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Abstract: To promote the release of potential a-glucosidase inhibitory peptides from earthworm protein, earthworm protein hydrolysates
were prepared using a combined autolysis-exogenous protease hydrolysis strategy. Potential inhibitory peptides were screened by ultrafiltration,
peptidomics, and bioinformatics analysis, followed by in vitro activity evaluation and molecular docking analysis. After 2 h autolysis followed
by flavourzyme hydrolysis, the obtained hydrolysate showed an o-glucosidase inhibition rate of 66.59% under optimized conditions of
6 000 U-g"' enzyme dosage, 4 h hydrolysis time, 50 °C, and pH 9.5. The < 3 kDa fraction exhibited the strongest inhibitory activity, with an ICs,
value of 0.84 mg-mL". Six potential a-glucosidase inhibitory peptides were identified by LC-MS/MS combined with bioinformatics analysis.
Among them, RGF and FLP showed relatively strong in vitro a-glucosidase inhibitory activities, with ICsy values of 1.56 and 3.57 mM,
respectively. Molecular docking analysis revealed that RGF and FLP could interact with key residues of a-glucosidase through hydrogen
bonding and hydrophobic interactions, suggesting that their inhibitory activities may be related to binding within the enzyme active pocket.
Overall, this study established a preparation process for earthworm-derived a-glucosidase inhibitory peptides and identified bioactive peptide
sequences with potential hypoglycemic activity, providing insights into the structure-activity relationships of earthworm-derived peptides and
supporting their potential application in functional foods.
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Fig.1 Effects of different proteases on protein recovery, degree of hydrolysis (A), and a-glucosidase inhibitory activity (B) of earthworm
protein hydrolysates
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Fig.2 Effects of enzyme dosage on protein recovery, degree of hydrolysis (A), and a-glucosidase inhibitory activity (B) of earthworm
protein hydrolysates
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Fig.3 Effects of hydrolysis time on protein recovery, degree of hydrolysis (A), and a-glucosidase inhibitory activity (B) of earthworm
protein hydrolysates
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Fig.4 Effects of hydrolysis temperature on protein recovery rate, degree of hydrolysis (A), and a-glucosidase inhibitory activity (B) of
earthworm autolytic hydrolysate
2 AP RARFEATEALEERLE (P<005) .
224 pHAAXBEFAR R0 B a-F) B)VEHBaE MR
5 45 KRN, WEEAR pHAER 6.5 TH 2 10.5, APV NUKAREEAE pH H 9.5 A FIH K, 737
N 73.99%FH 42.64%. 1E pH {H 9.5 55F T, -G HEHEEDHIZN 66.59%, H-5 5 & pH HAAMFAHLL 2 AN B3
(P>0.05). pH RN BgEE X SN S50 BT EEEEREN . & B AR E IS A B T B P O B B TS ZERE, AL
M R AR IR VE ORI T pH (BT RERBOR M O 25 () S5 A BRI R, S BOEEIE T RE, (A
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Fig.5 Effects of pH on protein recovery rate, degree of hydrolysis (A), and a-glucosidase inhibitory activity (B) of earthworm autolytic
hydrolysate
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Al Lys (5.48%). 5 EP Mk, EPH " Asp. Glu. Lys fll Phe ZF&FERE & BAT Frighn, 1 Pro Al Ser fELGIHI R R
B, RUE S EHRE RN T E A RS ER A RRFAE

WP IR K IL, 5 EP (40.43%) #HEG, EPH Hai LR (Asps Glu. Lys. Arg. His)
ELBR 1 5 48.17%. T RSB INIANA R T IK S o805 Ml 2 [ B B B FU AT TR, AT 5t 545
SEME. WEAUR, AE o B A PEFEHIEIR T, &a Bl MR =558 (U0 Lys. Arg. Ser. Thr 1 Tyr) fig
i 2 5 B A FAE A, R LA 5 ) B B A2 — %, s, RIRE S K P R A
B, AE EP M EPH H7p7i 0 47.35%M 42.96%. WIFEW], BUKIMEZIERR (41 Leu. Ala #1 Pro) REfEHEsRIKY
o H T BRI PR AR IR AR AR, AT SR il . DRI, OB B 1 A LM e LB P s P
FUBK SRR, PRI o A T EF A5 MR O 5 B A A5 Bt

R2 MAER (EP) KMAEOEHEY (EPH) HISEBRARM
Table 2 Amino acid composition of earthworm protein (EP) and earthworm protein hydrolysate (EPH)

RABATE EP/(mg-g") EP/% EPH/(mg-g") EPH/%
RARFL Asp 73.07 10.60 113.78 12.66
H £ B4 Thr 41.61 6.04 48.51 5.40
£ 2P Ser 46.78 6.79 4738 527
2B Glu 89.00 1291 123.12 13.71
Pl £ B Pro 47.70 6.92 23.03 2.56
HAE Gly 35.57 5.16 44.72 4.98
FAER Ala 4047 5.87 49.09 5.46
FBEEE Cys 9.89 1.43 4.06 0.45
B4 Val 36.89 5.35 47.61 5.30
BRI Met 12.12 1.76 19.30 2.15
F R AP Te 31.68 4.60 42.05 4.68
FEE Leu 60.71 8.81 76.67 8.53
BARBA Tyr 26.04 3.78 35.77 3.98
KA EB Phe 40.24 5.84 51.25 5.70
BEFL Lys 37.56 545 4921 5.48
48 % B4 His 17.27 2.51 25.00 2.78
F R Arg 42.51 6.17 37.94 422

AARESF 689.10 100.00 898.39 100.00
PACE R X 278.08 40.35 359.59 40.03
FEAR M RE B ik RIRBR 265.14 38.48 302.47 33.67
ML RILBR 88.39 12.82 95.89 10.67
F AR BB 73.73 10.70 58.80 6.55
BRI R IR ER 162.07 23.52 236.90 26.38
AR ILER 127.90 18.56 187.99 20.92

24 WAEABMBI ST ESH

Xl B R RT (EP) B (EPH) W20 M7 atr. WK 6 (A Fox, St ok
LG, BRI B IE RN G, RHEFEAS S TFREHERK. 2 TFESMERER, EPH
>10 000 Da ZH 53 1 13.78%F%MKZE 0.42%, 1 180~1 000 Da ZH53 /5 EL T 47.26%3R 5 4 88.97%, RN & SRR LG
En. CERIRRY, K0T RGBT B BRI E R w0 E R, R 5 ke nE ). b
WREERK, AR LR A IR E A&, (BN FIREIERR A, AT T FH B 4
WS ISR RS T 7
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Fig.6 HP-SEC chromatograms (A) and molecular weight distribution (B) of earthworm protein (EP) and its hydrolysate (EPH)

2.5 RBIRHERRULW o- R E TS

EE IR 7T B AR AE YRR A i A2 A A B E A . AR — R T2 B AR 27
EAKB T, B AR T8 (MWCO) MR DL E AR o BN R FEA 5y . RS T
UK, FETHBEIK A T AL 46 A B4 (0 AT §E00. e 28 B ARY) EPH & H0E > 94515 5>10 kDa.
3~10 kDa AI<3 kDa =M%, Z07ich EPHUL. EPHU2 Al EPHU3, 2 7B st k], &4 0HRm
AR H) H AR B 5 HEHME, Hrh EPHUL H>10 kDa 4173 5 EE N 91.20%, EPHU2 1 3~10 kDa 207054 5 LRy
87.21%, EPHU3 H1<3 kDa 25735 5 N 98.66%, Ut BHEIE 73 S R A BUF I 0 B UR . AE oy EH ) o- %]
FEEFREDHEES A 7 fs, Herf BPHU3 41506 1Cso A 0.84 mg-mL™, &3 T EPHU2(1.99 mg-mL ™) Al EPHU1
(234 mg-mL™") 415 (P<0.05), Uil oM IR EHIEIEVE 3 BERE TR0 TRy . s R &S
KPR A IRAE, W1 Zhou ZEPTETE A B FURRHARAY T R P 3 KDa~500 Da 470 HA I o 38 A B B AR  o
Deng 2P S/ BEAEBII<3 kDa 207 R B SR AOIMERTE, 3 1Cs N 5.27 mg-mL™ . IXELHTFr b i
KW, KD T EIKE a- BB TEEDH SR FERIE, KRR TR T/ N FIKER S AR N4, 315
ARG R RILIY AR e AT, DI A% B B PR A FH

3.0

0.0- T T
EPH EPHUl EPHU2 EPHU3

RS TR

7 BIESREADH o EEFEEEEIENEM (100
Fig.7 a-Glucosidase inhibitory activities (ICsg) of ultrafiltration fractions from earthworm protein hydrolysate
E: BY AR FEHATEMIMEFEE (P<0.05) .

2.6 EPHU3 474 % Ik 7 7| % & RAFAE 247

T LC-MS/MS %52 EPHU3 HIZ LTS, L%t 10353 22751, WK 8A fiur, XX 10353 4%
IR EERR A AT G T R, SRARREAEIARLL, R0 TR MR A TR R AN BN, HAd Gly
(9.66%)- Ser (8.59%). Ala (7.79%) Thr (7.49%) F1 Leu (7.02%) & EAXHE, Asp (6.77%) Fl Pro (6.64%)
MG E A E . BUAKRE, %40 E S Gly. Sers Thr L5 MEaliog K& FERL LI Leu. Ala. Pro %5
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BRI . RMEECRK IR A A TR 2 I R OEEAKIEE, MK EER N GE R 2 kS a-
B RGOS R B EAER . tAh, 1B 8B FR, utihiZ B RRT oR N i LA Ser. Gly 2555 /K
WAENTE, T C IAHXS 4R His M1 Pro SR M IEEIERR, C ) Pro G5 B T-4E4 22 kA 8 A R I 1 v 5 g
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Fig.8 Amino acid composition (A) and terminal amino acid distribution heatmap (B) of peptides identified in the EPHU3 ultrafiltration

fraction
2.7 EPHU3 44 W o~ % A8 1 Be 30 %) Ik 0

TR EN YR BT B, GRS DU TR ARV A A RR TR DL ] B AL
#1215 EPHU3 4153110 10 353 %2 HIBHT e . 261 E BUE-10 1g P>20 LLRZMERATE, S Peptide
Ranker FEAT AP TN, BP0 0.9 FIKEL. ARIEHGE, KN 3~7 KR o 25 EF R BAA B
MR PERY, DRI BUISE KA 3~7 IR A, WRAE 3R 46 i 45 A 4RI 54 62 K51

P iE ik 5 o- R AT VETE S (3AT7) 11T AutoDock Vina BT/ X, FHitHE 45488 (Vina Score) .
SHEERER, 54 KREZIKE o EHEEERSE & RET R A-10.40~6.60 keal-mol” 2 [H]. HR4E4 T HAEFLIE,
SERBERIC, RURASZAREDIERNE SN SBIRE, SEmEke. RITTEIraaR, I
SREHEZ T /SIIZ Ik FEWP. WFFGHP. PGEFPW. RGF. FLP Al SPGEFPW 1 A I itk AT 3t — 504,
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Fig.9 MS/MS spectra of candidate a-glucosidase inhibitory peptides
R 3 RIE o -HENEEEEHIBIRRE 2 FIHRE R FIB IR
Table 3 Molecular Docking Scores and Physicochemical Properties of Selected a-Glucosidase Inhibitory Peptides
Peptide Vina score/(kcal-mol ™) Peptide ranker LA i b GRAVY A F B %

1 FEWP -10.40 0.94 4 1.10 -0.8 0.012
2 WFFGHP -9.90 098 6 7.69 -0.083 0.001
3 PGEFPW -9.40 0.93 6 0.88 -0.867 -
4 RGF -8.90 0.96 3 10.55 -0.7 0.011
5 FLP -8.90 097 3 3.57 1.667 0.013
6 SPGEFPW -8.90 093 7 0.88 -0.857 0.032
7 FT A -8.80

7Z: GRAVY=S/KM6 ERFE, FIEAREEHK, ADHEK,
28 B E K o-% E N EE AT | R

i3t Fmoc [EIAR & BN FiR 6 Fh o B BEDHIREAT S, WK 10A Fw, £ 1 mgmL BREWRE %
PR, BE ML o WA R RO IR AR E R, S0 2 IKERDUHEERIGNEE, 1054 2 e
PRSI . o, RGF RIS BRI HIHRE, P3N 70.53%, W& mTHAmMmZ A A (P<0.05);
FLP k2., 11413 30.59%; SPGEFPW. PGEFPW. FEWP | KT 15%, 1] WFFGHP ZEiZIKE KL TR
) B ARV . R, %4 RGF A FLP P& Z K200 78 . LIS EERE VT4 RGF A1 FLP X o %
PEERG ARG TE, FETH B R ICso (. Z5 5L 1E] 10B~C Fi7, RGF # FLP X o £ H Y 20 B L1
FRFNEE, H ICso 73518 1.56 mM 1 3.57 mM. 5 CRkIE 1) 52 ZRIE K NNNPFKF (IC5=4.96 mM). RADLPGVK
(IC5=3.36 mM). FLKEAFGV (IC5=1.52 mM) PR #ZIE KISk EMPE (ICs5=6.02 mMD PUIEL, AHF A1
f¥] RGF 1 FLP FRFL BRI o- R AL BRI RS J1. A, SR RIE =k PFP (1C5=9.59 mM) BHDL K%
HUR K ARYIRIE =k GEY (ICs=7.36 mMD Ml GYG (ICs¢=5.08 mM) PfHEL, RGF M FLP [RIREZRIH BT
o ETREEBRENANE YL, U R IR B K B E ) o AR R AT
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RE— ARV P T PRI o= 2 WE R TE R VB R IR B, 55 IR U BV BT, % RGF 1 FLP
HIRIROC R HBEAT T 00 T8, RGF H FLP BONRIEE=Ik, BT KEEZIK, MEEkARA 0 T8
R PHAAREERE 1, P RESE Gyt o1 TR P BERE P AR 5 SR B A AR AR ELAE Y, AT 300 L B R AR i 2k
MBI TORE , —FHFEHEZ R . RGF M Arg. Gly fll Phe 2%, A Arg MBS IE I
2, AIREIEN ESE e A BRI S o iR BT R BRI IR A & Phe N RIRBUKIERILRR, W2 5H0UK
YEFE n-n AHELAE R, MG SRk B S BREPE AR 45542 € 1. FLP | Phe. Leu Al Pro 41, =R THUK
PEEAR M IERR, Sk . e Phe A1 Leu A A T35 5 S RGHTK DGR AR, Pro HUMMRE5 AT IR
HIKEE R, fRedbaifaett, Jara et SERETE ESHERY. 5 RGF ML, FLP BRAHHEREE, *
B KAE KBS LM AR B S BEs &, X TR HANHIETESS T RGF IR Z —.
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Fig.10 a-Glucosidase inhibitory activities of synthetic peptides (A) and concentration-response curves of RGF (B) and FLP (C)
Z: BY RRAFEAFEMZIANEFRE (P<0.05) .

29 AFABLMN

# 4 BKRGF. FLP FIFI-RIEHES 3AJ7 B9 FRHELR
Table 4 Molecular docking results of peptides RGF, FLP, and acarbose with 3AJ7

3 Tk o-F) Z48 5 BeY 45 455 FAE

RGE TYR-158 (2.5A) . SER-157 (22A) . ASP-215 (1.8A) . GLU-277 (2.3A) . ASP-352 0
(2.6A. 23A) . GLU-411 (22A. 23A. 24A) . ASN-415 (2.0A)

FLP TYR-158 (2.5A) . ASP-352 (2.5A) . GLU-411 (2.1A) . ASN-415 (2.54) 4

GLU-271(2.7A) . ILE-272(2.5A. 2.3A) . ARG-270(2.3A). VAL-266 (2.9A). ASN-264

e AE
* (23A. 2.0A) . HIS-295 (1.9A) . ARG-263 (2.7A)

ASP-352
23

22 2%

(A) RGF
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(C) Bk

11 BKRGF (A). FLP (B) FP-3Ei#E (C) 7E 3AJ7 AFUMEA MR AINHERRY
Fig.11 Molecular docking models of predicted binding conformations for peptides RGF, FLP, and acarbose within 3AJ7

FEEMEIR S Ry e G fed, S8, oty BUKIEH Al BRI SEZ eI ER DR Z 55
BV R S RaE. Hrh, SEERP N R R SR e M B EREh 2 O, BRI, 3AT7 M)
REAT 5 E ARG L O3, Asp215. Glu277 F1 Asp352, LKA FimtE 48 NI H) Tyrl58. His280 Fll
310~315 loop™™. b, Glu277 1EA—ABRIRIEILIRIE, Asp215 SR AIRER S A2 5 et
Asp352 & 5 RIS, Tyrl58. His280 2 310~315 loop NI [FIFRHIEMIENGE LS « 20T hHess Ringk
4 A 11 fiox, RGF 715 Tyr158. Asp215. Glu277. Asp352. Gludll. Asn415 Fl Serl57 AR IER K, 10 A
SEAHEAER . Hrb, Asp215. Glu277 Al Asp352 Y& T o-HI G MEERRAEAZ OIREE, W] RGF AMYAEES (54
TEVE AN X, 38 AT — 5 A A R PO I S SR A AL RO AEAE T o RIS, RGF ) Arg R EERT 5 Asp215
A1 Asp352 TERGHFAE I B EEMHAH ELAER, it — PR S ta e It . Phe FREENIRERS 5 Tyr158 Al Lys156
TERRBKAEF B n-be M BAE A, BB Pt s ShgEPE D 48p g &Acoe . Rk, RGF ] geidid [HASEAE N
TR TP FESL R R IE o-H AR B HAE A AR EL 2 R, FLP £ 25 Tyr158. Asp352.Glu411 Al Asndl15
EIRILTE N 4 NESAHEAER], UEEH FLP [RIFE AT RERA — @ BETE VRN T SALVER], JFal b X 8™ A4k — 5
THo [N, HrPK) Phe Al Leu B FEIE T 5 Phe303. Lys156 25 ii/KAE M, Miidt—Ssn g SWfaett. R
1M, 5 RGF AHLL, FLP S0 OB A BAE B AR, A5G B 5 i [r B 14 1 A8 A X e, X m]
REEHAMH TG 55T RGF RIS E R 2 —.

3 Zig

AR N ERL, T B IR NRE AR R SRR R, TR T B - XK R A LR AR A
&, GREBENNRER R T2, INEEE 6 000 U-g'. BT E] 4 hy ¥ 50 'C. pH 9.5, 7Ei%%&M TG
FIBEHE =), 180~1 000 Da HI/N Tk A7 EL R 88.97%. ABIEDHEEREIR, <3 kDa 44y BB R a-H % b
FRENHTEE (1C5=0.84 mg-mL™"), FHAMIHMEEERIFE TR FRIKE. it LC-MSMS &4 WfE 550
TETREIRAT 6 FRIEAEVETEIK, o RGF Al FLP 7EAR4MRIGIIE AR I H B FHHIEME (ICs 22718 1.56 mM
357 mMD. xSRI, FE AR SRS EAE S a- MR BN S S, TR
RV, FREAR IR, AW B TARINSEIS K /TR R, ARG Tl — P I0IE, S AT
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