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Ot

High temperatures can affect plant morphophysiological changes and enzyme
denaturation that can interfere with the germination process. One of the
enzymes in rice germination is the amylase enzyme. This research aims to study
temperature changes on the a-amylase enzyme activity of several rice varieties
germination. The research applies Factorial Experiment in Completely Random
Design, where the first factor is four levels of rice varieties, Anak Daro, Batang
Piaman, Cisokan, and Inpari 30. The second factor is temperature level, 28°C,
32°C, 36°C, 40°C, 44°C and 48°C. Results showed that the activity of the a -
amylase enzymes of the four varieties increased when the temperature increased
to reach the optimal temperature, and denaturation began to occur above that
temperature. The highest enzyme activity of a-amylase of Anak Daro, Cisokan
and Inpari 30 varieties at 48°C is 0,14 micromol, 0,365 micromol dan 0,191
micromol. The activity of the a-amylase enzyme of Batang Piaman at 40°C is
0,237 micromol, and at 48°C, the activity of the a-amylase enzyme decreases to
0,138 micromols. The variation in the activity of a-amylase enzymes in the four
varieties is probably due to genetic differences and sucrose content.

Keywords: abiotic stress, denaturation, enzym, germination, high temperature

Content from this work may be used under the terms of the Creative Commons Attribution 4.0 licence. Any further
distribution of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOL



1. Introduction

Rice (Oryza sativa L.) is a staple food for more than
50% of the world's population and almost 80% in
Indonesia. However, abiotic stresses (especially high
temperature) are among the major causes of low yield.
Germination will determine the success of plant life in
the next stage. According to Yoshida (1978), rice
germination's optimum temperature is 18-40°C, where
if the temperature increases, cell damage, and enzyme
denaturation  occur  (Soepandi, 2014).  High
temperatures make inactivation of enzymes in
chloroplasts and mitochondria, inhibit protein
synthesis, protein degradation, and loss of membrane
integrity (Taiz and Zeiger, 2006). The ability of plants
to adapt to high-temperature stress varies between
genotypes. The mechanism of plants' adaptation can
also be through the decomposition of starch through
the mitochondria's energy (Tanaka et al ., 2009).

Seed germination begins with imbibition, activation
of growth hormones and enzymes, initiation of
embryonic growth, and radicles and plumules'
emergence. One of the enzymes in rice germination is
the amylase enzyme. The a-amylase enzyme functions
to solve amylose and amylopectin to maltose and
glucose. This enzyme does not exist (non-existent) in
dry seeds but only made later at the beginning of seed
germination (early stage of germination) by gibberellins
(GA3), while the B-amylase enzyme already exists from
the beginning (pre-exist) in scutellum and aleuron
layers in seeds that ate still dry (Kamil, 1982). The
enzyme activity of a-amylase also affects the length of
the hypocotyl sprouts. Darmayanti et al. (2013) report
that mung bean sprouts' cotyledons showed enzyme

activity o-amylase, which is highest at the cotyledon
sprouts the high of hypocotyl reached 1 cm and the
activity of the enzyme o-amylase lowest for the
cotyledon sprouts at the time hypocotyl height reaches
9 cm.

Another thing is the genetic factors of each
different variety through the emergent phenotypes.
Moleculatly, the amylase solving by amino acid
residues on the active side of enzymes can interact
with glucose residues in amylose and amylopectin
(Matsuura, 1999 Cit Nangin dan Aji, 2015).
Differences in rice genotypes' ability for the four
varieties tested need further research at the molecular
stage. The resistance genes found in Anak Daro and
Inpari 30 varieties can still grow at 40°C because there
are no reports analyze resistance genes against high-
temperature stress. This research aims to study
temperature changes on the x-amylase enzyme activity
of several rice varieties germination: the basic science
in selecting high-temperature-tolerant plants.

2. Materials and Methods
A. Plant Material and Time of Research

Plant material are Anak Daro, Batang Piaman, Cisokan
and Inpari 30 (Figure 1). Anak Daro, Batang Piaman,
and Cisokan varieties are superior local varieties of
West Sumatra with a pera rice texture. Inpari 30 is a
national variety with a fluffier rice texture suitable for
planting in lowland irrigation to 400 meters above sea
level. This research was conducted at Seed Technology
and Plant Physiology Laboratory, Andalas University
and Chemistry Laboratory, University of Padang.

Figure 1. Morphological of Four Rice Seed Varieties
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B. Experimental Details

The research applies Factorial Experiment in
Completely Random Design, where the first factor is
four levels of rice varieties, Anak Daro, Batang
Piaman, Cisokan, and Inpari 30. The second factor is
temperature level, 28°C, 32°C, 36°C, 40°C, 44°C and
480C.

C. Enzym activity

Enzym activity shows how much maltose release due
to the starch substrate's reaction with the amylase
enzyme. The higher enzyme activity from the seed
then maltose produced also increases so that maltose
in seeds has germinated more than the seeds in a dry
state (Ramansyah, 2004). Testing the activity of
amylase enzymes in 2-day-old sprouts; according to
Widayati (1992) cit Sadjad et al., 1999, the biochemical
value of seeds is based on the content of the amylase
enzyme used as a potential viability standard was 1-2
days old sprouts. Amylase enzyme activity measure by
the amount of maltose formed after the starch
substrate incubates with the amylase enzyme. The
absorbance  value was measured using a
spectrophotometer at a wavelength of 560 nm. One
unit of a-amylase activity is the number of enzymes
that can produce 1 pg per minute sugar per ml of the
enzyme process (Naiola, 2008). Samples were weighed
as much as 2.5 grams from each treatment temperature
then mashed with mortar. Then, the sample is added
to the pH 5.5 acetate buffer as much as 12.5 ml and
left for 30 minutes, which serves to maintain the
sample pH. The sample was then filtered with
Whatman paper and centrifuged at 1500 rpm for 30
minutes; then, supernatant activity tests taken.

D. Statistical Analysis

The extraction enzyme serves as a catalyst that will
accelerate the hydrolysis rate of starch; 1ml enzyme
extraction tresults were added to 1 ml of 1% starch
substrate solution and then incubated for 3 minutes at
30°C. Then, add 1 ml of DNS (3.5 dinitro salicylic
acid), heat it to 40°C, and then cool quickly in a
measuring cup given ice cubes. DNS reagents can
detect reducing sugars in the form of disaccharides in
maltose from the hydrolysis of starch substrates by the
amylase enzyme.

A spectrophotometer measures absorption at a
wavelength of 560 nm. o«-amylase enzyme activity
calculation is done by first making a standard curve
that already contains data in ppm concentration and
absorbance, which will produce a linear equation. The
absorbance value of a standard solution produced
using a spectrophotometer is the y-axis, while the x-
axis is the concentration of each sample. The next step
is a-amylase enzyme activity calculation using the
formula:

P 1 "
The activity of g-amvlase enzyvme =C x 7 * lunit

Note:

C = Concentration of maltose per ml extract
enzyme (micromol )

T = Incubation time (minutes)

One unit activity of o-amylase enzyme: The
enzyme activity value needed to release one micromol
maltose per minute per ml of the enzyme.

3. Results and Discussion

The enzyme activities have different units depending
on the description and testing method (Wahyuni,
2015). a-amylase enzyme activity in micromol units
shown in Figure 2 below.

The activity of enzymes optimally at 48°C
(Wirahadikusumah, 1989). Batang Piaman o-amylase
enzyme activity optimally at temperatures of 40°C,
when the temperature increases, enzyme activity
decreases, or denaturation occurs faster than the other
varieties. Salisbury and Ross (1995) revealed that high
temperatures could break hydrogen bonds and cause
denaturation. The a-amylase enzyme is composed of
proteins and equipped with calcium ions marked by
blue spheres and chloride ions marked by yellow fields.
Calcium ions act as allostery stabilizers and activators
(some enzymes can bind to other substrates when
attached to a specific substrate ). The enzyme o-
amylase is calcium metalloenzymes to not function in
the  absence of calcium ions  (Souza et
al., 2010 cit Wahyuni, 2015).

a-amylase is one of the enzymes involved in the
first committed step for degradation of reserve starch,
and activation of a-amylase by high temperature is a
crucial trigger for grain chalkiness and that its
suppression is a potential strategy for ameliorating
grain damage from global warming (Hakata et
al,, 2012). According to Soepandi (2014), calcium ion
(Ca2+) in the cytoplasm has increased in high-
temperature, but the excess Ca2+ released into the
cytoplasm causes the high Ca2+ in the cytoplasm in a
long time will be toxic. The a-amylase enzyme activity
increases with increasing temperature because the
active side can bind many substrates to reach its
optimum temperature. However, the temperature gets
higher; then, enzyme damage will occur.

Soepandi (2014) also reports differences in activity
amylase enzymes in four varieties due to genetic
variations and the straightforward sugar content.
However, the genetic information and sugar content
on these four varieties are not available, so we need
next research in molecular. Glucose metabolism is a
central metabolism compared to others. Bewley and
Black (1985) Cit Sari  (2004) explains whether
monosaccharide sugar production increases the speed
of transport or excessive use by embryos, then the
sugar will accumulate in the endosperm. This sugar
accumulation will be a useful trigger to stop the
amylase enzyme production further; thus, the amylase
enzyme will not be produced continuously but will be
activated if needed.
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Figure 2. a-amylase enzyme activity of vatieties (a) Anak Daro

Salisbury and Ross (1995) also revealed that at certain
temperatures, some enzymes optimal function while
others do not, and in general, enzymes' reactions will
increase with temperature increases from 0°C to 35°C
or 40°C. ‘Temperatures above 40°C  cause
denaturation of most plant enzymes to proceed very
quickly, so that at high temperatures, there are no
active catalysts to reduce the activation energy and
insufficient availability of substrate molecules with
sufficient strength to react without catalysts.
High-temperature tolerant rice genotypes showed
more robust root activity, more active antioxidant
defense systems on leaves, higher ATPase activity on
seeds, and lower leaf temperatures than high
temperature-sensitive  rice  genotypes  (Ying et
al.,2008). These results indicate that high-temperature
tolerant rice genotypes reduce heat by
enzymes' activity against
antioxidant systems to release free radicals in plants.

stress
increasing protective

4. Conclusions

Enzyme activity of various varieties increases each
optimal temperature rise, and denaturation begins to
occur above that temperature. The enzyme activity of o-
amylase varieties of Anak Daro, Cisokan, and Inpari 30
was optimal at 48°C, while the Batang Piaman vatiety
was at 40°C.
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