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There has been much research on high temperature stress in plants, especially in potato plants, 
however we done this research because two potato cultivars Atlantic and Granola were most cultivated 
in our area of East Java Indonesia. The purpose of this reserach is to know the changes in biochemistry 
and heat shock protein (HSPs) due to high temperature stress in potato plants. In this study potato 
seedling cv. Atlantic and cv Granola were treated with 420C for 24 hours in growth chamber. While 
control plants were grown on medium with temperature of 20oC. Reducing sugar content on control plant 
relatively lower, in contrast on cv. Atlantic reducing sugar content increased higher than cv. Granola. 
Between two potatoes cultivars, treatment of high temperature cv. Granola affected on sucrose content 
almost twice compared to control plant. However there was slightly increasing of sucrose on cv. Atlantic. 
Endogenous proline content increases sharply in cv. Granola 1.34 μg/g sample due to stress at high 
temperature, while Atlantic cv slightly increased 0.7 μg/g sample. In control plants proline content were 
low 0.58 μg/g samples and 0.68 μg/g samples for Atlantic and Granola respectively. The western 
blotting analysis showed that HSP 18.5 was detected very strongly, while in Atlantic control plant was 
not detected, and on Granola was very weak. HSP 21 was detected very strongly in Atlantic which 
stressed by high temperature compared to the control plants. HSP 21 proteins detected almost 2 times 
in Atlantic. In contrast in Granola was detected almost similar between the controls and stressed. 
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INTRODUCTION 

Potato is a strategic commodity and prioritized 
research and development in Indonesia. But the 
cultivation of potatoes is particularly susceptible to 
high temperature. Potato cultivation is usually 
carried out in the highland tropical and subtropical 
regions. Cultivation of potato crops is limited by 
several factors, one of which is mostly grown in 
the highlands. This plant is very sensitive to 
microclimate temperature.  

Moreover suitable areas in highlands to 
cultivate potatoes is very limited and with high risk 
of erosion. It is interesting to conduct plant 
breeding plants that can separately acquire a low 

temperature adaptation.  
The aim of the experiments is to identify 

changes in biochemistry and heat shock protein 
(HSPs) due to high temperature stress in potato 
plants. Changes that occur are used as the 
determination of plants that are whether resistant 
to high temperatures. Selected plants were being 
propagated and further tested in the field with high 
moderate temperatures. 

Potato plant is very risky to the temperature of 
the environment where it grows. Potato plants 
grow well at 20°C. Changes in temperature will 
cause several changes in plant. In terms of 
drought conditions and high temperatures are 
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different types of stress that may occur at the 
same time or occur separately (Rykaczewska, 
2015). Many of the molecular chaperone function 
as Heat Shock Proteins (HSPs).   Plants respond 
a variety of stresses is almost the same way that 
produces heat shock proteins, this is the same as 
plants when experiencing high heat stress. This 
suggests that there is a similarity between other 
high stress responses. There is a relationship 
between ROS and HSP, this indicates that the 
plant is able to control ROS poisoning, and also 
ROS is used as a marker to induce HSP 
(Timperio, 2008). HSPs and other stress-proteins 
protect cells against the deleterious effects of the 
stresses (Beck et al., 2000). HSPs are expressed 
constitutively in some cells. Meanwhile, in some 
other cells, HSP expression is regulated by the 
cell cycle or growth (Giorno et al., 2010). 

Temperature rise exceeding the threshold 
(5oC -10oC above ambience) can cause 
irreversible damage on the crop function and crop 
development. It also can change the crop's 
metabolism which results in a decrease on growth 
and production (Porter, 2005). Issue about stress 
on plant where from the pressure till heat stress 
will make damage. However the damage will 
depend on temperature condition such as 
intensity, duration and rate of increasing 
temperature.  

Effect of high temperatures observed in 
various plant groups Doke (1997) demonstrated 
that within fifteen minutes upon the heat shock, 
the potato leaf's tissue produces oxidative burst. 
Recently, the exposure to tobacco's seed at the 
temperature of 40 C under the sunlight causes a 
significant increase on H2O2 (Dat et al., 2000). 
Similarly, the accumulation after the heat-
treatment was measured on a mustard seed (Dat 
et al., 1998). As for wheat, the main effect of high 
temperatures appears to accelerate aging. This 
includes the cessation of vegetative and 
reproductive growth, the decline of 
photosynthesis, as well as the degradation on (Xu 
et al., 1995). The exposures to both low and high 
temperatures may induce the accumulation of 
Reactive Oxygen Species in the plant, and leed to 
oxidative stress (Larkindale, Huang, 2004; 
Wormuth et al., 2007). This mechanism allows 
ROS to accumulate in various conditions. ROS 
formation is regarded as a major activity under the 
exposure of various conditions (Noctor, Foyer, 
1998). ROS are highly reactive and toxic, and can 
cause oxidative damage to cells. The 
consequences of ROS depend on the stress 
intensity and psycho-chemical conditions of the 

cell. It is generally accepted that ROS, when 
produced under pressure, is the key factor that 
causes lipid peroxidation (LP), as well as 
inactivation (Blokhina, 2000). 

Result of experiments showed that pressure 
hot carbohydrates convert partitions on potato 
(Solanum tuberosum L.) tubers into bud and 
reduce the overall yield (Ewing, 1981; Wolf et al, 
1990). On potato plants under heat stress is not 
marked well.  

Heat Shock Proteins (HSP), also known as 
stress proteins, are a set of proteins in living cells 
that can be found in all phases of the 
development of these living things. They are 
active when stimulated by various forms of stress, 
such as oxidative stress, heat, cold, fever, 
inflammation and impaired oxygenation in cells. 
Under normal conditions, HSP is also found in 
cells, and they act as 'Chaperone'. There are 5 
protein HSPs that are determined based on 
average molecular atomic weight (kD), 
homologous amino acid sequences and activity as 
Chaperones molecules (Savic et al., 2012). 

Heat stress may directly cause the 
denaturation of proteins and enzymes (Kepova et 
al., 2005), as well as the damage of the 
membrane (Liu and Huang 2000) and decreased 
synthesis of chlorophyll caused by decreased 
protein synthesis and membrane damage is the 
result of the inactivated enzymes located in 
mitochondria and chloroplasts (Howarth 2005). 
The oxidative damage caused by reactive oxygen 
species, hydrogen peroxide and lipid peroxide is 
frequent and prominent damage due to heat 
exposure. (Rivero et al., 2001; Yin et al., 2008). 
 
MATERIALS AND METHODS 

Anti-bodies HSP 18 and 21 were purchased 
from the Agrisera Antibodies company. 

This study uses the most widely grown potato 
crops in East Java region, Granola and Atlantic 
Species used in this study. Potato tubers are 
added to the mixture medium of sand and sterile 
coco peat (1: 2). Bulbs are added to room 
temperature and without light. After about 6 weeks 
the sprouts are sterilized and used for invitro plant 
propagation. 

Seedlings of potato crop are propagated by 
using in vitro subculture technique. Every 3-4 
weeks, subculture is done by performing one-
segment cutting on MS medium containing 3% 
sugar. The resultant subculture was purchased in 
an incubation chamber with irradiation of 15/9 
hours of light cyclic with radiation intensity of 350 
umol.m-2.s-1, while the room temperature was 
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adjusted at 25 ° C and 50% humidity. After about 
three weeks the plants were transferred to a 
green house with similar environmental conditions 
as the invitro period. Individual plants are then 
treated according to the experimental design.  

High Temperature Treatment 
The high temperature treatment was carryout 

using growth chamber. Eight plants grown at 21oC 
were transferred to growth chamber at 42oC for 24 
hours. 

Sucrose determination 
200 ul extract was mixed with 100 μl 0.5 N 

NaOH in a tube. And then the tubes were put at 
the boiling water bath for 5 min, and it was added 
750 ul of 30% HCl, 250 ul of 0.1% resorcinol. The 
above mixture was put in 80 °C water bath for 
10 min to accomplish the chromogenic reaction. 
The sucrose determination using OD (optical 
density) and solution was used to determine the 
value under the 480 nm wavelength. The sucrose 
content was measured according to a standard 
curve which was determined previously by 
generating the concentration of a series of 
sucrose solutions against their corresponding OD 
values. 

Reducing Sugar determination 
200 ul of extract sample was 300 ul 

aquabidest and mixed with DNS reagent in a tube 
and then vortexed. Cover the tubes with a paraffin 
film then heat the mixture in water bath for 
10minutes at 80oC. After cooling in the room 
temperature the solution was used to determine 
the reducing sugar by recording the absorbance 
level with spectrophotometer at 560 nm. 

Proline Determination  
Fresh potato leaf of 0.25 g was homogenized 

in 10 ml of 3% aqueous sulfosalicylic acid. It was 
left for 3hrs for extraction to complete then the 
solution was centrifuged at 1500 g for l0 minutes. 
0.5 ml of supernatant was added to 0.5 ml Acidic 
Ninhydrin and 0.5 ml Glacial Acetic acid. The 
mixture was boiled at 100oC in a Water Bath for 
60 min. In order to stop the reaction the mixture 
was placed in an ice path. Add 1 ml of Toluene 
and mix vigorously.  Incubated in to room 
temperature. Determining value by 
spectrophotometer read at 520 nm, and using 
toluene as blank. The standard curve for 
concentration series of L-Proline was used. 

Radical Scavenging Activity on ABTS  
2, 2’-azinobis 3-ethylbenzothiazole-6-sulfonic 

acid (ABTS) Radical Scavenging Ability. 
ABTS test was conducted using Arnao et al. 

(2001) with some modifications. The stock 
solution consists of a 7 mM ABTS solution and  
2.4 mM potassium per-sulfate solution. Then, the 
solution was diluted by mixing 1 ml of ABTS 
solution and 60 ml of methanol to obtain an 
absorbance value of 0.706 ± 0.01 units at the a 
wavelength of 734 nm using a spectrophotometer. 
The ABTS solution was used for the determination 
of radical scavenging. Potato leaf extract (1 ml) 
was mixed with 1 ml of ABTS solution was left for 
7 min, then taken absorbance value at 734 nm 
using spectrophotometer 

Western Blotting 
Potato leaf protein was isolated using Nano 

Drop. Bath Gel electrophoresis results, Whatman 
filter paper and sponge in Blotting Buffer. PVDF 
membrane immersed in methanol then soaked in 
Blotting Buffer, and three components are 
arranged from bottom (BlackSide) to the top of the 
start sequence sponge, filter paper, gel, PVDF 
membrane, filter paper and sponge on wet 
transblot (Biocraft). Then, chamber was filled with 
buffer blotting and transferred with 30 V, 90 Amp. 
(Constant amperage) for the overnight. After 
transferring then PVDF membranes was soaked 
at bottom 5% (5% skim milk in PBS), for 60 
minutes while shaking, then washed using PBST 
3 times for 5 minutes then incubated with the 
primary antibody HSP 18 / HSP 21, and as host: 
Rabbit (1: 500 in PBS-Skim 1%) for 1 night at 4°C, 
then in washed using PBST 3 times for 5 minutes. 
Next step was incubating with secondary antibody 
(α-rabbit 1: 2500) for 1 hour in room temperature 
then washed using TBS 4 times for  5-minute.  
The result was incubated with substrate BCIP / 
NBT 3 ml in the dark until appears band on the 
tape targeted. Finally, the membrane washed with 
distilled water (in order to stop the reaction). 
 
RESULTS AND DISCUSSION 

Results 

Reduced Sugar and Sucrose 
The Reduced sugars in leaf of potato var. 

Atlantic without heat stress were lower 
concentration comp paring to the Granola 
stressed plant. Content of reduced sugar of potato 
Atlantic treated by high temperature of 42oC the 
reducing sugar content is much higher than that of 
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Granola with the same stress treatment (Fig. 1).  
 
 
 
 
 
 
 
 
 

Figure. 1 Effect of high temperature 42oC on 
reduced sugar in Atlantic and Granola. 

 
Observation on sucrose content shows that 

sucrose content was increased sharply in both 
potato cultivars Granola and Atlantic caused by 
treatment of temperature of 42oC. However 
sucrose content of Granola was higher than 
Atlantic. It was same result in control (Fig. 2). 

 
 
 
 
 
 
 
 
 
 

Figure. 2 Effect of high temperature 42oC on 
sucrose content in Atlantic and Granola. 

 

Proline 
 
 
 
 
 
 
 
 
 
 
 
Figure. 3 Proline content of two potato cultivar 
Atlantic and Granola used in this study. The 
proline content on Atlantic was relatively 
similar between those treated with a 
temperature of 42oC. 
 
 
 

In the presence study  the result showed that 
highest proline content under high temperature of 
42oC was in potato Granola as well with no high 
temperature stress treatment. Meanwhile the 
proline content of Atlantic potato which was 
stressed with high temperature 42oC was much 
lower by almost half than Granola potatoes. In 
Atlantic variety there was no significant increase 
on proline content after high temperature 
treatment (Fig. 3). 

Radical scavenging using 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid   (ABTS) 

Anti-radical activities of potato leaf Atlantic 
and Granola extract were determined using ABTS 
radical scavenging methods. Using ABTS radical 
scavenging method for the determination of 
antiradical activities, the obtained result was 
showed on Fig. 4.  

 
 

 
 
 
 
 
 
 
 

Figure. 4 Radical Scavenging Activity on ABTS 
expressed in percent. Highest content of 
radical scavenging on cv. Atlantic stressed 
with high temperature meanwhile the lowest 
was on Granola as control plant. 

 
 Under treatment and without treatment high 

temperature 42oC Atlantic potato had highest 
percentage of scavenging. By treatment high 
temperature percentage of scavenging increasing 
from 59.72 up to 76.76%. Contrastly control plant 
and treated high temperature on Granola potato 
percentage of scavenging were lower than 
Atlantic. The results clearly showed that 
antiradical activity in Atlatic potato was highly 
compared to Granola. Atlantic potato was more 
resistance to the higher temperature; even without 
the high temperature treatment the percentage of 
free radical scavenging was higher than Granola.  

Western Blotting 
Western Blotting analysis in plant was 

subjected to high temperature of 42oC, 24 h and 
control plant which grown at 21oC. The intensity of 
protein expression on gels was determined using 
Image Quantitative Software, and the intensity 



Slameto   et al.,                                       Temperature Stress Change HSP and Biochemical in Potato 

 

                                                     Bioscience Research, 2019 volume 16(1): 208-215                                                      212 

 

was illustrated by bar charts. Western blot 
analysis allowed detecting the cytosolic HSP 18.5 
and chloroplast HSP 21 protein in both potato 
cultivars on high temperature stressed leaf 
samples (Fig.  5).  

 
chloroplast HSP 21 (B) on potato cv. Atlantic 
and Granola.  

There was an increasing range of intensity of 
HSP 18.5 that caused high temperature stress 
between cultivars, which according the data of 
intensity/mm2 (Fig. 5) cv. Granola and cv. Atlantic 

was 109.5 and 106.4 respectively. 
In cultivar of Atlantic increasing of HSP 21 

concentration was more abundant up to 234.7 
intensity/mm2. In Contrast in Granola there was 
slight increasing of HSP21 concentration, in 
control plant the concentration of HSP 21 was 
216.1 however on treatment 42oC the 
concentration was only 228.1 int/mm2. As for 
Atlantic cultivar, the expression of HSPs 18,5 and 
21 were not in the form of blotting. However in 
Granola cultivar expression of HSP 18.5 and 
HSP21 were detected in gel. 

 
 
 

 
 
Figure. 5 High temperature stress influenced accumulation of cytosolic HSP 18.5 on potato cv. 
Atlantic and Granola (A), and High temperature stress influenced accumulation of 
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DISCUSSION 
Under high temperature stress cv. Atlantic 

showed significantly higher reduced sugar, while 
cv. Granola contained lower reduced sugar. The 
Atlantic cultivar that was tolerated by the increase 
on the reduced sugar showed significantly 
reduced sugar content compared with cv. 
Granola.  Studies conducted in controlled-
environment growth chambers have reported that 
carbohydrate availability decreases with 
increasing temperatures (Liu and Huang,  2000). 
However, in the control plants the sugar content of 
the cv. Granola cultivar reduction was slightly 
higher than that of cv. Atlantic. 

Like some other environmental factors, high 
temperature stress can affect plant growth and 
development. Plant will respond to environmental 
stress in various ways such as changes in 
morphology, composition of chemical compounds, 
metabolic processes. Sucrose is the end product 
of a photosynthesis process. The sucrose is 
translocated from a leaf (source) to the organ that 
needs (sink) through the phloem. The results 
showed that some plants will experience a 
decrease in the content of sucrose when 
exposure to the high temperature stress. This is 
due to the interference in the process of 
photosynthesis 

However, in this research sucrose in Atlantic 
and Granola's leaf under stress is accumulated, 
probably as sugar production rate in leaf exceed 
the export rate due to insufficient sink activity (Iii 
et al., 2014). It appears that the results of 
research on grapevines (Sepúlveda and Kliewer, 
1986) which treated in high temperature stress the 
content of sucrose in almost all fractions of plants 
has increased significantly. Sucrose was might 
play function as osmoprotectant in Atlantic and 
Granola under stress and sucrose content could 
be an important selection indicator for plants 
treated under high temperature stress. The role of 
cell turgor is enormous in the production of 
carbohydrates. Physiologically, the ability of plants 
to regulate the level of cell turgor will greatly help 
the plant to adapt to the environment (Wani, 
2013). 

The scavenging activity varies (in percent) 
significantly and ranges from 33.47% to 76.76%. 
Actually radical scavenging activity ABTS also 
reflects the ability to donate hydrogen. According 
to Hagerman et al., (1998) reported that the ability 
of scavenging of free radical depend on phenolic 
substances such as tannins. In high temperature 
stress treatment the highest radical activity 
scavenging was cv. Atlantic. Although not treated 

with high temperature percentage of scavenging 
cv. Atlantic was still higher than cv. Granola. 
There was related to cv. Atlantic was more 
resistant to high temperatures than cv. Granola. 
cv. Atlantic can be cultivated at moderately 
elevated temperature. 

During the plant growth period will experience 
some stress of environmental conditions. Plants 
are able to survive because it has different 
responses and it depends on how stressful it is, 
how long and when stress occurs. Damage to 
plants will be difficult to predict due to high 
temperature stress. 

Although accumulation of proline is a general 
response to abiotic stress, but its accumulation 
rates vary between tolerant and sensitive 
genotypes. The results of research on potatoes 
show that the accumulation of proline is increased 
greatly in the more tolerant genotype cv. Atlantic, 
especially in leaves and when compared to 
sensitive genotypes cv. Granola. In the present 
results clearly that high temperature stress does 
increase proline content in leaf tissues. To many 
plants, free proline accumulates in response to 
the imposition of a wide range of biotic and a 
biotic stresses.  

Prolin has an important role in the scavenging 
of ROS products, with in the cells prolin is 
accumulated as an osmoprotectant. Proline 
serves as a regulator of osmotic plant cells which 
exposed to high temperature stress. So that the 
proline content provides the benefits of plants to 
be resistant to the environmental stress. (Han et 
al., 2013). 

In order to be able to conduct the study on the 
effect of high temperature stress on Atlantic and 
Granola potatoes, we worked on protein analysis 
using the Western Blot method. Specific analysis 
of protein of cytosolic HSP 18.5 and chloroplast 
HSP 21 used on two types of potatoes with high 
temperature 42oC. Atlantic potatoes in our region 
have been cultivated moderately high 
temperatures where temperatures are relatively 
higher compared to Granola potato cultivation 
areas. Plants have the ability to live in a stressful 
state through a series of physiological processes 
undertaken to overcome the stress. The synthesis 
of a number of heat shock proteins is one of the 
responses of plants when facing abiotic stress. In 
this study cv Atlantic potato more expresses 
protein HSP 21 than normal conditions. While 
HSP 18.5 is expressed slightly lower. However 
the cv Granola potatoes of both HSP118.5 and 
HSP 21 proteins were expressed lower. As 
reported by 16 high temperature sensitive 
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cultivars on bent grass are associated with the 
ability to accumulate small cholorplastic HSPs. 
This is in accordance with the capability protein 
expression of cv.Granola. While Savic et al., 
(2012) in the study of expression of light heat 
shock proteins and heat tolerance in potato states 
that heat-induced HSP 18 and HSP 21 is 
expressed in all plant samples. The same pattern 
was obtained by in-vitro and ex-vitro plant 
samples. The heat tolerant potato accumulates 
the second protein HSP 18 and 21 higher than the 
heat-sensitive potato. 

CONCLUSION 
In conclusion since high temperature stress 
induced change of biochemical content and heat 
shock protein expression in cellular level were 
treatment of temperature on Atlantic variety 
causing higher in reduced sugar content, and 
radical scavenging activity, and it showed lower 
content and activity on Granola variety.   The 
opposite results are shown in the observation of 
sucrose and proline content. Compared with 
varieties that experience high temperature 
treatment, the interesting thing about the two 
varieties without experiencing high temperature 
treatment shows that the content of biochemical 
compounds observed is low. However, 
scavenging activity was higher in Atlantic varieties 
when compared to Granola varieties. The intensity 
of heat shock protein activity increased in both 
varieties which were treated with high 
temperatures. 
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