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Global analysis of cotranslational protein targeting using proximity-specific 

ribosome profiling 

Elizabeth Annette Boydston Costa 

 

ABSTRACT 

 Eukaryotic cells are composed of diverse subcompartments, or organelles, that 

each have unique functions and distinct protein compositions. Many proteins that transit 

through or populate secretory pathway organelles are delivered during synthesis to the 

endoplasmic reticulum (ER), which serves as the entry organelle to the secretory 

pathway. Despite decades of studies characterizing in close molecular detail the protein 

targeting pathways involved, including that of the universally conserved signal 

recognition particle (SRP), it is unclear at a global level which proteins utilize each 

pathway under physiological conditions. 

 In this dissertation, I describe the use of proximity-specific ribosome profiling to 

globally measure cotranslational protein targeting to two separate organelles, the ER 

and mitochondrion. We combined this method with rapid auxin-inducible degradation of 

SRP to define the in vivo function of SRP in Saccharomyces cerevisiae. Despite the 

classic view that SRP recognizes N-terminal signal sequences, we show SRP was 

generally essential for targeting transmembrane domains regardless of their position 

relative to the N-terminus. By contrast, many proteins containing cleavable N-terminal 

signal peptides were efficiently cotranslationally targeted to the ER the absence of SRP, 

arguing for the presence of an additional, currently undescribed cotranslational targeting 

pathway. Lastly, we reveal an unanticipated consequence of loss of SRP: transcripts 
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normally targeted to the ER were mistargeted to mitochondria, leading to rapid 

mitochondrial morphological defects. These results elucidate the essential roles for SRP 

in maintaining both efficiency and specificity of protein targeting. 
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CHAPTER ONE 

Introduction to protein targeting to the endoplasmic reticulum 
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Eukaryotic cells are composed of specialized subcompartments known as 

organelles, which allow a diverse range of processes to occur within these distinct 

regions of the cell. A defining feature of each individual organelle is a unique 

composition of proteins, lipids, and other macromolecules. Thus, to maintain proper 

organelle identity and function, it is important that proteins achieve correct subcellular 

localization. Proteins that are secreted from cells or that reside in organelles along the 

secretory pathway are initially targeted to the endoplasmic reticulum (ER) early in their 

biogenesis. Signals encoded within the primary amino acid sequence are responsible 

for directing the ultimate localization of proteins. In the case of proteins trafficked to the 

ER, these signals consist of stretches of hydrophobic amino acids that make up either 

cleavable signal peptides or transmembrane domains (TMDs). 

The first ER-targeting pathway described is that of the signal recognition particle 

(SRP, reviewed in (1)). SRP, a large ribonucleoprotein complex, recognizes 

hydrophobic signals within nascent polypeptide chains as they emerge from the 

ribosome exit tunnel. Then, through its interaction with the its receptor at the surface of 

the ER, SRP directs the nascent chain to the ER translocon. Once delivered, the 

nascent chain is able to cotranslationally translocate into the ER lumen and/or integrate 

TMDs into the lipid bilayer. Owing to the importance of this process, SRP is essential in 

all organisms studied, with the exception of Saccharomyces cerevisiae (2, 3).  

While SRP plays an important role in targeting many nascent polypeptides to the ER, 

loss of SRP function affects the targeting and translocation of individual proteins to 

varying extents (3). Genetic and biochemical characterization enabled the identification 

of membrane-bound factors that also have varying effects on the translocation of 
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specific proteins (4-6). Further characterization of individual substrates revealed that, at 

least in vitro, some were capable of posttranslational translocation into the ER (7-9). 

The SRP-independent substrates that were initially identified and characterized 

contained targeting domains close to the N-terminus of the polypeptide, similar to the 

location of known SRP-dependent substrates (6). However, a number of proteins 

destined for the secretory pathway lack such early hydrophobic targeting domains. At 

the opposite extreme, tail-anchored (TA) proteins contain a single transmembrane 

domain at the very C-terminus of the protein. For these proteins, termination of 

translation occurs prior to the emergence of the hydrophobic domain from the exit 

tunnel. Thus, TA proteins are necessarily targeted to the ER in a posttranslational 

manner. Work over the past decade has identified and characterized the conserved 

Get3/TRC40 targeting factors and the associated components at the ER required for 

membrane insertion (10, 11). 

Recently, a screen designed to identify additional factors in the targeting of 

proteins to the ER revealed yet another pathway, named SND (for SRP independent 

targeting) (12). The SND proteins, which were first described in yeast consist of at least 

one component, SND2, that is conserved in humans and two additional yeast-specific 

components (12). While the full substrate range of the SND pathway is not entirely 

clear, it is responsible for the targeting of some proteins whose initial hydrophobic 

targeting domain is near the C-terminus (12-14). Interestingly, there appears to be some 

functional overlap in these three pathways (SRP, SND, and GET), as deletions or loss 

of function alleles across the pathways show synthetic growth and targeting phenotypes 

(12). 
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While our understanding of the mechanisms of ER-targeting pathways has 

greatly increased, we still lack a more global understanding of the general flux of 

substrates through each pathway in vivo. Initial work to based on a handful of 

substrates revealed that the identity of specific targeting signals is what determines 

SRP-dependence (6). More recently, in silico predictions of SRP-dependence for 

proteins containing early targeting sequences in yeast suggested that a large fraction 

(up to 43%) are targeted to the ER in a manner independent of SRP (15). This, along 

with additional studies, suggested that SRP-independent translocation is more 

prominent than initially appreciated (16, 17). However, this raised and interesting 

question: given the large fraction of SRP-independent substrates, were all these 

proteins targeted to the ER in a posttranslational manner as suggested by in vitro 

experiments on a handful of substrates? 

The development of proximity-specific ribosome profiling provided the method to 

address this question in a global manner (18). This method provides a snapshot of 

subcellular translation and relies on three components. First, a biotin ligase, BirA, is 

localized as a fusion protein to a subcellular domain, such as the ER (18) or 

mitochondria (19). Second, cells express ribosomes tagged with the biotin acceptor 

peptide, Avi-tag. Third, cells are grown in low biotin conditions such that a short, 

controlled pulse of biotin results in biotinylation of only Avi-tagged ribosomes in close 

proximity to the BirA fusion. This in vivo chemical modification then allows this 

population of ribosomes to be affinity-purified upon cell lysis. Subsequent isolation and 

sequencing of ribosome protected mRNA fragments, or ribosome profiling, performed in 

parallel on total cell ribosomes and affinity-purified ribosomes reveals which mRNAs 
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were more enriched at the location of the BirA fusion relative to the entire cell. 

Experiments with BirA fusions at the ER revealed that predicted SRP-independent 

substrates are cotranslationally targeted to the ER in a manner similar to SRP-

dependent substrates (18). This finding raised the possibility that while the SRP-

independent proteins do not require SRP to get to the ER, perhaps in vivo, they utilize 

SRP for their cotranslational ER targeting. 

Studies utilizing affinity purification of SRP and ribosome profiling in both yeast 

and bacteria have highlighted some unique features of SRP substrate recognition and 

binding that are unaccounted for in current models of targeting. Briefly, SRP can interact 

with SRP-independent substrates equivalent to those that are known to be SRP-

dependent (20). Additionally, SRP can bind to internals TMDs not near the N-terminus 

(20, 21), features beyond the region of the nascent polypeptide that SRP is generally 

thought survey. Lastly, in some instances SRP appears to recognize mRNAs prior to 

emergence or even translation of the first hydrophobic domain (20, 21). However, based 

on these observations along, it is unclear which, if any, of these interactions are 

functionally relevant in vivo. In this dissertation, I utilize proximity-specific ribosome 

profiling coupled with rapid degradation of SRP to globally identify proteins that rely on 

SRP for targeting to the ER in vivo. Using this system I further characterize the role of 

SRP in not only the efficient targeting of substrates to the ER, but also in maintaining 

the specificity of protein targeting that is required for proper organelle function and 

identity. 
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CHAPTER TWO 

Defining the physiological role of SRP in protein-targeting efficiency and specificity 
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Regardless of their ultimate destination, nuclear encoded genes are translated in 

the cytosol. In non-plant eukaryotes, two cellular locations serve as the major sites of 

translocation across lipid bilayers: the mitochondrial outer membrane and the surface of 

the endoplasmic reticulum (ER), the latter being the entry point for proteins in the 

secretory pathway. The role of the signal recognition particle (SRP) in mediating 

cotranslational ER targeting is well established. SRP recognizes N-terminal hydrophobic 

signals of nascent polypeptide chains and, via interaction with the ER-localized SRP 

receptor, directs them to the translocon (1). 

This classical model, however, fails to capture the full diversity of SRP targeting 

strategies and SRP function, leaving open several unanswered questions. A substantial 

fraction of proteins containing N-terminal targeting sequences do not require SRP for 

translocation (2, 3), and in vitro, these are capable of post-translational ER translocation 

(4, 5). However, SRP was recently shown to be comparably associated with SRP-

independent and SRP-dependent nascent chains (6); whether this engagement is 

important for cotranslational targeting of SRP-independent proteins (6, 7) is unknown. 

Recent studies have also pointed to several non-conventional modes of SRP interaction 

with nascent chains in vivo. For example, SRP can be recruited to mRNAs before the 

targeting signal is accessible (6, 8, 9), and in bacteria SRP has been found to bind 

internal transmembrane domains (TMDs) (8). However, a general role of SRP in 

enabling cotranslational targeting of eukaryotic proteins lacking N-terminal targeting 

sequences is not established. Furthermore, targeting to either the ER or mitochondria is 

highly specific with minimal mistargeting or dual targeting of proteins (10). In 

metazoans, the nascent polypeptide-associated complex (NAC) plays a critical role in 
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this specificity by preventing mistargeting of mitochondrial proteins to the ER (11). It is 

not understood how cells prevent mistargeting of ER proteins to mitochondria. 

To address these issues, we sought to monitor cotranslational protein targeting 

following rapid SRP depletion. We used the plant based auxin-induced degradation 

(AID) system (12) to induce acute and robust loss of one of the subunits of SRP, Srp72 

(Fig. 1A and B). The depletion of Srp72 was rapid, with a half-life of approximately 5 

minutes (Fig. 1C). We used proximity-specific ribosome profiling (7), which utilizes a 

biotin ligase (BirA) localized to a subcellular location such as the surface of the ER or 

the mitochondrial outer membrane to label ribosomes at this location. Subsequent 

affinity purification of labeled ribosomes and sequencing of ribosome-protected mRNA 

fragments provides a snapshot of translation at that subcellular location. 

To identify proteins that rely on SRP for efficient ER targeting in yeast, we 

performed a time course of proximity-specific ribosome profiling in the presence of 

cycloheximide (CHX) following Srp72 depletion using two ER-localized BirA fusions: 

Sec63-BirA (Fig. 1D) and BirA-Ubc6 (fig. S1A). Upon loss of SRP, transcripts of 

proteins previously predicted to be SRP-dependent (3) showed time-dependent 

depletion at the ER, validating our system. Genes encoding internal TMDs but lacking 

N-terminal targeting signals, also depleted from the ER upon loss of SRP in a similar 

timescale (Fig. 1D and fig. S1A) and magnitude (Fig. 1E and fig. S1B). Thus, with the 

prominent exception of tail anchored (TA) proteins and SND substrates whose TMDs 

are at or near the C-terminus, respectively (13-15), SRP is essential for targeting TMDs 

to the ER regardless of their distance to the N-terminus. 



	 12	

By contrast, a prominent subset of mRNAs predicted to be SRP-independent 

remained at the ER throughout the one-hour auxin treatment (Fig. 1D and fig. S1A). A 

small group of mRNAs is known to be cotranslationally targeted to the ER in the 

presence of CHX, which uncouples the kinetics of translation and ER targeting (7). To 

ensure that the observed cotranslational targeting in the absence of SRP was not due to 

this effect, we performed a time course of Srp72 depletion and proximity-specific 

ribosome profiling without CHX treatment (Fig. 2A). In absence of auxin treatment, the 

extent of ER enrichment for secretory protein transcripts was reduced as compared to 

that observed in CHX-treated cells (fig. S2), as expected (7). Proteins containing 

targeting TMDs were nearly universally SRP-dependent, whereas a prominent group of 

proteins containing cleavable signal peptides with low hydrophobicity remained 

efficiently cotranslationally targeted following prolonged SRP depletion (fig. S3). 

The ER enrichment of transcripts encoding SRP-independent proteins observed 

at later time points theoretically could be due to polysome tethering of mRNAs, although 

the one hour duration of our time course was considerably longer than typical yeast 

mRNA half lives (~10 min) (16). To examine the impact of SRP depletion on de novo 

mRNA targeting, we induced expression of reporter mRNAs with β-estradiol under 

conditions of SRP depletion (Fig. 2B) focusing on five genes representing of a range of 

targeting signals (fig. S4). In our ribosome profiling experiments, transcripts of three 

genes (SWP1, PST1, and FET3) displayed efficient ER targeting in SRP’s absence 

(Fig. 2A). However, FET3 is predicted to be SRP-dependent and its localization is 

independent of SEC72 (3), a factor implicated in translocation of some SRP-

independent substrates (17, 18). All three proteins showed ER localization by 
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fluorescence microscopy even when SRP was depleted (Fig. 2C). By contrast, two 

proteins whose targeting was observed to be SRP-dependent, Erg5 and Tsc13, which 

have an N-terminal or an internal targeting TMD, respectively, failed to localize to the 

ER when SRP was depleted (Fig. 2C). Consistent with the microscopy, in cells depleted 

of SRP, Fet3, but not Erg5, was glycosylated indicating translocation into the ER (Fig. 

2D). Thus, SRP-independent proteins can be de novo cotranslationally targeted and 

translocated into the ER even in the prolonged absence of SRP.  

We next examined if loss of SRP can lead to mistargeting of proteins. While the 

ER and mitochondria are connected (19), targeting to these organelles is exquisitely 

specific (10). To explore if SRP contributes to this specificity, we performed the 

proximity-specific ribosome profiling experiment using a mitochondrial-localized BirA 

fusion (Fig. 3A). Mitochondrial protein targeting was unaffected by loss of SRP (fig. S5). 

By contrast, a number of mRNAs were newly targeted to mitochondria, and the majority 

encoded for proteins normally cotranslationally targeted to the ER (Fig. 3A). Transcripts 

that remained efficiently targeted to the ER in the absence of SRP were generally not 

mistargeted to mitochondria (Fig. 3B). We observed the same set of mistargeted 

mRNAs in multiple replicates and with two different mitochondrial-localized BirA fusions 

(Tom20 and Om45) and strain backgrounds (Fig. 3C). Thus, a prominent subset of 

SRP-dependent substrates, including proteins with N-terminal and internal targeting 

sequences, were cotranslationally targeted to the mitochondrial surface in SRP’s 

absence. 

We next used our estradiol-inducible system (Fig. 2B) to visualize protein 

localization of six gene products (fig. S4) consisting of five (Ole1, Erg5, Sct1, Orm1, and 
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Nsg2) that displayed SRP-dependent ER targeting and one (Swp1) that was SRP-

independent. In our ribosome profiling experiments, OLE1, ERG5, and SCT1 transcripts 

were consistently mistargeted to mitochondria, while ORM1 and NSG2 transcripts were 

not. In SRP-depleted cells, Ole1, Erg5, and Sct1 co-localized with mitochondria (Fig. 3D 

and fig. S6), although whether these proteins cross the mitochondrial membranes is an 

open question. By contrast, Swp1, Nsg2, and Orm1 were predominantly co-localized 

with the ER or were observed in focal structure adjacent to the ER (Fig. 3D and fig. S6), 

which might represent cytosolic aggregates. 

In cells depleted of SRP for an hour, mitochondria lost their normal tubular 

structure and instead were more fragmented (Fig. 3D). To examine how proximal this 

morphological defect is to SRP depletion, we imaged cells at various time points after 

auxin treatment (Fig. 4A and fig. S7A) and categorized mitochondrial morphology (fig. 

S7B). Mitochondrial morphology defects were observed at early time points (Fig 4B), 

prior to detection of ER stress (fig. S7C) and while ER morphology appeared normal 

(fig. S8). The rapid emergence of mitochondrial morphology defects in cells suggests 

that they are not a secondary consequence of ER morphological defects; however it is 

possible that the later, severe mitochondrial defects are impacted by the ER defects. 

The observed mitochondrial fragmentation required synthesis of new proteins, because 

cells depleted of SRP and treated with CHX possessed predominantly tubular 

mitochondria (fig. S9). Thus, mistargeting of SRP-dependent proteins to mitochondria 

disrupts mitochondrial structure. 

Three important principles of SRP action now emerge (Fig. 4C). First, a 

prominent subset of proteins with cleavable N-terminal signal peptides is efficiently 
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cotranslationally targeted to the ER in the complete and extended absence of SRP. 

Second, with the exception of proteins only containing TMDs at or near to the C-

terminus (13-15), targeting and translocation of proteins with anchoring TMDs, 

regardless of their position relative to the N-terminus, are fully dependent on SRP. 

Together with work in bacteria (8), our findings suggest that a universal feature of SRP’s 

action is to engage TMDs across the length of the nascent chain. Third, our results 

reveal an unanticipated role for SRP in maintaining the specificity of organelle targeting. 

Without SRP, a subset of proteins becomes susceptible to aberrant cotranslational 

targeting to mitochondria reminiscent of the mistargeting of some TA proteins to 

mitochondria in absence of GET3/TRC40 ER targeting factors (13). This may reflect a 

more general tendency of hydrophobic or aggregation-prone proteins to be recruited to 

mitochondria (20). Mistargeting in the absence of SRP triggered rapid mitochondrial 

fragmentation, an indicator of mitochondrial dysfunction. Consistent with SRP playing a 

role in maintaining mitochondrial integrity, yeast adapted for SRP deletions acquire rho- 

(respiration-deficient) phenotypes (21, 22). This role of SRP parallels that of NAC, which 

can prevent mistargeting of mitochondrial proteins to the ER in metazoans (11). 

Together, these observations illustrate the critical role of maintaining specificity of 

protein targeting for proper organellar function. 
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FIGURES 

	

Figure 1. A strategy to functionally probe acute loss of SRP. 
(A) Experimental setup. Ribosomes (round gray shapes) translating SRP-independent 
(purple outline) or -dependent (orange outline) proteins at the ER are labeled with biotin 
(star) on the AVI tag. Experiments are also performed with auxin treatment (right) to 
induce degradation of SRP by the proteasome. (B) Growth of auxin-degron tagged 
Srp72 (Srp72-AID) yeast in the absence or presence of auxin. YEPD, yeast extract 
peptone dextrose medium; HA, hemagglutinin; TIR1, Oryza sativa TIR1. (C) 
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Immunoblots and quantification of Srp72-AID depletion upon auxin addition (mean ± 
SD, N=3). (D) Density distributions of Sec63-BirA log2 enrichments with Srp72-AID after 
indicated times of auxin treatment. Genes are separated and colored by predictions of 
SRP-dependence from (3). (E) Density distributions of log2 enrichment differences 
comparing 30 min auxin to no auxin for each gene. Genes are categorized as in (D). 
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Figure 2. Efficient cotranslational ER targeting in the absence of SRP. 
(A) Density distributions of Sec63-BirA log2 enrichments with Srp72-AID after indicated 
times of auxin treatment. Arrows indicate enrichments of reporter genes. (B) Schematic 
of β-estradiol-inducible reporter system. GEM is a fusion protein consisting of GAL 
DNA-binding domain, β-estradiol-binding domain, and Msn2 activation domain. pGAL1, 
GAL1 promoter; yfg1, reporter gene; V5, V5 epitope tag; TEV, tobacco etch virus 
protease site; EGFP, enhanced green fluorescent protein. (C) Single-plane confocal 
fluorescence microscopy images of yeast with Srp72-AID expressing reporter-GFP 
(yellow) and ER-mCherry-HDEL (magenta) in the absence (left) or presence (right) of 
auxin. Scale bar, 2 µm. (D) Immunoblots of reporters Fet3 and Erg5 in the absence or 
presence of auxin. Where indicated, lysates were treated with endoglycosidase H 
(EndoH). g, glycosylated. 
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Figure 3. Secretory proteins are mistargeted to mitochondria in absence of SRP. 
(A) Scatter plot of Tom20-BirA log2 enrichments with Srp72-AID comparing no treatment 
or treatment with auxin. Genes encoding secretory proteins are shown in blue. (B) 
Scatter plot comparing log2 enrichments differences of 30-min auxin treatment relative 
to no auxin treatment. Biotinylation was carried out at mitochondria (Tom20-BirA, x axis) 
in the presence of CHX or at the ER (Sec63-BirA, y axis) in the absence of CHX. Colors 
as in (A). (C) Scatter plot comparing log2 enrichment differences of 30-min auxin 
treatment relative to no auxin treatment. Experiments were performed in W303 (x axis) 
or BY4741 (y axis) strain backgrounds. Colors as in (A). (D) Single-plane confocal 
fluorescence microscopy images of yeast with Srp72-AID expressing reporter-GFP 
(yellow) and mitochondrial Su9-TagBFP (blue; BFP, blue fluorescent protein) in the 
absence (left) or presence (right) of auxin. Scale bar, 2 µm. 
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Figure 4. Loss of SRP leads to rapid mitochondrial defects. 
(A) Confocal fluorescence microscopy of mitochondrial and ER morphology with Srp72-
AID after indicated times of auxin treatment. Mitochondrial Su9-TagBFP is shown as a 
maximum intensity projection (MIP, top) or a single plane (blue, below) with ER-
mCherry-HDEL (red). Scale bar, 2 µm. (B) Quantification of mitochondrial morphologies 
from (A). (C) Summary of physiological consequences of loss of SRP. Left: In the 
presence of SRP (orange rod), ribosomes translating SRP-independent (purple) and -
dependent (orange) proteins are targeted to the ER. Right: Without SRP, SRP-
independent proteins are targeted to the ER, and proteins not targeted to the ER can 
form aggregates (top) or be mistargeted to mitochondria (pink), leading to 
fragmentation.  
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SUPPLEMENTARY FIGURES 
 

 
 

Figure S1. Time course of auxin treatment and proximity-specific ribosome 
profiling. 
(A) Density distributions of BirA-Ubc6 log2 enrichments with Srp72-AID after indicated 
times of auxin treatment. Genes are separated and colored by predictions of SRP-
dependence from (3). (B) Density distributions of log2 enrichments differences 
comparing 30 min auxin to no auxin for each gene. Genes are categorized as in (A). 
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Figure S2. Comparison of ER enrichment with and without CHX. 
Scatter plot with marginal distributions of Sec63-BirA log2 enrichments comparing 
biotinylation in presence of CHX for 2 min (x axis) or the absence of CHX for 1 min (y 
axis). Genes are colored by predictions of SRP-dependence from (3). 
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Figure S3. Targeting signal hydrophobicity and type contribute to SRP-
dependence. 
Scatter plot of Sec63-BirA log2 enrichments without CHX after 30 min of auxin 
compared to compound hydrophobicity score (9 amino acid window) from (3). The 
compound hydrophobicity score of 40.0 used predict SRP-independence (below) and 
SRP-dependence (above) in (3) is indicated. Genes are colored by Phobius-predicted 
targeting type: cleaved signal peptide (red), transmembrane domain (blue). 
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Figure S4. Schematic of reporter genes. 
Schematic of location and type of hydrophobic elements for all reporter genes used. 
Signal peptide and transmembrane domain predictions are from Phobius. Genes are 
colored by predicted SRP-dependence from (3). Numbers indicate the amino acid 
position of the targeting hydrophobic domain and the total length of the protein. 
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Figure S5. Mitochondrial protein targeting is unaffected by loss of SRP. 
Scatter plot of Tom20-BirA log2 enrichments with Srp72-AID comparing the absence or 
treatment with auxin. Genes encoding mitochondrial transcripts annotated by Mitop2 are 
shown in pink. 
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Figure S6. Reporter proteins show varied localization upon loss of SRP. 
Single plane confocal fluorescence microscopy images of yeast with Srp72-AID 
expressing reporter-GFP (yellow), ER mCherry-HDEL (magenta), and mitochondrial 
Su9-TagBFP (blue) in the absence (left) or presence (right) of auxin. Scale bar, 2 µm.  
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Figure S7. Fluorescence microscopy of mitochondrial morphology. 
(A) Single plane confocal fluorescence microscopy images through the periphery of 
yeast expressing mitochondrial Su9-TagBFP (blue) and ER mCherry-HDEL (red) with 
Srp72-AID after indicated times of auxin treatment. Scale bar, 2 µm. (B) Examples of 
mitochondrial morphology classifications. Scale bar, 2 µm. (C) Splicing of HAC1 mRNA 
after indicated times of treatment with auxin or with 8 mM DTT for 20 min. 
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Figure S8. ER morphology defects emerge after mitochondrial morphology 
defects. 
Single plane structured illumination super-resolution microscopy of yeast expressing 
mitochondrial Su9-TagBFP (blue) and ER mCherry-HDEL (red) with Srp72-AID after 
indicated times of auxin treatment. Scale bar, 2 µm.  
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Figure S9. Mitochondrial morphology defects require ongoing translation. 
Confocal fluorescence microscopy of mitochondrial and ER morphology with Srp72-AID 
after 1 hour (left) or 3 hours (right) of treatment with auxin and/or CHX, as indicated. 
Mitochondrial Su9-TagBFP is shown as a maximum intensity projection (MIM, top) or a 
single plane (blue, below) with ER mCherry-HDEL (red). Scale bar, 2 µm. 
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MATERIALS AND METHODS 

Strains and plasmids 

All strains and plasmids used in this study are listed in supplemental tables S1 

and S2, respectively. Strains BY4741 (MATa his3Δ1 leu2Δ0 met15Δ0 ura3Δ0) and 

W303 (ade2-1 leu2-3 his3-11,15 trp1-1 ura3-1 can1-100) were used as wild-type 

parental strains. Genomic knockouts and knockins were generated by one-step gene 

replacement as described (23) or plasmid integration and confirmed by genomic PCR. 

The endogenous copies of RPL16A and RPL16B were tagged in W303 parental strains 

as described (7). Prior to proximity-specific ribosome profiling in W303 strains, diploids 

were sporulated, dissected and genotyped. PCR and Gibson-based assembly were 

used to generate all plasmids. Coding sequences from A. thaliana IAA17 and O. sativa 

TIR1 were ordered as gene blocks. For all strains, a minimal domain of IAA17 

consisting of amino acids 71-114 as described in (24) was used. Inducible reporter 

constructs were expressed on yeast centromeric plasmids. 

Auxin treatment 

Auxin (3-Indoleacetic acid, Sigma-Aldrich I2886) was dissolved in ethanol at 0.5 

M. For agar plates, auxin was added at a final concentration of 500 μM and 10-fold 

serial dilutions were spotted onto the plates. For liquid cultures, cultures at early-mid log 

phase (0.4-0.6 OD600) were treated with 500 μM final and harvested after indicated 

times for western blot, RT-PCR, or proximity-specific ribosome profiling. 

Western blot 

Cells were pelleted at 20,000g for 30 seconds and snap frozen in liquid nitrogen 

at indicated time of treatment. Cell pellets were lysed in 1X Laemmli buffer with β-
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mercaptoenthanol at 95°C for 5 minutes and centrifuged at 3000g for 5 minutes. When 

indicated, lysates were treated with Endo H (New England Biolabs) according to 

manufacturer’s instructions. Lysates were separated on Bolt 4-12% Bis-Tris Plus gels 

(Thermo Fisher Scientific), transferred to nitrocellulose membranes using the Trans-Blot 

Turbo Transfer System (Bio-Rad) according to the manufacturer’s instructions, blocked 

with Odyssey Blocking Buffer (LI-COR), and probed. The HA epitope tag was detected 

using the high-affinity rat anti-HA antibody (Roche 3F10, 1:1,000 dilution). Hexokinase 

was detected using the rabbit anti-hexokinase antibody (United States Biological 

H2035-02, 1:10,000 dilution). The V5 epitope was detected using the anti-V5 tag 

antibody (Abcam ab27671, 1:1,000). All blots were visualized using the LI-COR system. 

HAC1 splicing 

 Cells were grown to mid log phase prior to treatment with auxin for indicated 

times or with 8 mM DTT for 20 minutes and harvested by centrifugation at 20,000g for 

30 seconds. RNA was isolated as previously described (25). Residual DNA was 

removed with TURBO DNA-free Kit (Thermo Fisher Scientific). RNA was converted to 

cDNA using AMV Reverse Transcriptase (Promega) under standard conditions with 

random hexamers. The cDNA was used as a template for PCR amplification using 

GoTaq DNA Polymerase (Promega) and the following HAC1 intron-flanking primers: 

forward, ACGACGCTTTTGTTGCTTCT; reverse, TCTTCGGTTGAAGTAGCACAC (26). 

Fluorescence microscopy 

Cells were grown at 30oC to log phase in SC-His-Ura +Dex media. For Srp72 

depletion, auxin (3-Indoleacetic acid, Sigma-Aldrich I2886) and β-estradiol (Sigma-

Aldrich E2758) were added to media at a final concentration of 500 μM and 0.5 μM, 
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respectively, and cells were incubated for 1 hr. Cells were mounted and imaged on 

glass bottom SensoPlate (Greiner 655892) pre-treated with Concanavalin A (Sigma-

Aldrich C2010, 0.25 mg/mL) for 1 hour followed by drying. For fixed time point analyses, 

cells were incubated in auxin in the absence or presence of cycloheximde (Sigma-

Aldrich C7698) at 100 μg/mL for indicated times, concentrated by centrifugation, and 

directly mounted and imaged on MICRO slides (VWR 48300-025). 

For confocal microscopy, images of Z-series (step size of 0.2 μm) of cells were 

collected using the spinning-disk module of a Marianas SDC Real Time 3D Confocoal-

TIRF microscope (Intelligent Imaging Innovations; Denver, CO) fitted with a 100X 1.46 

NA objective and a Photometrics QuantEM EMCCD camera. Images were captured 

with SlideBook (Intelligent Imaging Innovations) and linear adjustments were made 

using ImageJ. Morphological analysis was assessed manually by categorizing based on 

tubular, fragmented, and globular characteristics of mitochondria in cells as described 

(27) using a minimum of 75 cells from at least three fields of view. 

For structured illumination super-resolution microscopy, images of Z-series (step 

size of 0.5 μM) of cells were collected using the Nikon Structured Illumination Super-

Resolution Microscope (N-SIM; Nikon, Japan) fitted with a 100X 1.46 NA objective. 

Images were captured in the 3D-SIM mode using NIS-Elements (Nikon), and SIM 

processing was performed using the SIM module in the Nikon software package. Linear 

adjustments were made using ImageJ. 

Biotin induction and harvesting 

For all proximity-specific ribosome profiling experiments, yeast cells were grown 

in synthetic defined media supplemented with 0.125 ng/mL biotin as described (7). 
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Biotin induction was carried out at mid-logarithmic growth phase either with or without 

prior auxin treatment. If used, CHX was added to media 2 minutes prior to the addition 

of biotin, at a final concentration of 100 μg/mL. To induce biotinylation, D-biotin was 

added to the culture at a final concentration of 10 nM for indicated amount of time (1-2 

minutes) prior to harvesting. Cell harvesting by filtration, lysis, monosome isolation, 

streptavidin purification of biotinylated ribosomes, and library generation were done as 

previously described (7) with the addition of barcoded linkers as described in (28). 

Ribosome profiling computational analysis 

Sequencing reads were de-multiplexed and stripped of 3’ cloning adaptors using 

FastX Splitter, FastX Clipper, and in-house scripts. The 5’ nucleotide from all reads was 

trimmed using FastX Trimmer. Reads were first filtered by mapping to Bowtie indices 

composed of rRNAs, tRNAs and cloning oligos using Bowtie v1.1.2. Reads were then 

mapped to the genome using Tophat v2.1.1 with the following parameters: --bowtie1 --

read-mismatches 0 --no-novel-juncs. Only uniquely-mapping reads from the final 

genomic alignment were used for subsequent analysis. These alignments were 

assigned a specific P-site nucleotide using a 15-nt offset from the 3’ end of reads. 

Gene level counts and rpkm were calculated using plastid (29) cs count script 

with a position file that masks regions to which reads cannot uniquely align. For rpkm 

calculations, all reads mapping to any annotated transcript were used for the 

denominator for mapped reads. Gene level enrichments were computed by taking the 

log2 ratio of biotinylated pulldown footprint density within a gene coding sequence 

(CDS) over the corresponding matched input ribosome profiling experiment. Genes 

were excluded for analysis of a sample if there were fewer than 64 mapped reads in the 
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input or 10 mapped reads in the pulldown. Genes were excluded from all analyses if 

they mapped to the mitochondrial chromosome or were annotated as ‘dubious’ in the 

SGD database. 

Gene categorizations 

Yeast secretory and tail anchored protein annotations as well as predictions of 

SRP-dependence and compound hydrophobicity scores (window of 9 amino acids) 

were taken from (3). Phobius (30) was used to predict of hydrophobic region type and 

position. Mitochondrial annotations were taken from (31). For all analysis, genes 

classified as being CHX-dependent for cotranslational ER enrichment (7) were 

excluded. ROC analysis was used to determine the enriched genes without auxin 

treatment. Only those above the thresholds were used for Fig. 1E and fig. S2B. For Fig. 

3, secretory annotations excluded genes below the ROC-determined log2 enrichment of 

0.977 for Sec63-mVenus-BirA +CHX 7 min biotin in (7). In fig. S5, Mitop2 annotations 

excluded genes that were above the ROC-determined log2 enrichment of 0.977 for 

Sec63-mVenus-BirA +CHX 7 min biotin in (7). 
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SUPPLEMENTARY TABLES 

Table S1. Yeast strains used in this study. 

strain description parent MAT genotype 

yJW1784 

Sec63-mVenus-
BirA Rpl16a/b-
HA-TEV-AVI   a 

sec63::SEC63-mVenus-BirA::HIS5 
rpl16a::RPL16a-HA-TEV-AVI 
rpl16b::RPL16b-HA-TEV-AVI 
his3Δ1 leu2Δ0 met15Δ0 ura3Δ0 

yJW1785 

BirA-mVenus-
Ubc6 Rpl16a/b-
HA-TEV-AVI   a 

his3::pSEC63-BirA-mVenus-
UBC6tailanchor::HIS5 
rpl16a::RPL16a-HA-TEV-AVI 
rpl16b::RPL16b-HA-TEV-AVI 
leu2Δ0 met15Δ0 ura3Δ0 

yJW1788 

Om45-mVenus-
BirA Rpl16a/b-
HA-TEV-AVI   a 

om45::OM45-mVenus-BirA::HIS5 
rpl16a::RPL16a-HA-TEV-AVI 
rpl16b::RPL16b-HA-TEV-AVI 
his3Δ1 leu2Δ0 met15Δ0 ura3Δ0 

yJW1839 

Sec63-mVenus-
BirA Rpl16a/b-
HA-TEV-AVI 
OsTIR1-V5 yJW1784 a 

sec63::SEC63-mVenus-BirA::HIS5 
rpl16a::RPL16a-HA-TEV-AVI 
rpl16b::RPL16b-HA-TEV-AVI 
his3::OsTIR1-V5::URA3 leu2Δ0 
met15Δ0 ura3Δ0 

yJW1840 

BirA-mVenus-
Ubc6 Rpl16a/b-
HA-TEV-AVI 
OsTIR1-V5 yJW1785 a 

his3::pSEC63-BirA-mVenus-
UBC6tailachor:OsTIR1-V5::HIS5 
rpl16a::RPL16a-HA-TEV-AVI 
rpl16b::RPL16b-HA-TEV-AVI 
leu2Δ0 met15Δ0 ura3Δ0 

yJW1841 

SRP72-AID*-HA 
Sec63-mVenus-
BirA Rpl16a/b-
HA-TEV-AVI 
OsTIR1-V5 yEC425 a 

srp72::SRP72-AID*-HA::LEU2 
sec63::SEC63-mVenus-BirA::HIS5 
rpl16a::RPL16a-HA-TEV-AVI 
rpl16b::RPL16b-HA-TEV-AVI 
his3::OsTIR1-V5::URA3 leu2Δ0 
met15Δ0 ura3Δ0 

yJW1842 

SRP72-AID*-HA 
BirA-mVenus-
Ubc6 Rpl16a/b-
HA-TEV-AVI 
OsTIR1-V5 yEC426 a 

srp72::SRP72-AID*-HA::LEU2 
his3::pSEC63-BirA-mVenus-
UBC6tailachor:OsTIR1-V5::HIS5 
rpl16a::RPL16a-HA-TEV-AVI 
rpl16b::RPL16b-HA-TEV-AVI 
leu2Δ0 met15Δ0 ura3Δ0 

yJW1843 

Om45-mVenus-
BirA Rpl16a/b-
HA-TEV-AVI 
OsTIR1-V5 yJW1788 a 

om45::OM45-mVenus-BirA::HIS5 
rpl16a::RPL16a-HA-TEV-AVI 
rpl16b::RPL16b-HA-TEV-AVI 
his3::OsTIR1-V5::URA3 leu2Δ0 
met15Δ0 ura3Δ0 
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strain description parent MAT genotype 

yJW1844 

SRP72-AID*-HA 
Om45-mVenus-
BirA Rpl16a/b-
HA-TEV-AVI 
OsTIR1-V5 yEC449 a 

srp72::SRP72-AID*-HA::LEU2 
om45::OM45-mVenus-BirA::HIS5 
rpl16a::RPL16a-HA-TEV-AVI 
rpl16b::RPL16b-HA-TEV-AVI 
his3::OsTIR1-V5::URA3 leu2Δ0 
met15Δ0 ura3Δ0 

yJW1845 
SRP72-AID*-HA 
OsTIR1 W303-1A a 

srp72::SRP72-AID*-
HA:OsTIR1::LEU2 leu2-3,112 trp1-1 
can1-100 ura3-1 ade2-1 his3-11,15 

yJW1846 SRP72-AID*-HA W303-1A a 

srp72::SRP72-AID*-HA::LEU2 leu2-
3,112 trp1-1 can1-100 ura3-1 ade2-
1 his3-11,15 

yJW1847 
SRP72-AID*-HA 
OsTIR1 W303 a/α 

SRP72/srp72::SRP72-
AID*HA:OsTIR1::LEU2 leu2-
3,112/leu2-3,112  trp1-1/trp1-1 
can1-100/can1-100 ura3-1/ura3-1 
ade2-1/ade2-1 his3-11,15/his3-
11,15 

yJW1848 
SRP72-AID*-HA 
OsTIR1 GEM yEC565 a 

his3::GEM::KanMX srp72::SRP72-
AID*HA:OsTIR1::LEU2 leu2-3,112 
trp1-1 can1-100 ura3-1 ade2-1 

yJW1849 
SRP72-AID*-HA 
OsTIR1 GEM yEC567 a/α 

his3-11,15/his3::GEM::KanMX 
SRP72/srp72::SRP72-
AID*HA:OsTIR1::LEU2 leu2-
3,112/leu2-3,112  trp1-1/trp1-1 
can1-100/can1-100 ura3-1/ura3-1 
ade2-1/ade2-1 

yJW1850 

SRP72-AID*-HA 
OsTIR1 GEM 
ER-mCherry yEC573 a 

 trp1::KAR2sp-mCherry-
HDEL::TRP1 his3::GEM::KanMX 
srp72::SRP72-
AID*HA:OsTIR1::LEU2 leu2-3,112 
can1-100 ura3-1 ade2-1 

yJW1851 

SRP72-AID*-HA 
OsTIR1 GEM 
ER-mCherry yEC574 a/α 

trp1-1/ trp1::KAR2sp-mCherry-
HDEL::TRP1 his3-
11,15/his3::GEM::KanMX 
SRP72/srp72::SRP72-AID*-
HA:OsTIR1::LEU2 leu2-3,112/leu2-
3,112 can1-100/can1-100 ura3-
1/ura3-1 ade2-1/ade2-1 

yJW1852 
RPL16a/b-HA-
TEV-AVI W303-1A a 

rpl16a::RPL16a-HA-TEV-AVI 
rpl16b::RPL16b-HA-TEV-AVI leu2-
3,112 trp1-1 can1-100 ura3-1 ade2-
1 his3-11,15 
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strain description parent MAT genotype 

yJW1853 
RPL16a/b-HA-
TEV-AVI W303-1B α 

rpl16a::RPL16a-HA-TEV-AVI 
rpl16b::RPL16b-HA-TEV-AVI leu2-
3,112 trp1-1 can1-100 ura3-1 ade2-
1 his3-11,15 

yJW1854 
RPL16a/b-HA-
TEV-AVI 

yEC623 
x 

yEC624 a/α 

rpl16a::RPL16a-HA-TEV-
AVI/rpl16a::RPL16a-HA-TEV-AVI 
rpl16b::RPL16b-HA-TEV-
AVI/rpl16b::RPL16b-HA-TEV-AVI 
leu2-3,112/leu2-3,112  trp1-1/trp1-1 
can1-100/can1-100 ura3-1/ura3-1 
ade2-1/ade2-1 his3-11,15/his3-
11,15 

yJW1855 

Tom20-mVenus-
BirA Rpl16a/b-
HA-TEV-AVI yEC625 a/α 

TOM20/tom20::TOM20-mVenus-
BirA::HIS5 rpl16a::RPL16a-HA-
TEV-AVI/rpl16a::RPL16a-HA-TEV-
AVI rpl16b::RPL16b-HA-TEV-
AVI/rpl16b::RPL16b-HA-TEV-AVI 
leu2-3,112/leu2-3,112  trp1-1/trp1-1 
can1-100/can1-100 ura3-1/ura3-1 
ade2-1/ade2-1 his3-11,15/his3-
11,15 

yJW1856 

SRP72-AID*-HA 
OsTIR1 Tom20-
mVenus-BirA 
Rpl16a/b-HA-
TEV-AVI yEC632 a/α 

SRP72/srp72::SRP72-AID*-
HA:OsTIR1::LEU2 
TOM20/tom20::TOM20-mVenus-
BirA::HIS5 rpl16a::RPL16a-HA-
TEV-AVI/rpl16a::RPL16a-HA-TEV-
AVI rpl16b::RPL16b-HA-TEV-
AVI/rpl16b::RPL16b-HA-TEV-AVI 
leu2-3,112/leu2-3,112  trp1-1/trp1-1 
can1-100/can1-100 ura3-1/ura3-1 
ade2-1/ade2-1 his3-11,15/his3-
11,15 
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Table S2. Plasmids used in this study. 

name description purpose source 

pJW1505 
RPL16a HA-TEV-AVI pop-
in/pop-out plasmid 

Scarless tagging of 
RPL16a 

Jan et 
al. 

(2014) 

pJW1506 
RPL16b HA-TEV-AVI pop-
in/pop-out plasmid 

Scarless tagging of 
RPL16b 

Jan et 
al. 

(2014) 

pJW1507 pFA6a -mVenus-BirA::HIS5 
Amplify to C-terminal tag 
with BirA 

Jan et 
al. 

(2014) 

pJW1659 
pRS306 prADH1-OsTIR1-
V5::URA3 

Amplify and knockin 
OsTIR1-V5 expression 
cassette 

this 
study 

pJW1660 
pRS305 AtIAA17_71-114(AID*)-
HA::LEU2 

C-terminal tag with AID*-
HA 

this 
study 

pJW1661 
pRS306 prADH1-
OsTIR1::URA3 

Amplify and knockin 
OsTIR1 expression 
cassette 

this 
study 

pJW1662 

pRS305 -AtIAA17_71-
114(AID*)-HA::LEU2 prADH1-
OsTIR1 

Amplify to C-terminal tag 
with -AID*-HA and OsTIR1 
expression cassette 

this 
study 

pJW1663 

prADH1-
GAL_DNAbindingDomain-β-
Estradiol_bindingDomain-
MSN2_activationDomain::KanR 

Amplify and knockin GEM 
transcription activator 
expression cassette 

this 
study 

pJW1664 pRS313 Su9-TagBFP::HIS3 
Cen/ARS plasmid 
expressing mito-BFP 

this 
study 

pJW1665 
pRS304 prTPI1-KAR2_SP-
mCherry-HDEL::TRP1 

Knockin ER-mCherry at 
TRP1 locus 

this 
study 

pJW1666 
pRS316 prGAL1-V5-TEV-
EGFP::URA3 

Cen/ARS Backbone for all 
β-estradiol inducible 
reporter constructs 

this 
study 

pJW1667 
pRS316 prGAL1-ERG5-V5-
TEV-EGFP::URA3 

Cen/ARS plasmid with β-
estradiol inducible ERG5-
V5-EGFP 

this 
study 

pJW1668 
pRS316 prGAL1-FET3-V5-TEV-
EGFP::URA3 

Cen/ARS plasmid with β-
estradiol inducible FET3-
V5-EGFP 

this 
study 

pJW1669 
pRS316 prGAL1-NSG2-V5-
TEV-EGFP::URA3 

Cen/ARS plasmid with β-
estradiol inducible NSG2-
V5-EGFP 

this 
study 
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name description purpose source 

pJW1670 
pRS316 prGAL1-OLE1-V5-
TEV-EGFP::URA3 

Cen/ARS plasmid with β-
estradiol inducible OLE1-
V5-EGFP 

this 
study 

pJW1671 
pRS316 prGAL1-ORM1-V5-
TEV-EGFP::URA3 

Cen/ARS plasmid with β-
estradiol inducibleORM1-
V5-EGFP 

this 
study 

pJW1672 
pRS316 prGAL1-PST1-V5-TEV-
EGFP::URA3 

Cen/ARS plasmid with β-
estradiol inducible PST1-
V5-EGFP 

this 
study 

pJW1673 
pRS316 prGAL1-SCT1-V5-
TEV-EGFP::URA3 

Cen/ARS plasmid with β-
estradiol inducible SCT1-
V5-EGFP 

this 
study 

pJW1674 
pRS316 prGAL1-SWP1-V5-
TEV-EGFP::URA3 

Cen/ARS plasmid with β-
estradiol inducible SWP1-
V5-EGFP 

this 
study 

pJW1675 
pRS316 prGAL1-TSC13-V5-
TEV-EGFP::URA3 

Cen/ARS plasmid with β-
estradiol inducible TSC13-
V5-EGFP 

this 
study 
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CHAPTER THREE 

Discussion and future perspectives 
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At the start of this work, decades of experiments had provided mechanistic and 

structural insight into the targeting of nascent polypeptide chains by the conserved SRP 

pathway. Detailed studies characterizing the targeting of individual proteins revealed 

complexity in targeting pathways. Yet, we lacked a global understanding of the 

substrate flux through each of these pathways. Recent in silico predictions of SRP 

dependence revealed the abundance of SRP-independent substrates among secretory 

proteins (1). In contrast to the expectation based on in vitro experiments, these proteins 

are targeted to the ER cotranslationally in vivo (2). However, SRP is capable of 

interacting with these SRP-independent nascent chains (3), raising the possibility that 

the cotranslational ER targeting of SRP-independent proteins was actually dependent 

on SRP. 

Using proximity-specific ribosome profiling, we were able to measure globally 

and in vivo the exact step at which SRP acts: ER targeting. The use of the auxin-

inducible degron system (4) presents advantages over strategies previously used to 

characterize SRP. First, we are able to induce degradation with minimal additional 

perturbations, such as temperature shift. Second, the rapid rate of depletion observed 

for SRP upon addition of auxin (less than 50% remaining after 5 minutes) allows study 

of the short-term effects, prior to secondary effects or cellular adaptation, which has 

been observed after prolonged loss of SRP in yeast (5). 

Using our global assay, we were able to experimentally define SRP dependence. 

Surprisingly, these data revealed that a number of SRP-independent substrates are still 

efficiently cotranslationally targeted to the ER even in the absence of SRP. While some 

of the membrane components important for the translocation of these proteins have 
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been identified and extensively studied (6-8), and a number of cytosolic chaperones 

have been implicated in the process (1, 9), it is unclear how such targeting might be 

working. Nevertheless, the cotranslational ER targeting of SRP-independent proteins 

observed in the absence of SRP is suggestive of an additional, undescribed ER 

targeting pathway. Intriguingly, a recent report showed that Ssb1, a chaperone that 

binds to ribosome-associated nascent chains, can interact with Srp72, one of the SRP-

independent membrane components, which were thought to act posttranslationally (10). 

Whether this plays a general or specific role in cotranslational targeting of proteins to 

the ER is yet to be explored. 

While previous studies recognized that signal sequence hydrophobicity is the 

major factor determining SRP-dependence (1, 8), all have focused on proteins 

containing N-terminal signals. SRP binding and recognition is dependent on nascent 

chain length (11, 12), but these experiments did not explore the role of signal position 

relative to the N-terminus. We found that proteins lacking N-terminal signal sequences, 

but containing downstream TMDs were as dependent on SRP as those with N-terminal 

TMDs for ER targeting. Thus, SRP is capable of scanning nascent chains throughout 

the duration of translation, although the ability of a protein to be cotranslationally 

targeted to the ER is still dependent on how much polypeptide is present C-terminal of 

the initial targeting TMD. 

The diversity of ER targeting pathways and their ability to partially compensate 

functionally for each other highlights the importance of targeting specificity. Indeed, we 

observed mistargeting of some normally ER-targeted proteins to mitochondria. Such 

mistargeting of membrane proteins has previously been observed for some TA proteins 
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in the absence of the GET pathway (13). One interpretation is that in the absence of a 

specific ER targeting mechanism, mitochondria are the default location for many TMD-

containing proteins. The mistargeting we observed is of functional significance, as it 

trigged rapid mitochondrial fragmentation, an indicator of mitochondrial dysfunction, 

even prior to the induction of the ER unfolded protein response. Consistent with SRP 

playing a role in maintaining mitochondrial integrity, earlier studies found that yeast 

adapted for SRP deletions acquire respiration deficient phenotypes (14, 15). This role of 

SRP parallels that of the nascent polypeptide-associated complex (NAC), which can 

prevent mistargeting of mitochondrial proteins to the ER in metazoans (16). The 

targeting defects seen with NAC depletions, together with our observations of 

mitochondrial mistargeting and dysfunction following SRP depletion illustrate the critical 

role of maintaining specificity of protein targeting for proper organelle function. 

This work raises additional questions and areas for further exploration. While we 

were unable to identify key features that influence the propensity of individual proteins 

to be mistargeted to mitochondria over others, the reproducibility of this effect suggests 

that such features do exist. Additionally, the ultimate fate of these mistargeted proteins 

is unclear. Do they translocate across the mitochondrial membrane, as has been 

recently described in the quality control of some cytosolic proteins (17)? How are 

mitochondria sensing and responding to this external stress? Lastly, it will be interesting 

to determine whether this phenomenon is conserved in human cells.  
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