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ABSTRACT 
Enzymes are highly valuable in the industry, such industries are food, beverage industry 
and the biofuel sector. Amylases are very important in starch proc
liquefaction, hydrolysis and saccharification. Alpha amylase has liquefying ability by 
hydrolysing the glycosidic bonds at internal positions. This paper aims to present a brief 
overview of the sequence comparison between plant alpha amylase
sequences were obtained from the NCBI, aligned using the clustal
phylogenetic trees were constructed using the Mega 7.0 tool. The proteins can be 
classified into three distinct families; one, two and three. Each family has some
features, family one amylases are proteins of about 450 amino acids long with signal 
peptides at their N-terminus, family two proteins are similar in size to those of family one 
but are cytosolic with no targeting peptide. In contrast, family thr
targeted to the chloroplast with transit peptides at their N
900 amino acids long. In addition, the last family of protein has an additional domain that 
is yet to be fully characterized. Across the three 
thus conservation of the catalytic domain which is at the C
the proteins are evolutionary related and perform similar functions. The unknown domain 
in family three amylases is also conserve
may be a starch binding domain that is required for the family three amylases to digest 
storage starch in the plastid. 
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INTRODUCTION 

The amylases are a group of proteins 
referred to as glycoside hydrolases 

(E. C. 3.1) The proteins have a wide range of 

application such as starch conversion and 
processing; thus occupy more than thirty 

percent of the enzyme market worldwide

are used in food and beverage industries, 

breweries and the biofuel sector 

2002). Structurally, hydrolases differ
sequence of amino acids, secondary and other 

higher levels of the proteins, thereby creating 
variability and dynamism in the protein 

properties and functions (Henrissat
Henrissat, et al., 2001; Stam, et al
Typical examples of the above are
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Enzymes are highly valuable in the industry, such industries are food, beverage industry 
and the biofuel sector. Amylases are very important in starch processing such as 
liquefaction, hydrolysis and saccharification. Alpha amylase has liquefying ability by 
hydrolysing the glycosidic bonds at internal positions. This paper aims to present a brief 
overview of the sequence comparison between plant alpha amylases. The protein 
sequences were obtained from the NCBI, aligned using the clustal W tool and the 
phylogenetic trees were constructed using the Mega 7.0 tool. The proteins can be 
classified into three distinct families; one, two and three. Each family has some
features, family one amylases are proteins of about 450 amino acids long with signal 

terminus, family two proteins are similar in size to those of family one 
but are cytosolic with no targeting peptide. In contrast, family three amylase are proteins 
targeted to the chloroplast with transit peptides at their N-terminus, however, they are 
900 amino acids long. In addition, the last family of protein has an additional domain that 
is yet to be fully characterized. Across the three families, there is a high homology and 
thus conservation of the catalytic domain which is at the C-terminus. This implied that 
the proteins are evolutionary related and perform similar functions. The unknown domain 
in family three amylases is also conserved across members of this family. The domain 
may be a starch binding domain that is required for the family three amylases to digest 

Key words: Alpha amylases, Cytosol, Plastid, Family one, Unknown domain 

are a group of proteins also 
 or hydrolases 

oteins have a wide range of 

application such as starch conversion and 
more than thirty 

worldwide. They 

used in food and beverage industries, 

(Kirk, et al., 
drolases differ in their 

, secondary and other 

thereby creating 
variability and dynamism in the protein 

(Henrissat, 1991; 
et al., 2006). 

Typical examples of the above are the reaction 

mechanisms, pH and isoelectric points

amylases (McCarter and Withers, 1994)
Hydrolases can be classified as endoamylases 

and exoamylases. The endoamylase 

glycosidic bonds in internal position
glycans; α-amylase belongs to 

hydrolyses the α-1,6 glycosidic bonds in 

polysaccharides such as starch, thus 

as liquefying enzyme (Kirk, et al,. 
the external part of the starch molecule 
et al., 1979; Lao, et al., 1999)

glucoamylase hydrolyses both α-1,4
glycosidic bonds from the external positions 

the starch molecule (Kim and Robyt 1999; 
Sauer, et al., 2000). Thus, it is referred to as a 

saccharifying enzyme due to its ability to convert 

dextrins to simple sugars.  

http://dx.doi.org/10.4314/bajopas.v11i2.10

81 

ANALYSIS OF THE PHYLOGENETIC SEQUENCE RELATIONSHIPS BETWEEN 

and Abdullahi 

 

Enzymes are highly valuable in the industry, such industries are food, beverage industry 
essing such as 

liquefaction, hydrolysis and saccharification. Alpha amylase has liquefying ability by 
hydrolysing the glycosidic bonds at internal positions. This paper aims to present a brief 

s. The protein 
W tool and the 

phylogenetic trees were constructed using the Mega 7.0 tool. The proteins can be 
classified into three distinct families; one, two and three. Each family has some peculiar 
features, family one amylases are proteins of about 450 amino acids long with signal 

terminus, family two proteins are similar in size to those of family one 
ee amylase are proteins 

terminus, however, they are 
900 amino acids long. In addition, the last family of protein has an additional domain that 

families, there is a high homology and 
terminus. This implied that 

the proteins are evolutionary related and perform similar functions. The unknown domain 
d across members of this family. The domain 

may be a starch binding domain that is required for the family three amylases to digest 

, pH and isoelectric points of the 

1994).  
Hydrolases can be classified as endoamylases 

The endoamylase break α-1,4 
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1,6 glycosidic bonds in 
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Various researches have focused on the 
revealing the mode of action of amylases due to 

their roles in starch processing (Hehre, et al., 
1979; McCarter and Withers, 1994). The above 

in conjugation with the amino acid sequence of 

the amylases are important in improving the 
protein functions (Lopez-Casado, et al., 2008; 

Reilly 1999; Richardson, et al., 2002). 

Knowledge of the primary structure of the 
protein is significant in determining protein 

activity. Elucidating the amino acids at the active 

site as well as those that affect protein 

properties such as stability are very paramount 
(Bessler, et al,. 2003; Cherry and Fidantsef, 

2003; Johannes and Zhao 2006; Richardson, et 
al. 2002). Consequently, the effect of this will 
facilitate the engineering of the proteins for 

desirable properties and activities (Eijsink, et al., 
2004; Eijsink, et al., 2008; Kelly, et al., 2009). 

Amylases have two distinct mechanisms of 

action; retention and inversion modes. In 
retention mechanism, the product of hydrolyses 

retains the α-configuration of starch. Here a 
single amino acid serves as an acid and a base 

while another one serves as a nucleophile and a 
leaving group (McCarter and Withers, 1994). In 

contrast, the α-configuration of starch is inverted 

in the second mechanism hence the product has 
a β-configuration. An amino acid serves as a 

general acid and another one acts as a base. 
Examples of amylases that use retention and 

inversion mechanisms are α-amylase and beta 

amylase respectively (McCarter and Withers, 
1994). Glu186 and Glu380 residues of β-amylase 

from soy bean act as the general acid and base 
respectively (Kang, et al., 2004).  

Alpha-amylase (1,4-α-D-glucan-4-

glucanohydrolase, EC 3.2.1.1) belongs to the 
glucosylhydrolase class 13, the proteins have 

three domains A, B and C (Kumari, et al., 2010; 
Kuriki and Imanaka, 1999). The name alpha 

refers to the configuration at carbon one of the 
reducing unit of the oligosaccharides generated 

by the action of the amylase (Chao and Serpe, 

2010). It is found in microbes (bacteria and 
fungi), plants and the archaea; it has has been 

purified and characterized from B. 
amyloquefaciens (Demirkan, et al., 2005), apple 

(Stanley, et al., 2002; Wegrzyn, et al,. 2000), 

malted finger millet (Nirmala and Muralikrishna 
2003), banana (Junior, et al., 2006) and 

soybean (Kumari, et al., 2010) among others. In 
plants, α-amylase may be produced and 

secreted by the aleurone cells (in rice) or 
scutellum (in maize and sorghum) or both into 

the starch endosperm (do Nascimento, et al., 

2006; Ranki and Sopanen 1984; Warner and 
Knutson, 1991).  

The protein properties such as stability and 

activity are affected by certain factors. These are 

high and low pI forms of alpha amylase found 

on chromosomes 6 and 1 respectively (Mitsui 
and Itoh 1997). AMY1 and AMY2 of H. vulgare 

are low and high pI of 4.9 and 5.9 forms 

respectively; thus the optimum pH of the α-
amylases is from 4.5 to 5.5 (Robert, et al., 2003; 

Tibbot, et al., 2002). The optimum temperature 

of the amylases is between 40 to 55°C however 

in mature seed germinated at much lower 
temperatures therefore thermal stability is not 

important (Prakash and Jaiswal, 2010). High 

temperatures above 60°C may lead to 
inactivation of these proteins with a few 

exception as observed in the brewing variety of 

barley α-amylase which can withstand 

temperature of 65ºC (Prakash and Jaiswal, 

2010). Some α-amylases require calcium for 
their stability, and activity (Tanaka and Hoshino, 

2002; Tanaka and Hoshino, 2003). 
Glycosylation which is the addition of glycans, a 

process that takes place in the endoplasmic 
reticulum (Vitale and Denecke, 1999). It affects 

protein activity, stability and functions (de 

Barros, et al., 2009; Motyan, et al., 2011). O-
glycosylation involves glycan addition at 

hydroxyl groups of serine and threonine 
residues; while in N-glycosylation the addition is 

on asparagine residues of the sequence Asn-X-

Ser/Thr. The role of the glycosylation is not clear 
(Motyan, et al., 2011; Vitale and Denecke, 

1999). This work is aimed at establishing the 
relationships between plant amylases. 
 

METHODOLOGY 

Retrieval of α-amylase Sequence 
The protein sequences of various plants α-

amylases were obtained from the NCBI 

databases (http://www.ncbi.nlm.nih.gov/). 

Amino acids sequences of the following plants α-

amylases were retrieved: Hv (H. vulgare), In (I. 
nil), Pv (P. vulgaris), Gm (G. max), Vm (V. 
mungoculata), Sb (S. bicolor), Md (M. 
domestica), Ma (M. acuminata), Me (M. 
esculanta), At (A. thaliana), Vv (V. vinifera), St 

(S. tuberasum), Ot (O. taurii), Ac (A. chinensis), 
and  Rc (R. communis). The sequences were 

subject to in silico and bioinformatics analysis as 
described below. 

Alignment of amino sequences of plant α-
amylases 

The alignments of the proteins were performed 

using publicly available database at EBI. The 

sequences were aligned using the BLOSUM62 

algorithm with the ClustalW alignment tool.  
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The full protein sequences, the C-terminal 

(domain) sequences only and N-terminal 

(domain) sequences only in some instances 

were aligned to determine the homology and 

relationships between the respective plant 
amylases  

Phylogenetic Analysis 

Phylogenetic trees of plant alpha amylases 
showing the evolutionary relationship between 

plant α-amylases were constructed using protein 

sequences obtained from the publicly available 

data (http://www.ncbi.nlm.nih.gov/). The 
sequences were aligned using the ClustalW 

alignment tool. The aligned sequences were 

assembled into a phylogenetic tree using the 
boot-strapped neighbor-joining algorithm (Saitou 

and Nei 1987) and the Jones-Taylor-Thornton 

amino acid substitution model (Jones, et al., 
1992) in MEGA 7.0 with 1000 trials 

(http://www.megasoftware.net/) (Tamura, et 
al., 2011). Bootstrap values are indicated as 

percentages of the 1000 trials at their respective 
node. 

 
RESULTS AND DISCUSSION 

Classification of Plant α-amylases and 

Phylogenetic Relationship 
In order to review the relationship between 

plant α-amylases; In silico and bioinformatic 
tools were used. The protein sequences of the 

amylases belonging the three families were 

retrieved from the National Centre for 
Biotechnology (NCBI) database. In order to 

understand in greater details, the sequence 
homology between the amylase, one 

representative of each family was chosen. The 

sequences were subjected to multiple alignment 
using ClustalW at EBI. The alignment is shown 

in Figure 1, different homologies were observed 

between the different families. The family I and 

II α-amylases are more closely related to each 

other, but more distantly related to family III α-

amylases. 

The alignment indicated that certain amylases 
have longer sequences compared to the others. 

These sequences are in between the N-terminus 

and C-terminus of the proteins of about 450 
amino acids, hence the need to understand the 

relationship between the proteins. Members of 

the three families were used to construct a 

phylogenetic tree. The dendogram is shown in 
Figure 2 below, it indicated closer relationship 

between family one and two amylases compared 

to family three as was shown by the alignment 
(Figure 1). Family two α-amylase may likely be 

the ancentral origin of plant alpha amylases 

from which other types evolved. 

There are various types of classification for the 

plant α-amylases based on the tissues they are 
found (Huang, et al., 1992; Mitsui and Itoh 

1997). A popular classification for plant α-
amylases is based on the cellular localisation of 

the proteins. The amylases are grouped into 
three distinct families; one, two and three 

(Janecek 2002; Stanley, et al., 2002). Family 

one α-amylases contain signal peptides that 
target the proteins to endoplasmic reticulum. 

The second family are the cytosolic α-amylases 
that do not have any targeting peptide (Janecek, 

2002; Stanley et al., 2002). Family three 

amylases have transit peptide and are localised 
to the plastid (chloroplast) (Stanley, et al. 2005; 

Stanley, et al., 2002).. The three families differ 
in the size of proteins, family one and two α-

amylases are smaller while family three 

amylases are twice size. 
 

 

 

83 



BAJOPAS Volume 11 Number 2 December, 2018 

 

 

 
Figure 1 An alignment of representative of the three families. Protein sequences were obtained using 

publicly available data (http://www.ncbi.nlm.nih.gov/), aligned using the BLOSUM62 algorithm with 
the ClustalW alignment tool. Family I is represented by Hvamy2, family II represented by Atamy2 and 

family three represented by Atamy3. Grey = conserved residues. 
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Figure 2. Phylogenetic tree of plant alpha amylases showing the evolutionary relationshi
plant α-amylases. Protein sequences were obtained using

(http://www.ncbi.nlm.nih.gov/), aligned us
were assembled into a phylogenetic tree using the boot

and Nei 1987) and the Jones-Taylor

MEGA 7.0 with 1000 trials (http://www.megaso

are indicated as percentages of the 1000 trials at their respective node. Abbreviatios: Hv (H. vulgare), 

In (I. nil), Pv (P. vulgaris), Gm (G. max), Vm (V. mungoculata), Sb (S. bicolor), Md (M. domestica), 
Ma (M. acuminata), Me (M. esculanta), At (A. thaliana), Vv (V. vinifera), St (S. tuberasum), Ot (O. 

taurii), Ac (A. chinensis), Rc and (R. communis). 

respectively. 
 

Establishing Sequence Homology betwe

Family One and Two Amylase 

Following the alignment shown in Fig.
dendogram in Fig. 2, a close relations

between family one and two amylase
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. Phylogenetic tree of plant alpha amylases showing the evolutionary relationshi
. Protein sequences were obtained using publicly available data 

(http://www.ncbi.nlm.nih.gov/), aligned using the ClustalW alignment tool. The aligned sequences 
were assembled into a phylogenetic tree using the boot-strapped neighbor-joining algorithm 

Taylor-Thornton amino acid substitution model (Jones, et al. 1992)

http://www.megasoftware.net/) (Tamura, et al. 2011). Bootstrap values 

are indicated as percentages of the 1000 trials at their respective node. Abbreviatios: Hv (H. vulgare), 

In (I. nil), Pv (P. vulgaris), Gm (G. max), Vm (V. mungoculata), Sb (S. bicolor), Md (M. domestica), 
), Me (M. esculanta), At (A. thaliana), Vv (V. vinifera), St (S. tuberasum), Ot (O. 

taurii), Ac (A. chinensis), Rc and (R. communis). 1, 2 and 3 represents family one, two and three 

Establishing Sequence Homology between 

ng the alignment shown in Fig. 1 and the 
, a close relationship 

amylases was 

observed. To analyse and confirm 

between the proteins; amylases 

families were aligned using ClustalW
shown in Figure 3. 
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Figure 3 Sequence conservation of Family One & two amylases. Shows the alignment of amino acid 

sequences of α-amylases from, Hv= Hordeum vulgare, Vm= Vigna mungo, Ms= Musa specie, Gm= 

Glycine max, In= Ipomea nil, Pv= Phaseolis vulgaris, Sb= Sorghum bicolour. Grey= conserved 
residues. No conservation in the signal peptide, but some areas with good sequence conservation 

were observed. 
 

Conservation in the Catalytic Domain 

across Plant Alpha Amylases 
It was observed that the amylases have lots of 

variability in the N-terminus, but high homology 
in the C-terminus, where the protein activity 

resides (also referred to as catalytic or amylase 

domain). In order to investigate the 
conservation in this domain, the C-terminus of 

amylases were subject to alignment using 

clustalW. Figure 4 shows the alignments, the 
homology in the C-terminus is quite striking with 

little variation in the amino sequences. More 
than 80% homology was observed between the 

plant amylases in the catalytic region or C-

terminus. 
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Figure 4 Alignment of C-terminus of some amylases clustalw alignment of amino acid sequence of α-

amylases from the three families. Family 3: RcamyUD (R. communis), VvamyUD (V. vinifera), Atamy3 
and Mdamy10, family 2: Atamy2 and Mdamy8 (apple) and family 1: Hvamy2 (H. vulgare) and Atamy1 

(Arabidopsis); Grey areas represent conserved regions. 
 
The amino acid residues in the catalytic region 

are highly conserved among the plant α-
amylases. This implied that the proteins carry 

similar and related function. In addition to the 

homology observed in Figure 4 above, it became 
imperative to subject the C-terminus of the 

proteins from the three families to phylogenetic 

analysis. Figure 5 is a dendogram constructed 

using amino acid sequence of the C-terminus 

alone. The tree showed similar pattern and 
relationship to that shown in Figure 2, it further 

confirmed the classification of amylases into 

three families and that family one and two 
proteins are closer to each other, than to 

amylases of family three. 
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Figure 5 Phylogenetic tree of C

relationship using only the catalytic domain for comparison
2.1, 2 and 3 represents family one, two and three 

 

Conservation in the Unknown Domain of

family 3 amylases 

The family three amylases have a large N
terminal domain of yet to be established 

function, the domain starts after the transit 
peptide and ends with a linker region (GTGSG). 

The linker connects the unknown domain to the 

rest part of the protein which is the amylase 
domain. There may be conservation of amino 

sequence of this regions between the proteins. 
In order to obtain evidence, protein sequences 
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Phylogenetic tree of C-terminus of plant alpha amylases showing the evolutionary 

relationship using only the catalytic domain for comparison. All other details are as described in Figure
, two and three respectively. 

in the Unknown Domain of 

The family three amylases have a large N-
yet to be established 

function, the domain starts after the transit 
peptide and ends with a linker region (GTGSG). 

The linker connects the unknown domain to the 

rest part of the protein which is the amylase 
here may be conservation of amino 

nce of this regions between the proteins. 
rotein sequences 

corresponding to the 500 amino acids from six 

different type 3 α-amylases were

clustalW2. Figure 6 reveals the degree of 
conservation in the N-terminal unknown domain 

of family 3 proteins. Significant conservation 
between the different proteins in the additional 

domain was observed. However, there are some 

regions in the domain that are not conserved 
across the group. This is not uncommon as it is 

often the case in large family of proteins. 
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Figure 6. Conservation of the unknown domain in family three α-amylases, an alignment of the some 
of the family three α-amylases is shown. Areas in grey indicate amino acids that are conserved in the 

family three proteins.  

 

Furthermore, in order to have conclusive 

evidence, a phylogenetic tree, Figure 7 shows 
the dendogram produced of the unknown 

domain only and the full proteins respectively. 

The trees further established and confirmed the 

relationships revealed by the alignment in Figure 
6. 

 
Figure 7. Phylogenetic tree of family three amylases showing the evolutionary relationship between 

them. The full protein sequence of about 900 amino acids were. Protein sequences were obtained 
using publicly available data (http://www.ncbi.nlm.nih.gov/), aligned using the ClustalW alignment 

tool. The aligned sequences were assembled into a phylogenetic tree using the boot-strapped 
neighbor-joining algorithm (Saitou and Nei 1987) and the Jones-Taylor-Thornton amino acid 

substitution model (Jones, et al. 1992) in MEGA 7.0 with 1000 trials (http://www.megasoftware.net/) 

(Tamura, et al. 2011). Bootstrap values are indicated as percentages of the 1000 trials at their 
respective node. Abbreviatios: Ac (A. chinensis), Vv (V. vinifera), Rc (R. communis), Md (M. 

domestica), At (A. thaliana) and Hv (H. vulgare).  
 

VvamyUD M S T V C I E P L F Q R C R - R E N P R F R L K - S L A T K P S S L N Y S P K P - - - - - L R N G G S F C N F K S L H G V R P - L G A A S -

RcamyUD M S T L T V E P L L R F S G - R E K - S L P I G S R K I L K P S S L N F S K K L - - - - L L S N G S S F C N F K R S P P L S H T V R A S S T

Atamy3 M S T V P I E S L L H H S H L R D N S K I Y R G T R S F F I P C S L N L P S H F T S N K L L H S I R T S V G A S S K H R R S V A I R A S S -

Mdamy10 M S T V R I E P L L H H Y R - R Q K P S H R L P P S K H P L K L S S S F T A F P K K - L V V S N G R S F C N F Q P P - T L S - - V R A A S -

Acamy3 M P T V T L E P L R Y Q F R - R E I L G F H S N - F R K A K A F S L N Y A Q R P - - - - - L S H G S S F C N F R P P Q P L S - - V R A S S -

HvamyUD M S A A S W S - I P A I P R A V P P P R A A P P G E A F MV P A R P R A AWC R - - - - - - - A A P R R V R L A R G G G G G G V V A R A G A

VvamyUD I D T A L F E T T D - - - V F F K E T F I L K R T E V V E G K I S I R L D P G - K N G E N WQ L T V G C N I P G S WV L HWG V S Y I D D V

RcamyUD T D T A L I E T F K S A D V L F K E T F S L S R T E T I E G K I F V R L D K E E K D Q Q R WQ L S V G C S L P G KW I L HWG V S Y V G D V

Atamy3 S D T A V V E T A Q S D D V I F K E N F P V Q R I E K A Q G K I Y V R L K Q V - - K E K N WE L S V G S S I P G KW I L HWG V S Y V G D T

Mdamy10 T D T A T V E A T E F A D A F Y K E T F P L K R T E V V E G KM I V K L D N G - K D A K N WV L T V G C N L P G KWV L HWG V N Y V D D V

Acamy3 A D T A V V E T S D S V D V L F K E T F A L K R I E K V E G H I S I K L D N G - K E R E N WQ L S V G C N L P G KWV L HWG V N Y I N D I

HvamyUD A E A V P V A D S G E A S V V F S E K F P L R R C Q T V E G K AWV R V E A E P D A D G K C K V V I G C D V E G KWL L HWG V S Y H G E T

VvamyUD G S E WD Q P P L E MR P P G S V A I K D Y A I E T P L K K L S S A S E R D T L H E V T I D F S P N S E I A A I R F V L K D E D Y G AWY Q

RcamyUD G S E WD Q P P K N MR P R G S I S I K D Y A I E T P L E K S S - - - E A D M F Y E V K I D L D P N S S I A A I N F V L K D E E T G AWY Q

Atamy3 G S E WD Q P P E D MR P P G S I A I K D Y A I E T P L K K L S - - - E G D S F F E V A I N L N L E S S V A A L N F V L K D E E T G AWY Q

Mdamy10 G S E WD Q P P S E MR P A G S V S I K D Y A I E T P L K E S L S P V G G D T S H E V K I D V T P N S A I A A I N F V L K D E E T G AWY Q
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HvamyUD G S E WD Q P P S E I R P P G S V P I K D S A I E T P L E I S P N - S D G H I L H E V Q I K F D K D T P I A A I N F V L K E E G T G AWF Q

VvamyUD H R G R D F E V L L MD Y L C E G T N T V G A K E G F G I W P G P L G Q L S N ML L K A E G S H P K G Q D S S - - - - - - S V S G D L I T G

RcamyUD H K G R D F K V P L V D Y L L E G G N V V G A K R G F S I W P G S L - - L S N ML L K T E T L P S K D E D N N S E T K D V K Q D S G Q L K G

Atamy3 H K G R D F K V P L V D D V P D N G N L I G A K K G F - - - - G A I G Q L S N I P L K Q D E S S A E V K K K S K S S S D S T K E R K G L Q E

Mdamy10 H R G R D F K V P F V G Y L Q D D D N V V G A T R A L G AW S G T L G K L S N V F V K A E T S N S K D Q E S S S E S R D P Q Q K T MR L E G

Acamy3 R R G R D F K V X L I D X L H E D G N K L G A K K G L G V X P G P F E Q L S S L L L K S E E A H P K G E D S S D - S R D P S K T T K C L E A

HvamyUD H K G G D F R I P L G G S L - E G G D P L G A K Q G A - - - - - - - - - - - - - - - K P E G P S A Q L K E T V P - - G D K G P S T K C I S K

VvamyUD F Y E E H S I V K E V P V D N S V N V S V K K C P E T A R N L L Y L E T D L I G D V V V HWG V C R D D S K T WE I P A A P H P P E T K L F

RcamyUD F Y E E Q P I T K Q V T I Q N S A T V S V T K C P K T A K Y L L Y L E T D L P G E V V L HWG V C R D D A K N WE I P S S P H P P E T T V F

Atamy3 F Y E E M P I S K R V A D D N S V S V T A R K C S E T S K N I V S I E T D L P G D V T V HWG V C K N G S K KWE I P S E P Y P E D T S L F

Mdamy10 F Y E E L P I A K E I A V N H S A T V S V R K C P E T T K N L L Y L E T D L P D H A V V HWG V C R D D A K R WE I P A A P H P P E T V V F

Acamy3 F Y E E H S I V R E V L I N N S V S V S A R K C P K T A K N L L H I E T D I P G D V V V HWG L C K D D G E N WE I P A K P Y P A E T I V F

HvamyUD F Y E E Y P I L K S E Y F E H S V S V A V R E N S E K D K S L V E F Y T D I T G D V I I HWG V C K D N T MT WE I P P E P H P P N T K V F

VvamyUD K K K A L R T L L Q S K E D G H G S WG L F T L D E E L E G F L F V L K L N E N T WL R - - CMG N D F Y I P L L G S S S L P A Q S R Q G Q

RcamyUD K N K A L Q T ML Q P N D G G N G C S G L F S L D E E F A G F L F V L K L N E G T WL K - - C K G N D F Y V P L S T S S S L P T Q P G Q G Q

Atamy3 K N K A L R T R L Q R K D D G N G S F G L F S L D G N L E G - - - - - - - - - - - - - - - - - - G E D F Y V P F L T S S S S L V G T E A T E

Mdamy10 K D K A L R T R L Q Q R E D G N G C S G L F T L E E G L A G F L F V F K L N E T MWL N - - C V G N D F Y I P L L S S N N S I A V Q N E V Q

Acamy3 K N K A L R T L L K X K E G G K G GW S L F T L D E G Y A G F V F V L K I N E N T WL N - - YMG N D F Y I P L S S S S V L P A Q P R H D Q

HvamyUD R Q K A L Q T L L E Q K T D G T G N A V S F L L D A D Y T G L V F V L K L N E H T WL R N L E N G F D F Y V P L T R - - - - - - - V E Q V D

VvamyUD S E GWG K S E R V V S V P T E I S G K T A G E N E I V S D A A Y T D G I I N D I R N L V S D I S S E K R Q K T K T K Q A Q E S I L Q E I E

RcamyUD S E G V L A S - - - - - - - - - - - G K D A E G N E E V S R T A Y T D E I I D E I R N L V N G I S S E K V R Q T K T K E A Q E S I L Q E I E

Atamy3 A A Q L S K H - - - - - - - - - - - - - T P K T D K E V S A S G F T D E I I T E I R N L A I D I H S H K N Q K T N V K E V Q E N I L Q E I E

Mdamy10 S E D A Q - - - - - - - - - - - - - - - V P D R S R E T N F T A Y T D G I I N E I R N L V S D I S S E K S Q R K R S K E A Q E T I L Q E I E

Acamy3 S E G H X - - - - - - - - - - - - - - - Q V E T D Q E V S P A A Y T D G I I N D I R S L V S D I S S X K S R Q T K S K E S Q Q S I L Q E I E

HvamyUD S - - - - - - - - - - - - - - - - - - - T Q E P H K A D D K S V Q T D G L I S D I R N L V V G L S S R R G Q R A K N K V L Q E D I L Q E I E

VvamyUD K L A A E A Y S I F R S S I P T F S E D A V L E T - - L K P - P E K L T S G T G S G

RcamyUD K L A A E A Y S I F R S S I P T F T E E S V L E S E V E K A P P A K I C S G T G T G

Atamy3 K L A A E A Y S I F R S T T P T F S E E S I L A E A E K P D - - I K I S S G T G S G

Mdamy10 K L A A E A Y S I F R T T V P T L P E E I I A E T E K V K V A P A K I C S G T G T G

Acamy3 K L A A E A Y S I F R S S I P T Y X E D VMV E S E E V E P - P A K I S S G T G S G

HvamyUD R L A A E A Y S I F R S P T I D A V E G S V Y I D G P E T V - - K P A C S G T G S G

 Acamy3

 VvamyUD

 RcamyUD

 Mdamy10

 Atamy3

 HvamyUD

99

70

99

0.05
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Perspectives and Conclusion 

The α-amylases are proteins of invaluable 

functions in plants, they are involved in the 

hydrolysis of starch. This is in addition to their 

significant roles in industrial starch processing 
(Adam, et al., 2017). Lots of experimental 

evidence support this view, the function of the 

amylases were deduced by generating mutants. 
In germinating cereal endosperm, a secreted sα-

amylase converts starch to linear and branched 

glucans (Beck and Ziegler, 1989; Kotting, et al., 
2010). The oligosaccharides are hydrolysed 
further by the actions of enzymes; limit 

dextrinase attacks the α-1,6 linkages and while 

β-amylase hydrolyse the linear oligosaccharides 
from the ends. Maltose and glucose are 

released; and are exported to the scutellum. 

Similarly, the same process occurs in ripening 

fruits. Maltose may be converted to sucrose 

through the glucose 1-phosphate pathway. This 
is also supported further by the fact that only 

trace amounts of maltose are found in ripening 
fruit (Fioravante Bernardes Silva, et al., 2008; 

Hill and Aprees 1994; Prabha and 
Bhagyalakshmi, 1998). 

High activity of α-amylase has been reported 

during seed germination. This indicates its role 
in starch mobilization in germinating seeds 

where starch reserves are used for energy 
(Irving, et al., 1999; Zeeman, et al., 2010). The 

synthesized α-amylase in the aleurone and 

scutellum is secreted into the endosperm to 
degrade starch. Thus, α-amylase plays a 

principal role in starch hydrolysis in the 
endosperm during germination (James, et al., 
2009; Kumari, et al., 2010). Although α-amylase 

plays an important role in storage starch 
hydrolysis in the endosperm, it may not be 

involved in transitory starch hydrolysis in the 
chloroplasts of leaves. An Arabidopsis mutant 

(designated as sex4 mutant) with low α-amylase 
activity showed normal trend of starch 

metabolism compared to the wild type. It is also 

evident that mutation in AMY3 that is present in 
the chloroplast does not change the rate of 

starch hydrolysis in leaves (Yu, et al., 2005; 
Zeeman, et al., 2007a &b). Thus alpha-amylase 

may be less significant in transitory starch 

breakdown. 

Family one amylase such as Hvamy2 are 

secreted proteins with signal peptide for 

translocation across the ER membrane. In the 

cytosol, the SP of this soluble protein is 

recognised by signal recognition particle (SRP) 
and is cleaved by the signal peptide peptidase 

(SPP) (Lyko, et al., 1995; Walter and Blobel, 

1981; Weihofen, et al., 2002). They are found in 
cereals and seeds of dicot plants. This family of 

enzymes has also been described to be involved 

in the degradation of extracellular starch and 

can be found in microbes. The presence of this 
type of protein in seeds of higher plants may be 

due to the need of the enzyme to translocate 

across membranes to the specialised starch 
tissues such as the endosperm in cereals 

(Stanley, et al., 2005; Stanley, et al., 2002). The 

second family of alpha amylase consists of 

proteins that localise to the cytoplasm due to the 

absence of any characterised targeting peptide. 
They are found in leaves of monocots and dicot 

plants as well as gymnosperms. This group of 
enzymes degrade cytosolic α-glucan or 

heteroglycan (Stanley, et al., 2005; Stanley, et 
al., 2002). Family three α-amylases have a 

chloroplast transit peptide with a large N-

terminal domain in addition to the α-amylase 
domain considered to be starch binding domain 

(Stanley, et al., 2005; Stanley, et al., 2002).  
In conclusion, starch is semi-crystalline in nature 

of starch hence enzymes of starch degradation 

have properties to enable effective and strong 
binding to the substrate leading to hydrolysis. 

This can be a specific substrate binding site in 
the catalytic domain of the enzyme or a 

carbohydrate binding module (CBM) or starch 

binding domain (SBD) ) (Chou, et al., 2010; 
Machovic and Janecek 2006b; Rodriguez-Sanoja, 

et al., 2005) (Glaring, et al., 2011; Janecek, et 
al., 2011; Machovic and Janecek 2006). This 

implied that the proteins are evolutionary related 
and perform similar functions. The unknown 

domain in family three amylases is also 

conserved across members of this family. The 
domain may be a starch binding domain that is 

required for the family three amylases to digest 
storage starch in the plastid. 
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