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Tab.1 The structural characteristics of antibacterial fragments derived from human hemoglobin and M/C against main bacterial (pumol/L)
MIC (umol/L)
G* G
Antipact- Mole_cular Net char- Hydrophobic Pg:ii;::gi;f Refer-
erial weight ge ratio structure S s, M K. ences
fragment faecalis  aureus luteus  E. coli pneumoniae albicans
71.88%a0 ;
Hba 3.12% ;
1—32 3321.76 0 43% 6.25%p : 30 30 ND 30 ND 30 16 19
18.75%
47.73%a. ;
Hba 9.09% ;
3376 4755.38 0 38% 9.09% B : 21 73.6 ND 21 ND 14.7 16
34.09%
56.58% a ;
Hba 8079.13 0 40% 6.58% ; 37.1 58.2 ND 58.2 ND 58.2 16
1—76 6.58% B ;
30.26%
67.69%a. ;
Hba 7023.24 +2 49% 613 ; 14.2 14.2 ND 14.2 ND 43 16
77—141 4.62% B ;
21.54
60% a ;
Hba 2043.35 +2 45% 5% ; ND ND ND ND ND ND 19
1—20 5%pB ;
30%
64% a ;
Hba 2520.83 +1 40% 4% : ND ND ND ND ND ND 19
1—25 12% B ;
20%
53.85% a. ;
Hba 2591.91 +1 42% 3:85% ; ND ND ND ND ND ND 19
1—26 19.23%pB ;
23.08%
51.85%a. ;
Hba 2721.02 0 40% 3.70% ; ND ND ND ND ND ND 19
1—27 18.52%B ;
25.93%
57.14% ;
Hba 3.57% ;
1—18 2792.1 0 42% 17.86%p : ND ND ND ND ND ND 19
21.43%
65.52%0 ;
Hba 3.45% ;
1—29 2905.26 0 44% 10.34%p : ND ND ND ND ND ND 19
20.69%
74.19%aq. ;
Hba 3190.56 0 41% 3.:23% ; ND ND ND ND ND ND 19
1—31 6.45%pB ;
16.13%
81.82%a ;
llib% 3468.94 0 45% 3.03% ; ND ND ND ND ND ND 19

15.15%
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MIC (umol/L)
G* G
Antibact- Molecular Net char- Hydrophobic Prediction of
erial weight ge ratio secondary S S M K Refer-
fragment structure . > v . . o : N ences
faecalis  aureus luteus  E. coli pneumoniae albicans
65%a ;
2.5% ;
Hba 1—40 4237.85 +1 42% 5%p : ND ND ND ND ND ND 19
27.50%
1$£(§ 1 1430.5 -2 35% 100% ND ND ND ND ND ND 19
57.69%a ;
1&?324 2923.31 -1 38% 7.69% ) ND ND ND ND ND ND 19
34.62%
9.09% ;
Hba 2483.77 +1 27% 22.73% 293 222 281 105 146 300 19
35—56 9.09%p
59.09%
4.17%a
Hbo. 20.83%
3558 2677.96 +1 25% 16.67%p : ND ND ND ND ND ND 19
58.33%
3.85%a
Hbo. 15.38%
3560 2863.19 +2 23% 23.08%p : ND ND ND ND ND ND 16
57.69%
42.11%a. ;
Hba 4054.54 +2 34% >.26% : ND ND ND ND ND ND 16
35—72 10.53%p ;
42.11%
46.51%a0. ;
Hbo 4606.16 0 34% 465% : ND ND ND ND ND ND 16
35—77 9.30%p
39.53%
43.18%o0. ;
Hbo 4.55% ;
3578 4720.27 0 34% 18.18%p : ND ND ND ND ND ND 16
34.09%
42.22%a0. ;
Hbo 4.44% ;
3579 4791.35 0 35% 1L11%B : ND ND ND ND ND ND 19
42.22%
45.65%0. ;
Hbo 4904.51 0 36% 435% : ND ND ND ND ND ND 19
35—80 13.04%p ;
36.96%
58.93%a ;
Hba 5964.68 0 37% 357% : ND ND ND ND ND ND 19
35—90 8.93%pB
28.57%
52.38%a
Hba 6752.61 0 38% 3.17% : ND ND ND ND ND ND 19
35—97 ' 9.52%p ;

34.92%
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MIC  (umol/L)
G* G
Antibact- Molecular Net char- Hydrophobic Prediction of
; . . secondary Refer-
erial weight ge ratio structure s s M K ences
fragment faecalis  aureus luteus  E. coli pneumoniae albicans
77.78%a. ;
10?3(141 3843.49 +1 50% 2.78%B ; ND ND ND ND ND ND 19
19.44%
79.41%aq. ;
IO;EGMO 3574.14 0 50% 2.94%pB ; ND ND ND ND ND ND 19
17.65%
80%o0. ;
103130;41 3687.30 0 51% 2.86%p ; ND ND ND ND ND ND 19
17.14%
Hba 68.18%a ;
110—131 2281.61 -1 54% 31.82% ND ND ND ND ND ND 19
68.75%0 ;
11(?30{41 3416.93 +1 46% 3.12%pB ) ND ND ND ND ND ND 19
28.12%
54.84%a ;
Hbo 6724.70 +1 41% 9.68% ND ND ND ND ND ND 21
3293 12.90%p ;
22.58%
52.38%a ;
Hbo 6799.71 0 39% 6.35% ND ND ND ND ND ND 22
33—95 ' 9.52% ;
31.75%
67.69%a ;
Hbo 502304 +2 49% 6.15% ND ND ND ND ND ND 20
77—141 ’ 4.62%B ;
21.54%
43.64%a. ;
1Hi)g)5 6045.89 -4 43% ;40;;% ) : 1.3 26.5 ND 0.8 ND 4.1 16
09%p ;
32.73%
76.92%a ;
Hbp 9791.41 +3 45% 2.20% 1.5 9.9 ND 100.1 ND 2.6 16, 20
56—146 10.99%p ;
9.89%
5.88%a. ;
Hbp 1732.05 +4 35% 41.18% 14434 28.9 ND 1.2 ND 5.8 16
56—72 11.76%3
41.18%
64.52%0 ;
11?3[146 3404.886 +2 41% 6.45%p 2937 ND ND 5.9 ND 4405.4 16
29.03%
40.00%0
HOB 315655 -2 40% 10.00% ND ND ND ND ND ND 19
1—30 13.33%pB ;
36.67%
Hbp
16—30 1499.64 -1 33% 100% ND ND ND ND ND ND 19
31.71%a ;
HOB  4210.68 0 360 L707% * ND ND ND ND ND ND 19
43—383 14.63%p ;

36.59%
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MiC (umol/L)
G* G~
Antipact- Mole'cular Net char- Hydrophobic Prszcii(::rtliic;r;;f Refer-
erial weight ge ratio structure s. s. M K. C ences
fragment faecalis  aureus luteus  E. coli pneumoniae albicans
15.79% 5
46}13%4 1882.13 0 31% 21.05%p 5 ND ND ND ND ND ND 19
63.16%
68.18%a ;
Hbp 4803.67 +3 52% 9-09% : ND ND ND ND ND ND 19
113—146 6.82%pB ;
15.91%
66.67%:0 ;
Hbp 4500.31 +3 52% 9:32% : 140 61 48 27 37 300 19,23
115—146 7.14%p |
16.67%
61.11%0 ;
Hbp 3890.54 +2 50% H11% ; 25.6 38.5 8 16 513 ND 19,17
111—146 833%p ’
19.44%
Hby 1869.15 +2 47% 94.12%0 : 300 77.5 1100 52 130 ND 17
130—146 5.88%
:ND MIC
Note: ND shows not to determine MIC to the bacterium
http://aps.unmc.edu/AP/pre- HbB111—146 Hby130—246,
diction/prediction_main.php , 1l Mak,
http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page= et al. 27
n psa_sopma.html , 1 s Hba , 199 Deng, et al.
; » Hbp Hba32—93,
, Hby , ;
HbB  Hby [21]
, Hobson, et al. 1958 1.2
; pH ,
MIC) 0.1 pg/mL , 2, 1 pmol/mL
el Fogaca, et al. 1999
24 Froidevaux, et al. 2001
> ’ 90% ,
A270  Hba (2312005 3%,
g Hba (261, 2006
) 3 Hboa 1 Hbp (271: 2008
s 24 2812011
e ; 40% 30%
s hemocidins, 20% 10% ,
H6—181 - Cornelia, ef al. 26 , 13
, 29, Hba KYR, Hbp
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Tab.2 The structural characteristics of antibacterial fragments derived from bovine hemoglobin

Antibacterial
fragment

Molecular
weight

Net charge

Hydrophob-
ic ratio

Prediction of
secondary structure

MIC (umol/L)

G+

G+

M.luteus

L

innocua

E. coli

S. enteritidis

Refer-
ences

Hba 33—61

Hba 1—23

Hbo 1—27

Hbo 1—28

Hba 1—29

Hba 1—32

Hbo 1—33

Hbo 1—46

Hba 3—36

Hba 33—45

Hba 33—46

Hbo 33—66

Hbo 33—83

3206.6

2236.51

2656.93

2728.01

2841.17

3257.67

3404.85

4960.65

2597.94

1573.82

1721.00

3620.13

5404.29

+2

+1

+1

+1

+1

+2

31%

47%

44%

46%

48%

46%

48%

43%

50%

30%

35%

41%

41%

3.45% a
24.29%
10.34%p
62.07%
52.17%q
8.70%
17.39%p
21.74%
59.26%a
7.41%
18.52%p
29.81%
67.86%
7.29%
29.29%
10.71%
68.97%
6.90%
13.79%p
10.34%
71.88%
6.25%
12.50%p
9.38%
72.73%a
6.06%
12.12%p
9.09%
58.70%
4.35%
10.87%p
26.09%
67.65%
11.76%B
20.59%

100%

100%

32.35%
11.76%
11.76%p
44.12%
49.02%a
7.84%
9.80%p
33.33%

>

>

100

38

54

54

90

73

100

70

90

73

45

ND

54

27

27

27

38

73

25

35

38

73

80

ND

54

54

54

54

154

146

100

70

154

146

80

ND

27

38

27

27

38

ND

ND

ND

38

ND

45

24

25

28

28

28

28,29

29

29

29

28,29

29

28

28
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Antibacterial
fragment

Molecular
weight

Net charge

Hydrophob-
ic ratio

MiC (pmol/L)

G+

G+

Prediction of
secondary structure

M.luteus L innocua

E. coli

S. enteritidis

Refer-
ences

Hba 33—97

Hba 33—98

Hba 34—46

Hba 34—65

Hba 34—66

Hba 34—83

Hba 34—98

Hba 36—45

Hba 36—97

Hba 37—46

Hba 37—98

Hbo 67—106

Hba 73—105

Hba 86—109

6980.92

7128.10

1573.82

3359.80

3472.96

5256.96

6980.92

1226.41

6633.50

1226.41

6633.50

4316.98

3639.18

274531

+1

+2

+2

+1

+1

+2

40%

40%

30%

37%

39%

40%

40%

20%

38%

20%

38%

43%

42%

50%

50.77%a ;
6.15% ;
6.15%p ;
36.92%

50%a ;
7.58% R
6.06%p R
36.36%

100% 5 1
18.75%a H
18.75% R
18.75% ;
43.75%
33.33%a ;
9.09% ;
9.09%pB ;
48.48%

50%a R
6% ;
10%PB ;
34%

50.77%a ;
6.15% ;
4.62%p ;
38.46%

100% 1 1
53.23%a H
3.23% R
9.68%p ;
33.87%

100% 1 1
53.23%a H
9.68% ;
9.68%p ;
27.42%
58.97%a ;
12.82% ;
5.13%pB ;
23.08%
42.42%0 ;
15.15% ;
6.06%pB R
36.36%
12.50%a H
45.83% ;
8.33%pB R
33.33%

90 49

90 49

45 80

90 49

49 49

49 49

141 35

43 43

45 11

90

90

80

90

87

87

35

171

90

90

ND

45

90

87

87

ND

ND

ND

28

28

28

29

28

28

28

28

28

28

28

29

29

29
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MIC (umol/L)
G* G*
Antibacterial Molecular Net Hydrophob- Prediction of
fragment weight charge ic ratio secondary structure Refer-
ences
M.luteus L innocua E. coli S. enteritidis
Hba 96—106  1270.54 +1 54% 100% 24 24 46 ND 29
Hba 99—105  796.96 +1 42% 100% 39.2 39.2 78.4 ND 29
Hba 99—106  910.12 +1 50% 100% 34 34 68 ND 29
Hba 100—105  668.79 0 50% 100% 46.78 187.1 46.78 ND 29
72.22%aq. ;
Hbo 106—141 3888.49 +1 44% 11.11%p 5 64 32 64 ND 29
16.67%
63.64%a. ;
Hba 107—128  2341.66 -1 45% 4.:55% 53 53 26 ND 29
9.09%B
22.73%
70.37%a. ;
3.70%
Hba 107—133  2826.21 -1 48% 9 37 73 37 28,29
7.41%B
18.52%
73.33%0 ;
Hbo 107—136  3139.61 -1 50% 333% 76 38 76 76 26-29
6.67%pB
16.67%
68.57%0 ;
Hba 107—141 3775.33 +1 42% 286% 87 43 87 87 27-29, 31
11.43% ; ’
17.29%
Hba 133—141 1054.21 +2 22% 100% 15 2 8 8 27,28, 31
Hba 137—141  653.72 +1.91 * 100% 9 1 9 5 27-29, 31
76.19%a. ;
Hba 110—141  4539.27 +1 45% 9.52%B 72 36 72 ND 15
29.29%
Hbal38—141  552.61 +1.91 * 100% 4 1 4 4 31
Hbal39—141  465.53 +1.91 * 100% 2 1 1 1 31
51.02%a ;
HbP 77—125  5425.35 -2 48% 2041% ; — — 183 ND 29
18.37% ;
10.20%
HbP 62—91 3296.74 0 36% 93.33%a ; 18 5 5 ND 29
6.67%p
Hbp 1—13 1381.61 -1 61% 100% 4 6 4 6 28
60%a. ;
Hbp 1—30 3176.68 -1 50% 1% ; 45 45 45 45 27,28
10%pB ;
20%
50%ao ;
HbB 79—104  2935.35 -2 42% H.54% ; 170 42 170 ND 29
19.23%pB ;
19.23%
HbP 114—124  1259.43 +1 36% 100% 6 6 12 ND 29
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MIC (umol/L)
G’ G*
Antibacterial Molecular Net  Hydrophob- Prediction of
fragment weight  charge ic ratio secondary structure Refer-
ences
M.luteus L innocua E.coli S enteritidis
75%a ;
HbP 129—145  3550.05 +2 46% 6.25%p ; 85 85 73 ND 29, 30
18.75%
76%0 ;
HbP 121—145 2747.16 +1 52% 85 73 73 73 28, 30
24%
95%a ;
Hbp 126—145 2195.47 +1 50% 59 71 35 35 35 27, 28, 30
0
HbP 140—145 7959 +1 33% 100% 9 10 2 9 28, 30
HbP 143—145 4745 +1.07 * 100% 4 1 4 1 30
; ND MIC; *

5

Note: shows no antibacterial activity; ND shows not to determine antibacterial activity to the bacterium; * shows fragment is too short to esti-

mate its hydrophobic ratio

RYHBO 31

Hba

Vaginal Fluid Hba Peptide),

5

Patgaonkar, ef al.

>

25

o  RVFHbaP (Rabbit

RT-PCR RVFHbPa ;
RVFHbPa (LPS)
[32]
[16]
[33,34]
1.3
(Alligator missi sippiensis)
B537  Crai
raig, et al.
U1 Hoffman, et al. Hba
Hbp
B8 Srihongthong, et al.
(Crocodylus siamensis) Hba HbPB
TISTR008 ATCC6633
TISTR1045 TISTR905
[39], 3

1.4

Anirudh,

et al. fim(Ictalusrus punctatus, Rafinesque)
HbBP-1  HbPP-2
HbBP-3, HbBP-1 , HbBP-2
HbpP-3, HbPP-1 ,
491 Fernandes,
et al. R
[41]
22 Hba S
27 pg/mL 88.64%( Ki)
R Hba 100 pg/mL
6 [42]
1.5
[43]
Hb
Hb
441 Bao, et al.
(LPS) (PGN) 12h
Hb , Hb
[45]
2
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s mellitin Mak, et al.
cecropinspardaxin ~ LL-37 1 2 3 , ) 16 ,
(>35%) ) ,
a 5
’ ’ [18, 19, 48]
, 123
o N s
’ , Ivanov, et al. “
< o 9 - 9
(<35%) 19—l Mak, et al.
[46, 47].
a > Cornelia, et al.
> (7 Hba
) a http://au.expasy.org/tools/peptide cutter/ R

Tab. 3 The structural characteristics of antibacterial fragments derived from C. siamensis hemoglobin

®3 EFEMAERRNERREWET

Antibacterial fragment Molecular weight Net charge ~ Hydrophobic ratio  Prediction of secondary structure Reference
Hba 1—19 2022.37 +1 52% 8% 10.33% ’ 39
5.26%p ;26.32%
Hba 1—13 1377.58 0 46% 100% 39
Hba 16—26 1173.29 -1 36% 100% 39
HbP 15—22 991.11 0 50% 100% 39
Hba 67—72 705.73 -1 33% 100% 39
HbP 69—S80 1260.37 -1 41% 100% 39
Hbp 69—82 1259.72 0 42% 100% 39
Hba 107—121 1542.81 -1 46% 100% 39
Hba 107—124 1838.11 -1 44% 100% 39
Hba 107—128 2341.71 -1 45% 100% 39
Hba 110—123 1453.63 -1 35% 100% 39
Hba 110—129 2157.47 -1 40% 100% 39
Hbp 115—124 1112.26 0 40% 100% 39
3 ;
’ > , , Toll Imd
> , Toll

Imd
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