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2. MBBLUAE
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Fig.1 Structure of the experimental equipment used
to measure antifungal activity without direct
contact with the subject, as viewed from the side.
Standard nutrient agar topped with 1.5g of perlite
powder inoculated with TM-I-3 is placed at the
bottom of a 10 L plastic container is. As a control
group, sterilized perlite powder is used. On the
opposite side, affixed to the top of the container,
is placed potato dextrose agar on which each
fungus is applied. This equipment is incubated at
27 °C for 7 d and the growth of the fungus is
observed.
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JNF 7= PDA B A HE L7, 1I0LDOT 7 AF v
BOEPAR (IF 21.6xHE1T 30.9%5 X 23.8 cm) DI
MOEEIZIEIR L7z TM-I-3 #RERS—F 1 MK %
FeH T SA B A iRE L, BAFORIDOZEDEIC
JHE L7z PDA iz S IZ#HE L7z (Fig. 1), Z
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o
@ Esrrmma (TAMLL-3)
3 —Bacilus sparothermodurans M215 T (U49080)

Bacifue sporothermodurans M215 T (L4G078)
~ Bavillus sporothermodurans M215 T (U49073)
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18 | —Bacilus acidcals 105-2T (AF547200)
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__L:ms frmus NBRC15306 T (AB271750)
Bacilys lenfus LAM12466 T (D16272)
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Bacillus humi LMGZ2167 T (AJSZT210)
_m:—ﬂscﬂ'us aquimanis TF-12 T (AF4BIG25)

——Bacilus morisflavi TF-41 T (AF483624)

Bacilus subts subsp. subis DSN10 T (AJ276351)

Fig.2 Phylogenetic relationship of TM-I-3, which was
isolated from soil in Nagasaki, Japan and
analyzed by partial 16S rDNA gene sequences.
Branches show bootstrap values and scale are
genetic distance.
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Fig.3 Gram-stained optical microscope image of strain
T™-I-3
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Table 1. Bacteriological properties of TM-I-3

Test TM-I-3
Culture temperature 30 °C
Rod-shaped
Morphotype (0.8-0.9x2.0-3.0 um)
. e +
Gram stainability
Presence of spore *
Motility *
Medium Nutrient agar
Culture time 24 h
Diameter 1.0-2.0 mm
Colony Color Cream color
Shape Round
Surface Smooth
Transparency Opaque
Viscosity Buttery
Growth 37°C +
temperature 45 °C +
Catalase reaction *
. +
Oxdase reaction
Acid and/or gas production -/-
from glucose test
Oxidative-fermentation -/-

glucose test

ENERBR DS R IE Table 3 (233 XL 912, MikiE
BERSME T CIAERE T, 20°C BLUN50°C T4
BL. 5%NaCIBREE FCHAEF L, VEA BIW
CTASNENKRGIR LI o Tz, ZHuh OPERIL,
16S rDNA Hi BEFIMFAT I35\ CUTRR M R S 1
7= Bacillus sporothemodurans M215 FED MR & FA{EL
BRZLRbNiz, Ll s D7 ba—2,
D777 h—Z, U rBLOkErEA—2D 4
FEOEZBILT 5 R08 7 T v B MKGRT %
U Bacillus sporothemodurans M215 #EOMAR & B
2%,

ZORER, BIsTRITICE VT, 16S rDNA i
£ Bl A MR BT 2y B TM-I-3 Bk 1 Bacillus
sporothemoduran ~DITFEMER REB I LT H DD,
WA IFERIIT 9, E AR - A bRk
IZHRWTH HHE ORIZITHENGRD bl



Table 2. Physiological tests based on API 50 CHB tests

*Fermentation test, **Biochemical test

N-Acetylglu

Glycerol® -cosamine® + D-Fucose®
Exythritol® - Amygdalin® - L-Fucose®
D-Arabinose® - Arbutin® + D-Arabitol*
L-Arabinose* - Eseclin* + L-Arabitol*

Ribose* + Salicin® + Gluconate®
D-Xylose* = Cellobiose* +  2-Ketogluconate®
L-Xylose* 7 Maltose* +  5-Ketogluconate®
Adonitol® - Lactose? - ONPG**
(e g Melibiose* - ADH#
Galactose®* - Saccharose® : LDC**
Glucose* +  Trehalose® 7 ODC**
Fructose* + Inulin® - CIT*#
Mannose® - Melezitose* < H2g**
Sorbose® = Raffinose® 2 URE**
Rhamnose* - Starch® - TDA**
Dulcitol® > Glycogen® = IND**
Inositol® - Kylitol® v VP##
Mannitol* - (Gentiobiose®  + GEL**
Sorbitol* - D-Turanose® > NIT##

T
Zﬁ:ﬁ?ﬁg 4 D-Tagatose* +

Table 3. Results of the additional physiological tests

Test TM-I-3
Growth under anaerobic _
conditions
+
Growth on 5% NaCl
Growth 20°C *
temperature 50 °C I

Hydrolysis of casein

Hydrolysis of starch
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Fig.4 Antifungal activity of strain TM-I-3 upon direct
contact with three different fungal strains. “With
perlite” images are of the control groups and
“With perlite inoculated with TM-1-3” images are
of the experimental groups. Plates show growth
after 7 d at 27 °C.
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Fig.5 Differences in the gross areas of colonies of each
fungus, which were calculated from the images in
Fig. 4. (N=3). Statistical significance was
calculated by t-test. *p<0.05, **p<0.01.

L L7235, TM-1-3 BROIERAtHTE FERERIC
BT, EBREE (TM-I3 BRI Ee =74
M) OPEBREE ORERIL, = b e —LRE CR
BRA—=T7 4 MHR) OFBREREORERK I Y A&
\Z/NE D o7z (Fig. 6 3 XN Fig. 7). TM-I-3 ¥ &
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RSN —F A b & IAF ST TR O & B R
B OfEE (K1) X v &) X 4. fumigatus, C.
cladsporioides, P. expansum DJAIZ, 88.2%.100%.
96.4% T o lz, T 212, TM-T-3 B EEHI T2
R R TR R 2 I3 2 2 & AR S T,

INOHOREEY . TM-I-3 HRE MWD Z &IT X
S>T, REMNREBERNOI EHEREZSIEEZT C
cladosporioides DF&E % FEHERLAYIZINH 3 2 T REME
PRI ST, AT, TM-I3 BRAGEF L. ik
HIZREGZ S Z i 29 P expansum O YEFHE % ]
ZONADFREEDR B D, S BIT., A. fumigatus I3l
T ALV ZFEDIFABE & L THLENATRY
TM-I-3 BRIFHREOFIICH 525 2 L 3 HFFT
& D,

Wit periite |
|
|
Fi =
|
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T S
L
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Fig.6 Antifungal activity of TM-I-3 without direct
contact with three fungal strains. “With perlite”
images are of the control groups and “With
perlite inoculated with TM-I-3” are images of the
experimental groups. Plates show growth after 7
dat27°C.

CC PE

| oW peite  ©With parie inceslaed with M43 |

Fig.7 Differences in the gross areas of colonies of each
fungus, which were calculated from the images in
Fig. 6. (N=3). Statistical siginificance was
calculated by t-test. *p<0.05, **p<0.01.
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3.4 GC/MS H#TI= & % TN-1-3 HDIERMEME D
E

GC/MS ATz L v TM-1-3 ¥k23FElE, 7' m vt

VR, AV EERR, 2-AFITH R, N XTI

TEREVSTALEWEREFE L TNDH T ERRE

A 7-(Table 4 & Fig. 8),

Table 4. Volatile compounds emitted by TM-I-3,
identified by GC-MS

Retention time

| Ve

Compound
(min)
Acetic acid 10.85
Propanoic acid 13.78
Isovaleric acid 18.02
2-Methylbutanoic acid 18.34
Benzaldehyde 25.74
=
|
=]
E
- i‘ f el
i . s

I am am_ mm e WM m N mW O Mm BN mm W Um wm mE Hm  ew |

Fig.8 GC-MS-TIC of the volatile compounds from
emitted from TM-I-3.

FERR 1T IR S BR e PlEEEZ R L, FFIC P
aeruginosa <> A. baumanni & \N>72 27 F MRV
WXL COMBEERN DD Z ERHREINTND
D, 7w e RS ORI TR o
FEHRINA L LTV SL R TS Z LR b T
W5 D, EToA VERREE, 2 AT T S U BRIEHE
HSROE I L CHRIER 2 R> Z L dkiE S
T3 P &51c, XU XTAVTE RIiL P temperata
ICXVEASH, BNRSCTIEER DD Z &7
wEEH TS 'Y,

AHFZEL Y TM-1-3 BN u B AE I & RO 5 % PE
AL, FEEARBIC BRI A HI L2 2 R E N
Too ZAV D OAEHIBEREDME A B 2 R B O RN
B - FHRAERIC L D b ODBFIT 5720, 5% 0
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