pynIuIsIMVBIUARIGeNgosaae lsuauuazanyuzmmzyes lauamd

v A w A 9
mﬂmﬂ‘wuﬁﬂﬂﬂmaﬂ"lﬂ

AUEINENINEINT

msnuw%lﬁmﬂumuﬁuwmmsgﬂymmwaﬂm&&smmnwmmﬁﬂ@}lﬁummw

ARIANTEERAT TN 18

AUSINTFAITNT YWIAINTUNHIINGIY

Umsdnm 2553

AUANTUDIINAINTAUINAY



TAXONOMY OF XYLANOLYTIC BACTERIA AND
CHARACTERIZATION OF XYLANASE
FROM SELECTED STRAINS

ﬂ‘HEJ’J‘i’IEWI?WEJ']ﬂ‘E

A Dissertation Submitted in Partial Fulﬁllm f the Requirements ./

q W”I SN girat omers LI mlsha

Chulalongkorn University
Academic Year 2010
Copyright of Chulalongkorn University



Thesis Title TAXONOMY OF XYLANOLYTIC BACTERIA AND
CHARACTERIZATION OF XYLANASE FROM
SELECTED STRAINS

By Miss Saowapar Khianngam

Field of Study armaceutica themistry and Natural Products

Thesis Advisor _ ~ e Prof 50t Somboon Tanasupawat, Ph.D.
Thesis Co-Advisor »
Thesis Co-Advisor

Accep s, Chulalongkomn

University in Partial Fu s for the Doctoral Degree

(Asso

- (3 4 F ; “‘ - = ) kY
....... /.'.BO/%A L QINCHEERT - Peans ¢ Faculty of Pharmaceutical Sciences

THESIS COMMITTEL

/uaofy(l-k

M
(.Exammer

9 Wﬂﬂ‘ﬁﬁ?m‘ﬂﬁ%“ﬁﬂﬁ Y

.............................................. Examiner
—— (Ass1stam Proiessor Warangkana Warisnoicharoen, Ph.D.)

=
% » %’/
............................................ xtemal Examiner

(Somporn Moonmangmee



iv
I BOUNY: BYNTEIS IMTB AT N douaae lsnauuar dnYMTINWIZ YD
lsuamaninmoiugnaaaen la (TAXONOMY OF XYLANOLYTIC BACTERIA AND
CHARACTERIZATION OF XYIANASE FROM SELECTED STRAINS) 8.#itiny1
Inutwusuan: seasauyial suigndand o ndTnuinetinusio: asassaw ey

#99U. Jung-Sook Lee, Ph. ., 192 11119

sz lned o 45 e Wy

s @ o A Y u
ﬂ']ﬁ’ﬂﬂLLUﬂf’T'1UWU'ELL1JﬂWL'3 ONET N l.“ULLﬁLUfT
ANTOUINLUATE 87 erﬁmmmmmaqmal@ 70 ‘1@ Lian Pwamadn i aneuzn 199 TuInd uazwa
NINBUNT U3T ]‘LlLﬂll JUUVNfH 33179 3 HﬂWWlJHJfT"HEN 165 rRINAsgene UB IOt J‘NU‘QWULLV\U o llﬂaﬂll‘UQ
wuniiGoiuenl&iu 16 nad Lo ouns uan ol mWUT dna Bacillus 25 MOFUT
s 4 . o ' ar o
Paenibacillus 24 TUWUY Gohnclla 4@MU WU [soptericola WAE Jonesia DUINOE 2 §IOWUT Microbacterium
@ o o i = ] o ,,
3 8WUR Uy Nocardioides IOV 160 UAN Founs uauwlgnans | MWt Ao ana Acincrobacier
Aeromonas, Blastobacter, Ensiferd Pseudomonas, Sphingobacterium, Sphingomonas, Stenotrophomonas Wag
a e o 7 o A . 4 o o 7
Zobellella WA 1TWEAEAANY 90 Wl 873 tidundd Wit Bacilius licheniformis 4 a0WUT,
& o 1 2
Pacnibacillus barengolizii 3 TIMWUY, B subtilis subsp.‘! subtilis, B. miabensis, B. cercus, Isoplericola
; Al o o o
variubilis,  Jonesia denitrificans WQY Microbacterium  natoriensc dil vy 2 CIWWWE B, nealsonii, P.
macerans, P. timonensis , P. momtaniterrat, P dcndritiformis, Nocardioides simplex, Acinetobacter junii,
Aeromonas enteropelogenes, Ensifer ddhacrens., P.s'eua'amungalg stutzeri, Stenotrophomonas maltophilia o2
A o e ' —— P @ s
Zobellella denitrificans Mlyday | TOWWE WUV Bacillies Sp. .2 BNOWWTY  Paenibacillus sp. 12 e8WUT
o = = = . . . A o
Cohnella sp. 4 @WWUTY Microbacterium sp. Blastobacter sp.Sphingobacterium sp. Sphingomonas sp. AU
o i A o o et S ,"v-.re, 1% [ - ¥,

az 1 eiug ihuuuaiis eneug lml Iagd st v 168 sRNA gene nd 10ARITUUBMLATIS 05 U
v 73 o a 4 @ P T & a a =
#3096.0-98.8 1o I linanIs Anyanumen el Tu Tnil saudsnanmsennsadsruniivinlsznisi
' @ = -’ ' v 4 e 9 = o A @ A gy «
uana1eiu nuaRS ol ian gUsuneEs emled TagaaueiuBuANITY hoW L g Inide Taun
Paenibacillus thailandensis Sp. nov., P. nanensis Sp. nov., P. xylanisolvens sp. nov., Cohnella thailandensis sp.

) @ o -~ ¥ A
nov, C. xylanilytica sp. noVlag C. ferrae sp. nov. Bacillus TOWUT P2-3 mmm—wam"lmmmﬂ"lﬂqqqmm

= A ::cs(wo‘éi Q/Q‘/’fﬂo o = v 9 ’_QL‘L IWS/I

L‘ﬂiU“lJWIUﬂJﬂ‘ULL“UﬂWLiUﬁ1U‘Wu1§@u AIUUIIUIUININTANEIAD (],‘Llﬂhwﬁ@ HUALUE WUIBIYTILWALR

o ey AEe 4 y = ' , | & a - 11
e 1TAIAUNAN R N1 FANY I 1ﬂﬂ13¥‘ﬂfﬁ‘u1$ﬁ3J1|!]\3ﬁ'Ju‘1J§$ﬂi’)°U§] WISUAS WD TNIERINUNITINAR LY
wy A = = 1% a = & L y W e
LaLuer lﬂ 2m LN@LﬂEUUL‘WU‘UﬂU@THTSq@ilﬂ‘l] ﬂﬁf”fﬂﬂ?ﬁﬂ“ﬂm%ﬂ%‘iﬂigﬂ 17U8Y l%LLﬁLUﬁﬂWUﬁﬂﬂﬂ 1911

a = ' f ok o [ VB an @ ° W Vet =
Tugniued i wud e lenifidmadn uagaviiiy 177 Alanadu awldan 60 sagimaisos

) =t a 4 ' = P 8 a y L4
LREWIDY 6 Nﬂ”ﬂiJLﬁﬂUﬁﬂx’lﬁ’Tf\ﬁ]ﬁﬂﬂTﬁ’@Uﬁ‘: 50 1 30-40 @y UTHT LaTney 3 TNaNTINeN L‘Till
Sl AN a 2 IS ? 4 JaEM Fh
uudeiiniadu' e, Mg~ Iva’, DIinad s-Men ) 1 Iaa ey I azignin i uantiey

B { @ ; a o v ' Uy Y o
&0 Fe?’. PMSF naz SDS Arzdunindudwdoifulswama Idan1sntes oat spelt xylan 1§ATiga

Tavliaunsodeu B-glucan, carboxymethylcellulose 4% pectin

I IndwaTua N AN EITUAA MOLOWOUAR . véum Viemaw

= ~< A A PR o a < @ /\‘%\«

1nsfinen 2553 A10Ha%e 8 NUTnu 1IN WUENAN.Z. . . )
e \ -

awilate 0./l nu Ao nuEi R T T



#4497 6961633: MAJIOR PHARMACEUTICAL CHEMISTRY AND NATURAIL, PRODUCTS
KEYWORDS: TAXONOMY/ XYLANASE/ BACTERIA

SAOWAPAR KHIANNGAM: TAXONOMY OF XYLANOLYTIC BACTERIA AND
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Seventy isolates of xylanase-producing bacteria” were isolated from 45 samples of soil
collected in Thailand. These bactesia-were divideduinto sixteen-groups-based on their phenotypic and
chemotaxonomic characteristiessincluding 16s rRNA gene sequences.of the representative strains.
Sixty-one strains were Gram-positive reds belonged to Bacillus 25 iselates, Pacnibacillus 24 isolates,
Cohnella 4 isolates, [soplericola andiJoncsia eacﬁl of 2 isolates, Microbacterium 3 jsolates and
Nocardioides 1 isolate. kach isolated of Grani-negative rods, was belonged to Acinetobacter,
Aeromonas, Blustobacter, Ensifer P.s'euu’w'nJ onas. Sphingobacterium, Sphingomonas,
Stenotrophomonas and  debellclla. They werc identified as Bacillus licheniformis 4 isolates,
Paenibacillys barengolizii 3 iselates; each of 2 isolalésl was B. subtilis subsp. subtilis, B. niabensis, B.
cereus, Isoptericola variabills, Jonesia denitrificans and Microbacterium naltoriense; and each of |
isolate was B. nealsonii, P. maceransy P limoniensis, I2. /}}{g;ﬂu'nilerrae, P. dendritiformis, Nocardioides
simplex, Acinetobacter junii JAeromonas enlurope/ogeﬂev(, Lnsifer adhaerens, Pscudomonas stutzeri,
Stenotrophomonas maltophilia and Zobelletia-denitr I/Icans Tn addmon the novel species of Bacillus 2
isolates, Paenibacillus 12 isolates, «Lohnella 4 lso]ates ‘and each isolate of Microbacterium,
Blastobacter, Sphingobacterium, Sphmgumonas Were 1d.ent1ﬁed based on the differential phenotypic,
chemotaxonomic charagteristics and 16S TRNA gene sequences smnlarlty (96.0-98.8%). The Gram-
positive rod-shaped,spake forming bacteria, Paenibacillus thailandensisSp-nQ¥ F. nanensis sp. nov.,
P. xylanisolvens sp. nov 4 Cohnella thailandensis sp. nov, C. xylanilytica sp. noivr.,_and C. terrae sp. nov.
were proposed. Bacillus sp. P2-3 produced the highest xylanase activity, When compared to other
isolates. Thus, P2-3 was-Selected for further study. Corn cob was found-ie be the most preferred
substrate for xylanase produgtion. After optimization ofnedium composition and pH, the yield was
increased abett 2 timés wheh gomparediwith theiinitial‘medium) The partiatly purified xylanase from
P2-3 had melecular.weight of 7.7 kDa. The enzyme jhad a maximal activity at 60 °C and pH 6.
Stability remained more than 50% at 3040 °C and pH 3-11. The xylanase activity was activiated by
the addition of | mM Ca’’, Mg’", Mn*', DTT, and f-Me. In contrististhe xylanase activity Was slightly
whibitedi by Fe?, PMSE and/SDS. The partially purified xylanase had|the highest hydrelytic ‘activity

toward Oat spelf xylan, but no activity toward g-glucan, carboxymethylceliulose"and pectin.
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CHAPTERI1
INTRODUCTION

Lignocellulose, the most abundant renewable organic compounds in nature,
comprises average 40% cellulose, 33% hemicellulose and 23% lignin by dry weight
(Sa-Pereira et al., 2002). Xylan is the most/abundant of the hemicelluloses which are
heteropolysaccharides having a linear backbone. of B-1,4-linked xylopyranose
residues that often have side chains of ©-acetyl, arabinosyl and methylglucuronosyl
substituents (Rawashdeheer a/., 2005). The complete hydiolysis of xylan requires the
combined action of warious'enzymes such as endoxylanase (endo-1,4-B-xylanase,
1,4-B-D-xylan  xylamohydiolase, - E.C. 3.2.1.8), B-xylosidase (1,4-B-D-xylan
xylohydrolase, B:C. 3.241.37) and several ageessory enzymes to hydrolyse substituted
xylan. The endoxylanaseiattacks internal ;_gylosidic linkages on the backbone and the
B-xylosidase releases: xylosyl residues B}/ endwise attack of xylooligosaccharide
(Wong et al., 1988). dd,

Xylanolytic enzymes “occur Widéi};"' in bacteria, yeasts and fungi. Many
microorganisms are known to produce dlffefent type of xylanases. The nature of the
enzymes varies between difféfent- organisms. 7 Afﬁong xylan degrading bacteria, the
strains of Aeromonas, Bacillus, Bacter_o_l_q’fzs*1 - _Cellulomonas, Microbacterium,
Paenibacillus, Ruminococcﬂ; and Streptohzy-cc-e; have been' reported (Rapp and
Wagner, 1986).~in-addition; Xylanase=producing bacteria-shew optimal activity at
different values of-pH and temperature. Several extracellulai-xylanases from bacteria
have been studied and characterized e.g., Bacillus firmus is.capable of growth at pH
10-12 and at above §5.°C (Tseng et al., 2002), B. thermantarcticus, a thermophillic
bacterium growthiat 80 °C (Lama et all, 2004) mcluding ‘B. coagulans (Wong et al.,
1988), B., circulans”(Kyu et al.,"1994), B. pumilus (Duarte"ef al., 2000), B. subtilis
(Yuan et al., 2005), and B. polyniyxa (Sandhu andsKennedy, 1984). Reeently the
novel speciesy of, Paenibacillus, P. montaniterrae, P. Septentrionalis,~{. Siamensis
(Khianngam et al., 2009), P. woosongensis (Lee and Yoon, 2008), P. soli (Park et al.,
2007), P. cellulosilyticus (Rivas et al., 2006), P. panacisoli (Ten et al., 2006), P.
xylanilyticus (Rivas et al., 2005), P. barcinonensis (Sanchez et al., 2005), P.
favisporus (Valazquez et al., 2004); Microbacterium, M. paludicola (Park et al.,
2006), M. xylanilyticum (Kim et al., 2005) and M. ulmi (Rivas et al., 2004);
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Cellulomonas, C. terrae (An at al., 2005), C. xylanticus (Rivas et al., 2004);
Xylanibacterium ulmi (Rivas et al., 2004) and Xylanibacter oryzae (Ueki et al., 2006)
were proposed as xylanase producer.

In recent years, xylanases have received attractable research interest due to
their potential for industrial applications, ¢. g. pretreatment of pulp to boost the
bleaching process (Viikari et al., 1994), pretreatment of forage crops and other
lignocellulosic biomasses to improve nutwent utilization, flour improvement for
bakery products, saccharification of hemicellulosic wastes (Gilbert and Hazlewood,
1993), pulp and fiber processing (Yang et al, 1995), elarification of juices and wines,
extraction of plant oilssand eoffec (Kulkarni and Shendye, 1999; Uma and Chandra,
2000). However, such.applications requii'Le xylanase (s) with particular properties, e.g.
active under high™ temperagire and/or éllgaline condition. Bacterial xylanases are
generally higher thermosgable than}fgngaliz‘qlllanases. Most xylanases from fungi have
pH optima betwecen 4.5 and 5.5, while bacterial xylanases active at alkaline pH have
been reported fromiBacillus and Streptomyigs strains (Blaneo and Zueco, 1999). Most
of industrial processes arg carried out a:t': high temperature, so that thermostable
enzymes would give an advantages Thailaﬁllﬁ's. located in the tropical area that is hot
and humid, additionally, the telatively diveré-e"édii‘types and natural high biodiversity
of this region which is hlghly conducwe foEcroblal growth. This work deals with

the screening and 1dent1fy1ng the xylanolytlc bacteria 1nc1ud1ng the optimization,

purification arid. ch&r&eteﬂz-&&eﬂ—ef*y}&ﬁ&se—e%thﬁe%eeteekstraln isolated from soils.

Research objectives
The main objectives of this present study are as followed:
1. To isolate, screen and identify'the xylanolyti¢.bacteria based on the
phenotype and genotypic characteristies.

2. To purify and chagdcterize the xylanase of the selected strain.



CHAPTER 11
LITERATURE REVIEW

Source of xylan

Lignocellulose is the major co e t of biomass, comprising around half of

the plant matter produced by photos i called photomass) and representing
the most abundant renewable orgar It consists of three types of
polymers, cellulose ' 2 1) that are strongly

intermeshed and and by covalent cross

linkages. Cellulose I . o . m nstructed from different
sugars; whereas lignin' ic polyme d from phenylpropanoid
precursors. Th i - propertions o ounds vary between

plants.
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Figure 2.1 Composition of lignocellulosic residues (Sanchez, 2009).
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Cellulose is a linear polymer that is composed of D-glucose subunits linked by
B-1,4 glycosidic bonds forming the dimer cellobiose. These form long chains (or
elemental fibrils) linked together by hydrogen bonds and van der Waals forces.
Cellulose usually is present as a crystalline form and a small amount of non-organized
cellulose chains forms amorphous cellulose. Hemicellulose is a polysaccharide with a
lower molecular weight than cellulose. [t is formed from D-xylose, D-mannose, D-
galactose, D-glucose, L-arabinose, 4-O-meihylglucuronic, D-galacturonic and D-
glucuronic acids. Sugars are linked together-by B-1.4- and sometimes by [-1,3-
glycosidic bonds. Ligninwis a complex polyphenolic polymer. It is linked to both
hemicelluloses and cellulose (Sanchez, 2009).

Hemicellulosesgtare # low-molecular-weight polysaccharides and usually
considered to bestructuzal polysaccharides. Hemicellulose are heteroglycans and one
of the three majorsnaturally plant biorh?és. Together with cellulose and lignin,
hemicellulose built up the supporting mate'-rial,r-in plant cell wall. It consists of 20-30%
hemicellulosic materials which _are Héjerogeneous polysaccharides found in
association with cellulose. Those from wo’o-d'y plant are built up from relatively few
sugar residues, the most common of whichjaﬁe_p-xylose, D-mannose, D-galactose, D-
glucose, L-arabinose, 4-0-methylglucuronic aeid, b-galacturonic acid and glucuronic
acid. The variety of sugar residues of heﬁﬁlluloses from grasses and cereals is
smaller; D-xylose, L—arabirrl(r)sté,r D-glucose aﬁ.(i'-sj;g-afactose aresthe most common. In
contrast to woeod hemicelluloses,-however, there is-a-great variety of linkages and
abundance of branching types in graminaceous hemicelluloses, depending on the
species and the tissue within a signal species, as well as on the age of the tissue.

Hemicelluloses are usually named according to the main sugar residues in the
backbong; stichl a§ xylan, glucomannans, ;galactans jand glucans. Xylan is a major
polymeric component of the hemicellulose fraction ofiplant cell wall‘and is the second
most abundant renewable resource with a high potential for degradation to useful end
products. §y Xylans: of % many’. plant’ materialsy aré fheteropolysaceharides| with
homopolymeric backbone “chains+ ot 1,4-linked P-D-xylopyranose units. ~Besides
xylose, xylans may contain arabinose, glucuronic acid or its 4-O-methyl ether, and
acetic, ferulic, and p-coumaric acids. The frequency and composition of branches are
dependent on the source of xylan. About 80% of the xylan backbone is highly

substituted with monomeric side-chains of arabinose or glucuronic acid linked to 0-2
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and/or 0-3 of xylose residues, and also by oligomeric side chains containing

arabinose, xylose, and sometimes galactose residues (Figure 2.2) (Saha, 2003).
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Xylan from ardwood

ﬂ 'Ll%l NI} 4b iR 214va e

residues erage degree of polymglzatlon (DP) between 150 and 200] llnked by B-
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1rchw00d xylan contains more than 1 mol of acetic acid per 2 mol of xylose).
Acetylation is more frequent at the C-3 than at the C-2 position. The presence of these

acetyl groups is responsible for the partial solubility of xylan in water. These acetyl
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groups are readily removed when xylan is subjected to alkali extraction (Beg et al.,
2001).

o-4-0-Me-Gloa
Co0H

“o ot a3 AN momo
Figure 2.3 Compositio ylan (hardwood xylan)
titution take place. Ac,
onic acid (Sunna and
arabino-4-0-
methylglucuroxyl ey have a higher 4-0-
methylglucuronic ac he 4-0-methylglucuronic
acid residues are attache xylans are not acetylated, and
instead of an acetyl group they have o-L-atabinofuranose units linked by a-1,3-

glycosidic bonds at the he arabinosyl substituents occur
on almost 12%- ; 088)., The ratio of p-D-
ofuranose is 100:20:13.

aﬂ’ between 70 and 130.

xylopyranose, 4

Softwood xylansﬁ shorte
They are also less branched.
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Flgure 2.4 Composition of arabino-4-0-methylglucuronoxylan (softwood xylan).

Numbers indicate the carbon atoms at which substitutions take place. a-
Araf; a-arabinofuranose; a-4-0-Me-GIcA: a-4-0-methylglucuronic acid
(Zimbo and Timell, 1997).



Xylan from grass

The xylan of grasses is also arabino-4-0O-methylglucuronoxylan, degree
of polymerization 70. It has less 1,2-linked 4-0-methyl-a-D-glucuronic acid than does
hardwood xylan but does have a large contene of L-arabinofuranosyl side chain
shown in Figure 2.5. there are linked to C-2 or C-3, or both, of the g-D-
xylanopyranose main-chain residues. In addition, such xylans contain 2.5% by weight
of O-acetyl groups linked to C-2 or C-3 of the xylopyranose units. Moreover, 6% of
the arabinosyl side chains are themselves substifuted at position 5 with feruloyl
groups, while 3% are substituted with p-coumaroyl residues. The relative proportions
of the various components of grass arabinoxylans vary from species to species and
from tissue to tissue withing single species. The reader should note that the ester-
linked substituents maysbe partially or é,or}l_pletely lost from substrates prepared by
solubilization in alkali. It.should also be ﬁftled that in native lignocellulosic materials
some or all of the feruloyl substituents may engage in covalent cross-linking of xylan
molecules with lignin or with other xylan nilllplecules (Coughlan et al., 1993).

Most xylang' oCcur*‘as hété‘rbpélysaccharides, containing different
substituent groups in the backbone Chai;ljtajl-d in the side chain. The common
substituents found on the backbone of xylan are acetyl, arabinosyl, and glucuronysyl
residues. Homoxylans, on the other hand, coﬁt excluswely of xylosyl residues. This
type of xylan is, not Wldespread in nature and has beeiisolated from esparto grass,
tobacco stalks; and. guat.sced husk. Xylans with p-1.3-linked -backbone have been
reported in marine algae. The mixed link of B-1,3- and [-14-xylans are found in

seaweed such as Palmeria palmate (Beg et al., 2001).
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Figure 2.5 Composition of a typical cereal arabino-4-0-methylglucuronoxylan

(Coughlan et al., 1993).
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Xylans from different sources, such as grasses, cereals, softwood, and
hardwood, differ in composition. Rice bran neutral xylan contains 46% xylose, 44.9%
arabinose, 6.1% galactose, 1.9% glucose, and 1.1% anhydrouronic acid. Wheat
arabinoxylan contains 65.8% xylose, 33.5% arabinose, 0.1% mannose, 0.1%
galactose, and 0.3% glucose. Corn fiber xylan is one of the complex heteroxylans
containing B-(1,4)-linked xylose residues. If gontains 48-54% xylose, 33-35%
arabinose, 5-11% galactose, and 3-6% glueuroni€ acid (Saha, 2003).

-

Xylanolytic enzymes

Several hydrolyticgénzymes with diverse specificity and mode of action are
required to complete hydrolysis fof xéllan which is heterogeneity and complex
structure. Xylan degrading enzymes are usually composed of the following hydrolytic
enzymes: [-1.4-endoxylanas¢ (1:4-p-D=xylan xylohydrolase, E.C. 3.2.1.8),
B-xylosidase (1,4-B-D-xylan xyloilydrolaslé, EC 3.2.1.37), a-L-arabinofuranosidase,
a-glucuronidase, acetyl xylan esterase, a-njcl___,pl}cnolic acid (ferulic and p-coumaric
acid) esterase (Figure: 2.6), which are necgfsjsar}./ for hydrolyzing various substituted
xylans. Table 2.1 lists the enzyrﬂés invol{/;é_fip .Ehe degradation of xylan and their
modes of action. The end:o-xyjlanase attaééslsfthe main chains of xylans, and
[-xylosidase hydrolyzes X}dooiigosaccharideé'.'téiXylose. The a-arabinofuranosidase
and o-glucuronidase remove the arabinose and 4-O-methyl glucuronic acid
substituents, reséévctively, from the xylan backbone. The estefases hydrolyze the ester
linkages between kylose units of the xylan and acetic acid,(acetylxylan esterase) or
between arabinose side chain residues and phenolic acids, such as ferulic acid (ferulic
acid esterase) and p-coumaric acid (p-coumaric acid esterase). All theses enzymes act
cooperatively to convertXylan to/its constituent sugar. Heteroxylans.contain different
substituent groups in the backbone and side chain. Therfore, the degradation of such a
complex.. polysaccharide .may..inyolye, synergistic. action between .the different

components of theixxylanolytic enzyme system (Saha, 2003).
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Table 2.1 Enzymes involved in the hydrolysis of complex heteroarabinoxylans (Saha,
2003)

Enzyme Mode of action

Hydrolyzes fi-1,4-xylose
kages releasing xylobiose
xylose from xylobiose and
! ain xylooligosaccharides

terminal nonreducing
i nose from arabinoxylans
wronic acid from glucuronoxylans
Acetylxylan esterase es acetylester bonds in acetyl xylans
Ferulic acid esterase lester bonds in xylans

p-Coumaric acid esterase oy maryl ester bonds in xylans

Hydrolyzes mainly interior fi-1,4-xylose

Endo-xylanase
linkages of the xylan backbone

Exo-xylanase
f-Xylosidase
a-Arabinofuranosidase

o-Glucuronidase

Endo-1,4-p-Xylanase

The 4.,4-B<D-x -. doxylanase, E.C. 3.2.1.8)

7 . lc‘ e | 5
Ade F "\s\\s lan backbone (Figure. 2.6),
he atte

cleaves the internal glycosidi

resulting in a decreased DP of \ f the substrate is not random,

and the bonds to be , end on the nature of the substrate such as length
J J . :

and degree of branching © theMtﬁ? < e presence of substituents. During the

-

early course of h rolf is--<of ‘x 2) ain  products formed are

xylooligosaccharides. As hy olys;

L

S procee e oligosaccharides will be further
o L

hydrolyzed to xylotri > and lanases have been
differentiated ‘acCording-to-the-end-produ Tom ydrolysis of xylan

ases are produced by many

(1
U

f
such as xylose, xylob

species of fungi :![ bacteria (Collins et al., 200

AU INININYINS
RN TUNRINYINY
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Figure 2.6 A hypotheticaliplant Xi/lan struéturé showing different substituent
groups with §ites of _attaék by rﬁiggotzial xylanases (Beg et al., 2001).

r
¥
B-Xylosidase -

B-D- xy1051dases (1 4=B-D- xylan_xﬂohydrolase EC 3.2.1.37) can be

classified according to _.their  relative -afﬁmtles for xylobiose and larger

xyloohgosacchamdes Xylobiases and exo-1,4-B-xylanases tan be recognized as

distinct entltles ~but will be treated as xylosidases, ’that hydrolyze small
xyloohgosaccharldes and xylobiose, releasing B-D-xylopyranosyl residues from the
non-reducing terminus (Figure. 2.6). An important role attributed to p-xylosidases
comes into play after the,xylan has suffered.a number of successive hydrolyzes by
xylanasé. This| reaction  leads to the accumulation- of short oligomers of B-D-
xylopyranosyl, which may inhibit the endoxylanase. B-xylosidase then hydrolyzes
these products, removing the cause of inhibition,“and increasing the efficiency of

xylan hydrolysis (Polizeli et al., 2005).

Acetylxylan esterase
Acetylxylan esterase (EC 3.1.1.6) removes the O-acetyl groups from
positions 2 and/or 3 on the B-D-xylopyranosyl residues of acetyl xylan (Figure. 2.6).

This enzyme was a late discovery, probably because the alkaline extraction frequently
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employed with highly acetylated xylans, like those in hardwoods, tends to strip the
acetyls from the xylan. Acetylxylan plays an important role in the hydrolysis of xylan,
since the acetyl side-groups can interfere with the approach of enzymes that cleave

the backbone, by steric hindrance, and their elimination thus facilitates the action of

2

Arabinase '
Arabina%L-arainosmubstituted at positions 2 and
—— e ——

3 of the B-D-xylopyr

endoxylanases (Polizeli ef al., 2005).

re two types with distinct modes of action: exo-a-
L-arabinofuranosidas 7 p-nitrophenyl-a-L-
arabinofuranosides an endo-1,5-a-L-arabinase
(EC 3.2.1.99) whi inases investigated so

far are of the exo ty

glucuronic acid re ‘ ;E'-D- ylopyranosyl backbone units found in

glucuronoxylan (Figur ibit their maximum activity

only in the presence of shoﬁﬁ?urg oxylan bstrates. However, the substrate

S
specificity Var with the mlcro'B’al df)ﬁfc nd s glucuronidases are able to
hydrolyze th Tﬁmmi-’m_nnn-ﬂ_v_i  hoted th D‘-"Kﬂ' ] groups Close to the
glucuronosyl sub ~’! ituents can part onidase activity (Polizeli et

al., 2005).

mmwﬂmw BT i e

(EC 3.1. 1 -) cleave ester bonds on gylan the first ogcleaves between a@mose and

PATRNAIHNIINGI§
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Xylanolytic microorganisms

Xylanases catalyze the hydrolysis of xylans. These enzymes are produced
mainly by microorganisms and take part in the breakdown of plant cell walls, along
with other enzymes that hydrolyze polysaccharides, and also digest xylan during the
germination of some seeds (e.g. in the.malting of barley grain). Xylanases also can be
found in marine algae, protozoans, crustaceans, insects, snails and seeds of land plants
(Polizeli et al., 2005).

Several microorganisms-including fungi-and bacteria have been reported to be
readily hydrolyzing xylans by synthesising 1,4-B-D endoxylanases (E.C.3.2.18) and -
xylosidases (EC.3.2.1.37). Xylanases have been reported in Bacillus, Streptomyces
and other bacterial genéra that'do not have any role related to plant pathogenicity.
Since the introduetion of xylanases in pe;,pq( and pulp and food industries there have
been many reports on/ xylanases frorzll "both bacterial' and fungal microflora

(Subramaniyan and Prema,2002).

Bacterial xylanases

Bacteria just like in the case;;.{: many industrial enzymes fascinated the
researchers for alkaline thermostable xylanaée"ﬁpbducing trait. Noteworthy members
producing high levels of xylanase activity at- alkalme pH and high temperature are
Bacillus spp. Bacillus circulans was reported xylanase with an.activity of 400 IU/ml
It had optimtm=activity_atpH_7 and 40% of activity_waS-fectained at pH 9.2.
Streptomyces cuspidosporus produced 40-49 U/ml in xylan medium. Bacillus sp.
strain NCL 87-6-10 produced 93 U/ml of Xylanase in the zeolite induced medium
which was more effective than Tween 80 medium. Another Bacillus sp. Bacillus
circulans” AB 16 produced 19.28 | W/ml .of xylahase 'whensgrown on rice straw
medium. Streptomyces sp. QG=11-3 was! found to be producing xylanase (96 U/ml).
Rhodothermus marinus was found to be producing thermostable xylanases of
approximately y 1.8-4:03 AU/mly The strict thermophilic f[anaerobel Caldocellum
saccharolytiecum possesses xylanases with optimum activities atpH values'5.5-6.0 and

at temperature 70 °C (Subramaniyan and Prema, 2002).
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Fungal xylanases
There has been increased usage of xylanase preparations having an
optimum pH<5.5 produced invariably from fungi. The optimum pH for xylan
hydrolysis is around 5 for most of the fungal xylanases although they are normally

stable at pH 3-8. Most of the fungi produce xylanases, which tolerate temperatures

below 50 °C. In general, with rare fungi reported to be producing

xylanases have an initial cultivation p Nevertheless it is different in
the case of bacteria. 7 ases are in general slightly
higher than the pH op ie industrial applications, ,
the low pH required vity of xylanase necessitates
additional steps in th xylanases less suitable.
Trichoderma vir. Xylan ml, optimum pH 5.2).
Similar to T.viride T s ¢ igher xylanase activity
approximately 960 U Frichoder commune 1is also one
of the high xylanase producers wit&?" . 244 U/ml. Among white

known tO pro . ‘h!.:'ﬁ""" 'an-deocradine enzvmes Crable 29y

=

i
AUEINENINYINS
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Table 2.2 Characteristics of xylanase from microorganisms (Beg et al., 2001)

Microorganism Molecular Optimum Stability
welght
(kDa) pH Tempera- pH Tempera-
ture (°C) ture (°C)
Bacteria

Acidobacterium 65 3-8 20-50

capsulatum
Bacillus sp. W—

40

70
55

65

50-60

40-90
85
60-65

50

- 40
s 95 50
T/ ! moanaerobac J 5 | —

2 IW/SL-YS 485
Thermotoga maritima 40, 120 54 6.2 92-105

ﬂu%ﬂ?/l NN g%

Aspergillus niger 13 5-140 55

I ilqaﬁrﬂﬁmmﬁ Ijllﬂ)f]aﬂ
Aspergillus fischeri 31 6 60 5-9.5 55
Fxnl

Aspergillus sojae 327,355 5,55 60,50 5-8,5-9 50, 35
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Table 2.2 (continued)

Microorganism Molecular Optimum Stability

weight

(kDa) pH Tempera- pH Tempera-

ture (°C) ture (°C)

Aspergillus sydowii 60 - -
MG 49
Cephalosporium sp. 8-10 -
Fusarium oxysporuii 7-10 30
Geotrichum candidum G 7 345 45

Paecilomyces varioti

Penicillium ' 33 ‘e, . 40
purpurogen ,
60
60
40
Aureobasidium 35
pullulans Y-2311
Cryptococcus albidus - -
ol
Trichosporon cutane ,”5‘51‘ r"'ﬁ"‘ ..i 50
SL.409
1
Acti 1e ;‘ur-u -
Strept h'i" B _
|
Streptomyces sp. 23.8-40.5 67 55-60 -
B-12-2
Streptomycest T 37-50
WH%Q'lﬂlljllB’]ilﬁ
eptomyces 40-60

C attanoogenszs

Qﬁ?ﬁﬂ‘imﬂl’iﬁﬂﬂﬂﬂﬁﬂ

Strepiomyces sp. - 8.6 60 5492 50-75
QG-11-3
Thermomonospora 15-36 6.8-78 75 - -

curvata
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Industrial applications

Xylanolytic enzymes from microorganism have attracted a great deal of
attention in the last decade, particularly because of their biotechnological potential in
various industrial processes, such as food, feed, and pulp and paper industries.
Xylanases have shown an immense petential for increasing the production of several
useful products in a most economical way. The main possibilities are the production
of SCPs, enzymes, liquid or gaseous fuels, and.solvents and sugar syrups, which can
be used as such or as feed stock for ether mierobiological processes (Beg et al.,
2001):

Currently, the most promising application of xylanases is in the prebleaching
of kraft pulps. Enzyme application improves pulp fibrillation and water retention,
reduction of beating times in virgin pillsz, restoration of bonding and increased
freeness in recycledifibers, and selective;rémoval of xylans from dissolving pulps.
Xylanases are also useful in'yielding cellulose from dissolving pulps for rayon
production and biobleaching of wood pulpgl.,

Depression in weight gaifi and fee'd-'ic'oﬁversion efficiency in rye-fed broiler
chicks has been associated with,intcstinal {;ié,c_o_sity. Incorporation of xylanase into a
rye-based diet of broiler ehickens: results inreduced intestinal viscosity, thus
improving both the weight gain of ¢hicks and Thelr feed conversion efficiency.

The efficiency of Xylanases in 1mprov1ng the quality of-bread has been seen
with an increase-in-specific.bread volume.Lhis s futthct cabanced when amylase is
used in combination with xylanase.

Xylan is present in largc amounts in wastes from agricultural and food
industries. Hence, xylanases are used for conversion of xylan into xylose in waste
water. The developmentiofian efficient process) 6f enzymaticthydrolysis offers new
prospects for/tteating hetnicellulosic wastes.

Xylanase treatment of plant.cells can induce glycosylation and fatty acylation
ofl phytosteréls: Ttreatment-of tobacco suspension eells (Nicotiana tabacum CV. KY
14) with a purified endoxylanase from Trichoderma viride ‘caused a'l3-fold-increase
in the levels of acylated sterol glycosides and elicited the synthesis of phytoalexins.

a-L-Arabinofuranosidase and B-D-glucopyranosidase have been employed in

food processing for aromatizing musts, wines, and fruit juice.
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Some xylanases may be used to improve cell wall maceration for the
production of plant protoplasts.

A recent application of a truncated bacterial xylanase gene from Clostridium
thermocellum has been demonstrated in rhizosecretion in transgenic tobacco plants.

Xylanase in synergism with several other enzymes, such as mannanase,
ligninase, xylosidase, glucanase, glucosidase, etcs, can be used for the generation of
biological fuels, such as ethanol and xylitol,from lignocellulosic biomass. The
biological process of ethanol fuel produetion requires delignification of lignocellulose
to liberate cellulose and.hemiccliulose from their complex with lignin, followed by
depolymerization of the cawbohydrate polymers (cellulose and hemicellulose) to
produce free sugars, and finally fetmentation of mixed pentose and hexose sugars to
produce ethanol. ‘_ p

A potential application of the xylefilcl)lytic enzyme system in conjunction with
the pectinolytic enzyme systerm is.in the degumming of bast fibers such as flax, hemp,
jute and ramie. A/Xylanase-pectinase cdllmbination 18 also used in the debarking
process, which is the first step.in ‘wood pro'céési’r-ig. The fiber liberation from plants is
affected by retting, i.c., the remgval of binéhig_material present in plant tissues using
enzymes produced in siftl bysmiicroorganisms: }P'eﬁ"ainases are believed to play a major
role in this process, but xylanases may also be mvolved Replacement of slow natural
retting by treatment with arfificial mlxtures of enzymes could-become a new fiber
liberation technology.in-thencarfutuce.

Xylanase" are used concurrently with cellulase and-pecCtinase for clarifying
must and juices, and for liquefying fruits and vegetables, and in the pretreatment of
forage crops to improve the digestibility of ruminant feeds and to facilitate
composting.

Alkyl glycosides'are one of the'most promising.candidates fot.new surfactants.
Commercially, they are produced from monomeric_sugars such as D-glucose and a
fatty-aleohol. But'the .direet glycosylation using polysaccharide is motcifeasible for
their industrial production, because hydrolysis of polysaccharide’and subsequent steps
can be omitted. Thus, use of xylanase in this process provides a challenging
opportunity. Recently, xylanase from Aureobasidium pullulans has been used for

direct transglycosylation of xylan, l-octanal and 2-ethyl hexanol into octyl-p-D-
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xylobioside, xyloside, and 2-ethylhexyl-B-D-xylobioside, respectively (Beg et al.,
2001).

The use of xylanases in biotechnological applications has stimulated the
search for enzymes with high temperature optima and/or alkaline pH optima. Fungal
xylanases are generally less thermostable than bacterial xylanases. Most xylanases
from fungi have pH optima between 4.5 and.5.5: Xylanases from actinobacteria are
active at pH 6.0-7.0. However, xylanases’ with alkaline pH optima have been
described from Bacillus Sp. and Sireptomyces-viridosporus (Sa-pereira et al., 2002).
The recent works on isolation of xylanase-producing bacteria and actinobacteria, their
xylanase properties, and" optimal conditions for the xylanase-production are listed
below. \

Hurlbert .and Pzeston (2001) ré_pqrted functional eharacteristics of novel
xylanase (Xylanase A) produged by Erwinzla' chrysanthemi D1 isolated from corn. The
xylanase A was found fo have molecular mass of 42 kDa, isoclectric point of 8.8, and
optimal pH and temperature of 6 and fll35 °C. The enzyme was still active at
temperature higher than 40 °C and pH of -1'-1'p ‘to 9.0. It was most active on xylan
substrates with low ratio of xylose to 4—0-£]éthyl-D-glucuronic acid. Mode of action

was unique with no internal iCleavages of the Xylan backbone between substituted

xylose residues. y

Sa-pereira et al. (2(7)62-)7isolated Xylanoly-ﬂc Bagcillus subtilis from hot-spring.
Oat spelt xylan was used.as-xylanasc.inducer.in.culture medium. Optimal xylanase
production of about 12 units/ml was achieved at pH 6.0,°50 °C within 18 h
fermentation. Xylanase production decreased as function 0f time when xylan was
used as substrate. But with trehalose as carbon source, xylanase production
maintained ¢onstant for at least 80 h.;Optimal Kylanelytic activity swas reached at 60
°C in phosphate buffer pH 6.0. The xylanase was completely stabletat 60 °C for 3 h.
Under optimized fermentation conditions, no cellulolytic activity was_ detected.
Protein disulfide, reducingragents, e. g DTT, enhanced xylanolytic actiVity about 2.5
fold.

Techapun et al. (2003) isolated cellulase-free xylanase producing
actinobacteria, Streptomyces sp., from agricultural wastes. Their xylanase produced
from cane bagasse was active and stable at temperature of 50-80 °C, active at alkaline

pH (pH 7-9), and half-life at 70 °C, pH 9.0 was 5 h.
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Roy and Uddin (2004) isolated xylanase producing bacteria, Paenibacillus sp.
from soil in Bangladesh. The molecular weight of the purified xylanase was 48 kDa.
The optimum temperature and pH of the purified enzyme were 55 °C and pH 7.0,
respectively.

Roy (2004) isolated xylanase-producing Bacillus sp. from soil in Bangladesh.
The Bacillus sp., grown in xylan medium atpH 7.0, produced xylanase at 55 units/ml.
Maximal enzyme activity was obtained by cultivation in oat spelt xylan, but high
enzyme production was alse- obtained on wheat bran. The pH optimum and
temperature optimum of the xylanase were between piH 6 and 7, and at 50 °C (pH
7.0), respectively. The*enzyme could not hydrolyse cellulose, carboxymethyl-
cellulose and starch. \

Rawashdel™ er gal. #(2005) isoiatgd xylanase producing actinobacteria,
Streptomyces sp., ftom goil in Jordan, ;aﬁd studied the effect of some cultural
conditions on the xylanase production. Maximal xylanase production was obtained
when oat spelt xylan wasg used as a_carbon source. When tomato pomace was used as
carbon and nitrogen source, the' maximal X}'fl-a-flaSé production was 1,447 units/ml. The
crude enzyme was maximally active at pH 65 a_,r_ld 60 °C.

Virupakshi et al. (2005) dsolated: thermostable alkaline xylanase producing

Bacillus from sugarcane molasses. Xylanase productlon from various agricultural
wastes (wheat bran, rice bran sugarcane bagasse ragl husk, gram bran, corn cob) by
solid-state fermentation.was-studied..Maximal xylanasc was“produced in rice bran
moistened with mineral salt solution at 50 °C for 72 h. Yeast extract, beef extract and
xylan enhanced enzyme production, while glucose, lactose and fructose strongly

repressed the enzyme.production.

Characterization of xylanolytic'bacteria
Characteristics of Bacillus
Bacillus strainsinB. fiemus (Tseng et al.;2002); B.ipumiliis (Duarte et
al.,;2000), B subtilis'(Yuan'etal.,2005), B. polymyxa (Sandhurand Kennedy;1984),
B. coagulans (Wong et al., 1988), B. thermantarcticus (Lama et al., 2004), B.
circulans (Kyu et al., 1994), B. licheniformis (Archana and Satyanarayana, 1997) and
B. stearothermophilus (Khasin et al., 1993) were reported to produce xylanase. They

were rod-shaped and straight, 0.5-2.5 x 1.2-10 um, and arranged in pairs or chains,
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with rounded or squared ends. Cells were Gram-positive and were motile by
peritrichous flagella. Endospores were oval or sometimes round or cylindrical and
were very resistant to many adverse conditions. They were aerobic or facultatively
anaerobic, chemoorganotrophs, with a fermentative or respiratory metabolisms.

Usually, catalase was positive. Fo in a wide range of habitats; a few species were

pathogenic to vertebrates or invertebre al., 1994). They contained DAP in

the cell wall and a major menaquine +C contents ranged from 32-

69 mol% (Claus and : " some xylanolytic Bacillus
—

Table 2.3 Characteri of Bacilli ccies (Arct na and Satyanarayana, 1997,

Duarte et al., 2000; 4l 1994 Tseng et al., an et al., 2005.)

N\

B. circulans B. firmus
ATCC 45137 ATCC 145757

Characteristics

Enzyme production:
f-Galactosidase
Arginine dihydrolase

+
+

Oxidase
Acetoin production
Galatin liquefication
Utilization of:
Mannitol
Amygdalin
Fermentation of:

Ribose o e —— . - - -
D-Xylose y"' ) . + -
Adonitol
Galactose - -

Inositol + + +
Sorbitol

ii:ﬂﬁ"ﬁl’l"flﬂﬂ‘ﬁﬂﬁl’]ﬂ‘i

Me11b10
Melezitose -

Qﬁﬁﬁﬂﬂ‘im Nﬂﬂﬂiﬂﬁﬂ i

q Glycogen
Gentiobiose -

+
+ + + o+
1

+ +
+
1 1

+ o+ o+
+

D-Turanose -

+
+ o+ o+ o+
J’_

D-Lyxose - - -
D-Tagatose + - + - -
Gluconate + - - + -
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Characteristics of Paenibacillus
Paenibacillus  species that produced xylanase, such as P.
barcinonensis, P. cellulosilyticus, P. favisporus, P. montaniterrae, P. panacisoli, P
phyllosphaerae, P. septentrionalis, P. siamensis, P. soli, P. tundrae, P. woosongensis,
Velazquez et al., 2004; Rivas et al., 2005;
et al., 2007; Lee and Yoon, 2008;

P. xylanexedens and P. xylam'lyt'cr||
2006; Sanchez et al., 2005;
Khianngam et al., 2009; M

re Gram-variable, rod-shaped

Mpsoidal spores in swollen

sporangia. Colonies fori reular, flat, convex; h. They are facultatively

and motile with peritr

anaerobic or strictly agrobic #0d ;f pe "‘\‘-{\ G "'m- ntents ranging from 45 to

54 mol%. Some of the 0'_.{ ns exerete di ments of polysaccharide-
i A

hydrolysing en: Ss  and luce antibacteria s nl such as polymyxin,

octopytin baciphelagin an & e yunds. Tt ajor isoprenoid quinone
was menaquinone MK-7 2 ajor [ cellulars fatty vas 12-methyltetradecanoic
acid. Cell-wall peptidoglyc: " o-diam nelic acid. (Berge et al.,
2002; Lee et al., 200 '
shown in Table 2.4.

er tics of Paenibacillus were

|

8
ﬂumwﬂmwmm
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Table 2.4 Characteristics of Paenibacillus species. Strain: P.barcinonensis BP-23"
(Sanchez et al., 2005), P. xylanilyticus LMG 21957" (Rivas et al., 2005),
P.cellulosilyticus PALXILO8" (Rivas et al., 2006), P.phyllosphaerae PALXIL04"
(Rivas et al., 2005), P.siamensis S5-3" and P. septentrionalis X13-1" (Khianngam et
al, 2009)

+, positive; -, negative; w, wea

Characteristic PALXIL04T $5-3T X13-17

Growth in 5%NaCl
Catalase

- +

+ + +
Oxidase + +
Citrate utilization

Voges-Proskauer - + +

Nitrate reduction - - -
Urease - + +
Hydrolysis of:
Gelatin

Starch

Acid production fro

N-acetylglucosaming

Amygdaline
L-Arabinose
Gluconate

Glucose

D-Maltose
D-Mannitol
D-Mannose
D-Melibiose
D-Raffinose
D-Rhamnose
D-Sorbitol
D-Sucrose + + +
D-Xylose " =" + QS +
DNA %o 45.8 473

£ + + =2 + + + + 4+ +
+ + + + +
1 1

+ o+
+ o+
LI |

ARIAINTUNIINGINY
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Characteristics of Cohnella

Cohnella fontinalis was reported to produce xylanase (Shiratori et al.,
2010). Cells were Gram-positive, aerobic, endospore-forming rods measuring 0.5-0.7
x 1.5-6.5 um. Motile by means of peritrichous flagella. Grew occurs at 25-55 °C and
pH 5-5-8-5. Grew occurs at NaCl concentrations of up to 2:0 % (w/v). Positive for
catalase, oxidase, nitrate reduction, hydrolysis of xylan and aesculin while that of
DNA, starch, agar, chitin, cellulose, casein, gelatin and tyrosine was negative.
Negative for indole production, hydrogen sulfide production, urease and arginine
dihydrolase. The major.iseprenocid quinone was MK=7. The major fatty acids of were
anteiso-Cys, 150-Cig0° amd o is0-C5¢.. Predominant polar lipids were
diphosphatidylglycerolgphesphatidylglycerol and phosphatidylethanolamine. The

genomic G+C content was 58:6,mol %,

=
il

Characteristics of Cellulomonas | &

The strains of] Cellulomonag'l xylanticus (Rivas et al., 2004), C. persica
(Elberson et al., 2000), C: terrae (An et'-’-a-l.,“-2005) and C. uda were reported to
produce xylanase (Rapp and Wagher, 19%_6)_,_Cells were Gram positive, slender,
irregular rods, 0.5-0.6 X 2.0-5.0.qun; straight or slightly curved in young cultures;
some rods were in pairs at an angle fo each OE giving V formation; rod occasionally
showed branching, but notfﬁt}}éelium was forméa Motile by ene or a few flagella,
non-spore forming,-non-acid-fast, facultative anacrobes,.but some grew very poorly
anaerobically. ‘Growth on peptone-yeast extract agar gives usually convex, yellow
colonies. They were chemoorganotroph, respiratory and also férmentative, giving acid
from glucose and various other carbohydrates, both aerobic and anaerobic. Catalase
and cellulolytic fweére™ pogitives) Nifrate #was/) feduced /to iitrite;* The optimum
temperature was 30.°C. Widely /distributed’in soils and decaying vegetable matters
(Holt et al., 1994). They contained L- Orn-D-Glu in the cell wall and had major
menaquinonés (MK <8(H4)-and. (MK=9(H4). [The 'DNA G+C [conténts O were| 72-76
mol% (Rivas-ef al.; 2004).

Characteristics of Clostridium

Clostridium algidixylanolyticum (Broda et al., 2000), C. xylanovorans
(Mechichi et al., 1999), C. xylanolyticum (Chamkha et al., 2001), C. acetobutylicum
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and C. stercorarium strains (Wong et al., 1988) were reported to produce xylanase.
They were rod-shaped, 0.3-2.0 x 1.5-20.0 um, and were often arranged in pairs or
short chains, with rounded or sometimes pointed end, commonly pleomorphic. They
were Gram positive in young cultures, usually motile by peritrichous flagella, form
oval or spherical endospores usually: distend the cell. Most species were
chemoorganotrophic; some were chemoautotrophic or chemolithotrophic as well.
May be saccharolytic, proteolytic, neither, ot.both. Usually they produced mixtures of
organic acids and alcohols frem carbehydrates or peptones. Did not carry out a
dissimilatory sulfate reduetion. Usually, catalase was negative and obligately
anaerobic; if growth ogecurred in air, it was scanty and sporulation was inhibited.
Metabolically they wese very diverse, with optimum temperatures of 10-65 °C (Holt
et al., 1994). Theerganisms of these genera were characterized by the presence of the
meso-diaminopimeli¢ acid in the cell wé}ll, and by G+C contents of 39-43 mol%
(Fardeau et al., 2001). -
d
Characteristics of Microbacteriumf-i—-' .

Microbacterium species that p"mduced xylanase, such as the strains of
M. ulmi sp. nov., M. xylanilyticum-sp. nov. and M. paludicola sp. nov had reported
(Rivas et al., 2004; Kim et al., 2005; Park éti%lw 2006). They were slender, irregular
rods in young eultures, 0.4-0.8 x 1.0-4/0 ur-n., -gr_r_a;lﬁged singly or in pair, when some
were arranged-at an.angle to.give V. {formation. Primary branching was uncommon,
and mycelia were not produced. In old cultures, rods were shorter and cocci, but there
was no marked rod-coccus cycle, Gram-positive, non-acid-fast, non-spore forming,
non-motile or motile.by one to three flagella. Aerobic; weak anaerobic growth may
occur. On yeast extract-peptone-glucose agar, colonies wete opaque glistening, often
with yellowish pigmentation. Chemoorganotiophic, metabolisms primarily respiratory
but might be weakly fermentative..Acid was produced from glucose and some other
catbohydrates. {Nulritional-requitemeiits, wete complex: Catalase wasipositive. The
optimum growth temperature was-30-°C (Holt ef'al.;>1994). Fhe organisms-of these
genera were characterized by the presence of N-glycolyl residues in the cell wall, by
having major isoprenoid quinones MK-11, MK-12 and MK-13 and/ or MK-14, and by
G+C contents of 65-76 mol% (Takeuchi and Hatano, 1998). Characteristic of

Microbacterium sp. were shown in Table 2.5.
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Table 2.5 Characteristics of Microbacterium (Rivas et al., 2004; Kim et al., 2005;
Park et al., 2006)

Characteristics M. ulmi M. xylanilyticum M. paludicola
LMG 20991 DSM 16914" DSM16915"

Colony colour White Yellow Lemon-yellow
Catalase - + +
Oxidase ! + +
Nitrate reduction - + -
Hydrolysis of :

Casein + - -

Urea - - +
Chemotaxonomic:

Whole cell sugar Gal, Fue;Xyl, Rha Gal, Gal Gal, Gal, Man,

¥y Rha, Fuc
Major fatty acids ai—Cls;o, ai‘-C17;(), ai-C15;0, i-Clé;o, ai-C15:0, ai-C17;0,
1=Crg:0 a1-C 7. 1-Cie:0
Major menaquinones MK-12; MK-13, MK-11, MK-12, MK-11, MK-12
MK-11;M-14; MK-10 MK-13

% mol G+C 69, 69.7 66.5

Characteristics of Bacteriodes il

Bacteroides strains were rod-éhefp'é'd organisms of variable size with
pleomorphic and showed terminal- or centrajlli, swellings, vacuoles, or filaments, non-
motile, anaerobic, .chemoorganotrophic, met;dbrc—)lizing carbohydrates, peptone, or
metabolic intermediates=Especially-with-stronglysaccharolytic Species, fermentation
products include acetate, succinate, lactate, formate, or propionate. Butyrate was not
usually a major product, but when 1t was formed it was accompanied by isobutyrate
and isovalerate. Many_species contain high Jevel of branched chain fatty acids,
generally, anteiso=-Cs.¢ acids; and also’ sphngolipids. Hemin -and-Vitamin K were
highly stimulatory“for the growth of many species and*were genetally added to media
for growth of habitats: gingival crgvice, intestinal tract (cecum and rumen), sewage
sludge, "and aufective and putulent conditions in ‘human and. animals«(Holt let al.,
1994). The organisms of this genus were characterized by having major menaquinone
(MK-10) and (MK-11), and by G+C contents of 39-42 mol% (Miyamoto and Itoh,
2000). B. xylanolyticus were reported to produce xylanase (Scholten-Koerselman et

al., 1988).
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Characteristics of Thermotoga

Thermotoga maritime strain was reported to produce xylanase (Beg et
al., 2001). This bacterium was rod-shaped and had a characteristic outer sheath-like
structure which could be observed under in situ conditions. Members of the recently
described genera Geotoga and Petrotoga:also possessed this morphological feature
and, as determined by a 16S rRNA sequence analysis, were distantly related to
members of the Thermotogales. Collectively,the five genera mentioned above
represented one of the deepest phylogenetic branches in the domain Bacteria. These
taxa could be differentiated on the basis of their optimum temperatures for growth;
Thermotoga species wereé exireme thermophiles that have optimum temperatures for
growth of around 80 €. Thermosipho and Fervidobacterium species had optimum
temperatures forsgrowth" o653 to 75 °C _:cl_nd were regarded as thermophiles, and
Geotoga and Petrotoga: species were "{Iioderate thermophiles having optimum
temperatures for growth of less than 6OT°C.V- Until recently, members of the three
genera belonging 0 the order 7 hermoflltggales (Thermotoga, Thermosipho, and
Fervidobacterium) had been -isolated oriiii—-' from volcanic aquatic environments.
Different species had different sodiun; j"_C_h]OtidG requirements and optimum
temperatures for growth. Thesé differences reflected the restricted ecological habitats
(hydrothermal marine environments, hydr(?__ﬂ?érmal terrestrial environments) from
which the organisms were isolated. Round-é(;i;)_ﬁ;iéé (diameters~1 mm) were present
after 7 days ofincubation.at.60.°C. Cellswere rods (0.5.10.1. by 2 to 3 mm), and each
cell had an outer sheath-like structure (toga). The cells occuried singly or in pairs and
had peritrichous flagella. The cell wall was Gram negative, as determined by electron
microscopy or Gram staining. Chemoorganotrophic and obligately anaerobic
members ofithé domain“Bacteria: The G+C confents of the PNAswas 29-46 mol%
(Ravot et al, 1995).

Characteristics of Ruminoctoccus
Ruminococus’ atbus' and” R. flavefaciens" were=reported "to-produce
xylanase (Cotta and Zeltwanger, 1995). They were spherical or slightly elongated,
might have pointed ends 0.3-1.5 x 0.7-1.8 um, and arranged in pairs and chain. Might
motile with 1-3 flagella per cell, non spore-forming, stain weakly, Gram-positive or

Gram-negative, though cell wall structure is of the Gram-positive type. Strict
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anaerobes requiring special methods for study. Chemoorganotrophs with a
fermentative metabolisms, utilizing carbohydrates with the production of mixed acids,
ethanol, CO; , and H,. Catalase negative; nitrate was not reduced, and ammonia was
not produced from amino acids. Growth occurred at a temperature 20-45 °C (optimum

40 °C). In habit the rumen, large bowel, and cecum of mammals (Holt ef al., 1994).

Characteristics of Thermobacillus

Thermobacillusxylanilyticus, ~a~new aerobic thermophilic xylan-
degrading bacterium isolated from farm soil situated underneath a manure heap in
northern France was_aseported. Cells were Gram-negative, aerobic, thermophilic,
xylanolytic and spore-fermiag short rods, occurred sometimes in chains. Spores were
ellipsoidal, central to subterminal and ‘_och_urred in swollen sporangia. It grew at
temperatures up to 63 °C and in the pH;r.a'nge 6.5-8.5. When grown on glucose in
optimal conditions, itsidoubling timel was found to be 33 min. CO, was observed to
have a growth-stimulating effect at the staflrg of the culture. In addition to glucose, the
isolate utilized xylose, arabinose,'mannosé;'i-'ce‘l-lubiose, galactose, maltose, sucrose,
xylan and starch. Growth was inhibited by 5_% l\_IaCl. The DNA G+C content of strain
was 57.5 mol% (Touzel'es al:;2000). Pl

-

Characteristics of Xylanibacter

“The strain,Xolauibacier-oiyzaeRBamissttictlvadacrobic, xylanolytic
bacterium. Celis - were Gram-negative, non-motile, non-spotre-forming, short to
filamentous rods. Growth of the strain was remarkably stimulated by the addition of
haemin to the medium. The strain utilized various sugars including xylan, xylose,
pectin and ¢arboxymethylcellulose 'and produced acétdte; propiondte and succinate
with a small amount of faalate. Propionate production.was stimulated by the addition
of a B-vitamin mixture or cobalamin to the medium. The strain was slightly
acidophilic with afi optimum pH 56 and the optimumigrowth{tempetatdrd was 30 °C.
Oxidase, catalase and nitrate reduction were negative. Aesculinwas ‘hydrolysed. The
major cellular fatty acids were anteiso-C;s.g and is0-3-OH c¢;7.0. The major respiratory
quinones were menaquinones MK-12(H;) and MK-13(H;). The DNA G+C content
was 43.6 mol% (Ueki et al., 2006).



28

In addition, Cotta and Zeltwanger (1995) reported the prodeominant species
of xylanolytic ruminal bacteria included Butyrivibrio fibrisolvens, Fibrobacter
succinogenes, Eubacterium ruminantium and Prevotella ruminicola. Furthermore,
Beg et al. (2001) reported that Acidobacterium capsulatum, Micrococcus sp, AR-135,
Staphylococcus SG-13 and Thermoanaerobacterium JW/SL-YS485 produced

xylanases.

Characteristics for bacterial identification

In principle, all genotypie, phenotypie, and phylogenetic information may be
incorporated in polyphasic taxonomy. Genotypic information is derived from the
nucleic acids (DNA and'RNA) present in the cell, whereas phenotypic information is
derived from proteins and their function‘s, Ei_ifferent chemotaxonomic markers, and a
wide range of other expressed features. ;T}'le number of different molecules which
have been applied in taxonemie studies is'large, and their applications as markers are
manifold. The taxonomig¢ information levéllld of some of these techniques is illustrated
in Figure. 2.7 Obviously, typing rnethods-'i-'sut;h as restriction enzyme patterning,
multilocus enzyme ¢€lectrophoresis; and ‘,;_d'rgl‘ogical analyses are not useful for
phylogenetic studies, whereas fRINA or protein sequencing is, in general, not adequate
to type large numbers of strains. Chemotaxorﬁﬁc methods such as fatty acid analysis
are fast methods, which allow us fo comparé.z-lﬁ(-i-;érbup large numbers of strains in a
minimal period=whereas DNA-DNA_hybridization_studics# for example, will be

restricted to a minimal but representative set of strains (Vandamme et al., 1996).

Phenotypic characteristics

The! [classical /i phenotypics= characteristieS™, of "y bacteria comprise
morphological;. physiological,’ and biochetnical 'features. ' Thel morphology of a
bacterium includes both cellular (shape, endospore, flagella, inclusion bodies, Gram
staining) and _colofilal (color, dimensions, forin) charaétetistics. The physiological and
biochemical features include data on growth at different temperatures, pH values, salt
concentrations, or atmospheric conditions, growth in the presence of various
substances such as antimicrobial agents, and data on the presence or activity of

various enzymes, metabolization of compounds, etc (Vandamme ef al., 1996).
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In addition, standardization of methodologies for many phenotypic
tests is inherentl impossible between those organisms whose conditions for growth do
not overlap. Miniaturized versions of traditional biochemical tests (e.g. API Kkits,
VITEK cards and Biolog plates) offer standardized methods for a range of
biochemical characters (Logan et al., 2009).

Chemotaxonomic characteristics

Cell wall compesition Determination of the cell wall composition has

traditionally been impostant in. gram-positive bacteria. The peptidoglycan type of
gram-negative bacteria s rather uniform and provides little information. Cell walls of
gram-positive bacteriagin contrast, contain various peptidoglycan types, which may
be genus or species spegific/(Schleifer a‘ndJKandler, 1972). For determination of the
diagnostic diamino a€id ig essential, and d’ztérmination of murein structure is essential
for description of new genera and strongly recommended for all novel species (Logan
et al.,2009). f‘l_,
Whole cell sugar Bacterial'c-ell walls contain some kinds of sugar, in
addition to the glucosamine and muraﬁﬁ,c_, _acid of peptidoglycan. The sugar
composition often presents” valuable infbi?r:ne}tion on the classification and
identification of some bacteria, especia]l?}ome Gram positive bacteria and
actinomycetes (Lechevalief and Lechevalier; 197-0'3 :

"Cellular_fatty acids_ _Fatty acids.atc the majet €onstituents of lipids
and lipopolysaccharides and have been used extensively for taxonomic purposes.
More than 300 different chemical structures of fatty acids have been identified. The
variability in chain length, double-bond position, and substituent groups has proven to
be veryusefiil for'the characterization of bacterial taxa. Bactetia can‘be divided into
three distinct/gtoups on the basis/of'theirimeinbrane lipids. The first'group consists of
bacteria possessing cell membranes composed of straight-chain acyl esters. Most
bacteria“ate mémbers of this gtoup. The second group, has cellmembranids composed
of branched-chain and alicyclie acyl esters. This includes a'significant portion‘(about
10%) of bacterial species. The third group has cell membranes composed of
isoprenoid ethers. This includes a small portion of bacterial species, all of which are

archaebacteria (Kaneda, 1991).
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Technique

4 Family
‘ Genus
4 Species
4 Strain

Restriction fragment length pelymorphism (RFLP)
Low frequency restriction fragment analysis (LERF A, PFGE)
Ribotyping

DNA amplification (AFLP, AP-PCR, rep-PCR, DAF, RAPD;,
ARDRA)}

Phage and bacteriogin typing
Serological (mongelonal, pelyclonal) techniques

Zymograms (muliilogus enzyme polymorphism)

Total cellulagprotein glectiophoretic patterns
DNA-DNA hybridigations :
% G+C

tDNA-PCR

Chemotaxonomic markers (polyamines; quinongs} .
Cellular fatty acid fingerprinting (FAME})

Cell wall structure

Phenotype (classical, AP, Biolog...)

rRNA sequencing

DNA probes
DNA sequencing
Figure 2.7 Taxonomic resolution of some of the cuttently used techniques

(Vandamme et al., 1996).

Polar lipids ‘Polar lipids are the major constituents of the lipid bilayer
of bacterial 'membranes” and have been studied “frequently “for classification and
identification purposes. Other typeg of lipids, such as.sphingophospholipids, occur in
only: a restricted mumbet 6f'taXa and were'shown to be valuable within-these groups.
Polar lipid method of characterization is essential for description of new getiera and
recommended for all novel species. Although many polar lipids detected have not yet
been structurally characterized, this disadvantage does not necessarily reduce the

value of this analysis if, for an unknown lipid, a recognizable designation is used and
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the chromatographic behaviour is presented in an image of the two-dimensional thin-
layer plate that shows all lipids (Logan et al., 2009).

Isoprenoid quinones Isoprenoid quinones occur in the cytoplasmic
membranes of most prokaryotes and play important roles in electron transport,
oxidative phosphorylation, and, possibly, active transport. Two major structural
groups, the naphthoquinones and ‘the / benzoquinones, are distinguished.
Naphthoquinones can be divided further into.twe main types on the basis of structural
considerations; these are the phylloguinonesand the menaquinones. While,
benzoquinones, are two.amain types, the plastoquinones and the ubiquinones (Collins
and Jones, 1981). Menaquinones and ubiquinones have so far been reported for
representatives each ofsgenus and hence this method of characterization is essential
for description offnew gencra and recommended for all novel species (Logan ez al.,
2009). -

DNA base composition "Eheamol% G+C of the type strain, at least,
should be determined and in€luded in theflI general deseription, with an indication of
the method used. The! G+C contént of th’e-';DNA 18 strongly recommended for the
description of novel species, and ¢ssential fb_r"_the description of new genera (Logan et
al., 2009). : 222 4

Genotypic characteristics P

41 6S_rRNA_gene_sequencesL6S_tRNA_gcne-Sequences form the
phylogenetic basis, for modern bacterial taxonomy and so- it"is essential that the
sequence of the type strain, at Icast, of each novel species must be deposited in a
database with public access, and its sequence similarity with related species
represented in that databas¢ishould 'be determined! Alseéquence simiilarity of 97% or
more between'an almost.complete.sequence'(>1400 nt,.<0.5%: ambiguity) of the type
strain of the novel species and any sequence of a species with a validly published
naine available from'the/database (EMBL/GenBank/DDBJ) should lead to further
genotypic (andphenotypic)-analysis (Logan ef al.,2009).

Repitative PCR Genomic fingerprints are the procedures of analyzing
the whole genome of the targeted organisms. Rep-PCR is one of the welle stablished
genomic fingerprint methods applied for bacterial identification and characterization.

The rep-PCR technique is simple, can differentiate between closely related strains of
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bacteria, and can assign bacteria potentially up to the strain level based on the

presence of repeated elements within the genome examined (Adiguzel et al., 2009).
DNA-DNA hybridization DNA-DNA hybridization is one method

that provides more resolution than 16S rRNA gene sequencing. DNA-DNA

hybridizations are essential in cases of species descriptions when 16S rRNA gene

ore similarity with existing taxa.

ination of thermal stability
(expressed as ATy,) o brid, did agetween the hybrid and the

homologous duplex are important a : istve for taxonomic conclusions. It

should be borne i at, ‘althougt O more DNA relatedness is

recommended to deling ax 2 he ief Sl me et al., 1987), some strains

of a species may. v 1ess the )b tognes S with 1 strain or other strains
of the same specics IS thre “shou be i ly applied less than 70%
relatedness between two strains shoul ‘ taken automatically to mean that they
belong to different specic o, and) Ti \'\ ~ Logan et al, 2009).
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CHAPTER III

EXPERIMENTAL

3.1 Sample collection and isolation of xylanelytic bacteria

A total of 45 soil samples werc collected from various provinces in Thailand
(Table 4.1). Xylanase producing bacteriatwere isolated from the soil samples not later
than 24 hours after colleetion by.an enrichment culture:method. The soil sample (0.1 g)
was put into a 10 ml gfxylansbasal medium (XB medium) (Appendix A-1) in 25x250
mm test tube and incubated at37.°C for 2 days on a rotary shaker at 200 rpm to screening
xylanase-producing bactetia. One milliliter of the culture was transferred to fresh XB
medium and incubated at/the’same abovei (;ondition for 2 more times. The enriched
cultures or their dilutions (0s1 ml)were dropped and spreaded on the XB agar medium
and incubated at 37.°C for 2 days. Xylane:ISf_: producing capability of the cultures was
screened qualitatively by method described By' Teather and Wood (1982). The colonies
grown on XB agar medium at 37.°C were ﬂoédaed with 0.1% (w/v) Congo red solution
for 10 minutes and then washed by 0:1 M NaC-I:-,-("lé:l'onies surrounded by clear zone were
selected as xylanase producing isolates and@n‘! they were purified by streak plate
method. Colony diameter an(ziiétl-erar zone diamé.te-r- ;;f-single colony grown on the XB agar
medium were medsured:=-Hydrolysis-eapacity-(HE ) value-was-calculated from clear zone

diameter divided by_colony diameter.

3.2 Identification methods
3:2.1 Phenotypic characteristics

Cell “morphology, Gram staining, cell=motility, “colonial appearance,
pigmentation, and spore formation wére examined on_the cells grown on G,agar medium
(Appendix A<2) at"37 °C for 1-2 days as'described by Barrow and Eg¢ltham (1993);
Forbes (1981) (Appendix"A-24)."Catalase, oxidase, citrate ‘utilization, indole production,
methyl red (MR) and voges-Proskauer (VP), nitrate reduction, hydrogen sulfide (H»S)
production, hydrolysis of aesculin, L-arginine, casein, gelatin, starch, tyrosine, tween 80,

DNA, urea and acid production from carbohydrates were determined as described by
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Barrow and Feltham (1993) (Appendix A-2-25). Growth under anaerobic condition on C
agar plate was investigated using a Gaspak (BBL) anaerobic jar. Growth at different pH
(5,6,7,8and9), in 3 and 5% (w/v) NaCl and at different temperature (10, 15, 20, 30, 37,
45, 50, 55 and 60 °C) were tested by using € agar medium. All tests were carried out by
incubating the cultures at 37 °C, except for thednyestigation of the effect of temperature.
Furthermore, the strains of nevel species and theitypesstrains were tested by using API 50
CH strips, API 20 NE, APL20E and ARF zym (bioMcrieux). The results were recorded

after 2 days incubatioins

3.2.2 Chemotaxonomic chavacteristics

3.22.1 Diaminopimelic acid analysis Dried” cells (5 mg) of the
representative isolates in each of group werelhydrolyzed with 1 ml of 6N HCl in a screw-
capped tube at 100 °C for 18 h. After coollrllg,’the hydrolysate solution was filtered, the
resultant filtrate wasimixed with 1 mi of diéti_lled water, then concentrated to dryness at
65 °C by a rotary evaporator The dried material was dissolved in 1 ml of distilled water
and repeated drying. Finally, residual was dry material dissolved in 300 pl of distilled
water and spotted (3 pl) at base¢'line of a cellulose "l’LC plate (20 x 20 cm, E. Merck No.
1.05716.0001). One pl of O. Ol M. DL+ d1am1nop1mehc acid (DAP) was applied as
reference. TLC was developed with methanol: pyr1d1ne 4N HEI: water (80: 10: 4: 26,
v/v) system which-{ast-3-hours or more: TLC chromatogran was visualized by spraying
with 0.2% (w/v) niahydrin in ethanol followed by heating at 100 °C for 5 min. DAP
isomers appeared as.dark-green spots and the developed spot.gradually disappeared in a

few hours (Komagata and.Suzuki, 1987).

3.2.2.2"Whole-cell sugar Approximately 50 mg of dried cells of selected
isolates was hydrolysed with 1 ml of 1N H,SO4 at 100-°C for 2 hours in agscrew-capped
tube. After coohing, 1t was mixed with saturated solution of Ba(OH), and pkl was adjusted
to,5.2-5.5. Removal of precipitate by centrifugation and the resultant supernatant was
dried by vacuum freeze-drying. The dried residue was dissolved in 0.3 ml of distilled
water and it was spotted (10 pl) at the base line of a cellulose TLC plate (20 x 20 cm, E.
Merck No. 1.05716.0001). Two standard sugar solutions were used. One consisted of
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0.1% (w/v) each of galactose, arabinose and xylose. The other consisted of 0.1% (w/v)
each of rhamnose, mannose, glucose and ribose. One microlitre of each standard sugar
solution was applied as reference. TLC was developed with n-butanol: water: pyridine:
toluene (10: 6: 6: 1, v/v) system which last approximately 4 hours. TLC chromatogram
was visualized by spraying with acid aniling phthalate (Appendix B-3) followed by
heating at 100 °C for 4 min. Hexose sugars appeared as yellowish-brown spots and

pentose sugars appeared.as.maroon coloured spots (Staneck and Roberts, 1974).

3.2.2.3 @ellular fatty acids Two to four loops of the selected cell isolates
in exponential phase were put infoa 13 mm x 100 mm serew cap test tube containing 1
ml of reagent 1 (Appendix B41. 1) and mixing well. The resultant suspension was heated
at 100 °C for 5 min, g€peated mixing, reheaied at 100 °C for 25 min, then cooled to room
temperature in water bath. Two millilitre oflrea'gent 2 (Appendix B-1.2) was added into
the suspension, mixed for 5 to/10 sec'with v&_tex mixer, heated at 80+1 °C for 10+1 min
and cooled rapidly in ice water. Then, 1.25 ml of -.r'-eagent 3 (Appendix B-1.3) was added,
mixed for 10 min and the upper-layer WéIS-" transferred to new tube. The resultant
suspension was mixed with 3"ml of reagent 4-LA-ﬁ}-§'endix B-1.4) for 5 min. Addition of
saturation NaCl may required if the suspensiqr_x-::l_)_eidaxme emulsifing. The upper layer was
analysed for celltlar fatty acidrby gas chromét(;g;lphy method/(Sasser, 1990; Kimpfer
and Kroppenstedt;-1996):

3.2.2.4 Polar lipids The selected isolates of navel species were analysed.
Two ml of aqueous methanol (added 10 ml 0f.0.3% aqueous NaCl to 100 ml methanol):
petroleumrbenzine was added to the dried cells, (100 mg). The solutionywas mixed for 15
min and "centrifuged for 5 min. The lower layer was™added with 1" ml of petroleum
benzine and mixed for 15 min. The §olution was heated at 100 °C for 5 minrand cooled
immediately ard7+°C for 5 min:. The suspension was added with 2.3 mlef chloroform:
methanol: 0.3%NaCI (90: 100: 30), mixed for 1 h and centrifuged for 5 min and then
transferred the solvent into another tube. Pellets were extracted again with 0.75 ml of
chloroform: methanol: 0.3%NaCl (50: 100: 40) and mixed for 30 min. The supernatant

after centrifuged was kept and combined. The combined supernatants were extracted with
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1.3 ml of chloroform and 1.3 ml of 0.3% NaCl and mixed. The upper layer was removed
with Pasteur pipettes while, the lower layer was concentrated with dryness on a rotary
evaporator (40 °C). The residues were dissolved with 0.4 ml chloroform: methanol (2: 1)
and applied to two-dimensional silica HPTLC (10 x 10 cm, E. Merck No. 5553) and was
developed with the following solvent systems. Fhe. first solvent system: chloroform:
methanol: water (65: 25:4). The second <€olventssystem: chloroform: acetic acid:
methanol: water (80: 15:.12:4). Subsequently, the first plate was sprayed with Ninhydrin
reagent (Appendix B-2:1) and.thcn heated at 100 °C for 5 min. Dittmer and Lester
reagent (Appendix B.2:2) was sprayed onto the same plate and then blue spots were
detected on the plates gontaining all phospholipids. The second plate was sprayed with
anisaldehyde reagent (Appendix B-2.3) and heated at 100 °C for 10 min after spraying.
Green-yellow spots, dark brown spots and x;_iolet spots were detected on plates containing
mannose-containing substances, glycolipid-sll and other lipids, respectively (Minnikin et

al., 1977). id

3.2.2.5 Quinone analysis Th'e*{isoprenoid quinone were extracted from
dried cells (100-300 mg) of the selected isolat-,"ei ;ﬂ-’each of group by using chloroform:
methanol (2: 1, v/v) in flask and shaked for_f_hz T_hfa residual cells were separated by
filtration. The combined ﬁltraté 7was concentrated t(-; dryness under a reduced pressure on
the rotary evaporaiof= Crude quinione was dissolved-inrasmallamout of acetone. Acetone
solution was appliedito thin-layer chromatography on a silica-gel plate (20 x 20 cm, E.
Merck, Silica gel 60 Fjs4, Art.1.05548.0001) and developed-with a solvent system of
petroleum and diethyl€ther (85: 15, v/v). Standard quinones should also be included. The
quinone §pots'can be visualized by UV light at,254 nm. The R of menaquinone was 0.4.
The band ,of menaquinone was scraped off and extracted with acetone. The purified
quinones were examined by HPLC (Shimadza modelsC-3A). p-Bondapak €18 column
(water Associatesy, ‘Milford, "Mass., USA) was employed and cluted+by " methanol:
ditsopropyl ether (3: 1, v/v) with flow rate 1.0 ml/min. The abbreviation (e.q. MK-7, MK-
6, etc.) used for menaquinone indicated the number of isoprene unit in the side chain

(Shin et al., 1996).
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3.2.2.6 DNA base composition

Isolation of DNA from representative isolates in each of group was
done according to the method described by Saito and Miura (1963). Briefly, log phase
cells grown in the C agar medium at 37 °C for 2 day were harvested by scraping and
washed in 2-3 ml of saline-EDTA buffer pH 8.0.(Appendix C-1.1). Bacterial cell lysis
was done by using 20 mg/ml of lysozyme in 0:1LM Lais buffer pH 9.0 and 10% (w/v) and
sodium dodecyl sulfate (SDS) (Appendix C-1.2) at. 60.°C for 10 min. After the cell was
lysed, the cell suspemsion was«changed from turbid to epalescent and became very
viscous. Following, theraddition of 2 ml of phenol-chloroform (1: 1 v/v) (Appendix C-
1.3), the mixture was mixed for at lgast 30 sec. Then, it was centrifuged at 12,000 g for
10 min. The supernatantwas transferred into a small beaker. After adding of cold 95%
(v/v) ethanol into supernatant to precipitat;ﬂDNA, DNA was spooled with a grass-rod,
rinsed with 70% (v/v) ethanol, 95% (v/v) é}hahol and air dried. DNA was dissolved in
500 pl of 0.1xSSC (Appendix C-1.4)."RNase A solution (Appendix C-1.5) (0.3 ml) was
added and the DNA solution was iﬁcubated-'zé.t"3J7- °C about 20 min for the purification.
After adding 0.5 ml of 10xSSC, ¥#mi of phenb1=ch10r0form were mixed by vortex for 1
min and centrifuged at 12,000.g"for 10 min. Theﬂpper layer was transferred to another
tube. The DNA was prec1p1tated by.adding cold 95% cthanol and DNA was spooled with
a grass-rod then rinsed with 70% (V/V) ethanol and 95% (v/v).ethanol, respectively. After
air dried, DNA  was dissolved-ifn500-ilof 0:1XSSCThe puwity and quality of DNA
solution were detesmined from the ratio between absorbance-value at 260 and 280 nm
(Az60/A2g0) as descitbed by Marmur and Doty (1962).

DNA was hydrolysed gnto nucleosides using nuclease P1 (EC
3.1.3.30) and alkaline phosphatase (EC'3.1.3.1) as described by Tamaoka and Komagata
(1984). Sample of DNA solution was prepared about 0:5-1.0 g 'of DNA/liter of distilled
water. Heat the DNA solution in boiling water for 5 min and cool in ice water. Took 10
ul of the DN A solution to an eppendorf tube and incubated with adding 10yl of nuclease
P} solution (Appendix C-1.9) in water bath at 50 °C for I h. After incubation, 10 pl of
alkaline phosphatase solution (Appendix C-1.10) was added and kept at 37 °C for 1 h.
After DNA hydrolysis, the sample was analyzed by HPLC with condition show in Table
3.1.
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Table 3.1 Conditions for high-performance liquid chromatography

Detector wave length 270 nm

Column Nakarai Cosmosil packed column 5C;g (150x4.6 mm)
Column temperature Room temperature

Eluent 0.2 M NH4H,PO4:acetonitrile (20: 1, v/v)

Flow rate I'ml/min

3.2.3 Genotypic charaeteristics
3.2.3.1416S rRNA/gene sequence analysis

362.3.141 168 rRNAl gene amplification by PCR The PCR was
performed in a total volume 0150 ul containing 1 pl of DNA sample, 0.25 pl of Tag
DNA polymerase, 54l of 10x polymesase buffer, 4 ptl of dNTP mixture, 2.5 pl of 10 pM
forward and reverse pfimers (Appendix CI}4)‘-’-and 34.75 pl of Millig water. A DNA
Thermal Cycler (Gene Amp® PCR System 2400 Perkin Elmer) was used with a
temperature profile of /S5 min at 94 e followed by 30 cycles of 30 sec at 94 °C
(denaturing of DNA), 30 min af-55 °C (p_r!_me!r annealimg) and 2 min at 72 °C
(polymerization) and a final eicténsfon for 10 rn_m_‘gt'I 72 °C. The PCR amplified products
were analyzed by running 5 plof the“reaction n;lxty_{c on a 1% agarose gel in Tris-acetate

EDTA buffer. Agarose gel was stained in an ethidium bromide solution (0.5 mg/ml) and

examined under. UV-transilfuminator (UVP Inc.) to visualize thé amplified 16S rRNA

gene band.

3.2:3.1.2 16S rRNA gene sequencing The amplified 16S rRNA
gene wasiused as templates for sequencing with big.dye terminator sequencing Kit
(Perkin Elmer) and analyzed by the ABI377 automated DNA sequencer (Perkin Elmer).
The sequencing reaction for each sample was performédiin a DNA Thermal' Gycler (Gene
Amp®, PCR System 2400; Perkin Elmer) with' a temperature profile of 30 seerat 96 °C
fallowed by 25 cycles of 10 sec at 96 °C (denaturing of DNA), 5 sec at 50 °C (primer
annealimg), and 4 min at 60 °C (polymerization). Sequencing for each sample was

carried out in both forward and reverse directions.
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3.2.3.1.3 Phylogenetic analysis Homology search was performed
using the standard BLAST sequence similarity searching program version 2.2.1 from the
web server http://www.ncbi.nlm.nih.gov/BLAST/ against previously reported sequences
at the GenBank/EMBL/DDBJ databases. The sequence was multiply aligned with
selected sequences obtained from the three main.databases by using the CLUSTAL X
version 1.83 (Thompson ef al., 1997). The alignmentswas manually verified and adjusted
prior to the construction.of a phylogenetic tree. The phylogenetic tree was constructed by
using the neighbor-joining (NJ) method (Saitou and Nei, 1987) in MEGA4 software
(Tamura et al., 2007)..Fhe confidence values of branches of the phylogenetic tree were
determined using bootsirap amalyses (Felsénstein, 1985) based on 1000 resamplings. The
values for sequence similarity among the elosest strains were calculated manually after
pairwise alignmentsgobtained jusing the C:LUSTAL X program. Gaps and ambiguous

nucleotides were eliminated from the calculé:cioh's.

3.2.3.2 Repetitive séquence'l'iés'é-d polymerase chain reaction (rep-
PCR) fingerprinting dda

PCR was carricd-out as describ-"ia -:b’-y Versalovic ef al (1994) and Gevers
et al (2001). The PCR was performed in a tota}-ﬁvpﬁli_lplre of 50 pl containing 1 pl of DNA
template, 0.5 pl of DNA Taq bélymerase, 5 pl (-)fi-IVOX polymerase buffer, 5 pl of ANTP
mixture, 5 pl of WPMOI(GTG)S primer (S"GTGEGTGGTGGTGGTG 3) and 33.5 ul of
MilliQ water. Amplifications were performed in a DNA Eagine DYAD ALD 1244
thermocycler (MJ-Research, Waltham, MA), using the following temperature profile:
94 °C for 5 min, 30 cycles.at 94 °C for 30 secgat:45 °C for 1 min and at 65 °C for 8 min,
followed by a'final ‘extensign‘of 16 min‘at 65 °C. The PCR produets were electrophorised
for 4 h at 140 V on'a"1.5% (w/v) agarose gel (Appendix'C-3.1) in TBE buffer (Appendix
C-3.2). The profiles were visualised after staining with ethidium bromide (0.5 mg/ml)
under ultraviolet light, followed by digital capturing using the Gel Doe 2000 system
(Biorad, Hercules, CA, USA). The resulting fingerprints were analysed by the
BioNumerics 4.0 software package (Applied Maths Inc., St Martens Latem, Belgium).
Similarities were calculated using Pearson correlation and an average linkage

dendrogram was obtained (UPGMA-unweighted pair group method arithmetic averages).
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The different dendrograms were visullay interpreted to set the delineation level separately

for each species.

3.2.3.3 DNA-DNA hybridization

DNA labeling probe with photobiotin was started by mixing 10 pl of
purified DNA solution (1 mg/ml) and 15 pl of phetobiotin solution (I mg/ml) in an
eppendorf tube and then the mixture was.tradiated with. sunlamp for 30 min on ice water.
After irradiation, the exeess photobiotins were removed by the addition of 100 pl of 0.1
M Tris-HCI buffer pH.9:0 and 100 yu of n-butanol. The upper layer was removed. A 100
ul of n-butanol was added and mixed wellland removed the upper layer. The biotinylated
DNA solution was boiled fors15 min and immediately cooled in ice water. The solution
was sonicated for 3gmin and dissolyed wi];h hybridization solution (Appendix C-2.6).
DNA-DNA hybridizatign solution was perfc"}rmt:—'d by Ezaki ef al. (1989). 100 pl of a heat
denatured DNA soluition/was added" to microdilution wells (Nunc-Immuno™ Plate:
MaxiSorp™ surface) and fixed by ificubatiot-l';:ai;ti 37 °C for 2 b. After incubation, the DNA
solution was removed. 100 ul of 'a;hybridiz:éf{éﬂ_ mixture containing biotinylated DNA
was added to microdilution wélls. The microd@%{;{' plate was incubated at hybridization
temperature of each Group for 15:h. After hyﬁ_rjdi.z‘a_tion, the microdilution wells were
washed three times with 200 u:i-of 0.2xSSC bﬁff-‘er-.-' Then 200 pliof solution I (Appendix
C-2.7) was added=to-microdilutionwells-and-ificubated at30:%¢ for 10 min. Solution I
was removed from-the wells and replaced with 100 pl of solution II (Appendix C-2.8).
The microdilution-plate was incubated at 37 °C for 30 min. After incubation, the
microdilution plate was washed for three times,with 200 pl of PBS. 100 pl of solution III
(Appendix; C-2.9) was added and the “plate “was incubated at'37 °C,for 10 min. The
enzyme treaction was stopped ‘with 100" pl" of 2M™H,SOs (Verlander, 1992). The
absorbance was measured at 450 nmiwith Microplates:Reader (Microplate ManagerR 4.0
Bio-Rad Laboratories, In¢) and calculated for the value of percentage DINA homology
(Tanasupawat ef al., 2000). In practice, a DNA-homology above 70% indicates a
relationship in the species level as reported by Wayne et al. (1987).
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3.3 Primary screening and quantitative xylanase activity assay

A loopful of selected xylanase producing isolates was inoculated into 125-
ml Erlenmeyer flask containing 20 ml of the XC medium and incubated at 37 °C with
shaking (200 rpm) for 2 days. Cell-free supernatant recovered by centrifugation at 4 °C,
10,000 g for 15 min was used for extracellular xylanase activity assay as described by
Mandels et al. (1976). Oat spelt xylan (Sigma X-0627)Wwas used as a substrate in mixture
reaction (Appendix D-2.1).. A 1.0 ml of reaction mixture contained 0.1 ml of appropriate
diluted enzyme solutienand 0.9+t of 1% oat spelt xylanin 0.1 M sodium phosphate
buffer, pH 7.0. The recaetion mixture was incubated at 37 °C for 10 min, then the reaction
was stopped by the addition of /1.5 ml dimitrosalicylic acid (DNS) (Miller, 1959)
(Appendix D-2.2)"Aftermixing on 4 vortex mixer, the reaction mixtures were boiled in
boiling water bath fog'l5S min and immediatély cooled in ice cold water. Then the reaction
mixtures were centrifuged with 2,500 ‘g fo-l; 10' min. A reaction blank was done in the
same manner except the enzyme was add;:d after an addition of dinitrosalicylic acid
solution. Yellowish-orange €olor p:roduced:ia;t" 540 nm by the reaction mixtures were
measured against reagent blank. An absorbahéi:-at 540 nm plotted against concentration
of standard xylose solution were used as star-i(:i-a;c’l-j curve. One unit (U) of xylanase is
defined as the amount of enzyme that releases .1 pmol of xylose per min under the assay
condition. Proteifconfent in the supernatant fractlon was analysed by Lowry method
(1951) (Appendix=D=1)with-bovine serum albumin (BSA)as standard. Enzyme assays

were performed in triplicate. Average values and standard errois were calculated.

3.4 Optimization of xylanase production
3.4:1 Inoculum preparation
Bacterial cells were maintained in 20% glycerol and stotred at -80 °C. The
inoculum was prepared by inoculatifig -80 °C maintenance culture into XCrmedium at
1% (v/V) and incubated at 37°C on a rotary shaker (200 rpm) for.24 h.The resultant seed
cultures (8.5-9.0 CFU/ml) were analysed for xylanase production and growth. To
determine growth, the seed cultures were diluted and spreaded on XC agar medium. The

colony was counted and expressed as CFU/ml of the spreaded seed culture.
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3.4.2 Optimization procedure and experimental design
3.4.2.1 Screening for optimal substrate for cultivation and condition
To investigate the effect of substrate on xylanase production, Oat
spelt xylan in the original medium were replaced with different substrate at the 1% (w/v)
equal. Substrates were as follows; Beech wood xylan, Birch wood xylan, soy bean and
corn cob. For xylanase production, a 1% (v/v)ineculum from the culture was added to 25
ml of XC medium in 125 ml Eilenmeyer flask. After incubation for 24 h at 37 °C under
shaking condition 200wspm and.then, the cultivation was harvested by centrifugation at
10,000 g for 15 min ae4°C. Fhe cell-free extract was used as crude enzyme to measure
xylanase activity. Eachgof crude enzyme from various substrate was assayed with three
substrates (Oat spelt xylan, Becch wood Xylan, Birch wood xylan) at optimal condition.
The optimized incubation gondition for anal:ysis was at 55 °C for 5 minute.
3.4.2.2 Screening of essentiafl"medium compositions and initial pH
Plackef-Biirnian desig:ril i"('P]JB;D) was initially followed to identify
important medium components “and pH a'éecting enzyme production. Total of 8
components (variable k = 8, Table 3.2) wereil}éfed for the study with each variable
being represented at 2 levels, high (+).and IQVT_/_,_(-) in 12 trials (Table 4.28). Each row
represents a trial and each colu;m represents an -in-c-1|ependent vagiable. The effect of each

variable was determified"by the-following equation:
E(X) =2(ZM; - XM))/N

where E(X;) 18 the concentration ‘effect of the ‘tested variable. M;™and M; represent
xylanase production from the trials where the variable (X;) measured was present at high
and low concentrations, respectively N is the total number of trials that is equal to 12.

A statistical procedure was used to calculate the limit to whichythe effects of
important independent variables were assigned. The significant level (P-value) of each

main effect was determined using F-test.
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Table 3.2 Concentration of variables at different levels of the Plackett-Burman design

Variable Lower Base level Higher
Variables code level (-) (0) level (+)
1. Corn (g/1) X 0 5 10
2. Peptone (g/1) X5 0 2.5 5
3. Yeast extract (g/1) X3 0 0.5
4. KoHPO4 (g/1) X4 p) 4 6
5. KClI (g/l) Xs 0.1 0.2 0.3
6. MgS0,4.7H,0 (g/l) Xk AW 0.5 0.75
7. FeS04.7H,0 (g/1) X7 0.01 0.02 0.03
8. pH % | 6 » 8

3.4.2.3 Optimization of scfeéﬁing of medium compositions and initial
pH  d

Based od the results! fr(;'-rn PBD experiments, three factors that
significantly affected the xylanase: producﬁi)n were identified and optimized further,
using the response surface methodology (RSM) The CCD with three factors and five
levels was used to fit the second order response surface Each independent variable was
studied at five different coded levels (-a, 1, 1,—;9, 4_—1 and +a). The corresponding actual
values of five coded levels-were shown in Té'blﬁ:‘r.B-&. A series of 17 experiments was
performed and_ théir coded forms of independent variables ifivestigated and the full
experimental plan are listed in Table 4.30. This methodology allowed the modeling of a
second-order equation that describes the process. Xylanase production was analyzed by

multiple regressions through the least squares method to fit the following equation:
Y = ao t)laix;+ ZaﬁXiz 1 Zainin,

where.. Y _represents response variable, ag is the ‘interception coefficient, a; is the
coefficient of the linear effect, ajids the coefficient of quadratic effect and aj; is the
coefficient of interaction effect. x; and x; denote the coded levels of variable X; and X in
experiments. The variable X; was coded as x; according to the following transformation

equation:



44

X = (Xi-Xo)/ AXi,

where x; is the dimensionless coded value of the variable X;, X is the value of X; at the

center point and AX; is the step chan res were incubated at 37 °C, 200 rpm for 24

2

s at di ere@ central composite design

h and xylanase yield was detern

Table 3.3 Concentrati

Variables - ' evel (xi)
/ﬁl l\‘h‘i\ L + +a

1. Corn (g/1) 5 15 18.66
2. Peptone (g/1) - 2 7.5 9.33
3. pH | \ 773
Quianti r‘.m- S 7' ¢ ‘activity was carried out in triplicate

: . LAl 1 . : .
experiments and the mean values, weie given. The significance of each variable in the
PBD experiment was determined. by T—a‘p y e F-test using Design-Expert 7 P

statistical software. For the CC Nt 0
. V. * [

generated response surf:

ing parameters were calculated and
P statistical software. The
accuracy and gen s v odelcoudd be evaluated by the

determination coe e

3.4.3 Time cmi;se of growth and xylanase production

E’l 50500 1430 1 |} 20 £ I
and optimi Culiiva re con °C ry shaker at 200

rpm to sta at 0-48 h. Samples takeg at6 h 1nterva1 were assayed for Xy&yse activity

TRTANTIW URIINYA
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3. 5 Partial purification of xylanase
3.5.1 Enzyme preparation
The selected strain was cultivated in optimal medium which omitted yeast
t 7.5 g/, KbHPO4 6 g/1, KC1 0.1 g/,
.0 at 37 °C. Culture broth at 24 h

extract but contained corn 15 g/l

MgS04.7H,0 0.75 g/l and F,es\

cultivation was centrifugec C, and the supernatant was used

°C. The corn cob 20M
(pH 6.0) overnight, was
packed in a colu 7 equili i same buffer. 131.50 mg

The active enﬁj@g ra

with 10% (w/v) polyethylene glycol
(PEG) MW 6099:5Eri0r to size exclusion chrom '

he §ample was applied to a

Superdex 200 10/300-GE-column(1:0x 30:0cm) (GE he: {‘I reviously equilibrated

with approximat djw VO phosphate buffer pH 6.0. The
sample was loade l to the column and then eluted with the E

0.5 ml/min. Fractions"(a ml) were collectwand the xylanase active fraction were

el A WY ==
ARIAINTUARINY QY

e buffer at a flow rate of




46

3.6 Characterization of partially purified xylanase
3.6.1 Molecular weight determination
3.6.1.1 Size exclusion FPLC

Size exclusion chromatography (SEC) was performed on FPLC
using a Superdex 200 10/30 GL column (GFE Healthcare Bio-Sciences, Uppsala, Sweden)
connected with FPLC pumpand UV detector. Partially purified enzyme was injected into
the column after centrifuge.at 10,000 g for 10 minute.. Lhe proteins were eluted with
isocratically with 0.05«M"sodium phosphate pH 6, at a flow rate of 0.5 ml/min. Eluted
proteins were monitored by absorbance at 280 nm. The protein separated on SEC-FPLC
was estimated for its molegtilar weight by plotting relative elution volume (Ve/Vo)
against the logarithm of"Mgrof the, protein standards. The elution volume (Ve) was
measured for each protein standard and tL_hG partially purified enzyme, and the void
volume (Vo) was estimated by the.€lution V-?luffle of blue dextran (Mr = 2,000,000). The
standards used included thyroglobulin' (bovine) (Mr 670,000), y-globulin (bovine) (Mr
158,000), ovalbumin (chicken) (Mr 44,000),-iﬁ§0é10bin (horse) (Mr 17,000) and vitamin
BI12 (Mr 1,350). Sdda

-a2 dld
J

3.6.1.2 SDS—Bqu_acrylamide ge_l’TQ_l_e'gtliophoresis

SDS-PAE}E was perforrhéd -e'lccording to fhe method of Laemmli
(1970) (Appendix=€=3)-Polyacrylamide was prepared for=12:5%| running gel with 4%
stacking gel. Partially purified protein solutions were mixed with 1:1 (v/v) ratio with
sample treatment buffer (0.125 M Tris-HCI pH 6.8; 4% SBS; 20% glycerol; 0.002%
bromophenol blue). The sample (15 pg of pretein) was loaded on the gel. The proteins
were subjected to electrophoresis at a constant curtent of 20 mA perigel by the ATTO
AE-6530" Dual mini-slab ‘system. "After electrophoresis; gel ‘was "fixeéd and stained by
silver staining (Heukeshoven and Detnick, 1985). PageRulerTM unstainediprotein ladder
(Fermentas, Ontario, Canada) was used as the standard protein. marker.“l’he molecular
weight of a protein under investigation was estimated by standard curve correlating log

molecular weight and migration distance of known molecular weight proteins.
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3.6.1.3 Zymogram analysis

The zymogram analysis was a modification of the published
method of Nakamura ef al. (1993). The partially purified in the sample application buffer
was subjected to electrophoresis on an SDS-12.5% polyacrylamide gel containing 0.1%
Oat spelt xylan. After electrophoresis, the gel wassoaked in 2% (v/v) Triton-X100 with
gentle shaking to remove the SDS and renaturé the'proteins in the gel. The gel was
incubated for 5 minute at.55.°C.in 0.1 M.sodium phosphate buffer (pH 6.0). After further
the gel was soaked .in0:1% Ceongo red solution for 10 min at room temperature and
washed with 1 M NaClauntil excess dye was removed from the active band. After the gel
was submerged in 0.5% acectic acid, the background turned dark blue and the activity

bands were observed as clear ¢olorless arcas. .

3.6.2 Optimal temperature and theg‘m*a'l stability
Activity of thé partially pllﬂ_”iﬁed enzyme was assayed at different
temperatures in the range of/30-80 °C at pH60 as previously described for the enzyme
assays. To study the effect of temperature dn-enzyme stability, the partially purified
enzyme previously was incubated at various temperatures ranging from 30-80 °C for 30
minute after that the enzyme mlxture was 1mmed1ately cooled in an ice bath, and the

remaining activity was assayed under the standard assay conditiofs.

3.6.3 Optimal pH and pH stability
The-activity of the partially purified enzyme was assayed at 60°C (optimal
temperature) over thegpH.range of 2.0-11.0 by using universal buffer which consists of
0.05 M of0.05 M eitric‘acid, 0.05"M NaH,P0O4,'0.05 M sodium-carbonate, the different
volume of,0.2" NaOH. The pH ‘stability experiment was conducted by incubating the
enzyme without substrate in universal buffer with pHyvalues ranging frems2.0-11.0 at

37 °C for 30 mmute and measuring residual activity under the standard jassay conditions.

3.6.4 Metal ions, reducing agents and inhibitors studies
Partially purified xylanase in 0.05M sodium phosphate buffer (pH 6.0)

with various metal ions (Na', Ca*", Fe*', Mg2+ and Mn®"), reducing (or thiol) agents
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(dithiothreitol (DTT), and S-mercaptoethanol ($-Me)) and other reagents or inhibitors
such as ethylene diamine tetraacetic acid (EDTA), phenylmethyl sulfonyl fluoride
(PMSF) and sodium dodecyl sulfate were incubated at 37 °C for 30 min. The residual

activity was assayed under the stand: nditions.

3.6.5 Substrate spe

The hy. agai m xylan, Beech wood xylan,

Birch wood xylan, d pectin in 0.1 M sodium

phosphate buffer he substrate specificity of
partially purified xyla "'*u. under the standard assay

conditions.

3.7 Statistical analysi

All statistic _ CEMEAL: sign ar esul e analyzed by ANOVA and
means were separated by ha le-ta est using the SPSS 16.0 software
(SPSS Inc., Chicago, IL,

average values of the result ":-.... resente h the standard deviation.Statistical

*

A)~4Al exper ts were carried out in triplicates. The

significance was assigned at 95%

ﬂ‘UEJ’J‘VIEMﬁWEJ’lﬂ‘i
QW']ENﬂ‘ml UANINYA Y



CHAPTER 1V
RESULTS AND DISCUSSION

4.1 Bacterial isolation and source of samples

The xylanolytic bacteria were isolated from 45 samples of soil collected in

Thailand (Table 4.1). Seventy isolates showed cléar zone surrounded colonies grown

on xylan basal agar medium (XB).

o

Table 4.1 Location,sample, 1seldaie number, and numberof isolate

Location of Sample Isolate no. No. of
samples \ isolate
Chiangrai Hot'spring CR1-2, CR5-1, CR7-1 3
sediment .
Mahasarakham Soil MS1-1, MS1-2, MS1-4, MS1-5 4
Chaiyaphum Soil CP1-1, CP1-2, €P2-1 3
Nan Soil MX293, MX15-2, MX21-2, P2-3, 7
SI-3, S3-4A, X11-1
Nakhonnayok Cowifacces FCN3-3, FCN3-4, FXN1-1B, 5
EXN2-3, FXN3-1
Samutsongkhram Soil SK1=3s 1
Kanchanaburi Soil KI-4,Kl1-5, K1-6A, K1-6B, K3-1, 9
K3-2, K3-5B, K3-5S, K3-6
Phetchaburi Wood chip CES-ATCES-1 2
Phetchaburi Soil P22, PI-3A,JR2-3 3
Phetchaburi Muddy shore PHC3-3, PHC3-4, P1:1-3, PL2-1, 8
sediment PHXT-5, PHX2-5, PHX2-7, PHX3-1
Prachuapkhirikhan =~ Muddy shore  PJ1-1A, PJ1-1B, PJ -2 3
sediment
Trat Soil TH2-1A, TH2-2, TH4-1 3
Suratthani Soil SRCI-1, SRC2-3, SRC3-3, SRX1-1, 15
SRX1-2, SRX1-4,.SRX2-1,.SRX2-2,
SRX2-3, SRX3-4, SRX4-1, SRX4-2,
SRXT1-1, SRXT1-2, SRXT2-1
Nakhonsithammarat Soil CXT1-1, CXT1-2, CXT3-2, NS1-1 4
Total 70

4.2 Identification and characterization of isolates

Seventy isolates were divided into sixteen groups and were identified based on

their phenotypic characteristics and the 16S rRNA gene sequence analyses of the

representative isolate in each of group. Sixty-one isolates in Group I to VII were

Gram-positive rod-shaped bacteria. Nine isolates in Group VIII to XVI were Gram-
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negative rod-shaped bacteria. The results of chemotaxonomic characteristics, (GTG)s-

PCR patterns and DNA-DNA relatedness were supported their identification.

4.2.1 Group I

Group I contained 25 isolates, CXT1-2, CP1-1, CP1-2, CP2-1, CR7-1,
FCN3-4, K1-6A, K1-6B, K3-6, MS1-1, MS1:2. MS1-4, MS1-5, NS1-1, P2-2, P2-3,
PHC3-3, PHX1-5, PHX2-2A, PJ1-2, SK1-3; SRC2.3, SRXT1-2, TH2-1A, TH2-2.
They were Gram positive, motile rod-shaped (approximate 0.5-2.0 x 1.8-6.0 pm).
Central or subterminal ellipsoidal endospores were observed in swollen sporangia.
Colonies were 3-12 mum"in diameter, irregular or round, entire or lobate or curled,
smooth or wrinkled om#€ongentrie, raisq or flat, opaque, creamy, yellow or white-
coloured after 2 days of ingubation at 5.7 :’_C on C medium. They contained meso-
diaminopimelic in geell swall peﬁtidogfyc'an. Predominant menaquinone of the
representative isolates P2-3:and PHX -5 i;;thi_g, group was MK-7.

Twenty five isolates were (fiyided into Group I(a) to I(g) based on the
phenotypic properties (Table 4.2).“The re‘ﬁrﬂsehtative isolates were identified with
16S rRNA gene sequence and phylogenef{g{qpalyses that the representative isolate
were clustered within a elade of the genus Ba?{llﬁs‘ia(Figure 4.1).

Group I (a) comntained 3 i@-_tés, K3-6, PHX2-2A and SRC2-3.
Colonies were-3-6 mm in Tdi‘émeter, roun(.lji -é;.;ffc:)afh, raise, opaque and creamy or
white-coloured éftﬁ,uga;@ﬁngm;m,at37 °C on C medivme They grew in 3-5%
NaCl, at pH 7-9"and at 25-50 °C. Hydrolysis of aesculin, DNA, gelatin and starch
were positive butﬁnegative tor methyl red, Voges-proskanerZ H,S production, indole
production, hydrolysis of L-tyrosine and tween 80. No acid production from L-
arabinose; Dsigalactoses glueonate, Jinositol;~lactose iDrmelibiose,D-melezitose, a-
glucopyranoside, raffinose, L-thamnose, /D-fibose, sorbitol, sorboseland D-xylose as
shown in"Table 4.2. On the basis+of 16S rRNA gene sequence and phylogenetic
analyses, the15olates K3-6-and"SRC2:3 were the tepresenitative of this grouplilfolates
K3-6(926 nt) and"SRC2-3(963 nt) were closely related'to! Bissubtilis ‘subsp=subtilis
KCTC 3135" (Figure 4.1) with 100% 16S rRNA gene sequence similarity. Therefore,
based on the results mentioned above and phenotypic properties indicated that isolates

K3-6 and SRC2-3 were identified as B. subtilis subsp. subtilis (Cohn, 1872).
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Characteristics a b c d

€
Growth at pH: 5 +(-1) +(-1) - w +
6 +(-1) + - w +
Growth at : 10 °C -(wl) - - - +
15°C +(-1) -(+1)

50°C +
55°C +(-1)
+(-

Oxidase

Citrate utilization

Methyl red

Nitrate redcution

Hydrolysis:
Aesculin
L-Arginine
Casein
DNA
Gelatin
Starch
L-Tyrosine
Urea

Acid production:
L-Arabinose
D-Cellobiose
D-Fructose
D-Galactose
D-Glucose
Gluconate
Glycerol
Inositol
Inulin
Lactose
D-Maltose g +(-1) +(-2) -
D-Mannitol a—( 1) +(-3,wl) -
D-Ma

o- Gluco anoside - +(-6 w1
Raffinose -( +2

WA I mm'mmaa

“ Salicin -(+1) +(5)

Sorbitol - -(+2) +(-1)
Sucrose -(+1) +(-7) -
D-Trehalose -(+1) +(-5) -
D-Xylose - -(+2,wl) +(-1)

-(+1)

+

+ o+ A+ + o+

BRI wfumwmﬁi

+ o+ |-

I S S S S + o0+ o+ o+ o+ o+

+

+ o+ o+

+ + 2 + + + + + + + + =

o+ o+

+

+ o+ +

+, positive; —, negative; w, weakly positive
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Group I (b) contained 15 isolated, CXT1-2, CP1-1, CP1-2, CP2-1,
CR7-1, MS1-1, MS1-2, MS1-4, MS1-5, P2-2, PJ1-2, SK1-3, SRXTI1-2, TH2-1A,
TH2-2. Colonies were 3-12 mm in diameter, irregular or round, lobate or entire,
wrinkled, raise or flat, opaque and creamy or yellow coloured after 2 days of
incubation at 37 °C on C medium. All isolates grew in 3-5% NaCl, at pH 6-9 and at
25-45 °C but no growth at 10 and 60 °C. Hydrolysis of aesculin, L-arginine, casein,
gelatin and urea and acid production from D=amygdalin were positive. But negative
for methyl red, Voges-proskaner, H,S produciienand indole production as shown in
Table 4.2. On the basis.of 16S tRNA gene sequence and phylogenetic analyses, the
isolates TH2-2, P2-2, SKI1-3 and PJ1-2 were representative of this group and isolates
TH2-2 (1,488 nt), P2-2°(971 ut), SK1-3 (927 nt) and PJ1-2 (947 nt) were closely
related to B. licheniformis KETC 1918" i,Fijgure 4.1) with 99.7, 99.2, 99.1 and 99.6%
16S rRNA gene sequence similarity, rzspectively. This result showed high the
similarity of 165 TRNA" gene Sequence when compared with type strain. Therefore,
based on the resultsimentioned above and f)lhenotypic properties indicated that isolates
TH2-2, P2-2, SK1-3 and PJ1-2 were repreééh’tative of Group I(b) and were identified
as B. licheniformis (Chester, 1901). 4 A

Group I(¢) contained 2 isolates, K1:6A and K1-6B. Colonies were 3-5

mm in diameter, irregular, curied, concent@‘é,: flat, opaque and creamy or white-
coloured after 2. days of incubation at 37 °C.i.)r-1'-r-c-;r;1édium. They-grew in 3-5% NacCl,
at pH 7-9 and at.25-50.°C, but_did_not _grow.at pH.5-6,.at" 10-15, 55 and 60 °C.
Hydrolysis of aeSeulin and DNA and acid production from L-arabinose were positive
but negative for methyl red, Voges-proskancr, citrate utilization, H,S production,
indole production, nitrate reduction, hydrolysis of L-arginine, starch, L-tyrosine and
tween 80. No dcid producetion from D-fructose,! D-galactoses D-glicose, gluconate,
inositol, inulin, 'lactose, D-maltese, D-mannitol, .D-mannose, 'D-melibiose, D-
melezitose, a-glucopyranoside, raffinose, L-rhamnose, D-ribose, salicin, sorbose,
sucrose’and/Dstrehalose as.shown ifi Table '4:2y On thel basis of 16S TRNA gene
sequence and'phylogenetic’analyses, the isolates K1-6A (981 mt) and K1 -6B+(944 nt)
were closely related to B. niabensis 4T19" (Figure 4.1) with 99.9 and 100% 16S
rRNA gene sequence similarity, respectively. This result showed high the similarity

of 16S rRNA gene sequence when compared with type strain. Therefore, based on the
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results mentioned above and phenotypic properties indicated that isolates K1-6A and
K1-6B were identified as B. niabensis (Kwon et al., 2007).

TH2-2
70/p2-2
74|'SK1-3

Baczl s Tﬂmzs KCTC 1918" (X68416)
: .__:,,_. Baczl faciens KCTC 1660" (X60605)
60 Bagillus s subtilis KCTC 3135" (AJ276351)

94/SRC2-3

62 12605" (D16266)

100 -
Bacillus nea

1@‘3%11[ niabensis 4T 9I(A[Y9 [

K1-6A >
100/k1.6B

J'i.l T ¥
I
84

.gﬁfr .Lr

0.005 ZKMSK 195)
# l_g- s
Figure 4.1 Neighbour-joining tree based on 16S rRNA gene sequences showing the

‘._,a?:.—l oy .”.'- . . .
phylogenetic ﬂaﬁ(ﬁ*&ﬁé‘ ween entative isolates in each of
g o.'.r o and known Bacillus. Based on 1000 resamplings, bootstrap

petccntages above 50% , 'ﬁ-»ﬁi per nucleotide

positﬁ m
L re in diameter,
s3] ARRTIIFI B F 1t b e

on C me m. The isolate grew in 3- 5% NaCl, at pH 5-7 and at 15-55 °C but did not

st Rkt ey e

roskaner citrate utilization, H,S production, indole production and nitrate reduction,
hydrolysis of starch, L-tyrosine and tween 80. Acid was produced from D-amygdalin,
L-arabinose, D-cellobiose, D-fructose, D-galactose, D-glucose, gluconate, glycerol,

inositol, lactose, D-maltose, D-mannitol, D-mannose, D-melibiose, D-melezitose, o-
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glucopyranoside, raffinose, L-rhamnose, D-ribose, salicin, sorbitol, sucrose, D-
trehalose and D-xylose, but not from inulin and sorbose as shown in Table 4.2. On
the basis of 16S rRNA gene sequence and phylogenetic analyses, isolate NSI-1
(1,053 nt) was closely related to B. nealsonii FO-092" (Figure 4.1) with 99.7 % 16S
rRNA gene sequence similarity. This tesult showed high similarity of 16S rRNA gene
sequence when compared with type strain. Therefore, based on the results mentioned
above and phenotypic properties indicated that NS -1 was identified as B. nealsonii
(Venkateswaran et al., 2003). )

Group I(e)-eontained 2 isolates, FCN3-4 and PHC3-3. Colonies were
2.5-6 mm in diameterground; smooth or curled, flat, opaque and yellow or white-
coloured after 2 days offincubation at 37 °C on C medium. They grew in 3-5% NaCl,
at pH 5-9 and at 10=45 °@; but didnot gr(;_sz_lt 55-60 °C. Positive for nitrate reduction,
hydrolysis of aesculin, I.-arginine, caseinl]')NA and urea, but negative for oxidase,
methyl red, Voges-proskaner, cifrate utilization, H>S production and hydrolysis of
tween 80. Acids were produced from D—gh{gose, glycerol, D-maltose, D-ribose, salicin
and D-trchalose, but not from D-amygdalir'r,-I—ar'abinose, D-cellobiose, D-fructose, D-
galactose, inositol, "inulin, lactose, D-riiafmi_tol, D-melibiose, D-melezitose, o-
glucopyranoside, raffinose, L#fhamnose, sorl')i't'o‘l,l'-sorbose and D-xylose as shown in
Table 4.2. On the basis of 16S tRNA gene Sequence and phylogenetic analyses,
isolates FCN3-4 (854 nt) and PHC3-3 (895 nt) were closely related to B. cereus IAM
12605" (Figute 4.1)-with-100-and-99.8%. 16S tRNA.gcac-sequénce similarity. This
result showed high the similarity of 16S rRNA gene sequence when compared with
type strain. Therefore, based on the results mentioned above and phenotypic
properties indicated .that FCN3-4 and PHC3-3 were identified as B. cereus
(Frankland and Frankland, 1887);

Group I(f) contained P2-3.0'Colonies..were 3-8 mm in diameter,
irregular or round, lobate, wrinkled, flat, opaque and creamy and yellow. coloured
after 2 days«fincubationfat 37 °Clof C medium} The isolate grew in 8-5% NaCl, at
pH" 5-9 and“at 25-50 "°C. Catalase; oxidase, H,S* productien, nitrate reduction,
hydrolysis of aesculin, L-arginine, casein, DNA, gelatin, starch and urea and
assimilation of N-acetyl-glucosamine, D-glucose, malic acid, D-maltose, D-mannitol,
and D-mannose. Able to produce acid from aesculin, D-amygdalin, L-arabinose,

arbutine, D-cellobiose, D-fructose, D-galactose, glucose, glycerol, inositol, inulin,
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lactose, D-maltose, D-mannitol, D-mannose, D-melibiose, a-glucopyranoside,
raffinose, D-ribose, salicin, sorbitol, sucrose, D-turanose, xylitol and D-xylose. Not
able to produce acid from N-acetyl-glucosamine, D-adonitol, D-arabinose, D-arabitol,
L-arabitol, dulcitol, erythritol, D-fucose, L-fucose, gentiobiose, gluconate, glycogene,
2-ketogluconate, 5-ketogluconate, D-lyxose, o-mannopyranoside, D-melezitose, L-
rhamnose, L-sorbose, starch, D-tagatose, D-trghalese, L-xylose and B-xylopyranoside
as shown in Table 4.2 and 4.3. On the basis'of 16S rRNA gene sequence and
phylogenetic analyses, P2-3°(1.045 nt)ywas clesely related to B. amyloliquefaciens
KCTC 1660" (Figure 4.y with 96.4% 16S rRNA gene sequence similarity. This
isolate showed low 168 TRNA gene sequence similarity when compared with type
strain. As well as, .the isolate P2-3 had differential characteristics with B.
amyloliquefaciens®CT@ 1660 as shown i}’_l Table 4.3. DNA G+C content of isolate
P2-3 was 46.3 mol%, which was in the "r‘a'nge observed for members of the genus
Bacillus (32-69 mol%) (Claus. and Bé:rkeley, 1986). Therefore, based on the
phenotypic properties, chemgotaxonomic cﬁgracteristic and 16S rRNA gene sequence,
P2-3 represents as the novel species of the géﬁus-'Bacillus (Cohn, 1872).

Group 1 (g) contained PHXquﬂ'_S_s Colonies were 2-3 mm in diameter,
round, entire, smooth or concentiic, raise; opaqua iand white-coloured after 2 days of
incubation at 37 °C on C medium. The isoléf__g grew in 3-5% NaCl, at pH 7-8 and at
25-45 °C, but did not groW 7af:pH 5-6, 9 an(-l'.a-‘é;l_é:l-S, 50-60 °€: Oxidase, hydrolysis
of tween 80 ‘and _.assimilation-of D-maltosc wWerc positive,.buti negative for citrate
utilization, fermentation glucose, indole production H,S production, methyl red,
Voges-Proskauer, nitrate reduction and urcase, hydrolysis of aesculin, arginine,
casein, DNA, gelatin; starch and tyrosine and assimilation of N-acetyl-glucosamine,
adipic acid, @-arabinose, capui¢ acid, D glucose; mali¢ acidy D=manfiitol, D-mannose,
phenylacetic lacid.and potassium..gluconate. Acids 'were produced from N-acetyl-
glucosamine, aesculin, L-arabinosey D-arabitol, arbutine, D-cellobiose, erythritol, D-
fractose, | D-galactose, ) gentiobiosel glucose, |} d-glucopyranoside, £ inositol, 5-
ketogluconate,” lactose, D-maltose,” D-mannitol, “D-mannose, D-melibiese, D-
melezitose, raffinose, rhamnose, salicine, D-sucrose, D-trehalose, D-turanose, D-
xylose and B-xylopyranoside. No acid was produced from D-adonitol, amygdalin, D-
arabinose, L-arabitol, dulcitol, D-fucose, L-fucose, gluconate, glycerol, glycogene,

inuline, 2-ketogluconate, D-lyxose, o-mannopyranoside, D-ribose, D-sorbitol, L-
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sorbose, starch, D-tagatose, xylitol and L-xylose as shown in Table 4.2 and 4.3. On the
basis of 16S rRNA gene sequence and phylogenetic analyses, PHX1-5 (1,261 nt) was
closely related to B. funiculus KCTC 3796" (Figure 4.1) with 98.4% 16S rRNA gene
sequence similarity. The isolate showed low 16S rRNA gene sequence similarity with
1-5 had differential characteristics with B.
A G+C content of isolate PHX1-5

the type strain. As well as, the isolat
funiculus KCTC 3796" as sh
was 42.4 mol%, which w 7 ' ' embers of the genus Bacillus
(32-69 mol%) (Claus a . 7 t fatty acids were is0-Cjs:o
(32.2%), anteiso-C;s. 8%0) .and : 0)-~The F X1-5 and B. funiculus

KCTC 3796" showedsthe 481 Jat/ cellular S id profiles, but significant
quantitative differencesivere'al o/ sho wnin (Table 4 4). Major polar lipids
were diphosphati , Phosphatig ethanolan \ phosphatidylglycerol.
The unknown pho i fofecTatl (Appehdid \*‘M herefore, based on the

phenotypic prop . ono "'7" ( and 16S rRNA gene sequence,
PHX1-5 represents S the'r - 5 i! \ (Cohn, 1872). However,
isolate PHX1-5 should be ¢o . d v _::, NA-D] 1ybridization for the proposal

ﬂ‘NEI’WIﬂWﬁWEI']ﬂ‘i
’QWWE*Nﬂ‘iEU UAIINYA Y
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Table 4.3 Differential characteristics of P2-3, B. amyloliquefaciens KCTC 1660,
PHX1-5 and B. funiculus KCTC 3796"

Characteristic P2-3 KCTC 1660" PHX1-5 KCTC 3796"
Growth in 5%NaCl + + + -
Voges-Proskauer - + -

Nitrate reduction
PNPG
Urease

1
+ + + +

Hydrolysis of:
Aesculin
Arginine -
Starch

Tween 80
Assimilation:
N-Acetyl-glucos
D-Glucose
Malic acid
D-Mannitol
D-Mannose
Potassium glucon
Acid from: “
Amygdaline
D-Arabinose
L-Arabinose
D-Arabitol
Dulcitol
a-Glucopyranoside
Inositol

Inulin e

D-Lactose |
D-Mannitol .I +
D-Melibiose .I +
D-Raffinose +
L-Rhamnose +
+
+
+

> a%JEI’J VI?JV]TWEI'Iﬂ‘i

tht

Q%ﬁ:ﬂﬂim RN &Y

Data were obtained in this study unless indicated. +, positive; —, negative
"Data were obtained from Priest et al. (1987).
"Data were obtained from Ajithkumar et al. (2002).

+
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Table 4.4 Cellular fatty acid compositions of PHX1-5 and B. funiculus KCTC 3796"
Data were obtained in this study.
Values are percentages of total fatty acids. tr, trace < 1 %; ND, Not detected

PHX1-5  KCTC 3796"

Fatty acids

Straight-chain sat
Ci20 iy,
Cia0

13.1
ND
ND

0.8
52
3.0
3.3

150-C17.0 [ - : 2.0
anteiso=C s 3 . ' 28.5
anteiso-C ——— ' tr
Monouns: {‘ﬂ

C16;1 wllc )r,'_ o "- 1.0

T O

¥

AULININTNEINS
ARIAIN TN INYINY
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4.2.2 Group II

Group II contained 24 isolates, CXTI1-1, CXT3-2, FXN2-3, K1-4,
K1-5, K3-1, K3-2, K3-5B, K3-5S, MX2-3, P2-3A, P2-5, PL1-3, PHC3-4, PJ1-1A,
PJ1-1B, PL2-1, S3-4A, SRX1-4, SRX4-1, SRX4-2, SRXT1-1, SRXT2-1 and X11-1.
They were Gram positive, rod- shaped af) oximate 0.4-1.2 x 1.5-12.0 um). Motile by
means of peritrichous flagella. Cent al fo rminal ellipsoidal endospores were
observed in swollen spora,g&__ (Figure 4. Zf were 0.5-20 mm in diameter,
circular, curled or entlrmmentrlc or jmooth—cﬂﬂ%_r X or raise or flat and yellow or
white-coloured after [ ubation at 37 °C.on C medium. They contained

meso-diaminopimelic i all peptidoglycan as in the genus Bacillus (Shida et al.,

i-“, '
3,;-:___:_.1

L’E;Irenty four isolates were divided into M@ group based on the
- e ’

phenotypic pr@pes (Table 4.5). The representa IEES jn each of group II
(A to I) were iderjled with 16S rRNA gene s and Hﬂylogenetic analyses that

the representative isolate was clustered within a clade of “the genus Paenibacillus

(Figure 4.3).
ﬁ u Ed EAW H % ﬁ%\EJw% ﬁﬁm in diameter,
round, curled, concentric, flat and white-coloured after 2 days of incubation at 37 °C
on C medium. The isolate grew in §'5% NaCl, at pH7=9 and at 25-50 °CPositive for
QECGECEIE LI sk ity iy
‘negative for methylred, Voges-proskaner, citrate utilization, H,S production, indole
production and nitrate reduction. No acid produced from inositol, sorbitol and sorbose
as shown in Table 4.5. On the basis of 16S rRNA gene sequence and phylogenetic
analyses, K1-4 (1,432 nt) was closely related to P. macerans IAM 12467" (Figure
4.3) with 99.6% 16S rRNA gene sequence similarity. The isolate showed high the
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similarity of 16S rRNA gene sequence when compared with type strain. Therefore,
based on the results mentioned above and phenotypic properties indicated that isolate
K1-4 was identified as P. macerans (Ash et al., 1994).

Group II(B) contained 2 isolates, PJ1-1A and PJ1-1B. Colonies were
1-5 mm in diameter, circular, entire or ¢urled, smooth or concentric, flat, opaque and
yellow coloured after 2 days of incubation at 37 °C on C medium. All isolates grew in
3% NaCl, at pH 7-9 and 25-45 °C, but did not'gsew 5% NaCl, pH 5-6 and at 15 and
50-60 °C. Positive for catalase, oxidase,and hydrolysis of aesculin, starch and urea,
but negative for methyl.red, Voges-proskaner, eitrate utilization, H,S production,
indole production, nitzaté reduction and hydrolysis of L-arginine, casein, gelatin, L-
tyrosine and tween 80 Acids: were produced from D-cellobiose, D-galactose, D-
glucose, gluconate, L-rhamnose, D-trehal_os_e_ and D-xylose. Not able to produce acid
from inositol, D-mannose, D-melezitoée,' a-glucopyranoside, raffinose, salicin,
sorbitol, sorbose and sucrose as shown in?Table 4.5. On the basis of 16S rRNA gene
sequence and phylogenetic analyses, isolafllg PJ1-1B was representative of this group,
that PJ1-1B (919 nt)swas closély relate’d-i—t'o ‘P. montaniterrae MXC2-2" and P.
siamensis S5-3" (Figure 4.3) with 99,74 _a’ilglr 99.6% 16S rRNA gene sequence
similarity, respectively./The/ iSolate showed highi the similarity of 16S rRNA gene
sequence when compared with type strain. Therefore based on the results mentioned
above and phenotypic propertles indicated that 1solate PJ1-1B-was identified as P.
montaniterraefi€hianngam.etal.,.2009),

Group Il (C) contained PHC3-4. Colonies were 1-5 mm in diameter,
round, entire, smooth, flat, opaque and crcamy-white coloured after 2 days of
incubation at 37 °C on C medium. The isolate grew at pH 5-9 and at 25-50 °C. Did
not grow  in’ 3% @nd 5% NaClandat"15;:55:60 °C. | Positive, foroxidase, indole
production and'hydrolysis of aesculin, L-atginine, casein, DNA and urea. Able to
produce acid from D-amygdalin, sorbitol and D-trehalose as shown in Table 4.5. On
thebasis of 10S tRNA. gene.Sequence and phylogenétic analyses, isolate PHC3-4 (904
nt)'was closely related 'to 'P. ‘dendritiformis '105967" (Figure-4.3) with '99:7% 16S
rRNA gene sequence similarity. The result showed high similarity of 16S rRNA gene
sequence when compared with type strain. Therefore, based on the results mentioned
above and phenotypic properties indicated that isolates PHC3-4 was identified as P.
dendpritiformis (Tcherpakov et al., 1999).
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Table 4.5. Differential characteristics of Paenibacillus Group (A) to (I)

Characteristics A B C D E F G H 1
Growth in: 3% NaCl + + - - - w + w +(w2)
Growth at pH 6 - - + - - - - + +(w2/-1)
9 + + + - + - + + +(w2/-1)
Growth at: 15°C + - -
45°C ‘ + +
50°C oA H -+ + +(-3)
55°C < NS ‘ -+ ; +(-4)
Facultative anaerobic + +
Voges-proskaner - -(wl)
Citrate utilization - -(+1)
Nitrate reduction ' i - +/- + -(+6)
Hydrolysis: ‘Al
L-Arginine - -(+2)
Casein ; - ' + -(+2)
DNA 4 -4 1 : -1+ - +(-6)
Gelatin . | ' - -(+4)
Starch - +(-2)
Tween 80 + -(+1)
Urea : ‘ o +/- + -
Acid production: .
D-Amygdalin - -
L-Arabinose - -(+3)
D-Cellobiose - -(+4)
D-Fructose + -(+6)
D-Galactose - -(+6)
D-Glucose + -(+6)
Gluconate - -(+4)
Glycerol + -
Inulin - -(+1)
Lactose Ny | - -(+4)
D-Maltose - + +/- - - + + % + +(-5)
D-Mannitol + +/- - o - - -/+ + -(+2)
D-Ma ‘. . - s + o T -(+5)
SEU INENINYANT
D-Melezitose + - + - -(+1)
a-Glucopyranoside + - - - - + + + -(+3)
Raffinose - ¢ - - + L «(+3)
YHAANAIUN BRIV EL
D-Ribose ‘ - + 1/+4)
‘I Sucrose + - - - + + - + -(+3)
D-Trehalose + + + - - + -+ + -(+5)
D-Xylose + w - -/w - + + - -(+6)

+, positive; —, negative ; w, weakly positive
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Group II (D) contained SRX4-1 and SRX4-2. Colonies were 0.5-3.5
mm in diameter, circular, entire, smooth, convex, translucent and yellow coloured
after 2 days of incubation at 37 °C on C medium. They grew at pH 7-8 and at 25-37
°C but did not grow in 3-5% NaCl, at pH 5-6, 9 and at 15 and 40 °C. Positive for
catalase, oxidase and hydrolysis of aesculin, starch, tween 80 and urea, but negative
for methyl red, citrate utilization, H>S production,indole production, nitrate reduction
and hydrolysis of L-arginine and DNA. They did notacid production (Table 4.5 and
4.6). On the basis of 16S TRNA gene sequenee and phylogenetic analyses, isolate
SRX4-1 (1,425 nt) and SRX4-2 (1,436 nt) were closely related to each other with
99.9% 16S rRNA gene*sequence similarity and to P.phyllosphaerae PALXIL04"
(Figure 4.3) with 98.6.and 98.7% 16S rRNA gene sequence similarity, respectively.
This result showed lowgthe similarity of 1 6S rRNA "gene sequence when compared
with type strain. Asithe same time, two fs‘ollates had differential characteristics with
P.phyllosphaerae PAEXILO04! as showf-l in Table 4.6. Therefore, base on the
phenotypic properties and 16S rRNA ge;l_e sequence, these two isolates represent
novel species of the genus Paenibacillis (Aé‘h‘ etal., 1994). However, isolate SRX4-1
and SRX4-2 should be confirmed for DNA- DNA hybridization for the proposal of the
new species. , 2,1_3

Group (E) contamed FXIN2- T Colomes were 4-6 mm in diameter,
circular, entirey, smooth, convex, opaque and yellow coloured after 2 days of
incubation at $7=*C on.Comedium. Isolate EXIN2 3 orevwzat pH-7-9 and at 15-37 °C.
Did not grow m 3-5% NaCl, at pH 5-6 and 40 °C. Positive for catalase, oxidase,
nitrate reduction, hydrolysis of acsculin, starch and urea, but negative for methyl red,
Voges-proskaner, citrate utilization, H,S production, indole production and hydrolysis
of L-arginingy casein, PNAL) gelatin, [-tyrosSineahd twéen 804 Able to produce acid
from L-arabinose, glycetol, lactose, D-maltése, D-melibiose, raffindse, D-ribose and
sucrose as shown in Table 4.5 and 4.6. On the basis of 16S rRNA gene sequence and
phylogenétic__‘analysesy dsolatey FXN2-8 (1434 'nt). /was [olosely yrelated to
P.cellulosilyticus PALXILO8 " (Figure '4.3) with' 98:2% 16S-tRNA gene sequence
similarity. This result showed low similarity of 16S rRNA gene sequence with type
strain. At the same time, FXN2-3 had differential characteristics with P.
cellulosilyticus PALXILO8" as shown in Table 4.6. DNA G+C content was 51.6

mol%., which was in the range observed for members of the genus Paenibacillus
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(Shida et al., 1997). As well as, the predominant fatty acids were anteiso-C;s.
(42.3%) and 150-Ci¢. (17.9) (Table 4.7), which were the dominant cellular fatty acid
in all members of the genus Paenibacillus (Shida et al., 1997). Therefore, base on the
phenotypic properties, chemotaxonomic characteristics and 16S rRNA gene sequence,
FXN2-3 represents novel species of the genus Paenibacillus (Ash et al., 1994).
However, isolate FXN2-3 should be confizmed for DNA-DNA hybridization for the
proposal of the new species.

Group II'(F) eontained SRX1-4.-~€olonics were 3-7 mm in diameter,
circular, entire, smoothy-eonvex, translucent and white coloured after 2 days of
incubation at 37 °C on.@&meditm. SRXI-4 grew in 3% NaCl, at pH 7-8 and at 15-37
°C. Did not grow 1n 5% NaCl, at pH 5-6, 9 and at 40 °C. Positive for catalase, nitrate
reduction and hydrolysis ofragsculin, DNé, starch and tween 80, but negative for
oxidase, methyl red, Voges-proskaner, 'E:‘it'rate utilization, H,S production, indole
production and hydrolysis of L-arginine, cgasein, gelatin, L-tyrosine and urea. Able to
produce acid from D-amygdalin, L-arabirfé,se, D-cellobiose, D-fructose, D-galactose,
D-glucose, glycerol, finulin, .*lactose, Diﬁdal‘t'ose, D-mannose, D-melibiose, D-
melezitose, a-glucopyraneside, raffinose, Ii;r"_h_amnose, D-ribose, salicin, sucrose, D-
trehalose and D-xylose as showi in Table 4.5 and4.6. On the basis of 16S rRNA gene
sequence and phylogenetic analyses, SRXIT__?T (1,384 nt) was closely related to P.
edaphicus KCTC 3995" (Figﬁfé 4.3) with 983%T6S rRNA gene sequence similarity.
This result showed low.the similarity. of L6S tRNA genc scquence with type strain. As
well as, SRXI*4 had differential characteristics with P. edaphicus KCTC 3995" as
shown in Table 4.6. DNA G+C content was 56.8 mol%, which was in the range
observed for members of the genus Paenibacillus (Shida et al., 1997). The
predominiant’ fatty: dacids, were anteigo~Cs.5° (39:0%), [Cigo «(13.7%) and is0-Cjs.
(6.2%). The SRX1-4 and P. edaphicus KCTC 3995" showed the siniilar cellular fatty
acid profiles, but significant quantitative differences were also found as shown in
(Tabie 47 Majot polar lipids were diphosphatidylglycerol,
phosphatidylmoenomethylethanolamine, phosphatidylethanolamine and
phosphatidylglycerol (Appendix E-2a). Therefore, base on the phenotypic properties,
chemotaxonomic characteristics and 16S rRNA gene sequence, SRX1-4 represents
novel species of the genus Paenibacillus (Ash et al., 1994). However, isolate SRX1-4
should be confirmed for DNA-DNA hybridization for the proposal of the new species.
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Table 4.6 Differential characteristics of SRX4-1, SRX4-2, FXN2-3, SRX1-4, S3-4A,
MX2-3, X11-1 and closely related Paenibacillus species

Strains: 1, SRX4-1; 2, SRX4-2; 3, P. phyllosphaerae PALXIL04T; 4,
FXN2-3; 5, P. cellulosilyticus PALXILO8": 6, SRX1-4; 7, P. edaphicus KCTC 3995T:
8, S3-4A; 9, MX2-3; 10, P. ag orans KCTC 3849"; 11, X11-1; 12, P.

a .”‘ 5

Characteristics

Growth in:3% NaCl
Growth at : 10 °C
15°C

Oxidase
Voges-proskaner
Nitrate redcution
Hydrolysis:

Casein

DNA

Starch

Urea

+
1
+

Acid production:
D-Amgdalin
L-Arabinose
D-Cellobiose
D-Fructose
D-Galactose
D-Glucose e e
Gluconate i v

Glycerol

+ o+ + + o+ o+ o+
1

Inulin +
D-Maltose - + + + + +
D-Mann

iﬁzzzﬂuﬁl? ‘lflimiwmﬂ‘i -

Rafﬁnose -

'%i?ﬁaﬁﬂim mﬂﬂﬂmaﬂi

Sorbitol -

Sucrose - - + + + +
D-Trehalose - - + - nd +
D-Xylose - w + - + + + + + - -

T
1

+

+ + + + ﬁ

+ o+ o+
1
1

+, positive; —, negative; w, weakly positive ; nd, not determined
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Group II (G) contained 2 isolates, S3-4A and MX2-3. Colonies were 2-
3 mm in diameter, circular, entire, smooth, convex and yellowish-white coloured after
2 days of incubation at 37 °C on C medium. They grew in 3% NaCl, at pH 7-9 and at
25-45 °C. Did not grow in 5% NaCl, at pH 5-6 and at 15 and 60 °C. Positive for
catalase, oxidase, Voges-proskaner andihydrolysis of aesculin, starch and tween 80,
but negative for methyl red, citrate utilization, H,S production, indole production and
hydrolysis of L-arginine, casein, gelatin and E-tyrosine. Able to produce acid from D-
amygdalin, L-arabinose, D-cellobiose, D-fructose; D-galactose, D-glucose, gluconate,
glycerol, inositol, inuling-lactose, D-melibiose, D-melezitose, a-glucopyranoside,
raffinose, D-ribose, saliein, serbitol, sorbose and D-xylose. Not able to produce acid
from sucrose (Table 4.5¢%@and 4.64). \

Onfthe basis of 168 rRNA gene sequence and phylogenetic analyses,
S3-4A (1,485 nt) and MX2-3 (1,460 nt) WLE.re closely related to each other with 97.0%
16S rRNA gene sequence Similarity (and to P. agaridevorans KCTC 3849" (Figure
4.3) with 97.0 and97.3% 16S rRNA geillne sequence similarity, respectively. Two
isolates showed low DNA--DNA relatedne'séi-—to ‘P. agaridevorans KCTC 3849" (6.0—
30.3%) and S3-4A showed low ,DNA—Df\L‘A_, relatedness to MX2-3 (20.5%). The
DNA G+C contents of 'S3-4A ‘and MX2-3 werel 52.9 and 52.7, respectively. The
predominant fatty acids of S3-4A were antef?sd-Cmo (40.5%), 150-Ci6:0 (18.6%) and
anteiso-C7, (18.3%) as shown in Table 4.’}2. Th-e-' i)fedominant fatty acids of MX2-3
were anteiso-C56(34.9%)-150-Ci6:0-1-2.6%)-and-Cic oty as shown in Table 4.7.
The isolates could be clearly distinguished from each othér and from known
Paenibacillus species based on their physiological and biochemical characteristics as
well as their phylogenetic positions and DNA-DNA hybridization data. Therefore,
these two'straing represent noyel speciesofithe genus Paenibacillus(Ash et al., 1994),
for which the hames' Paénibacillus.thailandénsis sp. nov., and Paenibacillus nanensis
sp. nov., were proposed.

Group* (H)*contained ' X 11-1." Colonies ‘were/ . 1-5  mm_in diameter,
circular, lobate; smooth, flat'and white coloured after'2 days ofincubation‘at'37 °C on
C medium. The isolate X11-1 grew in 3% NacCl, at pH6-9 and at 25-50 °C. Did not
grow in 5% NaCl, at pH 5 and at 15, 55 °C. Positive for catalase, oxidase, nitrate
reduction and hydrolysis of aesculin, casein, tween 80 and urea, but negative for

methyl red, Voges-proskaner, citrate utilization, H>S production, indole production
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and hydrolysis of L-arginine, DNA, gelatin, starch and L-tyrosine. Able to produce
acid from D-fructose, D-glucose, glycerol, D-maltose, D-mannitol, D-mannose, o-
glucopyranoside, D-ribose, sucrose and D-trehalose. Not able to produce acid D-
amygdalin, L-arabinose, D-cellobiose, D-galactose, gluconate, inositol, inulin, lactose,

ose, salicin, sorbitol, sorbose and D-

D-melibiose, D-melezitose, raffinose
xylose as shown in Table 4.5 7
In the 1 ! ‘ enetic tree according to the

- Bhyletic cluster consisting of
hownin Figure 4.3. The X11-1 was
P. validus CCM 3894" with

rRNA gene sequence

neighbour-joining met
the closely related P, 7
closely related P. na
96.5% 16S rRNA ge
similarity show or differentiation of
bacterial species (Stacke 1"Goebe 94 \ G+C content was 51.6
56.6%) and Cis (14.0%)

diphosphatidylglycerol,

mol%. The predomi

(Table 4.7).

phosphatidylmonomethyletha Slaimin R Bihosl \ lethanolamine and
! | & e 3

phosphatidylglycerol” (Ap ndmi@é)}. e X11-1

from known Paenibacillus species: -b sod ¢

could be clearly distinguished
ir physiological and biochemical

characteristics as well as tl}r r-phylogenet] itions. Therefore, X11-1 represent
g T

| s

e VORI

B 2
ﬂumwﬂmwmni
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ﬁTl 1, P2-3A, P2-5, K3-2, PL1-3 and related taxa

Table 4.7 Cellular fatty acids compositions of FXN2-. -
, ~
05°; 5, S3-4A; 6, MX2-3; 7, P. agaridevorans
‘L\‘\‘

Isolates: 1, FXN2-3; 2, P. cellulosilyticus PALXILO08 3¢ RX] 2
KCTC 3849"; 8, X11-1; 9, P. naphthalenovorans KAGET150: ),/ va ' . CXTl 1; 12, P2-3A; 13, P2-5; 14, K3-2; 15,

PL1-3. Values are percentages of total fatty acids. tr,

77100 NN
Fatty acids 1 2 ll 5 ﬂ’\\\\ 10 11 12 13 14 15

Straight -chain saturated

Ciso 1113 61 ADF oDt w24 22 20 w113 23 58 60
Ciso 23 ND 214 6f Wi w29 & ottt
Ciso 81 74 137 35 561430131 140 172 152 8 363 174 347 205
Branched saturated

is0-Cia0 22 12 1 & 11 18
is0-Cis0 8.4 96 47 10 42 78
is0-Cie:o 17.9 28:8. 4 18.¢ 156 82 83 12 126
is0-Ci7 44 164 62 24 56 37 48
anteiso-Cis 4.3 44.13. ) 481 6.6 470 446 373 250 397 202 30.7
anteiso-Ci 7. 79 83 .7 64 183 122 65 52 93 97 128 60 102 88 97

ﬂ‘lJEl’J‘VIEJVIiWEJ’]ﬂ‘i
Q‘W%Nﬂim UAIINYNAY



68

Daenid lus barengolt
66 — - enSiﬂAY3236lo)
" Paeriihatiilus glhicanolyticis DSM 51627
et it ~ Q\ (C2-2" (AB295646)
i (AB295645)

AB295647)
(AJ345023)

o M 3894 (AB073203)
Paenibaci ens: '3849" (AJ345020)

ﬂPHC3-4 =
10 Paemba [us. dend) 1“1. 59
96 bacillus phyllosphaerae PALX

IA.’

100|Pae "-h
N2-3

FX
— Pae lbaallus glycamlyttcus DS-1" (AB042938

AU ARIN TN AT o

the phylogenetic relatlonshlps between representative isolates in each

R b talkIL ] ﬁmmﬁ’ o

substitutions per nucleotide position

AY359885)

Group (I) contained 13 isolated (K1-5, K3-1, K3-2, K3-5B, PL2-1,
SRXTI1-1, K3-5S, PL1-3, CXT1-1, P2-3A, CXT3-2, P2-5 and SRXT2-1). Colonies
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were 2-20 mm in diameter, circular, entire, smooth, raise or flat and yellow coloured
after 2 days of incubation at 37 °C on C medium. All isolates grew at pH 7-8 and at
25-45 °C. Did not grow in 5% NaCl and at 15 °C. Positive for catalase and oxidase,
but negative for H,S production, indole production and hydrolysis of L-tyrosine and
urea. Not able to produce acid from D-amygdalin, glycerol, inositol, L-rhamnose,
sorbitol and sorbose as shown in Table 4.5 and 4 9.

On the basis of 16S rRNA genc.sequence and phylogenetic analyses,
the isolates P2-5, CXTI-1,-P2-3A, PL1-3, K3<2, SRXT2-1, K3-5S, PL2-1 and
CXT3-2 were representative of this group, that iselates P2-5 (1,441 nt), CXT1-1
(1,440 nt), P2-3A (1.444"nt),PL1-3 (1,435 nt), K3-2 (1,446 nt), SRXT2-1 (1,026 nt),
K3-5S (1,016 nt), PL2" (981 nt) and CXT3-2 were closely related to P. barengoltzii
SAFN-016" (Figute 4.3)'with 98,5%, 98.8%, 98.7%, 97.9%,.98.1%, 99.8%, 99.8%,
99.7% and 98.2% 168 rRNA gene sequené§ 'similarity, respectively as shown in Table
4.8. As the same time,these isolates were?closely related P. timonensis KCTC 3995"
with 97.6%, 97.7%, 97.6%, 97.0%, 97.3{’@, 98.1%. 98.1%, 98.0% and 100% 16S
rRNA gene sequence similarity, respective’ly-l;-as’;shown in Table 4.8. This result from
SRXT2-1, K3-5S and PL2-1 showed high thé similarity of 16S rRNA gene sequence
when compared with P. barengolizii SAFN-Q{éT while isolates P2-5, CXTI-1,
P2-3A, PL1-3 and K3-2 showed low the simzﬁfjty of 16S rRNA gene sequence. The
isolate CXT3-2, showed 100% the similar-if;-(_)_f;-l-6s rRNA .gene sequence when
compared with"P* fiokeusisKCTC.3995"

Table 4.8 Percentage similaritics of CXTI-1, K3-2, K3-5S, P2-3A, P2-5, PL1-3,
PL2-1, SRXT2-1, CXT3-2 and related taxa

Accession no. % Similarity

1 2 3 4 5 6 7 8 9 10

11

1 K3-2 100

2 PL1-3 99.7 100

3 P2:3A 99 =, 99+ 100

4 'CXTI1-1 99 99 1,998 ..100

5 P25 99.2 992 998 99.7 " 100

6 PL2-1 98.1 979 987 98.8 985 100

7 K3-5S 982 98 98.8 989 987 99.8 100

8 SRXT2-1 982 98 988 989 98.7 99.8 100 100

9 CXT3-2 973 97 976 977 976 98 981 981 100

10 AY323610 973 97 976 977 97.6 98 98.1 981 100 100
11 AYI167814 98.1 979 987 988 985 99.7 99.8 99.8 982 982

100
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Table 4.9 Differential characteristics of CXTI1-1, P2-3A, P2-5, K3-2, PL1-3,
P. timonensis KCTC 3995 and P. barengoltzii SAFN-016" (Osman et al., 2006)

SAFN- KCTC

Characteristics CXT1-1 _ P2-3A P2-5 K3-2 PL1-3 016" 3995"
Growth at pH: 5 w - W - w + -
9 w + +
Growth at 10 °C - + -
15°C - + _
50°C + + +
55°C + R +
Voges-Proskauer - + -
Nitrate reduction + + -
Hydrolysis of:
Arginine - - -
Gelatin + - -
Assimilation:
N-Acetyl-glucosamine - - +
L-Arabinose - - W
D-Glucose - - W
D-Maltose - - W
D-Mannitol - - -
D-Mannose - - +
Potassium gluconate - + +
Acid from:
L-Arabinose - - +
D-Fructose - nd +
Gluconate + nd +
Glucose + _ +
o-Glucopyranpside  + 4+ & o 4 - nd +
Inuline ———— o - nd i,
D-Mannitol e 3 ‘ + - }
D-Mannose ' - il - nd +
a-Mannosepyranosid ' + ”‘I - nd +
D-Melibiose + + - +
D-Mel - nd -
DR%WEI’WIEW]?WEI’W]? "
L-Rha - +
D- R1bos + + nd -
) + +
FIRIN I N V]EH EJ '
+ +
q D-Trehalose + + + +
D-Turanose + + + - + nd -
Xylitol + + + - - nd +
D-Xylose + + + - - nd +
DNA G+C (mol%) 53.6 52.9 54.4 52.9 59.2 nd nd

+, positive; —, negative; w, weakly positive ; nd, not determined



71

The member of Group II (I) were assessed differential between closely
related isolates and type strain with (GTG)s-PCR fingerprints. From a cluster analysis
based on the (GTG)s-PCR patterns, the banding patterns, two clusters (designated A
and B in Figure 4.4 could be delineated of a 52.7% Pearson’s correlation coefficient.
Clusters (A) was represented by seven isolates and P. timonensis KCTC 3995" as the
reference strain. The isolate CXT3-2 showed 83.9% similarity with P. timonensis
KCTC 3995". Furthermore, the isolates SRXT241, K3-5S, PL2-1, K1-5, K3-5B and
SRXTI-1 were classified of 58.3% similarity-with P. timonensis KCTC 3995".
Clusters (B) was represented by six isolates, which tesulted in delineation showed
60.3 and 71.4% similasity. The CXT1-1, P2-3A and P2-5 showed the same patterns
together as well as K3-1"showed virtually identical with banding of K3-2 with 100%
Pearson’s correlation cogfficient as ShOWi’_l i{l_ Figure 4.4.

Based on ghe jpheénotypic Lgrloperties, 16S tRNA gene sequence and
(GTG)s-PCR pattcrns,the isolate. CX(I3-2 showed 100% the similarity of 16S rRNA
gene sequence and had the similarity on I;Iatterns more than 80% with P. timonensis
KCTC 3995". Thus, GXT32 was identified P timonensis KCTC 39957 (Roux and
Raoult, 2004). While the SRXT2:k; K3-SS‘; P,L,2_-l showed high the similarity of 16S
rRNA gene sequence with Pu barengolizii SrA'EI}}OMT and can distinguish from P.
timonensis KCTC 3995" on (GTG)s-PCR palf—ﬁéi“ns. Therefore SRXT2-1, K3-5S and
PL2-1 were ideatified P. bc;;;é};zgoltzii SAFN.-(.) i-éT;(-O‘sman et al52000).

+On.the basis of L6S tRINA_oene sequence.and*phlylogenetic analyses,
the results of CXT1-1, P2-3A, P2-5, PL1-3 and K3-2 showed low the 16S rRNA
similarity with P. barengoltzii SAFN-016". At the same time, the banding of (GTG)s-
PCR patterns were .distinguished with P._timonensis KCTC 3995". DNA G+C
contents“of CXT 141 ) P2=3 A7 P2-53 PIi143 and KB:2 were 50.8552.9:952.9, 54.4, 53.6
mol%, which“wete.in the rangelobserved for members of the genus Paenibacillus
(Shida et'al., 1997). Therefore, base on the phenotypic properties, chemotaxonomic
characteristies }16S rRNAfgene.sequeiice and (GTG)s3PCR patterns, CX N -1 P2-3A,
P2-5,"PL1-3"and K3-2 represent novel species of the'genus ‘Paenibacillus'(Ash et al.,
1994). However, they should be confirmed for DNA-DNA hybridization for the

proposal of the new species.
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4.2.3 Group III
Group IIT contained 4 isolates, FCN3-3, S1-3, MX15-2 and MX21-2.
Cell were Gram positive, rod-shaped (approximate 0.2-0.5 x 1.2-4.0 um) and motile
by means of peritrichous flagella (Figure 4.5). Central and subterminal ellipsoidal

endospores were observed in swolle
'\ ed after 2 days of incubation at 37 °C

mm in diameter, circular, flat ana\\ j
on C medium. They con n cell wall peptidoglycan as in

the genera Bacillus anW‘llus gnda fcﬁ%: Prodominant menaquinone

was MK-7. f H

7ang1a (Figure 4.6). Colonies were 0.5-3.5

Figure 4.5 Transmission electl‘gp,mlrgrog ; lates S1-3 (a) MX15-2 (b) and

M)ﬁ -2 (¢) grown on C aga'{ for 48 h“ ;:
T-—

5

! i "I WA - ' J
e - ) ' t
i 4 p o e g i
. 2 e v Y ‘" N 3 &
g R, Ly Aok T IR L -
/] . b s ) . s e \
2 R e A i
x - 2 it

q % B ] SkU XK15.v88 . 1w 8441

Figure 4.6 Scanning electron micrographs of isolates MX15-2 (a), MX21-2 (b) grown
on C agar for 48 h. Bar 1 um



74

The isolate FCN3-3 grew in 3% NaCl, at pH 7-9 and at 15-37 °C. Did
not grow in 5% NaCl, at pH 5-6 and at 10, 40 °C. Positive for oxidase, nitrate
reduction, PNPG, hydrolysis of aesculin and assimilation of L-arabinose, D-glucose,
D-maltose, D-mannitol, D-mannose and potassium gluconate. Able to produce acid
from aesculin, amygdaline, D-arabinose, L-arabinose, D-arabitol, arbutine, D-
cellobiose, D-fructose, L-fucese, D-galactese, gentiobiose, glucose, o-
glucopyranoside, inositol, D-lactose, D-lyxose, bsmaltese, D-mannitol, D-mannose, D-
melibiose, D-raffinose, L-thamnose, Dsribose,-salicine, D-sucrose, D-trehalose, D-
turanose, D-xylose, I-xylose and f-xylopyranoside as shown in Table 4.10.

In the L6S rRINA gene-based phylogenetic tree according to the NJ
method, FCN3-3 wasgplaced in' a monophyletic cluster consisting of all known
Cohnella and clesely related species as, sI_;_own in Figure 4.7. The isolate FCN3-3
(1,388 nt) was closely rclated t0 Cohnelfq 'phaseoli KCTC 13070" with 96.9% 16S
rRNA gene sequence similarity. . The resi-llt of 165 rRNA gene sequence similarity
showed less than 97% ag an accepted Critélgion for differentiation of bacterial species
(Stackebrandt and Goebely 1994)." The p’rédothinant fatty acids of FCN3-3 were
anteiso-Cjs.o (40.7%), 150:C 6.0 (17:3%), isoj-ﬂl_szp (14.1%) and C¢.0 (11.7%) as shown
in Table 4.11. Major polar lipidswere diphosphatidylglycerol, phosphstidylglycerol,
phosphstldylethanolamme and lysyl- phospatldjllg}ycerol The unknown phospholipids
and aminophospholipids were detected (Append1x E- 3A) The DNA G+C content was
58.0 mol%, whieh-was-closeto-the valucs.obscrved forother members of the genus
Cohnella (Kampfer et al., 2006). Therefore, base on the phenotypic properties,
chemotaxonomic characteristics and 165 TRNA gene sequence, FCN3-3 represents
novel species of the genus Cohnella (Kidmpfer et al., 2006).

Thelisolate S143 grew at/ pH7-9,20:45 °Crand«nanacrobic condition,
but not'in 3-5% Na€l, pH 5-6 and-10 °C,'50-60°C. Positive for oxidase, hydrolysis of
aesculin and gelatin, but negative for catalase, methyl red, Voges-Proskauer, nitrate
redtiction, indole ‘production, ‘eitrate, HyS production, urease, arid hydiolysis of L-
arginine, ‘casein, starch, tween" 80 “and 'L-tyrosine. Able 10" produce” acid from
amygdaline, L-arabinose, arbutine, D-cellobiose, aesculin, D-fructose, D-galactose,
gentiobiose, glucose, glycogen, D-lactose, D-maltose, D-mannitol, D-mannose, D-
melibiose, methyl-a-D-glucoside, methyl-g-D-xyloside, D-raffinose, L-rhamnose,

salicine, starch, sucrose, D-trehalose, D-turanose and D-xylose as shown in Table 4.10.



75

On the basis of 16S rRNA gene sequence and phylogenetic analyses,
S1-3 (1,531 nt) was closely related to C. ginsengisoli GR21-5" (Figure 4.7) with
96.0% 16S rRNA gene sequence similarity. The result of 16S rRNA gene sequence
similarity showed less than 97% as an accepted criterion for differentiation of
bacterial species (Stackebrandt and Goebel, 1994). The predominant fatty acid were
150-Cj6:0 (39.5%) and anteiso-Cs.0(26.8%) asshown in Table 4.11. Major polar lipids
were diphosphatidylglyeerol, phosphstidylglycerol, .phosphstidylethanolamine and
lysyl-phospatidylglycerol. The unknownyphosphelipids and aminophospholipids were
detected (Appendix E-3B)»The DNA G+C content was 53.3 mol%, which was close
to the values observedsfor other members of the genus Cohnella (Kampfer et al.,
2006). The S1-3 couldsbe cleasly distinguished from known Cohnella species based
on their physiological and bioghgmical icha}_racteristics as well as their phylogenetic
positions. ThereforeyS1-3 represenfs nové_l‘ s'pecies of the genus Cohnella (Kampfer et
al., 2006), for which the name Cohnella thailandensis sp. nov. was proposed.

The gsolates MX15-2 and 1{@(21—2 grew at pH 7-9 and 20-45 °C, but
not in 5% NaCl, at pH 5-6 and at"10-15 r'a-ﬂc‘l 55 °C. Positive for catalase, oxidase,
hydrolysis of aesculin, gelatin, PNPG, staréiyfty\{een 80 and assimilation of potassium
gluconate, but negative for: fermentation '}é:fr-‘_élucose, citrate utilization, indole
production, H,S production, methyl red, Vg?est—Proskauer, nitrate reduction, urease,
hydrolysis of kL-arginine, casein, L-tyrosine, assimilation of #-acetyl-glucosamine,
adipic acid, capti;aci@amLphsngdaceiicacid. Able to produce acid from aesculin,
amygdaline, D-arabinose, L-arabinose, D-arabitol, arbutine, D-ccllobiose, D-fructose,
L-fucose, D-galactose, gentiobiose, a-glucopyranoside, glucose, glycogene, D-lactose,
D-lyxose, D-maltose,, D-mannose, D-melibiose, D-raffinose, L-rhamnose, D-ribose,
salicine; D-sorbitoly starch, suctose, Ditrehalose) D-turanose; p-xylopyranoside, xylitol
and D-xylose:/"Not.able 'to lacid! production’ from| N=acetylglucasaniine, D-adonitol,
dulcitol, erythritol, D-fucose, gluconate, glycerol, inositol, inuline, 2-ketogluconate, L-

sotbose’and L-xyloseasshown'in Tabie 4.10:
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FCN3-3

50 Cohnella phaseoli KCTC 13070 (EU014872)
96 Cohnella luojiensis HY-22R" (GQ214052)
————— Cohnella hongkongensis HKU3" (AF433165)
Cohnella yongneupensis 5YN10-14" (EF368008)

I‘i\\&lr 54

- —Coh d’( otolerans CCUG 47242" (AJ971483)
—— cqmezz -25T (EU912527)
 GR21-5" (EF368010)

T (DQ459874)

1" (AB362828)

T (EU081509)

4706" (AB073198)
11200" (AB073187)
SM 5162" (AB073189)

Figure 4.7 Neighbour-join;mgrtﬁb
el Py
el qg ybe wex

ogenetic relatlons'h

Mmfl uiﬁm‘] 20 Lk b0V WY

97.6% 1 rRNA gene sequence similarity and to athermotolerans C@,G 472427

AN QA L IR

showed low DNA-DNA relatedness to C. thermotolerans CCUG 47242" (2.1-5.5%).
Predominant fatty acids of MX15-2 and MX21-2 were is0-Cj6,0 and anteiso-C;s.o as
shown in Table 4.11. Major polar lipids were diphosphatidylglycerol,
phosphstidylglycerol, phosphstidylethanolamine and lysyl-phospatidylglycerol. The
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unknown phospholipids and aminophospholipids were detected (Appendix E-3D and
3E). DNA G+C contents of MX15-2 and MX21-2 were 63.0 and 65.1 mol%,
respectively, which was close to the values observed for other members of the genus
Cohnella (Kampfer et al., 2006). The MX15-2 and MX21-2 could be clearly

distinguished from known Cohnel{ Q s based on their physiological, biochemical

]
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Table 4.10 Differential characteristics of FCN3-3, C. phaseoli KCTC 13070", S1-3,
C. ginsengisoil GR21-5", MX15-2", MX21-2" and C. thermotolerans CCUG 47242"

Characteristic FCN3-3 KCTC S1-3 GR21-57 MX15-2 MX21-2 CCUG
13070" 472427

Growth in 3%NaCl + - + - w - w
Growth at pH 6
Growth at : 10 °C
45 °C
50 °C

Catalase test
Nitrate reduction
Hydrolysis of:
DNA
Gelatin
Starch
Tween 80
Assimilation :
N-Acetyl-glucosami
L-Arabinose
D-Glucose
Malic acid
D-Maltose
D-Mannitol
D-Mannose
Potassium gluconate
Acid from:
N-acetylglucosamine
L-Arabinose
D-Arabitol &
L-Arabitol
Arbutine ’:
L-Fucose

- GlucopyranosiB + +

Glycerol - - - - -

Dﬁﬂiﬁl’l‘l’lﬁiﬂiﬂ&ﬂﬂi

-Mele + -
L- Rhamnose -

’QWﬂﬁﬁﬂ‘im mﬂﬂﬂﬁﬂﬁﬂ

L-Xylose +
DNA G+C (mol%) 58.0 60.3" 53.3 61.3" 63.0 65.1 59+

o+t + o+ + + + +
Co+

+, positive; —, negative; w, weakly positive

"Data were obtained from Garcia-Fraile et al (2008).
"Data were obtained from Kim ez al (2010).

tData were obtained from Kampfer et a/ (2006).
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Table 4.11 Cellular fatty acids compositions of FCN3-3, S1-3, MX15-2, MX21-2 and
related Cohnella species

Strains: 1, FCN3-3; 2, C. phaseoli KCTC 13070T; 3, S1-3; 4, C. ginsengisoli
GR21-5"; 5, MX15-2; 6, MX21-2; 7, C. thermotolerans CCUG 472427

Values are percentages of total fatt trace < 1 %; ND, Not detected

Fatty acids 5 6 7
Straight -chain saturatec -

Ciso : tr 1.5
Ciso 4.5 1.1
Ciso 54 6.8
Branched saturated

150-C14.0 3.2 34
150-Cjs 8.3 4.4
150-Cyg:0 14 8 39.2 36.1 48.3
i50-Ci70 P 21 11

anteiso-Cjs.g ND ND ND
31.6 31.6 26.9

6.4 5.6 4.8

anteiso-Cjs.g

anteiso-C7.g

Monounsaturated
Ciga07c ND ND
C16;1(.0 11c ND tr

AULININTNEINS
ARIAINTUNIINGINY
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4.2.4 Group IV

Group IV contained 2 isolates, CR1-2 and CR5-1. Cell were Gram

positive, rod or coccoid shaped (approximate 0.8-1.0 x 0.8-4.5 um), non-spore
forming, facultative anaerobic and non-motile. Colonies were 0.5-2.0 mm in diameter,
ellow or white-coloured after 2 days of
-5% NaCl, at pH 7-9 (optimally at
5 and at 10-15 and 50-60 °C.

circular, convex, smooth, opaque a
incubation at 37 °C on C medi

7) and 25-45 °C (optima

Positive for catalase, i mﬁinine, casein, gelatin, starch
and urea, but negativ 1 n oC! skauer, indole production, citrate
utilization, H,S production. ble to produc > acid from amygdalin, L-arabinose, D-
galactose, D-glucose / C yce ox ; )S nulin, : lactose, D-maltose, D-

Table 4.12 Phenotypic ¢haracteri _‘ an 5-1 and Isoptericola
variabilis MX5" , et
Characteristic . -~ - CRI-2 )

0 Il
Growth at'10 ..I.I'g: <
Catalase test .

»
Oxidase test™ 'EP‘{
Hydrolysis:

,PW-" ‘f 2

+ 270

Aesculin . ‘?J'_,"“'ﬂ-';' o= n
seu Ve N
| +
_ ' -
Tyrd ot +
Tweémo - -
Urea + +
Acid pr(ﬂlﬁpn
ﬂmm V]ﬂﬂ‘i“ﬂmﬂﬁ
Inuhn -

= -

*Data were obtalned from Wu et al. (2010).

In the 16S rRNA gene-based phylogenetic tree according to the NJ
method, CR1-2 and CR5-1 were placed in a monophyletic cluster consisting of all

known Isoptericola and closely related species as shown in Figure 4.8. The isolates
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CR1-2 (1,006 nt) and CR5-1 (930 nt) were closely related to each other with 100%
16S rRNA gene sequence similarity and to Is. variabilis MX5" with 99.6% sequence
similarity. The isolate CR1-2 contained major menaquinone, MK-9(H,). The DNA

G+C content was 70.0 mol%. Based on the phenotypic properties, chemotaxonomic

nce, isolates CRI1-2 and CR5-1 were
,?“/ tal., 2004).

1)

characteristics and 16S rRNA gen

identified as Isoptericola vari

88

(AY789835)
PCX2" (AF105422)
7 clludosilytica XILO7" (AF403541)
criwm ulmi X1L08™ (AY273185)
010, a citrea DSM 43110" (X83808)
- 1spora sukumoe IFO 14650 (AB056130)
— Cellulosimicrobiun terreumBS-61" (EF076760)
imicrobium cel 0106" (X79456)

i [ e Y
e 0109" (X83799)
Q.OO?

Figure 4.8 Nelghboirﬂnng tree based on'16S rRNA gene sequences showing the

ﬂ u ﬂetlc r?:l E# ?& Eé2 ? all known
mlsopterzcola and closely related species. Based on 1000 resamplings,

bootstrap percentages gove 50% are shGwn. Bar, 0.005 substitutions per

QRIMAHUUNTINETREY

90

10062

92
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4.2.5 Group V

Group V contained 2 isolates, FXN1-1B and PHX2-5. Cell were Gram
positive, rod shaped (approximate 0.5-1.0 x 1.5-2.0 pum), facultative anaerobic and
non-motile. Colonies were 0.5-1.0 mm in diameter, circular, convex, smooth,
days of incubation at 37 °C on C medium.
7) and 15-37 °C (optimally at 30
‘—/yr catalase, methyl-red, nitrate
m but negative for Voges-

roduction urease and

translucent and yellowish coloured afier

reduction, DNase, hydro aesculin
Proskauer, indole 7 :
hydrolysis of L-argininesT 2 een 8 to produce acid from fructose,
glucose, D-mannose, nd /D=xyl0s ' ' 1ygdalin, gluconate, glycerol,

inositol, inulin, i 1¢lezitose, a-gluco ; T s1 raffinose, L-rhamnose,

& \\
Table 4.13 Phe ¢ aractﬂ‘j?ﬁ (] = PHX2-5 and Jonesia

denitrificans ATCC 14 0 &&f _
*’ﬁ.’fﬂu :

Characteritic J1et-FXN14 X2-5 ATCC 14870™*

Temperature range (° 153 [5-37 30-37
Growth in 5% NaCl ..l;"..ﬁ-' B, +
Catalasestest L -+
Oxidasetést W | -
DNasel S +
Hydroly s
Aesculin +
Starch + + : +
Acid producﬁ‘o
- lucose
YRR O mnﬁwmaa
Salicin
Sorbose - - -
D-Xylose + + +

+, positive; —, negative; w, weakly positive
*Data were obtained from Rocourt et al. (1987).
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On the basis of 16S rRNA gene-based phylogenetic tree according to
the NJ method, FXN1-1B and PHX2-5 were placed in a monophyletic cluster
consisting of all known Jonesia and closely related species as shown in Figure 4.9.
The FXNI1-1B (922 nt) and PHX2-5 (983 nt) were closely related to each other with
99.8% 16S rRNA gene sequence simila and to J. denitrificans ATCC 14870" with

t
99.2 and 99.1% sequence similari ' ‘ y. The isolate PHX2-5 contained
, )s 58.4 mol%. Based on the

major menaquinone,
acteristics and 16S rRNA gene sequence,
—

court et al., 1987).

phenotypic properties,
FXN1-1B and PHX2-

3T (Y18378)
13879" (X83809)

spore DSM 431107 (X83808)
140" (Y08539)
m DSM 123627 (AJ277650)

DSM20427" (X77441)
0.01

L v/
q] logenetic relati 1 etwee -1B "and 2-5, all known
Jonesia and closely‘related speciesemBased on 1000 fesamplings,

R RERSRAH AR G~

nucleotide position
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4.2.6 Group VI

Group VI contained 3 isolates, CE3-4, SRCI1-1 and SRC3-3. Cell were
Gram positive, rod shaped (approximate 0.5-1.0 x 0.6-1.5 pm), non-spore-forming
and non-motile. Three isolates were classified 2 groups based on the phenotypic
properties (Table 4.14 and 4.15). They were identified with 16S rRNA gene sequence
and phylogenetic analyses that 3 isolates were clustered within a clade of the genus
Micobacterium (Figure 4.10).

Group VI (1) eontained 2jisolates; SRC1-1 and SRC3-3. Colonies were
0.5-2.5 mm in diameteg,~eircular, convex, smooth, translucent and white coloured
after 2 days of incubatien at 37 °C.on C medium. They grew in 3-5%NaCl, at pH 5-9
and 30-45 °C, no grewth at 10-25 aﬂd 50-60 °C. Positive for catalase, urease,
hydrolysis of aeseulin, k=arginine, PNA: gf:_latin, starch and L-tyrosine, but negative
for oxidase, methylaed, Voges-PrbskaneE 'indole production, nitrate reduction, H,S
production and hydrolysis of tween:80. Able to produce acid from D-cellobiose, D-
fructose, D-galactose, D-mannose, D-mclil;ipse and sucrose. Not able to produce acid
from D-amygdalin, L-arabinose,. gluconaté;-' glycerol, iositol, inulin, lactose, D-
mannitol, raffinose, L-rhamnose, D—riboéé;f—s_alicin, sorbitol, sorbose, D-trehalose
(Table 4.14). Major menaquinonewere MK-11. a.iﬁbl MK12. On the basis of 16S rRNA
gene-based phylogenetic tree.aceording to the NJ method SRCI1-1 and SRC3-3 were
placed in a monophyletlc cluster consisting of known Microbacterium as shown in
Figure 4.10. Thg,SR.CJ;l_(_l,_A_OJ_nI)_aanESRPC;’sén(JFQQLHt) y,vere closely related to
each other with” 100% 16S rRNA gene sequence similarity 4nd to M. natoriense
TNJL143-2" with 99.0% sequence similarity. The result showed high the similarity of
16S rRNA gene sequence with type strain. Therefore, based on the results mentioned
above and pherotypic propérties/indicatedsthatf SRC1+ 1] afid SRC3=3*were identified
as M. natoriense (Liu et'al., 2005).



Table 4.14 Phenotypic characteristics of SRCI-1,

TNJL143-2T
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SRC3-3 and M. natoriense

Characteristic SRC1-1 SRC3-3 TNJL143-2""

Growth in 3% and 5%NaCl +
Growth at pH: 5-9 +
Growth at:

30°C

40°C

45°C
Catalase test

Oxidase test
Nitrate reduc t10
Urease
Hydrolysis of:
Aesculin
Casein
Gelatin
Starch
Acid produ
D-Cellobiose
D-Fructose
D-Galactose
Gluconate
Glucose
a-Glucopyranoside *
Inositol
D-Lactose
D-Maltose
D-Mannitol
D-Mannose

D-Melibiose _
D—Melezitosﬂ
L-Rhamnose

D-Ribose

0se

.HJEI’JVIEIVITWH']ﬂi

+
+

+ o+

+

+ o+ o+ o+ + o+ 0+ o+ o+ +

+

9 TN R 1 N8 Y

Group VI (2) contained CE3-4. Colonies were 0.5-2.5 mm in diameter,

circular, convex, smooth, translucent and yellow coloured after 2 days of incubation
at 37 °C on C medium. CE3-4 grew in 3% NaCl, at pH 5-8 (optimally at 7) and 25-37
°C (optimally at 30 °C). Did not grow in 5% NaCl, at pH 9 and at 10-15 and 45-60 °C.
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Positive for catalase, urease, hydrolysis of aesculin, L-arginine, DNase, gelatin,
assimilation of N-acetyl-glucosamine, D-glucose, D-maltose, D-mannitol, D-mannose,
but negative for oxidase, methyl red, Voges-Proskaner, indole production, nitrate
reduction, citrate utilization, H>S production, hydrolysis of casein, starch, L-tyrosine
and tween 80 and assimilation of adipic jacid, L-arabinose, capric acid, malic acid,
phenylacetic acid and potassium gluconate. Able to produce acid from D-arabinose, L-
arabinose, D-arabitol, L-arabitol, arbutine, ‘D.eellobiose, aesculin, D-fructose, D-
fucose, L-fucose, D-galactose, glucose, glycerol; D-1yxose, D-maltose, D-mannitol, D-
mannose, D-melibiose, L-rhamnese, D-sorbitol, D-suciose, D-trehalose, D-turanose,
xylitol, D-xylose and pg=xvlopyranoside. Gave positive results for the production of
N-acetyl-B-glucosaminidase,/acid phosphatase, alkaline phosphatase, esterase (C4),
esterase lipase (C8), o-galactosidase, a-gluf_osidase, leucine arylamidase and trypsin

(Table 4.15).

=

Whole-gell sugars of CE3-4 was galactose, glucose, mannose, xylose,
ribose and rhamnose (Appendix E-7). Mafn‘ menaquinone was MK-13 (51.1%), MK-
14 (45.7%) and MK-12(3.1%). The predofrﬁﬁaﬁi fatty acids were anteiso-C7.9 (60%)
and is0-Cig:0 (16.3%) and anteiso-Cys.0 (15'.:-3;%_).as shown in Table 4.16. Major polar
lipids were diphosphatidylglyeerol, phosphstidylglycerol and glycolipid (Appendix E-
4). DNA G+C content was- 75 mol%. Qn the basis of 16S rRNA gene-based
phylogenetic tree accordmg fo the NJ method CE3 4 was plaged in a monophyletic
cluster con51st1n_g=a£ Kknown Microbacterivii-as-shown-in-Irgure 4.10. The isolate
CE3-4 (1,411"nf) was closely related to M. imperiale DSM" 20530" with 98.4%
sequence similarity. The result showed low the similarity of 16S rRNA gene sequence
with type strain. Therefore, base on the phenotypic properties, chemotaxonomic
characteftisti¢s and)16S TRNA gene|séquence; CE3-4 representsnovel species of the
genus Microbacterium. (Takeuchief al., 1998). However, CE3=4 should be confirmed
for DNA-DNA hybridization for the proposal of the new species.
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Table 4.15 Differential characteristics of CE3-4 and M. imperiale DSM 20530".

Characteristic CE3-4 DSM 20530
Catalase test - +
Citrate utilization W -
Hydrogen sulfide production - +
Urease + -
Hydrolysis of:

L-Arginine
Gelatin
Starch
Enzyme assay for:
Alkaline phosphatase
a-Chymotrypsin :
Esterase (C4)
Esterase lipase (
a-Glucosidase
a-Mannosidase
Naphthol-AS-BI-ph
Trypsin
Assimilation:
N-Acetylglucosami
a-Glucopyranoside
Glycerol
D-Lactose
D-Melezitose
D-Raffinose
D-Ribose
L-Xylose
S-Xylopyranoside
Cell wall sugar —= ’ Rha, Man, Gal
Major menaq v\ 11,12
DNA G+C (mol% !l ,'" 71.2%

+, positive; —

aegative; w, weakly positive; Gal, galactese; Glu, glucose; Man,
mannose; Rha, rhami'o 3 Rib, ribose; Xyl, xylose

~f %ﬁﬂ“ﬁﬁmw oM (i
ammﬂimumqwma d
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Table 4.16 Cellular fatty acids compositions of CE3-4 and M. imperiale DSM
20530". Values are percentages of total fatty acids. ND, Not detected

Fatty acids CE3-4  DSM 20530 *
Straight -chain saturated
Cico 24 5.9
Branched saturated '
150-Ci50 /// ; ND
150-Cig0 . 2 14.0
iSO-Cn;o% 4 ND

anteiso-Cs.

q , 50.8
(0 28.2
: (2006

\:%  Gsoil 2597 (AB271048)

ilacus YM11-607" (AB286020)
shaerae DSM 13468" (AJ277840)

™ ficrol ium ol ‘%\4 160917 (AJ698725)
Microbacterium resistens D Z 17107 (Y14699)

[ :ﬂ£ Microbacteritind testaceum DSM 20166" (NR_026163)

w1

Brevzbacterzum linens DSM 20425T (X77451)

ﬁn@mﬁu URIINLARL,..

phylogenetic relationships between CE3-4, SRCI1-1, and SRC3-3 and

known Microbacterium. Based on 1000 resamplings, bootstrap
percentages above 50% are shown. Bar, 0.01 substitutions per nucleotide

position



89

4.2.7 Group VII
Group VII contained SRX2-3. Cell were Gram positive, rod or coccoid
shaped (approximate 1.0-1.2 x 1.5-6.0 um), motile, non-spore-forming and strictly
aerobic. Colonies were 0.7-1.0 mm in diameter, irregular, flat, smooth, glistening,
er 2 days of incubation at 37 °C on C
37 °C (optimally at 30 °C), but not

yellowish-white coloured and opaq

medium. Grew at pH 6-9 (opti

growth in 3-5% NacCl, a Posmve for catalase, DNase,

klyl,L Mn gelatin and tween 80, but

negative for oxidase, .methyl re = 'ole production, nitrate

urease, hydrolysis of a

D-trehalose and D-x

l1<-: cell wall peptidoglycan.
» g

MK-8(H4) was the predo 1naanné}1_aq none, DNA content was 72.0 mol%.
On the basis of 16S rRNA gﬂﬁ?_‘éﬂ@d phylogenetic tree

according to the NJ method

SRX2-3 was placed in a mo%‘ ¢ “; e cor isting of known Nocardioides as
shown in Flgu .4.11. The isolate SRX2-3 (900 nt) closely-related to N. simplex

DSM 20130 ”mu-vmW—r'v—-«f nilarity. The result showed high the similarity
of 16S rRNA gene quence Vv g
and phenotypic pgyertles indicated the late SRX2-3 was
(Yoon et al., 1997). Il:.

ﬂﬂﬂ?'ﬂﬂ‘ﬂ'ﬁﬂﬂ?ﬂ‘ﬁ
QW']Mﬂ‘immﬂTmEI']ﬂil

ults mentioned above

dentified as N. simplex
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Table 4.17 Phenotypic characteristics of SRX2-3 and N. simplex DSM 20130" (Yoon
etal.,2007)

Characteristic SRX2-3 DSM 20130"
Optimal temp. (°C) 26-37
Catalase test
Oxidase test
Citrate utilization
Indole production
Nitrate reduction

Urease . .
Hydrolysis of: :
Aesculin , ,

L-Arginine
Casein
DNA
Gelatin
Starch
Tween 80
Tyrosine
Acid producti
L-Arabinose
D-Cellobiose
D-Fructose
D-Galactose
Glucose
Glycerol
Inositol 4
D-Lactose / -
D-Manni v L.
D-Mannose il
D-Raffinose - . -

+
+
+

+ 4+ 4+ + 4+ + +

L-Rhamnose

;ﬁuﬂﬂﬂﬂﬂ§Wﬂﬂﬂi

+, posmve , negative; w, weakly positive.

9 A RN 19188 8
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SRX2-3
— Nocardioides simplex DSM 20130" (Z78212)

Nocardioides ginsengisoli Gsoil 1124" (AB245396)
Nocardioides kongjuensis A2-4" (DQ218275)
ioides panaciterrae KCTC 19136 (AB257719)
W WACk 7 rophenolicus NSP 417 (AF005024)
- — Nocaidioides ginsengiglaebae Gsoil 11307 (AB271052)

o i @r-& (NR_025261)
Nocardioides & sis KSL-2T (AY835924)
arinus CL-DD14" (DQ401093)
estuarii JC2056" (NR_025777)

oy 110)

1 80 1F363712)
7 sz C2055" (NR_025776)
0.005, ——anilNog orans DSM 16090" (AJ698724)
Figure 4.11 Neighbour-jeining fiee based NA gene sequences showing the
phylogenetic relati R RX2-3 and known Nocardioides.

percentages above 50% are

osition

Y

U

ﬂ‘lJEl’J‘VIEWIﬁWEI’]ﬂ‘i
QWWﬁﬁﬂ‘imﬂJﬁﬂﬂEﬂﬁE}
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4.2.8 Group VIII

Group VIII contained SRX2-1. Cell were Gram negative, coccobacilli
shaped (approximate 0.4-0.7 x 0.5-0.9 um), facultative anaerobic, non-motile.
Colonies were 0.5-1.5 mm in diameter, circular, flat, smooth, yellowish coloured and
opaque after 2 days of incubation at 37 ° C medium. Grew in 3% NacCl, at pH 5-9
(optimally at 7) and 10-50 °C (op : but not growth in 5% NaCl and at
55-60 °C. Positive for catalase, citra ‘ Nase, urease, hydrolysis of
L-arginine, casein, gela and L A— é for oxidase, methyl red,

Voges-Proskauer, in. i LLS production and hydrolysis

of aesculin, starch an : ""‘q ji .,;4. L-arabinose (weakly), D-

fructose, D-galactose, { , ~. ﬁ D-mannitol, D-mannose, salicin,

sucrose and D-t “to_produce acid from D-amygdalin, D-cellobiose,
gluconate, inositio I “D-meli .. Se nel Zitose, o-glucopyranoside,

raffinose, L-rha i sorbitol, Sorbose ¢ d D -r ¢ (Table 4.13).

Table 4.18 Phenotypi . QE SRX2-T anc 4. junii LMG 998" (Bouvet and
Grimont, 1986) '

LMG 998"
15-40
y +

Characteristic
Growth temp. (°C
Citrate u 111 ati

Nitrate o e i— -

Hydrolys v - 1“
L-Arginine ™ 7 +
Gelatin m -
Tyrosine

Aﬁ;ﬁ&%mﬂmwmni

D- Lactose

ammﬂimumqwmaa

amnose
D-Xylose -
+, positive; —, negative; w, weakly posmve
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Predominant ubiquinone of SRX2-1 was Q-9. DNA G+C content was
42.1 mol%. On the basis of 16S rRNA gene-based phylogenetic tree according to the
NJ method, SRX2-1 was placed in a monophyletic cluster consisting of known
Acinetobacter as shown in Figure 4.12. The isolate SRX2-1 (973 nt) was closely
related to A. junii LMG 998" with 99.:8% s
the similarity of 165 rRNA | |

uence similarity. The result showed high

ith type strain. Based on the results
mentioned above and :E - 0 1 ed that isolate SRX2-1 was
identified as 4. junii ( rimg,t, 19é

100 4ci ct.

Acinee&‘achég:a’a-zz;g. cus NECB 22016T (AJ888983)

%7 Acinetobacter ursingi

Acmetobacter baylyi B2" (AF509820)

r towneri 0T (AF509823)
ﬂ%g%ﬂ@z ol )
etobact AO01" (AF5 9

in er gerneri
O 01

ARAINIUURINYIAY

Figure 4.12 Neighbour-joining tree based on 16S rRNA gene sequences showing the

phylogenetic relationships between SRX2-1 and known Acinetobacter.
Based on 1000 resamplings, bootstrap percentages above 50% are

shown. Bar, 0.01 substitutions per nucleotide position
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4.2.9 Group IX
Group IX contained SRX2-2. Cell were Gram negative, rod
(approximate 0.4-1.0 x 1.0-4.0 pm), facultative anaerobic, motile. Colonies were
1-1.6 mm in diameter, irregular, lobate, flat, yellowish coloured and opaque after 2

days of incubation at 37 °C on C medium. Grew in 3% NaCl, at pH 5-9 (optimally at

ose, salicin, sucrose and

ellobiose, gluconate,

inositiol, inulin, anoside, raffinose, L-

rhamnose, D-ribose
- o p gl i
57.7 mol%. On the bagis of 168 rRNA gen , iylogenetic tree according to the
Y o i y
NJ method SRX2-2" was placgq*?_ﬁ‘jls_a’}_ nophyletic cluster consisting of known
’ X2-2 (1,053 nt) was closely

Aeromonas as shown in Figuie 4.13. The

related to 4. enteropelogenes 99.4% sequence similarity. The result

o et
showed high the simi f 16S TRNA gene sec ith type strain. Based on the

results menti -',w', solate SRX2-2 was

o \'B - X
identified as 4. enterc

g
AUEINENINYINS

ARIAINTUNIINGINY
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Table 4.19 Phenotypic characteristics of SRX2-2 and 4. enteropelogenes DSM 6394"
(Carnahan, et al., 1991)

Characteristic SRX2-2 DSM 6394
Oxidase test + +
Citrate utilization ' 1 +
Facultative anaerobic : +
Indole production . , /. +
H,S production / -
Nitrate reduction "—d +

Voges-Proskauer
Hydrolysis of:
Aesculin
L-Arginine

Gelatin
Starch

L-Arabinose
D-Cellobios
Gluconate
Inositol
D-Mannitol
D-Mannose
L-Rhamnose
Salicin
Sorbitol
D-Sucro c.

+, posifiv

V

..I
i

AULININTNEINS
ARIAINTUNIINGINY
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89— Aeromonas enteropelogenes DSM 6394" (X71121)
ﬂeromonas punctata ATCC 15468" (X74674)
— SRX2-2
—Eéleromonas hydrophila CCM 7232" (DQ207728)
97

77

AY532690)
60406)

c cr' o1 ‘"r‘- — 47(X60411)
/ o %uﬁ m 24308)

60 Aey /vo :n zd ‘~ 429)

' ‘f” \\\ \
S . ] harep CT.4199 (s39232)
g4 deroonlis's ﬁpbt\\ X60416)

7 - %\‘ &"* ae IBS S6874T (AJ536821)
100 Aeromona-s ichthio zﬁ@; O35EX M 128 \

Fa
Aeromonas veronii ATCC35624"

Aeromonas figm, ATCC X60413)

0.002 100 4eromonas ¢ I'g“_’,: ”;' (AF170914)
. e b .

| 7 |
Figure 4.13 Ne¢ 'u bou gene sequences showing the
|!

phyenetlc relationships between SRX2-2 ia', known Aeromonas.

Based fn 1000 resamplings, @otstrap percentages above 50% are

F'TU"EF“W ﬁﬂﬁﬂm‘f’ﬁ
9 RIAINTUNAINYINY
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4.2.10 Group X

Group X contained SRX1-2. Cell were Gram negative, rod shaped
(approximate 0.6-0.8 x 1.5-2.5 pm), facultative anaerobic, non-motile. Colonies were
0.5-1.0 mm in diameter, circular, raise, smooth, yellowish-white coloured and opaque
after 2 days of incubation at 37 °C on C medium. Grew at pH 7-9 (optimally at 7) and
25-37 °C (optimally at 30 °C), but not growth'in.3% and 5% NaCl, at pH 5-6 and at
10-15, 45-60 °C. Positive for catalase, oxidase. urease, hydrolysis of aesculin, L-
arginine and PNPG, assimilation of N-acetyl-glueosamine, D-glucose, D-maltose, D-
mannitol and D-manngse; but negative for methyl red, Voges-Proskauer, citrate
utilization, fermentatiomsglucese, indolelproduction, nitrate reduction, H.S production,
DNase, and hydrolysis® of /casein, gelatin, starch, L-tyrosine and tween 80 and
assimilation of adipic acid, Larabinose, (;_aRr_ic acid, malic acid, phenylacetic acid and
potassium gluconatgs Able to produce acii from D-arabinose, L-arabinose, D-arabitol,
L-arabitol, arbufine, aesculin, -b-céllobiose, D-fructose, D-fucose, L-fucose, D-
galactose, D-glucose, glycerol, D-lyxosei, D-maltose, D-mannitol, D-mannose, D-
melibiose, L-thamnose, sorbifol, sucrose, 'ﬁ?trehalose, D-turanose, xylitiol, D-xylose
and B-xylopyranoside. Not able to produce argf_d_,f‘rom N-acetylglucosamine, D-adonitol,
D-amygdalin, dulcitol,” erythritol, - gentiobiose; gluconate, a-glucopyranoside,
glycogene, inositol, inuline, 2-ketogluco§fte; 5-ketogluconate, D-lactose, a-
mannopyranoside, D—meleiiifféé, D—rafﬁnose.,:.l-)::r-i-f-)-oée, salicinesL-sorbose, starch, D-
tagatose and “L-xylose...Gave positiveresults for the production of N-acetyl-p-
glucosaminidase; - acid phosphatase, alkaline phosphatase, “cystine arylamidase
(weakly), esterase, esterase lipase, a-galactosidase, p-galactosidase (weakly), o-
glucosidase, s-glucosidase (weakly), leucine arylamidase and trypsin, but negative for
the production ©f| g@-chymotrypsin, “e-flicosidase;’ p-glucurenidase, lipase, o-
mannosidase; hiaphthol-AS-BI-phosphohydrolase and valine arylamidase.

Predominant ubiquinone of SRX1-2 was Q-10. The predominant fatty
acids wete £Cjs., @7¢. (83:8%). | Major  polar Tipidsy were [diphosphatidylglycerol,
phosphstidylglycerol “and ‘phosphstidyleéthanolamine:” The" unknown “phospholipids
were detected (Appendix E-5). DNA G+C content was 63.2 mol%. On the basis of
16S rRNA gene-based phylogenetic tree according to the NJ method SRX1-2 was
placed in a monophyletic cluster consisting of all known Blastobacter and closely

related species as shown in Figure 4.14. The isolate SRX1-2 (1,371 nt) was closely
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related to Bl aggregatus IFAM 1003" and Bl capsulatus IFAM 1004" with 98.1%
and 95.3% sequence similarity, respectively. SRX1-2 could be clearly distinguished
from known Blastobacter species based on description of genera Blastobacter as well

as their phylogenetic positions. The description was as given by Sly (1985) with the

following amendment. Cell gram-negative and rod shaped. Cell were usually 0.5-1.0
}) as white or yellow. Positive for

e. The G+C content of

erefore SRX1-2 represents
novel species of the geaus Blasiobacter ' owever, SRX1-2 should

be confirmed for DNA=E bridization for the al of the new species.

100

E atatoria @M 31837 (AB024288)
Stappza stellulata IAM12621T (D88525)

ﬂumwsmwmm

Flgure Neighbour-joining tree based on 16S rRNA gene sequences showing the

QRS MIN iR 19110k

percentages above 50% are shown. Bar, 0.01 substitutions per nucleotide

position
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4.2.11 Group XI
Group XI contained SRX1-1. Cell were Gram negative, rod shaped
(approximate 0.5-1.0 x 1.0-3.0 pm), facultative anaerobic, motile. Colonies were
0.5-1.0 mm in diameter, circular, flat, smooth, shiny, yellowish coloured and opaque

after 2 days of incubation at 37 °C on C

dium. Grew at pH 5-9 (optimally at 7) and
1in.3-5% NaCl and at 10-15, 45-60 °C.

Positive for catalase, indole productio ion, DNase, urease, hydrolysis

maltose, D-mani an '\ J_‘ ibi s, D-mie e, a-glucopyranoside,
raffinose, L-rhamnos 5 1n, sorbitol, sorb ucrose, D-trehalose and D-
xylose fi

The DNA G+C content
was 61.6 mol%. On the ba S : 1ylogenetic tree according to
the NJ method SRX ?"J_"-' t 4 , ster consisting of known
Ensifer and closely rel '—' n ] .15. The isolate SRX1-1 (986
nt) was closely related to E. adha 15 LMIG 202+ 6" with 99.3% sequence similarity.

The result showed hi equence with type strain.

Based on th . m‘; f1es as Well as thelr
phylogenetic po tic d as E. adhaerens (Young,
2003). ﬂ

ﬂumwﬂmwmm
Qﬁqﬂﬂﬂ‘im UAIINYIAY
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98 7SRX1-1

— Ensifer adhaerens LMG 20216" (AM181733)
o0 Ensifer fredii LMG 6217" (X67231)
Ensifer kummerowiae CCBAU 71714" (AY034028)
i oli LMG 7837" (X68390)
" / 1G 192257 (AM181747)
1407" (AY500254)

o 611T(D14509)
15527 (278204)
AT (X68388

\\ ( )

anticus ORS 1400 (AY500255)
10004" (U29386)

0.005

Figure 4.15 Neighboun ene sequences showing the

phylogenetic ‘re it b € -1 and known Ensifer and
closely re 000 resamplings, bootstrap

percentages ab@ we 50! . Bar, 0.005 substitutions per

nucleotide posifior

=

.ll
]
W

"y
|
4

|
|
A

ﬂumwﬂmwmm
Qﬁ”lﬁﬁﬂimﬂm'l’mﬁﬂﬁﬂ
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4.2.12 Group XII
Group XII contained PHX3-1. Cell were Gram negative, straight rod
shaped (approximate 0.3-0.5 x 1.5-2.5 um), facultative anaerobic, motile. Colonies

were 0.5-1.0 mm in diameter, circular, raise, smooth, yellowish-brown coloured and

°C on C medium. Grew in 3-5% NacCl, at pH
' °C), but not growth at pH 5 and at
45-60 °C. Positive for catal & ilization, urease, hydrolysis of
L-arginine, starch and L-tyrosine b 7 i éﬁ:d, Voges-Proskauer, indole

production, nitrate reduction 1S production, DI and hydrolysis of aesculin,

opaque after 2 days of incubation at

casein, gelatin and tween'80..Able to produce acid from glycerol. Not able to produce

acid from D-amygdalingl ¢, D-fructose, D-galactose, D-glucose,

gluconate, inosite ulinie, Jactose naltose, D-1 -s mannose, D-melibiose,
e

D-melezitose, a-glueopy D-ribose, salicin, sorbitol,

i
sorbose, sucrose, D-trehe

Table 4.20 Phenotypic characteristics of PH
RV W Wrdnr
(Nishimori et al., 2000 | St I

Characteristic ﬂﬂf':‘. H> 3-1'\
Growth in 3% and 5%NaCl _ \
Nitrate reduction st
Urease
Hydrolysis of:
Aesculir
L-arginif

P stutzeri ATCC 17588"

ATCC 17588"
+
+

+ 1

Gelati , 7 ‘

Starch
Tween - !

Acid produ:éion:

AREINININYING

AWHARNIUNANINETIN Y
q D-Sorbitol ' - -
D-Sucrose - -
D-Trehalose - -
D-Xylose - -
+, positive; —, negative

+ +
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Predominant ubiquinone of PHX3-1 was Q-9. DNA G+C content was
60.6 mol%. On the basis of 16S rRNA gene-based phylogenetic tree according to the
NJ method PHX3-1 was placed in a monophyletic cluster consisting of known
Pseudomonas as shown in Figure 4.16. The isolate PHX3-1 (962 nt) was closely

% sequence similarity. The result showed

related to Ps. stutzeri ATCC 17588" with

330" (AY953147)

N '\u (AB009457)
'.vsA 064458)
217 (AB030583)

ans AW-1" (AY017341)
m 's HR2" (EU046271)
|

trellae KMM 330" (AB125366)
oens 6H33b' (AB189452)

CC 19867 (AB021405)

.

Figure 4.16 Neiybour-joining tree based on 16S rRNA geﬂsequences showing the

ﬂ Ehro glﬂ relationshiis betweén PHX3-1 and known Pseudomonas.
4

T
ARIAN TN INAE

shown. Bar, 0.01 substitutions per nucleotide position
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4.2.13 Group XIII

Group XIII contained SRX3-4. Cell were Gram negative, rod shaped
(approximate 0.3-0.4 x 1.3-1.6 um), facultative anaerobic, non-motile. Colonies were
2.0-3.0 mm in diameter, circular, convex, smooth, yellowish-brown coloured and
opaque after 2 days of incubation at 37 °C on C medium. Grew at pH 5-9 (optimally
at 7) and 10 °C (weakly), 15-37 °C (optimally at 30 °C), but not growth in 3-5% NaCl,
at 45-60 °C. Positive for catalase, oxidase,«DNase, fermentation glucose, H.S
production, PNPG, urease, hydrolysis of acsculin‘and L-arginine and assimilation of
N-acetyl-glucosamine, L-arabinose, D-glucose, D-maltose and D-mannose, but
negative for methy red,Voges-Proskauer, citrate utilization, indole production, nitrate
reduction and hydrolysis of casein, gelatin, starch, L-tyrosine and tween 80 and
assimilation of adipic acid, capriciacid, rr‘_lalJip acid, D-mannitel, phenylacetic acid and
potassium gluconatg: Able to produce aclcli'from D-arabinose, L-arabinose, arbutine,
aesculin, D-cellobiose /D-fructose, L-fucose, D-galactose, glucose, a-glucopyranoside,
lactose, D-maltose; D-mannose, a-manﬁlgpyranoside, D-melibiose, D-melezitose,
raffinose, L-rhamnose, Sucrose, D-trehalose -ar'ld’D-turanose. Not able to produce acid
from N-acetylglocosaming, D-adonitol, arﬂﬁda}line, D-arabitol, L-arabitol, dulcitol,

erythritol, D-fucose, gentiobiose; gluconate, glyeerol, glycogene, inositol, inulin, 2-

ketogluconate, 5-ketogluconate, B-lyxose, D,-I}’iahnitol, D-ribose, salicin, D-sorbitol, L-
sorbose, starchy D—tagatosé,iiyrlitol, D—xylos.é,-:i:;-(i/ll)se and p=xylopyranoside. Gave
positive results for.the production.of N-acetyl-B-glucosaminidase, acid phosphatase,
alkaline phosphatase, cystine arylamidase (weakly), esterase, esterase lipase, o-
fucosidase, a-galactosidase, p-galactosidase, o-glucosidase, leucine arylamidase, o-
mannosidase, naphthoel-AS-BI-phosphohydrolase and valine arylamidase, but negative
for thesproduction ofra-chymottypsing’pglucosidase, | #gluctironidase, lipase and
trypsin (Table4:211).

On the basis of 16S.rRNA gene-based phylogenetic tree according to
the! NJ method SRX3-4 was placed in a imonophyleticieluster consistinig of known
Sphingobacterium “as' shown in "Figurc' 4.17. The isolate’ SRX3-4" (1,419 nt) was
closely related to Sp. multivorum B5533", Sp. canadense CR11", Sp. sivangense SY1"
with 98.3, 97.7 and 97.4% sequence similarity. Predominant menaquinone of SRX3-4
was MK-7. The predominant fatty acids were i1s0-Cjs.9 (17.3%), Ci6:0 (16.9%) and iso-
Ci7.0 30H (9.2%) as shown in Table 4.22. DNA G+C contents was 44.4 mol%. This
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value was almost consistent with the G+C content of members of the genus
Sphingobacterium (Mehnaz et al., 2007). SRX3-4 could be clearly distinguished from
known Sphingobacterium species based on their physiological and biochemical

characteristics as well as their phylogenetic positions. Therefore, SRX3-4 represents

terium. (Yabuuchi et al., 1983). However,
@idizaﬁon for the proposal of the

i
new species.
Table 4.21 Differenti of nd Sp. multivorum B5533"
' —

(Yabuuchi, et al., 1983, Xoo'ef l-, 2007) “-‘
Characteristi” o - SRX34' . B5533"

H,Sproduction -
Hydrolysis of:

novel species of the genus Sphi

SRX3-4 should be confirme

Starch .
Tyrosine +
Acid fre

Amygdalig
Glycero
Glycogene
Inuline
L-Rhamnose
Salicine :
L-Sorbose
D-Trehalose
D_

+ o+ 4+

+ o+

Table 4.22 Cellu of SRX3-4 anﬂp. multivorum B5533"
(Yoo et al., 2007). Vélues are percentages of total fatty acids. tr, trace <1 %; ND, Not
=9 /s

detecteﬂ

fatty acids compos

9 Cuso 3.9 2.7
Cis0 ¢ 169 7.8 o/
AR BININ RN INEN AL
q lSO-C15;() OH 4.3 2
iSO-C17;() 30H 9.2 7.1
Monounsaturated
Ci4:0 20H 1.2 ND
C16;0 20H 1.5 tr

Ci60 30H 8.2 53
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671 Sphingobacterium multivorum B5533" (AB100738)
66 Sphingobacterium siyangense SY 1" (EU046272)
87 SRX3-4
100 Sphingobacterium canadense CR11" (AY787820)

se 10CT (AB361248)
186T (EU364817)
_ M 1OT(AJ438176)

-12" (AB244764)
4" (EF122436)
13299" (AJ438175)
R6-04" (AB249372)
386" (EF090267)

T (AJ438174)
0.01 13125" (AJ438172)

Figure 4.17 Ne1ghbour-J01n1 ng t d RNA gene sequences showing the
relati s 3-4  and  known

Ji v: noobacteriuni_ Based on 1000 resamphmo Otstrap percentages
\

.?’ : sicleotide position
FHJEI'J ‘VlEWlﬁW AN
AR ﬁﬁﬂ'ﬁm URIINYIRY
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4.2.14 Group XIV

Group XIV contained CE4-1. Cell were Gram negative, rod shaped
(approximate 0.5-0.7 x 0.5.0-1.0 pum), facultative anaerobic, non-motile. Colonies
were 1.0-1.5 mm in diameter, circular, convex, smooth, yellowish coloured and
opaque after 2 days of incubation at 37 °C on C medium. Grew in 3-5% NaCl, at pH
5-9 (optimally at 7) and 25 °C (weakly), 30-45°C (optimally at 30 °C), but not growth
at 10-20 and 50-60 °C. Positive for catalasey oxidase, citrate utilization, nitrate
reduction, DNase, urease, hydrolysis of aesculin; T=arginine, casein, gelatin and starch
and assimilation of adipieracid (weakly), L-arabinese, glucose, D-maltose (weakly)
and D-mannose, but negativesfor fermentation glucose, methy red, Voges-Proskauer,
indole production, H,Sgproduction, PNPG and hydrolysis of L-tyrosine and tween 80
and assimilations of N—acetyl-glucosam‘i_nq,_ capric acid, malic acid, D-mannitol,
phenylacetic acid and pogassium gluconat;e'.'Able to produce acid from D-cellobiose,
D-fructose, glucose, D-maliose, salicin, sucrose and D-trehalose. Not able to produce
acid from amygdaline, E-arabinoseg, galaétpse, gluconate, glycerol, inositol, inulin,
lactose, D-mannitol, D-mannose, D—rnelib-i(')se', D-melezitose, a-glucopyranoside,
raffinose, L-rhamnose, D-ribose, sorbiiol, sé;gfgqs_e and D-xylose. Gave positive results
for the production of acid phesphatase, alkaline f}h;osphatase, a-chymotrypsin, cystine
arylamidase, esterase, esterase lipase, a—gluc?fd:ase (weakly), p-glucosidase (weakly),
leucine  arylamidase, n?di)'ﬁthol—AS-BI—ph;);sr-i-flail-yarolase, trypsin and valine
arylamidase, “but_.ncgative.forthe production..of _N-acctyl<p-glucosaminidase, o-
fucosidase, o-galactosidase, p-galactosidase,  pglucuronidase, lipase and o-
mannosidase (Table 4.23). 7

On the basis of 16S rRNA gene-based phylogenetic tree according to
the NJ method| CE4-1was placed| i) 8 monophyletic | cluster: consisting of known
Sphingomonas aslshowt in'Figure 4.18! The isolate.CE4-1 (1,375.nt) was closely
related to Sp. mucosissima CP173-2" with 98.3% sequence similarity. Predominant
ubiduinone.of €E4:14wasiQ-10. The predomindnt fatty acids were” Cys4.07c/(64.0%),
Ci7:106¢ (8.4%), Cieo (7.2%) and“C 40 20H"(7.1%)"as in the-genera Sphingomonas
(Yabuuchi et al., 1990) (Table 4.24). Major polar lipid were diphosphatidylglycerol,
phosphatidylglycerol, phosphatidylethanolamine, glycolipids and sphingoglycolipid
(Appendix E-6). DNA G+C content was 66.5 mol%. This value was almost consistent

with the G+C content of members of the genus Sphingomonas, which ranges between
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59.0 and 67 mol%. (Yabuuchi et al., 1990). The CE4-1 could be clearly distinguished
from known Sphingomonas species based on their physiological and biochemical
characteristics as well as their phylogenetic positions. Therefore, CE4-1 represents
novel species of the genus Sphingomonas. (Yabuuchi et al., 1990). However, CE4-1

should be confirmed for DNA-DI hybridization for the proposal of the new

isticsy of (é i‘) mucosissima CP173-2"

NS
Characteristig Ij' / f jﬂ %\\&\\\ P173-2"

species.

Table 4.23 Differentiz
(Reddy and Garcia-Pich

Colony cg
Growth in 3%k

Growth in 5% ._’, )
15°C h
20°C | ﬁ N
250C ; ’ a _ +
40°C Aa T - )
45°C » A ]

Citrate utilizatio (P s ) }

Nitrate reduction - -

Urease i R )

Hydrolysis o
Aesculin’
Argin e

Gelatin .
AssimilatB:
D-Maltos

D-Mannose :l' & + o/ -

AN TUANINGAE
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Table 4.24 Cellular fatty acids compositions of CE4-1 and Sp. mucosissima CP173-2"
(Reddy and Garcia-Pichel, 2007)
Values are percentages of total fatty acids. tr, trace < 1 %; ND, Not detected

Fatty acids E4:1) CP173-2"
Ciao WY
Ciso
Cieo
Ci70
Cis0

Monounsaturated
C14;0 20H
C15;0 20H
Ci6:0 20H
C16;10)5C
C17;1(D6C
C17;10)80

Cis.105¢
Cis.i07c
11 methyl Cyg.; ®7¢

AULININTNEINS
AR TUNNINGAY
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57— Sphingomonas aerolata NW12" (AJ429240)
100 Sphingomonas aurantiaca MA101b" (AJ429236)
Sphingomonas faeni DSM 14747" (AJ429239)

CE4-1
Sphingomaonas mucosissima CP173-2" (AM229669)

57

PP-PG 224" (AB055863)
7" (AF131295)
2T (AJ575817)
052" (AJ575818)

. T
is desi ‘\ “PID' (AJ871435)

3 ::\‘

gomonas charol ica Y-345" (Y09639)
nge rinoid \ TCC 14820" (AB021370)

s olig ﬁ ,“ »"‘. 18439)

)]
)
203" (D13723)

78

Figure 4.18 Neighbour-join fffn'::-» d A gene sequences showing the
hylogenetic relationships be
phylogenetic i':;?‘f{l h ;p g

nNN1 = '.l “i cleotide

_E4-1 and known Sphingomonas.
Ages above 50% are

position

|

F’T‘UEI’J‘VIEWI?WEI’]ﬂ‘i
QW’mﬁﬂ‘iﬂJﬂJWT}ﬂEﬂﬁﬂ
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4.2.15 Group XV
Group XV contained FXN3-1. Cell were Gram negative, straight rod
shaped (approximate 0.4-0.5 x 1.5-2.0 um), facultative anaerobic, motile. Colonies
were 0.5-1.0 mm in diameter, circular, flat, smooth, yellowish-brown coloured and
on C medium. Grew in 3-5% NaCl, at pH
°C), but not growth at 45-60 °C.

se, hydrolysis of aesculin, L-

opaque after 2 days of incubation at

arginine, caseins and osine, ative oxidase, methy red, Voges-
f ——
Proskauer, indole produeti pitrate re QL™ production and hydrolysis of

gelatin, starch and tweg Notable )d , ¢ acid om D-amygdalin, L-arabinose,

D-cellobiose, D-f1 ¥ a ' ) ~ \ gycerol inositol, inuline,
¢ Z 1114 :l 1

lactose, D-mal ibiose, D-melezitose, o-

glucopyranoside, raffinose, L-rl yse, D-ribose orbitol, sorbose, sucrose,
D-trehalose and D- ' - f ' \

Table 4.25 Phenotypi efistics of EXN d 'S, maltophilia IAM 124237

Characteristic T, EXN3 IAM 124237
Growth in-3% and __E'Fﬁﬁﬁﬂi""—, i +
Catalase test. y

Oxidase nvf— »

Indole productior
Nitrate reductios
Urease
Hydrolysis of: ¢ F_.

Aﬁ’tﬂﬁ’ﬂ‘ﬂﬂ‘ﬂ‘ﬁ"ﬂﬂ’m‘i

DNA

Qﬁﬂﬂﬂﬂim mmmm d

Tween 80
+, positive; —, negative ; w, weakly positive

i -

+ +
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Predominant ubiquinone of FXN3-1 was Q-8. DNA G+C content was
65.4 mol%. On the basis of 16S rRNA gene-based phylogenetic tree according to the
NJ method FXN3-1 was placed in a monophyletic cluster consisting of all known
Stenotrophomonas and relate taxa as shown in Figure 4.19. The isolate FXN3-1 (923

nt) was closely related to St. maltophilia IAM 12423 with 99.4% sequence similarity.

The result showed high the si A gene sequence with type starin.

Based on the results mentioned

1 above ic properties as well as their

s identified as St. maltophilia

phylogenetic positions ind
e ——

catea ur
(Palleroni and Bradb ;

51 12423 (AB294553)

PM-5" (EU573216)
93463)
32768 (AM403589)
tenotropho acidaminiphila AMX19" (AF273080)
3 ie‘hbtr omonas educens L2 (AJ012229)
T;::-:rﬁt,e otroph humi R-32729" (AM403587)
~Stenotrophomonas koreensis TR6- 01" (AB166885)
ieonensis DCY01" (DQ109037)
6" (DQ178977)
nsis B1616/1" (AJ012231)

71

| P00 D118 (1141 o

Stenotrophomonas and iﬂlated taxa. Based on 1000 resamplm&;bootstrap

ARIBAITTIAR TN TRE
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4.2.16 Group XVI
Group XVI contained PHX2-7. Cells were Gram negative, rod shaped
(approximate 0.6-0.7 x 1.5-2.5 pm), facultative anaerobic, motile. Colonies were
1.0-4.0 mm in diameter, circular, raise, smooth, yellowish coloured and opaque after 2
days of incubation at 37 °C on C medi rew in 3-5% NacCl, at pH 5-9 (optimally
at 7) and 25-45 °C (optimally a t growth at 10-15 and 50-60 °C.

Positive for oxidase, methyl red, citrate :gase, hydrolysis of L-arginine,
starch (weakly) and L-tyrosine, se, Voges-Proskauer, indole
production, nitrate r i \ sducti hydrolysis of aesculin,

1qui v?:’.- Q-8. DNA G+C content was 61.9 mol%.

On the basis of 16S r &-@g&" flogenetic tree according to the NJ method
: oy ot (A ,
PHX2-7 was placed noph }Ia" (et isting of all known Zobellella and

closely related species @s she jﬂi{'in-F’ ¢ isolate PHX2-7 (911 nt) was
closely related to Z. denitriﬁ%% . Wa ensz‘s ZT1" with 99.2% and 98.6%

sequence similarity, respectively. The rés “showe he similarity of 16S rRNA
—r :

gene Sequenc o a,ii.’mmnmm‘ilml 1S entioned above and

phenotypic properties ate dentified as Z. denitrificans

(Lin and Shieh, 2006).

AUEINENINYINS
RIAINTUNNINYIAL
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Table 4.26 Phenotypic characteristics of PHX2-7, Z denitrificans ZD1" and Z.

taiwanensis ZT1" (Lin and Shieh, 2006)

Characteristic PHX2-7 ZD1"!

ZT1"

Growth in 3 and 5%NaCl
Growth at pH 6-9

Growth at 20-45 °C )
Growth at 50 °C _—
Catalase test
Oxidase test

Facultative anaerol/ '
Indole production

Hydrogen sulfide ucti

Nitrate reduction ‘
Urease b

Hydrolysis of:
L-Arginine
DNA
Gelatin

Acid production:
L-Arabinose
D-Cellobiose
D-Galactose
Glucose
Inositol
D-Lactose
D-Maltose -
D-Mannitol F_
D-Mannose 1
D-Melibiose 1|
D-Melezitose +
D-Ribose "ﬁ , - W + )
R UHINYNINYINT
D-Sucrose +
Starch w +

D-Trehalose - ¢ . _ s+

T S R S + + o+ o+ 4+

+ o+ o+ o+ o+
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PHX2-7
@Iiﬂ Zobellella denitrificans ZD1" (DQ195675)
Zobellella taiwanensis ZT1" (DQ195676)
98 Oceanimonas doudoroffii MBIC1298" (NR_027198)
ensis BL1T (DQ190441)

311447 (X82142)
onas antarcticus DSM 107047 (Y14697)
\ oplanktis ATCC 14393" (X67024)
el hacteriolytica IAM14595T (D89929)
5 derfimonts baleariea DSM 97997 (X93021)
392427 (X60418)

71

0.01

Figure 4.20 Neighbour ini 18 frec based IR gene sequences showing the
jonships be 0, PHX2-7 and all known Zobellella
000 resamplings, bootstrap

e 50% are shown. Bar, 0.01 substitutions per nucleotide
— -

AY |

U

AULININTNEINS
RN TUNRINYINY
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4.3 Primary screening and quantitative xylanase activity assay

Initially, xylanolytic bacteria were isolated from 45 samples of soil
using XB agar medium containing 1% (w/v) Oat spelt xylan and incubated at 37 °C
for 2 days. Seventy isolates showed xylanase clear zone (diameter 1.0-15.0 mm)

surrounded their colonies. The 70 isol ere assayed for xylanase activity by DNS

Miller, 1959). The reaction mixtures
roducing bacteria of Group I
showed clear zone (diameter I.1-15.C d xylanase activity (1.03-
20.81 unit/ml) while ne (diameter 1.5-9.5 mm) and produced
p VIl were Gram positive
bacteria which show ‘ ius Z | ‘and produced xylanase
7 o G | : jram negative bacteria
which showed clea ei(radiy '- 2.0 nd | T xylanase activity (1.12-
9.27 unit/ml). It
15.0 mm) and had highe anasg activ 8 it/ml) (Table 4.27). Therefore,

ed biggest clear zone (radius

the isolate P2-3 was selecte

|

8
ﬂumwﬂmwmm
’QWWMﬂ‘iﬂJ UAIINYA Y



Table 4.27 Clear zone radius and xylanase activity of the isolates
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. Clear zone | Xylanase activit . Clear zone Xylanase activi
No. isolate (mm) y (uni t/ml)* Y No. isolate (mm) Y (unit /ml)* ty
Group 1 Group 11
CXT1-2 25 2.41+0.20 CXT1-1 4.5 1.91+0.07
CP1-1 6.0 6.0140.15 QXT3-2 1.9 1.07+0.15
CP1-2 5.4 4.92+0.12 FXaN2-3 25 1.71£0.12
CP2-1 4.0 3.81+0.02 K14 6.5 3.20+0.07
CR7-1 1.1 2 1940.24 KLl 6.5 1.10£0.15
FCN3-4 4.0 1.03+0.03 & K3-1 55 1.75+0.05
K1-6A 5.0 1.:49+0.17 it 5.0 2.53+0.18
K1-6B 3.5 122:0.24 K3-5B 5.5 1.26+0.20
K3-6 1.7 2204035 K3-5S 2.0 1.86+0.20
MS1-1 2.0 2 7340005 | MX2-3 6.5 1.44+0.20
MS1-2 3. 7.4 20021 | P2-3A 3.0 1.62+0.12
MS1-4 2.0 5090£0.02 * P2-5 2.8 1.68+0.07
MS1-5 2.0 4 1.94+0.25 '3 4 BL1-3 3.0 1.63+0.18
NS1-1 30" 107£003 = | PHC3-4 1.5 1.32+0.17
P2-2 3.0 289007 ¢ | PILIA 1.75 1.46+0.12
P2-3 15.0 20.81+0'02." \ | *PJ11B 1.5 1.31£0.13
PHC3-3 50 13440102 | PL2-1 1.95 1.64+0.10
PHXI1-5 4 1264023~ {8y S34A 8.5 427+0.13
PHX2-2A 10.0 1250203 L oS RX 4- 1 8.5 1.93+0.21
PJ1-2 2.08° 1.2140:16- 4] JSRX4-2 9.5 1.77+0.06
SK1-3 3.0 1P g <N T'1 1] 45 1.55+0.09
SRC2-3 7.5 S 160750.55 .SRXT2-1 5.0 1.16+0.12
SRX1-4 45 LU0 3 — 1.5 1.95+0.02
SRXT1-2 6.0 516320,22 . Group VIII
TH2-1A 4.0 " =3.93+0.28 ISR®-T 1.0 1.30£0.03
TH2-2 N 40 3.89+0.31 Group XI E
GroupIll |+ = SRXZ=2 ,0f 1.21+0.10
FCN3-3 W x 1.84+0.16 Group X . )
S1-3 510 1.94+0.22 SRX1-2 al.2 1.23+0.02
MX15-2 6.0 1.44+0.02 Group XI
MX21-2 s 3.93+0.51 SRX1-1 1.0 1.12+0.04
Group 1V Group XII
CR1-2 12.0 17.65+0.25 PHX3:1 1.0 1.28+0.07
CR5-1 11.7 8.10+0.12 Group XTI
Group V SRX3:4 1.0 1.32+0.02
FXNI1-1B 5.0 1.16+0.13 Group XIV
PHX2-5 5.0 1.21£0.16 CE4-1 1.5 1.21+0.09
Group VI Group XV.
ClE3-4 1.7 1.10£0.09 FXN3-1 1.0 1.28%0.07
SRC1-1 1.8 1.53+0.03 Group XVI
SRC3-3 1.7 1.18+0.05 PHX2-7 2.0 9.27+0.19
Group VII
SRX2-3 1.7 1.52+0.02

"One unit of xylanase activity was defined as 1 pmol of xylose released per min under
the condition assayed.
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4.4 Optimization of xylanase production
The previously result showed that isolate P2-3 performed a maximal
xylanase activity at 20.81 unit/ml. Therefore, P2-3 was selected for further study.
Optimization of crude xylanase production of P2-3 was carried out in the XC
medium. Firstly, the optimal biomass substrates for cultivation and condition were
screened with the one-at-a-time strategy. Subsequently, the medium compositions and
initial pH were studied by Placket-Burman. desiecn (PBD) and followed by central
composite design (CCD). )

4.4.1 Screening for optimal substrate for cultivation and condition

The effects of diffcrent biomass substrates by P2-3 was investigated in the XC
medium. Xylanase production was analyéeq when Oat spelt xylan in cultural medium
was replaced by Beech wood xylan, B’“gc'h wood xylan, corn cob and soybean.
Xylanase activity of the cultured supernatant was assayed against three substrates
including Oat speltixylan, Beech wood xiljlyjan and Birch wood xylan. The maximal
xylanase production (167.32 -unit/ml) wa's-'i-(')btained when corn cob was used as
substrate in medium and used Qat spelt xyié_ﬁ as substrate to assay xylanase activity.

(Figure 4.21). Jaind ey

4.4.2 Screeninggidtf essential me(.ﬁﬁ;ﬁ-;c-oinpositions and initial pH

~The effects.of medium. compositions.(cotn.cobpeptone, yeast extract,
K,;HPO,, KCl, MgS0,4.7H,0 and FeSO4.7H,0) and initial pH on xylanase production
were studied using the Placket-Burman design (PBD) (Table 3.2). It can be noted that
the xylanase activity.varied from 0.02 to 286.58 unit/ml. The maximum activity of
these response wete|attained at the rin number) 1] employing:10 g/l*corn cob, 5 g/l
peptone, 6 g/IFKLHPO,, 0.3 g/l KCl, 0.75 g/ MgS04.7H,0, 0.01 g/l FeSO4.7H,0 and
pH 6while yeast extract had no response for xylanase production. The lowest activity
wasobtained_when the iSolate wasigrown in” the’ medium (at [the yrufl ‘nutaber 12,
containing 2'g/l K;HPO4, 0:1 KCI1;70.25%/I MgS04.7H,0, 0.04g/1 FeSO4.7H20 and
pH 6 without corn cob, peptone and yeast extract in the medium (Table 4.28)
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H Oatspelt mBeech wood = Birch wood

180 - 167.316
160 - 148.791
140
120
100
80
60
40
20

139.646

Xylanase activity (unit/mL/min)

Soy bean

of va . c -... ation and condition on

xylanase production ' .'
.ﬂla-l F i
Table 4.28 Experimental ¢ 1@ gr

>tt-Burman design

Figure 4.21 Effect

X1, corn cob; X,, pepton X3, yeast'exts -a":'r \ , Xs, KCI; X6, MgS04.7H,0;

X5, FeS04.7H,0 and Xs, pH Gabrisie g

< .»Nariable
Bl Xylanase activity
Run no. (unit/ml)
1 : 286.58+9.39
2 )3 6 0.72+0.04
3 10 " 0.03@ 8 51.21+4.57
4 O 5 0.25 0.03 8 1.47+0.37
5 0.75 0.01 0.85+0.16
6 .454+0.03
ﬂﬂﬂ’g mmg ﬁg@ﬁfﬁlgﬂ%
8 01 61.84+5.45
U 0.25 0.03 203.33+7.08
aﬁflmmm u&mﬁmﬁ%
0.02 103.17+4.11
14 5 2.5 0.5 4 0.2 0.5 0.02 7 133.59+6.44

15 5 25 05 4 02 05 002 7 132.81+£8.36
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Table 4.29 shows the test factors as medium compositions and the rank
of significance. The medium compositions were screened at confidence level of 95%
based on their effects. The confidence level of corn cob, peptone and pH were 99.39,
98.77 and 96.59%, respectively implying that the effects of these compositions were
significant. Rest of the components isuch as yeast extract, K,HPO4, KCI,
MgS04.7H,0 and FeSO4.7H,0 showed confidenge level below 95% and hence, were
considered insignificant. The KboHPO, and MgSO.,.7H,O showed positive effect for
xylanase production, so they were set a their-higher level. While, the P-value of the
factors with negative effect (yeast extract, KCl and FeSO4.7H,0) for xylanase
production were moresthan 0:05 and hence, were set at lower level considered for
further optimization. Lhereforey corn cob, peptone and pH were selected for further

optimization using CCDy

Table 4.29 Effect estimates for xylanase production from the results of the PBD

Variables Medium compgositions Effect = F-value P-value Confidence level (%)

X Corn cob SE SIS 162. 168 0.0061* 99.39
X5 Peptone 8931, 7956  0.0123* 98.77
X; Yeast extract 2523 1,635  0.1280 87.2
Xy K,HPO, 263 0069 08171 18.29
X; KCl -4 1027 105 04128 58.72
X6 Mg804.7H,0 3828 1461 - 00621 93.79
X; FeSO47HhO 3945 1529 0.0596 94.04
Xs plt 5281  27.82  0:0341% 96.59

* Statistically significant at 95% (P<0.05) of confidence level

4.4.3 Optimization of screening of medium compositions and initial
pH
The variables used for CCD optimizatien were corn cob, peptone and
pH. /The conCentrations of these major tésted variables were presented iin Table 4.30.
The centre point in the design was repeated three times for estimation of error. The
experimental results of central composite design (CCD) were fitted into a quadratic
polynomial equation. The values of the regression coefficients were calculated and an

equation for predicting enzyme production can be written:
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Xylanase activity (unit/ml) = -2575.52351 +63.22333A +49.28823B
+721.41833C +4.69085AB -8.54937AC -4.10845BC -1.10465A% -4.20656B* -

49.18169C"
Where A, B and C were the coded levels of corn cob, peptone and pH, respectively.

Table 4.30 CCD design and -\\

Xylanase activity (unit/ml)

Run no. A'C(Ogl}:l) ‘o Predicted Experimental
1 5 31.67 6.483
2 10 37.29 35.82
3 1 67.32 391.26
4 147.03 213.61
5 1 45.89 6.45
6 67.56 101.26
7 5 19.00 30.54
8 9.92 118.77
9 : . 276.05 304.14
10 | ' 9. aasld 292.60 282.72
11 424545 [~ ) - 82.11 24.04
12 137.44 122.01
13 10 52.62 62.42
14 15 311.69 270.66
15 10 243.82 244.25
16 243.82 242.99
17 43.82 24421

-
N

Figure 4. lanase production and

ues forﬁ
the predicted values determined by the model equation. The analysis of variance

(ANOV. h II"'o , fi summarized in Table 4.31. The
model F-val ﬂ-v :gq? g) to GW gﬂi} indicated that the

model was significant. The higher Value of determination R? (0.9269) and adjusted R*

gL o) ST e T

able 4.32).
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Design-Expert® Softw are Predicted vs. Actual
(Xylanase activity)"1 =

391.26

Color points by value of
(Xylanase activity)™1:

B 6.452

@ 198.856 o
B 391.26 288.70

Figure 4.22 Plot 6 predie S¢ \ ction for isolate P2-3

' .l!r{ =' -.l'l' '
Table 4.31 Result of regress1 n-analysis for atic model

Source Sum of _"Lmﬁ* ' ie F-value P-value
Model 4 2 4 9.85 0.0032*
A-Com [ Z61802:06==== 6:4% 24.70 0.0016
B-Peptone "+ - e 30.40 0.0009
C-pH Ess 0 k 3.5 0.1014
AB 27505.09 S 10.99 0.0128
618 36 -42.75 5.84 0.0463
0.34 0.5796
ﬁ 185 mr;m wmﬁi
3.37 0.1091
2049423 -49.18 11 79 0.0109
Res1dual 17512.28
ARl TN Ay
IT0
Total 239420.10

*Values of P-value less than 0.05 indicate model terms were significant.
AB, AC and BC represent the interaction effect of the variables; A?, B? and C? were

the squared effects of the variables.
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Table 4.32 Analysis of variance (ANOVA) for quadratic model for xylanase
production

Term Value Term Value
Standard deviation 50.02 R? 0.93
Mean Adjusted R 0.83

Coefficient of variation% redicted R? 0.39
PRESS Precision 10.07
PRESS Predicted residual s /
T - m—

the main effect, inter of three factors; corn cob
peptone and pH a , it hich he ignificant effects on xylanase
production. The ; . show ‘:h igures 4.23-4.25, which

X1 =A:Corn
X2 = B: Pepton

Actual Factor
C:. pH=6.00

’QW’] a\mm 31917 mna d

lgure 4.23 Effects of corn cob (A), peptone (B) and their interaction on xylanase

production with other variables set at central level
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(Xylanase activity)*1

X1 =A:Corn
X2=C:pH

Actual Factor
B: Peptone = 5.00

[;,

Figure 4.24 Effe
producti

Design-Expert®.

(Xylanase activity)*1

X1 = B: Peptone
- pH

5.00 2.50 B: Peptone

Figure 4.25 Effects of peptone (B), pH (C) and their interaction on xylanase

production with other variables set at central level
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of 01 cobﬁij eir interaction on Xxylanase
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In Figure 4.23, the interaction effect of corn cob and peptone was
found to be highly significant (P-value of AB=0.0128); similarly, in Figure 4.24, the
interaction effect of corn cob and pH was also found to be highly significant (P-value
of AC=0.0463); In Figure 4.25, the interaction effect of peptone and pH was found to
be not significant (P-value of AB

6). It can be seen that when peptone

pH level. According to th % opti composed of corn cob 15 g/l,
peptone 7.5 g/l, K,HPO, ' @ 0.75 g/l and FeSO4.7H,0

m enzyme production at

367.32 unit/ml in pre e actual experiment were
achieved with an incr: itial medium
N
4.4.5 Time

of xylanase production
by P2-3 in the in result, the exponential
phase of P2-3 was 1 L rowth reached the stationary
phase in initial mediu ! Jxylanase a vity started at 12 h and

maximum at 18 h. Ho ‘the 1 —“ on a during prolonged cultivation.

In optimal medium, the late-log p ii' e of P2- s 18 h but the maximum produced of
LN

xylanase occured at ble upon further incubation.

increase in xylanase p m
AUEINENINYINS
ARIAINTUNIINGINY

Therefore, ‘i'."l-iiiiv:_'.'l’.‘_IiY_‘i'fi'liI-inxei'l‘--‘erﬁ'l‘-iiuiii-j lead tO a marked
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i

Eﬁf x

N

Figure 4.26 Time coufrse g yﬁnﬁeipé uc on b the initial medium and in

the optimal m
F T
4.5 Partial purification of xylanase

Darti immarized in Table

4.33. At the fi ﬁ_f a isorption-desorption

chromatography ﬁa co with @ivity were pooled, total

activity (739.50 Units) of approximately 27.28% remained, while 72.72% of total

removeg Ftom this result, pur%l’ 2.6 folds was achieved. The obtained
gains

protein w
fractioﬁsuvgra{% i%l&] %a anr%dﬂp%ethylene glycol

MW 60@ leading to an increase in purity folds of 3.66 folds. Then, the concentrated

OF EPREE GIEIE T (et e

e %ﬁe fraction was loaded on a s{ze exclusion chromatography using Sgﬁ%rdex 200
step.

The partially purified xylanase from affinity column were further
purified by size exclusion chromatography using Superdex 200 10/300 GL. The
column separated xylanase from other proteins by molecular size (Figure 4.27). This

step effectively separated xylanase from other protein contaminants.
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—&—Protein =@ Xylanase activity

80 - r 24

22
e 70 z
z 20 F
2 60 18 a
2 % bz
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= 30 g
2 2
g 20 -6 g
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- N
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0 ‘ : A : , 0

il f 1712 \'!.xxp\'-. 3329303132333435

. ’ \ N
Figure 4.27 Elution pfofilec

-3 xylanase on Su o 10/300 GL column
Table 4.33 Partial pugifica B T b

ic activity Purification  Yield

Purification step it/mg) fold (%)

Crude extract 0.61 1 100

Corn cob 20 2.60 27.28
PEG concentratioi581.64 -"_A“ﬁ‘: 3.66 21.46
Superdex 2004 P > 10.62 3.07

“The unit of enzy

jj activ ole of xylose per min.
**Protein concentration was measured by Lowry method.

6] PR P s n

PAGE, followed by zymogram (Figure 4.28A and 4.28B). Protein pattern from SDS-

PAGE revealed two protein banﬁs (Figure 4.28A)" However, the ogram of
AR I NS A -
'stained band on SDS-PAGE of lower protein band position (Figure 4.28B). Therefore,

the lower protein band position was xylanase protein band.
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|

Figure 4.28 Partially purifiec ylaﬁ: or sualized on SDS-PAGE (A) and
zymogram of Xyla =_:—=‘ e 1," marker, Lane 1; crude
enzyme(20 jug); Lane: 2" pa ied passed corn 20M column
(8 ng) and La '__@y ] passed superdex 200 10/300 GL
(4 ng) —

4.6 Characte 7. 1on of partially puritied » Y

4.6.1 Mole ,
nilju olecular weight of partially purified )anase was found to be
17.7 kDa as estimat,idg size exclusion oné}perdex 200 10/300 GL column using

M (0 P A A e
purifie ht'of 19 a( B). This result

indicated that partially purified xylanase from P2-3 d similar moleculvelghts to

PR IR TAM AR
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+Vitamin B12

0.8 -
5
Myoglobin
0.6 - .
- 7.7kDa
Q Ovalbumin i
04 -
0.2 : I}’l0£.|0|}lll

*¢Blue =

Figure 4.29 Size-ex
GL
10/300,G

on Superdex 200 10/300
ough a Superdex 200

I sodium phosphate buffer

tion profiles were monitored

4.6.2 Optimal temper a--:-»’-!!'e,';':‘ 1 stability
An effe ﬂ mperature stability on the
partially purified}P2-3 xylanase activity was presented inF ¢ 430A and B. The

xylanase e ove 50 °C with a

maximum activity at 60 ° 0 °C. 1 |'I ddition, xylanase from

P2-3 was stable at 30 40°C after an incubation time of 30 m1nute which higher than

50% of ti yme decreased
drastlcﬁ rﬂnﬂ; w 0 1¥‘i artial ﬁof the enzyme

moleculeqlkccordlng to the results, °;he optimal temperature was similar to some other

TRTNNTTIEN UAIINYA Y
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Figure 430 T fecifof flemperaturesor lanase acti (A) and on xylanase
stabili - partially purifie fom P2-3
4.6.3 Opti
The effect 7 \ ly purified xylanase was
determined with universal bu ‘;.'.;.7—-4 [ 2-F shown in Figure 4.31A, the partially

purified enzyme was active at :7.‘4 ed maximum activity at pH 6. An
effect of pH stability on x 'tﬁ ': ivi in Figure 4.31B. The xylanase
was stable in broad ' ;_ activity was decrease

to 60% at pH %}f

I}':' revious studies, the
optimal pH of m was 6. 1 except for those from
Bacillus sp. K-1 E’ 5.5) and B. amyloliquefacienats (pH 6. ‘.-Jl .0). The pH stability of
partlallﬁmﬁed xﬁaﬂe (pH 5.0-11.0) Swas almost the same as that from B.

%*Eﬂ)%%l YraPeban g 20
AR AINIUNRINYINY

circula
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Figure 4.31 Theeffcct vlanase activity (A) and on xylanase stability (B) of

4.6.4 Effect , nhibitors
' \ ‘\. he presence and absence of
xyl

metal ions, reducing agen

ivity was activiated by the
addition of 1 mM Ca’}, Mg*", 0 (DTT), and B-mercaptoethanol
(f-Me). In contrast, the - : inhibited by Fe’", Phenylmethyl
DS) (Tble 4.34). Moreover,
Na' and Diamin€ tetraacetic acid (EDTA) were not significan atily different (P>0.05) to
xylanse produ V . .i‘ ere similar to those

sulfonyl fluoride (P

xylanase from tearothermoy B. amyloliquefaciens and Bacillus sp.

SPS-0. According to Yin et al. (2010), Ca*" and Mg** could activate the xylanase from

DL H LGN (131 it o - D

was not urtaln from these studleé whether these ions/agents were b1nd1ng to the

TR IR AIETAY

1b1tors their analogous and combinations thereof would be necessary to ascertain

the mode of action of xylanase.
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Table 4.34 Effect of metal ions, reducing agents and other reagents

Chemicals (1 mM) Relative activity (%)
None 100.0+0.0*
Na' 97.74+0.69
Ca™* 116.521.66
Fe*' 94.26+0.97
Mg 108.70+4.15
Mn** -— , 133.91+5.97
Dithiothreitol (DT] ~ 106.38+0.97
S-mercaptoethanol (5=M 119.13£2.20
Diamine t¢ EDT A ~— 99.59+0.80
Phenylme / f ride 89.91+1.26
Sodium dog _4 \\\\ 88.0+1.3
*Xylanase - ed above was set as

100%. All experiments were - out in- I' -'.'wr \ ical significance was

assigned at 95% of confide;

4.6.5 Substrate spe
as assayed with various
substrates to study the/ Substrate. ipﬁ" xylanase had hydrolytic activity

toward Oat spelt xylan, but 0 ......... - s-glucan, carboxymethylcellulose and
5).

Xylanase had L_,¢-lqu-'llllllll-lll-“rllx—m:- tf Spelt Xylan), Th]S

pectin (Table 4 e binding domain of

might be due (o he ding of xylanase to

xylans from Oat 1! xylan might be due to reactive group exposure on the surface

that can much more Ifasﬂy binding. Furthermore the partially purified xylanase from

R ﬁ@?ﬂ“ﬂﬂ‘iwmﬂ‘i
9 RIAINTUNAINYINY
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Table 4.35 Relative activity of the partial xylanase on polysaccharides

Substrate Relative activity (%)
Oat spelt xylan 100
Beech wood xylan 43.68
Birch wood xyla 42.49
[-glucan 0

Carboxyme :
Pectin . : : 0

Y]

Jiir ' I¥

AULININTNEINS
AR TUNNINGAY



CHAPTER YV
CONCLUSION

In the course of investigation of xylanolytic bacteria distributed in soils in
Thailand, seventy isolates were identified and characterized taxonomically. They
were divided into sixteen groups based on .their phenotypic, chemotaxonomic
characteristics and 16S rRNA gene scquence analyses of the representative isolates.
Sixty one isolates were Gram-positive (Group I to VII), rod-shaped bacteria. Nine
isolates were Gram-negative rod-shaped bacteria (Group VI to XVI).

Group I, isolates belonged to the Genus Bacillus. All isolates contained meso-
diaminopimelic in cellwallpeptidoglycan. MK-7 was the predominant menaquinone.
The DNA G+C ¢ontents ranged from 424 to 46.3 mol%. On the basis of 16S rRNA
gene sequence analyses, the representati:_/lc of Group I(a), K3-6 and SRC2-3 were
closely related to B. subtilis subsp. subtilis-:lKCTC 3135" with both 100%. Group I(b),
TH2-2, P2-2, SK1-8 and PJ [-2 were closely related to B. licheniformis KCTC 1918"
with 99.7, 99.2, 99.1 and 99.6%,'respectﬁ'/;é:lly.rGroup I(¢), K1-6A and K1-6B were
closely related to B. niabensis 4T19" with' 9b—.-9 and 100%, respectively. Group (d),
NS1-1 was closely related td. B sealsonit (99.7%). Group I(e), FCN3-4 and PHC3-3
were closely related to B. cereus (100 and 99. 8%) The results of the representative of
Group I(a) to I(e) showed hlgh the s1m11ar1ty -of 16S rRNA gérie sequence with the
type strains. Theiefore;the representative-of eachrgroup-wasidentified known species
of genus Bacillus—While Group I(f), P2-3) and I(g), PHX1-5 showed low 168 TRNA
gene sequence similarity values with B. amyloliquefaciens KETC 1660" (96.4%) and
B. funiculus KCTG'3796" (98.5%), respectively. Therefore, these two isolates
represent,novel species of the/genus Bacillits:

Group I, 24 isolates in this group were divided into nine groups. They had
meso-diaminopimelic in cell wall peptidoglycans MK-7 was the predominant
menaquinonesassin the genera Bacillus.| The DNA" G+C of contents were 50.8-56.8
mol%. On the basis of 16S rRNA gene sequence analyses, the representative of Group
(A), K1-4 was closely related to P. macerans IAM 12467" (99.6%). Group I1I(B), PJ1-
1B was closely related to P. montaniterrae MXC2-2" (99.7%). Group I1I(C), PHC3-4
was closely related to P. dendritiformis 105967" (99.7%). The results of the
representative of Group II(A) to II (C) showed high the similarity of 16S rRNA gene
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sequence with the reference strains. Therefore, the representative of each group were
identified known species of genus Paenibacillus. While Group II(D), SRX4-1 and
SRX4-2 were closely related to each other with 99.9% 16S rRNA gene sequence
similarity and to P. phyllosphaerae PALXIL04" (98.6 and 98.7%). Group II(E),
FXN2-3, was closely related to P. cellulosilyticus PALXILO8" (98.2%). Group II(F),
SRX1-4, was closely related to P. edaphicis KETC 3995 (98.3%). The results of
Group II(D) to II(F) showed low the similamty.of L6S rRNA gene sequence with the
reference strains. Therefore, they represent novel species of the genus Paenibacillus.

The isolates, S3-4A and MX2-3 are the novel species of genus Paenibacillus,
for which the names Paenibacilliis thailandensis sp. nov. and Paenibacillus nanensis
sp. nov. were proposeds Inaddition, isolate X11-1 showed low the similarity of 16S
rRNA gene sequence with' Paenibacillus, naphthalenovorans KACC 11505" and
Paenibacillus validis CEM/3894" with:‘9l6.5% sequence similarity. Thus, X11-1
represent novel species of the genus Paenibaeillus, for which the name Paenibacillus
xylanisolvens sp. ngv. is proposed. i_

The representative idsolates of Grdilia' IT (I), P2-5, CXT1-1, P2-3A, PL1-3,
K3-2, SRXT2-1, K3-5S, PL2-L.and CXTédﬁl awere identified with 16S rRNA gene
sequence and phylogeneétic analyses: F urtherfﬁbfé;’ the differentiation between strains
were supported by the analyses with (GTas patterns. The isolate CXT3-2 was
identified as P: timonensi&iﬁbTC 3995" with_iﬂo_o% similarity of 16S rRNA gene
sequence while SRXF2=1-K3-55-and-Pl2-t-wereadentified-as P, barengoltzi (99.8%,
99.8% and 99.7%, respectively) based on (GTG)s pattern and 16S rRNA gene
sequence. In addition, P2-5, CXT1-1, P2-3A, PL1-3 and K3-2 showed low similarity
of 16S rRNA gene sequence with P. barengoltzii SAFN-016" (98.5%, 98.8%, 98.7%,
97.9% @and 98.1%, respectively) and showed 52.7% Pearson’s correlation coefficient
of the banding 'on' (GTG)s patterns=Therefore, fiveisolates represent-novel species of
the genus Paenibacillus. Howevér, they should.be confirmed by DNA-DNA
hybridizatiofi[orthe proposal of the new species.

Group I11, 1solates FCN3-3,"S1-3, MX15-2"and MX21-2"were motile by means
of peritrichous flagella. Central and subterminal ellipsoidal endospores were observed
in swollen sporangia. They contained meso-diaminopimelic in cell wall peptidoglycan
and had MK-7 as in the genera Bacillus and Paenibacillus. Major polar lipids were

diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and lysyl-
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phospatidylglycerol. The predominant fatty acids were anteiso-Cjs.o, 150-Cje:0, 1S0-
Ciso and Cieo. DNA G+C contents were 53.3-65.1 mol%. The similarity of 16S
rRNA gene in this group showed low relatedness with the type strain. FCN3-3 was
closely related to C. phaseoli KCTC 13070" (96.9%). Therefore, FCN3-3 represents a
novel species of the genus Cohnella. The phylogenetic analysis using 16S rRNA gene
sequences showed that S1-3 was affiliated to/the genus Cohnella, which was closely
related to C. ginsengisoli GR21-5" with 95.7% séquence similarity. Strain S1-3 could
be clearly distinguished from related :\Cohnella species by its physiological and
biochemical characteristies as.well as its phylogenetic position. Therefore, S1-3
represent a novel speeies of the genus Cohnella, for which the name Cohnella
thailandensis sp. nov was proposed. The MX15-2 and MX21-2 were closely related
to C. thermotolerans COUGHATR42" (96.7% and 96.3%). The DNA-DNA relatedness
between MX15-2 and MX2 =2 was 52.9‘20. ;md both strains showed low DNA-DNA
relatedness to C. thermtotolerans CCUG 47242" (2.1-5.5%). Therefore, MX15-2 and
MX21-2 represent novel Species of the genflug Cohnella, for which the names Cohnella
xylanilytica sp. nov. aud Cohnellatérrae sp. noviwere proposed.

Group IV (CR1-2 and CRS-1) had; KZIK_-9(H4) as major menaquinone. DNA
G+C content was 70.0 mol%./Fhe isolates in&ﬁib’ﬁroup were closely related to each
other (with 100%) and to./soptericola V.T]—;_lj;b?'lis MX5" (with 99.6% sequence
similarity). Group V isolaiééitFXNl-lB ana 13-}-1-')&2‘-5) were glosely related to each
other (with 99i18%)-and-to-Jonesia-denitrificans-ATCC-+4870% with 99.2 and 99.1%.
Thus, the isolatés_were identified as Is. variabilis and J. denitrificans, respectively.

Group VL (CE3-4, SRCI-1 and SRC3-3) could divided into 2 groups. Main
menaquinone of SRE1-1 and SRC3-3 were. MK-11 and MK-12, while CE3-4 were
MK-13rand MK-14. On the basis of 165 rRNA gene sequence, SREI-1 and SRC3-3
were closely relatedto cach other100%) and to M. natoriense TNJE143-2" (99.0%).
Therefore, two strains were known' Microbacterium., The isolate CE3-4.was closely
related to) M., imperiale DSM-20530" (98.496).1 Therefore, ICE3 4] répresént| novel
specics of 'the genus Microbacterium.

Group VII, SRX2-3 was non-spore-forming and strictly aerobic. The SRX2-3
contained meso-diaminopimelic in cell wall peptidoglycan. Major menaquinone was

MK-8(Hs). . DNA G+C content was 72.0 mol%. The SRX2-3 was closely related to
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N. simplex DSM 20130" (99.3%). Based on the results mentioned above indicated that
isolate SRX2-3 was identified as N. simplex.

Group VIII, SRX2-1 was Gram negative, coccobacilli. Q-9 was the
predominant ubiquinone. DNA G+C content was 42.1 mol%. The SRX2-1 exhibited
sequence similarity values of 99.8% with Acinetobacter junii LMG 998". In addition,
their phenotypic characteristics were similar to A«junii LMG 998". Group IX (SRX2-
2) had predominant ubiquinone as Q-8. DNA"G+C content was 57.7 mol%. The
sequence of SRX2-2 showed high similarity with 4eromonas enteropelogenes DSM
6394". (99.4%). Thus, SRX?-1 was identified as A junii.and SRX2-2 was identified
as A. enteropelogenes.

Group X (SRXI=2),/had O-10 as predominant ubiquinone. The predominant
fatty acids were” Cgho7¢. ‘Major polar lipids were diphosphatidylglycerol,
phosphatidylglycerol” and phosphatidyletfggllqolamine. DNA G+C content was 63.2
mol%. The similarity’ of 163 tRNA gene sequence showed low similarity with
Blastobacter aggregatusdFAM 1003" (98.1%). Therefore, this strain represents novel
species of the genus Blastobacter.~ -

Group XI (SRX1-1), X1k (PHX3-1):,J§(.V (FXN3-1) and XVI (PHX2-7) were
closely related to Ensifer adhaerens LMG' '7'20-2;*16T (99.3%), Pseudomonas stutzeri
ATCC 17588" (99.8%), Stenotrophomonas_@ltt_}philia IAM 124237 (99.4%) and
Zobellella denitrificans ZD717T77(2979.2%), respec.tiif-e-l-}!/j The similarity of 16S rRNA gene
sequence of theit shewed-high-similarity-wath-type-stram—thCrefore, the four strains
were identified” as, E. adhaerens, P. stutzeri, S. maltophilia and Z. denitrificans,
respectively.

Group XIlILisolate SRX3-4 had MK-7 as predominant menaquinone. The
predominant fatty acids were 1s0-C, s/ Cieo. anid i50-Cj7i 30H} DNA G+C content
was 44.4 mol%. Group X1V, CE4<1 had Q-10 ‘as'the-predominant“ubiquinone. The
predominant fatty acids were Cjsqw7c, Ci7.106¢, Cie0 and Ciao 20H; DNA G+C
content’ was.066.5 mol%.~Isolates SRX3-4 and ‘CE4-1 were ‘closely) related to
Sphingobacterium “multivorunt B5533" (98:3%) and Sphingomonas” mucosissima
CP173-2" (98.3%), respectively. Therefore, SRX3-4 and CE4-1 represent novel
species of the genus Sphingobacterium and Sphingomonas.

All isolates could produce xylanase activity based on the clear zone on agar

plates and xylanase assay. The results revealed that the isolates in Group I to V and
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Group XVI had more xylanase activity than Group VI to Group XV. Therefore,
Gram-positive isolates in Group [-V were important source of xylanase activity.
Among 70 isolates, Group I, (P2-3) was selected for further study due to the novelty
of species and high xylanase production. The strain P2-3 produced extracellular
xylanase at the middle of exponential phase and the highest xylanase production
occurred at 18 h in initial medium, while optimal medium produced highest xylanase
at 24 h. The maximum xylanase production.was.achieved when strain P2-3 was
cultivated in corn cob as substrate for culture and used Oat spelt xylan as substrate for
condition. The optimalimedium, the maximum enzyme produced 367.32 unit/ml with
an increase of 2 timess€omparcd fo the initial medium. The optimal medium which
yeast extract was omiteed, containing cotn 15 g/l, peptone 7.5 g/1, K,HPO,4 6 g/l, KCI
0.1 g/l, MgSO4.7H50 0475 g/l and FeSO4.7H>0 0.01 g/l, pH'5.0 and incubated at 37
°C with shaking (200 rpm) for 24 h. The {Zlicmase was partially purified with corn cob
20M column as affinity adsorption-desorption chromatography and Superdex 200
10/300 GL as gel filtration chromatographf;a._ Partially purified xylanse had molecular
weight of 17.7 kDa (calculated by gel ﬁltf}aiﬁoﬁ method). The enzyme had maximal
activity at 60 °C and pH 6. More than 50%500]5 the activity remained when at 30-40 °C
and pH 3-11 for 30 minute. The xylanase acti-\/i-tiz&\/as greatly elevated by the addition
of 1 mM of Ca*", Mg*", Mn*", DTT and ﬁ—@ Wt_ﬁch ions/agents were binding to the
enzyme, causing conforme{fiéiiél changes thai.t -I‘;}-S-l'.l-lt‘ in inereased enzyme activity. In
contrast, the Xylanase-activity-was-inhibited-by-Fe PiMSE and SDS. Furthermore,
the substrate binding domain of partial xylanase had very high affinity for xylans
from Oat spelt xylan.

In this study, a lot of novel species of xylanolytic bacteria were isolated fromsoil
samples collectedin Thailand: The 16S/TRNA gene sequencing. results were useful to
indicate their taxenomie position; however the 'DNA-DNA hybridization of the
isolates with the type strains of each'species are required for further studies in order to
propose theni, as, the new species. As well as,"(GTG)s-PCR ‘analysis was supported
their ‘identification. From “the results “mentioned above,” the™ xylanolytic*strains,
Bacillus, Paenibacillus and Cohnella including the other genera were distributed in
many soil samples in Thailand (Table 5.1). They are the most likely source of
enzymes and constitute a heterogeneous group of xylanase producing bacteria

belonging to different genera. The isolated bacteria that be able to produce
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extracellular enzymes will provide the possibility to have optimal activities at
different temperature and pH. The strain P2-3 produced a substantial level of
extracellular xylanase activity that was active in extreme conditions and could use the
substrate from agriculture waste for the cultivation. Thus, the applications of this

strain and the roles of the remained ins should be further study. In addition, the

new informations of the xj ' a in genera Isoptericola, Jonesia,

Sphingomonas,

Nocardioides,  Blastol nsife . nhingobacterium,

AULININTNEINS
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Location of Isolate Closet species %Similarity Group  Identification
samples no.
Chiangrai CRI1-2 Is. variabilis MX5" 99.6 v Is. variabilis
CR5-1 Is. variabilis MX5" 99.6 v Is. variabilis
Nan MX2-3 P. agaridevorans KCTC 3849" 97.0 11 (G) P. nanensis
MX15-2 C. thermotolerans CCUG 47242" 96.7 I C. xylanilytica
MX21-2 C. thermotolerans CCUG 472427 96.3 111 C. terrae
P2-3 B. amyloliquefaciens KCTC 1660 96.4 I(H) Bacillus sp. nov.
S1-3 C. ginsengisoli GR21-5" 96.0 I C. thailandensis
S3-4A P. agaridevorans KCTC 3849" 97.3 11 (G) P. thailandensis
X11-1 P. naphthalenovorans KACC11505" 96.5, 96.5 1T (H) P. xylanisolvens
and"Piwvalidus CCM 3894"
Nakhonnayok FCN3-3 C.phaseoli KCTC 130707 96.9 1 Cohnella sp. nov.
FCN3-4 B. cereusTAM 12605" 100 I(e) B. cereus
FXN1-1B ™ denitifieansdhTCC 14870" 99.2 \Y% J. denitrificans
FXN2-3 P.gellulosidpticus PALXILOS" 98.2 II (E) Paenibacillus sp. nov
FXN3-1 St. mait@phidia IANI12423" 994 XV St. maltophilia
Samutsongkhram SK1-3 Bglicheniformis KCTC 1%18T 99.1 I(b) B. licheniformis
Kanchanaburi K1-4 P. materans IAM 12467" 99.6 I (A) P. macerans
K1-6A B.hiabefisis AT 19 4 99.9 I(c) B. niabensis
K1-6B B. niablensis AT19" T 100 I(c) B. niabensis
K3-2 P. barengolizii SAFN=016"+ 98.1 11 (2) Paenibacillus sp. nov.
K3-5S P barengolizii —SAFN-016“||I #* 99.8 II (2) P. barengoltzii
K3-6 B. sué)tilis sibsp. subtilis KOTC " 100 I(a) B. subtilis subsp. subtilis
3135 J id
Phetchaburi CE3-4 M. imperiale DSM 20530" T L 98.4 VI Microbacterium sp. nov.
CE4-1 Splmuc@sissimaCP173-2"-58 98.3 X1V Sphingomonas sp. nov.
P2-2 B licheniformis KETCTO18" 4 9% I1(b) B. licheniformis
P2-3A P. bagengoltzilSAFNLO16" S & 98.7 11 (2) Paenibacillus sp. nov.
P2-5 P. barengoltzii SAFN-016" == = #'» 98.5 11 (2) Paenibacillus sp. nov.
PHC3-3  B. cereus IAM 12605" Ay 99.8 I(e) B. cereus
PHC3-4 P. dendritz)‘brmiAﬁ05967T —_ il 99.7 11 (C) P. dendritiformis
PL1-3 P. barengoltzit SAFN:016! e 97.9 II(2) Paenibacillus sp. nov.
PL2-1_ P. barengolizii SAFN-016" 4= ™ 997 11 (2) P. barengoltzii
PHX1-5% - B. funiculus KCTC 3796" 985% I 1(») Bacillus sp. nov.
PHX2-'5-'-V J._denitrificans ATCC 14870" O0=—= 4 IV J. denitrificans
PHX2-7  Z denitrificans ZD1" 992 T IXVI Z. denitrificans
PHX3-A" - Ps. stutzeri ATCC 17588" O Ps. stutzeri
Prachuapkhirikhan PJ1-1B ~ | P. montaniterrae MXC2-2" 99.7 1 (B) P. montaniterrae
PJ1-2 | B. licheniformis KCTC 1918" 99.6 1(b) B. licheniformis
Trat TH2-2 — B. licheniformis KCTC 1918" 99.7 1(b) B. licheniformis
Suratthani SRCI-1 M. natoriense TNJL143-2" 100 VI M. natoriense
SRC2-3 B. subfilis subsp. subtilis KCTC 31357 100 I(a) B. subtilis subsp. subtilis
SRC3-3 | Minatorierise TNJL143 2" 100 % M. natoriense
SRXI«1 | E. adhaerens LMIG 20216 99.3 X1 E. adhaerens
SRX1-2 B capsulatus TFAM 1004" 98.1 X Blastobacter sp. nov.
SRX1-4 P. edaphicus KCTC 3995" 98.3 II (F) Paenibacillus sp. nov.
SRX2-1 A. junii LMG 998! 99.8 VIII AL junii
SRX2-2 Arenteropelogenes DSM6394" 99.4 IX A. enteropelogenes
SRX2-3 N.simplex DSM 20130" 99.3 VII N.simplex
SRX3-4 Sp. multivorum B5538" 98.3 XIII Sphingobacterium sp. nov.
SRX4-1 P.phyllosphaerae PALXIL04" 98.6 11 (D) Paenibacillus sp. nov.
SRX4-2 P.phyllosphaerae PALXILO4" 98.7 11 (D) Paenibacillus sp. nov.
SRXT2-1 P. barengoltzii SAFN-016" 99.8 11(2) P. barengoltzii
Nakhonsrithammarat ~ CXT1-1 P. barengoltzii SAFN-016" 98.8 I (2) Paenibacillus sp. nov.
CXT3-2 P. timonensis KCTC 39957 100 11 (2) P. timonensis
NS1-1 B. nealsonii FO-092" 99.7 I(d) B. nealsonii
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APPENDIX A
CULTURE MEDIA AND REAGENT FOR IDENTIFICATION

All media were dispensed and sterilzed in autoclave for 15 min at 15 pounds

1. XB medium . :
Oat spelt V
NaNO; f

gQ 0@ 0o O 0o 03 0@ 09

Agar

-,
n
=,
=
@
o
<
S
-
@
Q@
2.

| o e

Dissolved and adjuste d pH7.0
} i

2. C medium._ .
Pepto y_ Dt o
Yeast n!! i g
K,HPOs
ﬁﬁm’l TIEWITW El’fﬂ'i
04 TH,O 002 ¢

Qﬁ’“ﬁﬁﬁﬂimﬂm’l?ﬂi&ﬂaﬂ

Dissolved and adjustd pH 7.0.



3. Simmon Citrate agar
Simmon citrte agar (Difco) 242 g
Distilled water 1000 ml
Dissolved the solids in the water, and adjusted pH 6.8+0.2.

4. Tryptone water

Tryptone .// 5%  (W/v)
NaCl 7 S 0% (wiv)
Adjusted pH 7.2

5. MR-VP brot
MR-VP g
i ml
Dissolv:
6. Nitrate broth
Meat extract g
Peptone 10 g

KNO;
Distilled water 0~ ml

oQ

DiSSO Y 1:_“Kfii'..’.YlilllQ'l-i‘=-

b |
7. Triple suger irc I agar

Triple suger Eon agar (Difco)

Emmmmw B’Tﬂ'ﬁ

’Q‘ﬁﬂ“ﬁ*ﬂﬂimuﬁﬂﬂﬂ Y

Ferric citrate
C medium 1000 ml
Dissolved and adjusted pH 7.4.
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9. L-arginine agar medium

Phenol red, 1.0% aq.solution 1 ml
L(+)arginine monohydrochloride 10 g
Agar 15 g
C medium 1000 ml

Dissolved and adjusted )

10. Casein agar

Skim milk g
Agar g
C medium ml
Dissolveds
11. Gelatin ag

Gelatin g
Agar g
C medium ml

Dissolved and a

12. Starch a 'h‘

Agar v 7 g
C mediu -‘i
Dissolved anéaAsted pH 7.2.

e ﬂMﬂ’J‘VIEWIﬁWEﬂﬂ‘i

T osine

AWRCTAN NTUNAINDA Y

Dissolved and adjusted pH 7.2.

Starc

aQ

ml
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14. Tween 80 agar

Tween 80 2 ml
Agar 15 g
C medium 1000 ml

Dissolved and adjusted pH 7.

15. Deoxyribonuclease (I

DNase test aga g
Distilled water ™ ' ml
Dissolved anc V

16. Urea agar
Urea g
Agar g
C medium ml
Dissolved and

17. Acid from carboh ]
Sugar 5 g
C medium ml
Pheno Mot ———L - O

Dissolved and
.,!

|

“_

18. Catalase test ‘-

mmmm 208003
3 mmmmm*n NEIa Y

Dissolved and adjusted volume to 100 ml with distilled water.
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20. Kovacs’reagent

p-dimethylaminobenzaldehyde 5 g
Amyl alcohol 75
Conc. HCI 25 ml

Dissolved the aldehyde in the a
(about 50-55 °C). Cooling, the acid wi

ohol by gently warming in a water bath

21. MR-VP solution

21.1 Methy rW '
Methyl red ,
95% Ethano

g

ml
Distille r ml
Dissolved a

21.2 Potassiu :

Potassium hydioxide L G2 -4 ' g
Distilled wate il | ml
Dissolved and a : 1 with distilled water.

22. Nitrate test reag

Solution=A:-0.33%- sulphanilic-acid-in-5-N--acctic-aeid/dissolved by gentle

X
heating. 4 E
[
Solutiong 0.6% dimethyl-e-napthylaminein 5 N Ll etic acid dissolved by
gentle heating. g

zuiuﬂﬁﬂﬂﬂ§W81ﬂi

QRIEINIUAN TN

Dissolved the iodide and potassium iodine in some of the water, and adjusted

to 100 ml with distilled water.
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24. 10% Trichloroacetic acid (TCA) solution (for gelatin test)
Trichloroacetic acid 10 g

Dissolved and adjusted volume to 100 ml with distilled water.

25. Flagella staining

Basic fuchisin 0.5 g
Tannic acid ; é 02 g
Aluminium sulfate -d 05 g
Solvent was coin sd_of : re. of 2+ml_o: 05% ethanol, 0.5 ml of

glycerol, and 7.5 ml o :ane(tris) buffer.
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APPENDIX B
REAGENT FOR CHEMOTAXONOMIC CHARACTERISTIC

1. Cellular fatty acid analysis

50 ml
50 ml
ded MeOH
1.2 Reagent 2
65 ml
55 ml
1.3 Reagent 3 ( :
ade or o ' 50  ml
50 ml
1.4 Reagen |
Sodium ’ ‘:> 7 1.2 g
; Q water . 100 ml

ﬁ‘%ﬂ@%ﬂ%‘lﬁw g1
Qﬁqﬁﬂﬂimﬂlﬁﬂﬂﬁﬂaﬂ
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2. Polar lipids

2.1 Ninhydrin solution
Ninhydrin 0.5 g
1-Butanol saturated ' vate 100 ml

11 g
100 ml

ml of 25N H,SO,4 by heating.

Ny

0.178 g
50 ml

cr 50 ml of solution A, and
‘ .\Si ipitate by decantation. Before
spraying, mix solution A ml)-plu "_: 50 plus water (100 ml). Added
0.178 g of molybdenum ;::’:j.‘: ” ion A and boiled it for 15 minutes.

Cooled and removed t
2.3 An : iy
.I! !
Ethanol 90 ml
HQSO‘ ml

ﬂﬂﬂ?‘i’lﬁlﬂﬁﬂﬂ’]ﬂ“ﬁ Zi
’iﬁﬁﬁ“ﬂﬂﬁm um'mmaa

Phthalic acid 3.25
Aniline 2 ml

Dissolved phthalic acid in 100 ml of water-saturated n-butanol and 2 ml aniline.
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APPENDIX C

REAGENT FOR DNA EXTRACTION AND PURIFICATION
DNA BASE COMPOSITI NA-DNA HYBRIDIZATION
16S rRNA NCING AND REP-PCR

1. DNA extraction e composit
1.1 Saline-ED +01 M
NaCl '
EDTA

876 g
3722 g
water and adjusted

the pH 8.0 by a nd then steriled by @ toclaving at 121 °C, 15

Sodium dodecyl 10 g

Distilled water 90 ml

Dissolved and made Ip-t0, nn ; ed water.

 ,——_— &
1.3 Phenol: Chioroform-(i:1; v/v) ——— 1‘
Crystalline pheno at 65 °C and mixed with

chloroform in the J i0 of 1:1 (v/v). The solution was stored iz

@ﬁﬁ?ﬂﬁ%@ﬂﬂWﬂi

Sodium citrate

AR ALAADANG AL

mch 2 pressure, for 15 minutes. Note: To prepare 0.1x SSC and 0.2x SSC, the 20x

a light tight bottle.

SSC were diluted at 200 and 100 times, respectively before used.
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1.5 RNase A solution
RNase A 20 mg
0.15 M NaCl 10 ml

Dissolved 20 mg of RNase A in 10 ml of 0.15 M NaCl and heated at 95 °C for
5-10 min. Kept in -20°C.

121 ¢
90 ml

10 ml

1.8 40 mM CH3COONa - 12 mM
CH;COONa =N 328 ¢
ZnSO4- - - 194 g
Distilled“wate 90 ml
Dissolved d adjusted to pH 5.3 by adding 0.1 N LI,I or 0.1 N NaOH.
Made to 100 ml w1th‘ﬁhstllled water.

wﬁ]dummmw &n’

lease P1

9 Wﬂﬁﬂ?ﬁlﬁﬁm?ﬂ(ﬂ? NE 3

1.10 Alkaline phosphatase solution
Alkaline phosphatase 24  units
0.1 M Tris-HCl (pH 8.1) 1 ml
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2. DNA-DNA hybridization
2.1 Phosphate-buffer saline (PBS)

NaCl 8 g
KCI 02 ¢
KH,PO4 0.12 ¢
Na;HPO4 (anhydrous) 091 g
Distilled water X . 1 L
Steriled by autoclaveing at pressure, for 15 minutes.
2.220x SSC (20

NaCl 175 ¢
Sodium ci 88 g

1 L

°C 15 pounds /inch2

2 g
Polyvinylpyrrolidone ﬁ” 2 g
Ficoll400 2 ml

DISSO 'L__di‘ 0L UL LS DLe  \Walelh.akld \\adsS-Stolted..atl el ;' until used.

= )
II

2.4 Salmon sper! , i)

Salmon spen? DNA 10 mg /ml

ﬁTI GA 713V IR (VYo e
7.6 vol EII for 1 elyicoo ice. Sonicated

salmon s rm DNA solution for 3 ?m and was storeal4 °C until used.

ARIANN T UNIINYAY
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2.5 Prehybridization solution

100x Denhardt solution 2 ml
10 mg/ml Salmon sperm DNA 1 ml
20x SSC 10 ml
Formamide 50 ml

34 ml
ater steriled and kept at 4 °C.

Distilled water

All of ingredients w

2.6 Hybridizatio

Prehybridizati 100 ml
Dextran sulfat ‘ W ‘ 5 .
1d keep at 4 °C.
2.7 Solution
025 ¢
50 ul
50 ml
2.8 Solution
Strepavid .@g—‘ £l X
4 ml

Solutiont
Dissolvec@mepavidm- POD co

IT was freshly pregared

zgmtus'mﬂmwmm

5 5’ Tetramenthylbenz@me (TMB) (10 /ml in DMFO) 10(&, ml

9 mmam,umq VLE A

All of ingredients were mixed and used. The solution IIT was freshly.

ore used. The solution

solution I L‘
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3. Repetitive sequence based polymerase chain reaction (rep-PCR)
fingerprinting

3.1 1.5% (w/v) Agarose gel

Agarose 1.5 g

Distilled water 100 ml

Dissolved with distill with microwave until agarose gels
were dissolved well. After ag n to about 50 °C, pour the
solution into the case and le

3.2 10X Tris-bor ,

Tris (hydfoxy ane 108 g

Boric acidd’ ' > _. NN 55 g

Ethylenedia : = R 7.4 g

Sodium o i~ s \ I g

Dissolved 1y1) aminomethane and boric acid with distilled
water and adjusted p vith NaOL j' ; vas added and brought up the
volume to 1000 ml g wa JH \‘1‘ s before use.

Primers for-16S rRNA gene am encing
— ':,,,
,;}" |

33E 5'-GC . [GGAAA GCTGC@I‘ CCA-3'

Reverse prilker

B IVETEEANT
RN TUNRINYINY

Forwg T i: DL EL
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APPENDIX D

STANDARD ASSAY METHODS

as meas I d at 750 nm.

Concentratlons of the samples were compared to the standard curve for

dmﬁ“’ﬂ‘ﬂ”ﬁ (Y e} Rl

2. Equl ent and Reagent

QRIS A URA NUIA B

‘hosphate buffer pH 6 and pH 7 at 60 °C by using a kitchen blender and a heating

magnetic stirrer. The solution was cooled by continuing slowly stirring for overnight.

The volume was made up to 100 ml with the same buffer. This was then stored at

°C for a maximum of one week.

4



169
2.2 Dinitrosalicylic acid (DNS)

Dinitrosalicylic acid 1 g
Potassium tartate 300
NaOH 16 g

Dissolved NaOH in distilled nd heating at 60 °C. Then, gently put

potassium tartate and adde

/ﬂo 1000 ml with distilled water.
2.3 0.1 M Britton- someiinivers @and Robinson, 1931)

2941 g
1419 ¢
10.56 g
950 ml

d ed pH with 1 N HCl or

1% friethylz 'n, to removed other protein.

After, that washing s - jtimes ,:_ _"_:' \ listilled water, to remove sugars

remaining in these residues, the grotnd corn esidues were dried at 50 °C.
e L

3. SDS_PAG 0 { d Zvimocsrim.. — ——
Polyacrylaj

3.1 Monomer t![l ution

Acryl'imlde 30%  (w/v)

ﬂ UEINLNINYNT

Note: Ac lamlde 1S a neurotoxin o?serves extreme c ution to minimize s&} contact

QW“’Iﬁﬁﬂﬁ‘mﬁ‘lﬂWﬂEﬂﬂ d

3.2 4x Resolving gel buffer
Tris(hydroxymethyl)aminomethane 18.15 g

Deionized water 90 ml
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Dissolved and adjusted the pH to 8.8 by using 0.1 N HCI. Made up to 100 ml

with deionized water.

Note: The solution can be store up to 3 months at 4 °C in the dark.

3.3 4% Stacking gel buffer

hang g
/ 90 ml

i 046. @HCL Made up to 100 ml

with deionized water, ——

Note: The solutiw ' aths, ated < Ching dark.

3.410x Tan
3028 g
144.13 g
10 g
! 900 ml
Dissolved an vith distille 5'4. a
Note: Diluted 10 times e Jise: ' ' i be store up to 1 month at room

temperature.

3.5 10% Sod LLJ RodecvVi.Sliini Di"k‘lk‘ﬁ

Sédin B ‘

g
-m 90 ml
Dissolved anﬂ.made to 100 ml with deionized water.

mﬂnmmﬂmw Eﬂﬂ‘i

4x Stacking gel buffer

AR 2N umfmmaza

Broomphenol blue (2 mg/ml)

D !! ized water

S-mercaptoethanol 02 ml
Dissolved and made up to 10 ml with deionized water.

Note: The reagent should be filtered before use.
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3.7 12.5% Running gel for SDS-PAGE

Deionized water 4.1314 ml
4x Running gel buffer 325 ml
Monomer solution 54171 ml
10% (w/v) SDS 130 ul
10% (w/v) Ammoniu 65 ul
| 65 ul
3.8 4% Stacking
3.053 ml
1.25 ml
667 ul
50 ul
25 ul
5 ul
3.9 Staining soluti
Coomassie brilliant bl e£ R~ A 125 g
Ethanol . f-?t ,.. .ﬁ- 450 ml
Aceti T e 100 ml

T —————— e e et e e
L "_"(vn‘l'lﬂlﬂiiva.i’-ﬂ'-r;‘lih‘fl-- Ll e WAL CLUISELLLE G

L% A} d
Note: The reagent shc SOMtio0
-nI prit
i¥

3.10 Destaining sollinon

ﬂﬂﬁ?ﬂﬂﬂﬁwmﬂ‘i ml

Dissolved and made‘!p to 1 litter w1tgstllled water.

ammniﬁuuwnwmaﬂ

in the dark.
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APPENDIX E
16S rRNA GENE SEQUENCE OF NEW SPECIES

1. The 16S rRNA gene nucleotide sequence of P2-3

CTGGCGGCGTGCCTATACATGCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCTG
ATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGA
TAACTCCGGGAAACCGGGGCTAATACCGGATGGTTGTTTGAACCGCATGGTTCAG
ACATAAAAGGTGGCTTCGGCTACEACTTACAGATGGACCCGCGGCGCATTAGCTA
GTTGGTGAGGTAACGGCTCACCAAGGCACGATGCGTAGCCGACCTGAGAGGGTG
ATCGGCCACACTGEGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTA
GGGAATCTTCCGCAATGGACGAAéGTCTGACGGAGCAACGCCGCGTGAGTGATG
AAGGTTTTCGEATCETAAAGCTCTGTTGTTAGGGAAGAACAAGTGCCGTTCAAAT
AGGGCGGCACCTTGACGGTACCTAAGpAGAAAGCCACGGCTAACTACGTGCCAGC
AGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGG
CTCGCAGGCGGITTETTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGG
TCATTGGAAACTGGGGAACTTGAGThCAGAAGAGGAGAGTGGAATTCCACGTGT
AGCGGTGAAATGCGTAAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTG
GTCTGTAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATAC
CCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCC
TTATGCTGCAGCTAACGCATTAAGCACTCCQCCTGGGGAGTACGGTCGCAAGACT
GAAACTCAAAGGAATTGACGGGGGC@EE@ACAACGGTGGAACATGTGGTTTAATT
CAACACCCAAAACCTTACéAGGTCTGKET@éTCTGACATCTAAAAATAGAACGTC
CCCTTCCGGGGCAAATGACGGGGTGCATGTTCCCCCTCCTGTCCGAATGTTGGTAA

TCCCAL ™5 v

2. The 16S tRNA gene nucleotide sequence of PHX1-5
GCTGTCACTTACAGATGGACCCGCGTCGCATTAGCTAGTTGGTGAGGTAACGGCT
CACCAAGGCGACGATGCGTAGCECGACECTGAGAGGGTGATCGGCECACACTGGGAC
TGAGACACGGCCEAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCGGCAATG
GGCGAAAGCCTGACCGAGCAACGCCGCGTGAGCGATGAAGGCCTTCGGGTCGTA
AAGCTCTGTTGTTAGGGAAGAACACGTACGAGAGTAACTGCTCGTACETTGACGG
TACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAG
GTGGCGAGCGTTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCeGGTTTCTT
AAGTCTGATGTGAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGA
AACTTGAGTGCAGAAGAGGAAAGCGGAATTCCACGTGTAGCGGTGAAATGCGTA
GAGATGTGGAGGAACACCAGTGGCGAAGGCGGCTTTCTGGTCTGTAACTGACGCT
GAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCC
GTAAACGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGAAGTTAA
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CGCATTAAGCACTCCGCCTGGGGAGTACGGCCGCAAGGCTGAAACTCAAAGGAA
TTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGA
AGAACCTTACCAGGTCTTGACATCCTCTGACACCCCTAGAGATAGGGCTTCCCCTT
CGGGGGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGT
TGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCGGTTG
GGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCA
AATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGACGGTACAA
AGGGTTGCAAGACCGCGAGGTGGAGCTAATCCCAAAAAACCGTTCTCAGTTCGGA
TTGTAGGCTGCAACTCGCCTACATGAAGCECGCGAATCGCTAGTAATCGCGGATCAG
CATGCCGCGGTEAATACGTTCCCEGGCETTETACACACCGCCCGTCACACCACGA
GAGTTTGCAACACCCGAAGTCGGTGGGGTAACCGTAAGGAGCCAGCCGCCTAAG
GTG

\
The 16S tRNA gene nucleotide sequence of SRX1-4

GTTAGCGGCGEACEGATGAGTAACACGTAGGCAACCTGCCTGAAGGATCGGGAT
AACTACCGEAAACGGETAGCTAAGACGCGGATAGCTGGCTETGGTGCATGCCGGAGT
CATGAAACACGGAGCAATCTGTGGECTITGGATGGGCCTGCGGTGCATTAGCTAG
TTGGTGGGGHAAGGGATCACOAAGGEGACGATGEATAGCCGACCTGAGAGGGTG
ATCGGCCACACTEGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTA
GGGAATCTTCCGCAATGGACGCAAGTCTGACGGAGCAACGCCGCGTGAGTGATG
AAGGTTCTCGEATCOTAAAGCTCTGTTGCCAGGGAAGAACGTCGTGGGGAGTAAC
TGCCCTGCGAATGACGGPACCTGAGAAGAAAGCCCCGGCTAACTACGTGCCAGCA
GCCGCGGTAATACGTAGGGGGCAAGCGTTIGTCCGGAATTATTGGGCGTAAAGCGC
GCGCAGGCGGTTCATTAAGTTTGGTGTTTAAGCCCGGGGCTCAACCCCGGTTCGC
ACTGAAAACTGGTGAACTTGAGTGCAGGAGAGGAAAGCGGAATTCCACGTGTAG
CGGTGAAATGCGTAGAGATG TGGAGGAACACCAGTGGCGAAGGCGGCTTTCTGG
ACTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGAGEAAACAGGATTAGATACC
CTGGTAGTCEACCEEGIAAACGALTCAGIGETAGGEIGIEAGGGGTTTCGATACCCT
TGGTGEOGAAGTAAACACAATAAGCACTCCGCCTGGGGAGIACGCTCGCAAGAG
TGAAACTEAAAGGAATTGACGGGGACCCGCACAAGCAGTGGAGTATGTGGTTTA
ATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCCCCTGAAAGCCCTA
GAGATGGGGTCCTCCTTCGGGACAGGGGAGACAGGTGGTGCATGGTTGTCGTCAG
CTCGTGTCGFGAGATGTTGGGTTAAGTCCGCGCAACGAGCGCAACCCTTGAACTTA
GTTGECCAGCATFEAGTFGGECACTCTAAGTIGAGTGCEGGFGACAAACCGGAGGA
AGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTAC
TACAATGGECGGTACAACGGGAAGCGAAGTCGEGAGATGGAGCGAATCCTTACA
AGCCGGTCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGTCGGAATTG
CTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTEGTACACA
CCGELEGTCACACCACGAGAGTTTACAACACCCEAAGTCGGTGGGGTAACCCGCA
AGGGAGCEAGCCGCCGAAG

The 16S rRNA gene nucleotide sequence of K3-2
GCGGCGTGCCTAATACATGCAAGTCGAGCGGAGTTCATCGGGAGCTTGCTTCGGA
TGAACTTAGCGGCGGACGGGTGAGTAACACGTAGGCAACCTGCCCGTAAGACTG
GGATAACTACCGGAAACGGTAGCTAATACCGGATACGCAAGTTTCTCGCATGAGG



174

GGCTTGGGAAAGGCGGAGCAATCTGTCACTTACGGATGGGCCTGCGGCGCATTAG
CTAGTAGGTGGGGTAACGGCCTACCTAGGCGACGATGCGTAGCCGACCTGAGAG
GGTGAACGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGC
AGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGT
GATGAAGGTTTTCGGATCGTAAAGCTCTGTTGCCAGGGAAGAACGTCTTGGAGAG
TAACTGCTCTAAGAGTGACGGTACCTGAGAAGAAAGCCCCGGCTAACTACGTGCC
AGCAGCCGCGGTAATACGTAGGGGGEGAGEGTTGTCCGGAATTATTGGGCGTAAA
GCGCGCGCAGGCGGETGTTTAAGTCTEGTGITTAATCCTGGGGCTCAACCCCGGG
TCGCACTGGAAACTGGACGGCTTGAGTGEAGAAGAGGAGAGTGGAATTCCACGT
GTAGCGGTGAAATGEGTAGAGATGC TGGAGGAACACCAGTGGCGAAGGCGACTCT
CTGGGCTGEAACTCACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGA
TACCCTGGTAGRECAGGCCGTAAACGATGAATGCTAGGTGTTAGGGGTTTCGATA
CCCTTGGTGCCGAAGITAACACATTAAGCATTCEGECTGGGGAGTACGGCCGCAA
GGCTGAAAETCAAAGEAATTGACGCGGGACCCGCACAAGCAGTGGAGTATGTGGT
TTAATTCGAAGEAACGEGAAGAACCTTACCAGGTCTTGACATCCCCCTGACCGGA
TCAGAGATBEATCETTICETACGGGACA GGGGAGACAGGTGGTGCATGGTTGTCGT
CAGCTCGTGTCGTGAGATGTTGGGf?AAGTCCCGCAACGAGCGCAACCCTTGACT
TTAGTTGCGAGCAGGTCAGGETGGGCACTCTAGAGTGACTGCCGGTGACAAACCG
GAGGAAGGTGGEGATGACGTCAAATCATCATGCCOCTTATGACCTGGGCTACACA
CGTACTACAATGGCCGGTACAACGGQ?AGCGAAGCCGCGAGGCGGAGCGAATCT
TAAAAGCCGGTCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGTCGGA
ATTGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTA
CACACCGCCCGTCACACCACGAGAGTTTACAACACCCGAAGTCGGTGAGGTAACC
GCAAGGAGCCAGCCGCCGAAGGTG -

The 168S. rRNA gene nucleotide sequence of PL1-3
ATACATGCAAGTCGAGCGGAGTTCATCGGGAGCTTGCTCCTGATGAACTTAGCGG
CGGACGGGTGAGTAACACGTAGGCAACCTGCCCGTAAGACTGGGATAACTACCG
GAAACGGTGGCTAATACCGGATACGCAAGTTTCTCGCATGAGGGGCTTGGGAAAG
GCGGAGCAATCTGTCACTTACGGATGGGCUCTGCGGCGCATTAGCTAGTAGGTAGG
GTAACGGCETACETAGGCGACGATGCGTAGCCGACCTGAGAGGGTGAACGGCCA
CACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCT
TECGEAATGGACGAAAGTCTGACGGAGCAACGLCGCGTGAGTGATGAAGGTTTTC
GGATCGTAAAGCTCIGTIGECAGGGAAGAACGICTTGGAGAGTAACTGCTCTAAG
AGTGACGGTACCTGAGAAGAAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGT
AATACGTAGGGGGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGG
CGGCTGTTTAAGTCTGGTGTTTAATCCTGGGGCTCAACCCCGGGTCGCACTGGAA
ACTGGACGGCTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAA
ATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGGCTGTAA
CTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAG
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TCCACGCCGTAAACGATGAATGCTAGGTGTTAGGGGTTTCGATACCCTTGGTGCC
GAAGTTAACACATTAAGCATTCCGCCTGGGGAGTACGGCCGCAAGGCTGAAACTC
AAAGGAATTGACGGGGACCCGCACAAGCAGTGGAGTATGTGGTTTAATTCGAAG
CAACGCGAAGAACCTTACCAGGTCTTGACATCCCCCTGACCGGATCAGAGATGAT
CCTTTCCTTCGGGACAGGGGAGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTC
GTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGACTTTAGTTGCCAG
CAGGTCAGGCTGGGCACTCTAGAGTGACTGCCGGTGACAAACCGGAGGAAGGTG
GGGATGACGTCAAATCATCATGCCCCT FATGACCTGGGCTACACACGTACTACAA
TGGCCGGTACAACGGGAAGCGAAGGAGCGATCIGGAGCGAATCCTTGAAAGCCG
GTCTCAGTTCGGATTGCAGGCTGEAACTEGEETGEATGAAGTCGGAATTGCTAGT
AATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCC
CGTCACACCACGAGAGTITACAACACCCGAAGTCGGTGAGGTAACCGCAAGGAG

CCAGCCGCCGAAGGTGG ﬂ

The 165 rRNA' gene uticleotide sequence of P2-3A

GGCGTGCETAATACATGCAAGTCGAGCGGAGT TCATCGGGAGCTTGCTTCGGATG
AACTTAGCGGEGGACGEGTGAG TAACACGTAGGCAACCTGCCCGTAAGACTGGG
ATAACTACEGGAAACGGTAGETAATACCGGATACGCAAGTTTCTCGCATGAGGGG
CTTGGGAAAGGCGGAGEAATCTGTCACTTACGGATGGGCCTGCGGCGCATTAGCT
AGTAGGTAGGGTAACGGCCTACCTA&QCGACGATGCGTAGCCGACCTGAGAGGG
TGAACGGCCACACTGGGACTGAGACACGG??CAGACTCCTACGGGAGGCAGCAG
TAGGGAATCTTCCGCAATGGACGAAAGTETGACGGAGCAACGCCGCGTGAGTGAT
GAAGGTTTTCGGATCGTAAAGCTCTGTTGCCAGGGAAGAACGTCCTGTAGAGTAA
CTGCTCACGGAGTGACGGTACCTGAGAAGAAAGCCCEGGCTAACTACGTGCCAGC
AGCCOEQHAATACGIAGGGEGEEAGEGTIGTECGOAATTATTGGGCGTAAAGCG
CGCGCAGGCGGCTGTTTAAGTCTGGTGTTTAATCCTGGGGETCAACCCCGGGTCG
CACTGGAAACTGGACGGCTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTA
GCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTG
GGCTGTAACTGAGGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATAC
CETGGTAGTCCACGCOGTAAACGATGAA TGCTAGGTGTTAGGGGTTTCGATACCC
TTGGTGCCGAAGTTAACACATTAAGCATTCCGOETFGGGGAGTACGGCCGCAAGGC
TGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCAGTGGAGTATGTGGTTTA
ATTCEAAGEAACGEGAAGAACETTACGAGGTCTTGAGATCGCEETGACCEGTGCA
GAGATGCTCOTTTCCTTEGGGACAGGGGAGACAGGTGGTGCATGGEIGTCGTCAG
CTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGACTTTA
GTTGCCAGCAGGTCAGGCTGGGCACTCTAGAGTGACTGCCGGTGACAAACCGGAG
GAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGT
ACTACAATGGCCGGTACAACGGGAAGCGAAGGAGCGATCTGGAGCGAATCCTTG
AAAGCCGGTCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGTCGGAAT
TGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTACA
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CACCGCCCGTCACACCACGAGAGTTTACAACACCCGAAGTCGGTGAGGTAACCGC
AAGGAGCCAGCCGCCGAAG

The 16S rRNA gene nucleotide sequence of CXT1-1
GCGTGCCTAATACATGCAAGTCGAGCGGAGTTCATCGGGAGCTTGCTTCGGATGA
ACTTAGCGGCGGACGGGTGAGTAACACGTAGGCAACCTGCCCGTAAGACTGGGA
TAACTACCGGAAACGGTAGCTAATACCGGATACGCAAGTTTCTCGCATGAGGGGC
TTGGGAAAGGCGGAGCAATCTGTCACTTACBGATGGGCCTGCGGCGCATTAGCTA
GTAGGTAGGGTAACGGCCTACCTAGGCEGACGATGEGTAGCCGACCTGAGAGGGT
GAACGGCCACACTEOGACTGAGACACGGECCAGRCTCCTACGGGAGGCAGCAGT
AGGGAATCTTECGCAATGEACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGAT
GAAGGTTTICECATEETAAAGCTCTGTTGCCAGGGAAGAACGTCCTGTAGAGTAA
CTGCTAACGGAGTGACGGTACCTéAGAAGAAAGCCCCGGCTAACTACGTGCCAGC
AGCCGCGETAATACGIAGGUGGGCGAGCGTTGTCOGGAATTATTGGGCGTAAAGCG
CGCGCAGGCGOCTET TIAAGTEIGETGTTITAATCCTGEGGCTCAACCCCGGGTCG
CACTGGAAACTGOACGGCTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTA
GCGGTGAAATGCGIAGAGATGTGGAGGAAGACEAGTGGCGAAGGCGACTCTCTG
GGCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATAC
CCTGGTAGTCCACGECGTAAACGATGAATGCTAGGTGTTAGGGGTTTCGATACCC
TTGGTGCCGAAGTTAACACATTAAGdATTCCGCCTGGGGAGTACGGCCGCAAGGC
TGAAACTCAAAGGAATTGACGGGGACCCG?ﬁCAAGCAGTGGAGTATGTGGTTTA
ATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCCCCTGACCGGTGCA
GAGATGCTCCTTTCCITCGGGACAGGG&AQﬁCAGGTGGTGCATGGTTGTCGTCAG
CTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCECAACCCTTGACTTTA
GTTGCLAGEAGEHEAGOETGEGEACTEIAGAGIGACTGCCGCTGACAAACCGGAG
GAAGOTEGGGATGACGTCAAATCATCATGECCCTTATGACE TGGGCTACACACGT
ACTACAATGGCCGGTACAACGGGAAGCGAAGGAGCGATCTGGAGCGAATCCTTG
AAAGCCGGTCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGTCGGAAT
TGCTAGTAATC@EGGATCAGCATGCCACGGTGAATACGTTCCCGGGTCTTGTACA
GACCGACCGTCACACUACGAGAGTTTACAACACCCGAAGTOGETGAGGTAACCGC
AAGGAGCEAGCCGCCGAAG

Fhe 16S rRNA-genenucleotide sequence of P2:5
GGCGTGCCTAATACATGCAAGTCGAGCGGAGTTCATCGGGAGCTTGCTTCGGATG
AACTTAGCGGCGGACGGGTGAGTAACACGTAGGCAACCTGCCCGTAAGACTGGG
ATAACTACCGGAAACGGTAGCTAATACCGGATACGCAAGTTTCTCGCATGAGGGG
CTTGGGAAAGGCGGAGCAATCTGTCACTTACGGATGGGCCTGCGGCGCATTAGCT
AGTAGGTAGGGTAACGGCCTACCTAGGCGACGATGCGTAGCCGACCTGAGAGGG
TGAACGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAG
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TAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGAT
GAAGGTTTTCGGATCGTAAAGCTCTGTTGCCAGGGAAGAACGTCCTGTAGAGTAA
CTGCTCTCGGAGTGACGGTACCTGAGAAGAAAGCCCCGGCTAACTACGTGCCAGC
AGCCGCGGTAATACGTAGGGGGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGCG
CGCGCAGGCGGCTGTTTAAGTCTGGTGTTTAATCCTGGGGCTCAACCCCGGGTCG
CACTGGAAACTGGACGGCTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTA
GCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTG
GGCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATAC
CCTGGTAGTCCACGCCGTAAACGATGAATGCTAGGTGTTAGGGGTTTCGATACCC
TTGGTGCCGAAGTPAACACATTAAGCATTEEGEETEEGGAGTACGGCCGCAAGGC
TGAAACTCAAAGGAATIGACGGGGACCCGCACAAGCAGTGGAGTATGTGGTTTA
ATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCCCCTGACCGGTGCA
GAGATGCTCCTTTCCTTCGGGACAPGGGAGACAGGTGGTGCATGGTTGTCGTCAG
CTCGTGTCGTGAGATGTIGGGTTAAGTCCCGCAACGAGCGCAACCCTTGACTTITA
GTTGCCAGCAGGTCAGGCTGGGCAffCTAGAGTGACTGCCGGTGACAAACCGGAG
GAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGT
ACTACAATGGCCGGTACAACGGGA%GCGAAGGAGCGATCTGGAGCGAATCCTTG
AAAGCCGGICTCAGTICGGATTGCAGGCTGCAACTCGCCTGCATGAAGTCGGAAT
TGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTACA
CACCGCCCGTCACACCACGAGAGTTf@?fACACCCGAAGTCGGTGAGGTAACCGC
AAGGAGCCAGCCGCCGAAG J;;J

P
) palllci® |

The 16S rRNA gene nucleotlde seqhente. of S3-4A
CCTGGCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGGAGT
TGATCGAGGFGEFFGEACTFCFGANGGITAGEGGEGEGACGEGTGAGTAACACGTA
GGTAACCTGCCCATAAGACCGGGATAACATTCGGAAACGGATGCTAATACCGGAT
ACGCAATTCTCTCGCATGAGGGGATTGGGAAAGGCGGAGCAATCTGTCACTTATG
GATGGACCTGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACG
ATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCC
AGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGGEGAAAGCCTGA
CGGAGCAACGCCGCAGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGCCA
GGGAAGAACGCTTGGGAGAGTAACTGCTCTCAAGGTGACGGTACCTGAGAAGAA
AGCCECGGCTAACTACGTGCCAGCAGECGEGGTAATACGTAGCGGGGEAAGEGTTG
TCCGGAATTATTGGGCGTAAAGECGCGCGCAGGEGGTTCATTAAGTCTIGGTIGTITTA
AGGCTGGGGCTCAACCCCGGTTCGCACTGGAAACTGGTGGACTTGAGTGCAGAAG
AGGAAAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACA
CCAGTGGCGAAGGCGACTTTCTGGGCTGTAACTGACGCTGAGGCGCGAAAGCGTG
GGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGATTGCTA
GGTGTTAGGGGTTTCGATACCCTTGGTGCCGAAGTTAACACATTAAGCATTCCGCC
TGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGACCCGCACA
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AGCAGTGGAGTATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTT
GACATCCCCCTGACCGGTCTAGAGATAGGCCTTTCCTTCGGGACAGGGGAGACAG
GTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAAC
GAGCGCAACCCTTGATCTTAGTTGCCAGCACTTTGGGTGGGCACTCTAGGATGAC
TGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTA
TGACCTGGGCTACACACGTACTACAATGGCCGGTACAACGGGAAGCGAAGGAGC
GATCCGGAGCCAATCCTATAAAGCCGGTICTCAGTTCGGATTGCAGGCTGCAACTC
GCCTGCATGAAGTCGGAATTGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATA
CGTTCCCGGGTCITGTACACACCGCCCGTEACACCACGAGAGTTTACAACACCCG
AAGCCGGTGGEETPAACCGCAACEAGCCAGCECETEEAAGGTGGGGTAGATGATTG
GGGTG

The 16S rRNAgenenucleotide '$equence of MX2-3

GACGAACBETGGEGGEGTGCCTAATACATGOAAGTCGAGCGGAGCTAAGTAGAA
GCTCGCTTTCEEGATGET TAGCEGEGGACGGEGTGAGTAACACGTAGGTAACCTGC
CTGTAAGACTGGGA TAACATTCGGAAACGAATGCTAATACCGGATACGCGAGTTG
GTCGCATGGGEGAGTCEGGAAAGAGGOAGEAATCTGTCGCTTACAGATGGACCTG
CGGCGCATIAGCIAGITGGTEAGGTAACGGCTCACCAAGGCGACGATGCGTAGCC
GACCTGAGAGUG TGATEGHCCACACTEGGACTGAGACACGGCCCAGACTCCTAC
GGGAGGCAGCAGTAGGGAATCTTCCégAATGGGCGAAAGCCTGACGGAGCAACG
CCGCGTGAGTGATGAAGGTTTTCGGATCG{&AAGCTCTGTTGCCAGGGAAGAACG
CTTGGGAGAGTAACTGEFCECAAGGTGACGGTACCTGAGAAGAAAGCCCCGGCTA
ACTACGTGCCAGCAGUEGEGGTAATACGTAGGGGGCAAGCGTTGTCCGGAATTAT
TGGGCGTAAAGCGCGCGCAGGCGGTTCATTAAGTCTGGTETTTAAGGCTGGGGCT
CAACCECGEHHEGEACTGOAAACTGOTGAACTTGAGTGCAGAAGAGGAAAGTGG
AATTCEACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGEAACACCAGTGGCGA
AGGCGACTTTCTGGGCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAA
CAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAATGCTAGGTGTTAGG
GGTTTCGATACEETTGGTGCCGAAGTTAACACATTAAGCATTCCGCCTGGGGAGT
ACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGEGACCEGCACAAGCAGTGG
AGTATGTGGTTTAATTCGAAGCAACGEGAAGAAGCTTACCAGGFCTTGACATCCC
TCTGACCGGTCTAGAGATAGGCCTTTCCTTCGGGACAGAGGAGACAGGTGGTGCA
TGGTEGTCATCAGCFCGTGTCGTGAGATGFTGGG TFAAGFCECGCAACGAGEGCA
ACCCTTATITITAGTIGECAGCACTTIGGGTGGGCACTCTAAAGAGACTGCCGGTG
ACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGG
GCTACACACGTACTACAATGGCCAGTACAACGGGAAGCGAAGGAGCGATCTGGA
GCCAATCCTATCAAAGCTGGTCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCAT
GAAGTCGGAATTGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCG
GGTCTTGTACACACCGCCCGTCACACCACGAGAGTTTACAACACCCGAAGTCGGT
GGGGTAACCCGCAAGGGAGCCAGCCGCCGAAGGTG
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The 16S rRNA gene nucleotide sequence of FXN2-3

TACATGCAAGTCGAGCGGATCTGATGAGGTGCTTGCACCTCTGATGGTTAGCGGC
GGACGGGTGAGTAACACGTAGGTAACCTGCCTGTAAGACTGGGATAACATTCGGA
AACGAATGCTAATACCAGATACGCGATTTCCTCGCATGGGGGAATCGGGAAAGAC
GGAGCAATCTGTCACTTACAGATGGACCTGCGGCGCATTAGCTAGTTGGTGGGAA
CGGCTCACCAAGGCGACGATGEGTAGCCGACCTGAGAGGGTGATCGGCCACACT
GGGACTGAGACACGGCECAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCG
CAATGGACGAAAGTCTGACGGAGCAAQGCUECCGTGAGTGATGAAGGCTTTCGGG
TCGTAAAGCTCTGITGCCAGGGAAGAACACTIGEGAGAGTAACTGCTCTCAAGGT
GACGGTACCTORGARGAAAGCCECGGCTARCTACGTGCCAGCAGCCGCGGTAAT
ACGTAGGGEGCAAGCETIETCCAGAATTATIGGGCGTAAAGCGCGCGCAGGCGG
CTTTGTAAGE@TGTCETITAAGT TCGGGGCTCAACCECGTATCGCGATGGAAACTG
CAAGGCTTGAGTACAGAAGAGGA?AGTGGAATTCCACGTGTAGCGGTGAAATGC
GTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTITCTGGGCTGTAACTGAC
GCTGAGGCGUEAAAGUG TOGGEAGCAAACAGGATTAGATACCCTGGTAGTCCAC
GCCGTAAACGATOA ATGCTAGGTGTTAGGGGTTTCAATACCCTTGGTGCCGAAGT
TAACACATTAAGCATTECGCCIGGGGAGTACGCTCGEAAGAGTGAAACTCAAAGG
AATTGACGEGGACCOUGCACAAGCAGTGGAGTATGTGGTTTAATTCGAAGCAACGC
GAAGAACCTTACCAGGTCTTGACATCCCTETGACCGGTCTGGAGACAGGCCTTCC
CTTCGGGGCAGAGGAGACAGGTGGTéﬁATGGTTGTCGTCAGCTCGTGTCGTGAGA
TGTTGGGTTAAGTCCCGCAACGAGCGCAACQCTTGATTTTAGTTGCCAGCATTTCG
GATGGGCACTCTAGAATGAETGCCGGTGACAAACCGGAGGAAGGCGGGGATGAC
GTCAAATCATCATGCCCCTTATGACCTGGGGTACACACGTACTACAATGGCCAGT
ACAACGGGCTGCGAAGGAGCGACCCGGAGCGAATCETA PAAAGCTGGTCTCAGTT
CGOA TTQGAGGETGEAACTEGEETCEATOAMGTCOGAATTAC TAGTAATCGCGGA
TCAGCATGCCGCOGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACC
ACGAGAGTITACAACACCCGAAGCCGGTGEGGTAACCGEAAGGAGCCAGCCGTC
GAAGGTGG .

The 16S rRNA gene nucleotide sequence of SRX4-1
CATGCAAGTCGAGCGGATCTETATCCTTCGGGGTAAGGTTAGCGGCGGACGGGTGA
GTAACACGTAGGTAACECTGCCTCTAACA COGEGA TAACATTCEGAAACGAATGCT
AATACCGGATACACGGCTTGTCCGCATGGACGAGCCGGGAAAGACGGCGCAAGC
TGTCACTTGCAGATGGACCTGCGGCGCATTAGCTAGTTGGTGGGGTAACGGCTCA
CCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTG
AGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGA
CGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAG
CTCTGTTGCCAGGGAAGAACGAGTGGGAGAGTAACTGCTCCTGCTATGACGGTAC
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CTGAGAAGAAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGG
GGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTTTGTAAG
TCAGGTGTTTAAGCTCGGGGCTCAACCCCGATTCGCATcTGAAACTGCAAGACTTG
AGTGCAGAAGAGGAAAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATG
TGGAGGAACACCAGTGGCGAAGGCGACTTTCTGGGCTGTAACTGACGCTGAGGCG
CGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAAC
GATGAATGCTAGGTGTTAGGGGTTTCGATACCCTTGGTGCCGAAGTTAACACATT
AAGCATTCCGCCTGGGGAGTACGCTCGCAAGAGTGAAACTCAAAGGAATTGACG
GGGACCCGCACAAGCAGTGGAGTATGTGGTTTAATTCGAAGCAACGCGAAGAAC
CTTACCAGGTETIGACATCCCTCTGAA TEETEPAGAGA TAGAGGCGGCCCTTCGGG
GACAGAGGAGACAGGIGGTGCATGGTIGTCGTCAGCTCGTGTCGTGAGATGTTGG
GTTAAGTCCCGECAACGAGCGCAACCCTTGATTTITAGTTGCCAGCACTTTAAGGTG
GGCACTCTAGAATGACTGCCGGTqACAAACCGGAGGAAGGCGGGGATGACGTCA
AATCATCATGCCCETTATCGACCTGGGCTACACACGTACTACAATGGCCGTTACAA
CGGGAAGCGAAGTCGCGAGATGGA_G’CGAATCCTAAAAAGGCGGTCTCAGTTCGG
ATTGCAGGCTGCAACTCGCCFGCATGAAGTCGGAATTGCTAGTAATCGCGGATCA
GCATGCCGCGGTGAATACGTTCCCdl}}GTCTTGTACACACCGCCCGTCACACCACG
AGAGTTTACAACACCCGAAGCCGGTGGGGTAACCGCAAGGAGCCAGCCGTCGAA
GGTG "AAS A

vl
The 16S rRNA gene. nucleotlde sequence of SRX4-2

GTGCCTAATACATGCAAGTCGAGCGG-A—'FGTTATCCTTCGGGGTAAGGTTAGCGGC
GGACGGGTGAGTAAC_[_%‘CGTAGGTAACgﬂ?—G_(_].C’LGTAAGACCGGGATAACATTCGG
AAACGAATGCTAATACCGdATACACGGCTTGTCCGCATGGACGAGCCGGGAAAG
ACGGCGCAAGGTG%GA@FFGGAG%GA@%TG@GGGG@ATTAGCTAGTTGGTGGG
GTAACGGC_TCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCA
CACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCT
TCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTC
GGATCGTAAAGCTCTGTTGCCAGGGAAGAACGAGTGGGAGAGTAACTGCTCCTGC
TATGACGGTACCTGAGAAGAAAGCCCEGGCTAACTACGTGCCAGCAGCCGCGGTA
ATACGTAGGGGGCAAGCGTFTGTCCGGAATTATTGGGCGTAAAGEGCGCGCAGGC
GGTTTTGTAAGTCAGGTGTTTAAGCTCGGGGCTCAACCCCGATTCGCATCTGAAAC
TGCAAGACTTGAGTGCAGAAGAGGAAAGTGGAATICCACGTGTFAGEGGTGAAAT
GCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTTICTGGGCTGTAACTG
ACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCC
ACGCCGTAAACGATGAATGCTAGGTGTTAGGGGTTTCGATACCCTTGGTGCCGAA
GTTAACACATTAAGCATTCCGCCTGGGGAGTACGCTCGCAAGAGTGAAACTCAAA
GGAATTGACGGGGACCCGCACAAGCAGTGGAGTATGTGGTTTAATTCGAAGCAAC
GCGAAGAACCTTACCAGGTCTTGACATCCCTCTGAATCCTCTAGAGATAGATGCG
GCCCTTCGGGGACAGAGGAGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGT
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GAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATTTTAGTTGCCAGCA
CTTTAAGGTGGGCACTCTAGAATGACTGCCGGTGACAAACCGGAGGAAGGCGGG

GATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTACTACAATG
GCCGTTACAACGGGAAGCGAAGTCGCGAGATGGAGCGAATCCTAAAAAGGCGGT
CTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGTCGGAATTGCTAGTAA
TCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCG
TCACACCACGAGAGTTTACAACACCCGAAGCCGGTGGGGTAACCGCAAGGAGCC

AGCCGTCGAAGGTGG

The 16S rRNA gene nucleotide sequence of X11-1

CTCAGGACGAACGCIEGLEGCGTGCCTAATACATGEAAGTCGAGCGGATTTACCC
TTCGGGGTAAGTTAGCGECGGACGGOTGAGTAACACGTAGGCAACCTGCCTGTAA
GATCGGGATAACTACCGGAAACG@TAGCTAAGACCGGATAGGTGGTTTCTTCGCA
TGAAGAGATCCAAGAAACACGGGGCAACCTGTGGCTTACAGATGGGCCTGCGGG
CATTAGCTAGITGGIGEGETAACGECCCACCAAGGEGACGATGCGTAGCCGACCT
GAGAGGGIGATEGGECACACTGGGANCTGAGACACGGEECAGACTCCTACGGGA
GGCAGCAGTABGGAATCTTCCGCAATOGACGCAAGTETGACGGAGCAACGCCGC
GTGAGTGATGAAGG TTTTCGEATCGFAAAGCTCTGTTGECAAGGAAGAACGCCTC
GGAGAGTAACTGCTCCEGGGGTGACGETACTTGAGAAGAAAGCCCCGGCTAACT
ACGTGCCAGCAGCCGCGGTAATACG&@GGGGGCAAGCGTTGTCCGGAATTATTGG
GCGTAAAGCGCGCGCAGGCGGCCGCTTAA?TTTGGTGTTTAAGCCCGGGGCTCAA
CCCCGGTTCGCACCGAAAACTGGGEGGETTGAGTGCAGGAGAGGAAAGCGGAAT
TCCACGTGTAGCGGIGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGG
CGGCTTTCTGGACTGTAACTGACGCTGAGGCGCGTAAAGEGTGGGGAGCAAACAG
GATTAGATACCETGGTAGTCECACGECGTAAACGATGAGTGCTAGGTGTTAGGGG
TTTCGAPACCCTTGGTGCCGAAGTAAACACAATAAGCACTECGCCTGGGGAGTAC
GCTCGCAAGAGTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCAGTGGAG
TATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCCGA
TGAAAGCCATAGAGATATGGCCCCTCTIEGGAGCATTGGAGACAGGTGGTGCATG
GTTGTCGTCAGCTCAAGTGAATNGTGAGATGTTGGGTTAAGTCENGCAACGAGCN
CAACCCTTGAACTTAGTNNECAGCATTAAGTTGGECACTATAAGTTGACTNCCGG
TGACANACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGNCNT
GGGNFACACANGTANNACAATGNCEGG TNCAACGEGA AGGGAANGEGNGAGNCG
GAGNGAATNTTTATAANCCGGFLTCANTTNGGATNNCAGGNTGCAAGTNNCCTGC
ATGAAGTNGGAATTGCTAGTNATCGNGGATCCAGCATNCNNGCGGTGAATACGTT
NNCCGNATNTTGTACACACCNCNNGTCACACCANGAGAGTTTNCAACACCCGAAG
TNGGTGGGGTAACCGCAAGGAGCCAGCCGCCGAAGGTGGGGTAGATGAT
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The 16S rRNA gene nucleotide sequence of FCN3-3
GTTAGCGGCGGACGGGTGAGTAACACGTAGGCAACCTGCCCTCAAGATCGGGAT
AACATTCGGAAACGGATGCTAAGACCGGATAAACGGTTTGGTCGCATGATCGGAT
CGAGAAACACGGTGCAAGCTGTGACTTGGGGATGGGCCTGCGGCGCATTAGCTAG
TTGGTGGGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTG
AACGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTA
GGGAATCTTCCACAATGGGCGAAAGCCTGATGGAGCAACGCCGCGTGAGTGAGG
AAGGCTTTCGGGTCGTAAAGCTCTGITGCOACGGAAGAATAAGGGTATGTTMACT
GCATATTCGATGACGGTACCTGAGAAGAAAGEEEEGGCTAACTACGTGCCAGCAG
CCGCGGTAATACGTAGGGGGCARGCGTTGTCCGERARTTATTGGGCGTAAAGCGCG
CGCAGGCGGTTCTT LAAGICTGGTGTCTAAGTGCGGGGCTCAACCCCGTGATGCA
CTGGAAACIGEGGGACTEGAGTACAGAAGAGGA GAGEGGAATTCCACGTGTAGC
GGTGAAATGCGTAGAGATGTGGA@GAACACCAGTGGCGAAGGCGGCTCTCTGGT
CTGTAACIHGACGETCGAGGUGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCC
TGGTAGTCCAEGCUETAAACGATGAGTGCTAGGTGTIGGGGGTATCATGCCCTCG
GTGCCGAAGTTAACACATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGA
AACTCAAAGGAATIGACGEGGACCOGCACAAGEAGTGGAGTATGTGGTTTAATTC
GAAGCAAGGCGAAGAACCTFACCAGGTCTTGACATCCCTCTGACCGTCCTAGAGA
TAGGGCTTTCCITCAGGACAGAGEAGACAGGTEGTGCATGGTTGTCGTCAGCTCG
TGTCGTGAGATGTTGGGTTAAGTCCChﬂAACGAGCGCAACCCTTGAACTTAGTTG
CCAGCGAGTGAGGTCGGGCACTCTAAGTTGéCTGCCGGTGACAAACCGGAGGAA
GGCGGGGATGACGTCAAATEATCATGECECTTATGACCTGGGCTACACACGTACT
ACAATGGCCGGTACAAAGGGCCGECGAAGCCGCGAGGTGGAGCCAATCCCAGCAA
AGCCGGECTCAGTTCGGATTGCAGGCTGCAACTCGCCIGFATGAAGTCGGAATTG
CTAGTALTCGEOEATCAGEATCECOEEEOTGAATACGIICCCGGGTCTTGTACACA
CCGCCEETCACACCACGAGAGTTTACAACACCCOAAGTCEGTGGGGTAACCCGCA
AGGGAGCCAGCCGCCGAAGGTG

The 16S rRNA/gene nucleotide sequence of S1-3
TCCTGGGCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGGA
TCTTTCCTTAAGTAGCTTGCTACTTTAAGAAGGTTAGCGGCGGGACGGGTGAGTA
ACACGTAGGCAACCTGCCCATAAGACCGGGATAACATTCGGAAACGAATGCTAA
GACQOGATACGCAANAGGAGGGCATCATCCTI T TG GG AA AGACGOTGEAAGCTG
TGGCTTATGGATGGECCTGCGGOGCATTAGCTAGTTGGTGGGGTAACGGCCTACC
AAGGCGACGATGCGTAGCCGACCTGAGAGGGTGAACGGCCACACTGTGGAAACT
GAGACACGGCCCAGACTCCTACGGGGAGGCCAGCAGTTAGGGAATTCTTCCACAA
TGGGCGCAAGCCTGATGGAGCAACGCCGCGTGAGTGAGGAAGGCTTTCGGGTCGT
AAAAGCTCTGTTGCCAGGGAAGAATAAGGGCGAGGTAACTACTCGTCCGATGAC
GGTACCTGAGAAGAAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGT
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AGGGGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTTTCT
TAAGTCTGGTGTTTAAGTGCGGGGCTCAACCCCGTGTCGCATCGGAAACTGGGAG
ACTTGAGTGCAGAAGAGGAGAGCGGAATTCCACGTGTAGCGGTGAAATGCGTAG
AGATGTGGAGGAACACCAGTGGCGAAGGCGGCTCTCTGGACTGTAACTGACGCTG
AGGCGCGAAAGCGTGGGGAGCCCAAACAGGGATTAGATACCCTGGTAGTCCACG
CCGTTAAACGATGAGTGTTCTAGGTGTTGGGGGGGTCCACCCCTCGGTGCCGAAG
TTAACACACTTAAGCACTCTCGCCCTGGGGATGTACGGTCGCAAGACTGAAACTC
AAAGGAATTGACGGGGAACCCGCACAAGCAGTGGAGTATGTGGTTTAATTCGAA
GCAACGCGAAGAACCTTTACCAGGTCTTGACATCCCTCTGACCGTTCCTAGAGAT
AGGGCTTCCETPEEEGGEAGAGEAGACAGETEETECATGGTTGTCGTCAGCTCGT
GTCGTGAAATGTTGGTIGAANTTCCGGCAACAAGCCCAACCCTGGAATTTATTTCC
CACCACTTTGGETGGGECACTCTAGATTIGACTGCCGGTGACAAACCGGAGGAAGGC
GGGGATGACGTCAAATCATCATG@CCCTTATGACCTGGGCTACACACGTACTACA
ATGGCCGGTACAACGGGITGCGAAGGAGCGATCCGGAGCCAATCCTATAAAGCC
GGTCTCAGTTCGGATTGGAGGCTGCKACTCGCCTCCATGAAGTCGGAATTGCTAG
TAATCGCGGATCAGCATGCCGEGGTGAATACGTTCCCGGGTCTTGTACACACCGC
CCGTCACACCACGAGAGTTTACAA%ﬁC@CGAAGCCGGTGGGGTAACCGCAAGGA
GCCAGCCGICGAAGGTGGGGTAGATGATTGGGGTGAAGTCGTAACAAGGAGCC

FRAd g

The 16S rRNA gene nucleotide seﬁ-}}e_nce of MX15-2
CTCCNTGGCTCAGGGACGAAACGCCGGGC?QCGTGCCTAATACATGCAAGTCGAG
CGGATCTTCAAGGGAGCTTGCTCCTGAGAAGGTTAGCGGCGGACGGGTGAGTAAC
ACGTAGGCAACCTGCCCTCAAGACCGGGATAACATTCGGAAACGAATGCTAAGA
CCGGATACGCAAGAAGGAGGCATCTRHﬁCTTGGGAAACACGGCGCAAGCTGTGG
CTTGAGGA¥GGGGG¥GGGGGGGA¥¥AG€¥AG¥¥GG€GGGGTAACGGCCCACCAAG
GCGACGATQCGTAGCCGACCTGAGAGGGTGAACGGCCACACTGGGACTGAGACA
CGGCCCAGACTCCTTACGGGAGGCAGCAGTTAGGGAATTCTTCCACAATGGGCGC
AAGCCTGKTGGAGCAACGCCGCGTGAGTGAGGAAGGCCTTCGGGTCGTAAAGCT
CTGTTGCCAGGGAAGAATAAGAGCCAGTTAACTGCTGGTTCGATGACGGTACCTG
AGAAGAAAGCCCCGGCTAACTACGTGECAGCAGCCGCGGTAATACGTAGGGGGC
AAGCGTTGTCCGGAATTATFGGGCGTAAAGCGCGCGCAGGCGGTTTCTTAAGTCT
GGTGTTTAAGTGCGGGGCTCAACCCCGTGACGCACTGGAAACTGGGAGACTTGAG
TGCAGAAGAGGAGAGCGGAATTCCACGTGTAGCGGTGAAATGEGTAGAGATGTG
GAGGAACACCAGTGGCGAAGGCGGCTCTCTGGAGCTGTAACTGACEGCTGAGGC
CGCGAAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTA
AACGATGAGTGCTAGGTGTTGGGGGGGTCCACCCCTCGGTGCCGAAGTTAACACA
TTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGAC
GGGGACCCGCACAAGCAGTGGAGTATGTGGTTTAATTCGAAGCAACGCGAAGAA
CCTTACCAGGTCTTGACATCCCTCTGAATCGTCTAGAGATAGGCGCGGCCTTCGGG
ACAGAGGAGACAGGTGGTGCATGGTTGTCGTGCAGCTCGTGTCGTGAGATGTTGG
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GTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCACTTCGGGTGG
GCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAA
ATCATCATGCCCCTTATGACCTGGGCTACACACGTACTACAATGGCCGGTACAAC
GGGCAGCGAAGGAGCGATCCGGAGCCAATCCTTTAAAGCCGGTCTCAGTTCGGAT
TGCAGGCTGCAACTCGCCTGCATGAAGTCGGAATTGCTAGTAATCGCGGATCAGC
ATGCCGCGGTGAATACGTTACCCGGGTCTTGTACACACCGCCCGTCACACCACGA
GAGTTTACAACACCCGAAGCCGGTGGGGTAACCGCAAGGAGCCAGCCGTCGAAG
GTGGGGTAGATGATTGGGGTGAAATCGTAAT

The 16S rRNA gene nucleotidé‘II sequence of MX21-2
TTATTGTCETEGCTCAGCACGAACGCCTGGECGGCEGTGCCCTTAATGAGCGATG
CAGATGCATEEETGAGCGGATCTTICCAAGGGAGCTTIGCTCCTGAGAAGGTTTAG
CGGCCGGACCCGGGTTGAGTAACéEACGTTAGGCCAACCTTGCCCCTTCCAAGACC
GGGATAA@CATTICGGAAACGAATTGCTAAGACCGGATACGCCAAGGAGGAGGC
ATCTTCTTCTHOGGAA ACGACGGCECAAGCTGTEGETIGAGGATGGGCCTGCGGC
GCATTAGETAGIIGGEGEGGTAACGGCCCACCAAGGCGACGATGCGTAGCCGACC
TGAGAGGGTGAACEGUCACACTGGGACTTGAAGACACGGCCCCAGACTCCTTACC
GGGGAGGUCAGUAGTAGGGAATCTTECACCAATGGGCGCAAGCCTTGATGGAGC
AACGCCCGCGTOAGTGAGGAAGGCCTTCGGGTCGTAAAGCTCTGTTGCCAGGGAA
GAATAAGAGCCAGTTAACTGCTGGT’J:“.QGATGACGGTACCTGAGAAAGAAAAGCC
CCCGGCTAACTACGTGCCAGCAGCCGCGGJ}}ATACGTAGGGGGCAAGCGTTGTCC
GGAATTATTGGGCGTTAAAGCGCGCGGAGGCGGTTTCTTAAGTTCTGGGTGTTTA
AGTGCGGGGCTCAACCCCGTGACGCA.QTGGAAACTGGGAGACTTGAGTGCAGAA
GAGGAGAGCGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAAC
ACCAGTOLECAACCECEEETCTCEICOACTGTAMACEGACGHTGAGGCGCGAAAGC
GTGGGGA'C_CAAACAGGATTAGATACCCTGGTAGTCCACG€C'GTAAACGATGAGT
GCTAGGTGTTGGGGGGGTCCACCCCTCGGTGCCGAAGTTAACACATTTAAGCACT
CCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGACCC
GCACAAGCAGTEGAGTATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAG
GTCTTGACATCCCTCTGAATGGTCTAGAGATAGEGCAGGCCTTCGGGACAGAGGA
GACAGGTGGTGCATGGTTGTFTCGTGCAGCTCGTGTFCTTGGGAGATGTTGGGTTAA
GTCCNGCAACGAGCGCAACCCTNGNTNTTAGTNNCCANCATTTNGGGTGGGCACT
TFAAGGTGA CFGCCGGTGA GA AACCGGAGGAAGGTGEGGATGACGFCAAATCAT
CATGECCEITATNNGCTGGGCTACACACGTANTNCAATGGOCGGTACAACGGGCA
GCGAAGGAGCGATCGGGAGCCAATCCTNTAAAGCCGGTCTCAGTTCGGATTNCAG
GNTGCAACTCNCNTGCATGAAGTCCGGAATTGCTAGTAATCGCGGATCAGCATGC
CCGCGGTGAATACGTTACCCGAATACTTGTACACACCGCCCGTCACACCACGAGA
GTTTNCANCACCNGAAGCCGGTGGGGTAACCGCAAGGAGCCAGCCGTCGAAGGT
GGGGTAGATGNTANGGGTGAAG
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The 16S rRNA gene nucleotide sequence of CE3-4

GCGGCGTGCTTAACACATGCAAGTCGAACGGTGAAGCCAAGCTTGCTTGGTGGAT
CAGTGGCGAACGGGTGAGTAACACGTGAGCAACCTGCCCCAGTCTCTGGGATAAC
AGTTGGAAACAGCTGCTAATACCGGATACGAACCGCGATCGCATGGTCAGTGGTT
GGAAAGATTTTTCGGTCTGGGATGGGCTCGCGGCCTATCAGCTTGTTGGTGAGGA
ATGGCTCACCAAGGCGTCGACGGGTAGCCGGCCTGAGAGGGTGACCGGCCACAC
TGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGC
ACAATGGGCGAAAGCCTGATGCAGCAACGECGEGTGAGGGATGACGGCCTTCGG
GTTGTAAACCTETITTAGCAGGGAAGAAGCGAAAGTGACGGTACCTGCAGAAAA
GCGCCGGCTARCTACGTGECAGEAGCCGEGGTARTACGTAGGGCGCAAGCGTTAT
CCGGAATTATTGGGCGTAAAGAGCTCGTAGGCGGTTTGTCGCGTCTGCTGTGAAT
CCCGAGGCTEAACCICGEUCUTGCAGTGGGTACGEGCAGACTAGAGTGCGGTAG
GGGAGATTGGAATTCCTGGTGTAéCGGTGGAATGCGCAGATATCAGGAGGAACA
CCGATGGEBAAGECAGATETCTGEGCCGTAACTOACGETGAGGAGCGAAAGGGT
GGGGAGCAAACAGECTT AGATACEETGGTAGTECACECCGTAAACGTTGGGAACT
AGTTGTGEGGTUCATTCEACCGATTCCGTGACGCAGCTAACGCATTAAGTTCCCG
CCTGGGGAGTACGECABCAAGGECTANAACTCAAAGGAATTGACGGGGACCCGCA
CAAGCGGUEGAGCATGCGGATTAATICGATGCAACGCGAAGAACCTTACCAAGG
CTTGACATATAGAGGAAACGGCTGGAAACAGTCGCECCGCAAGGTCTCTATACAG
GTGGTGCATGGTTGTCGTCAGE TCGTGICGTGAGATGTTGGGTTAAGTCCCGCAAC
GAGCGCAACCCTCGTTCTATGTTGCCAGCAFGTAATGGTGGGAACTCATGGGATC
TGCCGGGGTCAACTCGGAGGAAGGTEGGEATGACGTCAAATCATCATGCCCCTTA
TGTCTTGGGCTTCACGEATGLTACAATGGCCGGTACAAAGGGCTGCAATACCGTA
GGTGGAGCGAATCCCAAAAAGCCGGTCCCAGTTCGGATTGAGGTCTGCAACTCGA
CCTCATGAAGTCOEAGTEOETAGTAATCGEAGATEAGEAACGCTGCGGTGAATAC
GTTCCEEGGTCTTGTACACACCGOCCGTCAAGTCATOA AAGTCGGTAACACCTGA
AGCCGGTGGCCCAACCCTTGTGGAGGGAGCCGTCGAA

The 16S rRNA/gene nucleotide sequence of SRX1-2
GGCTTAACACATGCAAGTCGAGCEGCCCCGCAAGGGGAGCEGGCAGACGGGTGAGT
AACGCGTGGGAATCTACCGTGCCCTACGGAATAGCTCCGGGAAACTGGAATTAAT
ACCGTATACGCCCTACGGGGGAAAGATTTATCGGGGTATGATGAGCECGCGTTGG
ATTAGECTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGATCCATAGCTGGTCTG
AGAGGATGATCAGCCACATTGGGACTGAGACACGGCCCAAACTCCTACGGGAGG
CAGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTGATCCAGCCATGCCGCGTG
AGTGATGAAGGTCTTAGGATTGTAAAGCTCTTTCACCGGTGAAGATAATGACGGT
AACCGGAGAAGAAGCCCCGGCTAACTTCGTGCCAGCAGCCGCGGTAATACGAAG
GGGGCTAGCGTTGTTCGGAATTACTGGGCGTAAAGCGCATGTAGGCGGATATTTA
AGTCAGGGGTGAAATCCCGCAGCTCAACTGCGGAACTGCCTTTGATACTGGGTAT
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CTTGAGTATGGAAGAGGTGAGTGGAATTCCGAGTGTAGAGGTGAAATTCGTAGAT
ATTCGGAGGAACACCAGTGGCGAAGGCGGCTCACTGGTCCATTACTGACGCTGAG
GTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTA
AACGATGAATGTTAGCCGTCGGGCAGTATACTGTTCGGTGGCGCAGCTAACGCAT
TAAACATTCCGCCTGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACG
GGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGCAGAAC
CTTACCAGCTCTTGACATCCGGGTCGCGGACAGTGGAGACATTGTCCTTCAGTTAG
GCTGGACCCAGGACAGGTGCTGCATGGETGTCGTCAGCTCGTGTCGTGAGATGTT
GGGTTAAGTCCCGCAACGAGCGCAACCCICGCCCTITAGTTGCCAGCATTCAGTTG
GGCACTCTAAGGEGGACTGCCGGTOATAAGCCGAGAGGAAGGTGGGGATGACGTC
AAGTCCTCATGGCCCTIACGGGCTGGGCTACACACGTGCTACAATGGTGGTGACA
GTGGGCAGCGAGACGGTGACGTCGAGCTAATCTCCAAAAGCCATCTCAGTTCGGA
TTGCACTCTGCAACTCGAGTGCAﬁPAAGTTGGAATCGCTAGTAATCGCGGATCAC
ATGCCGCGETGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGG
AGTTGGTTTTACCCGAAGGTAGTGCG%TAACCCGCAAGGGAGGCAGCTAACCACG

= =

The 16S rRNA gene nucleotide s%gué:nce of SRX3-4
CGGCAGGOETAATACATGCAAGTCEEACGGGATTTAACTTAAAGCTTGCTTTAAG
TTAATGAGAGTEGCECACGGGTGCGTAACGCGTGAGCAACCTACCTCTATCAGGG
GGATAGCCTCTCGAAAGAGAGATTAAQACCGCATAACATCAACTGTTCGCATGTC
CGGTTGATTAAAPATTTATAGGATAGAGATGGGCTCGCGTGACATTAGCTAGTTG
GTAGGGTAACGGCTTACCAAGGCGAGGATGTCTAGGGGCTCTGAGAGGAGAATC
CCCCACACTGGTACTGAGACACGGACCAGACICCTACGGGAGGCAGCAGTAAGG
AATATTGGTCAATGGGCGGAAGCCTGAACCAGCCATGCCGCGTGCAGGATGACTG
COCTATQG GG AAACTGEH TG CCAGGAATAMACCCAG A TACGTGTACCTGG
CTGAATETACTGGAAGAATAAGGATCGGCTAACTCCGTGECAGCAGCCGCGGTAA
TACGGAGGATCCGAGCGTTATCCGGATTTATTGGGTTTAAAGGGTGCGTAGGCGG
CCTGTTAAGTCAGGGGTGAAATACGGTGGCTCAACCATCGCAGTGCCTTTGATAC
TGACGGGCTTGAATCCATTTGAAGTGEGEGGAATAAGACAAGTAGCGGTGAAAT
GCATAGATATATOTTAGAACTCCGATTGCGAAGGCAGCTCACTAAGCTGGTATTG
ACGCTGATGCACGAAAGCGTGGGGATCGAACAGGATTAGATAGCCTGGTAGTCCA
CGCCCTAAACGATGATAACTCGATGTTGGCGATAGACCGCCAGCGTCCAAGCGAA
AGCGFTAAGTFATCEACETGGGGAGTACGECCGCAABGGTGAAACTEAAAGGAAT
TGACGGGEGCCCGCACAAGCGGAGGAGCATGTGGTITAATTCGATGATACGCGA
GGAACCTTACCCGGGCTTGAAAGTTAGTGAAGGATGCAGAGACGCATCCGTCCTT
CGGGACACGAAACTAGGTGCTGCATGGCTGTCGTCAGCTCGTGCCGTGAGGTGTT
GGGTTAAGTCCCGCAACGAGCGCAACCCCTATGTTTAGTTGCCAGCAAGTAATGT
TGGGGACTCTAAACAGACTGCCTGCGCAAGCAGAGAGGAAGGTGGGGACGACGT
CAAGTCATCATGGCCCTTACGTCCGGGGCTACACACGTGCTACAATGGATGGTAC
AGCGGGCAGCTACATAGCAATATGGTGCTAATCTCTAAAAGCCATTCACAGTTCG
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GATTGGGGTCTGCAACTCGACCCCATGAAGTTGGATTCGCTAGTAATCGCGTATC
AGCAATGACGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCAAGCCA
TGAAAGTTGGGGGTACCTAAAGCATGTGACCGCAAGGAGCGTGTTAGG

22. The 16S rRNA gene nucleotide sequence of CE4-1
GAAGGCTTCGGCCTTAGTGGCGCACGGG
CGGAATAACAGTTAGAAATGACTG
CTAATACCGGAT ATCGCCGAGGGATGAGCCCGC
GTAGGATTAG AAGGCGACGATCCTTAGCTG
GTCTGAGAG C%GGCCCAGACTCCTACGG
GAGGCAG CTGATCCAGCAATGCC
ACCCGGGATGATAATG
'CAGCAGCCGCGGTAATAC
OCO0E A GCACGTAGGCGGCTT
X ATTGCCTTTTAGACTGC
AATTCCGAGTGTAGAGGTGAAATTCGT
GAAGGCGGCTG CTGGACATGTATTGACG
ACAGGATTAGATACCCTGGTAGTCCACG
GGG ACTTGGTCCTTGGGTGGCGCAGCTA
GTACGGCCGCAAGGTTAAAACTCAAATGAA
TTGACGGGGGC CATGTGGTTTAATTCGAAGCAACGCGC
AGAACCTTACCAGCGTTIGACATGGTAGGACGGCTTCCAGAGATGGATTCCTTCC

GGCATGCCTAAAACATGCAAG
TGCGTAACGCGTGGG

CTTCGGGGACCTACACACAGGTGCTGE TGGETGTCGTCAGCTCGTGTCGTGAGA
TGTT(*{(;}&FTAAGTCCCGCAACGAGCG ) TTPAGTTACCATCATTCAG
TTGGCTACTCTAAAGGAACCGCCGGTGATAAGCCGGAG GGTGGGGATGACG
TCAAGTECTCATGGCCCTTACK TGETACAATGGCAACTA

CAGTGGG@GCAA < __ova CTCCQAAGTTGTCTCAGTTCG
GATTGTTCTCTGCAACTCGAGAGCATGAAGGCGGAATCGCTAGTAATCGCGGATC
AGCATGCCG‘Gﬁ}AATACGTTCCCA@CTTGTACACACCGCCCGTCACACCAT

BRI
AN TUANINGAE
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APPENDIX F
POLAR LIPID AND WHOLE CELL SUGAR

Figure 1 Polar lipid profile 1X ' or Sepa \:\~ two-dimensional thin
layer c sraph “DPG dif sphatidylglycerol; PG,

phosphatidylgl rrol; 'f '- hatid 'ia olamine;; PL, unknown

phospholipids o 1o 4

(a)

'J"/IEl’lﬁEJ

i‘lgure 2 Polar 11p1d proﬁles of SRX1-4 (a) and X11-1 (b) after separation by two-
dimensional thin layer chromatography. DPG, diphosphatidylglycerol; PG,
phosphatidylethanolamine; PME,

phosphatidylglycerol; PE,
phosphatidylmonomethylethanolamine; PL, unknown phospholipids
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-

Figure 3 Polar lipid-profiles-of- FEN3=3-(A)-Si=3-(B)sivixt522 (C) and MX21-2 (D)
v ¥

afte --I v yer_chromatography. DPG,

diphosphatidylglycerol, °q, phosphatidylglycerol; PE,
phosphati@hﬂanolamine; LPC‘J lysyl-phosphatidylglycerol; PL1-4,

AHEINEN IR
RIAN TN INGINY



190

Figure 4 Polar o-dimensional thin layer

chromatg ol; PG, phosphatidylglycerol;

W ’T“éi Iy

phosphatidylglycerol; PE, phosphatidylethanolamine; PL1-2, unknown
phospholipids
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Figure 6 Polar 71pid, of G aftet separa H:""r,‘_ wo-dimensional thin layer
' phosphatidylglycerol;
GL, sphingoglycolipid;

Y

ﬂum#ﬁwmm
ammﬂ%mmmafrmaa

Flgure 7 Whole cell sugar profiles of CE3-4 after separation by thin layer

chromatography and spraying with acid aniline phthalate
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