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Fig. 1. Genomic hybridization patterns of Bradyrhi-
zobium. sp. SNUOOT DNA with B. juponicum
nodD, Y probe.
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Fig. 2. Restriction enzyme digestion patterns of ABAN-
1 clone (a) and corresponding blot hybridized
w0 B. japonicum nodD. Y probe (b).
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Fig. 3. Restriction enzyme digestion patterns of pBAN
4.7 f(a) and corresponding biot hybridized to
B. japonicum nodD. Y probe (b)
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(a)
1 AAGCTTGCGAGATGACCGCAACAATGGAGAGCAB6GCGGAAAGOCGATOGGCAGCGGCGGGAAAGCGTOGGGAGCTCCAAG

81 CTAATTGGTCTOGEGTTCCGGCCGGCCACGCAGCAGGGTOGTTCAGTCOGCTGATGGCAGATCAGCCCAGTGTTCGTCAG
161 CGTGCCAAAGCGOGGTGTOGACAGCTGGGTCGTGCAGCGCTTGTCACGAGAGCAACCTACAACCTGACGCAATGTGCGGT
241 TCAAGACATTTTAGTGATAGAGCCAAACATTTGCACGGCAGGCATATTCTTCTGOGATGGTTGCOGGACGTAGOCTGAAT
321 GOGTCGTGAGOGCATCAAACCGCACCTTCGAGGTCACCACGOGCACAACTGGAAAAGGCTTOGOGACCGATCGTCGCATT
401 GCGOGTCTGTGGCTCCTTCTCACCTCCATACCCTGGAAAGACGAAAGAAAACGGGGCACGTOGAAGGTTCTACAGTGTGE

481 CGGGGATGTTCAGAGCGCAGCTTAAGGTAAGCCTAACAGCGCCTGCGAGTTGGAGGCTOCTGGTOCCCAGATGCCATGIT
* CRRRTPPEQDGSAMN

561 GGATGCTTCCTCGAGCAATATOCGACGCATOCAGATGCTOGOGGGGTCGGTATTGTGGAATGAGGGCCACTGCAGGACCT
SAEELLIRRMWISAPDTNHTFSPWQLAE

641 CTGTGAATGTGGGCAGGGGGAGGGGOGGTTGGATGATCCGCAACGGCATCOGCTTTTCGAAGTGOCTGGOCAGTOGTAAG
TFTPLPLPPQIIRLPMRIKXETFHRALTR RL

721 GGCATCGTOBCGATACGGCTOGTGTCTAGCAACAGGAGCGGAATCAGGCTAAAGOCCTGCACGACGACCTCAATTCGTCT
PMTAIRSTDLLLPPILSFGQVVYVYETLIRTER

801 CCTCAGGCCGTGCTCAAGCAAAAACCATTCTTCGAGGTTCGGTCTCAGTGCGCGTCOGAACTTGGCAGTAACGTGCOCCA
RLGHELLTFWEELNPRLARGTFI XKATVHGHM

8381 TCGAGATGTATTGTTCGAACGT AAGCTGOOGGGATAGCTGCTTGTTOGCGCGGCATCOGACGCATACGAGGCTCTCGTOG
STYQEFTLQRSLQKNARCGYCVLSET D

961 AACAGOGTOGOCTTAGGGTGOGOGCTCGACATGAAAAGTTOCGGCAGAATGAGAAAGTOGACCTOGCCO0GOCUGCAGCAG
FLTAKPHASSMFLEPLTILFDVEGRRLL

1041 CTCATCCGGTTCATCAGAAAATGGCAGCAGTTOGAAGOGCACOGOGGGGGCTTCTTGOGOCATGOGGTOCACAATTCTGE
EDPEDSF FPLLEFRYAPAEQAMRDYTIRR R

1121 GGAAAAAAACGATCGTCATGAAATCTGAGAGAATGACCCTGAAGCGTOGGC TCGATTGAGCAGGGTOGAGCGCGTCOCGC
FFVYVITMFDSLIVYRFRRSSQAPDLATDR R

1201 GATATGATTGAGAGTTGGATGTGCAGCAGAGCCTCGOGAACCGGACCTARACAGTCGTCCGCGOCAGGTGTOGGGACGAG
ST1TI1I1SLQIHLLAERVYPGPCDDAGPTPVL

1281 TTCGCGACCTCTCATAGTAAAGAGTTCATCACGGAAATAGGTGOGCAGCCGTGCGATCGCAGCGCTCATAGCAGGCTGGC
ERGRMTFLEDRTFYTRLRAIAASMAPAGQS

1361 TCAGATTGATTTTGCGAGCCGOCGCTGTGAGGTTGCGCGCCGTCATCACGGCGTCGAGCGCAACGAGAAGATTTAGATCA
LNTKXKRAAATLNRATMY ADLAVLLNLD

1441

TCAGGGAACTTGGCGT: ACACI'ACICAGATA(LTA(XJACACCTACACAAGATA(LTI'IUIT A(fl' AMATGGITIGACCCC
L GXFRM — e e
{—! nodD A, T-rich
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1521 GAGIHGGATAGCAMGGAAGmMAAAMCEMﬂAGACG"GQACGAmmCAm&T AAGA
CTCCAACCTATCGTTTGACTTCAAA AL

T

1601 GMGAGTICCCAGAC@MAWMWHWWTMWMGMMMG@

nodY’ [—‘>
MQISSVSIFQVYPRTIEGAFS
1681 GTCCCGATAAAOGTTGGTATGCAGATATCATCCGTTTCCATATTICAGGTTT, ACCOGOGTACAATTGAGGGCGOGTTCAG

LTLVSKNRGRRR RL
1761 CCTCATTCTAGTGTCGAAGAATAGAGGCAGACGCAGGTTGCG

(b)
nodY
SAFIGGSANSETLT %
1 TCAGCATTCATOGGORGT FORA0GAATAGOGAATTGACGTGACCATOO0CGCTC TTCATICCAOCGGCGCAAGGAAGCTC

nOdAl—>
HNIAVSPTAEGSSGRAQVQWSLRWES
81 GCCATGAACATTGCCGTCTOCUCGACTGCGGAAGBATC T T TGGGCGOGC TCAAG TACAGTGGAGCCTTOGT TGGGAAAG

ELQLADHAELAEFFRIKSYGPTGATFNA
161 TGAACTGCAGCTOGOCGATCATGOCGAGCTCGORGAGT TCTTOCGCAAGAGT TACGGACCGAOGGGTGCGTTCAATGCGE

Q PFERSRSWAGARPELRYTIGYDARG GV A
241 AGCOGTTTGABCGGAGCCGAAGTTGGGCTGGAGCAAGRCOOGAGC TCCGOGTAATTGGT TACGACGORCGOGOGETAGCG

AHI GLLRRFIKVYGEVDLPVAELGTLTYA AV
321 GCPCACATCGGACTACTECGOCGCTTCATCAAAGT TGET GAAGTCGATCTCCCTGTGRUCGAACTAGACT TG TATGOGET

RPDLEGHGIGHAMRYMYPALGQETLTGVYSTP
401 GCGOCOCGATCTCGAGGGGCACGGGATAGBCCACRCAA TGOGCGTGATGTATCOOGCAC TCCAGRAGCTOGGCGTTCCAT

FGFGAVRSALEKHLTRLYERQGLA ATTLM
481 TCGGATTTGGOGCGGTICGCTORGOCC TOGAAAARCATT TCACODGAC TAGTCGAAAGGCAGGGACTOGOCACCCTCATG

RGICVRSTLPDVYVYPNLSPTRIEDVIVY
561 OGTGGCATCTGOGTOCGCTCCACCTIGCCGGA TGTCTATCCAAA TTTATCGCCGAORCGCATCGAAGACGTGATOGTOGT

T)O(B[‘—>

e V TE
VFPVGRSISEWPAGTVIDRNGTPETL %
641 GGTGTTTCOGGTCGGACGCTOGATAAGCGAATGGCOBGCCGARACTGTCATOGATOGTAACGGGCCTGAGTTGTGACAGA

RSTLSTVRCDYVDAGGSRAVHLATFTDTED
721 GOGTTCCACCCTATCTACTGTCOGCTGOGACTACGTOGACGORGIOGGAAGTCGAGCTG TOCATTTGACCTTTGACGATG
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GPNPFCTPEVYLDVYLAQHRYPATTFTFVIG
801 GGOCAAATCCATTYTGTACGCCAGAGGTGCTCGATGTOCTGROGCAACA TOGGGTOCO0GCGACATTCTTOGTCATOGG

TYATEHPELTIRRMIAEGHETYANHTMTH
881 AOGTACGOGACGGAGCATCCTGAACTCATCCGACGAATGATTGORGAAGGGCATGAGGTTGOGAACCATACGATGACCCA

PDLSRCGLRSYTTRCCRRAKPSVCGA
961 TCCTGATCTATCCAGATGOGGACTGOGGAGCTACACGADGAGGTGCTGACGGOGAGOGAGOCATOUGTCTGORGTGCCC

RWPRPGTITCE
1041 GCTGGOCTOGCCCAGGCATATGCGAGC

Fig. 4. Nucleotide sequence of nodD. nodA from Bradyrhizobium sp. SNUQOT.
Predicted amino acids are indicated by the single letter code. Upper or under lined bases indicate
the Shine-Dalgarno-like sequence. The stop codons of rodD, Y, A are indicated by an asterisk.
Directions of translation are indicated by < for nodD and —> for nodYAB. Predicted transcriptional

start sites are indicated by -

for nodD and - for nodYAB (29). The nod box (29) to nodD (lower strand)
and nodY (upper strand) are shaded and A T-rich sequence is indicated by

--. Nucleotide sequences

of Bradyrhizobium sp. SNUOO| nod genes different from those of B japonicum USDA110 (a) and B.
sp. (Parasponia) (b) arc represented by outer letter.

termination ¥ o2 937) M 9E HA sl )

2 A nodD FHALE nodY U4l 1802 bpel
A7) A(Fig. 4a)3 nodA 54242} nodB2) §'olelx
BebEl= 1067 bpe] 714 A(Fig. 4b)yS A
. 942bp open rcading framce(ORF)®] nodD:
1457 nte] ATGoll 4] A zk8te] 515me] TAGR &
A= 2.2 (Fig. 4a) 630 bp ORF2] nodd+= 84 nt2)
ATGo A A =ksted 714 nte] TGAZ £ %9 Fig.
4b). 3 nodA2] 3" debe|A ATG S| Alzk7 %o
A= 2] ekont R omeliloi(4). R. trifoli21), B. sp.
(Parasponia)27)8] 73-%-¢} vlad of 713 nte] GTG
FEC] nodBo] A #F ol getE} FAZEAA
2] ORFE #tsjo} Asld 7oz AzhEv nodd
o FAFEIN GA nodd2} nodBL  trans-
lational coupling?] 7F543-& A Asta 9ot nodY+
FAHdel ®& B, japonicum USDA1103} B 3A]
Fig. daoll Al 1699 NT2] ATG7} Aztz=ole} @xl
H9lem Fig 4bol 4 40nt2] TGA7} 47 =R
setE9dek

nodD®] @714 B japonicum USDAI109]
nodD13} nodD22] 4719 5 nodD12] A7) <4 3}
99.4%°] wW§ F& FAMIE lelle] nodDlelE}
HorE ol nodd2l 37| Ad-E F3AES] Brady-
rhizobiumol A= 4 kol el FHZEE yhs] o
o B FHA g FATFA Bradyrhizobium  sp.
(Parasponia) strain ANU2892] 3713} 81.5%2]
2 FAME Bk
ofa| =4t MY &4

AN LGRRE] nodD, A A2l 3ol glaa
NodD. A2 ofr|iat Ad-& FEsl9ickFig 4). L
A a3 sE $-2] NodD7F £ 314719 opvx

Table 1. Amino acid sequence homologies of NodD

and NodA
Bradyrhizobium sp. SNU001
NodD(%) NodA(%)
“B. sp. (Parasponia) 87.6 829
*B. japonicum USDAI110 98.1 N.D.
‘R. meliloti 67.2 60.2
‘R trifoli 61.5 60.9
‘R. leguminosarum N.D. 56.8
‘Azorhizobium caulinodans  N.D. 51.9

N.D., not determined; a. (27): b, (9): ¢. (4). d. (26);
c. (24, . (7).

Ao g FAxE thiale]ny NodAZF & 2107 ofn)
Ao g A owAels oF 4 dn)h o] &9
obr|lzibried frAMd-E 2AMgE 23N Table 1), NodA
¥ B. sp. (Parasponia)S}t 82.9%2] f-AHA-S Kol 0w
Rhizobium3-= 50~60%2] & f-A1A-S ¥
NodDE Rhizobiumil= 61~67%2] & 811418
BHovt B sp(Parasponia)®= 87.6%. B. japoni-
cum® NodDI13= 98.1%9 =& HAA4e »dd
t}.
Promoter MY 24

nodDv A EtEEL] 5 ARFRIYal 1466 ntol| A
1472 nt 2to}2] GGATAGA #]9do] ribosome 7%
%49l Shine-Dalgarno(S-D) #edolzba A 7hE o
nodY+x 1686 nt el 1691 nt®] GATAAA7}. nodA+=
72 ntHE] 77 nt Ae]l 2] AGGAAG7} S-D #del=}
AL nodBE. & FAHEE 7P AR o
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== B sp.(Parasponia)®] nodBS} w)iA|(27).
A2 Eelel A7bEE GTGE 453l 699 ntol 4]
704 ntell = AACGGG7) S-D A{dolz} et
At

nod-A2} FEe HRE cis-acting nod box
promoter®] ®FE32] o] nodYAB S.HZ3} nodD
Akl SellA bz b Eodei(Fig. 4a). ¥ H Q)
nod box aTC(G)G(OAT(AN(a)yt(a)e] 9 nte] B

EA M A& 24=d(29). Bradvrhizobium sp. SNUOOI
oﬂxi nodYAB 23&-2] nod box ATCCATCGT
GTGGATGTG TTCT ATCGAAACA ATCGA-

TTTT ACCAAACEZ 9nto] XEHgo] 4 uiky]
] TTCTE] 4 ntel] &) 2402 F2]5o] gl o)==
A Baxl t§-39) nod boxe] AINT, 24,26)9k%
dAsh dneell ofal Fel®l 24 DNA 1419
e #1238k nod-H-2F ‘”fﬂfﬂl HHE5
7LhL}‘x1 B AHQeH29). 281 nodDS) nod box=
220 nod boxs}i= 23] TGAACGACC GGA-
AACCAT CGTG GCGCGTCTA ATTGCTTTT
TCCAAACE. 9nte] HEx{do] 2¥nl wiigo]
o},

ol2igt A= o|n) BAF B japonicume] ZAx}e}

A2 s=w(29). 9nte] 28 HlEe] NodD2F nod
box] 4Eage] Hrgow BRY 27lolxw

nod-FAARe] e ol s 4w whio) iiﬁrs}ﬁ}-c

W
Y7, 29 J_E':]E}‘Uﬁ HodFe Aew nodD7}
nodYABCH T} e 7oz w1y A)ARsio)
nod box Q% nodD 45 350ty TGGTA-

AAATCGATTGTTTCGAR] AT-rich #do] wtr
HRAwdl o] Mg AlEol ela 4 wiHEE nod-4-
z] z], g Eoﬂ ﬂ.ﬁ]ah;}_ﬂ - LQ‘”E}(W)

nodD®] 471 Ao] B japonicumI}t v §- & &
A],H 7L Q.% 1@71—61» u}] II()(I'DO] 14/\}7}1 ] _r_]‘—
nodD nod box 872 44 ntell X8} nodYABL)
KAAR A7} nodYAB nod box 3H5-29] 28 ntol)
AA2NE A2 424EL primer extension 52
A sllor 2AlslA waixd som Yzhgin) o9}
0}—,5 2 nodDe) & promoters nodYAB % 2}7) A

F91ek HA™ nodYAB 251 E e promotery
nodD2] AR AIS-212 HAH nodDe] HARY A RS
2l $J2l%= nodYAB nod box2] $1%e) olal A =lc}
(292 F=dl olefgt gEal 2o g5ty clo
T el & ojula A zFEIc)
IAE A23$ % G+C% |

Bradyrhizobium sp. SNUO0I® nodD2} nodA
ORF2] & Algulx s 2418 Asb Ad o
FEE HFROF o] 83}x ¢ok=m) (ZF&.2) A 2D
ol FE ARSRIEAL A e tRN/\"] = E gt
Aghehs Yo vlo] 2 wi(15) B 7o) 4w
tRNA "% seks]a] ore 7low "LL”WI et
OCRF9 G+C%E X*PBP A3} nodD2} nodA ol A
zbzb 59%. 61.1%3 o} }L} Brachr/nmb/um A = 2]
G+ %8l 61~65%(14) Helo| S3lgia, 2=9 A
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ABSTRACT: Nucleotide Sequences of nodD and nodA from Bradyrhizobium sp. SNU0G01

Na, Young Soon, Woong Sup Sim' and Chung Sun An* (Department of Biology,
Seoul National University. Seoul 151-742, and 'Department of Biology, Korea

University, Seoul 136-701, Korea)

Nucleotide sequences of nodD and nodA from Bradyrhizobium

sp. SNUOO1  were

determined. The open reading frame (ORF) of nodD was 942 bp in length and encoded
314 amino acids, while ORF of nodd, sequence of which is the first one among legume
symbionts Bradyrhizobium, was 630 bp and encoded 210 amino acids. The nucleotide
sequence of nodD showed 99.4% homology with nodDi1 of B. japonicum USDAI110, while

that of nod4 showed 81.5% with B. sp. (Parasponia). At the 5" of nodYAB operon and nodD.
consensus nod box scquences composed of 9 bp unit repeated four times and two times
respectively were found. Also an AT-rich sequence was found at 5° of nodD.



