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FEE RN SIS e E A NSRRI AR TG R, O AR B AE B AT S e 24 dn — F SIS
INFAEZ D RS R R IR AR 1 (GLP-1) 2RISR 5 2 IR YA — e B sl iR UK, (R 3R Al
TRITRCRATDSRAFRA . BT R FR A (R B PRI TR T 25— BB R T A R R e s, MR e 2R %% (inhibitor cystine knot,
ICK) M Z MR —RLZ IR, B =PI 6 (C3-C20. C7-C22 M1C15-C32) JEMEHEN “45” 2454, mTLU
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WEIRI & — 5 K 2B OCHER A 3L AR ) @i,
BB PR 1 2R A R A i R, #k A 2021 4F
EEREFENAA 53T B, At AR
U150 T3 N EAEFETHEDRGG , [ OB PR S8 2 A
B2yt AR o R SN 173, BRI
DAR CE S AE AR 2 B G K A 34 0 R
s EEIE A TR RN (diabetes mellitus type 1,
TIDM) FIII B M JR 9% (diabetes mellitus type 2,
T2DM). TIDMJEH T A Bz S EUN B p 41
AR IR AT [ 5 2R =, A G i 5 2 AR
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BT, % MR SRR AR £ B EEER RIS -51-

FE R AT BEORBR L B AU, JRIT AR 22 8

ML Z T, HIRGEVER—FIE 24 AR
AR R AMERIRIT MG, R4 T B R
PR E) SERS B IRAE Ry e —— i 1RGO PR
(1) 2 K259 F 2019 4F it v, (0 IR F
JERT, A 0.5%~1% ', FEFRFIEHRL
R I . R IERIEIE . N LR BRI
RS FIMER G S 2 N2 B BRG] T Z R
W 220 o s, —2 G RHEY IR
e R4, ( inhibitor cystine knot, ICK) &
ZWRAE Sk L J Bl A N ERG IR ZI Y F1 R Rae A
BOR, EEERRETE . BRI YE . BN
BEPE, A THERIEIRTT o A SCH A H M
e B2t IUARE 3 P Ao B I AT R i
PRI T RZ5 R0 T <

1 ICK#&X ZIRE %1%

e FRZE Z K (cystine knot peptide, CKP) %
WAL SR . ICK 2 Ik . PRIR e 2 iR 45
(cyclic cystine knot, CCK) Z Rk A K A=+ A F Bt
R IR4E (growth factor cystine knot, GFCK) Z£ ik,
Hr, ICK#ELZHKRE -XE T EMRAR
(cysteine, Cys), %5HIZEHAEHEFREMZ Ak, ICK
P A 44 0 Knottin B /7, 2 =85/ 7] 4711 B
Pr&4ity, & H 64 Cys, it Cys(1)-Cys(IV) .

@
3 7 15

Cys(I1)-Cys(V) . Cys(II1)-Cys (VI) =X} —# # 1%
% (KF1a), Hrp, ICKALZ KT a7 —
i #t (CysI-CysIV Fl CyslI-CysV) FZE[E]iX 42
SR FTAE N LR 791 5 1 o4l REs+, 1
FEF R =X TR (CysII-CysVI) B 5E
AT R b g 4 e — & (& 1b,
) Pl R FR A R O SR, R
F IR IR S AR D TE PR AR B B Ay, i D7 =
THEGEM, 7RSI THRREIREEHAEY)
T

VT 204F, AHMISIIR ) ICK AR X 2 ik 52 608
B LRI, XA AHRLZAL . a. 4rF T
MNe REBM 3T HEILRAN, /o F RT3~
4kuZ ], b, [T, HAT & EEORSF 1) — 9t
A D T B SRR S AETE 25 57, L 6C P e R
JEn] Fom o X[1-2]-C-X[4-6]-C-X[8-14]-C-X[ 16-
19]-C-X[21]-C-X[23-31]-C-X[33-37] (CALFF
PR, XARLMEE —FhEILR, K1a)
c. FEMER . EH3. 7. 15, 20, 22 32V AIE
TR Y A e R H A B S RS, IR
% C3-C20, C7-C22. C15-C32 —#if (K 1b, ¢).
T Cys IS S rh 2 i IR 25 5 b bk 1l 2
HAb AU, B S 5 H AR A, DA
K Cys BREEREMEIE 001 N o, JUA s
G, TERCERERSY . SFRSER/NAELL,
ICK X Z B AR et (B 1b, o) »7Y,

20 22 32
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L | | |

(b)

o

v i "\_i 4/”
ch
chch
\ & /

Fig. 1 Amino acid motifs and three—dimensional structures of ICK peptides
Bl ICKEXZREEBRERF R = 455H
(a) TRMEYRIRICKE X 2 IRy 2L RE 755 (b) ICKBIZ R =42 455 (c) PAILIYTFHIRSFIE. B EMCFR LR,

LREOFX A A —Fh =R .
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d. AEYEEZRE . ARRZEBIN ICK B2 IR A 2
FhAEEYE,  [F—FP ICK B 22 ikt i] g [l i H A
ZRARIEYEE, w2 AR BT A 1b
(pea albuminl subunit b, PA1b) FEALY A N AT A
PRGN K AR A o, RIS —
TR RO A W 2% ORIV RERE SR = (HE I Tl AEAE
265V, BT o B B BT A PALD A IRAR AT 1E
HL M7, 1 DA DR 5 23 B Y Ik Aglyein., Iglycin,
Dglycin & 4T, K F 8 R aM 1L L 7, 31X
KR ENTEICKEAZ K, HENTTRAEAAN
[ A= T

ZIRIN Bk ie FEA 2 (W Pept-1) /&
IESREGE . MAVER . s Bk 8, SRRIE
(1) TCK A5 5 22 ik 3 B3 2o A A 1 FH e Wiz i
RN, LR ICK B2 IR MR B A
R CER AR S G RE ST, T iE N 2~4 ku
(1) 22 BRIE H bE/ N3 B ey A ] 24 B S
FEREME D7 —IRFRCUESE T 40T i 0 3.7 ku
1 ICK #5520 22 Bk Aglycin AR Z 5, 7870 BUIILE A
RN IR, JF BRI A e
X R LR R UR ) ICK A5 5 22 Ik RE % v AR G 5 ity
FRWORN I f R B 5 1 IR, ZRad e e, ol
RSl B RN v I o = S A L T S T/ N
Aglycin KA 25 245 % /N BRI D0 B @ 43 O 7 T
FKHHEA D IRGZ5ARE, R I 242 4 n]
5L IR ICK ALK 2 R F1 IR 45 245 ] 47
PAE TAH TSRS, E—urss T HLEA TR
[ 1 F 5 -

2 ICKRHX Z R EWEHE

ICK A Z ALY 2 pE, B S HiE R
PR AEYIS R TR TSR . BRI T
B ICK B0 2 ik B 5 )W H (B -astragaloside,
bM1) JE—FP&A 8Lt E Rk 45 ik, BA
Wwo®Oop B s W, F A A
CEKPSKFFSGPCIGSSGKTQCAYLCRRGEGLQDG
NCKGLKCVCAC, bM1 SEHFEHE T AL L
A%, DA ) I oA . AEw . A
BB AE RS — RN E R A ER Y SRR T80
() PA1b X} 2 U4 A ST AT i il s 1t , XA R4
By iU A BOE T, PALb & V A ATP i
(V-ATPase) YD1, fig % 58 ) B HUZ0 i 9 V-
ATPiff () ¢ Fle W5, BHIET V-ATP i 1, 4R
FEMIET O GHORIEM ICK B2 R, 1

& PAlb, Aglycin, Vglycin, Iglycin, Dglycin,
aM1 (1), BABORMPTE HE LI, B o R
Glu-C 85 FIBEYE, FE S oA i As Jy 2 2L
Pe S A Y IX I 22 R Tk ) BB A 3 o 1 o i
By R0 . SRR 2R S0 1 BB LA B
TG 5 R 324K (insulin receptor, IR) /AKT/
Erk {5 5l % 55 33 22 44 rm AL 14 o 4] 26 4 1) W Se )
F L BA R NR A R B B R B4 i 1Y BB
3 AR R A HI IR TR R 1 1 IR 2
k259
2.1 PAlb

PA1b J2& 78 &2~ rp 88 5 M i) — T 1 i
3.7 ku B AEYTEVEZ K, TR S 5 A S
B, AFRES IR, AR PALb FEZ IRGE IR . &
HEASHIL . PAla FERRZS A SR Cum R A o Ik
R =dEZE R, BIR T ICK K%k, B iUk
K BWAKEEALIRE ST, BAE SR S Re s
TRFFHA YA 7 M T, PATL BKATLUAE
H—FP RIS YR IR ARG 5, TEfE S5 S R
Goh AR L FEiiFLEh P, PATL REAETH T
AR A NP 2R 0, R DK T SR i
PA1b 7] fiff T2DM /> FRUAY IR REAER 8 i 7 BB 55 B
A0, PALb Al LAFTITANME Ca™ 18, 42 v 40 A
Ca* 7K, SIRIEACHUBR p AN MR 2515 m, M
AV T DR BRI J 240 B 70 0 JBe B 2% 1 TE st 1Y
5, PALbE I HI#% A F kB (nuclear factor-
kappa B, NF-kB) {55 i >k 41l il £ 4 240 it A+
M) Rk, DAL 22 M IR Z B (lipopolysaccharide,
LPS) S FLIR F A AR AT, JFim ok BH 12k
LA 7 P LA AT I, R GORL AR 5 H A3 AN
ATP Y7 HEORBGELRR T RE, DL AR LR B
BN, TRIIE,  PATD 340 i 20 M U 1 sl 4a Ak
VAT G €y 7 g \AN i g S B € ek ol
B =AW R 34 ku R I BT, i gl
JE Ry L MRS P B S F-3 1 1 (voltage-dependent
anion channel-1, VDAC-1), 75l VDAC-1 PAlb
P Z A e A AR A, (H PATD J2 i i 5
VDAC-1AHEAE R 15 A i A G AL e A5 e —
AR
2.2 Aglycin

Aglycin 5 i & Fh F 1 PA1b 1Y 27~63 5% JE AH
6], FA Wm0 F AR, J8 ICK ZHE I,
AR T 5] : ASCNGVCSPFEMPPCGSSACRCI-
PVGLVVGYCRHPSG ** ', Aglycin 5 #] # A
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S 5EMETRS U ER A &
i, JEoR A& Aglycin 5 43 ku Bl 7S BREE A B A
AR ATT, AN B A R TR ) R
BEZERNMHENEN, HIk, Aglycinthgifr e
KRR FEEEIRAE TR (Streprozotocin,
STZ) /&g (high fat diet, HFD) %5SA0E IR
S /N AR AL, Aglycin ¥ 1 AT DLGE o 34 58 B % L b
1Y IR/ & E 3Z AK)FE Y (insulin receptor substratel ,
IRS1) 55 IR, IRSIFEH I, LI
IR, IRS1 M AKT BBERR AL KF-, WA IR B R AH
ST BY A, AR/ (C2C12)
Aglycin i o ¥ ) %5 B 5% iz 2 11 4 (glucose
transporter 4, GLUT4) 5545 21| 4f Jfd 3 11 >k 3%
HIBEEEE Y R Aglycin 2 5 5 2 1R A #E D)
ML A R B, (ERH 0 iREEA Aglycin AT #F
IR A S R B R 5300, DTV E b
ST e IR
2.3 Vglycin

Vglycin 5 Aglycin B8 “HHIKAK”, /2T
BHAEY H oy B aifb i ICK B Z Bk, 2 F i
3786.4 u, Z@WIHMRIT 5 VSCNGVCSPFEMPPCG-
SSACRCIPYGLVVGNCRHPSG, H N i oy 4 & iR
(valine), Cih HE&MR (glycine) ", KHA AR
Vglycin AJ DL 25 2035 = I 1) B 57 A T2DM K B
P 2 G BT | A AR et DA S BLAAR () J 2
KRR Velycinali i B SRR 7 BE-T 580
[F]J5 & 1 FEA (pancreatic and duodenal homeobox 1,
Pdx-1) . p-AKT 3Rk DA Ko fid F AR B 40 il 52 INS-1
PIETE NS4k, PRAP AR A S TR T Y I
IS B R UL B TR/IRS 1 {5 5 okl e i &
BURE, TR AR Sl B R W R TR RS
FitF A GSK3a/B Al GLUT4 WS FRIL A . S —
Wit 5, Vglycin A] G838 18 B H BR 15 16 88 O
(AMP-activated protein kinase, AMPK) & 4544 /il
g Wi R (fatty acids, FA) B4k, JfFil o T
HFD PR IR CSTBL/6) /N Bl IR 7 2 6 i ik [
FIRHIRE IR A K . Vglyein AT -4
W TEE S (reactive oxygen species, ROS) =41
SO R 0N R U AR (R T A S RPN IS
Velycin BYHT A AL BE Sy AR AR 958 71, il .
BRI
2.4 Iglycin

Iglycin, — 7 37 > H R 5% HE 21 il A ICK A
A2, A FRER/ANHR3.9 ka, HEIER)TS .

ISCNGVCSPFDIPPCGTPLCRCIPAGLFVGKCRHP
YG ', 7E C57BL/6J /N 1 iR Iglycin PN iR 5 2%
HUBAE S8, Iglycin AEASFEAX HFD Hf C57BL/6J
/INERUA 2 I IR DT 5 T 2 2R Bk o TR R A
PUAMER, Iglycin 385 T IRST Al AKT 1 # R 1k ,
B A B, IS AN GLUT4 2 3 21 it
JEE, S B D i b R B R AT AR B JAb,
Iglycin BERE I i MG I B RAG 556 T . s Al
i G R R R A & 5 R NN A SR S S
% 3T3L1 i JU 240 B v g g 8 R AR = TRl b,
VDAC-1 5 SRR 40 i 58 8P | 2R AR B Fi Ao A
ATP fi#if7 5 VDAC-1 & TliE A B R R . AilA
CEARIE VDAC-1 1] fiE & Aglycin A HAE & H
e Tglycin 00 i 20 i 08 T 5 oo 58 2R AR D) e 1T RE
15 VDAC-1 A%, BIKUEL, Iglycin 7] DL kg
LIRS FE TS A4 BRI Tl &
LRI T RE B A A 10 2 I P A4 L ke ) e o
2.5 Dglycin

Dglycin KX /N & 39 ku, & % R ¥ 5
VSCNGVCSPFDIPPCGTPLCRCIPYGLFVGNCRH
PYG, 5 Vglycin 776 74122 F & JL R . DIIE,
I112M. T17A. P18C. L19R. F28V. Y36S 5 %/
W PRI £ T8 B A R S TR R AE S
5 1) PR S I 25 SR AT B UL v
A, REONE Sh kR AERE AL Y. BdE R, H
Dglycin M5 HFD (1) ApoE /N AN AT i /b 3 5l ik
FARTHAR . ARk R LB b B BR BT TUAR, i
AlLLRE I I 2R AR % BE IR B 11 (low density
lipoprotein, LDL). Hifi =P, AHREEE . P A
e R HE R T o (tumor necrosis factor-o, TNF-a)
IR 3 F BB A B, — 5 T Dglycin i
I NF-xB {5554 5 3 DK 2 40 £2 58 20t 5
F TNF-a fl 1/ % -6 (interleukin 6, IL-6) 43,
I ROS Ay, Hsm MG 77, Jfamad fH 1k 2k
WA 3 % P 4% #e fL (mitochondrial permeability
transition pore, mPTP) [T FF A BLH52 M £k {4
JIE 1) ¢ B 1 R0 ATP Giff 47 9 447 27, O3 — 7 T,
Dglycin i i 41 il A1 2875 18 K 52 /& (scavenger
receptor-Al, SR-A1) [ 35 4 BH 1k B g 20 Jig %
LDL M #EH, B IE T ¥R 4B AT B 7
Z, Dglycin A] LLid i i 985 . g Bt R
F BRI B A A K B 1k AR 240 BT Bk 2% it 50 ik
SRR
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2.6 aMl1

B R R —FME G Y B RV, AR
ER%EE B otk (aM1) MBEEER (bM1)
JE T ARIZGEIICKEZIE, HrpaM & —Fis
A 37 AR PALL FEAK, H (LR 7 51 N
VDCSGACSPFEVPPCGSRDCRCIPIGLVVGFCIYP
TG, H75% MFA& A HK R (0
61 Cys. 54 Gly. 54 Pro A & 4 4> Val #1 3 4>
Ile) ', 2y ik 3.8 ku iy aM1 HA B KM, Al
S NEEHEA C2C12 MM N, 8 ) 396 PI3K/
AKT 5 538, S5 GLUT4 5 057 21 41 i 2% 1 DA 1
P E A A BRI 2 FE S R AP M AR A v
aM 1 IR . K EERR IR & W A S AR A AR DG
FERFRIE, 38 L AR BT BRI A 1 4 i P
I (intracellular lipid, ICL) FHZ, Mk & ik
SR RIS sAh, IHE R SR
L ae it — A BH 1k 85 H P C (protein kinase C-0,
PKCO) /30 IRS1/2 FEfF, If4E+Rs PBK/AKTs 5
STEAIRAS, NI G2 e I 5 Z I 0 B
&, aMI1 RSV A IR & R KP4 i P IRS1/2 7K F,
ORI R, IR, R
TESE B AL RIS 2454 =+

2.7 ICK#RN & LA THERS (X B 4> F AL

PI3K/AKT 2 JiR & 25 15 5 % 5 I 4% 1) 32 AKX
41, Wi TR IR PR GLUT4 B 3 1) 20 i 5
FEAE U AR 0, ICK AR 22 Ikl 2o N 74
FHEE AR (& 2a), 2FMi S IRS1/2,
PI3K. AKT A& AMPK Z:{5 53l 4, 16 4LI% AKT
E— 2 fih % GLUT4 5 057 31 15 Joit B I (1 198 ) 26 A
B, TCK E 3 22 KA T Ik 240 Jfu 38 3 3 s 1 b 3 0
AMPK, {EFENRITTTR A B S A DT il FFFAIE i 1 HE
FROR TS 405 . 98 0 FBE 5 B HEHT 1 XTI
BRAnM S (K 2b), ICK L IKAENE+T I 41 it
Ca™ il , 7lH Ca” i, $Emdiii Ca¥ /KT,
5 R AR BB AR B AU F 253G, DA (i 2 i 15
A IR R A Ah, 38 BE 0% 1 IS IR/
AKT/Erk @42 HAEICHE p AN 345 o4k, 740
JER A B O THEAR REE S A T ZEAILIR 4B
(El2c), ICKALZIRnT DISHDURE & 28 B
T8 £ 2R IRS1/2, 123k IRS1/2 #Em 1L,
HOM GLUT4 3Rk, DA S JUL PRI 200 e %) 46 268
AR, 25 FRTR, ICK B Z IKARIS 4 N B AEH
PEAFIE, JBElR . WUNSEAZUh, It IR/AKT,
AMPK 4515538 B R OB AR QT ATk B 97
W BRI A EEAS 1 B I P s S R A FH o

Table 1 Activity and molecular mechanisms of ICK peptides in regulating glucose and lipid metabolism

F1 ICKERN & IR HERR (BT YA R 5 F 1L

B AEER T KW A FRE /A et i 508 R A it 2R
PAlb  ASCNGVCSP-  Hi& 37.42 NF-xB | . 1L-6 | . Ros | « TNFa | « mPTPH  {#FECSTBL/6GRIIIAL [32]
FEMPPCGT- B Ca¥ KT AR, T ATP T LRRifkTh W PRI /N B
SACRCIPVGLVI- fig T LPSH5-3 1 2L
GYCRNPSG Rt
Aglycin ASCNGVCSP- K& 37.42 fhE | . FEHEmEE | . A L OGTT 1. C2CI240fESTZ/HFD [38, 51]
FEMPPCGSSA- p-IR T . pIRS1 T . 2-DOG 1 . p-AKT T . ESHFERNBALB/c
CRCIPVGLV- GLUT4 T . JRE N2 1 VR
VGYCRHPSG
Vglycin  VSCNGVCSP- = 37.86 PI3K | « p-AKT-p85 |  BHIE4NA/BATML ST | HepG24TJif [53, 55,
FEMPPCGSSA- K TR | WA L. EIEIRE | . Lee iR L0241y 61]
CRCIPYGLV- ¥l pIRT . p-AKT T . Erk T . FPG T . STZ/HFD 3 HHE R
VGNCRHPSG GLUT4 1 . PARP T Pdx-1 T . GSK3a/p T . M P KR
[l T MR E T E AR T
AMPK 1
Iglycin ISCNGVCSPF- K& 38.80 ROS|; pIRT. p-IRSI T, ATP 1. AY, 1. ERKEEECST [56]
DIPPCGT- LDHT. SDH 1. p-AKT T . GLUT4 1. #i%& BL/6I/NW3T3L1/
PLCRCIPA- PEREC T L BREREAZ 1 o4
GLFVGKCRH-

PYG
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|
E2 HIER 75 FIE T BR /K e R A b it Z2E R
Dglycin  VSCNGVCSPF- K& 39.40 SR-Al | « TNFa | . p-IkBa | « NF-kB | . e R T R BRI [57]
DIPPCGT- ROS |+ IL-6 |+ Caspase-3|; A% 1. ATPT ApoE" /MR,
PLCRCIPY-
GLFVGNCRH-
PYG
aM1  VDCSGACSP-  #% 38.12 C2C1241 [35, 40]
FEVPPCGSRD- e i P,Ifc O L PBK T . p-AKT T N 3T3-L1JE ;41 A
CRCIPIGLVVGEF- CTLUT“ - MERER T RS12T. RERE HEPG24fi 2
CIYPTG BT

OGTT.: I il 7 % B it 1 1055 (oral glucose tolerance test) ; AV, : ZORLIKIEHLAL; mPTP: ZOAi{AE & MEFEHfL; ROS: M,
GLUT4: TZJMZE M IR BRSRIP; IRS12: MRS EZEIKY1/2; PBK: BEIRHINIEL3 MM ; AKT: XFRPKB, #&[1HHB;
AKT-p85: WEFRILIAKT; Erk: 4UMAME S 06190 ; LDH: ZLERML%UT; SDH: IFHIMM AN ; 2-DOG: 2-i% %M ; PKCo: &
BUEFCO; Caspase-3: BBERAMRE3; GSK3a/p: WS EFILAG3; PARP: DNAMSKEfE; ATP: —WEMRNRTS; ICL: 40Mi N5 ; SR-Al:
AUSEBERZR; IL-6: ANFK-6; NF«xB: #HFxB; TNF-a: RSN Fo; IkBa: NFKBIIHlflo; Pdx-1: -1+ 48R & 15
H; STZ: MR ; HFD: SIRIKE; ApoE™: BASHEABRMAFR; LPS: Rt 1. fHkEm; | . WHfEM.

(©)

11 it 1% ICK 3 £ Jik
ICK B Z ik Al
\ <
4 ¢ -
GQJSS‘”’O%( IRSI/Z

(a)

PI3K ;
ICKAE A fik : iliopd) ¢ GLUT4#3A1 o
ICL & <14 \/
ICLICL‘-? y LA 281
\PKCO \ (b)
IRS1/2 |P
N[ PBK
JFAE AR
— LA
— IR TR 2

Fig. 2 Schematic diagram of the molecular mechanism of ICK peptides in regulating blood glucose homeostasis
E2 ICK#EX & AT MEFEES FHFEITE
(a) ICKAEZ 22 AL T A0 L it i PI3K/AK TATAMPKGHE B 5 BE AR AR 23 LI s (b) ICKAEZZ JIRAE R 40t i i PI3K/AK T/ERKGE
SRR 9 5 BAAH L T P R 3 2R WA 43T 5 (o) TCKASER 22 BRAE UL PR 40t il 5 TR S/PI3K/AK T/GLU T4 % {1 i 5 26 W 1 QI 4 431
fil. AMPK: AMPIGALZR (e ; IRS1/2: BEE ZZIREY1/2; PI3K: BEIGELILAE3HLES; AKT: XFKPKB, H{MHEB; PKCO: K[
fiCO; ERK: ZHAME Wi : GLUT4: ¥ELisiEr; FA: BRI,
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3 1%\%5%%

RARZ KR FE T, 40 N o 2 6 C iR
B EERRIE | EIEMFEIE, MR YIRNZ
FREE ABESN, AR O ARG 7EARES R GE IR Z R fE
Wk, YRR . R YR T
VFZ R AR AN A 228 | W s 5] i il 1 1 5510
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Abstract Diabetes is a very complex endocrine disease whose common feature 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
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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, Vglycin, Iglycin, Dglycin, and aM,, exhibit excellent regulatory activities on glucose and lipid
metabolism at the cellular and animal levels. Mechanistically, 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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