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Abstract: Melittin exhibits high antibacterial potency against drug-resistant bacteria. However, the clinical utility
of melittin is limited by its serious hemolytic activity. Thus, the need for developing novel melittin analogues with
high antimicrobial activity and low hemolytic activity has grown. We designed, synthesized, and evaluated 20
novel melittin analogues with varying hydrophobic, polar or positively charged amino acids. The results showed
that 8 compounds had antimicrobial activity (MIC: 1-4 pg-mL™") against gram-positive pathogens equal to or better
than that of melittin, and 16 compounds had low hemolytic activity (HCs, > 11.9 pg-mL™"). Compounds 13 (MIC:
2-4 pg-mL") and 15 (MIC: 1-2 pg-mL™") showed equal or better antimicrobial activity against both susceptible
and resistant strains of Staphylococcus aureus and Enterococcus faecium compared to melittin (MIC: 4 ug-mL™").
Compound 13 (HC,,: 24.0 + 4.3 pg-mL") displayed noticeably decreased hemolytic activity compared to melittin
(HC,,: 5.3 + 0.4 pg'mL™"). This work established a base for further study on the structure-activity relationships and
structure-toxicity relationships of melittin.
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Figure 1 Chemical structure of melittin

SR R 2l R 28w Ay PR (HR-MS) Al i 2O £ i
(HPLC) HilE (£ 1). AR LR (R 2), i
JUR T 00 5 P i 247 B B ) 46 8 1T DR I BRI K 3R A
PR R 2 AN B A 1 SR R I B Y P (MIC: 4~
8 wg-mL), o 52 PRI 98 T T AT B RH 4 A M 1 BT
B S PE R ES (MIC: 16~32 pg'mL™). A% 1~3.8
(MIC: 4 pg-mL") XJ I 5 1 i 24 55ROk 1 BR i 3R B 1
U M 508 E AR (MIC: 4 pg-mL") #H 24, X HoAh 5
R 1R 370 18 9 M PR A A7 429 4 (MIC: 4~8 pg-mL™") X}
N 58 P TR 245 B A0 1) BRI TR T8« K 7 1 735 T AN e 2 S
BN FF TR ) BB S PR S IR (MIC: 4~8 pg-mL) #H
2, % A B AR B B R E MR R AR AT AR 5~7.9
(MIC > 8 pg-mL) X3 5 (1T 245 B A5 /o v Ak 1 7T 1 1o
P 287 FEAR; fiT 24240 10 (MIC: 4 pg-mL) il 52 (1) it 24
BRI A 4 A RN PR i BR B PR I T S i IR
(MIC: 4 pg-mL") FH 24, %oF HAth B8 Ak 1) 0 58 7% 14 BRI
IX e b L3R B A A 1 2 R Thr 5 e 04 B3 K N 3 6
7K X 31 B 7K & R (Tle2 . Val5< Leu6. Val8. Leu9.
Leul3.Leul6.1le17. Trp19 Bk 11e20) [ A7 4 4 10 &
KA, AS RS AT AR P I B BR T 1, BB e PR
PE o fT AW 1068 5 1R T 24 BRRRURR 1Y) 42 1R (MIC:
4 pgmL ) RIZERE (MIC: 2~4 pg-mLY) . KHiR & B
(MIC: 8 pug-mL") Ffifi % 5 8 1 B (MIC: 32 pg-mL™")
()BT BT I 1 5 G B TR R 22, % At B e 1 0 R O A B
8 A7 2R 9 12 %5 5 ) it 24 s REURK 1) PR A 3K - (MIC:
4 pg-mL™") . KA # (MIC: 8 pg-mL™") Ffili 4 72 &
fHEH (MIC: 32 pg-mL") 150 b i 14 55 W 23 JRAH 24, %)
A B A P 70 B8 0 P BRI, O e 2 AR W) A v 2 2
P& Ser # #i i 75 JJK N 3y 5 7K X 380K Thr10 B¢ Thrll 340
FTEEWIIA Y, FFEA BB M PTG M. AT 13 %)
D 5E F T 24 BBBUR I BRI 3R B (MIC: 2 pg-mL™) 1t
I PR g IR R 2 £, X E A 2 4 R
(MIC: 4 pg'mL") KR A 3@ (MIC: 8 pg-mL™"). fili &
7 AA T (MIC: 32 pug-mL") Al & K3 B (MIC:
4 pug-mL ) (TR TG 1 5 0 7 AR 4, X A i

Ala15 lle17 Trp19 Lys21 Lys23 GIn25

HNYNHZ HN#NHz
NH NH O+ _NH,
H o H (o}
N, N, NH;,
o (o} (0]
H,N" O
NH, NH,
Pro14 Leu16 Ser18 lle20 Arg22 Arg24 GIn26-NH,



y

1426 - 22224 Acta Pharmaceutica Sinica 2021, 56(5): 1424 —1428

Table 1 Chemical structures of novel melittin analogues. *Purity was measured by reverse-phase HPLC

Compd. Sequence HRMS (m/z) Purity*/%

Melittin -~ GIGAVLKVLTTGLPALISWIKRKRQQ-CONH, [M+4H]*: Caled. C,5,H,;;N500;,: 712.195 8; Found: 712.196 8. 98.7
1 GTGAVLKVLTTGLPALISWIKRKRQQ-CONH, [M+4H]*: Calcd. C,,)H,,)N;,05,: 709.186 7; Found: 709.187 6. 98.6
2 GIGATLKVLTTGLPALISWIKRKRQQ-CONH,  [M+4H]J*: Caled. C,5,H,3N3,0s,: 712.690 6; Found: 712.692 7. 98.8
3 GIGAVTKVLTTGLPALISWIKRKRQQ-CONH, [M+4H]*: Calcd. C,,0H,,0N;,05,: 709.186 7; Found: 709.188 1. 97.8
4 GIGAVLKTLTTGLPALISWIKRKRQQ-CONH, [M+4H]*": Calcd. C,3)H,;,N3,O4,: 712.690 6; Found: 712.692 6. 98.8
5 GIGAVLKVTTTGLPALISWIKRKRQQ-CONH, [M+4H]*": Calcd. C,,0H,,)N3,0,: 709.186 7; Found: 709.188 5. 99.2
6 GIGAVLKVLTTGTPALISWIKRKRQQ-CONH, [M+4H]*: Calced. C,,0H,,0N;,05,: 709.186 7; Found: 709.188 4. 98.8
7 GIGAVLKVLTTGLPATISWIKRKRQQ-CONH, [M+4H]*: Calced. C,,0H,,0N;,05,: 709.186 7; Found: 709.190 0. 98.0
8 GIGAVLKVLTTGLPALTSWIKRKRQQ-CONH, [M+4H]*: Calced. C,,)H,,,N;,05,: 709.186 7; Found: 709.187 9. 98.1
9 GIGAVLKVLTTGLPALISTIKRKRQQ-CONH, [M+4H]*: Calced. C,,,H,;)N05,: 690.937 9; Found: 690.939 9. 98.9
10 GIGAVLKVLTTGLPALISWTKRKRQQ-CONH, [M+4H]*: Calcd. C,,0H,,0N;,05,: 709.186 7; Found: 709.189 4. 98.7
11 GIGAVLKVLSTGLPALISWIKRKRQQ-CONH, [M+4H]*: Calcd. C,;)H,;;N;,0;,: 708.691 9; Found: 708.694 2. 98.6
12 GIGAVLKVLTSGLPALISWIKRKRQQ-CONH, [M+4H]*: Calcd. C,;)H,;N;,0;,: 708.691 9; Found: 708.693 5. 98.6
13 GIGAVLKVLTTGVPALISWIKRKRQQ-CONH, [M+4H]*: Calced. C,;,H,;;N;,0;,: 708.691 9; Found: 708.693 0. 98.7
14 GIGAVLKLLTTGLPALISWIKRKRQQ-CONH, [M+4H]*: Caled. C,3,H,35N30;,: 715.699 7; Found: 715.701 5. 98.8
15 GIGAVLKVLTTALPALISWIKRKRQQ-CONH, [M+4H]*: Caled. C,3,H,;N5,05,: 715.699 7; Found: 715.700 1. 98.7
16 GIGAVLTVLTTGLPALISWIKRKRQQ-CONH, [M+4H]*: Calced. C,,)H,,sN;05,: 705.433 9; Found: 705.436 3. 98.9
17 GIGAVLKVLTTGLPALISWITRKRQQ-CONH,  [M+4H]*: Calcd. C,,,H,,N,;O5,: 705.433 9; Found: 705.436 0. 98.7
18 GIGAVLKVLTTGLPALISWIKTKRQQ-CONH, [M+4H]*: Calcd. C,,0H,,sN;,05,: 698.432 4; Found: 698.433 6. 99.4
19 GIGAVLKVLTTGLPALISWIKRTRQQ-CONH, [M+4H]*: Calcd. C,,0H,,sN;,05,: 705.433 9; Found: 705.436 2. 98.8
20 GIGAVLKVLTTGLPALISWIKRKTQQ-CONH, [M+4H]*": Calcd. C,,0H,,:N,O,,: 698.432 4; Found: 698.435 2. 98.6

Table 2 Minimum inhibitory concentration (MIC: pg-mL") and hemolysis (HCs,: pg'mL™") of melittin analogues. "ATCC (American Type
Culture Collection). *Clinical isolate. “NCTC (National Collection of Type Cultures). ‘50% Hemolytic concentration. MRSA (Methicillin-

resistant Staphylococcus aureus). VRE (Vancomycin resistance Enterococcus). KPC (Klebsiella pneumoniae carbapenemase). OXA

(Oxacilllinase)
MIC/pg-mL"! HC,,Y/ug-mL"!
S. aureus . E. faecium E. coli ATCC K. pneumoniae . A. baumannii .
Compd. ) E. faecium P. aeruginosa ) Rabbit
ATCC* 33591 EFM19-13® BAA-2340 ATCC BAA-1705 NCTC* 13304
EFM19-2° ATCC 27853 erythrocytes
(MRSA) (VRE) (KPC) (KPC) (OXA-27)
Melittin 4 4 4 8 32 16 4 53+04
1 8 4 4 32 > 64 > 64 8 504.2 £35.8
2 8 4 4 16 64 > 64 8 114.7+54
3 8 4 4 32 > 64 > 64 8 665.2 £40.3
4 8 8 4 8 64 64 4 33.2+23
5 64 16 16 > 64 > 64 > 64 32 320.7 +6.1
6 16 64 16 64 > 64 > 64 16 314.8+14.3
7 32 > 64 16 64 > 64 > 64 16 376.1+ 6.3
8 8 4 4 32 > 64 > 64 8 209.4+11.8
9 16 16 8 32 > 64 > 64 16 676.1 +59.4
10 4 4 4 16 64 64 8 252.5+0.2
11 4 2 4 8 32 32 8 11.9+2.5
12 8 4 4 8 32 32 8 14.4+£3.7
13 4 2 2 8 32 > 64 4 24.0+43
14 4 4 4 8 16 16 4 2.1+0.1
15 1 2 2 8 32 > 64 4 23+£0.4
16 8 4 4 32 > 64 > 64 16 19.2+52
17 4 4 4 16 64 32 8 4.4+ 0.1
18 16 8 8 64 > 64 > 64 32 68.0+4.2
19 4 4 4 16 64 64 8 46.4+16.4
20 4 4 4 32 > 64 64 8 8.4+0.6
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