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Abstract: The amino acid sequences of 7 Caerins were converted into 28 hydrophobic (H) or polar (P) sequences ac-
cording to the normalized amino acid hydrophobicity index, and all of their possible folding structures were analyzed
using 2D hydrophobic-polar (HP) model. The results showed that Caerins have many native states with the same mini-
mal energy, which consist of various symmetric folding structures, and that the normalized amino acid hydrophobicity
index can help furthermore distinguish native states numerically. The study demonstrates the diversity of Caerin folding
structures from hydrophobic-polar (HP) angle, which can shed light on understanding folding process of protein and
implying possible ways to modify antimicrobial peptides through engineering.
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Table 1. Normalized amino acid hydrophobicity index

+* 1 R RERRKEER

AtpH 2 AtpH 7
Very Hydrophobic
L 100 F 100
| 100 | 99
F 92 w 97
w 84 L 97
\% 79 \% 76
M 74 M 74
Hydrophobic
C 52 Y 63
Y 49 C 49
A 47 A 41
Neutral
T 13 T 13
E H 8
G G 0
S -7 S -5
Q -18 Q -10
D -18
Hydrophilic
R 26 R -14
K =37 K -23
N 41 N -28
H 42 E =31
P —46 P —46 (used pH 2)
D —55
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Table 2. Seven Caerins and their HP sequences

£ 2.7 #h Caerins WEREBLFFIF HP F31

Caerin 432K Classification 7% Sequence
Caerin 1.1 (AP00240) Amino acid GLLSVLGSVAKHVLPHVVPVIAEHL
G=HatpH2 HHHPHHHPHHPPHHPPHHPHHHHPH
G=PatpH2 PHHPHHPPHHPPHHPPHHPHHHHPH
G=HatpH7 HHHPHHHPHHPHHHPHHHPHHHPHH
G=PatpH7 PHHPHHPPHHPHHHPHHHPHHHPHH
Caerin 1.3 (AP00242) Amino acid GLLSVLGSVAQHVLPHVVPVIAEHL
G=HatpH2 HHHPHHHPHHPPHHPPHHPHHHHPH
G=PatpH2 PHHPHHPPHHPPHHPPHHPHHHHPH
G=HatpH7 HHHPHHHPHHPHHHPHHHPHHHPHH
G=PatpH7 PHHPHHPPHHPHHHPHHHPHHHPHH
Caerin 1.5 (AP00244) Amino acid GLLSVLGSVVKHVIPHVVPVIAEHL
G=HatpH2 HHHPHHHPHHPPHHPPHHPHHHHPH
G=PatpH?2 PHHPHHPPHHPPHHPPHHPHHHHPH
G=HatpH7 HHHPHHHPHHPHHHPHHHPHHHPHH
G=PatpH7 PHHPHHPPHHPHHHPHHHPHHHPHH
Caerin 1.6 (AP00245) Amino acid GLFSVLGAVAKHVLPHVVPVIAEK
G=HatpH2 HHHPHHHHHHPPHHPPHHPHHHHP
G=PatpH?2 PHHPHHPHHHPPHHPPHHPHHHHP
G=HatpH7 HHHPHHHHHHPHHHPHHHPHHHPP
G=PatpH7 PHHPHHPHHHPHHHPHHHPHHHPP
Caerin 1.7 (AP00246) Amino acid GLFKVLGSVAKHLLPHVAPVIAEK
G=HatpH2 HHHPHHHPHHPPHHPPHHPHHHHP
G=PatpH2 PHHPHHPPHHPPHHPPHHPHHHHP
G=HatpH7 HHHPHHHPHHPHHHPHHHPHHHPP
G=PatpH7 PHHPHHPPHHPHHHPHHHPHHHPP
Caerin 1.8 (AP00247) Amino acid GLFKVLGSVAKHLLPHVVPVIAEK
G=HatpH2 HHHPHHHPHHPPHHPPHHPHHHHP
G=PatpH2 PHHPHHPPHHPPHHPPHHPHHHHP
G=HatpH7 HHHPHHHPHHPHHHPHHHPHHHPP
G=PatpH7 PHHPHHPPHHPHHHPHHHPHHHPP
Caerin 1.9 (AP00248) Amino acid GLFGVLGSIAKHVLPHVVPVIAEK
G=HatpH2 HHHHHHHPHHPPHHPPHHPHHHHP
G=PatpH2 PHHPHHPPHHPPHHPPHHPHHHHP
G=HatpH?7 HHHHHHHPHHPHHHPHHHPHHHPP
G=PatpH7 PHHPHHPPHHPHHHPHHHPHHHPP

G=HatpH2, i pH % 2 I HERIFAGKIEEER: G=PatpH2, X pH A 2 W HARMEAMEEIER: G=HatpH7, 2 pH A 7 M HAREABKER
HER; G=PatpH7, % pH N 7 W HEARIEIMIEEAIER .

BEWR Fp HUAE L4 i HP 7 31 I 0 2050 5% FE R A2 i /K
SRR E LR BRI pH ArdE, T ELECR A HP 75
WEoR T R AR IVEH . filtn, Caerin 1.1(3 1,
55 2 AT IR P A 4 i T A HP R 5
R RIS 7 A H R (G) Bl e e J i 7K 1 2 2 1R
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Native state IV

22H—23|P

Native state 111
23P—22H
24H----21H—20H
25H: - 418H—10P

Native state VIII

I SH—dp 1P

ZH——3ft- OH—TP 7P~ SH—2H

15P—44H - 9H——8P  8P—OH -+ 14H—15P
|

16H-+--13H----10H 10H:+-43H:--16H

17H---12H—41P

: |
19P—18H-----25|H 25H----18H—49P
| : |
| i 21|H—20H
22H—23P 23P—22H

LA HH 8, SRR AR SAI(-1), ENMEMPERL R/ R (-11).

Figure 1. Eight native states of folding structures of Caerin 1.1 under HP conversion of G=Pat pH 7
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1. % pH7 B RBIERRE [EBET Caerin 1.1 B9 8 MIRRAS

Table 3. Native state, minimal energy and sum of hydrophobicity index of Caerin H-H connections

3. Caerin H-H EEMNRATS. RS HikiEEER
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Caerin G=HatpH2 G=PatpH2 G=HatpH7 G=PatpH7

Caerinll 84 (-13)[7]{1736-1941} 192 (-12)[9] {1773-1949} 8192 (-13) [303] {1174 - 1864} 8192 (~11) [234] {1310 - 1837}
Caerin1.3  84(-13)[7]{1736-1941} 192 (-12) [9] {1773-1949} 8192 (-13) [303] {1174 - 1864} 8192 (~11) [234] {1310 - 1837}
Caerin15 84 (-13)[7] {1800 -2005} 192 (-12) [9] {1837 - 2013} 8102 (-13) [333] {1244 - 1938} 8192 (~11) [274] {1338 - 1897}
Caerin 1.6 24 (-13) [1] {1714} 420 (-11) [13] {1501 - 1641} 8192 (-12) [124] {1131 - 1597} 8192 (-9) [92] {1050 - 1420}
Caerin1.7 60 (—12) [3] {1567 - 1643} 96 (~11) [5] {1564 - 1662} 8192 (~11) [225] {976 - 1557} 8192 (-9) [124] {1113 - 1560}
Caerin1.8 60 (-12) [3] {1599 - 1707} 96 (~11) [3] {1628 - 1662} 8192 (-11) [229] {1013 - 1580} 8192 (-9) [122] {1125 - 1560}
Caerin 1.9 48 (-13) [2] {1533 - 1733} 96 (~11) [4] {1649 - 1683} 180 (~13) [2] {1478 - 1501} 8192 (-9) [120] {1106 - 1557}

H DT RRBESNEE. 55,

Amino acid sequence
15P—6H

12H—3v—4L 17v—18\V19P
11k—0A—9V—S8A 2120V
SV——6L—7G 22A—23E—24K

4S—3F—2L—1G
G =H at pH 7, Minimal energy =-12
15P—16H
7
12H—13H—44H - 17H—18H—19P
%| : : :

11P—10H—9H—8H+-21H—20H

5H—6H—7H-22H—23P—24P
A N

4P—3H—2H—1H
AN

G = H at pH 2, Minimal energy = -13
15P—6P
12P—13H—44H -17H—18H—19P
7 : : : :
11P—10H—9H—8H21H—20H
--22_H—2é:kH—24P

5H—6H—TH:
AN

4P—3H—2H—1H
AN

4GS ARAE 5 h 8070y BN S NE R K PSR RS AN T R L

G =P at pH 2, Minimal energy =-11

16P—47H—18H—19P
A | : :

5H——6H——7P
: AN

4P—3H——2H——1P
AN

G =P at pH 7, Minimal energy = -9

2H——1P 6H——TP.
AN |\

19P—48H

Figure 2. Folding structure of amino acid sequence of Caerin 1.6 and its four HP structures with minimal energy at pH 2 and pH 7 with gly-
cines assigned as hydrophobic as well as polar
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W 20H-23H BEAEAfAAE . H IR TALE 1 FfE 7
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Ak, £ 3 BIR T —ANEAFS T DA 20
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192 P RARTEA (R 2 /T80T 3) BT — M AREFIER
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Sum of hydrophobicity index = 1731

7G—8S 11k—i2H

6L 9V—i0A 13V—141—15P

4S5—5V  22A—211 18V—47V—6H

3L—2L 23E 20w49P

1G 24H—25L

Sum of hydrophobicity index = 1815

7G—8S 11k—i2H

5V—=6L

45—3L 22A—211 18v—47V—6H

2L 23E 20w9P

1G 24H—25L

Sum of hydrophobicity index = 1857

7G—8S 11k—2H 15P—i6H

5V—~6L

9V—i0A 13v4L 17V

4S—3L—2L 23E—=22A—211 18V

1G 24H—25L 20vV—9P

Sum of hydrophobicity index = 1907

7G—8S 11Kk42H

4S—5V—6L 9V—10A 13V141-45P

3L—2L 25L 22A-211 18W47V6H

1G 24H23E 20v49P

9V—i10A 13V—141—15P

5V—=6L

4S—3L—2L 25L 22A—211 18V

Caerin 4k HP & 451

12H—11K 85—7G

7P—8P 11P—2P

6H--- 9H—10H--13H—14H—5P 13V 10A—9V  6L—5V—A4S

4P—5H---22H—21H--18H—17H—16P 14L 17v—i8V 21—=22A 3L

3H—2H:--23H--20H—19P 15P—46H 19P—20V 23E 2L

1P 24P—25H 251—24H 1G

7P—8P 11P—12P
| | 7G—8S 11Kk—i2H

SH—6H: - 9H—10H--13H—44H—15P

45—5V——6L  9V—I0A 13V

AP—8H -23H-21H-18HITHHEP o | J3E—s2a—211 141—15P

2H-23H-20H—19P 1G 24H—25L 20V 17v—i6H

1P 24P—25H 19P—18V

7P—8pP 11P—i2P 15P—i6p 12H 13v 14k 5P
11k——10A 17v——16H
SHH“"QHQH'&Q_’H—]“}H“17H 85—V 18V—49P
S R 76——6L 2120V
4P—3:|—|—2:|—|---23iH—22iH—2:I:.H--18H 45—5v 22A 250
:  p— 23E—24H

1P 24P—25H..20H—19P 1|G

P8P 1ipzP 7G—8S 11k—i2H

4S5—5V—6L  9V—i0A 13V

4P—5H—6H:- 9H-10H13H14H15P
3L—2L 25L 22A—211 141—i5P

3H—2H- 25H 22H21H 18H47HA6P
1G 24H—23E 20V 17V—i6H

1P 24P-23H-20H419P 19P—8V

Sum of hydrophobicity index = 1948

7G—8S 11k—2H 15P—i6H 7P—8P 11P—2P 15P—6P
9V—I0A 13V—4L 17V

5H—6H: - OH—40H- -13H—44H--17H

4P—3H—2H- --25H- -22H—21H--18H

1G 24H—23E 20V49P 1P  24P—23H--20H—9P

Sum of hydrophobicity index = 1794

12P—i1P 8P—T7P

14H-+-17H—48H-+-21H—22H-+--3H

15P—16P 19P—20H---23H----2H

25H—24P 1P

Sum of hydrophobicity index = 1836

7P—8p 11P—2P
—5H—6H: -+ 9H—40H-13H
3H—2i+--23‘H—2?;H—2iH--14H—15P

1P 24P—25H- -20H--17.HGP

19P—i8H

Sum of hydrophobicity index = 1886

12P—43H——44H—15P

11P———40H- - 17H——16P

gp—ng .......... 18!H—19P

7|P—6H ---------- 21H——20H

PR N WY

BH———2H e 23H——24P
1P

Sum of hydrophobicity index = 1928

7P—8p 11P—12P
4P—5H—6H -+ OH—10H- -13H
3H—2H+-25H- 22H—21H- -14H—1T>

1P 24P—23H:-20H--17H—16P

19P—8H

LB A RTEE R BUNERAE-12, (5 H-H ERREKIER RS AR AMLEERFS, FHMZ HP FF5.

Figure 3. Distinguishing of 9 native states of Caerin 1.1 with G = P at pH 2 using the normalized amino acid hydrophobicity index
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HRIX 12 P H-H MR A, B eA145 B
X4r. i, B2 ik EERERER T 12 F H-H
Rz, 2H-5H. 2H-23H. 5H-22H. 6H-9H. 9H-22H.
10H-13H. 10H-21H. 13H-18H. 14H-17H. 18H-21H.
20H-23H Fi1 20H-25H(F M), 5 2 AHXS B 42 2
2L-5V. 2L-23E. 5V-22A. 6L-9V. 9V-22A. 10A-13V.
10A-211. 13V-18V. 14L-17V. 18V-21l. 20V-23E Al
20V-25L (7 ) o dx b BRI S T LAl IS 3% 1 3E 4T
2, ENTBKEIES Ay 1773[(100 + 97) +
(100 + 8) + (79 + 47) + (100 + 79) + (79 + 47) + (47 +
79) + (47 + 100) + (79 + 79) + (100 + 79) + (79 + 100) +
(79 +8) + (79 + 100)]. FHIXF 770, whnl AHERIA A
PIRIRTERS (WK 4).

HLARIRAS /0T A1 HID 5 Caerin 1.8 HIAZ Hese i %
B, AVERW AEATGRE T 588 451 E A
MBS, XA T — SR IS R R A,
KH DTN IR TTE, FEHH UL R Fh 20 B 2R
BRI B e B AR M K I A A VBT, 5 SR R AR AE
— NGRS T v B Ity e DX P R A e, T KR ) 5
O IE A3 T R 3 s 2R R P L,

AN TR RIS 2R AN [s] 1) FE R 7R P o o g, A
TERL LR S 2 mT DU AR I R T — 5 £ B
K TIXFN R AW 0 = 4 78 (R 45 0 50 5 2 BTRf E 11
LR R (R 25 AR I, 2P HP R 6 DR X 1 A
TEERKIME S, LM AR %A 5 5L bR
I T N, AR AN E B R R
T S 8 0 B 7K Sk R ) B SR PRI R AR T A R I A
Table 4. Number of native states and their numerical distinctions

determined by the normalized amino acid hydrophobicity index
for Caerin 1.1 with G=Pat pH 2

R 4. 15 pH7 HEERE N SERRRT Caerin 1.1 RARSH S
BHIFENSERRKEERNR OSSR

H-H M s AR Hee i RS E
1773 12
1794 24
1815 48
1836 24
1857 24
1886 24
1907 12
1928 12
1949 12
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4, &5ig

AW FAE ] B K - PR RCR I ST 7 Fb
Caerins M1 & 45, KiXLLe Caerins %61y 28
Bl HP P41, IR AR AR AL 2 B i K M Fi Bk X 43
AN RRIES . G5 EIR: 1) Caerisn HE T2 H
FHIFE B /N I RARTEAS, IR EE TR A5 ] LU B A [R] 1)
JBi; 2) Caerins A &5 FEXTFR T S 44, X Legh
R DR EATE S A R SRR H AR TE
A5 3) ARAEAL I Z LR B /K M 4B AR mT DLSE 4 Hh 3 B\
TINE T EX o RIVER, XEkE A At T
R INEE TR K. 7T DL B 7K 2 5 R B i
PERILEL KA DL Caerins, 1] URIE bRUELL O R L AR
G K VESR B R R B 2 Caerins.
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