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Background: In yeast, some mystery protein co-
purifies with tagged Lip3. 
Results: Deletion of the YER087w gene does not 
result in disappearance of this mystery protein. 
Conclusion: Heat Shock Protein 60 is the protein 
that co-purifies with tagged Lip3. 
Significance: The identification of this mystery 
protein is helpful in understanding how Lip3 
functions in yeast mitochondria. 

 
ABSTRACT 

In yeast mitochondria, the enzyme Lip3 
is involved in the transfer of octanoic acid from 
Gcv3, a subunit of GCV, to other targets.  
However, it is unknown whether Lip3 itself has 
acyl transferase activity, or if it serves to 
present the fatty acid as well as the substrate to 
a transferase. When Lip3 is purified by tandem 
tag chromatography, the final eluate contains 
Lip3 as well as an additional co-purifying 
protein. It was hypothesized that this protein 
may be the transferase that Lip3 associates 
with when transferring octanoic acid. 
Furthermore, based on the size and predicted 
properties of this co-purifying protein, it was 
hypothesized that Yer087w may be the 
transferase that co-purifies with Lip3. 
However, when the YER087w gene was deleted 
in a yeast strain where Lip3 was tagged with 
Protein C peptide and His-6 (notated as Lip3-
CH), the co-purifying protein was still present 
in the final eluate, indicating that Yer087w is 
not that protein. This was confirmed by mass 
spectrometry, which determined the co-
purifying protein to be Heat Shock Protein 60. 

 
In Saccharomyces cerevisiae, a eukaryote 

more commonly known as baker’s yeast, lipoic 
acid is synthesized from octanoic acid and 
covalently attached to four proteins in 
mitochondria, where it acts as a “swinging” arm 
coenzyme involved in redox reactions in Pyruvate 
Dehydrogenase (PDH), alpha-keto-glutarate 
Dehydrogenase (KDH), and Glycine Cleavage 
Enzyme (GCV) (1). Four enzymes have been 
identified that are involved in this process. They 
are Lip2, Gcv3, Lip5, and Lip3.  Lip2 is an acyl 
transferase capable of transferring octanoic acid 
onto Gcv3, a subunit of GCV. Gcv3 itself seems to 
act as an intermediate in the pathway. Lip5 is an 
iron-sulfur cluster-containing enzyme that inserts 
the sulfurs into octanoic acid to form lipoic acid. 
This is thought to occur after the fatty acid is 
covalently bound to the protein targets. Finally, 
Lip3 is involved in transfer of octanoic acid from 
Gcv3 to the other targets, but its role is obscure in 
eukaryotes, and it is questionable as to whether it 
has acyl transferase activity itself. Rather, it may 
bind the activated fatty acid and present the 
substrate to a transferase (2). 

When Lip3 was purified by tandem-tag 
chromatography using Protein C peptide and His-6 
tags, Lip3 was the primary constituent in the final 
eluate. However, a co-purifying protein of 
considerable abundance (perhaps as much as 20%) 
was present also, as detected on a silver stained 
gel. 
 From the size and predicted properties of 
this co-purifying protein, it was hypothesized that 
Yer087w may be the mystery protein in the Lip3 
preparation and purification. Strains lacking this 
protein do not respire, they lose mitochondrial 
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DNA at the same rate as strains lacking Lip3, and 
the predicted protein is most like a tRNA acyl 
transferase. Such enzymes have a similar activity 
to that of the enzyme that Lip3 requires to help 
transfer octanoic and/or lipoic acid onto the PDH 
and KDH targets. 
 In order to investigate whether Yer087w 
was the protein that co-purifies with Lip3, 
standard yeast genetics were used to construct a 
strain in which YER087w was deleted and Lip3 
was tagged with Protein C peptide and His-6. The 
Dieckmann Lab has experience using this double 
tag on many different proteins, and a proven 
protocol was used for the purification of Lip3, 
which initially yielded eluates with only Lip3 and 
the co-purifying protein evident on silver stained 
gels. It is important to note that while this 
investigation was underway, the co-purifying 
protein in the purified Lip3 sample was analyzed 
by mass spectrometry, where peptides from the gel 
band helped to identify the protein. In short, if the 
co-purifying protein band is not present in the final 
eluate, then the mystery protein is indeed 
Yer087w. However, if the co-purifying protein 
band still remains in the yeast strain lacking 
YER087w, mass spectrometry will identify the 
protein. 
 The general purpose of this investigation 
was to discover what the protein is that co-purifies 
with Lip3, as well as to determine if this protein is 
important in the lipoylation pathway. Additionally, 
this investigation provided an introduction to yeast 
genetics, protein affinity purification, and protein 
analysis. 
 
EXPERIMENTAL PROCEDURES 
Generation of yer087wΔ Lip3-CH 
 The first step in generating yer087wΔ 
Lip3-CH was to sporulate a diploid version of 
YER087w (BY-4743) that contained one wild type 
copy of YER087w and one mutant copy of 
yer087wΔ. This diploid was sporulated on YPD 
media (20 g glucose, 20 g agar, 20 g peptone, and 
10 g yeast extract in 1000 mL H2O) as well as Pre-
Sporulation media (250 mL of 40% glucose, 20 g 
agar, 3 g peptone, and 8 g yeast extract in 750 mL 
H2O). All growth plates were incubated at 30 °C 
for two days between replicating. A microscope 
was used to view tetrads, and it was determined 
that the YPD plate had a greater percentage of 
tetrads. A sample of cells from the YPD plate was 

treated with Zymolyase 100T (8.9 mg of 20T 
Zymolyase in 3.5 mL 1.2 M Sorbitol), and was 
dissected using the Spore Play Microscope onto a 
thin YPD plate, which was allowed to grow for 
two days at 30 °C. 
 To test for specific auxotrophies, the 
dissection plated was replica-plated onto WO 
plates (20 g glucose, 20 g agar, and 6.7 g nitrogen 
base and ammonium sulfide in 1000 mL H2O) and 
added nutrients. These added nutrients included 
100 µL Histidine, 100 µL Leucine, 200 µL Uracil, 
100 µL Methionine, and 100 µL Lysine. The 
nutrients were notated as H, L, U, M, and K, 
respectively. The dissection plate was replica-
plated onto the following plates: WO + HLU, WO 
+ HLUMK, WO + HLUM, WO + HLUK, YPG 
(30 g glycerol, 20 g agar, 20 g peptone, 10 g yeast 
extract in 1000 mL H2O), and YPD + NEO (YPD 
formula plus 25 g antibiotic G418) plates. The 
YPG plates test the ability to respire and the YPD 
+ NEO plates test kanamycin resistance. The 
dissection plate was also replica-plated onto two 
YPD mating plates, one with 200 µL of YPD and 
rho zero tester aCB11ρ° and the other with 200 µL 
of YPD and rho zero tester αKL14ρ°, to test for 
mating types of the haploid cells.  These mating 
plates were then replica-plated onto YPG plates 
(glycerol). Based on the desired genotype (his3, 
leu2, ura3, lys2, met15, yer087w::kan), spores of 
interest were transferred to another YPD plate and 
allowed to grow. Wild type strains BY-4742 and 
BY-4741 were also patched onto these new YPD 
plates. 
 Samples from these colonies were 
transferred to other YPD plates where the cells 
were mated to aWWBgcv3Δlip3Δ/ST1 on one 
plate, and αWBlip3Δ/ST1 on the other. Based on 
the genotypes of these two strains, the YPD + 
aWWBgcv3Δlip3Δ/ST1 plate was then replicated 
onto a WO + U, and the YPD + αWBlip3Δ/ST1 
plate was then replicated onto a WO + HU plate. 
Both of these plates were then replicated onto KAc 
+ U/HU +/- 0.05% glucose. Because the genotypes 
of the spores could not be explicitly determined, 
all experiments proceeded with the known colony 
BY-4741 ayer087wΔ X αWBlip3Δ/ST1 on the 
KAc + HU plate.  
 A sample of BY-4741 ayer087wΔ X 
αWBlip3Δ/ST1 cells was treated with Zymolyase 
100T, and was dissected onto two thin YPD 
dissection plates. These dissection plates were 
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then replica-plated onto the following plates 
(where A refers to 200 µL of Adenine and W 
refers to 100 µL of Tryptophan): WO + HU, WO + 
HUMAWL, WO + HUMAW, WO + HUMAL, 
WO + HUMWL, WO + HUAWL, YPD + NEO, 
YPG, YPD + aCB11ρ°, and YPD + αKL14ρ°. The 
mating plates were then replica-plated onto YPG 
plates. Based on the criteria that the desired tetrad 
would have two spores that grow on WO + 
HUMAW and YPD + NEO, and that the same two 
spores would not grow on YPG, a single tetrad 
(tetrad 5) was separately retested, and it was 
determined that the genetic markers had separated 
as desired. The two spores of interest were spore 
5B (α his3, ura3, met15, ADE2, TRP1-1, LEU2, 
yer087w::kan, leu2::pG49/ST1) and spore 5D (a 
his3, ura3, MET15, ade2, TRP1-1, LEU2, 
yer087w::kan, leu2::pG49/ST1).  
 
Mitochondrial Preparation 
 Wild type αWBlip3Δ/ST1, spore 5B, and 
spore 5D were all allowed to grow in liquid YPGal 
(20 g galactose, 15 g agar, 20 g peptone, and 10 g 
yeast extract in 1000 mL H2O). The procedure for 
this mitochondrial isolation was provided (3), and 
the mitochondrial matrix supernatants, containing 
the protein of interest Lip3-CH, were stored at -20 
°C.   
  
Mitochondrial Extract Protein Concentration 
Determination 

Protein concentrations were estimated 
using the Folin Procedure. Bovine serum albumin 
(BSA) with a stock concentration of 10 mg/mL 
was used as a standard. The procedure for this 
assay and the formula for necessary reagents were 
provided and there were no modifications made to 
the procedure (4). The absorbances of solutions 
with differing concentrations of BSA were 
measured at 750 nm to produce a standard curve. 
The absorbances of solutions containing 5 µL of 
mitochondrial extracts were recorded at 750 nm 
and located on the standard curve to determine the 
concentration of each mitochondrial extract.  
 
Purification of Lip3-CH 
 Because Lip3 was tagged with both 
Protein C peptide and His-6, the mitochondrial 
extracts were purified using Ni-NTA beads as well 
as PC beads. This purification technique has not 
been published, but the procedure is as follows for 

a single sample. Both the Ni-NTA and PC beads 
had to be washed prior to this purification. The 
beads were washed 3 times with 10 fold excess of 
Ni-NTA wash buffer (10 mM Tris-cl pH 7.5, 0.2 
M NaCl, 10 mM imidazole pH 7) or PC wash 
buffer (10 mM Tris-Cl pH7.5, 0.2 M  NaCl, 2 mM 
CaCl2). To begin, the mitochondrial protein 
concentration was first adjusted to 10 mg/mL in 
ST buffer (0.6 M Sorbitol, 10 mM Tris-Cl pH 7.5) 
and a 20 µL sample was kept. The mitochondria 
were then centrifuged for 10 minutes at 45K and 
the supernatant was discarded. A volume of 1% 
digitonin in ST buffer equivalent to the volume of 
the supernatant and a volume of 0.2 M solution of 
PMSF in ethanol to a final concentration of 1 mM 
were added to the mitochondria, and the 
mitochondria were homogenized. A 20 µL sample 
was kept and the remaining mitochondria were 
centrifuged at 45K for 10 minutes. The pH of the 
supernatant was adjusted by addition of 30 µL/mL 
of 3 M Tris pH 8.8. The supernatant was then 
added to 100 µL prewashed Ni-NTA beads/mL of 
starting mitochondria, and was rotated at 4 °C for 
2.5 hours. The sample was centrifuged at 1K for 
30 seconds. The supernatant was collected and a 
20 µL sample was kept. The Ni-NTA beads were 
washed 4 times with 0.5 mL/100 µL of beads with 
Ni-NTA wash buffer plus 0.1% digitonin. 
Between washes, the sample was centrifuged at 
1K for 30 seconds. 1 mL/100 µL beads of Ni-NTA 
elution buffer (10 mM Tris-cl pH 7.5, 0.2 M NaCl, 
200 mM imidazole pH 7) plus 0.1% digitonin was 
added to the washed beads, which were then 
rotated at 4 °C for 30 minutes and centrifuged at 
1K for 30 seconds. The supernatant was removed 
and a 20 µL sample was kept (Ni-NTA eluate). 
CaCl2 was added to the Ni-NTA eluate to make a 
final concentration of 2 mM. The Ni-NTA eluate 
was to 100 µL prewashed PC beads/mL of starting 
mitochondria, and was then rotated at 4 °C for 1.5 
hours. The sample was then centrifuged at 1K for 
30 seconds, the supernatant was collected, and a 
20 µL sample was kept. The PC beads were then 
washed 4 times with 0.5 mL/100 µL of beads with 
PC wash buffer plus 0.1% digitonin. Between 
washes, the beads were centrifuged at 1K for 30 
seconds. 1 mL/100 µL beads of PC elution buffer 
(10 mM Tris-Cl pH 7.5, 0.2 M NaCl, 7 mM 
EDTA) plus 0.1% digitonin was added to the 
washed PC beads. The beads were rotated at 4 °C 
for 30 minutes, and the centrifuged at 1K for 30 
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seconds. The supernatant was collected, and a 20 
µL sample was kept (PC eluate). The remaining 
supernatant was frozen. The PC beads were then 
regenerated by washing the beads 3 times with 1 
mL of PC elution buffer, followed by 3 washes 
with PC wash buffer. 
 
Western Blot Analysis  
Gel Preparation 
  A gel was prepared using BIO-RAD 
Spacer Plates with 1.5 mm Integrated Spacers. The 
stacking gel was 5% acrylamide and the resolving 
gel was 12% acrylamide. The stacking gel was 
made using: 1.87 mL H2O, 3.12 mL 0.5 M Tris pH 
6.8, 0.9 mL 30% acrylamide, 60 µL 10% 
Ammonium Persulfate, 30 µL 20% SDS, and 9.6 
µL TEMED, mixed in that order. The resolving 
gel was made using: 3.24 mL H2O, 6.1 mL of 1 M 
Tris pH 8.8, 6.36 mL 30% acrylamide, 80 µL 10% 
Ammonium Persulfate, 80 µL 20% SDS, and 7 µL 
TEMED, mixed in that order.  
 
Set Up  
 The gel was placed on one side in a BIO-
RAD gel electrophoresis box and a buffer dam 
was placed on the other side. 1X Tris/Glycine/SDS 
running buffer (10.0 g SDS, 144.0 g Glycine, and 
30.2 g Tris-Base in 10 L H2O) was added to the 
middle reservoir until the lower lip of the gel was 
covered, upon which the comb was removed and 
samples loaded. 
 
Loading 

For each of the initial mitochondrial 
samples, Ni-NTA eluate samples, and PC eluate 
samples, 10 µL were loaded into the gel. Prior to 
loading, 3.33 µL of 4X loading buffer was added 
to each sample. A molecular weight standard was 
loaded into the gel as well. 

 
Electrophoresis 

1X Tris/Glycine/SDS running buffer was 
also poured into the outer reservoir, until the 
volume reached the “2 gel” indicator line on the 
gel box. The gel was run at 200 V for 1 hour.  
 
Transfer 

Wet transfer was used for this gel. To 
minimize excess gel, the stacking gel was 
separated from the resolving gel and discarded. In 
a Pyrex dish containing transfer buffer (1x 

Tris/Glycine buffer with 20% Methanol and 0.1% 
SDS), the transfer cassette was assembled in the 
following order, with the black side of the cassette 
on bottom: sponge, two blotting papers, resolving 
gel, nitrocellulose membrane, two blotting papers, 
sponge. All air was rolled out of the cassette 
before placement in a BIO-RAD transfer box. 
Transfer buffer was added until the volume 
reached the “blotting” indicator line on the transfer 
box. The gel was run at 54 V and 200 mA for 1 
hour. 

 
Ponceau Staining 

Upon successful transfer, the blot was 
trimmed to fit the gel and the blot was removed 
from the transfer cassette. The molecular weight 
standards were marked with sharpie as a reference 
and the blot was quickly rinsed with DI H2O 
before placed in a small tray containing Ponceau 
staining solution. The tray containing the blot and 
the Ponceau was placed on a rocking platform 
shaker for 5 minutes. The blot was then rinsed 
with DI H2O to remove any excess Ponceau 
staining solution, and then placed in blocking 
buffer comprised of 5% non-fat dry milk powder 
in Western Wash Buffer (10 mM Tris pH 7.5, 0.1 
M NaCl, 0.1% Triton X-100). The blot and 
blocking buffer were placed on a rocking platform 
shaker for 30 minutes.  
 
Antibody Incubation 

The blocking buffer was then drained, and 
a solution of antiserum raised against the C-
reactive peptide part of the tandem tag was 
introduced to the tray containing the blot. The tray 
was then wrapped in Saran Wrap, which was 
secured with a rubber band, and then sealed in a 
Ziploc bag to prevent evaporation. The blot was 
incubated with this primary antibody for 24 hours 
on a rotatory platform shaker in a cold room at 4 
°C.  

At the end of incubation period, the 
primary antibody solution was removed and saved. 
The blot was then washed 2 times for 30 seconds 
each with Western Wash Buffer, followed by 2 
15-minute washes with Western Wash Buffer. All 
washes were done on a rocking platform shaker. 
The blot was then incubated with secondary 
antibody solution, which was 1 µL of goat anti-
rabbit antibody in 10 mL of blocking buffer. The 
blot was incubated for 24 hours, again secured 
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with Saran Wrap, a rubber band, and Ziploc bag 
on a rotatory platform shaker in a cold room at 4 
°C.  

At the end of the incubation period, the 
secondary antibody solution was removed and 
discarded. The blot was then washed 2 times for 
30 seconds each with Western Wash Buffer, 
followed by 2 15-minute washes with Western 
Wash Buffer. All washes were done on a rocking 
platform shaker.  

 
Visualization of Tagged Proteins 

The blot was then treated with 
SuperSignal West Pico Chemiluminescent 
Substrate (a product of Thermo Fisher Scientific) 
according to the protocol provided in the kit. The 
blot was then exposed to X-ray film for time 
periods of 1 minute and 5 minutes. 
 
Silver Stain Analysis 
Gel Preparation and Set Up 
 A gel was prepared using BIO-RAD 
Spacer Plates with 1.5 mm Integrated Spacers. The 
stacking gel was 5% acrylamide and the resolving 
gel was 12% acrylamide, and the formulation was 
the same as mentioned above. The gel was clipped 
into a two-chamber vertical gel electrophoresis 
box, and any gaps around the gel were sealed with 
agarose. 1X Tris/Glycine/SDS running buffer was 
poured into the lower chamber until the bottom of 
the gel was submerged, and the running buffer was 
also poured into the upper chamber until the top of 
the gel was covered, upon which the comb was 
removed and samples were loaded.  
 
Loading 
 1 µL of the molecular weight standard was 
mixed with 9 µL of H2O to create a less intense 
standard. For each of the remaining samples, 30 
µL protein was mixed with 10 µL 4X loading 
buffer. Of the available 40 µL, only 20 µL of each 
sample were loaded into the gel. The gel was run 
at 100V for 1 hour.  
 
Staining 
 The stacking gel was separated from the 
resolving gel, and resolving gel that did not 
contain loaded samples was also removed. The 
procedure for this stain and the necessary reagents 
were provided, and no modification was made to 
the procedure (5). When the protein bands were 

stained to the desired intensity, the developer 
solution was rendered inactive by a solution of 5% 
acetic acid and 95% H2O.  
 
RESULTS 
Generation of yer087wΔ Lip3-CH strain 
 The yer087wΔ Lip3-CH strain was 
generated by crossing ayer087wΔ (a his3, leu2, 
met15, ura3, yer087w::kan) with αWBlip3Δ/ST1 
(α ade2, leu2, his3, trp1-1, ura3, lip3::kan, 
leu2::pG49/ST1) (Table 1). The desired strain has 
three key properties, the first being that the strain 
is LEU2. This is a result of the ST1 tag, which is 
Lip3-CH on LEU2. So, any spores that are LEU2 
also have tagged Lip3-CH. The second property is 
that the spore has kanamycin resistance as a result 
of yer087w::kan. In these spores, the gene for 
YER087w has been replaced with the gene for 
kanamycin resistance. The spores that are LEU2 
and kanamycin resistant should be the same two 
spores. The third desired property is the spore’s 
inability to grow on YPG plates. Strains lacking 
the YER087w gene do not respire. Thus, within a 
tetrad, the goal was to generate two spores that 
were LEU2, that were kanamycin resistant, and 
that could not respire on YPG plates (Table 2). 
The genotypes for these spores were determined to 
be α his3, ura3, met15, ADE2, TRP1-1, LEU2, 
yer087w::kan, leu2::pG49/ST1 (spore 5B) and a 
his3, ura3, MET15, ade2, TRP1-1, LEU2, 
yer087w::kan, leu2::pG49/ST1 (spore 5D). 22 
tetrads were dissected to find a single tetrad where 
the genetic markers separated as desired. 
 
Yer087w Protein is not the Protein that Co-
purifies with Lip3 
 Wild type Lip3-CH was used as a control 
for this investigation. When wild type Lip3-CH 
was purified using tandem tag chromatography, 
only Lip3-CH was visible for each of the wild 
type, spore 5B, and spore 5D sample when 
analyzed by Western Blot (Figures 1 and 2). In 
prior investigations, the presence of the mystery 
protein has only been noticed in silver stained 
gels, as there is no CH tag on the protein so it is 
not visible when analyzed by Western Blot. For 
each of the samples in the silver stained gel, Lip-
CH can be seen above the 45 kD molecular weight 
standard marker (Figure 3). The mystery protein 
can been as a faint shadow slightly above the 66.2 
kD molecular weight standard marker. The silver 
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stain gel confirmed the presence of the mystery 
protein, indicating that the mystery protein is not 
Yer087w protein. 
 
Heat Shock Protein 60 Co-Purifies with Lip3 
 While this investigation proceeded with 
the notion that the mystery protein was Yer087w 
protein, a sample of the mystery protein from the 
purified Lip3 sample was analyzed by mass 
spectrometry by Dr. Ulrich Bergmann from the 
Department of Biochemistry at the University of 
Oulu in Finland. It was determined that the 
mystery protein that co-purifies with tagged Lip3 
is Heat Shock Protein 60 (HSP60). HSP60 is 
found only in the mitochondria, and functions to 
prevent aggregation and mediate protein refolding 
after heat shock.  
 
DISCUSSION 
 The creation of the yer087wΔ Lip3-CH 
strain included an initial exploratory investigation. 
The original goal was to create a haploid 
yer087wΔ strain that could be crossed with either 
αWBlip3Δ/ST1 or aWWBgcv3Δlip3Δ/ST1. 
However, upon dissection of the tetrads and 
testing for growth on selective plates, the 
genotypes of the spores could not be clearly 
determined. For example, there were multiple 
instances where all four spores were growing on a 
single plate when, based on the genetic markers of 
the parent strain, two spores should not have been 
growing. Because of this, two known strains, 
ayer087wΔ and αWBlip3Δ/ST1, were crossed to 
produce yer087wΔ Lip3-CH. Because these strains 
were provided, the genotypes had been previously 
determined and confirmed (Table 1). This allowed 
easy extrapolation for possible genotypes of the 
spores produced from tetrad dissection. In order to 
confirm that a tetrad was produced that contained 
both the deletion of YER087w and the presence of 
the CH tag on Lip3, the tetrad of interest was 
separately retested on selective plates, and the 
genotypes were confirmed (Table 2).  
 The purification technique to purify Lip3-
CH has not been published, but all steps were 
provided. A Western Blot Analysis was done on 
the initial mitochondrial prep sample, the Ni-NTA 
eluate sample, and the PC eluate sample for the 
wild type Lip3-CH, spore 5B, and spore 5D. 
Interestingly, there appear to be no proteins in any 
of the lanes containing the Ni-NTA eluate (Figures 

1 and 2). However, the tagged Lip3 was present in 
the PC eluate lanes. Logically, there should be 
something in the Ni-NTA eluate lanes, because 
that eluate was what was purified on the PC beads 
to produce the PC eluate. One explanation for the 
missing proteins in the Ni-NTA eluate lanes may 
be that the wrong sample was loaded into the gel, 
but all samples were clearly labeled and organized 
so that explanation is not very likely. Upon 
reviewing the protocol, no single step was 
pinpointed as a misstep, so there is really no 
explanation as to why there is no protein present in 
the Ni-NTA eluate lanes. 
 In a silver stained gel, proteins bind silver 
ions, which can then be reduced to produce a 
visible color (6). On this basis, the silver 
developing solution should give color to any 
proteins in the gel. Both the gel and the reagents 
required were freshly made so as to reduce the 
possibility of contamination and also ensure that 
the reagents were working at their maximum 
capability. After approximately 25 minutes in the 
developing solution, it was decided that the protein 
bands were stained to an appropriate intensity, and 
the solution was inactivated. The stain made all 
expected protein bands visible, as well as some 
that were not expected. In each of the wild type, 
spore 5B, and spore 5D samples, the Lip3-CH 
protein was stained just above the 45 kD marker, 
and the mystery protein was stained just above the 
66.2 kD marker (Figure 3). However, each sample 
also produced some smaller protein bands that 
were not expected. Any visible bands beneath the 
45 kD marker were not anticipated, but were 
concluded to be products of Lip3 degradation, as it 
is rather unstable. These products were previously 
seen in samples that had been dialyzed and 
concentrated for silver staining. A copy of the gel 
was analyzed by Western Blot, and the two 
smaller bands have the CH tag, suggesting that 
they are degradation products of the full-length 
protein. 
 The deletion of the YER087w gene lead to 
the conclusion that the mystery protein is not 
Yer087w protein, but analysis of the purified 
sample by mass spectrometry actually identified 
the protein to be HSP60. HSP60 is generally 
responsible for the transportation and refolding of 
proteins from the cytoplasm into the mitochondrial 
matrix. Initially, it was believed that this mystery 
protein might be a transferase, but it is now known 
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that this mystery protein that co-purifies with 
tagged Lip3 is localized to the mitochondria, but 
its activity is not necessarily localized to the 
synthesis of lipoic acid. 
 There is certainly room for this 
investigation to prompt other investigations. One 
study that is currently underway tests whether the 
attachment site for octanoic or lipoic acid is 
Lys249. In this study, site directed mutagenesis is 
being employed to mutate the putative active site 
lysine to leucine, and an investigation will be done 
to determine how the modification and function of 
Lip3 is affected. 
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FIGURE LEGENDS 
 
TABLE 1. The Saccharomyces cerevisiae strains that were used in this study, as well as their respective 
genotypes. 
 
TABLE 2. Tetrad 5 was separately retested for growth on plates containing various combinations of 
Histidine (H), Uracil (U), Methionine (M), Adenine (A), Tryptophan (W), and Leucine (L). The tetrad 
was tested for kanamycin resistance (YPD + NEO), as well ability to respire (YPG). The spores were 
mated to aCB11ρ° and + αKL24ρ° to determine the mating type of each spore. A plus sign (+) indicates 
growth on the plate while a minus sign (-) indicates no growth. 
 
FIGURE 1. Mitochondrial extract samples (Mito), Ni-NTA eluate samples (Ni-NTA), and PC eluate 
samples (PC) of wild type (WT) Lip3-CH, spore 5B, and spore 5D were analyzed by Western Blot using 
antiserum raised against the C-reactive peptide part of the tandem tag. The X-ray film was exposed to the 
blot for 1 minute. The markers used a molecular weight standard are marked in the right lane, with 
molecular weights of 97.4, 66.2, and 45 kD. 
 
FIGURE 2. Mitochondrial extract samples (Mito), Ni-NTA eluate samples (Ni-NTA), and PC eluate 
samples (PC) of wild type (WT) Lip3-CH, spore 5B, and spore 5D were analyzed by Western Blot using 
antiserum raised against the C-reactive peptide part of the tandem tag. The X-ray film was exposed to the 
blot for 5 minutes. The markers used as a molecular weight standard are marked in the right lane, with 
molecular weights of 97.4, 66.2, and 45 kD. 
 
FIGURE 3. PC eluate samples of wild type (WT) Lip3-CH, spore 5B, and spore 5D. The gel remained in 
developing solution for 25 minutes prior to rendering the solution inactive. The markers used as a 
molecular weight standard are marked in the left lane, with molecular weights 97.4, 66.2, 45, and 31 kD. 
The Lip3-CH protein band can be seen just above the 45 kD marker, and the Yer087w protein band can 
be seen just above the 66.2 kD marker 
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TABLES 
 
TABLE 1 
S. cerevisiae strains used in this study 
Strain             Genotype 
αyer087wΔ (BY 4742) α his3, leu2, lys2, ura3, yer087w::kan 
ayer087wΔ (BY 4741) a his3, leu2, met15, ura3, yer087w::kan 
dip YER087w (BY 4743) α/a his3, leu2, ura3, met15/MET15, lys2/LYS2, yer087w::kan/YER087w 
αWBlip3Δ/ST1 α ade2, leu2, his3, trp1-1, ura3, lip3::kan, leu2::pG49/ST1 
aWWBgcv3Δlip3Δ/ST1 a ade2, ura3, trp1-1, lip3::kan, gcv3::HIS3, leu2::pG49/ST1 
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TABLE 2 
Tetrad 5 growth on selective plates 
Plate                                   Spore 5A                    Spore 5B                     Spore 5C                   Spore 5D 
WO + HUMAW - + - + 
WO + HUMAL - + - + 
WO + HUMWL + + - - 
WO + HUAWL - - + + 
YPD + NEO - + - + 
YPG + - + - 
YPD + aCB11ρ° + + - - 
YPD + αKL24ρ° - - + + 
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FIGURES 
 
FIGURE 1 
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FIGURE 2 
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FIGURE 3 
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