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Tablel. List of strainsused in this study
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Table 2. List of plasmids and primers used in this study

Resistant E. coli
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Ultimate™ ORF Clones

T1-Phage

PENT221

Gateway ™

(entry vector)

2
(PENT221-geneX

Plasmid/Primer Characteristic Source
Plasmid
PENT221-geneX entry vector Kan'; attL 1/2 recombination sites; ORF of human gene Thermo Fisher
Scientific
pRS426-TEFpr URA3; TEF2 promoter Our laboratory
pRS426-GAL pr-GFP URA3; GAL1 promoter; GFP tag (N terminal fusion) This study
pRS426-GALpr URA3; GAL1 promoter This study
pRS426-TEFpr destination vector  URA3; TEF2 promoter; attR1/2 recombination sites Our laboratory
pRS426-GAL pr-destination vector URA3; GAL1 promoter; attR1/2 recombination sites This study
pRS426-GAL pr-GFP destination ~ URA3; GAL1 promoter; GFP tag (N terminal fusion); attR1/2 This study
Vector recombination sites
pRS426-TEFpr-geneX URA3; For expression of human gene X from TEF2 promoter This study
pRS426-GAL pr-geneX URAS3; For expression of human gene X from GAL1 promoter This study
pR$426-GA L pr-GFP-geneX URAS3; For expression of GFP-X from GAL1 promoter This study
Primer Sequences (5'—3')
Infusion GAL-F(RK1) CGTCAAGGAGAAAAAACTATACTAGTCCCATCACAAGTTTG This study
Infusion GFP-F(RK2) ACAAAGCTGGGGCTGGGGGATCCCCCATCACAAGTTTGTA This study
Infusion DC-R(RK?3) CATAACTAATTACATGACTCGAGGTCGACGGTATCGATAA This study
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Figure 1.

Schematic diagram of LR recombination reaction.
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100 pL of the suspension
Resuspend in was mixed with 1 uLL
Harvest transformatlon buffer plasmid solution (0.1 pg/pL)
6000 r/min, 3 min 45 °C, 30 min
Transformants were
cultured in liquid media Spot 10 uLb
and spotted on SD plates on SD plates
g 30°C, 18 h g 30°C, 3d
C: Control
N: Not inhibit growth
Y: Inhibit growth
C N Y
2. iNHIEREEEEEFE KWALERNFIERE
Figure2. Outline for screening of human genes that inhibit yeast growth.
GFP-geneX
ODes0=1.0 Y PH499
1x10" /mL 10 NIS-Element AR
4 NIS-Elements Viewer
5L 1.10
GAL 5mL SD-Ura
Y PH499 30 °C ODeggo=1.0
8 pL 5mL SG-Ura 30 °C 8h
30°C 2 8 mol/L
2d 150 uL 0.1 mol/L PMSF
1.9 1.5 pL 15000%g
PRS426-GALpr-GFP- 10 min
geneX( N GFP ) BCA
Y PH499 5mL SD-Ura 111
10% (VIV) 40 g ( )
SG-Ura ODggo=0.6-0.8 SDS-PAGE 80V 30 min
2-3 120V 60 min
150 uL 5 uL 25V 10A 30 min
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5% 2h 5% 2991 yeast expression plasmids
harboring human genes
1:5000
15h 4°C Sereening
1h ECL A B 181 candidate genes
ImageQuant L AS4000 mini Verification
2 %%%ﬂﬁ*ﬁ Significant Not inhibit
candidates: 29 growth: 40
21
_ . E3 HIHIERERESE KA LEENHESE RG T E
CDNA Ultimate™ ORF Clones Figure 3. Summary of the screening of human genes
17384 2991 that inhibit yeast growth.
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Figure 4. Growth phenotype of yeast cells expression the candidate genes. Control, wild-type (AN120) cells

harboring pRS426-TEFpr empty vector.
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*3 EEMHIERBRSEKMALER
Table 3. List of human genes that significantly inhibit the normal growth of yeast
Gene Description of gene product Process”
SAA4 Serum amyloid A4, constitutive Cell chemotaxis
PPP1CC Protein phosphatase 1 catalytic subunit gamma Cell cycle
PA2G4 Proliferation-associated 2G4 Cell cycle arrest
MCMBP Minichromosome maintenance complex binding protein DNA replication
RAB35 Member RAS oncogene family Membrane trafficking
BOLL Boule homolog, RNA binding protein Meiotic cell cycle
CDC14A Cell division cycle 14A Mitotic cell cycle
CEP70 Centrosomal protein 70 Mitotic cell cycle
SAT1 Spermidine/spermine N1-acetyltransferase 1 polyamine metabolism
NUTF2 Nuclear transport factor 2 Protein import into nucleus
RSL24D1 Ribosomal L24 domain containing 1 Ribosome biogenesis
ZNHIT6 Zinc finger HIT-type containing 6 Ribosome biogenesis
AlF1 Allograft inflammatory factor 1 Signalling
HPCA Hippocal cin, neuron-specific calcium-binding protein Signalling
PLSCR1 Phospholipid scramblase 1 Signalling
FGR Src family tyrosine kinase Signalling
ARFIP2 ADP ribosylation factor interacting protein 2 Signalling
CDC42EP3 CDCA42 effector protein 3 Signalling
SP100 SP100 nuclear antigen Signalling
DLX3 Distal-less homeobox 3 Transcription
ALX1 ALX homeobox 1 Transcription
BANP BTG3 associated nuclear protein Transcription
FLI1 Fli-1 proto-oncogene, ETS transcription factor Transcription
TBX6 Transcription factor T-box 6 Transcription
ZNF32 Zinc finger protein 32 Transcription
LYRM1 LY R motif-containing protein 1 Unknown
PDLIM4 PDZ and LIM domain 4 Unknown
ZMYND12 Zinc finger MY ND-type containing 12 Unknown
CHMP1A Charged multivesicular body protein 1A Vesicle-mediated transport

@ Representative biological process that the indicated gene product isinvolved according to GO term.

2.2
29

ontology GO)

(3
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(1/29) pRS426-GAL pr-GFP destination vector
LYRM1 ZMYND12 PDLIM4 3 Gateway
N GFP
23 pRS426-GAL pr-GFP-geneX
GAL1
[13-14] AN120 GAL4
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29
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Figure 5. Growth phenotype caused by expression of the indicated gene fused to GFP in yeast cells. A: wild-type

(YPH99) cells wer

e transformed with pRS426-GAL harboring the indicated genes; B: wild-type (YPH99) cells were

transformed with pRS426-GAL harboring the indicated genes fused to GFP. The transformants were spotted on plates
either supplemented with glucose (SD) or galactose (SG). Contral, the cells harboring pRS426-GAL empty plasmid.
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Figure 6. Localization of GFP-geneX fusions in
Y PH499 cells. A: GFP fusions which are localized to
particular compartment in yeast cells, B: GFP fusions
which are localized to the cytosol in yeast cells. Scale
bar, 5 um.
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Screening of human genes that inhibit vegetative growth of
budding yeast

Caihong Wang, Xiaodong Gao, Nakanishi Hideki’

Key Laboratory of Carbohydrate Chemistry and Biotechnology, Ministry of Education, Jiangnan University, Wuxi 214122,
Jiangsu Province, China

Abstract: [Objective] Heterologous expression of some human genes in yeast cells leads a severe growth defect.
This phenomenon can occur when intrinsic yeast regulatory mechanisms are perturbed by the physiological
function of the ectopically expressed human protein. Yeast cells are amenable to genetic studies and used as a
platform for high-throughput screening. Thus, yeast cells harboring such growth inhibitory human proteins may be
useful to analyze physiological function of the human protein and applied to find its inhibitor. In the present study,
we constructed a collection of yeast expression plasmid harboring human protein-coding genes. Using the human
gene library, we established a screening system to identify genes whose expression cause a growth defect in yeast
cells. [Methods] Using the Gateway recombination technology, human protein-cording genes were cloned into a
yeast expression plasmid. The resulting plasmids were individually transformed into yeast cells and analyzed
whether their expression effects on yeast growth. Furthermore, identified inhibitory genes were expressed as GFP
fusion proteins and their localization in yeast cells were analyzed. [Results and Conclusion] Among 2991 human
protein-cording genes, we identified 29 genes whose expression caused a sever growth defect in yeast cells. Some
of them are causative genes to develop human disorders. For example, PDLIM4 is involved in development of
osteoporosis and prostate cancer. Physiological function of PDLIM4 has not been understand very well. Our study
may provide another option to investigate human proteins.

Keywords: screening, human genes, Saccharomyces cerevisiae, growth defect, localization
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