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ABSTRACT. Adenylation (A) and ketosynthase (KS) are domain of non-ribosomal peptide synthase
(NRPS) and Polyketide synthases (PKS) gene cluster which involved in bioactive compounds synthesis in
microbes. The previous study, A and KS domain were amplified from four rice phyllosphere bacteria
(isolate STGG 3, STGG 7, STGG 14 and SKBV 1) which actively displayed inhibition activities toward
Pyricularia oryzae race 173. The present study aims to determine the active site of amplified A and KS
domain related to antifungal activity from four isolates STGG 3, STGG 7, STGG 14 and SKBV 1. Analysis
of active site determination were conducted by aligning the amino acid sequences of A dan KS domain
using MEGA 11 program. The alignment process used amino acid sequence of gramicidin (Grs A) as
template of A domain. Meanwhile, the alignment of KS domain used amino acid sequence of KS domain
from Bacillus, Pseudomonas, and Streptomyces maritimus as template. According to the alignment results,
the active site (amino acid marker) of A domain and KS domain were detected as DAKDLGVV and
DTVCSSS, respectively. The similarity of KS and A domain active site of rice phyllosphere bacteria
indicates the similarity of substrates and enzyme activity. Meanwhile, the differences of amino acid
sequences of A domain especially in motifs A5 and A6 from bacterial isolate STGG 3 dan SKBV 1 are
predicted of having an effect toward substrate adenylation activity of A domain from both bacterial isolates.
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INTRODUCTION

Secondary metabolites from many microorganisms possessed several biological activities which
useful for many areas. According to the biosynthetic derivation, secondary metabolites are classified
in to four classes: polyketides (PKs), non-ribosomal peptides (NRPS), terpenes and indole alkaloid
(Courtial et al., 2022). Diverse secondary metabolites which belong to polyketides as well as non-
ribosomal peptides compounds were produced by nature through acetate building block and amino
acid assembly into polyketide and peptides compounds, respectively (Fisch, 2013). The polyketides
and non-ribosomal peptides group are well known as remarkable natural product with abundant of
biological activity and diversity in structure (Tambadou et al., 2014). Non-ribosomal peptides
compounds have been being explored as toxins, siderophores, pigments, antibiotics, cytostatic,
immunosuppressants or anticancer agents (Martinez-Nufiez & Ldpez, 2016). Meanwhile polyketide
compounds possess bioactivities as antibiotic, antifungal, antiparasitic and antitumor (Arguelles Arias
et al., 2011) have been widely developed in pharmaceutical industry.

The large group of polyketides and non-ribosomal peptides were synthesized by two mega-
enzymes, non-ribosomal peptides synthetase (NRPS) and polyketides synthases (PKS) (Fisch, 2013).
Polyketides synthases are modular enzymes with consecutive activities in the biosynthesis of
bioactive compounds. The biosynthesis process are facilitated by the enzymes through the use of
combinations of specific catalytic domains (Selvin et al. 2016). NRPS consist of multi-modular
enzymes which catalyses each step of polypeptide chain elongation and modification to derive non-
ribosomal peptides (Arguelles Arias et al. 2011). One NRPS module comprises at least three domains
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which activate each step of non-ribosomal peptides synthesis individually (Martinez-Nufiez & Lépez,
2016). First domain, namely Adenylation (A) domain have arole in recognizing and activating amino
acid residue. The activated amino acid were then transferred to peptidyl carrier protein (PCP) domain
and later condensed by condensation (C) domain to form amine bond (Strieker et al., 2010). Another
domain namely thioesterase (TE) commonly terminate the amino acid chain elongation (Tambadou
etal., 2014).

According to the distinctive of catalytic domain, PKS are commonly divided into three types:
type I, Il and I11. Type I and 1l PKS use acyl carrier protein (ACP) as catalytic domain even though
the model and structure are different. Meanwhile, type Ill PKS which well known as chalcone
synthase like PKS do not use ACP as catalytic domain (Lim et al., 2016; Pandith et al., 2020; Neves
et al., 2022). Every module of PKS are mostly comprises both acyl carrier protein (ACP) and -keto
synthase (KS) domain in the same module which together catalyze polyketide chain elongation.
Furthermore, both domain are subsequently adhere to KS domain from the next module in order to
assist polyketide chain transfer (Kapur et al., 2010).

The existence of NRPS and PKS enzymes have been reported in the three domains of life,
bacteria, eukaryote and archaea which are very common in bacteria and rare in archaea. Among
bacteria domain, both enzymes abundantly find in Proteobacteria (Timmermans et al., 2017; Rego et
al., 2020), Actinobacteria (Amin et al., 2020), Firmicutes (Aleti et al., 2015), and Cyanobacteria
phyla and moreover, the correlation between genome size and the number of NRPS’s clusters have
been investigated (Wang et al., 2014). In most cases, bacterial NRPS modules tend to be located at
smaller subunit proteins which incorporate to a larger multi-enzyme system (Winn et al., 2016).

In previous research, we successfully obtained four rice phyllosphere bacteria isolates with
antifungal activity against P. oryzae race 173 both in vitro and in planta (Wiraswati et al., 2019;
2020). The four isolates have been identified as Bacillus sp. STGG 3, B. subtilis STGG 7, B. subtilis
subsp. subtilis STGG 14 and B. subtilis SKBV 1. As evidence of their antifungal activities, the genes
encoding the A and KS domains of the NRPS and PKS megaenzymes were successfully amplified
from the four isolates. Bacillus sp. STGG 3, B. subtilis STGG 7, B. subtilis subsp. subtilis STGG 14
were proven to have A and KS domains, while B. subtilis SKBV 1 isolate only have A domain.
According to the similarity analysis, A and KS domains of the four isolates are similar to the A and
KS domains of Bacillus sp. and B. subtilis (Wiraswati et al., 2019). To find out the difference in
function of adenylation and keto synthase domain from the bacterial isolate, in silico analysis is
conducted toward amino acid sequence from A and KS domain. The in silico analysis targeted active
site of amino acid sequence of KS domain and conserved core motif sequence of amino acid from A
domain. The prediction of A and KS domain activities from PKSs and NRPSs could be used to predict
the resulted bioactive compounds which usually beneficial to many aspects of human life such as
agriculture, environment, as well as human health.

MATERIALS AND METHODS

The amino acid sequences of A domain from the four potential isolates and A domain protein
sequence of Commamonas sp. (AHG59387.1), Pseudomonas sp. (WP_131178002.1), and
Streptomyces sp. (CCF223455.1) from NCBI database were each aligned using MEGA 7 program.
In addition, the A domain sequence of gene encoding the gramicidin (GrsA) from B. brevis
(1AMU_A) was used as a template to determine the active site of A domain from potential rice
phyllosphere bacteria (isolates: STGG 3, STGG 7, STGG 14 and SKBV 1) (Figure 1). The active site
of the domain is located at amino acids 235, 236, 239, 278, 299, 301, 322 and 330 of the A domain
in GrsA. Through this analysis, we also obtained motifs Al to A10 of A domain from the results of
the amino acid sequences alignment (Stachelhaus et al. 1999). The alignment results were next
observed whether there are differences amino acids motifs of the A domain A from potential isolates
in order to identify distinction activity of A domain.
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The amino acid sequences of KS domain from the three potential isolates were also aligned with
the KS domain of the B. subtilis (SAJ35050.1), B. subtilis KCTC 1028 (AKC47275.1), B. subtilis
subsp. subtilis strain 168 (NP_389600), B. subtilis subsp. subtilis strain AG1839 (AlC44368.1), S.
maritimus (AAF81729.1) and Pseudomonas sp. (BAQ74664.1) from the NCBI database. The
presence of amino acid which have a role as active site were further determined from alignment
results. The active side residues of KS domain are characterized by DTXCSSS amino acid sequence
that are conserved both in Gram positive and Gram negative bacteria.

RESULTS AND DISCUSSION

Alignment of A domain from isolates STGG 3, STGG 7, STGG 14 and SKBV 1 A domain of
Gramicidin (Grs A) as template showed that all isolates had the same 8 amino acids markers i.e.
Asp235, Ala236, Lys239, Asp278, Leu299, Gly301, Val322, and Val330 (Table 1). They are located
in certain sequences of A domain which have a role in determining the specificity, nature and type of
A domain’s substrate. Asp235 and Lys517 are two amino acids that are mostly conserved in A domain
from microbes and other organisms (Di Vincenzo et al. 2005). According to this finding, A domain
from STGG 3, STGG 7, STGG 14 and SKBV 1 isolates were sharing similar substrate in synthesizing
nonribosomal peptide compounds. This finding also proved that there are no mutations occurred in
the active site of A domain, so that the substrate will be perfectly attach along non ribosomal peptide
compounds synthesis.

Table 1. Amino acid residue indicated active site and substrate specificity of adenylation domain from four rice
phyllosphere bacteria

Bacterial isolates Amino acid position

235 236 239 278 299 301 322 330
STGG 14 D A K D L G \% \%
STGG 3 D A K D L G \% \%
STGG 7 D A K D L G \% \%
SKBV 1 D A K D L G vV vV

According to KS domain alignment results, amino acid sequence of KS domain from STGG 14,
STGG 3 and STGG 7 were identical (Fig. 2). The identical amino acid sequence of KS domain
indicates similar activity of the ketosynthase enzyme which involved in polyketide compounds
synthesis. The amino acid marker of KS domain active site i.e. DTVCSSS were also successfully
determined from three bacterial isolates which are equal to the active site of other B. subtilis isolates
from the NCBI database. Other conserved core motifs from KS domain were not detected in the
alignment results because the limitation of primer which not amplify KS domain from N-terminal to
C-terminal.

In contrast to the KS domain, A domain from isolates STGG 3, STGG 7, STGG 14 and SKBV 1
showed different amino acid sequences both in the conserved core and outside the conserved core
motif. The results indicated that A domain of the rice phyllosphere bacterial isolates were thought to
have different levels of enzymatic activity. Determination of conserved core motifs of A domain was
successfully detected conserved motif A3 to A7 but not A8 to A10 motifs. This is because the MTF
and MTR primers which are used to amplify the A domain are specifically designed to cover only A2
to A8 motifs in A domain (Tambadou et al., 2014). Among the five detected motifs, A domain from
STGG 3 isolate showed differences in the 188th amino acid, namely asparagine (N) = lysine (K)
which is part of the conserved core motif A5. In addition, A domain from SKBV 1 isolate also showed
differences in the 251st amino acid, namely arginine (R) = glutamine (Q) which is part of the
conserved core of the A6 motif (Fig. 1).
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[9]AGVQVLPLDAVLAEQPEHDPQVV -V,
[104] L-VTEENVAALRDREAIKDPGPERPGPQDVAYIIYTSGTTGRPKG
N gas*/zs‘e 2 A3
GrsA B. brevis 200 TMLEHKGISNLKVFFENSLNVTEKD--RIGQFASIS|

Commamonas sp.
Pseudomonas sp.
Streptomyces sp.

GrsA B. brevis 1 [158]VEIFEEDTIKIREGTNLHVPSK----STDLAYVIYTSGTTGNPKG| 199
STGG 3 1 [9]1 EDAELIELDQAIAEGADDMTENE-VN. YIIYTSGTTGRPKG| 53
SKBV 1 1 [9]1ADAELIDLEQATIAEGADDMTEAD-VN YIIYTSGTTGRPKG| 53
STGG 14 1 [9]1ADAELIDLDHAIAEGADDMTEAD-VN YIIYTSGTTGRPKG| 53
STGG 7 1 -DAELIDLDQATAEGADDMTEAD-VN YIIYTSGTTGRPKG| 43

1

1

1

ALL 248
QIFASLL 102

STGG 3 54 VMIEHRQVHHLVESLQQTIYQSGSQTLRMALLAPFHI

SKBV 1 54 VMIEHRQVHHLVESLQQTIYQSGSQTLRMALLAPFH] QIFASLL 102
STGG 14 54 VMIEHRQVHHLVESLQQTIYQSGSQTLRMALLAPFHI QIFASLL 102
STGG 7 44 VMIEHRQVHHLVESLQQTIYQSGSQTLRMALLAPFH] QIFASLL 92
Commamonas sp. 54 VMIEHRQVHHLVESLQQTIYQSGSQTLRMALLAPFHI QIFASLL 102
Pseudomonas sp. 54 AGNRHSALSNRLQWMQQAYGLEASD--TVLQKTPFS| FFWPLM 102
Streptomyces sp. 149 VPVRHGNVTALFEACSRLFSFSADD--RWLLFHSMA IWGALS 197

% 278 A4

GrsA B. brevis 249 TGASLYI ILKDTINDFVKFEQYINQKEITVITLPﬁTYWHLDPE ————— 297
STGG 3 103 LGQTLY IV‘.KKTVTNGTALATYYRRNS IEATDGTPAHLOQMLAAAGDFEG 151
SKBV 1 103 LGQTLYIVPKKTVINGTALATYYRRNSIEATDGTPAHLQOMLAAAGDFEG 151
STGG 14 103 LGQTLYIVPKKTVINGTALATYYRRNSIEATDGTPAHLQMLAAAGDFEG 151
STGG 7 93 LGQTLYIVXKKTVTNGTALATYYRRNSIEATDGTPAHLQMLAAAGDFEG 141
Commamonas sp. 103 LGQTLYIVPKKTVTNGAALAAYYRRNSIEATDGTPAHLQMLVAAGDFEG 151

Pseudomonas sp. 103 TGARLVLAAPGDHRDPARLVELIERHGVSTLHFVPSMLQVFLODAGVER 151
Streptomyces sp. 198 TGAELVVLPYWTARTPVETARVVRDRGITVLNQTPTAFGALTTAVLGEG 246
299 301 22

GrsA B. brevis 298 —RILSIQTLITA&SATS————PSLVNKWKEKVT ————— YINAYGPTE] 346
STGG 3 152 ---LKLKHMLIGGEGLSSVBADKLLKLFKEAGTA--PRL 200
SKBV 1 152 ---LKLKHMLIGGEGLSSVVADKLLKLFKEAGTA--PRL 200
STGG 14 152 ---LKLKHMLIGGEGLSSVVADKLLKLFKEAGTA--PRL 200
STGG 7 142 ---LKLKHMLIGGEGLSSVVADKLLKLFKEAGTA--PRL 190
Commamonas sp. 152 ---LKLKHMLIGGEGLSSVVADKLLKLFKEAGTA--PRL 200
Pseudomonas sp. 152 --CRSLRRIVCSGEALQE---QTQRQVFARLPWAG---L 200
Streptomyces sp. 247 IDLPELRYVVFGGEKLT----PAVVRPWAKRFGLDRPHLI 296
330 A5
* %
GrsA B. brevis 347 ICATTWVATKET-IG-HSVPIGAPIQNTQIYIVDENLQLKSVG! 395
STGG 3 201 VDASVHPVIPENAVQSAYVPIGKALGNNRLYILDQKGRLQPEGVSGEL 249
SKBV 1 201 VDASVHPVIPENAVQSAYVPIGKALGNNRLYILDQKGRLQPEGVS 249
STGG 14 201 VDASVHPVIPENAVQSAYVPIGKALGNNRLYILDQKGRLQPE 249
STGG 7 191 VDASVHPVIPENAVQSAYVPIGKALGNNHLYILDQN-------- 221
Commamonas sp. 201 VDASVHPVIPENAVQSAYVPIGKALGNNRLYILDQKGRLQOPEGV: 249
Pseudomonas sp. 201 IDVTHWTCREEG---LDLVPIGQPIANLRTYVLDSGLQPVPVGVL 249
Streptomyces sp. 297 VHATFHRLTEDD-LAAEDSVIGRPLPGFTHRIVTEDGRDAATGER 345
GrsA B. brevis 396 [[GGEGLARGY PELTSQKFVDNPF----VPGEK 536
STGG 3 250 [[AGDGVERGYLHLPELTEEKFLQODPF----VPGDR 276
SKBV 1 250 [[AGDGVGGYLHLPELTEEKFLQODPF----VPGDR 285
STGG 14 250 [[AGDGVGRGYLHLPELTEEKFLEDPF----VPG-- 273
STGG 7 Ll e 221
Commamonas sp. 250 [AGDGVGRGYIHLPELTEEKFLQDPF----VPG-- 273
Pseudomonas sp. 250 [LAGAGLARGY PGLTAERFPVDPF----VAGER 367
Streptomyces sp. 346 LAGPQVSEGY;EPELTAERFTTGPARDGGAPPPR 501

A6

Fig. 1. Amino acid sequence alignment of adenylation domain among rice phyllosphere bacteria and Commamonas sp.,
Pseudomonas sp., Streptomyces sp. which are using GrsA template. Yellow background colour indicates amino acid
residue of active site and substrate specificity of A domain. The black boxes indicate amino acid motif of A domain. Blue
background colours show different amino acid sequences among rice phyllosphere bacteria.

The differences of amino acid sequences in conserved core motifs A5 and A6 of A domain from
STGG 3 and SKBV 1 isolates were thought to affect substrate adenylation activity by A domain.
According to Marahiel et al. (1997), the motifs of A domain display important role in ATP binding,
hydrolysis and adenylation of amino acid substrates. The activation and adenylation process of amino
acids in A domain depends on the presence of Mg2+-ATP, so the ability of A domain to bind ATP is
important to the presence of specific substrates. Therefore, the distinction A5 and A6 motifs of A
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domain from STGG 3 and SKBV 1 isolates were expected to affect the ability of ATP binding activity
by STGG 3 and SKBV 1 isolates.

*
LETCWETIEDAGYTPKTEAKPKGRNKRQHVGVFAGVMHKDYTLVGAEEA 49

STGG 3 1

STGG 7 1 e KTLAKPKGRNKRQHVGVFAGVMHKDY TLVGAEEA 34
STGG 14 1 --—CWETIEDAGYTPKTLAKPKGRNKRQHVGVFAGVMHKDY TLVGAEEA 46
B. subtilis 1 [12] LETCWETIEDAGYTPKTLAKPKGRNKRQHVGVFAGVMHKDY TLVGAEEA 61
B. subtilis 168 1 [90] LQCVYETMEDAGYTREHLGRKRDAELGGSVGVYVGVMYEEYQLYGAQEQ 139
B. subtilis AG1839 1 [90] LQCVYETMEDAGYTREHEGRKRDAELGGSVGVYVGVMYEEYQLYGAQEQ 139
B. subtilis KCTC1028 1 [90] LQCVYETMEDAGY TREHEGRKRDAELGGSVGVYVGVMYEEYQLYGAQEQ 139
S. maritimus 1 [77] LVAADRALEDAQVDVGELGTYECGVVTSNATGGFEFSHREMORLWTQGP 126
Pseudomonas sp.0S17 1 [91] LEEAYHCISDAGYTPAREAE-———--— RQRVGVFVGVMNGTYSHQ-——-— 129

* * * * *
STGG 3 50 SAENVFPLSLNYAQIAN-RVSYFCNFHGBSMAVDTVCSSSLTAVHLALESIRH 101
STGG 7 35 SAENVFPLSLNYAQIAN-RVSYFCNFHGPSMAVDTVCSSSLTAVHLALESIRH 86
STGG 14 47 SAENVFPLSLNYAQIAN-RVEYFCNFHGBSMAVDTVCSSSLTAVHLALESIRH 98
B. subtilis 62 SAENVFPLSLNYAQIAN-RVSYFCNFHGPSMAVDTVCSSSLTAVHLALESIRH 113
B. subtilis 168 140 VRGRSLALTGNPSSIAN-RVSYYFDFHGPSIALDTMCSSSLTAIHLACQSLOR 191
B. subtilis AG1839 140 VRGRSLALTGNPSSIAN-RVSYYFDFHGPSIALDTMCSSSLTAIHLACQSLQR 191
B. subtilis KCTC1028 140 VRGRSLALTGNPSSIAN-RVSYYFDFHGPSIALDTMCSSSLTAIHLACQSLOR 191
S. maritimus 127 DRVSVYQCFAWFYAVNTGQISIRHKMRGPGGVVVAEQAGGLDAIGHARRTITR 179
Pseudomonas sp.0S17 130 --—--——-- SSYWSVAN-RVSYQFNFQGBSLAVDTACSSSITALHLALQSLER 172
* * kK * * , 5w
STGG 3 102 GECDVALAGGVNLSLHPNKYMTYGVWDMFSTDGH----CRTEGKDGDGYVPAE 151
STGG 7 87 GECDVALAGGVNLSLHPNKYMTYGVWDMFSTDGH-—-—--CRTEGKDGDEYVPAE 133
STGG 14 99 GECDVALAGGVNLSLHPNKYMTYGVWDMFSTDGH----CRTEGKDGDGYVPAE 147
B. subtilis 114 GECDVALAGGVNLSLHPNKYMTYGVWDMFSTDGH----CRTEGKDGDGYVPAE 162
B. subtilis 168 192 GECEAAFAGGVNVSIHPNKYLMLGQNKFMSSKGR----CESEGQGGDGYMPGE 250
B. subtilis AG1839 192 GECEAAFAGGVNVSIHBPNKYLMLGONKFMSSKGR----CESEGQGGDGYMPGE 250
B. subtilis KCTC1028 192 GECEAAFAGGVNVSIHPNKYLMLGQNKFMSSKGR----CESEGQGGDEYVPGE 250
S. maritimus 180 GRSRLMVTGGVESSFDPWGWVSHLASGTVSTATDPATAYLPEDQRACGYVPGE 232
Pseudomonas sp.0S17 173 GDSDCALVEGVSLLVDPVHYMGLSEMQMLSPGPH--—--CKAEGADADGFVAGE 219
* * * * * K *

STGG 3 152 GIGAVLLKPLRQAEKDGDR-I¥AVIKGSAVNHVGTVSGISVPSBVSQADLIET 203
STGG 7 134 GIGAVLLKPLRQAEKDGDR-I¥AVIKESAVNHVGTVSGISVPSBVSQADLIET 185
STGG 14 148 GIGAVLLKPLRQAEKDGDR-I¥AVEIKGSAVNHVGTVSGISVPSBVSQADLIET 199
B. subtilis 163 GIGAVLLKPLRQAEEDGDR-I¥AVIKGSAVNHVGTVSGISVPSBVSQADLIET 214
B. subtilis 168 251 GVGAVLLKPLSKAVEDGDH-I¥GIIKGETAINHGGKTNGYSVPNEPNAQADVIKK 302
B. subtilis AG1839 251 GVGAVLLKPLSKAVEDGDH-I¥GITKGTAINHGGKTNGYSVPNBNAQADVIKK 302
B. subtilis KCTC1028 251 GVGAVLLKPLSKAVEDGDH-I¥GIZKGTAINHGGKTNGYSVPNENAQADVIKK 302
S. maritimus 233 GGALLVMEDAQSARGRTDRRP¥GKITGYAATFDPAPG---AQRBSGLRRAVDL 283

Pseudomonas sp.0S17 220 GVGALLLKPLAQAEADGDR-I¥GVIKGSMINAGGKTNGYTVPNBLAQSRLVVD 272

STGG 3 204 CLEKTGIDPRT-———=——=——==———m————m—m e 215
STGG 7 186 CL————— = 187
STGG 14 200 CLEKTGIDPRTNSYVE-———————— = m e 216
B. subtilis 215 CLEKTGIDPRTISYVETHGTGTSFA-—————=—=—====——=—————— 241
B. subtilis 168 303 AFVEAKVDPRTVSYIEAHGTGTSLGDPIEITGLSKVETQ--ETDDKQF [99] 448
B. subtilis AG1839 303 AFVEAKVDPRTVSYIEAHGTGTSLGDPIEITGLSKVFTQ--ETDDKQF [80] 429
B. subtilis KCTC1028 303 AFVEAKVDPRTVSYIEAHGTGTSLGDPIEITGLSKVFTQ--ETDDKQF[118] 467
S. maritimus 284 ALADAGLKPDAIDLVVADAAGVADLDAQEADALRAVFGP----YGVPV[101] 429

Pseudomonas sp.0S17 273 SLARAGVDARAVSYVEAHGTGTALGDPIEIAGLARAFSSSGATPGTQY [96] 417

Fig. 2. Amino acid sequences alignment of ketosynthase domain from three rice phyllosphere bacteria (STGG 3, STGG
7 and STGG 14), Bacillus sp., S. maritimus and Pseudomonas sp.. Yellow background colour indicates amino acid residue
of KS domain active site. Blue background colour indicated identical amino acid from all aligned sequence of each
bacteria

The disturbance of ATP binding process results in the inhibition of antifungal compounds
synthesis that play important role in suppressing the growth of P. oryzae race 173. Meanwhile, the
difference amino acids outside the conserved core motifs A5 and A6 of STGG 14 isolates were
predicted to have no effect on the ATP binding activity of A domain. The process of synthesizing non
ribosomal peptide compounds that are antifungal can occur in STGG 14 isolates so that this isolate
has the highest antifungal activity compared to other isolates.
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CONCLUSION

KS domain from all isolates are predicted having similar activity in peptide compounds synthesis
and conserved core motif A3 — A7 is successfully identified from amino acid sequences of A domain.
In addition, A domain from STGG 3 and SKBV 1 is predicted having different activity in ATP
binding, hydrolysis and substrate adenylation. Furthermore, all bacterial isolates showed similar
substrate specificity amino acid. Prediction of enzymes structure and their effect toward enzymes
activities need to be conducted in further research.
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