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Abstract - In this study, samples wer e collected from the Sumummulbangdui wetland at the Halla
Mountain in Jgju Island in order to isolate novel bacterial strain. Bacterial strains belonging to the
class Alphaproteobacteria, and Gammaproteobacteria were isolated after spreading samples onto
solid agar media. The 16SrRNA gene sequences of the strains assigned to the two classes wer e com-
pared to those of type strains of the species. The strains that showed less than 98.7% 16S rRNA
gene sequence similarity to the validly published species were considered to be novel species candi-
dates. A total of 19 strains were regarded as novel strains which can be regarded as novel species
candidates. In the Alphaproteobacteria, 6 novel strainswer e affiliated with the genera Novosphingo-
bium, and Rhizobium. A total of 13 novel strains belong to Gammaproteobacteria that assigned to
the family Moraxellaceae, Pseudomonadaceae, and Enterobacteriaceae were identified. Cultural,
physiological, chemotaxonomic char acteristics and fatty acids compositions have been deter mined
for the novel species candidates, and the characteristics are described in this study.
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Table 1. Summary of novel strainsin the class al phaproteobacteria, isolated from Sumunmulbangdui wetland

Characteristic KSIFHME6881 JSC-R3-424-3 JSC-P2-623-2 JSC-R2-221-1  KJK-IW4100910-01  JSC-P2-622-8

Most related species Novosphingobium  Novosphingobium Novos_ph_i ngobi um Novos_phj ngobi um Rhizobium vitis Rhizobium vitis
capsulatum rosa sediminicola sediminicola

Similarity (%) 98.39 97.81 96.81 98.20 97.70 97.99
Ccell morphology rod rod rod rod rod rod
Gram-staining negative negative negative negative negative negative
Nitrate reduction - - - - - +
Indole production - - - - + -
Glucose fermentation - - - - —
Arginine dihydrolase - - - + -
Urease - - - - + +
Esculin hydrolysis + + - - + +
Gelatinase - - - - - -
PNPG (3-galactosi dase) + + - - - +

Table 2. Fatty acid composition (%) of novel strainsin the class alphaproteobacteria, isolated from Sumunmulbangdui wetland

Fatty aci KSFHMEG881 JSC-R3-424-3  JSC-P2-623-2 JSC-R2-221-1 KJIK-IW4100910-01 JSC-P2-622-8
Ci20 nd 7.82 tr tr nd tr
Eri?g'v?ﬁhﬁg;;gl or nd nd nd 1033 20.84 5.46
Cizq at 12-13 nd nd nd nd 5.44 nd
Cua0 nd tr tr 6.20 nd nd
Ci4:0 20H 20.90 10.38 nd nd nd nd
Cie0 6.21 27.33 34.49 27.75 tr 9.49
Ci6:0 30H nd nd nd nd 8.82 tr
Ci6:1 @7¢ and/or Cie:1 06C 11.23 10.22 12.99 20.40 tr tr
cyclo-Cizo nd tr 20.62 6.18 nd nd
Ciso nd 14.74 tr tr nd tr
Cis1 20H nd nd nd nd 5.93 nd
Cig1 o7¢ 11-methyl nd nd nd nd nd 18.87
Cis1 o7c and/or Cig.1 06C 55.78 18.78 7.78 21.13 40.90 52.34

tr: Trace(less than 5% of total), nd: not detected
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Fig. 1. Neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationship between novel strains isolated from
Sumunmulbangdui wetland and their relatives of the class Alphaproteobacteria. Bar, 0.01 substitutions per nucleotide position.
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Fig. 2. Neighbor-joining phylogenetic tree, based on 16S rRNA gene sequences, showing the relationship between novel strains isolated from
Sumunmulbangdui wetland and their relatives of the class Gammaproteobacteria. Bar, 0.02 substitutions per nuclectide position.

0|3 2: Acinetobacter sp. HHL-q

I3 SA el 2 Tt NA v =]l A 20°C A7 A
Z2YE etk APl 20NES o] &3 A3ty FA4
73}, Ak 5k, Indole A3 Ak, Arginine dihydrolase, Escu-
lin hydrolysis= <}Ad, Urease, PNPG (3-ga actosidase), Glu-
coeat BF S AEZE W F2 AAk2 Cizo(6.5
%), C16:0(29.7%), Ci70 cyclo (23.0%) 2 A=} o]
F9} Z9=-2 Acinetobacter radioresistens (Nishimura et
al. 1988) 2 96.64%2] 16SIDNA A g2 fAI=S e}

e AFz #2595 $£X0dA 2=

¥ 0| 3: Enterobacter sp. HHL-130
a5 Sl Tt NA ufR]el| A 20°C A A] 22

= gpread, circulard] o]}, APl 20NE=Z- o] £-31 A 3}3H%]
=73, AAre] 3+, Glucose &, Esculin hydrolysis=
SFAd, Indole A Ak, Urease, PNPG (B-galactosidase), Arginine
dihydrolase= 2% SAL A= W F92 AR Cisgis0
(55.0%), Cis;o anteiso(12.2%), Ciz7.0 is0(5.5%), Cizo cyclo
(23.0%) 2 FA= Y. o] 3¢ =932 Enterobacter
amnigenusZ.  98.50%2] 16S rDNA A ¥ fAl=E v}

eHiislem AFz F2E8WF FAdA =AY

8 0|F 4: Erwinia sp. IMCC12905
a5 A4 elm Zht NA wi#|el|A] 20°C A4 A] F=
Y& spindied). APl 20NES- o] 83+ A 33ty FA 23,
Urease, PNPG (B-galactosidase) = ¢kAd, AAke 3441, Glu-



Novel Taxa in the Class Alphaproteobacteria and Gammaproteobacteria 151

cose &, Esculin hydrolysis, Indole 2§ A}, Arginine dihyd-
rolase= 25 24 A2 W F2 XS Cis0is0(32.6
%), Ci6:0 10-methyl and/or Ci7.1 iso m9c anteiso (6.2%), Cis:1
w7c and/or Cie1 06¢(21.4%), Ci7.0i50 (17.0%) 2 FA =4}
t}. o] #F} 2932 Erwiniabillingiaez. 83.77%2] 16S
DNA A 2] §Ab=g thehfo] A1%e] obd A% F1
2 EHY AFE LB SX6A FEd

¥ 0| 5: Erwinia sp. JSC-N3-112-2

a3k S elm ZHE NA wi Aol 4 20°C AR A 2=
e A% APL20NES ©]-8-3F A3kshs) A A, Ak
93 34, Glucose ¥t &, Esculin hydrolysis, PNPG (-galac-
tosidase)x= <FAl, Urease, Indole A A}, Arginine dihydrolase
L w%E oA AE W F& AW Cio(9.3%), Cizo
aldehyde and/or unknown 10.9525 (8.4%), Cie:0 (23.3%),
Ci6:1 o7¢ and/or Cie1 06¢€ (19.8%), Cig1 w7c and/or Ciga
w6C (19.6%) 2 A} o] 54 ZHELS Erwinia
pyrofolliae= 97.72%2] 16S rDNA A ¥ fAI=E 1}
il on AF= 5 FAAM e E

80| 6: Leclercia sp. JSC-R3-323-2

a3 gAeln] zHE NA Wixel A 20°C A% A 2=
Y 4% AP 20NES o]-8-3F A3hshs A Ad =, At
o 3¢, Glucose &, Esculin hydrolysis, PNPG (B-galac-
tosidase)= <FAl, Urease, Indole 2§ AL, Arginine dihydrolase
= 2% A A=E W F8 AR Cuo (6.6%), Ciso
(39.5%), Ci7:0 cyclo (18.3%), Ci:1 w7c and/or Cie1 w6C
(10.7%), Cig1 w7c and/or Cis:1 06C (10.2%) 2 A= At
o] #F¢ =% Leclercia adecaroxylataz 98.55%2]
16SDNA M d¢] fAt=E depfiglor AF= 2
W E FAelA e EAH

B0|F 7: Pseudomonas sp. KSJ-HME-6891
a3 S elm ZHE NA Aol 4 20°C AR A 2=
Ut 93, API 20NES o] 43 Astebd 443} Esou-
lin hydrolysis, Arginine dihydrolase= <}, Urease, Indole
AL, A 24, Glucose &, PNPG (B-gaactosidase)
= 25 A AE W F2 AU Co0(5.9%), Ciso
(27.8%), Ci6:1 w7c and/or Cie:1 6C (37.3%), Cizo Cyclo
(5.3%), Cis1 w7c and/or Cig1 06C (11.0%) 2 A= %t}
o] #F¢ Z9=2 Pseudomonas graminisZ 97.94%2]
16SIDNA Md9] fAleE vepligler AF= 2
] FAeA 2 E
8 0|F 8: Pseudomonas sp. IMCC12870
I $A eI zE NA wA]el| A 20°C A 2] 2=
Y& 93, APl 20NES °]-8-3F 33t 544 3}, Escu-

lin hydrolysis, Urease, Arginine dihydrolase, PNPG (3-gal-
actosidase)= =% <FA, Indole A AL, Ak 2, Glu-
cose &l 4. HZ W Fo APARS Cieo(27.3%),
Ci6:1 @7c and/or Cie1 w6¢C (37.0%), Cig1 w7c and/or Cigy
06 (169%) 2 FAFH ). o] #F9k ZAFL Pseudo-
monas putida® 97.67%<2] 16S rDNA A Y2 fAI=S
vehidor AFe 2895 FAA F2=

H0|F 9: Pseudomonas sp. JSC-R3-221-1

I3 SA ol ZhE NA wf Ao 20°C A4+ A] =2
Y 93, AP 20NES o] 4-3F A 3}sh= A2, Argi-
nine dihydrolasex= ¢}AJ, Esculin hydrolysis, Urease, Indole
AAE, A Ake] 2], Glucose &, PNPG (B-gaactosidase)
L m= o AE Y FL AUALS Cieo 3-OH (8.6%),
Ci2:0 (8.5%), Ciz0 2-OH (9.5%), Ciz:0 3-OH (9.0%), Cis0
(26.1%), Ci7.0 cyclo (14.8%), Cigo (5.1%)2 FAI= 9T}
Z4Z2 Pseudomonas saponiphilaz. 98.71%
°] 16SIDNA M d¢] fAt=E Yelfiglon AF= 4+
SEHE FAA EeE s

o 5

80| 10: Rahnella sp. JSC-N624-3

a5 2Aelm it NA wij#|e|A 20°C A4 A] F=
Y 93, APl 20NEE o] 4-3F A 3}sh= A4}, Aak
93 314, Glucose % &, Esculin hydrolysis, PNPG (B-galac-
tosidase):= %% <FAl, Urease, Indole 2§ AL, Arginine dihyd-
rolase= 4. M ZE W F8 AL Ci20(10.7%), Ci2o
aldehyde and/or unknown 10.9525 (8.5%), Cie.0 (32.8%),
Ci61 o7c and/or Cie:1 06C (7.8%), Cizo cyclo (6.3%), Ciso
(11.6%), Cis1 ®7c and/or Cig1 w6C (5.8%) 2 A= gt}
Z29%-2 Rahnella aquatilis2. 98.14%2] 16S
DNA M g2 fAl=E vehfislon AF= 4254
5 FAelA = A

80|ZF 11: Serratia sp. JSC-N623-1

a3k S elw ZHE NA wj Aol 4 20°C AR A 2
UE 3. API 20NES o] &3t A3kshy A2}, Ak
o 2k, Indole AJ A}, Arginine dihydrolase= 9}Al, Urease,
Glucose ¥t &, Esculin hydrolysis, PNPG (B-galactosidase)
= A M= W F2 AHAERE Ci20(8.3%), Ciso(25.3%),
Cis1 @w7c and/or Cien 06¢€(47.3%), Cig1 w7C and/or Cig
w6c (5.2%) 2 TAFHSIH. o] TFe 9= Saratia
plymuthicaz 98.69%2] 16S IDNA X g9 fAI=E

eiislom AFe 28 FAdA 2=

o #F

¥ 0|F 12: Yersinia sp. HHL-302
a2 ol 7. NA wjR|el| A 20°C A4 A F=2u
E 1% API20NES o] 43 A3kshH 544}, Indole 4



152 Haneul Kim et al.

A}, Glucose ¥ &, Esculin hydrolysis, PNPG (-galactosida
sB)= 25 oFA, AAled 314, Urease, Arginine dihydrolase
= A A=ZE W F28 AR Cisois0(7.5%), Ciso an-
teiso (44.3%), Ci7.0 150 (9.9%), Ci7 anteiso (22.7%) 2 T4
=it o] 759k 249322 Yersinia enterocolitica subsp.
palearctica® 98.08%2] 16SrDNA A d°] FAIEE

efiglen AFe 250 FAA 2=

80| 13: Yersinia HHL-Kc21
I3 SA ol ZhE NA wf=|e|A 20°C A4 A] =2
Y 43 API 20NES o] 43 A3kshy 5943 dAt
o3 3141, Indole A Ak, Glucose &, Esculin hydrolysis,
PNPG (B-galactosidase)= =% <FAl, Urease, Arginine
dihydrolaset= 4. ANlZ W F& AWAEE Ciz0(5.2%),
Ci60(22.3%), Cig1 ®9c(25.1%) 2 FAI= e} o] F5F
=<4 =-2 Yersinia mollaretii (Neubauer et al. 2000) = 98.02
%2] 16SIDNA 42| fAl=S Jepfiglor AF=
FoEE FA A e E A

N 2

AT ghepibel] $1213 S HdFRe] aAEA|Q
£ 22w 5] £5X%|2] Alphaproteobacteria2} Gammaproteo-
bacteria 73ell &8l Ald 9 HHdE =AM,
ARF FE 45 1955 FHaT ASFE 75
2] 16STRNA 312} 9714 9E +A3e o ki
Fsh 87% v FAEE Holt FFEE AFFM
TF2 7rF3slgio & 19%2] Ao] Alphaprotecbacte-
riag} Gammaproteobacteria 7)ol &3l= AZF5EW T3
L2 WA E 9. Alphaprotecbacteria 7}el| &3t o5
£-2 Shingomonadaceae ¥} Novosphingobium <ol] 43}
= 4%=3} Rhizobiaceae #} Rhizobium &¢f] 43}= 23 0]
22] =) ¢l o}. Gammaproteobacteria 7}ol] 43l= FFE2
Moraxellaceae #} Acinetobacter <] &3}= 2%, Pseudo-
monadaceae 3} Pseudomonas 4rol] 4:3}= 3%, Enterobac-
teriaceae #}2] Enterobacter £of] 43}= 1%, Erwinia &
9] 2%, Leclercia 2] 1%, Rahnella £2] 1%, Serratia

42 1%, Yersinia 4] 2%-¢] F2H ) =€ 197
FHA ] Hte] wjcksbq E4], A2sshq 54 o

N

P 24 A3k gelsisis.

=
)
d(_)l
o
A
3
4
L)
32,
(o
£
i

0] Al A=

nek
K
Mo
Qb

7} 5. 2004, 5712 QA w2 AR 7Y 7]
3ho] gk AEIFAEAE

Bouvet PIM and PAD Grimont. 1986. Taxonomy of the genus
Acinetobacter with the recognition of Acinetobacter bau-
mannii sp. nov., Acinetobacter haemolyticus sp. nov., Acine-
tobacter johnsonii sp. nov., and Acinetobacter junii sp. nov.
and emended descriptions of Acinetobacter calcoaceticus
and Acinetobacter lwoffii. Int. J. Syst. Bacteriol. 36:228-240.

Brenner DJ, NR Krieg, JT Staley and GM Garrity (eds). 2005.
Bergey's Manual of Systematic Bacteriology, second edi-
tion, vol. 2 (The Proteobacteria), part C(The Alpha-, Beta-,
Delta-, and Epsilonproteobacteria). Springer. New Y ork.
pp. 575.

Chun J, JH Lee, Y Jung, M Kim, SKim, BK Kimand YW Lim.
2007. EzTaxon: a web-based tool for the identification of
prokaryotes based on 16S ribosoma RNA gene sequences.
Int. J. Syst. Evol. Microbiol. 57:2259-2261.

Lang E, M Burghartz, S Spring, J Swiderski and C Sproer. 2010.
Pseudomonas benzenivorans sp. nov. and Pseudomonas sa-
poniphila sp. nov., represented by xenobiotics degrading
type strains. Curr. Microbiol. 60:85-91.

Lu YL, WF Chen, LL Han, ET Wang and WX Chen. 2009. Rhi-
zobium alkalisoli sp. nov., isolated from Caragana interme-
diagrowing in saline-alkaline soils in the north of China. Int.
J. Syst. Evol. Microbiol. 59:3006-3011.

Mitsch WJ and JG Gosselink. 1993. Wetlands, 2nd ed. John
Wiley & Sons, Inc., New York.

Neubauer H, S Aleksic, A Hensdl, EJ Finke and H Meyer. 2000.
Yersinia enterocolitica 16S rRNA gene types belong to the
same genospecies but form three homology groups. Int. J.
Med. Microbiol. 290:61-64.

NishimuraY, T Ino and H lizuka. 1988. Acinetobacter radiore-
sistens sp. nov. isolated from cotton and soil. Int. J. Syst.
Bacteriol. 38:209-211.

Stackebrandt E and J Ebers. 2006. Taxonomic parameters revist-
ed: tarnished gold standards. Microbiol. Today. 06:153-155.

Takeuchi M, T Sakane, M Yanagi, K Yamasato, K Hamana and
A Yokota. 1995. Taxonomic study of bacteriaisolated from
plants: proposal of Sphingomonas rosa sp. nov., Sphingo-
monas pruni sp. nov., Sphingomonas asaccharolytica sp.
nov. and Sphingomonas mali sp. nov. Int. J. Syst. Bacteriol.
45:334-341.

TamuraK, JDudley, M Ne and S Kumar. 2007. MEGA4: Mole-
cular Evolutionary Genetics Analysis (MEGA) software

kil

o



Novel Taxa in the Class Alphaproteobacteria and Gammaproteobacteria 153

version 4.0. Mol. Biol. Evol. 24:1596-1599.

Willey M, LM Sherwood and CJ Woolverton. 2011. Prescott’'s
Microbiology. McGraw-Hill, New Y ork.

Young JM, LD Kuykendall, E Martinez-Romero, A Kerr and H
Sawada. 2001. A revision of Rhizobium Frank 1889, with
an emended description of the genus, and the inclusion of
all species of Agrobacterium Conn 1942 and Allorhizobium

undicola de Lajudie et al. 1998 as new combinations. Rhizo-
bium radiobacter, R. rhizogenes, R. rubi, R. undicola and
R vitis. Int. J. Syst. Evol. Micrabiol. 51:89-103.

Manuscript Received: May 26, 2011
Revision Accepted: July 19, 2011
Responsible Editor: Kap Joo Park



