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ABSTRACT  
Weak acids such acetic acid are widely used in the food and chemical industries, in agriculture, and in 
medicine. It is crucial to understanding the mechanisms underlying the adaptive response and 
resistance to these weak acids in order to design more efficient weak acid-based food preservation 
strategies and more robust industrial yeast strains. The adaptive responses to acetic acid stress in yeast 
involve the transcriptional activation of the gene encoding the plasma membrane transporter involved 
in multidrug/multixenobiotic resistance (MDR/MXR) Tpo3. This activation is mediated by the 
transcription factor Haa1, which contributes to reduce the intracellular concentration of acetate 
accumulated upon acetic acid exposure. The role of Hrk1p is also important in order to provide protection 
against acetic acid through the reduction of intracellular acetate concentration. The aim of this work is 
to perform a single-cell quantification of Tpo3 abundance from fluorescence microscopy images. The 
abundance of Tpo3p at the plasma membrane of Saccharomyces Cerevisiae cells is evaluated using a 
GFP-tagged version of this transporter inserted into yeast genome and expressed in the wild-type strain 
in a HAA1 deletion mutant and in a HRK1 deletion mutant in weak acid stressing conditions. The results 
obtained confirm the predicted plasma membrane localization of this transporter and evidence a steady 
increase in Tpo3 abundance in the plasma membrane in the presence of acetic acid when compared 
with the control condition, an activation that is strongly reduced when HAA1 gene is deleted.  
Keywords 
x Saccharomyces cerevisiae x Adaptation and tolerance to acetic acid x Plasma membrane transporter 
Tpo3 x Fluorescence microscopy images 
 
 
INTRODUCTION 
In this work we are studying the behave of S. 
cerevisiae in the presence and absence of acetic 
acid. This yeast has proven to be an invaluable 
model eukaryote to study the cytotoxic effects 
and the cellular responses to weak acids, this 
yeast is a powerful model system to increase our 
understanding of the effects and targets of drugs 
and of underlying resistance mechanisms on 
more complex organisms. [1], [2]. At the external 
pH below the acetic acid pKa value (4.76), the 
lipophilic undissociated form of the acid 
(CH3COOH) predominates and is able to 
permeate the plasma membrane lipid bilayer by 
simple diffusion, it has been studied that acetic 
acid can also enter the yeast cells by facilitated 
diffusion, mediated by the aquaglyceroporin 
Fps1p, a protein involved in the transport of 
glycerol. Once inside the yeast cells, more 

specifically in the near-neutral cytosol, the 
release of protons (H+) and the acetate anion 
(CH3COO-) occurs. This has some 
repercussions, the acid acetic induces the 
intracellular acidification leading to inhibition of 
cell metabolic activity and the dissipation of 
plasma membrane electrochemical gradient. The 
recovery of intracellular pH in stressed cells is 
achieved by the activity of plasma membrane H+-
ATPase (PM-H+-ATPase) Pma1p, which couples 
ATP hydrolysis to proton expression, the 
expression of the plasma membrane multidrug 
resistance transporters of the major facilitator 
superfamily Tpo2p, Tpo3p, Aqr1p and Azr1p, that 
confers resistance to acetic acid and they are 
through to mediate the active expulsion of 
acetate. It is well known that TPO2, TPO3 genes 
are transcriptionally activated in response to 
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acetic acid under the dependence of the 
transcriptional activator Haa1p, which is crucial in 
acetic acid resistance. [3] The expression of 
HAA1 has a major impact on the alterations 
occurring in yeast genomic expression during the 
early adaptive response to acetic acid, the Haa1p 
is required for the transcriptional regulation of 
approximately 80% of the acid-responsive genes. 
The Haa1p-regulated genes could be separated 
into two classes, the first class includes 64 genes 
whose acetic acid-induced transcriptional 
activation was fully dependent on Haa1p, the 
second class includes 21 genes whose acetic 
acid-induced transcriptional activation was only 
partially dependent on Haa1p. The Haa1p-
dependent genes encode proteins belonging to 
many classes such as “Transcription factors”, 
“Multidrug resistance transporters”, “Cell wall”, 
“Lipid metabolism”, “Regulation of carbohydrate 
metabolism”, “Protein folding”, “Carbohydrate 
metabolism”, “Amino acid metabolism”, “Nuclei 
acid processing”. It was demonstrated that the 
HRK1 gene was also important in yeast 
resistance against acetic acid, it is a protein 
kinase belonging to a family of kinases dedicated 
to the regulation of plasma membrane 
transporters in the activation of the plasma 
membrane H+-ATPase (Pma1p) in response to 
glucose metabolism, in order to reduce the 
intracellular acetate concentration. [2] [3] 
The development of software to measure the 
amount of Tpo3p, is crucial to better understand 
the role of Haa1p and Hrk1p in Tpo3 membrane 
transporter in yeast stressed cells with acetic 
acid.  

 
1. MATERIALS AND METHODS  
1.1. Strains and growth media 
The S. cerevisiae BY4741 TPO3-GFP strain 
(MATa; his3Δ1; leu2Δ0; met15Δ0; ura3Δ0 
TPO3::GFP), the deletion mutants BY4742 
TPO3-GFP haa1U (MATa; his3Δ1; leu2Δ0; 
lys2Δ0; ura3Δ0; YPR008W::KanMX TPO3::GFP) 
and BY4742 TPO3-GFP hrk1U (MATa; his3Δ1; 
leu2Δ0; lys2Δ0; ura3Δ0; YOR267c::KanMX 
TPO3::GFP) used in this work were batch 
cultured at 30ºC with orbital agitation (250 rpm) 
in minimal medium MM4 which contains, per liter, 
1.7 g yeast nitrogen base without amino acids or 
NH4+ (Difco), 2.65 g (NH4)2SO4 (Merck), 20 g 
glucose (Merck), 20 mg methionine, 20 mg 
histidine, 20 mg uracil, 30 mg lysine and 60 mg 

leucine (all from Sigma). The pH of the MM4 
growth medium was adjusted to 4 using HCl.  
1.2. Acetic Acid Susceptibility Assays 
Strain S. cerevisiae BY4741 TPO3-GFP (WT 
strain) and the mutant strains haa1∆ and hrk1∆ 
susceptibility to acetic acid was assessed by 
comparing the growth curve in the MM4 medium 
either supplemented or not with 50 mM of acetic 
acid (at pH 4.0). Cells cultivated until mid-
exponential phase (OD600nm= 0.8 ± 0.08) in MM4 
growth medium (at pH 4.0) were used to re-
inoculate this same basal growth medium as 
above supplemented with 50 mM acetic acid. The 
volume of inocula used was calculated to obtain 
a cell suspension with an initial OD600nm of 0.4 ± 
0.04. During batch cultivation, the growth curve in 
the presence or absence of acetic acid was 
accompanied by measuring the increase of 
culture OD600nm. 
1.3. Microscope Analysis  
Cell samples were harvested by centrifugation 
after 5 minutes, 1h, 2h and 4h of cultivation, in the 
presence and absence of the acid as described 
above, and resuspended in sterile water. 
Distribution of Tpo3-GFP fusion protein in living 
cells was detected by fluorescence microscopy 
using a Zeiss Axioplan microscope (Carl Zeiss 
MicroImaging), using excitation and emission 
wavelengths of 395 and 509 nm, respectively. 
Fluorescence images were captured using a 
cooled, charge-coupled device camera (Cool 
SNAPFX, Roper Scientific Photometrics). 
1.4. Images pre-processing pipeline 
A bioinformatic tool was designed and 
implemented in Matlab £, to manage the images 
sets and process them with algorithms. The 
development of the software comprises four main 
stages which are: the cell selection, using a 
Graphical User Interface (GUI) to facilitate the 
manual selection of the cells, this step is crucial 
for the success of the method because cells 
should be correctly chosen in the image from 
fluorescence microscopy; the segmentation and 
centroid detection, based on the cell region 
identification at the image and determination of 
the its geometrical; the radial maps building 
characterized by the determination of the radial 
profile map of each cell, where each cell is 
defined by 72 radial profiles with 100 points 
length each, this radial profile starts in the 
centroid and ends at the boundary of the cell; and 
finally the single-cell quantification where the set 
of radial profiles of cells allows the performance 
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of a single-cell characterization based on the 
abundance of the Tpo3p. Thereby, a mean profile 
of each cell is obtained as well as a standard 
deviation profile. These profiles enable us to 
determine the intensity value of the protein along 
the cellular space (intracellular and membrane).  
Cell selection 
A Graphical User Interface (GUI) was developed 
to allow an expert to manually select in each FM 
image the cell to evaluate. The biologist selects 
the cells in each image that are representative of 
the natural behaviour of the cell in stress or non-
stress condition, which means they can give 
relevant biological information. This semi-
automated approach allows the expert to exclude 
all negative cells from the analysis, that may 
represent technical pitfalls of fluorescence or 
protein degradation. This interface comprises the 
selection of single cells with the Matlab £ function 
ginput  and the creation of a .txt file with the 
centroids position (xi, yi), where i is the cell 
number. This graphical user interface received 
the name of Programa Leveduras and was 
designed using Matlab £. 
Segmentation and Centroid Detection  
This process is characterized for having a 
typically low accuracy and consistency output 
when applied to most images. It is often referred 
to as the first, most important and most difficult 
step in image processing, determining the 
success of the final analysis. Several 
segmentation techniques can be used however 
in this work, the segmentation was manual in 
Matlab £. After obtaining the .txt file with the 
centroids of cells of each image analysed, the file 
is imported to Matlab £. Then, all the cells 
previously chosen are manually selected with the 
Matlab £ function – roipoly, this function allows 
us to create a mask of each cell. 
Radial Profile Collection 
The Matlab £ function Improfile  was used– 
which gives the intensity values of pixels along a 
line and displays a plot of the intensity values, 
creating a two-dimensional plot of intensity 
values versus the distance along the line 
segment. The information is rearranged in 
different radial coordinates, U (U = N) being N = 
Pdist, where Pdist is the mean of the distance vector 
(from the centre to the membrane) and T, with the 
referential in the centre. The final RDP dimension 
is N × Tn being Tn equal to 𝜃𝑛 = 2×𝜋

𝜃𝑠𝑡𝑒𝑝
. This way the 

number of lines gathered depends on 𝜃𝑠𝑡𝑒𝑝, which 
is the incremental step of 𝜃. In this case 𝜃𝑠𝑡𝑒𝑝 was 
considered 𝜋

180
 (1q). Each cell is characterized by 

72 radial profiles with 100 points each. The final 
map, containing the set of all profiles of all 
selected cells, is a 72N×100 image matrix when 
N is the number of selected cells. A schematic 
overview of the method applied to extract the 

radial profile is illustrated on Fig.1.  
Single – cell quantification 
The radial maps (RDMs) allow the extraction of 
the mean and Standard Deviation profiles (STD). 
Both profiles are obtained from the radial 
mapping, then a quantification of the quantity of 
Tpo3p along the cell is made, since the nucleus 
to the membrane, in the study conditions. A 
schematic overview of the method applied to 
extract the mean profile from the radial profile is 
illustrated on Fig.2. The mean profile is about the 
sum of each mean in each spatial point in the 
cells, as illustrated by the yellow line in the 
mentioned figure. The method applied for STD 
profile extraction is the same.  
 

1.5. Features Collection 
From the profiling pipeline employed, RD and 
mean profiles were obtained, as well as STD 
profiles. The expression pattern of Tpo3p at 
cellular level, namely the cell membrane, give 

Figure 1 – Illustration of the radial profile procedure.  

Figure 2 – Illustration of the mean profile procedure, 
where the cell centre corresponds to value 0 and the cell 
membrane corresponds to value 1 in the horizontal axis. 
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information that reflects the functional activity of 
Tpo3p, leading to a better understanding of the 
function of this protein in the studied conditions. 
To characterize the distribution both at 
membrane and cytoplasmic level, several 
quantitative objective features that reflect Tpo3p 
abundance level are extracted. These features 
reflect the distribution of Tpo3p within the cell, 
through the quantification of: high concentrations 
of Tpo3p intensity and relative position; Tpo3p 
concentration in the membrane and cytoplasm.  
1.6. Statistical Analysis  
The statistical methods are used to evaluate the 
statistical significance of features extracted 
between wild-type strain and mutated strains. 
The Mann-Whitney U test (MW) is a non-
parametric counterpart of the T-test used to 
compare differences between two independent 
non-Gaussian groups. In cases where the data 
have the same shape distribution, the statement 
is that two populations differ through differences 
in the medians between the groups. The null and 
alternative hypotheses are defined as   
 

𝐻0 ∶  �̃�1 = �̃�2                     𝐻1 ∶  �̃�1 ≠ �̃�2 
 

in which �̃�1 and �̃�2 correspond to the median of 
groups 1 and 2, respectively. The result H is 1 if 
the test rejects the null hypothesis at the 5% 
significance level, and 0 otherwise. [31–33]. The 
F-test was also performed in order to to compare 
the variance between the means in the features 
in the wild-type strain and in the mutant strains, 
and understand if the variance is significantly 
different. 
 
2. RESULTS AND DISCUSSION 
2.1. Radial profiles characterization for 

wild-type strain 
Under the absence of acetic acid 
The wild-type strain is considered the model in 
this analysis since it has not undergone any type 
of deletion in its genetic code. Based on this, the 
behaviour of these cells should be as the 
expected when the yeast cells are in stress 
conditions. In the mean profile in Fig. 3 A a peak 
in the protein intensity approximately at positions 
0,89 – 0,92 is evident, which indicates that the 
abundance was mostly at the cell 
transmembrane level. That makes sense since 
Tpo3 is a transmembrane protein, at cytoplasmic 
level the abundance is considered uniform. 

Almost the same behaviour occurs after 1, 2 and 
4 hours in absence of acetic acid as shown in Fig. 
3 B, C and D. A difference is evident after 4 hours; 
the level of intensity is higher when compared 
with the other time points. The RDPs for the 0, 1, 
2 and 4 hours in absence of acetic acid shows 
that the Tpo3p is more expressed in the 
transmembrane domain of the cell and has also 
uniform level of abundance at cytoplasmic 
domain.  
Under the presence of acetic acid  
After 2 hours and 4 hours in incubation under 
acetic acid stress conditions, the cells reveal an 
increase in the abundance of Tpo3p as displayed 
in Fig. 4 A and B when compared with 0 and 1 
hours, the increase of the intensity level on the 
protein abundance in the cell population is 
noticeable, particularly after 4 hours in 
incubation. The mean and RDPs shows that the 
protein is expressed throughout the cell and its 
abundance is higher in the transmembrane 
domain. 
2.2. Radial profiles characterization for 

mutant strain haa1' 
Under the absence of acetic acid 
The mutant strain haa1' it was also exposed to 
an inhibitory sub-lethal concentration of acetic 
acid. This strain has a deletion in the HAA1 gene, 
it is thus expected that the behaviour of this strain 
will be different when compared with the wild-type 
strain under the studied conditions. The results 
displayed in Fig. 5, show that, during the first 4 
hours, the abundance of Tpo3p in the absence of 
acetic acid remained constant (intensity level 
between the 350 and 450), due to the fact that the 
cells are in the latency period. However, in Fig. 5 
C it is shown that after 2 hours in incubation for 
the population of cells under analysis the intensity 
level of protein abundance is lower. The 
concentration of the protein is likely the wild-type 
strain higher in transmembrane domain 
approximately at position 0,90 and middling 
uniform at cytoplasmic level. The difference in the 
intensity levels in the conditions is due to the 
heterogeneity of the population of cells. 
Under the presence of acetic acid 
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In Fig.6 A it can be seen that the level of protein 
abundance intensity in the mean profile and RDP 
is lower (between 300 and 350 in mean profile) 
when compared with the Fig. 5 B. After 4 hours in 

incubation in the presence of acetic acid, the level 
of abundance of the Tpo3p is slightly higher when 
compared to 2 hours in incubation as shown in 
mean profiles and RDPs in Fig.6 B, C.  
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Figure 3 – Representative Radial and Mean Profiles in condition of absence of acetic acid. A – replica 
WT_2 after 0 hours in incubation; B – replica WT_7 after 1 hour in incubation; C – replica WT_6 after 2 hours 
in incubation; D – replica WT_7 after 4 hours in incubation.  
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Figure 4 – Representative Radial and Mean Profiles in condition of presence of acetic acid. A – replica WT_3 after 
2 hours in incubation; B – replica WT_2 for 4 hours in incubation. 
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2.3 Radial profiles characterization for 
mutant strain hrk1' 

Under the absence of acetic acid 
The mutant strain hrk1' it was exposed to an 
inhibitory sub-lethal concentration of acetic acid 
as well as the wild-type strain and mutant strain 
haa1'. The results show that after 0 hours in 
incubation in the absence of acetic acid the cells 
expressed more Tpo3p than after 1 hour and 2 
hours, as showed in mean profiles and RDPs in 
Fig. 7. The intensity level of Tpo3p abundance 
after 0 hours in control conditions is about 349 to 
400 as illustrated in the mean profile 

in Fig. 7 A and the level of intensity is 315 to 380 
in mean profiles after 1 hour and 2 hours in 
incubation (Fig. 7 B and C). The protein location 
is in the transmembrane level, as shown in RDPs 
and in the peak in the mean profiles 
approximately at positions 0,89 and 0,91. After 4 
hours in incubation the intensity level of Tpo3p 
abundance is higher when compared with the first 
hours reaching a maximum value of 449.  
Under the presence of acetic acid 
The profiles after 1 hour and 2 hours in incubation 
in the presence of acetic acid are quite similar, 
however with further attention it is possible to see 
that the maximum of intensity level of protein 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 – Representative Radial and Mean Profiles in condition of absence of acetic acid. A – replica HAA1_2 
after 0 hours in incubation; B – replica HAA1_7 after 1 hour in incubation; C – replica HAA1_4 after 2 hours in 
incubation; D – replica HAA1_1 after 4 hours in incubation. 
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Figure 6 – Representative Radial and Mean Profiles in condition of presence of acetic acid. A – replica HAA1_7 
after 1 hour in incubation; B – replica HAA1_6 after 2 hours in incubation; C – replica HAA1_3 after 4 hours in 
incubation. 
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Figure 7 – Representative Radial and Mean Profiles in condition of absence of acetic acid. A – replica HRK1_3 
after 0 hours in incubation; B – replica HRK1_7 after 1 hour in incubation; C – replica HRK1_6 after 2 hours in 
incubation; D – replica HRK1_5 after 4 hours in incubation. 
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Figure 8 – Representative Radial and Mean Profiles in condition of presence of acetic acid. A – replica HRK1_5 
after 1 hour in incubation; B – replica HRK1_3 after 2 hours in incubation; C – replica HRK1_6 after 4 hours in 
incubation. 

Figure 9 – Graphics with the features collected from the mean profiles. A – The graphic represents the 
Intensity Differential (G), which corresponds to the abundance of the Tpo3 transporter along the cell over the 
incubation time 0, 1, 2 and 4 hours under the studied conditions. B –  The graphic represents the Position of the 
Membrane Maximum Intensity, which corresponds to the position of Tpo3 transporter (UMembrane Maximum) along the 
cell during incubation time 0, 1, 2 and 4 hours under the studied conditions. In the vertical axis the 0 means the cell 
centroid and 1 means the plasma membrane. C – The graphic represents the Membrane Maximum Intensity, which 
corresponds to the Tpo3p maximum intensity value or expression observed in the cell membrane during the  
incubation time 0, 1, 2 and 4 hours under the studied conditions. D –  The graphic represents the Cytoplasm Mean 
Intensity, which corresponds to the Tpo3p mean intensity value or abundance observed in cell cytoplasm on the 
incubation time 0, 1, 2 and 4 hours under the studied conditions.  
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abundance in Fig. 8 B is higher than in Figure 8 
A, meaning that some cells expressed more 
protein after 2 hours in incubation in stress 
conditions. On the other hand, after 4 hours in 
incubation the cells reveal a high level of protein 
abundance, as shown in the mean and RDP in 
Fig. 8 C. The peak of intensity in protein 
abundance occurs at membrane.  
2.3. Features and Statistical Analysis 

Results 
The features extracted are the quantification of 
the maximum intensity of protein in membrane, 
the location in the cell of the maximum membrane 
intensity, the mean intensity expressed in cell 
cytoplasm and the intensity differential, these 
features are relevant to give an overview of the 
level of protein abundance in the cell and its 
location. It is important highlight that the features 
were calculated based on the average of each 
cell analysed, so these results show the average 
behaviour of the cells under the studied 
conditions. The graphics illustrating the features 
extracted are displayed in Fig. 9. With regard to 
the abundance of Tpo3p along the cells (Fig. 9 A) 
after 4 hours in incubation the tested strains 
reveal an increase in the expression except the 
haa1' and hrk1' strains in the presence of acetic 
acid. The strain that appeared to have a 
significantly high level of expression during the 4 
hours is the hrk1' strain in the presence of acetic 
acid. It can be seen that acid-challenged cells 
expressed more Tpo3p during the incubation 
period analysed, that could possibly be a defence 
mechanism against the stress they are 
experiencing. These observations also suggest 
that the deletion of the HRK1 gene appears not 
to be directly related with the Tpo3p abundance, 
as expected in the deletion of HAA1 gene, since 
the level of expression is higher than the wild-
type strain under the same conditions. 
Concerning the location of the membrane 
maximum protein (Fig. 9 B) all the results show 
that the Tpo3p is expressed and directed to the 
plasma membrane during the cell growth. There 
are quantitative differences between the 
conditions on the position of the protein 
membrane maximum but in general the protein is 
located in the plasma membrane, as expected. 
However, the analysis of the Fig. 8 B reveals that 
the protein location reaches its maximum (0,91 to 
0,93) after 2 hours in incubation for the wild-type 
strain in the presence of acetic acid, for the the 

haa1' strain and for the hrk1' strain in the 
absence of acetic acid. For the wild-type strain in 
control conditions the location of the protein is 
uniform between 2 and 4 hours in incubation and 
for the hrk1' mutant strain in stress conditions 
the location of the protein is uniform throughout 
the incubation period. Furthermore, the obtained 
radial profiles as well as the mean profiles are 
coherent, showing that after 4 hours in incubation 
almost all the cells reveal an increase in Tpo3 
abundance. Taking into account the results show 
Fig. 9 C and D, the wild-type strain in the 
presence of acetic acid after 4 hours in incubation 
is the strain where the abundance of the protein 
is higher, followed by the hrk1' mutant strain 
under the same conditions. 
The results from the statistical analysis of 
features based on the MW test (data not shown) 
show that they are not statistically significant, 
which means that the means of the features do 
not differ significantly, since the results show high 
p-values. The features do not discriminate 
perfectly between the wild-type strain and the 
mutant strains. The null hypothesis was not 
refuted so the conclusion is there are no 
statistically significant differences in the means 
analysed. It is important to highlight that these 
results cannot be crucial for the importance of the 
features extracted, the results indeed show high 
p-values but it could result from a great range of 
causes. So, in this particular case it is not totally 
unreasonable that there are no significant 
differences in the means since the means are in 
fact very similar. This result may be due to the low 
quantity of data used to perform this analysis as 
well as the short time course used. Considering 
the F-test the results (data not shown) revealed 
statistical significance differences for the features 
extracted for the haa1' mutant strain after 1 hour 
in incubation in the presence of acetic acid being 
higher than the wild-type strain. Taking into 
account a biological point of view, the mutation in 
the HAA1 gene leads to a decrease of Tpo3p, 
thereby increasing the cell susceptibility to acetic 
acid, and this appears be related to the variance 
and heterogeneity between the mutant strain and 
the parental strain.  
Furthermore, the obtained results for the p-value 
reveal that for membrane maximum intensity 
(MMI) feature there are evidently statistically 
significant differences in the variance of the 
means for the hrk1' mutant strain after 0 hours 
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and 1 hour in incubation in control condition in 
comparison with the wild-type cell line in the 
same condition. In addition, position of MMI 
discriminate perfectly between the haa1' mutant 
form and wild-type form after 1 hour and 4 hours 
in absence of acetic acid as well as for hrk1' 
mutant form after 1 hour in incubation in absence 
of acetic acid stress. A lower discrimination 
between the mutants strains and wild-type strain 
in the remaining conditions were also obtained, 
where the p-value is higher than the significance 
level considered. This result may be due to the 
low quantity of data used to perform this analysis 
as well as the short time course used. The 
statistical analysis with F-test shows that both 
membrane maximum intensity (MMI) and the 
position of MMI are the features with a higher 
statistical significance.  
 
3. CONCLUSIONS AND FUTURE 

PERSPECTIVES 
Throughout this dissertation several conclusions 
were drawn, namely about Tpo3p molecular 
distribution within the cell, level of Tpo3p 
abundance in the cell and about the efficiency of 
the software developed. The major advantage of 
developed software regarding several others, is 
the possibility to do a quantitative analyse of the 
protein abundance within the cells, while the 
fluorescence images only enable a qualitative 
analyse of the protein in the cells. This software 
could be very useful to biologists to quantify the 
level of transcripts of interest in a specific 
organelle in cell and condition. Moreover, this 
technique has potential to analyse more 
organelles within the cell besides the cell 
membrane and should be interesting do a 
different staining of each organelle of interest in 
conventional fluorescence images or confocal 
images to allow the extraction of data in different 
focal planes. An overcome in this technique is the 
manual segmentation, the segmentation process 
should be improved in order to be automatic, and 
this way enable the selection of the organelle in 
interest for the biologist. In respect to the results 
obtained, although in this study it was used 
exclusively FM images, there is no evidence that 
this software is not functional in other kinds of 
imaging cell. A further study in order to quantify 
the level of intercellular acetate during the growth 
can be done.  The work developed can still be 
improved, namely in the time course used that 

should be longer. In RD analysis, due to the 
insufficient number of images processed, some 
results were not clear. In this work, the number of 
images processed was limited by the number of 
in vitro assays developed. To improve and 
validate the biological results obtained, the 
number of images processed by this method has 
to be increased.  
From the results from the profiles it can be 
conclude that the obtained profiles show 
generally coherent results, however with some 
dispersion in the behaviour of several cells inside 
the cell population, which means that some cells 
were in a different stage of adaptation and 
maturity that is noticed in the Tpo3p intensity 
level of abundance in the mean profiles and 
RDPs. The mean profiles show that the haa1' 
mutant strain expressed less protein than wild-
type strain both in the control condition and acetic 
acid stress condition, as expected. Through a 
careful analyse of all the profiles it can be 
observed that the hrk1' mutant line show higher 
levels of protein in membrane when compared 
with the other mutant line, this result could 
suggest that the TPO3 gene has not a direct 
target of the Hrk1p. However, some studies 
reveal that the Hrk1p is important in Tpo3p 
regulation. Considering this approach, a study 
where the functionality of Tpo3p is tested 
specially in the hrk1' mutant strain can be done.  
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