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Fig. S1. Treatment of cells with Cycloheximide (CHX) for 60 minutes reduces the synthesis
of GFP-Pex14.

(A) Microscopic images of yeast cells expressing GFP-Pex14 (green) before and after 1 hour of
CHX treatment. The intensity of the GFP is reduced after 1 hour of CHX treatment. Bar, 5 pm.
(B) The intensity of GFP-Pex14 signal was measured for 500 peroxisomes and plotted on a

violin graph (***, Unpaired t-test, P<0.05)



Fig. S2. Removal of the starter methionine (ATG) of GFP abolishes GFP-Pex14 expression.
A western blot analysis of cells expressing either GFP-Pex14 with or without (AATG) the starter
methionine under the NOPI promoter integrated into the HO locus. The blots were incubated
with a-GFP antibody showing the expected size of about 75kDa of the fused GFP to Pex14

(green). An a-actin antibody was used as the loading control (red).
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Figure. S3 Peroxisomal mRNA granule localization precedes the formation of a mature

peroxisome.

In vivo time lapse of mRNA granules of PEX//-MS2L detected by MCP-3(x)GFP upon Pex19
induction with the GALpr induction system. Mature Peroxisomes are marked by mCherry-PTS1
and begin forming 5 hours post GAL induction. Images were taken every 5 minutes. Arrows
indicate the area where a peroxisome was detected following PEX7/-mRNA presence. The mRNA
signal is very strong before peroxisome formation and during the maturation process and is

decreased in intensity following division of the nascent peroxisome. Bar, 5 pm.
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Fig S4. Immature peroxisomes are visible in the absence of Pex19.

A representative micrograph showing the expression of Pex14-mCherry, often used as a pre
peroxisomal vesicle marker, in a punctate pattern prior to GALpr-PEX19 induction. Mature
peroxisomes are marked by CFP fused to a peroxisomal targeting signal 1, PTS1 (cyan) and are

correctly targeted to peroxisomes only in the presence of Pex19, when cells are grown on

Galactose. Bar, 5 pm
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Fig. S5. Pex25-mVenus-BirA and Pex11-mVeus-BirA are correctly localized to peroxisomes.

Pex25-mVenus- BirA Pex11-mVenus- BirA

Pex25-mVenus- BirA Pex11-mVenus- BirA

(A) Micrographs showing the punctate pattern of Pex11-mVenus-BirA and Pex25-mVenus-BirA
(green) that disappear upon pex/9 deletion. (B) Micrographs showing colocalization between a
mature peroxisome marker CFP-PTS1 (magenta) and Pex11-mVenus-BirA or Pex25-mVenus-
BirA (green). Both panels demonstrate correct localization of the peroxisomal membrane proteins

that were used for the proximity labeling assays performed in figure 3 in the main text. Bar, 5 um
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Fig. S6. The enrichment of locally translated peroxisomal membrane proteins is not affected

by the addition of the translational inhibitor, Cycloheximide (CHX).

(A) Representative micrographs of maximal intensity projections following smRNA-FISH of
GFP-PEX14 and GFP-PEXI1 expressing yeast strains. Peroxisomes are marked by CFP-PTSI.
Samples were subject to smFISH with and without the addition of CHX, 5 minutes prior to fixation.
Bar, 5 um. (B) The percentage of peroxisomes that co-localize with the smRNA-FISH fluorescent
signal were counted and are presented by the bar graphs to the right of the corresponding

micrographs (n=50, P>0.05, unpaired #¢-test).
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Fig. S7. The peroxisomal specific ribosome profiling is enriched for transcripts that encodes

for peroxisomal membrane proteins. (A) peroxisomal transcripts were enriched by PRP. 40

transcripts that were enriched by Pex11-BirA after 2 minutes biotin pulse were plotted on a violin

plot ac

cording to their cellular localization, median enrichment levels are marked by black dashed




line, which is highest for peroxisomal transcripts. (B) GO term enrichment analysis of locally
synthesized peroxisomal proteins. A bar graph demonstrating the enrichment of transcripts
translated in proximity to peroxisomes using their Gene Ontology (GO) term of “localization”.
The graph represents analysis of the 40 transcripts that were enriched by four independent
experiments (with either Pex25-BirA or Pex11-BirA following either 2 or 5 minutes CHX pulse)
analyzed compared to all expressed genes in S. cerevisiae. (C) 77% of enriched transcripts are
predicted to be peroxisomal membrane proteins. Presented are protein illustrations of 10 out of
13 highly PRP enriched transcripts. Green regions are predicted to form a transmembrane domain
(TMD). In pink are cytosolic facing regions and in purple are regions facing the lumen of
peroxisomes. Each region is defined by the position of encompassing amino acids as marked by
blue numbers. TMDs were Predicted by the PolyPhobius algorithm and visualized by the
TopologYeast web tool (52).
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Fig S8. Transcripts enriched in the peroxisome-specific ribosome profiling colocalize with
peroxisomes.

(A) An example of maximum intensity projections of fluorescent microscopy images following
single molecule (sm) RNA-FISH of GFP-PXAI expressed under its native promoter. GFP-PXA 1
mRNA is shown in red (following hybridization with Stellaris® RNA FISH probes conjugated to
TAMRA fluorescent dye), GFP-Pxal protein is shown in green, Peroxisomes are labeled by a
Cyan Fluorescent Protein (CFP) fused to a Peroxisomal Targeting Signal (PTS1) shown in blue.
Bar, 5 um. (B) A bar graph summarizing the analysis of a comprehensive smRNA-FISH
experiment in which the percentage of peroxisomes that colocalized with mRNA molecules of all
transcripts that were highly enriched by the peroxisome specific ribosome profiling assay was

counted. The Golgi protein Sec7 was used as a negative control. Bar, 5 um, n=100.
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Fig. S9. ER tethering of PEXI1I-MS2L results in lower percentage of peroxisomes
colocalizing with PEX11-MS2L mRNA.

A representative micrograph of smRNA-FISH experiment of strains with PEX//-MS2L and a
marker for mature peroxisomes (cyan). Addition of an ER tethering element (Sec63-MCP, green)
reduced the percentage of peroxisomes that colocalized with PEX// mRNA. Areas of
colocalization are marked by yellow arrowheads and quantified in the graph. n=1750 (150 cells

were counted for their signals), each dot stands for a biological repeat. Bar, 5 um.



A. PEX11-MS2L
CEP-PTS1

.. 2

Not tethered

ER Tethered

B. PEX11-MS2L C.
L 250
3
£ 200 i °
S -
[
B 150 - °
e °
8 100 &—® —
5 °
Sf 50

I I I I
High Medium Low without
tethering
element

Fig. S10. ER tethering of PEX11-MS2L caused a reduction in mature peroxisome number.

A. A representative micrograph of strains with PEX//-MS2L. Upon addition of the tethering

element a reduction in mature peroxisomes, marked by CFP-PTSI (magenta) number was

detected. (B) The number of peroxisomes decreases the stronger the tethering of PEX71 mRNA to

the ER. Peroxisomes are marked by CFP-PTS1 (magenta) in cells expressing PEX/-MS2L that

is mis-localized to the ER by the episomally expressed tethering element made of Sec63-MCPx2-

GFP (green). Cells were visually divided into three subgroups that differ in the expression levels

of the tethering element: High (H), Medium (M) and Low (L). (C) The number of peroxisomes

was quantified for each group. Bar, 5 pm, n=100.
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Fig. S11. Om4S5 is correctly targeted to mitochondria when fused to MCP(x2)-GFP.
Fluorescent micrograph showing that OM45-MCP-GFP (expressed in cells in which PEX74
mRNA is tagged with MS2L) is correctly localized to mitochondria. Bar, 5 pm
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Fig. S12. Mislocalization of PEX14 mRNA does not have a toxic effect on respiration.
Drop dilution assay of cells grown for 5 days on agar plates with glycerol as a sole carbon
source. The mitochondrial tethered strain (PEX14MS2L/ OM45-MCPx2-GFP) shows normal

growth, similar to control.
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Fig S13. Mis localization of PXA41-MS2L transcript to the mitochondria has a toxic effect on
respiration. Growth curves obtained using a plate reader, comparing the growth kinetics of yeast
strains in which PXA [ transcripts were either not tethered (PXA1-MS2L), tethered to
mitochondria (PXA41-MS2L Om45-CP), tethered to the ER (PXA41-MS2L, Sec63-MCP) or
deleted (pxal). Cells were grown in media containing either fermentable glucose (A) or non-

fermentable glycerol (B) as a sole carbon source. N, number of wells.

Table S1. A list of enriched transcripts by peroxisome specific ribosome profiling.
Comprehensive list of transcripts that were enriched in the peroxisome specific ribosome
profiling assay in all four assays, when Pex11-BirA or Pex25-BirA is a biotin donor after either 2

or 5 minutes CHX treatment. Table S1 is available in the online version of the manuscript.



Table S2. List of yeast strains used in this study.

Strain Number | Strain Name Genotype Comments Mating
Type
YMS701 BY4741 his3A1 leu2AO met15A0 ura3A0 a
YMS6010 sfGFP-Pex14+CFP- his3A1 leu2 A0 met15SA0 ura3A0 lys+ o
PTSI canlA::GALIpr-Scel::STE2pr-SpHIS5
bpIA::STE3pr-LEU2
NATIVEpr-sfGFP-PEX14
YMS6022 sfGFP-Sec7+CFP- his3A1 leu2AQ met15SA0 ura3A0 lys+ o
PTSI canlA::GALIpr-Scel::STE2pr-SpHIS5
bpIA::STE3pr-LEU2
NATIVEpr-sfGFP-SEC7
YMS5093 sfGFP-Pex14 his3A1 leu2AOQ met15A0 ura3A0 a
URA3::NOP1pr-SfGFP-PEX14,
YMS5094 noATG sfGFP-Pex14 his3A1 leu2A0 metl SA0 ura3A0; a
URA3::NOP1pr-AatgSfGFP-PEX14
YMS4472 PEXI1-MS2L x his3A1 leu2AOQ met15A0 ura3A0 Described in a
MCP-GFP(x3) PEX11:loxP::MS2L::PEX11 3’UTR, (22)
Transformed
with plasmid
pMS196
YMS4473 PEX14-MS2L x his3A1 leu2AO met15A0 ura3A0 Described in a
MCP-GFP(x3) PEXI14:loxP::MS2L::PEX14 3 UTR, (22).
Transformed
with plasmid
pMS196
YMS4678 PEXI1-MS2L x his3A1 leu2A0 met15A0 ura3A0 The strain was a
MCP-GFP(x3) x PEXI1::loxP::MS2L::PEX11 3 UTR, transformed
GALpr-PEX19 x G418::Galpr-PEX19 with pMS196
mCherry-PTS1 and pMS617
YMS5939 PEXI1-MS2L x his3A1 leu2AQ met15A0 ura3A0, The strain was a
MCP-GFP(x3) x PEXI1::loxP::MS2L::PEX11 3 ’UTR, transformed
GALpr-PEX19 x G418-Galpr-PEX19, PEX14-mCherry-NAT | with pMS196
Pex14-mCherry x and pMS618
CFP-PTS1
YMS6021 mCherry-Pex14 his3A1 leu2AO met15A0 ura3A0 Used for CLEM | o
canlA::GALIpr-Scel::STE2pr-SpHIS5
pIA::STE3pr-LEU2
NAT::TEF2pr-mCherry-PEX14
YMS2331 Rpll6a/b-HA-TEV- RPL16a/b- HA-TEV-AVI ura340 lys240 Described in|a

AVI

his341 leu240

(21,32)




YMS3821

Sec63-mVenus-BirA x
Rpll6a/b-HA-TEV-
AVI

ura340 lys2A40 his341 leu240
RPL16a/b- HA-TEV-AVI
SEC63-mVenus-BirA-HISS

Described in:

(32)

YMS2842 Pex11-mVenus-BirA x | ura340 lys240 his341 leu2A0
Rpll6a/b-HA-TEVAVI | RPL16a/b- HA-TEV-AVI
PEXII-mVenus-BirA-HIS5
YMS2844 Pex25-mVenus-BirA x | ura340 lys240 his341 leu2A0
Rpll6a/b-HA-TEVAVI | RPL16a/b- HA-TEV-AVI
PEX25-mVenus-BirA-HIS5
YMS2794 RPS2-HA-TEVAVI leu2A40 ura340 met1540 his341 Described
RPS2-HA-TEV-AVI in:(32)
YMS2845 Pex25-mVenus-BirA x | leu240 ura340 metl1 540 his341
RPS2-HA-TEVAVI RPS2-HA-TEV-AVI
PEX25-mVenus-BirA-HIS5
YMS2843 Pex11-mVenus-BirA x | leu240 ura340 metl1 540 his341
RPS2-HA-TEVAVI RPS2-HA-TEV-AVI
PEXII-mVenus-BirA-HIS5
YMS4178 Tef2-mVenus-BirA x leu2A40 ura340 met1540 his341
RPS2-HA-TEVAVI RPS2-HA-TEV-AVI
TEF2-mVenus-BirA-HISS
YMS6011 sfGFP-Pex11 x CFP- his3A1 leu2A0 metl5SA0 ura3A0 Transformed
PTSI canlA::GALIpr-Scel::STE2pr-SpHIS5 with pMS894
lypIA::STE3pr-LEU2, NATIVEpr-sfGFP-
PEXI11
YMS6012 sfGFP-Pxal x CFP- his3A1 leu2A0 metl5SA0 ura3A0 Transformed
PTSI canlA::GALIpr-Scel::STE2pr-SpHIS5 with pMS894
lypIA::STE3pr-LEU2, NATIVEpr-sfGFP-
PXAI
YMS6013 sfGFP-Pex35 x CFP- his3A1 leu2A0 metl5A0 ura3A0 Transformed
PTSI canlA::GALIpr-Scel::STE2pr-SpHIS5 with pMS894
lypIA::STE3pr-LEU2, NATIVEpr-sfGFP-
PEX35
YMS6014 sfGFP-Pex25 x CFP- his3A1 leu2A0 metl 5SA0 ura3A0 Transformed
PTSI canlA::GALIpr-Scel::STE2pr-SpHIS5 with pMS894
lypIA::STE3pr-LEU2, NATIVEpr-sfGFP-
PEX25
YMS6015 sfGFP-Inp2 x CFP- his3A1 leu2AOQ met15A0 ura3A0 Transformed
PTSI canlA::GALIpr-Scel::STE2pr-SpHIS5 with pMS894

pIA::STE3pr-LEU2, NATIVEpr-sfGFP-
INP2




YMS6016 sfGFP-Pex27 x CFP- his3A1 leu2A0 metl 5SA0 ura3A0 Transformed
PTSI canlA::GALIpr-Scel::STE2pr-SpHIS5 with pMS894
lypIA::STE3pr-LEU2, NATIVEpr-sfGFP-
PEX27
YMS6017 sfGFP-Pex19 x CFP- his3A1 leu2A0 met15A0 ura3A0 Transformed
PTSI canlA::GALIpr-Scel::STE2pr-SpHIS5 with pMS894
lypIA::STE3pr-LEU2, NATIVEpr-sfGFP-
PEXI19
YMS6018 sfGFP-Pex6 x CFP- his3A1 leu2A0 met1SA0 ura3A0 lysx Transformed
PTSI canlA::GALIpr-Scel::STE2pr-SpHIS5 with pMS894
lypIA::STE3pr-LEU2, NATIVEpr-sfGFP-
PEX6
YMS6019 sfGFP-Pex13 x CFP- his3A1 leu2A0 metl5SA0 ura3A0 Transformed
PTSI canlA::GALIpr-Scel::STE2pr-SpHIS5 with pMS894
lypIA::STE3pr-LEU2, NATIVEpr-sfGFP-
PEXI3
YMS6020 sfGFP-Pex21 x CFP- his3A1 leu2A0 metl 5SA0 ura3A0 Transformed
PTSI canlA::GALIpr-Scel::STE2pr-SpHIS5 with pMS894
lypIA::STE3pr-LEU2, NATIVEpr-sfGFP-
PEX2]
YMS4473 PEXI11-MS2Lx his3A1 leu2A0 metl5A0 ura3A0 Transformed
Sec63-MCP-3xGFP PEX11::loxP::MS2L::PEX11 3’UTR, with pMS1248
YMS4472 PEXI14-MS2Lx his3A1 leu2A0 met1 5A0 ura3A0 Transformed
Sec63-MCP 3xGFP PEX1i4::loxP::MS2L::PEX14 3 ’UTR, with pMS1248
YMS5938 PEX14-MS2L x his3A1 leu2A0 metl 5SA0 ura3A0
Pncl-mCherry PEX1i4::loxP::MS2L::PEX14 3 ’UTR,
PNCI1-mCherry-NAT
YMS5938 PEXI14-MS2L x his3A1 leu2A0 met1 5SA0 ura3A0 Transformed
MCP-GFP(x3) x PEX1i4::loxP::MS2L::PEX14 3 ’UIR, with pMS196
Pncl-mCherry PNCI-mCherry::NAT
YMS5938 PEXI14-MS2L x his3A1 leu2A0 metl5SA0 ura3A0 Transformed
Sec63-MCP(x2)-GFP x | PEXI4::loxP::MS2L::PEX14 3’UIR, with pMS196
Pncl-mCherry PNCi-mCherry::NAT OR pMS1248
YMS5930 PEX14-MS2L x his3A1 leu2A0 met1 5A0 ura3A0
Om45-MCP(x2)-GFP PEX1i4::loxP::MS2L::PEX14 3 ’UIR,
OM45-MCP(x2)-GFP::HIS
YMS5322 PXAI-MS2L his3A1 leu2A0 metl5SA0 ura3A0 Described in

PXAI::loxP::MS2L::PXAIl 3°UTR

(22).




YMS5933 PXAI-MS2L x his3A1 leu2AO met15A0 ura3A0 o
Om45-MCP(x2)-GFP PXAI::loxP::MS2L::PXAl 3°UTR,
OM45-MCP(x2)-GFP::HIS
YMS6138 Apxal his3A1 leu2A0 met15A0 ura3A0 a

Apxal ::G418

Table S3. List of plasmids used in this study

Plasmid Plasmid name Description Plasmid use Reference
number
pMS894 pRS416 PEXSpr CFP- Yeast 2 plasmid Visualize mature Modified in this study to
SNAP-SKL bearing CFP-PTS! peroxisomes by cyan | bear a LEU2 resistance
LEU2 (SKL) driven by PEX5 | fluorescence color cassette.
promoter.
pMS618 pRS416 PEXSpr CFP- Yeast 2 plasmid Visualize mature A kind gift from Prof. Ralf
SNAP-SKL bearing CFP-PTS! peroxisomes in cyan Erdmann.
URA3 (SKL) driven by PEX5 | fluorescence color
promoter.
pMS617 PRS315-mCherry-PTS1 Yeast centromeric Visualize mature A kind gift from Prof. Ralf
LEU2 plasmid bearing peroxisomes in red Erdmann
mCherry cassette fluorescence color
fused to PTSI
pMS1006 PYM-Nop!pr-sfGFP- PYM tagging plasmid | Integrate NOPIpr- This study
PEX14 bearing NOPIpr- sfGFP-PEX14 to HO
URA3 sfGFP-PEX14 for locus
genomic integration.
pMS1007 PYM-noATG-sfGFP PYM tagging plasmid | Integrate NOPIpr- This study
Noplpr-PEX14 bearing NOPIpr- noATG-sfGFP-PEX14
URA3 sfGFP-PEXI4 for into the HO locus to
genomic integration. visualize mRNA
The start methionine transcripts without
of the sfGFP was protein translation.
deleted.
pMS11 pFA6a-KanMX6-PGAL1 | PFA6a tagging For Pex19 expression | (51)
plasmid used for under the GALpr
tagging genes at their
N’ with GALpr
pMS506 pFA6a -mVenus- PFA6a tagging For tagging Pex25
BirA::HISS plasmid to tag genes at | and Pex11 with
their C’ with mVenus- | mVenus-BirA
BirA
pMS278 PFA6a-mCherry-NAT PFA6a tagging Used to tag Pncl and

plasmid to tag genes at
their C’ with mCherry

Pex14 with mCherry
at their C’.




tagging
HISS

plasmid used for
tagging a gene with
two repeats of MCP
fused to GFP.

peroxisomal mRNA
to the mitochondria.

pMS1248 pRS416-SEC63- Yeast 21 expression Used as a tethering Described in (36)
MCP(x2)- GFP plasmid bearing element.
URA3 SEC63-MCP-GFP(x2)
cassette.
pMS196 MCP-GFPx3 Yeast 2p expression Used to visualize Described in (22).
HIS5 plasmid bearing MCP | mRNA in vivo
fused to 3 repeats of
GFP.
pMS1104 PFA6-MCP(x2)-GFP- C' | PFA6a tagging Used to tether This study

Movie S1. A movie with 3D representations of two peroxisomes and surrounding ribosomes that

were imaged by corelative and light electron microscopy. Movie S1 is available in the online

version of the manuscript.
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