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Basic cellular biology using high-temperature resistant yeasts
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Yeast cells are highly valuable model organisms for studying the molecular
biological aspects of phenomena commonly found in eukaryotic species. By using two species of
yeasts, Saccharomyces cerevisiae (budding yeast) and Kluyveromyces sp. (thermotolerant yeast), here
I approached physiological conditions in which the endoplasmic reticulum (ER) stress response is
evoked. For instance, the ER stress response is triggered upon diauxic shift, in which yeast cells
changes their energy generation system from fermentation to mitochondrial respiration. Moreover,
Irel, which is the ER stress response initiating protein that is located on the ER membrane, is
regulated not only by ER accumulation of unfolded proteins but also by reduction of cytosolic
ATP/ADP ratio. This finding strongly suggests that the ER stress response is controlled alongside
overall vividness of cells.
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1. WFEBM SR OTE 5

FERFIT R B IFAIRE DA <. DOHME TRWRLT WEEAEM TH D, £ 2T, BEEEHD X K
L RGBT L BEEAEWRRR OEMBR AT 2720 BREOET VLAY & L C ORI
FWEEZ XD, BERIITMMEWEEER: Kluyveromyces sp.35 K& OLA H 3B E: Saccharomyces
cerevisiae 7¢ ¥, ZHERFIENGFET H, £ 2T, A ML RIZHLS, 2o, HTHX 7 ED
LEMEDE & SN DMHENEREFRE, 8 X OHZEREREO 2 b U AMHERERE 2 31, iRt 2
LITR Y, WA~ DB N FREIC A2 D L B LT,

2. WD HW

(1) /MakiZh 5w 2 BE-AEMTHRFEINTWDMIA/NGE TH D, TDOEREIO—DIT/3WH
VRTBOP W BHNET LD, FEICER I NI 0WH R F X, NAENTY AL T ¢
RFE B TERCCHESHT N 72 & OERi % 5T, mkEE Z TR T 5. £ OMIZ H/NaEIZBERE D4
BRI N T AOWTE I EO&REIEZHE S, NAROFREE R 21T/ N RNE~ O B 2 v
RO BERERE 2N, MRl > TEEEZRD UMIEA L R), MigiZ/REER LA~
DO fEEE & L COMak A L 2% (Unfolded Protein Response;UPR) %5 &2 29,

(2) /IEEREED &2 X7 EDRNE A B L AR —L L TMNAENOREE R 2 v~
BEMEZMT 52 LICX0, UPR IEEEND, HIFRBRHIT/MAER LA —E LT
Irel #H7 %, Irel IZEMEMERITHEFEINTWD IR RX7EGTHY, YA Ll
\Z RNase KA A & Kinase KA A U &FERD, £/, ADEENEE R A A 3BT 72
7= E 7=k (Core Stress Sensing Region (CSSR)) BHEEL TWAHDIIIAZ, FHE@B KA A
VEANTIRAREEREICH D (FTHEK V), FEA R LU RRETIL Irel (21F, 7KV IS T
XNy ThDH BIP BFEAL TR, FESGLIEEEZMHIL TWDH EE X LD, /IMalk
A NV RIRBEIZZ2 D & Trel 225 BiP 23MiEEE L, Irel (34U I~—1fb (7 7 2% —(b) T35,
Credle %2 L 5 X #pfE G MTIC L V. CSSR I Z A ~ —{REECHEE R ¥ L /R 7 B ZHhie
TEDWEKT D LB LN TN D, MMIENICERE LR % "7 8L CSSR OE
P 7 EAERIE, Irel OBV VR (E~E D723 . IRWT, Kinase KA A »~®D ADP @
B 248 T Trel 1% RNase & U C{EMEILT 5, H2FEERETiX. RNase & L CiEMAL L 72 Trel i
HAC1 mRNA DATFZ A4 2> 7 %479, AV HAC1 mRNA OFFERIZ XL W A4 U7z HAC1 #
NI FIFRER T & UCHERE L. /ANRENEMNES T3 v Xu R A A RS 7 SRR
DOEEEICE D D % v X 2R EEE L~ L CTHREFE L, /MaER VA ERER~E b
w5,

(3) —HT, REETH/RT DL, LN Trel IEHERIE A = X LAOFHELEE S
NH, HZFRERE Trel (X, CSSR Oy RAER (AMZELR) ICL-T, MERE X 7B
PENAREE KT ZENIN>TND, Lo T, NEABEHEMIMAERY =~ A R0V A
N7 4 RIEGBZAEI DTT 72 &, X v X7 O 0 BAARRE KT IHAN O ~DIRIZ X - T
AR A N LA ERERT D L, AT Irel 128 IEMET 203, ATE R Irel 1355 < LoviEE
fEL7Z2vy, L L, A RLARDLDLREHNELS b &, AMERA Trel &iBVEMEERT X
T D, -, BRIEEHRE S THHA /¥ b= LOXRBEEZECHEEEOAREICL Y, BAR
Irel & ATIZFA Trel IX[FEFREICTEMEALT 2, T70b 6, CSSRIC K HEERT ¥ 7 EHik
LAY | Irel ZIEMEALT DA D= X ABRFET HIETROTH D, Irel LTGRO &
AT F K (HERREEERN T2 VN7 8 Gend HEDOR—T v 7 a A 2oy v /—FF
bZIP) (T T/NEAKHNIE R A A A E & WX 7= Trel % A TG, /MAKZ - L2260 CTIEMAL
T3, TOHMRIT, WEREZONTEXLELDEIFRREZAD=AN, TixbbY A MY DR
HiZkoTH Irel BNIEMALTHZ EE2REBLTVD,

(4) Ko TARBIZETIE, ¥4 MY ARNCET D Trel IEMERITEBAEIC BT, (5 00AT
AR TAFEE LT DA REEEE X MM ET VEWE L THWY, 202 8127
Tun—F45Z e AE L,
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(1) HEFEEREORR IR T 30°C ICTTTolz, Z/ba— AR E LTid, YPD #5# (1%
Yeast extract, 2% Bactopepton, 2% Glucose) . SD £%#1(2% Glucose, 0.66% Difco yeast nitrogen
base w/o amino acids). %\ 7z, SD BHUIITHA WA EKRO KRBT R~ —H —IZRE - T-%
BERIMLTCWD, T—HEZEDLTZODOFERTIE, TRTREIREEELZITo> TV DH, ARGE L
A U5 CRIEG 8 21TV (& E5#8) . OD600 72549 0.2 1272 % K 9 1T AR B ORI 2 IRE |
I HICHK 4 R L, S I EREARNE LM I L, I, Y= ~A ¥ UBINT
ARIER S 1 RERZICIT 5 72,

(2) ABfZECiEE L LT, SEY6210 %4 IREL #E sk KMY1005 (MATa trpl ura3



his3 irel:TRP1) % v 7=,

(3) IRE1 #{&Z1(5-UTR, 3-UTR 2 &i0)a AT 5/ Nat’—7 7 A K pRS313-IRE1
WZOWTIE, FEEA by 70D %AWz, £72, Invivo homologous recombination %% H
T pRS313-IRE1 £ IRE1 B FIC S ESERERAZEALT,

(4)FERE~D 77 2 X K DNA OE AL, FfiE Y 77 LEZ W2, YPD 854 1ml (27T 30°C
T—Wpksas U= BERE K 500n] 2, 5ml O YPD [THE A AKE ., S HIC4FRIE# L=, Zhz
3000rpm 2min D& LIIHMT THERE L, 10ml @ TE-LiAc buffer (10mM Tris-HCl(pHS8.0), 1mM
EDTA, 100mM EifE VD 57 A) T1EPEH L, £ORE{E%L TE-LiAc buffer 200pl (28 L |
30°CT 1 MR & 9 (60rpm) L7z, Z OEKBEEIEH D 100pl 220 H L, 7 5k H 5k DNA

(¥+ U7 DNA) 5ul. 77 23 Rk bpl 2z, 30°CT 30 /MEE L-, ZhiZ 40%
PEG4000 # 5 ¢e TE-LiAc buffer 800pl # %, & 30°C T 1-3 IRefAlffiE L7, T AL & S iREE
Hi(SD ZEREEHICEBAT L, 30°CTHETAHZ LICEY, 77 A RBNEASNT-BERERD 2
n=—%%7,

(5) HZEEEREDS D4 RNA o FLofliciisy F7 =/ —AEx2 Y (Kimata et al.,
2003) . Promlek et al. (2011270 L 7= 51T RT-PCR 12t L7z, RT-PCR TO WG KT
BT, Invitrogen SuperScript 1l G EEFE 2 W, £/, I A4 ~—I12iXdT18 4 VU =X
VA TF REHWEZ, £ LT, ZORSEY 2ul 1% LT HACL #8iEH 77 A ~— (forward:5™
TACAGGGATTTCCAGAGCACG-3’, reverse:5-TGAAGTGATGAAGAAATCATTCAATTC-3’,
% 10uM) % 1pl, 2.5mM dNTP mix % 2pl, TAKARA Taq DNA polymerase /& 10xPCR
buffer %z 2.5p1, DDW % 16.37ul, TAKARA Taq DNA polymerase(5U/ul) % 0.13pl J&F1L |
94°C 30 %, 54°C 30 %, 72°C 60 #® PCR )&% 25 V1 7 V4T >72, Z D PCR EMZ 2%
7T Ha—27 0 (EtBr &F) 2L 2ESKENCH L (0.5XTBE buffer) . FUJIFILM LAS-4000
ERAWTEEEBZBE L, W8T — % % Fujifilm ImageGauge ¥ 7 b ¥ = 7 CfEHT L HAC1
mRNA 27T 4 2 7% %HEH Lz, 723, HACLmRNA X7 7 A L v 7 %IZLL FORUT LV
B D,

HAC1mRBRNA 2754 > 7 %: [HACISo D3y RO S] / ([HACISS O ROEX] +
[HAC1Un DR FOPEEX]) x1 00
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(1) Irel /NKHEE R A A B 7K VIiZ, BiP fAaEAr e L Tiied 5, — . Y75k
I HRIOBERRIZ LV Trel OIFHEMHICH 5T 5, £2C, 7RI & VEZXRS ATAV A RIK
L, EA PV ARUET TCOOLIBREDIEEEFETHZ N> T, —J, AixEHTRLE
WY AT AR Trel MEEREEA-ZEHET 28N 2 Kb, Irel ® UPR #fEfEx2E L
SPOEEH D, AFETIZET, ATAIIIAV Irel EEFO/NAKANE R A A 2T & LT
EHRAZEANL, ATANIIAV 22O UPR BEAREEMET DL 5707 —v 2R LT, 29
LTHEONEZERENY225H T 5,Y225 13 CSSR WIZ7 &35, ATIT BEMZE 5 Trel 12 Y225H
EREVBEANLTZLEZA WA Irel ERIBED R b L AREM, B L UPR E&ZiEZ T~ LTz,
F7-. ATIAV Irel 12 Y225H ZHAEBA LI A, ANV AZHET T EWERZRTZ
ERBHLMNE ST,

(2) KIS CTHEL S 7~ CSSR & AE O in vitro &7 VMR AV EEME EBRORE £ D,
Y225H 1 ATl BRI L A2 EMEAERBEASZEEIELZ DT TRV L BV, L
% Y225H 1% CSSR I L5 MEEERERICE L CRIERT A Z 0 mhoT-, Lo THx
1, Y225H iR T7 77 7D X ) EBRAZETBHFINE LT, Y225 H N EA SN Z EIT X
0. Trel [ Z/MEENEE R A A N K58 MEBEOBEZENZRERTITEE L TE 5 B 27,
T 72 h, ATATIIAV/Y225H Irel (X, /NMaiRAEE B A A 2 X B Hlf %2 A XA L THEHL
Wk D THs, UL, ATAIIIAV/Y225H Irel @ UPR &EfEREIZEF I TIIR L. 2B H/N
JARA RV RIZEVFHIIENTND Z ERHLNE RS, ZHE, Irel O/NMIEAEE R X A
U L VMATE DRI A D = X ANFEL TWAD I &R 5,

(3) Z2ZTHAII, VA4 P NI R AL L DOFEEZEE LT, Irel ©xF—BEIIRRO®
D Irel ® RNase & L COIEMHEHIHT HEEID 2H - TW\nb, T74b6, ZiLE TO Invitro
REXE A B L OVE(LSFR9RFZEI2 L 0 | Trel O F F—PHEBITIERLY o FE LT ADP %
WL, 200 Irel A R I KA A o BAROFEEEALIZEN Y | Trel X RNase & L Tifi
VEMERET S, FLT, T —F AL OLERTHS DT9TN/KTIIN £ Fiz L v . ADP
EAOMLERTELS 2R ML T VWD, £ 2 THAIE, ATAIIA
V/Y225H/D797N/K799N Irel #{ERL L, ZOIEHENIE E A E/NEERR b L RTINS, |E
W THDZLERWE L, 2ok, ATAIIIAV/Y225H Irel 23/ NMAENOBEREZFDO L



DOTITELS . 1 YLD ADP & (b 5L ADP/ATP) {KZERIICHIF SN TWA = & ZoRiE
THHEDTH D, BB, FT—F FA AL L BIOADP EFEM 7 Irel OIEMEILIZEB W TIL, ATP
TR EREZAGTDZERNTNhoTND,

(4) %Y LR — % —Perceval HR % W72 M7 Tl 58V NEE A b LRI K> TEEEICYA
k@ ADP/ATP b #5HAI L7 & 2 A, FVV/NER A S LRIk Y HEIZ ADP/ATP s E
HTDHZENRALNERSTZ, Flz, /DEERRA NV RFEE LW ATP BEEAIZHOWTIERE
REZHETHTAFT U ALY, ATAIIIAV/Y225H Irel 2MiEMEALLTZ, Zh b DMK
I, AIEOFHEZRLS XFTHHDOTH D,

(5) Lo THxlL, Irel OIEMHER/NEEAIE R A A VA M A KA A > O Tl
ENTWAEIEETS (K1), vk R b L AR, MIRSEoiE DG L, ATP EA
WCHXEEE L, Y1 o ADP/ATP kR EF T A2 LI L Y, Irel i3 IEMHLTE 2,
O AE, M EEROIE N E KT SRV E D TV EERA N L AREE T, Irel OF
MAGHMA, RER UPR 2B+ 252 L IcH5THLEL NS,

X 1
2 h L ADIREDEWIC L D Irel TEMHALTRE DRI

Strong ER stress Weak ER stress

/ /

e ADP'1
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5. FE/pFEKFmCE

UEREamsC) GG 714)
D Ishiwata-Kimata Y, Le QG, KimataY “Stress-sensing and regulatory mechanism of
the endoplasmic- stress sensors Irel and PERK” Endoplasmic Reticulum Stress in
Diseases In press (2019 4F) & i f

@ Tran MD, Takagi H, Kimata Y “Categorization of endoplasmic reticulum-stressing stimuli
into unfolded-protein accumulation and membrane-lipid aberrancy using yeast Irel mutants.
Biosci. Biotechnol. Biochem. Vol.83, 326-329 (2019 %) doi: 10.1080/09168451.2018.1530098.
e

”

@ Nguyen TMP, Ishiwata-Kimata Y, Kimata Y “Monitoring ADP/ATP ratio in yeast cells
using the fluorescent-protein reporter PercevalHR” Biosci. Biotechnol. Biochem. Vo0l.83, 824-
828 (2019 4F) doi: 10.1080/09168451.2019.1574204. #5t

@ Mai CT, Le QG, Ishiwata-Kimata Y, Takagi H, Kohno K, Kimata Y “4-Phenylbutyrate
suppresses the unfolded protein response without restoring protein folding in Saccharomyces
cerevisiae.” FEMS Yeast Res. Vol.18, foy016 (2018 %) doi: 10.1093/femsyr/foy016. ZHiA

(® Mai TC, Munakata T, Tran DM, Takagi H, Kimata Y “A chimeric mutant analysis in
yeast cells suggests BiP independent regulation of the mammalian endoplasmic reticulum-
stress sensor IRE1a.” Biosci. Biotechnol. Biochem. Vol.82, 1527-1530 (2018 %) doi:
10.1080/09168451.2018.1478716. A#tH

® Tran DM, KimataY “The unfolded protein response of yeast Saccharomyces cerevisiae
and other organisms” Plant Morphol. Vol.30, 15-24 (2018 4F)
https://www.jstage.jst.go.jp/article/plmorphol/30/1/30_15/_pdf/-char/ja it A

@ Le QG, Ishiwata-Kimata Y, Kohno K, Kimata Y “Cadmium impairs protein folding in
the endoplasmic reticulum and induces the unfolded protein response.” FEMS Yeast Res.



Vol.16, fow049 (2016 ) doi: 10.1093/femsyr/fow049. HEHiA

(MEF] GF14)
Kimata Y, Nguyen TMP, Khono K “Response and cytoprotective mechanisms against

proteotoxic stress in yeast and fungi” Stress Response in Fungi (Springer t0)Z351) % 4303
{E, pp.161-189 (2018 4)

(Z DAt
W= L=V D FERR AP

http!//kimata4.wixsite.com/home

KB K DHT7EI, FEEO AR L HEICBW TERT 20T, €D, WIEOERLUIERRDARFIC
DOWTIE, EOIGEEFEICES b TIH R ZOPERCRICET D RFLEIMEE. SHEEMACRE SN ET,



