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Synergistically enhanced thermostability of Saccharomyces cerevisiae by
ubiquitin-like protein mediation and heat shock response
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Abstract: To improve the thermostability and fermentation performance of Saccharomyces cerevisiae to reduce
the energy consumption of the cooling progress in industrial fermentation, the protein homeostasis was regulated
through ubiquitin-like protein mediation and heat shock response. In this study, many heat-resistant gene devices
were mined out from genes related to protein homeostasis and constructed with the regulatory device FBAlp,

and then transformed into Saccharomyces cerevisiae INVSC1. Outstanding heat-resistant devices FBA1p-azg8 and
FBAIlp-hspl04 were screened through gradually increased temperature incubation. Compared with the control, the
ODggp of the engineered yeast strains S.c-ATG8 and S.c-HSP104 were both over 50% higher (84 h) and their cell
viability were 1.64 to 3.01 times higher (72 h) when cultured at 40°C. The physiological characteristics implied
that the thermotolerant strains possessed better cell wall integrity and higher trehalose content. In order to
strengthening the regulatory mechanisms of both ubiquitin-proteasome system pathway and heat-shock responses
within the network of protein homeostasis, atg8 and hspl04 were assembled to construct bifunctional engineered
strain S.c-ATG8-HSP104, which showed better growth ability, stronger cell activity and higher ethanol yield at
40°C. The results revealed that the synergistic effect of ubiquitin-like protein and heat shock protein could enhance
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yeast thermotolerance and improve strain activity.

Key words: synthetic biology; fermentation; biotechnology; ubiquitin-like protein; heat shock protein; protein

homeostasis; thermostability

5l &

T A RS FEF, T A% R
ET A HE BT =2 K E A, & S EUR TR B Rk
ThE, SFE A A K A P i AN R, R
BB, SRR EREFE. FRNEF R R AR
30°C, e R R, B DA e BRI
BERT R, A H o] DATE S i R R B P R R$F IE
WA, RO G R B T 2 R,

oy a5 R RE AN M N Th RE B I AR R R
s IECER  NRRAS R, I TS 4H Pf 1)  e A
ThAEHE BBIR, ™ E M4 i 12 K 5 A
BEAERR M N & 0P AT R PR m A e SR AR T
HEAFRE T ST 52 R OCEE . BEREAN N A7AE 5 2
IR ML R e R NERAS N R A BT, B
FAWERS. ZREAMASSMEEAST, g
Ao 5z ZEAM ARG EE R SRR AR
PR ER, AHAEZ KGR aEE R, M #5 BhA
W ZEHs 8 A P04, PEE AR
DIREABMAI R I, TR0 52 B =il 5 S K ER
15, BAAERHAHRE KR E M, BB IR
EAREFFIAEEAEEKRE" . (HER
JE I A B P B 1 O YA AT e AR T 9 f
A RIE . Hiraishi 25! 0T % k02 KIS Rsp5
{ERREERETE 41°CHRFEAE IR 43°C BA H5RM
Sk, Chen £l 1 A F U/ NVEEE, K
PUOSUE AT BETE 55°C A E 2 m TXT IR, BB s
NIRRT AR iR I 52 1 . Rl AR R
B R B AR (0P AT 2S,  DAFS BN R m AR K
I 7 DA A e A e g 4t

A FE NG 38 30 B P A A O 3k R g AT R
8, FHD>TEDFENE AT, BRE
FEREE VR RS atgs CRZ ZREH) « ZREAN
RGN ubcd (B2 &AM « umpl CERABEAE
W) DL IR AW kar2 A1 hsp104 537 5 BERE
SRR 35 FBALp A2 pHEA H A 5T )
REMMI A TCas1F . B 0iE H I AR R e H R 47
PIICasFAT A A RAE A S8 SR T E A
P A R A K T, DU B B A P [F) 1
AT AR TR R, ATTIE B Tl Al A W R 7T

e REFE ) F1 1.
1 MHE7 %

11 EEUE

PCR fX (Veriti) 9902: £[E ABI A#]; Hk
: £ ME Bio-rad HMRAF; &iEAHE LI
D37520: 3E[E Thermo Heracus AF]; [HiR 5775
GHX-9050B-2: b Hsiie ks AR AR A%
fbA% Bio-Rad: Z[H Bio-Rad A #]; SBA A:#4% I
ST SBA-40C: 1L ARG R EBE A AW 7T =
1.2 HEHRSRA

BRIEERE (Saccharomyces cerevisiae INVSC1)
SIS F AR, T TR B 5 3 ARSI
FEE KA Topl0. BT KL pRS42K Mk
[E]32: 2% 048 ) EUROSCAREF 83K,
1.3 W{FIFESRE

JRRLFRECRT & % DNA bk [l sk 70 854031
NALF A ARG R A AL H R Y
BARBRAF o Prime star DNA R &8, R
PEWNYIEG. T4 DNA ZE#:8§y TaKaRa A ) 7= i
RNA 2GR S sialif & & qRT-PCR 7l
#5949 OMGA. TaKaRa FI1% KA 7. P
PR S X 7T G T R R B AR TR 7T =

YPD+G418 }:5R%E: 20 g+ L' JEEAME, 10
g L' BERHEEY, 20 g« L7 HaHE, &4 300
mg + ml” BEEE (G418), JHTHERNEEEHE L
TR AT
14 EREESTERMNNERIFE

Diae 2t Catg8. ubcd umpl. kar2, hspl04)
LAz (FBAlp) #f5 AR % R} 35 PR 2 9 A
JHIT Prime Star DNA RS MEEATY 14, K=<
WHEEY), 528 I FRBR pRS42K EE:, A
KIHT B TOP10 B #REAT BH 4 e P i ks %o PH 1 72
W AT EEZH BB, R BRI R N R T
INVSC1, ffidkPHvEE A . PREERE IR TR
B B 78 B 2 40 ml [ YPD ifkRs 336, 30°C.
170 r » min~' ¥ 3% 36 h #EATHEAL, BHTAL i IR BR
BERE TR % WIIR ODeggo= 0.1 BEATH:HE. BEBELE
30CH:F% 12 h J5, K aRiR AL 2 35°C, H4 12h



%6 H UKEE

iz 2 A AN EAO  [F) 4 R B R AR E 1R

* 2505 -

o 2°C, HEFEFRREN 45C, B KBEIFERE
42 84 h. B 12 h HEATHURE, FHERAMNAT Lo Aok BETH
W ODggor il AR LR, DAL FRAF BRI B BF
(i 1k o
1.5 [BEEERER

Fh PG S B 7R 1.4 715, K BRPS I B
£ 30°CHEFR 12 h 5, W FRIRER D] 40 CREAT
BrigR, AR FERRSE 84 ho B 12 h BUFRINE
ODggos £zl K MIZE. 7E 48 60 h 7 5 HEAT HUFE,
EHEE R R, BX 100 pl BVREE TR, 7E 30
CHFE 2 d JEdHAT B VI CRRAN RS AR B 7 A
BN 30~300 MFHRD. FANLIGHER 3 K.
1.6 gRT-PCR

FhFEA S, BRI RECE 30°CHEFR 12 h,
kAAE 40°C1F FESFR 24 h, WCEE4NMN, H RNA
PEEGAFIEILE RNA. DU RIHIGA &) RNA /E N
WM S 7 5 % cDNA . SREUR X 52 & qRT-PCR,
EREREFEEA act] HASERF, FAZPIK 96 L5k
5E f PCR AT SN
1.7 AR EEEE M E

PP, KEREREREE 30°CREFE 12
h, FEAE 40°C 2 FE5% 24 h, WCE4IND, Klkcde
(20 B T 100 mmol « L' Tris-HCl (pH=17. 0,
1 mmol + L' DTT, 10 mmol » L' MgCl,, 1
mmol « L' EDTA) H, UK¥ &1 8 A e 4 i
(TAE2s [AJER2s, 452 15 min, I 80 W), 4°C,
10000 r » min~' B§0> 5 min, B3R ED ABEE %
o $2 T PR BRI P e X7 10 B P A T s )
1.8 WIhaelR B TIEEAIAE

FIF DNA assemble [)J5 75T I RE TG oA
(235 TR pRS42K £ 3k BR il 4 Y DI EcoR T Al
Sal [ XUV J5 257 bl BERR [R1 0, BTy BEI FA T 4%
{225 PCR #8015, 220 Nanodrop W€ WS,
RIS, RN B S RRR S (R Bk 2
300 ng, FURLEF] 500 ng), MIAPEARFRKITEK L
B, B T-20CUKE 4~5 h; ¥ EERER, T

RIEIEZE R EZ R TK . N 5 pl ddH,0 %%
RAEEF B, B SN EEE
1.9 ZEEXE%

PSS 7R R 1.4 775, 30°CHEFE 12
h, WRETH 2 40°CHAT K, & 24 h %M 40%7%
EIPEAT 4 ml, BANKREESFERN 72 he £ 12 h HL
FE, FEAMAT WA e e THI & ODggo» SBA I
LR

2 HREitE

2.1 BINEEMHARNERE TIZRMAE X IFIE

Wk B R T BE 1R 5 B 5 TR OC R 2 [
kar2 Chsp70) + hspl04 Chspl00)  atg8 (FZ )
ubcd (B2 ZHRILAEE) « umpl CEABAKRITRL
MIAZ O DIRe TR AT, 45 G iRt Gk Bk
ARG RS ST FBAlp) , FIHA AN
TRER AT R, SO ROTR A, R
HENBRIFRERE, 19 2IEREEEEE TR (R D .

R S T R P R TR B RS R (35~
45°C) M N AKORBANA IRAE KBE RE, A
ML RARIM A W1 Al AE H, e iR
B TR B AR KB LI TR R T R, H )

30°C>35C>37C>39C>41C>43C>45C

15+
.
12+
a or
© m control
6F o S.c-ATG8
4 S.c-UBC4
3k v S.c-KAR2
& S.c-UMPI
<« S.c-HSP104
0 12 24 36 48 60 72 84

time/h

Bl 1 BERGPEERE TARBETE 35~45 CREFEAMF P INAEK AR
Fig.1 Growth ability of S.cerevisiae engineered strains

cultured at temperature from 35°C to 45°C

*1 MWATHGSIREEETIER

Table 1 Heat-resistant devices and S.cerevisiae engineered strains

Device Gene Function Size/bp Strain
FBAlp-atg8 atg8 ubiquitin-like proteins 354 S.c-ATG8
FBAlp-ubc4 ubc4 ubiquitin conjugation enzymes 542 S.c-UBC4
FBAlp-umpl umpl proteasome 447 S.c-KAR2
FBAlp-kar2 kar2 HSP70 2049 S.c-KAR2

FBAlp-hspl04 hsp104 HSP100 2727 S.c-HSP104
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