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Abstract: Diabetes is a very complex endocrine disease whose common finding is the increase in blood glucose
concentration. Persistent hyperglycemia can lead to blindness, kidney and heart disease, neurodegeneration, and

many other serious complications that have a significant impact on human health and quality of life. The number of
people with diabetes is increasing yearly. The global diabetes prevalence in 20—79 year olds in 2021 was estimated

to be 10.5% (536.6 million), and it will rise to 12.2% (783.2 million) in 2045. The main modes of intervention for
diabetes include medication, dietary management, and exercise conditioning. Medication is the mainstay of
treatment. Marketed diabetes drugs such as metformin and insulin, as well as GLP-1 receptor agonists, are effective
in controlling blood sugar levels to some extent, but the preventive and therapeutic effects are still unsatisfactory.
Peptide drugs have many advantages such as low toxicity, high target specificity, and good biocompatibility, which
opens up new avenues for the treatment of diabetes and other diseases. Currently, insulin and its analogs are by far
the main life-saving drugs in clinical diabetes treatment, enabling effective control of blood glucose levels, but the
risk of hypoglycemia is relatively high and treatment is limited by the route of delivery. New and oral anti-diabetic
drugs have always been a market demand and research hotspot. Inhibitor Cystine Knot (ICK) peptides are a class of
multifunctional cyclic peptides. In structure, they contain three conserved disulfide bonds (C3-C20, C7-C22, and
C15-C32) form a compact “knot” structure, which can resist degradation of digestive protease. Recent studies have
shown that ICK peptides derived from legume, such as PA1b, Aglycin, VVglycin, Iglycin, Dglycin, and Amy, exhibit

excellent regulatory activities on glucose and lipid metabolism at the cellular and animal levels. Mechanistically,
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ICK peptides promote glucose utilization by muscle and liver through activation of IR/AKT signaling pathway,
which also improves insulin resistance. They can repair the damaged pancrease through activation of
PI3K/AKT/Erk signaling pathway, thus lowering blood glucose. The biostability and hypoglycemic efficacy of the
ICK peptides meet the requirements for commercialization of oral drugs, and in theory, they can be developed into
natural oral anti-diabetes peptide drugs. In this review, the structural properties, activity and mechanism of ICK
pattern peptides in regulating glucose and lipid metabolism were summaried, which provided a reference for the
development of new oral peptides for diabetes.
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BRI & — N 1R ARG IR A 3 AR (] 8o [ B PR Bk A FF R A R, ik 2021 R4
BRI N 2947 5.37 ALK IRIG B, At FFEKIT 150 5 NELBSE T 00 PR, v [ KR RO ol A8 5
3 4 SRS PR B3 ONEU 13, B FAEIIAR S BU 7E AR SR 2 RARB I Kt A 4, B F 2R A 1
RUBESRIP (diabetes mellitus type 1, TIDM) 111 ZUBE IR (diabetes mellitus type 2, T2DM) . T1DM &
T H G5 TR BRAR B A AR R IR AT 5| AR 5 2R B =, AR R A A B R LR M — IR T IR L. T2DM
(R o3 BE AR S R B R A WA AS SR AR B R, LR UERREE T i, B2 R EUTh R R B 4 i 2 v 1
S FAMEI, (Y ENE IR A A 90% L BT, BEEIE R R, FRE i MUE X AR IR 28 T A
KA, AIFBCRE L EIEALONERG . IR 2P 1 RSO B R IR S KA T
BB AR, Hom & IR o A AR AL TUE RGUIAE S R YT E &5 54l .

BEOW T 07 X E B EIEYNAYT . W, B, Kb IZWiair v ERRY, 2k,
— AT NG FEME QA B R R3], 2 A E ARSI IR E T L, AR,
BEFRE SIE AR AR AR R LS 2 AR A, RE PRI S (R IR T TERE T iR A2 ), 5 1921 4 Frederick
Grant Banting % & LI & 3 T+ 1982 AEHEAEI R A A LAk, BRI B KSR 2550 )z il PR L DA 3
SR B e A 3 AR AR -1(glucagon-like peptide-1, GLP-1)Z8Mbl4%, GE S ZEMAR. A&k FEROREIRAT =] 58
R, I R R ) B A ORI A WA SR TR T R PR S, BRI, XIS 2 IR K 2 S DA B S R R
TSI REE 2, KA )T S 2 24 25 FR A A R (RIS A7 A R IR I BBORURR G XUy, YR 97 AR AP
%[18]0

M2 N, FURGHEN—FITE 224, BA BRI NN RN, KRS T BF MR,
) S B RAE g —— A EIRVG TR PR ) 22 IR 2540 T 2019 4E3R AL BT, (B DUIRAEYIRI R AR, I
0.5%~1%®, FEFEHEEHMRGHIEAR. BRIBRIERS. NI bR DL S Fp I HE R G5 %
LN R DERS T 2RI 22, St R, — S RME SRR K 77 bk 2 BR 45 ( inhibitor
cystine knot, ICK) 2 IRFESN VI bR I H & NENGURZI) DUIRFERERCR, EAEEGRIIRE e B
RIECIEIIE . BUNRRE, A B TR RN IT o AN SCE p B 3 10 I e b R A 20 L, R g
FOAT A Ol PRI T IR 2P0 038 77 o
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1 10K R SRR G 1

I Z & 45 2 JIK (cystine knot peptide, CKP) FKEAL & = Kk ii: ICK Z]ik. RS (cyclic cystine
knot, CCK) Z kLl M A=K H B & BRS: (growth factor cystine knot, GFCK) £ fik. i, ICK #Z k2
—RKE B AR cysteine, Cys), ZMLEMAEHIREMZ K. ICK &7 a4 4 Knottin /7, 2 3 4
KIAPEATH B 2458, &4 6 4 Cys, iid Cys(l)-Cys(IV). Cys(I)-Cys(V)~ Cys(lI)-Cys(VI) =xF —fi
(B 1 &8, Ho, ICK K7 1T XT B4 ( Cysl-CysIV Fil CyslI-CysV) % [F]1% PY A~ it Z iR
FITTE (R U R 5 51 3 5 1 S L PR G by, T 8 15 v B8 =k BB ( CysINI-CysVI) B34 BRI IR AT BiAe € 1)
WM (] 1b, o BY2, BRI R — oM S 5Ly, 245 R LORIHOIR IR S5 AR v K
e, XA R F H A v, 1R AR FRAR R R AE Y i HE T

A4, REYIRIRN ICK B2 Ik 32060 . i LRI, XA ML Z b a 4 PR/
KEH W 37 MAFEMAR, 7 FIRETE 3~4 ku Z[fl; b, FEF: HARERTH—REH, (TEDER
*xO® o% X O o o R, H o eCc ¥ M O H B X B oA X R N
X[1-2]-C-X[5-6]-C-X[8-14]-C-X[16-19]-C-X[21]-C-X[23-31]-C-X[33-37] (C fRFEFEER, X R
—FEER, K 1a) P, ¢ FaEVEm: E4 3. 7. 15, 20, 22 132 AL AR EER Y A A R B B
FEARSE, P PIECH T C3-C20. C7-C22. C15-C32 —fitt (& 1b,¢) . HIT Cys FIMEES 3 b &R FIR 7
Gy o 1 E A A AR, BRI 5 5 HAR s TR O B, DL Cys FREERERETE LT A —hi, JL
MBS AR, BACERERS . SRS, ICK B2 KR AR m e (& 1b, o
(981, o, AR S AR ANFEZERIN ICK B2 IR EA Z R A s, [ —F ICK B2 ikt ] R A i B
BRI AEYEYE, B SRS S 2 1b (Pea Albumind subunit b, PAlb) ZEREAAA A AT DL
EHAM A KA /2L, R 2 — P A AR E R B R B2, (RN FE 22 ek,
MBEG 5 B FTA PALD BERR#R S IE HLAT, 17 AR S 4 B IR Aglycin. Iglycin, Dglycin /&9, >k
BT aMy i AT, X R IR AT ICK Bl BE, (HeATa REE A A 1 AW 1
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Fig.1 Amino acid motifs and three-dimensional structures of ICK peptides

B 1 ICKEXRZREERETE=441
W (O TRHEYRE ICK A Z KM EEREHTFF; (b)) ICK B Z IR =4k mg54; (o) PALb P FIfR M. &M C AR LA,
SO X AR IAAT & — P LR .

LIRS EEAG 2 (0 Pept-1) M-S IEE . RAER . dHRSERY 8, ZRBSRIER ICK
B 2 ik B I A VR P U B30, TR B, A ICK B 2 ik L et 2 B B s A
FOARGS A RE D), AP T RURN 2~4 ku 12 JIKIEH LE /NGy B B v (0 0 ) 24 B 2R S PE AR B IB637), — T
WFFEAESE T 43 F s 3.7 ku Y ICK #2302 ik Aglycin DR J5, 757N RIS AUE (/N g b g ke 2, 3¢
HARFFH A e B, X R G RERIEN ICK B2 IRAEDS s IR 45 . BE0R b R BE b 45 11 AR b7
i R RE, BRI ICEIE A BB, e PN A IR R, Aglycin K HHSE 250/ BR & IE AR TG B BT
e, R\HEA DRAZAMITTRE, FIEAK I 2522 A m 5, ey 1ICK B2 Ik i s 257747
VESRGE T USSR, 3 2DAEsE T H B R S AT

2 I1CK R ZRAEHEN

ICK B Z IKAEYNEIEZ R, BA T SH st ARt HRIe S E . Bk T 3w
ICK #3502 Jik B 3 EEHIHF (B-Astragaloside, bMy) & —Fh &7 8 AP bR amRER I 45 ik, HATHAIN B 47
BLER), K4y CEKPSKFFSGPCIGSSGKTQCAYLCRRGEGLQDGNCKGLKCVCAC, bM; S8 E 1t 71
BRAENA, SRR 7 MhIRE . fEE. A EM LA S — R B R AR, SRIET 5
S0 PALb X B HU A SO B4R EEIE, XK R A g g Sitophilus ) LA BUERE, PALD 2V
T ATP i (V-ATPase) HUFMHIFR, RO R4 A V-ATP BEK ¢ Al e WAL, BHIT V-ATP BgiETE, &
KPR AIETWC, GISREM ICK B Z Ik, 45 PAlb. Aglycin. Vglycin. Iglycin. Dglycin. Am;
(RD, BABSRMPUE RO, PEOBR Glu-C & ARES M, 761 MR ML 7 TH 2R 0 H 7 5 13
I 3 5 22 TR A IE B B 08 a8 3 8 1l 2 3R 200 42 e LA ok 5 3 e ot ) U A A B G L IRIAKCT/Erk
155 IR S R AR B LA 76 2T R I RSORI L, L VR T R PR A 5 O i B At R el R —2K 4k
HH RS TR R ) 1 IR 2 IR 2

2.1 PAMb

PALb & 7E T G M7 i %5 I — R TR B8 3.7 ku HIZEMEIEZ K, HRiik s NG, A4
SEAk. B PALD FEZ RSERIR . RBEA IR, PAla FERRZE HISRAT C i B BE10), %k 1) = 4k g5 R W
BB T ICK Kk, H&HBURRG & B /KE At ge 7y, ELYE s ik &0 5 47 e 8 CR Rp AR P 2 iE v T
FEREYIH, PALD AT UAE A — RS I R4 s i, 7645 557 5 KRR RIEE VL. fE .30
i, PALD BERE T8 AR ARG 5 2 00, R KR SRR 1 PALD RIAE 11 288 PR /I BR P IR A1
81, TTEMES B 4HML, PALb AT Ca® @i, $EmauMipy Ca? /K-F, S EAR RGN B 40k a2
A, AT 38 K BB i B b i 5 R 14950, E i i vk, PALD JEIEHHI4Z R T B (nuclear
factor-kappa B, NF-«kB) {55 ¥l KA T2 & AU R -7 FIREs, AL fERE 2 4 (lipopolysaccharide, LPS)
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BRI FUR b AR RE, il B RS RAoEE M LT, RIRZRR A B AL AN ATP 72 A5k
B RATIRE, DALY AR FUIR R A, [RIRS, PALD B3040 A T A A AL B RS RN R
R R P R 1 B A R ARSI B — N R 34 Ku IER AR, 18R 1T B 6 O R AR B Tl 1
(voltage-dependent anion channel-1, VDAC-1) , J5illl VDAC-1 5 PAlb Wi 2 [BIfFAEM HAER, {H PALb /2
A5 VDAC-1 FH AR FH 8 596 1 58 AL e Rtk — 21 i B 8,
2.2 Aglycin
Aglycin 5% GF7 PALb 1) 27~63 FRFEEAHIA, HANE WP FIARLNE, J8 ICK KRR, ZAEER
F%1: ASCNGVCSPFEMPPCGSSACRCIPVGLVVGYCRHPSGE® 51, Aglycin S#J#\ & —MZ 5iE
SRS IEE KM E AR, JER A Aglycin 5 43 ku itk 7S BRE LR A mSEA S, SRR AR (15
SE AR LT 2 2RI B 32 52 AR AR ELAE T, DRI, Aglycin s RR O & 286 i 2 BY52) TEBEIIRAA T R
(Streptozotocin, STZ)/FifleUk & (high fat diet, HFD)i% S b JR 5 /N BRAR Y, Aglycin 3 B AT DL T 3 5 8%
WL B g 5 22324 Cinsulin receptor, IR) /5 252484 Cinsulin receptor substratel, I1RS1) {3 5@
IR. IRS1 JEMHRIE, PAKARS IR, IRSL Al AKT MIBRRAL /KT, REESRGESH SR, Ak, /R
M4 (C2C12) H, Aglycin il ¥4 4 4 #4412 85 1 4 (glucose transporter 4, GLUT4)5%4E 21 41 i 2 [ ok
S AR . R Aglycin 25 R 8 F AR B DINLEE RE I B, (ERIA T IREEN Aglycin RT {21k
T3 AR (A8 SR S5 B 1) 2l DT 5 1 b el 2 8 3B 1 I B
2.3 Vglycin
Vglycin 5 Aglycin B4 “AHERRE” , W2 N RHEYI B aifn) ICK B2 Ik, 77 i 3786.4 u,
A7 5N VSCNGVCSPFEMPPCGSSACRCIPYGLVVGNCRHPSG, N i M#iIZE R (Valine) , C ¥
NHER (Glycine) B4, KHATAR Vglycin 7J DL 3 B3 @l Tk 2% 1) T2DM K RS2 45 10 25 B It p 7K
S N B DA AT IR R I 2 BB o Vglycin il i LA #% 5% K7 (pancreatic and duodenal homeobox 1,
Pdx-1) « p-AKT Fik LA RE IR B 40 & INS-1 (A A4k, R4 AR i S T 0 003, Jfidid s
H BN IRNRSL {5 538 8% R 250 i 5 U, TR 5 A5 S B B WK AT S 2 4 o 1 R T & g DBy
GSK3o/p 1 GLUT4 KR k7K B3, 7 —Tiwf 7 o, Vglycin v A8 i IR 7R 15 16 2% (1 58 (AMP-activated
protein kinase, AMPK) &4 INARNTEZ (fatty acids, FA) B %1k, FFi@id T i HFD W23 C57BL/6J /N
HH B 7 T 75 PS5 DA (1 Rk ot P TR 2 ). Vglyciin AT 10 i BF 440 i Hp 75 428 (reactive oxygen
species, ROS) F=A: A T A4 e 2, X A OR 97 4E A vl 8 V3 BT Vglycin BT & A BE 1 R0 28 R 4
TRYAEE T, iR R IR A B E A .«
2.4 lglycin
Iglycin, —Fh 37 N EERRFREEAL M ICK ALK, 7 F s KN 3.9 ku, HEERTF:
ISCNGVCSPFDIPPCGTPLCRCIPAGLFVGKCRHPYGP®, £ C57BL/6J /N 1R Iglycin Wt/ & 2 stk
SLEG T, Iglycin RERS AR HFD H C57BL/6J /) B I 2 IS B - 1 52 10 8 3R URR M o TR B SR ARPU SR T
Iglycin 45 | IRSL Il AKT FIBEERAL, S a &I, JH75 24N GLUTA S Ar 35, W0 i 7 48 1
RS =G S0, F4h, Iglycin BEMSE I SRR R RESH S SCEAALRIR. AR 40 T
PR ORI AR D R R SR 00 5 3T3LL IR 7 240 M v 7 Jk B 3R HC4 %), R, VDAC-1 b5 B bk 4 i 5 1
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LRLAR B AL A ATP #1775 VDAC-1 i il HHR R A CERIE VDAC-1 A REZ Aglycin AHH.

TERIEE T, HED Iglycin Hi 40 f I 2 JF o 2R A ThRE T et 5 VDAC-1 5%, SR, Iglycin 7T LLdE

WGBS RE ST G e U740 T DL R i T e B RS i il 4 IR 1 48 B 0 Jf 1 2= e
2.5 Dglycin

Dglycin X/NA 3.9 ku, ZIHEMRF %] VSCNGVCSPFDIPPCGTPLCRCIPYGLFVGNCRHPYG, 5 Vglycin
A T AN ZEFEIERR: DI1E. 112M. T17A. P18C. L19R. F28V. Y36SI3 57, i fRyp i & il t- A MUK
P T R 2 IMOLAEE S 8 v 1) PO YR P 2R R L T LA R S B A, S B S R R R AL 158
HyEx ], M Dglycin 5% HFD 1) ApOE-/-/)N AN AT /b 3= Sl ko 22 THIAR . AR 3 ik 58 A B AL T B o 1) s
PUR, BT AR ML AR FE G (low density lipoprotein, LDL) . Hili =g, MHEEE. 5 B
RFER T a (tumor necrosis factor-o, TNF-o) 7K F. 43 FHLHIBF R &KL, — 5 Dglycin i@ il #i%] NF-«xB
5T e S BB KN B A e R 4RI 5 TNF-a #1E 413K 6 Cinterleukin 6, 1L-6) 7334, 4] ROS /™4,
TR ME 77, Tl B Lk 2ok 4@ % It #E £, (mitochondrial permeability transition pore, mPTP) {37
SR L MR 2R 5 1) 8 BEVE R ATP A7 IO 4ERERT . 55— J5TH,  Dglycin @ id #iii AL 2KIE 18 K52 1
( scavenger receptor-Al, SR-AL) {1 iAKFH 1E EWRZHM%T LDL FEE, AT BH L 7 5 40 i i B B 571
&2, Dglycin °] DU HIHI 20E . ARBTITRR . ORA £ B0k P R 4 1 DA B2 B b 0 3ok 4 60 T s ke 2% ffe 50 ok s A
fEAL -

2.6 Am

P — PR SR MU S RME Y, ER RS E M o BEIK (aM) 1B EEK (bMy) & T
PIAAFR IR ICK X2 K. o aMy 2 —Fh & 37 ANEEEER I PALb FERK, ZEEER T 51
VDCSGACSPFEVPCGSRDCRCXXPXGXVVGFCXYPTG, HHfF 64 Cys. 5/ Gly. 54 Pro LAK 7 4
Val Al 11eH9, 37 i & 3.8 ku 1) aMy EA BK M, @ 9 #1E A EN C2C12 4, S PIBK/AKT
55, FE GLUTA 5 {0 3 20 il 2 00 M 7 0 2 76 467 0 P %) 76 JB B R Ry i A o, aMy S0 AR
BE . KBENR IR G A S S AR DG B R 2k, 3 i FERAER I 0T 45 S FT B BB A | 4 i A IR 3 Ciintracellular
lipid, ICL) FRE, MRS IS FZARBUVVE IR mAaZS . thgh, i) BURR Sk ek — 2 PH b R
C (protein kinase C-0, PKCO) 41T IRSL/2 [fif, FF4ERF PIBKIAKTS 5 5 BINEHARES, A2 AR 5 =
AL, BRI, aMy BRI T /N ERBEIR B A b AR R 2 0, R I A R RS, BRI S R IER,
Sl 7 5 3 4 R W PR IR 2 2 e

2.7 ICK XL RRBTHERE i B0 53 FHLH)

PIBKIAKT 2k & 25 57 S M I F B A, 8 B GE 7 YA GLUTA Z A 240 i 5,  JR2 it
A PERIO, ICK B2 s 9 B NSRRIy (B 2a) , HFIMEE IRS1/2. PI3K. AKT LA
J AMPK 2545 538, T5LH AKT #E—35 ik GLUT4 5 7 213k 5 R 2041 2 B IR . ICK Bl 2 ik fE
P 4 3 3 R A S AMPK, 3 I R D B A N 7 40 ) FE O 7 R SR FO s FHF A5 48 i A
Baksil, s TR E (K 2b) , ICK B2 AT 40 Ca? @i, 51 Ca® ift, #mde
HA Ca®* 7K P, SIS AR RR BRI B 2 AL B 2R 1, DT (R g B 3R I 5 I E 0 i B 4H i At s B Re RS id it
WO IRIAKT/Erk 345 B 3E B 20 MRS TR 204K, ORI BRI i e T R 2 e R T2 ZENL 4t
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(B 200 5 ICK B k] DUBEIDMEE 15 2R B RE M4 T 1R I R 2RI IRS1/2, et IRS1/2 WAL,
BN GLUT4A 13ak, AT AT UL 48 B A & B i AR . 25 BRI, ICK B2 Ik Be s 22 9 A FE N3
FPRE BRAR. WLAZSgRMd, JRiid IRIAKT. AMPK (5 S3@ B TR IR AC T, A IA 203677 9 R A Ik
TR A IR 17 PP S s e 1

Tablel Activity and molecular mechanisms of ICK peptides in regulating glucose and lipid metabolism

£ 1 ICK RS AR AW IR R 5 FHLH
53 It S%
wR BERFH KRR FARE RS AT b R o
& (kw) ik
ASCNGVC
i} C57BL/6 A1 1
SPFEMPPC NF«kB . 1L-6 4. Ca?/KF 1t . A¥mt .
o TUHE PRI /N B
PAlb  GTSACRCI ®iT  37.42 Ros | . TNFa . ATP 1. _ B
VGLVIGY —— Ny LPS 55 145 [32]
m ES YA fit
JiR = e 4
CRNPSG
ASCNGVC
OGTT . p-IR?t.
SPFEMPPC REE . C2C12 4
) B p-IRS1t . 2-DOG t .
Aglycin  GSSACRCI K& 37.42 2R IpE | . STZ/HFD %5 HpE B85
p-AKT t . GLUT4 1 .
PVGLVVG TN _ JRI% BALB/c /MR,
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Fig.2 Schematic diagram of the molecular mechanism of ICK peptides in regulating blood glucose homeostasis
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