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Abstract: Sunlight has an indispensable importance for living things in nature ['*1. However, the direct absorption of UV will
lead to the formation of pyrimidine dimers between adjacent pyrimidines in DNA strands usually in the form of cyclobutene
pyrimidine dimers (CPDs) and pyrimidine (6-4) pyrimidone photoproducts (6-4PPs) which causes great damage [+1. A DNA
repair system, known as photoreactivation, can effectively repair the dimers using photolyase ), which has currently been
found in plants, prokaryotic and eukaryotic cells [1121. This study was carried out to determine whether photolyase DNA
repair can be observed in yeast. Several yeast Petri dishes were treated with ultraviolet radiation, different treatments were
then added to them, and the colonies were counted after culturing, hence verifying that yeasts can use the photoreactivation

process.
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1. Introduction

The yeast Saccharomyces cerevisiae (S. cerevisiae) is a unicellular eukaryote that has haploid and diploid
forms. S. cerevisiae is widely distributed in nature, and its growth rate is significantly affected by
environmental changes, of which temperature and pH value are the two main aspects 3141, 1t is acidophilic
and the optimal growth temperature is 28-30°C. Commonly used as a model organism for studying
eukaryotes, S. cerevisiae has many identical structures with animal and plant cells and is easy to culture. It
is also the most commonly used biological species in fermentation, as people often use it as the main strain
for alcohol production and juice fermentation [56],

2. Materials and Methods

2.1. Selection of dilution of the yeast culture and the UV-C exposure time

Sixty-three Petri dishes of S. cerevisiae were plated with a dilution of 1/10 and 1/100, respectively. They
were located under the same UV-C light intensity and other environmental factors. The most suitable UV-
C exposure time was determined to achieve LDs (the dose that kills 50% of the test population), ensuring
the damaged cells were not too few and not representative due to short duration, or too many due to long
duration. Hence, 9 of each dilution were removed every 30 s including time point O followed by colonies
counting after visible colonies formation. The data was plotted to fit a linear model that indicated the
optimal dilution and UV-C LDsp, which were 1/100 and 1.5 min, respectively.
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2.2. The UV-C radiation and light exposure experimental procedure

A total of 30 yeast dishes with a dilution of 1/100 were distributed under 3 experimental conditions evenly:
(1) non-UV radiated yeasts (nonirradiated group); (2) UV-radiated and kept in the dark after radiation 1.5
min (irradiated dark group); and (3) UV-radiated and exposed to the sun after radiation 1.5 min (irradiated
light group). These Petri dishes were all placed in the same environment of 25°C, 70% relative humidity,
and with the same light irradiation intensity and other confounding factors. Each group had 10 replications.
All the Petri dishes were inserted into an incubator to allow living cells for colony formation and counting.

2.3. Statistical analysis

The initial data was plotted to fit a linear model in order to select the optimal dilution and calculate the UV-
C LDso. One-way ANOVA and Tukey HSD in the RStudio were used to observe whether there is
statistically significant photoreactivation.

In the ANOVA, the null hypothesis was assumed to be no difference between living cell count across
the treatment. The outliers in the data were removed and checked with diagnostic plots.

In the Tukey HSD test, the data were made in pairs and divided into 3 categories: (1) the irradiated
light and irradiated dark; (2) the nonirradiated and irradiated dark; (3) the nonirradiated and irradiated light.
Three null hypotheses were made:

(1) There is no difference between the mean cell count in the irradiated light and irradiated dark groups.
(2) There is no difference between the mean cell count in the nonirradiated and irradiated dark groups.
(3) There is no difference between the mean cell count in the nonirradiated and irradiated light groups.

3. Results

Figure 1 showed the number of cells at 1/10 and 1/100 dilutions at different exposure times. There were
hundreds of colonies per plate with 1/10 dilution which were all bigger than that with 1/100 dilution. There
were less than 200 cells in all of the 1/100 dilution cultures.
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Figure 1. The scatter plot of the 1/10 and 1/100 dilution cultures data at different exposure times.

Figure 2 showed the regression line of the changes in cell count with exposure time where half of the
cell population died at 1.5 min. In other words, the LDsg is 1.5 min.
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Figure 2. The plot of the regression line showed the changes in cell count with exposure time.

The data of cell numbers in the nonirradiated, irradiated dark, and irradiated light groups were plotted
with a boxplot in RStudio. Almost all data were concentrated below 200. However, two plates in each
treatment with an unusually high number of colonies were observed.
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Figure 3. Distribution of yeast colony number in box plot under three environmental conditions.

The data with outliers removed were plotted with a boxplot. As shown in Figure 4, the number of
living yeast in the nonirradiated group was the highest, whereas the irradiated light group had more living
yeast colonies than the irradiated dark group, but both groups had lesser living yeast colonies than the
nonirradiated group.
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Figure 4. Distribution of yeast colony number in boxplot under three environmental conditions after removing the outliers.

The average number of living yeast in each treatment category was calculated. According to Table 1,
the nonirradiated group had the highest cell count while the cell count in the dark environment was the least.

Table 1. The mean number of cells calculated in each treatment category

Treatment Cell count
Irradiated dark 72.125
Irradiated light 88.500
Nonirradiated 99.250

To calculate the mean squares, the F-statistic, and the P-value, the ANOVA was used (results shown
in Figure 5). The P-value found was 0.000654.

Df sum sq Mean sq F value Pr(>F)
treatment 2 2985 1492.6 10.61 0.000654 **=*
Residuals 21 2954 140.7

Signif. codes: 0 ‘***’ (0.001 ‘**’ 0.01 ‘*’ 0.05 “.” 0.1 * * 1

Figure 5. The ANOVA of data analysis in RStudio.

Figure 6 shows the Tukey HSD test analysis of the data. The Tukey HSD test showed the P-values of
the 3 categories were 0.03, 0.00047, and 0.19, respectively.

Tukey multiple comparisons of means
95% family-wise confidence level

Fit: aov(formula = cell_count ~ treatment, data = y.fix)

$treatment

diff Twr upr p adj
irradiated light-irradiated dark 16.375 1.426694 31.32331 0.0301853
nonirradiated-irradiated dark 27.125 12.176694 42.07331 0.0004652
nonirradiated-irradiated 1light 10.750 -4.198306 25.69831 0.1898423

Figure 6. Tukey HSD test of data analysis in Rstudio.
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In Figure 7, the 95% confidence intervals of the test statistics were plotted, and the intervals of
nonirradiated-irradiated light included 0.
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Figure 7. The plot of the 95% confidence intervals of the test statistics.

In Figure 8, the ‘Residuals vs Fitted” plot showed a red line close to being horizontal at 0, and some
of the points were randomly and evenly distributed. In the ‘Normal Q-Q’ plot, a line of best fit was drawn
from the points. The ‘Scale-Location’ plot showed a steeper red line as compared to the ‘Residuals vs Fitted’
plot. The ‘Constant Leverage: Residuals vs Factor Levels’ plot showed a near horizontal red line as there
are some points further than 2 units from the 0.
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Figure 8. The diagnostic plots to check the assumption of ANOVA.

4. Discussion

4.1. Analysis of the distribution of yeast colony number in the boxplot

According to Figure 2 and Table 1, the number of living cells in both groups after irradiation was lower
than that in the nonirradiated group, which indicated that UV irradiation affected the cells. Meanwhile, the
boxplot intuitively showed that light, such as sunlight, helps promote the DNA repair of S. cerevisiae.
However, the efficiency of DNA repair in the dark environment is comparatively low. Hence, it is deduced
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that the DNA repair degree of S. cerevisiae in light is higher than that in dark environments.

4.2 Analysis of ANOVA

According to ANOVA, the P-value is 0.000654 which is much smaller than the significance level o = 0.05.
Also, the assumption of ANOVA was checked by diagnostic plots shown in Figure 6. Therefore, the null
hypothesis is rejected, and it is concluded that there is some relation between the living cell count and the
treatment. Hence, it is preliminarily found that S. cerevisiae had a certain photoactivated DNA repair
mechanism.

4.3. Analysis of Tukey HSD test and the 95% confidence intervals

According to the Tukey HSD test, the P-value of the nonirradiated-irradiated light groups is 0.19 which is
bigger than the significance level a = 0.05, and the intervals of nonirradiated-irradiated light groups
included 0, making it statistically insignificant, so the null hypothesis is not rejected. On the other hand, the
P-value in the irradiated light and the irradiated dark groups is 0.03 which is smaller than o = 0.05, so the
null hypothesis is rejected and there is some difference between the irradiated light and the irradiated dark
groups. From this perspective, it is concluded that there is little difference in the viable count between the
nonirradiated and irradiated light groups despite the irradiated light group having UV-damaged DNA
followed by a period of sunlight exposure. However, the DNA repair rate in the irradiated light group is
significantly higher than that in the irradiated dark group, which is consistent with the fact that yeast
preferentially uses photolyase to repair non-transcribe strands of active RNA polymerase Il and Il
transcribed genes instead of nucleotide excision repair (NER), leading to higher efficiency in DNA
repairing 7191,

4.4. Limitations of the study

Although the confounding variables of the different groups were controlled to be identical, there may still
be variations that existed, for example, the inconsistency in the state of the ultraviolet lamp used in each
group, the intensity of light, and the initial cell activity of different yeast groups, which are likely reflected
in the outliers in Figure 3. Furthermore, some deviations in the statistical analysis are shown as the outliers
in ‘Residuals vs Factor levels’ in Figure 8, which makes the ANOVA slightly imprecise. The sample size

in subsequent experiments should be increased to reduce the chance of variations in experimental results
[20]

5. Conclusion

In this study, there is no difference between the nonirradiated and irradiated light groups, but there is a
significant difference in DNA repair rate between the irradiated light and irradiated dark groups, which
indicated the efficient DNA repair mechanism of photolyase after a period of sunlight exposure despite
DNA being damaged by UV. The photolyase DNA repair mechanism is observed in yeast, and it is
concluded that yeast can use the photoreactivation process which uses photolyase and the light energy to
repair the pyrimidine dimer mutations.

Disclosure statement

The author declares no conflict of interest.

References
[1] Banas AK, Zgtobicki P, Kowalska E, et al, 2020, All You Need is Light. Photorepair of UV-Induced

54 Volume 7; Issue 4



Pyrimidine Dimers. Genes, 11(11): 1-17. https://doi.org/10.3390/genes11111304

[2] Wright KP Jr, McHill AW, Birks BR, et al, 2013, Entrainment of the Human Circadian Clock to the
Natural Light-Dark Cycle. Curr Biol, 23(16): 1554—1558. https://doi.org/10.1016/j.cub.2013.06.039

[3] Holick MF, Chen TC, Lu Z, et al, 2007, Vitamin D and Skin Physiology: A D-Lightful Story. ] Bone
Miner Res, 22 Suppl 2: V28-V33. https://doi.org/10.1359/jbmr.07s211

[4] Schuch AP, Moreno NC, Schuch NJ, et al, 2017, Sunlight Damage to Cellular DNA: Focus on
Oxidatively Generated Lesions. Free Radic Biol Med, 107: 110-124.
https://doi.org/10.1016/j.freeradbiomed.2017.01.029.

[5] Eischeid AC, Linden KG, 2007, Efficiency of Pyrimidine Dimer Formation in Escherichia coli Across
UV  Wavelengths. J Appl Microbiol, 103(5): 1650-1656. https://doi.org/10.1111/5.1365-
2672.2007.03424 x

[6] Douki T, von Koschembahr A, Cadet J, 2017, Insight in DNA Repair of UV-Induced Pyrimidine
Dimers by  Chromatographic =~ Methods.  Photochem  Photobiol,  93(1):  207-215.
https://doi.org/10.1111/php.12685

[7] Fingerhut BP, Heil K, Kaya E, et al, 2012, Mechanism of UV-Induced Dewar Lesion Repair Catalysed
by DNA (6-4) Photolyase. Chemical Science, 3(6): 1794-1797. https://doi.org/10.1039/c2sc20122d

[8] Ramirez-Gamboa D, Diaz-Zamorano AL, Meléndez-Sanchez ER, et al, 2022, Photolyase Production
and Current Applications: A Review. Molecules, 27(18): 5998.
https://doi.org/10.3390/molecules27185998

[9] Fukui A, Hieda K, Matsudaira Y, 1978, Light-Flash Analysis of the Photoenzymic Repair Process in
Yeast Cells. I. Determination of the Number of Photoreactivating Enzyme Molecules. Mutat Res, 51(3):
435-439. https://doi.org/10.1016/0027-5107(78)90133-1

[10] Painter RB, 1974, DNA Damage and Repair in Eukaryotic Cells. Genetics, 78(1): 139-148.
https://doi.org/10.1093/genetics/78.1.139

[11] Heelis PF, Kim ST, Okamura T, et al, 1993, The Photo Repair of Pyrimidine Dimers by DNA
Photolyase and Model Systems. J Photochem Photobiol B, 17(3): 219-228.
https://doi.org/10.1016/1011-1344(93)80019-6

[12] Tuteja N, Ahmad P, Panda BB, et al, 2009, Genotoxic Stress in Plants: Shedding Light on DNA
Damage, Repair and DNA Repair Helicases. Mutat Res, 681(2-3): 134-149.
https://doi.org/10.1016/j.mrrev.2008.06.004

[13] Belda I, Ruiz J, Santos A, et al, 2019, Saccharomyces cerevisiae. Trends Genet, 35(12): 956-957.
https://doi.org/10.1016/j.tig.2019.08.009

[14] Duina AA, Miller ME, Keeney JB, 2014, Budding Yeast for Budding Geneticists: A Primer on the
Saccharomyces cerevisiae Model System. Genetics, 197(1): 33-48.
https://doi.org/10.1534/genetics.114.163188

[15] Nielsen J, 2019, Yeast Systems Biology: Model Organism and Cell Factory. Biotechnol J, 14(9):
e1800421. https://doi.org/10.1002/bi0t.201800421

[16] Kouamé C, Loiseau G, Grabulos J, et al, 2021, Development of a Model for the Alcoholic Fermentation
of Cocoa Beans by a Saccharomyces cerevisiae Strain. Int J Food Microbiol, 337: 108917.
https://doi.org/10.1016/j.ijfoodmicro.2020.108917

[17] Suter B, Livingstone-Zatchej M, Thoma F, 1997, Chromatin Structure Modulates DNA Repair by
Photolyase in vivo. EMBO J, 16(8): 2150-2160. https://doi.org/10.1093/emboj/16.8.2150

[18] Morse NR, Meniel V, Waters R, 2002, Photoreactivation of UV-Induced Cyclobutane Pyrimidine

55 Volume 7; Issue 4



Dimers in the MFA2 Gene of Saccharomyces cerevisiae. Nucleic Acids Res, 30(8): 1799-1807.
https://doi.org/10.1093/nar/30.8.1799

[19] Sinha RP, Hader DP, 2002, UV-Induced DNA Damage and Repair: A Review. Photochem Photobiol
Sci, 1(4): 225-236. https://doi.org/10.1039/b201230h

[20] Engel SR, Dietrich FS, Fisk DG, et al, 2014, The Reference Genome Sequence of Saccharomyces
cerevisiae: Then and Now. G3 (Bethesda), 4(3): 389-398. https://doi.org/10.1534/g3.113.008995

Publisher’s note

Bio-Byword Scientific Publishing remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

56 Volume 7; Issue 4



