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Abstract: [Objective] To study the effects of endoplasmic reticulum stress on the regulation of
the lifespan and autophagy of Saccharomyces cerevisiae by the protein O-mannosyltransferase
1 (PMTI). [Methods] The double deletion strain (pho8A60 pmtIA) was constructed based on
the genetic homologous recombination. The daughter cells produced by the mother cell of the
PMTI-deleted yeast strain (pmtlA) treated with tunicamycin (inducing endoplasmic reticulum
stress) were counted under a light microscope, and the replicative lifespan of the strain was
examined. A microplate reader was used to measure the alkaline phosphatase activity of the
pho8A60 pmtiIA strain in the SD-N medium (for inducing autophagy). Western blotting was
employed to determine the expression level of the autophagy marker Atg8 in the presence of
tunicamycin. The transcript levels of autophagy-related genes A7G/ and ATGS in the pmtIA
strain treated with tunicamycin were determined by RT-qPCR. [Results] The replicative
lifespan of the pmtIA strain was shortened by 38.7%, while the alkaline phosphatase activity of
pmtIA strain was increased compared with those of the wild type in the presence of
tunicamycin. The expression levels of GFP-Atg8 fusion protein and free GFP in the pm¢/A
strain were up-regulated with the increase in the concentration of tunicamycin. The transcript
levels of ATGI and ATGS8 were up-regulated in the pmtIA strain treated with tunicamycin.
[Conclusion] Endoplasmic reticulum stress impairs the replicative lifespan and enhances the
autophagy of PMTI-deleted yeast cells.
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N J5% X )7 3 (endoplasmic reticulum stress,
ERS)it 12 #0E A 418 8 11 ) (unfolded protein
response, UPR){i5 538 1, 3458 Py o I Ak LR A
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1555 K S g 2o AR A 30 3 3 22 R OB vh L
AHEEVEA, 24 ERS RN ERRE, UPR 5%
A % 3 A B0 [ W (autophagy) , I K 4
s, AMTHRAAED; 4 ERS VST
TEB At SRR, 2o BE 5 %) W BT %) 4 T
SO ANAEEET-P ., F R AN N ) —Fh A R
31, TEZ RV T o2 OR3P 20 B AN A A
S A — b B ML )

PR TP P A A B 5 440 L 5 i ) R AR R AR
Yy, B SERERERE, A R S
TR 1 B 2 L O-H 58 4 L 5% 7% i 5K 1% (protein
O-mannosyltransferases, PMTs)H 1) PMT1 FE[K W]
LA Zh O-H M2 R, 2 5E0mE
Wi AEREANAREE AN P i Fe e T AR
ROEAWFIE BB, e PMTI PR AT B K e 124
S P74, HAHLHS ERS 519 UPR 5%
T PR 1 W AR T SRR IR AT
L N S S FE PMTT SEDR R 45 41 M 75
AR AR AR, (B G 5 s N A
PMT1 SEPRJE T P 15 40 i 75 i R s e ) LA A
M, UUSRTREMLITIE AR AL, B, ABHotiE—

®1 KHMRFABS
Table 1 Primers used in this study

PRTT PA BT I I8 S I E PMITT 6 PR 42 1 5 4
FEAr AL A WER VR, BRI AT REAG AR IATLAR .

1 HE5x=

1.1 #§
1.1.1 ALK ERR

AHISE BT ) SR pRS306 A IKHE DL 22 1 4
i, TERBHFwEPRAA RN ERERYUE, WA
Ura3 HFRIEnss . SHARERIREEE BY4742
H 5 [E 12 BX K 2% Matt Kaeberlein 18 - B8 | i
Fih Atg8 & B TR bR BY4742%¢ FI
pmtI AN SR EF ST ITARAES, RO R i 2 P
HIRE(pho8AG0 pmtl A) R AHIFFEHIEE
112 EFE. HFIAMNEE

t: YPD, SD il SD-N & R Il )7 & %
SCHR[8-9THCH

A< B & (tunicamycin) g A 4= T AW TRE(
A A FRANF] 5 Western, TP 21 fify 22 e 1 F1 s
Pl R il A DU & 0 B R s R AR
e A BR 2/l GFP HiiA& 1 H Santa Cruz
Biotechnology /A ) ; G6PDH A B PuAs I 5
P HL A (i) B 2 A BR A 5 9 e | PCR IR
& AT HBEAEYHEARAEOARAE . 518
A TAY TR (RO A IR A \E BLGER 1),

Z R W AR, 38 BRI AL A R A
(BioTek 7~ r)); #EHE G 2 45 , Bio-Techne 3 A ;
A KL, Azure Biosystems 23 H .

5| ¥4 # Primers name J¥%1 Sequences (5'—3")

pho8A60-box-F
pho8A60-box-R

TATCAGCATACGGGACATTATTTGAACGCGCATTAGCAGCAGATTGTACTGAGAGTGCAC
TCACGAAGAATATGACATTCTTCTTCTTGTGTGATGCAGACTGTGCGGTATTTCACACCG

pho8A60-RT-F ATGATGACTCACACATTACC
pho8A60-RT-R ACGTAATGCAAAACTGCTTG
ATGI-RT-F GGGTCTAGGCGACCATCTTT
ATGI-RT-R AGTTTGACTGTACGGTGGGG
ATGS8-RT-F TGTCAATGATACTTTGCCACCTACT
ATGS-RT-R ATTTCGATTTTAGATGTTAACGCTTC
RPRS-RT-F TCATGGCTGCGTCTGAAGTA
RPRS-RT-R GGCACCGTTATTAGCAGCAT
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1.2 WEREGRKESEX(pho8A60 pmtIA)
A4 22 FIE e

U PR B2 B PR #4282 5 2% SCHR[10],
A A 2N 7 B o R O I R
pho8A60-RT-F FI pho8A60-RT-R J PCR 5|#),
JBkE pRS306 NAEAR , 47387 )°h pho8A60 TR
TGP URA3 S 4t 51) . R ABSTREE 171k
W W IR IC 155 AL T B A0 B B2 25 (pmt 1 A TRIARY)
PCR J5 1 56 UF PH: 5 B e TRk
1.3 EFMHE ey

ek 200 b 52 o o ARG Iy T e B S
SCRR[IEE T o 7EOG2E AR N A0 . ek I
FEAIAAE 0.25 pg/mL AKH R 1 ™= E -+
MAHANEL, Gt i a4 A
1.4 8T REESER IR M AR

P BF 20 i 76 TP B M B R 1 (alkaline
phosphatase, ALP)H PHOS J:[R 4fth, 5 B b
S AUFE S R X AE Y 60 N2 L TR IR 4 i 1 2
444 4 Pho8A60 , ‘& iAWk ifL H ME—i& #2 i2 A
WE' A phoSAGO BEREEERA pho8A6O pmtlA
PR AR R R X E K, EEFT 3 mL
SD-N K% 5 v (O £ 22 JE R I 22 IR 1) 1 1 28T
HEEFR 6 ho $REERAIMEE A, BCA 5
Fo RGN U R, R e A ARG 0 3 ) )
ALP e A6 Ty ik 359 7 s g BEOR o7 X0 e
A5 T
1.5 GFP-Atg8 & B FIAKF&N

i1 Western blotting $ A I £ 41 fifg v
fill & 8 1 GFP-Atg8 MRk KY . BELE I kR
BY 47422 Fl pmt1 A*** 43 5350 F 3 mL YPD i)
KRR, 53R X EUE R WG (ODeoy 290
0.6-0.8), JLA 30 pL 200 pg/mL K55 245 M35 35
1 h#13he WERK, MMAZ 0.2 g BRIERT .
1P 2L W R 2R BB R, i€ 10 s K 20 s,
FFEE 30 min, FRIELEAIMLEE . 12% PAGE
LTk, PATEHEDLIK GFP AL, RETilk

Pk GoPDH b NS X} B8, 9 ek & AL o
1.6 RT-qPCR %&£ FE 5% F Kk F

HUSER (ODgoo 29709 0. DRI BEREE IR, BT
AT 2 pg/mL KRB R IRIREEF AR SE 1 h,
PEHUEE BE 40 0 S RNA . L #5 52  cDNA |
RT-qPCR ¥#% B0 & 15 W] 1317, RT-qPCR
Ko ] WA S L R (ATG T F1 ATGS)%E 7K
PRP8 JFAENNZ .
1.7 ZitESH

K FH SPSS 19.0 AT G 2440 Hr . 4
[ R ¢ KB EA T b DL P<0.05 Ry 25
BHIFRE L.

2 ZERE54

2.1 B8 pho8A60 pmtIA FREFEFRHILEIE
ARWFIEAE pmel A BERERERE R ILRE |, F—
AR pho8A60 FEIH, HHE pho8A60 pmtlA ¥
B bR B 1A Fis, PHOS JERBEYR TR/
41232 bp, HHUIR/MERT; B 1B s, LU

Abp B

1232bp 1399

—_—b0

180 bp

1 pho8A60 EFE IR T K E(A) K PCR £
TE pho8A60 pmtIA EFKEE X E (B)

Figure 1 The electrophoresis of the pho8A60 gene
disruption cassette (A) and verification of the
pho8A60 pmtiA strain by PCR (B). M: DNA marker;
1: The disruption cassette (A) and PCR products of
the genomic DNA of the pho8A60 pmtIA strain; 2:
PCR products of the genomic DNA of the BY4742
strain.
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pho8AG60-box-F Fl phoSA60-box-R “A514), LIKH
PETERE AR R 20 DNA Mt , PCR 7457
WIR/ANMAF o WFREE LU, pho8A60pmtIA
(pho8AG60::URA3 pmtl::LEU2) KA AT
22 pmtIA EMERSRIEAFHTHE
il 1 & dp

KGR —MIZTRTA R, B LI E
B BB AR, 5 R AR S & M TR
W, 7RO N AR 9 A HE—
ST N T LSO AR F i pmtl A TS
5 4 3 PR v A E T, SR FHAE B T A
BY4742 fl pmtIA HRTEAREE 2 (0.25 pg/mL)E;
FRRAT N B REAH A A AR M R R, 2l A
il A A bR 1 L AL 2 Firos , BY 4742 1 pmtl A
WRI P 5 45, S5HAE YPD Kk
FAF AL, Sr AR5 14.6%F 56.4%; TE
KERBFRAMT, BY4742 WHRIE ey
19.9 1%, pmtI A BEREI 2 12.2 18, 4% 38.7%,
Z A G L(P<0.05), DA EZERUI, &K

—— BY4742 (0.25 pg/mL, tunicamycin) (#=40, 19.9)
—— pmtIA (0.25 pg/mL, tunicamycin) (»=40, 12.2)
BY4742 (n=245,23.3)
pmtlA (n=184, 28.0)
U —

< < o
S N oo
T T

Fraction viable

=
[\
T

o
o

L s« )

10 20 30 40 50 60
Age (cell division)

2 FFERA pmrl A EREYE H 14 E ar 2k [E]
Figure 2 The replicative lifespan (RLS) curves of
the BY4742 and pmtiA strains. BY4742: The control
strain. Mean RLS is shown in parentheses, and “n” is
the number of mother cells scored.
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5 2 U] W45 BY 4742 BEAR AN pme ] A TRAR ) 2 16l
PEFFdr, X pmel A AR RIS IAE R TE 3
2.3 pmtlA R RO MBS R E 1T

i 3k W A AP B R B (ALP)IE M, BFSR
pmtIATEREAN I (A 40 A A WK F . il 3 fr
/N, fE YPD BiFRAMET, 5 BY4742 Ftkh
1) ALP W& AL, pmtlA HRET RS ALP 35 1
R A AW SR SR AT (SD-N iR L),
PR TR PR ) ALP GRS TR, pmel A TR PR
H ALP 3G M . X UL, Bk
PMT1 JE DR b 8 1 0 200 B v i 1 ol 2 g 1) 3%
PE, FE AWERE IR A F T, w8 i 00 7 1 I
AR
24 AERSREFFHT, pmtIA BHRFRE
AEH GFP-Atg8 iRk K FE

30 oA I e A R A A B 2 B AR AR T il
A HE 1 GFP-Atg8 BRIAKN-, 5T pmel ABELE
20 60 PN 5 DO S AR T B R TE A . R 4
iR, BEE AR RREFRIF R, pmel ATRAR
(eS8 1 GFP (5 SRR g, B
F BY4742 HR(P<0.01), DA E&EREUR, K%
RET pmtl A TR TP RLG FE 1 GFP-Atg8 Rl 25
1 GFP %3k LA,

| * |

| | CIBY4742
15 - — pmtIA
1

> sk
=
g 10 F
S
O
=
s St
=
[=®

0 | |

BY4742 pmtlA

3 pmtIA EHR RO R AR R 1
Figure 3 Alkaline phosphatase activity were
detected in the pmtIA strain. *: P<0.05; **: P <0.01.
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BY4742

pmtiA

Tm (h)
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L — ——

GOPDH W S G s s— a—

Relative protein of GFP-Atg8

Iy
il

t/h

4 BRSPS ER GFP-Atg8 BIRIAKFE

(3 BY47420 8
[ pmt ] AGTP-Aes l

Relative protein of GFP
\S}
T

Figure 4 Relative protein expression levels of GFP-Atg8 fusion in the yeast strains. A: Protein expression
levels of GFP-Atg8 fusion and free GFP. B: The gray values of the fusion protein GFP-Atg8. C: The gray
values of the free protein GFP. G6PDH: Control antibody. *: P<0.05. **: P<(.01. The data represent the

mean+SD (n=3)

25 ERSREFAFHT, pmtIA BT B
s 4 o B & B 3% SRRk 7K

i i) RT-qPCR &GN 2 15 A WEAH IR ATG 1
M ATGS [5G 55 RBK-, #2098 pmeIATE
BE 20 A P9 0T R R AR T 1 B T A AR
/N, TE YPD BERAMET, 5 BY4742 Wk
ATG1 Tl ATG8 SE R Fih K LA, pme IATRBR
() A AR CSE D ik R FERBE RRTFRA1F
T, pmtIAGkRT ATGI il ATGS H:IHF2ik 7KK
B2 FFEE S). Hib, EREREERFMT,
Bk PMTI SLRIU5S A AR OCHE N ATGI
ATGS MR35 Bl

CIBY4742
q CIBY4742 (2 pg/mL, tunlcamycm)
5 2.0 rpm pmtlA
> = pmt]A (2 pg/mL, tunicamycin) l
m *
o) 1.5F
‘;) Kk ek P
2
= 1.0
2
]
205
<
o
E O 0 1 1
2 ATGI ATGS

Bl5s BEHEXER ATGI 7 ATGS B E
HYEE R ARIK KT

Figure 5 Relative mRNA expression levels of
autophagy-related genes ATGI and ATGS in the yeast
strains. The data represent the meantSD (n=3). *:
P<0.05; **: P<0.01.
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DAY 55 IO SRR AT I 0 s A i PN B
PRS-, fEAEMIRERKE . My
PEFET | 0 ek R e i 2 T R A AR R
EERVERM . BTG PN, R E A
FHRCR, A5 40 PN SRR ) A2 46 28 1 o sl 4
WIS s b, (RN s 2, REMB ISR
10T 2N B Y 7R RE ) L 5 iR i R S R
AP R AR R

FE B N R R BOE PR E B R
L S AR ARG B, RS RS
EEHERL, WG A AR KRR
Sk VA O RS I 3 S R L AR P JB R BT
PMTI B RE ¥R AR M A7 b AR,
FAOCHL . TEARBEREEFRAMET . pmtl A BRI
A il 7w B S o X RN A R A I N TR
P 17 354 B2 07 P BB B TRy pmtl A TRREZR IR
WEFERE SIS, A ardn e . X —25 RS DA RGE
FEARL, A7 1) PN J5E P9 07 380 2 (A5 400 i P
UPR 725 A g0, FLef7 /e ERS 1 41
JL B AL SRAE T, S ORA Ll 20 A sl A L P A
P IEH ThRe , PR 25 shanie | s, o B
BTG Y A W2 S E st T,

i B TR TR (AP35 P 10 2 S 224 iy A Ko
FRRIF 5T AR e B P 41 M K 1 5 ikt
Z2BR N-K i 60 28 ZEB2 1Y Pho8A60 & [ LU
PR IR A TE 2o BT R A A B b S AR e R
YA F W R AR, LR A IR Pho8A60 2
I8 36 W, B0 A T P A B e P g
RWFIE pmtl A BERER) A WEIE 2, ARBFTEAE pmtl A
FERE A A SEhtE I, P —2 Bk pho8AG60 SEIA,
BINAEE pho8AGO pmel A WL PR il 26 Bk o BIFSY
RILGR PMTI S5 D175 5 1 B 200 H A 2 ol e
fitg sk B, HAE AWEEE IR AT, BB IR
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PG P T B R 2 X RN, B PMTT SRR
SRR AR AR BRI B WS I R A SR
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FIRIEO . DRI, WA ACEE 2 BE IR 0 H] ) 42
K, pmtlA R GFP (5B 0
Eelsm; fEfE kK b, KEERIES pmtlA
ERR RIS ATGI Fl ATGS FR ik FiR, BFos s
RULHT, KEE RGO T pmel A PRI F IS
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