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Biologically Active Cyclotides and Their Pharmaceutical Progress

DUAN Huiming(Guangxi University of Chinese Medicine, Guangxi Scientific Experimental Center of Traditional Chinese
Medicine, Guangxi Key Laboratory of Chinese Medicine Foundation Research, Nanning 530200, China)

ABSTRACT: Cyclotides are plant-derived ultrastable peptides that are stabilized by head-to-tail cyclization backbone and three
disulfide bonds that form cystine knots. This unique topology allows them to be exceptionally stable against chemical, thermal

and biodegradability compared to other similarly sized peptides. Their excellent stability and tolerance to sequence substitution

enable them to be used as frameworks for drug design. This article mainly introduces the application of cyclotides in three areas

of pharmaceutical research, especially the recent progress in grafting bioactive peptide sequences onto the framework of

cyclotides to generate new biological activities.

KEYWORDS: biological activity; cyclotides; grafting; pharmaceutical research

HAT, S EREH 5 Dhae o i IE A 259 Kk
R A R . N BB VF 2 IR YT AR 12
& 5 M -58 M A3 B./E H (protein-protein interaction,
PPI), 1T K#Rr PPI HISE SV 1), PN T2
YIRS H A B S5 5, R xk DLRH Wiz 2k
B EAEM, I BT/ 7 AReHE A 4h,
E MR RESE T RBAR KX
Bio MK, EEGYR B KRBT AR, TR
I Hol T AR LR B A 5 2 S sm i B4R
., 0o 7 REbR A RS HERr S 0t AT B A B
HIfE 2O, PRI B A AR R OB (HEA]
AW AR T, WA D RAEDF AN, RS
P2z, RBesEm sty 7, i B G A & 5,
M3 BONATT G 1) 33K 2 E B SCBRE BAR, A
TE ALY A2,

PR, AR & & BB AR E 7 A2 %
BB T E AT 32 BR AR #A A Rl S
HARRENE . /N B R B A JDR 5 B A B T

K\ knottins. K. FEHCRIEIKEL & ST W8 %,
EATER & B VR IT N I m FESZ PR AR . Rl =2 30
WK, R BREAUE S —Ak-EHOREEE, M
BEIFT A 3 M A o) B 52k
AN AR PR IR S5 SR, X AT — A
SFIEAA R IRIA 1. ARG BRAFAE TR
R (AR R A, AR E MAAET A
A KR (40 TGF-B 55), (H A2 30 KA 2 i — [F] I H
HiX 2 MFIER . SEfr b, ERAX 2 Mg RHIE
P&, R IIE = AR AR K 3T B o AR e
B2 B, XRMARIEKAMIT K6 .
1 IBRBVZGEM R o

WK ZHEAEN —KE S W%, B 28~37
A IR R Al o TR B i R I BRI . B IR
LR EAR TR NEIRE S Cys Ik, HTE
RN, BTk T &0 RAHEIERIR
B, BAEE 6 NEFE IR Cys BkEE, 407l
Bebrid A 1 ~VI, 52 AHX R AHAR 2 A Cys ki kE

HEEWHE: |7 ERERAT 7 E S0 = RS E(16-380-58-03); ) FEHEE 25 KA ST 1 H (2018MS010)
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Z AR HEARIE AR 1~3F 6, X8 Cys FREM
P B =0 i, Hod 2 6 s A R
HHIEH—NIN, M 3 X sl gidx—R
R T R ) PR e 2R 45 (cyclic cystine knots
CCK)™ o B JHk 1 33 ol 3 < 425 g AR5 48 L 45 T3
e, I ELIXR IR 2 ok SR 45 A HE Z T 3R ik —
AN ) e P R P R DY, X Rh S R L AR
A P R il e L S I L B R Ak n B %
A R i A4S PR R BE B dE B IR A, e 2 B ab
RS, R T e A 1E A B (3 ) b T DL
SAFAERIRE ST PRI IR ZE R W R 40 1 3 AN LAY
Mébius « bracelet A1 i & [ B #7 # 7 W R}
(McoT I - T fil McoT I -1I). M+, bracelet A} 5
RIEER A G K28, HEHAL 2 Fpw R 5
#rd. EHMEH B & BT EE K, Rtk E
TS TE B TRESAY RN .
2 FHHAZENA

AR ) R SR T RE AN N = A 0 1 B 4 431
KA EANTEEYAL T2 RIEFFAEAHR R
2 UM BRSNS . (B2, IR EiRE
PEE & gl BTSN B —H T E A B T
A5t BRKAE 25 24 0F 52 J7 T (0 82 FH AT A3
RRPA IR AE 2540 A o bk B 6 DA R bl B e R0 R
N3 RARIFK. SRR, “ig” FHAKD
2.1 KRR

KRR AR AR 2 AR A5G
P, BT EWRYE. B, PiE. br HIV. o
S PESE o

B AR ) R R A M, S PR A
ERRFMTABRA, —HEMEERES k%,
FE U TERE (P IR SR I Vs AR . IR
23 P B T R B BR T AN A s, 451 (R4 R Y
T Viola odorata ] 2 MK cycloviolacins O2 Fll
013 HHEAGAFMEMEN, BAREMNZH AR
—ANEERES: 02 R, 1 013 £ —A
FrERNER, HAKE —DERAEE VS
i 3 R0 i LS Itk BORIF 5T B 22 SR At AR
WS YE 2, DUEERE IR JRHE 22 FH AR 1) 245 BT A AR
Bl P R R 4 € Ik Kalata B1(KB1)F R
X, AW 9 NI AEAT— AN,
HO B B D v s
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PR B R SRGE M, WA AR 2 &P HIV
TG . B R IE LT T I SR AR bracelet
TR 2 FhoKFR K (circulins A AT B)BEHI A [F] 75
TN HIV B, (H BTS00 i H AT 40 i B¢
PE. TR H Mobius YA KB1 HAG KLU HIV
FOAE T, H OO SR G0 B ) 25 R EIC, DR
HoAth Mobius ARk AT BEEL bracelet P4 K ZEHT HIV ¥R
TR EAA AT R A, WK HRERR EIERA
e VRS G 25, SRR e AR TT R AL GA
IT 58 RN 1 L) At

PR J5 T, K H Viola ignobilis HI3A K vingo
5 %F HeLa A0 RI40 M 5E . & PE 7R R T AR 1
U2, H4h, MEfele &R BT 3 AN HRIk
8 0 7 8 175 3 20 M O TR LA R 2 e 4
s AT R, P IR ER AR DC3 BE ST
Hil/N R S AR AR R A K. B AT
TBIT TR AR &, R 7 B AR X e B ) bl
TE R A BT 77 2 i g AT AL -

SR » Ravipati 25T R L T — 410K H #282
BEE S Lys MIRIE, e A0 s 40 i 2 A5 40 i 25
PE, AN LA B R M IK, XN T E IR T N
FIRARE T8 & Lys B9 IREA B A% 1
T, BT REEAE T T
2.2 HRARIRRE

RIRIIR BAREA DL L) 2 B E Y22 ThRE
HE BT REAH AR, EE%ET 7
B I 1A B, T 0 PR IR 45 A8 1R AT B /MR B 1Y
AN BRRAR, BEAS R A5 R bR e A AR )
T, MRERRAREATES 25 i EAS 32 00 (1) %
IV, BT I R 28 B A S 2 RN B0 JIK ) 485 4] 5 4
PEFIAE DR PE s, e ATTE R E TR
H125 ER N EoCEE, Flin, KB1 BB A HRM
WIMIEYE, Simonsen £51°ISE F 78 20 16 491 4l 5 A8 v
KK KB1 4544 EFrA (23 M)AE Cys FREEH A
AR, KRBT RE R, KL KBI
FAAES B RIVE T A G 3 AMEMIEIX . 55 1
A2 UL Glu-7 Hty, 5 AR IR A R K I,
X ECTRFE N AW IE R 2, BARAEAE T AR
ML, (HEAE =45 i EANEE—iE, Bk
—AN “AEPEYER 7, RISEOKIE, KB1 I35 EL
TR G FERRAKREEX: 5 2 NSRRI RE
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B K BRI X, SRR X 5L & Ao, A4
WD I T A B K XA T4 I E — s 28 3 AN
R TE RS X, AT A3 P 1R 5 K X
AH S BT —

KB1 A 93 M (% i PR A a3 1 ) A o
IKIX BB K X B 2 B HBG R R, SRR AT 5K
P AE 45 A, BK X G AN 5 7K A% o S5 KX
FAF (B K DXAAR), 1K 2 Ppid Pk 2 [ i Ry . R
AR ARER, EHKX G —AEEEK
PR, [FFES TR 2 Mg MR, B~
SRR EL RS T 5 B A E KA BAE A, DR R
EHERR . MR, SEARXALE, 1R EER K
X ) e 57 B 51 N —ANAS[R] 16 7K 24 L IR (7] 4n %
R Ala), WA K2 5% iEME, BT HE
R K LR, E IR — DK X & R R
ANEEERPMERLS S, FEASTIAKRMR
HThRe, M MR 2 B, ROV S
PRI 5 B 7K P (3 THT 2% 85 19 558 7K X1 K /0N ) 53 2 A
SV TR 1 3% R BE U T3 K X, 38 5K X 1
BRKVEAE Q) o IR I ZK P g, 6 P05 L 2 e e
o, — ML IR T ) R 8 I R KA ELAE F 4
N AH M B B K A%, 0 SR 2 2 R R A A it 7K X
P SEREVERIN 5, IS AS B E ) T-40 s, ¥ if
SR g U8 SR AT BRI, WIS
HAR 2 22 TR 0 e P /K P A O, tH gl A AR R
FR P it 7K PR 55, JOR ) v I 3 PR RS . A
15 B KV BRI 2R 325 1 40 B R 1) B K A SRR, A
T 720 B bR AL, 38 Bl o o A v T T

DL EJ@ I KB B 7K X 2 JE R A8 B A 24
FR AT DAORREEL A i v, L R ek 2D ¥ I 250
FH T 98 7% P AR H 0 M B LR SR AL, A
WA AT DL B e AR B ER R B K X R AT 2R AU
FHETRRAT, MK 1] 24 AN 52 W (1) 5 1A
PR/, ThuMREEA 2 BB MM, X
FE R SR A W AR F () o 30 BK (036 97 98 3 T =
AR EZ IR .

B T A SREAS AN, Craik PG RS E T
2 B AE 2 AN AL R R 3 AT R AR 1Y BRI
[W19K/P20N/V21K]KB1 FI[P20D/V21K]KB1,
R R AR KB H B 7K X — 3508 20 5k 4 FH 5 i
PEEHY AR LR AL B AR, R R AET
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SRR, TR B R AL RS A ) B AT A
EFKE R AR . X 2 R A8 5 R kAT A R
RPTE, XTI FEIE 52 A0Sk Az ] DL Th # 1 2]
PPBRAEZE R AR BER CCK 3 & . thah, B EE
(A, T8 1 9% A8 IR S T ) B A R A m 25 B
WIEYE, R\FKHELRE G T Re e it A v
RV L R

2.3 “IgdE” K

IRAE a7 0, A i s 0 R BEAS A2 %)
IR RARTE AT I A, AN A2 X A0 b &5 ) de
AT RURAR T x) H 5 VAT R e, 78
UGB b, R B R 0 AR A I
e, fEATTRE FHAERESE AT B BRI 7 “ 1K
B, U= BB A = E Y IR

BARGAR B PERR AT Re AR BA W 71, H
EAEE 5 2 E AR, Rk R S50
A RE A BIA AR Hbr: MR, BAEMETER
frB NERRK S 28, AT LA 3P e T B Y, i
— I RRENIRN IR, IR BAEYETEIR T
BRI RS R — AN E AN RARIR, DUERAER
“EHEMT RN —NRRE ST AT
PERALRIR) 2, Al LUK (B4 R IR A BUK);
0] DU SR IE T — AN K A 1 — Bk 21 (B &
R B s B 2T — AN W TR A4 ST I — B P 41
— X o A JIK S BN LA AT A AS 52 00 R AR
PR, BInTE R ZHUIE LR, Gl DL BRRSR KBI
B LG P, 3 A TR FH o 24 400 75 2
J& (75 T,

AR AE 6 ANk, HAp—LeIR R
SF, BINER 1R 4 —EE T R PR R 4 1A G
HF ol m R, Deed B, 75— i
75 AR A, R AT DLYE R YDA IR E i R A
AFTEVER 2 KR B, R A PR IR AE AR P ) ER
SEMERMB = AR 2, DU 2 Ik R BAE K
P RS MR BRI TR . K 2 s Bt TR 4 TR A
A b, SRS TR A RN A 6~8 N TR
Horb, 36 REE WG, ¥ 6 RIEMILIK
To 182X T Mobius i /2 [ 25 1 0 i) 770 0} (1 HE
e, EEARRG TS B 1 &SR ER
B 1 WA A 7R K B i e ™, T R e A o 7
MCoTI-II 7& —FA M ERM S, a3 h7 54
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W, IR 1 EE AOTRE AR AP, A
‘B MCoT I B[S B 5538, IR e v] Lok 2 e ids
FSC RE AU 1) % o AN () 2 1l 9 1 PR A A R, AT e
X AR 2 Y B ) R B PR T T . i, R 1
GRER IR R ) E AR, wEARMEE. O
BT 3C AR, PR EEESE: A 2 M3 3
FEXT D T IR 5L, PIRe 2 T G R &
BUAER SR M F S5,

SR R 2 G AR T BN BRI 5 4,
B CAEB R 2 MEEZ R, JFHO%
FH T B0 2 AR5 T3 K B E 75 00 4 1) B 0L Ty
RemfE oL, ltn, 2 KR (multiple sclerosis,
MS)JE HHAX 22 22 G0 (1) — B 98 R 1 505 , FLARRAIE 2
HE R ey R PO B R 3 B0 g 1 R . A R
GuR AR RKER AL, G0 E Y D 98 e 5 A A A
(myelin oligodendrocyte glycoprotein, MOG), HA
R0l g ae, HEHER e AYRI HE
ZEFE I R N B RS . N T 5 IRIX A 1]
¥ MOG oG #:%] KB1 1, FT2 kMR
IR, Hod 22 ANEEERR KR AT KB1
3k 5 f0 6, Hrp—FhigE: £ ik MOG3 £/ R
MS A H R IR A R T 0 K R TRR T, IX
segk BB T TR KA T8I MS 197 7). )5
& Te 2 BRI ORI R N — IR IE R IT
YIRGE 7w, BRI B TS B — A
74 B B 2P i) 8, A TR RIX AN A R, Chan
223y o R A A RE AL YWKV( ‘w’ EoR
D-Trp)f1 YHLNQPF 437l #5 4% %] MCoTI-1I 31 5
6 b, DUAE B AR ELAR SURE ) I AR R4
HllFe IX 2 AR LA K 8 ik S e AN [ (1 1
A B AR T 1R F RN, IS R — R AR B,
Wm0, ik, MCoTI-II A % FfE—Fh4t %t
I IR PR IR T 3K e K e X L [ R B
VFE O — AN ERSR R )2 R U, JF HAR X
T Al — e B TR R, DU SR A R I T ER SR
HEZE R RAR 35

HfT R4 KBI.MCoT I -1 BAK MCoT I -1I 3
FRERIK D FH T 1542, ok KB AEZE {51 1m) I T
Ff A1 B bR DL R Sk S &6 B R R R I oL, T
MCoT I - I Al MCoT I - 11 F B 3§ by s & il
b i s L RT3, i bR A KB 5 A
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ST I AR A G, DRI BRI AR R
Yo FAE R E R T R B A RSN E
Gunasekera 2% U5 B8 5 B L4 9 B2 £ KB T
A(VEGF-A) K 2R EAEH I — B s & Arg (1
ANIKGHE R KB LA b, 724 7 B $t VEGF
TR IR RK, AR K 2 B ORBE—FF, XFERI SR
FFH 5 FEAKM. EVMRHEE, REAKA
REFIMEZ9Y), ATCRXEEEIE, FEKRXDLZHE
TR F 54 B 5] KB1 1936 2. 3. 5. 6 L,
HP G2 3 IR B H LT VEGF-A fii5Z
REE G R BcmE T, T HLIGHE 5 K AR KB [ i
TR T, 2SR P A G % KRR R
WA T, SRS UE B T JRHE B0 SRR K T 41
B e )i 52 . SR T v Rl O T R 2R
Bk (V97 EORHPT R B R R K 4 %tk
(melanocortinreceptor-4, MC4R, VAJT JEHEAE)Z,
HAAVER IR, T KB HIZE BB B 1iF B
ORI, S T2 B v H T
RIAMRAEDFIHBRIETT 09 J1: 4k, G K
HE 22 AT P T 3 B PR B 17 45 0 b 35 DA R 1 3244
40 28 jz R 324K, Eliasen 252840t 7 — Mk
PERT MC4R X277, aTLAEITAEREAE, FFAK KB1
EEH T —NEYEEDRL HFRW J5, X7 MC4R
AAEEEMME, ®HFEMEEDRE MCIR. MC3R,
MC5R 1) 300 £, FiitA KL H R 2 4 3%
RAERN TR, WRERERZARTE,

PLE K2 8G 3 KBl H K45 & 2 i A 40
Fr, SR Eeiln I —Le SRk DL B A i, Rtk
Big e TiE & 2 A o2& — D FE sl 11k
. Bl McoT T - 11 A2 55— & I BE2E N il g
FIFRIE, BEAN McoT I - 1 o REZE k40, X
518 McoT | L[ RN PP A AT AE, 10 HL IR
Pt 490 61 ST AU B2 D 3% 100 pumol L 4
S L h M0 B th A B, DR A R i %
MR EAT AN Z Ak, Il SET &, HT
B R HGIR . 0 R B B ER B 2A(pp2a)
IThEE, SEERTT R — MR BT R 2.
MR E#HMEA E ) COG k2 SET HIsRAkdEHT
F, EAIES M SET 454 5 B 755 I8 41 i iy
(20 BB 1, AT R T «B(NF-xB) & 516 T8
o RIM COG REMIEIT AR, FoNENTNE
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FKfR ez, HAYRE R, Ea] gz
McoTI-IT, FK5 Hoish ik B4y, 5 2 5 e it
JEE (P N I A% o 152 5 1) MCoTI-IT J ke iy 44
M B A, JF HAE NS T B s fe e k.
McoTI-IT FIX e e PR A 41 i 2 3% RE 75 2590 FF
e BT AR, R 40 e g PP P,
Z 4, g1 R AR 2 R AR RE VR T T ) PPI
B2 L P 186 o 451 G e FH G5 22 3A IR R BELIBT p53-HDM2
FHAE 2L J ) BCR-ABL 3 (518 M58 &
FIR S P16, 2, kot 2 9 R B e 11
i 52 44 . 5% HH A s 1 A 41 P 2 O e A
T8 71 FIE 32 3838 36 3% M R AL/E T i 9 Az 5 B2

&4 A1k, McoT I -1 #l McoT I -11 229
2 MREMSCEE, BRI ERE, Al
bl kg il B A ZRAR A M 28 B K TAT, BRI ALK
LR . Huang 252103+ MeoT 1 -11H9JLA
KLY Mco-RM1 . Mco-RM2 . Mco-RM3 .
Mco-CTP, A Mco-RM1 K 1E H 17 X I FTH Lys
#H Arg BUR, Mco-RM2 () it 1% 1tk 5 36 415 FH sl
PEFRFEEUAR , Mco-CTP 4% CPP 741 it — &4 (iX
— AR AR N AL, TEAN R LA S L) -
458 Mco-RM1 WIS &k #4215 7 20%, Mco-CTP
PR T 240%, 1M H. Mco-RM1 #1 Mco-CTP # {4 &4
T McoT 1 -1 RSG5, FRAE MG R e P 1E,
(TR NN ER S S S T =8 5=k o
3 iR

IR BLAE & — AN BT 2 o A 2 Bk R
%, I HIETEW AN Z N B A 2t
Y. BB SIS ), (Hil T
IR AFAE B SRS [F) (05 1, 481 %o e 4 A= K L
AR PGV, R X IR A0 E
IR I 32 4 R 1k A AT AT — B R JIE L 28 3 N A AR
PRI Be . Bk nt, BT 290 et 7t H A
ATERS DB B, T HBA IR TE B P A AL 3R A5 (1) 5K
56 &8 IR Bk X A DUIR T RE7E A A KK R &
SEI . A 12 AT I £ AR Kk R A ] A v
BRI O RRAEVIRI R, B LR BE O e i R
A UG, H R 5% 52 Br 1 AR 2E W) B % 11 3¢
BRIGAR D, R R R LE S HBLE 2 6T
X e SR E BT AT aE A

o EBACRL 252 2019 4 3 H 55 36 555 5 )

REFERENCES

(1]

[2]

(3]

(4]

[3]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

CAMARERO J A. Cyclotides, a versatile ultrastable
micro-protein scaffold for biotechnological applications [J].
Bioorg Med Chem Lett, 2017, 27(23): 5089-5099.
GONGORA-BENITEZ M, TULLA-PUCHE J, ALBERICIO F.
Multifaceted roles of disulfide bonds.
therapeutics [J]. Chem Rev, 2014(114): 901-926.
IDMANN J, CRAIK D J. Discovery, structure, function, and
applications of cyclotides: circular proteins from plants [J]. J
Exp Bot, 2016, 67(16): 4801-12.

WHITE A M, CRAIK D J. Discovery and optimization of
peptide macrocycles [J]. Expert Opin Drug Discov, 2016,
1(12): 1151-1163.

GOULD A, CAMARERO J A. Cyclotides: Overview and
Chembiochem, 2017,

peptides as

Biotechnological Applications [J].
18(14): 1350-1363.

COLGRAVE M L, CRAIK D J. Thermal, chemical, and
enzymatic stability of the cyclotide kalata B1: the importance
of the cyclic cystine knot [J]. Biochemistry, 2004, 43(20):
5965-5975.

NGUYEN G K, KAM A, LOO S. Butelase 1: a versatile ligase
for peptide and protein macrocyclization [J]. J Am Chem Soc,
2015, 137(49): 15398-15401.

CRAIK D J, DU J. Cyclotides as drug design scaffolds [J].
Curr Opin Chem Biol, 2017(38): 8-16.

IRELAND D C, COLGRAVE M L, CRAIK D J. A novel suite
of cyclotides from Viola odorata: sequence variation and the
implications for structure, function and stability [J]. Biochem J,
2006, 400(1): 1-12.

MOLESINI B, TREGGIARI D, DALBENI A, et al. Plant
cystine-knot peptides: pharmacological perspectives [J]. Br J
Clin Pharmacol, 2017, 83(1): 63-70.

CRAIK D J. Host-Defense Activities of Cyclotides [J]. Toxins
(Basel), 2012, 4(2): 139-156.

ESMAEILI M A, ABAGHERI-MAHABADI N,
HASHEMPOUR H, et al. Viola plant cyclotide vigno 5
induces mitochondria-mediated apoptosis via cytochrome C
release and caspases activation in cervical cancer cells [J].
Fitoterapia, 2016(109): 162-168.

HU E, WANG D, CHEN J. Novel cyclotides from Hedyotis
diffusa induce apoptosis and inhibit proliferation and
migration of prostate cancer cells [J]. Int J Clin Exp Med, 2015,
8(3): 4059-4065.

RAVIPATI A S, HENRIQUES S T, POTH A G, et al.
Lysine-rich cyclotides: a new subclass of circular knotted
proteins from violaceae [J]. ACS Chem Biol, 2015, 10(11):
2491-500.

SIMONSEN S M, SANDO L, ROSENGREN K J, et al.
Alanine scanning mutagenesis of the prototypic cyclotide
reveals a cluster of residues essential for bioactivity [J]. J Biol
Chem, 2008, 283(15): 9805-9813.

TROEIRA HENRIQUES S, CRAIK D J. Cyclotide Structure
and Function: The Role of Membrane Binding and Permeation
[J]. Biochemistry, 2017, 56(5): 669-682.

ABOYE T, MEEKS C J, MAJUMDER S, et al. Design of
MCoTI-Based cyclotide with angiotensin (1-7)-like activity [J].
Molecules, 2016, 21(2): 152. Doi: 10.3390/molecules 21020152.
HENRIQUES S T, HUANG Y H, et al. Decoding the
membrane activity of the cyclotide kalata B1: the importance
of  phosphatidylethanolaminephospholipids ~ and  lipid

Chin J Mod Appl Pharm, 2019 March, Vol.36 No.5 - 637 -



[19]

[20]

(21]

[22]

(23]

[24]

(23]

[26]

<638

organization on hemolytic and anti-HIV activities [J]. J Biol
Chem, 2011, 286(27): 24231-24241.

CHEN Y, GUARNIERI M T, VASIL A I, et al. Role of
peptide hydrophobicity in the mechanism of action of
alpha-helical antimicrobial peptides [J]. Antimicrob Agents
Chemother, 2007, 51(4): 1398-406.

CLARK R J, DALY N L, CRAIK D J. Structural plasticity of
the cyclic-cystine-knot framework: implications for biological
activity and drug design [J]. Biochem J, 2006, 394(pt 1):
85-93.

DE VEER S J, WEIDMANN J, CRAIK D J. Cyclotides as
Tools in Chemical Biology [J]. Acc Chem Res, 2017, 50(7):
1557-1565.

QU H, SMITHIES B J, DUREK T, et al. Synthesis and
protein engineering applications of cyclotides [J]. Australian J
Chem, 2017, 70(2): 152-161.

LOKTEV A, HABERKORN U, MIER W. Multicyclic
Peptides as Scaffolds for the Development of Tumor Targeting
Agents [J]. Curr Med Chem, 2017, 24(20): 2141-2155.

WANG C K, GRUBER C W, CEMAAR M, et al. Molecular
grafting onto a stable framework yields novel cyclic peptides
for the treatment of multiple sclerosis [J]. ACS Chem Biol,
2014, 9(1): 156-163.

CHAN L Y, CRAIK D J, DALY N L. Dual-targeting
anti-angiogenic cyclic peptides as potential drug leads for
cancer therapy [J]. Sci Rep, 2016(6): 35347.

GUNASEKERA S, FOLEY F M, CLARK R J. Engineering
stabilized vascular endothelial growth factor-A antagonists:
synthesis, structural characterization, and bioactivity of grafted
analogues of cyclotides [J]. J Med Chem, 2008, 51(24):

Chin J Mod Appl Pharm, 2019 March, Vol.36 No.5

[27]

(28]

[29]

(30]

[31]

[32]

[33]

7697-7704.
WONG C T, ROWLANDS D K, WONG C H, et al. Orally
active peptidic bradykinin Bl receptor antagonists engineered
from a cyclotide scaffold for inflammatory pain treatment.
Angew Chem Int Ed Engl, 2012, 51(23): 5620-5624.
ELIASEN R, DALY N L, WULFF B S, et al. Design,
synthesis, structural and functional characterization of novel
melanocortin agonists based on the cyclotide kalata B1 [J]. J
Biol Chem, 2012, 287(48): 40493-40501.
JI'Y, MAJUMDER S, MILLARD M, et al. In vivo activation
of the p53 tumor suppressor pathway by an engineered
cyclotide [J]. J Am Chem Soc, 2013, 135(31): 11623-11633.
D'SOUZA C, HENRIQUES S T, WANG C K, et al. Using the
MCOoTI-II cyclotide scaffold to design a stable cyclic peptide
antagonist of SET, a protein overexpressed in human cancer
[J]. Biochemistry, 2016, 55(2): 396-405.
HUANG Y H, HENRIQUES S T, WANG C K, et al. Design
of substrate-based BCR-ABL kinase inhibitors using the
cyclotide scaffold [J]. Sci Rep, 2015(5): 12974. Doi: 10.1038/
srepl12974.
HENRIQUES S T, CRAIK D J. Importance of the cell
membrane on the mechanism of action of cyclotides [J]. ACS
Chem Biol, 2012, 7(4): 626-636.
HUANG Y H, CHAOUSIS S, CHENEVAL O, et al
Optimization of the cyclotide framework to improve cell
penetration properties [J]. Front Pharmacal, 2015(6): 17. Doi:
10.3389/fphar.2015.00017.

Wk H 391 2018-4-10

(BT : B EH)

o EBAC R 252 2019 4 3 H 55 36 555 5 )



