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Abstracte

Introduction: Inhibition of inflammatory processes in various diseases can have effective therapeutic
applications. The effective function of cis-aconitate decarboxylase (CAD) enzyme, a product of IRG1
gene, in the inflammatory processes of various diseases has been recently proven in clinical studies.
In humans, the enzyme (CAD) catalyzes cis-aconitic acid to itaconic acid.

Methods: In this work, with the help of bioinformatics tools, functional hotspots were identified
and their position in ACOD1 structure was investigated. Then, the effects of all mutation modes at
these points were investigated and more dangerous mutations were selected. Interactions of selected
mutant enzymes with other proteins were evaluated and visualized.

Results: This article is a meta-analytical process, during the analysis of different mutations in the
functional hot spots of ACOD1 enzyme, it was found that 9 mutations (A247C, A248T, A101C,
L156P, A244P, N248C, N248F, E150Y, E150W) in the seven predicted hot spots have the most They
had destructive effects in terms of functionality and reduced stability and interaction of ACODI1
enzyme with other proteins.

Conclusions: From the bioinformatic analysis of the results of the predicted SNPs of the functional
hot spots of the human ACODI1 gene, finally, among all the studied mutations, 9 mutations were
obtained that had more destructive effects on the ACOD1 enzyme function. which researchers can
use to investigate their role and effectiveness in clinical processes and as diagnostic markers in cancer
diseases related to inflammation or as possible drug targets. This insilico study provides a possible
path to clarify the study of molecular mechanisms involved in inflammatory processes caused by
IRG1 gene mutation and its protein product (ACOD1).
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A ALA 101 TRP 14.825 1.24 Increasing
A ALA 247 CYS 7.488 -0.121 Decreasing
A ALA 244 HIS 3.626 0.377 Increasing
A ASN 248 TYR 9.091 -0.017 Decreasing
A ALA 247 PHE 7.488 0.161 Increasing
A ALA 244 LEU 3.626 0.323 Increasing
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A ASN 248 TRP 9.091 0.032 Increasing
A ALA 244 ASN 3.626 0.309 Increasing
A ALA 151 TRP 14.935 0.913 Increasing
A ALA 101 CYS 14.825 -0.096 Decreasing
A ALA 244 TRP 3.626 0.592 Increasing
A ALA 151 LYS 14.935 0.171 Increasing
A ALA 101 HIS 14.825 0.795 Increasing
A ALA 151 ASP 14.935 0.423 Increasing
A LYS 156 PRO 3.635 -1.593 Decreasing
A ALA 244 PRO 3.626 -0.202 Decreasing
A PRO 379 TRP 14.315 0.279 Increasing
A ALA 244 PHE 3.626 0.414 Increasing
A ALA 247 TRP 7.488 0.448 Increasing
A ALA 151 CYS 14.935 0.054 Increasing
A ALA 101 ASP 14.825 0.265 Increasing
A ASN 248 CYS 9.091 -0.248 Decreasing
A ALA 247 TYR 7.488 0.083 Increasing
A ALA 244 LYS 3.626 0.337 Increasing
A ASN 248 PHE 9.091 -0.027 Decreasing
A GLU 150 TYR 10.35 -0.132 Decreasing
A GLU 150 TRP 10.35 -0.067 Decreasing
A ALA 244 ASP 3.626 0.513 Increasing
¥A


https://ijca.ir/article-1-149-en.html

[ Downloaded from ijca.ir on 2026-01-02 ]

Olyen 9 (53150 dpraw
MUTATION3D )5, lwgi (peizmed.cl 05LiS y3 guni
b dw Ny ead Gigs e (09, Sles gb bl 50
(B3m55) 255 il ypan 5 i 4w ljons

¥4

bl 3 )5 0 ld G o8l (gl jmigad gl

ot 351 £
HOPE (http://www.cmbirunl/ ,s,—w 3| J—ols x5
a0l o 10l sl o ige g9 4 (hope


https://ijca.ir/article-1-149-en.html

[ Downloaded from ijca.ir on 2026-01-02 ]

l:l

PRC
I

B

bl& 50 odel cawdy (slouigs Lol (slo adsd oSl s :ACODI1.B il 63, Slos ¢b bl )3 g g0 Jlasyy s A 1ol quDﬂM
il 3 Sles Eb bl o jlad yy clo s (S ol il jgae: ACODI1.C w3l oo Sas Eb

b idizie slagslon 3 (lslew 3 90 Clo—in Ligl ]
o Sl ool 4 el s )35 b oldles
Eb bla ol (00, Sos Cronl g dalllae o) ol cowyd
il (o gy aiile (o ()lon 555k 3 (63 Shes
5 sbe (g el (S Ghgal gl ik (1)
= Sleidgig) 3 A yomie g iad i ) Ladigy
P = g o 085 0ddl s e (el
) p_..la.c 9 J)_Q.o.c wdlad dl)—f La =9y LS)lJ—.{l:;
L5 4 o ) ol oo Sl Lo o sl J5 S
5 ydo ladely gyl b i alS L e wydb a i
B ol BB L (YOXE) )b JLsw ]y SU s
L calises JoSo Silo yatilgn 5l cia jlodlawl Ly
AYLs plod o Ligs wyp sl e iz (slpes )5Sl
oAb (355 Liw (90 Sas g alam Vo 1y S g
sl Corwg () 9 )jAL; aS 0 r=1_>o1 (p‘_n> - .)9..\_>)
Seloygilan hlizee sl Ly (155155 Sl Jl alins
VA o (Y ymaed) dilue glate (55Ul slasie Ly
5 syl slanoly BLod ayou s L) SNP sx_c
Lzl SNP sa_e Y4 g0 s dalllas 3y5 0 pu 3l 0 (gL
b ol ltings pSUplad ige VA ool o Sl A 4
9 )L (ol o GLd Sl (e Ll Sl
MUPro g I-Mutant 3.0 /5l e wgs gy (63 —Slos

-
ao (Sloygiilan 9 Sladyy S Ly Bl A
Lo (g iliseo (sl (AiSon 0950 (9S> (o)
Eb blas a3, ol 1L e s o aidhy , Sten U
Ot el OV (i i g oy Lo Lol
3ySos )3 b—dioe o=lil (86 Sl (b g Ll
—beo dl.e‘_&:fb L Ja_».’)A S dl_a:)i_wo )‘I LS)L.*.—W.
cde 0 ilgn ol an (Sdailio 5 olos g (5418
S o=l o e slggslon 9 SYMBl g)l s
sl (=95 i 9 0F9p/ Son sl piSen p S
Ll 3 (o s o S0 e 5 e (Slait s
sl )Saly al)l 5 algie  Siloysailan (slalial p s oS
3 Slas a8 oS (pallivrs doy dds g yim yuo (Sloyd
S Py g Saedin (o e hey )l )3 ()5 38
2 el g jlows 008 sloul (sLaSNP Vg oxo .aind 45))
B ol e e dlonl (ST oai cbles 3 bl
5 LadsBg (63, Shos 9 ()l L zolas )3 (ot A
Nl o (3 Slos g adais Ve Ll 4 y 500 900
5 cadisee (slaclylg 5l 98 s 4’ us ACODI o il
(AT01,A151,A152) atais duw 05 (s (i bLE 4]


https://ijca.ir/article-1-149-en.html

[ Downloaded from ijca.ir on 2026-01-02 ]

Ol 5 (531505 durs
Mesm_ g, S8 Ly dasdllas ol 3 a8 0 ik il
2D 8y ye e |y ol oy i YA plod ppi2
A247C,A248T,A101C,L156P,) Lip> & Ll (s o 4S5
LiblS y 0gM e (A244P,N248C )N248F,E150Y,E150W
75 ACODI S0 (lodiSon p (inls > g 6)bb
o) =l Aldllas o lg ey b oy say a Bl (i &
203 (bl sl 1503 o S ) loitier (5
as Cows lyaj ol 8 el oiys sla ( bjyl 5,60 ACODI
ACODI 5, Sdeas 1 Lol 5l (gm0 500 g (—idlS @l 51 ay
odol Gy calieo (Sileyaailen sl lil slaiJul b
a5 la i Joelge as ya (Sl ol b e
o=l ealed 5o Lol (FY) 090 dnled 15380 |y eligd
duolie il sl ad,Sgy Ly 39 od ol cww insilico
—ao A151,A101,A152¢ SNP, a_dhis > 4 S Lu
odal Cwdy (b aols Ly ol dalllas a o g u g
4S sy3pio Lo SNP ad 4 S Jb p.ccisb el
o9 0 0> s i S ad Ly s Ay d Caud
azdlas sy Lol b agye (b addlas 8L
dy9—0 yadgy 45 Al ol algie ol Lol s SO
Jb 52 ol 9y = gl e 4 ol (S 5 ()
2ol el sl jein g aiwa (ol cilalllas plol
Sk Jl (i Jls ol b (Hy Al (e ey
Oled S5 5 (60, Slos b bLE > od b i
O oz b cldlas Sy pd S0 ag ol
Comlus by 0l 9 3509 0a 03 s is S s
Al (o it 4 abgye o3l 5l (2l o Lo,
—=adb Oldllas 55k 5l ae Lo nsSSNP Ly 4o S
odlawl y bl b0y e 0L diuia g Lo g
=8 TsmelS (il and (b)) el (clas S,
O o |y lsebl el ols as b cldlas

S5 Ao
3 da)_ﬂn& dl_h..\olﬁ: )‘\ u.s9§ul‘_w J—dss g 4>
& Sas gl bLE doas (65 yiw sla SNP olisluw

A

55 o) Jols sl g dy o5 eyl 48 A5 oslil
Iy =593 sl La SNP au_e YO o a S o Lis )il
93 bawgi 000 S 3 g Bl ialS il 93 yn ey
9 S0 el aw yd g ad ssalie gyl i liel Il
(F Jpis) o Lt |y ialS (6,00 5 il Ll §
4 S Cwlod b e e Lz Gldllas S jo lay
Sl SY Ll Jd Ay o (6 0l oamd ialS 5)lg o
63 ySoas Uly vl ccly a5 g aiS als o 1y asil
39— 3 |y gy Oliig , bl (y o Wb (g p
9 V98 (o B9 (S (2 4 yomle 45 (b nSSNP
o st & (HSge Salind 3)90 53 (6l adlllan plosl
e Ao |y (B L (50l o La ige b
bowg a S da gl 5l oL ansSNP. (YAYY) oS

A248 2 55y5l 1y 5Lel oy iy (Sl yaiilen il cin
W,A151W,A101C,A101D,A101H,A247Y,A151D,K1

56P,A244D,A244E,A244F,A244K ,A244H,A244L,A2
390t irainys Sl te sl lSeo Jgicas 44,A244P
A (e g Sload (ot Ladaion 500 Lo ()
ConSurf 5, b wgi od b clable [y slo olsie
Wl g e 325 ¢l 093 (Y4) iS85 0B )90
O—59n T $9) SLBoiE o 4S5 A0S jas e
slw (S L ol jebanas (lagier o2
{F+) S syl 93 5 Wloa b 5B (g
08y ol eel Cl (- Soe b g9 o=l o=l
By 3 ] 55 5 90 o Sl Vil 5 J b
Bgb (59 (Som golaw 3 LaygSlh 1o L lhiiSen
@l b S )8 i (o 29 Sl LS Gy
o laCusdss 1> NSSNP 4o SOPMA 4 ConSurf
i la Ko o Ve gy ), 8 oa seblas
L sl Lol (San 45 4505 5529 B slemis 2 35
55 ACODI gy 2, Slae oy (peig b ls yis
St) by ACODI (yagy »-503 oy j1 (1) 15)iS
50 Leslows 1 (sl 4 (22l )3 (55550 i B
plosl LagaSgn 500 L Gimls (iiSenyy - bl IS o
2 Sl S hiiSan yy (i GEalS p LB (o s
ik 4595y ey Al 4l i B Ol co -ty
SliiSan il ay yoxie odel Cwdy gloins jlaS
L by cslagslon 5 phe (oiigs Alsie 3925 ACODI


https://ijca.ir/article-1-149-en.html

[ Downloaded from ijca.ir on 2026-01-02 ]

bzl b 3 155 (g0 psllo gl g3l p 8 ey

-] Wl 4_9)‘)]

S Pl
dl)_g OI)—A% B ol sl wles 5l PSR VWPY

Kbo ol
P el ol g a S u S e oMol Ba g

References

1. Tenenbaum JD. Translational bioinformatics:
past, present, and future. Dev Reprod 1.Biol
Feb 2016;14:31-41. https://doi.org/10.1016/].
gpb.2016.01.003

2. Gefel D, Maslovsky I, Hillel J. Application of
single nucleotide polymorphisms (SNPs) for the

detectionofgenesinvolvedinthecontrolofcomplex
diseases.Harefuah May 2008;147:449-54. 476.
https://doi.org/10.3389/fpubh.2017.00358

3. Chen X, Sullivan PF. Single nucleotide
polymorphism  genotyping:  biochemistry,

throughput.  The
pharmacogenomics journal. 2003 Jan;3(2):77-96.
https://doi.org/10.1038/s].tpj.6500167

4. Thusberg J, Olatubosun A, Vihinen M.
Performance  of

protocol, cost  and

mutation  pathogenicity
prediction methods on missense variants.
Human mutation. 2011 Apr;32(4):358-68.
https://doi.org/10.1002/humu.21445

5. Hecht M, Bromberg Y, Rost B. News from the
protein mutability landscape. J Mol Biol Nov
1, 2013;425:3937-48. https://doi.org/10.1016/].
jmb.2013.07.028

6. Hooftman A, Angiari S, Hester S, Corcoran SE,
Runtsch MC, Ling C, Ruzek MC, Slivka PF,
McGettrick AF, Banahan K, Hughes MM. The

immunomodulatory metaboliteitaconate modifies

NLRP3 and inhibits inflammasome activation.
Cell metabolism. 2020 Sep 1;32(3):468-78.
https://doi.org/10.1016/j.cmet.2020.07.016

7. Cordes, T., & Metallo, C. M. (2021).
Exploring  the

evolutionary  roots and
physiological function of itaconate. Current

Opinion in Biotechnology, 68, 144-150.

oy

A247C,A248T,A101) jia> % (SLil ACODI (5
Cewds (CL156P,A244P N248C,N248F,E150Y,E150W
ol (- Sao 080l Gty (sl 1503 do s 45 Al
el ale (mleslow > (el glaanld 65 S5
S gl gl 4l ()T S0 (i i liee by
Ol 3 29— dm 58 LS (93 Shos g alalii 03 oy ]
b 5 e el (A101,A151,A152) L&
Aol ly Lo i i g aslodd ool b slalss)l
i g Sl lee an a il o Laisl g 0l 03, S
Sl S plois 4 by g oladl 4o aadly slagslow
S insilico ddllas 4ol g edlaiwl Jlais! gl

https://doi.org/10.1016/j.copbio.2020.11.005

8. LiY, Chen X, Zhang H, Xiao J, Yang C, Chen
W, Wei Z, Chen X, Liu J. 4-Octyl itaconate
alleviates

lipopolysaccharide-induced  acute

lung injury in mice by inhibiting oxidative

stress and inflammation. Drug design,
development and therapy. 2020;14:5547.
https://doi.org/10.2147/DDDT.S280922

9. Jamal Uddin M, Joe Y, Kim SK, et al. IRG1
induced by  heme

inhibits
and pro-inflammatory cytokine production.
Cell Mol Immunol 2016; 13: 170-179.
https://doi.org/10.1038/cmi.2015.02

10. Chen M, Sun H, Boot M, Shao L, Chang
SJ, Wang W, Lam TT, Lara-Tejero M,

Rego EH, Galan JE. Itaconate is an effector

oxygenase-1/carbon

monoxide LPS-mediated  sepsis

of a Rab GTPase cell-autonomous host
defense pathway against Salmonella.
Science. 2020 Jul  24;369(6502):450-5.
https://doi.org/10.1126/science.aaz1333

11. Nair S, Huynh JP, Lampropoulou V, et al.

Irgl expression in myeloid cells prevents
immunopathology during M. tuberculosis
infection. J Exp Med 2018; 215: 1035-1045.
https://doi.org/10.1084/jem.20180118

12. NiL, Xiao J, Zhang D, Shao Z, Huang C, Wang
S, WuY, Tian N, Sun L, Wu A, Zhou Y. Immune-
responsive gene l/itaconate activates nuclear

factor erythroid 2-related factor 2 in microglia
to protect against spinal cord injury in mice.
Cell death & disease. 2022 Feb 10;13(2):1-6.
https://doi.org/10.1038/s41419-022-04592-4

13. Pan, J., Zhao, X., Lin, C., Xu, H., Yin,
Z., Liu, T., & Zhang, S. (2014). Immune



https://doi.org/10.1016/j.gpb.2016.01.003
https://doi.org/10.1016/j.gpb.2016.01.003
https://doi.org/10.3389/fpubh.2017.00358
https://doi.org/10.1038/sj.tpj.6500167
https://doi.org/10.1002/humu.21445
https://doi.org/10.1016/j.jmb.2013.07.028
https://doi.org/10.1016/j.jmb.2013.07.028
https://doi.org/10.1016/j.cmet.2020.07.016
https://doi.org/10.1016/j.copbio.2020.11.005
https://doi.org/10.2147/DDDT.S280922
https://doi.org/10.1038/cmi.2015.02
https://doi.org/10.1126/science.aaz1333
https://doi.org/10.1084/jem.20180118
https://doi.org/10.1038/s41419-022-04592-4
https://ijca.ir/article-1-149-en.html

[ Downloaded from ijca.ir on 2026-01-02 ]

14.

15.

16.

17.

18.

19.

20.

OS50 9 (65150 y St

responsive gene 1, a mnovel oncogene,
increases the growth and tumorigenicity of
glioma. Oncology reports, 32(5), 1957-1966.
https://doi.org/10.3892/01.2014.3474

McNeal, S. R., Bitterman, P.,, Bahr, J. M.,
Edassery, S. L., Abramowicz, J. S., Basu,
S., & Barua, A. (2016). Association of

immunosuppression with DR6

expression
during the development and progression of
spontaneous ovarian cancer in Laying Hen
model. Journal of immunology research, 2016.
https://doi.org/10.1155/2018/2590910
Weiss, J. M., Davies, L. C., Karwan, M.,
Ileva, L., Ozaki, M. K., Cheng, R. Y, ... &
McVicar, D. W. (2018). Itaconic acid mediates
crosstalk between macrophage metabolism
tumors. The
clinical investigation, 128(9),
https://doi.org/10.1172/JC199169
Kopanos C, Tsiolkas V, Kouris A, Chapple
CE, Aguilera MA, Meyer R, Massouras A.
VarSome: the human genomic variant search
engine. Bioinformatics. 2019 Jun 6;35(11):1978.
https://doi.org/10.1093/bioinformatics/bty897
Warde-Farley D, Donaldson SL, Comes
O, Zuberi K, Badrawi R, Chao P, et al.
The GeneMANIA
biological

Journal of
3794-3805.

and peritoneal

prediction server:

network integration for gene
prioritization and predicting gene function.
Nucleic Acids Res Jul 2010;38:W214-20
https://doi.org/10.1093/nar/gkq537

Geourjon  C,

SOPMA:
protein

Deleage G.
significant improvements in
secondary structure prediction by consensus
prediction from multiple alignments.
Comput Appl Biosci Dec 1995;11:681-4.
https://doi.org/10.1093/bioinformatics/11.6.681
Ashkenazy H, Abadi S, Martz E, Chay O,
Mayrose I, Pupko T, et al. ConSurf 2016:an

improved methodology to estimate and visualize

evolutionary conservation in macromolecules.
Nucleic Acids Res Jul 8, 2016;44:W344-50.
https://doi.org/10.1093/nar/gkw408

Sumbalova, L., Stourac, J., Martinek, T., Bednar,
D., Damborsky, J., 2018: HotSpot Wizard 3.0:
Web Server for Automated Design of Mutations

and Smart Libraries based on Sequence Input
Information. Nucleic Acids Research 46 (W1):
W356-W362.https://doi.org/10.1093/nar/gky417
https://doi.org/10.1093/nar/gky417

oy

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Sim NL, Kumar P, Hu J, Henikoff S, Schneider
G, Ng PC. SIFT web server: predicting effects
of amino acid substitutions on proteins.
Nucleic  Acids Res  Jul2012;40:W452-7.
https://doi.org/10.1093/nar/gks539

Capriotti E, Altman RB. Improving the
prediction  of  disease-related  variants
using protein three-dimensional structure.

BMC  Bioinf 2011;12(Suppl 4).  S3.
https://doi.org/10.1186/1471-2105-12-S4-S3

Choi Y, Sims GE, Murphy S, Miller JR, Chan
AP. Predicting the functional effect of amino acid
substitutionsandindels. PloS One2012;7:¢46688.
https://doi.org/10.1371/journal.pone.0046688

Hecht M, Bromberg Y, Rost B. Better
prediction of functional effects for sequence
variants. BMC Genom 2015;16(Suppl 8): S1.
https://doi.org/10.1186/1471-2164-16-S8-S1

Calabrese R, Capriotti E, Fariselli P,
Martelli PL, Casadio R. Functional
annotations improve the predictive score

of human disease-related mutations in
proteins. Hum Mutat Aug 2009;30:1237-44.
https://doi.org/10.1002/humu.21047

CapriottiE,CalabreseR,CasadioR. Predictingthe
insurgence of human genetic diseases associated

with single point protein mutations with support
vector machines and evolutionary information.
Bioinformatics Nov 15 2006;22:2729-34.
https://doi.org/10.1093/bioinformatics/btl423

P. D. Thomas, A. Kejariwal, N. Guo, et al.,
“Applications for protein sequence-function
data: mRNA/protein
analysis and coding SNP scoring tools,” Nucleic
Acids Research, vol. 34, pp. W645-W650, 2006.
https://doi.org/10.1016/j.ejmhg.2017.02.001

Pei J, Grishin NV. AL2CO: calculation of
positional conservation in a protein sequence
alignment. Bioinformatics. 2001;14(8):700-712.
https://doi.org/10.1093/bioinformatics/17.8.700

Ahmed Z, Zeeshan S. Applying WEKA towards
machine learning with genetic algorithm and

evolution expression

back-propagation neural networks. Journal of
Data Mining in Genomics & Proteomics. 2014
Jan  1;5(2):1.  https://doi.org/10.4172/2153-
0602.1000157

Capriotti E, Fariselli P, Casadio R. I-Mutant
2.0: predicting stability changes upon mutation
from the protein sequence or structure.
Nucleic Acids Res Jul 1, 2005;33:W306-10.



https://doi.org/10.3892/or.2014.3474
https://doi.org/10.1155/2018/2590910
https://doi.org/10.1172/JCI99169
https://doi.org/10.1093/bioinformatics/bty897
https://doi.org/10.1093/nar/gkq537
https://doi.org/10.1093/bioinformatics/11.6.681
https://doi.org/10.1093/nar/gkw408
https://doi.org/10.1093/nar/gky417
https://doi.org/10.1093/nar/gks539
https://doi.org/10.1186/1471-2105-12-S4-S3
https://doi.org/10.1371/journal.pone.0046688
https://doi.org/10.1186/1471-2164-16-S8-S1
https://doi.org/10.1002/humu.21047
https://doi.org/10.1093/bioinformatics/btl423
https://doi.org/10.1016/j.ejmhg.2017.02.001
https://doi.org/10.1093/bioinformatics/17.8.700
https://doi.org/10.4172/2153-0602.1000157
https://doi.org/10.4172/2153-0602.1000157
https://ijca.ir/article-1-149-en.html

[ Downloaded from ijca.ir on 2026-01-02 ]

31.

32.

33.

34.

35.

https://doi.org/10.1093/nar/gki375
Cheng J, Randall A, Baldi P. Prediction
of protein

stability changes for single-
site  mutations using  support  vector
machines. Proteins Mar 1, 2006;62:1125-32.
https://doi.org/10.1002/prot.20810

Khan IA, Mort M, Buckland PR, O'Donovan
MC, Cooper DN, Chuzhanova NA. In silico

discriminationofsinglenucleotidepolymorphisms

and pathological mutations in human gene
promoter regions using local DNA sequence
context and regularity. Silico Biol 2006;6:23-34.
https://doi.org/10.1016/1.imu.2020.100447

Qu HQ, Lawrence SG, Guo F, Majewski J,
Polychronakos C. Strand bias in complementary

single-nucleotide polymorphisms of transcribed
human sequences: evidence for functional
effects of synonymous  polymorphisms.
BMC Genom Aug 172006;7:213. https://doi.
org/10.1186/1471-2164-7-213

Chen F, Lukat P, Igbal AA, Saile K, Kaever
V, van den Heuvel J, Blankenfeldt W, Biissow

K, Pessler F. Crystal structure of cis-aconitate

decarboxylase reveals the impact of naturally
occurring human mutations on itaconate
synthesis. Proceedings of the National Academy
of Sciences. 2019 Oct 8;116(41):20644-54.
https://doi.org/10.1073/pnas.1908770116

Ferrer-Costa C, Orozco M, de

X. Characterization

la Cruz
of disease-associated
single amino acid polymorphisms in
terms of sequence and structure properties
1. J Mol Biol 02/01 2002;315:771-86.

https://doi.org/10.1006/jmbi.2001.5255

oy

36.

37.

38.

39.

40.

41.

42.

Bross P, Andresen B, Corydon T, Gregersen N.
Protein misfolding and degradation in genetic
disease. 2011.
Vihinen M.
flexibility to

Relationship  of  protein
thermostability.
Protein Eng Des Sel 1987;1:477-80.
https://doi.org/10.1093/protein/1.6.477

Gromiha M, Oobatake M, Kono H, Uedaira H,

SaraiA.Roleofstructuralandsequenceinformation

in the prediction of protein stability changes:
comparison between buried and partially buried
mutations. Protein Eng 08/01 1999;12:549-55.
https://doi.org/10.1093/protein/12.7.549

Parker A. Genomics in early infantile
epileptic ~ encephalopathies - trials and
tribulations. Developmental medicine and

child neurology, vol. 58; 2015. p. 9-14.
https://doi.org/10.1016/j.spen.2016.06.002

Xu S, Xu JP. Present status and expectation
of aristaless-related homeobox (ARX) in the
endocrinepancreas.IntJDevBiol2019;63:579-87.
https://doi.org/10.1387/ijdb.190242sx

B. Ostrander, R. Butterfield, B. Pedersen,
A. Farrell, R. Layer, A. Ward, et al.,”Whole-
genome

analysis for effective clinical

diagnosis and gene discovery in early

infantile encephalopathy,”  npj
Genomic Medicine, vol. 3, 12/21 2018.
https://doi.org/10.3390/jpm 10040281

HooftmanA,O’Neill LA. Theimmunomodulatory

epileptic

potential of the metabolite itaconate. Trends
in immunology. 2019 Aug 1;40(8):687-98.
https://doi.org/10.1016/}.it.2019.05.007



https://doi.org/10.1093/nar/gki375
https://doi.org/10.1002/prot.20810
https://doi.org/10.1016/j.imu.2020.100447
https://doi.org/10.1186/1471-2164-7-213
https://doi.org/10.1186/1471-2164-7-213
https://doi.org/10.1073/pnas.1908770116
https://doi.org/10.1006/jmbi.2001.5255
https://doi.org/10.1093/protein/1.6.477
https://doi.org/10.1093/protein/12.7.549
https://doi.org/10.1016/j.spen.2016.06.002
https://doi.org/10.1387/ijdb.190242sx
https://doi.org/10.3390/jpm10040281
https://doi.org/10.1016/j.it.2019.05.007
https://ijca.ir/article-1-149-en.html
http://www.tcpdf.org

