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Abstract: Dipeptidyl-peptidase 1V (DPP-1V) inhibitors are among the newest agents to regulate blood glucose levels by preventing
degradation of the gut-derived hormone GLP-1. These inhibitors play an important role in regulating insulin secretion. In this study, DPP-1V
inhibitory peptides were prepared from sea cucumber (Holotharia tubulosa) by enzymatic hydrolysis. The types of protease, their concentrations,
and hydrolysis times were optimized to maximize DPP-IV inhibition, protein recovery (PR), and degree of hydrolysis (DH). In addition, the
molecular weight distribution and the total amino acid composition of each hydrolysate were determined. DPP-IV inhibitory peptide sequences
were identified by UPLC-MS/MS. Sea cucumber hydrolysates prepared with a 1:1 combination of papain and Protamex displayed optimal
hydrolysis efficiency, and yielded products exhibiting the highest DPP-1V inhibition and PR. Optimal hydrolysis conditions were as follows: the
total amount of Protamex added was 1% of the mass of the dry sea cucumber, and hydrolysis time was 4 h. Under these optimal conditions,
DPP-1V inhibition, PR, and DH were 66.97%, 76.25%, and 6.10%, respectively. Most peptide molecular weights in the optimal enzymatic
hydrolysates were under 5000 u. The peptides were rich in Pro, Ala, and other amino acids related to DPP-IV inhibition. Peptides within the
hydrolysates were identified by UPLC-MS/MS. Twenty eight of these polypeptides (with molecular weights ranging from 500 to 1936 u) were
found by Mascot analysis to possess features typical of DPP-1V inhibitory peptides. The results of this study lay a foundation for development of
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hypoglycemic agents from sea cucumber.
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(glucagon-likepeptidel, GLP-1) HEiE i il ik & 25
Gyh ARERR Sy B AR S FE RN 231 H0 I s T
ForuhaE Ty PR E, FEHE AR 2 2 NI
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JE ik /K IR K 15 min J5 4 SC8000 r/min F E5.0» 20
min, 0 EIERPRE E R T
xR 1 ERBREMEEEYT
Table 1 The condition of hydrolysis of different enzymes
BRagf X pH RE/FC mBEE/% EEARETE]/h

ANEG# 70 55 1 4
PHEOH 7.0 50 1 4
Rk & G 7.0 50 1 4
BEE Gl 8.0 55 1 4
KEFOH 65 45 1 4
a4%ai 70 50 1 4

1.3.3 K E A%

JKfRIE (Degree of hydrolysis, DH) &4 Lk
FREEERIT 5 20 EL, {3 FARE IS (OPA) Mrikse
B0, L 0.9516 mmol/L £25 W NbniE S, 2K
REEAXIR, FRRFREE 0.5 mg/mL, 2B 40
uL T 96 FLEGFRER T, FINA 300 uL OPARF), e
G HIFAIAE 340 nm R BITROGAE .
7K gk P R h
Mxloo% = e

HF, hg BT REGER, h 02 2R B S BB
VIS

DH(%) = x100%

_ Serine NH, —
a

h mmol/ g protein

D oD

o —
Serine NH, = e ~ 22vak ) 9516 mmol / L x -
ODstand - blank c

C BN EQRE, BEY o, p, haARIERAHHED
213 0.796, 0.457, 11.1.
134 &G EKEGN L

KUK ERIE (GB 5009.5-2016) 735l E T
BZHNEOR S E SRR ES RS E, JHZUT
ALTHEE A R R
i AR R 11 5 B I Ui A A

JEORMER 2 < i B

1.3.5 DPP-IV ) &M ag ) <

TEBRE 2544 T DPP-IV ALY Gly-Pro-pNA 7K
filt, 7242 Gly-Pro FISE LI IEEA G, JE#HTE 405
nm AHRFIER UG, HRYE Zheng 25 A K730 T
M, 7E 96 FLAT WBEFRAR A 2 BN 80 uL FRIRE &

(Z&WREH 2 mg/mL) 180 L i) 0.5 mM JEH), &

%, 37  °BiFHE 10 min 5 40 L 1 12.5 mU/mL
DPP-IV B, Ew, 37  9§H 120 min, HiE4E 2
min P E— K405 nm T OB EEE, EEBUROCREELE

168

FEAERILE (%)= x100%

AT N ARG 1] SRR (Slope) o BA
IPI A PE X HEFRAEY), 100 mM pH 8.0 Tris-HCI 23
NS PN O S R LW S A NA i B P E R
Tris-HCI 22 Ui AT I B BB . % DL N AR
DPP-1V 11l %

(Slope, i —Slopege)

sample” . 100%

DPP — IV & (%) =
SIOpeblank

1.3.6 ST EH5Hagne

KRR A 2 T BT, Ui
% C CHEIX T 12384 ), 4IIKEE (AR 215t
& 6511 u) , FFEEAK XS T E 1450 w)
Gly-Gly-Tyr-Arg CHEXF 4> Fi 8 451 W), Gly-Gly-Gly
XS 2T 189 W) b fih,  LASFRIE L2 T
T SO C ARSI R At i B R B TR (AR
HERNZG . I ELARE an B DR BE IS TR UH SRR K 201 5
34, 0.5 mg/mL FEAhid 022 pum FFLIERR I EAAX
AT A AT R, v RO A T SR A
TSK-GEL G2000 SWxI 7.8 mmx300 mm, #EFfEE 20
uL, A 214 nm, B 35 SCHEIF A LN
K =5 4 18:=20:80:0.1, it 1 mL/min.
1.3.7 B RAABRARAGN E

KH A300 ZHEIR H3N7 X (membra Pure,
Bodenheim, Germany) AT S ZIERLL AT FREL
FEMEMASmML6 M [)EEIR7E110 i T 240,
Ali/KEZR A 50 mL JE B 1 mL BRSO
1 mLFESRZERTR, TS 0.22 pm JE AR I 5 2 AR
FHANI A AL . EEEER I & & 9/100 g £
138 ZKAFFE R

VG SR 1) 22 K7 51 FH R e A5 it o
ERPUZAT AT IA] 3 (UPLC-ESI-Q-TOF-MS/MS)
BEAT %M, DL 01% FRRACIE IR E 5
mg/mL, & 0.22 um PIENLRMFLIEM S HERE, MR
N 2 ul. ik A Waters ACQUITY UPLC HSS T3
¥ (2.1 mmx100 mm, 1.8 um) . VshH A 4 0.1%H
K, BN (iga) , JFEBFEF: 0~10 min,
5%~40% B; 10~12 min, 40%~90% B; 12~14 min, 90%
B; 14~15min, 90%~5% B; 15~18 min, 5% B, V-
BEHIERAS, WE: 0.2 mUmin. FiEss. B
HLE 4500 V, BFRIRAEE 200 SCTESAIHE 8.0
L/min, ZAk28/% /) 1.5 bar, RAIES TR, A
HYGE Y miz 50~1500 u. FRASHIEEEFH Mascot 18
JESs e 2 KA. — i mZE A 10 ppm, iz
5 0.05 u.
139 HKEHAT
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MR BRI

Modern Food Science and Technology

2020, Vol.36, No.8

Fom. BRI 1BM SPSS Statistics 22 34T BRI 27
Z 8, LA Duncans £ H bbb AT BE O
(p<0.05) .

2 FER5vHe

21 SSERYIRIIE

211 mAEFER G IHiL

SR GBS SRR AR NEAN. E6EH
fig, HPEEERG. BREEE AR, 9E 2RO EEA Xk
FIBEEATEEAR, EEMAAIFIIER L PR, 7SF R IR
FEF=HIR DPP-IV R 1 B, Bkah, #T
& ESCR A E AT R OGS R AR 1525,
EESSEbR N T BAA EENATFR L, TKEE
DH IS HKEESL, IS DPP-IV i
TEVERIEE SR 2 (B R A HEE L, Fitit
W5E 7 SRR YRE ARG DH, 458K
1 Fhoss

80 - Olppp-1vidifl BEaEce [KEE

ﬁ a
; < a d
2 oot 2B aF EF X 18
— ab= =]
I = B2 le &
£ B 5|E I
= 20 S| | B
E: = | Ell| 55 12
5 o @r & @r 0
4 k”> k”> *& *&
& 1 XIE’%EIE@EE%’&%’JE&%#%H@ DPP-1V IlHIZR, &R
B R Sk RE

Fig.1 DPP-1V inhibition, PR and DH of sea cucumber
hydrolysates prepared by different proteases

E: AP RRFEHEATE p<O05 KFLEZREFH, T
Flo

A RUEH, NMANF B S IR )
E&W AN 2 mg/mL B DPP-IV i i 3 4b F
42.54%~56.86% 2 [F], F.rhoA AR FBEIBEAR VI
2 i, 1A% 56.86%; HIKEE &EAME P
PR g RS AR, FLAm I 2 23 )09 50.15%
50.42%; Tfi MK AR 1 Bl B A 1 N g B R 1l
R DR ZR A, 70l 42.54%. 43.54%A1
43.100% . 7N FhEE N B R 7 0 B R A el R AR
57.43%~74.61% 2 [a], H stk 2 1 Bl it 2 (1 i
= E AR R R, BE (p<0.05) mTHE
BN T KRR R E AR P el
AR [N, AFE BRI KR AA

BEMZESR (p<0.05) , BliEER BRI S A B
SR KRR AR, AR M B i AR A T
R 7.72%. 7R, DPP-IV BRI EFEEIE
A AR LR Pro B Ala I k. Kk, HA
ZET A Z TR et DPP-IV B/KfE, HATHE
SEIK) DPP-IV IS ERT 8, R TR 1 1 1 AR
PR (1SRRI AP AR R, (HRE P H
A it DPP-IV #IHEYE, XS EASAN
BT A BREG AR TR AR R 2 A AR v R A&
FFR L Pro o Ala IRk, [RIE,  ERARBEIE & (GRS
SRR RN R Y e =, L DPP-IV 4
PERUE, X R TR AR T R e ik
WU, HABRZHEINS, AU NGESEATRE
O 2 AR IR A Z ik, B HKM %
JRAE S A I 8 A2 R Pro B Ala f5 SAEXS
8L, XA TSR DPP-IV HkiE 1
SHIKMREE R BEARCHE, Minl e 5 H KB P Ee
WS FIR T HIA R

9T 545 BAEE DPP-IV IS R 2 R i
FE, EIR PSRRI B B RIS, SRR
NEAMSHE A EAMmETER, PR
AR R S 7 SO AR IR FD DPP-IV
PR B EE
212 ZAEEERH RIKT

BARNE Al 3 S eEA 11 TR,
TERNBEE 1%, BEAERSE] 4 h, BRI 55 CHl
WLy 1:3 F1 pH 7 TGS IATEGAE, BP0
DPP-IV it 2, 25 (ISR FKARRE, 455Kk 2
FroRe

Ooprp-viil B&EANE [I]]Jkre?ri

80

DPP-IV#iil % & & A Bk /%
KA | %

A

2 ATNE RS AR ESAVBERE 1Y DPP- IV 412K,
EREMESKEE
Fig.2 DPP-1V inhibition, PR and DH of sea cucumber
hydrolysates prepared by the combination of two kinds of
proteases
ALVEH, ANEAMSHELAMEAN Gt
WAl EaEal, hrEEAl, KkESnE. 3
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HEAN) HTENE, SERMELIRE N 2
mg/mL I ] DPP-1V 41Jiffil| 3£ 48.66%~68.72% [f],
BE TR . o, ANEAMSEEES
it S PR EIRG R LS =) DPP-IV #2558,
ELXEEEZR (p<0.05) . Ib4h, EECS RIBHE
VI A ISR 65.27%~76.25%2 18], HAJREH
filg 582 & S EI G S CREHAR P n) B A RSCR B s, 1A
Fl| 76.25%, =T EEREHE ) LA RO B S RS
FIRHESEHET ) (p<0.05) o R, MK
KE, HEEHIKRELE 2.17%~8.13%, X LL A
FRFEIGE] T S, Horb, AR AR S PE R A
AR R 1 2 TG R B e D B K Rt v, A
8.13%#F11 8.09%. HHULTTLAE H, AN E S H
EERAMNER, MU DPP-IV #ifilZit e
PR A RSCRAUKAIRRE . Mei a5 e SRR
(1) DPP-IV #il|%e R HEEMAE, EFUANEO/
S5 & EOMNERIE G 1T 2 1E R,
I J5 SO Tt e AR N R TR N A2 & B I R
SEAMATIHE, S PIREINEGE S HAR R
7= DPP-IV il 2, 8 [ [ DL Rk R FE IR 52
W, TR ARIELEEAN pH JUIZE RS Ml o B 1IE FH 261
T,
213 g IR

PR SRR, R NEE TR
Fl. TEBEMETA] 4 hy BRELE 1:3. BEEREZ 55  °C
pH AT HIZMH T, UAREAMEESGEOLLE
P B A o 2, I 58 AN TR) S n B 2 PO T8 A 7 0 1
DPP-IV #lifilZe., B [EISCRAUKAREE, 255 WK 3.

= 100 Oppp-vigdl# BiamElcs Mawe 410
¥ sof a a aas g
= a
= b 3
I g0l e b 16 =
R )
= B
% 40 ¢ 1a £
& d
T 20} 12
o,
a
0.25% 0.50% 1.00% 2.00%
il
& 3 A EINEEERGSEERE R DPP- IV HiHIZER . EREIL
R5KE

Fig.3 DPP-1V inhibition, PR and DH of sea cucumber
hydrolysates prepared by different addition amounts of
protease

HiB 3 FIRL, ASFEIDNBEE T BEE Y DPP-IV
1) 2 g ) BG nTT RREEE I, InEgE Y 2%
B, B PEYH DPP-IV I RIA B e, N

170

75.66%, W& T INEEE 1% 0% DPP-IV i 2

(66.97%) , HEREMZER (p<0.05) . XA
SR PV PEIR  IIK Bt 5 N 22 PR3 AR AN K
(ER NG AR = d RN e N = 4 VS S E )
DPP-1V 11l 3 4 1) Ok B ) 75 2 B i i i g i [
0 P N [ %= N 5y /N e =g S NI e
60.32%~78.76% 2 [], .2 Fifi fin k&8 Py 384 m g 38 o
TEENNEGEA 0.5%1AF] 75.54%, E&T-Ffe. 1M
KA R N G IR BT, INEEESA 2% iR
KR, &% 7.93%, B2 (p<0.05) &=Tin
B 1% 7K AREE (6.10%) « ATLAEH, S
fEF=Y1) DPP-IV g PE S & F [FSCR 6% DH 1
e, RIEIINEFRRE S, FERREE3E M. 47
ARFL, AN AMS S 6 E OSSN E
S 1960} BT A i2 3% m ) DPP-IV HdiE 1,  HAaR A
Wi s, SRA PRI IE LS T LA TS,
PRl I B S NN 1%,
2.1.4 EEFEN ] 894K 5

it PR SRR AOR, IR (AT

I TEMBFE 1%, BHELE 1:3, BEffHEEZ 55 C
pH N 7 B TR NE Bl S 56 5 O S
fifiE 2, DN (R B AR I (8] BSR4/ DPP-IV #1
Bl A ESCRAKRE, WK 4.

3 3 $ —s
= 60t V,,b 4 16
z ; 3
§ awf 1 g
E -+ DPP-TV il % %
g 20} +HAEKE 12
= = KA
E n L 1 L 1 0
12 4 8
iR 1] / h
4 TEIRGARAIE A ESEERR =40 DPP-1V HII%, EEE
WESKEE

Fig.4 DPP-1V inhibition, PR and DH of sea cucumber
hydrolysates prepared by different hydrolysis time

Kl 4 BoR, BEf@EIal 4 h 2N, SRV
DPP-IV $ifi|Ze . £ A [RISCFR AT K AR 2 25 S B B g
SIS TR AR AEATIT A i o TN TRD N 8 h I, Sz
VIR EE H EICR 5K ARG TF42, DPP-IV i3
HIER TN B S . XU B S ST RS, AERE
R AL, S E A T IRBOA PO Tk,
TTREAE B S N EAT, PR TR L, DRI
HARMCR KRS TP, KR 1]
WA AT REAE L DPP-IV Hi S M (0 R 23 5
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/INEIAYF, i DPP-IV HlIZ B R Bt [FIRY,
Ry T 2 R A = L, e hnRERE, FEH TR
SRR AR G A T B T R R RIRSR G
7 R REBEA 4 h N B AERGARI 18], LIS DPP-IV |
EHESEARW RS RS, 7558 76.25% Al
66.97%, JKAEREIES, 4 6.10%.

CRENHEE ARERTEIL, B ARG R,
DL I S EEER T iRAL, 1SS mfls T2
N ANEAMSEAEON 11 TR, SNk
1%, BEfEEY 4 h.

22 ESETYIRDFEST

SR ARRINNE TR i h A o &
R BA AR AR B, 2> T RBOR B AT LA
Proeimd e el B ASARAE S B 2 S IR R
W EbRHERZR, (TR TES . BISBRT
NIRRT S ANEOMSE 5EAMN 11 5
)5 RGO oy TR0, 1] UG i SRR
YISy T B R 70 A T-5000 u LU R, B S Ak
W, Horr, AR R RIBGAR =20 & B 1Ny T4
T AR Al 5 2 A B OGS R RIRG AR, T
XTEE DPP-IV |22, S ECEGITEME (66.97%)
BT ARINE AN (56.86%) , HENIA]AESE HT HFE
SECEG AR == A T 5 2 S AR I 2 AN AR
MR IR, (B m g, s
TFRRHI & ETLR.

E2>=10000

JRU: 2 4 e NN 9 500-10000
5% 2 1 A [ 7 NN ?ggggggg
B B 1A NN mm <1000
Latcge il 77/ AN

Sa s (A W
AR (1 i SN

AM+E & 7 R

0 50 100

ditk /%
5 BRSNS FESH

Fig.5 Molecular weight distribution of enzymatic hydrolysate
2.3 REBRARDHT

TS ARRET, mARPS ESIE 90% LA
o HOAWARKI, BZSE SRENEER, H
HZR (Gly) . &R (Pro) « 8% (Glw « N
HR (Ala) FIRHERR (Hyp) &8kt )
HEABRIRBESCE TN 2 R B 2 B IR B 77,
Al PLse g ERHNH] DPP-IV it R 2 Bor TS

R IR R IR A . HEIRT RN, BRI 2 R
MRF 4, & E PN AES LA AT D TR
HERS5ALTEIER. H, Gly(H&ER) . Glu (%
AR « Leu CGEEIR)  Pro UHER) .« Asp K
ZEZW e Craral®) M Ala (WERR &ER
&, 0 His CHERD  Tyr (BRERR) Met GEER)
TEEUC, MK R B E R R R R E
CO, b 5 DPP-IV 1 R 5% 1 e 5 A e
ErEBE, A8 10.31%5 5.81%, # e 1T
KR 5 AL RIATEy DPP-IV B B4 E FHIR A 2 4+
Huygs> GLP-1 70, MM 2R MpERCR .

R 2 BSEERIREARAER I

Table 2 Analysis of amino acid composition of sea

cucumber hydrolysate

AEMAE 4 F/(9/100 g) & /%
Asp 6.98 9.62
Thr 1.49 2.05
Ser 0.59 0.81
Glu 8.83 12.16
Gly 10.88 15.00
Ala 4.37 6.03
Cys 0.25 0.34
Val 3.74 5.16
Met 1.61 221

lle 5.93 8.17
Leu 8.88 12.24
Tyr 0.87 1.20
Phe 3.26 4.49
His 0.45 0.62
Lys 3.27 451
Arg 3.40 4.69
Pro 7.77 10.70

At 72.58 100

2.4 DPP-IV HHIRRAESFILSTE

N WSS TRRI  RAE DPP-IV $II/EH FIAK
Bt45¥), KA UPLC-ESI-Q-TOF-MS/IMS %32 iR
VIR BLRAT BT . T ABEFE KB, DPP-IV 411
HIKAESE A2 R, A7 AR — s BN, B N R
A Trp (R B8 08 M Pro 5 Ala? 4544
IR 2 R E AR PR IR BB AT 0 AT, L I
28 % ELATIXFH DPP-IV il Pk S A 25 /A REAE IR IR R,
Wk 3 P, XLERIN /T EAE 500~1936 Z [A].
DPP-IV IR R RIRIE 2, BFEERE . i
wE. RIFEEASZMRIE T HEY @SR JEE
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H T CARIE R DPP-IV #IIik KZ135F 400 2474,

WERH 2~13 MREERA R FZERTH. Hp, Xt
VR THEVE 2R DPP-IV 4k AIHT 2 1 Huang
SLIPEE 3 B ali Y 45 5 4 M 8 7 PGVGGPLGPIGPCYG,
YAYQWQRPVDRIR 1 PACGGVYISGRPG £. DPP-IV
PFEEE, 76 2 mg/mL IRFERS, DPP-IV #2435
fe & #  3049%+134% , 39.76%x0.87%

39.76%+1.12%; Neves A CIPVirE = o fa b gt H
DPP-IV VG A AL : GPAV (1Cs0=245.58+7.151
uM), VC (IC5=5413.45+62.151 pM), VP (1C5=880.0

UMD, YP (ICs=658.1 uM) Fl1 PP (1C5=5860 uM)
PN (i B N SN N E AN
DPP-IV il 8. W3R 3 %245 A IR
BIOPEP(http:/Aww.uwm.edu.pl/biochemia/index.php/pl
Ibiopep) i 225t Lk O 4iiE DPP-IV 4k, R EL%E H
I H. DPP-IV i IRAFAE A IR S sA #edii, Horp ol
— B LERI Ik APGPAGP ) ICso 4 105.44 pM.
PR, 725 20 58 oA ik — b & B LT AE I
DPP-IV ik, S UEHEESRSS, A2 )
SRIGE DPP-IV 4k .

% 3 B ERRRTETE OPP-IV HITHIRKRI S
Table 3 Identification of potential DPP-1V inhibitory peptides in sea cucumber hydrolysate

B K31 2»TE m/z meas £ B 18] /min
1 APGPAGPA 653.32 653.32 3.36
2 APGPAGPAG 710.34 710.34 3.29
3 APGPAGPM 729.32 729.32 3.02
4 APGPAGPMG 770.35 770.35 4.58
5 APGPAGNAGPA 911.42 911.42 3.10
6 QPGPAGPAG 767.36 767.36 3.16
7 GAIGAPG 558.28 558.28 2.80
8 GASGPKG 573.29 573.29 1.24
9 GADGPPGPQGLAG 1126.52 563.26 2.76
10 GPAGLTG 572.30 572.30 3.56
11 GPAGPQG 583.28 583.28 2.72
12 GPAGAAG 500.24 500.24 2.08
13 GPAGPPGPTGPTGPA 1247.62 623.81 4.59
14 GPAGPPGPTGPTGPAG 1304.64 652.32 4,52
15 GPAGPAGQDGFPGQDGQPGPAG 1935.85 967.93 3.62
16 GPAGAPGAPGMDGAPGAR 1587.69 793.85 3.88
17 GPAGPRGLPGP 976.54 488.27 4.92
18 GPLGPVGPVGDT 1065.55 1065.55 5.64
19 GPLGPVGPVGDTG 1123.58 561.79 5.62
20 GPQGPQGPAG 865.41 865.41 3.34
21 GPQGEQG 672.29 672.29 1.77
22 GPKGFPGPQG 942.49 471.25 3.60
23 GPPGAPG 568.27 568.27 2.80
24 GPTGPQG 613.29 613.29 2.69
25 GPTGPTGPAG 811.39 811.39 3.70
26 GPDGPTGPK 857.40 857.40 3.95
27 GPDGPTGPKG 898.42 898.42 4.58
28 GPDGPRGEPGEP 1181.54 590.77 5.44

3 4hip

R E ABERSE, "R Il
I RIS BG4 DPP-IV #iiE M. & A R
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66.97%, HHARIWEA 76.25%, /KIFEELN 6.10%.
B = o F B GH A(EB000 u LT, HE &
Pro fl Ala 2 541l DPP-IV i MG SR AR . it
JF % 15 3] 28 2% H DPP-IV i Ik S BV S5 Ky 1)
ZIRFS, 4> T-RAE 500~1936 u i), AHFFR IR
PSR R IR ) ) e AR L T BB RS TE
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