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Table 1.Encoding sequence length of CSN1S1 gene and its access number in the database
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Database Access Number Sequence Length Mammalian species
NM_181029 17 645 bp 1172 bp Bos Taurus S8
NM_001285695 16 642 bp 1103 bp Capra hircus »
NM_001009795 16 633 bp 1110 bp Ovis aries LS
NM_001303566 15 669 bp 1094 bp e
Camelus dromedaries
NM_001081883 16 639 bp 1139 bp Equus caballus ..
NM_001890 14 567 bp 981 bp Homo sapiens KIN
S S8
FJ392261 17 633 bp 1165bp  Bubalus bubalis (water
buffalo)
XM_023564129 14 668 bp 909 bp Caviaporcellus &=
5558 ST WT iy aiel dons! N5 J b ¥ g
Table 2. Sequence Length of the amino acid sequence of alpha protein sl casein
g 0 sled s dab Sy 458
Access Number Sequence Length Mammalian species
NP_851372 214 aa 58 Bos Taurus
NP_001272624 213 aa 5 Capra hircus
NP_001009795 206 aa i ,SOViS aries
NP_001290495 222 aa & Camelus dromedaries
NP_001075352 212 aa | Equus caballus
NP_001881 185 aa oLl Homo sapiens
ACJ14317 206 aa i 5§ Bubalus bubalis
XP_023419897 251 aa s = Cavia porcellus
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Table 3. Comparison of the physico-chemical properties of alpha-s1 protein casein and Isracidin peptide in 8
species of mammals

Ll S8 » i S 7 o S8 el Sy
_ HOMO BOS CAPRA OVIS CAMEL BUBAL EQUASS CAVIA
S us us
analyze
8. 8¢ 3 = 2. B¢ 3 B¢ 8. 8¢ 3. 8 2 B¢ 3 g ¢
SrererSrerste gt s rshershep S
S it @ e = D e Tt @ L Zuat @ e Zrat @ e = D L ZEt @ L =it @
g S8 5§ S*§ S*§ S*§ S*F S5*§ S
Weight o35
11 216 06 245 09 241 09 233 11 258 06 234 08 253 1 289
(kDa)
S ) el
Isoelectric 55 55 52 518 99 528 99 567 55 523 57 59 56 624 34 78
point
o5 4a
. 2.8 30 55 30 1.3 30 1.3 30 2.8 30 55 30 0.8 30 2.8 30
half time
A
Gkl 66 2 5 3 63 3 5 5 5 2 54 3 6L 4 710
Hydrophilic
R
S _} 75 4 101 3 100 3 99 4 97 4 304 3 84 3 120
Hydrophobic
Oy 31 S8 A 3 e libons! Canrnd g Ao 16 J g
Table 4. Comparison of amino acid status in 8 species of mammals
FER R R S8 5 L S ) S S o St
Amino Asid HOMO BOS CAPRA oVIS CAMELUS  BUBALUS  EQUASS CAVIA
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- G —_— LS - LS - LS -_— LS -_— LS -_— Ly —_— (o
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Cysteine
el S L]
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Aol S8
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Glutamic Aasid
S . 4 1 8 - 7 - & - 5 1 8 1 6 - 10
Phenilalanine
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" Al
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Figure 1. Charge and pH of alpha-protein s1 casein and Isracidin peptide in 8 species of mammals
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Table 6. Difference (Upper comparison) and precent identity (Lower comparison) of amino acid content in
Protein Alpha-s1 Casein in 8 Mammalian Species

8 7 6 5 4 3 2 1
Cavia Homo Equus Camelus Ovis Capra Bubalus Bos
porcellus  sapiens  caballus  dromedaries aries hircus bubalis Taurus
S ol ! A ) 7 o S8 Y
398 347 254 256 72 40 55 1 Bos Taurus Y
410 356 272 280 86 78 9163 2 el
Bubalus bubalis
403 341 259 253 49 88.13 93.80 3  Caprahircus »
384 331 288 285 92.54 89.91 89.04 4  Ovisaries e S
407 319 218 62.09 63.33 59.77 62.90 5 ’N
Camelus dromedaries
385 296 67.56 57.71 61.34 59.70 62.09 6 =
Equus caballus
412 54.95 53.43 50.52 49.93 47.95 49.12 7 *~
Bos Taurus
s 58
42.22 46.97 45.37 47.18 45,69 45.41 46.36 8 il
Bubalus bubalis
Oy 31 S A s (3508 4l kst s LSt ST sladzy 1 Jgasr
Table 6. Antibacterial peptides in the secondary structure of casein in 8 species of mammals
ol Tl anks sk JIs Ao gl S5
References Amino acid segment Peptide peptide Species
sequence name
(21) RPKHPIKHQGLPQEVLNENLLRF 1-23 Isracidin Bos Taurus S8
Predicted in this AMPKFPFRHTELFQVSTVPCPPD 1-31 Isracidin e 5
study VPCGSDCD Bubalus bubalis
Pred";ﬁ%y‘” s PPKHPIKHQGLSPEVLNENLLRF 1-23 Isracidin  Caprahircus 5
Pred";ﬁ%y‘” this  PPKQPIKHQGLPQGVLNENLLRF 1-23 Isracidin ~ Ovis aries i
Predicted inthis o0\ 1 1pINHQGLSPEVLNENLLRF 1-23 Isracidin e
study Camelus dromedaries
i i i sl
Predicted inthis ooy | PHROPEIIQNEQDSREKVL 1-23 Isracidin ;
study Equus caballus
Predicted in this RPKYPLRYPEVFQNEPDSIEEVLN 1-30 Isracidin EY
study KRKILE Bos Taurus
i in thi Isracidin :
Pred";‘&%y‘” this RPKLPLRYPERLQNPSESSE 1-20 5+ Cavia porcellus
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Comparison of the Isracidin Peptide in In 8 different mammalian species

Jiles fals el dzy Jsb 1alS Bk 5as )
4S 3 b e Sl s g ol sl 4 Ll

Clled )y e i Llesls 0L Sl
Ulysoe il (0) A8 (o Wl Lotz (29 S
(s s sl glas il aS 5,8 o
I S sl oty o3bs 3 sladity 5 o5
3 e Sl S (g s ban il dalys ol
L ol S L a gt o b bty b (095
Sl S b Sy s el
3355 ol (DS LE i 5 sl ol s sS shsle]
dal Jlis |y ol 8L cdlad Jlgs OF s 53

ls

o

NI ::? d' ol S - TR/

ASICN (Camelus)

Isracidin (Camelus)

‘

Isracidin (bos,bubalus)

ASlCN (ovis,capra) Isracidin (ovis,capra)

= oslital bigdm aw Hlle anslas 5 o
GalaxyWEB 5 I-TASSER 3T sLa 33l
1 LT (55 1y laalial sla Jps ol
S ks ladi S aled (sl ks gl sl 58
SleMbl SOL gla |6 bl gy 4o Hltla
(RAMPAGE) 3T 153l 5 5l alol (155
ol sdd e3ly OLES E Y S s 48 S eslanal
Ay S el 03V 5 Ses AS Sl S5 sl
il et Alspus o Jlu slie calss

AS1CN (homo)

Isracidin (homo)

Isracidin (cavia)

j

W
ASI1CN (equass) Isracidin (equass)

ordeel sl Aty 5 o ST WT g 5 (ol 0d g ey (s e sl ¥ IS0
Figure 3. The predicted three-dimensional structure for alpha-protein s1 casein and Isracidin peptide

o4


http://galaxy.seoklab.org/

IFAY (£) 0kowd (1) B WGS9l )5 (kg Ay puiid

-, .
o L
- ..: . )
Y Evaluation of residues
Regidue [A 11 :ALA] (-139.65,-165.98) in Allowed region
Resgidue [A 22 :L¥S] ( 72.43, -69.76) in Allowed region
Residue [& 112 :ASN] (-122.30,-154.66) in Allowed region
Residue [A 114 :PRO] { -B0.76,-170.94) in Allowed region
. Residue [& 144 :GLY] ( -85.34, -85.65) in Allowed region
v :. Residue [A 159 :GLN] ( 68.82, -20.93) in Allowed region
_#‘_}‘ Residue [A 164 :ASP] (-131.52, -76.52) in Allowed region
"‘.. Regidue [A 173 :TYR] ( -63.83, 105.86) in Allowed region
. . ‘ﬁ.. Regidue [A 176 :LEU] ( -86.98, 43.05) in Allowed region
" B Residue [& 177 :GLY] ( 147.43, -18.24) in Allowed region
Residue [& 191 :ASN] (-159.78, 91.70) in Allowed region
Residue [& 201 :THR] ( 50.02,-156.13) in Rllowed region
Number of residues in favoured region (~98.0% expected) H
Number of residues in allowed region ( ~2.0% expected) : 12 ( 5.9%)
Number of residues in outlier region : 0 ( 0.0%)
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Figure 4. The results of three-dimensional structure of protein and peptides predicted
in the Rama-Chandran Plate
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Table 8. Comparison of binding energy for protein and peptide interactions in 8 different mammalian species

-AG (kcal/mol) B
Staph Ecoli B
ASICN Isracidin ASICN Isracidin

-850.4 -555.2 -922.9 -788.6 (homo) ol
-774.6 -646.4 -952.2 -665.3 (bos) S8
-904 -614.4 -909.7 -711.8 (ovis) Lo S
-778.2 -646.4 -1023.3 -665.3 (bubalus) s S
-827.3 -614.4 -981.4 -711.8 (capra) B
-825.9 -532 -973.2 -627.8 (equass) ——
-808.6 -694.4 -961.8 -722.8 (Camelus) e
-859 -733 -986.7 -749.2 (cavia) S

Ecoli

HOMO Isracidin

HOMO Isracidin
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Figure 6. Situation of the interaction between proteins as1 and casein and human Isracidin peptide with
Staphylococcus aureus and Escherichia coli
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Abstract

Background and Obijectives: Generally, the causes of mastitis are classified in two types:
infectious (staphylococcus aureus) and environmental (Escherichia coli). The common method
to treat this disease is using antibiotics which cause problems with human health. Bioactive
peptides are those created in the laboratory with in partial protein digestion of living organisms.
Casein contains antibacterial peptides called Isracidin, which destroys cell membrane or
mitochondrial membrane and cause destruction of bacterial cells. The purpose of this study was:
identifying the antibacterial protein and bioactive peptides of Alpha S1 protein in the casein of
eight mammalian species, comparing antibacterial feature of peptides in these eight mammalian
species with two major bacteria that cause staphylococcus aureus and Escherichia coli.

Materials and methods: First, the genomic and protein information of eight different
mammalian species (cattle, sheep, camels, horses, human, ewes and pigs), was collected from
the National Center for Bioinformatics Information (NCBI), and then, three dimensional
structure of Alpha S1 and the bioactive peptide in casein was predicted by the online software
ACCLUSTER SERVIS, I-TASSER and Calaxy WEB. In order to evaluate protein and peptide
stability under dynamic conditions (intracellular conditions), 3Drefine and YASARA software
were used. Finally, interaction (docking) of alpha sl casein and bioactive peptides of Isracidin
with mastitis causing bacteria inside the cell was simulated, using Cluspro 2.0 software online.

Results: Bioinformatics analysis on the molecular interaction of protein and its bioactive
peptides in studied mammalian species with surface proteins in the membrane of two major
bacterial mastitis shows that “sheep and pig" milk has the highest ability in destroying
staphylococcus bacteria, "human and ewes" also have the best ability against Escherichia coli
and prevent mastitis (mastitis).

Conclusion: Therefore, it seems that Isracidin peptides can be used as natural factor and
substitution of antibiotic for reducing destructive effects of mastitis on human health. This is
done through transferring livestock resistant bacterial strains against antibiotics to human, and
also, increasing the quality of milk (reducing the number of somatic cells in milk, increasing
milk production and less damage to mammary tissue).
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