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A species of facultative photo-organotrophic, purple, non-sulfur bacterium was isolated from the 47 point at
west and south coast of Korea in September 2001. Separated 13 samples of changes with red color under 28~
32 T, 3000 lux, anaerobe conditions for 7 days cultivated in basal medium. For pure isolation from 13
samples, we used agar-shake tube method (0.4 % agar) and separated 5 strains through 13-repetition test.
EGH-24 and EGH-30 was identified as the same strain through the RAPD(Random Amplified Polymorphic
DNA)-PCR of strain EGH-9, EGH-13, EGH-23, EGH-24, EGH-30. Four isolates cultivated in synthesis
wastewater for wastewater biodegradation test. EGH-24 was selected with efficient wastwater treating strain.
Based on the results obtained from morphology, nutrient requirements, major bacteriochlorophyll content,
16S-rDNA phylogenetic analysis, EGH-24 strain may be identified as a new strain of the genus Rhodobacter

and named Rhodobacter sp. EGH-24.
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-Sampling in 47 points

Fig. 1. Sampling 47 points in Korea coast.
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non-sulfur bacteriat A G7A thi-Eo] &5
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S ZHE purple, non-sulfur bacteria® ¥ &1,
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2 A9 AR o] &edthFig 1. & &£
2= uwho] Al83 basal medium” S 7122 dtgo
H(Table 1), 477019 sample® B AHds2
3] &} 1L basal medium®] = cap tubedl HE3t1,
5000 lux®} WHF ob2 30cm AolA 0TE

Basal medium for isolation purple,

non-sulfur bacteria

Table 1.

Composition Concentration (%)

KH:POs 0.05
K:HPO, 0.05
(NH,):HPO, 0.08
CaClz - ZH20 0.0053
MnSO; - 5H:0 0.00012
Nicotinic acid 0.0001
Thiaminc-HCI 0.0001
Biotin 0.0001
Sodium acetate 0.2
Yeast extract 0.2
NaHCO; 0.1
MgSO; 0.02
NaCl 3
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ABEAM H7|AHE 743 alekste] F24 EE
Z:_}*—‘.‘% HA3 728 A 2-33] enrichment culture

g AAed 288 -’FE% cFEgstr] 949
1\1 agar-shake tube method'® Vol #3}93, 0.4 %9

agar7} #7448 basal mediumol whYN S 34 Fo
2 H®Zag gt Tubedo vehd F+ 2oko
9 e PFE tipoE FH3 F A tubeol
HEste Wy wE Wil FFAANTE &
a5 A ukFig. 2).

22. RAPD-PCR% ©| &% 75 44
TFE25H genomic DNAZ 3
i, ol RS FHOE s RAPD-PCRE A A3}
4o} PCR 98 712 initial denaturation: 94 TC,
3 min, denaturation: 94 C, 1 min, annealing: 45
C, 1 min, extension: 70 C, 2 min® 722 45
cycles A% = final extensionS 70 CelA 5
minZt FX3te] FEFE& FAsIH
ol AF&3} primers SMO1, SMO2, SMO32. =

1 sequencet ol#jet 7Y

SMOI 5'-ACGGTGCCTG-3'

SMO?2 5'-GAGATCCGCG-3'

SMO3 5'-CGGGTCGATC-3’

‘r—r—r- ?5]'

Aol $4d TFE Adsiy] HaA,
2d dFEE 47 basal mediumel FHEsH
E e T o
2e

Fig. 2. Agar-shake tube method for isolation of
anaerobic bacteria in pure culture. A dilution
series was established from left to nght,
eventually yielding well-isolated colonies.
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anaerobe, 32 C, 5000 LuxollA 32A17F =feksdict.
Hjokol-g AARE F JiugEFEAon AH3to
Table 22 €A #H4 T3 % NaCl © CODcr 62,000
mg/Del HFd 1, 54 F< s wigd 1
miA g A3, 8000 pmezZ PARE 3 o,
A5 de 3AFFFE 109 F4stqd COD FAl
Abgstitt, HACHARS CODer kit tubeoll 34 o
200 nl(1~15000 mg/l range)® ¥ 1 # 42 ¢S,
150CZ 7}g9 ¥ HACHAF COD reactorol 4] 2A|3F
7tEdg & A2 W7hale HACHAF DR/2010]
A CODcrx & Z#3te] wwstgoH?.

24. IANTETY &F £ &4

i"]qoi AAE #F9 FAHE Hste 165
rDNA #34 #2448 AAstg 34179 genomic
DNAE Murray ¢} Thompsonﬁl I7e W sl

s, 165 rDNA F22 F2o) o8-8 primer
= eubacteria®) 16S rDNA domain®] SojXo=z &
gt} FZst= 27F (E coli numbering 8~27:
5 -AGAGTTTGATCMTGGCTCAG-3)2t 1492R (E.
coli numbering 1492~1510: 5 -TACGGYTACC
TTGTTA CGACTT-3)& AH&sttH®. PCR w8
< 9344 BioneerAte AccuPower® PCR PreMix
2] tubedl template DNA 1 g, forward primer(10
pM) 1 g, reverse primer(10 pM) 1 b, @ 3}
Z55 17 & o & HUdh PCR ¥HS-2 initial
denaturation: 94 C, 3 min, denaturation: ¥4 T, 1
min, annealing: 55 C, 1 min, extension: 72 T, 3
min®] 2702 30 cycleg HAI3 H, final extension
2 72 CAM 5 mint §38t9 FE5H 0.

PCR ZZ222 QIAGENAY QIAquick® gel
extraction kit AHEE  purifydz  DNA
sequencing system(ABI 310)& o¢]&3lo] direct
sequencings  AAlstgod, ZAAY HrIMEe
Blast network service® ©o]&3le] EMBL/

Table 2. Composition of the synthesis waste water II

Composition Concentration (%)
Glucose 2
(NH4)2S0y 1
KH:PO;4 0.05
MgSO4 0.02
NaCl 3
CliFe - 6H,0 0.0005
CaCl - 2H.0 0.005
0.001

Yeast extract

+CODcr 62,000 mg/1 (pH 7.0)
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GeneBank database®] 97|4 g3 vlugdozy 7
TEFEH FAEAE £434.

T FATTE AAE 79 EFET AAE FE
7] fsted FeNsH, W, Aty A 548
A E3l9 Bergey's manual of systematic bacterio-
logy”¢} Handbook of microbiology #22*Pg @@
2 39 &/, TAHsA

25. PHB A4 HE

Al PHB(poly-B-hydroxybutyric acid)®]
B3 E 2487 A9, Bl do R 3g A
Z7A 50 mge chloroform 2 mlet ®WE2(3 %
H:SOs &8) 2 miZ7F A7ME screw cap tubeol] %
o}, 100 TollA 3417t 308 FoF ugAzl & 42
o2 WANZAL, o] &4 FHF 1 mlE H7bst
o] 7}etA Ao A PHBE methylesten'fica-
tionAlZ i, ©|F PHB7} methylesterd}l =il
71&9% 2 WS GC(gas chromatography)dl ¢
gt A& R GCFE 2712 Table 39 HeY
o,

3. Az 5 %

31 FAATY =

2 FEickay Aty 47 A GolA #4e)
mudA 25 A3 3le](Fig. 1) Basal medium(Table
Dol 77k wjdst & FoeMoz W3t tube 1371
g My Eestgl, Agar-shake tube method
(Fig. 222 W& wigstd 5% 9 FFES(EGH-9,
13, 23, 24, 30) &8 st

32. RAPD-PCRE ©]&%& w5 A4

59 ¢FEd @ dFE(EGH-9, 13, 23, 24,
30)& 4o 2 RAPD-PCRE 3 Z3} Fig. 34
9} 7o} EGH-24% EGH-30& 2& #52 94

24 30

M 9 13 23
A

Fig. 3. RAPD-PCR profiles obtained with primers :
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Table 3. Operation conditions of GC for quantitative
analysis of PHB

Contents Operation condition
Instrument HP-5830A GC
Integrator HP-3390A
Detector Flame ionization detector(FID)
Column 6 - feet glass packed column
Column packing material 10 9% Carbowax 20 M ON
Support Chromosorb WAW/DMCS
(80/100 mesh)
Carrier gas N2
Carrier N2 flow rate 30 m/l
Carrier H2 flow rate 42 mi/
Carmier air flow rate 440 m/
Temperature
Column-initial 160 C
Column—final 200 C
Oven 160 T
Injector 220 C
Detector 250 C
Initial time 5 min
Program rate 10 C/min
Final time 4 min
Equilibrium time 3 min

Injection volume 2u

SMO1 (A)

M 9

13- 23 24 30

SMO2 (B); SMO3 (C) show the variations

among the DNA of the five EGH-9,13,23,24,30 (M: 1 Kb ladder).
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Fig. 4. Biodegradation of the waste water for 4

strains(EGH-9 : -@-, EGH-13 :

EGH-23 : -¥-, EGH-24 : -Vv-).
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Fig. 5. Absorption spectrum of cell suspension of
isolate grown under phototrophic conditions
showing major absorption peaks at 375, 592,
797 and 86 nm, indicating the presence of
bacteriochlorophyll a and 456, 481 and 513
nm, indicating the presence of carotenoid
(spheroidene).

Table 4. Morphology and biochemical characteristics of the selected strain of photosynthetic bacteria EGH-24

Content

Characteristics

Morphology
Size

Shape
Flagella
Mode of division
Growth and color
Anaerobic, light
Anaerobic, dark
Aerobic, light
Aerobic, dark
Gram staining
Motility
G+C content
Biochemical
Gelatin liquefaction
Starch hydrolysis
Casein utilizaion
Urease
Nitrate reduction
H2S formation
Bactetaochlorophyll
Carotenoid
Growth factor requirement

Reduced sulfur compound utilization

Hydrogen evolution
Oxidation
Aidification

12~16 tm (normal)

2.0~25 pm (PHB production)
Rod

Positive

Binary fission

Good growth, brown to purple
Poor growth, colorless

Good growth, purple

Good growth, pale pink
Negative

Positive

55.853 %

Positive

Positive

Positive

Positive

Negative

Positive

a (375, 592, 797, 856 nm)
Spheroidene (group 2)
Negative

Negative

Positive

Positive

Negative
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EGH-249] 3ejsty wjdats, Aysisrs 542
ZAME A3E Table 491 YelWsith EGH-24+
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carotenoid A= 456, 481, 513 nm oA peak
£ Y group 29 spheroideneo] F4Eo]qict
(Fig. 5). %3} electron donor$} carbon source ©]&
& Table 5914 HE #F} 2uh

EGH-24¢] 16S rDNA sequencing 23+ Fig. 6
oAA Uehgli, 16S rDNA 471N 9S 71223
B2A 58 A ABE Fig. 790 JebRgich
165 rRNA @714d &4 ZA3, Marichromatium
purpuratum 9 98%9] 454< YIS

4719 gestd, w A, A3t 547 16S
rRNA sequencing Z3#& F3t 23}, 165 rRNAY
22418 Proteobacteria®l Vv subclassell sj@éte

Marichromatium purpuratum 9 7} 744 o

B
s

1 TATGACCGCTGGCGGCATGCCTAACACATGCAAGTCGAACGCGAAACCCCTTCGG 55

56 GGGGAGTAGAGTGGCGGACGGGTGAGTAATGTGTGGGAATCTGCCCTGCAGCGGG 110
111 GGATAACCCGGGGAAACTCGGGCTAATACCGCATACGACCTACGGGTGAAAGGGG 165
166 GCTTCGGCTCTCACTGCAGGATGAGCCCACATCCGATTAGCTTIGTTGGTGAGGTA 220
221 ACGGCTCACCAAGGCGACGATCGGTAGCTGGTCTGAGAGGATGATCAGCCACACT 275
276 GGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGAC 330
331 AATGGGCGAAAGCCTGATCCAGCAATGCCGCGTGTGTGAAGAAGGCCTGCGGGTT 385
386 GTAAAGCACTTTCAGCGAGGAAGAAAAGCCTGTGGTTAATACCCATGGGTCTTGA 440
441 CGTTACTCGCAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCCGCGGTAATAC 495
496 GGAGGGGTGCAAGCGTTAATCGGAATCACTGGGCGTAAAGGCGCACGTAGGCGGC 550
551 GAGGTCAGTCAGTATGTGAAAGCCCCGGGCTTAACCTGGGAACTGCATTTGATAC 605
606 TGCCTGGCTAGAGTTTGATAGAGGGGGGTGGAATTCCAGGTGTAGCGGTGAAATG 660
661 CGTAGATATCTGGAGGAACACCAGTGGCGAAGGCGGCCCCCTGGATCAAAACTGA 715
716 CGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCAC 770
771 GCCGTAAACGATGTCNACTAGCCCGTTGGGCTCATTTAAGGGTTTAGTGGCGCAG 825
826 CTAACGCGATAAGTCGACCGCCTTGGGAGTACGGCCGCAAGGTTAAAACTCAAAG 880
881 GAATTGACGGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAAC 935
936 GCGAAGAACCTTACCAGCCCTTGACATCCTCGGAACTTGGCAGAGATGCCTTGGT 990
991 GCCTTCGGGAGCCGAGTGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGA 1045
1046 GATGTTGGGTTAAGTCCCGTAACGAGCGCAACCCTTGTCCTTAGTTGCCAGCACG 1100
1101 TAATGGTGGGAACTCTAAGGAGACTGCCGGTGATAAACCGGAGGAAGGTGGGGAT 1155
1156 GACGTCAAGTCATCATGGCCCTTATGGGCTGGGCTACACACGTGCTACAATGGTC 1210
1211 GGTACAGAGGGTTGCAAAGCGGCGACGTGGAGCTAATCTCAGAAAACCGGTCGTA 1265
1266 GTCCGGATTGCAGTCTGCAACTCGACTGCATGAAGTCGGAATCGCTAGTAATCGC 1320
1321 GAATCAGAATGTCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCAC 1375
1376 ACCATGGGAGTTGGTTGCACCAGAAGTAGATAGCTTAACTTCGGGAGGGCGTTTA 1430
1431 CCACGGTGNATCAANACTGGGG 1452

Fig. 6. Nucleotide sequence of the 1452 bp PCR product.

1298



gharaf et o 2 2B Purple, Non-Sulfur Photosynthetic Bacterium,
Rhodobacter sp. EGH-24¢] 2¥ 2 &4

Chloronema giganteum

Chloroflexus aurantiacus

Chlorobium limicola
Ectothiorhodospira
shaposhnikovii

Rhodobacter sp. EGH-24

|

Chromatium okenii

Rhodocyclus purpureus

Rhodocyclus tenuis

Rhodothalassium salexigens
Rhodovulum adriaticum

Rhodovulum sulfidophilum

Rhodobacter sph id

| s

Rhodobacter capsulatus

Rhodoebacter blasticus

Rhodoplanes roseus

Rhodomicrobium vannielii

Rhodospirillum rubrum

{Rhodobium marinum
Rhodopseudomonas julia

Rhodopila globiformis

Rhod 7,

p s palustris

Fig. 7. A rooted tree generated from an alignment of 1452 bp of the 16S rRNA of the isolated with the
photosynthetic bacteria obtained from the GenBank database.

w3, purple, non-sulfur bacteria ol B
subclassoll @3 Rhodocyclusd (o) H-&
purple, non-sulfur bacteria= a subclass®l] 3 %)
I 7hg A vrebstth &R R Bergey's manual ‘&
o Hefgrx, ek, Asgy RRoA
Marichromatium 43 T™WE23 Rhodobacter %3}
7HE fAeE 23 E Ao meld ZEAHo
2 2 Ao IATFTE AAT EGH-472
Rhodobacter 22 FA A,

3.5. Rhodobacter sp. EGH-249] PHB X4t4 #HE

FATF2 Rhodobacter sp. EGH 24¢] Az u)
BA #z (Fig. 8)o1A PHBZ A S £
AT g2 GCE o83t 2 228 &9
& A Fig. 92149 #Zo] PHBY ] 1=t

4 B =

= Lo

2 A et 4749 #H5 Y mud A
SEFYH APAATR FFEHE 1349 T5F
2l8 1, agar-shake tube method®t RAPD-
PCRE o] &3t 47 M= g8 ¢35 ¢F8
gtk 47l @F F HFEeFe] 71 Hold
T& A, e, wid, Aty 54 ¢
165 rRNA sequencing®l 98 FAZ3} purple,
sulfur bacteria %] 7t7h ot Fesrs, wjefst
o Azsd EXo] purple, non-sulfur bacteria®]
Rhodobacter <o 7V <7 3lo], Rhodobacter sp.
EGH-24= %3t th

Rhodobacter sp. EGH-242] carotenoild A ¥E
spheroidene(group 2)°1%¥ 3, bacteriochlorophyll
a ¥oy, GCAE 231 PHBE A4kasich

o

1299



Fig. 8 Transmission electron micrograph of the
isolated strain(indicate bar A[200 nm),
B[500 nm], arrow : PHB).

ol el ANE Fd FATFU Rhodobacter sp.
EGH-24%& #¢Ae5e] $58 $ohlet PHB A4t
Ax Qo £ AF7E &g Agsto #7]2&
o] g3ty PHBE Ao =zn 414 A3
239 LS 9% Addrt Agan wotohde}
BETSA #HrAe € AGH715Y recycling &7
T 7108 4 e Alsdet

2A9 2

2 dye AdddEga vpd-vlo) A sk A A

Eto] 29 2 20039 X Brain Busan 212109} A€
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