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Abstract

Abstract

Microorganisms face multiple environmental stresses in growth and industrial
fermentation applications, and improving microbial salt stress tolerance is important for cost
control, process optimization and fermentation yield improvement. Candida glycerinogenes is
an industrial yeast strain with multiple stress tolerance properties, but its stress tolerance
mechanism and stress tolerance gene elements are still not fully explored. In this thesis, based
on the previous research, C. glycerinogenes was used as the target to mine salt stress resistance
genes and to conduct a preliminary investigation on its resistance mechanism and application,
mainly as follows:

Exploring of C. glycerinogenes salt stress response genes. Based on C. glycerinogenes
transcriptome data under stress, seven up-regulated genes were selected as potential resistance
genes. Overexpression in Saccharomyces cerevisiae and antisense suppression of gene
expression in C. glycerinogenes, respectively, revealed that the DNA damage checkpoint
protein gene Cgrad9 and the RNA helicase gene Cgdbp7 had effects on salt stress tolerance.
Under salt stress, S. cerevisiae biomass increased by 22.8% after overexpression of Cgrad9,
and C. glycerinogenes biomass increased by 12.6% after inhibition of Cgdbp7 expression,
indicating that Cgrad9 is salt stress resistance genes, and Cgdbp7 acts as a negative regulator
in salt stress.

A preliminary investigation of the salt stress response mechanism of the above genes was
conducted. Analysis of membrane properties of recombinant strain revealed that S. cerevisiae
membrane fluidity and permeability did not change significantly after overexpression of
Cgrad9, and C. glycerinogenes membrane fluidity decreased after inhibition of Cgdbp7
expression. RT-qPCR revealed that the transcript levels of lon transporter protein nhix/ in
recombinant S. cerevisiae and recombinant C. glycerinogenes were increased 2.2-fold and 26.6-
fold under salt stress respectively. Yeast single hybridization screen revealed that the
transcription factor Upc2 was able to bind the Cgrad9 promoter sequence. These results suggest
that Cgrad9 and Cgdbp7 improve the salt stress tolerance of recombinant strains by affecting
the membrane fluidity and ion transport protein transcript levels of recombinant bacteria.
Meanwhile, the transcription factor Upc2 binds to the Cgrad9 promoter sequence and is a
potential regulator of Cgrad9.

The overexpression strain and antisense suppressor strain were applied to the fermentation
of high-salt environment and undetoxified cellulose hydrolysate. The overexpression of Cgrad9
under high salt environment increased the biomass of the overexpressing strain by 22.8% and
ethanol yield by 17.3% compared to the control. Fermentation of antisense-suppressed

recombinant strain showed a 25.8% increase in biomass and a 46.1% increase in ethanol yield

T



Abstract

of 39.0 g-L'! compared to the control. Application of antisense-suppressed recombinant C.
glycerinogenes to the fermentation of undetoxified cellulose hydrolysate showed an 8.2%
increase in biomass and a 13.7% increase in ethanol yield of 22.8 g-L"! compared to the control.
Transcriptional analysis revealed that Ethanol dehydrogenase adhl transcription was up-
regulated under undetoxified cellulose hydrolysate, which may improve furfural tolerance of
antisense-suppressed recombinant strain, resulting in higher biomass of antisense-suppressed
recombinant strain and thus higher ethanol yield. The above results suggest that overexpression
of Cgrad9 and inhibition of Cgdbp7 expression have positive effects on the improvement of
fermentation level, which may provide a reference for the research and application of yeast
resistance mechanism.

Key words: Candida glycerinogenes; stress-response genes; salt stress; overexpression;

antisense inhibition
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Fig. 1 Yeast salt tolerance mechanism
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2.1.1 BEARFIFRL
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Table 2-1 Strains used in this study

K2 FRAE/TRIFR P
Escherichia coli IM109 E. coli IM109 TR LR
Candida glycerinogenes WL2002-5 C. glycerinogenes R ZH LR
C glycerinogenes UA5  (ura5™) C. glycerinogenes/AUra5 R ZH LR
Saccharomyces cerevisiae CEN.PK2-1C S. cerevisiae CEN R ZH LR
S cerevisiae AH109 S cerevisiae AH109 T E
C. glycerinogenes/pURGAP C. glycerinogenes/pURGAP AHIE TR
C. glycerinogenes/antiCgdbp3 C. glycerinogenes/antiCgdbp3 AHIE TR
C. glycerinogenes/antiCgdbp7 C. glycerinogenes/antiCgdbp7 AHIE TR
C. glycerinogenes/antiCgded| C. glycerinogenes/antiCgded| AHIE TR
C. glycerinogenes/antiCgirc5 C. glycerinogenes/antiCgirc5 AHIE TR
C. glycerinogenes/antiCghppd C. glycerinogenes/antiCghppd AHIE TR
C. glycerinogenes/antiCgrad9 C. glycerinogenes/antiCgrad9 AHIE TR
C. glycerinogenes/antiCgadk1 C. glycerinogenes/antiCgadkl AHIE TR
S. cerevisiae CEN/pY X212 S. cerevisiae/lpY X212 AHIE TR
S. cerevisiae CEN/pYX212-Cgdbp3 S. cerevisiae/Cgdbp3 ENGISR AR
S. cerevisiae CEN/pYX212-Cgdbp7 S. cerevisiae/Cgdbp7 ENISR AR
S. cerevisiae CEN/pYX212-Cgded1 S. cerevisiae/Cgdedl ENISR AR
S. cerevisiae CEN/pY X212-Cgirc5 S. cerevisiae/Cgirc5 ENISR AR
S. cerevisiae CEN/pYX212-Cghppd S. cerevisiae/ Cghppd AT TN
S. cerevisiae CEN/pYX212-Cgrad9 S. cerevisiae/Cgrad9 AT TN
S. cerevisiae CEN/pYX212-Cgadkl S. cerevisiae/Cgadkl AT TN
S cerevisiae AH109/pGADT7+pGBKT7- AH109-GAD-his3 AHI TN
his3

S cerevisiae AH109/pGADT7-upc2+ AH109-upc2-Pcgraao AT T 3

pGBKT7'PCgrad9
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Table 2-1 Strains used in this study
L2 FEAE/RTAR P S
S cerevisiae AH109/ pGADT7-hal9+ AH109-hal9-Pcganp7 AW T 5

pGBKT7—chdbp7

TR e A FH B I AT ORE B L0t 2 FR RS B A 1 L 26 2-2.

F 2-2 AW 5T ET R
Table 2-2 Plasmids used in this study

JRL REE R P S

pURGAP Amp', URA5,2 2 R
pPURGAP-antisenseCgdbp3 Amp', URAS, 2, antiCgdbp3 AHIE TR
pURGAP-antisenseCgdbp7 Amp', URAS, 2, antiCgdbp7 AHIEFUR
pURGAP-antisenseCgded] Amp', URAS, 2, antiCgded AHIEFUR
pPURGAP-antisenseCgirc5 Amp', URAS, 2, antiCgirc5 AHIEFUR
pURGAP-antisenseCghppd Amp', URAS, 2, antiCghppd AHIE TR
pURGAP-antisenseCgrad9 Amp’, URAS, 2, antiCgrad9 AHIE TR
pURGAP-antisenseCgadkl Amp', URAS, 2, antiCgadkl AHIE TR
pYX212 Amp', URA3, 2 i SUIEER I
pYX212-Cgdbp3 Amp’, URA3, 2, pYX212-Cgdbp3 EN T AEe
pYX212-Cgdbp7 Amp', URA3, 2, pYX212-Cgdbp7 AHIE TR
pYX212-Cgdedl Amp", URA3, 2, pYX212-Cgded] AHIE TR
pYX212-Cgirc5 Amp', URA3, 2, pYX212-Cgirc5 AHIF TR
pYX212-Cghppd Amp’, URA3, 2, pYX212-Cghppd ENTIE f
pYX212-Cgrad9 Amp', URA3, 2, pYX212-Cgrad9 ENGIS R AR
pYX212-Cgadkl Amp', URA3, 2, pYX212-Cgadkl AT T g
pGADT7 Amp', LEU2, 2p R
pGADT7-Cgupc? Amp', LEU2, 2p, pGADT7-Cgupc2 AT T g
pGADT7-Cghal9 Amp’, LEU2, 2p, pGADT7-Cghal9 AT T 3
pGBKT7 Amp’, TRPI, 2p TR
pGBKT7-his3 Amp', TRPI, 2p, pGBKT7-his3 AT T 3
pGBKT7-Pcgraas-his3 Amp', TRPI, 2, pGBKT7-Pcgraao-his3 AN FEHa

pGBKT7-Pcgany7-his3 Amp’, TRP1, 2p, pGBKT7-Pcgapp7-his3 AW FTHE 2
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LB #5774k A 100mL h0A 1 g &AL, 1g EEBEPRM 0.5 g BFEHERY). Amp $L
YRR IR FEBCH 7 550 100 pg-mL! SN H %R, Kan FUPEREFREEACH B 100
pgmL! REE, HCATHE AT T b & A Pl @ BRI AT B, 2 P o 4 5 7 2k
A, W4 100 mL VAR FR3E TR E S SN0 2 g BRARA DAAE I 8 RS T e M

SR R A K

YPD };7r%E: & 100 mL N 2 g fi&HE, 2g SHREMRAT 1 g IRy, FIRARESR C.
glycerinogenes M1 S. cerevisiae CEN, #5 Pl i R 72 I AN [EMA, W4E 100 mL AR I7
B FRE AN 2 g B -

MM #5772 100 mL 573N 2 ¢ #AHE, 0.67 ¢ LREEFELFEIR (Yeast
Nitrogen Base, YNB), pH % 7.0, H LTk C. glycerinogenes [z XX RNA Il 5 41 p5
PR, PR AT IR E A, 4 100 mL ARES R F R 54NN 2 g Bk

PRUENESRFEEE TR 5L & 100mL A 2 g #i % BE, 0.67gYNB, 2mg (A% R 2 mg
HAFRVI I 6 mg &R, pH HZE 6.2-6.5, HULTHIE S. cerevisiae I FKIXFE A, T
ARG TR A, WI4E 100 mL W AAREFR B 7R 2 0 4NN 2 g TEAEH

YPDA ¥57%3E: B 100 mL I 2 g B HE, 2 g AR 1 g BEEHRE, 2mg I
MRS TR £, FHLAREFE S. cerevisiae AH109, 75 Fr s i H 3552 M 44, % 100 mL 3K
P RE IR T 75 2 S AN N 2 g BlE T -

SD-TL ¥5572&: 4 100mL A0 2 g # % FE, 0.67gYNB, 2mg JKIEEWE. 2mg 4
IR 2 mg JRIEMERIR Hh, I DAV I BF B SC TR, A Tl A I B R Oy il A, )
100 mL YRR IR 5 2 53 ANAVIN 2 g BRiEH -

SD-TLH ¥57#4k: % 100 mL 0N 2 g #i%iH%, 0.67 gYNB, 2mg JREENER 2 mg
JIRVEERS T AR PR AR KB DU 3-22E-1,2,4- =M (3-AT) DABRAK B oS I
soid i, AT RS S R0 AE, 5 P (5 7R 9 44, JUI4E 100 mL 4%
B IR R R E S ANAIN 2 g 3R R o

KRR FRAE: B 100 mL DA 16 g Hi%IFE, 2 g SEEMRM 1 g By, AT HA C
glycerinogenes K% .

2.1.3 EERFH

AW 5T 3 BB AR 2-4.

* 2-4 FEHGH
Table 2-4 Experiment reagents
G %l
OXOID ~H] Yeast Extract. Tryptone

SAEEEE. RS ZE. YNB. AR, JRWENE, BERER
[RlZH DNA P55 &

b A A TRE B




TLR KA 22 AR S

(5:3k 2-4)
R 2-4 FE SR
Table 2-4 Experiment reagents
PR vl
DNA Ligation Kit Ver.2.0. B ¥ ] 1718 . PrimeSTAR®HS
FEHAED DNA i E %48 . ExTag DNA E 48 . pMD™ 19-T
Vector Cloning Kit. DNA marker
R A v AR ABclonal MultiF Seamless Assembly Mix
B RSB . DNA F B IR A& E. coli kLS
R LR ‘
B &
FipEZy ALY, EERE. LR
BEEMBHL Goldview #Z R ekt

P It Vi B L VR
R R T AR A

AceQ Universal SYBR qPCR Master Mix /5 % 58071 &
3-AT

SRS T T R BT AR AR SRR A8 2 G 29 09 o3 A TR IRAE VIR IR 7] 5 TTAR
Yo S8 T KT itk I 51 3 B S T 5 51 W06 1 REBRADI R PR 2 =] 7 500t ik

PRI i MR AR S 6 B SR ST it 5 M Fe A, s b B se v 1) 51 W0 it IR R 1.

2.1.4 FEALR

AHIE T T B SLIGAAS LR 2-5.

R 2-5 FEA SIS

Table 2-5 Experiment instruments

IR A4 FR iiesy A K

NRLE AL 5418 Eppendorf /A ]

PCR ™ #41% AG 2331 Hamburg RIERIHT A

DLAB JR4J{X MX-S BRI LI AX A TR A 7]
SN 5O 5 B DR A CFX96 EER AT

FE R LR T K5500 JE R H B K A 7]

B U o b 2 58 Alpha Imager % [E Alpha Innotech /A F]
pH it DELTA 320-s METTLER TOLEDO ‘A ]
A AR PR IR HYL-C SR SR IR BE R A BR A
BAHMPOLEE T TU-1810 e HrIEH A A

R IR /K 4 HH-60 (0) TR R SRR AX A%

e TIES SW-CJ-1FD T IR BARE IR A T
e 28V UK R YXQ-LS-50A/SZ AR A

HPLC 3% 4% JY96-11 K H B A
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(8:3% 2-5)
F 2-5 EEPSLIGIAS

Table 2-5 Experiment instruments
TRIGAN B3 42 FR A= PR
TIRAR DHG-9075A L 1EAF
Bt JIE W e HEL KA DYY-8C b
PBREOHL H1850R ARG A F
R F-2700 Har (FED HIRAA
DoRTA DG BL-FL4 R BR A EA BR A A
b 7Kk 5 754 BG-80 A TR A A
2.2 ik
2.2.1 HRERY 1

AHEFEH HREERE PCR 7 38/& R UL 10pL AR 961, HAEE4 5 pL DNA &
fig, ERUWESIPIA I 0.2 uL L& 0.2 pL () DNA #5AR, 55 fa T A KAMnE] 10
ulo At 4% (R EC A ROR B G )

Horp, SR H R R IE ZGE I 3000 bp N4 H 2 x PrimeSTAR®HS DNA
AR LR EH, AT 0 B R E N T 3000 bp WA 2 x ExTaq DNA &
B EATH 3G .

£ PCR ¥ B4 firh, FHFEGIRETIE 98°C JH#HF 10 Al, XN THHE 2 x
PrimeSTAR®HS DNA & R H. 5K & B 528 A At 47 SO o ARYE BT vk B 514 Tm {E €
BKIRE, SidiBAKORE, WRYE BT, BB e 1000 ABEE, B EfRIS E], 1
1730 MEAER, DUABIY M EMN. RE&EEN 72°C, EAEM, {REFS 058,
IT— A . 3 3G TRAE 4°C %640 T LARAF .

2 x ExTaq DNA & PCR ¥ 3887 : 95°C 4EH¢f B E N 5 min, PHH 1K,
95°C ZEFFIT A1 BN 30 s; ARSI Wity 1) Tm (R E T IR KRR E, 4EFFRT
[ E N 30 s; AEAIEFRIR BN 72°C, MR B, BB 1000 M,
B IS (8], AT 30 MEMEE, DUARIY B0 B 1. s&IREN 72°C, FEA LM,
TREFE 5 080, BT —IKIEH . KA G AFTIAE 4°C 2644 T LUERAF

2.2.2 BEEREE DNA KR EX

S E g A A TREAT IR 2 ) ) S PR B DR 2 DNA R i 5721771 45 PR i 15
R k(B

2.2.3 P
Z I A2 AR A BR A B FR 4L PCR 24k X7 Sy e 15
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2.2.4 RBFHFHE BOBHREX

Z [ RO T L AR TR w) B B A SOk B e ) S s vd B 5

2.2.5 DNA F B IEE VI RTES:

Uitk ARECH T AR 2-6. BED)Z&AF: 37°C fHIRKIBIALERF 3 he

R 2-6 MEUIRAE IR &
Table 2-6 Enzyme digestion system

%l 10 pL [ BiAA %
10 x Quict Cut Buffer 1 e

B 44 P D) 1 0.5 L

B 4 9 D)l 2 0.5 L

JFkE (200 ng-pL™) 4L

ddH,0 4L

[ Y5 A AR AR EC 5 AR 2-7

2-7 [FIVREE H A R

Table 2-7 Homologous recombination system

Ee 10 pL SR A4 5
2 x MultiF Seamless 5L

Assembly Mix

H B 3.5 1L

LA Ak 1.5 Jo

FEREAME: PCR ¥4 B 2144 50°C, 30 min, [HJ5 4°C {#4F 5 min.
2.2.6 KBRS 40 B &

(1) BREEFH E. coliIM109 WK R, BEE T LEAE FIERME LB £
IRt BRIZ, DATELEE K.
(2) BEHUCAETEEME 10 mL LB AR 77 3EE: 37 12h, K576 . 37°C. 150

r-min’ 1o

(3) K& E—PREFR RN R AR, DL 1% 23] 50mL (1) LB
WAREE IR T, SRJETE 37°C A1 150 r-min! PIZPF R TR, 24900 TR E 600 nm 4b
IR EAEIAE] 0.3-0.5 B, UK 50 mL HIB, BBk HAEIRBCE AR VK Fukig 30 4
B, TS HIF 50% 0 H VR AR 0.1 mol-L! 1) CaCla.

(4) ¥ EBTRPT 50 mL B0 A AR EL 4°C, 4000 r-min™ 2544,
B0 S o, EBR EIE

(5) KEMEIMATSEAEIK EA 1 0.1 mol-L! CaCl 1 4 mL, 228 ANFIIKH,
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fERE AR E R BIE, RJEFEIRBAEK 15 4380, S35 LA 4°C. 5000 rmin™ 250 4 7344,
2B BIEW, XANPRFEREE 3R

(6) fHiH 50%HiMAl 0.1 mol-L! CaCly BLHVE AW, FH 50% H it Bt (AR A N
IR =72 —, 0.1 mol-L"! CaCly Fit AN SEM =70 2 — o AR T-20°C &A1
ARG 3 mL, ZEBWARY, Bl mid, s mE Al E. coli IM109 %
ZAMM. bR S U0 E. coli IM109 B2 AS4MMELAEE 1.5 mL .03 100 uL
M BRI 7 TN B2 A A, f S A7 T-80°C S AT R IR 2 H .

2.2.7 R EAL

(1) ¥ E. coli IM109 B2 E TUK i BARVR, MR FER G55, FRACARRIT
T2 Xt 44 M 3 ) 452473

(2)  HREHRIHRE THLT DNA B BN EFAR B2 5400, 2218 g DL
REWE, EETUK LUK 20 min.

(3) HENINT DNA B2 RS E TR R E N 42°C MEIR KB+,
JWE 90 s, FEEPSZZIE R RIVK b, #IETBCE 2-3 min.

(4) T TR P85 A 1) SR AR (0 B AR B N D B LB 5 37 5 58 FH G 1 1Y
BB as], BHEOES, RIEKREAYE TIRERE N 37°C, HEEEN 150
r-min! (FEIRFE PR 55 7E 30 min.

(5) IR EARRFWL LA 6000 r-min', FIREE FEO 2min, FEEEF
L B0 JE IR AR 5 B0 IR R AR A A G R B INEEPUE R LB [Eks;
FRHkE, DL 37°CH MR 74 10-14 he

(6) f#iFH PCR UK AR V& /T PCR BGiE, MRIEI6IE LS SRR BUE #3647 3%
FESAH 100 pgmL ! R HEEM 10 mL LB B9, 538 6-8 h, &5zl ik
2.2.4 $EBUTRLIE 23 7 AT I P DAk — S B0 IE .

2.2.8 B BB NBB4M

FIAEZERS H B DNA #5 AN S. cerevisiae Fi1 C. glycerinogenes:

(1) Pyl . e YPD P _ERIZEORAF RO BE IR VR AN 10 mL YPD ¥
EEFREE T, $5FR AR 30°C, 200 rmin”, SRJGIEIRARTILLA 5% rHmh Bk T RO
7 Ja B AR B 10 mL YPD WA 55 IR 36855 5% 4-6 h, HIR R RIRE R E N 30°C,
e B E N 200 rmin

(2> PERiEwE A, B mLE AR R EK T A5 mLEOE T, L6000 r min ' 2%
FFES02 min, FFE LRFBL AT mLICH XK EE S 77 18 14 LAY 25 54 B B YPDES
Frdk, MR EE AT

(3) AT EE . R A YEAREDNA (ssDNA) VK Bl E 2R, BEJEEhKin
10 min,

(4) JREWRE% . THEIAEE T RZEIR (2) R B A 3 2 FE LR B i
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HAHDNA, 1mol-L"' LiAc 36 pL, ssDNA 20 uL#150% PEG 240 uL, HDNAJIN &%
HI7E3-5 ng, RN H DUE B RTR G35 .

(5)  #PENEHMDNA. KPR (4) Pk BUIR G E TR &R E42°CH
PR K, TREL b, DUE H FIDNAKE B REA .

(6) Ja¥EFE. WU IRE W IR E T 16000 rmin™ 55415502 min, ETCH
WEE R EIRE F2EW, BE S I mL YPDR AR 7528, BoeigRs), &5 8508 &
JEE T30°C. 200 rmin SFAHEIR 2R IR 15 722 hoe BUE RE 9%, IS I BEAR i DRl Sy >k
(1) 24 6 45343 FF 16 I BH Ve 3 T 2 R

(7D Vel R R ig AR AT . B OHUEH & B N6000 rrmin, 2min, i
SO E TR, R EEER S, A1 mL ddH2OFF &7 WA DL 2 Br bk BE 1
YPDW ARG FR 3, REEG = UOERMERE. RS, FIHEOERR TR, HY
R AR i i AT MM 4 355 577 2 bR s g i o 1 4R 1 R 258, 30°CHEIR I SR h B e 2 A K
LiNe M

2.2.9 X RNA EARIMEFEERE
Z 187 VK T DOV S vk St R
2.2.10 BEEE RNA IR R

X T 5 EEACER R REA R, G R IREA FINE AT, BRRIA I S B
LS.

(1) #E&SLIT e B P RNARE K RAZEMIFRNAS T4 fif, DRI SE58 By
Tae (WM. WHEBEKF. 25, Blids ik, 1.5 mLE QEFIPCRE) HFHEnTit
1T LRNABFACEE . ¥ B 75 5256 25 2 B T #5 B 100045 T RNABEE B 771 12115 minj&, i
NIRRT T 7B 10015 RNABETE B 77 160 CHE AR h it B ARy B4 28k, T E R AIT
BT EM TSRO ELF I T 121°CKE 15 min, K F R 25 BRNARES
A

(2) ¥k 100 F5H RNA JEFRFIBHI LI i fe (S TAE G, JRRANKE
30 min, $RERETHA AR B ONLE] 4°CRIE 21, HE& ST TR A

(3 HEATE G T A= B R AH M 7R 2 ¥ B 4000 r-min! 264 T 2540 10 min
WeBE B A4, AT R AT I8 R . FETFEE R BIGRA, TSR, BE ROl A 4 5 &
NEAIRES I E AN B A — € B AR, EE R E S, EEREE
AR, F T4 B 25 RO AR 2 AR B AR #2 225 RNA BRARFRE) 1.5 mL B0
H1, BN 1 mL TRIZON 2218 784> k4T LR A 3451, (FRBERRSIMGES 15s J5, Eik
#1E A 3 min.

(4) PBIEBOHLZMRE N 4°C, 12000 r'min™'s BOF KK E N 10 min, &007
SR FETE R LR 2R 1.5 mL B0E HMA 200 pb =& H ke, RIZUEY 15-20 s,
Ja Z il FFIEHE 3 min.
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(5) IEE DN E N 4°C, 12000 r-min™ B OB E N 10 min, BO T
R B RE RN 1.5 mL BOE T, MA—fHERN =S b, B8 i
WIRSIURIZNZ Y 15 s, EIRERIEHCE 2 min.

(6) BIREONLAME N 4°C, 12000 r-min” B OB E Y 10 min, B0 T
SRR EJETERER 2080 1.5 mL S0, BEEIIA 500 uL 57 A EE, ZZ180ETIR S
FRBREY), EiREHIEHE 10 min, 557 DNA .

(7)) BIRE DN E N 4°C, 12000 r-min” B OB E N 10 min, #% E
JEIE, REUDE RNA JTE.

(8) M 1mL 75% 2 FE 2 R AR e 5 RNA UITE, BOER EEBERGF SRR E
THFE T 30 min BENG T TEIRE, TR OB ERE R G T DURE G R0 f5 225050
i, B 50 uL £ RNA BE ddH.0 7253 VAT i3 RNA UTIE »

RNA Fafifl 5300 % 5% 772 2 IR nO i MERE A 7] RT-PCR AR &L - PR 2-8 LR EEA
ZH DNA J A% Z2 O SRR 5 o

7 2-8 JE[FZH DNA (122 Brik 2
Table 2-8 The system of removing the genome DNA

5l MNARZR (16 L)
gDNA wiper Mix 4 L

BEA RNA Total RNA: 1 pg-500 ng
RNase-Free ddH,O to 16 pL

RNAR RBLE I RS NG E T PCR A% E 42°C 4E4F 2 min, [5G EUH I
B T UK b Y8 2-9 b= e Bk R0 SR R .

* 2-9 [ S AR
Table 2-9 The system of reverse transcription
%l 20 pL SR F
FFRIE N4 DNA ik 16 L
5-HiScript II gRT SuperMix II 2 WL

AR A B I I IRE NS E T PCR 34, FERFE N 25°C -4k
10 min; FHJS7E 50°C ZAFE4EHRF 30 min; )5 85°C ZkMH4EHF 5 min, KFEFRFERMIRTS
cDNA,

2.2.11 RT-qPCR ESHTHEERIKF

DA i 2.2.11 W5 3R15 1 cDNA R 34T RT-qPCR, SEI04H AT 1 &
ACFRIRE S, XTHRZLA 30°C ok /126 N EEFR RIS IR S, SEIG AT 75 0 FE AR AT B
RE R B8 A FEL W B0 IE DT ORASE o SE 28T, NS 2L RIE$E 18S TDNA, T-UK HRCE R MK R,
I FEERAE Y TR A B S A B R R AT PAkE 4 AceQ Universal SYBR qPCR Master Mix B 7E
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LRI . SN 2R WA 2-10,

% 2-10 RT-qPCR 14 %
Table 2-10 The system of RT-qPCR

il 10 L B4R 2
Ultra SYBR Mixture (x 2) 5uL

s 0.3 uL
TSI 0.3 uL
RNase-Free ddH,O 4 uL

B 0.4 pL

S FEFFHE AceQ Universal SYBR qPCR Master Mix 13771 7 i 6 B b AT % & .
FERT R EHR A K 2788 FAT IR . ARBHFE R T E TS B AR oK (R 30 2
FH L 2] i R A 0 e 3% o 8 /0o R e IR A T J s 5 1) LU AR 21 1)

2.2.12 ZHREAEG BN N 2

F AT EE N2 AmAR A 1R 5% 96 43 66 BE Ve 40 B R R R sl R EA T RGN - e 2 Uik 10
mL R, SREFBEIR B2 A (PBS) Yk, PRREREESG IR, ] PBS BiF
A2 [ B RS T AR B B 8 2 A ) TR AR VR BE (600 nm ARIROGAE A 1.0, I BRZK 2K
JERE 1,6- 8 HE-1,3,5-C =)@ (DPH), fEREGAAF R T 30°CHHIE /K 84+ )8 30 min,
B a B OWERRER . 26 BT RSk B S B = A 1SR 4452, MR LLTR
AR ERWIRME (P, TR tHE AT FR:

P= (-Gl | Iy G-Iy s G=IuylIun

PASH Ly W, TARRDOGREAE, 4 FASE ARG E, A FAE A
KA E, Hd v ARE 90°TEEH MR, H AR 0°ACTIRIRE, [H—#f 5 75 5 P F
ANFICR R e FEUE, THETE G MR IER 7. tHE TS P MK, Wi
PERN, PAEER/N, TR,
2.2.13 ZHHuBEE AN 2

SR = AN BRI B S5 7 V5B, AR % 0.75 mol-L! NaCl 264 FH:% 14 h
J&, 4°C, 6000 rmin™ &0 5 min ALK, H PBS HEEBEHEWIIR L E R ELE TR
()3 75 J R G s S IR 25 TR, I B S B ARIKEE, IS PBS 1A T B A R B
PR E (ODegoo N 1.0), IMIANZLMKIE N 1x104 mol- L ) N-Z£3E-1-25f% (NPND, F{#H
FIGHF I FE TR I OG5 o R/ O EETHEUR K I B R 350 nm, K5
UK E N 420 nm,  SEFR 55 RN 5 nm.
2.2.14 BERFELIRRT

A i £ ¥ R DR B SR Cgrad9 1 Cgdbp? L5 2.7 1000 bp {EA A
BT A, WS B TSI BURL pGBKTT-Pegrads-His3 A1 pGBKT7-Pcganyr-His3 1

1
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NGB, R JASPARPHFIN 45 SRR (e ()% s X 7 2 21 F 4 HoE B2 & pGADT7
JIRL o 475 T AR AN 55 e s DR 7 B ST P IR E 5 N S cerevisiae AH109, ¥47 T SD-TL
SRR IR BH P AT B Ak 20 0l s AR T SD-TLH Al &5 AN [FVR FE 3-AT 1] SD-TLH+3-
AT W, THIE Pegrado T Pogarpr F5 36 KI o

2.2.15 EHEREELE

i K. B4 S cerevisine ME Y C. glycerinogenes 43 AR R 2 10 mL
PRIEWE SRR FREEA MM RS TR e, HE4T 24 /NI EOEE5E, RN 30°C, HidhN
200 rrmin”s ARJEIEMR S% A E R 2 H 10 mL WK FREE T, FHEET 14 N
B3R, EIEAEAEKENEAEKE, HEEM R R 600 nm A& HOGE K H
Wiz F B ) AE KR AS o« B BT EE A& 0.75 mol- L™ NaCl [ 50 mL JRIEIE SR 15 77 3%
8¢ 1 mol-L™' NaCl ] 50 mL KM FREE 537, 30°C 64 M5, Hid % E Y 100 r-min°
8 I EURE A HT

RINFFALER KR : B S, cerevisiae MEL C. glycerinogenes 73 7% Fh
T 10 mL PREEBEGRIGRE FRIEA MM AR EE FRIE 85 5% 24 h, FEFR%M9: 30°C. 200
rmin”, DL S%IEEMEFEE R 10 mL AR FREE PR 14 h EAEM IR )
45 ODeoo N 0.2, Hefh BB MK EE N 60 g L IR B4 4 25 K i s 7 e h 15 9%, T
30°C 2&MF FE5FR, i E N 100 rmin', &R 4T

2.2.16 PPN ETTE

ARSI v AW AT A OO EETHIE B K 600 nm BFIROGAE, A ODeoo 10N
N, FFARYE P EOE 2 A Kt 2k o A8 R s OB i (HPLC) VEA IR B 5 A (1)
HERIE . T L Ol . RIBRAR 24 10000 romin™ 2540 20 min FREX_EIE LA
TRBR B AA TS AR O AR RS2, SR FLAR K/ 0.22 pm 7K RGFLIERE, &
REFFTAS ERER (29500 uL), FFREJEITAR#EAT I, FshAH Y 5 mmol- L HaSO4 %
W, EWE N 0.6 mL-min', i N Aminex HPX-87H (300 mm x 7.8 mm, 9 pm),
HEFEARRIR B N 20 pL, #EiR 60°C, Fill#: A7 ZRN#E (Shodex RI-101, Dionxe).

2.2.17 BEREKRZHERE

ARSI ARV R AL 70 Y EETHIIE KON 600 nm IS IROGAE, {8/ ODeoo AN
TNo RMAEKIETR: BEYA S cerevisiae FIE L C. glycerinogenes 73 HNIIAZE] 10 mL 1
PRIGEE B 3 IR 36 A0 MM A B 725k 1, 7E 30°C HZ5 4T LARE 781 200 % (18 B 2E 4T
RIS TR 24 /NI, SRR AL I S% IR R R H AL BB R IR Bk R, £ 30°C R BLRE 72 B 200
R SFAT PR TR 14 /NS, ERIREREE A TR, RS mE E L (6000
rmin’) WEEAR, &/)a AR HKIT =R B0 K E ODeoo [HIHHEE 1 )5,
BEATRRERGRE, B BREN 10 50 R, MREER/NEBIKEN 107, 47 2R
A, MHLEBAEH 1.5 802 pl, sUBCE A AN RGPS 77 ) R i e e A (3] 42 1 5 3k B
MM [EEEEFREL, IRAESLI FRCE T AR R, @EAK, mkidx.

P
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AR KR TR EHEEMEHER 10 mL MM 57 77 58 81 bR 185 g B [ 55 7 58 55 57
03R4 C. glycerinogenes 5 S. cerevisiae CEN P, UL 2% ¥R =F 2510 10 mL
MM 35 77 5 B PR M g RS VR P 1 R R R 45 9% 14 h BEXTEUEK I, #5481 50 mL MM 1
i FE B PR IE S5l Fa 5% 7R 2, VR AR 3 IR 2 TR I NS R FR )46 ODeoo 69 0.1,
BT HFE%AM N 30°C, 200 rmin R4 FHFMRREFE, RRIEETE (MR RER A S IiAH B
W a4, X — I [AL BN € I T B G T B — ORI, TR 0 e B T
T 5E K 600 nm AEIRISOGAE,  FF48 B3 ODgoo Z1H 2 1l A HE 22

JoiiE 2 AR C. glycerinogenes BIMEZFN 1 mol'L! NaCl. 44°C it 120
mmol-L! ZfR. 10 mmol- L' AL 3 gL BEEE. 500 gL' # & HE A1 400 gL' (LAY
;S cerevisiae "B &R 0.75 mol-Lt. 37°C. 350 g-L ! % & #¥. 90 mmol-L!
LTRAN 2 g LB

2.2.18 REE A4 ZE KRB %
B A 4 R KRR 4% 7 155 R SE RIS 1 S B8 7 v 1A T 1 4%



=T GRS

E=F FR51TE

3.0 PHh R BRI R K 07 i

3.0.1 PR R 2 B B AR ST R 1 e

WA TR SOOI, P H R 2B R R = Eh . Sl SR AN RS 2 E Y
YERE, FR AR, RNA fRHERE S BRI 77 T 1) B, 5 e ok R T 1 B
FH T, T DL g 3R, IR P e LR SER, 43 308 RNA R IEREIE R dbp3 dbp7-
dedl. irc5, ¥2IEFEFEREHIR SUINEEEREH hppd. DNA A5G E 55 A LR rad9 TR
HERBIG RN adkl 1E AR G A= H b 22 e Bk (R 2H A5l i PCR 3145 DL 1
A, PCR F=#yuni 3-1 Fizx, BEARWEEER vk 45 3 Bos B R RN S 3 E — 21
Mpas RS B B3R T 51—

bp

10000

1500

Kl 3-1 SRR R AL FB Ik 734 PCR 74
Fig. 3-1 Analysis of PCR products by agarose gel electrophoresis
M: DL10000 DNA marker; 1: PCR product of Cgdbp3; 2: PCR product of Cgdbp7; 3: PCR product of
Cgdedl; 4: PCR product of Cgirc5; 5: PCR product of Cghppd; 6: PCR product of Cgrad9; 7: PCR product
of Cgadkl

3.1.2 WEEFIHEEFERXT S. cerevisiae BHE TN 2K W

NG EIRFL RN R PTIEPERE IR, K BRI RIIE A Cgdbp3. Cgdbp7.
Cgdedl. Cglrc5. Cghppd- Cgrad9. Cgadkl EHZ|FRL pYX212 H, ML 2.2.7 %
JFRRLFEAL R S. cerevisiae CEN WREE IS RIS AR, B HEHEBEI LIk 45 R W R IA R
MR (B 3-2). JiRL pYX212 ¥ AN S. cerevisiae CEN {EXT RE B
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bp

10000

1500

250

3-2 BEUIRWEREIR Lk 70 Ao A B A T A
Fig. 3-2 Agarose gel electrophoresis analysis of recombinant S. cerevisiae
M: DL10000 DNA marker; 1: S. cerevisiae/Cgdbp3; 2: S. cerevisiae/Cgdbp7; 3: S. cerevisiae/Cgdedl,
4: §. cerevisiael/Cgirc5; 5: S. cerevisiae/Cghppd; 6: S. cerevisiae/Cgrad9;7: S. cerevisiae/Cgadkl

o A L MRS, R 25 R iR A IS 7D SR 5 e i A
HIFAAERE X, Wik FAXGERR [FII S T ml s Sl CIRRAFBREE R RE 77 RURES R
Kl 3-3 Flizs, S, cerevisiae/Cgrad9 7£ 0.75 mol-L™! NaCl & /) PRI H EEAKMNHA, M
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Fig. 3-3 Stress tolerance of the recombinant S. cerevisiae on agar plate
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Fig. 3-4 Shake culture of recombinant S. cerevisiae under salt stress
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Fig. 3-5 Agarose gel electrophoresis analysis of recombinant C. glycerinogenes

M: DL10000 DNA marker; 1: C. glycerinogenes/antiCgdbp3; 2: C. glycerinogenes/antiCgdbp7; 3: C.

glycerinogenes/antiCgdedl; 4: C. glycerinogenes/antiCgirc5; 5: C. glycerinogenes/antiCghppd; 6: C.
glycerinogenes/antiCgrad9; 7: C. glycerinogenes/antiCgadkl
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