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Isolation and Identification of Alkalophilic Microorganism
Producing Xylanase
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Department of Food Engineering, Dankook University

Abstract

An alkalophilic microorganism named DK-2386, which produces xylanase, was isolated from soil of Taejo-moun-
tain, Cheonan-si, Chungnam, Korea. The isolated strain was characterized as Gram-positive, with size of 0.4x2.5 pum,
spore forming, anaerobic, catalase positive, possessed with hydrolysis abilities of casein, starch, sodium carboxy
methyl cellulose, and xylan, reduction of nitrate to nitrite, resistant against lysozyme, urease positive, and motility
positive. The color of culture broth was reddish yellow. The strain DK-2386 was identified as Bacillus agaradhaer-
ens by whole cell fatty-acid composition analysis and 16S rDNA sequence analysis. However, it was not identical
to Bacillus agaradhaerens 40952 obtained from the Korean Culture Center of Microorganism in its colour of culture
broth. Therefore, we have named the newly isolated strain as Bacillus agaradhaerens DK-2386.
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Hemicellulosex= cellulose®l] ©]o] AFAAI] = AR = d
2] EX) gEF2A 7182422 Dxylan?} D-mannan
2 745 o o]folr o] GRES tgst A
7HAl=  ©] ¥ o} F(heteropolysaccharide)©] THLee, 1999).
Hemicellulose®] %S ©]F+= xylan 2 xylan =A<
TS AATFIE 20-45%, ATl 80-90%, H, K,
v, A7) 59 Aol 68-78% HEE 2 EA ] FFol uf
g gkttt 2 F A s5E 9 AT 2
AT E xylane SEEQ D-xyloseZ| B-1,4 A¢o =z
AA=o] = FFAZA D-glucose, L-arabinose, D-gluconic
acid7} - Ag= oA dom sjzFolA A== xylan
9] 7% D-xylose7} B-1,3 2F2 2 4 5 o] 2 t}(Horikoshi
& Akiba, 1982). XylanS #3)|3}7] lsiAE Atolu} &2z
Azl eh e 5heh Wy o] 9o mjAlEo] A4tetE xylan
L EAaE o] &ste WY 52 o] 7 /KA WHES W&t
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o] D-xyloseE A4tsl=
xylanol] g 71238 G4e 5248 2 njgEd o)
g AL glew 747t g 7]

t}. 53] xylanaseE Aol EYPAES]
o] FH-ghol Hlste] AA 1%v|Rke] FWt
Al 99%= M Ao rA f-8 Beadrt
A, g 5 55 3 A EdA o SAE L
fermz ol gk AA S Aol 27EI Utk
(Chiara & Mario, 2005).

Xylanase= 1,4-B-D-xylan®] 1,4-B-D-xylopyranosyl 232
dasle 8424 Ao $1x]o] w2} xylanohydrolase,
endo-xylanase, exo-xylanaseZ2 W& I 9 o 2] gk
xylanaseE AJ4tel= FIAE 5 A4l 7% T2 endo-type
o2 g3y FFo] FEle] xylanase= exo-Y} endo-type
o2 FA83e= ZoZ HIET )2 ™ (Nascimento, 2002)
o] 23t xylanaseS AAHSte WA EZE Bacillus licheni
formis(Kim, 2008), Bacillus circulans(Heck, 2006), Ther
momyces lanuginosus(Puchart, 2008), Aspergillus fumiga
tus(Wase, 1985), Aspergillus niger(Liu, 2008), Aspergillus
ficuum(Lu, 200852 E 4 o}

AR xylanase®] A4 &8 7Hx= A3ty BRI =
g} Hofe] A &AQl AFE Fate] A T8 BARA
A=]elAd kAL itk 53] pulp E A9 Ak 2o
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Aol 3B T LAY 27 st BFHOE AREH
21o] xylanase®] 543 F/43712 ¢ whgol tigk £4
ZQAH 3L AtHJose et al., 1999). o}&2] AFAA o 3
g 547 vpo] emj A2 FE A UA R &8/ 0]
%3 U= bioethanol 53 7HE vpo] oLz o] AIAF ¥l
7HEe] AtgA ] f&3HA AMHEE F UTH(Wong &
Saddler, 1992). 53] < 7}A] D-xyloseE ethanol 23 o]
o] &31A E3FN et 1980t E9¢] D-xyloseZH-H
ethanol A2+ 4= 1= wIAES] Pachysolen tannophilus,
Candida tropicalis 5°] W7AE S 2H D-xylose2] ©]&7}s
o] =olx|A =K Watson et al., 1984; Sebastin, 2008).
AR AEHIIE F A EEA 723 23 e xylitol]
73-%- D-xylose®] FEZ=A] thE BRHol Hls) 1A W &
F7F Ao AR 12 A= ZR2EE /Y A=
FEA7NA oA dEH A GEE AYAL o]
ded vHlojE FadAE 9% Fo% & A 952
o] o] gAo] A Gt o™ xylan®] Fal AHER]
D-xyloseE Candida%; 52 ARE ] &34 xyloseZF-E
xylitol AJAtel= AF7F Wol &=L A th(Mayerhoff
et al., 1997; Parajet al., 1998).

Xylanase:= A F7HA] 2 Bacillus: "AE3} Aspergillus
& mAEo] Atete AR dHA s 53] A<l
Bacillus®ll 9] AAFE|=  xylanase®] A% FEFol9
Aspergillus%s =3Fo]oll H]al] wj A Zke] &L
o AIZE ol & dom g, gEElA
270 Aget 248 A AN T Av=
3 AKBindu et al, 2007). E3] =l 842 xylan®] &
Ze] 27oM = g4A Ssldths A e s4dEA

ML

= ol 4
2 1z o R

XylanaseE Mitok= 752 22 & MY
S A B RARA A 2FQ] e HE B

~
7
I
2

A 100 uLE 33+ Horikoshi 1 3 3ul
320, 30, 40, 50, 60°C2] Z &%ollA

24117 W Fsle] 2R ASS 75 1A=E AAE5E9
TH(Table 1).
12} AHE FFE F xylan Bl &L SAS gelslr]

#3533 xylan(oat spelt)©] 1% =2 F-F+%¥ Horikoshi 1
B Ao #FE HAA JFot] 24A7F vi e F
Congo red A& 713to] 2087 GA3I3L 1M NaClZ

3 - W

Table 1. Formulation for Horikoshi I medium

Componet (g/L)
Glucose* 10.0
Polypeptone 5.0
Yeast extract 5.0
K,HPO, 1.0
MgSO,-7H,0 0.2
Na,CO,* 10.0
Agar 20.0

pH 10.2

*Separate sterilization

Soil sample (1 g)
l
Suspend in saline (10 mL)
l

Spread on the Horikoshi I medium plate

J
Incubate at 20-60C for 24 hr

l

Isolation of colony

l

Transfer to Horikoshi I(1% xylan) medium plate

Stain with Congo red

l

Isolation of colony with a yellow clear zone around the colony

Transfer to Horikoshi I medium broth

!
Incubate at 20-60C for 24 hr

l

Determination of xylanase activity by DNS method

Fig. 1. Screening procedure of xylanase-producing bacteria from
soil.

2-33] Alste] o] Het 9o FA9] clear zones ¥
Aske dFF xylanase 84S 2= #5222 AE3EHS
o} 232} A3 #55 Horikoshi 1 QA HjA] ol FZ 35}
24X 70 A et & A st Al EAst=
xylanase 84S ZAste] AFow Frgo] 7 =
2 775 A thFig. 1).

Xylanase EM&EH

Xylanase 432 DNSH(Nelson, 1944)°l |3k 3 3
FHS ARSI 1% Xylan 89 (oat-spelt xylan in
50 mM sodium phosphate buffer, pH 6.0) 800 Lol &4
200 ulLE T3t 60°Col A 2087+ WHgAIZl & dkg-ol
300 uLoll dinitrosalicylic acid DNS)&<} 3 mLE 7}3fe] Wk
&= BAATIAL 100°CA 1027F 7+Eskaith ¥ & &
FFCAE o]&8te] 540 oA FF =S =AY THFig.
2). X533A4L Dxylose(Sigma Co., St. Louis, MO, USA)
2 0-1,000 uyg/mLE AFEEFRAL 1 unites &% 1 umol®] D-
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Centrifuge bacteria culture at 120,00xg for 10 min

l

200 pL of cell culture supernatant + 800 pL of 1% xylan solution(oat

spelt xylan in 50 mM sodium phosphate buffer, pH 6.0)
l

Incubate at 60C for 20 min
|

300 pL of reaction solution + 3 mL of DNS solution

l

Heat at 100C for 10 min
!

Absorbance at 540 nm

Fig. 2. Measurement of xylanase activity using DNS method.

xyloseZ AT = A 849 do 7 A3l DNS
Al dinitrosalicylic acid(Sigma-Aldrich, St. Louis, MO,
USA) 0.5 g3} potassium sodium tartrate tetrahydrate 150 g
2 M NaOH &9 50mL¢} 33 § F7FF 250 mLol| 3]
Al3to] ARE-SFATE

oo FEH, Malsty 5y

7o FEHE 542 2447 wiYE FAE Gram
staining(Philipp et al., 1944a) § 33 v ©]-8-3}o
et om, gk FARANA(SEM)S o83t -+
& QAHen ABIAY. wxel AsEH 54
Methods for General and Molecular Bacteriology(Philipp et

o, ot

53]
o 2 i

>

al., 1944b)9} Bergey's Manual of Systematic Bacteriology
(Kreig & Halt, 1984), 12|13l Biochemical Tests for
Identification of Medical Bacteria(Macfaddin, 1980)° =3}
of #F2] 545 AT

(1) ZAFA =<l

Horikoshi I HjA]ol] 2417+ v gE FFuSFAS 1 mL
Fatel 100°CAA 2037 SEsAth ©]& 100 uL 3
% Horikoshi I 3F 8l Aol pouringd}o] 40°Col| A 247+
Wi AL colony FA A glS Fsto] TAPYETH S
golslgth A &AL $18ke] spore staining method
(Philipp et al., 1944c)% Schaeffer and Fulton's method =
o] &3l . FAE slide glass ¥l =83l B3 1A
T 0.5% malachite green T8RO 2 HMFI EFEOZ
302 FQF Aol F AR k2 AT SRTFE T
Al % Safranin OZ 30%7F dIZ2FW3IL AR} G4 81
FAFE Fotn A o2 AEsh

(2) Catalase 4 33l

TFE WFo)ZE FH &} slide glass $1o] =3
35% H,0,5 =2d A9l kst £He] 72843
& el

(3) Oxidase &7J &<l

Y

T 3t E 3 Wgo| 2 FHsto] Ao LEA =
=3t £ 1% tetramethyl-p-phenylenediamine dihydrochloride
(Sigma Co.) A19FE& 2-3%82 7Fste] 102 o] Ho] F4 o
2 Wl S FPoE AT

4 #7118 &<l

o5& Horikoshi [ medium®] &4 %% 3}o] gas pack
(BBL Microbiology Systems, Cockeysville, MD, USA)3}
SH7| anaerobic jaroll W3 40°CollA] 3U7F wisie] A
o] AFAFE RISt

(5) Voges-Proskauer <1

Aletol glucoseE ©]-§ Al AFE F712FO 2 HE ace-
toing A=A AF-E gRlstr] 98t #5F5 MR-VP
HjR] o] RFsted 40°CollA] 24417 wiFskadTt. vl
of Barrits A]2F A€ 0.6mLE 7I8l2 BE&Y 02mLE
7k 3 1327 £50] 7] FollA AFSAIZI AL 10-15487F
WA G & AAsetE AARE T3 AAE s
AENY2 o-naphtol(Samchun Chemical Co., Seoul, Korea)
0.5g% 99.9% ethyl alcohol(Duksan Chemical Co., Ansan,
Korea) 10 mLol| £-3l35}32, B& 92 KOH(Duksan chemical
Co.) 4g& T 10 mLol &3} 3t ARg-3F3ATE.

(6) Ao ZHE 4 AN FF gl

Horikoshi I 92| ¥] <] (pH 10.2)°] &4 2 D-glucose,
L-arabinose, D-xylose, D-mannitol2 Z}zZ} 1%4 -3k ul
A& Alxetal ZF MR 45 TSNS 1% FEE 3
F3to] 40°Col A 4xg= 24A17F & v Fataith pH
meter(model 7, CORNING, Pennsylvania, USA)= A}-&-3}
of Z} wj ket e] pHE S st 4AF TS skt

(7) GlucoseZH-E] 712 A /-5 &<

Al Woll durham¥-& F RS 22 Horikoshi I H]A]
(Agar 03%)5 AZ3IAL HT5 HE ko] 40°CoAA 2471 7F
Hj &t § durham3@ 5ol gas T3 F-F-& IRl

(8) Casein, gelatin, starch, CMC, xylan 73 &<l

Horikoshi I ¥ Aol casein 1%, gelatin 20%, starch 1%,
sodium carboxy methyl cellulose(CMC) 1%, xylan(oat-
spelt) 1%5 22t H7bete] miA & AxsAqnh. 455 7+
wi] el & HE st 40°Cell A 2417 vl § casein>
clear zone?] A AFE 21359, gelatine vl &
4°Col] Wztsle] gelatin®] A3} oJF-5 3135132 H, starch
= 8IA] E™el iodine solutionS 713} clear zone2| A§A
oJH-E 313131t} Sodium carboxy methyl cellulose(CMC)
9} xylan2 Congo-red A|oFS 718te] 2087 94 & 1M
NaClZ 2-33] @45le] 849 clear zone Ao 55 <l
319 Tth Congo-red A19F-2 Congo-red(Junsei Chemical Co.,
Tokyo, Japan) 1 g& 5/ 100 mLell 83l 3}o] A1-8-31

(9) Citrate ©]-8%5 &<l

NaCl 0.5%, MgSO,7-H,0 0.02%, (NH,),HPO, 0.1%,
K,HPO, 0.1%, sodium citrate 0.2%, Na,CO; 1%, agar 2%
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7} SR8 iRl pHE 9.02.2 ZA3}Y thymophtalene
(Junsei Chemical Co.) 0.008%% 3 7}3te] AF&slAiTt &
22 vAo] R4 PEeT d0°Col A 24417 vl Fatel o)
ghae] Al A oz B ST,

(10) Phenylalanine Eo}v]=3} 2kl

Yeast extract 0.2%, L-phenylalanine 0.1%, disodium
hydrogen phosphate 0.1%, sodium chloride 0.5%% &3t
Hi =] o] Na,CO; 0.5%E F7Fste] pH 9.00= XdstiTh
iR o FF5 HEFS F 40°ColA 3U7F wjFsle] A
ol 10% ferric chloride solution 5-6 drops 7}3}]
S0 7 Weh= AL YR WA

(11) 33 Fafl g A 5 <

Tryptone 1%, disodium hydrogen phosphate 0.5%,
potassium dihydrogen phosphate 0.1%, sodium chloride
0.2%, magnesium sulfate7-H,O 0.01%, glucose 0.2%, agar
2%= 33k WA pHE 9.02 2ddle] B3 F egg
yolkE 1.5%& =& H7lste ARSIt #75 HES §
A2olA 1, 3, 5, 747F A colony L] WA A
o cloudy(opaque) zone2] A4 H-5 B3} Th

(12) Nitrate 35 &<l

Horikoshi I ] Z2Ad o] KNO, 0.1%(w/v), agar 0.2%(w/
v) LR 7tete] miAE Az 75 SN S 9
iR %] 1% SEE FE8kaL 40°CollA] 24417 wlj st
NZAY 5 I F g 100 uLE FHaL AR
i3t BEAS I mLA 7hete] ERtsidich 158 5 Awst
£ #Fste] A0S Yell= 495 R B

Q1 739 zine powder 718kl A Ag YR &40
2 AAsATt ASNLS N-(1-naphtyl)ethylendiamine

dihydrochloride(Sigma Co.) 0.02 g& 1N HCI 100 mLel &
slste] Abgstlen, BE&AS F4F 1mLE IN HCl
100 mLol| 83l 5k AR&-3}3iTt.

(13) Indole A435 &<l

SIM agar ¥jA| ol #F5 WMFHORE F et T¢I
2} HE38le] Kovac's A12F 0.2-0.5mLE 7}ste] 7FA)
T A FTT Ol AMNSS Adsd Fiew i
%th SIM agare= beef extract 0.3%, peptone 3%,
ferrous ammonium sulfate 0.02%,
0.003%, agar 0.3%° Na,CO, 1%% 7}5t% pH 9.0°02 %
Asle] BAE A 23Rt Kovac's Al 22 butyl alcohol
15 mL, p-dimethylaminobenzaldehyde(Daejung chemical Co.)
1 mL, conc. HCI 5 mL& &335te] AME-31% T

(14) Lysozyme WA &<l

Peptone 0.5%, beef extract 0.3%, glycerol 7%, Na,CO,
1%2] B & " F lysozyme(Sigma-Aldrich) 0.01 g
0.01 N HCl 10mLo| &3¢t §492 0.2 um membrane
syringe filter= 1A 2] 0.05%YS 715t HiA] & A 23+
o 55 JEst] 40°ColA 4 xg=2 397F X v <gst

o rlob 2

o

sodium thiosulfate

- WEE

o #A|¢] AFAFE IRl
(15) 574 &<l
Horikoshi I HJA]ell agarg 0.3% 7} ALZH|AE A
Z3Hth #TE HEAo R FFste] FA7F v AW el
HAA AFe=A 55 AT
(16) Urease &4 &3l
Horikoshi I HJA]¢l| phenol red(Sigma-Aldrich) 0.01%%
E3tsle] A& Ha$ T urea 2%(syringe filter filtration)
£ F7ste] ARANIA & AZ ST #55 WEolR 73
Abol] F4d HESt] 40°ColA 2447 v F - A e] st
= skt

| X2t =M EA

452 whole cell fatty acid =4S &<213sl7] $35H
gas chromatography(HP 6890, Hewlett-Packard Co., New
York, NY, USA)E AH&-sIAth T AWAICE = HPAF
9] R A W4Hcalibration standard kit, Hewlett-Packard
Co)S o]&3tAatt. #59 w2 Horikoshi 1 WjA]E A}
83to] 40°CoA 2407 v SR #AE APl FHsHo
saponificationS 9|35} reagent 1(Table 2)& 1mL 7}8}aL
30 7F 100°CelA S8 & 2% o Yasith
MethylationS 913519 reagent 2(Table 2)& 2mL 7}5 &
80°Col A 1087 WkgA17]|2L B2 o Wzhslloh
Extractions 9]3}] reagent 3(Table 2)< 1.25mLE 713t
T 1027 A2oA A8 Egk & skEdS A A
T}. Washing reagent 4(Table 2)& 3 mL7}3te] 587+ A
s et oen, F & 9st] £3} NaCl &9
500 pLE 7hste] Z2lE Asds FH3 £4E ARRE AL
&alitt o]AS GCE #4 ¥ Sherlock program(Apple,
Inc., Cupertino, CA, USA)S E3dlo] EX31H o
o2 sddEld Aldl Bacillus alcalophiluse A3}
At

Table 2. Compositions of reagents for analysis of whole cell
fatty acid

No. Reagents Composition
Noll 45 g sodium hydroxide
I o 150 mL methanol

(for saponification) L ..
150 mL deionized distilled water

1 No.2 325 mL 6 N hydrochloric acid
(for methylation) 275 mL methanol
I No.3 200 mL hexane
(for extraction) 200 mL methyl #-butyl ether
v No.4 10.8 g sodium hydroxide

(for base washing) 150 mL deionized distilled water
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16S rDNA 27|Med el

M 9] 168 IDNAS] 714 g9 &
WS wet Pakich. #AlE Horikoshi 1 medium broth®
40°C 4 xg= & v & LAl et #A & 3l5aksitt.
3 4E FAZFH chromosomal DNAE lysozyme-sodium
dodecyl sulfate-proteinase K W'H o2 F&31th &
chromosomal DNAE- templateZ A}-8-3}] polymerase chain
reaction(PCR) W' 2]3lo] 16S tDNAE FZ3}th
PCR9| AF&-% primer= 16S rDNA sequencing®l| A&-3l=
universal primer(forward primer : Eubacterial 27F : 5'-AGAG
TTTGATCATGGCTCAG-3', reverse primer : Universal 1492R
: 5-GGATACCTTGTTACGACTT-3)E A}-&3}31 TH(Yoon et
al., 1996).

%% PCR 4= Wizard SV Gel and PCR clean-up
system(Promega, Wisconsin, USA)S ©]-8-3lo] A 315
A" PCR AHZLS DNA Analyzer(ABI PRISM 3730,
Applied Biosystems, Foster City, CA, USA)E °]&3}o] &
71EE £A5 T 2 A3 BLASTN Z203 S o]&
3lo] GENEBANK<®] ribosomal DNA sequence} H| 23}
© ™, sequence?] 4E7d2 Clustal X ¢} Mega 2 program
< ]85t B E-A] 5} tH(Thompson et al., 1944).

R

¢ nE
XylanaseS Milst= @2l 22| ¥ M4

435k Eokoi—rlﬂ I44eY 4F F xylanases A
AstE 59 AL alkaline Z27AANA &3S 4F
3,00075 12 Jéo}‘iit}. 1z AdE 75 5 74 79
o] 32 clear zone FA E F7]o 2|3 xylanase S
glste] #F 5575 23 A 24 AEe #59]
Hi Fd 5N O 2 HE DNSH S ©]-&5to] xylanase 84283
ST A3} 40°0CN 7 B0l & dFE 15
He 4= UL, o] strain DK-2386°]2t 88 8ttt

r_>z mlo

2| e, Molety £

(1) Fei2 54

Strain DK-2386 o5¢] FEl%] 542 Gram¥FH 2
2 gRIFAT. Gram FAAF-E A &Rlst7] flste] KOH
HEE o] &3k A3 KOHE &4, 5 G
QISHSATE. SEM #9437} A €] A7]= 04x2.5 pm A
719 wiEgk FAEHE 7HEA AL

(2) AsksH 54

Strain DK-2386 w5-2] 2A9/4 75 &Ad 243
T AFo] FAEHUTE. EFE Schaeffer and Fulton's
methodE ©]-&3te] EAHA & F83m| 7S ARE-3fed
gdst A3 #A UlFol WA ER7F malachite greenll
ofg] ZAow Ao AZLUTE EHE #A Fel

Fig. 3. Scanning electron microscopic photograph of strain DK-
2386.

H,0,5 7}st A3} 7|24 0] ¥
gl & AT
Oxidase &4 &2l A3} 1% tetramethyl-p-phenylenedia
mine-dihydrochlorideS 2-3%H& 7}Fatal 10Z ool o]
Hah= 7397 80%0l skl on 10x o] %ol Ao] ¥
she A-97F 20%00 sigskdt webA g o w A
skl 3 @71HQ1 st A S vl A ¥
ZH 1A A FA 8] AKo] Ftom AFE o P
AdE I = AU
Voges-Proskauer testol] $lo] &<
ol AFshARl & x| ete] AES Ay H A sket
A ot %3 A
Z]- @2]sle] A2 Horikoshi I(pH 9.0) HAH|R] ol o5
£ 40°Cell A 24’\]7L i & pHE 8% A3 7
“H FAe] pH7E 8.0 F-LOE ol ALgE whagog R

ZAZE o] catalase FAF AL

oo,
il

B A2 AgeS #ld o ATk 3 glucoseZH-H
gas *3“04 £ ddsty ] flstol Al A el
durhamZ -14@01 Pl w ke A3 durham3 WjFol] X

= 7]_‘-3_% oz IRIE = UL

CaseinS 5% Horikoshi 1 BiA] ] FAF Lol clear
zone©] #ZE YO, starch7b FH{rE wiA]ol] AAM &
iodine &S 7}l A F91€] clear zoneS FRIT = 9
ST CMC#} xylan(oat speltyS 713+ vl X]ol| Congo red=
HjA S G IM NaClZ2 24e A3} Fx|5=912] &4
clear zoneg S¢o = 1T 4 AATE T gelating
7RSS o e Y2 fle A= gRIFHA.

Citrate ©]-8&-55 =1g A} v 5 wjx]e] o] Wsls}
Al Q%Q}QEE =d9e 2Rl & % 2USIH. Phenylalanine
dotn|ieslo)] SlojME AT AHstE AEE gl
RNom, ek s Fel el A fF Al oA ul
A] 3™l cloudy(opaque) zoneo] F/E A oot A
RIS F AT
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NitrateE nitrite2 $-43}= 585 g1
Z17Fek Horikoshi 1 ¥iA]ell 7127} ZF = o]
o= I AT AGHF BEAE T &
2 Ao sty vEbA] efol wiAI Y o] EX
nitrateE HE317] #1314 zinc powderE 71324 zine
powderg 7}k Flolx= Ale] Wshyt vERA] 2Tt wet
A A Well nitrite’t O $HAEO] AEHA &2 A=
THA3te] nitrate $H T FF o= YA

Indole B4 A& JoJA = strain DK-2386 57} Hl
FE SIM HiAlll Kovac's Aok 7hste] o3k A} -

r&
ol
iy,
o
=
=
=8
a
[

Table 3. Physiological characteristics of strain DK-2386
THs

Strain DK-2386 B. alcalophilus

Broth color redish yellow
Form rod rod
Gram staining +
Spore forming
Catalase

Oxidase

yellow

+ e+ +
+ + 4+ +

Anaerobic
Voges-proskauer test
<6 - -
>7 - -
Acid
D-glucose
L-arabinose
D-xylose
D-mannitol
Gas from glucose
Hydrolysis
casein
gelatin -
starch
carboxymethyl cellulose
Xylan(oat spelt)
Utilization

+ + + 4+ + +
+ o+ + + o+ + o+

+ o+ o+
1

citrate - -
Deamination of phenylalanine - -
Egg-yolk lecithinase - -
Nitrate reduced to nitrite + -
Formation of indole - -
NaCl and KClI required - -
Growth at pH
6.8, nutrient broth - -
5.7 - -
Growth with lysozyme present
Autotrophic with H,+ CO, or CO - -
Gas from nitrate + -
Growth at pH 5 - -
Motility + -

Table 3. Physiological characteristics of strain DK-2386 (continued)

i Strain DK-2386  B. alcalophilus

SIM - -
Urease + -
Growth at NaCl (%) solution

2

5

7

10

15 - -

17 - -

18 - -

20 - -
Growth temp (°C)

20 - -

30 +

40 +
50 -
60 - -

+ o+ o+

"+" : positive
""" : negative
"d" : 11-89% of strains are positive.

—

Ao g Aol Myt UepA] kol SA4US S
AN 28y lysozyme WA Al 1o lysozymeS Hl
A &L 0.05%71F iAo w198 #Ae] Aol
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Fig. 4. Whole cell fatty acid composition of strain DK-2386 by
gas chromatography.
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Table 4. Cellular fatty acid composition of strain DK-2386
Strain DK-2386 B. alcalophilus

Fatty acid composition (%) (%)
Ci. oo 2.11 0.6
Ciso 1.37 0.5
Cis.omo 27.35 31.8
Cis.oavreso 31.54 429
Cis.o 0.60 0.3
Cis.0m0 4.09 1.0
Cis.o 9.07 2.1
Cir.om0 4.20 43
Ci7.0anrerso 6.65 11.2
Cir.o 0.14 ND
Cis.o 0.33 ND

a : number of carbon

b : number of double bond
¢ : anteisomer

d : isomer

ND : not detected

Bagillus clausii DSM 8716 X76440
Bacillus gibsonii DSM 8722 X76446
Bacillus iphilus DSM 8725 X76449

20 Bacillus krulwichiae AM31D AB086897
- Bacillus macyae JMM-4 AY032601
Bacillus i DSM 8715 X76439
. Bagillus halodurans DSM 497 AJ302709
70 Bacillus is SW-72 AF541966
_{ Bagcillus LMG 19507 AJ315075
42 P i ATCC53909 AB021193
a2 Bacillus ii LMG 18435 AJ250318
%6 Bacillus muralis LMG 20238 AJ628748
Bacillus il AM-001 AB043864
% Bacillus vedderi JaH 748306
4‘::11“ cellulosilyticus N4 AB043852
100 Bacillus selenitireducens MLS10 AF064704
m Bacillus clarkii DSM 8720 X76444
o) Bacillus saliphilus 6AG AJ493660
83 Bacillus agaradhaerens DSM 8721 X76445

100 LStrain DK-2386

Fig. 5. Dendrogram of strain DK-2386 through 16S rDNA gene
sequence homology, scale bar, 0.01 estimated substitution per
nucleotide position.
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