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5- Refrence Sequences
6- alignment
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1- Angiotensin Converting Enzyme

2- Bioactive Peptides

3- Antihypertensive Peptides (ACE Inhibitors)
4- Casokinins
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Table 1- Nucleotide sequence length of CSN1S1 gene and its access number in the database
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Mammalian species Sequence Length Database Access Number
BOS,8 645 bp NM_ 181029
CAPRA ;, 642 bp NM_001285695
OVISusiiwss 633 bp NM_001009795
CAMELUS ;s 669 bp NM_001303566
EQUASS . 639 bp NM_001081883
HOMO Ll 567 bp NM_001890
BUBALUS i 45 633 bp FJ392261
CAVIAS & 668 bp XM 023564129

015 glpil oMbl 3k g 0538 ST gy aipel el JI Jobo =Y Jgo
Table 2- Sequence Length of the amino acid sequence of alpha protein s1 casein and extracted database

by 48 Sy Jsb Sl Sl (i 0jled
Mammalian species Sequence Length Database Access Number
BOS,& 214 aa NP_851372
CAPRA ;, 213 aa NP_001272624
OVISsiauwss 206 aa NP_001009795
CAMELUS ;s 222 aa NP_001290495
EQUASS .l 212 aa NP_001075352
HOMO Ll 185 aa NP_001881
BUBALUS i o8 206 aa ACJ14317
CAVIAS & 251 aa XP_023419897
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Table 3- Comparison of the physico-chemical properties of alpha-sl protein casein and Casokinin peptide in 8 species of mammals
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Table 4- Comparison of amino acid status in 8 species of mammals
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oY ; 12 1 12 ; 15 ; 14 ; 9 1 12 1 13 ; 19
Alanine
O - 4 - 1 - 1 - 1 - 1 - 1 - 1 - 6
Cysteine
-*w“—g*ﬁ".)L::W‘ . } 3 - 7 - 7 - 7 - 12 - 7 - 7 - 6
Aspartic Aasid
Sl Saligls i 20 . 25 . 20 . 19 . 24 . 20 . 25 1 18
Glutamic Aasid
T L
o 2 - 4 1 8 - 7 - 6 - 5 1 8 1 6 - 10
Phenilalanine
o - 1 - 9 - 9 - 9 - 6 - 11 - . 1 6
Glycine
L - 3 - 5 - 4 - 4 - 5 - 4 - 7 - 13
Histidine
Ol 1 8 - 12 - 9 - 12 - 12 - 12 - 13 - 8
Isolecsine
"P’J - 6 - 15 2 13 2 15 - 14 - 12 - 15 - 9
Lysine
sy . - 17 1 22 1 22 1 22 - 23 1 22 1 22 - 27
Lecsine
o 1 8 - 6 - 6 - 6 1 5 - 7 - 5 - 9
Methionine
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Asparagine
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OeelslS
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ol - 2 - 6 - 6 - 6 - 11 - 5 - 13 - 15
Arginine
o - 16 - 16 - 18 - 18 - 16 - 14 - 14 - 16
Serine
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Tryptophan
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Figure 1- Charge and pH of alpha-protein s1 casein and Casokinin peptide in 8 species of mammals
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Table S- Similarity and difference of amino acid content in Protein Alpha-s1 Casein in 8 Mammalian Species

1 2 3 4 5 6 7 8

BOS,8 1 55 40 72 256 254 347 398
BUBALUS 045 2 91.63 78 86 280 272 356 410
CAPRA ;, 3 93.80 88.13 49 253 259 340 403
OVISsiiuwes 4 89.04 89.91 92.54 285 288 331 384
CAMELUS ;s 5 62.90 59.77 63.33 62.02 218 319 407
EQUASSC. 6 62.09 59.70 61.34 57.71 67.56 296 385
HOMO Ll 7 49.12 47.95 49.39 50.52 53.43 54.95 412
CAVIAS & 8  46.36 45.41 45.69 47.18 45.37 46.97 42.22
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Table 6- Antihypertensive peptides in the secondary structure of casein in 8 species of mammals

&5 Aty pU sn Jy ol ipus] aela gl
Species peptide name Peptide sequence Amino acid segment References
(homo),s Casokinins 136-143 YYPQIMQY 13
(bos) Ll Casokinins 142-147 LAYFYP 19
(OViS ) siuwsS Casokinins 102-109 KKYNVPQL 8
(bubalus) e 55 Casokinins 142-147 LAYFYP Predicted in this study
(capra) 3 Casokinins 102-109 KKYNVPQL Predicted in this study
(equass) ol Casokinins 142-147 QAYFYL Predicted in this study
(camelus) yus Casokinins 136-143 YYPPQVMQY Predicted in this study
(cavia)S'gs Casokinins 136-143 YYGPEVQY Predicted in this study
BOS LAYFYP - - - - - B
bubalus LAY FYP - - - - - B
equass QAYFYL - - - - - 6
ovis KKYNVPOQL - - - B
capra KKYNWVPQL - - - B8
Homo --¥Y-PQIMQ Y 3
camelus --YYPPQVMQ ¥ 29
cavia -=-¥YYGPEWV-Q Y &
1O
Cﬂnsewmmsﬂ ml] I_Ir||_||_|=—u—|l_l [l

Ol 51 GF A 3 S G sty Cind, o dunslie —F SIS
Figure 2- Multiple sequence alignment of Casokinin peptide in 8 species of mammals
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Figure 3- The predicted three-dimensional structure for alpha-protein s1 casein and Casokinin peptide
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Introduction: High blood pressure is a dangerous risk factor for cardio-vascular disease, including coronary artery
disease and strokes. In the human body, a system called renin-angiotensin system regulates blood pressure, in which the
angiotensin converting enzyme ACE plays an important role in increasing blood pressure. Angiotensin I as a converting
enzyme (ACE) catalyzes the conversion of angiotensin I to vasoconstrictor angiotensin II, and also inactivates the
antihypertensive vasodilator bradykinin. Inhibition of ACE mainly results in an overall antihypertensive effect. Peptides
derived from food proteins can have angiotensin converting enzyme (ACE) inhibiting properties. Casein protein in milk
or other dairy products such as cheese is a rich source of bioactive peptides. Bioactive peptides are inactive in the main
protein sequence and are released in during milk digestion or milk fermentation by proteolytic bacteria or hydrolysis by
proteolytic enzymes. Many of these peptides have several biological activities. Casein-derived peptides, such as opioid
peptides, antihypertensive peptides, casein phosphopeptides and glycomacropeptides have various physiological roles,
including adjusting and lowering blood pressure by inhibiting angiotensin converting enzyme (ACE). Caseocinin
peptide has been derived from the casein Alpha S1 protein It has an ACE-inhibiting enzyme inhibitor and low blood
pressure.

The purpose of this study was to identify the alpha S1 protein casein and bioactive peptides of the angiotensin
converting enzyme (ACE) inhibitor in human milk and compare it with different species of mammals.

Materials and Methods: At first, genomic and protein data for eight different species of mammals (cattle, sheep,
camels, horses, humans, ewes and pigs) was collected from the National Center for Bioinformatics Information (NCBI).
Physico-chemical properties analysis (atomic state, isoelectric point, half-life, hydrophobicity hydrophilicity ,
barometric and pH) and - Multiple sequence alignment of of alpha-s1 casein and the bioactive peptides of Casokinin in
8 species of mammals was done using CLC Main Workbench 5 software. Then, the prediction of bioactive peptide
alpha s casein and its three-dimensional structure was done with the help of the online software ACCLUSTER Server,
I-TASSER and GalaxyWEB. The simulation of the Molecular interaction (docking) of alpha-s1 casein and the bioactive
peptides of Casokinin with angiotensin converting enzyme ACE in the cell was done using ClusPro 2.0 software online.

Results and Discussion: the results of bioinformatics analysis of human milk protein with other mammals showed
that camel milk has the most similar physicochemical properties of milk to humans and can be a good alternative to
human milk in feeding children. The highest and least percentage of amino acid sequence amino acids in alpha-secl
casein in different mammals with humans respectively is related to camel and Goat. The results of the determination of
the position and energy of the connection show that the most suitable binding location with maximum energy is related
to human and camel milk. Among the bioactive peptides identified and predicted in eight species of mammals, due to
having more proline amino acid in Caseocinin peptide, the camel milk is more resistant than other species. Therefore,
the antihypertensive effect in camel milk is greater than other mammals. According to the results, it can be predicted
that three-dimensional structure of protein and peptides will have a great effect on antihypertensive properties and it
causes a good interaction with the active site of the angiotensin converting enzyme (ACE) and thus inhibits the ACE
enzyme and lowers blood pressure. Investigating the performance of alpha S1 protein casein and Caseocinin peptide
identified for eight different species of mammals And comparing its results with human milk in inhibiting ACE enzyme
With Molecular interaction (Docking) Protein's Bioinformatics Software showed that milk of camels after human milk
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has the highest performance in Reducing the risk factors for cardiovascular disease such as inhibition of angiotensin
converting enzyme (ACE) and blood pressure in preventing the development and progression of cardiovascular disease.

Conclusion: the alpha S1 protein casein and Caseocinin peptide have many biological properties and are very
important in the health of the body.It can be said that camel milk is the most similar to human-like physico-chemical
properties and It can be a good alternative to human milk in feeding children. The bioactive Caseocinin peptide has
pharmaceutical compounds that can be used to treat high blood pressure and heart disease. Therefore, this peptide can
be used as superbenefit and natural additives, an appropriate replacement to antihypertensive drugs.

Keywords: alpha s1 casein Protein angiotensin, converting enzyme ACE, molecular interactions.



