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Soy globulin P13917 0.4239 0.0187 0.0047 0.0094 0.0515 0.6628 * 0.0749 0.0023 0.0094
Egg albumin P01012 0.0207 0.0078 0.0026 0.0026 0.0959 0.6192 0.0052 0.0803 * 0.0492 2
Bovine beta casein P02666 0.7354 0.0135 0.0135 0.0493 0.1390 0.8430 * 0.0942 * 0.0538 1
Bovine beta P02754 0.5225 0.0225 * * 0.2697 0.6573 * 0.0955 * 0.0281 5
lactoglobulin
Bovine myosin heavy Q9BE40 0.4035 0.0144 0.0046 0.0015 0.0697 0.5872 * 0.0717 * 0.0279 6
chain
Microalgae/large
subunit
Dunaliella salina DOFXZ7 0.4989 0.0189 0.0063 0.0105 0.0842 0.6295 0.0021 0.1116 0.0021 0.0274 7
Spirulina D4zZVW7 0.4979 0.0168 0.0042 0.0105 0.0924 0.6303 0.0021 0.1092 0.0021 0.0315 4
Haematococcus B7UGF7 0.4958 0.0210 0.0063 0.0105 0.0903 0.6450 * 0.1134 0.0021 0.0273 8
pluvialis
Microalgae/small
subunit
Dunaliella salina Q5XR40 0.4316 0.0053 0.0053 0.0053 0.0684 0.7000 * 0.0421 0.0053 0.0263 9
Spirulina D4ZVW5 0.4685 * 0.0180 * 0.0541 0.6577 * 0.0901 * 0.0360 3
Haematococcus ADABIIY 0.4545 0.0160 0.0053 * 0.0856 0.7059 * 0.0642 * 0.0160
pluvialis 6H1
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Uniprotkb swiss-

Haematococcus pluvialis

Microalgae/large subunit prot Bromelain ~ Thermolysin  Papain  Chymotrypsin Trypsin  Pepsin
Dunaliella salina DOFXZ7 0.4808 0.4806 0.4806 0.4806 0.4823 0.4804
Spirulina D4ZVW7 0.4756 0.4753 0.4755 0.4753 0.4767 0.4744
Haematococcus pluvialis B7U6F7 0.4776 0.4777 0.4777 0.0223 0.4767 0.4766

Microalgae/small subunit

Dunaliella salina Q5XR40 0.4185 0.4180 0.4182 0.4184 * 0.4180
Spirulina D4ZVW5 0.4513 0.4538 0.4512 0.4511 0.4512 0.4514
Haematococcus pluvialis AOAB99Y6H1 0.4351 0.4349 0.4351 0.4351 0.4369 0.4351
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Haematococcus pluvialis

Microalgae/large subunit Un-iprotkb Bromelain Thermolysin Papain Chymotrypsin Trypsin  Pepsin
swiss-prot
Dunaliella salina DOFXZ7 0.6011 0.6014 0.6009 0.6014 0.6000 0.6000
Spirulina D4ZVW7 0.6019 0.6020 0.6018 0.6016 0.6035 0.6039
Haematococcus pluvialis B7UBF7 0.6163 0.6162 0.6163 0.6163 0.6165 0.6144
Microalgae/small subunit
Dunaliella salina Q5XR40 0.6685 0.6681 0.6684 0.6681 0.6710 0.6710
Spirulina D4ZVW5 0.6466 0.6461 0.6460 0.6241 * 0.6463
Haematococcus pluvialis A0AB99Y6H1 0.6735 0.6737 0.6734 0.6737 * 0.6753
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RRERUIPE - B PRGN | IS PC- I WCAP B JUY RIS PRPLI KW RU 3% S SR PRES

MICROALGAE/LARGE SUBUNIT

MICROALGAE/SMALL SUBUNIT

Amino acid composition Dunaliella Spirulina
salina

ALA (A) 43 39
ARG (R) 29 29
ASN (N) 15 16

ASP (D) 26 27

CYS (C) 11 11
GLN (Q) 12 13
GLU (E) 31 34
GLY (G) 50 45

HIS (H) 15 15

ILE (1) 19 23

LEU (L) 40 38

LYS (K) 23 24
MET (M) 11 15
PHE (F) 20 25

PRO (P) 21 23

SER (S) 17 17
THR (T) 31 32
TRP (W) 8 9
TYR(Y) 18 14
VAL (V) 35 27

Total number of aa 475 476

Molecular weight (kda) 52.45 53.27
Theoretical PI 6.33 6.04
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3,40 (http://www.imtech.res.in/raghava/toxinpred/index.html)
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5 e Gy lelis gl (7)) slal s

PSS

Haematococcus Dunaliella Spirulina  Haematococcus
pluvialis salina pluvialis
44 20 5 26
31 11 7 13
13 11 2 8
28 7 3 7
11 5 3 5
11 13 9 11
29 6 10 4
49 7 4 6
15 0 2 0
20 8 5 7
38 9 11 9
21 10 5 6
13 6 3 6
19 8 6 7
23 16 7 11
18 11 6 20
30 12 8 10
8 4 2 4
18 10 6 9
37 16 7 18
476 190 111 187
52.51 21.43 13.08 20.61
6.32 9.34 6.1 9.45
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ACE I
Chymotrypsin Trypsin Pepsin Thermolysin Papain Bromelain
INHIBITOR
FP(0.99),LGP(0.78),]  AF(0.97),PP(0.88),PG
GPFPIIV(0.81), DL(0.61) 1L PP(0.76)YP(0.73) (0.87) MF(0.99), MG
BOVINE BETA PL(0.81),IL  EMPFPK(0.76) 039 i'L 0)3'7 FPPQS(0.70),VPP PL(0.81),AVPYP  (0.94),PG(0.87)
CASEIN (0.39),VY(0.09) AVPYPQR :{ EI)=;VL(O.23) (0.51),VRGP(0.40) (0.58),AR(0.39)  PL(0.81)IL(0.39)
(0.56),VK(0.03) Q (0.23) VM(0.32),LN(0.25),V  1L(0.39)HL(0.37),QK ,HL(0.37)
P(0.23),LEE(0.03) (0.06)
ALPMHIR(0.62)
,FDK(0.58) AP(0.62),FDK(0.58),]  SF(0.94),MKG(0.55), PL(0.81),MKG
BOVIN BETA- SF(0.94),RVY(0.
IPAVFK(0.49),G SF(0.94) P(0.58),LR(0.56) AG(054)  (0.55),DA(0.13)
LACTOGLOBULIN 16)
LDIQK(0.17) IR(0.33),LEK(0.04) VR(0.11) KA(0.09)
I1AEK(0.07)
GF(0.99) RW
(0.97),DF(0.94) DF(0.94),PG
VF(0.81),GL FG(0.99),FR(0.98),YP  AF(0.97),DF(0.94),EF  (0.87),EF(0.59)
(0.80),VW(0.80) GF(0.99),DF (0.73),LG(0.71) (0.59),AG(0.54) DG(0.39),IR
LARGE CHAIN RL(0.62),EF GR(0.76),YK  (0.94),GL(0.80)  VMP(0.57),LR(0.56),  AR(0.39),DG(0.39)K  (0.33),KL(0.23)
DUNALIELLA SALINA (0.59),GH(0.53) (0.14) RL(0.62),EF AG(0.54),VP(0.23) L(0.23)AlYK(0.22) EG(0.10),KA
IAY(0.26),DY (059)  AH(0.21),LQ(0.19).Y  VG(0.16),EG(0.10),E  (0.09)YV(0.08)
(0.24),AH(0.21) K(0.14),VE(0.02) R(0.07),AV(0.06) ER(0.07),EA
KY(0.17),VAY (0.04),EV(0.02)
(0.10)
INHIBITOR DPP-4 o Chymotrypsin Trypsin Pepsin Thermolysin Papain Bromelain
MF(0.99),PF(0.99),M
PL(0.81),PQ G(0.94)
PF(0.99),AF(0.97),P
NIPPL(0.80)  FP(0.99),LP(0.79), PG(0.87),PL(0.81),P
PF(0.99),PL(0.81) P(0.88),PG(0.87)
MK AL(0.43),IL  YP(0.73),MK(0.45) QNIPPL(0.80)
BOVINE BETA LAL(0.43)1L(0.39) PL(0.81),AL(0.43),l
(0.45),VK (0.39),HL LH(0.33),VM(0.32), MA(0.69),1L.(0.39),H
CASEIN SL(0.33),TL(0.14) 1.(0.39),HL(0.37)
(0.33) 0.37) LN(0.25),VP(0.23) L(0.37),PV(0.20)
,VY(0.09) SL(0.33),QT(0.05),E
SL(0.33),TL 1Q(0.12) 5(0.03) QS(0.08),QT(0.05),N
(0.14) ' V(0.04)
ES(0.03),KV(0.03)
AF(0.97),PPL(0.89), PPL(0.89),MA(0.69),
GW(0.99),PM AP(0.62),AG(0.54),  AP(0.62),AG(0.54) YL(0.57),PA(0.53)
SMALL CHAIN (0.95),SF(0.94) NO AD(0.13),VR(0.11) AL(0.43),NG(0.38) NG(0.38),MV/(0.31),
HAEMATOCOCCUS | PPL(0.89),VW PEPTID PPL(0.89) AT(0.07),VS(0.04),  MV(0.31),AD(0.13) KR(0.21),IA(0.18)
PLUVIALIS (0.80),SY(0.26) VD(0.04),VQ(0.04)  QI(0.13),AS(0.12),A  QA(0.11),NA(0.11),
DN(0.10) VK(0.03) T(0.07),SV(0.05) KA(0.09),YV(0.08)
QV(0.04) QV(0.04)

Y\
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S 2Bl sl s s 5l ol riwe Pacslicl 5= DPP4 L F,Gduwh.:.J s AEC |l S L glaazy gduad, = # Jadr

in silico e
_ ACE-iNHIBITORY Proteins DPPH4-INHIBITORY
Proteins
Peptide sequence Peptide rank Peptide sequence Peptide rank
FP 0.99 PF 0.99
AF 0.97 FP 0.99
MG 0.94 PP 0.88
BOVINE BETA PG 087 BOVINE S al
CASEIN GPFPIIV 0.81 BETA PL 0.81
LGP 0.78 CASEIN PONIPPL 0.80
EMPFPK 0.76 LP 0.79
FPPQS 0.70 YP 0.73
VRGP 0.40 VP 0.20
SF 0.94 PV 0.20
FDK 0.58 SMALL PM 0.95
BOVINE BETA MKG 0.55 SUBUNIT PPL 0.89
LACTOGLOBULIN AG 0.55 L RUBISCO AP 0.62
IPAVFK 0.49 pluvialis PA 053
GLDIQK 0.17
GF 0.99
FG 0.99
FR 0.98
AF 0.97
DF 0.94
PG 0.87
LARGE SUBUNIT P L
Dunaliella salina GL 0.80
GR 0.76
LG 0.71
EF 0.59
AG 0.54
GH 0.53
DG 0.39
VG 0.16
EG 0.10

AL
G SaS 5 Sop sl wlles ol o
Spirulina Dunaliella salina sl Sl 55 53 Sy
sl Ol geas Jsexs sk «S Haematococcus pluvialis
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PROTEINS Peptides Molecular weight Isoelectric Net charge at Estimated Toxicity
(g/mol) point ph ph7 solubility prediction
FP 262.3 3.57 0 Poor water solubility Non-Toxin
AF 236.27 3.77 0 Poor water solubility Non-Toxin
MG 206.27 3.37 0] Poor water solubility Non-Toxin
PG 172.18 4.06 0 Poor water solubility Non-Toxin
BOVINE BETA CASEIN GPFPIIV 741.92 3.65 0] Poor water solubility Non-Toxin
LGP 285.34 3.82 0 Poor water solubility Non-Toxin
EMPFPK 747.9 6.85 0 Good water Non-Toxin
solubility
FPPQS 574.63 3.48 0 Poor water solubility Non-Toxin
VRGP 427.5 10.81 1 Good water Non-Toxin
solubility
SF 252.27 343 0 Poor water solubility Non-Toxin
FDK 408.45 6.39 0 Good water Non-Toxin
solubility
BOVINE BETA LACTO MKG 334.44 9.88 1 Go?db‘{‘lf_attef Non-Toxin
solubility
GLOBULIN AG 146.14 3.69 0 Poor water solubility Non-Toxin
IPAVFK 673.84 10.14 1 Poor water solubility Non-Toxin
GLDIQK 672.77 6.63 0 Good water Non-Toxin
solubility
GF 222.24 3.37 0 Poor water solubility Non-Toxin
FG 222.24 3.37 0 Poor water solubility Non-Toxin
FR 321.37 10.9 1 Good water Non-Toxin
solubility
AF 236.27 3.77 0 Poor water solubility Non-Toxin
DF 280.28 0.76 -1 Good water Non-Toxin
solubility
PG 172.18 4.06 0 Poor water solubility Non-Toxin
VF 264.32 3.67 0 Poor water solubility Non-Toxin
LARGE SUBUNIT GL 188.22 3.63 0 Poor water solubility Non-Toxin
RuBisCO Dunaliella salina GR 231.25 10.84 1 Good water Non-Toxin
solubility
LG 188.22 3.62 0 Poor water solubility Non-Toxin
EF 294.3 0.99 -1 Good water Non-Toxin
solubility
AG 146.14 3.69 0 Poor water solubility Non-Toxin
GH 212.21 7.81 0.1 Poor water solubility Non-Toxin
DG 190.15 0.68 -1 Good water Non-Toxin
solubility
VG 174.2 3.59 0 Poor water solubility Non-Toxin
EG 204.18 0.9 -1 Good water Non-Toxin
solubility
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PF 262.3 4.15 0 Poor water solubility Non-Toxin
BOVINE BETA FP 262.3 3.57 0 P 1t lubilit Non-Toxi

CASEIN . . oor water solubility on-Toxin

PP 212.25 4.26 0 Poor water solubility Non-Toxin

PG 172.18 4.06 0 Poor water solubility Non-Toxin

PL 228.29 4.08 0 Poor water solubility Non-Toxin

PONIPPL 777.91 4.08 0 Poor water solubility Non-Toxin

LP 228.29 3.82 0 Poor water solubility Non-Toxin

YP 278.3 3.53 0 Poor water solubility Non-Toxin

VP 214.26 3.76 0 Poor water solubility Non-Toxin

PV 214.26 4.1 0 Poor water solubility Non-Toxin

PM 246.33 4.16 0 Poor water solubility Non-Toxin

SUBSl\I\I/IléLL PPL 3254 4.08 0 Poor water solubility Non-Toxin
RuBisCO - -

e —— AP 186.21 3.88 0 Poor water solubility Non-Toxin

pluvialis PA 186.21 4,07 0 Poor water solubility Non-Toxin
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In silico comparison of bioactive peptides derived from three
microalgae RuBisCO enzyme with commonly consumed
proteins

Zarandi-Miandoab L., Razavi S.F., Pouryosef F. and Chaparzadeh N.
Det. of Biology, Faculty of Basic Sciences, Azarbaijan Shahid Madani University, Tabriz, 1.R. of Iran
Abstract

Nowadays, bioactive peptides are one of the important tools in improvement of human
health. Microalgae proteins may be a good alternative to expensive sources such as
meat and milk as precursors for production of bioactive peptides. RuBisCO is a
hexadecameric enzyme composed of eight large subunits and eight small subunits, and
accounts for 2 to 10 percent of the total cell protein. RuBisCO protein belonging to
three microalgae (Arthrospira plantensis (Spirulina), Dunaliella salina, Haematococcus
pluvialis) were in silico digested enzymatically. The antioxidant properties, inhibition of
angiotensin-converting enzyme and dipeptidyl peptidase-4, activation of ubiquitin
mediated proteolysis of resulted peptides were compared with peptides products of
commonly used proteins such as meat and milk by using various bioinformatics
databases such as BIOPEP, ProtParam, PeptiDeranker, Pepcalc and ToxinPred. A wide
range of bioactive peptides with multiple capabilities were predicted during digestion of
large and small subunits of RuBisCO with human, plant and microbial digestive
enzymes. The results confirm high rank and low toxicity of these RuBisCO derived
peptides in comparison with peptides derived from meat and milk proteins. It seems that
the RuBisCO derived active peptides of microalgae have a good function as antioxidant,
anti-cancer, anti-allergy and anti-atherosclerotic. This advantage is due to the
composition of its amino acids. Probably, preparation of a complement product
consisting of the three microalgae peptides will be a perfect supplement for the
treatment of some diseases.

Keywords: Bioactive peptides, Rubisco enzyme, Microalgae, Health promotion.
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