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Abstract

This study was focused on molecular biological characterization
of catalases expressed and produced in Rhodospirillum rubrum S1.
PCR process using a degenerate primer set designed on the basis of
the conserved sequences of known amino acid sequences of catalases
from bacterial strains resulted in the production of 245 bp DNA
fragment. Southern hybridization using the total genomic DNAs with
the catalase DNA fragment demonstrated that at least two signal
intensities were observed in BamHIl, EcoRl, Hindlll fragments. Each
fragment showing the signal intensity was recovered from the gel
and ligated into the cloning vector, pBluescript SK(+), and
trasnformed into E. coli UM255. A transformant clone containing a
catalase gene cluster which is 7.4 Kbp in molecular size was found.
Sequence analysis of the catalase gene cluster revealed four complete
ORFs encoding proteins similar to putative glucokinase, putative
restriction endonuclease, putative methyltransferase, catalase, and two
trunncated ORFs encoding proteins similar to trehalose-6-phosphate
synthase and AraC family of bacterial transcriptional regulators. It
was organized into putative trehalose-6-phosphate synthase,
glucokinase, restriction endonuclease, methyltransferase, catalase, and
probable AraC-type transcriptional regulator in the order.

The putative trehalose-6-phosphate synthase cloned in this
study was a gene fragment of the otsA encoding the enzyme found
in other bacteria, and shared 47.8% similarity in deduced amino acid
sequences with that of Salmonella typhirium.

The putative glucokinase was located immediately downstream of

the putative trehalose-6-phosphate synthase, and one open reading



frame which consists of 978 bp encoding 326 amino acids. The
molecular weight of the enzyme was 33,865 Da, and isoelectric point
was 7.18. Comparative analysis of amino acid sequences revealed that
the glucokinase from R. rubrum S1 shared 50% similarity with those
found in Helicobacteria pylori J99. N-terminal region of putative
glucokinase containing a potential ATP binding site.

The putative restriction endonuclease was located downstream
and in opposite direction of the putative glucokinase, and one open
reading frame which consists of 1284 bp encoding 428 amino acids.
The molecular weight of the enzyme was 45,987 Da, and isoelectric
point was 6.395. The putative methytransferase was also one open
reading frame which consists of 1836 bp encoding 611 amino acids.
The molecular weight of the enzyme was 64,003 Da, and isoelectric
point was 9.329. Comparative analysis of amino acid sequences
revealed that the restriction endonuclease and methyltranserase from
strain S1 shared 50% and 52% similarity with those found in
Xanthomonas campestris pv. phaseoli and 49% and 54% similarity
with those found in Rhizobium leguminosarum, respectively.

Analysis of upstream sequence of methyltransferase revealed an
intergenic space consisting of 326bp. The putative catalase was located
immediately close to the intergenic space and in opposite direction of
the putative methyltransferase, and one open reading frame which
consists of 1455 bp encoding 485 amino acids. The molecular weight
of the enzyme was 54,316 Da, and isoelectric point was 6.468.
Catalase cloned from R. rubrum S1 in this study shared 85% and
84% similarity in deduced amino acid sequences with those found in
Brucella melitensis and Sinorhizobium meliloti. The active-site
residues, proximal and distal heme-biniding ligands, and

NADPH-binding residues of the bovine liver catalas were highly



conserved in R. rubrum catalase.

The putative transcriptional regulator was located 59 bp
downstream and in opposite direction of the putative catalase, and a
DNA fragment of the enzyme which consists of only 426 bp.
Alignment analysis of the 142 amino acid sequences revealed that it
shared 49.3% similarity with those found in Pseudomonas aeruginosa.
The deduced amino acid sequences of transcriptional regulator
resembles C-terminal region containing a potential helix—turn-helix
DNA-binding domain a group of the AraC family transcriptional
regulator found in bacteria.

The catalase from R. rubrum S1 was overproduced in E. coli
UM255 and purified through several protein purification steps for
elucidating their characteristics in protein level. The purified catalase
had an estimated molecular mass of 189kDa, consisting of three or
four subunits of 61 kDa. It exhibited 74% activity in the presence of
3-amino-1,2,4-triazole and 80% activity in the presence of organic
solvents, while its activity significantly decreased by salicylic acid.
The enzyme had a broad pH optimum and was inhibited by cyanide,
azide, hydroxylamine. Km value and Vmax of the catalase for H20:
were 110 mM and 50000 U/mg. The ratio of Asw to Asgy for the
catalase was 0.97, and reduction of the enzyme by addition of
dithionite was not observed. Spectroscopic analysis indicated the
presence of ferric heme. The results obtained suggest that this
catalase belongs to one of typical monofunctional catalases.

In conclusion, the catalase gene cluster was first cloned from
the photosynthetic bacterium Rhodospirillum rubrum S1 in this study.
Six genes in the gene cluster, trehalose-6-phosphate synthase,
glucokinase, restriction endonuclease, methyltransferase, catalase, and

the AraC-type transcriptional regulator were completely sequenced



and characterized. Besides, the catalase overexpressed in E. coli
UM255 was biochemically and physiologically characterized in

response to several environmental factors.

Key words : Rhodospirillum rubrum S1, Catalase, Catalase gene

cloning, Catalase gene cluster,
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1.1. 47973

A 74 d71E o] Fi e VIAE F 3] wWlg & A&E(0)= A
A 718 o 21%AEE AAFL dow BV AEL o|¥A FTHIT A
A5 AAFEAR 3= VA 255 &8 AR E F5I 2 4L
= AW AR AA AgA ez I QA9 superoxide anion (02), 3}
344 (H02), hydroxyl radical (HO -) 53 Z& A4 AL F(active
oxygen species)Z FA3A =W Bz WA SAELRE FE3= &
HAS Y 9h(Halliwell, 1987; Halliwell and Gutteridge,1989). °]#]
F BA ALF AAAES ARAL dA AAHY dH 5 T4
Abgo] EBhAE e 7197 29, FFA A ALE BAIA He AS
¢t Fo] AME A AdFHLR TMAstE HF 89, SF9 AAE
(phagocyte)7t A E< HA37] A 43 22S A=

2 QA wlo] 249l (Hasstt and cohen,1989), =& AH&x¥9t 2 Z(ozone),
v-A, AgA 59 =Fd 93 E¥AFHUA 2UA(Gregorg and Fridovich,
1993), L8] 3L paraquat, plumbagins®] redox-cycling agent®] 37} 2]
g 3}8t3 249l So] gl (Halliwell and Gutteridge, 1989).

24 ALFS WsAe] dds] =] w el AAe HA, ,
Ao AFA EAS 431AY, DNAY 4 FF & Bl HAE E7153)
A s, 9719 B33AY thiol 55 ASAA £L 7|e S v A
(Demple et al., 1986; Imlay and Linn, 1988). ¥uF3 23 hydroxyl
radical®] Y} singlet oxygen°] 2 #H<el <£A2] Yl AR &3A 9o
], superoxide radicale]v} FArs52= A WA oS e A A
£FoE AP § goM AR AEPg ¢A o (Sies, 1991
Scandalios, 1992). o]|x 3 A AxFo] A E YA Fo vx= F3¢FS

Ab3lE 2 E g X(oxidative stress)tl sh, MEL ASAIY o]E AFEA

>

27

WA, =

R &

1
-
1



(pro-oxidant)°e] 34F3}E A (anti-oxidant) Bt} Fc}alA] E2xATFo 2 A A
e Aty 2EY2E SEY F e S 2423, v aLA Wl F S
7FR2L Qleh. &% "ol U] F e &= superoxide dismutase, catalase,
catalase-peroxidase, peroxidases ¥ glutathione reductase, glutathione
peroxidase, ascorbate peroxidase, NAD(P)H-dehydrogenase, thiol
transferases°] 33 ¢t} (Scandalios, 1997).

H| 8 4% o7 Ze)| = AAlFoJA 9] ascobate, glutathione, thioredoxin,
vitamin E, carotenoid, a-tocopherol 5°] €& 9 2n, 53] ascorbate
9} glutathione2 F4+3t 842537 EFAE JA s Ao AdFHoE =&
24 ALES 9 A ALFoeE AN AAqss AoE EHA
9) t}(Scandalios, 1997).

AbstA 2E g 2o o3 wole] B3 dwAR IS GEstE=
AAEA F3 AdF= F - A FAARGE AldedA 22 AU AWEH $
o, E£3] Escheichia coli®t Salmonella typhimuriumo]A o]e] dlg Hof
71 zro] wo] W5 9t (Farr and Kogoma, 1991; Tartaglia et al, 1991).

I A dA 7| Fe] AstH &S AHAe st A, E. colif
NAD-dependent DNA ligaset Al ZuW¢] NADC *¥& & 22X Fenton
reaction® ZX1A)7]= NADH7F 275 o] hydroxyl radical?] A S A4
3t 715 ¥oh(mlay et al., 1988). = o & 752 AN A 2T
< EZA3 A= 7S 2R E colidlA €3A  sodA ¢ sodBE LRAE
el Mn =X FeE ¥3 superoxide dismutase (Carlioz and Touati,
1986), katG ¢} katE9l @459 HPI ¥ =+ HPI¥ catalase (Loewen
et al, 1985), ahp®] L&A AFE4) alkylhydroperoxide reductase, gshAB2] %3
AHE9l  glutathione synthetase, Z#3 gore] W3AHE4l  glutathione
reductase’} it H S8} L oA AN R I EZL2 F dA
71& e &3l B3FAAH o o &lA] B35}, Exonuclease I, endonuclease
IV, DNA polymerase, excision nucleases3 #Zo] £43% DNAE 53}
= 22 (Demple et al, 1986)4} glucose-6-phosphate dehydrogenase,
NADH dehydrogenases 3 7ol A Xy A3t Y A E xAH}= 84
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] =

zd o Ztz7t fEEHEdU °lE& AS FAAL(stimulon)olE FEdh
(Neidhardt et al., 1987). i35 5o 2 = =
FAATE LI BEAN AT A AFAE 534 2

et al, 1991). A5 [FAHATC EZE= FHAAY LIS =HIGNA
o]
o

¢
£
—
&
=
2
&
i
=

He] 2" (regulon)= A8t R} (Neidhardt, 1987).
A5tA 2EH 2 Y3} FAFLCEZE superoxide radicalE WA=
A ARG F= E-A o&A LLEH = sodA, nfo, zwf, acnA fumC, fur,
micF, acrAB, tolC, fpr, fipA, ribA, inaA, pqgi5s°] Y+=dH o5&
SoxRS ZA 9] 98] 3ol -} (Greenberg et al., 1990; Tsaneva
and Weiss, 1990; Liochev and Fridovich, 1992; Chou et al., 1993; Wu
and Weiss, 1992; Koh et al., 1996; Koh and Roe, 1996; Aono et al.,
1998; Rosner and Slonczenwski, 1994), #+3}52=0 93] Eho] F 5
= FAAZREE katG, ahpCF, gorA, grxA, dps, oxySs°| +dH o]&5
OxyR ZAFolgt= 5% TAHEUIAY] A S W=t (Christman et al,
1985, 1989; Morgan et al., 1986; Tartaglia et al., 1989; Altuvia et al.,
1994; Tao, 1997; Martinez and kolter, 1997), 28] AN E7} AA| A A7)
Y A3 AFH o A v {559+ katE, xthA, katG, fumC, acnA, gorA,
dps, sodCs ¥2¥9 FAAES WIS A= RpoS AT (Mulvey et
al., 1988; Schellhorn and Hassan, 1988; Mulvey and Loewen, 1989) &
o] g}, o] T A3HA ZEdH X g AT o FEEH= DA Fol=
o} g 2Ef &Y o8 fFEHE AEE d=d, T S =A A
A (cross-resistance)o] 8} sl AH3}E 2EHXE W53 o8 2EHX

o] A FAe] = AR &2 FH HGreenberg and Demple, 1989; Jenkins
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et al., 1988; Morgan et al., 1986; Van Bogelen et al., 1987).

Catalasex FAtst4LE 3 ALE Eistes 4F59 4
(oxidoreductase) 24, Ak3}S4=2o] 2 H 2§35l FAstSLo] 93 A3t
A 2EH 29 AAe] 7|Fd FoF 4L I} BLE
AFHel stk A F7A YA EY catalase T 13 F+22] A}old ¢
3 2719 ZFLE EFFHe 23 gt g AFLE AW EY] catalasedt =
717} Bl 2R 2 olm| kAt A de] BAFEAE Heoln peroxidase Z4°] ¢
+ (monofunctional) 8%¢] catalase°]i, t}& 3} peroxidase A S
7F2M A (bifunctional) Z7]E 700 olw]xAt o] =R catalaseR T}
peroxidase®} =& AFEA & HolE= 4F9] catalaseolt}. 2719 1 F L o}v]
A AdaA vl 32 AFAS vy, 2L IFAAE A3E =2
o] =4t AEAE YehllE 2R nFe] Kol F IFL AE o AF
oz2xng A3sdE ALz FAHIZ gh(Loewen, 1992). Typical
catalase®] 7% W o7} dA o §4 dE3 BLC(BTACAT)S
A HQ 2} heme distalF$E £33 o3 H9(domain A Region H, S,
N A BEA (HFE-N¥$5 92 a.a. & Micrococcus spp. 745 91 a.a.)
S Ho|E ulH o, catalase-peroxidaset €& % 47] o] 9 9] peroxidase®
A 2o A3y} FHolgdv R cytochrome C peroxidase’} €#A 9t}
(Heym et al., 1993).

oj g} o] o] wAZANA F 7R o] Fe] A= t}E catalase TAF}=
Aoz d4¥x i vAEe g 2y A AEFH J)so] gE2A 4
e}, &3] E. coli9l* catalase®] ZAo] #3 e A7t oA g}
(Farr and Kogoma, 1991). °]E2 59 catalase HPI (katG)¥} HPII
(katE)7} £A)3tw] HPIL 81kDa®l &$IAIZ FAE tetramer2A F 7
2] protoheme IX group< 7}A2 ¢ 21 (Claiborne and Fridovich, 1979),
OxyR ZAF ZAH = katG A7 o3 2= = B katEel 3
TP EHPIE 93 kDY F4F EAZFE /KAe 2d9A=2 742

flo

hexamer®] ¥ (Lowen and Switala, 1986), A %$IA 2 1719 heme d 2

-4 -



w2 7 glek (Chiu et al, 1989). 12|, 4tshy ZEdxe] g3t o
716& 7R YAE OxyR A7 EFH A 332, AlE7F AA A7)
So7HAY TCA3 R F7AES o]&3te AR v FAo FEdE A
22 <A Yt} (Loewen et al, 1985). I, & Ao katFehs 3
Zke] AbEo]l B3| katFel H71A 2L RNA T8 2L sigma subunit
(RpoS, ¢°,6%) ¢} fAstttE Ae] g Brl (Mulvey and Loewen, 1989).

:E,i"—'.‘ BFA AT Rhodospirillum rubrum-& W Asd o] vl $-
EZ w2 FI}A, VA EF, LR, FUHES 5 AD
e ste] AR, v 73 TN BIJA AFSA ALE3A,
A, 2L B 7T 2AHSe] AL o 24 "ok A
T71 &8s 2 3P E o] geHEraso and Kaplan, 1994; McEwan, 1994). Wjxs8
o] ¢ c}¥3t Rhodospirillum rubrum& 4 7|4 AdLE 7|3 R
Adss ¢ AL SAEIAE FIATI= BolA &l BoF Flo|t.
A Z2Eg 2 i3 o] 7)F e ¥ AF= AFIT AAo|r)
2 dFdAE o dATE S 7R AT
rubrum S1°]4 T¥ == catalase @ FH{FAAE cloningsty, 1 {FAxk
59 7 ¢ EARETH EAE Lol Rux AA}Gd. =3, FEH
catalase TAAe] HFBPg PdoJ7 catalase®] A 3}3H3] 5"3% o}y
LA} AAE )

l-J

Rhodospirillum



2. F¥A AT Rhodospirillum rubrum S1°A

Catalase Gene Cluster?] #2 2 SAEH

2.1. A &

RAEL thokg 37 W3 S Aolrtr] wel 279 W3t SeAx
AMEZ UE AT FHZ FAAA F F JE 71Fo] &7 drld = &
< FAASe] FAsted, AES SAFT 4 Wl g8 223 FAAE
< AAFE A7 LAAIE A VFE LR g 53 AlFY AS F
Ag 37 Wsle] AHAH LR & o] 97| Wi, o] AHAA FAAES
e 38207 2437 Q3] TULT BFelA o w st dd9 FA
A o] BPE FA 2AHs= 71FE MR Yot o] E9 WIS 2 E&F
223 37 Wsto] HA3] W5-3A " ch(Neidhardt, 1987)

A7t EAEE R4 A AHAS ARAHY 2F AAHY A
= g3l BAFAY Rl EAd= AsHAC =EFH 9 %
A AAEFe o3 AstA ZEH2E A .

AbstA 2Ed 2o g bS] B3 B AN a7 E ¢ss)s)
= FAAEL Escherichia coli, Salmonella typimurium (Farr and
Kogoma, 1991; Storz and Imlay, 1990)°|4 & 938 FH<}l. 53|, E. colidl
4 catalase®] ZAe| A3 AF7} Ho]dH(Farr and Kogoma, 1991). ©]
=2 F 7}A9 catalase, & HP 1 (katG)® HPI (katE)E 7}A 2 9o
HP I & OxyR ZZ T ZAS = katG A A o8] &dx&= v katE
o o& WIEHE HPOE A3td ZEg 2o d3 do]7| 5 71X 9A
7 OxyR A F x3=A] 32, Alx7 ZA A7) So17Hd TCA
3z FAES ol &3t AT W FAo] FEFHE AR dA U
(Loewen et al, 1985). &H, &3 A= katFet= FAAe] AHEo] g
g katFe] 97144 RNA £3¢& 49 sigma subunit (RpoS, ¢, ¢°°)¢}

o
&
oX
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A stck= Aol &8 At (Mulvey and Loewen, 1989).

Bacillus subtilist 3 %72 monofunctional catalase® 7}z 92
W cat]l (katA)= FAAsFLE, F2H T 50024 93 FEH= 9
%A Z catalase (Bol and Yasbin, 1991, 1994; Chen et al., 1995) KatA
o] @@L PerR JAIAAIe] o]3] w7/ ®c}. Catalase 2 (KatE)= E. coli
HPII &} fAsle, AA AA7] == 4, 4, ethanol Z2E#H X, glucose 172
o & 55, o® o3 ZAHA} (Engelmann et al, 1995). Catalase
3 (KatX)= FHAZoA w3y, ¢ 93] 2" "} (Bagyan et dl,
1998).

Streptomyces coelicolore F %9 monofunctional catalase, CatA
¢} CatB7} £A3lH, CatAe= F2 YA X catalaseZ2A] FHAH3}530] 9]
A FEEch 282 CatBe AA ARV HoldA #FEFHH, AF ZEW
29 93 fFEHE= AR €8A Ak (Cho et al, 2000; Cho and Roe,
1997). 283 59 catalase-peroxidase® Zt3l 92w CatC= AX
7} FAAIE A o] FEEH (Lee, 19955 Hahn et al, 2000), Sc-catC
AR AR 9 furd FRAAE T3 e LV ELE FAFH 9o,
AA A7 FEH S50 A3 -3 3 w' FurAdle] =43
ot g2 9ot
Pseudomonas aeruginosac BAA 371 A2 F £/ catalase
7}x13 9 cHBrown et al, 1995; Hassett et al, 1999). KatB+= A& X
A, LEEe] FAsteLd oAt P At KatAs Al E2 3}
AMEZD Fid EA%Y 2718 AR = 2S5 o] & v wzsiA ¢
t}.
Ar3tA 2Ed 2o g o) FE o3 Al 2 dHA Idx|%t
F#dA AT Rhodospirillaceaedl A=  stressol Wig wWe] 7]z
Rhodobacter spheroides®|* charperonines Cpnl0# Cpn 60°¢] 9§ o+
(terlesky and Tabita, 1991)8} oxidative stressel] @& <A F(Terzenbath
and Blaut, 1998)¢] ol = A F3F A A o]t}

£ AT dekdt dabsE S 7 BT Rhodospirillum rubrum

ox

Mo
=2

-

2 4N
R
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S1el4 2 ¥ == catalase ¥ FHFAHAE cloningdtx, 1T FAAEL +

28 #H4s9h

2.2. A5 9 4

2.2.1. F 2 A<

£ dFo 283 #F9 plasmide Table 2-1¢] EA3143, PCR %
sequencing primer= Table 2-2¢] Yeldgdc}t. o8 71z Agass: <
DNA ligase, Klenow fragment 53 PCR 43 $]3t Tag polymerase
Bioneer(Daejeon, Korea)®=+ Promega(Madison, WI, USA)°|4, DNA

=

=~

sequencing kit®} Hybond-N nylon membrane Amersharm (Arlington
Heights, IL, USA)9A ¢392, DNA ZAE 93 Dig DNA labelling
and immunodetection kit Roche(Mannheim, Germany)elA] z}z} +¢
ste] Abg-stch. wlz = Difco(Detroit, ML, USA)2] AFE, T o] A<t
2 Sigma(St Louis, Mo, USA) o4 35t A}-235} ).

2.2.2. &F9 wIFzA

2.2.2.1. Rhodospirillum rubrum S1¢] W ¢Z4

Rhodospirillumn rubrum ATCC 11170(S1)& Bose3$(1962)9] %]
A 2,000 Lux, 30C, 5 ~ 747 @71H 2= Ax| ksl 71 &ux
24L& &3 2. D.W. 1 LZ KH:POs 600 mg; KoHPOs, 900 mg;
MgSO, - 7TH20, 200 mg; CaCls - 2H20, 75 mg; FeSO4 - 7TH20, 11.8 mg;
v 249 (D.W.,, 100 mL; HsBOs, 280 mg; MnSO; - 4H,0, 210 mg;
Na:MoOy - 2H20, 75 mg; ZnSOs - T7H20, 24 mg; Cu(NOs): - 2H20, 4
mg), 1 mL; EDTA, 20 mg; biotin, 15 xg;(NH4)SO4, 1.25 mg.o 7] ] &2

PeF 3 g malateE H7}sglcl}.
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Table 2-2. PCR primers and sequence primers used in this study

Primer name Sequence
CatlF 5'-CCNGARMGNGTNGTNCAYGC-3'
CatlR 5'-AYNGGNGTRTTRTTNCCNAC-3'
pSCATO021(BE1) 9'-CAGCGCCTGCTCATTGGTC-3'
pSCATO021(BE1-1) 5'-GATTGCCGACCACCAGATCGAAG-3’
pSCATO021(EB1) 5'-CATGGCCTCGGCGATATTG-3'
pSCATO021(EB1-1) 9'-GACCTCGATCAGCGGAAAATC-3’
pSCATO022(EB1) 5'-GAATACCGGCGCCTGCGCGA-3’
pSCATO022(BE1) 5'-GATCGCCTCGCTCAGCCAAACAG-3
pSCATO024(HE1) 9'-CTCGGCGAAGGCGCCTTTCTC-3'
pSCATO025(NE1) 5'~-GTCGCCGATAATCAAACAG-3’

pSCATO026(NB1) 5'-GAACCGCTATAAGGGCCAG-3’
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2.2.2.2. Escherichia coli® W ¥Z7

¥4 ARE SFAEZE E coli ]M109%F UM2555 AH4-3tch. ¥4
A%E E. coli 5 JM109 =+ UM255% Luria-Bertani (Bacto-tryptone
10 g, Bacto-yeast extract 5 g, NaCl 10 g per liter) WX & 37Cel4 »j
3t tt. pGEM-T Easy vector =+ pBluescriptSK(+) vector® 32 A
9 JM109 =& UM2558 AHFE Wit ampicilins =7} 50 pg/mlLe] =
EZ LBuiA ] H7}stchH(Sambrook, et al., 1989).

2.2.3. DNA &3 2 AA

2.2.3.1. Rhodospirillum rubrum® A= DNA &3

2-13} #o] w43 Rhodospirillum rubrum S1¥ 4T, 10,000 x g2
1027 st #AE &2, 9.5 mLe] TE €584 (10 mM
Tris-HCl, 1 mM EDTA, pH 8.0 &% Azt 10% SDSE 0.5 mL,
proteinase K(20 mg/mL)E 50 yL% Z+Zy @31 37 CoA 1A 7Hsat HE-g-A]
2 F 5 M NaCl €9 1.8 mlL, CTAB/NaCl £9(10% CTAB;
cetyltrimethylammonium bromide, 0.7 M NaCl) 1.5 mL*® 373 % 6
5CeNA 2087+ AxAFHE. 0.5 volume® phenol? 0.5 volume?)
chloroform/isoamylalcohol (24 : 1)& 13 F&3 5 AANE A FERZE &
A F%2] chloroform/ isoamylalcohol (24 : 1)& ©}A] 13] F&st9ch. AA
oS 0.6 volume? isopropylalcohol® HAAZ t}& 70% ethanol® Al
Aetdoh. 37 FoAH AxAZ F 3 mLe] TE ¢F49¢ 9335 DNAE
LA A . F< DNA 299 RNase A (100 pg/mL)< FH7}Fste] 30% 4t
44171 ¥ phenol/chloroform&2 23] o] F&3o] FFEH (Azs/Azso)

7} 1.8°]7°] =HA s}
2.2.3.2. Eg&n=9] ¥
Zel2ulE DNA 28 & alkaline lysisH o2 o}&9 &4 o} &
o
=

g 39 (Sambrock et al., 1989). 30 mLe WA wjgH-E 12,000 rpm

_11_



oA 5EZ AEEsI dAFS sty F AANE AASNL 4 mLe
GTE &5£9[50 mM glucose, 25 mM Tris—HCL (pH 8.0), 10 mM
EDTA (pH 8.0)]& 37}3te] @¢A3ict. A5 0.5 mL9| lysozyme §
(10 mg/mL)< 37kste] Aol 1027 #2183 ek. 5 mLe] alkaline-SDS
$9(0.2N NaOH, 1%(w/v) SDS)< FH7}ste] €& 1087 x| F 3.75
mLe] 3M potassium acetateE 7}t Lgol 1087 x5
12,000 rpmel 4] 10¥7F VAL F F 2 A4 0.6 #3719 isopropylalcohol <
A7bste] el 1087 #2832 12,000 rpm°l]11 1027 A&} F
Z2u = DNAS A3 . 344 S 70%(v/v) ethanolZ X3 s}e]
23 F 2 mLe TESENS Hrulbste] 39l

Eetzn|=9] 13 FAARA 2 FEY AFE FAFy] 93 DNA £
gHel= Wizard SV Mini-Prep DNA purification system(Promega Co.,
Madison, WI, USA)& o] &3l on] A 23] Ae] xH ) da} A-&314 ).

2.2.4. PCR(Polymerase chain reaction)d] ¢ % catalase 3
A9 2Z

R. rubrum Als DNA| W3 catalae FAARAES FZ37] 9 Tag
DNA polymeraseE A}-£3}% 3, degenerate primerv 7] & <=z Al
o] catalase®] opm|xAt MEE 7|Z3dte] HE FH7F 2 FHE A X
oldle] BioneerAtolA FAE AL £33 ch(Fig. 2-1). degenerate
primer (CatF¢} CatR) set®} 37 100nge] Al DNAE Ag3lgen =
2 Gene Cycler PCR 7]7] (Bio-Rad Co., California, USA)E A}-%
3glon, SFEAL 95 coﬂzﬂ 5¥7F WA F 95T, 1¥-55C, 1¥-72C, 1
o F715 331 £33 F FHF 72CA 1087 extentiond}t St}

41‘4

l:l

1. 53 DNA AH? &5 £
ZZ3% PCR A& Southern €A 34E-g-94 YeEl+= DNA AH S

>
Mo
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CatlF

71 RI|IPERVVHARGTGVKGEFTASADI SDLSKA Pseudomonas syringae
45 LIPERRMHAKGAGAYGTFTVTHDI TRYTKA Rhizobium sp. SNU003
116 RI|PERVVHAKGWGAFGSLKI TGDI SQYTRA Rhizobium meliloti

47 VIPERRMHAKGSGAYGTFTVTHDI TKYTRA Bacteroides fragilis

48 RIPERAVHAKGWGAYGTLTI TGDI SRYTKA Brucella melitensis

121 RI|PERI VHARGSAAHGYFQPYKSLSDI TKA E.coliK12

56 VIIPERRMHAKGSGAFGTFTVTHDI TKYTRA Haemophilus influenzae
67 RI|PERVVHAKGAGAFGYFEVTHDI TRYSKA Bovine liver

47 RVIPERVVHAKGAGAHGYFEVTNDVTKYTKA Bacillus subtilis

81 RI|PERVVHARGYGVHGFFETYESLAAYTRA Sinorhizobium meliloti

bt

CatlR

130 DPHGFATKFYTADGNWDLVGNNFPTFFI RD Pseudomonas syringae
105 DI RGFAVKFYTDEGNWDI|[VGNNTPVIFFFRD Rhizobium sp. SNU003
175 DVRGFALKFYTDEGNWDLVGNNTPVIFFI RD Rhizobium meliloti

107 DI RGFAMKFYTEEGNWDLVGNNTPVIFFLRD Bacteroides fragilis

107 DVRGFALKF YTQEGNWDI|VGNNTPVIFEVRD  Brucella melitensis

181 DI RGFATKFYTEEGI FDIJVGNNTPI[FFI QD E.coliK12

116 DI RGFALKFYTEEGNWDLVGNNTPVIFFLRD Haemophilus influenzae
127 DPRGFAVKFYTEDGNWDLVGNNTPI[FFI RD Bovine liver

107 DPRGFAVKFYTEEGNYDI|VGNNTPVIFFI RD Bacillus subtilis

141 HVRGFAVKI YTKEGNWDL|VGNNI PVIFFI QD Sinorhizobium meliloti

Fig. 2-1. Oligonucleotides, CatlF and CatlR are degenerate primers
designed based on the conserved sequences of catalases from bovine
liver and prokaryotes. Amino acids chosen for the synthesis of PCR

primers are boxed.
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Ao e 35T W= Electro-elution ¥ (Sambrook et al, 1989)%
T+ QIAEX I Gel Extraction Kit(QIAGEN Hilden, Germany)g °]$%
ste] A Z3)ALe] x| H el wte} A§-35 ).

2.5.2. A= % ¥A A%

Catalase 3 AE AZXFs7] A AxFY 7| 2FAA L Sambrook &
o] 1 (1989) wsken, Al Hee] Evj= 1: 12 35l PCR 4
25 Azgstr] 9984 pGEM-T Easy vector(Promega Co., Madison,
WI, USA)°l FZ% PCR AHE 7 uL, vector 1 pyL(10 ng), 10x reaction
buffer 1 pL, T4-ligase 1 uL(3u/uL)& EFAZ F HF ¥97} 10 uL=
AT F 16ClA 18A17F &9t S AFH )l Southern A3 AH Axg
< inset DNA 3 uL, Algas:E A3 pBluescript SK(+) vector 3 uL,
10x reaction buffer 1 ul, T4-ligase 1 yL(3u/uL), D.W 2 uL< &3 Al
HF F971 10 uL=A 3t 14TCelA A w-3AF ok F A A F
t FFE E. coli JM109%} E. coli UM255 #5& A43tgen, 33
g eR = F coli JM109 #+59 7% CaCl; ¥ (Hanahan, 1986)3}
coli UM255 #F4¢ 74$ Gene pulser(Bio-rad Co., California, USA)
Ah-§-3t i et

7

_'_3
o

o o

2.2.6. Southern €4 3} u-$

2.2.6.1. ¥3 DNA ¢ #¥ ¥ %X

Catalase 3 7#Fe] HAd 291 &3 DNAL PCRel 9& 5Z3 R
rubrum® Al DNAFEE A&3gch. #2838 3 DNAT Dig-DNA
labeling(Roche Co., Mannheim, Germany)2] At-£x] 3] oA st Ez] 3
Ak WA 25 uge PCR AHEE 95TeA 1087 7tdste] WA3t A2
Hexanucleotide Mix, dNTP labeling Mix, Klenow enzyme$& % 7}3}o]
% 16 uL 584E WE F 37CoAA 1647 A0 F dbsAd 0.2
M EDTA (pH 8.0) 0.2 yL& 7} 37 65TE 7}L3e o5 TAA

_14_



Zet.

2.2.6.2. Genomic hybridization
Catalase A A copy ¢ EAE LolR7] 98| R. rubrum S19]
AlE DNA 15 ugel 242y BamHl, EcoRl, HindIll, Pstl, Sall< 2.5 U/ug2
2 AT F 37CoAA 30%7 BEAA B Adsdc. 239 DNAAN R
£ 0.8% agarose &% ZAd A 20Ve] AYS Fo] 1817 Tk AV 53
Act. A714FF AL Southern(1975)9] el wet Ax & F HA§
(0.2 M NaOH, 1.5 M NaCDelA 30%4 29, 223 Z/HFE 7PEA Ao
Y, F3-84(1.5 M NaCl, 0.5 M Tris-HCl, pH 7.4)°4 4574 23] #]g]
% positively charged nylon membrane®] capillary transfer #3222
DNAE &ZAth. old transfer buffert 20x SSC buffer(3M sodium
citrate, 1.5 M NaCl, pH 7.5)& °¢]&3¢ 18A7t FaF AHoJxFH <t} Nylon
membraned)] 7% DNA¥X UV-crosslinker(Bio-Rad Co., California, USA)S
o]&3le] DNAS ZAsIa, A&eA AZAL F ohF] e =z ?5"“5}
Hh-S& 53035 t}. Nylon membraned A 100 cm® 9 20 mLe A
Ko 9, A F25F 42TodA 4A7T T A 4 5]’

°l° Fl°l

o do s

3 ¥ 23 DNAE 93 42TCeA 18X A3t 335

o] ¥ F nylon membranes 7Y 200 mL® 2x SSC/0.1%SDS Al
Ao 584 29 AL o)A 0.5x SSC/0.1%SDS £ o

2 55CHAA ZZ 1584 29 AF3st ¥ 5ol ZA¥E AAT F
immunodetections 3} t}. Immunodetection® Dig-labelling kit(Roche

Co., Mannheim, Germany)2] Z|Z A u}z} A A3}

2.2.7. Catalase #+#A#} library A%
Al DNAC Southern €A 3HuE-S-olA Hb-3-& Bl AR RIE x93}
°5| °]':°1] & libraryS A2l cl. Als DNA 2.5 pgS EcoRISE Ak
Z 0.8% agarose gelol4] A7|94E3 F ok 75 kb AHAESYYE 239 2
7'4"1 34384t 34 DNA 935S EcoRISE Z g pBluescrpipt



SK(+) vectordll HA3 ZHALZ AZ3 st E. coli UM2559] FAAZ A
21 ¥ X-gal/IPTG/Ampicillin’} £35 LB 3wz I FAqk A
13k F o] 5S A LB Z¥wlA] o wjekstgdc}. E. coli UM255% katEs}
katG A F-9d SdHo|d FFolBRE 3% FAstyLE "ol =W
AFol AR =} wetA kat FAAE T3 AR o] KF
AE] E. coli UM255° A AR kat FAA7E TIHE
complementation®] ¥oJyA 3% FA3FAEE dojm=gw AFo] A
€ 54 o) &3t #FF ALsddh(Fig. 2-2). o] &S AA x| A] wfj
3o 3 AT=RYH FE3 Fg2v]= DNAE AL 4 A4S =
29l EcoRI&E AD3}3l inserts®] A YAH= A7) 53l agarose gel
A71dEeE FUsgr. °o]E geldd FAA AIAES FILE 3,
PCRE 534 ¢9J# catalase A2 dH& @HAE o] &34 Southern

Qs E ARG, A=F signale P& 2L AL

)

iy

2.2.8. 471449 24

A71-d ¥4 & ALFexepress II DNA sequencer(Pharmacia Co.,
USA)¢} ABI 377 automatic sequencer (ABI Prism Inc.)& A}£3leo] &
A3t ct. PCR A& & pGEM-T Easy cloning vectorel]l #4943 3 443
DNA+ Cy5-labeled vector inner primer%] M13-40 primer2} M13 reverse
primers ¥33l322 9+ Cy5 Autocycle Sequencing Kit(Pharmacia, USA)$}
A2 sequence primers ©]$3le] ABI Prism BigDye terminator cycle
sequencing kit(PE Biosystems, Foster City, CA, USA)E AlZxA}e] =3
Ao wet A F AUl EE AAsA
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R. rubrum Cells

Bluescript *
T Genomic DNA

EcoRI Partial Digestion

v v

EcoRI Digestion Southern Hybridization

l p Ligation <« |

v

Recombinant

EcoRI

Recombinant

pCATO02
>10.4kb

EcoR1 *

Transformation (in E. coli UM255)

v

Bubble test

v

Recombinant cells containing K. rubrum catalase gene

Fig. 2-2. Cloning of Rhodospirillum rubrum S1 catalase gene into
pBluescript SK(+) plasmid vector.
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2.3. 2% ¢ 1%

2.3.1. 7l DNA¢] PCR $% ¥ PCR 4£9 ¢7144 AA
Catalaset 4 R & FHLE REANoO| o4, 714 HEAH =&
9l Val73, His74, Ser1133% Thrl114, Asnl47, Phel52S E3sl Y+
AE FA2F 39 degenerate primers A Zste R. rubrum® A&
DNAE %% A7 245 bpd F$3FH PCR 4E°] AAES 9 & 9
Ach(Fig. 2-3). %% DNAS @714 ds Z2A T ZIAE vd2=® o
A LS 2 AEY catalase®}t ©+5 vl 2T B3} Mesorhizobium loti®]
catalase®}= 76%, Shinirhizobium meliloti®] CatC®= 73%, Xanthomonas
campestphaseoli®] KatE®} Pseudomonas aeruginosa®l HPI$= 61%,
Deinococcus radiodurans®) catalase$}= 57%, Caenorhabiditis elegans®] Catl3}
= 54%2 R AEAo] =A Yl oA ZAIE R rubrum S1¢] genomic
DNAZRHE] 5F35 PCR AHE2 catalase frAAe] AH-729S S 5= 3igi)

4z o

2.3.2. PCR AE& 9322 3+ AlE DNAY Southern hybridization
R. rubrum S19] catalase FAAS] copy 9 EAE Lolrr] $3)
Southern hybridizations 33 ZA3 BamHl ZHZFd= =277} & 20
kbp ¢ 6.5 kbp, EcoRI ZH Felx+ ¢ 7.5 kbpst 1.0 kbp, Hindll A
A Fel ¢F 8.5 kbpst 6.0 kbpe] AHe] A3 F2H I} (Fig. 2-4). 9]
T R. rubrum S1 FF= HolX 2709 catalase A7} ETAE Aoz
S hs
2.3.3. DNA AHo] Y3 sublibrary? AZ 2 24
Southern hybridization®] ZA3}& w®l® 22 BamHI Z#H(6.5 kbp),
EcoRl AH(7.5 kbp), 28|32 Hindll AA(6.0 kbp)= sublibrarys #| 23 3
E. coli UM2552-2 32AZRZ 23}, o 50071 FAAZAE €< & 3

g}, FAAZAF R. rubrum S19 catalase A A L3 & Fqlslr] 9
3] colonyel 3% A3ty LE FDoj=3 A, ¢ 500/0¢] FAAJANEF
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300bp <+— 245bp

Fig. 2-3. Agarose gel electrophoresis (2%) of the catalase PCR
product. The PCR process was carried out by using genomic DNA
from Rhodospirillum rubrum S1 and a set of forward and reverse
primers. The amplified catalase fragment of 245 bp is indicated by an
arrow. Lane 1, DNA size marker(Gene Ruler™ 1 kb DNA ladder); lane
2, the PCR product of a catalase gene from R. rubrum S1.
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(A) (B)

23 kbp —p

9.4 kbp —p
6.5 kbp —p

4.3 kbp —p

2.3 kbp —p
2.0 kbp —»

Fig. 2-4. Southern hybridization of catalase gene using total genomic
DNA from Rhodospirillum rubrum S1. The DNA fragments digested
with several restriction enzymes were hybridized with the catalase
DNA fragment obtained from the PCR process. Electrophoresis
pattern of total genomic DNA from Rhodospirillum rubrum S1 digested
with several restriction enzymesis shown in left panel (A). The signal
indicating catalase gene by Southern hybridization with the catalase
probe labeled with Dig DNA lebeling kit is shown in right panel(B).
Lane: M, DNA size marker(ADNA digested with HindIl); 1, DNA
digested with BamHI, 2, DNA digested with EcoRL; 3, DNA digested
with HindIlll; 4. DNA digested with PstI; 5, DNA digested with Sall.
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08 FAAZA NN AFeol AAEHD AL FFEHH A2 Fg=
n=g FE3 AFELE AT 23 TN IAAIA EF EcoRI A
AE dFS € F YR, ol F AFl A LA FAA
A NS Akste ol2iE AxF FAAE FE3 "pSCAT02'E H
stgth. E. coli UM255(pSCATO02)8] ME FFE< HHA PAGE A7|
TS FYF F A 9M% AR (Fig. 2-5), R. rubrum S1 catalase
Az A9" pSCATO02E 2z 9+ E. coli UM255 FFolA 7stA &
2% o 4§ 993, pBluescript SK(+) vector®: &332 9= E. coli
UM255+ catalase &4 o] JelUR] e85 R, rubrum S19] catalase
Ao s HAHYF ¢ 5 A R rubrum S1& Z7|H 22 X
W 5%Fe] catalase, ¥71H AdAA  FIFAE T W= 2FFe
catalase(Cat 2, Cat 4)7} SEAgH(Lim et al., 2001). o] % Cat 4
band®} A7) 54 2L A ZsiAl 2= R. rubrum S19] catalase
+= Cat 42 335, lac promotor 5418 IPTG7F 9+ AH A E.
coli“lx 7}siAl A== AL R, rubrum S19 catalase F3AA7F 54 F
o2 W= Aeg FEF R. rubrum DNA°| £A 3+ promotore] ¢
i AAEE Aer Asdc

o
O

2.3.4. pSCATO029)] 3 AFELE: A5 dA 2L southern hybridization

pSCATO2¢] 4449 2R 75 & 7537 8 o2 Adax= Ad
sle] Alga i 2 EFAF Southern hybridizations F33stgc}. AFaLE
A2 & A3 BamHl, EcoRV, Hindll, Notl, Sall, Xhol #2]7} &3}
A4S ¢ & 99 (Fig. 2-6A) o] 5 ulegre 2 catalase FAAe] x5
stetslz] $lsl PCR AHEE Southern hybridizations 4§33 23},
EcoRI-Apal2#H& ¢ 2.3 kbp 7], EcoRI-BamHI ZAH& < 5.0 kbp 2
7], EcoRI-EcoRV ZA#H& ¢ 3 kbp 7], EcoRI-Hindll AAL <F 6.0
kbp, EcoRI-Notl Z2HL& <F 3 kbp Z7], EcoRI-Sall Z2HL& <F 3.5 kbp
A7), EcoRI-Xhol 2R & <F 3 kbp 7|94 A37 AAFESE ¢ & U4
o} (Fig. 2-6B).
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Cat 1

Cat 2

Cat 3

Cat 4
Cat 5

Fig. 2-5. Expression profiles of the catalase genes from
Rhodospirillum rubrum S1. Nondenaturing PAGE was carried out
using cell lysates from photosynthetic bacterium Rhodospirillum
rubrum S1 and Escherichia coli grown under different conditions.
Lane 1. Aerobically grown cells of R. rubrum S1. Five different
catalases are shown; 2. Anaerobically grown cells of R. rubrum SlI.
Two different catalases are shown; 3. E. coli UM255 harboring
pSCATO2. Expressed catalase coincides with cat4 of R. rubrum S1; 4.
E. coli UM255 (HPI -, HPII-; pBlulescript SK+); 5, E. coli JM109
(HP I + HPI +).
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2.3.5. pSCATO02 A& AHA| g subcloning ¥ 71449 2HA

pSCATO02¢] & subcloningdt 23, EcoRI-BamHI(2.3 kbp), BamHI-
EcoRI(5.1 kbp), EcoRI-Hindll (6.3 kbp), Hindll-EcoRl (1.1 Kkbp),
Notl-EcoRI (2.7 kbp), BamHI-Notl (2.4 kbp) AHo| A4l A=F I
n=5& d9en, olg& ZZ pSCATO021, pSCATO022, pSCATO023,
pSCATO024, pSCATO025, pSCATO026°]2} Wwstdct. Axg Zgxv|=F
= E. coli UM255% ¥ZAAZ X3 F 77l 3% H0.5 "ol=32 AFA
d fr- 78 U9 A3, pSCAT021, pSCAT023, pSCAT0257F E3Hs
PHAAZA A AFo] AAARLE pSCATO021, pSCAT023, pSCATO025 A
Z3 Zgt2v| =9 R, rubrum S1 catalase FAA7 A4=e] 5 ¢ &
A Ak (Fig. 2-7).

FNALE ZAN A AA AxF SHEuE=EESE SFAX
JM109e] FRAZ A F plasmidEs ¥ 3 F T7/T3 promotor primer
£ ol g3l AUIAE S Y59 ¥ subclonesd d7IAEE A3

A3}, BEAH 22 trehalose-6-phosphate synthase, glucokinase, endonuclease,

v

N

methyltransferase, catalase, araC family transcription regulator®} A}
Hol gt #AAYE F4F & AUHFig. 7). pSCATO2 HE A 9
71N dE E4F A pSCAT02 282 97144 =277 o 7.4 kbpd 6
el ORFZE FA = o] 93 trehalose-6-phosphate synthase, glucokinase,
endonuclease, methyltransferase, catalase, AraC family transcription
regulator FAA &5 a5 o] &+ &3 (Fig. 2-8)

2.3.6. Trehalose-6-phosphate synthase fZA#te] 97] ¥ oju|x
A A 24

pDSCATO2¢] Wi§ A F714 L& 4% 234, ORFle 5-2dF%e
°F 250 bpel @717} 2AHA ¢+ 1092 bpe] @712 FAD FAA 4R
4& ¢ & A9 (Appendix ). #3371 AEdE& 27 =E °] ORFE
d353lslr 9+ ZHMElo] =+ trehalose-6-phosphate synthase® %3
Ak @71 AEE AR o A4S oF Hlx2d ZF(Appendix II),
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(A) (B)

M12345678 9 12 3 456 789

Fig. 2-6. Profiles of restriction fragments of the recombinant plasmid
pSCATO02 containing the catalase gene cluster from Rhodospirillum
rubrum S1. The restriction fragment patterns originated from
pSCATO02 is shown in left panel (A). The signal indicating catalase
gene by Southern hybridization with the catalase probe labeled with
Dig kit is shown in right panel (B). Lane M, DNA size marker(Gene
Ruler'™ 1 kb DNA ladder); 1, FEcoRL 2. EcoRI-Apal; 3,
EcoRI-BamHI; 4, EcoRI-EcoRV; 5, EcoRI-HindIlll; 6, EcoRI-Notl; 7.
EcoRI-Sall; 8, EcoRI-Xhol; 9, undigested
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Salmonella typhirium® trehalose-6-phospahte synthase %A}l otsA
8}= 47.8%, Escherichia coli®] otsA$}+= 47.7%, Rhizobium sp. NGR234¢]
otsAS= 41.9%, Sinorhizobium meliloti®] otsA$}+= 41.7%, Xanthomonas
axonopodis pv. citri str. 30628 otsAg}+= 41.4%, Ralstonia solanacearum®)
otsAst= 36.5%°] 3EAE RcH(Fig. 2-9).

Trehalose= Ald, ¥%°], 88, A&, &%, 55 43 AEA &

AR vFYA 2957524 (Elbein, 1974), A ZUe] AARAER =& g8
A7 e, 32, anhydrobiosis, osmotic shocks 3 22 37 2EJ 24
gk wo] 7] Fe] FoJgicly &8 ¢lth(Van Laere, 1989; Wiemken, 1990).

E. coli°lA trehalose«] A 34L& UDP-glucose$} glucokinase-6-
phosphate2 %€ A =lch. A A3 DA A trehalose-6-phosphate synthase
(otsA T AHE)] 2]3 trehalose-6-phosphateS A gt} F #HA 7
o] A1 treshalose-6-phosphate= trehalose-6-phosphate phosphatase
(otsB 23 AE ) o3 22Xt} Trehalose A FA FA3st= otsA
¢} otsB A A= E. coli®] linkage map®] 42 minAtg] ¢ $x]3slx 9lt}.
E. colidlA+= A5 ZE#H 29 93 fE=5(Larsen et al, 1987; Giaver et
al., 1988; Arguelles, 2000), yeastol4]+= trehaloseS FA 32 A3}3 2E
H2o] AFAo]l Erha delA chAlvarez—peral, 2002). F3}A Al =
trehalose’} compatible solute® A A=}l &g (Welsh et al., 1998).
R. rubrum S1<& ARZEA 2 AF ZEHQE £+ A5 2EHQEF oS
gt 2Eg X dg "o $FFO=FA  trehalose A FAqF=
trehalose-6-phosphate synthase A #}e] £A7} QT ZoF 3yl
}.

2.3.7. Glucokinase FA#+2] 97] 2 ofu] x4 AFEH
Trehalose-6-phosphate synthase FZAFe] 3{FH-9l X FA=}
Q7| DS BAF 23 978 bpe) FIIE o] Folxn 326719 o}ln| kAt
d23stst= e ORF7F S1A13 2 &S #0393, NAZEATG)
FAIE(TGA)L 2 FA5 9t} Trehalose-6-phosphate synthases

-L o Lo
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— E. coli K12

—— S. typhimurium

— R. rubrum S1

X. axonopodis

Rhbizobium sp. NGR234
|_

|— S. meliloti

R. solanacearum

89.3

80 70 60 S50 40 30 20 10 O

Fig. 2-9. Phylogenetic tree based on multiple alignment of amino acid
sequences deduced from nucleotide sequences of the putative
threhalose-6-phosphate synthases from bacteria. The length of each
pair of branches represents the distance between sequence pairs,
while the units at the bottom of the tree indicate the number of

substitution events.
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#353st= FAA 229 6 bpe glucokinases $E3tst= AR AA
ZE3 55 5]"1 des ¢ F dA FAAY FUIALEREH {F5FT 9
Zeo] Hxapgke 33,865 Da °o]gden] TAHAHo] 7.18¢ glucokinase® 9l
Ach(Appendix I). €71 A9< A= oAt AdS oF Hu A,
N-"¢d 939 ATP-binding(Z7] 1394 17) ¥$] Z phosphate-1
motif7t  Z3tEe] dEFE ¢ 4 Jsdch(AppendixIl). & AE9
glucokinase °}v|x4t A 493 vl A} Helicobacteria pylori J99¢}+=
35%, Neisseria meningitidis MC58%}+= 34.7%, Salmonella enterica$}=
34.6%, Escherichia coli K-128}+= 34%, Microbulbifer degradans 2-40
2h= 33.3%9 254 E EIth(Fig. 2-10). Glucokinaset: A7) FoIA
2 ATP %+ polyphosphateg °]&3¢] glucosed] 14H3lE Fvjsl= =
224 QREY A EAFL ot F FFl FAd}E L= AlFAA
= 2ol TAEE JAAGL <A JdrHAngell et al, 1992). glcKel+=
ATP binding sitedl A3F2 e AIDLGGT motifE E3st ¢ r}(Arora
et. al,. 1990). ©°] N-terminal ATP-binding motif< glucose kinase$}
hexokinase®l] 233 RE=o 9 tH(Schwab and Wilson, 1991). A1
glucokinase?] WA Rzl 33~34 kDal® Z7|¢ N-2gk 249
ATP Z3 3971 & REFo g +=dH(Concha and Leon, 2000), R.
rubrum S19 glucokinasedl A& gt a Rzl 33.8 kDao]xZ N-Egh
Ao ATP 2359 (DIGGT)7F EAst= A 4x] ).

Pseudomonas aeruginosa(Cuskey, et al., 1980)¢} Zymomonas mobilis
(Barnell, et. al, 1990)2] glucokinase FAA= TEF 43 vA}ld] o
e SAAEFH clusterS o2 Ao v B o R rubrum S1¢ A
= 28A] 2go] 9 A}, R rubrum S1¢] glucokinase= trehalose-6
-phosphate synthase$} @743l trehalose §A | Fsi= ZAZE Add
}.

2.3.8. Restriction endonuclease$} methyltransferase 3 A}¢]

g7 9 ofu] A A EHY
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Glucokinase®] 3}l X FHAAY H7IAESE 4% 2
restriction endonuclease®} methyltransferase’} 94422 Fo 98-S
o18t9dc}. Restriction endonuclease= 1284bpe] H7|E FA = o] 428719
opu| = AhS & 33tE 3tue] ORFE o] FolA 93, MNAZEATG)%
FTHIE(TAALE FAH 93t} Glucokinases: ¢E3tste FAA 2
2ko] 4 bpt restriction endonucleases ¢&3}sl= FHAY FAIE
(TAA)F FE5 3sich(Appendix D). o4t M oA FH9 A
o] Hxagke 45,987Da °]g o, AARL 6.395%9 ). ©] restriction
endonuclease 2] AfFl vl dAsle] =& st}e] ORF7l EA3S &
Q3 2, 1836 bpel FIIAEE o] Folzw 61109 olv|:its & 3}3)
+ methytransferase2 #91= gt} (Appendix I). °©] methyltransferas
A= AANZEGTG)T FAFZE(TGA)LE FAE 99 en, restriction
endonuclease A A2 MNAZEF 31 bp7l FE= o st
Methyltransferase}e] o] ofu] =Xt A dojx FAR Wzl Bzgk
64,003 Daclglom AL 9.329%ct. 22X c2 A2 oprxit A4
7} vlx3 A} restriction endonucleasex= Xanthomonas campestris pv.
phaseoli$} 50%9 AEA S, Rhizobium leguminosarum®t 49%2 %A
< HoJF9 3, methyltranserasex Xanthomonas campestris pv. phaseoli$}
52%2] AEA L, Rhizobium leguminosarum®} 49%, 54%° AEA & X
o F9lct. Typell AFELS] FXx= ¥z Zrdsid, dRE 30 ~ 65
kDa® #A%FE 7HA 2 9L, 3 7HA 9 L9 AIR o] FojZct. Typell Al
dte2+= 4 ~ 8 bpe H|®2AH L palindromic sequences ¢12}3sle], 1
A etolA =+ 7}7lo]ld 4 endonuclease A HzEES A ©°7)n, adenine
o]t} cytosine site®] methylation® = 7| ¥%<q 5A & 71232 9t}. DNA
methylatione WIHPENHME F2, ¥ DNAZE +#E3s7] 18 R-M
system®] Y} mismatch repair system©lA] #83ln], AP EA= FAA
iy -, A ZH, mutagenesis o4 FHLd= Aoem gElA 9}
(Cheng et al, 1993). Typell A3 B2+ A F7FA 30007}2] 2] A|gs 2
Eo] thF3t Al FezRE wAEe 2w (Pingoud and Jeltsch, 2001), ¢F 50

oy

ofrt
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H. pylori J99

N. meningitidis

R. solanacearum

l— E. coli K-12

l— S. typhimurium 1. T2

7 M. degradans 2-40

R. rubrum S1
87.0

[ [ | [ | |
80 70 60 50 40 30 20 10 O

Fig. 2-10. Phylogenetic tree based on multiple alignment of amino
acid sequences deduced from nucleotide sequences of the putative
glucokinase from bacteria. The length of each pair of branches
represents the distance between sequence pairs, while the units at the

bottom of the tree indicate the number of substitution events.
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2

A9
= xo
L ()

3

AAEe]l @714 del 2AFAH(Wilsom, 1991). Typell AITE
3l+= methylasett o2 F57F9 endonucleases} oW A FAHE
Holx] ¢lethes 5Ao] don AR es dE IHAA LS

= 7Hd o] A A= el t}. endonuclease$}t= 27 methylasew= ©& Typell
methylase2} A+ o] x4t A& Zt3 Qo). Typell AFELS FHA
+ DNAA clusterE o] Fo] £A35t3 9t}. R-M gene clusterl el 3
2} 3y A FoJst= controllers codingdls= ORF7} EA 3= AR
o] MFA LAFALw, o] CIWAo] helix-turn-helix DNA binding
motifE Zr= 7222 Hol transcriptional repressort} activator® ZH-£3s+
Ao R Holth(Anderson, 1993). Rhodospirillum rubrum S1¢] restriction
endonuclease®} methylase 3 A= Typell R-M system®] <39,
clusterg® o2 9LS ¢ $ 99, 283 helix-turn-helix DNA

binding motif7} i+ ALZE AdF),

o

P}

—

2.3.9. Catalase 3 A2 97 2 olu| At Ad £A
Methyltransferase fAAe] Aol 91213 FAAY] @7l Es 4%

A3} 326 bpE o] Fo]* 9+ intergenic space’} £33 93, catalase
AR dugde s A d5S FAstA}. o] catalase FAAE A
FEATG)H FEAZE(TGA)E Z3sleo] 1455 bp |71Z o] Folzv 4847
o] o xAtE ¢t 3st= shvte] ORFE ol FolA 9. /MAZEATG)
9] 6 bp Al ribosomal binding site(GGAGA)7} EA3stx2 9}
(Appendix I). o=t A dolA FAE YA FAFL 54,316 Da °]
dor FAHL 6.468% ). otv| At A AT A, AR H53,
S92, N126E5 ¥, heme®] distal site?} 23 ¥+ V94, T116, F1315°]
9gden, 183 Y336, R343 7|+ heme®] proximal site® 54 & H
Z5 o] 9 (AppendixIl). o}u] =4t A4S vl e 2 hydropathy profiled
ol 44 domaing FAAFA Hck (Fig. 2-11). ©& A4 44
catalase®] ol xAFS vlw¥ A}, Brucella melitensis$+ 85%,

Sinorhizobium meliloti®}+= 84%, Neisseria meningitidis MC58%+= 72%,
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Haemophilus influenzae KW208}+= 72%, Pseudomonas putida$}+= 70%,
Proteus mirabilis$}— 69%, Bacillus subtilis®}~ 68%, Bacteroides
fragilis$}+= 68%, Desulfovibrio vulgaris$= 66%Z =& ATAS H4y
HEFY 9JFSs ¢ & JddH(Fig. 2-12). Catalased FZEFH AT+
bovine liverdl#] 23] dAF=EHPEd oA AFEF ZH3F F99
NADPH® =34 ZFE F97F EAE o] ¥9+= monofunctional
catalases true catalase (typical catalase)®} atypical catalase® %3
F de 72H 5A4L Jehde A= ¢ezic. NADPHS ¥4 2%
e H9e olmxa AVEE EW  His304 #$E NADPHe
pyrophosphate”] 2] ZA33$¢], His214, Lys236, Try2l4+= E¥A7} 233t
= 24 typical catalase°lx] ZF HEHo 9 rHOssowski et al,
1991). R. rubrum Sle| EA3l=  catalase oA ML & F43% 23
His263 #-¢91& 3= NADPHO Z34-9, His193, Lysl195, Tryl73&
TEse BEA A F97F & BHEHC 9 2B= R, rubrum S19
catalaset typical catalase® Fgt¥lt}.

Mo

2.3.10. Transcriptional regulator f-A#ke] 7] 9 ojv] x4t £4

Catalase 1A #F2] 1455 bpe] sliel 91218 A A7|HLdE &
A3 A3} catalase FAAS] FHAIZEZHRE 69 bp $x]9 transcriptional
regulator T3 A FAIFE(TAA)C] AR 37 -T2 HE 426 bpe ¢t
H ORFE 7439 9714 <€l ZA =M (Appendix I). opr| =4t A Ed & #
Aet A3, C-2d B9 helix-turn-helix DNA binding domain°] =%
glo] 9Jo] AraC FH<tel %3l transcriptional regulator$} A4S ¢
4 99k (Appendix II). ©] transcriptional regulator A AFe] oju] =4k A
45 & Fo A vz A3 ZAI(Fig.21), Pseudomonas aeruginosa®)

probable transcriptional regulator®}= 49.3%, Xanthomonas campestris®]

o
I~

AraC transcriptional regulator$}= 49.2%, Streptomyces coelicolor®]
probable transcriptional regulator®}= 48%, Agrobacterium® AraC

transcriptional regulator$}+= 42.6%, Yersinia pestis® transcriptional
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20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480

45 |

: AVMVHVMVA/\\WAWM\VA/\MWMAMVWUMWVMW.UAWV

Fig. 2-11. Hydropathy profile of amino acid sequence deduced from
nucleotide sequence of the putative catalase from Rhodospirillum
rubrum S1. The hydropathy value of each amino acid was calculated
by the algorithm of Kyte & Doolitle(1982). Values above the
horizontal line indicate the hydrophobic regions, and those below the

horizontal line indicate the hydrophilic regions.
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B. fragilis KatA

D. vulgaris catalase

—— H. Infuenzae KW20 hktE

—— NN. meningitidis MC58 catalase

P. mirabilis KatA

——— B. melitensis KatA

S. meliloti HPII(III)

R. rubrum S1
1 P. pitidaKatA
B. subtilis KatA
>4 | | I I I I
50 40 30 20 10 0

Fig. 2-12. Phylogenetic tree based on multiple alignment of amino
acid sequences deduced from nucleotide sequences of the putative
catalase from bacteria. The length of each pair of branches
represents the distance between sequence pairs, while the units at the

bottom of the tree indicate the number of substitution events.
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regulator®}= 42%°] AsASE B} (Fig. 2-13).

A2 2AAQAY] AFF I & & P2y I3 A, 53] E. colill
A AraC/XylC el &3t 9 Ao F/HE | EH AraC ¥ X3l 2
) Atel]l FHejst= AA AR, MarA, SoxS, 5 AH3HE 2Ed# 2d #od)
= A 2AHQAS] 235 dH(Gallegos et al, 1997).
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A. tumefaciens

Y. pestis

S. coelicolor A3

X. campestris

R. rubrum S1

— P. aeruginosa

M. loti

122.1

120 100 80 60 40 20 0

Fig. 2-13. Phylogenetic tree based on multiple alignment of amino
acid sequences deduced from nucleotide sequences of putative
transcriptional regulator from bacteria. The length of each pair of
branches represents the distance between sequence pairs, while the

units at the bottom of the tree indicate the number of substitution

events.
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of

FA A F Rhodospirillum rubrum S1°]A]
AP E = catalase B AAFAAE £33} 3 EARETH JlEs o
£-3}l9 catalase gene cluster® cloning3ti, I FAAESS Fx 2 EAA

B3t EASE EAsldl. R, rubrum S19] Al DNAE F3F3le 245
kbpe] PCRAFES 993, o] PCR AES ®©3x ez 3o Southern
hybridizations A A& F catalase AR} 73 AxF SPg&2n=g
cloninigdle] E. coli UM255°] JZA A3 3 wrdAFH ). 1 23 7.4 kbp
o] AYAE 7IA = T /M9 clones ¥92H, o] clones pSCATO28 =
Watslch. pSCATO2¢] s €71 ALS 4% 23 6719 ORFLs 74
¥lo] 913 trehalose-6- phosphate synthase, glucokinase, restriction
endonuclease, methyltransferase, catalase, transcriptional regulator 3%}
o7 wdse] J&S & 4 99l trehalose-6-phosphate synthase fF-AA=
SR oF 250 bpe] H717F Z2A A = 1092 bpe] €71E%E A4
g A 9h89dsE ¢ 5 993,  Salmonella  typhirium®]
trehalose-6-phospahte synthase A AFQl otsAS}+= 47.8%, Escherichia
coli®l otsA}=  47.7%9 AsAES HHAd. Glucokinase FHA=
trehalose-6-phosphate synthase 32Fe] el 2w, 978 bp F7|A L=
o] Folxw 32670¢] olvu]xAt AR FAEHC AN AVIAEERE FF
gt gl A o] BExlgke 33,865 Da ©]glen TAHAHe] 7.18°]9, N-dgt 44
29 el ATP-binding(Z7] 13914 17) 4171 x5 Jo& ¢ F& I
t}. Helicobacteria pylori J99%}+= 35%, Neisseria meningitidis MC58<}
= 34.7%9] AEAE R} Restriction endonuclease A A= 1284 bp
o] @rIAdE FAEH don, 42849 opn xS dEstIe e
ORF=E o] Fo|A i}, opn| it oA FAR e Fxpafd 45,987
Da °]glen, 544 6.395%}. o] restriction endonuclease®] AF-°] HFZ
QR3] =& s ORF7E EAEE #3543, 1836 bpol /7144
2 o] FoAu 611709 o}u| A+ ¢t53}bslE= methytransferase® 315 9)
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th oAt A el A] FAR e BAL 64,003 Daclgew TAA
L 9.3299t}. Restriction endonuclease= Xanthomonas campestris pv.
phaseoli®}+= 50%, Rhizobium leguminosarum®}= 49%9 A< K
2, methyltranserasex= Xanthomonas campestris pv. phaseoli®}+ 52%,
Rhizobium leguminosarum$t+ 54%9 AsA & HoJF9r}.
Methyltransferase fA A2 upstream”o] X3 FAAe 7144
<+ ¥4% 23 326 bpE °]Fo]A 9+ intergenic space’} EA|3}L
31, catalase FAA7F 9o A& Jd5S sl ©] catalase
AAE 1455 bp F7IALE o] Folx ] 484709 opv|:itE ¢E3}3tE 3
el ORFE o] FolA et MAZEATGF FAIZE(TGA)LE 745
o] glern, MAZEATGRE 6 bp upstreame®] ribosomal binding
site(GGAGA)7} EA138taL et @71 A LelA FH9 IAe EAFL
54,316 Da °lsl2m TAHAL 6.468%ct. ofvlxit AL BATF 23, &
AE-91e] H53, S92, N12653}, heme?] distal site$} 23T H9+= V4,
T116, F1315°]g2n, 283 Y336, R343 #7]+ heme? proximal site
2 AFAel & RZEE 9t} Brucelln melitensis®] catalases$}= 85%,
Sinorhizobium meliloti®}= 84%E =& ASAE Ho A3 & HEFH

% 3

Jd&S ¢ 4§ 99t AraC transcriptional regulator 3 A+ catalase
A2l 1455 bpel 3ol $RI8AL 92w, catalase FAAY] FAIERY
B 69 bp "olA FAIE(TAA)]l IIL -T2 HE 426 bpe] ==
ORFE FA4% ¢7|xdo] &8 3ict olviit AdS £4F 23, C-2d
Bl helix-turn-helix DNA binding domaine] X3t=eo] <9193,
Pseudomonas aeruginosa®] probable transcriptional regulator®}+=

49.3%, Xanthomonas campestris®] AraC transcriptional regulatore}+=
49.2%9] 24EsARAE A
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3. Escherichia coli9lA 233 Catalased
A 3lstE EAEA

3.1. A &

A7t FHE FACAA EAs APAES 27143 dAE e T,
superoxide radical, hydroxyl radical, ZZ®] 3 hydrogen peroxide 2
FAARILEEL ALEAY] EXAT I AAE A, =3 ST Y
A == AL 23 A E dehdtl(Hassan and Fridovich,
1979; Fridovich, 1986; Farr and Kogoma, 1991; Salin, 1991). o] ©3}
of BE Z7|4 AEAE hydroperoxidasegta UZAe]z= heme WHHA
group= A A+ste] superoxide radical, hydroxyl radical, 2] 3 hydrogen
peroxidase?} -2 ZAALE JAsE BLAE TR Yot olEL F
259 dwdsE FA= 9 =dl, 7] catalase®t peroxidase’} E3HE
o] 9t}

Catalasex= FAst54E &3 ALE Fillsies 459 Asiddas
(oxidoreductase)2H, X F7tA] BF 709 F0°] ¢FA gon, vy EA
S - AEd 2A BEAEA EAZL. o] F A Eeold $E 1YL IHE
X3sl= A AEAQ catalase?} oF 45F0)3, 9: AW EA S catalase’}
o 29F°3 w23 EAJ d} typical catalase (monofunctional),
catalase-peroxidase (bifunctional), manganse catalase(non-heme) 371 2]
dAFeE T8I 4 9t} typical catalases= F - AE 2 v EA A
He AE A% §5AS 714 catalase 1FSE 548 279 &9 i
2 FAHHe gen, 4 A3¢9 2 e ferric heme prosthetic
group(protoporphyrin X)& 7}A]3 913, ¥AFE 225~270 kDa "9l
g, pH 5~109 WA 2L AEY 2L S deglx
(Schonbaum and Chance, 1976), 9 A E2<¢l 3-amino-1,2,4-triazole®] ©j
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sl EolF o2 v7ld Al JAIE YeldH(Magoliash et al, 1960). 1|3l
ethanol/chloroform 2]l ¢FA3s}32 (Nadler et al, 1986), phenyl-sepharose
o] F&sl= 254 S 7R YHNahmias and Bewley, 1984).

Catalase-peroxidaset typical catalase®} 22 x| F7}x] v] S x gt ot
A= AL=2A 3 827} catalase B4 I} peroxidase BA S FA o 71A]
u] typical catalase®}= ThE2A EAFo] cpekslal, o] 5A pHelA A
o] A& vehly, gAE=e 3-amino-1,2,4-triazoled] &Alo] A== 9
+=t}, =3 Ethanol/Chloroform &3%-8 o] EASZ 2% oA
£ typical catalase_‘i'_t]- o] 9l 7}sicl. AubA 2% typical catalaseX.t} o]
7}A Aol Al A B9k e (Hochman and Goldberg, 1991). o] g} o]
oy uAEANA F 717 o]Ae] AME t}E catalase EAF= AR 4
A QL vzl vt 2 FAR BAEINA J]sol d=2A yebdd.

E. colidld <= F7/MY catalase HPI 3 HPIO 7} EAsly HPI2 8lkDa
o] AR FAH tetramerE4 F /N9 protoheme IX groups 7}A 2L
9) 2 uj (Claiborne and Fridovich, 1979), HPO+ 93 kD9 943 EA%s
A = 29 A 2 FAE hexamere]® (Lowen and Switala, 1986), &%
A 2 1719 heme d ZFS 7FA 2 9t} (Chiu et al, 1989). 18 1L, Al
Z7F AA AR Sel7HAY TCA3 R FAEE o] §3t AT
Aol FrESH = A2 4394 2t (Loewen et al, 1985).

FEA Aol A catalased] W A+ Rhodobacter spheroides
(Terzenbach and Blaut, 1998)¢} Rhodobacter capsulatus (Hochman et
al., 1992)5 A Ri =gl

B AdFe 3P we s dasds Ad FEAE AIED R
rubrum S1¢] 8% catalase FHAE E. colidlA W=ZFLIAA Ldojzl

A&

catalases 2411]-5}0:] A3 EAL BAs2A AAsG).
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3.2. A5 ¢ 9

3.2.1. A8717] 2 A

849 ¥ HAH = chromatography system3 Model 491 prep cell
(Bio-Rad Co., California, USA)E &£49 84 543 F3 29EHS o
71 §)sl A= UV/Visible Spectrophotometer(Hewett packard, USA)E, Al
IE 5857 YA 4 €27 Supra 22K(Hanil, Korea)&, Al £ & =
s17] $Jsj 4= Ultarasonicator(Bandelin sonopuls HD2070, Germany)
2, E48 Av)dE AxE Mini-PROTEIN II(Bio-Rad Co., California,
USA)$#} SE600(Hoefer Scientific Instruments, San Francisco, USA)E&
AHE-319 ). £F WAL Bio-Rad (California, USA)2] #|¥<, Phenyl-
sepharose CL-4B resin®] 7]¥ A %52 Sigma Chemical(St Louis,
USA)¢} Merck(Germany), Junsei Chemical(Japan)Ate] AEFS 24319
}.

U

3.2.2. ¥F 2 wjIF=xA

¥4 AFE SFAZEZE E coli UM2555 AH8stgeh. 92 A=
E. coli #F9) UM255% ampicillin(50 zg/mL)e] 3% LB (Bacto-tryptone 10
g, Bacto—yeast extract 5 g, NaCl 10 g per liter) ¥l %] 5 Lel] HF3sle 37T
g4 16A17F F<F 200 rpme 2 A& #l %3} ch(Sambrook, 1989).

3.2.3. E. colilA] 383 A=% catalase A A

3.2.3.1. A ZFEY°] Fv]

Rhodospirillum rubrum S12] catalase gene¢] #AZ3= plasmid(pSCAT025)
& R399 E coli UM255 AEE 16417 w3t v gl & W5 A4 847
E 4 TeA 10,000 x g2 30%7 AHELH}A AFE FFF F 50
mM potassium phosphate buffer( pH 7.0)2 3 ~ 43] A ¥34c}. 33
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3.2.3.2. FA4RFE %'—Q

Zadrde FALEFES 0% ES s 4ToAA 1A B
4T, 307 12,000 x gl AL F AAYS HAsL 474 o
FAURES o] Hrlsld 70% E3HEHo] HEE X st 4T

ZHEQr ¥xg F 47T, 3087 12,000 x gollA @AEYs HAES vl
E9t}. o] AAEY 1 mM EDTA”F £33 50 mM potassium phosphate
buffer (pH 7.0)< o] IAEA ]}

3.2.3.3. Phenyl-Sepharose CL-4B 244 A3& 4 azn x4y

A7 AEE IM 3R Fo] T35 =LA ( 1 mM in 10 mM
potassium phosphate buffer, pH 7.0)2.% #®]2] 3 3}x]7] phenyl-Sepharose
CL-4B column (2.5 x 10 cm)o] €3, 50 mLe] FdEANeF Wz £53
F1M~ 0M 38R Fe] z¢d 243 84A( 1 mM EDTA in 10 mM
potassium phosphate buffer, pH 6.8)% YA FE 7|72 S£EAHA}. £
245+ 1 mL/min°lX, 5 mL¥ £35S W catalase FAo] = ¥
3 E& Ho} ultrafiltration (Amicon YM-10, USA)S 3std 553 ¥ 4
A4 18X & FAHAIF o}

@)

3.2.3.4. Prep-cell electrophoresis

Bio-Rad Model 491 prep cell column(3.7x14 cm)el 7.5%¢ &
AL 950](11 cm) 4TeA AA3%] &3 F, stacking gels 11 cmBE &
Arx}. Stacking 2 o] dMA3} ¥ AFEE ¢ high pH continuous
buffer system2% H7|49F3Act. A7|GdFe] =7L& 200 V, 40 mA=
4CelA A3, £EE5EE 05 mL/mine2 8§ mL¥ I ES gl
catalase Ao] & FIES 7.5% PAGESt] &4AA| o8& gelslsid
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3.2.4. Catalase 84 444
Mini-PROTEINIsysteme °]$3}l] 7.5% nondenaturing polyacrylamide
slab gelZelA A7 45S S5t 84 282 Waynet Diaz(1986)7F
2188 ferriccyanide 4% < °1§3 et AL FHFE F - A x4 AL
&, 5% 100 mLel 30% Hx0:% 50 uL%<Q §do g3 108 F9
EE59). 9 HYL FHSEE I A A7 o3-S, 2% ferric chloride,
2% potassium ferrlcyanlde—9-°“ < 77t 25 mlL¥ & F, light boxe°lA]
AA3] EEo] F9t}. CatalaseZ@AA S Hole= gt A9tz A AA 7}

2502 $gMo] o] Foi Rt

3.2.5. @9 AHZF

whae] L hovine serum albumings EFHRAZ A}
(1976)”“?3 ° 2 &A4slr}. Column fraction?] 992 5%
FBEE ol &35l

3l Bradford
280 nmell 4 &)

rlr Olw

3.2.6. A =§ catalase®] BAE &34

10 mM H:0.5 3%+ 50 mM potassium phosphate buffer (pH 6.8)
of Aol EAAREE Y3, 240 nmolAY FIE FEE ZAEE AL
stgich. & ¥4 29t 1% $¢ 1 umol®] HeOs(ex=43.6 M 'en )
Tallsls 249 <4< 1 unit® A Y3 th(Beers and Sizer, 1952).

3.2.7. A=Y &9 EAF A

F290 299A] EAREL =A57]) 8] Laemmli(1970)8] @] u}
gt AAsge. AVAFL 12.5% SDS-polyacrylamide running3 4%
stacking gel® FA ¥ vertical slab gel Zx] & A}$3}9] stacking gel®l A
+= 80V, running geldl A= 100V AY¢LRE FPs4c}. AV|dF ARE
Al 5¢ 9= £9(60mM Tris-HCl pH 6.8, 0.02% bromophenol blue, 2%
SDS, 25% glycerol, 14.4 mM p-mercaptoethanol)® &3}l 587+ F
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Bg3te] Ag3 . EAFE FAN) 9% EF IMA R phosphorylase
(97.4 kDa), bovine serum albumin (66.2 kDa), ovalbumin (45 kDa),
carbonic anhydrase (31 kDa), soybean tyrosin inhibitor (21.5 kDa),
lysozyme (14.4 kDa)s= A23}¢}.

220 AA EAFL ZTHTHe=E v HFP33 superose-12HR
10/30 column® ©] 43 gel filtration o2 2R st £AFS 54
317] 913 EF WA Z = ferrin(386 kDa), catalase(209 kDa), aldolase(179
kDa), bovine serum albumin(66 kDa), carbonic anhydrase(29.4 kDa)%<

A-g-shedot.

3.2.8. AZ3FE 829 EAxA

of

3.2.8.1. 49 A ¥ 259 pHE 9%F
AAE B2e] A T 259 YFE Loty Hd 74 2x A
AEAE 20C ~ 70 CT7A 5CZHE L sto] ZHzZte] 2ECA 10%F

A3 F catalase BE SA 3}

AAED &2e A W3 pHE 9dIFE Loty 39 50 mM
citrate-phosphate buffer(pH 3.0 ~ 7.0), 50 mM Tris—-HCl buffer(pH
8.0 ~ 9.0), 50 mM carbonate buffer(pH 10.0 ~ 11.0) 0.59%$ & ¥
o] e 7RSS W3, ALeA 107 7 dHSAIZl F catalase 8RS

240 nmel A ¢ FZE Witz FAHs Y.

b
4N
X

LA |1

3.2.8.2. 29 FAE AT AHAEY &3
3-amino-1,2,4-triazoles 50 mM potassium phosphate buffer(pH
6.8)°1 10 mMe] S5 ¥l F, HFF 2 ARE YL 1083 &2
A B3 F, catalaseBA S FA}G 7] Ee HE = BLEAE,
ethanol, chloroform& 10 : 5 : 325 EFAZ F, A LA 10% ¢ &
§H3te] Z47} catalase AS 27 240 nmelA e F3E WHIE FAFY

b B |
o}, 35 A A S W3 &= FEHE F1 8 sodium cyanide, sodium
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azide, hydroxylamines 77} &4 A 59} Ao 287 w3A7 F A&

— R84
Fqste] TEFHE AAFL2H 50% oA FEE Fagch

3.2.8.3. &9} 71RA 9 ur$A
Km #+¥ Z2A3517] $1814 catalase %’“ o ds 5, 10, 30, 40, 50, 60

mMe H,O, 55 &4|3 F 539 v$&E5E SA3519 ).
3.2.8.4. 849 E33x B4

FB2HEYSEAL UV/Visible Spectrophotometers A}-g£3lg2en, 1
cm quartz cuvette® A& %}o:] 250 nm~800 nm Ao FAEE =43}

gt B&0 FYL FAF 529 %o NaxS:0.5 HFEFE7F 1 mMe] 5
& #9893, CN-ligated form2 KCN<S 10 mMe] =HEE ]3¢9
P
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3.3. 23 ¢ 1%

3.3.1. E. coli®l A catalase 3 A LA 9 5aio &4 £

E. colidlX A== R. rubrum S1 catalases o= A9 AA A
2o wel &4 £33 A, catalase?] A dAC] AL¥ Faxe F
dwAdgy F FAEE 27 1000 mg¥ 2915000 UR vebgen, 3% A
A ¥ catalase= 5.3 mgd 123853 UGt 283 HFAHEE 5 L94
146 U/mg=, AA®R =BmldA+= 13273 U/mge® YEryd, I3
catalase®] F&L 4.2%9 2w, AA W& 9IME ZF718F FEAE 5.3
mge & §F ddthTable 3-1). £ed 2L £EF Zolry] &4
SDS-Polyacrylamide 2 #7]%9% ¥ nondenature PAGE #A7|d %< 319
o 1 A3 24 & F7e ZYMEolE deE FRFHE=, o2 £
3 A 23 catalase’} 53 AL & 4 9 9dcH(Fig. 3-1).

3.3.2. E. coli9lAl AAE catalase &9 ¥AF 24

249 2399 EAHS AANY] 9 12% SDS-polyacrlyamide
A A7) &S AT AH, AZEXF catalase 2FHA Y I & 2 EF
Aol fx)9 vlas) & 23}, AFE oF 61 kDaolgle} (Fig. 3-2A).
Superose 12HR A o3 I2utEa#dyE o]&3tedd ZAAHF native
catalase®] AL 189 kDal ® ey} (Fig. 3-2B).

AdubA 07 catalases FTLE =79 449 ZGYAE FAH QI
2k 225 kDaolA 270 kDaA Eo]x|qk, AlFoA= o8 71A F7e
catalases %23 v}, Proteus mirabilis®] 7% 240 kDa®] catalases Zt3L
A3(Jouve et al., 1983), E. coli®] 4% HP 12 81 kDa 37]¢] subunit”}
42 FA= o] g2 (Calborne and Fridivoch, 1979), HPI & 93kDa 2
71¢]  subunit7} 602 FA=e] Utz ERIHe] glti(Loewen and
Switala, 1986). Desulfovibrio gigas— %At¥°] 186 kDal =2 3729 &<
g+ 25k A (Wagner et al., 2000), Bacteroides fragilist %-AFeko] 130 kDa<l

‘..
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Table 3-1. Purification of recombinant Rhodospirillum rubrum S1

catalase from E. coli UM255

St Total Protein Total Specific Activity _ . ! Purification
e ie
P (mg) Activity(U) (U/mg of protein) (fold)
Crude

1000 2915000 146 100 1.0
extract
30% ~70%
ammonim 413 1539251 220 53 1.4
sulfate
Phenyl
sepharose 70 377370 3412 13 23.4
CL-4B
Electroelution 5.3 123853 13273 4.2 91
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Fig. 3-1. Nondenature polyacryamide gel electrophoresis for
Rhodospirillum rubrum S1 catalase purified from E. coli UM255 by
overexpression of the catalase gene in the recombinant plasmid
pSCATO02. Lane; 1,2,3,4 show total peptide profiles stained with
Coomassie Brilliant R-250 at each catalase purification step. Lane; 1,
crude extract; 2, 30% ~ 70% ammonium sulfate cut; 3,
phenyl-sepharose fraction; 4, prep—cell electrophoration fraction. Lane;

5 shows one catalase band observed by activity staining.
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2709 F43d 239 A(Rocha and Smith, 1995) Desulfovibrio vulgaris
+ EAFe] 232 kDadl 4709 §LF &£<9 A (Hatchikian et al, 2000),
Bovine livert #A%o] 240 kDa?l 4719 FL3d 294 Z(Deisseroth
and Dounce, 1970), Rhodbacter spheroidest ¥At%o] 143 kDa%l 75
kDa and 68 kDa A%$AZE o] Fo]#x 9l (Terzenbath and Blaut,
1998). R. rubrum S1 catalsex= 61 kDa Z7|¢] 4% &7t 3~4
Nz FAE J5S ¢ & dd.

3.3.3. E. colidlX RAAQ &xe A 9T pHS 259 97

AAE 849 &4 sl pH 59 4FS A E A3, catalase B4
o] pH 75014 7}2 2 #A4< HX pH 55 ~ pH 1107k W2 4l
pHel dall =& A4S BHYi(Fig. 3-3), & A A 59 94FL 2
0CeA 5CHLE 70C7HA] 1087 A F 24 S 24 8 & 2
3} catalase®] 842 30TCoA FHAHo|gor} 70T = AL 84S vehtA]
gkl 2L 20CelA 60C7HA] 2&e] EAe] AT AL ¢ F ddd
(Fig. 3-4). o]= A=A Q) catalaseS2] FAo] W& W] pHe &5 ds)
=2 FAS YedsEd £33 K pneunmoniae®  typical catalase?!
KpT(Hochman and Goldberg, 1991), R. rubrum®] catalase(Nadler, et al.,
1986), E. coli®) HPO(Nadler, et al, 1986), Vibrio rumoiensis®
catalase(Yumoto, et al, 2000 )E°] B2 ¥H$e pHe} &5 dis] IS B
o]= AFe} o] E. colidlX AAE catalase™ H-2 H$le pHe &5 dls)
FAE zZte EAS Holug A3PZQ catalase® kgl

3.3.4. E. colidlx &2 A A AsA &7

AA)E catalaseo] A3FZ Q) catalase?] A 3|A|Q 3-amino-1,2,4-triazole(AT)
2 A3 23, 5Le] o] 4%AE FA=E Ak #F71Ew el da 80%E =
Aol A== whH. A EA A catalased] AH;AE FZ salicylic
acidell dd|lA= 23] o] A=< (Table 3-2). Typical catalase=
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kDa

97.4

66.2

45

31

21.5

14.4

Fig. 3-2. Determination of the molecular weight of Rhodospirillum
rubrum S1 catalase purified from E. coli UM255. Left panel(A) shows
denaturing SDS-PAGE of R. rubrum S1 catalase purified from E. coli
UM255. The protein was stained with Coomassie Brilliant R-250.
Lane; 1. The protein marker; phosphorylase b (97.4 kDa), bovine
serum albumin (66.2 kDa), ovalbumin (45 kDa), carbonic anhydrase
(31 kDa), soybean trypsin inhibitor (21.5 kDa), lysozyme (14.4 kDa);

2, purified enzyme. Right panel(B) shows molecular weight of native

(A)

(B)

[ Ferritin(386 kDa)

Catalase (209 kDa)
.Aldolase(179 kDa)

0
Purified gga (66 kDa)
catalase
(188.7 kDa) Carbonic
B anhydrase
(29.4 kDa)

24 26 28 30 32 34 36

Retention time(min)

R. rubrum S1 catalase purified by gel filtration Superose 12HR.
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Fig. 3-3. Effect of pH on the activity of Rhodospirillum rubrum S1
catalase purified from E. coli UM255. Purified catalase was incubated
for 10min at 25°C prior to incubation of the reaction. Different buffer
systems were used according to pH ranges; 50mM citrate-phosphate
buffer for pH 3.0 ~ 6.0, 50 mM potassium phosphate buffer for pH 6.0
~ 7.0, 50 mM Tris-HCl buffer for pH 7.0 ~ 9.0, 50 mM carbonate
buffer for 9.0~10.0.
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80

50

40

Relative activity

20 [

O 1 L L 1 L
10 20 30 40 50 60 70

Temperature(C)

Fig. 3-4. Effect of temperature on the activity of Rhodospirillum
rubrum S1 catalase purified from E. coli UM255. Purified catalase
was incubated for 10min at the indicated temperatures prior to the

initiation of the reaction.
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ATl o3 AL, F7]&wd gl AR gd=ct(Nadler, et al,
1986)2 7t} ] 3t}

A3 heme WA FATO AIARE ¢z NH.0H, NaCN,
NaNs& FEHE AHEste 249 XS FAs A 47 A IEFAE
a8 F, 7 Aol 50% dAHE FEE Tt NH.0HelA = 4.4
10° M, NaCNelA & 8.87x10° M, NaN3elA+& 4.0x107 M S EelA
50%9 A5 = AS ¢ 4 d9dHTable 3-3). o] Catalase”’} cyanide, azide,
hydroxylamide®] =]-¢- W73 HoF=dl 53] Barker's yeast9 typical
catalase7} A& Ao Wl 7sict= A9} € x| 3} (Yumoto et al.,1990).

X

3.3.5. E. colidlA AARA &Lt 7179 u-gA

Lineweaver-Burk plotg ZAg Z3 AHA®E 52&° Kme 110 mM,
Vmax 3k 50000 U/mg2-2 ¥ 2 ch(Fig. 3-5). YA 22 typical catalase
= Km 3°] 40 mM ~ 80 mMAEZR =& ubd, catalase—peroxidaset Km
zZr°] 1 ~ 10 mM(Claiborne and Fridowich, 1979; Yumoto et al, 1987)%
AdFer vy @A ook o8 AEdA Jelds Kmzkd vzs g,
&3] K. pneumoniae®] 735 typical catalase?l KpT<e] H.0.9 Wigt Kmzk<
50 mM<eld] B]al catalase-peroxidase?]l KpCP¢ Kmzr< 6.5 mM=Z %3 %
t}(Hochman and Goldberg, 1991). Typical catalase group®] 3l ZHo=
B. subtilis®] catalase-13} catalase-29] H:0.°l W& Km#zt-2 40.1 mM3} 70
mM= 77} #s]ZHch(Loewen and Switala, 1987ab). ©]$} Ze] E. coli®lA]
AAD Ea2E & Km3e Jeheg A3 A Q) catalase?] 54& Kol it}

_54_



Table 3-2. The effect of chemical inhibitors on the activity of
recombinant Rhodospirillum rubrum S1 catalase purified from

Escherichia coli UM255

Specific

Chemical inhibitors o Relative activity (%)
activity (u/mg)

None 9133 100

Organic solvent” 7284 79.8

3-Amino-1,2,4-triazole” 6712 73.5

Salicylic acid® 3350 36.7

“The enzyme solution was mixed with organic solvents to give a final
composition (enzyme solution : ethanol : chloroform = 10 : 5 : 3), and
then vortexed for 10 min at room temperature.

"The enzyme solution was incubated in 10 mM 3-amino-1,2,4-triazole
for 10min.

“The enzyme solution was incubated in 1 mM salicylic acid for 10

min.
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Table 3-3. The effect of metal inhibitors on the activity of
recombinant Rhodospirillum rubrum S1 catalase purified from

Escherichia coli UM255

Metal inhibitors Metal inhibitor concentration(M) required for

50% inhibition of the enzyme activity

NH.OH 4.4x10°°
NaCN 8.77x10°°
NaNjs 4.0x107°
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0.025

0.02

0.015

1/v

0.01

0.005

0.2
-0.005 1/18]

Fig. 3-5. Lineweaver-Burk plot of the reaction velocity of
Rhodospirillum rubrum S1 catalase purified from E. coli UM255. The
enzyme assay was performed at various concentrations of hydrogen
peroxide under standard assay conditions as described in Materials

and Methods.
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3.3.6. E. colidlx AAR &4 FFYEY

AARD 549 FF2IEHJS AHE A, 406 nmoll A FH 39 FFE

E Yely 630 nmoIlAE FL peak’} YEFYY, 520 nm<e} 580 nmell 4
shoulder7} EAgtcl. Age/Aso> ¢F 0.979] S X o), dithioniteo] ¢]3H
249 3IYPL o]Fofz] 949k, CN-ligated form® ST EH A=
Soret band’} 427 nmZ °]%3t9 3, 550 nmolA] shoulder?} e}yl
(Fig. 3-6). Typical catalase= Asos/A2s0 Bl &°] <& 19 ZE 7FA]d,
sodium dithionite®] 2]3 V=] ¢ct= A} L3l typical catalase
o] EAE Holi 9t} (Nadler et al., 1986). Barker's yeast®] typical
catalase®] Aus/Asg0 0.939] #FHS(Yumoto et al., 1990), Vibrio
rumoiensis®] catalase?! 7% 0.93(Yumoto, et al., 2000), Streptomyces
coelicolor ATCC10147& 0.939] & HIcH(Kim, et al., 1994). A=<
catalase®} peroxidase®] heme iron°e] 5th ligand® Z}Z} tyrosine3}
histidines 7HAl& ZA22 d8A A3, AAD 819 iﬂ&_ﬁlz-ﬂol 5th
ligand® tyrosines 7}A3 9+ high spin heme ¥ Ao] FF2HEY
(Reid, et al., 1981; Fita and Rossman, 1981; Vainshtein, et al., 1980)
I AR ALeR Hol o] 84 YA tyrosines ZI d+= Ao Asdr).
=3t E. colil* AA = catalase®] prosthetic groupe ferric hemes 2zt

+ protoporphyrin Xo]2tx SgbE ),
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Fig. 3-6. Absorption spectra of Rhodospirillum rubrum S1 catalase
purified from FE. coli UM255. Enzyme was dissolved in 10 mM
potassium phosphate buffer(pH 7.0). The reduced form(—) was
obtained by the addition of 1 mM sodium dithionite to the native form
(-=-). The cyano-adduct(- - -) was obtained by the addition of 30 mM
KCN to the native enzyme.
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3.4. 8 ¢

E. coli]lA 289 R. rubrum S1 catalase® o8 97419 AL AH
&4 AA ] A EAE 2AsY . AAE catalased FEL 4.2%
gdon, AA st 9IME F713 ELAE 5.3 mgd 2S5 I o
g0 ¥AFL 189 kDa2® 61 kDadl sigst= 54 &29A Al A~
Ul M2 o] Feo] 7 ALR kst pH 5.5 ~ pH 11.074A] |- ¥4
o] pHel W&l =2 A4S 93, 259 9F2 30TAA FAHolg2r}
70CAAE A BAE JeliAl sk, 2L 20ToAA 60C7A] 849
ZAo] TS & 5 9k AsAIR] 3-amino-1,2,4-triazoled] W3] A o]
A%RAE FAHAL, F71&wel A3l 80%AE FAo] fFAH= HH,
salicylic acidel H3j4 < 433 &4 FEHAw ¢ 5 Ak AFFA
heme ©#MA Fa2Ee A< NHO0HeA 4.4x10° M, NaCNelA
8.779x107° M, NaNzolA 4.0x107 M sEA 50%AsE A& ¢ F
gt H.0x%X%9 W3 catalase®] Kmzte 110 mME, Vmax e
50000 U/mgo & ZA= et & AHAEHS B A406/A280 H]&o]
0.97¢] & Holw, dithionited] €3 o] FAX dojubx] A,
CN-ligated form®] F42=HEH 4= Soret band’} 427 nm=E °] &34
3, 550 nmelA shoulder7} YeEldt}h. E. colidlx] AAF catalase?]
prosthetic group< ferric hemes %+ protoporphyrin IX2 & Hlt}, o]
Aol AR E. colidlA 2" R. rubrum S1¢] catalase= bovine liver
catalase®} Micrococcus luteus®] catalase®} A3t A31shz] EAE By

A3 A2l catalaseZ A5 3}

fol
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4. T3

chekgt Z2Ed 2o g o] 7| AL hdd Aol F& A JA|N
334 Ald Rhodospirillaceael A= 37  stresso] ©gk Ho] 7)1z
Rhodobacter spheroides®|* charperonines Cpnl0# Cpn 609¢] g o+
(Terlesky and Tabita, 1991)¢} oxidative stressel @& < (Terzenbath
and Blaut, 1998)¢lel= AHF3 AAo|ct. dAasEHe] g ok
Rhodospirillum rubrum< A @714 ATFLE 37|H o2 A= ¢
A0 EAQaFAE F3HAT) = ol A L"lo] Q3 Flolr),

B dFoA R. rubrum S1225¥ catalase gene cluster?] 7] 4
48 BA37] 98 degenerate primers °]&3d R. rubrum® A=
DNAE %533l 245 bpe] 5FH PCR A& 49 FAA £44 o)
o8 BEA catalase FAASY EL AFAS Bt o] PCR 4&ES &
o7 o]f3stod R. rubrum S19 Al DNA®] Southern hybridizations
F3ste As7t AAH 2709 AHAE A9t o= R. rubrum S1 TFN =
Ho]E 27§9] catalase F#AAZF AT A LE A}

Az7t A" ARAES cloningdte] "pSCAT02"E A&Aste] E. coli
UM255°] 3&AAZ 3 5 E. coli UM255(pSCATO02) 9L WA PAGE
A7194%s FIF F A 48+ ¥ ZA(Fig. 2-5.), R. rubrum S1
catalase FrAA7F 4494€ pSCAT02E Z3L A<= E. coli UM255 ¢4
ZAsHA 2dP S & $ 9993, pBluescript SK(+)& 3f3l 9+ FE.
coli UM255 HFo|A = catalase Aol Yelx] ¢eBmz o= R
rubrum S19] catalase A Aol o3 XAHAF & 5 3o R rubrum
S1 37HeE AAF & o 5579 catalase, F713 AelolA FIFAS
& dl= 2579 catalase(Cat 2, Cat 4)7} A3} (Lim, et al., 2001).
°o]& % Cat 4 band¥ A7 F2% 2L XA A3A 2= R. rubrum
S19] catalase= Cat 42 = w, R, rubrum S1¢] catalase FA A7} lac
promotor FEA41¢ IPTG7} 9+ el E. coliolA 7stAl 235 9},
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|o

ol= 49}¥ R. rubrum S19 catalase F3AA7} EPH oz A= A
2 Z83% R. rubrum S1 DNA¢®| £A)3s}= promotorel o] AAEE= H o
2 4549

pDSCATO029] FAAE ¥4 25 AA A7IAEL of 7.4 kbpE 674
°] ORFZ FA= o] 9glen, A2 +A4L putative trehalose—6-phosphate
synthase, putative glucokinase, putative endonuclease, putative
methyltransferase, catalase, protable transcription regulator FXAZ
T4 s

R. rubrum S19 trehalose-6-phosphate syntase® FAEH+ FAA
o] ol At AIE oF vmd ZAF Salmonella typhirium® trehalose
6-phospahte synthase AR 0tsA(47.8%), Escherichia coli®)
otsA(47.7%)% }E3 & Bt

Trehalose< A&, 53], 88, A&, &%, 55 & %3
A=+ v LA 29FEA (Elbein, 1974), A Z W] AAEE =
27 A, &, anhydrobiosis, osmotic shocks ¥ Z2 37 XZEJ 24
gt "lo]7]Fe FHojdtctir <¢e]FH Z(Van Laere, 1989; Wiemken, 1990),
E. colidlx+= A5 2Ed 2 93 trehalose-6-phosphate synthase 43}
7} 5% Z(Larsen et al, 1987; Giaver et al., 1988; Arguelles, 2000),
yeastell A& trehaloseg® FA3IBE L, 38 2Ef2d A Aol =
o3 &elx  glth(Alvarez-peral, 2002). 33A AlFo* =  trehalose’}
compatible solute® * A=t &8 YdrH(Welsh et al., 1998).

R. rubrum S1914 AAER 9 A% 2EHX T X513 2EH2F
thofgt 2EH 2o ok Weo] £3oRA trehalose AN FAsI=
trehalose-6-phosphate synthase A #}e] £A7} QS Z1oF gyl
t}. Glucokinase®l+ ATP binding sited] A3 AIDLGGT motifS
st ot 48 A 9w (Arora et. al., 1990), Al glucokinase?)
Wz B2k (33~34kDa) Z7]7F & HESFo 9t Concha and Leon,
2000). °] N-terminal ATP-binding motif¥ glucose kinase$}
hexokinased] A%3s H®EFo] 3lt(Schwab and Wilson, 1991),

k
.

(U U
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Pseudomonas aeruginosa (Cuskey, et al., 1980)2} Zymomonas
mobilis(Barnell, et al., 1990)¢] glucokinase FAA= 2 F53 At
o= FAAEF clusters o] Er}. R. rubrum S19 glucokinase %
AE B4 2T ofui ML N-2d AR ATP-binding(37]
13914 17) %% & phosphate-1 motif’} Z3slo] I3, FAA] F7A L=
e 533 9w de] Exalsko] 33,865 DaZ el A Rzisk 57)7)
Z HEF o] 9t}

Restriction-modification system(R-M system)< Ao]A <QFEZ
Bl A3 viral genome, plasmid®} ZE DNAE A¥H oz AAs =
system2 2 celld] I F3 2% DNALE #3329 modification® o] ¢+
ZHXe] DNAE Aslx] = F&7]&o]lh(Pingoud and Jeltsch, 2001).
Typell AZEL+ A-53l= methylaset} t}2 £79 endonuclease$} o] o g+
AEAE Holx| dedhe SAe don Ao r o IhdA L3
A& Aolgts 7Mool AAFH Y H(Wilsom, 1991). endonucleases}= 23
methylaset t}2 Typell methylase®t FA3F opu] 4 A4 & 7z+3 )¢},
Typell ATFELES] FAAE DNAZAe clusters o] Fo EAI3t 9)c}.
R-M gene clustertjo] FA A 23 ZAHd| #o3l= controllers codind}
+ ORF7} EA3dc= Aol AFA AN Lw, o CdAo]
helix-turn-helix DNA binding motif§& Zt+ Z 2% Xo} transcriptional
repressort} activator® Z£3 zZle g Hl),

R. rubrum S1¢] restriction endonuclease$} methyltransferase® 3
AE = AR Xanthomonas campestris pv. phaseoli®} Rhizobium
leguminosarum®) restriction endonuclease®} methyltransferase} %4
< o9F9d. R rubrum S1& Typell R-M systeme®| 43} restriction
endonuclease$} methylase F3AS Zt3 9= Aoz gz,

Transcriptional regulator %A= catalase F32A E7|A4 D25
59 bp BoJA AAZEC] QI 3'-EHOEHE 426 bpel ¢ ORFE o]
Folx 9)go] ¥ FH ). o] transcriptional regulator? olw Ak A&

o2 £ AFH v=m A3 AF} Pseudomonas aeruginosa, Xanthomonas
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campestris, Streptomyces coelicolor, Agrobacterium, Yersinia°l* %3
A regulatory fAAS} =& AFAS Wyl o]8)d A3} R. rubrum S1
o] transcriptional regulator &A= AraC family AA} ZHUAAE 37}
A} 3 A, E3] E. coli“lX AraC/XylC FH el S3f= iAo F
5 AEH AraC v X3t F At Fofdts AA 2-HAA, MarA,
SoxS & 4HsHA ZEH X fFAqste AA 2HUIAEC] EFEC )
(Gallegos et al., 1997).

Methyltransferase ¢} catalase %A}l 326bpE ©]F o] % intergenic
spaceZ7t EASIAL 5ol WA F FAAY HAAFFAAA S L Bag
promoter391 ¥ Ao Z FZx 9}, Methyltransferase 32 A7l ¢
Ag FAAY] A7IAES A4 29 326 bpE ©] FoA 9+ intergenic
space’} £33 9)3, catalase FFAAE e R s JS 4l
3t th. o] catalase TR A= MNAZEATGRH FEAIZE(TGA)= ETF3H4
1455 bp @712 o] Folzw 4847]¢] opn|:itE ¢z 3sle 39 ORF=
o]Folx <l AMAZEATGR)E 6 bp AFel ribosomal binding
site(GGAGA)7F EA3t2 A ch(Appendix I). o4t A ddA FA =
g el EA 54,316 Da oo FAHA L 6.468%ch. ofw| At A4
S BA3 A, FAR9 HH3, S92, N1265 7}, heme? distal siteg} 2
§g F9Y+ V94, T116, F131s°l9de, 3L Y336, R343 Z7&
heme®] proximal site® A&A & BREFo 9t} (AppendixIl). o}u] =4k
2 9d& et 2 3 hydropathy profiledol4 244 domaings A4 =}
(Fig. 2-11). o2 A EA E S catalase? olv|:As v|m3 ZA,
Brucella melitensis$}+ 85%, Sinorhizobium meliloti®}+ 84%% =& A
TS B Fi3 95E ¢ & JdId(Fig. 2-12).

Catalase®] F+%% A+ bovine liver catalased]4] 23] o759l
=d e AT 2FHES ¢ NADPHS 54 2% 971 EA35
=9 °] ¢+ monofunctional -catalase® true catalase (typical
catalase)®} atypical catalase® F& & 9J+= F+Z3 EA L Yegys A
o7 ¢ezich. NADPHS E#A7F Zdste 99 o4 V&8 B

s
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W His304 #$1= NADPH® pyrophosphate 719 Z3 %9, His214,
Lys236, Try214= E8A7F 235 #9244 typical catalase°|4] & R
&5 o] 9tH(Ossowski et al., 1991) R. rubrum S1° £A|3}= catalase
olm At S #A3 A His283 ¥91+= NADPHS Z 9], His234,
Lys236, Try2147} & HZE=o] glervzg 333A #F R. rubrum S19
catalaset typical catalase® F<+¥t}.

R. rubrum S1 catalase w3 A9 947] 92 5%
Tabel 3-4914 R o] ot& Awe| ofu|it EAo] A2 #FASHA Yery
21}, proline &%e] ot & AERTG =/ v & 5 dodh

A AP E2 catalase FAAEE olu] A A Do+ peroxisomeltSZ
o] 53l=d HFAst= ATP oA A3A¥ Ser-Lys-Leu & C-2do
SKL Mde] EAst= AR W3R},  Rhizobium meliloti®t Brucella
abortuss &% - A E9 WAA AT catalasedl A SKL AL+ 7HA L 3
o] FWA XA EA3cH(Herouart et al, 1996; Sha et al, 1994).

Rhizobium SNUQ03(Kwon and An, 1999) cytoplasm catalase, E.
coli®] HP 1+ periplasm¥ cytoplasm®] £#]3}3, HPII = cytoplasm °l
£ 7)) gl (Heimberger and Eisenstark, 1988). R. rubrum S1¢] catalase
FAAZEYH FAE o HES AT ZH SKL A do] EA3A ¢
2 v3 R. rubrum S19¢] catalaseX cytoplasmdl EA3= Rz Ty
}.

LAY E] catalase T+ 12 T2 Aol o3 270 1Fe= F
2} 3 25 AAAES catalases}t A7)7) ¥l &L EL ofu] Ak A
4o FEAE Helv, F - AE Z vAEdA TAHE AR AT A4S
7}l catalase 1H2E FUS 27| &9 VIE FAH 9oy, 4 &
9] 2 39 ferric heme prosthetic group(protoporphyrin X)& 7}A]
IR, EATFE 225 ~ 270 kDa ¥l B} pH 5 ~ 109 HH el
A e Aol 84234 Yeh Z(Schonbaum and Chance, 1976), <A
EA9l 3-amino-1,2,4-triazoledl] W3le] Eo]H o2 n|7}92<e AAE YE}

Wh(Magoliash et al, 1960). Z¥]Z Ethanol/Chloroform @] <+A 33

obl it 24 E
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(Nadler et al., 1986), phenyl-sepharos°] F&3l= &FAS 7Ix2 Yot
(Nahmias and Bewley, 1984).

Catalase-peroxidases typical catalase®} 28] X|F7tx] v A E 4
Ut A= Ao R 3 47U} catalase BA T} peroxidase TS T A9
7FA ™ typical catalase$}= thEA EAFFo] chksial, o= 54 pHelA
Ao AL Jehun, dAEZQ 3-amino-1,24-triazoled] Ao] A=
A ¢r=ch, =3 Ethanol/Chloroform &3-§ Aed B2 L5 o
) 4] £ typical catalase¥.t} ©] "Wlzslch. AulbE 22 typical catalaseX.t}
o8] 71 ATl ddlA EA S} (Hochman and Goldberg, 1991,
Brown-Peterson and Salin, 1993; Fraaije, et al., 1996; Maricinkevicience,
et al., 1995; Nadler, et al., 1986; Yumoto, et al, 1990). Table 3-5° 4]
R. rubrum S1 catalaseS Rhodobacter capsulata®] bifunctional
catalase-peroxidase(Hochman and Goldberg, 1991), A3 A E2] typical
monofunctional catalase(Deisseroth, et al., 1970; Schonbaum and
Chance, 1976)¢} vl 2s}d, A=k, ATel i3t AFA A thd 2ol 9}
A9k pifunctional catalase-peroxidase®.t} typical monofunctional
catalase®] SAF A9 fFASIERZ  E. colidlA] 238 R. rubrum S19
catalaset typical monofunctional catalase® gk},

2 d3E 59 ALz B33A AlHF R. rubrum SOl catalase 3
A5 X3+ gene clusters #3359 clonings 3t%th. 2¥ L gene
clusterd]l *Z3% trehalose-6-phosphate synthase, glucokinase, restriction
endonuclease, methyltransferase, catalase, and the AraC-type regulator
AR A7NALE AA A E coli UM255914 2@ % catalase®] A
3184 EAS . e dATFZEIAE vees FIAALE R
rubrum S1el4 t}&g 27 Wst] W3 catalase®] L I F=3H
7les Wk & Aeow AdFAd.
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Table 3-4. Comparison of amino acid compositions of catalases from

Rhodospirillum rubrum S1 and other organisms

Concentration(mol %)

Amino Acid R o ) o . .
R. rubrum S1° M. luteus’ H. influenzae’ V. rumoiensis
Ala 9.9 7.9 10.0 9.5
Arg 6.4 6.4 7.3 6.5
Asx 6.0 12.7 12.8 12.5
Cys 0.0 0.0 0.9 ND*
Glx 9.9 10.3 10.0 11.7
Gly 7.4 8.9 6.1 6.5
His 5.0 3.4 3.0 3.8
Ile 3.0 3.0 3.2 2.8
Leu 7.6 6.0 7.1 6.8
Lys 3.3 3.2 4.1 5.5
Met 1.9 1.6 2.2 1.9
Phe 5.8 5.4 6.3 5.7
Pro 7.4 5.2 6.1 6.5
Ser 4.8 6.0 4.5 4.0
Thr 5.8 6.8 5.3 5.4
Trp 1.7 2.2 2.2 ND
Tyr 3.5 3.2 3.2 3.5
Val 6.4 7.7 4.9 5.5
Arg/Arg+Lys 65.9 66.7 64.0 54.2

*The amino acid composition of Rhodospirillum rubrum S1 was deduced from
gene sequences obtained from this study.

"The amino acid composition of Micrococcus Iuteus and Haemophilus
influenzae were deduced from gene sequences obtained from the gene
database.

‘The amino acid composition of Vibrio rumoiensis was obtained from
reference (Yumoto et al., 2000).

IND, not determined.
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Table 3-5. Comparison of the enzymatic properties of Rhodospirillum rubrum
S1 catalase with those of eukaryotic catalase and Rhodobacter capsulatus

catalase—peroxidase

Characteristics R. rubrumél S1 Eukaryotli)c R. capsulat.us )
catalase catalase catalase-peroxidase

M, 189,000 240,000 236,000
No. of subunits 3 or4 4 4
Heme/tetramer ND° 4 2.5-4
Soret peak(nm) 406 405 403
Specific activity 13,273 97,000 7,800
CN- and N3 inhibition + + +
Aminotriazole inhition + + -
Optimun pH range Broad Broad Narrow
H>0: stability Stable Stable Unstable
Organic solvent stability Stable Stable Unstable
NaS:0; reduction - - +
Peroxidase activity - - +
Glycoprotein ND¢ + -
Isoelectric point 6.5 5.5 4.5

“Data are from this study.

b
Data are from references(Hochman

‘ND, Not determined.
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Appendix I; Nucleotide and deduced amino acid sequence of

Rhodospirillum rubrum S1 Catalase Gene Cluster.

Nucleotide sequence of the 7,421-bp DNA fragment containing the
R.rubrum S1 Catalase Gene Cluster. The catalase gene cluster
contains four complete(glucokinase, endonuclease, methyl-transferase,

catalase gene) and two truncated (trehalose-6-phosphate synthase and
probable transcriptional regulator gene) ORFs. The deduced amino
acid sequence of the catalase gene cluster product is presented
underneath the DNA sequence. The putative Shine-Dalgarno (SD)sequence
and transcriptional start points are indicated by box and arrows. The
sequencing primers and the restriction enzyme sites used in this

study are underlined.
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EcoRI

GAATTCCCCGCCAGGACTACAAAGGCTATATGCGGGTCAATACGGTTTTCGCCGAGCAGC
I PR QDY XK G YMPRVY NTVFAZEN QL
otsA —

TTCAACCGCTGCTGACCGATGATGATCTGATCTGGGTCCATGATTATCACCTGATCCCGC
Q PLLTDDUDVLTIWVHDYUHTLTIT?®PL

TGGGGGGAGAACTGCGCCGCCTGGGGGCGCEGCCAGCGCATGGGCATCTTCCTGCACACGC
G 6 ELRRLG GARAQRMGTIT FLUHT?P

CCTTTCCGGCGATGGAGGTATTGCTGGCCCTGACCCACCATCGCCGACTGGTCGGTTCGC
FpAMEVILILALTHIHT RTRLVGSL

TGTGCGCCTATGATGTCGTCGGCTTCCAGACCGAAAACGACCGGCGCTCGTTCTTCGATT
Cc AYDVVGFQTENDIRT RSV FTFTUDY

ACGTCCTGCATGAAGCCGGCGGCTGGATTGGCGAGAACGGCCATGTCACCGTCTGGGGGC
VL HEAGGWTIOGENGHV VTV WGR

Smal <—— pSCATO024 (HE1)
GCTCGCTGGTCGCCCGGGTTTATCCCATCGGCATCGAGAAAGGCGCCTTCGCCGAGGCCG
S LVARVYVYPTIGTIEZ KTGATFAEAA

CCCAGCGCGCCCAGCGCACGGTCGCCTATCGCCGGCTGCGCGCCAGCCTGAACGGCCGCA
Q RAQRTV AYRRLIRAGSILUNGT R K

AGCTGATGATCGGGGTCGAGCGCCTGGATTATTCCAAGGGCCTGCCCGAACGCTTCGAGG
LMIGVERTLDY S KSGLU®PETRTFEFEA

CTTTTTCGCGCCTGCTCGAAAGCATCCCGAGCATCGCGCCAAGGTCAGTTTCATGCAGGT
FSRLLE®STIU®PUSTIAPIZ RZSVS CTRS

PSCAT022(EB1) —>
CGCGCCAATTTCCCGCTCCGAGGTTCCCGAATACCGGCGCCTGCGCGAGGAACTCGAAAA
R QFPAPRTPFPNTGACARNSGSIKS

GCCTGTCCGGCCCAGATCAATGGCCAGTTCGGGCGATTACGATTGGGTGCCAATCTTCTA
LSGPDQWPVRAITTISGT CA QSS ST

CCTCACCCGCAACTTCGCCAGATCGGTCCTGGCCGGTTTCTACCGACAAGGGGCCGTCGG
S PATSPDRSWPVSTDI KTGZ?PS A

CGTTGTCACGCCAATGCGCGATGCGCGATGGTATGAATCTTGTGGCAAAAGAATACGTTG
LSRQCAMRDGMNLVAIKEYVA

Smal
CCAGCCAGAATCCCCAGGACCCCEEEETGCTGGTTCTTTCGCGCTTCGCCGGGGCGGCCC
S Q NPQDPGVL VL ST RT FA AGU AA AR

GCGAACTGACAACGGCGCTTCAGGTCAACCCCTTCGACCGCGAGGATATGGCCGATGCCA
ELTTALU QVNZPVFIDR RETDMMATDA AWM
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Ncol
TGGACAGGGCCTTGGGCATGGCTTTGGACGAGCGCAAGGAGCGTTGGGTTGAAATGATGC
DRALGMALT DET RIEKETRWVEMMTER

HindII
GTATGGTCGATGAAAACTCGCTGGAAGCTTGGCGCGAGAAGTATCTGGCCGATCTGAACG
M VDENS SLEA AWRETZ KT YT LA ATDTLNA

EcoRV
CGGCGCCGTTCAATGGCTGAGCCGTTCATTCCCGGATTGATCGCCGATATCGGCGGCACC
AP F NG =
M AEPVFTIUPGILTIADTIGTGT
glckK —

AACGCCCGCTTCGCCCTGACCACCCCCGAGGGCGGCTGGCGCGACCGAACGGGTTTACCGC
NARTFALTTUPESGS GWI RDET RV YR

TGCGCCGCCTTTCCCGGCCCGGCCGAGGCGGCGGCCCATTATCTGGCCGAGGTGCTGACC
C AAFPGPAEAAAMHYT LA AEUVTLT

GCCTTTGAACCGCGCCCCGATCGCGGGGCCGATCTGCGTCGCCTGTCCGGTCAACGGCGAT
AF EPRPIDIR RGATICVACCPVNGSGH?D

Ncol
CATCTGCCTTTGACCAACCATGGGGCGTGGTCGTTCTCGATCAGCGCGGTCCCCGACCGL
HL PLTNU HGAWSU FSISAVYVZPTIDR

TTGGGTTTGGCCCCTTTCCATGCGGTCAATGACTTCATCGCCAACGCCCTGGCCATCCCC
LGLAPVFHAVNDYTFTIANALATIFP

Apal
CCCCTTGCCCCCTCCGGGCTGATCGAGATCGGCGGCGGECCCCGGACTTACCGEEECCCCE
PLAPSSGILTIZETIG GG GG GU?PT GILTTGATFP

Smal
ATCGCCGCAATCGGCCLEEECACCGGTCTGGGGETGGCGATCCTCATCCCCCGGTCGCGG
I AAI G P GTGILG GV ATIULTIUPTZ RS SHR

CGGCAACCGCACCAGCCCCCTGGCCACCGAGGGCGGCCATGTCACCCTGCCCCGCCGCGA
R QPHQP&PGHT RGT RPTCHUPAZPZPR

CCGACCCGCGAGGCGGTGATCATCAGCGCCCTGCGCGCCATTCACGGCCACGCCTCGGCC
PTREAVITISALU RATIMHGTHASA

<«—— pSCATO022(BE1)
GAGCGGGCGATTTCCGGCCCCGGTCTGGTTTGGCTGAGCGAGGCGATCCGCGCCGCCGAT
ERAISGPGILVYVWILSEA BATITRAAD
Pvull
GGCTTGGAGCCGGTTGCCCAAACCCCGCCCTCGCTGATCGAAAAGGGCTTGGCGCGCAGE
G LEPVAETPPS SV VMETEKTGTLATRS
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Sall
CGGTTTGCGCCGAAGCCGTICGACACCTTTTACGCGCTGCTGGGCACGGTGGCGGGC
vV CAEAVDTUZFYALTLSGTVAG

TGCC
C P

AATCTGGTGCTGAGCACCGGCGCCCAGGGCGGCGTTTACCTGATGGGAGGTATCCTGCCC
NLVLSTGAQGGVYLMGSGTITLFP

CGACACCCAGAGGCCTTGCGAACCTCGGCCTTCCTGGCGCGCTTCCACGAAAAGGGCCGC
R HPEALIRTSAFULART FHEI KGR

TTCCGCGATTACCTTGATGTCGTCCCCATTCGCTTGGTCACCCACCCCTATCCGGCCTTC
FRDYLDVVPIRLVTHPYZPATF

ATCGGTCTGGCCGGGCTGGTCAGCGATTAGAGCAGCTCGGCCAGGGTGCGGGGATCGCCG
AATCTCGTCGAGCCGGTCCCACGCCCCTAGCGGC
I1 6L AGILV S D =
* L L E AL T®RUPDG

GCGCTGTCGTGCAGGCGCAAGAGCCGCTCGGGCTCGGACGCGAACCAAACGAAGCCGLCCC
CGCGACAGCACGTCCGCGTTCTCGGCGAGCCCGAGCCTGCGCTTGGTTTGCTTCGGCGGG
A S DHLU RLI LU REUZPES S ATFWVFGG

CAGCCCAATTGGCCGACGGTCTTGCGAAAGCCCGGCGACTGGCGGTCCTGATAGGCGGTC
GTCGGGTTAACCGGCTGCCAGAACGCTTTCGGGCCGCTGACCGCCAGGACTATCCGCCAG
WaeQ'LAQGVTKRFGPS QRDAQYAT

AGGAACAGCACCTGGGCGGGCGAGAAACCGGCGGCTTCGGTCAGGGCGTGAATGGCCCGC
TCCTTGTCGTGGACCCGCCCGCTCTTTGGCCGCCGAAGCCAGTCCCGCACTTACCGGGCG
LFLVQAPS ST FOGAAETTULAHTIATR

BamHI
TGGCGATGGGGGCTGAGCGCGCCATCGGTGGCGTTGACCTCGACGGGAGCCAGCAGCGGA
ACCGCTACCCCCGACTCGCGCGGTAGCCACCGCAACTGGAGCTGCCCTCGBTCGTCGCCT

Q RHPSLAGDTANVEVPALTLTP

ICCTTGGGGCCAAGGTCGGCCAGGATCAGGTCGGGCAGGGTTTTATCGGCTTCGATGCGC
AGGAACCCCGGTTCCAGCCGGTCCTAGTCCAGCCCGTCCCAAAATAGCCGAAGCTACGCG
DKPGLUDALTITLT DZPLTI KT DA AETIR

AGGCCGATGGCATGGGCCAGGGCGTCGTCGCGCAGCACCACCTTGTTGCCGCTTTCGCTG
TCCGGCTACCGTACCCGGTCCCGCAGCAGCGCGTCGTGGTGGAACAACGGCGAAAGCGAC
LGI AHALADIDI RLVV KNGS SE S

AGCCACAGCACCGCCGGCGCCGCAAGAAAGCGCGGGGCGAAAACCTCGACCACCGCCTGE
TCGGTGTCGTGGCGGCCGCGGCETTCTTTCGCGCCCCGCTTTTGGAGCTGGTGGCGGACC
L WL VAP AALUFIRUPATFUVEUV YV ANAQ

Pvull
GCGATGATCGAACTGGGGCCGGGCGCCAGCTGGCGGGTCTCGCCGCTGGGAAAGCGCALCC
CGCTACTAGCTTGACCCCGGCCCGCGGTCGACCGCCCAGAGCGGCGACCCTTTCGCGTGGE

A I I S SPGPALI QRTESGZ SU©PT FRYV
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AGCACCCCCTCGGCCCCGECGETEGGCGCCAGCGCGCATGATCGCCACGCGGGCCAGGGCE
TCGTGGGGGAGCCGGEGCCGCCACCGCGGTCGCGCGTACTAGCGGTGCGCCCGGTCCCGC
L v.G EAGATAGARMTIA AVYVIR RATL A

CTACGGCTGAGGTGCGCGGCCTGGAAGGCGGCGATGGCGGCGTCCAGGGCCGGGCCGTCA
GATGCCGACTCCACGCGCCGGACCTTCCGCCGCTACCGCCGCAGGTCCCGGCCCGGCAGT
S RSLHAAQFAATILIAATDLA AZPSGTD
AGCGCCGGATCGAACAGGGCGGCGAAGGCAGCCTTCAGGGCATAGCGCGGCTGGCCCGAG
TCGCGGCCTAGCTTGTCCCGCCGCTTCCGTCGGAAGTCCCGTATCGCGCCGACCGGGCTC
L APDVFULAATFAAIKTLAYZ RPA QG GS

GTGGTCGGCAGATCGCCCCGGCGGATCACCGCGCCGATCGCCACCAGCCCGTCGCGCAGG
CACCAGCCGTCTAGCGGGGCCGCCTAGTGGCGCGGCTAGCGGTGGTCGGGCAGCGCGTCC
T TPULDG G RRTIUVAGTIAVLSGTDTRIL

GTTTCATCGCGGATCGGCTCGCGGGTGTTATCGGCATACCAGCGGCTGCCGCTGATCCCG
CAAAGTAGCGCCTAGCCGAGCGCCCACAATAGCCGTATGGTCGCCGACGGCGACTAGGGC
TEDIRTIUPET RTNIDAYWRSGSTISG G

PSCATO21(BE1) ——
CCGCCCTTGCGCAGCACCGCCAGACCATAGGCGAGGCGATCGGCCTCETCCGCCAACAGT
GGCGGGAACGCETCGTEECEETCTGETATCCGCTCCGCTAGCCGCAGCAGGCGETTCTCG

G 6 KRLVALGYALTZRDAETDH ALITL

GCCTGCTCATTGGTCATCCGGTAGACATGGACCGGCCCCCAGAAACACCCGCGTCCCTCG
CGGACGAGTAACCAGTAGGCCATCTGTACCTGGCCGGGGGTCTTTGTGGGCGCAGGGAGC
AQ ENTMRYVHVYVPGWT FTCGTR RGE

ACCGCGCCGATATAGAGTGCCTCGAACACGGAGATGGCGGCCAGATCGCGCACGCAATAG
TGGCGCGGCTATATCTCACGGAGCTTGTGCCTCTACCGCCGGTCTAGCGCGTGCGTTATC
VAGTIVYLAETFVSIAALTU DT RVCY

GTTCGGTTGGGCGTACCGGCGGGAAAGATCAGCGGCAGGCGCGCAGCGATCAGATCACGC
CAAGCCAACCCGCATGGCCGCCCTTTCTAGTCGCCGTCCGCGCGTCGCTAGTCTAGTGCG
T RNPTS GAPT FTIULUZPLT RAATITILTDTR R

GACGCATAGGGCGGTAGCGGCGCGGCCGGGETTTCAGGAGCGAACGCCGGAGGTTCCTTG
CTGCGTATCCCGCCATCGCCGCGCCGGCCCCAAAGTCCTCGCTTGCGGCCTCCAAGGAAC
S AYPPULUPAAPTEUPATFAPUPEHK

GCCTCCTTGGTCTCCTTGGGTTCCTTGGGTTCCTTGGGTTCCTTGGGTTCCTTGGGTTCC
CGGAGGAACCAGAGGAACCCAAGGAACCCAAGGAACCCAAGGAACCCAAGGAACCCAAGG
A°EXKTEZ KZPEI KZPEI KZPETI KU PETI KTPE

Xhol
TTGGGTTCCTTGGCCTCCTTGGTCTCCTTAGTCTCCTTGGGT TCCTTGGCGCCCICGAGC
AACCCAAGGAACCGGAGGAACCAGAGGAATCAGAGGAACCCAAGGAACCGCGGGAGCTCG
K PEXAEZ KTETZ KTETZ KZPETZ KA ASGEIL
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Ncol
CGCGAGAACAGATCCATGGTCAAAGCCCCTTCCCATAGAGCCGGGCGCATTCGGCTTCGA
GCGCTCTTGTCTAGGTACCAGTTTCGGGGAAGGGTATCTCGGCCCGCGTAAGCCGAAGCT

RS FLDMTIULA AGEU WL AZPR RM
* . G K G YL ZRATCEAE
<— endonuclease

TGTCATCGCGCGGGGCGCCGGCEGGCCACCAGGGCCGTCAGCGGCCCCAGATCGCCGGCEG
ACAGTAGCGCGCCCCGCGGCCECCGGTGGTCCCGGCAGTCGCCGGGGTCTAGCGGCCGCC
I DDRPAGAAVLATILUP®PSGTILTUDGA

CGGGCAGCGGCAGGGCTTCCAGTTCAAAGGCCGATACGGCGACGCTACCGCTCATGCAGC
GCCCGTCGCCGTCCCGAAGGTCAAGTTTCCGGCTATGCCGCTGCGATGGCGAGTACGTCG
APLPLAETLETFASVAV SGSMA

GAAACACCTGATCGACAACGGCGCTGTTGAGCAGGGCCGCCACCACCGCCGGCGCCACCC
CTTTGTGGACTAGCTGTTGCCGCGACAACTCGTCCCGGCGGTGGTGGCGGCCGCGGTGGEG
RFVYQDVVASNILTILAAVYV APAVY

Smal Ncol
GGEGGGTGCCCTTGGCGCGCACCATGTTCAGATGGTTCTCCACCACCACCCCGCCATGGC
CCCCCCACGGGAACCGCGCGTGGTACAAGTCTACCAAGAGGTGGTGGTGGGGCGGTACCG
R PTOGI K ARVMNILUHNEV V V G G H

Sacll
CGGCGACAAAAGCCGCGGGCAGTTCGGCGGCGATCAGCCGGCGGTGCTGTTCCTTGGCGE
GCCGCTGTTTTCGGCGCCCGTCAAGCCGCCGCTAGTCGGCCGCCACGACAAGGAACCGLC
G A VFAAPILEA AATITULU RIBRIHEIGQEIKA

Pstl
TGGTGCGCTGGACCAGCACGCAGGGCTCGCCGACCAGAAGCGCGTCATCGCCGGCLTGCA
ACCACGCGACCTGGTCGTGCGTCCCGAGCGGCTGETCTTCGCGCAGTAGCGGCCGGACGT
T TR QVLVCPESGVILILADTDTGANA

GCTTGAAATAGGGCGCATGGTTGCGTTTGGCGGCGCGGAAAACAAAGCGGCCGTCCGCCG
CGAACTTTATCCCGCGTACCAACGCAAACCGCCGCGCCTTTTGTTTCGCCGGCAGGCGGC
LXFYPAHNIRIEKAARTEFVFRSGTIDA

é——
TGACCGCCTCGGCCCAGATCAGCGGATGAACCCGCTTGCCCGTCGGCCGGTCGCGGAGCT
ACTGGCGGAGCCGGGTCTAGTCGCCTACTTGGGCGAACGGGCAGCCGGCCAGCGCCTCGA
T VAEAWTITULUZPHVYVRIE KS GTUZPTRUDT RIL

PSCAT026(NB1) Sall
GGCCCTTATAGCGGTTCCACACCAAAGGCCCGGTCGACACCCCATAGCCCCACTCGGCCA
CCGGGAATATCGCCAAGGTGTGGTTTCCGGGCCAGCTGTGGGGTATCGGGGTGAGCCGGT
Q G K YRNWVYVYLPGT SV G Y G WE A

Ncol Smal
GTCGATGGCCCATGGCCTCGACCCEEECGACTAGGTGCCCCTGGCCEGGATCGCECEGLGE
CAGCTACCGGGTACCGGAGCTGGGCCCGCTGATCCACGGGGACCGGCCCTAGCGCGCCGL
L RHGMAEV VI RAVLUHSGT QG GUPUDT RYP
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CCAGCCAGGGGGCGCCGGCATCGGCGGECAGGCCAATGGTGCCATTATGGGCGATCCGCG
GGTCGGTCCCCCGCGECCGTAGCCGCCCGTCCGGTTACCACGGTAATACCCGCTAGGCGC
A'LWPAGADAPLUSGTITS GNUHA ATIR

CCCGCCCCTCGCCCAGGGTCAGATAATGAATGCGCACCCGCCCGGCTTGCCCGCCACGGL
GGGCGGGGAGCGGGTCCCAGTCTATTACTTACGCGTGGGCGGECCCGAACGGGCGGTGCCG
AARGEGLTTU LYHTIU®RVRSGAAQGSGHR

GATAAAGCGCCAGCAGGGTTTCTTGCAAAACATCCTCGAACACCCCCTGGCGGGCATGGA
CTATTTCGCGGTCGTCCCAAAGAACGTTTTGTAGGAGCTTGTGGGGGACCGCCCGTACCT
RYLALTV LTEA QLVDETFVGQRAH

Clal
CGAAATCGATCGACAGCGGCGGCGCTTCCGCCGCCAGCAGTCCGCGCAAGGCGCCATAGT
GCTTTAGCTAGCTGTCGCCGCCGCGAAGGCGGCGGTCGTCAGGCGCGTTCCGCGGTATCA
v FDISLUPPAEAALILGT RTLASGY

AGCGCCCGGCCAGAAAACTGGTGGGGGTGAGATAGGCGATCAGCCCGCCCGGCGCCGTCC
TCGCGGGCCGGTCTTTTGACCACCCCCACTCTATCCGCTAGTCGGGCGGGCCGCGGCAGG
Y RGALV FSTZPTULYATITLSGSGT?PAT

EcoRV
AGCGCAGGGCGATATCGGTGAACACCCCATACAGATTGGCATGGCCATACAGCCCGCGAC
TCGCGTCCCGCTATAGCCACTTGTGGGGTATGTCTAACCGTACCGGTATGTCGGGCGCTG
WRILATITDTUZ EUVG Y LNAUHTGUYTULGHR

pSCAT021 (BE1-1)
CAAAGCGEGCGECECTEGECCEGEGTCAGGCCGACCCGTCCATAGGGCGGATTGCCGACCA
GTTTCGCCCGCGCGACCCEGCCCCAGTCCGECTGGECAGGTATCCCGCCTAACGGCTGRT
G FRARQAPTTLG GV RGYTPPNTG GV

e p——
CCAGATCGAAGCTGGGATCGGCGGGGATTTCCAGGGTATCGGCCACCCGCAACACCACCG
GGTCTAGCTTCGACCCTAGCCGCCCCTAAAGGTCCCATAGCCGGTGGGCGTTGTGGTGEC
VLDFSPDAPTIETLTDAVRLVY

GCGGCGGCCGTCCCGEGTTGGGCCAGATCGGCCAGAAGAATATCGAGCGCGGCCTGGGCCA
CGCCGCCGGCAGGGCCAACCCGGTCTAGCCGGTCTTCTTATAGCTCGCGCCGGACCCGGT
PPPRGPQALADTLTLTITDTLA AA AN QA

Notl Xhol Smal
GGGELEGCCGCCCTCGCATCGACCTCGAGCCCCAGCACCCGGGCGCCGATCCGCCCCAGGA
CCCGCCGGCGGGAGCGTAGCTGGAGCTCGGGETCGTGGGCCCGCGGCTAGGCGGGGTCCT
L AAARADVYELGLVZ RAGTIT RTGEGTL

TGAAGGCCGGTTCGCAGCCGGCCAAGGCGGCGCGGATGCGGGCGACGGCGCCCAGCAGAA
ACTTCCGGCCAAGCGTCGGCCGGTTCCGCCGCGCCTACGCCCGCTGCCGCGGGTCGTCTT
1 FAPETZ CGALA AARTITRAVAGTLITL

AGGCCCCGCCACCGGCGGCCGGATCAAGCAAACGCAGCCCGGCCCAATCGGCGCCCTCCT

TCCGGGGCGGTGGCCGCCGGCCTAGTTCGTTTGCGTCGGGCCGGGTTAGCCGCGGGAGGA
FAGGGAAPIDTV LT LT RLTGAUWDA ASGE
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CGGTCGCGCGATCAAGCAGGCGCTCGACCAGGGCGATCGGCGTGTAAAAGGCGCCCAGGG
GCCAGCGCGCTAGTTCGTCCGCGAGCTGGTCCCGCTAGCCGCACATTTTCCGCGGGTCCC
ETARDIULTILUREVLATIUPTYZFAGIL

CGCCGCGCTCGCGGGCGGGCAACAGCGCCGGATAGAGGCCGGTGATCAGATGCAGCGCCT
GCGGCGCGAGCGCCCGCCCGTTGTCGCGGCCTATCTCCGGCCACTAGTCTACGTCGCGGA
A°GREZRAPLTLAZPYTULGTTITULHTILA

Smal
CGGCCAAAGGCAGCAGGGCGGCGTCCTCGCCGATCGCCTGGGCCACCCEEGCEGCCGGCET
GCCGGTTTCCGTCGTCCCGCCGCAGGAGCGGCTAGCGGACCCGGTGGGCCCGCGGCCGCA
EALPULTILAADEGTIA A QA AVIZRATGA

Notl
GATCGAGRCGGCCGCGCGGTCGGGCGAAACCGGGGCGGGCAACAGCCTCGACGCCGATCC
CTAGCTCCGCCGGCGCGCCAGCCCGCTTTGGCCCCGCCCGTTGTCGGAGCTGCGGCTAGG
HDULIURGT RUPURAFGPI R AV AEUVGI

<—— pSCATO25(EN1)
CCTTGCGCAGGGCCGCCATCGCEECGETGGTGAACAGCAAGGCCTGATCGGCECGCCECE
GGAACGCGTCCCEECGETAGCGCCGCCACCACTTGTCETTCCEGACTAGCCECGCEECGL
G K RLAAMAATTT FTLTILA AQDA ATRTER

Smal
CCGGCGTCAGGGTTTCAGCCCAGGCCCGGECGACGACGCGGGCGCGCGCCAAATCGGACC
GGCCGCAGTCCCAAAGTCGGGTCCGGGCCCGCTGCTGCGCCCGCGCGCGGTTTAGCCTGE
AP TULTEA AW AU RAVYVRARUA ALTDS

Smal
GCGTCCCCTCGACCCCGGGCEACGGCGGCCCGGCCAGGATCGCGGCGGATTTTTCCGGGG
CGCAGGGGAGCTGGGGCCCGCTGCCGCCGGGCCGGTCCTAGCGCCGCCTAAAAAGGCCCC
R TG EV GPSPPGALTIAAST KTEF?P

ACGTGGAAGCGGTCCCGCACGGCGTCACGACGTCATCTCCCAAGCCAGTCCCCACCCCGT
TGCACCTTCGCCAGGGCGTGCCGCAGTGCTGCAGTAGAGGGTTCGGTCAGGGGTG
S TS ATGOCPTVVDDGILGTG M
< Methyltransferase
Apal
TGCCAGCCCGGCCGCCAGCCGEECCCGCAGGCTACAAGCGCCGCCCGCGATCCGCCACCA

GTATCCATCGTTTCCGCTTTGTTCGCGCAAACGAAGCCCGCCCTCCCCCTCAAGAAGCCC

Smal
GCGCCTCCCGGGTATGGCGCCACCCCAGCTTGCGTCTTAATTCTAAAGACTATAACCTAA

Clal
AGGTTCTACTTTGGCTAAAATATGATCGATTTAGTCACTCGAATAACCCAGTAAAGTTAT

GTATTTCCGCTGATAGATCGCCTCTAGGATGAGGGGTATCGGATCACGCCCTTAGCGCCA
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TCCACTTTCGGGGAGAAGCCCATGACCACGCGCCTGACCACCACCGCCGGTGCCCCGGTC
M T TIRIULTTTATGAUP YV
Catalase —

Smal Pstl
GCCGATAATCAAAACAGCCTGACCGCCGGACCCCGGEGECCGGTGCTGCTGCAGGATTAT
A DNQNSILTAGZPU RGP®PVLILAOQTDY

PSCATO25(NE1)
CAGTTGATCGAGAAGCTGGCCCACCAGAACCGGGAACGCATTCCCGAACGCGTCGTCCAC
Q LI EXKLAHO QNRETRTIPETRTVUVYVH

— Ncol
GCCAAGGGCTGGGGCGCCCATGGCACCTTGACCATCACCCATGACATCAGCCGCTATACC
A X GWGAHGTTULTTITHDTIS SU RYT

CGAGCCAAGCTGTTCTCGGCGGTCGGCAAAACGACACCGGTGCTCGCCCGCTTTTCGACG
R AXLVFSAV G KTTU®PVLARTEFST

GTGGCGGGCGAATTGGGGGCGEGCCGACGCCCGAACGCGACGTGCGCGGCTTTTCGCTGAAG
VAGELGAADA AET RIDVRGT FS LK

TTCTATACCGAGGAAGGCAACTGGGATCTGGCGGGCAACAACACCCCGGTGTTCTTCGTG
FYTEEGNWDILAGNNTU®PVFT FUV

CGCGATCCTTTGAAGTTTCCCGATTTCATCCATACCCAGAAACGCCATCCGCGCACCCAT
R DPLI KV FPDVFTIHT QI X®RHPTR RTH

CTGCGCTCGCCCACCGCCATGTGGGATTTCTGGTCGCTCAGCCCGGAAAGCCTGCATCAG
LRSPTAMWDUVFWSUILSPESZSTLHAQ

GTCACCATCTTGATGAGCGATCGCGGTCTGCCGCTTGATCCCATGCATATGAACGGCTAC
v T I LMSDI® RS GLUZPILUDPMHMNGY

GGCAGCCACACCTATTCCTTCTGGAACGACGCCGGCGAGCGCTTTTGGGTGAAGTTCCAC
G SHTY S FWNDAGET RYEFWVYV KT FH

TTCAAGACCCAACAGGGCCATGCTCATCTGACCAATGCCGCCGCCAAGGTCGTGGTCGGC
F K TQQGHAHTLTNAAAIKUVV VG

GAGTCGCGCGAAAGCTATCAGGAGGCGCTGTTTGGCACCATCGAGTCGGGTCACTTCCCG
ESREGSYQEALVFGTTIESG GHT FP
CGCTGGACGCTGTTTGTGCAGATCATGGCCGAACGCGAGGCCGAAACCACCCCCTATAAC
RWTULVPFVQIMAETREA AETTUPYN

<—— pSCAT(021EB1-1)
CCCTTCGACCTCACCAAGGTCTGGCCGCACGGCGATTTTCCGCTGATCGAGGTCGGGGTG
pPFDLTI KVWPHGDT F&PLTIEVGYV

CTGGAACTCAACCGCAACGCCGAGAACTATTTCGCCGAGATCGAGCAGGCGGCCTTTTCG
LELNZRUNAENYT FAETIZEU QAHARATFS
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Smal Smal
CCGTCGAACGTCGTCCCGGGCATCGGCCATTCGCCCGACAAGATGCTTCAAGCCCGRGTG
P S NVVPGIGHSU?PDI KMTLIGQATRY

TTCGCCTATGCCGACGCCCATCGCTATCGCCTGGGCACCCATTACGAGGCCCTGCCGGTG
FAY ADAHTRYIRLGTHYEA ATLUPYV

AACGCCCCGCTCAGCCCGGTCAATCACTACCACAAAGACGGGCCGATGCGCTTTTTCCCC
NAPLSPVNHYHIXDGPMRBRYEFTFUP

AATAATCCCAACGCCGACGCCTATTACGAGCCCAACAGCTTCGGTGGACCCAAAGAGGAC
NNPNADA AYYEPNG SV FOGGPIXKTETD

CCCTCGGTCAAGGAGCCGCCGCTGCGCATCAACGGCGATGCCGATCACTACAACCACCGC
PSS VXKEPPLU RTINSGDADUHYNHR

GAGGGCAACGACGATTACGTCCAGGTCGGCGCCCTCTTCGCCCTGTTTGACGAGGGCGAG
EGNDDYVQVGALT FALTFTDEGE

<—— pSCATO021(EB1)
CGCCAGCGTCTGTTCTCCAATATCGCCGAGGCCATEGCCGGCGTEGCCCGAGGAGATCATC
R QRLFSNTIAEA AMAGVYVUPETETITI

CGCCGCCAGTTGGTCCATTTCCACCGCGCCGATCCGGCTTACGGCGAGGGCGTGGCCAAG
RRQLVHFHIRADUPAY GES®GVAK

GCGCTGGGACTGGCCCCGGTTTCCCAACCGGCCTGACCGGCCCCTCCATCCCACCACCAT
AL GLAPVSQPA=*

Smal
CTCAAGGGAGCGACCCGCCCGGGCCGCTCCTTTTCTTAGCGGAAATAGGCCCCCGGCGTC
AATCGCCTTTATCCGGGGGCCGCAG
* R F Y A GUPT

GTGCCGAGCAGCCGGCGGAACATGGCGATGAAGGCGCTGGGCTGGTCGTAGCCCATATCA
CACGGCTCGTCGGCCGCCTTGTACCGCTACTTCCGCGACCCGACCAGCATCGGGTATAGT
T 66LLRRFMATIVFASUPAQDYGMD

AAGGCCACCGCCGTCACCGCCTCGCCGGCGGCCAGTCGCTCCAAGGCGCCCAGCAGGCGC
TTCCGGTGGCGGCAGTGGCGGAGCGGCCGCCGGTCAGCGAGGTTCCGCGGGTCGTCCGCG
F AV ATUVAESGAALT RETLAGTLTLTR

AGCCGCAACCGCCATTGGCCGAAGGTCAGCCCGCAGTCGGCGCGGAAGGTCCGGGCCAGG
TCGGCGTTGGCGGTAACCGGCTTCCAGTCGGGCGTCAGCCGCGCCTTCCAGGCCCGGTCC
LRLRWAQGV FTIULSGT CDATRT FTTR RATL

GTGCGGGCCGAGGCCCCGGCCTCGCGCGCCCATTCCTCAAGCGGCCGGCCATCGGCGGGA

CACGCCCGGCTCCGGGGCCGGAGCGCGCGGGTAAGGAGTTCGCCGGCCGGTAGCCGCCCT
T RASAGAETRAWETETLUZPRGTDATP
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Smal
TCGGCCTCCAGCGCCCTGGCCACCGCCAGGGCCCEEGGATCGCGCGGCCAGGGCAGATGC 7320
AGCCGGAGGTCGCGGGACCGGTGGCGGTCCCEGGCCCCTAGCGCGCCGGTCCCGTCTACG

DA ELAZRAVALARPIDTI RPWPILH

AGCGGCTGGGCCGGCAGGGCGECGATCTGGTCAAGCAGCACGCGCACCAAGCGGCCATCG 7380
TCGCCGACCCGGCCGTCCCGCCGCTAGACCAGTTCGTCGTGCGCGTGGTTCGCCGGTAGC
LPQAPLAATIAOQDTLTLV VR RVYVLIR RGEGTHD

EcoRI
GCGCCGTCCTCATCGTAATCATCGGGACGACGGCCRAATTC 7421
CGCGGCAGGAGTAGCATTAGTAGCCCTGCTGCCGGCTTAAG

A G DEUDYDDUPIRTR RGTFE
< Transcriptional Regulator
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Appendix IO; Multiple alignment of deduced amino acid
sequences of catalase gene cluster from

Rhodospirillum rubrum S1 and other organism.

A. Multiple alignment of deduced amino acid sequence of R. rubrum
S1 trehalose-6-phosphate synthase with sequences of a bacterial
trehalose-6-phosphate synthase. The aligned sequences and their
GenBank accession numbers are: Escherichia coli K-12 (AAC74966),
Ralstonia solanacearum (NP_522666), Rhizobium sp. GR234 (NP_444016),
Salmonella typhimurium (AAF34582), Sinorhizobium meliloti
(NP_435371), Xanthomonas axonopodis (NP_643519).

B. Multiple alignment of deduced amino acid sequence of R. rubrum
S1 glucokinase with sequences of a bacterial glucokinase. The
postulated ATP binding sites are boxed. The aligned sequences
and their GenBank accession numbers are: Escherichia coli K-12
(A65013), Helicobacter pylori J99 (NP_223746), Microbulbifer
degradans 2-40 (ZP_00068168), Neisseria meningitidis MC58
(NP_274404), Pseudomonas putida KT2440 (AAN66636), Ralstonia
solanacearum(NP_523116), Salmonella typhimurium LT2 (NP_461344).

C. Multiple alignment of deduced amino acid sequence of R. rubrum
S1 restriction endonuclease with sequences of a Dbacterial
restriction endonuclease. The aligned sequences and their
GenBank accession numbers are: Rhizobium leguminosarum (
CAAG67875), Xanthomonas campestris pv. phaseoli (AAF22367)

D. Multiple alignment of deduced amino acid sequence of R. rubrum
S1 methyltransferase with sequences of a bacterial
methyltransferase. The aligned sequences and their GenBank
accession numbers are: Rhizobium leguminosarum (CAA67873),

Xanthomonas campestris pv. phaseoli (AAF22366).
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E. Multiple alignment of deduced amino acid sequence of R. rubrum
S1 catalase with sequences of a bacterial catalase. The aligned
sequences and their GenBank accession numbers are: Bacillus
subtilis (M80796), Bacteroides fragilis (A57262), Brucella
melitensis (Q59170), Desulfovibrio vulgaris Miyazaki
(Q9ZN99), Haemophilus influenzae KW20 (D64103), Neisseria
meningitidis MC58 (NP_273273), Proteus mirabilis (P42321),
Pseudomonas putida KT2440 (AANG66111), Sinorhizobium meliloti
(NP_384870).

F. Multiple alignment of deduced amino acid sequence of R. rubrum
S1 Transcriptional regulator with sequences of a bacterial AraC
family Transcriptional regulator. Predicted HTH(helix-turn-helix)
motif are boxed. The aligned sequences and their GenBank
accession numbers are: Agrobacterium tumefaciens (AD3201),
Mesorhizobium loti (NP_104387), Pseudomonas aeruginosa PAO1
(C83167), Streptomyces coelicolor A3(2) (CAB92194), Xanthomonas
campestris (NP_636770), Yersinia pestis (NP_406279).
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A. Multiple alignment of deduced amino acid sequence of R.

rubrum

S1 trehalose-6-phosphate synthase with sequences of a bacterial

trehalose-6-phosphate synthase.

10 20 30

1 1 1 1 1 1
RQDYKGYMRVNTVFAEQLQPLLTDDDLI WHDYHLI PLGGELRRLGARQRMGI FLHTPFP

RPAWDGYLRVNALLADKLLPLLQDDDI I WI HDYHLLPFAHELRKRGVNNRI GFFLHI PFP
---FKAYEAVNRI LASHLRPMLRDSDI LWHDYHLI PFAQALRALGCTQRMGFFNHI PLP
RKEMAGYFRVNRFFAHRLAPLVKPDDVI WHDYPLI PLAAELRQMGLENRI GFFLHI PWP
RPAWEGYMRVNALLADKLLPLI KENDI I WHDYHLLPFASELRKRGVNNRI GFFLHI PFP
RKEMAGYFRVNRFFAHRLAPLVRPDDVI WHDYHLI PLAAELRQMGLKNRI GFFLHI PWP
RATREGYMRVNRLFAEKLAPLLKDSDTLWI HDYHMI PLGAMLRELGVGCKMGFFLHVPMP

40 50 60

e e

70 80 90 100 110 120

1 1 1 1 1 1
61 AMEVLLALTHHRRLVGSLCAYDVVGFQTENDRRSFFDYVLHEAGGWI GENGHV-TVWGRS
61 -PEIFNALPTYDTLLEQLCDYDLLGFQTENDRLAFLDCLSNLTRVTTRSAKSH-TAWGKA
58 SPDVI RRI PQHRQLMRALASYDLVGMQSPRDVLNLQRY-WDAENI AAQSERRHDSVHA- -

61
61
61
61

PADVLFTMPVHEEI MRGLSHYDVVGF QTDHDLENFAS CLRREGI GDALGGGRL-SAYGRI
TPEI FNALPPHDELLEQLCDFDLLGFQTENDRLAFLDSLSSQTRVTTRS GKQH-I AWGKD
PADVLFTMPVHEEI MRGLSHYDVVGF QTDHDLENFAGCLRREGI GDELGGGRF -SAYGRV
SADLVQAMPDHARLFSTFYAYDLVGF QTQRDAERFKAYVRLF GGGRI LEGDLVEGP GGRR

130 140 150 160
1 1 1 1 1 1
LVARVYPI GI EKGAFAEAAQRAQRTVAYRRLRASLNGRKLMI GVERLDYSKGLPERFEAF

FRTEVYPI GI EPKEI AKQAA-GPLPPKLAQLKAELKNVQNI FSVERLDYSKGLPERFLAY
————— FPI GI DVESLRALVPSPASQAVI DEVRGAAGRCVLMI GVDRLDYSKGI PTRLKAF
FKGGVYAI GI ETAAFAEFAKKASTNSTVKKARESI ERRSLI I GVDRLDYSKGLTQRI EAF
FQTEVYPI GI EPDEI ALQAA-GPLPPKLAQLKAELKNVKNI FSVERLDYSKGLPERFLAY
FKGGI YAI GI ETAAFAEFAKKALTNKTVRKARESI EHRSLI I GVDRLDYSKGI TQRI DAF
FTASSFPI GI DTDLI AHQAKASAGKQAVRDLRESLRGRQLAI GVDRLDYSKGLPERF QGF

170

120
119
115
120
120
120
121

190 200 210 220 230
1 1 1 1 1 1
SRLLESI PSI APRS - VSCRSR----QFPAPRFPNTGACARNSKSLSGPDQW-PVRAI

EALLEKYP------------"--"---— -~ - - - - - - — - m - — -
RQLLQTHARMRSKVTLVQI AAPTRQSI PAYARLRDKTEQLVREI NRRFGT-GDWTPVMYF
ERFI LANPAQRGRVTYLQI TPKSRSEVPEYEAMQRTVAEQAGRVNGALGAVD-WVPMRYI
EALLENYP------------"-"-"-"-"-"-"-"-"-"—-~—-"—-~—~—~—~—-—~ -~ - - - - - -
ERFI LANPAQQGRVTYLQI TPKSRSEVPEYEAMQRTVAEQAGRVNGALGAVD-WVPI RYI
ERYLERYPDQSGSLTYLQI APVSRGDVTEYRQLRSQLEQI AGHI NGGHAEPD-WTPLRYV

180
178
170
180
179
180
181

_83_

180

240

R. rubrum S1

E. coli K12

R. solanacearum
Rhizobium sp. NGR234
S. typhimurium

S. meliloti

X. axonopodis

R. rubrum S1
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A. Continued

231
186
229
239
187
239
240

291
212
278
288
213
288
289

351
272
338
348
273
348
349

250 260 270 280 290 300
TIGCQSSTS;ATSPDRSWP;STDKGPSALéRQCAMRDGM&LVAKEYVASéNPQDPGVLVL
—————————————————————————————————— LRDGMNLVAKEYVAAQDPANPGVLVL
S----=----- ESVDRTALPQLYRMSRVGVVT--PVADGMNLVAKEYVAAQAARDPGVLVL
N----~-=---- RSVGRRVLAGLYRLGKVGLVT--PLRDGKNLVAKEYVAAQDPDDPGVLVL
ffffffffffffffffffffffffffffffffff LRDGMNLVAKEFVAAQDPANPGVLVL
N----=--=--- RSVGRHI LAGLYRLGKVGLVT--PLRDGMNLVAKEYVAAQDPDDPGVLVL
N----~-=---- QNFSHATLTGFYRAASVCLVT--PLRDGMNLVAKEFVAAQDPADPGVLVL

310 320 330 340 350
SRFAGAARELTTALQVNPFBREDMADAMD%ALGMALDER%ERWVEMMRM;DENSLEAWRE
SQFAGAANELTSALI VNPYDRDEVAAALDRALTMSLAERI SRHAEMLDVI VKNDI NHWQE
SRGAGAASQLRDALLVPSKNR ATADAYAQALSMPLEERKARHAGLMRNI ETEDLRWWRD
SRFAGAARELQGALLVNPYDI EGTANAMARSLSMPLEERQERWTTMMDQLLEHDVSRWCR
SQFAGAANELTSALI VNPYDRDDVAAALNRALTMPLAERI SRHAEMLDVI VKNDI NRWQE
SRFAGAARDLKGALLVNPYDI EGTANAMARALSMPLEERKDRWKTMMDHLLEHDVSRWCR
SLFAGAADEMKEALLVNPHDLDGVADAI ATAASMPLASRI ERWHAMMDHL RKNNI NHWRQ

370
KYLADLNAAPFNG '

CFISD-------- L
NYLKALACAPW
DFLNDL-TAS
RFIHD-------- L
DFLNDLATSP
RYLQAL---S

_84_

360

R. rubrum S1

E. coliK12

R. solanacearum
Rhizobium sp. NGR234
S. typhimurium

S. meliloti

X. axonopodis

R. rubrum S1

E. coliK12

R. solanacearum
Rhizobium sp. NGR234
S. typhimurium

S. meliloti

X. axonopodis

R. rubrum S1

E. coliK12

R. solanacearum
Rhizobium sp. NGR234
S. typhimurium

S. meliloti

X. axonopodis



B. Multiple alignment of deduced amino acid sequence of R. rubrum S1

glucokinase with sequences of a bacterial glucokinase.

e

49

110
103
110
108
111
112
114
103

ATP binding site

10 20 30 40 50 60

1 1 1 ] ] |
MA------ EPFI PGLI ADI GGTNARFAL--TTPEGGWRDER--VYRCAAFPGPAEAAAHY
MTK------- Y-A-LVGDVGGTNARLALCDI ASGE---1 SQAKTYSGLDYPSLEAVI RVY

MP----KTETY-PRLLADI GGTNARFGL-EVAPRQ---1 ECVEVLRCEDFESLSDAVRFY
Y-PYI VADI GGTNARFALVTGKKGNAFNLEQI QI LNGSEFPRLQDAMQHY
MSSTPNKQAGY-PRLVADI GGTNARFAL-ETAPRV---1 EKAAVLPCKDYDTVTDAVRAY
MNNDNKRSAGGLG-LVGDI GGTNARFAL----- WRGQRLESI EVLACADYPRPELAVRDY
MGSM-DDVTAY-PRLVGDVGGTNARFAL-EMAPMR---LAHI GVLAGDDYPSLEAAMRAY
Y-A-LVGDVGGTNARLALCDI ASGE---1SQAKTYSGLDYPSLEAVVRVY

70 80 90 100 110 120
1 1 1 ] ] 1

LAEVLTAFEPRPDR-GAI CVACPVNGDHLPLTNHGAWSFSI SAVPDRLGLAPFHAVNDFI
LEEHKVE----- VKDGCI AT ACPI TGDWVAMTNHT-WAFSI AEMKKNLGFSHLEI I NDFT
LSKCKESLKLHPI - YGSFAVATPI MGDF VQMTNNH-WTFSI ETTRQCLNLKKLLVI NDFV
ID----TLGGEKPKAACVAI AGPI DGDNARMTNLN-WEFSQAAVKAEF GFDKYDTLNDF G
LNQSGATAVRHA- - - -AFAI ANPI LGDWQMTNHH-WAFST ETTRQTLGLDTLI LLNDFT
LARI GESVA--NI DSVCLACAGPVGAADFRF TNNH-WVI NRAAFREELGLDHLLLVNDFS
LAALPPEI AAAGVRHAAI GI ANPVLGDQI RMTNRD-WAFSTEAMRQSLGFDTF VVLNDF A
LDEHSVS----- VEDGCI AT ACPI TGDWVAMTNHT-WAFSI AEMKKNLGFSHLEI I NDFT

130 140

150 160 170 180

ANALAI PRL[IXPSGLI EI GGGPGLTGAPI AAI GPGTGLGVAI LI PRSRRQP HQPP GHRGRP
AVSMANPMLKKEHLI QF GGAEPVEGKPI AVYGAGTGLGVAHLVHVDKRWV-SLPGEGGHV
AQAYAI SAMQENDLAQI GGI KCEI NAPKAI LGPGTGLGVSTLI QNSDGSLKVLPGEGGHV
ALAVATSSLQADNLI EI KAGTMDPKGNKAI LGPGTGLGVAGLACAGDSWL-PI PSEGGHV
AQALAVTQTSSKDLMQVGGQKPVEFAPKAVI GPGTGLGVS GLVHSHAGWV - ALAGEGGHT
TMAWAASRLGADELVQVRAGSAQADRARLI I GPGTGLGVGSLLPLGGGRWEVLPCEGGHV
ALAHALPYLGADELEQVGGS TCVADAPRALLGPGTGLGVASLLPTQAGRFI AVAGEGGHV
AVSMAI PMLKKEHLI QF GGGEPVDGKPI AVYGAGTGLGVAHLVHVDKRWI - SLPGEGGHV
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B. Continued

170
162
170
167
170
172
174
162

222
212
226
222
220
227
232
212

281
271

292
271

190 200 210 220 230
1 1 1 | | ]

CHPAPPGPTREAVI I SALRAI HGHASAERAI SGPGLVWLSEAI RAADGL-------- EPV
--DFAPNSEEEAI I LEI LRAEI GHVSAEACLSGPGLVNLYRAI V-------- KADNRLPE
--SFAPFDDLEI LVWQYARSKFNHVSAERFLSGSGLVLI YEALSKRKGL - - EKVAKLSKA
--NVAPATQLECEVI RAAMAEHGHVSAETFI SGPGLVRLYRALAT---VRGETPKNYEPK
--SFPPFDDMEVLI WQYAKNKYGHVSAERFLSGAGLSLVYEALAAKQ-------- KAKPA
--DLPVTSPRDFALWQGLQARYGHVSAERALSGNGLLALYEI SCALDGV---AVRASSAA
--AFAPMNDEEVVI WRFARERF GHVSAERLI SGMGLELI YEALGACFDLWQQGPAVRRAA
--DFAPNSEEEAMI LEI LRAEI GHVSAERVLSGPGLVNLYRAI V-------- KSDNRLPE

250 260 270 280 290 300
1 1 1 | | ]

AETPPSVMEKG-LARSCPVCAEAVDTFYALLGTVAGNLVLS TGAQGGVYLMGGI LPRHPE
NLKPKDI TERA-LADSCTDCRRALSLFCVI MGRF GGNLALNLGTFGGVFI AGGI VPRFLE
ELTPQII SERA-LNGDYPI CRLTLDTFCSMLGTLAADVALTLGARGGVYLCGGI I PRFID
DI TAGALDGTDDL------ CKETLDLFCSFI GSLSGNLALTYGAKGGVYLAGGVLPRFID
KLMPSEI TEKA-LSGASPLCRQTLDI FCAMLGTVASNLALTLGARGGVYLCGGI I PRVLE
EVGALAMAGDAQADA------- VLEHFFLWLARVAGNAVLTVGALGGVYI TGGI VPRFLE
DI TAI ALGEMEDTAGDHARCRYAVDTF CAMLGTVAANLAVTLGARGGVYI GGGI VPRLGA
NLRPKDI TERA-LADSCI DCRRALSLFCVI MGRF GGDLALTMGTEGGVYI AGGI VPRFLE

310 320 330 340 350
1 1 1 | |

ALRTSAFLARFHEKGRFRD-YLDVVPI RLVTHPYPAFI GLAGLVSD

FFKGSGFRAAFEDKGRFKE-YVHDI PVYLI VHDNPGLLGS GAHLRQTLGHI -L
YFKTSPFRARFETKGRMGA-FLASI PVHVVMKKTP GLDGAGI ALENYLLHDRI
YFKSSDFVKRFSEKGVMSH-YVENI PVNLI SYEYTAFVGAAAWLDQ------ L
YFKTSPFRSRFENKGRFEA-YLAAI PVYVVLSEFPGI SGAAAALDNHLRN--V
RFI ASGFAEAFASRGKTSGAYLQDVPVWVMTAEHP GLLGAGVALQQAL -DAEG
AFANSPFRRRFEDKGRFSG-YVAAMPVYVI HAPYPGLI GLCAAMDHAVAS GH
FFKASGFRGGFEDKGRFKD-YVHGI PVYLI VHDNPGLLGSGAHLRQTLGHI -L
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C. Multiple alignment of deduced amino acid sequence of R. rubrum S1

restriction endonuclease with sequences of a bacterial restriction

endonuclease.

%0 %0 ?0 %0 §0 §0
1l Mmmmmmm s oo oo —— o ——- - R. leguminosarum
L e X. campestris

61

53

121

113
112
181

173
172
241

233
232
301

290
292
358

349
352
418

MRPALWEGALTMDLFSRLEGAKEPKETKETKEAKEPKEPKEPKEPKEPKEPKETKEAKEP R. rubrum S1

70 80 90 100 1’10 120

————————— AGLPPVLPWQEVQKRLGMVYPQGTSARHRLVNDI ASKTVFTAI YI NAVDGS R. leguminosarum
—————————— SLPPYVDRRTI HQRLPLI FQEGTPNRNYCI REMAASAVFVMLYI GAVEGT X. campestris
PAFAPETPAAPLPPYASRDLI AARLPLI FPAGTPNRTYCVRDLAAI SVFEALYI GAVEGR R. rubrum S1

130 140 150 160 170 180

1 1 1 1 1 1
GI QLAPKHVYRMTQEQS GLI TDAHRLAYATAI MKAGGHVDGERWYLDNTRESI RDDTSRE  R. leguminosarum
GRWLAPKHVMRMTVEQALLSDDAVREAYGL GAMKPGFRVAGQRWYEENSREPLRDETLRQ X. campestris
GCFWGPVHVYRMINEQALLADEADRLAYGLAVLRKGGGI SGSRWYADNTREPI RDETLRD R. rubrum S1

190 200 2|10 220 230 240

1 Il

1 1 1
ALVATGAVI EDTTAATTS GKGRYALQAAFAALMVPALQDEALDQAI NEWRGRYLTAGALA R. leguminosarum
GFI TNNAVAERTGLPTTSGLPRYALKTDFAALFDPALAGDDLI AAI TAWQEAHLSASAMA X. campestris
GLVAI GAVI RRGDLPTTSGQPRYALKAAFAALFDPALDGPALDAAI AAFQAAHLSRSALA R. rubrum S1

250 260 270 280 290 300

1 1 1 1 1 1

RVAI VRAGAATGGTHVQVTFPNGETRRLKAGPSSVI TKDVI EVFSPRFLGDPAVLFVSES R. leguminosarum
RI ALVRRGAAPTDEGVMVTFPNGE TRRMAPGPSSVI SKAVI EEFAARFLTQPAVLWVSES X. campestris
RVAI MRAGATAGAEGVLVRFPSGETRQLAPGPSSI I AQAVVEVFAPRFLAAPAVLWLSES R. rubrum S1

3|10 3|20 3|30 3I40 3'50 3|60

GNKVVARDEKLATAI GLSI QSDKDLPDI I LVDLKPAHP - --LLVFVEVVATDGPI GVRRK R. leguminosarum
AAKVVSRDDELAKSLKLKI TADRNLPDI I LVDLGGGGVTGFLLVFI EVVATDGPI TMQRR X. campestris
GNKVVLRDDALAHAI GLRI EADKTLPDLI LADLGPKDP---LLAPVEVNATDGALSPHRQ R. rubrum S1

370 380 390 400 4’10 420

1 1 1 I I
AALEKI AEDAGFDLQHVAFVTAYLDRSQSTFKRTAETLAWGTFAWFAGEPEHI VELSEG- R. leguminosarum
EAFMQI AADAGF TPEAVAFVTAYLDRSHTAFKKTI AELAWRSFAWFASEPEHI I ALHNGA X. campestris
RAI HALTEAAGFSPAQVLFLTAYQDRQSPGFRKTVGQLGWGGF VWFASEPERLLRLHDSA R. rubrum S1

430

_—
--RMALR R. leguminosarum

TSPLPLGTLMHGV X. campestris
GDPRTLAELL R. rubrum S1
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D. Multiple alignment of deduced amino acid sequence of R. rubrum

S1 methyltransferase with sequences of a bacterial methyltransferase

1'0 2|0 I):O 4%0 5'0 GIO
1 MLTD-------------- KPSLQRKRL--PRTI SAADAPVSLDACRAMARAWSEKI DDRK R. leguminosarum
1 MMT------------ LDTAANGLALRSEPPPSPAELPSPSQL---RAVLRTQSKATAERS X. campestris

1 MGTGLGDDVVTPCGTASTSPEKSAAI LAGPPSPGVEGTRSDLARARVVARAWAETLTPAR R. rubrum S1

7'0 %0 .‘?0 IIOO 1'10 1|20
45 RQQAI WSFI AEAVQAYI EASGCPAKSI PGAASLAVALTYHLDAAAAGLAQTLGREASKLP R. leguminosarum
46 QLAFAEAVTAHAVKAYWEQLGSGLAVQPPRTRRAT----- FQKAGRRAAI QF GQAI ARLS X. campestris
61 RADQALLF TTAAMAALRKGI GVEAVARPGFARPRG----RLDHAGARVAQAI GEDAALLP R. rubrum S1

1'3 0 140 1'5 0 1|6 0 1'7 0 1|80

1
105 TESAAFQLSACYTAMLPQDI RSEWGAFYTPPALTARLMELAQEAGI DWRAARVLDPACGG R. leguminosarum
101 VEDAASNLGLLYTALLPSEWRSERGVFYTPPALAERLLDQAEAAGLDWSRAHVLDPAAGA X. campestris
117 LAEALHLI TGLYPALLPARERGALGAFYTPI ALVERLLDRATEEGADWAGLRLLDPAAGG R. rubrum S1

1'90 200 2'10 220 230 240

1 1 1 1
165 GAFLLPVALRMQQALQALSPGELLDHFAGHLSGFDI DPFAAQLTQTWLEI AFASLSMQTG R. leguminosarum
161 GAFLVPAARRLLKSLGDCSPAVAI HNLSARLRGFELDPFAAWMAQVFVEAAALPLI VACG X. campestris
177 GAFLLGAVARI RAALAGCEPAFI LGRI GARVLGLEVDARAAALAQAALDI LLADLA-QPG R. rubrum S1

2,50 ZIGO 2,70 2|80 2,90 3|00
225 RPFPAVIRVCNSLEQPVSSKRFDLVI GNPPYGRVRLNARLRERYRRSLFGHANMYGLFTD R. leguminosarum

221 RRPTAVLTVCDSLSI - TKSKGFDLVVGNPPFGRLKLAAERREYFSRSLYGHANLYGLFMD X. campestris
236 RPPPVVLRVADTLEI PADPS-FDLVVGNPPYGRVGLTPAQRARFGRGLYGHANLYGVFTD R. rubrum S1

310 320 330 340 350 360

1 1 1 1 1
285 LALQWARKGGVVAYVTPTGFLAGEYFKALRALLAKDAPPFAI DFI TERRGI FDDVLQEAL R. leguminosarum
280 LAVRLAKPDGLVSFLTPSSFLAGEYFKNLRAVLHKEAPPVSLDFVTARKGVFDDVLQETV X. campestris
295 T ALRWTAPGGLI AYLTPTSFLAGRYYGALRGLLAAEAPPLSI DFVHARQGVFEDVLQETL R. rubrum S1

370 380 3'90 400 4'10 420

1 1 1 1
345 LATYRRGGSLGSPTVHYFSV-NGTA-QVTHAGEFHLPKDASQPWLAPRVPDDGVLVKQLS R. leguminosarum
340 LATYRKGAKRARAVVSFI EAQPGVPVKAEPAGHF TLPRKATAPWFLPRHADEAELAKRLR X. campestris
355 LALYRRGGQAGRVRI HYLTLGEGRA-RI AHNGTI GLPADAGAPWLAPRDPGQGHLVARVE R. rubrum S1

430 440 450 460 470 480
403 RLPSRLKDWGYKVS TGPLVWNREF KDQF RGRA- GKDTFPVI WAEAVS ADGKF SFRAEKRNH R. leguminosarum
400 AMSAPLADWGYKVS TGPLVWNRFKPQLCDSEEA-GTVPLVWAES VISDGRF VLRAEKRNH X. campestris
414 AMGHRLAEWGYGVS TGPLVWNRYKGQLRDRPTGKRVHPLI WAEAVTADGRF VFRAAKRNH R. rubrum S1

490 500 510 520 530 540

A A A )
462 QPHFKVRPEDQWLEVSVPCVLLQRTTSKEQARRLI AAELPEAFI KAHGRVI VENHLNMVK R. leguminosarum
459 KPFLRLQPGDDWLVVRKPCVLLQRTTAKEQARRLI AAEMPASFI KRHAGVTI ENHLNMMI X, campestris
474 APYFKLQAGDDALLVGEPCVLVQRTTAKEQHRRLI AAELPAAFVAGHGGVVVENHLNMVR R. rubrum S1

550 560 570 580 590 600

» A
522 PTAGKPRVSTAVVAAVLNSKI ADRAFRCI SGSVAVSAFELEALPLPKPEALKAVGDLLAK  R. leguminosarum
519 PTVENPAVSPALLAAFLNSDAADRAFRCMSGSVAVSAYELENLPLPTASDLKR---MVGS X. campestris
534 AK-GTPRVAPAVVAALLNSAVVDQVFRCMSGSVAVSAFELEALPLPAAGDLGPLTALVAA  R. rubrum S1

610 620
582 HADQAVI DAALERLFL--GAE R. leguminosarum
576 KVTRASVEKACAKLYATEGEA X. campestris
593 GAPRDDI EAECARLYG--KGL R. rubrum S1
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E. Multiple alignment of deduced amino acid sequence of R. rubrum S1

e

51
51
52
51
60
56
51
50
52
50

111
111
111
111
120
116
111
110
111
110

catalase with sequences of a bacterial catalase.

10 20 30 40 50 60

1 1 1 1 | 1
MSSN---------- KLTTSWGAPVGDNQNSMTAGSRGPTLI QDVHLLEKLAHFNRERVPE
MENKK---------- LTAANGRPI ADNQNSQTAGPRGPI MLQDPWLI EKLAHFDREVI PE
MTDRP--------- I MTTSAGAPI PDNQNSLTAGERGPI LMQDYQLI EKLSHQNRERI PE
MTKHK---------- LTTNAGAPVPDNQNAMTAGPRGPMLLQDVWF LEKLAHFDREVI PE
MS -SQCPFSHLAATNL TMGNGAPVADNQNSLTAGPRGPLLAQDLWLNEKLADFVREVI PE
MTTSKCPVTHL----- TMNNGAPVADNQNSLTAGPRGPLLAQDLWLNEKLADFVREVI PE
MEKKK---------- LTTAAGAPVVDNNNVI TAGPRGPMLLQDVWF LEKLAHFDREVI PE
MS-K---------- I LTTASGAPVADNQNSRSAGPRGPLLLDDFHLI EKLAHF NRENI PE
MTDRP--------- TI TTTAGAPVPDNQNSLTAGPRGGI MLQDYQLI EKLAHQNRERI PE
MTTR----------- LTTTAGAPVADNQNSLTAGPRGPVLLQDYQLI EKLAI;IQNRERI PE
Distal heme binding site

70 80 90 100 110 120

RVVHAKGAGAHGYFEVTNDVTKYTKAAFLSEVGKRTPLFIRFSTVAGEL&SADTVRDPRE
RRMHAKGS GAYGTF TVTHDI TKYTRAAI FSQVGKQTECF VRFSTVAGERGAADAERDI RG
RAVHAKGWGAYGTLTI TGDI SRYTKAKVLQP - GAQTPMLARFSTVAGELGAADAERDVRG
RRMHAKGS GAYGTF TVTHDI TSYTKAALF SKI GKKTDLF VRFSTVAGERGAATAERDI RG
RRMHAKGS GAF GTF TVTHDI TKYTRAKI FSEVGKKTEMF ARF TTVAGERGAADAERDI RG
RRMHAKGS GAF GTF TVTHDI TKYTRAKI FSEVGKKTEMF ARF TTVAGERGAADAERDI RG
RRMHAKGS GAF GTF TVTHDI TKYTRAKI FSEVGKKTEMF ARFSTVAGERGAADAERDI RG
RRVHAKGSGAYGTF TVTRDI TGYTSAKLFEQVGKQTETFLRFSTVGGERGSADTERDPRG
RVVHAKGWGAF GSLKI TGDI SQYTRAKCLQP - GAETPMLARFSTVAGEQGAADHERDVRG
RVVHAKGWGAHGTLTITHDISRYTRAKLFSAVGKTTPVLARF§TVAGELGAADAERDVRG

130 140 150 160 170 180
1 | | 1 |

FAVKFYTEEGNYDI VGNNTPVFFI RDAI KFPDFI HTQKRDPKTHLKNP TAVWDFWSLSPE
FAMKFYTEEGNWDLVGNNTPVFFLRDPLKFPDLNHAVKRDPRNNMRS ANNNWDFWTLLPE
FALKFYTQEGNWDLVGNNTPVFFVRDPLKFPDFI HTQKRHPRTHLRSATAMWDEFWSLSPE
FAI KFYTEQGNWDLVGNNTPVFFLRDPLKFPDLNHAVKRDPRTNMRS AKNNWDFWTSLPE
FALKFYTEEGNWDLVGNNTPVFFLRDPRKFPDLNKAVKRDPRTNMRSATNNWDFWTLLPE
FALKFYTEEGNWDVVGNNTPVFFLRDPRKFPDLNKAVKRDPRTNMRSATNNWDFWILLPE
FALKFYTEEGNWDMVGNNTPVFYLRDPLKFPDLNHI VKRDPRTNMRNMAYKWDFFSHLPE
FAVKFYTEEGNWDI VGNNTPVFFI RDPLKFPDFI HTQKRHP QSNLKNAQI FWDSWSHSPE
FALKFYTDEGNWDLVGNNTPVFFI RDPYKFPDFI HTQKRHPKTNLRSATAMWDYWSLSPE
FSLKFYzEEGNWDLAGENTPVEFVRDPLKEPDFIHTQKRHPRTHLRSPTAMWDFWSLSPE

_89_

B. subtilis

B. fragilis
B.melitens

D. vulgaris

H. influenzae KW20
N. menigitidis MC53
P. mirabilis

P. putida

Sr. meliloti HPII

R. rubrum S1

B. subtilis

B. fragilis

B. melitensis

D. vulgaris

H. influenzae KW20
N. menigitidis MC53
P. mirabilis

P. putida

Sr. meliloti HPII

R. rubrum S1

subtilis

fragilis
melitensis
vulgaris
influenzae KW20
. menigitidis MC53

mirabilis

Tz OB RR

putida
Sr. meliloti HPII
R. rubrum S1



E. continued

171
171
171
171
180
176
171
170
171
170

231
231
231
231
240
236
231

231
230

291
291
291
291
300
296
291
290
291
290

190 200 210 220 230 240
| | | | ] ]

SLHQVTI LMSDRGI PATLRHMHGF GSHTF KWTNAEGE GVWI KYHF KTEQGVKNLDVNTAA
ALHQVTI TMSPRGI PASYRHMHGF GSHTYSFLNAENKRI WWKF HLKTMQGI KNLTDQEAE
SLHQVTI LMSDRGLPTDVRHI NGYGSHTYSFWNDAGERYWVKF HF KTMQGHKHWTNAEAE
ALHQVTVVMSDRGI PASYRHMHGF GSHTF SFI SPDNQRYWVKF HLRTQQGI KNLTDAEAE
ALHQVTVVMSDRGI PASYRHMHGF GSHTYSFWNEAGERF WWKF HF RTQQGI KNLTDAEAA
ALHQVTI VMSDRGI PAGYRHMHGF GSHTYSFWNEAGERF WWKF HF RTQQGI KNLTNEEAA
SLHQLTI DMSDRGLPLSYRFVHGF GSHTYSFI NKDNERFWVKF HF RCQQGI KNLMDDEAE
ALHQVTI LESDRGI PDGYRHMHGF GSHTYSLI NAQGERTWVKWHF KTQQGI KNLAPADAA
SLHQVTI LMSDRGLPQTPMHMNGYGSHTYSFWNDAGERYWVKF HF KTQQGHKFF TNEEGE
SLHQVTI LMSDRGLPLDPMHMNGYGSHTYSFWNDAGERF WWKF HF KTQQGHAHL TNAAAK

250 260 270 280 290

300

KIAGENPDYhTEDLFNAIE&GDYPAWKLY;QIMPLEDAK%YREDPFDVTKVWSQKDYPLI
AI T AKDRESHQRDLYESI ERGDFPKWKF QI QLMTEEEADNYRI NPFDLTKVWPHKDFPLQ
QVI GRTRESTQEDLFSAI ENGEFPKWKVQVQI MPELDADKTPYNPFDLTKVWPHADYPPI
AI VARDRESHQRDLYDSI ERGDFPRWIMYVQVMPEKDAEKLPYHPFDLTKVWFHKDCPLI
EI'T ANDRESHQRDLYEAI ERGDFPKWTLFVQI MPEADAEKVPYHPFDLTKVWSKKDYPLI
KI I ADDRESHQRDLYEAI ERGEFPKWIMYI QVMPEADAEKVPYHPFDL TKVWPKKDYPLI
ALVGKDRESSQRDLFEAI ERGDYPRWKL QI QI MPEKEASTVPYNPFDLTKVWPHADYPLM
RLAGTDPDYAQRDLFEAI ERGDYPRWTVCI QVMSEAEAASRDENPFDVTKTWSQKDYPLI
AVI GKTREGYQESLFYAI ENGEFPRWIVQVQI MPELDVEKTPYNPFDLTKVWPHADYPPV
VVVGESRESYQEALFGTI ESGHFPRWTLFVQI MAEREAETTPYNPFDLTKVWPHGDFPLI

Proximal heme biding site

310 350 360

320

EVGRMVLDRNPENYFAEVEQATFSPGTLVPGIDVSPDKMLQGRLFAYHDAHRYRVGANH&
DVGI LELNRNPENYFAEVEQSAFNPMNI VEGI GFSPDKMLQGRLFSYGDAQRYRLGVNSE
DI GVMELNRNPENYFTEVENAAFSPSNI VPGI GF SPDKMLQARI FSYADAHRHRLGTHYE
EVGVLELNRNPENYFAEVEQAAFNPANVVPGI SFSPDKMLQGRLFSYGDAHRYRLGVNHH
EVGEFELNRNPENFFADVEQSAFAPSNLVPGI GASPDRMLQARLFNYADAQRYRLGVCYR
EVGEFELNRNPENFFADVEQSAFAPSNLVPGVGASPDKMLQARLFNYADAQRYRLGVNFR
DVGYFELNRNPDNYFSDVEQAAFSPANI VPGI SFSPDKMLQGRLFSYGDAHRYRL GVNHH
EVGVLELNRNPLNYFAEVEQAAF GPSNMVPGVGLSPDRMLQGRVFAYADAHRYRVGTNHQ
EI GVLELNRNPENYFAEI ENAAFSPSNI VPGI GFSPDKVLQARI FSYADAHRYRLGTHYE
EVGVLELNRNAENYFAEIEQAAFSPSNVVPGIGHSPDKMLQAEVFAXADAHRYRLGTHYE
*
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E. continued

351
351
351
351
360
356
351
350
351
350

407
408
411
407
416
412
408
406
410
407

457
459
465
475
471
466
464

465

370 380 390 410 420 430
| ] | ] | |
ALPI NRARNKVNNYQRDGQMR-FDDNGGGSV--YYEPNSFGGP-KESPEDKQAAYPVQGI

QI PVNKPRCPFHAF HRDGAMRV-DGNYGSAKG--YEPNSY-GEWQDSPEKKEPPLKVHGD
SI PVNQPKCPVHHYHRDGQMNVYGGI KTGNPDAYYEPNSFNG-PVEQPSAKEPPLCI SGN
LI PVNAARCPVHS YHRDGAMRV-DGNHGSTLA--YEPNSY-GEWQEQPDFAEPPLAI RGD
QI PVNRPRCPVHSNQRDGQGRV-DGTYGSLPH--YEPNSF - SQWQQQPDFAEPPLRI SGD
QI PVNRPRCPVHSNQRDGQGRA-DGNYGSLPH--YEPNSF - GQWQQQPDFAEPPLKI NGD
QI PVNAPKCPFHNYHRDGAMRV-DGNSGNGI T--YEPNSG-GVFQEQPDFKEPPLSI EGA
QLPVNAPRCPVNSYQRDGSMAT--GSYGSAPN--YEPNSYAAAPKQSPRHAEPALALNGS
HI PVNQPRCPVHHYHRDGQMNTYGGI RTGNPDAYYEPNSFNG-PAEQPLAKEPPLRI DGD
ALPVNAPLSPVNHYHKDGPMRFFP--NNPNADAYYEPNSFGG-PKEDPSVKEPPLRI NGD
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F. Multiple alignment of deduced amino acid sequence of R. rubrum S1

Transcriptional regulator with sequences of a bacterial AraC family

Transcriptional regulator.
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GMPETACTLALSPLI KAI L---ADFAERRI TVPQTEADR- -RLAFVLVDQLLNAPRRESF
ELPDRCCTLSI SPLLRELIT -------- ELSDCAPDDARCAFLGSVLLAELPDMPVQQLH
EFPRVPRGVMVSPLLRELI VRAAGLPL--LYDERGREGR---LMAVLLDELEWSREQPLA
EFGRRPDD---------------------- YDEDGADGR---LVRVLLDQI AALPAQPLH
GLDS-PAVLAVGPLLRELIV---AYTLDPR---DTGPER-GRLLAVLCDQLRASPQQPLR
GLPARSGVI RLSGLAREVI MRAASWPLSAMLAEPVDPAR-QRLAAVLLDELCQAPI EHLH
ELPASPGLMNVSPI FNAI V- --EDCFTRDLLMPETQQDR- -RLAHVLI DQLKVSPVQRTY

Helix-turn-helix DNA binding domain
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LPVSNDDLLQPVI DALQADPGDRRSLSEWARLLQTTEKTLSRRFLGHLGVSFNEWRQRLK
LPI SSEPRLKRI AEALANDPADRSTLAEWGKRVALSESSLARLVVKETGLSFGRWRQQLH
LPDPADRRLGRVCQALLENPADPRGLEEWARYVGASSRTLARLFLSELGVTFVHWRHQVR
LPWPRDPRALAVARALEADPADGRPLEEWAREAGASARTLARTFRADCGLTF GQWRLRLR
LPTPRDPRLAEVCALVHADPADTRTLAALGAATGTAERTLSRLFRREFGMTFPQWRTQSR
LPMPADRRLLRI ARQLLDTP ADPRPLEAWATWGGLSPRSLSRHFRDETGLSFAQWRQQAR
LPTSQDKLLSPI LAALERCPADSTSLALWAKRVYTTERTLSRRCQQELGMAF SEWRQRLR
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LAAALPRLAAGEAVARI AVDLGYQTPSAFSAMFRRLTGSTPSRY---F--------- ALS
LLGALERLAAGEAVTAVAFDMGYDQPSAFI AMFRRLLGTTPGAY---F--------- R
LYHALRMLADDLPVTTVAHRCGWSSASAFI DVFRRAF GCTPGTHNRRVGTAHPPVLTV- -
LAEGLRRLSQGTAVAQVADQLGYSSPSAFVSVFHRHF GAPPARY---LAGGHARGLASPA
FLHAI SLLEQGKTVNSVALDVGYSSASAFI AMFQQI SGTTPERFRRG----------- NS
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Hell A Ztz 2709 Az7t AR S & & ddeh 4749 A ES cloninig
3te] E. coli UM255°] 32ARXZct. 1 23 7.4 kbp] AHAE 7=
gt N9 clonedlA] catalase FAA7F 2IAF S &9, ©] clones
pSCATO028} B3ttt pSCATO2¢] sl |7 ALdE £4F 23 6719
ORFs2® FA=le] <93 trehalose-6- phosphate synthase, glucokinase,
restriction endonuclease, methyltransferase, catalase, transcriptional regulator
TR £o7 wdEe] QS & & sk

Trehalose-6-phosphate synthase f8Ax= 5-2gd&og oF 250 bpel ¢
717y AARSA] = 1092 bpd FVIERE A" AR 92HYE ¢ F dIL
Salmonella typhirium®] trehalose-6-phospahte synthase & #}8l otsA
o= 47.8%9] AE5AE B9t} glucokinase A A= trehalose-6-phosphate
synthase F3A}e] stiel e, 978 bp H7NAERE o] Fojxn 32671 2]
o] x4t A2 FAE At FUVIANEERH 75T WA EAFLS
33,865 Da o|glon SAdHo] 7.180]v], N-25k x2F 9 ATP-binding
site7t £35o] dF& & & At} Helicobacteria pylori J99%= 35%
o] AFAE Kt} Restriction endonuclease 3 2= 1284 bpel €714
22 745 gen, 428/ opvxAe ¢E3HE shle ORFZ o F
ol A Jrh. opm| =it M LA FAHY WAl xR 45,987 Da °]9ge
n], SAAL 6.6459 ¢} ©] restriction endonuclease®] 5o HIE Q1A 3o
EohE 3] ORF7F EAES U358, 1836 bpel E7IAEE o] F9
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A 611709  olm xS ¢E3}ElE  methytransferase® Q1= g}
methyltransferaseAte] ol ofw|xit A e FA" WA FAFL
64,003 Da°lgen FTAAHL 9.3299t}.  Restriction endonucleaset
Xanthomonas campestris pv. phaseoli®} 50%¢] A&A S, Rhizobium
leguminosarum®t 49%9 AFAH S HogF9YI, methyltranserases
Xanthomonas campestris pv. phaseoli®} 52%2] 54, Rhizobium
leguminosarum®} 49%, 54%2] AFA S R F9r}.

Methyltransferase®] /2ol $1x18 FAHAY G714 <L
7 326 bpE o]Fo]A 9+ intergenic space’} EAdL 93, catalase
A7 9ge g 8 dES FAsl o] catalase FH A= 1455
bp F7IAEE o] Fojx|n] 484749 eolu|xAtE ¢tEStEE 3ol ORF®
o]Fo]x] 9t} MAZEATGY 6 bpdtiol The putative Shine-Dalgarno
(SD)sequence(GGAGA)7} EAI3EAL 9 siel. |7 A delA F42 A9
A 54,316 Da °|gler SAAHL 6.4689 ). ofv]| At AE S FAHT
A3}, Brucella melitensis®] catalase$}+ 85%, Sinorhizobium meliloti2)
catalase?}= 84% % ¥ AEAE Hol B33 F HEH ST ¢ F
9Jolt}. bovine liver catalase®l4] MH.o]+ active-site residues, proximal
7} distal heme-biniding ligands, %] 322 NADPH-binding residues’} 2
33 BEFH deS FU3ct

AraC transcriptional regulator A A} catalase A AFe] 3l $1x]3}
X 9gen, catalase FHAS] FAIZEZFE 3lbp HelF Il FHIZE
(TAA)°] Q3L 3*-AF2 2 HE 426 bpel ©H ORFE 4% g@714 €] 2
A=t oAt A ¥4F 23, C-2d F9 el helix-turn-helix DNA
binding domain®] X3%¥e] 93, Pseudomonas aeruginosa?] probable
transcriptional regulatorg}+= 49.3%2] A4S X}

E. colilq 2¥d 8 R. rubrum S1 catalase= 8 A AA| Az}l
uel &5 AAste] A3gH SAE 24T A, AR catalased FES
4.2%% 2w, BA w7t IIE FUHE BEAR 5.3 mgEe 2E T IS
t}. o] &&e] AL 189 kDa2®E 61 kDadll slZste FUIF DA

© B3
&= A% 2

P
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ul MZ o]Fo] & ¢4 <t pH 5.5 ~ pH 11.074#] Y2 #H9le] pH
o Wil ¥ BT HY, TE9 dFS 30TeAA HFHo|glet 70T
Ae Ao FAE ez ¢l 282 20ToA 60C7A] &xe] o)
TS & & I3l AsAIQ] 3-amino-1,2,4-triazole®] & A o] 74%A
= A=Y, f1Edel da 80%AE Aol fAHE HbH, salicylic
acidel WA= 233 Aol FLHUAEF ¢ & A4k AFAH<A Heme
A FaEe] AHAd NH0HAA 4.4x10° M, NaCNelA 8.779x
10° M, NaNzelA 4.0x107 M ¥EA4 50%4A5+E A& ¢ & Qo
H20.5 59 9§ catalase®] Kmzt< 110 mMZE Vmax < 50000 U/mg
o2 =AY, 54 2FEHS Hal A406/A280 vl Eo] 0.979 FTE
HolH, dithionite°l] 98 ke YL Aozl ¥, CN-ligated
form® S22 EH A= Soret band’} 427 nm=E °] &3t 3, 550 nm
°l] A shoulder7]- velydtt. E. coliol4] AA R catalase®] prosthetic group

+ ferric hemes Zr+ protoporphyrin IX22 Hlt}, o]Ae] A= E.
coli°ﬂ/‘1 WA E R. rubrum S1¢] catalase= AP A3l catalaseE A&t}

2 dAFE 59 A2 FFA AT R rubrum SOlA catalase 3
A+: X3 gene clusters: #¥3te clonings 3%th. Z¥3L gene
clusterdl]l *Z3¥3% trehalose-6-phosphate synthase, glucokinase, restriction
endonuclease, methyltransferase, catalase, and the AraC family
transcriptional regulator 329 G714 L& ZA A}, E. coli UM255
oA P Q catalase?| A3}3H EAS FHEEHch o] R AFAFAE vt
go = FFAMTE R. rubrum S1eA c}ekgt 37 Wsle] dg catalase?
Iy FAF AESH Jles wEoF @ JLow gdEd

89 : Rhodospirillum rubrum S1, catalase, catalase gene

cloning, catalase gene cluster
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