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Mechanism of exit from quiescence in Saccharomyces cerevisiae
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Abstract: [Objective] To explore genes related to the regulation of yeast spore germination, we
previously screened for mutants defective in maintaining the quiescent state of spores. [Methods]
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Using the temperature-sensitive yeast mutant J33 with defective spore quiescence maintenance as
the research material, heterozygous diploid strains were constructed through tetrad dissection and
haploid fusion, and genetic segregation analysis was performed to clarify the genetic regulatory
pattern of mutant phenotypes. The yeast genomic library complementation screening was applied to
identify candidate mutant genes, and gene cloning and sequence alignment were conducted to
confirm the mutation site. Furthermore, recombinant plasmids carrying wild-type and mutant
TIP20 were constructed for functional complementation assays, and site-directed mutagenesis was
used to verify the correlation between TIP20 mutation and strain phenotypes. [Results] Functional
complementation experiments demonstrated that introduction of the wild-type T7P20 restored the
growth at 37 °C and the normal spore germination phenotype of J33, while the mutant 7/P20 and
empty vector had no such effect. Site-directed mutagenesis analysis further confirmed that this
single-base mutation was T1219G, a direct cause of the TS phenotype and defective spore
germination of J33.[Conclusion] 77/P20 is involved in the regulation of yeast spore germination.
TIP20 encodes a subunit of the tethering complex involved in endoplasmic reticulum-Golgi
retrograde transport. However, TIP20 is likely a multifunctional protein, and its mammalian
homologue RINT1 has been reported to regulate the cell cycle checkpoint. Thus, 7/P20 may also
be involved in regulating the quiescent state of yeast cells.

Keywords: quiescent cell; 7IP20; Saccharomyces cerevisiae; spore; germination
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pathway, cAMP-PKA)EIE RS 51, DI
% 2 ] A2 SO BLL,  H AT AU . 1t
Hh, BREFE SN, T RS2 B T REL
E Y AN I R SRR AR S 2 R R (I IR
JafE, [HIX e R 58 IR (5 518 3 Z A iy Sk
v JCHA A A3, 3Kt 2 Y AR & T L
IR0 A 1, A RRRAREIE,
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RAKGY R 2 28 AUAFAEA - Ik DI 4R Hr i fE
B GEARA DA K (R B A7 A 0 1k 0 A R
SR USRI S AR R . Ho, J33 AR AR
T 2, RRAMEI I IR | HRRER
WU 70 (F T L I A e s S5 TR RS, HL
(7] e EL AT 7 1k R 4 B 5 A A
N7 R A 2R AR A B e B ARER M, AR T
TN I33 FEARRSRIFIRA T -

A3 AT & BT R A AR TIP20 & N AEFE 5%
A5, CUI Tip20 8 24 R E S — A3,
ZH5NSREEA TEES NS T
PR SR, Tip20 B ] fE & —Fh L IhREHE M .
L Eh ) R PR 1 RINT1 B 9IE S 2 5 40
JEIAG A PR TR T RS RE
SAESHLHI M A, H TIP20 BRI AR T
IEISERE P DI RE R WLARGE , AT IS 133 %8
BRBIF R G0, B TIP20 5L H %48
500 T g b O R O o B L AR A AR ) SR
PE, AT Tip20 & 7 EELEA i & PR b 1
FHALH], ARk 1 5 0 e R 5 0 & 0 1
PR N 25 58 S HE S IR AR I, [RIB S A% AR
Y A i LR AR I ST I S %

1 mR5FE
1.1 E#k

A T FH BB B AR M BB L) SK (5™
D TEFHY AN120 (BUE )M AN117-4B (3
RIS ANT17-16D (BAE44) 1S, 133 Ze 78 {4
A SZEG Z A L AN120 S H A bk, il

=1 AHSEREN

Table 1  Strains used in this study

AR GE G CFW YL @i e RS, AN 1%
DAL, S WHRITEAFER IR 1.
1.2 EHFE

YPAD }i## 3 (g/L): HHMF 10.00, EEREHE
U9 10.00, BRIZERS 0.03, [EARR: FERLT 4N
JNBEAR B 20.005 KR J5¥REE 55°C, LW
i1 100 mL 20% 258 B (LR FE 2%)

SD #5575 (g/L): T HE IR I 1) AU (yeast
nitrogen base, YNB) 6.70, [ A 1% 7 B 75 B AN AN
INTEAE K 20.005 KEEERHEIE 55 °C, THE
HIT 100 mL 20% i) 2 Al BRI (2B 2%) e 2 BE TR
REYHAK 2.00,

YPAce $5 55 (g/L): WERESEEY) 10.00, K
F# 20.00, BERREH(pH 6.5) 20.00,

DA B FEREIZE 121 °CK T 15 min J5 i ;
Jo B 20% 0 A B S OK T, P
M5 IR E 5 TR At
1.3 FERFIFLES

L/ E R A7 % N i 7w N g Xt
A, XS AR ABRA A ;
CFW, Sigma-Aldrich /A ] ; T4 DNA i % if§ |
PRl N IR BamH 1 . Xho 1, New England
Biolabs 7y F] ;B 75 A 5 (dithiothreitol, DTT).
2 2, T (polyethylene glycol (PEG), My 4 000).
BEPREE(LiAC) SR A 4 R v, [ 2546 A Ay
A PR

LA W, Nikon 247 ; B0, ]
AR DR R il A PR R R A e S
(polymerase chain reaction, PCR){¥ , A
AIRAF @B TIES, L= EB2=UESA

Strain designation Gene information Source
AN120 MATo/MATa trpl::hisG/trp1::hisG ARG4/arg4-Nspl ura3/ura3 [12]
ho::LYS2/ho::LYS2 leu2/leu2 lys2/lys2 RME1/rmel::LEU2
his3ASK/his3ASK
AN117-4B MATa ho::LYS2 rmel::LEU2 ura3 leu2 trpl his3ASKarg4-Nspl lys2 [15]
ANI117-16D MATa his3ASK lys2 ho::LYS2 ura3 leu2 trpl [15]
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B E (R, KRET MR RSA
BRAE THIR 524
NI
14 BEEFS5ERIFS

PR TR V& BRI 2 5 mL YPAD Wik 35t
30 °C. 200 r/min }55% 10-12 h FRAGFPFE IR
B4 mL A7 FE 32 2 200 mL YPAce WA RS 5%
e, 30°C. 200 r/min 555 24 h ¥ K55, KL
W A SRUIE R 725 IE, BIARRERE S 200 mL
T 2% B IR B Y rE A KE #7 3 (pH 7.0), 30 °C
150 r/min J&3%5555 24 h, BREBSR ST 0%,
1.5 FHFRNEE

PL pRS314 Jit ki 4 B 4L 44K, 3 il ¥
pRS314-TIP20 %} A= # (wild type, WT) Jit ki Fll
pRS314-TIP20 (TS) T 41 Jii fr o 4K i PR 8 1 B
S288C Frif HE K 4H TIP20 e [H ¥ 5 ¥ 45 ek
5] % TIP20 F (5'-CTCGAGGAGCAATGTTCAA
GGAAGCT-3")HI TIP20 R (5-GGATCCCCACAC
AAGTTGTTGAACCT-3), FiE5145I A Xho 1
B, TFHESIISIA BamH 1 BV A5

DL AN120 7 A= TP REJE R 24 DNA S Asiss
B S:5149) PCR 9734 TIP20 (WT)JEIA 5
D) 133 FE[KIZH DNA SMtsiti, >k HIAEIRS 14 PCR
P14 TIP20 (TS)5 A8 HE P . PCR WA & M 5%
%% 3CHk[12]. ¥ PCR § 147711 5 pRS314 #
4y S BamH 1 #1 Xho 1 X (37 °CHEHE
3h), WEIEED A B fS, H T4 DNA % £ [
16 CCHEHEI A, Aot 20 Tk
1.6 EE—SHL

PRHH bR RE LR VR H AP 2 5 mL YPAD )
RREFEEL, 30°C. 200 vmin 3353007 ; B 0.5 mL
E T 8 000 r/min B5.0> 5 min WAEFEMA, [HH
A 80 uL — 4% Ak (7% 50 mmol/L DTT .,
50% PEG 4000, 2 mol/L LiAc, {AFILH 1:8:1),
FEMA 1 pg EHFTRL, BRWITIRAIRS 1k
1KZ, 45 °C/KIIFT 30 min &, BRI %
A5 AR 0 B RS #: 5L(SD-Trp, pRS314 Z A 5 (4,

ThermoFisher Scientific
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FR R R e AR IC), 30 °CHHIRIE % 3-4 d,
T 7% PCR KHEARASF B AL T o
1.7 BN HSE

2y 1 mg BEREF AL T 100 uL JCTH
K, AT L BERERRE(ZCHCEE 10 U/uL), =R
B 10 min fFRFHERE, HL 10 pL A3 S 1Y fl+
EWH T YPAD [ A 37 H—M, 4 35 57 345
BTRMERY &, R SR 2 53] Y
G FEREFRIE S — 0 AR AU AR
PR BORE £ 1 AR 98 7 38— 3 B T 5 B 2 4%
ek, 30 °CHEFE 2-3 d, FRHEVE R A 8RS
BMERTE, BB TESE R 2 YPAD [E R ES R 3
37 °CH; 7Rk TS BARFIARBERE
1.8 BREAFESME

¥ TS A% R PR o — A
pRS314 ki (Trp Frid), AT SD-Trp itk
FRHARAF pRSI14+TS AL IRFLAL 75 [RIBE, Hf
H7 4 R PAME AR B RS A pRS316 Tk, AT
SD-Ura ( bR W& BE Gt 5 ) i & Ky 3% 5L 3K 15
PRS316+WT HLAHAFEAL T 4 BIFREC 3k 2 Fh
AL F4ERN R 5 mL YPAD Wi 5L, 30 °C.
200 r/min K5 72330 ; B 500 L 2 A B I A5 AR R
R4, 8000 r/min B5.0 5 min, 375 FiE, HIA
FH 100 pL Jo i /K H B S5 4 5) U A T SD-Ura-Trp
WG FRHE by 30 °CHEF% 3-4 d, PR IRTVE
PEATIRUE, RAS & 2 Fh TR AY 2% A AU IR B B
[EL7 38
1.9 EEZMEAERRR)

PEF R RE AT VR 2 5 mL AR IRAAR RS 55
30 °C. 200 r/min 355 B 0.5 mL Fp %
28 5 mL PRI, B R R ODg=0.8-
1.2, 8000 r/min &> 5 min AERFA; H 1 mL
T KRG E AR 2 %, B 1 mL 100 mmol/L
LiAc IRHEDER 1K, HZJH 50 uL 100 mmol/L
LiAc IR E B R, MR INA 5 uL fk
fi ks DNA (4 95 °C7E 1 5 min J5 VK& A1)
240 uL 50% PEG 4000, 16 pL 2 mol/L LiAc K
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50 uL & [A] EVEF A9 PCR 7 14 i B Fr BE (&
JE=1 pg/ul), FRFHIEAT; 30 °CHER 30 min 5,
42 °CH 15 min, 8 000 r/min &[> 5 min, #-2%
¥, B 100 uL JC K HE S R A T AR
i vE R R 3L, 30 °CHEFE 3-4 d, AT IEH A bR
£k
1.10 [EREXR

FEFREVFRFEA S, Wb B 5L A R
B 519 WTTCF (5-CCGGAAGATTTCCCAA
AATCTTCTCAGAA-3") fl WTTYR (5-ATTAGT
AAGATACAAACTAATGACTTGT-3"), L) pFA6a-
HIS3MX6 TR WA T PCR 9734 . W AR R
R EN52 SCHR[12], FRAHEAT his™ THEARiC 1Y
HAE B, P17 25 PCR =¥ ai A7) & 4l
5, i R A R A SKT Y iy 7 f
BERRRE, DA R R IR H AR IR . 5 A0S
() R BR VR A T SD-His i 58 1% 77 5 (41 & FR Bk
Al), 30 °CHEFRIR -
1.11 CFW Z&&NBEFif4k

el 1 mg/mL CFW FHRCCHE/KIE, ROGH
19, MFRTHITCHKRRE 10 5K 100 pg/mL).
B 1 mL BERE 729, 8 000 r/min 50> 5 min,
FE2 BT A 500 pL BB S ) CFW L ik,
30 °CHEYEIH 30 min; 8 000 r/min 2.0 7 25 Yt
W, 1 mL CEKGESREE 5-6 K, f&iEH
20 uL JCHE/K S . B S uL SR T A,
T 9 06 B ABE (B & B K 365 nm, &G K
445 nm) N AREE, WYL AR B0 R TR e R
Bk,
112 EFE Tk

ARSCI A [ H A B S A s IR L iy
YEp24 JEFI4] DNA SCENIEEA DNA JBEFH)
KB H 7.4 kb)iEAk 133 AR, 37 °CHMF T &5
F%, kA EE A KB AR FEHC IR P ERE
AR BORL, BEFR R TR S mL & T
BT, 4°C. 12000 t/min &0 5 min, 3L
s PRSI N SO B AL TR Y, k)

7 oah R 5 RE B E R (Saccharomyces
Genome Database, SGD)#E A7 HL X 40 #1, i 156 3K
PRAGEE I
1.13 BESIT S 9

SCIWE 3N EYEER, BAEE R
PR 500 NP REAR AR, 43 Bk LLR B AR EAT
fil% A CFW H R G001 (1) WT BEHE; (2) TS
RARR; (3) ¥ A pRS314-TIP20 (WT) KLY TS
KA s (4) A pRS314-TIP20 (TS) T ki fY) TS
RALKR; (5) TIP20 FEH“T Bl IE R h <G =
AR WT Rk, %4l R H GraphPad Prism 8.0 X
TEEAT Gt B, &5 238 DL o7 S5 (8 =45 o 22
(mean+SD)” K7 .

2 BRE5M

2.1 BBEAHEXEEHRBRTHAFRE
BE

AHFFE LA SK T8 5 7= i e B B ik A S R TR
PR, AT AR — R AT 1k AR R R
RARMK 133, &7 HE SRR, RHIRAT L J33
SRAFAR ) DU S (AR F6L - B A AR B S i (B 1A
R e BB UEZRARL, XPEFAE R (wild-type, WT)5
GRAFRAL 50 A DU AR T AT AR A, 4
FW, 133 GEARRDU 43U 134 AR i A A
HAR 0.648 um (K] 1B), =R HAG I8 L (P<
0.001); BLAh, 133 fIFAE T K440 T
AR CFW Yt B (08t T
TREGEMIBUR , WH TCIEG CFW et (UAEH
KIAsh A M, B FaRZE R 133 5848
IRA T IO EH AR b 1, SRR AT kR
R, R RARE TS 50T L RS
B & TR

Rt — R 133 FEAR PR g AR L R A T
RE, ARWFIRHT TS AR RN HoA e Al . 2554
WoR, 133 ARREA IR HUEME, TE IR
TFAERE AR, BT RETREERAERKSH
T & SE LA A B AR P R L SR, MR
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F14) 00 e DR L 2 70 A3 S B B PTG
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SRy EIE IR SRR (TS) 28 A8 i [H 5 4 7 1 & 5
HO AR LRI N [ — LA, ARBFFELL 133 5848
IR R, GPU5 RS B RAFAIA TS Hufs
RGN, 5 A R (WT) AR L fl 5,

FE Y A TR A A 56 D] g A TR A 457 35 DR A 1
B REM . A DR T P S )5,
FIF CFW Y860 7 & A, FF S5 MR 5%
AN EE R WT K J33 S48 (R A F R4 7 X b 43
Mro RR4LHAHE 3 5KIE A, FESKOLEF P £ B 100
MEF TSI BT (B 2A. 2B). 45H IR,
Z= B UG AR 2 Ul B0 53 24T 1 B DY - At - 22 R
JEAS B RCE B PR R A i B
AR TIP20 250 FE P Y 2 AN 1) 1E 3 4e 5
1B, B CFW Jefa; #EA7 5848/ TIP20 %543
BN 2 IR YERR E), & CFW 4
PR o 3 — BRI 11 43 L o0 15 B AL I
i ) 1 o RS AL, WIAP R 2 Fh R T
[i]— 35 PR 98 A8 T 8

R PRSI A R T R S AT EE M,
WL R 3 K. LR IR B 54
MRl A I E, BT ELE 300 N4 Js A XU
= ff5 1 CFW Je 25 R R FE—2, R
P RCE @ PR S R R BRRE (B 2C,
2D). XA 1 ORNEE 3 Wk o B 45 Rtk AT R Oy K
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E1l J33REFSEHEREFRKEMRE RN
Figure 1 Comparison of spore length and temperature sensitivity between mutant J33 and WT. A: Morphology
of tetrad spores between J33 and WT; B: Comparison of ascus diameter between J33 mutant and WT (***: P<

0.001); C: Dilution spot assay confirms the temperature sensitivity of the J33 mutant.
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A
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E2 REMNSAEEURSBEESEIRTEERTEES

Figure 2 Analysis of spore staining after the first and third segregation of heterozygous tetrads. A: Diploid
strains obtained from the first backcross of J33 with wild-type cells were subjected to sporulation [CFW staining
patterns of tetrad spores from the temperature-sensitive mutant (J33), wild-type strain, and progeny from the first
backcross were observed under a microscope]; B: The spores used in (A) were stained with CFW [The number of
CFW-positive spores in asci containing four spores was counted, and asci were classified according to the number
of CFW-positive spores. ****: P<(.000 1]; C: Diploid strains obtained from the third backcross of J33 with wild-
type cells were subjected to sporulation [CFW staining patterns of tetrad spores from the temperature-sensitive
mutant (J33), wild-type strain, and progeny from the third backcross were observed under a microscope]; D: The
spores used in (C) were stained with CFW (The number of CFW-positive spores in asci containing four spores
was counted, and asci were classified according to the number of CFW-positive spores. ****: P<(0.000 1); E: J33
mutant, wild-type cells, and progeny from three rounds of backcrossing between J33 and wild-type cells were
cultured individually at 30 °C or 37 °C; F: Progeny from three rounds of backcrossing between J33 and wild-type
cells were subjected to sporulation (Spores were dissected from individual asci, and the four segregan TS from

each ascus were cultured individually at 30 °C or 37 °C).

K, GERBIR < (1)005=3.841, P>0.05, &I
B WG AL 36 0 R A1 43 25 Lo )5 18R
Ll BT 25, ISz k
BB EA @ EREE SR, Fit, \E
BURPEIEZS R BN, 5 3 RO B ARIR Y 5 4l

133 4l BAAEIARTE 37 °CAF R IE R AR K,
55 LR I B AU R A (] 2B); X 10 BRZ A
MR T U R B e, Frds 4 A P4
MolRIRE S 2 AN ATFE 37 °)CIEW A K . 2 NAEE
A KB B el (K 2F), iZ4s Bt — 4R,
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TRE IR R R CFW 25 (0 R AR IR 24 e
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TIP20 55875 R TIP20 %N 3 PN 7E 0 44 24 g it
W R A A A, T B B AR A T 4 AR
v — R SRR L ALk R AR T TIP20 BT
[ Bp e B4 Wi % S v IR R AR GR R . skt
Loy BRI, J33 RASIR A TR U g AL
JLF 1 e S R [ — i P 2 AR TR
2.3 IR J33 B9REE E E AL

SRy R AT T P AR R T B B AR 33 Y SR AR S
DR, ASHIF 5 SR FH 3 R 40 S0 P AR e s . EL
RERVEUINT « KWK ) YEp24 R 4 DNA X
JEUOf A DNA R BEF K R 7.4 kb L =
J33 GARMA 37 CCRRHIMETRIE A 0F T B %0 vk %
fbF . AL T RENS IE W A K (K 3A), £
HARAT T Al yRrb o AR B Y L R 40 R B,
PR A A R R0 BRI A B 2 A TR R ) I
ki, SRR YRS AT I, IR 4
B 5 PR B 2R (SGD)EAT HE X 40 #T . 7E 375
A9 A 358 B DR FR AL TIP20 #5E 0E  b T FE [ 45
A 33 RARR IR EE R A KR, HE R SR AR

A

d

B
H RRT6 ‘ | TIP20 | ‘ ROGI ‘ ‘

\ - -
30 ©

C

B3 RTEFGHE

Figure 3  Screening for mutant genes. A: Screening
using a yeast genomic library was performed to find
mutation in J33 mutant and a plasmid that could
rescue the temperature sensitivity phenotype in J33
mutant was obtained; B: Schematic diagram of the
DNA fragment found in the plasmid obtained by the

screening.
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PRk, AU RIIGE I ANLR . TR A
RUEEHRE TIP20 F& R A8 5 55 41 JiokE pRS314-TIP20
(WT), [FFPLGEAR K 133 ) TIP20 K& [H ¥ i &
ZH [k pRS314-TIP20 (TS), W 2 FlvE 20 Ji ki iz
2R pRS314 435 T A ZEAE IR 133, 3 Ik E A
K zs 1 B, S A pRS314-TIP20 (WT)FE4L,
HRRI R TE 37 °C R IEH A K (K 4A), HIGESFR
WA AR T A CFW Yo FH MR 3
T HRURRAEK 133 (& 4B, 4D), FofilR4E+E
EH (K 4E); 1S A pRS314-TIP20 (TS) M 25 %
KRB TERRAE 37 °)C T BRI IE R A K (B 4A), 1
T & S RAB AR MU (B 4E), 1% HUig L 58
AANFE 37 °CRR#IPEIRE T 5 30E A Y RE B G
T FIR BE T AT Ak RE S0 BT T 0 il R A2 1)
RENT, BERE R R EE A AR SR
TR B, O S Al 1) P 8 2R 493 i 5 B
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Figure 4 Determination of mutation site. A: Complementation test of TIP20 in the J33 mutant [WT/T7P20%'*"°T;
The corresponding site of the wild-type yeast TIP20 gene was site-directedly mutated from G to T; J33/TIP20
(TS): The mutant T/P20 gene was transformed into the J33 strain; J33/7TIP20 (WT): The wild-type yeast TIP20

gene was transformed into the J33 strain. Wild-type yeast, J33 mutant, and the transformed strains were streaked

on YPAD solid medium and incubated at 30 °C or 37 °C, respectively]; B: CFW staining of J33 mutant spores
harboring TIP20 [Scale bar: 5 pm]; C: CFW staining of J33 mutant spores harboring T/P20"?'¢ [Scale bar:
5 um]; D: Comparison of CFW staining levels of spores wild-type and J33 mutant transformed with empty
vector, wild-type TIP20, TIP20 amplified from J33 mutant, or T/P20""?""¢ (***:. P<0.001); E: Comparison of
sporulation rates wild-type and J33 mutant transformed with empty vector, wild-type 7/P20, TIP20 amplified

from J33 mutant, or 7/P20" S,
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