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Screen for Membrane and Lipid Proteins Required for the Subcellular

Localization of ScRch1 in Budding Yeast

Zhao Gang, Cao Chunlei, Zhao Yunying, Jiang Linghuo*
(School of Biotechnology, the National Engineering Laboratory for Cereal Fermentation Technology, Jiangnan University, Wuxi 214122, China)

Abstract Saccharomyces cerevisiae YMR034c is a sequence homolog for the Candida albicans CaRCH1
gene, named as ScRCH1, and we show that ScRch1 localizes to the plasma membrane in response to high levels of
extracellular calcium. To find out membrane and lipid proteins related to the subcellular localization of ScRchl, we
screened 402 yeast single-gene deletion mutants for genes encoding membrane and lipid proteins through a fluores-
cence microscope approach. We have identified 10 genes, whose deletion renders ScRch1-GFP failed to localize to
the plasma membrane. These genes include SNQO2 and HXT! encoding plasma transport proteins, AV7T4 encoding
vacuolar transport proteins, PEP3 encoding docking/fusion tonoplast protein, DFG10 related to cell differentiation,
EHTI and LDH]I encoding liposome proteins, as well as YBR219c, YBR224w and YDR417c¢ with unknown functions.
These data provide a basis for our understanding the regulatory mechanisms of ScRch1 subcellular localization.

Key words calcium; RCH1; subcellular localization; membrane
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Fig.1 Cloning and restriction digestion of pGFP33-ScRch1
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Table 1 List of the 402 nonessential yeast genes encoding membrane and liposome proteins

RG4 R4 RYi4 FrHES REG4 bRt RY4 FritE4 RG 4 R4
Systerm Standard Systerm Standard Systerm Standard Systerm Standard Systerm Standard
name name name name name name name name name name

Genes encoding endosome membrane proteins (148)

YALO18c LDS1 YOR307c SLY41 YHLO035¢ VMRI YPR192w AQYI YKL217w JENI
YBR205w KTR3 YLRO46¢ - YLR178c TFS1 YKRO065¢ PAM17 YBLO088c TEL1
YBR219C - YBR199w KTR4 YHLO003c LAGI YKL221w MCH?2 YGR227w DIE2
YORO02w ALG6 YNL283c wSsC2 YHR105w YPT35 YIL049w DFGI10 YPR19%4c OPT2
YOROIlw AUSI YOLO79w - YELO31w SPF1 YHR140w - YFLOS5w AGP3
YBR210w ERVIS YALOS53w FLC2 YCRO10c ADY2 YBLO89w AVTS YPR198w SGEI
YOLO002c 1ZH2 YLLO52¢ AQY2 YCRO17¢ CWH43 YOL092w YPQI YDR264c AKRI
YOLO075¢ - YALO67¢c SEOI YKLO034w TULI YNL212w VID27 YGLO12w ERG4
YORO034c AKR2 YDRI126w SWFI YKLI187¢ FAT3 YNL194c - YBRO54w YRO2
YLLO043w FPS1 YLR31lc - YGR213c RTAI YNL237w YTPI YCRO87w -
YMRO040w YET2 YKL174c TPOS YELO59w HHYI YGLO10w - YJLOS1w IRCS
YALOO7¢ ERP2 YCRO023c - YER060w FCY21 YGL255w ZRT1 YLR443w ECM7
YBRI183w YPCI YDR406w PDRI5 YDR417w - YGR290w - YBRO08c FLRI
YBR187w GDTI YELO004w YEA4 YKL119¢ VPH2 YKRO88c TVP38 YJL117w PHOS86
YLLO028w TPOI YKL100c YPF1 YKLO046¢ DCW1 YKR105¢ VBAS YMLO072¢ TCB3
YMR159¢ ATG16 YGR149w - YGR217w CCHI YDLI113c ATG20 YBR296¢ PHO89
YNL327w EGT2 YKRO067w GPT2 YER060w-a FCY22 YPRO71w - YNRO19w ARE?2
YDRO090c - YPLO58¢ PDRI2 YKLOS1w SFK1 YNRO13c PHO91 YNRO62¢ -
YBR224w - YERO064c VHR2 YJL170c ASG7 YNRO002¢ ATO2 YOL158¢ ENBI
YLRO023c IZH3 YNL15%9¢ ASI2 YKLO039w PTMI YNRO48w CRF1 YBR295w PCAI
YOLO084w PHM7 YGL198w YIP4 YLR404w FLDI1 YKR103w NFTI YCRO37¢ PHOS87
YOR376w - YOLI101c 1ZH4 YGR197¢ SNG1 YNRO039¢ ZRG17 YGR105w VMA21
YLLO61w MMPI YKRO044w UIP5 YJL193w - YBRO40w FIGI YBR293w VBA2
YPL264c - YNL219¢ ALGY9 YLR332w MID2 YCLO038c ATG22 YDL199¢ -
YBR180w DTRI YGLO084c GUPI YKROS1w - YPL18%9w GUP2 YHRO026w VMAI6
YNLO87w TCB2 YCRO61w - YKRO53¢ YSR3 YER119¢ AVT6 YCRO048w ARE]
YMLO038c YMDS8 YILO030c SSM4 YKRO040c - YLR237w THI7 YDR205w MSC2
YDRS508¢ GNPI YDLO12¢ - YKR106w GEX2 YGLI161c YIP5 YDLO093w PMT5
YNL280c ERG24 YJL0%4c KHAI YDR438w THI74 YNRO55¢ HOLI YGR289¢ MALII
YER185w PUGI YER140w EMP65 YER18Ic -

Genes encoding plasma membrane proteins (143)

YLR120c YPS1 YDR122w KINI YCROllc ADPI YHRI135¢ YCKI YFLO050c ALR2
YMR243c ZRCI YMRO008c PLBI YCLO027w FUSI YORI101w RASI YOL109w ZEOI
YDRO77w SEDI YPLO92w SSU1 YDR420w HKRI1 YGR241c YAP1802  YIL121lw ODR2
YALO022¢ FUN26 YLLO10c PSRI YLR138w NHAI YNLI154c YCK2 YMLI116w ATRI
YGRI121c MEPI YNL275w BORI YHLO19¢ APM?2 YNLI173¢ MDGI YIL140w AXL2
YORO008c SLGI YOR348¢ PUT4 YLR242¢ ARVI YNRO72w HXT17 YIL170w HXTI2
YPL274w SAM3 YNL270c ALPI YDR384c ATO3 YDR273w DONI1 YJL093c TOK1
YNL318c HXT14 YPL265w DIP5 YELO65w SITI YILO13c PDRI1 YPRO32w SRO7
YLRO96w KIN2 YLRO81w GAL2 YERO56¢ FCY2 YGLO077¢ HNM1I YBR069¢ TATI
YOLO11w PLB3 YLR020c YEH2 YELO17c-a PMP2 YNL239w LAP3 YBR298c MAL31

YPL176¢ TREI YLRI121c YPS3 YGRI152c¢ RSR1 YCRO098c GITI YDL138w RGT2
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REG4 FrifES R4 FrifES RG4 FrRiES R4 PRifEA ARG 4 btk
Systerm Standard Systerm Standard Systerm Standard Systerm Standard Systerm Standard
name name name name name name name name name name
YDROS55w PSTI YNL322¢ KRE] YLR373c¢ VID22 YFLO11w HXTI0 YBRO043c¢ ODR3
YNL291c MIDI YMRO06¢ PLB2 YIL214w HXTS YGR281w YORI YBRO068c BAP2
YPL249¢ GYP5 YDR144c MKC7 YEL063¢ CANI YIR028w DAL4 YDL210w UGA4
YARO31w PRM9 YOLO020w TAT2 YLR214w FREI YGR224w AZRI YDRO046¢ BAP3
YLLOI6w SDC25 YCRO21c HSP30 YCRO34w FENI YOL103w ITR2 YKRO093w PTR2
YMRI192w  GYLI YHLO36w MUP3 YCRO028¢ FEN2 YGRO14w MSB2 YJR040w GEF1
YMR307w  GASI YDR345¢ HXT3 YIL047¢ SYGI YMR319¢ FET4 YBRO023c CHS3
YDRO093w DNF2 YHRO096¢ HXT5 YCRO024c-a PMP1 YOLI122¢ SMF1 YKRO39w GAPI
YOR328w PDRI0 YHRI161c YAP1801  YDROIllw SNO2 YDR276¢ PMP3 YNLO098¢ RAS2
YOLO19w - YHRO092¢ HXT4 YPLO36w PMA2 YKRO50w TRK2 YNL142w MEP2
YPL203w TPK2 YHRO094c HXTI YIL120w ODRI1 YBLO042¢ FUII YJL129¢ TRK1
YMR183c¢ SS02 YCL025¢ AGPI YBRO38w CHS2 YPR201w ARR3 YER166w DNF1
YMRO11w HXT2 YHLO16¢ DUR3 YLR452c¢ SST2 YDRS536w STL1 YDL19%4w SNF3
YLRO87¢ CSF1 YORI153w PDR5 YJR004¢ SAG1 YFLO41w FETS YER118¢c SHOI
YER145¢ FTRI YDRO33w MRHI YIR152w DALS YLR342w FKS1 YER123w YCK3
YKL220c FRE2 YDLO035¢ GPRI YGROS5w MUPI YPR124w CTRI YNLO047¢ SLM?2
YBR294w SULI YGRO32w GSC2 YIL105¢ SLM1 YNL268w LYPI YOLO81w IRA2
YMRO58w FET3 YDR497c¢ ITR1 YMLI123c¢ PHOS84
Genes encoding vacuolar membrane proteins (87)
YJIL178¢ ATG27 YLL048c YBTI YDR128w MTCS5 YDR119w VBA4 YOR273¢c TPO4
YELO51w VMAS YPLO19¢ VTC3 YDRO80w VPS41 YMLO18¢c - YDR481c PHOS
YELO13w VACS YFLO048c EMP47 YLLOI5w BPTI YPL162¢ - YBRI127¢ VMA?2
YOR106w VAM3 YOL129w VPS68 YPLOO6W NCRI YDRI135c¢ YCF1 YFRO19w FABI
YKL 146w AVT3 YDL185wl - YDR284c DPP] YORO036w PEPI2 YCRO044c PERI
YCLO69wW VBA3 YDL149w ATG9 YGRO020c VMA7 YBR207w FTHI YDR486¢ VPS60
YGR163w GTR2 YDLI185w VMAI YILO88c AVT7 YBR241c - YPLO45w VPS16
YJL154c VPS35 YNLO54w VAC7 YMRO88¢ VBAI YDRI105¢ TMS1 YLR396¢ VPS33
YDR352w YPQ?2 YDLI123w SNA4 YDR229w 1wyl YNL326¢ PFA3 YKLO80w VMAS
YHRO028¢ DAP2 YLR447c VMA6 YKROO7w MEH]I YPL236¢ ENV7 YLR148w PEP3
YELO027w VMA3 YBRO77¢ SLM4 YPRI156¢ TPO3 YOLO060c MAM3 YGLI156w AMS1
YERO72w VTCl YJLO12¢ VTC4 YGLOO6wW PMCI YORO87w Yvci YMR160w -
YGR138¢ TPO2 YGLO023c¢ PIB2 YGL212w VAM7 YPL180w TCO89 YDLO054¢ MCHI1
YCL063w VAC17 YPRO36w VMAI3 YMRO77¢ VPS20 YPL149w ATGS YOR270c VPHI
YOR316¢ COT1 YMLI121w GTRI YHRO039¢c-a VMAIL0O YPL234c VMALl YARO002c-a  ERPI
YLROOIc - YJROOIw AVTI YBR217w ATGI2 YDLI128w 4®.¢) YNLI101w AVT4
YOR357¢ SNX3 YJLO59w YHC3 YMR195w ICcY1 YDLO077¢ VAM6 YOR332w VMA4
YOLO082w ATG19 YGR106¢ VOAI
Genes encoding lipid proteins (24)
YORO081c TGL5 YMR246w FAA44 YMR313c¢ TGL3 YMR110c HFDI YMR148w OSWs5
YMLO008c ERG6 YOLO048c RRTS YNL231c PDRI6 YDLO052¢ SLCI YKL140w TGLI
YBR204c LDHI YOR246¢ ENV9 YDR525w-a SNA2 YKRO046¢ PETI0 YBRO41w FATI
YLLO12w YEH] YKL179¢ Ccoyl YKRO089¢ TGL4 YCLO005w LDBI6 YBR177¢ EHTI
YPL232w SSO1 YDR425w SNX41 YBRO042¢ CST26 YDR275w BSC2
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Table 2 List of 10 membrane-encoding genes involved in ScRch1 subcellular localization

ARG i e

Systerm name Standard name Function

YBR219C - Putative protein of unknown function

YBR224W - Putative protein of unknown function

YDR417C - Dubious open reading frame unlikely to encode a protein, based on available experimental and comparative
sequence data; partially overlaps the verified ORF RPL12B/YDR418W

YIL049W DFGI10 Probable polyprenol reductase that catalyzes conversion of polyprenol to dolichol, the precursor for

N-glycosylation; involved in filamentous growth; mutations in human ortholog SRD5A3 confer CDG
(Congenital Disorders of Glycosylation)

YDROIIW SNQO2 Plasma membrane ATP-binding cassette (ABC) transporter, multidrug transporter involved in multidrug
resistance and resistance to singlet oxygen species

YHR094C HXTI Low-affinity glucose transporter of the major facilitator superfamily, expression is induced by Hxk2p in the
presence of glucose and repressed by Rgtlp when glucose is limiting

YNLI101W AVT4 Vacuolar transporter, exports large neutral amino acids from the vacuole; member of a family of seven S. cer-
evisiae genes (AVT1-7) related to vesicular GABA-glycine transporters

YLR148W PEP3 Component of CORVET tethering complex; vacuolar peripheral membrane protein that promotes vesicular
docking/fusion reactions in conjunction with SNARE proteins, required for vacuolar biogenesis

YBR177C EHTI Acyl-coenzymeA: ethanol O-acyltransferase that plays a minor role in medium-chain fatty acid ethyl ester
biosynthesis; possesses short-chain esterase activity; localizes to lipid particles and the mitochondrial outer
membrane

YBR204C LDH]I Serine hydrolase; exhibits active esterase plus weak triacylglycerol lipase activities; proposed role in lipid

homeostasis, regulating phospholipid and non-polar lipid levels and required for mobilization of LD-stored
lipids; localizes to the lipid droplet (LD) surface; contains a classical serine containing catalytic triad (GxSxG
motif)

lC v GFP DIC GFP
WT WT
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yorl/yorl zeol/zeol

BEAN B BRI 22 MIDICHR Y TP AR I GFP(SR 5O 8 1) IR A AR 2245 B 7 A B 40 S, 43 IDICAIGFP ISR 1 £20.2 mol/L CaCLALER FRIZH L «
DIC (differential interference contrast) and GFP (green fluorescent protein) pictures on the left of each strain are from cells not treated with CaCl,, and
DIC and GFP pictures on the right are from cells treated with 0.2 mol/L CaCl..
B2 ScRch1-GFPTEEF4 BY(WT)EHRFN 10 B 745 F R ok Bk o b T2 406 E 4L
Fig.2 Subcellular localization of ScRch1-GFP in the wild type and 10 mutant strains



1640 i Ftie 3L
(A)
¢ ;
'4 . WT
Idh1/1dh1 : . dfgl10/dfg10
ybr219c/ybr219c i
snq2/snq2
ehtl/eht] . . avtd/avtd
ybr224w/ybr224w ¢ . ydrd17c/ydrdl7c
. pep3/pep3
(B)
©

A: FEASERR 2 MIDICFIGFP K [ A& 245 55 T A FE 41 H, A7 DICAIGFP K F£:0.2 mol/L CaCLALEE[I4IAL . SREHKMEHCNT 00015,
B: /A B CaClLAN (1) T Mksng 2/sng 2 Rlydr417c/ydrd 17 Fr, AN A 2T HERR B A7 B I TBOR B C: 22 A AT o CaCLAR B T Ay br219¢/

ybr219c/ybr219c

ybr224w/ybr224w

ybr219cHlybr224w/ybr224wl J, A5 MIHL A £UAERR A7 B 1 7OK .

A: DIC and GFP pictures on the left of each strain are from cells not treated with CaCl,, and DIC and GFP pictures on the right are from cells treated
with 0.2 mol/L CaCl,. Amplification scale is 1 000%; B: close-up DIC and GFP pictures of sng2/snq2 and ydr417c/vdr417c cells treated with CaCl, from
the red frame field in Fig.2A; C: close-up DIC and GFP pictures of ybr219c¢/vbr219c and ybr224w/ybr224w cells treated with CaCl, from the red frame

field in Fig.2A.
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Fig.3 Subcellular localization of ScRch1-GFP in the wild type strain and the 10 mutant strains for genes
affecting ScRch1 localization
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