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Abstract
Ubr1 is a conserved ubiquitin ligase involved in the degradation of aberrant proteins 
in eukaryotic cells. The human enzyme is found mutated in patients with Johanson-
Blizzard syndrome. We hypothesized that Ubr1 is necessary for optimal cellular 
fitness in conditions associated with elevated abundance of aberrant and misfolded 
proteins. Indeed, we found that loss of Ubr1 in the model eukaryotic microorganism 
Saccharomyces cerevisiae strongly sensitizes cells to hygromycin B, which reduces 
translational fidelity by causing ribosome A site distortion. Our results are consistent 
with a prominent role for Ubr1 in protein quality control. We speculate that disease 
manifestations in patients with Johanson-Blizzard syndrome are linked, at least in part, 
to defects in protein quality control caused by loss of Ubr1 function.
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Introduction

The structure and function of the Ubr1 ubiquitin 
ligase are conserved across diverse eukaryotic organisms 
(8). In humans, mutation of UBR1 causes Johanson-
Blizzard syndrome, a disorder characterized by multi-
organ dysfunction, physical malformations, and 
cognitive impairment (19). Ubr1 has been extensively 
investigated in the model unicellular eukaryote 
Saccharomyces cerevisiae (budding yeast), where 
it contributes to multiple aspects of protein quality 
control. Experiments performed with yeast have been 
foundational in the discovery of molecular mechanisms 
of quality control conserved among eukaryotes 
(3). Among other roles, Ubr1 promotes turnover 
of substrates of the N-end rule (17), endoplasmic 
reticulum-associated degradation (ERAD) (12, 13), 
stress-induced homeostatically regulated protein 
degradation (SHRED) (14), and cytoplasmic quality 
control (CytoQC) (7, 11) pathways. Yeast lacking 
Ubr1 exhibit divergent responses to pharmacologic 
interventions expected to increase the abundance 
of misfolded proteins. For example, ubr1∆ yeast 
display enhanced sensitivity to the Hsp90 inhibitor 
geldanamycin, while they are resistant to the proline 
analog L-azetidine-2-carboxylic acid (15). 

Materials

All yeast strains used in this study are presented 
in Table 1. These strains have been constructed in 
previous reports (6, 16). The entire coding sequences 
of UBR1, HRD1, and DOA10 have been replaced 
with the kanMX4 allele in gene knockout strains 
(16). Yeast were cultured in yeast extract-peptone-
dextrose medium (1% yeast extract, 2% peptone, 
2% glucose, 0.002% adenine, 2% agar) (5) with the 
indicated concentrations of hygromycin B (Corning). 

Methodology and Results

We tested the hypothesis that Ubr1 is necessary for 
optimal growth in conditions associated with elevated 
abundance of aberrant proteins. The aminoglycoside 
hygromycin B reduces translational fidelity by causing 
ribosome A site distortion and is toxic to yeast at 
200 µg/ml (1, 4, 9). We analyzed the growth of yeast 
lacking Ubr1 in the presence of sublethal doses of 
hygromycin B, which are expected to increase the 
cellular concentration of misfolded proteins (Figure 
1). Wild type yeast, ubr1∆ yeast, and yeast lacking one 
or both genes encoding the primary ERAD ubiquitin 
ligases (HRD1 and DOA10) (10) were subjected 
to six-fold serial dilution, beginning with an optical 
density at 600 nm of 0.2. Each dilution (4 µl) was 
spotted onto agar plates containing rich yeast growth 
medium with no drug or increasing concentrations 
of hygromycin B. Plates were incubated at 30°C and 
imaged at the indicated times. A detailed explanation 
of the yeast growth assay procedure can be found in 
(18). All data were analyzed using Prism software 
(GraphPad Software Inc., San Diego, CA). Because 
of highly variable data, values of zero were normalized 
to 1 to make all data positive and positive data were 
log-transformed. All means between groups were 
compared by one-way ANOVA followed by Tukey 
post-hoc analysis. A P value less than 0.05 was 
designated as statistically significant.

In the absence of hygromycin B, all yeast strains 
exhibited similar growth. Consistent with previous 
results (2), yeast lacking both HRD1 and DOA10 
exhibited a pronounced growth defect in the presence 
of 75 µg/ml hygromycin B. Individual deletion of 
HRD1 or DOA10 also impaired growth in the 
presence of hygromycin B, but to a lesser extent than 
the double mutant. Finally, loss of UBR1 impaired 
growth in the presence of the compound more 
severely than any of the other mutations tested; this is 
most evident at 50 µg/ml hygromycin B. 

This experiment was piloted by undergraduate 
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Figure 1. Loss of UBR1 sensitizes yeast to hygromycin B. 

(A) Six-fold serial dilutions of yeast of the indicated genotypes were spotted onto agar plates containing rich medium (No Drug) or rich medium 

containing increasing concentrations of hygromycin B. Plates were imaged after 1-2 days (as indicated) of incubation at 30oC. (B) Growth in the 

second column of each plate (dashed rectangles) from three replicate experiments was quantified by densitometry. Data were analyzed by one-way 

ANOVA followed by Tukey post-hoc analysis (*, less than wild type; **, less than wild type, hrd1Δ, doa10Δ, and hrd1Δ doa10Δ; p < 0.05). Error 

bars represent standard error of the mean.
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students in the Methods in Cell Biology (BIO 315) 
Course at Ball State University and has been validated 
by three replicates in the research laboratories of EMR 
and PJS. 

Discussion

As we hypothesized, our results indicate Ubr1 is 
crucial for optimal growth of yeast in conditions 
associated with elevated abundance of aberrant 
proteins, consistent with Ubr1 function in protein 
quality control. Mutations in UBR1 are found in 
patients with Johanson-Blizzard syndrome. A previous 
study demonstrated that homologous mutations also 
reduce Ubr1 function in yeast (8). We speculate that 
disease phenotypes present in patients with Johanson-
Blizzard syndrome harboring mutations in UBR1 are 
linked, at least in part, to defects in protein quality 
control. One limitation of the present work is that 
hygromycin B is expected to trigger the accumulation 
of a large and heterogeneous population of aberrant 
proteins. Therefore, it is difficult to determine 
which types of protein aberrancies present the most 
substantial challenge to cellular health in the absence 
of Ubr1. Future biochemical experiments will be 
necessary to characterize the substrate range of Ubr1 
in yeast and human cells. Such biochemical analyses 
may also provide insight into the divergent responses 
of ubr1∆ yeast to different forms of cellular stress.

Acknowledgements

This work was funded by NIH grant R15 GM111713 
(EMR). This project was conceived while EMR 
was supported in part by a Ball State University 
Excellence in Teaching award. Research in the lab 
of PJS is supported by Grant 18-IIA-406 from the 
Amyotrophic Lateral Sclerosis Association. We thank 
the Ball State University Department of Biology 
(particularly Kemuel Badger, Clare Chatot, and 
Susan McDowell) for material and moral support for 
the design and implementation of an inquiry-based 

research course, where this experiment was piloted. We 
thank Jacob Price for serving as a Teaching Assistant in 
that course. We thank Bryce Buchanan and Courtney 
Broshar for technical assistance.	



Volume Six | 81

 

Table 1. Yeast strains used in this study.

All strains used in this study are congenic with BY4741 (16).
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