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template= ArgErd o)

PCR, cloning ¥ sequencing
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CCTTGTTACGACTT-3)9] 237E AHESIATH1D). PCR 555
2)&le] thermal cycler (PTC-100™, MJI Research, Inc., USA)=
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Fig. 1. Phylotypes or RFLP patierns by HueIll digestion of represemtative clones. Lane SM, size marks; la and 1b, DJIAT-1; 2, DJAT-23; 3a, 3b,
and 3c, DIAT-25; 4, DIAT-124; 5, DJAT-290; 6, DJAT-292; 7, DJAT-430; 8, DJAT-431; 9, DJAT-433; 10, DJIAT-436; 11, DJIAT-440; 12, DIAT-
4472; 13, DJAT-443; 14, DJAT-217: 15. DJAT-286: 16. DIAT-17: 17. DJAT-434.
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Table 1. Numbers of phylotypes and diversity indices of 168 tDNA Pa-r
clone libraries from acid-tolerant epiphytic bacteria on deciduous oak
tree leaf surfaces in Daejeon c-r
Clone libraries?
Parameter C-g
P2r Cx Plg P2g Cg Tota
No. of phylotypes 2 2 8 10 9 17 Pi-g
Total no. of clones 12 14 137 147 134 444
Shannon-Weaver _ P2-¢
diversity index (E)? 0.566 1.061 1421 1202 1.498 0.0 0.2 0.4 e 0.8 1o

“Symbols of clone libraries: P2-r, April in P2 pollution site; C-r, April
in C clean site; P1-g, August in P1 pollution site; P2-g, August in P2
pollution site; C-g, August in C clean site.

*Calculated as H=—X(Pi*InPi), where Pi is the proportion of number of
clones in the ith RFLP pattern.

Fig. 2. Dendrogram of 168 rDNA phylotype similarities among five
clone libraries calculated on the basis of similarity coefficient with the
clustering algorithm of UPGMA. Refer to Table 1 for symbols of
clone libraries.

Table 2. Relative abundance of acid-tolerant bacterial clones among unique phylogenetic groups from oak tree leaf surfaces in Daejeon

Number and percentage of clones in clone libraries”

Phylogenetic group — o Pl Pre e

o-Proteobacteria 0 0 0 0 1(0.7%)
7~Proteobacteria

Pseudomonas 2006.7%)  6(42.9%)  83(60.6%) 68(46.3%) 60(44.8%)

Enterobacteriaceae group 0 0 41(29.9%)  4(2.7%) 18(13.4%)

Xanthomonadales group 0 0 1(0.7%) 0 0

Subtotal 2(16.7%)  6(429%) 125(91.2%) 72(49.0%) 78(58.2%)
Low-G+C gram-positive bacteria

Bacillus/Lactobacillus/Streptococcus group-Streptococcaceae 0 3(21.4%) 12(8.8%) 75(51.0%) 55(41.1%)

Bacillus/Lactobacillus/Streptococcus group Bacillus/Staphylococeus group  10(83.3%)  5(35.7%) 0 0 0

Subtotal 10(83.3%)  8(57.1%)  12(8.8%) 75(51.0%) 55(41.1%)
Total 12(100.0%) 14(100.09%) 137(100.0%) 147¢100.0%) 134(100.0%)

“Symbols of clone libraries: refer to Table 1.

A7t 7 TA e o]d dfE o] 168 DNA A
TR0 o5t BAAAGH FEAHe i dBAT 2 oF
WAL A HLE £ ZoE Vet

5708 clone libraryslA] e AlE8e] o} A5ddE=z o
% clone FE o83} lbrary A}°]2] HAIEE dendrogram
© 2 H/VETHFig. 2). Library Alo]e] FAMEE BE o) u}h
71 Algkghs 27191 4ol e B2 Ajel7} B2 glo] P2
o} Cxo] FARERETE 07652 71 E9kem M 9o 1
o7} To] &3 Aete A171¢] 8gell= Ak dEME A%
o FF7F 8A3] 2 Plg B P2go} Cegobe] AR A
7} 035322 @A 2HAsi9r). o]A ARz vlFo] Uitk ¢
AT Hole A|7te] AAstAA AHE =o] & 2H3733)
B 2L W7 L@EEe) ol FFS L& 71EAe AL
= Aotk

Xode gl AIEY LA SAHMTE 2/ 2T
Table 194 BIRF TG AARGo)A Bajgt 5709

clone libraryell A &3 17572 AE el thete] 163 DNAY
FEAQ H7IMEE olEste ATERE AT BHE B9}
AZFZA 242 Table 29} Fig. 39 VERNSIT) o]F #p=olA
Bz vlef o] ik dAMTe] FETEE g Bedle] F
Ae @ 5 AAd ¢ 2 yProteobacteria®h low-G+C gram-
positive bacteria®] 35-7-2] subphylum®t W EPES ™, o] 7126 1
He] AFBNA & 1719] cloneTro] vEhd or-Proteobacteras
At ik AT Z3L pProteobacteria®} low-G+C
gram-positive bacteria®] T 27] group 2 E A E UL}

AME 3 F2E B9 A7) AAYFE T A9 vF
2 ABATY AFE TF R clone 77 FAIA Fvlshs
Aog Jehgth & 4939 9o 42t AT Fe] p2Ad
AEANEE W] B 49 P2nolli= jProtecbacteria®l] &8H=
Pseudomonas®}t low-G+C  gram-positive bacteria(Z~2  Bacillus/
Clostridium group)ll 43}= Bacillus/Staphyiococcus groups] 2
7 TFAM ZF 12709] clonedte] HEERUT 9, sYP2-g)
o= 490 HEHUN Preudomonas$)d) 22 %Protegbacteria



Vol 37, No. 4

DJAT-23(P2-r)

o7l DJAT-217(P-g,C-g)
ﬂ 67 Pseudomonas gessardii
DJAT-17(P-g,C-g)
DJAT-434(P1-g)
DJAT-433(P-g)
Pseudomonas fulva
Pseudomonas lundensis
Pseudomonas fluorescens
Pseudomonas orientalis

a9y

DJATH442(P1-g)
| [ Pseud, as hibiscicola

Stenotrophomonas maltophilia
Burkholderia cepacia

7 .
Zoogloea ramigera

DJAT-290(C-g)
100 Gluconobacter fratewrii
Acetobacter diazotrophicus
Agrobacterium tumefaciens

Nitrobacter winogradskyi
Zymomonas mobilis

190] |- DJAT-25(C-r)
Lactococcus lactis

DJAT-431(P2-g)
DJAT-436(Pg,CHe)
DJAT-443(C-g)
DJAT-286(P-g,C-g)
Enterobacter amnigenus
Klebsiella pneumoniae
Salmonella typhimurium
Erwinia persicinus
Escherichia coli
DJAT-440(P2-¢,Cg

Acinetobacter calcoaceticus

Comamonas testosteroni
Janthinobacterium lividum

Bl DIAT-430(P2-g)
3 DJAT-124(P-g,C-g)

o) —— Streptococcus acidominimus

100y DJAT-1(F2-r,C-r)
‘—mo[{' Staphylococcus epidermis
Staphylococcus aureus

Wi QA RS G 269

Enterobacteriaceas
group

Psendomonaceaes | /- FTOteobacteria

Moraxellaceae group
-Pseudomonadaceae
-Pseudomonas

] Xanthomonadales
graup J

# Proteobacteria

:l Acclobacteraceae

& Proteobacteria

|

0.1

DIAT-292(P2-g,C-g T
Bacillus/
Lactobacillus/
Streptococcus group . .
-Sireptococcaceae Bacillus/Clostridium
group
Bacillus/ =
Lactobacillus/ ( LOW G+(_:.
.S;ra'ep_?l'lc;ccus group | 8T am—posmve
=DacIHu T
Staphylococcus bacteria )
group _
Methanabacterium
thermaflexum

Fig. 3. Phylogenetic tree showing the relationships among RFLP phylotypes of acid-tolerant epiphytic bacteria on deciduous oak tree leaves to the
major lineages within the domain Bacteria based on analysis of 513 bases of aligned 165 rDNA sequences. Sequences obtained from samples are
designated in boldface by the prefix DJAT, followed by clone numbers. The clone libraries from which the individual 16S rDNA clone sequences
came are given in parentheses (P- means both P1- and P2-). Methanobacterium thermoflexum in the domain Archaea served as the outgroup

organism. The scale bar represents 0.1 substitutions per base position.
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ABSTRACT: Diversity of Acid-Tolerant Epiphytic Bacterial Communities on Plant Leaves in the Indus-
trial Area and the Natural Forest Area Based on 165 rDNA
Pil-Mun Joung', Kwang-Soo Shin'?, Jong-Soon Lim>?, In Soo Lee?, and Seong Joo Park!*
(*Division of Life Science, “Institute of Traditional Medicine and Bioscience, and *Department of
Oriental Medicine, Daejeon University, Daejeon 300-716, Korea; and 4Department of Micro-
biology, Hannam University, Daejeon 300-791, Korea)

The diversity of acid-tolerant epiphytic bacterial communities on deciduous oak tree (Quercits dentaze Thunb.)
leaves was examined both in the natural forest area with a clean air and in the industrial estate to assess effects of
acidic depositions to the phyllosphere using 16S rDNA sequence data. A tota] of 444 acid-tolerant epiphytic
bacterial clones were obtained, resulting in 17 phylotypes by performing a analysis of restriction fragment
length polymorphism (RFLP) for PCR-amplified 16S rDNA products. A very low diversity of dominating acid-
tolerant bacterial communities in both areas was found, just 2 subphyla groups, y=Proteobacteria and low-G+C
gram-positive bacteria. As tree leaves grow older, diversities of acid-tolerant bacteria on them significantly
increased. The community structure of acid-tolerant epiphytic bacteria consisted of Pseudomonas and Ente-
robacteriaceae groups in the yProteobacteria subphylum, and Streptococcaceae and Staphylococcus groups in
the low-G+C gram-positive bacteria subphylum. The direct influence of acidic depositions on bacterial phy-
logenetic composition could not be detected especially when higher taxonomic levels such as subphylum, but at
narrower or finer levels it could be observed by a detection of Xanthomonadales group beJonged to the %Pro-
teobacteria only in the industrial area and of Acetobacteraceae group belonged to the o-Proteobacteria. There
remains that these specific acid-tolerant epiphytic bacterial groups could be used as indicators for assessing
effects of acidic depositions on the phyllosphere.



