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Abstract:

Acetolactate synthase (ALS) is a highly conserved protein family responsible for producing branched chain amino acids. In
Methanocaldococcus jannaschii, two ALS proteins, MJ0277 and MJ0663 exist though variations in features between them are noted.
Researchers are quick to examine MJ0277 homologs due to their increased function and close relationship, but few have characterized
M]J0663 homologs. This study identified homologs for both MJ0277 and MJ0663 in all 15 Methanococci species with fully sequenced
genomes. EggNOG database does not define four of the MJ0663 homologs, JH146_1236, WP_004591614, WP_018154400, and EHP89635.
BLASTP comparisons suggest these four proteins had around 30% identity to MJ0277 homologs, close to the identity similarities between
other MJ0663 homologs to the MJ0277 homologous group. ExPASY physiochemical characterization shows a statistically significant
difference in molecular weight and grand average hydropathy between homologous groups. CDD-BLAST showed distinct domains
between homologous groups. MJ0277 homologs had TPP_AHAS and PRL06276 while MJ0663 homologs had TPP_enzymes super family
and IIvB domains instead. Multiple sequence alignment using PROMALS3D showed the MJ0277 homologs a tighter group than MJ0663
and its homologs. PHYLIP showed these homologous groups as evolutionarily distinct yet equal distance from bacterial ALS proteins of
established structure. The four proteins EggNOG did not define had the same features as other MJ0663 homologs. This indicates that
JH146_1236, WP_004591614, WP_018154400, and EHP89635, should be included in EggNOG database cluster arCOG02000 with the other
M]J0663 homologs.
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Background:

The Methanococci class of archaeal organisms currently consists of
15 coccoid methanogens according to the National Center for
Biotechnology Information (NCBI). Methanococcus jannaschii was
the first fully sequenced archaea, leading to interesting revelations
on the similarities across domains [1]. M. jannaschii, a
hyperthermophilic organism isolated from the base of a
hydrothermal vent on the East Pacific Rise that emits lighter-hued
minerals containing barium, silicon, and calcium, grows best at
850C with high pressure [2]. The National Center of Biotechnology
Information (NCBI) re-classified it to the Methanocaldococcus genus
alongside six other Methanococcus organisms due to their ability to
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thrive at high temperatures alongside a low 16S rRNA sequence
similarity with their five-mesophilic relatives that retained the
Methanococcus name. According to the UCSC Genome Browser,
M. jannaschii and M. fervens are close, followed by M. vulcanius,
M. infernus, and then M. igneus [3]. M. aerolicus forms a separate
branch that includes M. vannielii and M. maripaludis. M. okinawensis
fits in between M. jannaschii and M. aerolicus while M. voltae groups
with M. aeolicus. Interestingly, M. thermolithotrophicus has similar
16S rRNA sequence similarity to Methanococcus organisms, except
it is thermophilic. Together they make up the Methanococcaceae
family.  According to NCBI, the thermophilic nature of
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M. thermolithotrophicus

connects the mesophilic Methanococcus
genus to their two thermophilic Methanotorris relatives.

When M. jannaschii was sequenced, open reading frame numbers
0277 and 0663 corresponding to locations relative to the ori, were
assigned as genes encoding large sub-units of acetohydroxy acid
synthase (EC 4.1.3.18, AHS) based on the algorithm by NCBI called
the Basic Local Alignment Search Tool (BLAST). AHS assists with
the production of branched chain amino acids: leucine, isoleucine,
and valine [4-5]. Currently for M. jannaschii DSM2661, NCBI
currently states that MJ0277 and MJ0663 are acetolactate synthase
(ALS) large subunits. The Gene Ontology Consortium shows AHS
and ALS (EC 2.2.1.6) to be synonymous [6]. ALS belongs to a
superfamily of thiamine pyrophosphate (TPP)-dependent enzymes
capable of catalyzing a variety of reactions. No one has determined
the structure of archaeal ALS, but x-ray crystal structures are
available for Klebsiella pneumoniae (10ZF) and Bacillus subtilis (4R]I)
in the Protein Data Bank.

ALS is highly conserved across domains. Bowen showed through
phylogenetic analysis that AHS (ALS) diverged from the other TPP-
binding enzymes prior to the split between archaeal and bacterial
lineages [7]. Therefore, it is not surprising that researchers detect
AHS (ALS) activity in the cell extracts from several Methanococci
species including Methanococcus aeolicus, Methanococcus maripaludis,
and Methanococcus voltae [8-10]. However, data from several
researchers suggest that MJ0277 and MJ0663 are different from each
other. Phylogenetic studies show MJ0277 and an AHS (ALS) from
Methanococcus aeolicus related to AHS (ALS) proteins from bacterial
and eukaryotic species more closely than to MJ0663 and MJ0663 did
not look related to other bacterial or eukaryotic TPP-binding
proteins like AHS (ALS) or pyruvate oxidase [7]. Garder showed
that the amino acid sequence for MJ0277 was more similar than
M]J0663 when compared to ilvB in Methanococcus maripaludis, 72.9%
and 31.4%, respectively [10]. Because of these differences,
Universal Protein Resource (UniProt) currently calls MJ0663 an
uncharacterized protein whereas MJ0277 reads as ilvB.

The MJ0277 protein and its homologs have received much attention
due to their clear membership in the ALS protein family. Because
of its differences, MJ0663 has not received the same focus so to date
there are no studies on the homologs of MJ0663 in the literature.
However, the EggNOG 4.5 database of orthologous groups and
functional annotation shows MJ0663 as belonging to two clusters of
archaeal orthologous groups (COG): COG0028 and arCOG02000
(TPP-binding proteins). COG0028 has over 5000 ALS proteins from
more than 1700 species across domains whereas arCOG02000 had
proteins from 11 Methanococci species. NCBI taxonomy currently
lists 15 Methanococci species. If MJ0663 and its homologs are part of
a conserved protein family, as EggNOG suggests, there should be
identifiable homologs in the four species not currently included in
the EggNOG database.
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The purpose of this study is to use in silico methods to identify and
characterize homologs of either MJ0277 or MJ0663 in Methanococci
species. Since there are notable differences between MJ0277 and
M]J0663 and prior research suggests they belong to two different,
yet related, protein families, any new homologs should have
similar observable differences. These analyses would confirm
current information about these protein sub-families, further the
understanding of the relatedness of ALS-related TPP-binding
proteins in Methanococci archaeal species, and improve public
database accuracy.

Methodology:

Both protein sequences for MJ0277 and MJ0663 underwent a NCBI
protein-protein BLAST (BLASTP) with each individual Methanococci
species to identify homologous groups. Table 1 lists the identified
homologs from each organism. The sequences for all Table 1
proteins plus ALS proteins from Klebsiella pneumoniae and Bacillus
subtilis, Protein Data Bank entries 10ZF and 4R]I, respectively were
downloaded from NCBIL

The Expasy Protparam server calculated several physicochemical
characterizations for each protein including number of amino acids,
amino acid composition and frequencies, molecular weight, and the
total number of charged residues (aspartic acid plus glutamic acid
for positively charged and the sum of arginine and lysine for
negatively charged) [11]. From that, the program calculates the
theoretical isoelectric point, which is the pH where a molecule
carries no net electrical charge. The algorithm also determines the
amount of light a protein absorbs at a 280nm wavelength also
known as the extinction coefficient, which is helpful for purification
procedures [12]. ExPASy calculated the relative volume of a
protein occupied by open side chain amino acids as the aliphatic
index [13]. The grand average hydropathy (GRAVY) is the sum of
hydropathy values of all amino acids in the protein divided by the
number of resides [14]. Therefore, GRAVY relates to the extent of
hydrophobicity for a given molecule. Minitab calculated the
statistical significance using the Chi-squared (c2) Goodness of Fit
(one variable) analyses.

Both Pfam and the conserved domain database (CDD) identified
domains. Pfam is a comprehensive collection of multiple sequence
alignments and Hidden Markov Models (HMMs) that represent
protein domains and families [15-16]. PfamA is a set of manually
curated and annotated models each based on a seed alignment and
an automatically created full alignment. The seed alignment
contains a group of proteins in the same family while the full
alignment contains all noticeable protein sequences belonging to
the family as defined by HMMs searches of primary sequence
databases. Within NCBI lies another complimentary program for
domain identification. The CDD is searchable using a protein
query via the CD-Search interface. This algorithm uses Reversed
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Position Specific BLAST (RPS-BLAST), a Position-Specific Iterative
(PSI)-BLAST variant, to establish position-specific scoring matrices
with the protein sequence [17]. Together, Pfam and CDD-BLAST
examine protein domains.

PROMALS3D used whole protein sequences in FASTA format for
three multiple sequence alignments, one with MJ0277 homologs

Open access

Similarly, ClustalW aligned all Table 1 proteins plus 10ZF and 4R]I
whole protein sequences in FASTA format for input into the
PHYLIP package Protdist program to produce a distance matrix
using default settings such as the Jones-Taylor-Thornton matrix
distance model [19-20]. Neighbor, another program in the PHYLIP
suite, used this matrix to construct a neighbor joining and
unweighted pair group method with arithmetic mean trees. The

only, one with MJ0663 homologs only, and one with all proteins in  Fitch-Margoliash and Least-Squares Distance method, another
Table 1 plus the Klebsiella pneumoniae (10ZF) and Bacillus subtilis ~ phylogenetic tree building approach, verified the results. The
(4R]JI). The analyses used PROMALS3D’s default settings [18]. program DrawTree illustrated all phylogenetic trees.
Table 1: A dataset of Methanococci archaeal proteins studied
N P 1sm includi NCBI Protein Locus Tag
ame ot orgamism inctuding NCBI Assigned Function
strain
New old
Methanocaldococcus jannaschii Not applicable M]J0277 ALS large subunit
DSM 2661 Not applicable MJ0663 ALS large subunit
Methanocaldococcus bathoardescens JH146_RS01170 JH146_0233 ALS large subunit
JH146 JH146_RS06320 JH146_1236 ALS large subunit
MFS40622_RS01340 MFS40622_0263 ALS large subunit, biosynthetic
Methanocaldococcus sp. FS406-22 . . .
MFS40622_RS07655 MFS40622_1520 TPP-binding domain protein
MEFER_RS00680 Mefer_0138 ALS large subunit, biosynthetic
Methanocaldococcus fervens AG86 s . .
MEFER_RS04855 Mefer_0954 TPP-binding domain protein
. METVU_RS06835 Metvu_1395 ALS large subunit, biosynthetic
Methanocaldococcus vulcanius M7 oy . .
METVU_RS04510 Metvu_0923 TPP-binding domain protein
. METIN_RS01430 Metin_0288 ALS large subunit, biosynthetic
Methanocaldococcus infernus ME . . . .
METIN_RS00550 Metin_0113 TPP-binding domain protein
MAEO_RS03395 Maeo_0682 ALS large subunit, biosynthetic
Methanococcus aeolicus Nankai-3 ~MABO_RS07420 Maeo_1448 TPP-binding domain protein
Methanococcus MVOL_RS01405 Mvol 0273 ALS large subunit, biosynthetic
voltae A3 MVOL_RS06100 Mvol_1225 TPP-binding domain protein
Methanococcus MMARC?7_RS08600 MmarC7_1674 ALS large subunit, biosynthetic
maripaludis C7 MMARC7_RS05925 MmarC7_1141 TPP-binding domain protein
Methanococcus MEVAN_RS07925 Mevan_1543 ALS large subunit, biosynthetic
vannielii SB MEVAN_RS05905 Mevan_1147 TPP-binding domain protein
) WP_017981134 Not applicable ALS
%ﬁ?ﬁcgédmms villosus WP_004591614 Not applicable TPP-binding protein
Methanothermococcus WP_018154052 Not applicable ALS
thermolithotrophicus DSM 2095 WP_018154400 Not applicable Hypothetical protein
[Vr—— cicns Mo.S.70 EHP88835 Not applicable ALS large subunit, biosynthetic
ethanotorris formicicus Mc-S- .
f EHP89635 Not applicable TPP-binding domain protein
Methanothermococcus okinawensis METOK_RS01215 Metok_0247 ALS large subunit, biosynthetic
H1 METOK_RS08175 Metok_1612 ALS
METIG_RS03470 Metig_0705 ALS large subunit, biosynthetic
METIG_RS00805 Metig_0163 ALS
Methanotorris igneus Kol 5
ALS, acetolactate synthase; NCBI, National Center for Biotechnology Information; TPP, thiamine pyrophosphate.
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MI0Z277 3 eeeccccccccccccccoed) MKGAEAI IKALEAEGVKIIPGYPGGAMLPFYDALYDSDLVHILTRHEQAAAHAADGFARASGEAGVCVSTSGPGATNLVTGIATAYADSSPVIALTGQVPTEL IGNDAFQE IDALGLEMP
JH146_0233 PPYDALYDSDLIHILTI AAHAA VSTSGPGATNLVTGIATAYADSSPVIALTGQVPTKL IGNDAFQE IDALGLEFMP
msqoszz_oz 63 MKGAEAI IKALEAEGVKII PPYDALYDSDLIHI AAHAA AGVCVS' TGIATAYADSSPVIALTGQVPTKL IGNDAFQE IDALGLEMP
Mefer 0138 MKGAEAIIKALEAEGVKI "GY?GGAHT.PPYDM.YDSDLXHXLTRHBQM\AHuu)G!AMSG!AGVCVSTSGPGAmV‘l‘G‘VATAYADSSPVlMTGQVPmIGHDAIQ! IDALGLEMP
M!TOK_RSD 1215 MKGAEAMIKALEAEKVNIL! FYDALYDSDFIHILTI AAHS TSGPGATNLVTGVATAYA 'ALTGQVPTKL IGNDAFQE IDALGLFMP
wWp_018154052 EAENVKVLFGYPGGALLPPYDALYDSDF IHVLTRHEQAAAHAA 1G!ATAMDSSPWMTGWPTIGXGHDAFOI!DALGLPM?
EHP8883S ==MLLSTFRAHD IVF IFGDVMKGAEGI IKALEAEGVKIL YDALYESDL IHILTRHEQAAAHAA TSGPGATNLVTG' YADSSPVIALTGQVPTHL IGNDAFQE IDALGLFMP
mc19_0705 MCYCSTPNAHNHIVP IPGDVMKGAEAI IKALEAEGVKIL PPYDALYESDLIHILTRHEQAAAHAA GVCVS’ IATAYADSSPVIALTGQVPTHL IGNDAFQE IDALGLFMP
WE 017981134 ==~rmecccccccacancans MKGAEVIIKALEAEGVKIIFGYPGGAILPFYDALYDSDLQHILVRHEQAAAHMA Vs’ IATAYADSSPVIALTGQVPRNL IGNDAFQE IDALGLEMP
Mecxn_ozss ~MVIVLKGAEAIIKALEAEGVKIL ILPFYDALYDSDLIHILT AAHAA TSGPGATNLVTGIATAYADSSPVIALTGQVPTKL IGNDAFQE IDALGLFMP
Metvu_1395 MKGAEATIKALEAEGVKII PPYDALYDSDL IHILTRHEQAAAHAADGE. TGIATAYADSSPVIALTGQVPTEL IGNDAFQE IDALGLEMP
H-eo_OSBZ EAEKVEIL PPYDALHHSDLI AAHAR THLVTG TGQVPTKL IGNDAFQE IDALGLEFMP
Mevan_1543 VL QLLPFYDAL VHI AAHAA VATSGPGATNLVTG' HA VALTGQVPTRL IGNDAFQE IDALGIFMQ
Moarc7_1674 EAENVEVL QLLPFYDALYHSDLVHIL TRHEQAAAHAA TSGPGATHLVTG' HA VVALTGQVPTKL IGNDAFQE IDALGIFMQ
mol_OZ 73 MTNVDNVNGAEALLKALEAEKAKV IFGYPGGVLVSFYESLCDSNIIHILTRHEQAAAHMADGYARASGKAGFC TNLVTG' IAITGQVSSDIIGDDAFQEIDSFGIFMP
Consensus aa: v e e e« DpGAEALSKALERE . VK I IFGYPGG H/LPFYDAL ScSD hIHIL HGVC It VIG. JALTGQVPoCL 'QEIDALG JFMP
Consensus_ss: hhhhhhhhhhh ~ Eeee eecee Eeeeee  hhhhhhhhhhhhhhhh — seeee  hhh hhhhhh
MI0277 ITKHNFQIKKPEEIPETFRAAFE IATTGRPGPVHIDLPKDVODGEIDIEKYP IPAKVDLPGYKPKTVGHPLOIKKAAKL IAESERPV ILAGGGV I ISGAS EELLRLAEFVKIPVCTTLMGKGC PPEDHPLALGMVGMEGT
-7Hl46_0233 ITKHNFQIKKPEEIPETFRAAFEIATTGRPGPVHID IPKDVQDGEIDIERYP IPAKVDLPGYKPKTVGHPLQIKKAAKL IAEAERPVILAGGGVI LRLAEFVKIPVCT SL
MFS40622_0263 ITKHNFQLKKPEEIPETFRAAFEIATTGRPGPVHIDIPKDVQDGEIDIEKHP IPAKVDLPGYKPKTVGHPLQIKKAAKL IAEAEKPV ILAGGGV T LRLAEFVKIPVCT SL

Mefer 0138 ITKHNFQIKRPEEIPETFRAAFEIATTGRPGPVHID IPKDVQDGEIDIEKYP IPAKVDLPGYKPKTVGHPLQIKKAAKL IAEAERPVILAGGGVI AEFAKIPVC P AL
M!‘DOK_R5D].215 IVKHNFQIHKTEE IPETFRAAFE IAKTGRPGPVHIDLPKDVQERELDLEKYP IPAKINL IGYKPTTIGHPRQIKKAANL ISTANRPVI IAGGGVNIANATPEL IKFAELTHIPVCT AL T
WP_018154052 ITKHNPQIQKPEEIPETPRSAFEIAKTGRPGPVHIDLPKDTQELDVDLKKHP IPAKVNL IGPKPTKVGHPLQIKKAAEL ISIAERPVIIAGGGVNIAGATEEL IKVAELAKIPVCT AL
EHP8883S ITKHNFQIQRPEDIPSTFRAAFEIATTGRPGPVHIDLPKDVQEREFDINKYPIPTIVDLPGYKPTTVGHPLQIKRAAKL IAEAERPVIIAGGGVNIANASEEL IKLSELARIPVC SL T
Hetig_0705 ITKHNFQIQKPED IPATFRAAFEIATTGRPGPVHIDLPKDVQEKEFDIEKYP IPATVDLPGYKPTTVGHPLQIKKAAKL IAEAERPV I IAGGGVN IANASEEL IRLAELARIPVCT SL
WP_017981134 ITKHNFQIKKVEEIPEIIRASFEIATTGRKGPVHIDIPKDVQSEE=-~IEHVD IPAKVDLPGYKPKTVGHPLQIKKAAKL IAESEKPL ILAGGGY ILANAHEELYRLADLFKIPVTT SL
Mntin_DZSO ITKHNFQLKKPEEIPETFRAAFEIATTGRPGPVHID IPKDVQTGE IDLEKYP IPAKVDLPGYKPKTVGHPLQIKKAIRLLSEAEKPVIIAGGGVI IVELLKIPVAT FPEDHPL T
Metvu_ 1395 ITKHNFQIKRPEEIPETFRSAFEIATTGRPGPVHID IPKDVQEGEIDIEKYP IPAKVDLPGYKPKTVGHPLQIKKASKL IAEAERPV ILAGGGV I LRLAEFVEVPVCT P SL

Ml=°_° 682 IVKHNFQIQKTCQIPEIFRSAFEIAQTGRPGPVHIDLPKDVQELELD IDKHP IPSKVKL IGYNPTTIGHPRQIKKAIKL IASAKRP I ILAGGGVLLSGANEELLKLVELLNIPVC AL
Mevan_lSdB ITKHNFQIQDTSEIPKIFRKAFEIAKTGRPGAVHIDLPKDVQDSELDLEKYP IPAD INLQGYKPTTFGHPLQIKKAVEIIQNSKRPVIIAGGGVQIANASLEL IKLSEFVKIPVCTTLMGKGAF PEEHPLALGLVGMHGT
Moarc7_1674 ITKHNFQIQKTSEIPKIFRKAFEL DLPKDV DLEKYP IPAE INLQGYKPTKFGHPLQIKKAVELMKIAQRPVIIAGGGVQIANATPEL IKLSEYAQIPACTTLMGKGVF PEEHSLALGLVGMHGT
""01 0273 ITKHNFQIRKSDDLVD IMAKAHE IATTGRPGPVHVD IPSD ILVGELS~-NGLKIPAD INISSYKPTTVGHPLQIKKTIEAIVNSKKPL ILAGGGVS LA« EFAELL! STGLTGMHGT

w ITKHNFQIp+sp-IPchiR.AFEIApTGRPGPVH.ID IPKD IQp.EID ip+isIPAc IsL . GYKPpT IGHPLQIKKA L IIsptc+P I JAGGGV. ItsAs . EL 1+ AtEhhp IPVCTTLMGKGE hsEcH . LELG LLGMHET
eeee eeeeee hhh hhhhhhhhhhhhh eeeee hhhhhhhhhhhhhh

MI02Z77 FAANYAVTECDVLIAIGCRFSDRVTGDIRYFAPEAKIIHID IDPAE IGKNVRADIP IVGDAKNVLRDLLAAL - ~DKETWLERIYELKKLS IPMMDF - ~DDKPIKPQRFVEDLMEV
JH146_0233 FAANYAVTECDVL IAIGCRFSDRVTGDVRYFAPEAKIIHIDIDPAE IGKNVRAD IP IVGDAKNVLRDLLAAL = ~NKDAWLERIYELKKLS IPMMDF~ ~DDKPIKPQRFVKDLMEV
WSQDEZZ_OZ 63 KAANYAVTECDVLIAIGCRFSDRVTGDIRYFAPEAKIIHIDIDPAEIGKNVRADIPIVGDAKNVLRDLLAAL~ ~NKDAWIERIYELKKLS IPMMDF PIKPQRF
Mefer 0138 KAANYAVTECDVL IAIGCRFSDRVTGDVRYFAPEAKIIHIDIDPAE IGKNVRAD IP IVGDAKNVLKDLLAAL~ ERIYELKKISII | S DKPIKPQRFVKDLMEV
METOK_RS$01215 KAANYCVSESDVLIAIGCRFSDRITGDIKSFPAPYAKITHIDIDPAEIGKNVKVEVPIVGDAKIVLKDLLIHI~ YVASLK KMDY DDIPLKPQRY
WP_018154052 KPANYCVAESDVLIAIGCRFSDRITGDLKSFAPYAKVIHIDVDPAEIGKNIKVDIPIVGDAKIILKDLLIHL- KVEWMEYINDLK] DDIPMKPQRIVKELMGA

EHP8883S FAANYCVTESDILIAIGCRFSDRITGDIKSFAPYAKIIHIDIDPAE IGKNVRVDVP IVGDAKIVLRDL IANL==~MRCEIK=~==~~NKESWME KKASIPFMEY KPQRIVKELMDA

Metig_ 0705 KAANYCVTESDVLIAIGCRFSDRITGD IKAFAPYAKIIHIDIDPAEIGKNVRVDVPIVGDAKIVLRDLIANL- KKASIPFMDY DDKPIKPQRI'

WP_017981134 RAANYAIDECDVLIAIGCRFSDRVIGDVRYFAPNAKIIHIDIDPAEIGKNVRVDIPIVGDAKNVLRDIINVL==~LTLEIK=====~ SKEDWLERIRKLKSFPI=KMDF======mmmmmmnx DDKPIKPQRFVKDLMDT
Metin_0288 KAANYAVTEADL ILAIGCRFSDRVVGNPEEFAPNAKIIHID IDPAEIGKNIRVDVPIVGDAKNVL e VKESWLERIRYLKESSI] - NDKPIKPQRFVKELMSL
Metvu_1395 KVANYAITECDVLIAIGCRFSDRVTGD IRHFAPEAKIIHIDIDPAE IGKNVRADVP IVGDAKNVLRDLLSAL - -~ ISREIK-==~~~: SKEPWLERIYQLKKISIPTMDF-~ DEKPIKPQRFVKDLMEV

Maeo_0682 KPANYCLSESDVLISIGCRFSDRITGDIKSFATNAKIIHIDIDPAE IVGDAKLILKELIKQLDYIINKDSK ISQWII K3SI IPIKPQKIVKELMAV

Mevan_1543 KASNYSVYESDVLIAIGCRFSDRITGDLSSFAPHAKIIHIDIDPAEIGKNVRVDIPIVGDAKAILKDILTHI---LKKQPI- ~DNKPVKPQRL IKEMMLA
Moarc7_1674  QASNYSVYESDVLIAIGCRFSDRITGDISTPAPNAKIIHIDIDPAEIGKNVRVDIPIVGDAKAILKDILIYL-~~MKKEIA~ DNTPIKPQKVIKEMMNA
Mvol 0273 YASNNLIEQCDLLISIGCRFSDRVIGKASEFAPNAKIIHMD IDPAEIGKNVPVDIPIVGDAKRILQDLIKQL-~~KKHNIS: LDTT. SEEELKIT T HPKVAIYDLMDA
PAtNYt 1. EtD ILIEIGCRESDR ITGcp. FAR . AKIINIDIDPAEXGKNV. VD JPIVGDAK. JL+D11. .L. . .bp.pIp. .. .. .3ppPW/Ep.. pLPK.SEREM-F. ... ... ... .. 33bR IKRQ+AIK-LM. /
Consensus = hhhhhhhhh  Aesss RRRARA  hhhh AamA hhhhhhhhhhhh h hhhhhhhhhhhhhh hhhhhhhhhhh
MI0277 LNEIDSKLKNTIITTDVGONCMUMAHE FKTKMPRSFLASGGLGTMGE GE PAA IGAKVAKP YARV IS I TGDGGFLMNSQELATISEYD IPVV IC IFDNRTLGMV Y QWQNL Y YGQRQSEVHLGESPDFVKLAES YGVKADRI
JH146_0233 LDEIDPKLKNTIITTD' F ASGGL AIGAKVAKPYANVISITGDGGFLMNSQELATISEYD IPVVVCIFDNRTLGMVYQWONLY AESYGVKAERI
MPS40622_0263 LNEIDPMLKNTIITTDV FKTKMPRSFLASGGL FPAAIGAKVAKPYANVISITGDGGPLMNSQELATIREYDIPVVICIFDNRTLGMVYQWONL Y YGQROSEVHLGESPDFVKLAKS YGVKADRT
Mefer 0138 LGEIDPKLKNTIVTTDVGQNQMUWMAHEF ASGGL AIGAKVAKPYANVISITGDGGFLMNSQELATISEYDIPVVVCIF! 'YQWONL Y 'VELAESYGVKADRI
METOK_RS01215 INDLNLN-KNSIITTDV FKSCAPRSFLSSGGL FPAAIGAKIAKPDSKVICVSGDGGFMMNSQELGTIADYQIP IVLCLE DRRTLGMVYQWONL Y YGKRQCSVNE GETPDFVKLAESFGINALRT
WP_018154052 LKEIDPELKNSIITTDVGONQMUMAHYFKANAPRSFISSGGL PSAIGAKL 1SVSGDGGPLMNSQELATIKDYE IPVVVC IFDNRTLGMYYQWONL Y YGKRQCQVHLGESPDFVKLAESYGIKGRRT
EHP8883S LKEIDPNLKKTIITTDVC HYFKVENPRTFLSSGGL PSAIGAKVAKPNYNVIAVTGDGGFLMNSQELATIREYDIPIVICIFDNRTLGMVYQWONLYYGKRQCEVHLGESPDFVEKLAESYGIKGRKI
Metig_0705 LKEIDPNLKKTIITTDVGQNQMUVARYFKVKNPRTPLSSGGLGTMGEGEPAAIGAKVAKPNYNV IS ITGDGGPLMNSQELATIKEYD IP IVIC IFDNRTLGMVYQWONL Y AESYGIKGRRI
Wp_017981134 LKEIDPSLRNTVITT 'KVKMPRTF I PAAIGAKVAKPYANVICITGDGGFLMNSQELATVREYDIPIVICIFDNRTLGMVYQWONL YYGQRQSEVHLGESPDFVEKLAESYGIKAEKI
Metin_0288 LEG====~KKF I ITTDVGQNQMATAHYFKPKCPRSL ISSGGL GEPAATGAKV, 1CI cermvsomrvuxuxpwxcvrpnn.anvmuom.unxmsmmc:spnrvnx.nsysvxnnv
Metvu_1395 LNEIDPRLKNTIITTDV( FKTKMPRSFLASGGL PAAIGAKVAKPYANVISITGDGGFLMNSQELATISEYDIPVVICIF! YQWOQNLY YGVRAD]
Maeo_0682 IDDLNIN- KIH‘IImvcol(mll!!‘xm?P:»P‘I.SSGGLGM!GPPSA1GAKVAI(PDSKV!CerDGGPmICQnGHAlYHPWICXPDHRHGNYMILPYGKRQCSVHIGGAPDPln.A!s!GlKARRI
Mevan_1543 LRELDPSLKNTIITTDVGQNQOMWUMAHYFQSSAPKSFE I PSAIGAKIARPDASVISVTGD ATISEYQIPIVIAIF! YQWQNL YYGKRQCAVHLGNTPDFVKLAESYGVDALRI
Moarc7?_1674  IREVDPSLTNTVLTTDVGONQMUMAHYFQTSAPKSE ISSGGQGTMGEGEPAAIGAKPARPDANY IAVTGDGGFLMNSQELATIAEYE 1PV IVV IFDNRTLGMVYQWONL YYGKRQCAVHLGETPDF IKLAESYGIDASRY
m01_0273 IYDIDPELENTYITTDVGONQMWMARYFKFKK-DALITSGGLGTMGFGFPAALGVKFAKPNANY ISISGDGGFLMNSQELATMAHYD IP IVAV IFNNRALGMVEQLQSV-LKNRQSQIHLGETPDF IELAHSYGVRAERV
Consensus_aa: I.-IDspLcNolIT p . P40~ 10SG6L GAK/A+R . EpVIt AT..-YpIPIV.1AIFDNRTL PVMLGEGPDE J+LACSYGICApR
Consensus_s3: hhhhhh Eeee  hhhhhhhh eeeee e hbh ce hh hhhhhhh  seee
MI0277 ISPDEIKEKLKEAILSNEPYLLDIVIDPAEALPMVPPGGRLTNIVQP IRVEPKIKKPQFDE IKKIRDMAAVKEF -
JH146 0233 TSPNEIKEKLKEAILSNEPYLLDIVIDPAEALPMVPPGGRLTNIIQPVRVEPKIKKPEFEE IKKIREMTAVKEF
MPS!DEZZ 0263 TSPDEIKEKLKEAILSNEPYLLDIVIDPAEALPMVPPGGRLTNIIQPIRVEPKIKKAEFDEIKKVREMATVKEF—
Mefer 0153 TSPDEIKEKLKEAILSNEPYLLDVVIDPAEALPMVPPGGRLTNIVQPVRVEPKIKKAEFEEIKKIREMASVKEL -~~~ ————=—==========

METOK_R$01215 SKPDEIKEALREAIISDEPYLLDFIIDPAEALSMVPPGGKLTNIIEPVREHPNEKIICFDEIKRRFLANNKEKPKTEFNVKRHGASESETANI
WP_018154052 TNPNEIKEAFKEAISSDEPYLLDFVIDPAEALSMVPPGGKLTNIIEPVKESPNIKSLCFSEMKKILMSSDEKK = = = = = = = = m = m v o o o o o o

EHP8883S TNPEEIKEALLEAIKSNEPYLLDFIIDPSEALPMVPPGGRLTNIVQPVREEPKIRRACFDD IKDVREE IKEH:
Metig_ 0705 TEPGEIKEALLEAIKSNEPYLLDFVIDPAEALSMVPPGGRLTNIIQPVREEPKIRRACFED IKNVRAEVKE
WPp_017981134 TDPNEIKEKLKEAILSREPYLLDIVIDPAEALPMVPPGDKITNIIQPPRVEPKIKDNKKIKLKNILEGVKVEE--
Metin_0288 SSPDEIREKLEEAIKSDEPYLLDIVIDPAEALPMVPPGDKLTNIVKPERVEPRVKSIKFKD IERVRIEKESVSY—
Metvu_1395 INPDEIKEKLKDAILSGEPYLLDIIIDPAEALPMVPPGGKLTNIVQP IRVEPKVKKSVFEEIKKTRETASIKEF—
Maeco_0682 ESPNEINEALKEAINCDEPYLLDFAIDPSSALSMVPPGAKLTNIIDAVQEHPNEKIVCFDE IKRRYMENKRNRK-
Mevan_1543 ESPEDIKESFKTALKSGKPYLLDIIIDPTEALHMVPPGGTMTNILFPERQEPTPKPTCFNDMKKILNLKV
Moarc7_1674  EKPEDINEAFKTALNSGKPYLIDIIIDPAEALHMVPPGGNMTNILFPERQEPTPKAQCFSEMKKILNPKV
Mvol 0273 SNSKDLKETLKKAISLNKPYVIEVMIDPSHAVKVVAPGAKITOMIEPENKEPCSEQVLFKDMISKL
Consensus _aa: psPp-I+E.LH+cAL.tsScPYLIDAHLIDPECAL . MVPPGE+ITNI PP .p.CPP.+. . FP=ACP. ettt nnnnnnrnsnsnnnnsnnns
hhhhhhhhhhhhh & hhh hhhh hhhhhhhhhh hhh

Figure 1: Alignment of MJ0277 homologs aligned by PROMALS3D. Magenta names are representative sequences colored red to identify
predicted alpha-helix secondary structures. The black names belonging to the same alignment group as the magenta name above it,
indicating a strong relationship between the two. Consensus_aa, consensus amino acid sequence; Consensus_ss, consensus predicted
secondary structures; h, consensus predicted secondary structure alpha-helix.

ISSN 0973-2063 (online) 0973-8894 (print) e 2y
362 INFORMATICS

Bioinformation 12(8): 359-367 (2016) ©2016



Table 2: Physiochemical properties of acetolactate-related proteins

Open access

Protein #AA MW pI # neg # pos EC II Al GRAVY
MJ0277 591 64492.8 5.49 78 65 40720 36.93 98.58 -0.002
JH146_RS01170 591 64560.9 5.50 78 65 40590 37.98 97.75 -0.021
MFS40622_RS01340 591 64496.0 5.68 77 66 39230 35.84 98.26 -0.004
MEFER_RS00680 591 64218.5 5.49 78 65 40590 36.50 97.26 -0.002
METVU_RS06835 591 64549.7 5.76 76 66 39100 39.22 97.39 -0.042
METIN_RS01430 590 64476.8 6.03 75 68 42080 37.07 99.19 -0.034
MAEO_RS03395 599 65394.6 6.23 68 62 38110 37.64 98.05 -0.067
MVOL_RS01405 601 65259.9 5.55 74 57 29260 36.42 96.57 -0.082
MMARC7_RS08600 587 64000.9 6.09 64 57 42080 31.23 92.44 -0.072
MEVAN_RS07925 587 64123.1 6.61 63 60 39100 37.04 94.24 -0.079
METOK_RS01215 608 66440.8 6.06 72 64 42330 40.86 95.02 -0.061
METIG_RS03470 608 66601.0 5.78 76 65 43950 37.36 95.02 -0.044
METVI_RS0106325 587 64652.0 5.89 78 69 42080 37.72 101.19 -0.068
WP_018154052 590 64198.5 5.93 73 64 39230 36.58 94.08 -0.052
EHP88835 608 66805.1 5.71 78 66 42330 36.57 95.79 -0.074
MJ0663 494 55354.9 6.04 62 60 37290 3045 97.27 -0.146
JH146_RS06320 491 49223.5 6.29 53 52 31330 32.07 98.84 -0.200
MFS40622_RS07655 490 55076.5 5.77 64 60 32820 38.06 94.71 -0.189
MEFER_RS04855 477 53199.2 6.12 59 57 35800 32.95 948 -0.202
METVU_RS04510 511 57855.4 5.79 71 65 39230 34.29 92.86 -0.276
METIN_RS00550 477 54119.1 5.62 69 62 33160 37.19 97.86 -0.228
MAEO_RS07420 507 56638.2 5.26 56 46 39240 34.80 97.69 -0.329
MVOL_RS06100 552 62645.8 6.03 68 63 43750 30.90 94.09 -0.273
MMARC7_RS05925 501 55762.6 5.64 56 48 37630 23.60 92.79 -0.160
MEVAN_RS05905 501 56082.0 6.43 52 49 32040 26.98 88.92 -0.165
METOK_RS08175 568 64269.2 8.62 57 64 49670 36.30 92.32 -0.415
METIG_RS00805 512 57183.3 7.03 62 62 34310 25.94 100.33 -0.126
METVI_RS0106795 478 54569.7 6.02 61 58 52190 37.57 100.13 -0.201
WP_018154400 527 59466.1 5.88 65 59 43710 34.59 97.13 -0.266
EHP89635 502 56024.4 5.70 63 58 38780 26.39 95.72 -0.211

# AA, number of amino acids; MW, molecular weight; pl, theoretical isoelectric point; # neg, total number of negatively charged residues
(Asp + Glu); # pos, total number of positively charged residues (Arg + Lys); EC, extinction coefficient assuming all pairs of Cys residues

form cystines; Al, aliphatic index; GRAVY, grand average hydropathy.

Discussion:

Of the 15 Methanococci species with genomes available on NCBI,
there was an identifiable homolog for both MJ0277 and MJ0663 in
every species, listed in Table 1. The MJ0663 homologs for four
species, Methanocaldococcus bathoardescens,
Methanocaldococcus villosus, Methanothermococcus
thermolithotrophicus, and Methanotorris formicicus, were new proteins
not included in EggNOG arCOG02000. When MJ0277 was
compared with its homologs, they achieved an average 99% query
coverage (SD +1%) with 81% identity (SD +11%) to the target
protein sequence. When MJ0277 and its homologs were compared
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to MJ0663, they averaged 97% query coverage (SD +1%) with 29%
identity (SD +0.4%). Alternatively, when MJ0663 was compared
with its homologs, they achieved an average 97% query coverage
(SD +3%) with 64% identity (SD +13%) to the target protein
sequence. ~ When MJ0663 and its homologs were compared to
M]J0277, they averaged 92% query coverage (SD +3%) with 31%
identity (SD +4%). These results demonstrate that MJ0277 and its
homologs have a stronger sequence similarity than MJ0663 and its
homologs do and that the two groups look different at a protein
sequence level.
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Muarc? 1141 KYLDFMIDEFE! "AYPGEQILPIYRALHENSKINC IDVKHEQASAHAADGYFRGTNEVG ICLATAGPGATNLTTG IATAFKDSSSVLATTGRCS THY IGKNYFQE
METOK_RS08175 MEFTDTIINFLMKNNIKTVFSYPGEQIFPLYNKLNES-PIKNIMV ITNH. ATA IATTGRCMRKYINKNYFQE
Maco_1448 PTDEILDFLIKKNIKTVESYPGEQILPLYNGLNES-PIKNIMY GV ATA IAITGRCKKEYINKNYPQE
wp_018154400 PYNAILDFFQEKNIKTVFSYPGEQILPLYNALNESSD IKNIMY AR ITNYLGVCLATAGP TTGIATA IYITGRCNRKYLDKNYFQE
EHPB963S MKISTPKTLSDN-----==--===-==--] MKFMDAILDEFFKEKNIKTIFSYPGEQIYPLYKAL KHIMV AHAADGYARITHY THLTTGIATA ITGRCQKKYIGENYFQE
Metig 0163 - ~MLKISVKIPKTG ILMLLSDTMKE TDAILDEFKDKS IKTVE SYPGEQI YPLYKAL NENDD IKNVMVRHEQAAAHAADGYAR I TNYVGVCLA' TTGIATA 1 YIGKNYFQE
Mevan_1147 MKYVESIIDFPENNHVKTIFSYPGEQILPLYRKLHENSNIKC IDVKHEQSSAHAADGYFRITNKTGICLSTAGPGATNLTTG IATAFKDSSS I TAI TGRCDKKY IGKNYFQE
wp_004591614 MKFLEAIVDFLE-RNIKTLEYYPGEQVLPLCEEVENS-KINNILAGDERGAGFMAEGYAR I TNY IGVAT-SSTPGAGNLV TP AL NAYKDNSS ILL I TGRRYKKYRGENYFQE
Metin_0113 MVVE LREYEYITHFLE-ERVRTLESYPGEQIYKLFEE INNS-KIKN IVAADERGAGFMADGYARISNYFSVCLATAGPGGCHLTTPLATAYKDSSSVLAITGRPTRKY IGENYFQE
1520 MKFLEAMVDFLE-RNVKTIFSYPGEQI IELYNEIEGS-SIKNIMVRDERGAGFMADGYAR ImXGVCLATAGPGSTIILTL‘PHATAHKDNSSVLAITGRCAKKYIGNI!!QE
Metvu_0923 IV TKFLESIVDFLE-KNVKRIFSYPGEQILPLYNEIEGS-SIKN TAGP TTPL TAIT
Mefer_0954 MKTVESYPGEQIAELYNE ucs-umwmnnnsmrmpcunxnncvmncpcsnmm LAAYKDNSSVLATTGRCQRKY IGKNYFQE
JH146_1236 ITNYIGVCLY TTPIANA ATTGRCQRKYIGKNYFQE
MJ0663 IKFLEAMVDFLE-RNVKTIFSYPGEQILPLYNEIEGS-SIKN ITHYIGVCLATAGP TTPIATA 1 YIGKNYFQE
Mvol 1225 KKFVDKLVDFLEYNE IKTIFSYPGEQILPF YRAVENS-NIKL ITVKHEQAAAHMADGYSRITNETGVCLVTAGPGATH ITTGVATAYRDNSS IVCE TGRCPSKY IGTEFFQE
. b+Fb- . 1IDFhp . pp JKT JFSYPGEQL 5. LYp. Ip. s . pIKSIAV+cEp TH. HGVCL TS 1 JEITGRC. +¢¥ QE
Muarc7_1141  IPMDPLNFEKGYFIESP----DSKYLINSYNDVYELKKPISLNIPADIYDQSV 1 T
METOK_RS08175 IPLDFLNIYKGYFMNKP----DIGYFINAFSETL IHLNIPSDILKSKVKCLTE IYNNTYNK YKDIKGKIIKK
Maeo_1448 INMDFLNLONGYFVDAP-~~~DIKYPEKAPNES INTKKP IHLNIP YK KNN-~---KKDNTSILN
WP_018154400 MPMDFLNIYKGYFIDSG----DINYFEKAFSETLDSKKP IHLNIPADVLNSNL YNISHRNSIHEN 106 DSTYQH
EHP9635 IPMEFLNFFKGYFVETP----DVGYPEKAPNETLNSRKP IHINIPRDVLDIIVE K
Metig 0163 IPMEPLNFFRGYFVETS-~~-DIGYPERAPNETLNSRKP IHINIPRDVEGD' IEN
Mevan_1147 LPMEFLNFSSGYPTKVA-~~=DLCYPKEAF THSKNLKKP IQINIPSNMYYENTI DNC
wp_004501614  IDMNFLN--IYKGYFDP----KYEDFVKAFYECLYSRRPIHINISLDCYDKEVE RDYIK:
Metin_0113 LNLDFLN--FHKGPFVH--EPKTSYLEKSL-SLLEYKKPVHLNIPSDVL EVQYTE ERE
MPS40622_1520 INMDPLN--FYKGYFVN--KAEVSIIAEAPADCLFNKKPIQLNIPADMYKEEAK DINTHA YKD IYKE
Metvu_0923 IDMSPLN--FYKGYPVK--EPNLKYPEEAFSLSPQI IPKDVYGEPTI EEINL MKI
Mefer 0954 INMDPLN~-~FYKGYFVD-~KAD INYVVNAFNDCLTNKKPVQLNIPADL YKEEVK: DINIDA YIN 18DD
JH146_1236 INMDFLN--FYKGYFVD--KAE INYVANAFNDCLTRKKPVQLNIPADLYKE DINTHA YID- INKG
MJ0663 VEMDFLN--FYKGYFVD-~KAEVSY IAKAFADCLENKKPVQLNIPVDLYKE DIKITT- YTD IYKD
Mvol 1225 IPMNFLD-FEEGCYICESDDENLSNIKKVFEKSLETRKP IQINISKNVYDS IDK: SF ITKNYKSYEKY INWHNNSELCHKLHTKYC INTMNNE IVENLE I IEYFENLEN
Consensus aa: IeMsPLN..b.b. Pbss‘..‘ch..h.pt! Poh. AKPIPINIS.ShB.PeBiuercccsssssseassssssssssssssPePeracossssssnsscssnsssscssssssnsscscssssBiPiscccnccasepp
€onsensus_s2:  hhhh Eeeeeee  hhhhhhhhhhhhhhhh ~ Eeeee hhhh hhh hhhh
Muarc?_1141 HAKNPVLLIGQGIYGNLKYYEMIE IGKILKKLQIP ILTTYPARGVVDENF ENVYAMVGRRGSL ESNEL ILKSDAVE S IGASLS YNTLPE -~~~ SIRDKILYNVIPLNFGINS
METOK_RS08175 DIKKPLLLIGQGIYGTLSYNDMSNINNILKECNIP IATTYPARGY IDENYKNCLGLVGRRGTE IANRY IVESDVIFSIGVSLSYNTIPE-~~--~S IRDKVLKKVINLDIKIND
Maeo_1448 TTGKPLLLIGQGIYGRLSYND ILKIND ILKNSHIP IATTYPARGV IDENNP ICLGLVGGRGTEKANQY ILNCDTVYCLGASLS YNTLPP-~~-~LIRDKI IPKIKDIPININN
wp_018154400 NINKPLLLIGQGIYGKLSYKEMLKINE ILKNSTIP IATTYPARGV IDENNEKCLGLVGRRGTYLANNYLLECDAIFSIGASFSYNTIPE-~----SIRDRIFPKIIDLKVKINN
EHPB9635 NVKRPLLLIGQGI¥GKLSYKEITKIGKILEELNIP IVITE PARGY LCLGLV DADVVYSIGSSLSYNTIVE-----GIRDKVLNKIISINPNPNN
Metig_0163 NVEKPLLLIGQGIYGKLGYKEI IKIGKILKELNIP IVTTFPARGVIDENDD ICLGLVGRRGSE IANKALLDADL IFSIGSSLSYNTIVE-----SVREEVLNKIIPINPNPNN
Mevan_1147 NPVLLIGQGIYGNLSYNE IGDLND ILKNLEMP IVITYPARGY ENCPGL SADTIFSIGSSFSYNTLFE-~---SIRDKILYKVVPLNFGINS
wp_004591614 ~------] NYNFNIDI-============ ESRKPLLLIGQGIYGLMPYKDI IKINKILKSVQIPISTTF PARGVISENSDNC IGLVGRRG--~D IKSLLEADKI INIGSSLSYNTYVESVRNELLKKTININPYPND IKE-~
Metin 0113 EREF EGDL QGI¥GTLTYKE ILKINKLLS -~ KPPVATTE PARGVVKEEEN -~ IGLVGRRG==~D IESLKKAKKI INLGASLS YNTYVESLREELLKKTINLD IQRINYSE
MFS40522_1520 E ENIENNIKEI KKPLFLIGQGIFGTLSYKDMVKISKILQKINCP IATTFPARGVVNEKLDNC IGLVGRRG-~~DLKSLLEADKIINIGSSL TENIQLKPKSIKE:
Metvu_0923 VDKTE! 1 ILIGQGT ISSVLKKLDIPIATTEPARGI v IKPLLEADRII NTYPESI WIHLTPKNIDE
Mefer_0054 AKKPLFLIGQGIFGTLSYKDMLKISKILKELNCP IATTEPARGY SLLEADKIINIGSSL TENIHLKPKNIKE
JHIQS_lZ35 NEDTLNDIKEI~ TAKKPLFL KISKILOKINCPIATTFPARGY DNC KSL ADKIINIGSSL YVESVREKLLSKTLNINLEKLENIKE=~
mosss VKKPLFLIGQGI! IVKISKILEKINCPIATTFPARGVINEKL! IINIGSSL TENIQLKPKSIKE-~
Mvol_1225 GQGIFGQLDYSEL IHIDE ILKTLKIP IVTITYPARGY ISEENEKCPGMIGRRGY-FANKYLKNCDLL INLGSSLS YNTILES-WHD INSKI INLD ININCISD=~
Consensus_aa: -----DPePiiiiiiiiiiiiiiis .pscpun.uusmupuyp-h eIscILephpPTATTGPARGVISED. cpCLGL IGRRG. . 5. p.LIptD. 1hs IGESLSYNTASE. . . ... Jpcpb. .pl...shp. ..
Consensus_s=: h  hhhh hhhhhhhhhhhhhh ~ E€€ hhh €€  hh hhhhhhhh  Eeeee geeeee hhhh
Mwarc7 1141  THDIKTIVNTENE LSGQNL KFGDYSTKIHE ILENLPKDTIITTDAGNHTVFVSLLKKCVAPRN I ISSHSMGTMGF GLPAS IGVKFGCHDYRI
METOK_RS08175 LSDIKNLIDGLWELYNDSSL WNINNY IPNINNSLNEKL IKEILYNLPNDSIT KKCVIPRNI IGVKPGCLDYNI
Maco_1448 LEDIELLINTLNYKYNNVYIN NIGNNT CGDYSLKINEILNNLPDDTI VEVSLLKTCGAPKNI IGVKFGCLDNNI
WP_018154400 INEINVLMEELNSL--DYNVNETTSKELKI I KGCE-===~ 1EVLLDYSSKINEIIKNLPEDTIITTDAGNHTVEVSLLKKCVAPRN I ISSHSMGTMGEGLPCAIGVKFGCLDYKI
EHP8963S IKELKDTLLNLGID-DKPWIE IKEIIDSLPNNTIITTDAGNHTVETCMLKKCSLPKTI IGVKPGCLDYGT
Metig 0163 IGELKEILLHLEIN-DKPWIE NVTKKSLLD KL IKETIDHLPHDAIT VETCMLKKCSLPKTI IGVKFGCLDYGT
Mevan_1147 TSNISTIVNSENETPSKALK: TDF QFGD INEILVNLPDNAIL F KKCVAPKNI IGVKPGCLDYNI
WP UOXSQI 614 ===-VKELFNNI: WFEKELYPT- YSKKIYTLI IIVNDAGKHTVFTCLLKKCYLPKSLIASHSFGCMGFSLPTAIGVELACLDYGI
Metin_ 0113 ===LKNLIKNLNI FSYDIKKRTFK INNLPEDS ILVLDAGKHTVE TSLLKTCNIPKS 1 IASHSFGCMGP SLPGS IGVKFATEDEKI
MFPS40! 1520 - TYKNSHK PSGDYSNKINEITENIPEDAVIVTDAGKETVF TCLLKTC IVPRNI ISSHSFGTHGFGLETS IGVKFGTIDENT
Metvu_0023 = R QGDYSTKINEIIENIPENSIIITDAGKHTVETCLLKTCVVPRN I IASHSFGTMGESVPVS IGAKEGTIDEGT
Mefer_0954 N INETIENVPKDAIIVTDAGKHTVETCLLKTCVVPRN I ISSHSFGSMGPGLPASIGVKFGTIDENT
JH146_1236 - TKNNNKE INEIIENIPEDAVIVTDAGKHTVE TCLLKNCIIPRNIISSHSFGTMGEGLPASIGVKFGTIDENRIT
MI0663 - $43 IYEIIKNIPEDAIIVTDA VE KTCVIPRNI PASIGVKFGTIDENI
mvol 1225 ---IEVIVKNFNEIFNNPDIFQ-KHC NYEKNNKNIPKNIL: EFKDYSKKVKKL1ESIPNDS I11TDAGNHTVF TSLEKKCTLPKS 1 ISSHSMGTMGFGLPCS IGVKYGCIDKNI
Consensus_aa: -..Ic.hhpshsb.. S e pePPensit e - - GDYSpKIpc 1ips IPpssll AIDAGPHTVE stLLKpCs /P +3 11t SHS HGOMGE LLP hSIGVK (G 5D GaX
P P hhhhhhhhhh eeee hhhhhhhhhhhhhhhhh

Mwarc7_1141 NREVVSISGDGGFQOMNIQELGTVAENNLKIL IVVMKNNHLNMPGKINTPDF NKIADAYGIENVYIQNSDE IGENVSYFLKKS IPYVMVVECENEKLPKPF I

METOK_RS08175 DREVISINGDGGE A KILII FGNIKNPDFNKIADAYDIDNVYIEDIDEIGGNIKYYLNNNKPYLMVVECENEGLPKPF I
Maeo_1448 DREVVSI 'QMNIQELA’ KILII NIFGDIKNPDFNKIADGYNIDNIYISDIDEIENNIKY YLMVV PEKKSFN-~
Wp_018154400 DREVVSINGDGGFQMNMQELATISENNLKILIIVMKNNRLNVFGDIKNPDFNKIADAYGIDNVYIENIEDIGERVKYYLKNSKPYLMVIECENEKLPKPVFLDV
EHP89635 GREVVLISGDGGFQMNIQELGV IAENNLKILMV IMKNNKLNVFGE IRNPNFNKIADAYGIDNAYIEDIDEIGENVKS' YLMVVI

Metig 0163 DREVVLISGDGGFQMNIQELGVVAENNLKILMVVMKNNKLNVFGD IRNPDFNKIADAYGIDNVYIESIDEIEENVK: YLMVV K
Mevan_1147 NREVIS SMNIQELGTVF KILIT NMFGRIKNPDFNKIADAYGIDSVYIQNADEICENVHYFLKNNKPYVMVVECENEKLPKPFI-~~

wp_004591614 DREVVSINGDGSFIMNLQELKVISENNLKILIVIFENHKLGRFKTINNPNFVKIAESFNIDAYKTENYEE IEDVVKGYLRGNKPLLLS IKTEDEDLPTPNR
nen.n 0113 DREVVSISGDGGE IMNIQELKVVSQHNLKILFVVFENNKLANFCRIENPDF IKIAEAFGIEGYRVESLEE IEDYVKD YLKGNKPL ILS IKVEDEDLPKPNT- -~
40622_15’0 DREVVL ISGDGGFLMNIEELQVVAENNLK ILMVVMKNNNLAEFCKIRNPNFNKIADAPD IDNCYVEKADE ISP IVKD YLKKNKPLLMVVETENEPLPKPNI

MECV\I_OQZ 3 DREVVSISGDGGFLMNVEELQVISEHNLKILMIVMKNNSLAEFCKIKNPNINRLADAFDIDNCYIENVDEIPQTIREYVKKDKPMLVVVETRDEKLPRPNT
Mefer 0954 DKEVVLISGDGGFLMNIEELQVVSEYGLKILMVVMKNKNGLAEFCKIKNPNFNKIADAFGIDNCYIEKADE ISSEIKNYLKKNKPLLMVVETENEPLPKPNM-—

JH146_1236 DREVVL IEELQVVSEYDLKILMI AEFCRIKNPNENKIADAFGIDNCYIEKADD ISSEIKNYLKKNKPLL IVVETENESLPKPNV-~~
MI0663 DREVVL ELQVVAENNLKI AEPCKIKNPNPNKIADAFPEIDNCYIENVDE IGSE IKGYLKKNKPLLVVVETENEPLPKPNI ==~
Mvol 1225 NREVININGDGGIQMNIQELATVAKNNLKILIVIMKNSRLNIFCDLDNPDYLKIGEAYGITSKLVKSENE IKKCVDEYLKGSGPL ILVVECEDESLPKPEY-~~
< 28: sREVI.I IpEL . hItEpNLKIL 1 MKNSpLS . FteICNPSFSKIA-AGSI-shhlpsh-EX.p. 1+.¥L+.sKR h1AVIEHESEPLP4R. . . . .
Consensus_s3. geeeee hhhh hhhhhhhhh ececece eee hhhhhhh  @eeee hhhhhhhhhhhhh eeecece

F-igure 2: Alignment of MJ0663homologs aligned by PROMALSSD. Magenta names are representative sequences colored red to identify
predicted alpha-helix secondary structures. The black names belonging to the same alignment group as the magenta name above it,
indicating a strong relationship between the two. Consensus_aa, consensus amino acid sequence; Consensus_ss, consensus predicted
secondary structures; h, consensus predicted secondary structure alpha-helix.
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F-igure 3: ﬁepresentative phylogenetic tree of proteins produced via PHYLIP package programs showing members of the acetolactate
synthase (ALS) family. Nomenclature of genes is consistent with Table 1. The solid arrow highlights MJ0277 while the dashed arrow points
to MJ0663. This illustrates that MJ0277 and MJ0663 are closely related to their respective homologs from other Methanococci species, but are
different from each other. Both groups are equally distant from experimentally established bacterial ALS proteins.

Physiochemical Characterization 56498 +2653 for the MJ0277 and MJ0663 groups, respectively,
Table 2 summarizes several physiochemical characterizations. p=0.000). The groups had similar theoretical isoelectric point
M]J0277 and homologs averaged 595 amino acids (SD +8) while averages (p=1.000). This was not surprising because the M]J0277
M]J0663 and homologs averaged 506 amino acids (SD +26, p=0.298). and MJ0663 groups had an average amino acid composition of
Molecular weight reflected similar findings (64951 +941 versus 12.4% and 12.1% for negatively charged amino acids alongside
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10.8% and 11.4% for positively charged residues. Extinction
coefficients and aliphatic index between the groups were
unremarkable (p=1.000), but there was a difference in
hydrophobicity as seen in the average GRAVY results (-0.05 +0.03
versus -0.23 +0.08 for the MJ0277 and MJ0663 groups, respectively,
p=0.000). These results indicate that the two protein families are
similar in physiochemical properties but have some identifiable
differences in molecular weight and hydrophobicity.

Domain Characterization

Both Pfam and CDD-BLAST algorithms identified domains for
these TPP-binding proteins. Pfam-A results did not show a
difference between the groups. All  proteins  except
METIN_RS00550 had Thiamine pyrophosphate enzyme N-terminal
binding, central, and C-terminal binding domains corresponding to
clans CL0254, CL0085, and CLO0254, respectively.  Protein
METIN_RS00550 was missing the TPP enzyme N-terminal domain,
but had the other two domains.

The CDD-BLAST database identified a difference between the
groups. While CDD-BLAST assigned TPP_PYR_POX _like and
TPP_enzyme_M domains to all proteins regardless of group,
M]J0277 and its homologs had TPP_AHAS and PRK06276 domains
whereas MJ0663 and its homologs had TPP_enzymes super family
and IlvB domains instead. The TPP_enzyme_M domain came from
the Pfam database, so it is interesting that Pfam itself did not assign
this domain to METIN_RS00550, yet CDD-BLAST did. Both of the
two domains specific to MJ0277 and its homologs were ALS related.
The TPP_AHAS domain referred to the AHS (ALS) subfamily of
TPP-binding proteins, comprised of proteins similar to the large
catalytic subunit of AHAS [21]. NCBI defines PRK06276 as an ALS
catalytic subunit. The domains specific to MJ0663 and its homologs
were not as function specific. The TPP_enzymes super family
domain simply referred to these proteins having TPP-binding
module found in many key metabolic enzymes that use TPP as a
cofactor. The IlvB domain indicated an ALS large subunit or other
TPP-requiring enzyme related to amino acid or coenzyme transport
and metabolism.

Sequence Alignment

M]J0277 and its homologs were aligned together and separate from
M]J0663 and its homologs. Figures 1 and 2 shows the multiple
alignment data for separate homologous group alignments.
MJ0277 and its homologs are more conserved than MJ0663 is with
its homologs as seen by the magenta color illustrating
representative alignment sequences. This is further illustrated
comparing consensus sequences between groups. In both groups,
the N-terminus is more closely conserved than the rest of the
protein as seen by the consensus sequence. The consensus
sequence for the MJ0663 homologous group becomes ill defined for
the central and C-terminus whereas the consensus sequence for
M]J0277 homologous group is well defined throughout the protein.
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Phylogeny Characterization

To examine phylogenetic relatedness, various PHYLIP programs
analyzed a CLUSTALW alignment of all 30 proteins and two
bacterial ALS proteins with established structure to produce
phylogenetic trees. Different algorithms with Protdist were used, as
were different tree building methods. All trees looked similar to
Figure 3, illustrating how related MJ0277 and its homologs are to
each other yet are distant to MJ0663 at its homologs with both
groups equal distance to bacterial ALS proteins. These results
support those from PROMALS3D.

Conclusion

For each of 15 Methanococci species with genomes available on
NCBI, there was an identifiable homolog for both MJ0277 and
MJ0663.  Four MJ0663 homologs JH146_1236, WP_004591614,
WP_018154400, and EHP89635 from species
Methanocaldococcus bathoardescens, Methanocaldococcus villosus,
Methanothermococcus  thermolithotrophicus, —and  Methanotorris
formicicus, respectively, are proteins not included in EggNOG
database cluster arCOG02000. BLASTP comparisons suggest these
homologs had a 30% identity to MJ0277 homologs, similar to
identity similarities between other MJ0663 homologs to the MJ0277
homologous group. ExPASy characterization showed the
physiochemical chemical properties such as molecular weight and
GRAVY are significantly similar among MJ0663 homologs but not
M]J0277 homologs. CDD-BLAST identified two domains common
among all MJ0663 homologs that are not present in MJ0277
homologs and vice versa. MJ0277 homologs had TPP_AHAS and
PRL06276 while MJ0663 homologs had TPP_enzymes super family
and IlvB domains instead. Multiple sequence alignment analysis
showed all MJ0277 homologs as closely related but there are subtle
differences among MJ0663 homologs. The consensus sequence for
the MJ0663 homologous group becomes ill defined for the central
and C-terminus whereas the consensus sequence for MJ0277
homologous group is well defined throughout the protein. PHYLIP
illustrated MJ0277 and its homologs as phylogenetically related but
the group is separate from their conserved MJ0663 relatives. Both
homologous groups are equally distant to bacterial ALS proteins of
established structure. These results support those from multiple
sequence alignment. Ergo, the four MJ0663 homologs identified
here, JH146_1236, WP_004591614, WP_018154400, and EHP89635,
should be included in EggNOG database cluster arCOG02000.
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