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ABSTRACT

Mi Ri Kim
Advisor : Prof.Jin Cheol Yoo, Ph.D.
Depar tment of Pharmacy,

Graduate school of Chosun University

Bacillus sp.CBS73 was selected from several numbers of Bac///us strains
preserved in our laboratory isolated from Korean traditional foods.

One of the reasons to study microorganism diversity is sequencing of the 16S
rBNA gene, including which has several advantage size, and availability of
databases for comparison. Fermented broth of CBS73 tested maximum antimicrobial
activity against Mycobacterium smegmatis.

Antimicrobial peptide production from the strain was optimized by using various
nutritional parameters. 1% Fructose, 1% Beef extract, 0.1% NaCl were found to
be the best carbon, nitrogen and metal ion sources.

AMP  CBS73 was purified by ammonium sulfate precipitation and gel
chromatography  respectively. In order to identify its structural
characteristics, MALDI-TOF, and antimicrobial activity test against various
Gram-positive and Gram—negative bacteria, including MRSA and £. co// were
per formed.

The CBS73 was precipitated using 30-80% ammonium sulfate. AMP CBS73 was
purified to homogeneity by using sequential gel chromatographic steps. i.e.
Sepharose CL-6B, Sephadex G-50 and Sephadex G-25 respectively.

The purified CBS73 exerted a molecular weight of 5210.20a, as determined via

mass spectrometry based on matrix—assisted laser desorptionionization-time-of-—

flight (MALDI-TOF) method and Tricine-SDS.

\I
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AMP CBS73 was found to be stable over a broad range of pH 4.0 - 10.0 and
thermos tolerant up to 100C, where it lost its complete activity above 100C.
The effect of several chemicals on the AMP was evaluated. The AMP was resistant
to various organic solvents and trypsin, a-chymotrypsin, lipase, proteinase K,
protease, papain, pepsin and other various organic solvents.

This AMP CBS73 exhibited broad-spectrum antimicrobial activity against tested
Gram-positive and Gram-negative bacteria. Analysis of the minimal inhibitory
concentration (MIC) revealed that CBS73 have antibacterial effects against
Gram-positive bacteria including VRE, VRSA and Gram—negative bacteria including
Escherichia coli, Salmonella.

The antioxidant activity was evaluated by determining the reducing powers,
total phenol content, and 2,2-diphenyl-1-picrylhydrazyl(DPPH) scavenging
activity. DPPH scavenging activity and reducing power of the AMP CBS73 showed
lower antioxidant activity when compared to the control group at the same
concentration of ascorbic acid whereas total phenolic content determined that
more than one-third of the phenol-containing Gallic acid at the same
concentration.

When the Raw 264.7 murine macrophage macrophages stimulated by LPS was a
CBS73 antimicrobial peptide to produce an increase of the carbon monoxide did
not show the effect of inhibiting the production thereafter by treatment at a
concentration of 1-1004g/m¢ and 1-5048/m¢ concentrations did not show
cytotoxicity.

Thus, from this study it can be concluded that, Bac///us sp. CBS73 strain
isolated from domestic Korean traditional food able to produce antimicrobial
peptide having high antibacterial effect, low molecular weight, stable over
wide range of pH, temperature, enzyme & chemicals and moderate antioxidant

activity.
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Figure 1. Molecular models of the different structural classes of cationic
peptides[7].

These models (taken from the NMR structural database) are based on two-dimensional

nuclear magnetic resonance spectroscopy of the peptides in aqueous solution for

human-defensin-2 (HBD-2) or a membrane mimetic condition (other peptides). (a) HBD-
2 (PDB code 1FQQ), which forms a triple-stranded B -sheet structure (containing a
small a-helical segment at the N-terminus) stabilised by three cysteine disulphide

bridges. (b) The amphipathic a-helical structure of magainin 2 (PDB code 2MAG). (c)
The-turn loop structure of bovine bactenecin (model based on the published

structurel0). (d) The extended boat-shaped structure of bovine indolicidin (PDB

code 1G89). The backbone structures are shown with the charged regions in blue and

the hydrophobic residues in green.
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Figure 2. Mode of action of AMPs[16].

(A) Barrel stave model. The peptides bind to the cell membrane, then the peptides
themselves insert into the hydrophobic core of the membrane forming a pore, causing
leakage of cytoplasmic material and death of the cell. (B) Carpet model. Peptides
bind to the phospholipids at the outer surfaces of the cell membrane, followed by
the alignment of the peptide monomers, then the peptides reorient themselves
towards the hydrophobic core of the membrane causing the disintegration of the

lipid bilayer. Abbreviations: AMP, antimicrobial peptide.
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%S &Otot HHotRACH EBHAEY HARS HEAZSZ MRSHHAIE ALEoRCH
37°C, 170rpmOil A 24 Al2H HHIGHH S &dl HetE &QIGHALEH.

Ot ez RIISFE S0l HE 2 BEOIE CBS732 dHatd= X Alot)| 2ldl,
d8=E A 1% E2AF %2 JE = NaHPO,, NaHPO4, MgSO4, ZnSO4, MgClo,
KHo2PO4, FeSO4, NaCl, CaCl, 0.1%E &HItot( 37°C, 170rpmOll Al 24 Al2t HH 2ok RACEH.

0o g 2482 20l= BHXIE 8. subti/is CBS732 = HUIZHHXIZ & EHGHA

b. SZEEOE &K

St HEENOIS CBS73E MRS AMIBHXI (Difco™ lactobacilli MRS broth) 10me0ll &=
=, 37COUA 24 AlIZF, 170rpmOllA & HH SFRACH. 250mee| X[ ZHHXION 1%2l & bH
yMs HEst =, ChAl 37 COHM 12-24 Al2t S2F 170rpmUIM &2 BHSIUCH. &2 Y
AHS 4TCOHAN AAZel (10,000rpm, 50 &)ot0d 2HME MAHGHLD &
2= (ammonium sulfate)E 30-80%22 LZ3StAIH EE2S
10mM Tris-HCI (pH 7.0)HIHOl =¢! CtE 1-30 kDa OI0IE22Z =5 ¥ €45t &
HEg AE22 AE5HALCEH.
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St0d ZHMIGHALE.

M= SZEE0IE CBS732 = AHES &0I6t)| o Tricine-sodium dodecy!
sulfate-polyacrylamide & ®™IJ|F& (Tricine SDS-PAGE)S +EStACH. FM2
Coomassie Brilliant Blue R-250, EMH 2 HIEZ= : Yx4 @ 2 (1:1:8 v/v)22 =
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Low-range protein marker (Fermentas, USA)S ALESIRULE.
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f=l Raw 264.72 96

-

(2)NZ =g 53
CBS73 =X0ll & Raw 264.7HIE2 MESS =FolJ| <ol HH
well Z0IE0 1.0x10° cells/MsE2 HEE 100% 2350 MM S CBS732
2t =& S22 UH2E Raw 264.7001 EIIGHM 24 Al2b, 37°C, 5% CO, Z2A0A HHGH
HLH. MZ MESS 1mg/mis T MTT(3-(4,5-dimethylthiazol)-2,5-diphenyltetra
-zolium bromide) AIZ%S 2t wel [0l 10048 OISt =, MITAIZ0| SHRAL TS 1-2Al
2ts0ot BESAIZCH. O = 2 wel 0l @& Z2F0 &4&X 24 BHXIE MHE =,
formazan 2E S EoiAIZIJ] 2ot OMSOEH 10044 Z==5t10 540nmUIA EZEE
ZHGIYUCEH. O E2%= MTTIOF MIZO 2ohAM e 22 LIEHHMH, 2 wel IOl &
Mot= MIIESl ME =2t dldIStC
(3) LAarg A MYssE =5
CBS730I 28t LatstE A M AXNs=S SEot)| ol b= Raw 264.7= 96wel |
Ol 1.0x10° cells/m | HIEZE 100464 235t 37°C, 5% C0, Ol A HHFBHRACE.
LPS (1ue/me)Et=, LPSQt HHME CBS732 2 =& B2 MZN X2l =, 24 Al2t,
37C, 5% CO, Z=21GH0Il HHLGIRACH. HHY = ASHW Je|AAlS (Griess reagent)
11XH22 S8otH 10 & EtSAIZ =, 540milA EZEE SEot0 LAtsE
StE SOIGHALT.
SA2 s €.

&

Mo
NIE2] Nitric oxided&
production of nitric oxide(%) = 100 X i

absorbance of control
absorbance of tested extract solution

AC
AT

-12 -
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= AWM B8 10082 =4S MNSASZRH SAHEIOEESE MA
ol & HNEol%2M, 0l @2 B. subtilis CBS730|ct
(o;]

rANA S &L SIIMES Z2HOHH GenBanklfl SSE E&2=F
2 Bacillus subtilis subsp. subtilis®t 99.72%= LXIotH 20 (Table 1), B.
subtilis CBS732] GIIAE0N <Slgt HSLMsIN 2(Xl= Phylogenetic tree

(Figure 3)2 LIEFLHRACE.

- 13 -
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Table 1. Similarity of 16S rBNA gene seguence

Collection @ chosun

Pairwise Diff/Total
Rank Name Strain Accession
Similarity(%) nt
Bacillus amylol iquefaciens subsp.
1 FZB42(T) CP000560 99.79 3/1453
plantarum
2 Bacillus methylotrophicus CBMB205(T) EU194897 99.79 3/1438
NCIB
3 Bacillus subtilis subsp. subtilis ABQLO1000001 99.72 4/1453
3610(T)
KCTC
4 Bacillus siamensis AJVF01000043 99.72 4/1453
13613(T)
Bacillus amyloliquefaciens subsp.
5 DSM 7(T) FN597644 99.59 6/1453
amylol iquefaciens
KCTC
6 Bacillus subtilis subsp. inaquosorum AMXNO1000021 99.52 7/1453
13429(T)
KCTC
7 Bacillus tequilensis AYT001000043 99.52 7/1453
13622(T)
8 Bacillus vallismortis OV1-F-3(T) JHB00273 99.45 8/1453
NRRL B-
9 Bacillus subtilis subsp. spizizenii CP002905 99.38 9/1453
23049(T)
DSM
10 | Brevibacterium halotolerans AM747812 99.24 11/1453
8802(T)
-14 -




0.005

Bacillus subtilis CBS73

Bacillus amyloliquefaciens subsp. plantarum FZB42T
Bacillus methylotrophicus CBMBZOST

Bacillus amyloliquefaciens subsp. amyloliquefaciens DSM 7T
Bacillus siamensis KCTC 13613T
Bacillus subtilis subsp. subtilis NCIB 3610

Bacillus vallismortis DV1—F-3T

Bacillus tequilensis KCTC 13622T

.
Bacillus subtilis subsp. inaquosorum KCTC 13429

Bacillus subtilis subsp. spizizenii NRRL B-23049T

Bacillus mojavensis RO—H—lT

7

Brevibacterium halotolerans DSM 8802T

— Bacillus atrophaeus JCM 9070T
[ Bacillus sonorensis NBRC 101234T
10 {7 Bacillus aerius 24K
Bacillus licheniformis ATCC 14580
Bacillus pumilus ATCC 7061

Bacillus safensis FO—36bT

|
10 Bacillus aerophilus 28K
|
Bacillus altitudinis 41KF2b
® | Bacillus stratosphericus 41KF2aT

Bacillus xiamenensis HYC—1OT

Bacillus marisflavi TF—11T

Figure 3. Nighbor—joining tree based on nearly complete 16S rRNA sequences

showing relationships between of Bac///us sp. CBS/3 and related Bac///us strains.
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S HEOIE CBS73 dat=2 B4, 4, RIEF JHHELZ 0IFUHAL
Chefst A&, 248, R2II872 XH S0lA Hiotod x10° £2Ads Z&Eok
AULH. S EEOE disS <ol A0 HE Sa&8dsS X AGH| flof 2

2 Yeast extract 1% D& =, Ch&st EHAR (Glucose, Mannitol, Starch,
Lactose, Fructose, Sorbitol, Maltose, Sucrose) 1%= &Jlot0d 37C, 170rpm, 24

A2 Sob Bietotth, 1 20 gd&8d2 Fructose 1%E &Jtotfs T =102

L]

td S BACH (Figure 4). 2220 HE 4= XZAGH| fdl B4 =5 24
Ol Jt&E F O Fructose 1% 1DASH &, ChLst AR (Beef extract, Malt
extract, Tryptone, Yeast extract, Oat meal, Soytone, Peptone, Dried yeast) 1%=
&Ilot 37°C, 170rpm, 24 Al2t SOt HHLSICH. 1O Z0 S7E&HE2 Beef
extract 1%S &EJIIotUS M IHE =
SIEF0 GE 82 AF
S, OYst 2018 R (NaHPO4, NaHoPO4, MgSO4, ZnSO4, MgClo, KHoPO4,
FeS0,, NaCl, CaCl,) 0.1%S &IIot( 37°C, 170rpm, 24 A2t =0t LG} CH. 1
aC A

I 0.1%E &Jlot¥s M Jt&E 12 Ed= &

pd
ol
u

& Fructose 1%2t & A& Beef extract 1%

=
g 14

i
o

A

o

21 gD EEOIE

mm
o
Z

Ct (Figure 6).
Fructose 1% + Beef extract 1% + NaCl 0.1%2 =& HHAIEZZHOAM 12-24Al2F,
170 rpm, 37CY M X DO HILYXAHES ZHAHGIULE.

- 16 -
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[ 13h

[ 9h
B2 12h
I 24h

XY 6h

G\ucose\\j\ar\““d ot | 500% 00 o g0 a0 WS

14 -
2
0
8
6
4
2
0

(Ww)uomayuj jo suoz

Figure 4. Effect of various carbon sources on the activity of antimicrobial

peptide produced by Baci/lus sp. CBS73

Production medium was supplemented with various carbon sources such as Glucose,

Maltose each at a level

’

Sorbitol, Sucrose

Starch, Lactose, Fructose,

Mannitol,

) by keeping the nitrogen sources constant.

of 1% (w/v

-17 -
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[ 13h

p77] 6h

[ Sh

KX 12h

I 24h

POV VOV VWV VOV V...V V..V VV.9.9.9.9A

[RR XX XXX XXX X XXX X XXX X
ANIAIIINNNNNNNNNNNNNNNNNNNNNNNNNS

16+

Figure 5. Effect of various nitrogen sources on the activity of antimicrobial

peptide produced by Baci/lus sp. CBS73

Production medium was supplemented with various nitrogen sources such as Beef

Dried

Peptone,

Soytone,

Oat,

Yeast extract,

Tryptone,

Malt extract,

extract,

yeast each at a level of 1% (w/v) by keeping the metal ion sources constant.

-18 -
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[_13h

771 6h

[ 9h

R4 12h
I 24h

PViViViViViV. ViV V. V.V VWiV V.V ViV V.V VWiV VWiV

jon sources on the activity of antimicrobial

Figure 6. Effect of various metal

peptide produced by Baci/lus sp. CBS73

Production medium was supplemented with various nitrogen sources such as Disodium

Magnesium

Zinc sulfate,

Magnesium sulfate,

Monosodium phosphate,

phosphate,

Calcium

Sodium chloride,

Ferric sulfate,

Monopotassium phosphate,

chloride,

to the production medium.

(w/v)

chloride each at a level of 0.1%

: Fructose 1% + Beef extract 1%

Control

-19 -
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S EIEIOIS CBS732 37C, 170rpm, 12-24Al12t HH =, BHZ M= 10,000rpm,
50 & =0 422l SHALH. A4S0 225 (Ammonium sulfate)S & Otat
=2 084S LIEFH 30-80%

EHMAEE sFUE 24 JZ20EDNIIE ot Ast 22l BEOIE Al
E2 A28t 10, Sepharose CL-68, Sephadex G-50, Sephadex G-25, Sephadex G-
10 & I=0tEHIS 0/Edt0 EHMotACEH. FHE SZFEIEOIS CBS732 &
A=8= 20t Tricine SDS-PAGEZ otLI2l BHEE &2l =, MALDI-TOFE 0| &6t

O 5210.2 Dall EXt&= =QIGHALE.

-20 -
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Figure 7. Elution profile of Baci//us sp. CBS7/3 antimicrobial peptide

(a) Gel filtration chromatography with Sepharose CL-6B column (2.2cm x 84cm).
proteins were eluted at a flow rate of 5ml/min.
(c) Gel

Sephadex G-25 column (1.0cm x 54cm). The proteins were eluted at a flow rate of 1

with Sephadex G-50 column (1.5cm x 89cm).

ml/min.

y
10

Y Y Y Y T
20 30 40 50 60
Fraction NO.

Collection @ chosun

Y
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80 0

Absorbance (0.D.595nm)
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(b)
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—e— activity (mm)
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0004 . J-\'.)' P
I.... A . v ' 0
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Fraction NO.

(b) Gel

filtration chromatography

filtration chromatography with

The



(a)

5210.2

10

Figure 8. Determination of the molecular weight

(a)Tricine SDS-PAGE and activity staining of CBS73 peptide. Lane 1, protein size
marker with the corresponding value in kDa on the left; Lane 2, purified CBS73
peptide. (b) MALDI-TOF data.
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Table 20 E0HE 0 20, JEEOIE (BS732 HAEDRSFEZE
Methicillin-resistant Staphy/ococcus aureus (MRSA), Vancomycin-resistant
S.aureus (VRSA), 112l Vancomycin-resistant enterococci (VRE), IMP (Imipenem
resistance Pseudomonas aureus), ESBL (Extended spectrum beta lactamase
Escherichia coli), Alcaligenes faeclis, Salmonella typhimurium, Pseudomonas
ageruginosa, bBacillus sabtilis, Micrococcus [uteus, Mycobacterium smegmatis,
AEst 2 E H2 goDgds =elorict. O

[wild

Enterococcus faecalis=2
kMol VRE, VRSA, & SAQl  Escherichia coli, Salmonellall A

O O

Vancomycindt Bacitracin®2CH O st s@&8Hs BHFAJACH
et k= VRSAUI A Vancomycinilt  Bacitracingl AU MsEE=
80ug/me0O| At 9 sEE LIEFLH 1D, StAHEEII = CBS732 20ug/me 2|

AHAAH=sEE SoloI¥CH. 18 3422 = Salmonella OIA  Vancomycinit

o L= =

BacitracinS ZAANMsT= 80ug/m0lael === LIEFAXNE, STHEOE

CBS732 10mg/me2| = AANsE=E =oAL,

- 23 -
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Table 2. Minimum inhibitory concentration of Bacillus sp. CBS73 peptide

Test organisms MIC(ng/ml)
CBS73 Bacitracin Vancomycin
Alcaligenes faecalis ATCC 1004 G(-) 80 >80 >80
Salmonella typhimurium KCTC 1925 G(-) 10 >80 >80
Escherichia coli KCTC 1923 G(-) 80 >80 >80
ESBL B1* G(-) 80 >80 >80
ESBL P3* G(-) 80 >80 >80
ESBL S1* G(-) 80 >80 >80
ESBL U4* G(-) 80 >80 >80
ESBL W1* G(-) 80 >80 >80
Pseudomonas aeruginosa KCTC 1637 G(-) 80 >80 >80
IMP 120%* G(-) 80 >80 >80
IMP 123%* G(-) >80 >80 >80
IMP129** G(-) 80 >80 >80
Bacillus subtilis ATCC 6633 G(+) 80 >80 >80
Micrococcus luteus ATCC 9341 G(+) 80 1.25 1.25
Mycobacterium smegmatis ATCC 9341 G(+) 0.15 0.15 0.15
Enterococcus faecalis ATCC 29212 G(+) >80 20 1.25
VRE 4*** G(+) 20 20 >80
VRE 6*** G(+) >80 >80 >80
VRE 82*** G(+) 40 5 >80
VREBQ9*** G(+) 40 >80 >80
VRE98* GH) >80 80 >80
VRSA**** G(+) 20 >80 >80
- 24 -
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Test organisms MIC (ng/ml)

CBS73 Bacitracin Vancomycin
Staphylococcus aureus KCTC 1928 G(+) 80 10 1.25
MRSABIIE***** G(+) >80 10 1.25
MRSA 4-5x*#x* G(+) 80 25 1.25
MRSA 5-3***** G(+) 80 25 1.25
MRSA S3***** G(+) 80 40 1.25
MRSA Ug**sx*x G(+) 80 80 0.625
MRSA S1*x**=* G(+) 80 40 1.25
MRSA B15***** G(+) 80 40 1.25

*ESBL, Extended spectrum beta lactamase £scherichia col/i; **IMP, Imipenem resistant
Pseudomonase aureus, ***x\|RE, Vancomycin resistant Enterococcus faecium. ***x\IRSA,
Vancomycin resistant Staphyl/ococcus aureus, *x*x*MRSA, Methicillin resistant

Staphy/ococcus aureus.

- 25 -
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Table 3. Effect of different
peptide

temperature and pH on

Treatment

Residual activities (%)

Temperature (Time)

None 100
20 C, 30 min 100
40 C, 30 min 100
60 C, 30 min 104.1
80 C, 30 min 84.8
100 C, 30 min 81.3
121 C, 15 min 0
pH
2 0
4 1038.7£5.77
6 98.2+5.77
8 96.4+17.32
10 100

Collection @ chosun
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Table 4. Effect of various chemicals on antimicrobial activity

Treatment Concentration Residual activity(%)
None 100
Acetone 10 % (v/v) 102.2+5.77
Chloroform 10 % (v/v) 100
Ethanol 10 % (v/v) 102.4+5.77
Methanol 10 % (v/v) 105.0
Ethyl acetate 10 % (v/v) 134.5
EOTA 10 mM/ml 107.3£5.77
Trichloroacetic acid 100 mg/m| 0
Triton X-100 1% (v/v) 0
Tween 20 10 % (v/v) 90.0
Tween 80 10 % (v/v) 85.7

* Antimicrobial peptide was pre—-incubated for 1h at room temperature with chemicals

and then assayed for antimicrobial

activity. Antimicrobial

measured in the absence of any chemicals was considered as none (100 %).

* After treatment with TCA samples were centrifuged 8,000rpm for 5min and the

supernatant was neutralized to pH 7.0 before testing for antimicrobial activity.

Collection @ chosun
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Table 5. Effect of various proteolytic enzymes

Proteolytic enzymes Residual activity(%)

None 100

Lipase 102.0+5.8

Proteinase K 105.8+5.8

Protease 102.0+£5.8
o.—chymotrypsin 98.2

Trypsin 96.4+5.8

Pepsin 98.1+£5.8

Papain 102.0+11.0

* Peptide was treated with 1mg/ml of each enzyme and incubated at room temperature
for 1h and then boiled for 2min at 100C for enzyme inactivation. Peptide solution

without any proteolytic enzymes treatment was taken as none (100%).
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L
oon

CBS732] DPPHAHSE 018

I 42 =8 Z21t= Figure 90l LIEFLHSA

5
Ct. 500ug/me2l =S OIM CBS732 9.7+£1.352 AMES UEIHRAUACE. Ascorbic acid

& DPPHE Ol 2fet Shatst

o s&&= 1-500ug/meNtkl HstE =

£ fst 2=z AMESHCH. Ascorbic acid

dotA1, st 500ug/med [, 88.26+0.262

AHME=S LIEFWRUALCEH. Ascorbic acidll sZHS0 et HH HES0| &As5E0] =
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Figure 9. DPPH radical scavenging activity of CBS73 antimicrobial peptide in

different concentration.
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Figure 10. Reducing power of CBS73 antimicrobial peptide

The absorbance (700nm) was plotted against concentration of sample. All values are

mean + SD of triplicates.
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C
St EIEIOIE (CBS732l & Hi= &2 Figure 1100 LIEHLHRACEH. CBS732] =St
500ug/med [H 0.339+0.032 &k gt= B, Gallic acid2l s<Jt 500ug/mé
M 2.712+£0.062 S&HT=E =QI6tRULE. Gallic acide sZ2EH2=2

SsES 2EOIAXNE, S EEIE (BS732 0IHIg === 2WHFUL.

|0

& gtol

il

0z
I

CBS73=2 H=2 X8 Egols =220l H2 Blle X2=2 = Ch.
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[ ] Galic acid
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E T
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Figure 11. Total phenol contents of CBS73 antimicrobial peptide

Total phenolic content was measured using the Yen and Hsieh method. Absorbance

values represent triplicates of different samples analysed.
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Raw 264.7 MIEE 24 Al2t=0F Y =, SZEEOIE (BS73 & OUYsEt s&=2
Melet = &% 540 molA M2 dEssS SHORU. S2EEOIE CBS73 =
Xelotkl 22 MES MZEEE 100%2 GHACH. Figure 12(a)0l A LIEHH Hi2b 2201,
CBS73 2 1-50 wg/meo] "HANM MZESHEZS UEHHA ZUXICH, 50 #g/me0l&t e
STUHAM HZSHS LIEHUHO MZMEZ0| 2A8S S0I5HALCH

HAMIZE PSS 22 X320 et LASEAS MASHCH LPSOl 2l ol =T
ASHE A MAHOl CBS730 sS0 HE YAMs &UE =Fot)| <ol delAALE 0
Eot0 LASFELS STE ZHGIJACH. Figure 13(b)0l LIEFH BE2F 2001, LPS X
el AIZS N dMese Mel=X #2 MES Hlwolt 2atstaE s H-0] SIte
£ EQIGHALCH. LPS2H 1-100 4g/mé CBS73E &M Xelsh MESl LAtstE A M4 A
Ms2 Hlusots i 2 EE0lEsE LutstdAo s Mot 20 8lsS
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Figure 12. Effect of the CBS73 antimicrobial peptide on cell viability and NO

production.

(a) Cell viability was measured after 24 h incubation. Survival rates were tested
with MTT assay in Raw 264.7 cells. Raw 264.7 cells were incubated in the presence
or absence of 1-100pg/ml peptide for 24 h. (b) Cells were incubated with the
various concentration of peptide for 30 min, followed by treatment with 1ug/ml of
LPS and incubated for 24 h. The amounts of NO were determined using the Griess
reagent in the culture medium. Each bar shows the mean £ S.D of three independent

exper iments performed in triplicate.
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2 HIHME S$ZHEHEOIE MAH ZFE §l= NESACZREH 220l &F
AUHM 228 1000EL &= UM S$FEH0l =2 Bacillus £ 8 &85t
A0, 0l = st SHHEIOIEE MAMB= Bacillus sp. CBS7T3Z2 S EHGIACH

Bacillus sp. CBS73 K&EX HIIMEZ (16S rRNA sequence)s 48t 21 Bacillus
sp. CBS732 Bacillus subtilis subsp. Subtilis?t 99.72% LXISHH D, HSEASH

A QXl= phylogenetic tree figure@2 UEIHHRICH. LBIROR Bacillus & @

= iturin, fengycin, mycosubtulinill 22 &ZF=2& S MASHH
SFREIEIOIE CBS732 ZMHHHXAEH=S Sol 8&E (1.0% Fructose, 1.0% Beef

extract, 0.1% NaCl) ZIZUHLEBHXIZAHUIA 37°C, 170rpm, 12-24A12t2] Z=2A0A tH
AGIRES [ =0 S7EHS LIEHHJUSH X A0l XIS &7 8480] 240t
UCH (Figure 4-6). ZI| &22ES 20I= AZ0A BHLHS 34010 SML2E
(Ammonium sulfate)& &, 28 AZ0EHT 2 Q! Sepharose CL-68B, Sephadex G-

Sephadex G-25, Sephadex G-102 =+&ol0 SZEEOIEE 2c2l, HHMOIALH ==
gt BIEIOISE (BS730Ict) HHGIACEH. <2 HHE Sl =3 ZFME BS732
Tricine-SDSE Sot0 &g HEOIEYS =6t} LD, MALDI-TOFEAES Sotd =Xt
20| 5210.2 Dall SR EBEIOISYS EOIGIUCH. JI&0 B0 U CIE dialefA
ZEIL MASHE BIEIOIZ=QF Hlw 8t 2, Bacillus subtilis R75 (12 kDa)[29],
Bacillus subtilis EMD4 (3.5 kDa)[30], Baci/lus subtil/is SK.DU.4 (5323.9 Da)[4]

OIS HtacelA dak etz BEOIE2 UE EXNEs JIES &QlotRUL.

Jo
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