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3343 2Hele]o} (Photosynthetic bacteria)y= 39 =71 u}
gt Z4le) AFAL FEE Wl e 715E ZETHG, 17).
ol B Al AXdAL wislel] digk §H3] Wl o
St AT ol Tl tiE F8 AT A 7Rl shfelrh
Rhodospirillum rubrum-S Rhodospillilaceae®] 3+ FEjo] Fo7
A g, Aty d7e] o] sl i B 5= d
g E¥3= Gram-positive F-0™ B4 Ad 7=t} =)
7] FeE Zie=th =S vl ok 2o A 2 AES
T 5 gheol EEA ok F 314, @14 20 BRI &
ol JFeah §3) #7014 AdeioAe] WA gl e o
A 4 AL B Ao o] HUok tiEo] Yol ¢
3+ A7) 4 %43 F(photoautotrophic growth)= Yojdt}. o]zigh
dFe 540= st N, 3178(20), CO 43H4), CO, ILH(5),
H, (18, 29), photosystem(21), ATP synthase system(19) &
o] Fd A7 HAZ &) A gt 1 F N, fixation system
o} 71 e A7l AYPHAA =t system = MoFe, Fe
nitrogenase = TAE %] ov 71¥HO ADP-ribosylationS
5% system © 2 7]Fo] Baux ot 9lom(13), o= A
A9} TF0] A FEE AA sk AoE gelA UThR). &=
g R rubrume COTHE o|83ld A4 & glom ofo} i
A77F et A A Aok =3 B dAe e
HAETE gy o] 24 s LERe {U1ES o8
T Ao AFE F718 dAgA]el] olge] rlsd ¥Rk o,
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98 EElAE AR 9 BIE2AY TER|7} Fot ALR, EU A
A, 7712 HE Fo2 AR 7hed AHE 7HAAL Ao
HZ NZ2E AEH dgAg] FHeR FE& ¥ vk,
3, 14, 26).

Be 49| #F+= genomic DNASH 28 9389 plasmid 3
B £33 ARE 7R3 glo olEd] ¥A e AR &
7ol mE AZAF 2-0l FEE Frhs Aol Haugul Qi
AAZ  Rhodoabacteria capulatus(15), Rhodobacter spaeroides
(25) 59 FuteE]otollx] o]HF plasmidE #-fstst sk 2
2 A7 A=gst Jdrh Kuhl®] 7L oA Fo
Rhodospirillum rubrum®. 2 FE] extrachromosomal plasmidE &
AeF.om10) Yolrt plamidE 7FRA] 2L EFWHOIA
(plasmid deficent mutant)7} -39} G| FUo=RE F3
Ag BT AETEHS FAES BAFHGAL. ol olEgh
plasmid7} w7} Fdo] o) thekgt ARGAL 75l HgE
g Fa3 7158 FEES AAlsks vloltk £8]¢ plasmid 7}
<9 pKY1S =717} 7V #a o2 plasmid 9} 54K A
F4 A A% (restriction mapping)E 7O ZH o]£9] G
gt 2 diio] =HoldRAYe] AAER ATt B dF= R
rubrum©] Z¥= chormosomal DNAS} E2]Ho} EA)5= ¢
ZAP|E (circular plasmid) pYK12] 84 A7|MES 43
I ol B3l FHv =9 EE| AT X(physical structure),
assembly, annotations 3IATH £ B4& B3l /A9 4 A
iAol §31A} ARE AABIELH o2 34 AzdE
B A g 2 gojele dEds & 5 U
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Plasmid DNA £2| % HX|

T S Yaked 30°C, 4,000 lux B2 A vl F
QARZA°C, 2,700g, 158)E AAE F3t ol HH A&
Z7102 g %7 pH6S, 30°C, = 2,500 uxe] ¥7)H F
Z71 8ol A sodium acetate 1g, sodium propionate 1 g, sodium-
butyate 1g ©] H7FE Lascelles?] 7]Euljx]el &t wjFs}
Ak12). =M TAE 1E 9 plasmid pKY1 2} 22 kuhl
210)e] Wy-e olgstdch #FolA DNA & ®2T F
genomic DNA (chromosomal DNA)9} £2)3}7] ¢t CsCl -
ethidium bromide gradient YAME-E|HE ©o]-83}ed plasmid
pKY1& 23 5] °o1F 0.6% agarose gelollA H7] F&3HTt.
71952 B3l AAEE et A plasmid pKY1 &2
FAH A E 2719 DNA & gel elutiond B3t w4l 3t
Ak A o17 plasmid 7} pKY1 ¥-& FRI87] et 71&2]
BI(10, 1)E vRO2 BamHI, Hindll, EcoRl, Xhol®] A|3tE
A= st Yehls g 32718 RIS

Plasmid pKY12| 22|13 X| T (physical map) &4

AA AR plasmidS Zzte] AgFAz Al dHstE
A% 5§ ols BHrked shE A FHYAE B
of Enic) ¥4 HolZ wA-g A AgtE i) OhE A
Fhu A 27MS agarose gel oA A7 FE3T). Agarose
gelol A 2e)sjolz] 2+ ] $1AE ethidium bromideE ©]&
st A% 5 o]&¢] #XE nylon membrane “Jol| "] FA|
3lod ET} Nylon membrane® 2 £79%1 DNA THES #oll4
ZH|F WA BHYAE FAER 2 Afasd] UHe
o]-g8}od hybridization buffer AollA ¥FE-A]7]3 washing & X-
ray filmoll =&A1A st Fshe 22t Z71s &% o
HH-S ol gste] Agtas WAl HAAAE RS g%t
o 0|59 E8]3 HAX%E (physical map)yS ZA5IAT

KU MY BY

¥ FAE pKY1 plasmidS AIFEA HindllFE ©)-8-3t] A
Gt 5 o159 TS agarose gel elution WHS o]&3te] 7+
7+e £e AA 9t ©]E cloning vector, pGEM vector
(Promega) ol 22 AFEAE A F 71=BZ EAAUEEE V|
WS o83t 449181 th?23). BHEl]o} (E. coli DH5o)S ©]-&
sto] BA AR colonyS VL o] 5 ksl zHzte] w9
DNAE 712 plasmidE® ¥ AASII BAE plasmidE alkali
solution (2.5M NaOH, 10 mM EDTA)S o|-83le] ©y7 1= DNA
(single stranded DNA)E YHE 3L cloning vector®] T7 promoterS
71208 olo] 3t primerE ©]-83 Sanger HAHE o] &g
A7 Q BXE 2)25 ) (Bioneer Co. Ltd).

oML 71 X 7= Y
&0y KRRG-S gene data bank®] BLAST search®] -3
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A AR ZAE B B FEARE AN E3 dojxl
S22} vl¥€-S BioEdit program®] 6 frame translation & &3t
¥4 71 open reading frameS LI A7|MFE LoA=
4 ohm| x4t wjde] Hefo]l= TS Protwin data bank Blast
searchE 3] B el glo} o]5¢] 715& 533t
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=
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Kuhl®] Q72L& teFst 29 Rhodospirillum rubrum 05 7}
FllplasmidE 7FAA] ¥ EH o)A (plasmid deficent mutant)
£ AT (wild type strain)} @] FUozHE FPLE F
3 AESEL TS AT, ol R rubrum T5]
extrachromosomal plasmid Woll @57} 7FX) 3ol ok ok
3 ARAL 71 Al Slo] Fag 7eS Bdeke dld
o) I3t 744 AR HAUSE vlshs vielth

B dA3= 7F7) 7}AE extrachromosomal plasmidE #-2]
QAL plasmide] FAA MBS ARSI olgd] U7t AF
A A Eale] Fe] Bl o3k AMhAL Ve R &
oA5e @ds AAslaA stoy WA @57t 7HE extra-
chromosomal plasmid (pKY1)S} £ AAES $sked CsQl
gradient 115 QAR S T3t 12 HAF agarose H719F
S AAjsle] o)A@ Ba(10)9} YR8k oF 55kb o A71E 7t
7l DNA (pKY! plasmid)Z gel elution® F3} &3ttt
Fig. 1914 2 & & ule} 2ol CsCl AAE ARS wWe =2
717} #2 DNA Z27+& ## & 5 Sletl ol chromosomal
DNA 9] Zzbo]Au & F9| R rubrumo) A B ukeh 22

pPKY1 —» «+— ~55kb

Fig. 1. Purification of R. rubrum plasmid pKY 1. Total genomic DNA
was isolated and the extrachromosomal plasmid pKY1 was separated
from chromosomal DNA by ultracentrifugation using CsCl-ethidium
bromide gradient. Plamsid pKY'1 was further purified by gel elution.
DNAs (1. After CsCl ethidium bromide gradient, 2. After gel elution)
were identified on 0.6% agarose gel electrophoresis and the size of
pKY1 plasmid was estimated by 24 kb fragment of A HindIIl marker.
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o3 714 579 extrachromosomal plasmide] EA 2 F4 % o
A} wEbd 9% pKY1 plasmid®] HAE 93} agarose
gelojA 3l 2712 DNAE AA8lA gel elutions T3 pKY1
plasmid ¥-& AA3l o]& FRIFIAHFig 1. lane2). A= 0]
7 pKY1 plasmidS #<218}7] 913t A3+ &4 BamHI, EcoRl,
Hindlll, Xhol2- ©]8-3ty FRAAE Ae3dt § ol5<] @st =
&S agarose gel (1%)°14 ERISIAE A3} o]xe] Buol UX
SFETH10). T2 M EEAE AT Hindlll THAS] Ao
W& 2 AxE IRlelaat A2 e AlFE AaE dddh
DHE WA FHEAR T4EH 2ZES )83} hybridization
< Bolod Al | e B8R 948 g23s8en ol
o] Bae} Ax|5he EE 4= ko0, 11, 30).

O

Ay Sd

SJollA ®2)3F plasmid pKY1S AFHEL HindllIIE ©]-&3}]
Agste] A &R 7128 Fig 2004 A3 5784 224 (=27)
o] &Ad Wk C, D, E F, G 2 ZABSIAH 3 284N E
2 ez @ 22 27} (0.7 kb, 27 D& 242} gel elution
purification ®¥PH-& Fate] #] A st ol 7 o) =7
< Z¥2} cloning vector (pGEM)Oll AAdsted o] 5o tigk 212t
AMEE ZHsIIT. Hindlo] 23 @98 D, E, F G, I & §3
2} AZ(Fig. 3)°1A B npe} o] 432 FiEqoz #3
AL 240 o o]E-S AAst AR (0159 AAEA
&) F-G E #E7181712 ). G+C content= Hindlll 22+ C

am mT N

Fig. 2. Digested pattern of plasmid pKY! with BamHI. Purified
plasmid pKY1 was treated with the restriction enzyme, Hindlll and
fragments were separated by 1% agarose gel electrophoresis. Each
fragment was isolated and purified by gel elution, and subsequenty
cloned into pGEM vector for DNA segencing. (M, DNA size marker,
A HindIIl)
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Fig. 3. Physical map of Rhdospirillum rubrum plasmid pKY1.

(4430 bp)2] 73 6248%, Hindlll Z7+ E-8 F-G (11819 bp)
o] A4E 5487%5 Bl Fck 28" FAA vl g
gene identity search B A& ©]-&% 6 frame translations
o]k oAt FAMY WIS Fote] AEA TH §7HF

AEE dH3t

o

TAMY FEAEY

A2 L L 6 frame translationS 3+ F4 opn=ylk A
g o83 TAMES B8 B3l 7|&e] vedn & &
APIE AU S Ae 8 S A53lHTH(Table 1). Fragment C
o] 9X)3H= DNA-invertase®} transposase’™= 7| R. rubruml| ~|
B wde] ofu|=at MER ghdd] WdAEgen 1 9
THoA dojF FAMY DHAER B2 FAME Bde ¢
st} olEe gHE FAX AFF (Recombination) 28 7]
Zol] FATS B = Aok E3F FHA wiE BN thE T
FE9 plasmidoll A & = = {FAA Aol IS-like
sequence’} F3F F3F QA S-S ERIsIAT 2 DA
o] 52 ZAS}= transposase (Fragment C, 1722-3167; Fragment F-
G, 2007-1081)¢] ZAE ST, $AE T4 Lol F21
AR ol 9AF ulgoZ Fg 49 FA A plasmid pKYl ORF
o Wigt Eel4 A= AAsgrt.

SR 7|00 gt R

42 #2498 53l 5517 DNA-invertase % transposase
= ojn IEA upe} Zo] {fHx xRS T A4 w4
28 Tdho] I A YTk, 22, 24). F-o HeEjo} B
ule)| 2] @ 31}7] (bacteriophage)ol| A ©]ol] thgh A7} Ho] XY=
o] o]52] DNA Z79] inversiong B8 f-312ke] thadd Id
(alternative gene expression)©] ©]F-ojdo] 13 Hu} glr} (7, 9,
16). BL-0] £ A0 WE T W recombination activable
factor®] 242 531 DNA-invertase &4 H3l= o|E #59
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Table 1. Putative and characterized pKY1 genes and their functions

Location of fragment Location of ORF  Frame translation' Similarity Identity
Fragment C 2,849-4,430 Direct? 99%  D17434: Rhodospirillum rubrum DNA invertase
Fragment C 1,832 - 2,875 66% ZP_00057775: Distinct helicase family with a unique C-terminal

domain including a metal-binding cysteine cluster {Thermobifidafiscal

Frame 2 ZP_00090217:ABC-type nitrate/sulfonate/bicarbonate transport sys-
tems, periplasmic components [Azotobacter vinelandiil
Fragment C 1,722-3,167 Frame 3 100% 7ZP_00016443: Transposase and inactivated derivatives [Rhodospirillum
rubrum|
Fragment C 621-1 Frame -3 99% ZP_00016475: Transcriptional regulator [Rhodospirillum rubrum]
Fragment F 1,242-1,769 Direct 81% AE(007244: Sinarhi;obium meliloti plasmid pSymA section 50 of 121 of
the complete plasmid sequence
Fragment F 1-877 Direct 95%  D17434: Rhodospirillum rubrum DNA-invertase
Fragment collection® 2,007-1,081 E 66% ZP_00016443; Transposase and inactivated derivatives
rame 1 -
[Rhodospirillum rubrum]
Fragment collection 892-1,557 Frame 1 70% AAGO60819: ID263 [Bradyrhizobium japonicum)

1If there are no significant homology in genes using BLAST search, genes were transtated to amino acid according to possible 6 frames, including
both sense and antisense direction and then predicted amino acid sequences were subjected to compare the Protein database in BLAST. Indicated
OREF covers the location of genes. Positive number means the sense directional translation and negative number is for antisense directional transla-
tion.

*Protein identity was represented as one protein with a high homology level in BLAST p-value score.

3The result was obtained not from amino acid homology search, but from direct gene homology search.

“Because HindIlI fragments designated as D, E, F, G, I were continuous connection as shown in physical map of pKY 1, it was represented by Frag-
ment collection. Connection order is F-E-D-I-G.

flgo] B Tl glrher, ¥ ARl B Agel AnE sels Aol & 4 AL

28). Gene inversionS T3 (A ¥ WPt W=

Aolth. ®3 Fragment Coll A3 #FdA A 2HAA
bacteriophage®] A X5} Thido]l WHILE 7}X Q@™ O]= phage (transcriptional factor)= ©]218F gene recombinations ZH 3=
cycle?t ##o| ATk, 16, 28). FFAE TA Sl BV 22 wlzlel HALE 2Fde 98-S & FoE FAHHEGD HA
sloll A FAE o83 ThF ARAUAL BE 717 AR genome “3ollAl 715 f-2dAke] Y1AE ARSI 0|54 ZHEAHA
B o] B 7oA ¥3] DNA-invertase 2 transposase 2] EA] £ AAshe A& 42 23 S olafigl glo] E83% A}

= 1 9u7t v Ao & 4 1S Aotk 3] Kuhl(10)o] B2 AT FAG) gene targeting 5 A4 &S F3
oJsl] B Plasmid-deficient R. rubrum T5-2] 333 9 NES TF o] Yeael o4t & 4 918 Aol &g
B34 welElol 7t M2 AESH Heae] FEoEN
58] AHEEE ARSI E W o]s AFHoEE i

Transcriptional

regulator Transposase DNA-invertase = _8_'5‘?1— Q]U]g 7}7] 74015}—, —§‘—‘_7\H \4"}1%1 ,?‘_7—]' -04 (Fragment B,
HindII1 C - =— P H, A) 97148 B4 Z) glom ulgko g pKyl o HA| #3
4430 2o} fAt AE map & AL 0|59 7158 B

TE AE A Fof ok

2000 4000 6000 8000 10000 12000
| | | | | | | HAe| &
E D [ G °] ?i?% S Altety Sta S Awe] 2002 SHA=
Hindlll E-G ¥ | | B . SteArull o) AU 2] o] Aol Pz 4
oA ‘, l ! T « YELA H’MH G AT 1 Felelo)A mgd 11T
mertase T " 3 meEnng asg a9 o AT dREdA

Fig. 4. Predicted ORFs and location of genes for R. rubrum pKY 1. T 7HALe) =S At} et o e Fulo)gd i A6
Based on gene search analysis (BLAST), related proteins were U2 @ w3} QAT e BEAE BAle] e A
predicted. According to this data, location of putative proteins in Hind sk

IIT gene fragment were shown. The broken arrow represents that the =

genes for indicated protein involves some insertion sequences.
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ABSTRACT : Genetic Analysis and its Application of Rhodosprillum rubrum PKY1 Plasmid
Bok-Hwan Kim* and Joungmok Kim' (Dept. of Environmantal Health, Korea Open Univ.,
Seoul 110-791, Korea, 'Dept. of Chemistry, Hanyang Univ., Seoul 133-791, Korea)

Photosynthetic bacteria, Rhodospirillum rubrum, have been reported to change their metabolic patterns depend-
ing on the light condition. The genetic approach for such a metabolic change is one of main subject in pho-
tosynthetic bacteria. It has been reported that the extrachromosomal plasmid might be related to this metabolic
regulation. In this study, we have determined the partial sequences of R. rubrum plasmid pKY1 with HindlIll
fragments and the predicted pKY1 ORFs and physical map. We found the 8 putative proteins related to the
genetic recombination of bacterium, which is reported to the alternative gene expression. Our results suggest
that the genes located in pKY1 are possibly involved in the metabolic switch according to the photocondition.



