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Abstract: In this study, various physical parameters (temperature, light intensity and UV-C radiation) which could be effective in heat 
shock response on C.reinhardtii by using molecular tools were investigated. In total, 256 transformants were obtained, among them, 
160 transformants had continuous expression while 96 of them had heat-inducible expression. In these transformants, arylsulfatase 
activities were detected qualitatively and quantitatively. The best two transformants were selected and used in studies. To determine 
the effect of temperature, the cells were shifted from 23 °C to 35 °C, 37 °C, 40 °C and 42 °C. The heat shock response was induced at all 
temperatures. In investigating the effect of light intensity, 0, 14, 28, 70, 140 µmol E.m–2s–1 were used. It was found that the light 
intensity of 28 µmol E.m–2s–1 and above increased ARS activity. On the other hand, ultraviolet C radiation application was carried out 
for periods of 2, 6 and 12 h, and no significant change in ARS activity was observed. In order to compare the selected arylsulfatase 
activity results in the study, real-time polymerase chain reaction trials were conducted at the transcript level, and parallel results were 
obtained. As a result of the study, it was determined that the heat shock response was triggered by temperature and light intensity. 
These might be also important for plant stress and ecological studies. 
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1. Introduction
Heat shock response is conserved in all organisms and
protects cells against dangerous conditions. To protect
against heat damage, the expression of genes encoding
heat shock proteins (HSPs) produces a cellular resistance
mechanism (Sung et al., 2003). The heat shock response
provides resistance to a wide range of environmental
stress conditions such as bacterial and viral infections,
heavy metals, oxidants, and toxic chemicals (Morimoto,
1998). The main product of the heat shock response is
heat shock proteins (HSPs), usually containing molecular
chaperones and proteases (Schmollinger, 2012). In the
absence of heat stress, HSPs are in the form of oligomers,
separate from each other, in response to heat shock they
inhibit the formation of dangerous protein aggregates by
binding their hydrophobic surfaces to misfolded proteins
(Nakamoto and Vigh, 2007).

Combinations of environmental stresses are one of the 
major problems of sustainable agriculture. In order to 
solve these problems, instead of a complex system, a 
simpler, single-celled microalgae, the plant model 
organism Chlamydomonas reinhardtii is used. It has been 
used in plant biology studies as plant model organism 
since the 1950s (Harris, 2001). There are several 
advantages using C. reinhardtii as a model system to 
examine the basic mechanisms of plant heat stress 
response: (i) it can be produced under defined conditions; 
(ii) makes it possible to distinguish between heat stress
and drought stress; (iii) homogeneous application of heat
stress to each cell in culture; (iv) each cell in the culture
are at the same type but might be in a different stage in
terms of cell cycle, which may be eliminated by

simultaneous production of cells; (v) in general, the 
Chlamydomonas gene family is relatively small and simple 
to study (Schroda et al., 2015). Since the simple cell cycle 
and the easy isolation of mutant strains, the production of 
recombinant strains of C.reinhardtii has accelerated. 
Today, with the advantage of efficient reporter genes, 
dominant selective markers and strong promoter systems 
recombinant C.reinhardtii strains are obtained and used. 

Certain genes are chosen as reporters because the 
characteristics they confer on organisms expressing them 
are easily identified and measured, or as they are 
selectable markers. Several reporter genes have been 
expressed in C reinhardtii, including aadA (Goldschmidt-
Clermont, 1991), uidA (Sakamoto et al., 1993), 
aminoglycoside phosphotransferase (aphA) 6 (Bateman 
and Purton, 2000) and Renilla luciferase (Minko et al., 
1999) and nuclear ARS2 gene, which encodes an 
extracellular arylsulfatase (Davies et al, 1992) and  a 
reliable reporter with high signal intensity and a stability 
under changing environmental conditions (Ohresser et al., 
1997). Therefore, ARS was utilized as a strong reporter for 
quantitative analysis of gene expression in this work. 

In this study, the effects of some physical parameters 
on HSP70A expression of recombinant C.reinhardtii were 
investigated. Firstly, recombinant C.reinhardtii strains 
were obtained using inducible HSP70A promoter, 
continuously expressing β2TUB promoter and the 
Arylsulfatase reporter. Temperature, light intensity and 
UV-C radiation as physical parameters were studied. 

2. Materials and methods

2.1. Strains and culture conditions
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C.reinhardtii strain cw15-302 (arg7-), c124 and plasmids
pCB412 (ARG7 [Arginynosuccinate lyase] marker gene
containing plasmid), pJD55 (β2TUB-ARS containing
plasmid), pCB803 (HSP70A-ARS containing plasmid) were
kindly provided from M.Schroda (Technical University of
Kaiserslautern, Germany) (Schroda et al. 1999, Schroda et
al. 2000). E.coli DH5α (C2987I-NEB, USA) was used to
amplify ligation products (Kostner et al., 2006).

C. reinhardtii strains were grown in Tris Acetate
Phosphate (TAP) medium under continuous light (14 
µmol E.m–2s–1) on a rotatory shaker at 23 °C and 150 rpm 
(Harris, 2001). The TAP medium was supplemented with 
50 mg/L of arginine when required. E.coli was produced 
in Luria–Bertani (LB) medium at 37 °C and 150 rpm.  

2.2. Transformation of plasmids into C. reinhardtii  
Transformation of plasmids into compotent E. coli DH5α 
cells was performed (Kostner et al., 2006). cw15-302 was 
used as recipient strain for co-transformation with pJD55 
and pCB803 constructs with control construct pCB412 
(Schroda et al., 1999). C.reinhardtii nuclear 
transformation was performed using glass beads method 
(Kindle, 1990). Before transformation, all constructs were 
linearized with EcoRI; those with ARS fusions were 
linearized with KpnI. For the transformation, 1×108 cells, 
100 ng of plasmid DNA was used for ARG7 containing 
plasmids, 500 ng for the others. Immediately after 
vortexing glass beads, cells were spread onto TAP-agar 
plates, containing ampicilline. Plates were incubated at 23 
°C  under continuous light, and transformants were 
counted after 2–3 weeks. 

2.3. Arylsulphatase enzyme activity assays  
The selection of co-transformants expressing ARS was 
performed by streaking transformants onto nylone 
membrane placed on TAP agar plates and spraying the 
solution of 5 mM 5-bromo-4chloro-3-indolyl sulphate (X-
SO4), 10 mM tris-HCl, pH 7.5, under the membrane 
(Davies et al., 1992). After 1–24 h, ARS-expressing 
transformants became blue. Quantitative ARS enzyme 
activity was determined according to Ohresser et al., 
1997. Enzyme activity was standardized against chl 
concentration. 

2.4. Effect of temperature 
Heat stress studies were performed (Schroda et al., 2000). 
For heat shock kinetics, recombinant C.reinhardtii cells 
were continuously grown at 23 °C  at continuous light (CL) 
and 150 rpm. Then, a total of ~108 cells were centrifuged 
at 3500 rpm for 3 min, and the pellet was transferred to 
30 mL TAP medium in 100 mL flasks which were adjusted 
before to desired temperatures. As soon as the pellet was 
added to the medium, the stopwatch was started, and 
kinetic experiments were performed. Heat stress was 
applied at 35, 37, 40, 42 °C  in water bath for different 
periods (0, 1, 5, 10, 20, 30, 60, 120 min), and ARS activities 
of samples were determined for each sample. Zero minute 
was taken as control. 

2.5. Effect of light  
Light stress studies were performed (Nowicka and Kruk, 
2012). In order to investigate the effect of light intensity, 
C.reinhardtii cells  were grown at 23 °C, continuous light

(CL), and 150 rpm. A total of 108 cells were then 
centrifuged at room temperature for 3 min at 3500 rpm, 
and the pellet was transferred to 30 mL TAP medium in 
100 mL flasks, then exposed to light stress at different 
illuminations (0, 14, 28, 70, 140 µmol E.m-2s-1) for various 
periods (0, 2, 6, 12, 24 h). ARS activity was determined for 
each sample and compared with control (0 h). 

2.6. Effect of UV-C radiation 
UV-C radiation studies were applied (Liu et al., 2010). 
After growing C.reinhardtii at 23 °C , continuous light (CL) 
and 150 rpm, ~108  cells were centrifuged at room 
temperature for 3 min at 3500 rpm, and the pellet was 
transferred to 30 mL  TAP medium in 100 mL  flasks. UV 
exposure experiments were performed using ultraviolet 
lamp (UltraViole 254 nm, Intensity [WW/cm2], 60, Lamp-
VL-130.G, 1x30 W, Germination Lamp-Vilber) for 0, 6, and 
12 h from the distance of 10 cm at 23°C.  In order to 
prevent photoreactivation during UV mutation, UV 
studies were performed in the dark. Activities at 6 and 12 
h were compared with that of 0 h (control), and ARS 
activities were determined. 

2.7. Detection of the expression at the transcription 
level by RT-PCR 

Transformants and control strain were exposed to 
different stress conditions and ARS activities. In order to 
verify the results at molecular level, expression amount of 
HSP70A and CβLP (Chlamydomonas β-subunit-like 
polypeptide) were measured by RT-PCR and compared 
with ARS activities. For this purpose, RNA was extracted 
with NucleoSpin RNA Plant Kit (Macherey Nagel), and RT-
PCR experiments was perfomed by using one-Step RT-
PCR Kit (NEB) by Step One Plus RT-PCR instrument at the 
program of 10 min 48 °C, 10 min 95 °C; 95 °C; 60 s were 
set at 65 °C for a total of 40 cycles; as primers HSP70AFor 

GATCGAGCGCATGGTGC,HSP70ARevTCCATCGACTCCTTGT
CCG,CβLPForGCCACACCGAGTGGGTGTCGTGCG,CβLPRevCC
TTGCCGCCCGAGGCGCACAGCG were used. The relative 
quantification of gene expressions were analyzed by the 
2–Ct method. The protocols of Livak and Schmittgen 
(2001) was used. 

3. Results

3.1. Transformation of C.reinhardtii 
The plasmids pCB412 containing the ARG7 marker gene, 
plasmid pJD55 βTUB-ARS, and plasmid pCB803 containing 
HSP70A-ARS were transfered to competent E.coli cells, 
allowing the multiplication of plasmids within the cell. The 
plasmids were then isolated from E.coli with the plasmid 
isolation kit (Macherey Nagel NucleoSpin), and the purity 
control of the plasmids was performed on agarose gel 
electrophoresis. 

The linearized plasmids were transferred to the 
C.reinhardtii cw15-302 strain, with glass bead
transformation method. After 14 days pCB412, pJD55
plasmid containing C. reinhardtii strains and pCB412,
pCB803 plasmid containing C. reinhardtii strains were
appeared on the TAP agar medium as green colonies.
Plasmids were used in 5:1 and 5:5 ratios (Figure 1). A total
of 256 transformants were obtained after 14 days of
incubation.
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After 14 days, a total of 256 transformants were 
obtained. Among these, 160 transformant were observed 
with continuous expression while 96 transformants 
showed heat-inducible expression. However, they may 
include either pCB412 only, pCB412 and pCB803, or 
pCB412 and pJD55. Therefore, ARS enzyme activity was 
assayed for all clones to eliminate only pCB412 containing 
clones. In total, 10 ARS (+) clones were identified. Among 
these, 7 transformant had positive results for continuous 
expression, while only 3 of them had positive results for 
inducible expression (Figure 2). 

Ten ARS positive transformants included in the 
experiment were exposed to heat shock (HS) for 30 min at 
40°C, and ARS activities were determined. The enzyme 
activities of βTub II-32, a continuously expressed 
transformant, were found close to each other in CL and 
after heat shock for 30min. Therefore, this transformant 
was selected as control strain. On the other hand, the ARS 
activities of HSP70A III-1, an inducible transformant, was 
far from each other for CL and after 30min of heat shock. 
Continuously expressing tranformant (βTub II-32, 
Control) and inducible transformant (HSP70A III-1) were 
selected, studies were continued with them (Figure 3). 

3.2. The effect of temperature on heat shock response 
HSP70A III-1 and βTub II-32 (control) transformants 
reaching ~ 106 cells/mL  at 23 °C under CL were exposed 
to heat shock at temperatures of 35 °C, 37 °C, 40 °C, 43 °C 
for different periods of 0 (control), 1 min, 5 min, 10 min, 
20 min, 30 min, 1 h, 2 h, and arylsulfatase activities were 
determined.  

At 35°C , the inducible (HSP70A III-1) transformant 
responded to heat stress starting from 10th min and 
continued. Compared to the control, the enzyme activity 
was increased approximately 2.5 times. On the other 
hand, the highest arylsulfatase activity of HSP70A III-1 
transformant at 37 °C  and 40 °C were achieved at 120 min 
(951 µg-αnaftol/µgchl and 2260 µg-αnaftol/µgchl 
respectively). At 37°C , 3.5-fold increase in ARS activity 
was achieved compared to 0 min. However, at 40°C 8-fold 
increase was observed compared to the initial enzyme 
activity. In studies conducted at 42 °C , HSP70A III-1 
transformant showed ARS activity at 1st min and reached 
the highest value at 60 min (1278 µg-αnaftol/µgchl). ARS 
activity increased approximately 4.5 times compared to 
the baseline. In the continuesly expressing gene 
containing transformant (control) (βTub II-32), 
arylsulfatase activity remained constant in all periods as 
expected (Figure 4). 

Figure 1. Colonies obtained by cotransformation of plasmid pCB412, pJD55 (A,B) and pCB412, pCB803 (C, D)  at a ratio of 5:1 and 5:5 
(v/v) at 23°C . It was formed as a result of 14 days of incubation at CL. 

Figure 2. Qualitative screening of ARS activity in 7 clones with plasmids pCB412, pJD55 (a) and 3 clones with pCB412, pCB803 (b). 
The blue color was evaluated as ARS (+). 



SEVGİ and DEMİRKAN / Turk J Bot 

674

Figure 4. ARS activities of HSP70A III-1 and βTub II-32 transformants at 35°C (a), 37°C (b), 40°C (c), 42°C (d). Each point represents 
the average of three independent experiments. Error bars represent one standard deviation on each side of the mean. 

Figure 3. ARS activity values of ARS (+) transformants at 23°C and 40°C . Transformants were shifted from 23°C to 40°C  under continuous 
light (CL) and exposed to 30 min heat shock (HS), and ARS activities were compared (µg-αnaftol / µgchl). Each point represents the 
average of three independent experiments. Error bars represent one standard deviation on each side of the mean. 
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Considering all the kinetics, shifts from 23 °C to 35, 37, 
40 and 42 °C were found to cause a significant increase in 
ARS activity. This increase in ARS is thought to be caused 
by the cell's exposure to heat, expressing the HSP70A gene 
in the promoter region in the plasmid and other related 
heat shock proteins in the pathways linked to HSP70A. 

3.3. The effect of light intensity on heat shock 
response 
HSP70A III-1 and βTub II-32 (control) transformants 
reaching ~ 106 cells/mL  under CL at 23 °C  were exposed 
to different light intensities for different periods such as 2, 
6, 12, 24 h conditions, and ARS activities were determined. 

ARS activity remained constant in the HSP70A III-1 
transformant at 0 µmol E.m–2s–1,  and there was a slight 
increase in ARS activity at 14 µmol E.m–2s–1  (6 and 12 h), 
but it reached an initial value after 1 day. It was found that 
the activity increased gradually in high illumination of 28 
µmol E.m–2s–1  and above. The maximum activity increase 
at 28 µmol E.m–2s–1 was determined after 6 h. At the end of 
12 and 24 h, enzyme activity has continued to increase. 
After 2h at 70 µmol E.m–2s–1, ARS activity increased 
approximately 3.5 times. 140 µmol E.m–2s–1  is the light 
intensity with the highest ARS increase. Four times 
increase was observed after 2 h, and this value was almost 
preserved at the end of the 6th h. βTub II-32 transformant 
has the same ARS value at all light intensities (Figure 5). 

3.4. The effect of UV-C radiation on heat shock 
response 
HSP70A III-1 and βTub II-32 (control) transformants 
reach ~106 cells/mL  under CL at 23 °C to detect the 
effects of UV-C radiation at a distance of 10 cm between 
the UV lamp and the culture. It was exposed to UV light at 
different periods such as 2, 6 and 12 h, and arylsulfatase 
activities were detected at the end of each period. There 
was a small decrease in ARS activity in both 
transformants. After 12 h, activity values were 203 for 
HSP70A III-1 and 916 µg-αnaftol/µgchl for βTub II-32 
(Figure 6). 

3.5. Transcript level analysis with RT-PCR 
In order to compare the enzymatic activity results 
obtained from HSP70A III-1 at the transcript level, some 
parameters were applied, and RT-PCR trials were 
performed. As a result, transcript expressions were in 
parallel with ARS activity values in samples exposed to 40 
°C for 120 min, at 140 µmol E.m–2s–1  for 2 h (Figure 7). 

4. Discussion
As a result of global warming, plants are more exposed to
heat stress, a condition that can seriously reduce crop
yields. Understanding how plants react to such stress is
crucial. Generally, when exposed to high temperatures,
organisms provide a heat shock response (HSR) that
adapts to a certain extent to the new situation. Green
microalgae C.reinhardtii is a widely studied
microorganism, which is widely used as a plant model
organism.

It has been suggested that HSR is triggered by the 
accumulation of false or unfolded proteins and leads the 
activation of heat shock transcription through series of 
sensor and signal events. This continues with the 
synthesis of proteins, which stimulate the expression of 
HSPs and chaperones that are responsible for re-folding 
the degenerated proteins into their correct three-
dimensional structures. The production of heat shock 
proteins (HSPs) is a key adaptation of the cell to stress and 
has an important role in determining the response of 
plants to climate change. 

In this study, various physical parameters thought to 
be effective in heat shock response were investigated on 
C.reinhardtii by using molecular tools. Finding powerful
efficient promoters for transformation studies is not an
easy task. Heterologous promoters have the great
advantage of being universal, but transformation
efficiencies are generally low and transgenes are mostly
unstable. The best transformation effectiveness and the
most stable transformants are achieved with endogenous
promoters (Davies et al., 1992). Among the most popular
endogenous promoters frequently used in C.reinhardtii
for many years are β2TUB and HSP70A (Lee et al., 2018).
In this study, the β2TUB promotor for the acquisition of
continuous expression and the HSP70A promoter for heat
inducible expression were used. Also ARG7 gene is a
popular selective marker for nuclear transformation of
C.reinhardtii. In this study, the rate of cotransformation
was determined as 4%.

The temperature at which the HSR is triggered has 
been tested with the help of ARS enzyme. For this purpose, 
strains were grown at 23 °C and then shifted to 35, 37, 40 
and 42 °C. With the increase in temperature, also 
significant increase in the ARS activities of the cells were 
determined; however, it was found that this increase was 
quite high at 40 °C. The cell showed the maximum heat 
shock response at 40 °C. A decrease in ARS activity was 
observed at 42 °C, which may be due to the degradation of 
the structure of either the arylsulfatase enzyme or 
HSP70A at high temperatures. This may have an indirect 
negative effect on cell viability. A similar situation was 
reported by Schroda et al., 2015.  

Many studies have been conducted on the perception 
and response of heat stress in Chlamydomonas, plants and 
other organisms (Morimoto, 1998; Schroda et al., 2000; 
Schmollinger et al., 2013). It was reported that when the 
ambient temperature of Chlamydomonas cells varies from 
20 °C to 39–41 °C, increased heat shock protein 
expression creates the heat shock response and induction 
of HSPs starts between 35–40°C, and accumulation 
continues up to 41 °C (Tanaka et al., 2000). On the other 
hand, it was  found that when the temperature was 
increased from 24 °C to 36 °C, the heat shock response of 
Chlamydomonas was induced, and the cells survived when 
they were raised up to 42.4 °C (Kobayashi et al., 2014). 

Under heat stress conditions, unfolded proteins exceed the 
capacity of chaperones to cope with folded proteins, which leads 
to HSFs activation with the help of stress kinases. 
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Since HSF1 controls the transcription of heat shock 
genes, it stimulates the production of new chaperones and 
attempts to restore the heat shock-disrupted protein 
homeostasis (Schmollinger et al., 2013). In a study on 
Physcomitrella patens moss, a model showing the plasma 
membrane as the primary temperature sensor under heat 
shock conditions was reported (Saidi et al., 2010). This 
model suggests that the temperature difference in plants 
rather than absolute temperature determines the plant 
heat shock response (HSR) and when the membrane 
fluidity increases, the membrane lipid composition opens 
the calcium channels and regulates the calcium dependent 
heat signal pathway. On the other hand, it was showed as 

second model that the heat stress response was triggered 
by the accumulation of unfolded proteins. In this model, 
unfolded proteins accumulated under HS are detected and 
act together to reconstruct protein homeostasis by 
secreting a signaling cascade to trigger the production of 
suitable solutes and the expression of molecular 
chaperones. The first proposed model supports that the 
heat shock response is triggered by increased membrane 
fluidity, while the second supports that the model is 
realized by the accumulation of denatured proteins. It has 
been shown in several studies that the accumulation of 
unfolded proteins in land plants and Chlamydomonas 
triggers HSP gene expression (Schmollinger et al., 2013). 

Figure 5. ARS activities at different light intensities (0–140 µmol E.m–2s–1). 0(a), 14(b), 28(c), 70(d), 140(e). Each point represents the 
average of three independent experiments. Error bars represent one standard deviation on each side of the mean. 
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In this study, it was also observed that the heat shock 
response was induced when the cells were even increased 
from 23 °C to 35 °C. Thus, the heat shock response has 
been shown to be related to absolute temperature rather 
than temperature differences, which supports the 
"accumulation of denatured proteins" model. The 
observed variations can be explained by differences in 
optimum growth conditions and / or differences between 
strains used (Schroda et al., 2015). 

Light intensity is very effective against heat shock 
response. The expression of heat shock genes in 
Chlamydomonas is regulated by thermal stress, light and 
the expression of HSP genes through light can be 
controlled by a signal chain containing a photoreceptor. 
Molecular analysis of Chlamydomonas HSP genes, 
combined with photobiological studies on their 
expression, will provide information about the 
mechanisms of light regulating genes. In the study 
conducted, the values of 40 µEm– 2s– 1 and 23 °C were 
evaluated as continuous light value, the values above was 
evaluated as high light intensity, and the values below was 
evaluated as low light intensity similar to recent studies 
(Mayfield and Schultz, 2004; Zhang et al., 2017). For light 
intensity studies, the cells were exposed to light stress 
between 0–140 µmol E.m–2s–1, for different periods (0 
[control], 2, 6, 12, 24 h), and ARS activity was determined. 
Mayfield and Schultz  (2004) carried out a research 
showing the usability of the luxCt (chloroplast optimized 
luciferase) gene as a reporter, by using 56 µmol E.m–2s–1 
high light intensity. It was examined the effect of light 
intensity on cell density using 8020 lux (112 µmol E.m–2s–

1), 5700 lux (80 µmol E.m–2s–1), 3180 lux (44,52 µmol E.m–

2s–1) and 0 lux (Argumedo et al., 2013). Fourty-two µmol 
E.m–2s–1 was used as high light intensity and conducted
various physiological researches (Gomes and Juneau,

2017). In this study, especially in low illumination 
conditions, no change in arylsulfatase activity was 
observed in HSP70A III-1 transformant, and, in high light 
intensity 28 µmol E.m–2s–1 and above, it was found that the 
activity increased by 2–4 times. The maximum ARS 
increase at 140 µmol E.m–2s–1 light intensity was achieved 
after 2 h. It has been observed that the effect of light 
intensity is not parallel with the increase in the period, 
and ARS activity decreases with the increase of the period. 
Therefore, this situation can be explained as the light 
intensity directly constitutes the stress response. 
Similarly, it was found that high light induces HSPs, like 
other stresses, by exhibiting photoinhibitory effects 
(Wang et al., 2004). Photoinhibition is a major limitation 
for photosynthesis and occurs when excessive radiation 
leads to a decrease in photosynthetic electron transport 
components. This leads to deterioration of electron 
transport and eventually irreversible damage to 
photosynthetic reaction centers. HSPs can be induced by 
high light to protect the cell against photoinhibition and 
reduces the harmful effects of light (Schroda et al., 1999).  

The effect of light on induction of HSPs has been 
demonstrated in cyanobacteria, algae, and higher plants. 
When the exposure to light intensity increased, enzyme 
structure may break, new collagen bonds might form or 
metal ions might seperate and affect the activity of the 
enzyme. High light can catalyze many processes that can 
damage enzymes (Rossel et al., 2012). 

UV-C overdose is associated with disruption of 
biological membranes, increases in ROS levels, disruption 
of lipid and phospholipid metabolism, damage of DNA 
itself, synthesis of proteins, photoinhibition, photosystem 
II degredation and respiration (Mittler, 2017; Sharma et 
al., 2014; Waszczak et al., 2018). Although UV-C shares 
these with UV-A/B, at much lower doses, the mechanisms 

Figure 6. ARS activities  at different periods (0, 2, 6, 12 h) after UV-C radiation treatment. Each point represents the average of three 
independent experiments. Error bars represent one standard deviation on each side of the mean. 
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of UV-C detection and signaling are still mostly unknown 
(Colina et al., 2020). In our study, UV-C application 
generates no significant change in ARS activity. The 
reason might be the breakage and damage in DNA or RNA 
coming from overdose expoure of UV-C. Since UV-C 
radiation induces changes in the specific amino acid 
composition in proteins, it might stimulate the enzyme to 
change function and, thus, might stop the activity 

completely. In this case, the transformant may not have 
been able to provide an adaptive cellular response to UV-
C radiation. Niu et al. (2006) suggest that overexpressed 
Hsp70 might play a role in protecting A549 cells from DNA 
damage caused by UV-C irradiation, with a threshold of 
protection from UV-C irradiation-induced DNA damage by 
Hsp70. On the other hand, it was proved that the exposure 
to low UV-C radiation dosages can improve the stress 

Figure 7. ARS activities and relative transcript levels of HSP70A after temperature change (a), light intensity increase (b), UV exposure 
determined by qPCR. The results show the mean of the data from three qPCR replicates and two biological replicates. The highest 
expression level of the respective transcript was set to 100%.  
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tolerance of microalgae and plants (Tilbrook et al.,2016; 
Liang et al., 2018). The reason for the unchanged ARS 
activity and constant HSP70A transcript level in our study 
may be that low-dose UV-C leaded the Chlamydomonas 
resistant to UV-C stress. 

All results were evaluated comparatively with RT-PCR 
results. They show parallel results with ARS activities. The 
samples exposed to 40 °C, 120 min heat, and shifted to 140 
µmol E.m–2s–1 for 2 h showed maximum ARS activity. Thus, 
it can be concluded that, increases in the relative 
transcript level support the increases in analytically 
measured enzymatic analysis. The selective ARS reporter 

gene used in the study is favorable. In this study, using 
recombinant C.reinhardtii HSP70A III-1 clone, various 
parameters thought to be effective in heat shock response 
were studied, and data that would contribute to the 
literature were obtained.  
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