
pex1 cells contain peroxisomal ghosts • Knoops et al.

JCB

T
H

E
 J

O
U

 R
N

A
L

 O
F

 C
E

L
L

 B
IO

 L
O

G
Y

S9

Supplemental material

Knoops et al., http ://www .jcb .org /cgi /content /full /jcb .201506059 /DC1

Figure S1. Docking and RING complex proteins as well as Pex11 colocalize in pex1 and pex6 cells. (A) Representative FM images of WT, pex1, and pex6 
cells grown on glucose producing Pex13-mGFP/Pex10-mCherry, Pex14-mGFP/Pex2-mCherry, Pex14-mGFP/Pex10-mCherry, or Pex14-mGFP/Pex11-
mCherry in BY4742. For the FY1679 strain, the Pex14-mGFP/Pex2-mCherry combination was analyzed. Cells were fixed in formaldehyde and embedded 
in agarose to prevent movement of spots and cells during imaging acquisition at the Deltavision microscope. (B) Example of the colocalization analysis of 
WT, pex1, and pex6 cells producing Pex14-mGFP and Pex10-mCherry grown on glucose. Bars: (A) 5 µm; (B) 10 nm.

http://www.jcb.org/cgi/content/full/jcb.201506059/DC1
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Figure S2. Peroxisomal ghosts in glucose-grown pex1 cells and in cells of the pex1 atg1 and pex6 pex11 double-deletion strains. (A) Double immuno-
labeling experiment using α-HA and α-Pex14 antibodies on glucose-grown pex1 cells producing Pex11-HA. α-Pex14 labeling of oleic acid induced pex1 
atg1 (B) or pex6 pex11 cells (C) showing the presence of ghosts labeled with Pex14. Bars, 100 nm.

Figure S3. Hypothetical model of peroxisome reintroduction in pex1 or pex6 cells. In the absence of Pex1, peroxisomal membrane ghosts are present that 
contain all PMPs, but lack matrix proteins. A single ghost consists of one continuous membrane and represents a flattened membrane vesicle, which is folded 
into a spherical structure with a single opening toward the cytosol. In cross sections, the structure is seen as a double-membrane ring, occasionally dis-
playing the opening. Upon reintroduction of Pex1, the space between the two membranes is filled by matrix proteins. Expansion of this space is paralleled 
with the formation of spherical extensions near the hole of the structure, which develop into peroxisomes, most likely by fission from the original structure.
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Table S1. Yeast strains used in this work

Name Genotype Reference

WT BY4742; Matα; his3Δ1; leu2Δ0; lys2Δ0; ura3Δ0 Euroscarf
pex1 BY4742; Matα; his3Δ1; leu2Δ0; lys2Δ0; ura3Δ0; YKL197c::kanMX4 Euroscarf
pex6 BY4742; Matα; his3Δ1; leu2Δ0; lys2Δ0; ura3Δ0; YNL329c::kanMX4 Euroscarf
WT Pex14-mGFP BY4741; Mata; his3::PEX14-mGFP; leu2Δ0; met15Δ0 ura3Δ0 Invitrogen
WT Pex13-mGFP BY4741; Mata; his3::PEX13-mGFP; leu2Δ0; met15Δ0 ura3Δ0 Invitrogen
FY1679 WT FY1679 (S288C isogenic yeast strain): Matα; his3Δ200; leu2Δ1; ura3-52; 

trp1-63; GAL2
Euroscarf

TIR1 DF5; Matα; his3Δ200; leu2-3,2-112; lys2-801; trp1-1; ura3::ADH-AtTIR1-9myc Morawska and Ulrich, 2013
pex1 Pex14-mGFP Sec63-mRFP BY4742; Matα; his3::PEX14-mGFP; leu2Δ0; lys2Δ0; URA3::Sec63-mRFP; 

YKL197c::kanMX4
This study

pex6 Pex14-mGFP Sec63-mRFP BY4742; Matα; his3::PEX14-mGFP; leu2Δ0; lys2Δ0; URA3::Sec63-mRFP; 
YNL329c::kanMX4

This study

pex1 Pex14-mGFP BY4742; Matα; his3::PEX14-mGFP; leu2Δ0; lys2Δ0; ura3Δ0; 
YKL197c::kanMX4

This study

pex6 Pex14-mGFP BY4742; Matα; his3::PEX14-mGFP; leu2Δ0; lys2Δ0; ura3Δ0; 
YNL329c::kanMX4

This study

WT Pex10-mCherry Pex14-mGFP BY4742; Matα; his3::PEX14-mGFP; leu2Δ0; lys2Δ0; ura3Δ0; PEX10-mCHE 
RRY::ZeocinR

This study

pex1 Pex10-mCherry Pex14-mGFP BY4742; Matα; his3::PEX14-mGFP; leu2Δ0; lys2Δ0; ura3Δ0; 
YKL197c::kanMX4; PEX10-mCHE RRY::ZeocinR

This study

pex6 Pex10-mCherry Pex14-mGFP BY4742; Matα; his3::PEX14-mGFP; leu2Δ0; lys2Δ0; ura3Δ0; 
YNL329c::kanMX4; PEX10-mCHE RRY::ZeocinR

This study

WT Pex10-mCherry Pex13-mGFP BY4742; Matα; his3::PEX13-mGFP; leu2Δ0; lys2Δ0; ura3Δ0; PEX10-mCHE 
RRY::ZeocinR

This study

pex1 Pex10-mCherry Pex13-mGFP BY4742; Matα; his3::PEX13-mGFP; leu2Δ0; lys2Δ0; ura3Δ0; 
YKL197c::kanMX4; PEX10-mCHE RRY::ZeocinR

This study

pex6 Pex10-mCherry Pex13-mGFP BY4742; Matα; his3::PEX13-mGFP; leu2Δ0; lys2Δ0; ura3Δ0; 
YNL329c::kanMX4; PEX10-mCHE RRY::ZeocinR

This study

WT Pex2-mCherry Pex14-mGFP BY4742; Matα; his3::PEX14-mGFP; leu2Δ0; lys2Δ0; ura3Δ0; PEX2-mCHE 
RRY::ZeocinR

This study

pex1 Pex2-mCherry Pex14-mGFP BY4742; Matα; his3::PEX14-mGFP; leu2Δ0; lys2Δ0; ura3Δ0; 
YKL197c::kanMX4; PEX2-mCHE RRY::ZeocinR

This study

pex6 Pex2-mCherry Pex14-mGFP BY4742; Matα; his3::PEX14-mGFP; leu2Δ0; lys2Δ0; ura3Δ0; 
YNL329c::kanMX4; PEX2-mCHE RRY::ZeocinR

This study

pex1.pex6 Pex2-mCherry Pex14-mGFP BY4742; Matα; his3::PEX14-mGFP; leu2Δ0; lys2Δ0; ura3Δ0; 
YNL329c::kanMX4; YKL197c::Hygromycin; PEX2-mCHE RRY::ZeocinR

This study

WT Pex11-mCherry Pex14-mGFP BY4742; Matα; his3::PEX14-mGFP; leu2Δ0; lys2Δ0; ura3Δ0; PEX11-mCHE 
RRY::ZeocinR

This study

pex1 Pex11-mCherry Pex14-mGFP BY4742; Matα; his3::PEX14-mGFP; leu2Δ0; lys2Δ0; ura3Δ0; 
YKL197c::kanMX4; PEX11-mCHE RRY::ZeocinR

This study

pex6 Pex11-mCherry Pex14-mGFP BY4742; Matα; his3::PEX14-mGFP; leu2Δ0; lys2Δ0; ura3Δ0; 
YNL329c::kanMX4; PEX11-mCHE RRY::ZeocinR

This study

pex1 atg1 Pex10-mCherry Pex14-mGFP BY4742; Matα; his3::PEX14-mGFP; leu2Δ0; lys2Δ0; ura3Δ0; 
YKL197c::kanMX4; YKL180w::NatR; PEX10-mCHE RRY::ZeocinR

This study

pex1 Pex11-HA BY4742; Matα; his3Δ1; leu2Δ0; lys2Δ0; ura3Δ0; YKL197c::kanMX4; 
PEX11-HA::ZeocinR

This study

pex1 Pex2-6HA BY4742; Matα; his3Δ1; leu2Δ0; lys2Δ0; ura3Δ0; YKL197c::kanMX4; 
PEX2-6HA::Hygromycin

This study

FY1679 pex1 FY1679 (S288C isogenic yeast strain): Matα; his3D200; leu2D1; ura3-52; 
trp1-63; GAL2; YKL197c::kanMX4

This study

FY1679 pex6 FY1679 (S288C isogenic yeast strain): Matα; his3D200; leu2D1; ura3-52; 
trp1-63; GAL2; YNL329c::kanMX4

This study

FY1679 pex6 Pex14-mGFP Sec63-mRFP FY1679 (S288C isogenic yeast strain): Matα; his3::PEX14-mGFP; leu2D1; 
URA3::Sec63-mRFP; trp1-63; GAL2; YNL329c::kanMX4

This study

FY1679 WT Pex2-mCherry Pex14-mGFP FY1679 (S288C isogenic yeast strain): Matα; his3::PEX14-mGFP; leu2D1; 
ura3-52; trp1-63; GAL2; PEX2-mCHE RRY::ZeocinR

This study

FY1679 pex1 Pex2-mCherry Pex14-mGFP FY1679 (S288C isogenic yeast strain): Matα; his3::PEX14-mGFP; leu2D1; 
ura3-52; trp1-63; GAL2; YKL197c::kanMX4; PEX2-mCHE RRY::ZeocinR

This study

FY1679 pex6 Pex2-mCherry Pex14-mGFP FY1679 (S288C isogenic yeast strain): Matα; his3::PEX14-mGFP; leu2D1; 
ura3-52; trp1-63; GAL2; YNL329c::kanMX4; PEX2-mCHE RRY::ZeocinR

This study

PEX1-AID*-6HA DF5; Matα; his3::PEX14-mGFP; leu2::DsRed-SKL; lys2-801; trp1-1; 
ura3::ADH-AtTIR1-9myc; Pex1-AID*-6HA::hygromycin

This study
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Table S2. Plasmids used in this work

Name Genotype Reference

pAG25 pFA6, nourseothricinR, ampR Goldstein and McCusker, 1999
pANL31 pHIPZ-eGFP fusionator, ampR Leao-Helder et al., 2003
pCDNA3.1mCherry Plasmid containing mCherry, ampR Shaner et al., 2004
pHIPX7 GFP-SKL pHIPX, TEF1 promotor, kanR, LEU2 Krikken et al., 2009
pHyg-AID*-6HA pSM409 Auxin-inducable degron, ampR, hphR Morawska and Ulrich, 2013
pHyg-Pex1-AID*-6HA pSM409 Pex1-Auxin-indicable degron, ampR, hphR This study
pHyg-Pex2-6HA pSM409 6xHA, ampR, hphR This study
pRSA01 pHIPZ4 mCherry fusinator, ampR, zeoR This study
pSM1960 pSM1960 Sec63-mRFP, ampR, URA3 Metzger et al., 2008
pPtdh3 GFP-SKL pHIPX, TDH3 promotor, kanR, LEU2 This study
pPtdh3 DsRed-SKL pHIPX, TDH3 promotor, kanR, LEU2 This study

Table S3. Primers used in this work

Name Sequence

pKEK036 5′-ATG AGATC AGTGT CCCTG ACTGG CAAAA TGGAC AGGTC GA-3′
pKEK038 5′-CCT TGTGC AGACA ACACT GTCAA CCACA GGAAA TTCTG GTCCT GCGGC AAGTG AGCAA GGGCG AGGAG GA-3′
pKEK039 5′-TAT TTCCC CTTCG CGTTT TACTT CTCCT GCTCA GACGT CTGCG TTATT TGTGA ATTGT AATAC GACTCA-3′
pKEK041 5′-GTT CCGGG TAACA ATCAG-3′
pKEK123 5′-CGG GCACA TGGAA ATTCA CT-3′
pKEK124 5′-TAT GCTTG CCTGT GGCGT TA-3′
pKEK127 5′-CCG AAGCC TTGCT CATCT TG-3′
pKEK128 5′-GTT GCCGG CTTAG CTCTG TA-3′
pKEK131 5′-CTA AAGGG AACAA AAGCT GG-3′
pKEK136 5′-GGT TATCC ATACG ATGTT CCTGA CTATG CTAGC GGTTA GGTCG ACTCT AGAGG ATC-3′
pKEK137 5′-CCG GTGTT GTCAC ATCTA TCCTT GGTAT GCAAG ACATG TGGAA AGCTA CAGGT TATCC ATACG ATGTT CC-3′
pKEK138 5′-ATA AATTA TAAAG AAGGG TCGAA TCAAA CATAA GCGGA GAATA GCCAA ATCTA AAGGG AACAA AAGCT GG-3′
pKEK164 5′-CTG GTGGA AAGTG AGGAC AAAG-3′
pKEK165 5′-GTA CTTCG TCTCG TTTCT GCTG-3′
pKEK178 5′- CAG CTGAA GCTTG TTAAA TATGC GGATT GTGAA ACATT GCACG-3′
pKEK179 5′-GCA CCGTC GACCA TAAGG GAGAG TCGGC TACCA ATGTC GA-3′
pKEK183 5′-AAT ATGAA TATAG TATAC ACATA TATAG AGATA CAAGC GAGGG AACGG GGGTG AATTG TAATA CGACT CA-3′
pKEK184 5′-CCG GTGTT GTCAC ATCTA TCCTT GGTAT GCAAG ACATG TGGAA AGCTA CAGTG AGCAA GGGCG AGGAG GA-3′
pKEK184 5′-AAT TATAA AGAAG GGTCG AATCA AACAT AAGCG GAGAA TAGCC AAATA AAGTG AATTG TAATA CGACT CA-3′
pKEK202 5′-GGT CGACG GTGCA GGCTG TGTTT ATGTG CGCGA CGAGG-3′
pKEK203 5′-GAA CATCG TATGG GTATT TCCCG TACAC TGGTG AGGCG GTCAGT-3′
pKEK229 5′-ATG TGTTT GCATA CCCTC CAAAA GAAAG CGATT ATAGT AACAT TAATG CATGA TGTGA CTGTC GCCCG-3′
pKEK230 5′-GGG ACATA TATTT ACAAA TTTAC CTATA CGCTC TGAGT TGATA TTACT TACGC ATAGG CCACT AGTGG ATCTG ATATCA-3′
pTER208 5′-ACC CCATA TTTTC AAATC TCTTT TACAA CACCA GACGA GAAAT TAAGA AACCA GATCT GTTTA GCTTG CCTT-3′
pTER209 5′-ATA GCAGG TCATT TGTAC TTAAT AAGAA AACCA TATTA TGCAT CACTT AAATT CGAGC TCGTT TTCGA CA-3′
TDH3_NotI.F 5′-GCA TCAGC GGCCG CCACG CTTTT TCAGT TCGAGT-3′
TDH3_BamHI.R 5′-GCG CGCGG ATCCT TTGTT TGTTT ATGTG TGTTT AT-3′
RSA10fw 5′-GAA GATCT ATGGT GAGCA AGGGC GAGGAG-3′
RSA11rev 5′-GCG TGTCG ACTTA CTTGT ACAGC TCGTC CATGCC-3′
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