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Preparation and Antioxidant Activity of Se-containing Peptides from
Cardamine enshiensis in Vitro
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Abstract: In this study, the enzymatic method was used to prepare Se-containing peptides (SeCPPs) with antioxidant
activity from Cardamine enshiensis. The extraction conditions of protein of C. enshiensis (SeCP) were optimized by single-
factor experiments and orthogonal test with protein extraction rate as the index. The enzymatic parameters of SeCP were
optimized with DPPH- and ABTS™ scavenging rate as the investigated index, and ultrafiltration equipment was used to
determine the best protocol for the SeCPPs. The reducing power and Fe** chelating ability of Se-containing peptides were
investigated. The results showed that the optimal conditions for the extraction of SeCP were: 0.1 mol/L NaOH solution,
liquid to material ratio 45:1 mL/g, extraction temperature 60 °C, extraction time 3 h, twice. Under this condition, the
extraction rate of SeCP was 72.91%. The optimum conditions for the enzymatic preparation of antioxidant SeCPPs were:
4% substrate concentration, 1.0% enzyme substrate ratio, 1 h digestion time, 1 kDa molecular weight retained by
ultrafiltration membrane. The Se content in SeCPP was 362.378 mg/kg, and the ECs, values of DPPH:- and ABTS™
scavenging rate were 0.435 and 0.399 mg/mL, respectively. Besides, SeCPPs showed better reducing power and Fe*"
chelating ability.

Key words: Cardamine enshiensis; antioxidant peptides; enzymolysis; ultrafiltration

Y AEA: 2021-07-06

EEUWH: TEHLEHFALF 67 #@m L8 (2020M672313)

TEEEN: RF (1997-) , %, REHR A, B FH @ 24 &K E 5-F &7, E-mail: 1835377619@qq.com.,
*EIEIEE: #& (1989-) , 8,44, 813U, ST 7 61 407 A5 £ % 7+, E-mail: houtao@mail hzau.edu.cn.,


https://doi.org/10.13386/j.issn1002-0306.2021070059
https://doi.org/10.13386/j.issn1002-0306.2021070059
mailto:1835377619@qq.com

- 206 - £ Tl B4

20224 3 H

U K55 ( Cardamine enshiensis ) &=—Fp1%
EREHACKR SR 1) 4L A Y, "T25 W, e
TR RSALFE . A T SR A, BE I &
fEEx (AN S S s =4 =/ I TR 7/ D LB S SN = W S DA B )
AR, JEAR ELIT R ERAE IR . Al i
BB R PP SRR IR 5 i, LATH R A
BRI A I AS A, B 1WA BRI IEEY . H i, £
XKL TE 28 b A e | IR . R
SyF-9) 5 (CAnvs 285 1 . A 220 ) 1 A LTS R A5 )y THT o
Lban, A 2 e 8E AR S M SRR R B A S =
(AT THFRY; A P HEEA S . AW E R
SERE ARSI LRI T T 01238570 A
WFFE R IR K TE 2B H A8 R AT BT s e . 4R
T, XF A U5 TR KSR 1 /NG T 15 40 T i A 5 A et
T, 85 RS | G AR A A L DA AT AT R BAT
R IHTE ARG TS, FF &SR I RSP AL
I PG AR L FH RIS .

WEARSR, [ N AMIFIE 3 FEAE 2 IR DT A AR K T
CACT REIFFR, UESEHE SR (B R I (8 2032
=L SAEYE BT AR AR L, JFLRIVE /N A
JEAAK, X ek AR B 2 E P filan,
KRR K S ) UE S BLAT AP b . PLis
P, BEAEVRR E AL, S A I LR SR, e Bk R
FAZK SRS MR S0 b, SR T RRAIRTEHEA &
B PR AN PR AN SR AL 08 Tl NS PR RE T,
AT B I E AN B T B AR T SR PRIER F K A
YIRS NG v 3 R BAT RAFIAPT A RRE ST, A
A REME T B S R S, ELREAE A B S N T
TSR, SEPUEARIRI L R IEN

A FT LA B E K S R IR, I AR SR R K S5
L AR5 DA A RIS BREE 1 PP e AR, il AR
ity i 156 R PPLIERL 28 S B0 o e APl 7 52, e R FH L
Sy B ARAS BB AL I PEESR I/ N TR SRR K,
DI R AR SE IR ATT & A BB AR .

1 MR5RE%
1.1 MRS

RS TR U = S5 R FLIE AR
Bl# e AL s 8 1 (1.50%<10° U/mL) | WPk
I (6.69x10* U/mL) . &2 -&FE FF(1.85%10° U/g) .
JRAE FIB#(2.50%10° U/g) . AR HEF(8.00%10° U/g)

WS P ED AEHE ARG IR E] 1, 1- 285255
BEIE(DPPH) . 2,2 2(- X (3- £ FEFR I BE MR AR -6-fiff
152 ) i (ABTS) YR A2 4905 AlidR HEHS W (1000
mg/mL)  KEEHHCERGAL TUFFEr; Thig . AsiR

A E =P sl HofhaFn] Yo = ali.

DF-101S £ R I mg T e bias L
T T A28 A R BTAT 28 vl s FE20 3L 50 % pH it
ML204/02 HL 7R AR -FE R 284G [
INFL LGI-12 R THEPL JE AR IRAE DR &
AR 2R ASIIUCERIL BRI BRA

FJ; Multiskan Spectrum £V KEHRMY  35FE Thermo
Nl BB AT 5. 3. 1 kDa FRAEAF4E R BN
& [E Millipore 2% 7 ; Kylin-S12+AS-90L+SA50+
5500 BUWEAH A5 - F DO JUaTHE RS
AR
1.2 EWHE
1.2.1 TR MARERL S ARSEI KSR A i
T 2mAME 1 i, BAEHOKRSETRRITR, o
80 H i, MRl T S5 1 N o, FH T K54 4
WG 25 AR IBOCR B ER I, P87 pH LIDTTERR M, IF
Sop TR B A T2 B MR 53T o A s M Pt e i £
H, BTG ER A E /K I 30 min FUARYE:, Hi
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Fig.1 Process flow chart of preparation of selenopeptide from

C. enshiensis

1.2.2 WEKRSERARIT. 200 M &= ot
1.2.2.1 #EAKFER A DI0E e pH 982 F
JH 0.10 mol/L Y NaOH ¥#5 % 7E #& Bt Ltk 40:1 mL/g.
40 °C MU FXOKRSEIRE 3 h, JREES RS, 3.0
(3800 r/min, 20 min) &8 _LIEW, B =I5 11 17,
R PH T pH A 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0,
4.5.5.0.55, 6.0, %% 2 h)5, .0 (10000 r/min,
20 min) W dE FiEWR . FHZS Slrm g i s
5% .

1.2.2.2 PARIZESCE: LA 0.100 mol/L NaOH ¥ .
PEPUEE 40 °C. WikHEE 40:1 mL/g, $EHUE] 3 hy
FEEL 1 IR AE Sl [ 22 4514, %5 £ NaOH ¥ iR e J&
(0.025. 0.050, 0.075. 0.100. 0.125 mol/L) . $£HLiE
J& (30, 40, 50, 60, 70 °C) . ¥ KL (20:1, 30:1,
40:1.50:1,60:1 mL/g) . $EUETE](2.3.4.5.6h).
FRIBORE (1. 2. 3) XK FFR AR5
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Table 1 Independent variables and levels of orthogonal of the

extraction of C. enshiensis proteins

K AWK (mL/g)  BIREE(C)  C NaOH¥RJE (mol/L)
1 45:1 55 0.08
2 50:1 60 0.10
3 55:1 65 0.12

1.2.2.3 IEACIALS  FERREER LIS, R =E
FEIKRFIERS TR Ly(3Y), 1R 1 iR, DAZE FHRECR
SAIFEFE bR, X HEE AR T

1.2.2.4 FHAGRBERONE S5 308k [13] X
KRR P B AURE R (S R o, BAR Dk
S:20 mL 5% =R AR AEEE TR 0.1 g i
KFFEH# 1 h, AEEEERAIRYRE T =&,
JRASETULEN . &% GB 5009.5-2016 &5 &
AT 8 0 ), R I B e BT XK S50 1 2 &
e AR R A DA SO K SRR P 2l R T
R R B 6.25, BRI FER R E A SRR
9.79% . WFEKFHEHIRBCRSZ LU A A

oy, PRI PR B RO B 1
RO = ok p R B X PR RO

1.2.2.5 ZHB5HT 75 GB 5009.124-2016 &5
AR 2 B R I 2 DX R R SE R I T el LR P 2 I
i TIRE .

1.2.3 K SEAG IR ] 45 T 2 B9 Ak S AR A SR Ak
Tk

1.2.3.1 FARZRSCE BEetEE g, hrEE e
fifg . 525 B PTG . ATV P AT AR 1 XA oK SE AR
P P A7 2 SR PR B o A T i ) il S Y S5
(5% 2), ¥ FEAE KSR U BT R EE 3%, Il 3%.
S B E] 3 h (B A5, DA/K )5 (DH) . DPPH-
M ABTS' 15 BEFJy R ZLFEFR, ik i B4 H &R
FA T o

2 AN B SO AR

Table 2 Optimal reaction conditions of protease

GHE[ZEES Fol iR (°C) ol pH it
B 2 1 il 55 8.0 1.50x10° U/mL
PR 50 7.0 6.69x10* U/mL
HEEM 55 7.0 1.85x10° U/g
AN 50 75 2.50x10° U/g
JHE TR 1t 37 6.5 8.00x10° U/g

TE S5 A4 S 8 FH 2R P B 1) S [ N 514 T, 558
KR R EIRE (2%, 3%. 4%. 5%. 6%) . HfE
BIE (1.2, 3. 4.5 h), B EK(0.5%. 1.0%. 2.0%.
3.0%. 4.0%. 5.0% ) X R KSR I BRI S2 )
Hodp, DIREKSER FH BT E MR EE 3%, MR 3 h. B
3.0% R [EE LA, UL DPPH-. ABTS 153l 3222
FEbR, Tt e B AR SR 14 .

1.2.3.2 WEKRFERAMMRYN TR WOKRFER AN
R GRS R T 5. 3.0 1 kDa B IERK,
WAEASTRIZR S HE T, Tl e i s 1T BRI AS TR 9%
SY PRI o I AN TR 2 53 W KR SR K ¥ DPPH-
ABTS" I BRAE 7 LA KA & L, 0 12 53 25 R oK S5
TR B IR IERIA o

1.2.3.3 JKMERINGE SR Ph-STATEUEDA!™ ),

DH(%) = éx 5[1:" x 100

K a o8 NH, L P25, 45 F 1.01;
B FORIEM A (L ); Ny, FRI8&AHEE (0.5 mol/L);
M FoRE AT A (kg)s h,,, 2885 Y B0 S
A, 2 BRI AR 25 A AR ISR SR 1Y by, 1H
A 7.95 mmol/g.
1.2.3.4 W& ERNE =% GB 5009.93-2017(E
st VR e A I )X AR R S AN [ 2% 4 R P it 55
AT AE o
1.2.3.5 DPPHIERRBESIMIMIE =35 3wk [16] 1Y
TR OKR SR BE A % (2.0 mg/mL) M AN R g 55
WK SERR Y DPPH-IE BRAE 1 B4 7005 o W5 RN
50% 1A JoT S e B P A RO B (EC 5 1H) , IR FROR
RIS EAKTERR A DPPH -7 FRAE ST -
1.2.3.6 ABTS™IHRAEIIMMIE S5 3CHk [17] 19
T7 N WK S 2 A A % (2.0 mg/mL) K AR 955
AKSERRT ABTS H HASEIREE I3 Tl . FH ECs,
THZRIRN A RIS HEKFERRN) ABTS I BREET] -
1.2.3.7 JFJJRIME S5 3CHR [18] HYTTIEX R
KSR R A AR T HEA T o B 100 pL R IIAE S
YRR SR, HEURHILA 100 pL 0.2 mol/L PBS Z& i
W (PpH6.6)F1 100 puL 1.0% HEREACERARL, 1757, 50 °C
KW 20 min, BHIEZIR/S A 100 uL 10% =44
BRI, 1R, 3000 r/min FES.C> 10 min, L 100 pL
EIEWT 96 FLAR Y, MR I A SE B ) ZE 48 7K N
1/5 RFRY 0.1% —SAZRIAW, 1RES), S T RDGHE
B 10 min, JHESARXIE 700 nm I E K SGIE
1.2.3.8 Fe' B GHET1 S35 3CHk [19] W07 1%
KREFEMIRN Fe” 2 A Re I3 T . 96 FLAR N, 4K
YA 100 pL REIFE SRR . 135 pL AB4liZKFT 5 uL
2 mmol/L FeCl,-4H,0, % ilf it & 3 min /5, 4k ZZ N
A 10 pL 5 mmol/L YFEIE ISR, ARG 5, =ikt
#E 10 min, FHAEEARMYTE 562 nm R EWOGIE, L
EDTA-2Na YEAFHMXT AR

Feh’?&é\%(%):% x 100

Ao A SHFRFIUAE S B IROCAE ;s Ay SR 25 XS IR
EELOLI ORI
1.3 HELE

A g E A 3 R, OV I, Bda ik 2R
SPSS.17 #4F, 2:EF]H GraphPad Prism7.0 % {4-iif
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ATAL PR, SRR 2R T 2243 BT (ANOVA) X P<0.05
22 TG4 HT -
2 FBREZ
2.1 FERFERSENE pH BEE

2 T T W R I T R R S R s,
AE HAth S 4 [5 52 1 5 LT, Uil OD {1 KN 5 2
FIo S IR ASCOC R, Rt AR SE AR P R B v
Hr g S R AR Y pH B SR T TE R SR 1 Y
1 pH. WNEl 2 Frs, OD (HB#E A pH 1S R B
VT B AR, 24 pH Sl 4.0 B, OD B %/, BN
DUREES M 5E 4. i I R R S8R (I DLTE I de
pH & 4.0,
22 FERFERRIAMEERSE
2.2.1 NaOH WA FIBCRASEm il 3a
FER, WK SRR P HEHOCR M NaOH 37 W 35 i 18 K
SEIRSEHE NS N AR R A I A R R JEE P 3
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i
o
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1

N, WEKSE R A0 BRI IR, SR PR A, 24
NaOH %4~ 0.1 mol/L B, FEFHBCRT=TN 61.57%,
i 2 v T A AR R B B BT AR AR 11 (P<0.05), T RE
RS FEE IR AR B O, H 43 AR BT i, AR UL
B, KRR HERBCREEZ TR, PRI, BePemeaksE

1.0 1
0.9 1
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Fig.2 Effect of pH on the optical density of the supernate
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Fig.3 Influence of various factors on the extraction rate of SeCP
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%435 % o A
FEFAHEEU B E: NaOH e B B HI7E 0.10 mol/L
EEO

2.2.2 {RBUREXTEHRBCRsZm dniE 3b B
7, PRBURELE 30~50 °C B, 4B 1 BTV BCRAS B AN
W3 (P>0.05); 60 °C B, ZE B HR IR o O
fbAbFRLH (P<0.05) . BEFEIREEAIEEIN, B HHRBCR T
4, LI sl T B A, SRR AR M, 2 AR
PSS o DRI, PR3 ER FPR I ine fTRL BE  44
HIFE 60 °C 245 .

2.2.3 WORHEXT R ARBCRA I AnE 3¢ Ui,
2 H AR ICR RS WO L BRSNS TR, TRk
LA 50:1 mL/g B, 25 TR FR BOR I =5 2 69.32%,
HE5®RE N 40: 1 mL/g B A3RBCRA I F 25 5
(P<0.05), My Bl 5 OB L IR I, 1500 00 e B R A
ZIN, WK 00 43 R s, A R T8 s
I, 2 AR HREAWOR L B TIAE 50:1 mL/g ZEf o
2.2.4 FREEFEDGEE SR IBCR g sZm aniEl 3d Br
7%, B A HRE BT ) R i, AR oK S 2R 1 A HR BRI 1
A7 5 E AR, BRI A R 2 P AR BCR S M 4R
/e X BB AIR AT TA] PN, BT I T e
SRR LR, 5578 P15 Fe s fh, = b e (e AR

T LEREIE, HEPE 3 h AR AR ETTE]
2.2.5 FREUECS S R BCRA R anlE 3e ir
7N, WK SE AR P PR IBOR R A P BB i 5 I i 15 S,
PEHL 2 5 3 Ik, R EARBCR B R (AT o W3
PEZE 5 (P>0.05), MOEFEIFAKSER AP B EL
N2,
2.3 EEARFEARRINIERRE

MR B PR 2R S0 1 45 R, BEH NaOH K 2
PEHORBE L OB 3 NIRRT IE RIS, 25 =R
B 3 DK, G5 AN 3 s . SR 2E 53 M ml i
3 DIRFE I LSZmaAOR SR R IBCE, NaOH Bk
BERFEI R R, Hp AR I G A B,C,, RISRHR
B 45:1 mL/g. 60 °C. 0.1 mol/L NaOH ¥%#% . 3 h.
FEHL 2 RAE IR SRR I AR R . 208
TE, AR TR R ICE R 72.91%, ISR SE
A 50.50%
24 FEARFEANIERST

R 4 Al A, BOKSER A & 2R aE AR . H
1, 44.37% S NAR LT IR, B /K S FEIR o b
2] 52.09%. EPIEERR NG PE S R SRR
FAFEMRAA W A M AT 4544 O, Bk PEZER (U1 Leu,

3 FEKSEE I IE AR SR 225017
Table 3  Orthogonal test and range analysis of SeCP extraction

SRS A B C PRI (%)
1 1 1 1 60.58
2 1 2 2 71.40
3 1 3 3 65.12
4 2 1 2 62.55
5 2 2 3 63.22
6 2 3 1 51.11
7 3 1 3 64.62
8 3 2 1 61.38
9 3 3 2 63.30
K, 197.10 187.75 173.07
K, 176.88 196.00 197.25
K, 189.30 179.53 192.96
K 65.70 62.58 57.69
k, 58.96 65.33 65.75
k, 63.10 59.84 64.32
R, 6.74 5.49 8.06
T4 KRFEANARER S
Table 4 Amino acid analysis results of SeCP
SRR SRR i (¢/100 g AT BASERRRN K SRR & (2/100 ¢ BB 11R)
KIT44 W2 (Asp) 13.365+0.078 2254 11% (Ser) 5.590+0.006
RN E % (Phe) 8.081:0.159 SEE R (Leu) 12.453+0.115
Ssa g (1le) 5.339+0.062 i 2% (Tyr) 5.237+0.053
HER(Glu) 22.694+0.204 J5 48R (Thr) 6.0920.002
H&m(Gly) 7.173£0.058 A (Lys) 6.054:£0.031
HER (Ala) 7.982+0.078 it % (Pro) 5.807+0.024
MR (Cys) - 2% (His) 3.052+0.015
Wi R (Val) 9.764+0.081 K2R (Arg) 2.541+0.048
ER R (Met) 2.685+0.001
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Ile. Pro) LA K J5 8 e kR (A Tyr) XHFRRPTA L
I EA W EE TR K &R 0T ARG K-8
w2 BRIAFETE, I B TIEERAR A b =20 A
F A B KA IR A AT A N ok,
C U8 = AV A & A A Fhi etk s 1 i 71, 4
an, EAERE BRI KR P 9 FRPLALLIKEY
HATR5RIY DPPH-YEBRVE, Heab 4 v i s /K 2203
P O B e P, KSR 5 A s B K PR
1R (2 52.09% ) FN55 i 4 3R (4N Phe. Tyr), HA
PR TR AR A S AL S
2.5 AEEAMIERFEEMFSRE

P & 4 BTN, Zemei: SR RN B AR AL FR S
TAOK SRR /KR ) FR R0 o5 I 35 v T LA g
fir 2 (P<0.05), FLBS:EE AR AE /K it A b A e
i DH, U, BEKSEER H/K @459 DPPH-. ABTS™
W R DH 23510 84.86%. 67.16%. 14.58%. %45
A A HIETE SRR S RS, BEReirE SR AN E R
IR SRR SRR P ) S50 FH

== DH =2 DPPH [ iy JEi5 R %

20 - g22 ABTS A HBELE R - 100
A A

i o B B -
m & : S
qE Cho c -
—_ | ¢ 3
S &
= 30 4o
A b bt
H
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Fig.4 Effects of protease types on free radical scavenging rate
and degree of hydrolysis of SeCP hydrolysatese

2.6 EARFEABENBEEZRIN

2.6.1 WRKSEEE 0T i B o R oK S B 1 A ) 52
m o ANE Sa TN, Bl R OR SR 0T o R R Y Y
in, PEOKSER AR H RSS2 BE S
N, RPN 4% i), DPPH-. ABTS'
IE RN B T e, 535 75.06% . 70.41%, {H
HoAth e B AT B 22 5 (P>0.05) o X AT REZ
SRR SE AR [ BT i e BERAIRAST, 2R B S RS 1 8
2l A IR B FR S, Bl R oK S5 AR I 9 3
i, B SN AR 5, ARSI K S AR e, T
2 BRI EIWE R, AR TSR /K. Bk
PEPE 4% VEMWEKSEAR BRI IS B .

2.6.2 AT RIS I BfF RS2 aniEl sb
BTN, Bt BT ] B35, ABTS - BT BRRAR LA
3, DPPH-MTE BRFANEAT v/, S EFARETH]A 1 h
B, DPPH-. ABTS™i&FR3R5351°8 76.55%. 67.32%.
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Fig.5 Influence of various factors on the enzymatic
hydrolysis of SeCP

XULEH 1 h 3t DL A 8 2 BT E AL IR B, T B 5
AR TR] R 1, T4 TE PR Bt — 20K i, 23K
HG5H & A=A Ak, T e i e . PRk, 3k
B 1 h VRO SE AR A e AR ]
2.6.3 INEGEXTREKSEER L BHEAIZm i Sc BT
7N, IR AR T 0.5%~3.0% B, B B L
53R BA B AR B (P>0.05), HLFEZE DN ks
K, A HILERFA T R Mg E S 1.0% 8,
B f# B X DPPH-. ABTS™HI7E S Ris 8K E .. K
I, R 1.0% KSR R i e B I
2.7 ARIEDFERFIARIGS E RInEWEMH

iE 6 Jras, ASE 43 AR S IS 5 il 1
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