snfl-up-KanR-snfl-down;
2 200bp; 2: migl-up-ZeoR-migl-down.
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App M1 23 45 By M1 2 3

3 PAMEEFRIIIE

Fig. 3 Screening for positive clones. (A) M: marker;
lane 1-2: W32N55a (snf140), PCR with primer F8 and
R8; lane 3-5: W32N55a (mig140), PCR with primer F4
and R4. (B) M: marker; lane 1-3: W32N55a (migl&
snf140), PCR with primer F8 and R8.

22 KRBERSW

XF AR T W32N55a,  FLERFR Ik W32N55a
(miglA0) F1 W32N55a (snfl.A0) . X 4 g Ak
W32N55a (migl&snflA0) #EfT & B, FHillE &
P aeh A vh R VR A . AR L SRR R AR AL
XF T B0l A s T AT AR FE T, KL 4A 1
REEMZLRTLLE S, SEEHEMNL, MIGL bk
PRIBEAG, SNFL bR B ARAS SRR 1A i 2
e WdER 3RS ELE, IR
5 TR 255 T A SR 23R R e R 28 W L TS R TR
511°4(3.05£0.33) g/(L-h) H1(2.65+0.29) g/(L-h-OD),
MIGL #H2 [5 PR AH L 9 & 8 2 500 Sl AV R i i 1
FRIK 0.76 £ 51 0.70 £%, i MIGL i1 SNF1 XUk %
BRRHIY. 1) A IS B3 e e B R R T R Y 1.28 £
124 %, Klein 288, MIGL MR E 1
HIAEPHCERE S TR, AR K, SEOR A
MIZRA RIS . X 5IRATZE AR i
H., SNF1 (mils al RETESE AN RE RS B BR T MIGL
B KT A S AR TR R, LA AR
AT

XFF 59iR A R AR I, MIE 4B
M RFEMLRTLAE H, 75 0-3 h N, JRAAE AT L
RS, IT%A Z R ARG IH, 24 3 h
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VLJG 20 ML T 52 380 70 280 W 400 o) 25 g g s i), AN
FACH AR, HH 9 h LUSA ke AR, 1t
VR Bl AR AR W T A LR N 29 3 g/l 5 R s
ARG, MIGL & BR PR A B b AOHE i R FH 2%
BRI 3A, FRT MIGL 1 Rl R X fige ok
25 XS A (0 B0 4 VA VE T . T SNIFL ok
P IAKE R FAE 6-9 h A5, R SNF1
L 5% TR AT B T A I T A AR A 38 7 0 o)
YER. 5 SNFL RBREEAEML, MIGL il SNF1 AUHRR
PR ABEF FITE 6-9 h A B A5, (EACHEF
PRSI AR, 5 0A TR 1Y) S KA RE R S
Fe KA LT REH R 4351 47 (2.23£0.04) g/(L-h) Al
(1.94£0.03) g/(L-h-OD) (& 3), Rk B (14 A 1 &
PSR A R AR TR AR Y 0.44 £5F0 0.43 f%, ik
— 2510 B 2 X AR 4 P E B AR B I
A % AT BE U Lh T SNFL B BBR AN & MIGL; i
AT, 2 B8 R FH A 19 8 12 5 0 BT A EL B
B,

XF T BYIR A HH & T B 2 AR 7 VEfE
5 (K 4C), MIGY Rl 2 R AR 5 #5274 2
FE R, HR K A = R R K R A
77 R 2243 I KAV O J 4 TR AR 9 0.80 £5FH 0.74 1% .
MAER R, MIGL miBRIE =R A A RE
AR, HAETERE MK #4505 5500 T i R
R B 4 i 4 % T PP A RE S BP0 e AT TR
BRERFRENAMT, WA LR MIGL filR
X ACHEAR I AR A 0RO AR HERLN, X T RE S
JIT SR FR ) e 2 AR TR AT 56 ol 4 A A R A B
FIFH R EINROY, SNFL SR S5 R E M L 2
(16 A 77 A 24 MIGL FT SNFL SRR T 1 2
P A PRI, Bk R P R R K 2 B
Bb A= 77 3 6 43 501 B8 v B R AR B AR 1 1.08 £ AN
L%, XATRES SNFL SR TR bR 1 A4 bl
SXoF A A1) 11 S i [ B A 0 1 2 A 1) R
AR, MIGL I ER LR 44, MLl
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—0— W32N55a —A— W32N55a (miglA0)
—— W32N55a (snf140) —C0— W32N55a (migl & snf140)

B4 RIEEMEBMRERSEALR

Fig. 4 Evaluation for mixed xylose and glucose fermentation. (A, B, C) glucose consumption, xylose consumption and
ethanol production profiles using 5% mixed sugar. Data represent the mean and standard error of duplicate cultures

grown on each source.
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Table3 Comparison of fermentation parameters between wild type and gene deletion strains

Conditions

5% mixed glucose and xylose

10% mixed glucose and xylose

Strains WT miglA

snflA  migl&snflA WT

migl&snfl

snflA A

miglA

Maximum glucose
consumption rate, g/(L -h)
Maximum specific glucose
consumption rate,
g/(L-h-OD)

Maximum xylose
consumption rate, g/(L -h)
Maximum specific xylose
consumption rate,
g/(L-h-OD)

Ethanol productivity, g/(L-h) 1.01+0.02 0.81+0.01 1.03+0.03

Specific ethanol
productivity g/(L-h-OD)
Ethanol yield, g/g

3.05+0.33 2.31+0.12 2.79+0.29

2.65+0.29 1.86+0.10 2.27+0.24

2.23+0.04 1.95+£0.19 2.31+0.01

1.94+0.03 1.58+0.15 1.88+0.01

0.46+0.07 0.34+0.10 0.40+0.07
0.37+0.00 0.36+0.00 0.37+0.00

3.89+£0.22 2.12+0.01 2.12+0.02 2.12+0.00 2.06+0.00

3.30£0.19 0.23+0.01 0.22+0.00 0.21+0.00 0.19+0.00

0.98+0.01 0.71+0.01 0.80+0.01 0.90+0.01 0.76+0.01

0.83+0.00 0.07+0.00 0.08+0.00 0.09+0.00 0.08+0.00

1.18+0.15 1.24+0.01 1.28+0.01 1.27+0.03 1.33+0.01

0.51+0.01 0.16+0.00 0.14+0.00 0.16+0.00 0.15+0.00

0.38+0.00 0.37+0.00 0.36+0.00 0.37+0.00 0.38+0.00

Data represent the mean and standard error of duplicate cultures grown on each source.
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A GCV3 @8 H subunit of the mitochondrial glycine decarboxylase complex

BTN2 @3 Modulates arginine uptake
ZRT! @88 High-affinity zinc transporter
TMA10 @28 Protein of unknown function that associates with ribosomes
migl & snfl A vs WT

CSR2 @) Nuclear ubiquitin protein ligase binding protein
ZNF! @3 Zinc cluster transcription factor that regulates respiratory growth
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Fig. 5 Gene function and pathway mapping of differentially expressed genes. (A) Venn diagram among differentially
expressed genes in W32N55a (migl40), W32N55a (snf140) and W32N55a (migl&snfl40) by comparing with wild
type strain W32N55a. (B) Up- and down-regulated genes in W32N55a (migl40) compared with wild type strain
W32N55a. (C) Overlapped up-regulated genes in W32N55a (snf140) and W32N55a (migl&snf140) compared with wild
type strain W32N55a. (D) Unique up- and down-regulated genes in W32N55a (snf140) and W32N55a (migl&snf140)
compared with wild type strain W32N55a. Red: up-regulated; Green: down-regulated.
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Fig. 6 Migl and Snfl in a hierarchical regulatory network for regulating differentially expressed genes. Snf1™ Snfl
analog independent of glucose metabolism; Snf1'™: Snf1 analog dependent of glucose metabolism.
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