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Abstract: The water soluble total protein (TP) of selenium-enriched Spirulina platensis (SeSP), named as SeSP-TP, was extracted by
phosphate buffer and then hydrolyzed by 5 different proteases to produce SeSP peptides (SeSP-Ps). The angiotensin-converting enzy me (ACE)
inhibitory activity of SeSP-Ps was measured in vitro and-ICP.method was used to rapidly determinate of selenium in algae powder and total
protein content. The results showed that treatments with different proteases caused different degree of hydrolysis (DH) of SeSP-TP, and the
combination digestion by pepsin, trypsin and chimotrypsin led to the highest DH value. The SeSP-Ps obtained via hydrolysis by the combination
digestion of pepsin, trypsin and chimatrypsin showed the highest ACE-inhibitory adtivity (89.47%). The ACE inhibition efficiency of
polypeptides prepared by alkaline protease is higher. Fluorescence detection showed that, when the content of selenium peptides was above 50
mu g/mL, the synthesis of NO was obviously promoted. However, selenium protein showed little effect on the reaction.Selenium contents in
both water-soluble and water-insoluble comp onents accounted for 95.47% of total selenium, probably due to that in extraction and preparation of
SeSP-TP, some selenium protein and small molecules containing selenium missed in precipitation, dissolution and dialysis steps.
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Spirulina platensis, SeSP ) /& fifi & )5 A& = EE 1)V LA
A&, M SeSP iy B Al I S R E (Se
containing phycocyanin, Se-PC) FI& fifi 55 25 1 (Se
containing allophycocyanin, Se-APC) EA 1R 5RAIHT 4R
A LI 1 0 24 A S 0t Fieveg A A v
I S5k &4 1L (Angiotensin-converting enzyme,
ACE) 2 1 IfiL s AL DyRe i H 2R 7Bl ACE 1)
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EEIKRIL, S/ sk FEisazikds S
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A WT ASEE R E AR MK, TR
BA ACE #IifERMZ KRS, TR FRIER
ACE il 2 Ik 250 A0, BFLRE], WREisE A
A B ] ACE & T4 (1) 2 IKE0L, AT M SeSP Hi#
B (SeSP-TP), W FL 5 P H & B B Xt
SeSP-TP /K Rk, L 2 M & B BGIE & /K il
SeSP-TP H) 757 %, w2 il % SeSP-TP /K fi# £ Jik
(SeSP-PP), F# il T SeSP-PP fEA& 4%} ACE i 1K)
HIHIER, N SeSP Tiise & ih Biva il A2 Lol ifi
BRI SR PLR A SR .

1 MR5EREE

1.1 WS4

H & Al (Pepsin, 2500 U/mg) . fik 2 (i (Trypsin,
10000 U/mg) AR I (Papain, 1200 Uimg) i
EEFLE AR (Chymotrypsin, 1500 U/mg) . Bl
filf (Alcalase; 200 U/mg) . T JR k- 2 ik - o 2 R
(N-Hippuryl-His-Leu hydrate, HHL). 1% %k &4
1Ll (10 Uimg) &G Sigma AF]; BCALEH
Jif € ERFE. HEPES HlPBS 22 i 5 B A4+
ARaal MR, L8R OB N AR B o SES 4
K Milli Q 7K £ B 454 : RT-6100 A3 JY92-11D
TR AT B AR . TGL-16G %A ik B0 AL S54
RUEAN-AT W Tt
1.2 EEEREE

HY SeSP ##y 10 g, /11 100 mL 22 i(pH 8.3, &
0.1 M Tris-HCI, 20~25% Glycerol, 2% Polyviny
Ipolypyrrordone, 0.1 M NaCl, 1 mM EDTA, 0.07%
B-Mercaptoethanol), VK¥#4i+: 6 h, & AR 5min
(5 TR, 5slakf: Tha 600 W), 10%MiER HTIE 4

h, 12000 g &> 30 min s 4HHURF, 80%fin Btz It
JEI B, 12000 g &40 10 min YEAEDTIEE A, A
50 mL Milli Q /K E ¥ . 4 CWZE KB M (3D,
K BCAE Ml 2 £ (A i ik B2 1,
1.3 KR Z Ik i 2%

SR, HL SeSP-TP S8 Al TR . FHH
T —R K, JFEINR B s, HE & el
I Wl -JR 7L R ARG /KA L /SFh o AKAREE I, 7K
W 10min 21k N, R 7 T 10KD I8 E
FRUE T BEARRE S, AR TIE, 13 SeSP-PP.
1.4 FEhafail
141 & & K E A NIE

F7K A G 2 B &5 7K e e 1 i 2 R R B
HAE N /K fREE (Degree of hydrolysis, DH). & i
A2 IR FE 29°R I BCA J730 5E
1.4.2 mAEAEN

2R IR AT, 4 100 mg EF 100 pL fRES 5 2
mb JH A ORISR & #8311, VIV), 180 CiHik
2h, R SE 4 TE Ja, 120000 B0-200E, Milli Q
KRR 25 mL, ] ICP-AES |52 Se & .
1.4.3 ACE #p#| &) 2

ACE & {4 %€ 77722 WCHRY.  HX 20 uL SeSP-PP
A1.20 pl. 50 mM HEPE-NaCl 22 3 (pH8.3, 5 300mM
NaCD J&4, A 0.3mUACE, 37 ‘CJ/xv 15 min, Il
A 20 pL 6.5 MM HHL, 37 C/xM1h, H 1M ) HCI
bR, M 200 pL £ 1% R RN =1 bR R

(Hip), B _FJZ 150 L, JRE 02 (40 C . 75 FE 0.090

MPa) ZfR 4R LB, [E44H 500 pL MilliQ 7K ¥ i,
M 228 nm &b WA (7= P05 JRER AE 228 nm AL AHRHIE
W5 VE). SeSP-PP X ACE (1 %L N A iH 5

ACE i R =(x 1841 ACE % /1-Il524l ACE i%
9)1%F HEZH ACE §iF 71>100%
1.5 Hl&EHERE

# 500 mg SeSP-TP & T 20 mL ()_-FELE M h (&
5M JE %, 2% CHAPs, 10 mM DTT, 2% IPG), 7£4>
@S 12000 g 250> 30 min, HX EiE 18 mL yEAF
Rotofor Cell #1, 200V i&47 1 h, 100V F+/% 3h, 1500
V 4EHF 4 h, 42550 0 3.5 3 10 Y4k 10 MHS 5 1 mL,
3 kD i#RJE LR A SRR, 10 FHARFNA TR DT
JEI B, 12000 g 2540 20 min BXYUHE, EE T 05 mL
Milli Q 7K+, 4% Fi& B 2 lg- J s g -k sty 22 1 il

KB /K fig il 5 SeSP-PP.

1.6 FELRM NO AL

7 96 LA S hnis 20 ul e, ZRKAIER (50
200. 100. 50. 25. 12.5. 6.25 pg/mL X/ NMKSE,
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ANHREE SN =N, W H 2 AR SR 35 H00R B 22
B LML R 0 PBS Xt B& o K 4 b r4m i 4k T ok
MM, DAF-FM DA B i BE DAF-FM DA, ffiZ¢
WEE N 5uM. FFRELT 1Y) DAF-FM DA H 2415, 41
L FE Ay 10° cells/mL. 37 ‘CZH M 546 A & 20 min.
TR 3~5 min BUENRS)— T, AERECFIZHR 787 $fi .
B0 2:Br 3G PBS #H A &ML 180 pl 4fi . 495
nm BORIE K, 515 nm ASHEAATIN UG KON 5. 104
20. 40. 60. 90. 120min f%¢ J1H .
1.7 it ot

PRI ER 3 K. 45 RO FEMRME ZR R,
Giit oMK SPSS 13.0 AbFE, 2 F .21 ] P<0.05 (%)
o P<0.01 (**)F R,

2 FR5E

2.1 ZKH& &AL

28 KBTS A0 VA R B B Bl /K AR AR AR (3R
1), FHE— B SeSP-TP Kk BERI/KARIN 8] . H B
- R IR - 7L B 1 WG Sk e, 5L B i v 1k
R, S5 B B ERELE 37 ‘CH pH 1.5 44 F/KAE 6 h,
F1 0.1 M NaOH 75 pH 7.5 J5, FFAIBE AR Bkt
AEARE (1021, UMD 1E 37 C/KME 6 0B,
2.2 SeSP-TP K Hilis &

ARG R 92 77 SeSP #ky, I M HREL

SeSP-TP, HHEAM & E. MSEWR 1~ . £
IR, SeSP ¥k AR & i miid 661.30 mglg, Se

RN 613.60 ng/g, VEHIREFRAEA I SeSP TR B,
B iliaE. SeSP-TP HHLUI/KIEMER AN E, HiEaEH
') 69.08%, HHMHL, SeSP F ) Se tH 3 E A fE/K A
PR AT, &R 67.24%, BRI FIKEME R A4
53AE N SeSP-TP #EATHL Il /K SIS Bt 2 & BRI
7t SeSP /K 7, HR & &N 452.70 mglg,
A 25.40%, H Se S RI1A 466.69 ng/g, ik
il 1) 28.22% . 17 H A PEAN AEZK ¥ 28 53 Hhill 2 1) 2
F 5l & 2 A R B 1 94.48%, e AOAR & & 2 F
KT 95.46%, FE s H A U A A LR AT
Reds G EH ey iy Al — B RIESL . 18
FRHH % SeSP-TP il rhr, &gy St B SRl &t /)
ST RESEVIE . EIA BN PR Rk
*1 TRZEREIKR SeSP-TP R iE "
Table 1 The optimal condition for SeSP-TP hydrolysis by
different proteases

s 2 - =gy 9 7.8

el %uﬁ Seés—F/)ngP PH Tg{ uﬁ‘fﬂrl/h ;/ﬁ_
AR G B 50 100 78 60 6 5
% G 50 100 75 37 6 5
MEILEAE 50 100 75 40 6 5
AINE & 55 50 100 57 55 6 5
B RO 50 100 15 37 6 5

BE&OM-RE G

wmsLE s o000 100

1.5-75 37 6+6 5

T2 SeSP REHESERSHE

Table 2 Protein concentration and Se content in SeSP

L. b EE&a #
e &7t -mg/g or mgmL mg % ug/g or pg/mL ug %
4 10.43g ' 661.30442.63 6897.364444.23 100 613.60+39.84 6399.854414.72 100
dEKEMAS 3879 4527042691 1751.95+103.89 25.4043.78 466.69428.82 1806.09+111.41 28.2244.56
KisPe4a 4~ 50.0mL  95.29+10.23 4764.504509.04 69.08+7.21 86.0747.46  4303.50+370.30 67.24+7.71
2.3 AR S H KR HL R y———
LRI, A 5 mL AR KR AR — 5
50 U ZE FIRK# 10 h, K% SeSP-TP AV Ths, 0 R A
KA T R B = S T
I Ay -
B 2 AT, 75 5 mL AR KRk Z B 4 Alelae i S
SeSP-TP M 4 5~10 mg/mL, 50 U & 1 Bk i Wb —a—Chymotrypsin
B AN, AAREERE AN, 6 h BNk SR kT, DE
10 h 5 BAAH Frigm, (RN I, FLIRSRIA 0} m - 20
MBI 3 AT EH, SeSP-TP JERMIIKIE A 5 mg/mL, 50 Total protein | {mg/mL)

U tEE /KR 6 h, B EBUKARE AT 4R fER KM . 5
il H AT SeSP-TP FRIZKMAE IR Bl 2 1 > A
JIVER 1 > e it L 2R > 2 1 > 15 B 1

1576

B 1 SREAREXEOEKESRNZE
Fig.1 Effects of protein concentration on DH of SeSP-TP
digested by 5 proteases
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Fig.2 Effects of time on DH of SeSP-TPdigested by 5 proteases
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Fig.3 The influence of different enzyme treatment on DH of
SeSP-TPdigested by 5 proteases
E: JRAIKE A SmgmL, 50U & @85 KAE 6h.
2.4 15 HE - JBR 2R - JR AL R 1 RS A K
i £ SeSP-PP
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Fig.4 Effect of combination digestion of pepsin, trypsin and
chymotrypsin on DH of SeSP-TP

M 4 AW, ERAKELRET, BEEK AR
JERITEE, KR BRI, F7 6 R A KL R
o T SR S0 AT A RS PR S5 P AR A PR A

IR ERE A E SR B0 SeSP-TP FRIZK AR HR
&, 430 37.13%M1 36.46%, {H/E, 4F A H-k
S - TR IBERL HE R 1 I X SeSP-TP FRZK AR L

(& 2), TTLLA ) 87.94%. B4R E EEBKE 6
h, TEANNGE 2R (A - TRt 2L ARG /K R 6 h, JKREE
Al RIS 90%, ZKARFERE B A0 T AR 41 1 g 5k
Ve o 8 R - IR -t 2R 1 e & 8 R 47
MR T NSRS R4, $0%, SeSP-TP W A 14
i ROHAL R o

2.5 SeSP-PP X} ACE )4
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1200 g/mL
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Fig.5 ACE inhibition of SeSP-PP hydrolyzed by different
proteases
W5 iz, 5 R FAREK RS oM ACE #iiii %

G5 FARRAY: AN A B> B R B>l 1L >Rkt
FUERNSREOR, B2, 38 &EalE-BE A -5
L B IR 57K ) SeSP-Ps Xt ACE IR i i

(89.47%). 154 FIk-PeEE F iy Pt 3L 21 1 B 157K
filt, BUFHEHN T A ERE R SE, $OR SeSP-TP
@ NHWFI RS, w4 ACE BA Bl E
AETEZ K. PRI, AR D9 Bva e I s AN i 1f
B B DR B AR R SO TR
2.6 ACE il 5 2 IR RH) KRR

oo -
150 pgimL

I 500 pgiml -
&0

L
]

6l

40

ACE Inhibition |/
H

|

]
pk
[E 6 7KERZBRING ACE X EFB QX R

Fig.6 Realationship between ACE-inhibitory activity of the
peptide and protein isoelectric point
M 6 AT, ANE SR AU SRl A s A
- JeltE -l S R Sk 10 h, HEEH
= LEBGE T 10 mg/50 U AL (K1 il 2 fikon ACE R ]
FEAFE pH ERE R AR PRCR, HIEZZ pH>6.5
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(R B 1 e I A K BT AR 21 1 22 Ik B T 5
PN, ACE 1 AL 52 K 1) His-Lue, HoH
His 15 LA 7.6 IX A]REsE HH T ACE #ifil ik &id it
IR 4 s ER, ik, X ACE mizkdliilim £
KT REE B His-Lue, 81455 JEA 81 1 A5 H s T
P, B A KR & i 22 IKPT BE'E 2 His-Leu, MIMTEA
X ACE () s iy 1

2.7 EHNZ KRS S A NO A R

400 - Pepide
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= 00
= 200+
g A I
= 100 1
Q
~
{

L
‘»
0

6.25 12.5 25 50 100 200

[ ES (R E / (pg/mL)
7 RELFE 120min B, 4% BAAI STREE X N0 £ HISZ AR
RFE (UPTUBHRAERTR)
Fig.7 Influence of selenium peptides and selenium protein on
NO after a 120-min reaction
F 9L S OB IELE et NO frpke 2, B
PECAEN =R BT NO BIE, WK 7 FrfLiE
i, 7R EER 50 pg/mL LA EFRI7KARZ 06 NO SR
A P 2 L K A 2 B AR T e, 2R 50
pg/mL LLRI, ZRARE, 5T 50 ug/mL i, %
SRR E (p<0.0D), XM EHAY S22 IR Rk AR
fiRIF, X NO HIE BGEAZIHIE FE. 535k, B
WEE RGN, SREEFXS NO & Bfm A LAk,
& A2 KA 50 pg/mL FHARAR AL AR R ARIF 25110
EEN, XERHI T NO & HRIEEm SR8 K3 2 & i ik
AN E il H

3 g

3.1 B B M, T W A AR A R SR AL,
W E A (Phycocyanin) J& s — P Ay BB A
TEHEREREE, T2 A AR S 5
ST M 55 5 TH ORI 7T SR (15 2 SeSP H 3=
PG AL /30 1, JTEER, XFRIR ACE HHIRK 6 7C
O, —ORJET R BEAR AR NE AR T LAY ACE
A R dIE RS, PR, o] DU S K AR R e
FEAFEIE ACE IS TEZ K, & BA By kO
I LB 07 [10) R S P24 4.
3.2 EITEIG RAE,  MMEE R R A A A R
( SeSp-Tp ), H A A & A’ /K i i) & & il 2 Ik
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(SeSp-Ps), MEHUARLEAKMR M, B SE HE L&
910 mg/s0 U, R I Gk g 77 2K AR 10 h BF A
e KAREE, I HAL T AN ARRBLRI AR P9 TE A8 T AL
Tk, HARFIKLAK, X ACE BA Bomhlig tr] ik
90%. ZIKIE )y 50 pg/mL LL_ERIKARZ KA NO &
BRI A P LK g B s e E o ITLL,
P2 BRI T, SR % KA E 22 K P RE A AL
Biiie L FR2E 3, SR P o D RE £ i 97 Y v I
T i 05 92 95 B o 2 ST AR
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