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Fig. 1 Confirmation of arsenic resistance of individual
deletion strains

Wild-type and deletion mutants were grown in liquid medium, and

dilution of the cultures (1x10* and 1x10°) were spotted on YPD plate

with or without 3 mmol/L arsenite as described in Materials and

methods.
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Table 1 Major classes of genes/ORFs whose deletion causes resistance to 3 mmol/L arsenite

Gene classes

Observed genes

EBS1, NAM7, RPLI12A, RPL15B, RPL20B, RPL41A, RPS11B, RPS29A, RPS6B, RPSSA,
SKI2, SSB1, TMA20, YOR302W

Protein biosynthesis

Transport

DNA metabolism
Response to stress

RNA metabolism

Protein modification/catabolism
Transcription

Lipid metabolism

Cell wall
Vesicle-mediated transport
Cell cycle

Vitamin metabolism

CAT2, GPD1, NMALI

Cytoskeleton CLBS, FIN1, SIM1

ATG20, BRE4, CDC50, FMP50, FPS1, PXA1, SIL1, SOL1, TIM18, TRX1, YIA6
ASF2, CLBS, EAF3, EAF7, HHF1, MND2, NAM7, NHP6A, PAN2, RNR3, TRX1
ALD3, ASK10, FRT2, GPD1, PAN2, RHR2, SIPS, SIS2, TRX1, TSAI

LSM1, NAM7, NMD2, PAN2, SCD6, SKI2, SOL1, UPF3

DPHS, EAF3, EAF7, MND2, MNL1, RRI1, UBR2

ASF2, ASK10, EAF3, EAF7, NHP6A, RPA49

CDC50, ERGS, 1ZH2, TGL4, YBR042C

CNBI1, ECM27, ECMS, FMP50, PST1

ATG20, BRE4, CDC50, FMP50, TRX1

CDC50, CLBS, MND2, SCM4, SIS2

Others ATG14, CYC7, HIS6, MCM22, MUBI, SSE2, URAS, YJL045W

Biological process unknown

NCS6, JIDI, TVP1S5, YALO66W, YDLO023C, YDL162C, YDR417C, IRC4, YGL214W,
YGL046W, YGRI117C, YILO77C, YILO87C, YIL110W, YJLO64W, YKRO5IW, YKRO70W,
YKRO73C, YLRI11W, YLRI173W, YLR445W, YMR304C-A, YNLI144C, YNL338W,
YORO15W, YORO082C, IRC13, YOR309C, YPLO14W, YPL150W, YPRO76W, YPS7
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Table 2 Major classes of genes/ORFs whose deletion causes resistance to 5 mmol/L arsenite

Gene/ORF
mRNA catabolism
NMD2
SKI2
UPF3
LSM1
Response to osmotic stress
FPS1
GPDI
Transcription
ASK10
EAF3
EAF7
NHP6A
RPA49
HHFI
Protein biosynthesis
EBSI
RPLI2A
RPL20B
TMA20
Others
CNBI
JID1
MUBI
SCD6
SIS2
URAS
YPS7
Uncharacterized ORFs
YALO66W
YDL023C
YDR417C
YGL214W
YIL110W
YKR073C
YLRIIIW
YOR309C
YPLI150W

Description of gene product

Nonsense-mediated mRNA decay
RNA helicase activity
Nonsense-mediated mRNA decay

RNA binding

Plasma membrane glycerol channel

Glycerol-3-phosphate dehydrogenase

Component of the RNA polymerase [ holoenzyme
Histone acetyltransferase activity

Histone acetylation

Non-histone chromatin protein

RNA polymerase | subunit A49

One of two identical histone H4 proteins

Negative regulation of translation
Protein component of 60S ribosomal subunit
Protein component of 60S ribosomal subunit

Ribosome biogenesis

The regulatory subunit of calcineurin

Probable Hsp40p co-chaperone

Regulation of cell budding

RNA binding, RNA metabolism
Phosphopantothenoylcysteine decarboxylase activity
'De novo' pyrimidine base biosynthesis

Putative GPI-anchored aspartic protease

Hypothetical protein

Dubious, overlaps GPD1

Hypothetical protein

Dubious, overlaps SKI8

Putative S-adenosylmethionine-dependent methyltransferase
Dubious ORF unlikely to encode a protein

Dubious ORF unlikely to encode a protein

Hypothetical protein

Hypothetical protein

Resistance

+++

++++

++++

+++

++

++

++

++

++

++

++++

++

e+

Mammalian homology

UPF2
SKIV2L2
UPF3B
LSM1

AQPY/AQP7/AQP3
GPDI

MORF4L1/ MORF4L2/ARID4A
MRGBP
HMGB2/HMGB1/TFAM/HMGB3
PRAF1

HIST1H4A/HIST1H4G

SMG7
RPL12
RPLI8A

MCT-1

CIB1/CHP/CIB4/PPP3R1

LSM14A/LSM14B

PPCDC

UMPS

BACE2/CTSD/CTSE/ NAPSA
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Fig. 2 An overview of the network relationships between
selected genes
Genes whose deletion causes resistance to arsenic are marked with blue,
and those which were reported to response to arsenic are marked with
red. Genes whose deletion causes higher resistance are highlighted
(5 mmol/L with yellow background and 7 mmol/L with green
background). The selected genes were divided into four neighborhood
based on Gene Ontology: (a) mRNA catabolism. (b) Response to stress.

(c) Histone and its acetylation. (d) Protein biosynthesis and catabolism.
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Genome-wide Identification of Genes Whose Disruption
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Abstract Arsenic is highly effective in treating acute promyelocytic leukemia (APL), especially for relapsed
patients. However, the treatment is highly affected by the resistance of the drug by patients, while the
arsenic-resistance mechanism has not been well studied. A genome-wide screen was performed against a pool of
4 757 Saccharomyces cerevisiae mutants, each with one different gene individually deleted, to isolate genes that
may mediate cellular resistance to arsenic. A one-step selection method was used. An aliquot of the pooled yeast
library was plated on YPD agar plates supplemented with 3 mmol/L sodium arsenite. The genomic DNAs of the
arsenic resistant strains were separately extracted, and amplified by PCR to get DNA fragments with UPTAG. The
corresponding deleted genes were identified by comparing the PCR-amplified sequences with the UPTAG
sequences from the Saccharomyces Genome Deletion Project. Mutations were identified in 104 genes/ORFs
showing resistance to arsenic as compared to the wild type strain. To rule out the possibility that the resistant
phenotype of these mutants is a result of arsenic-induced mutation during the screening process, the individual
deletion strains from the mutant collection were picked up and tested individually for arsenic resistance using the
spot assay. Of the 104 mutants identified in the screen, all exhibited significantly more resistance than the
wild-type cells. Among the verified strains, 32 mutants turned out to have stronger phenotype that is resistant to
5 mmol/L arsenite. Five of the 32 mutants (FPS1, TMA20, UPF3, YALO66W, YOR309C) showed resistance to
7 mmol/L arsenite. The phenotype data were mapped onto the regulatory network. Bioinformatic studies of the
genes revealed four neighborhoods, including mRNA catabolism, response to stress, histone acetylation, and

protein synthesis and catabolism.
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