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Research Title: Study and characterization of Paenibacillus sp. L7-75
Researcher: Dr.Chokchai Kittiwongwattana

Faculty: Faculty of Science  Department: Department of Biology

ABSTRACT

Endophytic bacteria colonize the internal tissues of a plant host without causing symptoms or
damages. This group of bacteria is also recognized for their plant growth promotion. In the present study, the
production of the plant hormone indole-3-acetic acid (IAA) of 19 and 17 isolates of endophytic bacteria
isolated from Landoltia punctata and Lemna aequinoctialis, respectively, were examined. The result showed
that 21 isolates were able to produce IAA. The levels of IAA production in these bacteria were also measured.
The highest level of IAA (79.9+8.52 pg/ml) was observed in the culture medium of Bacillus sp. L1-14 that was
isolated from L. punctata. Rice seedlings that were inoculated with Bacillus sp. L1-14 displayed the increase in
stem length, shoot fresh weight and root fresh weight when compared to that of the control group that was
inoculated with distilled water. Average stem length, shoot fresh weight and root fresh weight of the inoculated
group were 1,12, 1.17 and 1.28 times higher than the control group. This result showed that the best IAA

producer Bacillus sp. L1-14 was able to promote growth in rice seedlings.

Keywords : Landoltia punctata, Lemna aequinoctialis, endophytes, rice, indole-3-acetic acid
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Tsunsy Mega 13039 5.1 wafi Id0nmsinszdezgniinnilSuudmuges Tasmsavuad'ly
1 a A g A = o 3 o = = dy 9 o3
udueuuazuInamiunIeeennnantsitaszy MndwihwanmnSewdeud ldadrady
phylogenetic tree A835M3 Neighbour-joining, Maximum parsimony U8% Maximum likelihood ATHIMHT
1 1 a a ) = s o
T2U2H19TEM I8 cluster 428351159049 Kimura-2 Lagdudunadion1s3ins1eH Bootstrap value 1ag9i1n1s

a 6"3 3
TUAATIEHNIHUA 1,000 A5

q



3.4 M3ANYI Polar lipids

=)

d o g . e i
raduiaveauAGagninana polar lipid 109n131% methanol Againni 100°C WU 5

Q@ U

= 4 3

o o " o o 1y ¥
1 audaemsafalaeld chloroform wHwadimAneggaf1ia lasnsnies nazaisazasi lagni

a

y -3 o @ Y o o
191818599 rotary evaporator 91ANUTINITAZAA1TANAAY chloroform-methanol mixture H1T A
ry evap

= o Y Y 1 w o . . v o Hq Y
ldaniildasreeeudlunis 1y HPTLC 2uAUN13N1 two-dimensional chromatography faiazaten 1y

U

¥ ¥ E
19 chloroform:methanol:111 (65:25:10) w@z chloroform:acetic acid:methanol: 11 (80:18:12:5) MAUULNY
HPTLC 9n¥UA18%11810329@0D 4 w10 lAUA Ditterm-Lester reagent, ninhydrin, Dragendorff’s reagent (1A%

phosphomolybdic acid

3.5 M3fANY cellular fatty acid

b 1
a A " o3| [ = =
LL‘UﬂVIL'iEJﬁWQﬂLaEN‘]Juﬂ”I“I’T’I‘E tryptic soy agar Lﬂui%ﬂ%l’)ﬁ? 2 IUNYUNIH 30 oA uaraLry e
3 o o A aAa g Y o () 9 :} o 1 dg!; [~ o 3
ﬂTﬂuu’ﬂ’lﬂ’lﬁﬂJuﬂlﬁlfﬂﬂLLUﬂWLﬁEJ‘Y]W'J"H“I«H“U'EN‘E]"ITT"IS@@ﬂiJ'] LLﬁ’JWWﬂTﬁﬁN@]”AEJH']ﬂﬁH“M'IL‘HE\L“JJ‘H‘ﬂTL!’EI“LJ 6 A3
& e 7 aa oy oA A s g9 ¢ ¢ v = ° v
ANUUU UL UANLITEUIFLIATO freeze-dry LW@‘VIﬂ‘rH%’flﬂLLT‘N PEAQLHIUBDIUUANLIEYNUINTNAN

=

1 1 £
cellular fatty acid 1agn15 19 methanolic hydrochloric acid NgMHMNHR 100°C W1w 3 F21ue 9 nduvimsuen

q

a Jd a ! 5 o
cellular fatty acid Taoms 19 petroleum ether wéansenriadlunie gas liquid chromatography Wan13

= ool o a & =1 a
Tns i Idzgniit s anaeumiaieuss faty acid AaenisufSurifleuiugudoyn TSBAG Y0352

MIDI system

[
3.6 N3ANHIB9AYSZNOVIUAUBIAIBID (G+C content)

) =

~ e? o3| s ! 3
LLUﬂﬁL‘iUQﬂlﬁﬂﬁUuﬂ"lﬁﬁ tryptic soy agar Lﬂuﬁzﬂznm 2 mﬁqmﬁnm 30 DA NEALEYT 1NUU

a

~ A

o 3 e o o = a

WasyawaduuaiiGoiianihyesemisesni udaimianafdue lasmsauasaza1e TE buffer
a aa ' o b 3 g9 2 a oA =

adly) 5 faddes awfun1s 1 lysozyme AANTY 20mg/ml Uswas 500 TuTastiag Uuigangi 37

g < g =

swruradvaiiuszozina 2 Flwennifuduasezate Sodium dodecyl sulfate AN 10%

a a T ! = = 4 = a

USwms 500 lulasfas udruigavgli6s esmumaGeaniu 10 wiil seldiuududuaisazae

phenol:chloroform (25:24) YSuas 5 findansas 'l semlfidhdundnirlumdes gadulaeenuuda

Rua13azany chloroform US1nas 4 Tadansasly wernIfidhfuudni lumdes gadaulaeeninuds

a a an & o y = a g Y

Bua15aza18 absolute ethanol @'l 8 Hadaasnimiui lfwmies udrdreznoudidueaie

= =

E4 1
21588018 70% ethanol 151145 2 Haddas Mntwihaznou luvigungil 37 osmnwaiioauaznon

Q

k73
° = = o = d
W audninazaedneansazaty 1% SSC buffer USuas 600 lulnsansaintiu@ueu lasl RNaseT1



1
=1

a = o o 1 = 3 o
Az RNaseA 151185 1 waz 10 lulasfasmud ey tuiiguunil 37 ssruwaidead iy udni
= = = 9 9 a 9
A5ALAENURNAIZAY phenol:chloroform (25:24) UTwas 600 Tulasasasly wernliidrduuda
] y { 1 = = = Y 3w
ihlihunies gasaulavenuudadumsazaty chloroform Y511a3 600 Tulnsdnsashl menlvididu
o y { 1 = a 3 ] y § k4
udni 1 ilumies gadaulasenuudauin isopropanol asli 600 luTasdasniniunirliumdss udo
=] =y = 3 o 1A =
AranznouRS1EA A 1TaEA18 70% ethanol UT11@3 600 TuTasAasvinilmhasnenlluufigungil 37
sy airaILAznoULT A Az A I8aT Az a8 1% SSC buffer U51105 40 luTnsdns udaii
aog P ﬂh:!.y a o = = a 9 A 1 lrL a g
asazawdduied 141 1Tz danuusgniuazlSuiadieniod spectroscopy  Av 11 AUV

o

A w © ' o . g a g i 1
wuafiFeniadaldgniinndosdiomulml nuclease P1 1ag alkaline phosphatase :1n1IUTIABUIDTAHIY

]
=

1 ::iaJI kY = ¢ a £y A o = o 1 <=
ﬂTﬁEIE]EJULLQ'}EJ"I’JL‘F]'E’BTHJ'ill"lmlﬁ_lﬁ G uag C alansey HPLC Iﬁﬂﬂ']ﬂ”lﬁt‘ﬂﬂ‘ﬂﬂ‘ﬂﬂ?ﬂﬂ']\‘lﬂ!ﬂuﬂl@ﬂlﬂﬁﬂﬂ

phage lambda

f11 G+C content = [(Cs/Cr)+(Gs/Gr))/[(Cs/Cr)+(Gs/Gr)+(As/Ar)+(Ts/Tr)]

Cs = % 1d C #0879

=h.

Taa
=~
Cr=% LUd C AUONATYIU
Gs =% 1Wd G A19819
=~
Gr =% W G ADUDNTATTIY
As = % UH AR
I~
Ar =% A A ABUONIATTIY
Ts = % 1A T 29814

==
Tr=% 1Ua T aolou1aigil

3.7 M531A5124 DNA-DNA relatedness

1
~ A

ad «3 o . = % 3 o =
@mmaﬁuaumﬂi?u;:awﬁl%’iuﬂﬁ?{ﬂmmﬂmgﬂmmﬁ?wu microdilution plate 91AUUIINITIAY
= od A a B P 9/ = 3 o
A15ATMUADULVOUANIZY Paenibacillus sp. L7-75 Ndoamsane1as i lunqu udawiimsassaey
o o a & 3 amA A
1o5IyUAvDI DNA-DNA relatedness 828735 colorimetric #uiuitnldlunmsasiagsuaindsuiaanu
) ad a & Y A . & o A Ay v

Wuvesdnnaduluaisazatelagns l4in504 microplate reader a}1ﬂuummﬂ15@,ﬂﬂammw"lﬂm
fTUIUNIA1 DNA-DNA relatedness ATUGAT

DNA-DNA relatedness = (As-Ab)/(Ar-Ab) x 100

Tagfl As = MMSYANTULAIVBALUANITEA DL



Ar = AMIAANTULTIVBUUANITY Paenibacillus sp. L7-75

1 o d
Ab= mmaamﬁmmwawqumﬂu negative control

=£ Qs ¢
3.8 msanuanyaWlylnd
Y] 1 o = = Y -
Savaizarer madil Ty Induesuaise Paenibacillus sp. L7-75 woznuaiisedun ldlums
=3 = o 9 9J o a wa :: =
WisuifieninldTasldyansanaeuduiagal API S0CH wag API 20NE lavdgiidniudunoumsinson
] ] AY - 9 9 3 o 3 =t 4
Fregrauazmsudananiunduia ldsziper i lugansnaeuisasya uazRimsfeudatesvod

WUATISY Paenibacillus sp. L.7-75 F26n13 148 safranin O SIUAUE malachite green
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UNT 4

Han15IveY

41 mstiUTinaBuaBueuediu 165 rRNA

WUATIEY Paenibacillus sp. L7-75 Shuuuaiideiiuen @0 nuny Lemna aequinoctialis) diarin
mizidsadransanldlumsanuiasuunsilavesuaiSede 18 TasiiSueiiadaldgn
iy lumsasnauFuduueddu 163 RNA Taems 19 lnsues 208 uag 1541R Tag
Wradusuaiduennaszinn 1500 gadgnirlimivuignideuihllinmsimadumada
lwsiaies 27F, 1492R, 350F (5-TACGGGAGGCAGCAG-3"), 780F (5'-GATTAGATACCCTGGTAG-3),
1100F (5-GCAACGAGCGCAACCC-3!), 350R (5'-CTGCTGCCTCCCGTAG-3') and 780R (5'-
CTACCAGGGTATCTAATCC-3) HAAS IATIEH A IIIAADE AW EUBITY 16S rRNA veauAiSy
Paenibacillus sp. L7-75 Fafianaenanifi 1,509 g (WAl 4.1) ﬁ’|ﬁumﬁﬁﬂﬂénf&;ﬂﬂﬂﬂﬁu”ﬁ’iu
J1u4oYaved NCBI laeTiiav accession number fin AB819817 waziorhddumat 1Wnsed
WSsuivusugiudeya EzTaxon ndmuwunfise Paenibacillus sp. L7-75 Sinnslndifesriudy

) oA o = 4 Voo
WUATGY Paenibacillus aladous Taoiiannuadiondigiiigamiin 98.3%

4.2 M3M1 Multiple alignment analysis
i isuuauesty 168 RNA 1HR1n153n 3199 multiple alignment analysis 1115153

Mega WAIMNUNULATTY Paenibacillus sp. L7-75 SRR WAANUBUATIEY Paenibacillus purispatii
ES_MS17" uasuunfi3e Paenibacillus uliginis N3/975" 3nnftga lasfiainanuadoafaniniy 98.5% uay
fafinnundnenaarununfiGedun 9nl4un Paenibacillus lactis MB1871" (Aanuad1unas = 98.2%),
Paenibacillus campinasensis 324" (97.7%), Paenibacillus glucanolyticus HSCC 171" (97.7%) and
Paenibacillus lautus ATCC 43898" (97.4%). meﬁaﬁmami AN multiple alignment analysis Tishns
#4374 Phylogenetic tree AYID neighbour-joining WAINUNUUANS 8 Paenibacillus sp. L7-75 finnulndga
Sunuaiize P. uliginis N3/975", P. purispatii ES_MS17', P. lactis MB1871", P. campinasensis 324", P.

o

glucanolyticus HSCC 171" g P. lautus ATCC 43898" (1MW 4.2) wamsazratu lanidedde

a

] k4
1 =t 3/ ad 2 % e
tileenniian bootstrap qaﬁa 94% UBNNTIMI AT Phylogenetic tree 928715117 maximum likelihood 1%

: =] " @ a 1w o w !
maximum parsimony A 1HHAURBIM TaviiaAn boot strap 1M1A1 76% LAz 57% ANAIAY (NN 4.3-4.4)



GGACGAACGCTGGCGGCGTGCTTAATACATGCAAGTCGAGCGGACTTGATGAGGAGCTTGCTCCTCTGAA
GGTTAGCGGCGGACGGGTGAGTAACACGTAGGCAACCTGCCCTCAAGACTGGGATARCTACCGGAARCGG
TAGCTRAATACCGGATAATTGATTCCTTCACCTGAGGGGATTATGARAGGCGGAGCAATCTGTCACTTGAG
GATGGGCCTGCGGCGCATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGACGATGCGTAGCCGACCT
GAGAGGGTGAACGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATC
TTCCGCAATGGACGARAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTARAGCTC
TGTTGCCAGGGAAGAACGTCTTCTAGAGTARCTGCTAGAAGAGTGACGGTACCTGAGAAGARAGCCCCGS
CTARCTACGTGCCAGCAGCCGCGGTRATACGTAGGGGGCAAGCGTTGTCCGGART TATTGGGCGTARAGL
GCGCGCAGGCGGTTTGTTAAGTCTGGTGTTTAAACCTGGGGCTCAACTTCAGGTCGCACTGGARACTGGG
AANCTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGARATGCGTAGATATGTGGAGGAAC
ACCAGTGGCGAAGGCGACTCTCTGGGCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAARACAGGA
TTAGATACCCTGGTAGTCCACGCCGTARACCATGAATGCTAGGTGITAGGGGTTTCGATACCCTTGGTGC
CGAAGTTAACACATTAAGCATTCCGCCTGGGGAGTACGGTCGCAAGACTGARACTCARAAGGAATTGACGG
GGACCCGCACAAGCAGTGGAGTATGTGGTTTAATTCGAAGCAACGCGAAGARCCTTACCAGGTCTTGACA
TCCCTCTGACCGGTACAGAGATGTACCTTTCCTTCGGGACAGAGGAGACAGGTGGTGCATGGTTGTCGTC
AGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCARCCCTTGATCTTAGTTGCCAGCAGGT
CATGCTGGGCACTCTAAGGTGACTGCCGGTGACARRCCGGAGGRAAGGTGGGGATGACGTCARATCATCAT
GCCCCTTATGACCTGGGCTACACACGTACTACAATGGCTGGTACAACGGGAAGCGAAGGAGCGATCTGGA
GCGAATCCTAARAARAGCCAGTCTCAGTTCGGATTGCAGGCTGCARCTCGCCTGCATGAAGTCGGAATTGCT
AGTRATCGCGGATCAGCATGCCGCGGTGARTACGTTCCCGGGTCTTGTACACACCGCCCGTCACACCACG
AGAGTTTACAACACCCGAAGTCGGTGGGGTAACCCGCAAGGGAGCCAGCCGCCGAAGGTGGGGTAGATGA
TTGGGGGTGARGTCGTAACAAGGTAGCCGTATCGGAAGG

MUA 4.1 S1AVVAVDIY 168 tRNA VOLUARS 8 Pacnibacillus sp. L7-75 B0 1enmay 1,509 4

e

Il
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72 Paenibacillus jamilae B.3 T(AI271157)
79 | Paenibacillus polymyxa ATCC 842" (D16276)
ﬂpaembacﬂfus peoriae BD-57" (AJ320494)
i " Paenibacillus brasilensis PB172" (AF273740)

99 L puenibacillus terrac AM1417 (AF391124)

’—71 } L —— Paenibacillus kribbensis AM49" (AF391123)
M I Paenibacillus hunanensis FeL05" (EU741036)
| b el puldeungensis CAU 9324" (GU187433)

| Paenibacillus massiliensis 2301065 (AY323608)
100 - Pacnibacillus panacisoli Gsoil 141 1T (AB245384)
;i o7 ~Paenibacillus purispatii ES_MS17" (EU888513)
93l U paenibacillus uliginis N31975" (FN556467)
| _ i NN - Paenibacillus campinasensis 324" (AF021924)

! - 941 ™ Paenibacilius lemnas 17-75"

l & Pacnibacilus lactis MB 18717 (AY257868)

‘ L _Szi L YS Paenibacillus glicanolyticus $93" (AB073189)
B 99 L~ Paenibacillus lautus ATCC 43898" (AB073188)
i gL Paenibacillus durus ATCC 27763" (X77846)

: i 55 [ L Paenibacillus sophorae S27" (GQ985395)
‘ i v/ l (; - Paenibacillus zanthoxyli JTH29" (DQ471303)
‘ E ‘ i Paenibacillus forsythiae T98" (DQ338443)
it i !gl— Paenibacillus sabinae T27' (DQ338444)
‘ L 1 gij 77 — Paenibacillus borealis KK19" (AJ011322)

\

I 5i' —— Paenibacillus odorifer TOD45" (AJ223990)

| & *L— Paenibacillus wynnii CIP 108306 (AJ633647)
“ 1‘ — Paenibacillus graminis RSA1 9" (AJ223987)
H }_ __L Pacnibdtiliis jilunlii Bel7T (GQ985393)

h 100 |il
I 73 - Paenibacillus sonchi X19-5" (DQ358736)

| — . Paenibacillus fonticola ZL" (DQ453131)

7 - Paenibacillus antarcticus 20CM" (AJ605292)
100 - Paenibacillus macquariensis ATCC 23464 (X60625)
L Paenibacillus macerans ATCC 8244" (AB073196)

0.01

Bacillus novalis IDA3307" (AJ542512)

Paenibacillus riograndensis SBR5' (EU257201)

— Paenibacillus nematophilus DSM 13559" (AF480935)



MW 4.2 Phylogenetic tree YD4BU 168 rRNA UBuUANTY Paenibacillus sp. L7-75 pazUANS U N

¥ 4
) a, i AT 1 1 Tooas
#3197207%5 neigbour-joining LLHAIN bootstrap ‘ﬁfjfu\‘iﬂ’ﬂ 50% N1UU

13
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72 .‘Paenibaci[lus Jjamilae B.3" (AJ271157)

|_'3— Paenibacillus polymyxa ATCC 8427 (D16276)
— Paenibacillus peoriae BD-57" (AJ320494)
86 N ~Paenibacillus brasilensis PB172" (AF273740)

6 | ‘ L paenibacillus terrae AM1417 (AF391124)
‘7 _‘ " Paenibacillus kribbensis AM49" (AF391123)

o L Paenibacillus hunanensis FeL05" (EU741036)
‘ ‘ Paenibacillus massiliensis 2301065 (AY323608)
' 100 | Paenibacillus panacisoli Gsoil 14117 (AB245384)
! ———Paenibacillus puldeungensis CAU 9324 (GU187433)
Ffl 6; —Paenibacillus purispatii ES_MS17" (EU888513)

£l Paenibacillus uliginis N3/9757 (FN556467)

i i RSN Paenibacillus campinasensis 324" (AF021924)
‘ ’; ——Paenibacillus lemnas L7-7 5t
| - — = Paenibacillus lactis MB 18717 (AY257868)
| l KliA _ﬁPaenibaciﬂus glucanolyticus S93" (AB073189)
| 98 L Paenibacillus lautus ATCC 43898" (AB073188)
ARATANES B2 — Paenibacillus fonticola ZLT (DQ453131)
"'_l — = Paenibacillus nematophilus DSM 13559" (AF480935)

‘ LLI] ¢ iPaenibaciilus antarcticus 20CM" (AJ605292)

80 Paenibacillus durus ATCC 27763 (X77846)
! | ~Pgenibacillus sophorae 827" (GQY85395)
1 a ~Paenibacillus zanthoxyli JH29T (DQ471303)
! | F i e Paenibacillus forsythiae T98T (DQ338443)
i \ ‘ _8?~— Paenibacillus sabinae T27" (DQ338444)

~Paenibacillus odorifer TOD45" (AJ223990)
] LA

‘—- ‘ 100 - Paenibacillus macquariensis ATCC 23464 (X60625)
|
|

~Paenibacillus wynnii CIP 108306" (AJ633647)

| L——Paenibacillus borealis KK19" (AJ011322)
|
| PRy — Paenibacillus graminis RSA19" (AJ223987)

| - Paenibacillus jilunlii Bel 7" (GQV85393)

I 99 | | ——Paenibacillus riograndensis SBR5' (EU257201)
‘ 80 Paenibacillus sonchi X19-5" (DQ358736)

— Paenibacillus macerans ATCC 8244" (AB073196)

Bacillus novalis IDA3307" (AJ542512)
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AN 4.3 Phylogenetic tree Y8984 168 rRNA v831UAN3Y Paenibacillus sp. L7-75 uazUUANG U N

v E
9 =y . . ¥ 1 T o
a%198263% maximum likelihood LiA@AIAT bootstrap NFINI 50% 1L
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g0 [ Paenibacillus durus ATCC 277637 (X77846)
: Paenibacillus sophorae $27" (GQ985395)
— Paenibacillus forsythiae T98" (DQ338443)

] 86— Paenibacillus sabinae T27T (DQ338444)

| - Paenibacillus zanthoxyli JH29T (DQ471303)

—Paenibacillus jilunlii Be17' (GQ985393)

e ——Paenibacillus graminis RSA19" (AJ223987)
———Paenibacillus riograndensis SBR5" (EU257201)

74 - Paenibacillus sonchi X19-5" (DQ358736)
———Paenibacillus borealis KK19" (AJ011322)

L Paenibacillus odorifer TOD45" (AJ223990)

N 'S —Paenibacillus wynnii CIP 108306" (AJ633647)

- . Paenibacillus hunanensis FeL05" (EU741036)

Paenibacillus terrae AM1417 (AF391124)

A— — - Paenibacillus brasilensis PB172" (AF273740)

L paenibacillus peoriae BD-5T" (AJ320494)
L] -~~~ Pgenibacillus kribbensis AM49" (AF391123)
\ﬁ' ~—Paenibacillus jamilae B.3" (AJ271157)

71— Paenibacillus polymyxa ATCC 842" (D16276)
— Paenibacillus macerans ATCC 8244" (AB073196)

- ———Paenibacillus puldeungensis CAU 9324" (GU187433
—— Paenibacillus fonticola ZL" (DQ453131)

/3% Paenibacillus nematophilus DSM 13559" (AF48093:
—_Ppaenibacillus antarcticus 20CM" (AJ605292)
Paenibacillus macquariensis ATCC 234647 (X60625
78— Paenibacillus purispatii ES_MS17" (EU888513)

. 8. L paenibacillus uliginis N3/975" (FN556467)
; L _Paenibacillus campinasensis 324" (AF021924)

g\, L (]

100"

57 | ‘ : Paenibacillus lemnas L7-757
—] T’ Paenibacillus lactis MB 1871" (AY257868)

b s ; T
79 | Paenibacillus glucanolyticus S93° (AB(073189)

98 | Paenibacillus lautus ATCC 43898 (AB073188)

Bacillus novalis IDA3307" (AJ542512)
—— Paenibacillus massiliensis 23010657 (AY323608)

100 = Paenibacillus panacisoli Gsoil 14117 (AB245384)
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WA 4.4 Phylogenetic tree YB4TU 165 rRNA UDUUANITY Paenibacillus sp. L7-75 wazuuaEe

1

& S ¢ ¥ as . ;
U NHTNAWIT maxunum parsimony

4.3 MFUATIEH polar lipids
MTAUATIEN polar lipids VUATITY Paenibacillus sp. LT-75 werealifiudwuaiise 15
99nlsznovves polar lipids i diphosphatidylglycerol (DPG), phosphatidylglycerol (PG),

phosphatidylethanolamine (PE) i@ phosphatidyl-N-methylethanolamine (PME) (111 4.5)

MNT4.5 HaMTIATIZIN polar lipids A763F two-dimensional TLC uaz1A15AS AR
phosphomolybdic acid (), Dittmer-Lester reagent (V), ninhydrin (A) ttag Dragendorff’s reagent (3). DPG,
diphosphatidylglycerol; PG, phosphatidylglycerol; PE, phosphatidylethanolamine; PME, phosphatidyl-N-

methylethanolamine; PL, unidentified phospholipid; L, unidentified lipid; AL, unidentified aminolipid.

142084
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a d
4.4 Ham AR Cellular fatty acid
a d = =] 1 =
INNTUATIEHYUAVDY cellular fatty acid YOWMUANS Y Paenibacillus sp. L7-75 WUNTUAUDY
] Ed

fatty acid ﬁé’mmymmamﬂﬁﬁ Elﬁulﬁuﬂ anteiso-C,,, (36.0%), C 5.0 (14.2%) and anteiso-C (10.0%) Loz eey

. a A [ [l dyr.v 9 o = d = . - Ao Aa
fatty acid FUADU TIURAW u@ﬂ‘l]Tﬂ’Hﬂﬁhlﬂ?l']ﬂTi'Jlﬂ‘ﬂZW‘]fuﬂﬂJﬂﬁ fatty acid WWUIHLLHﬂ‘l’IﬁHﬂNﬂ’ﬂN
TndRuefufuuuafiBe Paenibacillus sp. L7-75 ANUUANANTENTUUANITY Paenibacillus sp. L7-75 N
LL‘Uﬂﬁﬁﬂauﬂ (U iso-C,,., I and/or anteiso-C,,,, fatty acids (summed feature 4) WU Paenibacillus sp. L7-75,
P. purispatii ES_MS17", P. lactis Wa¢ P. lautus ATCC 43898" Tunaizdi €, cyclo wummnizlu

Paenibacillus sp. L7-75, P. campinasensis 324" W P. lautus ATCC 43898" wadauanalumsnai 4.1

M5197 4.1 BIAUDY fatty acid NWUIUMUATISY Paenibacillus sp. L7-75 wazsnanGenus fiun
WSwuiieu 1, Paenibacillus sp. 17-75; 2, P. uliginis DSM 21861"; 3, P. purispatii BS_MS17 ; 4, P. lactis

DSM 15596; 5, P. campinasensis DSM 21989"; 6, P. glucanolyticus DSM 5162"; 7, P. lautus DSM 3035 .

Fatty acids 1 2 3 4 5 6 7
Cioo = 0.1 0.1 - - — s
Ci20 0.3 0.4 0.5 0.4 0.2 0.5 0.2
Ciao L3 1.6 1.6 2.6 2.1 1.1 1.0
Ciso 14.2 A 23.9 21.4 14.2 19.3 14.2
Ci70 0.3 0.1 0.2 \f 0.1 0.2 el
Cigo 30 0.4 0.8 0.5 1.0 0.4 0.6
Ci7ocyclo 0.1 2 = 33 0.1 - 0.1
Cio:pcyclo 08¢ > =S - — 0.1 - -
anteiso-C“;g - T . 0.3 3 -
anteiso-Cis.q .1 0.2 0.1 0.2 0.1 0.1 0.1
anteiso-C4.0 0.1 0.1 0.1 0.1 = 0.1 =
anteiso-Cis.g 36.0 472 39.0 33.1 46.1 43.0 44 .4
anteiso-Cig.0 0.1 - 0.1 = - - 0.1
anteiso-Ci7: 10.0 8.4 9.1 7.7 6.0 10.4 15.5
Cig:0 N alcohol 0.1 — 0.1 0.1 = - 0.1
iSO-—C13;(} 0.1 0.1 0.1 0.1 0.1 0.1
150-C14:0 1.1 2.0 14 2.9 1.6 1:2 1.1
180-Cis:0 8.3 7.1 5.3 Tt 14.5 5.3 4.3
150-Cyg:0 7.3 10.6 7.5 11.5 7.0 10.4 10.1
iso-Cy7. 8.9 4.0 5.1 5.3 5.0 5.8 5.4
is0-Cis.0 0.2 0.3 0.2 0.3 0.1 0.1 0.2
iSO—C19;0 - 0.2 0.2 - - - -
iSO-C17¢0 3-OH 0.1 - - - 0.1 - =
Ci3:02-OH - - - = 0.1 - -

Ci502-OH - - 0.1 - - 0.1 =
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Fatty acids 1 2 3 4 5 6 7
Ci7.02-OH - 0.1 = = - = =
Ci1 ®5¢ 0.2 0.3 0.4 0.2 0.1 B3 0.2
C]6;1 wllc 4.0 1.1 1.7 34 = 0.5 1.0
Clg;l mwie - 0.1 - = 0.1 - -
Cig.1 @9¢ 1.7 1.0 1.0 0.4 0.3 0.5 0.1
Czo;] w7c e 0.1 0.1 - = - -
Ci61  7c¢ alcohol 0.5 .1 0.1 035 = 0.1 .2
Cy7.1 anteiso A 0.2 0.1 0.2 0.3 0.1 = 0.1
Cy7.1 anteiso o9c¢ > = - — = 0.1 -
iso-Cy7:1 05¢ - 0.1 0.1 0.2 0.1 0.1 =
is0-Ci7.1 @10c¢ 0.7 0.1 0.2 0.4 = 0.1 0.4
Summed feature 1 — = = 0.1 = =
Summed feature 3 0.2 0.2 0.2 = 0.2 0.1 0.1
Summed feature 4 0.4 - 0.1 0.2 . - 0.4
Summed feature 5 ¢~ = 0.3 7 0.1 0.2 0.1
Summed feature 6 =~ - > 0.2 = - —
Summed feature 8 0.3 0.2 0.3 0.1 0.6 0.1 0.1

4.5 MIInnIzviendszneuvesadute (G+C content)
Hansans e iRy neuuesRiSu R UnTSY Paenibacilius sp. L7-75 tarasldiitud
Luaf ST a S uefUsenoudtine Adenine (A) 27.337 % W Thymine (T) 24.769% 111 Cytosine (C)
22 852% LA%IA Guanine (G) 25.042% luagiz ARBWEINATI UML) 7B (U Adenine (A) 26.738
% 1 Thymine (T) 24.507% LU Cytosine (C) 23.663% LaziU® Guanine (G) 25.091% uazgﬁaﬁmw
S G+C content £3 18 EUT1191 G+C content YOUATNITE Paenibacillus sp. L7-75 iy

49 1mol% (Tm)

4.6 M3IATZHiA DNA-DNA relatedness
A1531A 3121 A1 DNA-DNA relatedness Tagimsassamueiiadaldonuuafiss Paenibacillus
sp. L7-75, P. uliginis DSM 21861", P. purispatii ES_MS17", P- lactis DSM 15596", P. campinasensis DSM
21989T, P. glucanolyticus DSM 5162" uag P. lautus DSM 3035 GL‘L&"I/YQWU’EN microplate uazldaidueves
Paenibacillus sp. L1-75 FaanainduInsuiaimua1a1 DNA-DNA relatedness 521 T19UATISY
Paenibacillus sp. L1-75 ﬁmmaﬁﬁaﬁﬁmmlﬂé’%ﬂﬁuﬁmﬁaﬁ P. uliginis DSM 21861 (20.3+0.4%), P.
purispatii ES_MS17" (10.240.2%), P. lactis DSM 15596 (47.8+0.7%), P. campinasensis DSM 21989"

(4.4+0.6%), P. glucanolyticus DSM 5162" (42.5+0.1%) 1% P. lautus DSM 3035 (41.4+0.8%) Faarh
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o Sfcsy 1 1 1 2 o1 1 g) o' T~ 1 ==t
fruaaldtioglugaesening 4.4-47.8% Feda ldudumndeudredunzuaaslimuiuuaiise

=

; . =] Aa Aa dA ' ~ A o = P v
Paenibacillus sp. L7-75 Wi oadddnuands llnnuuanGeithunlssumeuaie

4.7 myuanzransaemaluIndvesuuafiSe Paenibacillus sp. L7-75

ﬂ'l‘ﬂ“f“]jﬂ‘li’w‘l API 50CH 11ag API 20NE waaalfifiuiwuniiSe Paenibacillus sp. L7-75 Ll
asosad lumsadululasald, liannsaafieasdszney indole, ldannsaniinnglad 14, Tal
Aanssuveuou lad Arginin Arginine dihydrolase, urease and beta-galactosidase activities are absent, 1
Aonssuveuou oy beta glucosidase L0 gelatinase activities, 01119 aldms D-glucose, D-mannose LA
D-maltose Fuuma ﬂﬂﬁmu”lﬁ ; Taieansalds L-arabinose, D-mannitol, N-acetylglucosamine, gluconate,
caprate, adipate, malate, citrate 1A% phenylacetate Hutvaansuould, af1ensald Tasmsldms glycerol,
D-arabinose, L-arabinose, D-ribose, D-xylose, methyl—B—D-xylopyranoside, D-galactose, D-glucose, D-
fructose, D-mannose, L-rhamnose, inositol, methyl-0l-D-xylopyranoside, methyl-Ol-D-glucopyranoside,
amygdalin, arbutin, esculin ferric citrate, salicin, D-cellobiose, D-maltose, D-lactose, D-melibiose, sucrose, D-
trehalose, starch, glycogen, gentiobiose, D-turanose, L-fucose [tf1% potassium 2-ketogluconate waz ldawise
a$1ansaldainais erythritol, L-xylose, D-adonitol, L-sorbose, dulcitol, D-mannitol, D-sorbitol, N-
acetylglucosamine, inulin, D-melezitose, D-raffinose, xylitol, D-xylose, D-tagatose, D-fucose, D-arabitol, L-
arabitol, potassium gluconate L% potassium 2-ketogluconate u?)ﬂ"ﬂ']ﬂ"limﬂﬁﬁﬁl Paenibacillus sp. L7-75
aunsaadieated 18dae Tnedamadandunsues safranin O anizfiailosnagmeluwadfafioives

malachite green (mwﬁ 4.6)

r—

5 v

&
\
\
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c; el o cg ==
M 4.6 adoshadvulaonuanse Paenibacillus sp. L7-75
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a
Unn s

agilwamsIde nazdotauenis

5.1 aydwams3de
wams 35 Iduaaaldifuiuunfite Paenibacillus sp. L7-75 iWlunuanSoatldd ndludia

Paenibacillus TastinnulndFasusuuuaiiGe P, uliginis DSM 21861T, P. purispatii ES_MSI'?T, P. lactis
DSM 15596, P. campinasensis DSM 21989", P. glucanolyticus DSM 5162 and P. lautus DSM 3035" 1apil
A AR Ve S LI 165 IRNA sl ATINAE IRRRLILeTiSe P. purispatii ES_MS17" uag
WURTISY P. uliginis N3/975" 111 98.5% Aatuadenfsfumuniise Paenibacillus lactis MB1871'
IR 98.2% ANUABIARITUILATIEY P. campinasensis 324" WFL 97.7% ANNARIUATINUUUATIGY
P. glucanolyticus HSCC 171" 1111 97.7% UagAnuAmeaatununiisy P. lauus ATCC 43898 11y
97.4% uBNNALUATIG 8T 7 Fiians A HEhUnaREIf L phylogenetic tree ilphims ATz ey
Fuutaaeds neigbour-joining, maximum likelihood IlA¥ maximum-parsimony fao aenalsffuuaiiGe
Paenibacillus sp. 1775 3 laaundunvafiGeatlidauanda lnnuuaiisedn ¢ AT AT ISP
Taedana'ld91nn157ia1 DNA-DNA relatedness 55 HIUUANS Y Paenibacillus sp. L7-75 fuuaiis uad)
Sdoun fimAoudumfooglusisening 44 -47.8%

HaMsIATIZN polar lipid waaaliliuunfiSe Panibaciltus sp. L7-75 @314 polar lipid fidiy
fio diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE) Lz
phosphatidyl-N-methylethanolamine (PME) U fatty acid ﬁti‘l.lﬂﬁﬁﬂﬂfﬁﬂﬁﬁ %’Nsﬁuﬁluﬂ?u 137 1AL
anteiso-C ., C,, and anteiso-C,,, 1nuT1T oMy 36.0%, 14.2% 1Az 10.0% ama1ay HANTAATIZH
71 G+C content WA UARE Y Paenibacillus sp. L7-75 11 G+C content 11N 49.1 mol% (7,,)

5.2 Uola UL

nnams35ei 18 lun St uaa R NULATIEY Paenibacillus sp. L7-75 inuuafiGuailad
InslunsBailumsfunuuafidoluana Paenibacitius huwmuihuadausn uaaslfiitudiianuiiuly
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A Gram-stain-variable, rod-shaped and endospore-forming bacterium, designated strain L7-75,
was isolated from duckweed (Lemna aequinoctialis). Cells were motile with a2 monopolar
flagellum. Phylogenetic analysis of the 16S rRNA gene sequence indicated that strain L7-75"
belonged to the genus Paenibacillus, and the closest phylogenetically related species were
Paenibacillus uliginis N3/975" (98.5% 16S rRNA gene sequence similarity), Paenibacillus
purispatii ES_M1 77 (98.5 %), Paenibacillus lactis MB 18717 (98.2%), Paenibacillus
campinasensis 324" (97.7 %), Paenibacillus glucanalyticus 5937 (97.7 %) and Paenibacillus
lautus ATCC 43898" (97.4 %). Growth of strain L7-75" was observed at pH 7—10 and at
20-40 °C, and NaCl concentrations up to 5% (w/v) were tolerated. Major cellular fatty acids
included anteiso-Cqs.0, Cis:0 and anteiso-Cy7 .o that were present at 36.0 %, 14.2% and
10.0 % of the total cellular fatty acid profile, respectively. The major polar lipids were
diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and
phosphatidyl-N-methylethanolamine. MK-7 was the predominant menaquinone. The diamino
acid found in the cell-wall peptidoglycan was meso-diaminopimelic acid. The DNA G +C content
was 49.1 mol% (T,,). DNA-DNA relatedness values between strain L7-75" and its closest
relatives ranged from 4.4 to 47.8 %. These results indicate that strain L7-75" represents a novel
species of the genus Paenibacillus, for which the name Paenibacillus femnae sp. nov. is
proposed. The type strain is L7-75" (=BCC 67838"=NBRC 109972").

The genus Paenibacillus was first proposed by Ash et al.
(1993). An emended description of the genus was sub-
sequently provided by Shida et al. (1997). Members of the
genus are rod-shaped and aerobic or facultatively anaerobic
bacteria that form ellipsoidal endospores. Several species
were characterized as Gram-stain-positive bacteria while
others were observed as Gram-stain-negative or Gram-
variable bacteria. Anteiso-Cis., is the major cellular fatty
acid, and MK-7 is the major menaquinone. The DNA
G+C content is in the range of 39 to 54 mol% (Wang
et al., 2012). Numerous species of the genus Paenibacillus
have been isolated from diverse sources, including cold
spring, soil, urban waste compost, clinical samples, the
phyllosphere and the rhizosphere of various plant species
(Tang et al., 2011; Wu et al,, 2011; Vaz-Moreira et al., 2010;

Abbreviations: DPG, diphosphatidylglycerol; PE, phosphatidylethanolamine;
PG, phosphatidylglycerol; PME, phosphatidyl--methylethanolamine.

The GenBank/EMBL/DDBJ accession number for the partial 165 rRNA
gene sequence of strain L7-75" is AB819817.

Five supplementary figures and a supplementary table are available with
the online Supplementary Material.

Glaeser et al., 2013; Valverde et al, 2008; Kim et al., 2009;
Liu et al., 2010; Jin ef al, 2011). In the present study, we
carried out a pholyphasic investigation to characterize an
endophytic bacterium, designated strain L7-75", which was
isolated from duckweed (Lemna aequinoctialis). The results
obtained from phylogenetic, phenotypic and chemotaxo-
nomic analyses indicated that strain L7-75" represents a
novel species of the genus Paenibacillus.

L. aequinoctialis plants were collected from a natural pond
in Pathumthani province, Thailand. Approximately 1g
whole plants was rinsed with water to remove dirt on the
outside and surface-sterilized with 10% sodium hypo-
chlorite solution supplemented with a few drops of Tween
20. Plants were washed five times with sterilized distilled
water and ground in sterilized distilled water with a mortar
and a pestle. Plant suspensions were plated on starch-
casein-nitrate agar (17': 0.3 g casein, 10 g starch, 2 g
KNOg, 2 g NaCl, 2 & KzHPO4, 0.05 £ MgSO4 5 7Hzo,
0.02 g CaC0s, 0.01 g FeSO,4. 7H,0, 15 g agar; pH 7.0) and
incubated at 30 °C for 7 days. Several endophytic bacteria
were obtained and purified by repeatedly cross-streaking
on tryptic soy agar (TSA; LabM). One hundred microlitres
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of the water used for the final rinse was plated on starch-
casein-nitrate agar and used as a control.

Genomic DNA of endophytic bacteria were prepared
according to the method previously described (Aradjo
et al, 2002) and used for amplification of the almost
complete 165 TRNA gene fragment. The universal primers
27F (5'-AGAGTTTGATCMTGGCTCAG-3') and 1492R
(5'-TACGGYTACCTTGTTACGACTT- 3') (Lane, 1991)
were used in the PCR, and the temperature profile was as
follows: initial denaturation at 94 °C for 3 min; 40 cycles of
94 °C for 30 s, 56 °C for 30 s, and 72 °C for 90 s; and final
extension at 72 °C for 5 min. The sequence of the PCR
product was obtained using the 27F, 1492R, 350F (5'-
TACGGGAGGCAGCAG-3'), 780F (5'-GATTAGATACC-
CTGGTAG-3'), 1100F (5'-GCAACGAGCGCAACCC-3'),
350R (5'-CTGCTGCCTCCCGTAG-3') and 780R (5'-
CTACCAGGGTATCTAATCC-3") primers (Lane, 1991).
The pairwise alignment analysis of the nearly complete 165
rRNA gene sequences of endophytic bacteria was performed
using the EzTaxon server (Kim ef al, 2012). Among these
endophytic bacteria, a bacterial isolate designated strain L7-
75" was identified as @ member of the genus Paenibacillus.

Multiple alignment analysis of the nearly complete 168
rRINA gene sequences of strain L7-75" and members of the
genus Paenibacillus was performed using the CLUSTAL W
program, version 1.81 (Thompson et al., 1994). Gaps and
ambiguous nucleotides were manually corrected. Phylogenetic
analysis was conducted using the neighbour-joining method
(Saitou & Nei, 1987) in the program MEGA version 5.2
(Tamura et al, 2011). Evolutionary distances were deter-
mined using Kimura’s two-parameter model (Kimura, 1980).
Phylogenetic analyses using the maximum-parsimony (Fitch,
1971) and maximum-likelihood (Felsenstein, 1981) methods
were also carried out using the same software. Bootstrap
analysis (Felsenstein, 1985) with 1000 resamplings was used to
determine the confidence levels of clusters.

Morphological characteristics of strain L7-75" were
determined after growth on TSA at 30 °C for 48 h. Cell
motility in hanging-drop wet mounts was determined
under a bright-field microscope. Additional cell morpho-
logy was observed under a transmission electron micro-
scope (JEM-1230; JEOL). Phenotypic characteristics were
determined using the API 20NE and API 50CH galleries
according to the manufacturer’s instructions (bioMérieux).
Growth at different pH and temperatures and NaCl
tolerance were examined and compared with reference
strains. The pH range (pH 4-10) for growth and NaCl
tolerance (0.5-6 %) were determined in tryptic soy broth
(TSB; LabM) medium at 30 "C. The citrate-phosphate and
carbonate-bicarbonate buffer systems were used for pH 4-
7 and pH 8-10, respectively (Gomori, 1955 Lim et al,
2006). Growth at various temperatures (20-42 °C) was
examined on TSA medium. Endospores were stained using
malachite green staining (Smibert & Krieg, 1994). Catalase
and cytochrome oxidase activities were determined accord-
ing to the methods previously described (Graham & Parker,

1964; Skerman, 1967). Hydrolysis of starch and Tween 80
was determined according to previously described meth-
ods (Smibert & Krieg, 1994). DNase activity was tested on
DNase test agar base medium (HiMedia) according to the
manufacturer’s protocol.

For cellular fatty acid profile analysis, cells of strain L775"
and the reference strains were grown on TSA plates at
30 °C for 48 h. The analysis was carried out using GLC
according to the instructions of the Microbial Identi-
fication System (MIDI), Sherlock version 6.0 (Kimpfer &
Kroppenstedt, 1996; Sasser, 1990). Cellular fatty acids were
identified using the TSBA6 database of the MIDI system
(Sasser, 1990). For polar lipid analysis, cells of strain L7-
757 grown in TSB medium at 30 °C for 48 h were collected
and lyophilized. Polar lipids were extracted and examined
according to the methods described by Minnikin et al.
(1984). Isoprencid quinones were extracted according
to the method described by Collins et al (1977) and
analysed using HPLC equipped with a Cosmosil 5Cyg
column (4.6 %150 mm; Nacalai Tesque). The elution
solvent consisted of methanol and 2-propanol (2: 1, v/v).
Preparation and hydrolysis of cell-wall peptidoglycan
was carried out according to the method described by
Kawamoto et al. (1981), and the isomer of diaminopi-
melic acid was examined using one-dimensional thin-layer
chromatography (Staneck & Roberts, 1974).

Genomic DNA of strain L7-75" and the reference strains
was prepared according to the method described by Moore
& Dowhan (1995) and used for the G +C content analysis
and DNA-DNA hybridization. The DNA G+C content
was determined using the HPLC method (Mesbah et al,
1989). Lambda DNA (Invitrogen) was used as the standard.
DNA-DNA hybridization was performed in microdilution-
well plates according to the method described by Ezaki ef al.
(1989). The DNA-DNA relatedness was determined using
the colorimetric method (Verlander, 1992).

Strain L7-75"7 was obtained from ground tissues of L.
aequinoctialis. Pairwise alignment analysis of the nearly
complete 165 rRNA gene sequence (1509 bp) using the
EzTaxon server (Kim et al.,, 2012) suggested that strain L7-
75" was a member of the genus Paenibacillus. Phylogenetic
analysis of the 165 TRNA gene sequences of strain L7-75" and
other species of the genus Paenibacillus was also performed.
The closest relatives of strain L7-75" were Paenibacillus
uliginis N3/9757 (98.5 % 16S rRNA gene sequence similarity),
Paenibacillus purispatii ES_MS17" (98.5%), Paenibacillus
lactis MB 18717 (98.2%), Paenibacillus campinasensis 524"
(97.7 %), Paenibacillus glucanolyticus 593" (97.7%) and
Paenibacillus lautus ATCC 43898" (97.4%). The low levels
of sequence similarity indicated that strain L7-75" may
represent a novel species of the genus Paenibacillus
(Stackebrandt & Ebers, 2006). The phylogenetic tree that
was reconstructed using the neighbour-joining method
showed that strain L7-75' clustered together with P.
uliginis N3/975%, P. purispatii ES_MS17", P. lactis
MB18717, P. campinasensis 324", P. glucanolyticus 5937
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and P. lautus ATCC 43898 (Fig. 1). This was signifi-
cantly supported by the high bootstrap value of 94 9%.
The phylogenetic trees that were reconstructed using the
maximum-likelihood and maximum-parsimony methods

consistently supported the phylogenetic relationship between
strain L7-75" and its closest relatives with bootstrap values
of 76 and 57 %, respectively (Figs S1 and S2, available in the
online Supplementary Material).
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Fig. 1. Phylogenetic tree reconstructed with the neighbour-joining method based on the nearly complete 165 rRNA gene
sequences of strain L7-75" and related species of the genus Paenibacillus. Bacillus novalis IDA3307" was used as an
outgroup. Asterisks indicate branches of the tree that were also found using maximum-parsimony and maximum-likelihood
methods. Bootstrap values are indicated at tree nodes as the percentage of 1000 replicates; only values >50 % are shown.

Bar, 0.01 substitutions per nucleotide position.
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Cells of strain L7-75" were Gram-stain-variable, motile and
rod-shaped. Ellipsoidal endospores were observed (Fig. $3).
Colonies of strain L7-75" were circular and cream when
grown on TSA medium at 30 °C for 48 h. A monopolar
flagellum was observed under the transmission electron
microscope (Fig. S4). Two other members of the genus
Paenibacillus have also been described as Gram-stain-
variable with a single flagellum; these are Paenibacillus
prosopidis PW21" and Paenibacillus darwinianus Br'
(Valverde et al., 2010; Dsouza et al., 2014). Several distinct
phenotypic characteristics were observed between strains
L7-75" and the reference strains P. uliginis DSM 218617, P.
purispatii ES_MS17", P. lactis DSM 15596", P. campinasensis
DSM 219897, P. glucanolyticus DSM 51627 and P. lautus
DSM 3035" (Table 1). For example, only strain L7-757, P.
uliginis DSM 21861" and P. lactis DSM 15596" did not
assimilate L-arabinose. Strain L7-75" was unable to produce
acid from raffinose as opposed to all of the reference strains.
In contrast, only strain L7-75% and P. uliginis DSM 218617
produced acid from inositol. Additionally, only strain

L7-75" and P. campinasensis DSM 15596 were unable to
grow in TSB at pH 6.0.

The results of the cellular fatty acid analysis of strain L7-
75" and the reference strains are provided in Table S1. The
predominant fatty acids (>10%) of strain L7-75" were
anteiso-C,5.¢ (36.0%), Cis.0 (14.2%) and anteiso-Ci7.q
(10.0%). The presence of anteiso-C,s., as the major fatty
acid was consistent with the previous report on the
chemotaxonomic study of members in the genus
Paenibacillus (Shida et al., 1997). The differences between
the fatty acid profiles of strain L7-75" and the reference
strains were found among minor constituents. For example,
150-Cy7., and/or anteiso-C,5. fatty acids (summed feature
4) were found in strain L7-75", P. purispatii ES_MS17%, P.
lactis and P. lautus ATCC 43898". In contrast, C,,.q cyclo
fatt)lf_ acid was found only in strain L7-75", P. campinasensis
324" and P, lautus ATCC 43898". The major polar lipids of
strain L7-75" were diphosphatidylglycerol (DPG), phospha-
tidylglycerol (PG), phosphatidylethanolamine (PE) and
phosphatidyl-N-methylethanolamine (PME) (Fig. S5). DPG,

Table 1. Differential phenotypic characteristics of strain L7-75" and reference strains

Strains: 1, strain L7-75%; 2, P. uliginis DSM 218615 3, P, purispatii ES_MS17% 4, P. lactis DSM 15596%; 5, P. campinasensis DSM 21989%; 6, P.
glucanolyticus DSM 51627; 7, P. lautus DSM 30357, All data were obtained from this study. v, Variable; +, positive; —, negative; w, weakly positive.

Characteristic 1 2 3 4 5 6 7
Gram-staining v v v v v + +
Assimilation of:
L-Arabinose 71 o + = + - +
Maltose £+ + N - gl + +
D-Mannitol = 5 - = + - -
Acid production from:
D-Adonitol 2 + . - - - —
D-Arabinose LY + - + + W +
L-Arabinose + - + + + + -
D-Arabitol - - = - - - =
L-Fucose w - + & W —
Glycerol W + + - - - +
Inositol - A% = - = - =
D-Mannitol = = = + + +
Methyl o-p-xylopyranoside + o - + w =
N-Acetylglucosamine = + + + - + +
Potassium 2-ketogluconate 2k + ks g + -+ -
Raffinose — + =y + i + +
L-Rhamnose w - - = w S =
Xylitol = + = - w - -
L-Xylose - - - - + - -
Growth at/with:
pH 6 - + + + = + +
5% (w/v) NaCl + - + w — + +
pH for growth
Range 7-10 6-10 5-10 6-10 7-10 6-10 6-10
Optimum 7 7 7 7 10 6 7
Temperature for growth (°C)
Range 20-40 20-37 20-37 30-42 2042 20-37 30—42
Optimum 30 30 32 30 40 30 30
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PG and PE were found as predominant polar lipids in the
type species Paenibacillus polymyxa and other species of the
genus Paenibacillus (Kimpfer er al., 2006; Wang et al., 2012;
Wu et al,, 2013). PME was found as one of the major polar
lipids in ‘Paenibacillus beijingensis and ‘Paenibacillus humf
(Wang et al, 2013; Kim & Lee, 2014). The major
menaquinone observed in strain L7-75" was MK-7 and the
cell-wall peptidoglycan contained meso-diaminopimelic acid,
both features that are commonly found in members of the
genus Paenibacillus (Shida er al., 1997). Taken together, these
results supported the affiliation of strain L7-75" to the genus
Paenibacillus.

The DNA base composition analysis showed that the G+ C
content of strain L7-757 was 49.1 mol% (T,,). This was
consistent with the DNA G+C content of the genus
Paenibacillus that ranges from 39 to 54 mol% (T,,) (Wang
et al., 2012). DNA-DNA hybridization between strain L7-
75" and its closest relatives was also carried out. DNA—
DNA relatedness values between strain L7-75" and P. uliginis
DSM 218617 (20.3 +0.4 %), P. purispatii ES_MS17% (10.2 &
0.2%), P. lactis DSM 15596" (47.8 +0.7 %), P. campinasensis
DSM 21989 (4.4+0.6%), P. glucanolyticus DSM 51627
(42.540.1%) and P. lautus DSM 30357 (41.4+0.8 %) were
below 70 %, the value which is accepted as the cut-off point
for assigning bacterial strains to the same species (Wayne
et al, 1987). This result indicated that strain L7-75"° was
clearly distinct from the reference strains and represents a
novel species of the genus Paenibacillus, for which the name
Paenibacillus lemnae sp. nov. is proposed,

Description of Paenibacillus lemnae sp. nov.

Paenibacillus lemnae (lem'nae N.L. gen. n. lemnae of Lemna -
the duckweed)

Cells are Gram-stain-variable, motile, rods (0.4—0.6 x 1.4—
1.5 pm) with a monopolar flagellum. Ellipsoidal spores are
produced. Colonies are circular, cream and approximately
2 mm in diameter when grown on TSA medium at 30 °C
for 48 h. Growth occurs at 20-40 °C (optimum 30 °C) and
pH 7-10 (optimum pH 7.0). Tolerates NaCl concentra-
tions ranging from 0.5 to 5% (w/v); the optimum NaCl
concentration for growth is 0.5 % (w/v). Tests for catalase
and cytochrome oxidase activities are positive. Starch is
hydrolysed, but Tween 80 and DNA are not. In the API
20NE strip, nitrate is not reduced to nitrite, indole is not
produced and glucose is not fermented. Arginine dihy-
drolase, urease and f-galactosidase activities are absent.
B-Glucosidase and gelatinase activities are present. The
following carbon sources are assimilated: p-glucose, D-
mannose and maltose. The following carbon sources are
not assimilated: L-arabinose, D-mannitol, N-acetylglucosa-
mine, gluconate, caprate, adipate, malate, citrate and pheny-
lacetate. In the API 50CH strip, acid is produced from
glycerol, p-arabinose, L-arabinose, D-ribose, D-xylose, methyl
B-D-xylopyranoside, p-galactose, D-glucose, D-fructose, D-
mannose, L-rhamnose, inositol, methyl a-p-xylopyranoside,

methyl a-D-glucopyranoside, amygdalin, arbutin, aesculin
ferric citrate, salicin, cellobiose, maltose, lactose, melibiose,
sucrose, trehalose, starch, glycogen, gentiobiose, turanose,
L-fucose and potassium 2-ketogluconate. Acid is not
produced from erythritol, L-xylose, p-adonitol, L-sorbose,
dulcitol, D-mannitol, D-sorbitol, N-acetylglucosamine,
inulin, melezitose, raffinose, xylitol, D-xylose, D-tagatose,
D-fucose, D-arabitol, L-arabitol and potassium gluconate.
The major cellular fatty acids (>10%) are anteiso-Cis. 0,
Cis.0 and anteiso-Cy7.o. The major polar lipids are DPG,
PG, PE and PME. MK-7 is the major menaquinone. The
cell-wall peptidoglycan contains meso-diaminopimelic acid.

The type strain is L7-757 (=BCC 67838T=NBRC 1099727),
which was isolated from the whole plant of Lemna
aequinoctialis. The DNA G +C content of the type strain is
49.1 mol% (T,,).
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