Iranian Journal of Animal Science Research

Vol. 11, No. 4, Winter 2020, p. 501-512 LApiidi

Sl op e slety 5ol e L w8 5o 50S S| p-i)j ol U

o wel deml axio A5 Sl g ]

4@\”5 6}_9)\.@ ‘93g;.'..éé|}>. ‘_;LF— s*zdﬁ-ﬂs L&J.\.w leLhF g&-&\.& Lfd.f
139712126 s\ s Gk
1398/03/21: 5 .y jo 6

Olnl ools pole (letidgy 4 il
501-512 . 1398 cyliumn) & oylais A1 alr

2>

il sladseS joguasy gl I (cawg i ) (3 Mg madyilio )3 elas g S slam 3l 1 (S 58 bl o5l
Lo s Sl a8 chliee (slodisS 53 S8 b ol a5l (SKlopgilyn (o 36855 ol 31 i a3l o s 351y 8 e ly S
295 Slaiy (sinio oo 1> (03 W5 (sl o3 sslite & S ol 1 (Slepgilyn S 0yt B AL on setne (sl o1l
L8l oy g Lo oLl Lasgs pon Sy a8 cilises 435S 33 )3 jlis” bl ol (lrondsSasid 5 (Siishoed (LSS sl (S
5 oolizel b g (s5olgm0n o9y 41 955 (slayuiSgy (sdn dw )bl L 8,5 )5 w)p )90 ProtParam 4 ProtScale <MEGA 6.6
8,5 & )yg0 RAMPAgE 1l 51 oalil b (5,01 (o5lo diugy 51 o 0ol Comds (slo Jao i Ol g 15 (gl Jao Swiss-Model g,
0355 e sl caallas 350 poa ST iy o8 4658 3B )5 L8’ b el (g SN loj o 00l L5 JelSS 80 il g 48 gl
0ylocis Uy paSKeoliplt” gy STy din oS 4365 )5S sy luwol o3l 48" 5l L5 ProtParam 4 ProtScale (sla oKL (o) 0 guls 4ok o
Cm a3l o 3o 6l)b SIM57548.1 g CAO00530.1 (yi59, ¢ 45 4d asie Rampage 1l g Swiss-Model .
St b YU ol sl ol b 5l @b lol w31 Yiain] & 905 bl (i g3 oo odel Caws 4 iN SIlICO 5UT gl 51wl oo
b Bl cplog adllae (pl 53 (g 3)90 (Slacuan S0 & Cud (g dw )b (p jlto (ined 5 (5L oo i oo 95033 olo>
25l Lde 2Eilojl Ll 53 S o5 Mg jelaie 4 LS b bl w3l 695 oy yiae sl Wlg oo

i oSl Al S« Sle gl s by ll [ gunS s 8314

{B) 255 plowsl cjed il dped JoSo b 5 o> @ilio (9958
15550 5390 SLb izl dpesl ) 26 @olie 51 (S0
Sy Sl oS gty o cunl ppSalipls g ST dlyp5”
29 0 03, S & i) Jlg Slebigls' I i aipel (slasd
el Ly IS5 (sl dlio 5yl o p)5 (558 ) (15)
g gl )3 3y BB o e (6) o (gilg g 0nd pygte
L ol oo g ol o5 Jlon pgSealisls pga 1S a8 (o)
5 ko e )3 1y L 5l 390 dtal sl Lo o iS5 5 S
ool (sl (6315 lasios ol il (B) 2,8 155 o 4y 9o
Sty 53 48 Col oad bl oSy S ol (S5 0205
136 o i J VL Mg oly b nse la gm0 cansy
(15)
Siloyoiil g sl Gomen x> GasiesS 4 ol

.

CYRTTY

5 ols! gy o 2l o0 (5950 el (slosend 31 S 023

Ol (2l w3y Basb 5l il g 098 (pei Al il S0
Gt w23 9 35290 Slmyas 9 M & le o J1L(17) 593
hit g 2li sl (5] Gl sl cnlply @)l (oS cn 3
Lo il (58 (gl S (g0 00385 (LS o 5l &5 SUlse>

gD yd sELEly «(g 5ol 0aS il ¢ —ald pole 0g,5c (65> (gommitih -1

Mo owgdyd oKl ¢ 655lisS 018ty ¢ sald pole 05,5 sl =2

Ao gwgd b oKl ¢ 659l 0a8tly ol pole 09,5 Lkl =3

Ol K3 (K55l 01y (S5 Igsenl 5 55l sSen 03,5 s -4

(Email: nassiryr@um.ac.ir s gse 0dinngs Jyesl =)
DOI:10.22067/ijasr.v11i4.79758



1398 (w4 oyleis A1 alsr oyl 3l cobs pole leiidos & pis D02

st 3 oy 55 S bl 5 Joolgh (g
853 pyp Sy dinyo8 w595 33 1 5ls wlbjlu pg (JolSS
pyo 5 oslizl b o (14) Neighbor Joining  j3g, 4 Sutjold
1000 U @yl g9 gy 9 25 a3l (16) MEGA 6 1K 581
bl 55 o a3ls cly luebl dgds el Cowd &y jelaie 4y )),SS
g ol oas oa)gl Lojlas JS p> (Suwjshd Loy, (4) 208
S calid )y g SN Gilockd)nd S (oo p Griren
baogs oy 2030 455 33 (iign oy 4 a2 b (S5
3590 93 o)l S5 55 (CLC Sequence Viewer 8.0) 13l o5
)5 )58 (s
(J9Sg0 (159 Jolid LS b )bl (g (olondso 5 sl
« (theoretical isoelectric point) (¢, L S ulg 5l alads
Soslal jaslis (Guruprasad et al 1990) (¢,lubb jasls
ool A Protscal g, 5l gy (9,5 o (7)
4, ProtParam ,y, . 4 (http://web.expasy.org/protscale)
L5 ool (NttP://web.expasy.org/protparam) .,»l
4iysS 458 53 5L bjld am sl o ol 4 @5 L .(9)
5 CAO00530.1 bt ol Ly ool igls” py 5T
oty it o Sl asli s YL (el SIM57548.1
S bl i iUl gl 1 widg gLl Lasls

OB 93 ped Jlle i ln eg3 YU L (S e
Psipred ,,, s 5l o 5 ol S|

o=l slp (7)) w5 eslizl (http://bioinf.cs.ucl.ac.uk/psipred)
P ST diz)p8 695 )3 LS byl (g slo JIg jglaie
5 CA000530.1 li s sla ojla5 Ly paeol 5l
s oyl pgd il g 05 5 lg Psipred g 4 SIM57548.1
(443 Ll JS) ai

sbo [omig (o dw jLE W (dw G 9 S5l S
) 4 Swiss model g buwg LS @byluwl w31 (can 4w
(8) s il Jae (Inttps://swissmodel.expasy.org)
4 Rampage jg,w lawgs 00d i e Jdo 90 CutsS o
ol
(http://mordred.bioc.cam.ac.uk/~rapper/rampa
dm dow 5L 45 (0) e85 )15 oLyl 5,90 G€2.phP)
Ly dls o Ll o 00b LS iy ojleds pygual )0 Loyl
A5l sdign sLls) adS gl 4 polate 4 Ghulalel) jloges
09y il Loy )98l dvsle e (5l 5 (65 e
(8) 235 ooy

o bylpl cpl cul 03505 walyd |y lalllas py s 8 iy dis
- BeSen B ool 3,50 ilate (68 o5 5 e e o
93051 o yind Sjgao d (edMmke (Suileygilon (slaylil 059 el
Slsdl g e slall oy g Lo o3l oL bawgs M
2 Olae Loyl ol 5l ool wl Ly a S’ conl a8 )57 )13 ldasee
Cowd yitne gl & gy B pg olul 43 g (o (oS
51 oslial ( alBlilojl (YU cla 4o plool 4 ang b cél
Cgonl Pl ol a3 )5l Candy 3 Siloyaail s (slabo,
(19) 54 anlgs

Sewlyinel e yand b (EC 2.7.2.4) 5l8 bl o0 3l
1y b ll 02lg5s clanduusl ginel Fwge ;> als po gl bl
pLosl ) 2l (oo (gete g umglonl 395 05 cn i Jold oS
p2i5l sl gmane gl (S o3 dpslginal (12) 23 e
ilo 5 )b 51 ol i Gal38l L oS Bl oo ST ]
2013 Jlw s o hLSen g () Km, (12) 595 0 (EC 2.7.2.4)
Fiwgn ol ad 2 ) Joe sldf jl (S 2y50 5> Aos (b
2] 00 S U S A NYSC 5 o ial33l a8 wdges el o 3
3955 5l 2 a8l ppSealisls o 2T iy o550 S ]
52008 JLu 3 e 523k 13) 33,5 (e e J
Bz Pge g el mpl & s bl YL Glo & 13,8
el A8l o pSenlilS ST 4,5 0 3 25 o
Jl > oS 5,50 (10) 2,5 (25 3y o> 250 il
2o S diyys8 3l odlatul Uy anges pMel Laiiss b 2005
oo 0aiS 1S S NySC o5, (lysCrarwr) adly Lias paSeolipls
g cas 4l s 909, 93 5l edlitul Al o LS bl
4 Psod fbp 9 Perru fbp dl‘” fU b Slawd 691 )9.59)5 p:)j
(1) coslond)S cpid Jl i (sruoyd 40 o5l

Ul o2 31 5L (Sl ygilgns (o) 35 (ol I B
Sl (s B 8L o p 85T 58 chlien 555 33 5 5l
sl ol S oslil jplate 4y LS’ b bl w3l (Sslegiilon
29 ol 9 (Byme (Fxbo (plide 3 (3 Mg

W dg, 9 3lge

23] Gpmlginel il g gl (g (13 y9] Comy
03 & NCBI ol 5l pgr 1S 4,68 4555 33 1 5lis” b ]
5 o3 34l https://www.ncbi.nim.nih.gov/protein
(L Jodo) 15,5 0,53 FASTA oy o



503 . cor e Slaiiony spline &y gy 35S iy 595 53 LS Sl 3T (55L5 L 3IUT

NCBI ool olely )3 ps2 51y )58 4355 33 (olos ol 5 (ol pb - 1 Jgor
Table 1- Scientific name and accession number of 33 species of Corynebacterium from the NCBI database

L;clc IPU ‘jL.A.MJ.) o)Lc.&
Scientific name Accession number
[Corynebacterium Simulans] AMO091582.1
[Corynebacterium diphtheriae] CAE48781.1
[Corynebacterium pelargi] QAU53330.1
[Corynebacterium geronticis] AZA12319.1
[Corynebacterium maeruchotii] SPW24280.1
[Corynebacterium provencense] AWT25259.1
(Corynebacterium sp. KPL1996] ERS43361.1
[Corynebacterium sp. KPL2004 ERS76247.1
[Corynebacterium sp. KPL1859] ERS78921.1
[Corynebacterium ulcerans NCTC 12077] ESU59341.1
[Corynebacterium pseudodiphtheriticum 090104] ERJ43463.1
[Corynebacterium marinum DSM 44953] AJK67843.1
Corynebacterium sp. KPL1998] ERS74544.1
[Corynebacterium lactis RW2-5] ALAG6521.1
[Corynebacterium deserti GIMN1.010] ALC04747.1
[Corynebacterium efficiens YS-314] BAC17030.1
[Corynebacterium glutamicum] BAV22049.1
[Corynebacterium glutamicum] CAO000530.1
[Corynebacterium flavescens] AAA23293.1
[Corynebacterium pseudotuberculosis 258] AFK15829.2
[Corynebacterium argentoratense DSM 44202] AGU14304.1
[Corynebacterium oculi] KQB84521.1
[Corynebacterium sp. KPL1989] ERS73502.1
[Corynebacterium sp. KPL1814] ERS63333.1
[Corynebacterium sp. KPL1818] ERS61024.1
[Corynebacterium sp. KPL1824] ERS55010.1
[Corynebacterium sp. KPL1855] ERS51758.1
[Corynebacterium glutamicum ATCC 13032] CAF18822.1
[Corynebacterium glutamicum] SIM57548.1
[Corynebacterium sp.jB4] SLM93573.1
[Corynebacterium glaucum] AQQ14140.1
[Corynebacterium jeikeium] SCX24992.1
[Corynebacterium striatum] CQD06071.1
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Figure 1- Phylogenetic tree for Aspartat kinases protein in 33 Corynebacterium species
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Table 2- Determination of physicochemical properties of Aspartate kinase proteins by ProtScale and ProtParam servers

o SR Gb sh sl Bl S sl ol omsle P e oy (it oo
GIL;;VY Difference of aliphatic index and Aliphatic Instability Isoelectric Molecular Accession
instability index index index point weight number

0.018 71.28 96.62 25.34 4.96 44.76 AMO091582.1
0.010 63.29 97.31 34.02 4.99 44.73 CAE48781.1
0.009 66.05 97.30 31.25 4.91 44.90 QAU53330.1
0.015 64.97 98.24 33.27 4.81 44.77 AZA12319.1
0.025 69.76 97.5 27.74 5.11 44.65 SPW24280.1
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0.011 67.78 94.51 26.73 4.91 44.69 ERS43361.1
-0.074 67.66 94.51 26.85 4.91 44.56 ERS76247.1
-0.094 61.56 94.53 32.97 4.94 44.69 ERS78921.1
-0.000 65.97 96.64 30.67 5.02 45.52 ESU59341.1
0.008 59.77 96.81 37.04 4.99 44.69 ERJ43463.1
0.013 68.72 97.10 28.38 4.97 45.48 AJK67843.1
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0.008 72.61 98.99 26.38 4.92 44.75 SIM57548.1
0.019 68.37 95.91 27.54 4.97 44.80 SLM93573.1
0.020 68.44 94.58 26.14 4.72 44.56 AQQ14140.1
0.040 68.61 94.98 26.37 5.00 45.15 SCX24992.1
0.022 70.67 96.81 26.14 4.98 44.69 CQD06071.1
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Structural analysis of aspartate kinase enzyme in Corynebacterium species
to find the best enzyme structure for high industrial production of lysine amino acid
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Introduction Lysine is one of the essential amino acids not synthesized biologically in the human body and
mammals so should be supplied through diets. Among the industrially important amino acids, L-lysine is in 1st
position, which is used in pharmaceuticals, animals, human feeds and precursors for the production of peptides
or agrochemicals. As L-lysine has large applications, the demand for it is increasing constantly year by year. To
minimize the gap between increasing demand and production of L-lysine, it has to be produced in large scale.
Corynebacterium species especially Corynebacterium glutamicum is widely used for the industrial production of
amino acids especially L-glutamate and L- lysine. The C. glutamicum from long period has been used for the
industrial production of various amino acids, primary metabolites and nucleotides. This organism is an aerobic
gram positive, rod shaped and non-sporulating bacteria which used for the industrial production of amino acids
of L-lysine and L-glutamate. This bacterium uses a variety of carbohydrates, alcohols and organic acids as single
sources of carbon and energy for growth and also for the amino acid production. The quantity of lysine
production by wild (natural) type of Corynebacterium glutamycum is very low, and its cultivation and
propagation cannot provide the amino acid required by markets, therefor the wild type of this bacterium is not
suitable and cost-effective for industrial purposes. To minimize the gap between increasing demand and
production of L-lysine, it has to be produced in large scale. Aspartate kinase (AK) is one of the key enzymes in
the biosynthesis of aspartate-derived amino acids such as lysine. This enzyme catalyzes the transfer of the C-
phosphate group of ATP to aspartic acid. In most bacteria, the reaction is the first step of branched biosynthetic
pathway for lysine, threonine, isoleucine and methionine and is known to be regulated by the end metabolites
through feedback inhibition. For example, aspartate kinase from Corynebacterium glutamicum is concertedly
inhibited by lysine and threonine, while aspartate kinase | and 11l from Escherichia coli is inhibited by threonine
and lysine, respectively. Due to industrial production of lysine amino acid by using Corynebacterium species, a
lot of researches have been done to improve the genetic modification of these microorganisms. Today,
bioinformatics tools are available as online access through web-based databases and software, which can be used
to study best structures of aspartate kinase enzyme with the least cost and time. Also due to high laboratory
costs, the use of biocinformatics methods will be important in obtaining the final result. The aim of this study was
to investigate the bioinformatics structure of aspartate kinase enzyme in different species of Corynebacterium by
authenticated bioinformatics databases to suggest best bioinformatics structure of the aspartate kinase enzyme
for applying in laboratory cloning and production of lysine amino acid for industrial purposes.

Material and methods The amino acid sequences of the aspartic kinase enzyme from 33 species of the
Corynebacterium was obtained from the NCBI (https://www.ncbi.nlm.nih.gov/protein) and stored as FASTA. In
order to study the genetic distances and similarities in 33 species of Corynebacterium a phylogenetic tree was
constructed using the Neighbor Joining method using the Mega software (MEGA 6). (A bootstrap check with
1000 replications was also conducted to obtain a confidence level for the branches) CIC main work bench5
software was used to investigate genetic similarities using protein sequences. The Evolutionary properties,
physiological and physicochemical properties of aspartate kinase enzyme were studied and investigated in 33
different species of Corynebacterium through valid databases and software of NCBI, MEGA, ProtScale and
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ProtParam. In order to predict the second structure, two proteins selected from the psipred server were used
(http://bicinf.cs.ucl.ac.uk/psipred). For this purpose, the protein sequences of aspartate kinase enzyme in
Corynebacterium glutamicum with access numbers of CAO00530.1 and SIM57548.1 introduced into the psipred
and their second structure was mapped. Afterward, three-dimensional structure of mentioned protein was
modeled using Swiss-model server (https://swissmodel.expasy.org) Then the quality of the two predicted models
evaluated by the Rampage server (http://mordred.bioc.cam.ac.uk/ ~ rapper / rampage2.php), and in the next step
its ramachandran plot mapped.

Results and discussions The results of evolutionary tree analysis in Corynebacterium species showed that
derivation time of aspartate kinase protein in these 33 species is very close. The results of the ProtScale and
ProtParam databases showed that the aspartatekinase enzyme of Corynebacterium glutamicum with the access
number of CA0O00530.1 and SIM57548.1 have the best physicochemical and maximum stability among 33
different species of study. Afterward, with further in silico investigation by the Swiss-Model server and
Rampage tool, it was found that the two access numbers of CA0O00530.1 and SJIM57548.1 had the best three-
dimensional structure. From the results of in silico analyses, it can be inferred that the aspartate kinase enzyme
with the two access numbers of CAO00530.1 and SJIM57548.1 have the best physicochemical properties, the
most stable and also the best three-dimensional structure and therefore could be offered for laboratory cloning
and production of lysine amino acid for industrial purposes.

Conclusion Due to wide applications and importance of lysine production in our country and also the
necessity of selecting appropriate strain of Corynebacterium for genetic engineering and industrial production,
this bioinformatics study was done to predict best structure of aspartate kinase enzyme and best strain of
Corynebacterium. Based on the results of our in silico analysis, it is suggested that corynebacterium glutamicum
has the best protein structure of aspartate kinase enzyme and may be beneficial to increase Industrial lysine
amino acid production.

Keywords: Aspartate kinase, Bioinformatics, Corynebacterium, Lysine amino acid production.



