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Figure S1. Amino acid sequence comparisons of the PBAC1, PBAC2 and PBAC5 chaperones. (A) 

Sequence alignment of PBAC5 proteins from a variety of plant species. Identical (55% threshold value) 

and similar amino acids are shown with black and grey backgrounds, respectively. The position of the C-

terminal HbYX motif is indicated by the red line. Amino acid numbers are given on the right. (B) Sequen-

ce alignment of the Arabidopsis PBAC1, PBAC2 and PBAC5 proteins. The alignment was performed and 

is annotated as in (A). The positions of the various T-DNA insertions characterized in Fig. 4 are indicated 

by the red arrowheads. Species abbreviations are given in the Materials and Methods. Accession numbers 

for all proteins analyzed in this Figure are listed in Table S1. (C) Tissue-dependent expression patterns of 

the Arabidopsis PBAC-type proteasome assembly chaperones. Shown is a heat map displaying relative 

transcript abundances for the indicated chaperones in 32 manually curated tissues. mRNA levels were ob-

tained from the Transcriptome Variation Analysis database and hierarchically clustered by both tissue dis-

tribution and expression patterns. All read counts for each gene were normalized by the “mean-of-ratios” 

method, with the maximum value set at 1. 
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Figure S2. Control bimolecular fluorescence complementation (BiFC) assays involving PBAC1-5. 

(A) Pairwise expression of the PBAC3 and PBAC4 chaperones with themselves and PBAC1, PBAC2 and 

PBAC5 indicates that PBAC3 and PBAC4 interact in planta. (B) Pairwise expression of the PBAC1-5 

chaperones fused to the N-terminal (NY) and C-terminal (CY) halves of YFP by themselves indicate that 

only the NY-PBAC4 construct produces a fluorescence signal due to auto-activation. Nicotiana benthami-

ana leaf epidermal cells were co-infiltrated with the indicated plasmid combinations, and fluorescence 

signals were detected by confocal fluorescence microscopy 36 h after infiltration. Shown are the fluores-

cence images alone or merged with their companion bright field images. Scale bar = 20 µm. 
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Figure S3. Elevated levels of ubiquitin conjugates and mRNA transcripts encoding 26S proteasome 

subunits and PA200 in pbac5-3 seedlings could be rescued with full-length HA-PBAC5. The pbac5-3 

mutant was complemented with a gene encoding full-length HA-PBAC5 or HA-PBAC5(ΔHbYX) miss-

ing the C-terminal HbYX motif, as described in Fig. 4. (A) Seedlings lacking PBAC5 hyperaccumulate 

ubiquitin conjugates. Total protein extracts from 7-day-old WT, pbac5-3, HA-PBAC5 pbac5-3, or HA-

PBAC5(ΔHbYX) pbac5-3 seedlings were subjected to SDS-PAGE followed by immunoblot analysis with 

anti-ubiquitin antibodies. Ubiquitin conjugates and poly-ubiquitin chains of various lengths are indicated 

by the bracket and arrowheads, respectively. Immunodetection of histone H3 was used to confirm near 

equal protein loading. (B) Seedlings lacking PBAC5 hyperaccumulate transcripts encoding various com-

ponents of the 26S proteasome. Total RNA was extracted from 7-day-old seedlings of the indicated geno-

types, and converted to first-strand cDNA. Relative transcript abundance of the CP α-subunits PAC1 and 

PAG1, the CP β-subunits PBA1 and PBF1, the RP subunits RPT1a, RPT3, RPT4b, RPN1a, RPN5a, 

RPN10 and RPN12a, and the accessory factor PA200 was determined by quantitative real-time (qRT)-

PCR, using the ACT2 and PP2A genes as internal reference standards. All data points were normalized to 

WT seedlings. The bars represent mean (±SD) from three independent biological replicates, each with 

three technical replicates. The letters identify values that were significantly different from the WT, as de-

termined by one-way ANOVA followed by Tukey’s post hoc test (p-value < 0.05). 
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Figure S4. Arabidopsis seedlings missing PBAC1, PBAC2 or PBAC5 are hypersensitive to proteo-

toxic stress and hyperaccumulate ubiquitin conjugates. (A) Homozygous seedlings of the indicated 

genotypes were grown for 10 days on solid GM medium containing either DMSO (control), 25 µM MG-

132, or 5 µM canavanine (Can). The nac53-1 nac78-1 double mutant (Gladman et al., 2016) was used as 

a positive control. (B) Quantification of seedling sensitivity to various concentrations of MG132 or Can. 

Shown is the fresh weight of 10 seedlings of the indicated genotypes grown as in (A). Bars represent the 

mean (±SD) from three independent biological replicates. Different letters represent values that were sig-

nificantly different from one another and the control, as determined by one-way ANOVA followed by the 

Tukey’s post hoc test (p-value < 0.05). (C) Total protein extracts from 7-day-old wild type (WT) and sin-

gle pbac1, pbac2 or pbac5 mutant seedlings were subjected to SDS-PAGE followed by immunoblot ana-

lysis with anti-ubiquitin antibodies. Ubiquitin conjugates and poly-ubiquitin chains of various lengths are 

indicated by the bracket and arrowheads, respectively. Immunodetection of histone H3 was used to con-

firm near equal protein loading. (D) Arabidopsis seedlings missing PBAC2 display 26S proteasome ass-

embly defects. Total protein extracts from 10-day-old pbac2-1 seedlings were subjected to glycerol gradi-

ent fractionation, and samples from each fraction were analyzed by SDS-PAGE followed by immunoblot 

with antibodies against the indicated proteasome subunits. The location of each protein within the 26S 

complex is indicated on the right. The predicted positions of free proteasome subunits (free), assembly 

intermediates (interm.), free CP, free RP, and the holo-26S proteasome are indicated by the horizontal 

brackets. Numbers on the left represent molecular mass markers in kDa. The comparative analysis of wild 

type and other chaperone mutants can be found in Fig. 6. 
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Figure S5.  Marshall et al.
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Figure S5. Elevated levels of mRNA transcripts encoding 26S proteasome subunits and PA200 in 

pbac1, pbac2 and/or pbac5 mutant seedlings. Total RNA was extracted from 7-day-old single (A) or 

higher order (B) pbac1, pbac2 and/or pbac5 mutant seedlings, and converted to first-strand cDNA. Rela-

tive transcript abundance of the CP α-subunits PAC1 and PAG1, the CP β-subunits PBA1 and PBF1, the 

RP subunits RPT1a, RPT3, RPT4b, RPN1a, RPN5a, RPN10 and RPN12a, and the accessory factor PA200 

was determined by qRT-PCR, using the ACT2 and PP2A genes as internal reference standards. All data 

points were normalized to WT seedlings. The bars represent mean (±SD) from three independent biologi-

cal replicates, each with three technical replicates. The letters identify values that were significantly diff-

erent from WT, as determined by one-way ANOVA followed by Tukey’s post hoc test (p-value < 0.05). 
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Figure S6. Arabidopsis seedlings missing PBAC1, PBAC2 and/or PBAC5 are hypersensitive to salt 

and drought stress. (A) and (C) Homozygous seedlings of the indicated genotypes were grown for 10 

days on solid GM medium containing either methanol (control), 50 mM NaCl, 100 mM mannitol, or 0.25 

µM ABA. The pbe1-2 mutant (Han et al., 2019) was used as a positive control. (B) and (D) Quantification 

of seedling sensitivity to various concentrations of NaCl, mannitol or ABA. Shown is the fresh weight of 

10 seedlings of the indicated genotypes grown as in (A) and (C). Bars represent the mean (±SD) from 

three independent biological replicates. Different letters represent values that were significantly different 

from one another and the control, as determined by one-way ANOVA followed by the Tukey’s post hoc 

test (p-value < 0.05). 
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Figure S7. Hypersensitivity of the pbac5-3 mutant to salt and drought stress could be rescued with 

full-length HA-PBAC5. The pbac5-3 mutant was complemented with a gene encoding full-length HA-

PBAC5 or HA-PBAC5(ΔHbYX) missing the C-terminal HbYX motif, as described in Fig. 5. (A) Homo-

zygous seedlings of the indicated genotypes were grown for 10 days on solid GM medium containing 

either methanol (control), 50 mM NaCl or 100 mM mannitol, or 0.25 µM ABA. The pbe1-2 mutant (Han 

et al., 2019) was used as a positive control. (B) Quantification of seedling sensitivity to various concentra-

tions of NaCl, mannitol or ABA. Shown is the fresh weight of 10 seedlings of the indicated genotypes 

grown as in (A). Bars represent the mean (±SD) from three independent biological replicates. Different 

letters represent values that were significantly different from one another and the control, as determined 

by one-way ANOVA followed by the Tukey’s post hoc test (p-value < 0.05). 
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Figure S8. Amino acid sequence comparisons of representative members of the PBAC5 chaperone 

family from various plants and a variety of fungal, metazoan and oomycete species. Identical (50% 

threshold value) and similar amino acids are shown with black and grey backgrounds, respectively. Rep-

resentatives of the PBAC1 and PBAC2 families were included for comparison. The position of the C-ter-

minal HbYX motif is indicated by the red line. Amino acid numbers are given on the right. A phylo-

genetic tree of the expanded PBAC5 family and its relationship to representatives from the PBAC1 and 

PBAC2 family in eukaryotes, and the PBAC family in bacteria, can be found in Fig. 8A. Species abbre-

viations are given in the Materials and Methods. Accession numbers for all proteins analyzed in this Fig-

ure are listed in Table S1. 
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TABLE S2: T-DNA Insertion Lines Used in This Study. 

Gene name Locusa Line name Line IDb Insertion 
site 

Ecotypec Reference 

NAC53 At3g10500 nac53-1 SALK_009578 3rd exon Col-0 Gladman et 
al. 2016 

NAC78 At5g04410 nac78-1 SALK_025098 2nd exon Col-0 Gladman et 
al. 2016 

PBAC1 At3g25545 pbac1-1 SALK_112630 2nd exon Col-0 This study 

PBAC2 At3g18940 
pbac2-1 SAIL_598_E03 2nd intron Col-3 This study 

pbac2-2 SAIL_447_D02 2nd intron Col-3 This study 

PBAC5 At3g07640 

pbac5-1 SALK_044042 5ʹ′-UTR Col-0 This study 

pbac5-2 SALK_027892 1st intron Col-0 This study 

pbac5-3 GABI_041G01 2nd intron Col-0 This study 

PBE1 At1g13060 pbe1-2 SALK_092686 7th exon Col-0 Han et al., 
2019 

a Locus identifiers are taken from the Arabidopsis Information Resource (www.arabidopsis.org). 
b T-DNA collections are described in O’Malley et al., (2015). Methods Mol. Biol. 1284, 323 – 342. 
c Lines were backcrossed at least three times to the respective wild type before analysis. 

 TABLE S1: Accession Numbers and Sequences of Proteins Used in This Study. 

Click here to Download Table S1
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TABLE S3: Transgenic Plant Lines Used in This Study. 

Genotypea Construct 
type

Transformation 
vectorb Ecotype 

Antibiotic 
resistance

Reference 

pbac5-3 UBQ10::HA-
PBAC5 

Genomic pMDC99 Col-0 Hygromycin This study 

pbac5-3 UBQ10::HA-
PBAC5(ΔHbYX) 

Genomic pMDC99 Col-0 Hygromycin This study 

a All constructs were transformed into the indicated ecotype via the floral dip method (Clough and Bent, 1998. 

      Plant J. 16, 735 – 743). 
b Plant transformation vectors are described in Curtis and Grossniklaus (2003). Plant Physiol. 133, 462 – 469 and 

      Suttangkakul et al. (2011) Plant Cell 23, 3761 – 3779. 
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TABLE S4: Oligonucleotide Primers Used in This Study. 

Primer name Sequence (5ʹ to 3ʹ) Comment 

SALK LBa1 TGGTTCACGTAGTGGGCCATCG For genotyping T-DNA 

mutants from the SALK 

collectionSALK LBb1.3 ATTTTGCCGATTTCGGAAC 

SAIL LB1 GCCTTTTCAGAAATGGATAAATAGCCTTGCTTCC 

For genotyping T-DNA 

mutants from the SAIL 

collection

GABI o8474 ATAATAACGCTGCGGACATCTACATTTT 

For genotyping T-DNA 

mutants from the GABI 

collection

nac53-1 LP TATGGGTCGTGGCTCAGTAAC For genotyping the 

nac53-1 allelenac53-1 RP GATTCTGCTGGTTGCTCAAAG 

nac78-1 LP TCTTTCGCATTTGCGATATTC For genotyping the 

nac78-1 allelenac78-1 RP TTCAAGTTCTGGTTTTCACCG 

pbac1-1 LP GGGAGTGTAATCGACGGTCT For genotyping the 

pbac1-1 allelepbac1-1 RP CCTAGTAAGCATAGAAACATGAAACAA 

pbac2-1/2 LP TATTGGGCTTTAATATGGCCC 
For genotyping the 

pbac2-1 and pbac2-2 

alleles

pbac2-1 RP GTCCCAACACAAAAAGCATTG 

pbac2-2 RP CTTCTTTCCACTTGAAGCAGC 

pbac5-1 LP TTGTGACAGAGATCCGCTTG For genotyping the 

pbac5-1 allelepbac5-1 RP TCGAGAAAGGACGAGTCGAG 

pbac5-2 LP AAGTATGGCGTTGAAGGTGTG For genotyping the 

pbac5-2 allelepbac5-2 RP TCGGCAAATACAATTTAATGAAGA 
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pbac5-3 LP ACCACAAGAAACTTGGCATTG 
For genotyping the 

pbac5-3 allelepbac5-3 RP TCAGCTCTCACGAAAACCTTC 

pbe1-2 LP GAATGCGATGTGAAATTTTGG For genotyping the 

pbe1-2 allelepbe1-2 RP AGAGAATAATCCGCGAGCAAC 

RT PBAC1 P1 GCCGAGAAGACTGAAACCAA 

For RT-PCR analysis of 

the PBAC1 gene

RT PBAC1 P2 GGAGATGGAAGGGATTCAGG 

RT PBAC1 P3 GGATTCCATTCAGAGCCGTA 

RT PBAC1 P4 CACACTCGCAACATCCAAAC 

RT PBAC2 P5 GAACGCAGGCAGAGATTCTT 

For RT-PCR analysis of 

the PBAC2 gene

RT PBAC2 P6 AAAGTCGAGCAATCTTCATTCA 

RT PBAC2 P7 AGGCTTGGGTTTGGAAGATT 

RT PBAC2 P8 TCAGGAGTCAGACCCATAAGC 

RT PBAC5 P9 CAGGATTAAACAGATTCGCTCA 

For RT-PCR analysis of 

the PBAC5 gene

RT PBAC5 P10 AATGATTCCGATGGATTTGC 

RT PBAC5 P11 GATACTCCCGCCGGTTTC 

RT PBAC5 P12 CGCCACAAAGAAAGGAGCTA 

RT PBAC5 P13 GTGTTAAACGCCTGCCTACC 

RT PBAC5 P14 AGCAGAGTGACGTGGATTTG 

RT PAC1 LP CTCGCCAGAAGGTCGTCTTT For qRT-PCR analysis 

of the PAC1 gene
RT PAC1 RP ATGGTGCTTGTCCCATCCTG 

RT PAG1 LP CCGTCACCACTTTCTCTCCC For qRT-PCR analysis 

of the PAG1 geneRT PAG1 RP CCTGAGCCACCAATACAGGG 
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RT PBA1 LP CGCTACTTCCTTCACCAGCA 
For qRT-PCR analysis 

of the PBA1 geneRT PBA1 RP CCTCCAATGGCAAACGGTTG 

RT PBF1 LP TCGCGATTACTCCAAAATCC For qRT-PCR analysis 

of the PBF1 gene RT PBF1 RP GGCGTGTTTGAATCCTGTTT 

RT RPT1a LP CGATTTGGAAATCCGGCGAC For qRT-PCR analysis 

of the RPT1a gene
RT RPT1a RP TGATCTTCTTGGCGAGATCCT 

RT RPT3 LP TCTTCACCGTCACTCCAACG For qRT-PCR analysis 

of the RPT3 gene
RT RPT3 RP ACTTCCCTATCGGCTCCTGT 

RT RPT4b LP TGTTCGCAATCAGAGCAGAG For qRT-PCR analysis 

of the RPT4b geneRT RPT4b RP CAGCTTTCTCACAGCCTTCA 

RT RPN1a LP TCGATAGCACAAGCACAAGC For qRT-PCR analysis 

of the RPN1a geneRT RPN1a RP GTTGAAGCTCGGATTTCCTG 

RT RPN5a LP TCACAAAGCCGCTCTCAGAC For qRT-PCR analysis 

of the RPN5a geneRT RPN5a RP CCAAAAACTAATCCACCAACACTTGA 

RT RPN10 LP AACCGCAGCTATCCAGATCG For qRT-PCR analysis 

of the RPN10 gene
RT RPN10 RP ACATAGCCACTTGCACCCTC 

RT RPN12a LP TCCTTCATGGAGGGTGCCTA For qRT-PCR analysis 

of the RPN12a gene
RT RPN12a RP ACGGAATCTCTTTGCACGGT 

RT PA200 LP GTTTGTCTCGTCACCCTGCT For qRT-PCR analysis 

of the PA200 gene
RT PA200 RP GCCACCTGCTCATCCTTAGA 

RT PBAC5 LP CGAAGAGCTTCAGGTGATCC For qRT-PCR analysis 

of the PBAC5 geneRT PBAC5 RP AGTGTTGGGCCATGAAAAAG 
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RT ACT2 LP GGCATCACACTTTCTACAATGAGC For qRT-PCR analysis 

of the ACT2 geneRT ACT2 RP ACCCTCGTAGATTGGCACAG 

RT PP2A LP AAGCTTGGTGCTCTTTGCAT For qRT-PCR analysis 

of the PP2A gene
RT PP2A RP CCATTACTGGAGCGAGAAGC 

PBAC1 LP 
GGGGACAAGTTTGTACAAAAAAGCAGGCTTAATGG 

AAGATGTACTTACC For cloning the full- 

length untagged PBAC1 

genePBAC1 RP 
GGGGACCACTTTGTACAAGAAAGCTGGGTATCATGT 

ATATAGATCAGA 

PBAC2 LP 
GGGGACAAGTTTGTACAAAAAAGCAGGCTTAATGG 

AGTTTGTTGTTGAA For cloning the full- 

length untagged PBAC2 

genePBAC2 RP 
GGGGACCACTTTGTACAAGAAAGCTGGGTATTAAAA 

CATAGACATATC 

PBAC3 LP 
GGGGACAAGTTTGTACAAAAAAGCAGGCTTAATGG 

AAAGCTTGGACACTAAT For cloning the full- 

length untagged PBAC3 

genePBAC3 RP 
GGGGACCACTTTGTACAAGAAAGCTGGGTATTACCA 

AAGGCGATTCTC 

PBAC4 LP 
GGGGACAAGTTTGTACAAAAAAGCAGGCTTAATGG 

AAGACTGAATACGAC For cloning the full- 

length untagged PBAC4 

genePBAC4 RP 
GGGGACCACTTTGTACAAGAAAGCTGGGTATTATGT 

TGCTCTTACAGG 

PBAC5 LP 
GGGGACAAGTTTGTACAAAAAAGCAGGCTTAATGA 

AAGTAGCGGAGAAG For cloning the full- 

length untagged PBAC5 

genePBAC5 RP 
GGGGACCACTTTGTACAAGAAAGCTGGGTATTAGCC 

ATAAAGAGCACG 

PBAC5 gen LP 
GGGGACAAGTTTGTACAAAAAAGCAGGCTCCAAAA 

ACAGGATTAAACAGATTCGCT For cloning the full 

genomic sequence of the 

PBAC5 genePBAC5 gen RP 
GGGGACCACTTTGTACAAGAAAGCTGGGTCCTTCTG 

AGAGTTTAAGATTTGGTTGA 

PBAC5 ΔHbYX 

LP 
AAAGTCCGTGGCGTGCTTAATCTTCACAGGTCAG 

For deleting the PBAC5 

HbYX motif by site-
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PBAC5 ΔHbYX 

RP 
CTGACCTGTGAAGATTAAGCACGCCACGGACTTT directed mutagenesis

KanB CTGCAGCGAGGAGCCGTAAT For genotyping all  

yeast deletion strainsKanC TGATTTTGATGACGAGCGTAA 

PBA1-A ATTGAAATCAATTTAAGAAGTTGCG 

For genotyping Δpba1 

deletion strains

PBA1-B ACTATTATATCAGGGGAGAACTGGG 

PBA1-C CCCAGTTCTCCCCTGATATAATAGT 

PBA1-D AAAGAAGGACAAAAAGGAAAAGAAA 

PBA2-A CCAATGATATAAAGATTTCCAATGC 

For genotyping Δpba2 

deletion strains

PBA2-B ACTAGGTATTTCGAATCTAACGCCT 

PBA2-C TCTATATGCAATGGAGGATGAAAAT 

PBA2-D ACTGCCAAATTCAAAGAGATGTTAC 

doa5-1 LP AGCACATTTTCCCCAGAAGG For genotyping the 

doa5-1 mutationdoa5-1 RP GGCACCTTCACCGAACCTTA 

HA-PBA1 LP 

GGGGACAAGTTTGTACAAAAAAGCAGGCTCCATGT 

CCCATACGATGTTCCAGATTACGCTATGCTTTTTAA 

ACAATGGAATGACT 
For cloning the full-

length HA-tagged PBA1 

gene
HA-PBA1 RP 

GGGGACCACTTTGTACAAGAAAGCTGGGTCTCATAT 

ATATAGGCCTGATTGTGCAC 

HA-PBA2 LP 

GGGGACAAGTTTGTACAAAAAAGCAGGCTCCATGT 

CCCATACGATGTTCCAGATTACGCTATGAGCTGCCT 

GGTGTTGC 
For cloning the full-

length HA- or FLAG-

tagged PBA2 gene
FLAG-PBA2 LP 

GGGGACAAGTTTGTACAAAAAAGCAGGCTCCATGG 

ACTACAAAGACGATGACGACAAGATGCTTTTTAAAC 

AATGGAATGACT 

HA/FLAG-PBA2 

RP 

GGGGACCACTTTGTACAAGAAAGCTGGGTCTCAATT 

GTATAAATCTACAAATTT 
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HA-PBAC1 LP 

GGGGACAAGTTTGTACAAAAAAGCAGGCTCCATGT 

ACCCATACGATGTTCCAGATTACGCTATGGAAGATG 

TACTTACCGAGA 
For cloning the full-

length HA- or FLAG-

tagged PBAC1 gene

FLAG-PBAC1 

LP 

GGGGACAAGTTTGTACAAAAAAGCAGGCTCCATGG 

ACTACAAAGACGATGACGACAAGATGGAAGATGTA 

CTTACCGAGA 

HA/FLAG- 

PBAC1 RP 

GGGGACCACTTTGTACAAGAAAGCTGGGTCTCATGT 

ATATAGATCAGAGTCAAGCC 

HA-PBAC2 LP 

GGGGACAAGTTTGTACAAAAAAGCAGGCTCCATGT 

ACCCATACGATGTTCCAGATTACGCTATGGAGTTTG 

TTGTTGAAGAAGGA 
For cloning the full-

length HA- or myc-

tagged PBAC2 gene
MYC-PBAC2 LP 

GGGGACAAGTTTGTACAAAAAAGCAGGCTCCATGG 

AACAAAAACTCATCTCAGAAGAGGATCTGATGGAG 

TTTGTTGTTGAAGAAGGA 

HA/MYC- 

PBAC2 RP 

GGGGACCACTTTGTACAAGAAAGCTGGGTCTTAAAA 

CATAGACATATCCGGAGGA 

HA-PBAC5 LP 

GGGGACAAGTTTGTACAAAAAAGCAGGCTCCATGT 

ACCCATACGATGTTCCAGATTACGCTATGAAAGTAG 

CGGAGAAGATTGT 
For cloning the full-

length HA-tagged 

PBAC5 gene
HA-PBAC5 RP 

GGGGACCACTTTGTACAAGAAAGCTGGGTCTTAGCC 

ATAAAGAGCACGCCA 

PBA1 Y275A 

LP 

TGGTGCACAATCAGGCCTAGCTATATGAGACCCAGC 

TTTC For site-directed 

mutagenesis of the 

PBA1 HbYX motifPBA1 Y275A 

RP 

GAAAGCTGGGTCTCATATAGCTAGGCCTGATTGTGC 

ACCA 

PBA2 Y266A 

LP 

GGCGGATGCAAGAGATAAATTTGTAGATTTAGCCAA 

TTGAGACCCAGCTTT For site-directed 

mutagenesis of the 

PBA2 HbYX motifPBA2 Y266A 

RP 

AAAGCTGGGTCTCAATTGGCTAAATCTACAAATTTA 

TCTCTTGCATCCGCC 

PBAC1 Y266A 

LP 

TACTTGGCTTGACTCTGATCTAGCTACATGAGACCC 

AGCTTTC For site-directed 

mutagenesis of the 

PBAC1 HbYX motifPBAC1 Y266A 

RP 

GAAAGCTGGGTCTCATGTAGCTAGATCAGAGTCAAG 

CCAAGTA 
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PBAC2 F281A 

LP 

CTCCTCCGGATATGTCTATGGCTTAAGACCCAGCTTT 

CTTGT For site-directed 

mutagenesis of the 

PBAC2 HbF motifPBAC2 F281A 

RP 

ACAAGAAAGCTGGGTCTTAAGCCATAGACATATCC 

GGAGGAG 

PBAC5 Y240A 

LP 
AAAGTCCGTGGCGTGCTCTTGCTGGCTAAGACCCAG For site-directed 

mutagenesis of the 

PBAC5 HbYX motifPBAC5 Y240A 

RP 
CTGGGTCTTAGCCAGCAAGAGCACGCCACGGACTTT 
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TABLE S5: S. cerevisiae Strains Used in This Study. 

Strain namea Genotypeb Referencec 

BY4741 MATa his3Δ1 leu2Δ0 met15Δ0 ura3Δ0 Brachmann et al., 1998 

BY4742 MATα his3Δ1 leu2Δ0 lys2Δ0 ura3Δ0 Brachmann et al., 1998 

MaV203 

MATα ade2-10 his3Δ200 leu2-3, 2-112 trp1Δ901 can1R cyh2R 

gal4Δ gal80Δ gal1::lacZ lys2::pHIS3(GAL1-UAS)-HIS3 

ura3::pSPAL10(GAL1UAS)-URA3

Vidal et al., 1996 

Δpba1 MATa his3Δ1 leu2Δ0 lys2Δ0 ura3Δ0 pba1Δ::kanMX4 Dharmacon 

Δpba2 MATa his3Δ1 leu2Δ0 lys2Δ0 ura3Δ0 pba2Δ::kanMX4 Dharmacon 

MHY500 MATα his3Δ200 leu2-3, 2-112 lys2-801 trp1-1 ura3-52 gal2 
Chen and Hochstrasser, 

1996

MHY794 
MATα his3Δ200 leu2-3, 2-112 lys2-801 trp1-1 ura3-52 gal2

doa5Δ1::HIS3 [YC-pLAC22-doa5-1 (TRP1)]

Chen and Hochstrasser, 

1996

RSM386 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba1Δ::kanMX4 doa5Δ1::HIS3 [YC-pLAC22-

doa5-1 (TRP1)]

This study 

RSM387 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba2Δ::kanMX4 doa5Δ1::HIS3 [YC-pLAC22-

doa5-1 (TRP1)]

This study 

RSM388 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba1Δ::kanMX4 pba2Δ::kanMX4 doa5Δ1::HIS3 

[YC-pLAC22-doa5-1 (TRP1)]

This study 

RSM389 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba1Δ::kanMX4 doa5Δ1::HIS3 [YC-pLAC22-

doa5-1 (TRP1) pGPD1-HA-ScPBA1 (LEU2)]

This study 

RSM390 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba1Δ::kanMX4 doa5Δ1::HIS3 [YC-pLAC22-

doa5-1 (TRP1) pGPD1-HA-AtPBAC1 (LEU2)]

This study 

RSM391 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba1Δ::kanMX4 doa5Δ1::HIS3 [YC-pLAC22-

doa5-1 (TRP1) pGPD1-HA-AtPBAC2 (LYS2)]

This study 
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RSM392 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba1Δ::kanMX4 doa5Δ1::HIS3 [YC-pLAC22-

doa5-1 (TRP1) pGPD1-HA-AtPBAC5 (URA3)]

This study 

RSM393 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba2Δ::kanMX4 doa5Δ1::HIS3 [YC-pLAC22-

doa5-1 (TRP1) pGPD1-HA-ScPBA2 (LYS2)]

This study 

RSM394 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba2Δ::kanMX4 doa5Δ1::HIS3 [YC-pLAC22-

doa5-1 (TRP1) pGPD1-HA-AtPBAC1 (LEU2)]

This study 

RSM395 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba2Δ::kanMX4 doa5Δ1::HIS3 [YC-pLAC22-

doa5-1 (TRP1) pGPD1-HA-AtPBAC2 (LYS2)]

This study 

RSM396 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba2Δ::kanMX4 doa5Δ1::HIS3 [YC-pLAC22-

doa5-1 (TRP1) pGPD1-HA-AtPBAC5 (URA3)]

This study 

RSM397 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba1Δ::kanMX4 pba2Δ::kanMX4 doa5Δ1::HIS3 

[YC-pLAC22-doa5-1 (TRP1) pGPD1-HA-ScPBA1 (LEU2) 

pGPD1-FLAG-ScPBA2 (LYS2)]

This study 

RSM398 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba1Δ::kanMX4 pba2Δ::kanMX4 doa5Δ1::HIS3 

[YC-pLAC22-doa5-1 (TRP1) pGPD1-FLAG-AtPBAC1 (LEU2) 

pGPD1-myc-AtPBAC2 (LYS2)]

This study 

RSM399 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba1Δ::kanMX4 pba2Δ::kanMX4 doa5Δ1::HIS3 

[YC-pLAC22-doa5-1 (TRP1) pGPD1-FLAG-AtPBAC1 (LEU2) 

pGPD1-HA-AtPBAC5 (URA3)]

This study 

RSM400 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba1Δ::kanMX4 pba2Δ::kanMX4 doa5Δ1::HIS3 

[YC-pLAC22-doa5-1 (TRP1) pGPD1-myc-AtPBAC2 (LYS2) 

pGPD1-HA-AtPBAC5 (URA3)]

This study 

RSM401 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba1Δ::kanMX4 pba2Δ::kanMX4 doa5Δ1::HIS3 

[YC-pLAC22-doa5-1 (TRP1) pGPD1-FLAG-AtPBAC1 (LEU2) 

pGPD1-myc-AtPBAC2 (LYS2) pGPD1-HA-AtPBAC5 (URA3)]

This study 
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RSM402 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba1Δ::kanMX4 pba2Δ::kanMX4 doa5Δ1::HIS3 

[YC-pLAC22-doa5-1 (TRP1) pGPD1-HA-ScPBA1-Y275A 

(LEU2) pGPD1-FLAG-ScPBA2 (LYS2)]

This study 

RSM403 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba1Δ::kanMX4 pba2Δ::kanMX4 doa5Δ1::HIS3 

[YC-pLAC22-doa5-1 (TRP1) pGPD1-HA-ScPBA1 (LEU2) 

pGPD1-FLAG-ScPBA2-Y266A (LYS2)]

This study 

RSM404 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba1Δ::kanMX4 pba2Δ::kanMX4 doa5Δ1::HIS3 

[YC-pLAC22-doa5-1 (TRP1) pGPD1-HA-ScPBA1-Y275A 

(LEU2) pGPD1-FLAG-ScPBA2-Y266A (LYS2)]

This study 

RSM405 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba1Δ::kanMX4 pba2Δ::kanMX4 doa5Δ1::HIS3 

[YC-pLAC22-doa5-1 (TRP1) pGPD1-FLAG-AtPBAC1-Y266A 

(LEU2) pGPD1-myc-AtPBAC2 (LYS2) pGPD1-HA-AtPBAC5 

(URA3)]

This study 

RSM406 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba1Δ::kanMX4 pba2Δ::kanMX4 doa5Δ1::HIS3 

[YC-pLAC22-doa5-1 (TRP1) pGPD1-FLAG-AtPBAC1 (LEU2) 

pGPD1-myc-AtPBAC2-F281A (LYS2) pGPD1-HA-AtPBAC5 

(URA3)]

This study 

RSM407 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba1Δ::kanMX4 pba2Δ::kanMX4 doa5Δ1::HIS3 

[YC-pLAC22-doa5-1 (TRP1) pGPD1-FLAG-AtPBAC1 (LEU2) 

pGPD1-myc-AtPBAC2 (LYS2) pGPD1-HA-AtPBAC5-Y240A 

(URA3)]

This study 

RSM408 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba1Δ::kanMX4 pba2Δ::kanMX4 doa5Δ1::HIS3 

[YC-pLAC22-doa5-1 (TRP1) pGPD1-FLAG-AtPBAC1-Y266A 

(LEU2) pGPD1-myc-AtPBAC2-F281A (LYS2) pGPD1-HA-

AtPBAC5 (URA3)]

This study 

RSM409 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba1Δ::kanMX4 pba2Δ::kanMX4 doa5Δ1::HIS3 

[YC-pLAC22-doa5-1 (TRP1) pGPD1-FLAG-AtPBAC1-Y266A 

This study 
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(LEU2) pGPD1-myc-AtPBAC2 (LYS2) pGPD1-HA-AtPBAC5- 

Y240A (URA3)] 

RSM410 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba1Δ::kanMX4 pba2Δ::kanMX4 doa5Δ1::HIS3 

[YC-pLAC22-doa5-1 (TRP1) pGPD1-FLAG-AtPBAC1 (LEU2) 

pGPD1-myc-AtPBAC2-F281A (LYS2) pGPD1-HA-AtPBAC5-

Y240A (URA3)]

This study 

RSM411 

MATa/α his3Δ1/Δ200 leu2Δ0/2-3, 2-112 lys2Δ0/2-801 trp1-1 

ura3Δ0/3-52 pba1Δ::kanMX4 pba2Δ::kanMX4 doa5Δ1::HIS3 

[YC-pLAC22-doa5-1 (TRP1) pGPD1-FLAG-AtPBAC1-Y266A 

(LEU2) pGPD1-myc-AtPBAC2-F281A (LYS2) pGPD1-HA-

AtPBAC5-Y240A (URA3)]

This study 

a Previously described strains are named as in their relevant publication. Strains purchased from the yeast gene 

     knockout collection are named after the gene which has been deleted. Strains generated either by mating or 

     transformation during this study are named after the first author. 
b Following certain crosses, the mating type and the status of some selective markers was unknown. This has been 

     indicated by showing MATa/α for the mating type locus, and by omitting the ambiguous selective markers. 
c References are: Brachmann et al. (1998) Yeast 14, 115 – 132; Chen and Hochstrasser (1996) Cell 86, 961 – 972; 

    Vidal et al. (1996) Proc. Natl. Acad. Sci. USA 93, 10315 – 10320. 

TABLE S6: Protein Identification and Quantification Data for Proteasome Affinity Purifications, 

Performed in Proteome Discoverer. 

Click here to Download Table S6

J. Cell Sci.: doi:10.1242/jcs.249862: Supplementary information

Jo
ur

na
l o

f C
el

l S
ci

en
ce

 •
 S

up
pl

em
en

ta
ry

 in
fo

rm
at

io
n

http://www.biologists.com/JCS_Movies/JCS249862/TableS6.xlsx

	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



