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Bk, ABRBEEEE AR W303-1A A2 R T AR EMS39 # &4k DNA AR 5 45 A A SRP40 %
Fo srpd0”’ REXR; Rie, FHAER SRP40 KB F srp40” R XTI R 57842 £ YCplac22
£, MK YCplac22-SRP40 A= YCplac22-srp40”. H# i #i YCplac22-SRP40. YCplac22-srp40°°
VAR YCplac22 &R i A AN BF £ B BRE B4 B W303-1A F, 4 A14#52] W303-1A-SRP40 L#2
H. W303-1A-srp40%° TAZ A= W303-1A-control TAH. ¥ 3 IR EH 5 E T4 1.0%57 T 8.
1.3%5 T B, 8.0%L B F= 0.5%7 /REFH) CM 3& ik oF #ATR BE, M 480 % S (ODgoo) Fo £ Ky
B, A 2-10h ey A Kk F(p). #3HIARE T 55 °C 94 4 min /& MAE 5 3 (dilution)

WEREMETFHREGAERKEL., RE, sTEFAR SRP40 A B . srp40” R LR ) BB A ) 34T
AN EFIN. [ER] EXEFTEO0%+ TE)GEREAY, 3 KIEFALNRER. A5
1.0%F T BEAm 1.3%5% T B2 49 CM 3273 F , KB 24 h TA2H W303-1A-srp40°° 69 a0 Jo 58 o 7| 2.
ITAZE W303-1A-SRP40 49 1.12 454 1.06 4%, & TA42H W303-1A-control # 1.10 4&F= 1.104&; T
F2H W303-1A-5rp40” ¢ & K ik F () & TA2E W303-1A-SRP40 9 1.07 454= 1.10 4%, =3
B8 H W303-1A-control & 1.10 454= 1.10 1&. A4 8.0% LB F» 0.5%5+ REF 69 CM 325k, KB
24 h TA2H W303-1A-srp40°° ¢ 40 o B B 5 1 & TA2H W303-1A-SRP40 4 1.12 4542 1.01 4%, &
*t B H W303-1A-control 9 1.17 42 4= 1.07 4%; TA2E W303-1A-srp40”° 691 £ Kk F(WH Al 2T
25 W303-1A-SRP40 #9 1.37 4542 1.07 4&, AT B H W303-1A-control #9 1.31 4542 1.09 /&, T42
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Effect of SRP40 gene on cell tolerance of Saccharomyces
cerevisiae
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Abstract: [Objective] In this study, the effect of the mutant srp40°° gene on isobutanol tolerance of
Saccharomyces cerevisiae was studied. [Methods] Firstly, the wild-type SRP40 gene and the mutant
srp40*° gene were respectively cloned from the chromosome DNAs of the wild-type strain W303-1A
and the mutant EMS39 of S. cerevisiae. Then, SRP40 and srp40’° were respectively ligated to
YCplac22 to construct the recombinant plasmids YCplac22-SRP40 and YCplac22-srp40°°. The
obtained recombinant plasmids and the YCplac22 empty plasmid were respectively transformed into the
wild-type strain W303-1A to construct the engineering strains W303-1A-SRP40, W303-1A-srp40°°, and
W303-1A-control. The three engineering strains were then fermented in the complete media containing
1.0% isobutanol, 1.3% isobutanol, 8.0% ethanol, and 0.5% isoamyl alcohol, respectively. The cell
density (ODgy) was measured, and the specific growth rate in 2-10 h was calculated. The three
engineering strains were heated at 55 °C for 4 min and then diluted for observation of cell growth on the
plate. Finally, the amino acid sequences of SRP40 and srp40°° were analyzed by bioinformatics tools.
[Results] In the medium without isobutanol (0% isobutanol), the three strains showed no significant
difference. After fermentation for 24 h in the complete media containing 1.0% isobutanol and 1.3%
isobutanol, W303-1A-srp40°’ showed the cell density 1.12 and 1.06 times that of W303-1A-SRP40, and
1.10 and 1.10 times that of W303-1A-control, respectively; the specific growth rate of
W303-1A-srp40°° was 1.07 and 1.10 times as high as that of W303-1A-SRP40, and 1.10 and 1.10 times
as high as that of W303-1A-control, respectively. After fermentation for 24 h in the complete media
containing 8.0% ethanol and 0.5% isoamyl alcohol, W303-1A-srp40°’ showed the cell density 1.12 and
1.01 times that of W303-1A-SRP40, and 1.17 and 1.07 times that of W303-1A-control, respectively;
W303-1A-srp40°° showed the specific growth rate 1.37 and 1.07 times as high as that of
W303-1A-SRP40, and 1.31 and 1.09 times as high as that of W303-1A-control, respectively. Moreover,
W303-1A-srp40° still grew better than the other two strains after heat shock. The bioinformatics

analysis showed that Srp40°° protein had a similar structure to the pleuralin-1 of diatom. [Conclusion|]
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We found that the srp40°’ mutant gene can enhance the tolerance of S. cerevisiae to isobutanol, and

plays a role in enhancing the tolerance to ethanol, isoamyl alcohol, and heat. Srp40* protein has a

similar structure with the pleuralin-1 of diatom, which indicates that Srp40*° protein may have the

function of pleuralin-1 and play a role in cell wall maintenance. These findings will provide new ideas

for improving the tolerance of S. cerevisiae to ethanol, isobutanol, isoamyl alcohol, and high

temperature.

Keywords: Saccharomyces cerevisiae; SRP40; isobutanol; ethanol; tolerance
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Xof PR VPG P B S T 52 M AR S e, A BE R
J6 DL 28 A8 Rk R B BE EMS39 1 A 700 R V7 [
W303-1A AYYL o1k DNA Jy A fie 384 H
srp40™° ZRAFSE AN LAY SRP40 S, KI5 ¥
srp40™° ZE75 3 RN A2 7Y SRP40 FE R 4339 3% 32
B kL 4K YCplac22 | I 5 A BRI B
W303-1A o, EibH TREE T AR S Tk
ETFARKIF A A KR, BF5E SRP40 L
R Xof PG P Bk S T 2 PR RS . R
FATWESE T SRP40 K& K 58 A8 %] R P 1k 2 et
S BE AT A S

1 HH57%

1.1 #FRFR 7
AT B B A RUSCRL AN 1 TR .
1.1.1 YPD i&ixtEFE
10 g/L BEEE4EEU, 20 o/L FE M5, 20 g/L
AN, ZRIBKEZR, pH AR, 121 °C K
20 min,

1.1.2  YPD ElfiEsHFE
10 g/L BERE4EEU), 20 o/L FE M5, 20 g/L

WA, 15 ¢/L Bk, Z%IBKER, pH AR,

F 1 KW ERE AL

121 °C K 20 min,
1.1.3 LBA i&ixEFE

5 o/L BEEHEEW, 10 g/L B A, 10 /L
NaCl, Z&E/KEZ, pHIE N 7.5, 121 °C K
20 min J5 B IMZHKE R 100 pg/mL AR HFHER -
1.1.4 LBA Bl{kiEFHRE

5 g/L B RHEEEY , 10 o/L AR 11/, 10 g/L
NaCl, 15 g/L 35EH , ZZR/KE %, pH{E R 7.5,
121 °C KH 20 min J5EIMAWRES 100 pg/mL
BRNERER
1.1.5 FEEZERFEEFECM)

6.7 g/L JoZA SR KA (yeast nitrogenbase
without amino acids), 20 g/L #ZjH, 2 g/L Bk
bR @ LR A LRIE G, pH EHN 5.6,
(e 1A 85 F2 BL S II0 2% 38, pH (N 6.5, ZEIRK
EZ, 121 °C K 20 min,

T TR OB R 58 e PR IR
B TR R RRIG SR I AR B0 1.0%.
1.3% M 5 THESL 8.0%M LHE . 0.5%1) 5 SGFE .
1.2 3|4

ATC FEN 51035 A SRS B A= )
PHECABRA A G, BARINER 2 s,

Table 1  Strains and plasmids used in this study

Strains and plasmids Features Sources

E. coli DH5a Host of gene cloning [18]

W303-1A MATo leu2-3, 112 ura3-1 trpl-92 his-11, 15 ade2-1 canl-100 [19]

EMS39 Unknown mutant Laboratory preservation

W303-1A-control
W303-1A-SRP40
W303-1A-srp40%°

Yecplac22 Amp" TRP1
Yeplac22-srp40%° Amp" TRPI
Ycplac22-SRP40 Amp" TRP1

W303-1A, containing plasmid YCplac22
W303-1A, containing plasmid YCplac22-SRP40
W303-1A, containing plasmid YCplac22-srp40°’

This study
This study
This study
[20]

This study
This study
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*®2 AWMRFFARSIH
Table 2 Primers used in this study

Primers Sequences (5'—3") Restriction site
SRP40-U GGGCCCGAATTCCTACGTCGTCCTCTTCACTT EcoR |
SRP40-D GTACACAGGAGAATTCTTTAC EcoR |
SRP40+&-400.LOWERI-1 AAGATGACGATGACCCGCT None
SRP40+&-400.LOWER1-2 CCGACGAGATCAAAGAGG None

M13 Forward GTAAAACGACGGCCAGT None

M13 Reverse CAGGAAACAGCTATGAC None

The underline indicates restriction enzyme sites.

1.3 srp40”° EEFFI5E i, PCR =¥y A5 4t .

W PR T80 °C 2544 T By 5 722 1Y oG e B
EMS39 0 7E YPD [EAR: = 2 I, BT 30 °C
TIEARRE SR 48 h, BREREA TR P 4P 3] 5 mL YPD
WS F A, BT 30 °C. 200 r/min Rtk
B3 16 h J5, 13 000 r/min 2.0 30 s WAE A
IR B S AR RUFRPT 2t EMS39 Jfa{k DNA.
DAFR BRI 53 A48 AU T I B EMS39 JL L f& DNA
JiHE , SRP40-U . SRP40-D N5 | ¥4 1 srp40”’
FER, P12} 94 °C 5 min; 94 °C 30 5,55 °C
30s, 72 °C 2.5 min, 30 PE¥F; 72 °C 10 min,
D REBE B FEL VK B IR 25 SR R IE S, PCR 74
HEAT I S A Ak
1.4 SRP40 EEHFF|7TIE

Ha PR T —80 °C 5 Ay Y Ak 70U R 1 Bk
W303-1A EFhfE YPD FEAE;#E E, BT
30 °C FiGfbRi % 48 h, PR & R0 %) 5 mL
YPD AR SR HEH, EF 30 °C. 200 r/min T
B FE 16 h J5, 13 000 r/min 5.0 30 s W4E
AR I 2 IR A TR B W303-1A YL fafk
DNA ., L& B B B2 RE W303-1A HL (A fk
DNA J#i#z, SRP40-U. SRP40-D N5|¥¥ 1
SRP40 H:PH, ¥ 355548 R 94 °C 5 min; 94 °C
30's, 58°C30s, 72 °C 2.5 min, 30 PMEH;
72 °C 10 min. FEAEHEEE N HL UK 6 0iE 4577 I 15 1F

<l actamicro@im.ac.cn, & 010-64807516

1.5 YCplac22-SRP40 1 YCplac22-srp40°°
RIEHEWERERE

TEY 1 SRP40. srp40” JLHBE, F RS
YI5IANT EcoR 1 EEUIN &, FTLLA EcoR 1 73
SRR AR Y Cplac22 Fil SRP40 . srp407° 3[R
R B TR, BEY) N E T 37 °C 30 min, i
YI5E U K WY P~ B F 60 °C 5 min, XFBR
P IV AT RS o WY B 3R AL IR R
B2 TSR Md Rk 16 h, Gk R4
Wi NRZ S KBATH DHSa, 1M T
LBA [EAREFRI, BT 37 °C £53% 24 h. K
PLEEBUCA ST 3R T 3 mL LBA MAH; 3R 3
., BT 37 °C. 200 r/min 3 EEFE 14 h,
13 000 r/min & .0> 30 s YA R &I 2L CTAB 7541
Bk, EcoR T XHREUR) BUkL ATV, it
I I 0 J50RL 3547 Byt B W R e PR K 07 326 PH 1k e
Ve o 4 BH M T e e A2 28 K FF B DHSa, ¥
i T LBA [EA¥EFRE, BT 37 °C #5358 24 he
PRECEA ST R HERN T 5 mL LBA W IARE R 56,
BT 37°C. 200 r/min iR EFF 14 h, BOE R
Wik 2 A0 T BB AE YR A FR 2 WY .
1.6 YCplac22-SRP40 F1 YCplac22-srp40°°
B R R (L ER R B

PN 352 5 1 P BT P B PR R VR 2% £
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5 mL YPD W iAR;F= A, & T 30 °C. 200 r/min
W HEFE 16 h 5, 13 000 r/min B5.0 30 s U4
B B AT 1 mL IS KK Bk 2 R AR A,
PR 1 mL TG /K B ETR AT EEL 100 pL 200K
SRR Tk o R PTG 1R B 2 2 1 TR e
i, fKZE K 50% PEG4000 240 pL. LiAc
36 uL . ss-DNA 50 uL . ddH,0 32 uL. Jfiki DNA
2 uL, R FEHEIRG RS 42 °C Ki 30 min,
13 000 r/min B> 30 s YEEHE A 25 £ LG
W, 100 pL JCRE/K H AR, K4l IR A 78
BEAEIRE CM BAREFREE |, BT 30 °C
Hi3E 3-4d,
1.7  WEE MR

PRHUE B IR CM AR 7538 | A T
TR ATV, R 2 5 mL BB E RN CM
WA SRR, BT 30 °C. 200 r/min &5
F% 16 h, WG 5 R I 3% Kk BE D YA %
K 600 nm 4b (I EAE OD,, KEEWIER ODeoo 1
W 0.65, HURBEF AT V 54 % 40 mL
ERTA ST IR 2B S R e B 1 Bk (|
B2 CM AR EE SR PR GRS . R IR
R VBN 1):

V=40-OD 4:/(ODy—OD 1) (A1)

KEEET 30 °C. 200 r/min 1FF, K%
B 12 h BFF 2 h B 1 RAEDI G ODeoo fH, 24 h
Je RN 1 d B 1 REEM G ODsgoo fH o
1.8 T FR

PREUAS B R 09 CM AR 35 56 b iy
TRAF AR TE, M2 5 mL B AR CM
WAARE IR 2Erp, BF 30 °C. 200 r/min 337 55
7% 16 h J5 e ODgoo (8, BUE & R B2
ODgo=1, WB/a B &R 1| mL, KR
ODgoo=1 BT IR I B 200 pL & F 55 °C #4
P 4 min, PSRRI 2 uL L1 10 AR5 EOE
JERRE, MRIKIZE] ODgoo M 107", 107, 107,

1074, 107 ATV o TBUBE BE AR R0 I 451 W BB 1 TR
W5 L ph s BSR4 B 2R CM (R 55
FRdt b, EERTIEET 30 °C Hi5F 2 d.
1.9 HEEKERUEHE

Pl A AR 8 () T 53 B AR i A K A % 4
WY, JEEL 2 h R 10 h AORR HEAT HE AR 8 ()
AR (A 2).

pu=(InXo—InX;)/(t,-11) (~32)

b x . 03K 0, oA .
1.10 WRTEILEREEREESE

¥ 1.6 1338 5 T BEm 52 A By AR
EM TR AR CM BRI, 2
AR5 o BRRAZAUIILE 30 °C. 200 r/min 55
¢ 24 ho EZ=H 55, #HIE 17 7 EH
L1 EYMERES

F| FH ExPASy M35 | Y ProtParam 1. H. 78 2k
M H B9 & 0 PR 4K P BT (https://web.expasy.
org/protparam/); FI| § SOPMA (https://npsa-prabi.
ibcp.fr/cgi-bin/npsa_automat.pl?page=/NPSA/nps
a_sopma.html) 1 I-TASSERL (https://zhanglab.
ccmb.med.umich.edu/I-TASSER/) ¥ 3} 7£ £& 13 il
PN R R AR = R R
SuperPose (http://superpose.wishartlab.com/) X
HH = RE AT HER]

2 BER504

2.1 SRP40 # sip40” EEFHE[E R
YCplac22-SRP40 1 YCplac22-srp40”’ ik
i E

DL A 28 48 RUPRP I BE EMIS39 FHEF A=
RIFRE B2 EE W303-1A Jefafk DNA WA,
SRP40-U/SRP40-D R 5| ¥ty 3, 152 i B
KON H B F B, srp40°° F1 SRP40 KR Fr Bk
/NEA 2183 bp, ZERANE 1 R 4 SRP40 F
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Figure 1

SRP40, srp40°° gene and construction of plasmid YCplac22-SRP40, YCplac22-srp40™°. A:

electrophoretogram of SRP40 and srp40°° gene. M: DNA marker; lane 1: SRP40 gene; lane 2: srp40°’gene. B:
plasmid verified eletrophoretogram of YCplac22-SRP40 and YCplac22-srp40°°. M: DNA marker; lane 3:
YCplac22 vector and SRP40 gene; lane 4: YCplac22 vector and srp40°° gene.

srp40°° KR A B 5 ORI 30K YCplac22 iE# 5 ,
AL IR KRBT DHSa, 7245 T LBA [E{A
FrFR Ak, BEALEK IR 5 B 1 % J1-$i BURA 1y Bk,
EcoR T BARFYIH % B IER A7, 250 1
7R, SRP40 Fl srp40°° JLIR i Be R /INh 2 183 bp,
YCplac22 # AR R BLK /A 4 832 bp,

2.2 YCplac22-srp40°° 5

KT HaRE srp40” IR A BE E B ZEARNT A5,

V5 0 2 114 B 4 o e I A AL IR 32 35 K AT 7
DH5a, T4 T LBA IR SR I, Phicg
TEREREFN T LBA WART IR IR, H—
53 R B BOSTRL S B DI B Ik, 36 iE S IE i Sk
Je T 4 R VB B A AR A WL . )T 514
4351 M13 Forward . SRP40+&-400. LOWER1-1 ,
SRP40+&-400.LOWER1-2, MI13 Reverse, il %
55 W303-1A ZEF LR SRP40 HE RO HE o
PP 8 R o 45 R W, srp40°” (NMDC %
5 : NMDCNOOOONMU)JF ik I3 i3 HE (ORF) 3
1 160 bp, MEIGHLF ATG F|X %G
TAA L4 5 A48  Jrp 4 ARl i 5 A8
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1 A BB . SRP40°° ORF 41 570,
711 bp Kb 2 A HEEEAR G 548y [a] SLHR7E 442 bp
b1 AR 4 58 7% il UM IV 1) B PR 28 A
S148P. 1 018 bp 4bAY 1 AlEE B I 1 BUALAD 258
A%, 1 050 bp bR 1 AHEIE R AN F AR
RASH . srp40°° W1 018 bp Ab AT L B2k 1 AT
FIVREATZe Ak, AR BIIF M A LR FR LS H
HfLE R SRP40 B 2 LR IR A H 2D 34 4,
2.3 MM
2.3.1 MWHTEEMK

4 Jii ki YCplac22 . YCplac22-SRP40 F
YCplac22-srp40™ 43 B 5E AL ERP IHEEE W303-1A
4nfl, 5% W303-1A-control, W303-1A-SRP40
1 W303-1A-srp40™ 3 #f TFEH . #453X 3 ¥RET 7>
SR E] 5 mL A AR CM R IR IR
L, ARG, VIR ODe=0.65 %
40 mL FH 0%, 1.0%. 1.3% (V/V) 5 T BER)E B
IR CM ARSI . K T 30 °C,
200 r/min £, AKEERET 12 h BRFE 2 h B 1R
FEE: ODgoo fH, 24 h J5BERG 1 d BU 1 AR &
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ODsoo (H., VAT IH] B A AR, AR 2% B 9\ Ak
PRl R bR AR 4k . W 2A PR, 76 0%5+
TEEMREET, 3 Mk DAL KB 24 h NAYE
KZFAN, 1E 24 h Ji7, THEE W303-1A-srp40°°
B4 B 5% B AR T AR W303-1A-SRP40 FiIXf
HETA W303-1A-control, W&l 2C fiizR, TE 1.0%
ST EEWE T, TR W303-1A-srp40°° 16 % %
) 108 h P40 5 BE AR s T AR W303-
1A-SRP40 F1%f B8 W303-1A-control, i T.F%
7 W303-1A-SRP40 FI%f B8 W303-1A-control
P E2ZR AR, HEE 24 h J5 LR
W303-1A-SRP40 41 M % B W % T X B’
W303-1A-control, 3 PRIEHRHNTE 24 h X F|F2
EW, KR 24 h, THE W303-1A-srp40”°
20 Jf %% B R TRE T W303-1A-SRP40 1Y
112 %, X W303-1A-control A 1.10 £,
Wik 2E fias, 7E 1.3%5% TR E T, TRE
W303-1A-srp40™ TE X TERIRT 24 h P 40HL
=T W303-1A-SRP40 F1 W303-1A-control,
I W303-1A-SRP40 1 W303-1A-control B ¥ ()
I 225K, H W303-1A-SRP40 AR
I M % B AE R BERT 24 h N IEAE T W303-
1A-control [®¥k, KMFEFHITHE] 24 h, W303-1A-
srp40°° F1 W303-1A-control T kK ik 3 = 40 i
WRE, 24 h W B ; W303-1A-SRP40
PRI 200 if 25 B 4 24 h 5 H IS SO & S R TR
o KIEER] 24 h, THEHE W303-1A-srp40™° (40
i 95 B 2 TR W303-1A-SRP40 1 1.06 1%,
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Figure 2

Growth and specific growth rates of strains W303-1A-control, W303-1A-SRP40 and

W303-1A-srp40%°. A, B: growth and specific growth rates of strains W303-1A-control, W303-1A-SRP40 and
W303-1A-srp40°° in 40 mL CM minus tryptophan without isobutanol. C, D: growth and specific growth rates
of strains W303-1A-control, W303-1A-SRP40 and W303-1A-srp40°° in 40 mL CM minus tryptophan+1.0%
isobutanol. E, F: growth and specific growth rates of strains W303-1A-control, W303-1A-SRP4(0 and
W303-1A-srp40°° in 40 mL CM minus tryptophan+1.3% isobutanol. p: specific growth rates. Data are
presented as mean value and standard deviations of three independent biological replicates.
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Figure 3 Growth and specific growth rates of strains W303-1A-control, W303-1A-SRP40 and W303-1A-srp40™.
A, B: growth and specific growth rates of strains W303-1A-control, W303-1A-SRP40 and W303-1A-srp40”° in
40 mL CM minus tryptophan+8.0% ethanol. C, D: growth and specific growth rates of strains W303-1A-control,
W303-1A-SRP40 and W303-1A-srp40°° in 40 mL CM minus tryptophan+0.5% isoamyl alcohol. p: specific
growth rates. Data are presented as mean value and standard deviations of three independent biological replicates.
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Figure 4 Heat resistance of strains W303-1A-control, W303-1A-SRP40 and W303-1A-srp40°°. A: strains
W303-1A-control, W303-1A-SRP40 and W303-1A-srp40°° were not treated by heat shock; B: strains
W303-1A-control, W303-1A-SRP40 and W303-1A-s7p40°° were heated at 55 °C for 4 min.
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Table 3 Physicochemical properties of Srp40 and Srp4039 proteins
Molecul 1 Negatively ch: d Positively ch d Instabilit Aliphati
Names 0. ecular p ega ively charge os‘1 ively charge .ns ability . iphatic GRAVY
weight residues residues index index
Srp40 39 202 425 77 37 109.7 19.77 —-1.366
Srp40*® 35518 4.09 72 28 118.65 18.89 ~1.368
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Figure 6 The tertiary structure of Srp40 and Srp40
proteins. A: Srp40; B: Srp40*°.
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