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Fibrinolytic and Immunostimulating Activities of Bacillus spp.
Strains Isolated from Chungkuk-jang

Jin-Hee Chang, Youn-Young Shim', Seung-Ho Kim, Kyoo-Man Chee', and Seong-Kwan Cha*
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'Graduate School of Biotech., Korea University

To make Chungkuk-jang with enhanced fibrinolytic and immunostimulating activities, 220 strains isolated from
Chungkuk-jangs were tested, and 13 Bacillus strains with excellent proteolytic and polysaccharide-producing
activities were selected and tested for their fibrinolytic and immunostimulating activities using fibrin plate
method and RAW 264.7 cell line, respectively. To assess macrophage activation, contents of cytokines such as
tumor necrosis factor (TNF-o) and interleukin-lo, and nitric oxide were measured. Three strains showing
highest fibrinolytic and immunostimulating activities were identified as Bacillus licheniformis (CHKJ 1249, 1326)

and Bacillus subtilis (CHK]J 1339).
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o H¥g AT Kang 512y AL 84 Bacillus
AF7E e Zae] BAS BATHe B3 H4YL 3
13, Kim S(13)2 48 8h 34 7154 A=52 A=z
of g HEAAE nusct a¥EA Y ol F 7R Y= o)
AEe] WX g5 B8 d7e o137k gl a4
olct, B APolMe FHgs) BAA AGME A5 $5
3 AF4E Azs] H3le A=A AFoeryy Bad
Bacillus 45 % A Hajko) %?;}1 HHEAL A5
ol&3ta] FHEs AT AT BHFL-
FAlshe A9E s

M= 3y

BN

A ZHj Gl AME-E w2 FAAH = GIBCOUSAR}S 2L
ARS8 3, tumor necrosis factor-oTNF-o) % interfeukin-lot
(L-loy A4S $13F antibodies®} streptavidin-HRPE  Pierce
(USAYAFS] AE-S A18-31990). Washing buffer2+ phosphate
buffered saline(PBST: 0.01 M phosphate buffer with 0.138 M
NaCl, 0.0027M KCl, 0.05% Tween20)g, 7|38¥E S 2= phos-
phate-citrate buffer tablets(0.05M phosphate-citrate buffer, pH
50, 1 table100 mL), 7]& o= 5-tetramethyl benzidine dihy-
drochloride(TMB) 52 Sigma(St. Louis, MO, USAR}¢] A &S
ARgatTh Z1BRe] AloRS GRE ol AME-Eiith. WAl
E 29 d3el AEE RAW 2647 cell line 3= HEF &
#(KCLB, SeouhlA] -9 e} Alg-algio).
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CHIE Bay W HAEE dds

A 3d7re] AE A7 F AFE AR eFEed
220 #59 @9A Esse skim mik 1% H7HE EBEdHH
Hjx]o] ZFale] wieke & AAHE Y Fo] FEdAlE B
55 2R3 9ad ReEe g dEEE AAA
T HEEZE PAuR|(phytone 1.5%, glutamic acid sodium
salt 1.5%, sucrose 3%, KH,PO, 025%, Na,HPO, 0.17%, NaCl
0.05%, MgCl, - TH,0 0.05%, Biotin 100pL, Agar 1.3%)°ll &
HEsle] 4847 vk F loopm ©183tH e o &R
S v dHEde] mgt el Aol FHM AHLER A
AaFs AEEAY.

ld=E 254 &3

o AE FFe AL Cappuccino(14)2] #gd] w} 4=k
#u]7Z (Olympus BH2yE o[ 83 A£ 2% ##F3 Gram
stainingS 3893, MacFaddin(15)2] el w2}t Catalase
est(fre] glol NEFFE =ue ¥, 3% ANslra E9E
Yolmp] 7]& WS FAHo2 F4)9 Oxidase testS A3}
e, Oxidase test= AHIFE A7A fld =LA, Oxi-
dase =7 A 2F(N,N,N',N-tetramethyl-P-Phenylediamine-dihydro-
chioide 0.2%, sodiumethylenediamine tetraacetate 0.1%, sodium
thiosulfate 0.05%)y% Aol "olme] 15% oo FEM0 R
WelE e o 9 wHeo® WASIITHIS). ©] F BaciliusHe
2 #H5E v)AEL Bacillus $73 Kit(API 50 CHBJE, Bio-
Merieux, France)Z AME-8lo] FA3H3T].

argsts =A

A=A wa 3 5 B 137 55 TSB(rypticase soy
broth)oll #1& wifele] A g5t Foll FFeke Az
A7 A B2oM FHgss B4g dAEH. TSB uieS
tryptone 17.0g, soytone 3.0g, dextrose 2.5g, sodium chloride
5g dipotassium phosphate 2.5g, final volume 1L(pH 7.3)¢]
o= sk FPAE A3, 8352 fibrin plate
H(16)2 W&l lysed zoned] WHEE ZA3IAT). Fibrin plate
= 0.01M phosphate buffered saline(pH 7.25)°l fibrinogen<
03%7} 9=% £8A7] F petridishel 10mLE FF313
thrombin 20 vintS 718t A T fibrin clot& FJAIT]
F, Aeolr 308 WA sl FARNEA: S ) A3
ot & i) 53 AsE U AR QaHErE
Mg F AMEETh $9592 AxT fibrin platecll paper
disk(8 mm, Toyo Roshi, Japan)E £, A8 E 20uL2 AA 3}
o 33CIA 3NZE FSH WA F AAE FRR o9 A
e AT

oM X NSl TALE flet A2 H cell line2| FH]

RAW 2647 celle] 4343t nitric oxide, IL-lo, TNF-oF&
ZZsla] e ngE 59 WANE BYFE FABE]
8t A8 AT A AISE 1000CHIM 3087
A7 F 1ve} 3R HYste] ARE-ERIY. RAW 264.7 cell
line& DMEM(Dulbecco’s modified Eagle’s medium, Gibco)ol
10% fetal bovine serum} streptomycin-penicilline(100x) 1%E
H7kele] olgalgl o, 23 (anchorage-dependentyS: ZHe Al
FZ cell scraperZ 34 FHAIA AHS-SH3TE

Nitric oxide &4

RAW 2647 cell®] vl 245 59| nitric oxide 44 F%
£ microplate assayS ©]8-3l] AFFo M ZFIATHIT).
= 96 well plate(Nunc MaxisorpTM 446612, Denmark)ell 4]
E 9 RAW 2647 cell(IX10° cellsiwel)S 2 2417+ E9t
CO, incubatorell X 37°CE FABEA FHAZ F, samples
TR gNste] HArtElsich 2§ 204 FSF AEE |
dat Ao 50mLE FHIE TL T Griess A¥(1%
sulfanilamide/0.1%  N-1-naphthyl-ethylenediamine dihydrochloride
in 25% HPO)S 78l 22004 1087 WA ol
ELISA reader(Molecular Devices THERMOmax™, USA)E ©]
£3td S40nmelM FHEE ZY3 sodium nitrite®] ET
Ao ZRH nitric oxide®] WAFESR nitrite®] BAAZE=E &3}
Aok

Interleukin-1o AMs

A5 28] Interlevkin-1o(IL-1ct) A S Dong S(18)°ll <]
g Wy e sl AT el dAFT AT A
9} FUE Ha}E RAW 264.7 cell(1X 10° cellsiwellyS 96 well
platesl] 37°C¢] CO, incubatorollA] 2417 Bt cell F-2pA1Z70
THe, sampled F% W2 Hristed 2007 B¢ WigsIR T,
ek A5 A Halo] —7rColH FARF sln] )
o] &3¢t} Biotinylated anti-mouse IL-lo @ ZE A7}
pre-coated E|o] U 96-well microtiter platec] 3] v]50]
el Wk2-& dkR]8l7) $15be] blocking Al2F(3% BSAEH, w/
V& 7h8E o8 Tween20°] 0.05%(viv) ¥ 001M PBS
(PBST, pH 742 33 A"tk AlH$ plaeol 2pg/mLe]
52 3]X4% biotinylated anti-mouse IL-loe AL 50 pLY
Wi BF IL-la Ty 9Ses A50E 50uld welll 3
811, 25°Coll M 2417 vkSAlZTh RESAIRD plateE AlE 8- 2
ZzHog A 33 HHEL, 15pgml 52 streptavidin-
horsereddish peroxidase conjugate® 100 uL® 715t o, A2
ol 30EZE HESAIZ F, S gpdoR 33 AAst
o710l Al 7] 22 (TMB substrates buffer, 30% H,0, TMB
1 mg/mL DMSO)2 100 pL H7Fete] A2o)A 307 24A)
71 vk, 0.18M H,SO, 100uL¥ 7lef WA-g-g A A 2.
o]RL ELISA reader® 3% 540 omo)Ad 2= E &4 8le]
AAF F2FANA -1 TFS ARSI

Tumor necrosis factor #Ms

AAME2] wmor necrosis factor(TNF) A5 HSAAE
7} ZAANFEAE Lolrr] f8 A4 ANEE L-la ¥4
A9} 7+e AT A2 § ¥, ELISA readerd ]85t} TNF-
a %S BMEYe &, microtiter plated] 3EEF TNF-o &
o HRerst A|59 W biotinylated anti-mouse TNF-0. £-2- 50
uL® welle] FskaL, 25°CeiA] 2417 wllgatadet. wiEsE plate
E 34 Ao tir| 58 AEEE, streptavidin-horsered-
dish peroxidase conjugate 100uL 7}gt Thg, A2 308
7F weNzl o oAHE gEdog 58] AFHsEIgT) o7l A
71¢] 712 g 22t vhs AR os dhink S A7
A #), o]A& ELISA reader® I 540 nmollA FHEE &
Aated 23 FFETMoIA TNF-o &2 ALt
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Table 1. Number of the strains isolated from Chungkuk-jang
classified by protease activity and slime material formation

Table 2, Fibrinolytic activities of various Bacillus spp. strains
fermented in tripticase soy broth or in soybean

Number of strains contaning
Fermentation Slime protease activity”
Period (days)  formation?
None Weak Moderate Strong
0 14 4 3 12
+ 1 4 0 2
0 ++ 1 0 1 0
+H+ 0 0 0 2
+HHE 0 0 2 P
0 0 1 1 0
+ 0 0 9 10
1 ++ 0 0 4 3
+++ 0 2 3 3
++++ 2 3 7 29
0 0 2 0 1
+ 0 5 3 1
2 ++ 1 7 3 1
+++ 3 3 0 1
+HHH+ 5 0 4 147
0 0 0 0 0
+ 1 5 13 32
3 + 0 0 2 0
+++ 0 2 0 2
+H++ 0 0 1 1%

UProtease activity: None (No protease activity), Weak (small clear
zone within colony), Moderate (large clear zone within colony),
Strong (clear zone around colony).

94: No slime formation, ++: l-cm long slime formation, +++: 3-cm
long slime formation, ++++: more than 5-cm long slime formation.
“The selected strains containing the highest protease activity (total 28
strains).

BAXZ|

2E A48H e} BAEAL Statistics Analysis System(SAS)
Z2T8E ol&ell, Ao HHE X (mean)}t BEHA}(standard
deviation, SD)2 HASAS 94 SH53= General Linear
Model(19yS AF&-8}o] one-way ANOVA(analysis of variance)©l|
olate FRlatdoen, zt M|+ Hagh Alelg Zeole

Duncan’s multiple range teste] 9]l f-o9F& HZsIAH

a1 5 g

Y EafE W HEUSW NS

a4 390 BE 3 ARel efzdn 200 @5
WY Belr 2 LA A5 24 AAE Table 1]
A RelFE s gk EAM # ¢ 9k 23 2ol w9
Bolse] 3 w1 AABA HA0) M e Wl aF
£ HEE F, AEFT) BF ASHY FAsd T4 D
Qg4 ek 24 482 Aok

HEHEHME A R ME YUY HS

G ZaEHa HAE Ao $4% 28 2 F F 2
AR, Catalase 94, Oxidase SFA8 7-72E2 BacillusS o2
F=A=E+e 13 ¥3F(CHKJ 1227, CHKJ 1248, CHKJ] 1249,
CHKJ 1303, CHKJ 1332, CHKJ 1307, CHKJ 1308, CHKJ

Strad Fibrinolytic activity (cm)"
frain Trypticase soy broth Soybean
CHKIJ 1339 2124014 2424006
CHKJ 1249 229 £0.02* 2361 0.05°
CHKJ 1326 2201010 23241007
CHKIJ 1227 2.00£0.01¢ 2.14+0.15
CHKJ 1332 1.06+0.06" 1.91+0.02%
CHKJ 1329 1.20+0.112 1.83+0.03¢
CHKIJ 1303 1.82+0.02° 1.63+007°
CHKIJ 1308 1.31 £0.028 1.51£0.02f
CHKJ 1311 1.4110.04° 1.49£0.06*
CHKJ 1248 0.90 £0.07 143£0.13
CHKJ 1315 1.15+0.08 1.33+0.01%
CHKIJ 1348 1.39£0.07 1.20+0.082
CHKJ 1307 1.21+0.02¢ 1.04£0.03"
CHKJ 0101* 1.21 £0.068
KFRI 0170 2.351+0.05 2431002
KFRI 0183% 1.03£0.06" 12110022

YValues are means+ S.ID. and means within the same column bearing
different superscripts are different (p<0.05).

Commercial Chungkuk-jang sample.

SAKFRI 0170 (B. natto) and KFRI 0183 (B. subtilis).

1311, CHKJ 1315, CHKJ 1326, CHKJ 1329, CHKJ 1339,
CHKJ 1348)9} th2Z 22 KFRI 0170(Bacillus natto), KFRI
0183(Bacilius subtilisy ¥ 4 222 A5 A=23 AECHKI
0101} th=o 8 AMRsIer, d5E58 Fd 1% HEs)
o =4S A= A Z23 TSB(Tryppticase soy broth) WA
§ olg3ie] FFEL WGt F 7R ABFOE ol &
AL 5e ZAFIYTE Table 204e AL AERE
SAS program®] multiful range testS ©] &3 oA AZF A3}
£ HoF2 Utk Table 2914 & £ = A Zo] ¥ Ay
(TSB M4 2 =7 7ve] 48e)5e B F5-E(CHKI
1339, CHKJ 1326, CHKJ 1227, CHKJ 1332, CHKJ 1329,
CHKIJ 1248, CHKJ 1348, CHKJ 1307 Slojd g<)3iel 2}
°lZ YeRHATHp<0.05). 2HA|T TSB WXl HAF39E
et Fol| HEsld A= AFE T ABdAE 081
P<005Z 2 FYFHA 4FIAE Yello], Ealgog
AL Azsl EHEHTS EHSR ET% TSB BijA
o sl dHgalFol 4T #FATE ¥ 5 Ug A
L2 AlaxoFct AL w2 S 29FE KFRI 170
759t CHKJ 1339, 1326 @52 @A Ade] g A}
A 282 Fg. 1914 BoFE RAx 2o

NO 4iME &30 2/ft HAYMZE HME Z=AF ¥ MY ghy
us

Table 32 Fo #& HEsd Az AFF 2 TSB
2 & o] &3l #FE HUYF HZol YoM HWANE
RAW 2647 Cell®] NO B4% &Feol o3 HIME 4%
242435 BRI 9}k Table 3004 B 4 A At 7o)
A7) el NO A% 2o o3 AGAE 4L &
9J#2l zle)7t YUthp < 0.05). 222 FF4 BolFg TSB
Hizel| 71 A3t Foll st AL A3 N2
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Fig. 1. Fibrinolytic activities of various Bacillus spp. strains and
of Chungkuk-jang at different stages of fermentation, as assessed
by the size of clear zones on fibrin plates.

Ten mL of 5% fibrinogen solution in a fibrin plate buffer was poured
into each sterile petri-dish and 50 pL of 20 unit/mL thrombin
solution was slowly mixed in each dish. The mixture was let to
solidify for 1h at room temperature. Ten pl of test samples was
dropped onto the fibrin plate and the plate was incubated for 4 h at
37°C. Diameter of hydrolyzed clear zone was measured.

Alele]l NO A %9 ABAAS ZARE A3}, 076282 vf§-
=4 JePdtHp <005). ol &8 2ulskd F=ge A=z
e Wi HGHEZ NO Aol ez te AT
& Az 4 o, Eegoz FAAE Axsld HIAE
9] NO AA%2 Z23sA &3, TSB viAo 719i= WA E
o] NO Aol 353 48 A8 & F Uvke 7FsAdE B
a337 o, 49 FFEL Fol FEet Azst AT Al
BA2Fe) 7S CHKI 1249 @52 F857} 0.779+0.0898S
e 7 =2 S3E ReTien, 2 thge g CHKI
1339(0.756£0.0247) <2012t} TSB viAAe 2] NO A5
CHKJ1249(0.642 1 0.0010) > CHKJ1339(0.462 + 0.080) > CHKJ1326
(045210.0165) &5 =22 A el

H=gt MIFo| HAMZE w48 s BY

724 3 (macrophage)s FFEHE A4ET HIAHERA,
BAstd AXNAEE in virod A BAHNEY TEHHNEES HYE
e A A (selectivity) SUH ] Fefol Faio]l dsist
£ H]5o]4 (mon-specificity}2 5419l 71AH H,0.& BIE% 1t
£ nitric oxide(NO), tumor necrosis factor(TNF), Interleukin-
lo(IL-100), protease, arginase 5= AAFOZA FHNEE 4
b Aew Byyy SJoh20). AEF Al FF(CHKT 1249,
CHKJ 1326, CHKJ 1339)2 o|g3ld A|23 F=+3 A7} in
viroe| A ANAE 435 e JeEieA AR 98
e FAAE AT, cytokine(L-lo) 2 TNF-o 855 &
AE A Table 4904 HAFE 73 2

Table 3, Nitric oxide production by continucus macrophage
RAW 264.7 cells induced by Bacillus spp. strains fermented in
trypticase soy broth or in soybean

Strain NO assay (Ag,,)"
Trypticase soy broth Soybean
CHKIJ 1249 0.642+0,0010° 0.779 +0.0898°
CHKIJ 1339 0.462 + 0.0800° 0.756 +0.0247
CHKIJ 1326 0.452 £0.0165® 0.405+0.0118°
CHKIJ 1329 0.240 + 0.0064¢ 0.250£0.0227%
CHKIJ 1303 0.274 £0.0081 0.246 +0.0088%
CHKIJ 1227 0.254 £ 0.0088" 0.239 £ 0.0007%
CHKIJ 1348 0.186 £ 0.0081" 0.167 £ 0.0807
CHKJ 1248 0.132 £0.0010 0.142 +0.0124
CHKJ 1332 0.127 £ 0.0088' 0.132+0.0007
CHKJ 1307 0.243 £ 0.0006# 0.097+00110¢
CHKIJ 1308 0.042 £0.0060 0.061 % 0.0029
CHKJ 1311 0.050 £ 0.0081 0.059£0.0270
CHKIJ 1315 0.421 £0.0107" 0.058 +0.0044
CHKJ 0101% 0.06530.0058"
KFRI 01707 0.424 £0.0168+ 0.629+0.0118°
KFRI 0183" 0.290 £ 0.0061° 0.336+0.0778%

YWalues are means +S.D. and means within the same column bearing
different superscripts are different (p<0.05).

ACommercial Chungkuk-jang sample.
39KFRI 0170 (B. natto) and KFR1 0183 (B. subtilis).

Table 4°14 & 4= Qb= Bz} o] A8 359 52 A
Z3F =23 A|5EE RAW 264.7 macrophagee] =2|g 23 A
S AR FZ(1ve} 34 32| wel NO A= S
A7l depd e 24 NO 44 FX150] 1&g RT3 W
9 FEE AP A" 3F FFY Afds dzIA
soybean A ®.(0.2010.24 pg/mL)ol] &} B+ 1.2740.05 ug/mlL
Z oo B2 NO A4 Fx15& Yepiurh 3, 4 o
27082 A3 KFRI 0183(Bacillus subtilis) E Tk 39,
KFRI 0170(Bacillus ratto) 20+ 174121 NO ABA45& HYu)
ol#E AF ZAATHEH B A7dM Azd 3% 57t
macrophage®] NO A44-& 234 4 UL & 5 AUk

A3t 3%0] F5(CHKJ 1249, 1326, 1339)2 A 23 A=+
o] AbEolloll thaled macrophage Al E(RAW 264.7) FdA o
A MYy 75 £33 wAEEY TNFo AMFT A
ELISAE e o4& 233 AA= Table 4914 RS Aq
zth, w2 FME soybean EFE TNF-o2] A2HE F213)
A ggrou) 1He} oM E 2331001 pg/mL vleks A4
F2 Jepich AdE 3% 4= 7.52+0.06 pg/mLe]
TNF-o0 A4gtg Bl Sz Fo R AMS3: Bacillus subtilis
(8.80+0.09 ng/mLy2} Baciilus natto(8.47+ 0,05 pg/mL)yHth= th
A u)¢kgt &3 PEEH Han $Q1)0] B2 49 B
glucarnd ThFol <&l #A3ke 83 7 Kuffer A XolA
2.6 ng/mL(p<C.0l) TNF-0.5 A4A1Z] Bilof| Blepd, 2 d+
o A3l 3Fo FF2 A= Y= TNF-a 450 &
3 2L Ang PAFI r} ol FFEE o &s] Az
3 A=) AEdo] macrophageE A% A3l TNF-o 5
£ AAREA H3, Yolrt tumor cellkilling®] 715& & = 9)
T2 43 Aolgy AT F o, FF in viveoll41 €]
Ao} Agslojol & Ao g AlRETL
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Table 4. Fibrinolytic and immunostimulating activities of Chungkuk-jang fermented with various-Bacillus spp. strains"

Strain Fil?ri_nolytic NO (ug/mL) TNF-ct (ng/mL) IL-let (pg/mL)

activity (cm) /3 ¥ si3 s s/3 S
KERIOI83" 1204041 0.27+0.03 0.44+0.01 7.40%0.03 8.80+0.09 0.1+0.02 143.8+0.37
KFRIOL70” 2404021 0.56 £0.04 0.75+£0.12 7.37+0.04 8.47+0.05 ND° 138.740.24
CHKJ1249 2.30+0.32 0.79£0.02 1.39£0.01 7.03 £0.05 7.67£0.02 ND 105.9+0.18
CHKJ1326 230£057 0.41£0.01 126£0.12 710 £0.03 7.57£0.07 ND 146.9+0.19
CHKIJ1339 2401042 0.59£0.02 1.16+0.02 6.57 +0.04 7334009 ND 123.8+0.38
Soybean” ND 0.20+0.24 0.18+0.04 ND 2331001 ND ND

UValues are means £ S.D.
“Samples were diluted three times for measurement,

¥Samples were used as is for measurement.

SKFRI 0183 (B. subtilis) and KFRI 0170 (B. natto).
Water soaked soybean without fermentation.

“ND: Not Detected.

Table S, Assimilation of fifty carbon sources by Bacillus spp.
strains as assessed in API 50 CHB kit

Bacillus spp.
Carbon sources
CHJ 1249 CHIJ 1326 CHIJ 1339
Glycerol + + -
Erythritol” - - -
L-Arabinose + + +-
D-Ribose? + + +
D-Xylose - + -
D-Galactose + + -
L-Rhamnose +-3 +- -
Inositol - + +
D-Sorbitol + + -
Methyl-oD- _ ) + +
Glucopyranoside
Amygdalin + + -
D-Lactose + + -
D-Melibiose + -
D-Raffinose + +
Gentiobiose + + -
D-Tagatose + + -
Potassium
gluconate + + -
Identification as  B. licheniformis B. licheniformis  B. subrilis

YOther carbon sources which were not assimilated by all three strains
were: D-Arabinose, L-Xylose, D-Adonitol, Methyl-BD-xylopyranoside,
L-Sorbose, Dulcitol, Methyl-aD-Mannopyranoside, Inuline, D-
Melezitose, Xylitol, D-Lyxose, D-Fucose, L-Fucose, D-Arabitol, L-
Arabitol, potassium 2-Keto-Gluconate, potassium 5-Keto-Gluconate.
YOther carbon sources which were assimilated by all three strains
were: D-Glucose, D-Fructose, D-Mannose, D-Mannitol, N-Acetyl-
Glucosamine, Arbutin, Esculin, Salicin, D-Cellobiose, D-Maltose, D-
Saccharose, D-Trehalose, Amidon, Glycogen, D-Turanose.

if- Weak.

Interleukin-1o(IL-1o= 17 kDa2] SHHARA T celle] AARE
7713 B celle] @43 2 AL 77 5 A
AW e W 7iszEd 93l g HE =21 24
9] oty AE3 FEERE A2F FIFAAEI} in vitro

oA AAME BAst5S YepieA HHE7] 3] RAW
2647 2 MET2 M A o] T2 A ohe IL-
lo B4 =E ELISAZ 243 3= Table 4914 HAF3
AT} Table 494 BT s Azt o] MEE 3% 7
Z(CHKJ 1249, 1326, 1330E A 23t FFAL (u]e] Fxo)
Al B 12551025 pg/mLel IL-lorb A= dhs), o=
& (soybean)oll A= IL-1o7t A=A edgheh, g, A dl=
o2 AVRE Bacillus subtilis®t  Bacillus  natto®]
1413031 pg/mL A3 A vl $70]dc) o)) 7
L A 7 Addase] A A4AH A s 2FELS
Y g2 5702 HIHEES 3HINFEE & 5 UL,
AEE #EE Az T4 g © Ao FutyeE W
o9 74E WXk ZIsHYE AERY AT S B
olF3 9ok

M¥nFo| 53

olfe] AAZRE FHF MHEHA 3F9 FFELS APl BH
kitZ2 $8& o A T 4F(CHKI 1249, CHKI 1326)&
Bacillus licheniformis2 1€)X CHKI 1339 T 5% Bacillus
subtilis? 57 = 3 tH(Table 5).

2 o

s 43 HAAE BT $3 FFAL Az
3l7] flal] ATAdA Bl 2002 Aozt chz
olea JAER AT $% 13949 Bacillus 55 A
BT o5 1371 Bacillus 4552 fibrin plae ¥WHE ©]
438 gAgs] 45 RAW 2647 cell line2 ©]-83%F cytokine
AAEE (NO A4S, Interlukin-lo, TNF-o) 30 25 WY
AE Bds 39EEE Fdatd=l, Bacillus 755 TSB
(Trypticase soy brothyol] 7]& A &9} Fof HEslS A= A
AN} FL F 7E] Aol AEE o435l ¥ALs s
I RAGAE BeES ST Ao, Qs dAgAE &
Aol 7V st Al F50t AF ALHUY ARd AlF
Fo] 443 5 oF(CHKJ 1249, CHKJ 1326)= Bacillus
licheniformis2 2]3 CHKJ 1339 &3 Bacillus subtilis=
FAENG.
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