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Studies on the Ribosomal RNA genes of Rhizobium meliloti and
Bradyrhizobium japonicum
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ABSTRACT: The genes for ribosomal RNA in Rhizobium meliloti and Bradyrhizobium Jjaponicum
were analyzed by southern hybridization of BamHI, EcoRI, HindIlI digested chromosomal DNA with
purified 5' 32P-labeled 168 and 23S rRNA. The big differences in the hybridization pattern of both
rhizobia were found. The comparative results were discussed in relation to the copy number and conser-
vativity of restriction sites in the rRNA genes of both rhizobia.
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E. coli® ¥ %3 w5e ule g o}z g

ribosomal RNA f-4=ke] copy 4-9F FAJol T3k
ATt masle] gob, B, coli®l 3% rRNA &
A= 770 operonce & FAEle] 9lm 2l
operon® 5'-165+23S-55-3/442 «xs]o] 9
2w 1659 23S rRNA ##z} Alolel] =g
tRNA 425 £3stz 9l (Morgan %,
1982). Bacillus subtilis(Potter 5, 1977 ; Zin-
gales 5, 1977) Mycobacterium bouvis (Susuki
%, 1986), Strepiomyces lividans (Susuki 5,
1988) 59 rRNA fFAHAEE operond copy 4
MR e R E, colitt Y TS el
+ Zleg Az wyEgdoh aev) Beneckea
harvevi®] 16S, 23S % 55 rRNA S&xt= 4]
2 A 7w sk wid Aol QoA E,

312

o}

8ol

colist ze]E Holx 2a® w9}
(Lamfrom %, 1978). =3 Mycoplasma ca-
pricolumn®] rTRNA 542 1659 23S S-Ax=}
Afolol tRNA FAzk7b ¢lov (Sawada
1984), archaebacteria®l Methanococcus van-
niellii~ E, colis$t FA3 sidg A 49
operon °|9lol] 58 rRNA ##A} zteg FA45
operone] 17 ©] FEAse Aecg A7 ¥y
et (Jarsch ¥, 1983). Nichols 5(1982)&
cyanobacteria®l rRNA operon copy 47} 2%
7ol & ApolE Molw 9IS W Ed, oL
copy ¢ Ao|7} FAA] 279} AAA I} Q&
2 2 walgich,
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rhizobiat AHATAATE 7w 713 247
ATy vjAES 3 R R, melilotiy 4T
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stoll B, japonicum-e 5ol 22t Fe]Eg A4
slo] t715e Aas A, ASAd Fuges
A} (Subba, 1977) F337AA 2838 AL 2R
§Eolc},

°]% rhizobiaell 3t FAHE A= HEEH
Ad Ao HAF 7 Z we|ghel dFe] o
Tt AanAD JAH FARE, S ouidf, nod
inf &9 oAl AFHozA ofE AR =
ohg dbekel fAskH oAE vhae 4259 73%“':1:
3olglt}, E3] rhizobia®l ribosomal RNA A
28l copy ok Aol Bet A= AL Has
vhrl ¢l

Ribosomes] AEA &+ A AL Fako
Z2b A7 9o, RNA -3z o
A2FA] Fxol 2E7F E 4 gl7] witol AlE
Al 4% 7} & rhizobia grouptel rRNA
operon®| 42t Aol g vl wig AAHYE
A7 = 7eg weizcl(Lindahl 5, 1982).
wati 2 o7 fast growerql R. melilotio}
slow growerdl B, japonicum® rRNA operon
of It AHME odr] 98] ¥PEZ labeling®
rRNA A5 probel 2 AREslod Hrix] A3E
2ol o8] ENE R, meliloti® B. japonicum
9] chromosomal DNA®l Southern hybridization
< gon, o]z He ozl rRNA operon T
A2t copy 479l Abolol Higt AxE Hustuzt
ghet,

3t ) 9= w]X

(o3

SEETERETRTTY

F Y x|

AdFFEE fast growerdl
meliloti 99303} slow grower®l Bradyrhizobium
japonicum USDA 1108 AHgslgm, Aguixa
+ YM =] (Mannitol 10g, Yeast extract 0,
5g, NaCl 0.1g, K,HPO, 1g, MgSO,:7H,0 0,
18g, CaCl,+2H,0 0, 1g FeCly-6H,0 4mg/l)&
ARgslod 20-30°CollA B <F5kH o} (Gerharolt 5,
1981).

MZ2| Lysis % Chromosomal DNA2| &&]

YM sfzloll 4] zetujolit A2 (OD=0.6)8 A
AR2)g % Schwinghamer(1980)2] &lH$

Rhizobium
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g5to] lysisAl7|aL pronase (1 mg/mi)& Azl
t}-&-, phenol-chloroform #&#ol| ¢j] DNAS
A A 3t oF (Walker, 1984)., A A5 DNAE
ethanolel AAA71E F-2l2te 2 spocl ouidt o
+ TE buffer(Trs-Cl 10mM, EDTA 1mM,
pH7.4)ell Foir] 2185191

Histg 4ol 2|3t Chromosomal DNAS] ¢t

A g & 4 Bam HI(Promega), EcoRI
(Biolabs), HindIII(M|A3}sh) 7} 2 Alge] Ag
S, 7 Az3| el A AR vkg-z el ule}
B 37CellA 227k Feot vhgA)A 2hAs] Ak
st

HehE DNA2| TOIHE AU Southern blotting

BamHIl, EcoRI, Hindlllz =7 AHxigl
chromosomal’ DNA 10 p¢g¥-%¢ HindIlI2 F3li&
ADNA2} s 0,89% agarose gel(12X16cm)A+
o4 40V, 25mA 272og oF 1047 A4z
t}, A7l% DNAE Southern®l uhdel <3
nitrocellulose filter o] A ¢] 8} of (Fritsch %,
1982) 80CellAl 247k &< baking®t § ¥
dessicatorel|l B.33ts3ct,

rRNAZ| 228 ¥ **P-end labeling

rRNA9| H2)4A4= DNASH 5o nldoz

3132t RNaseoll ofgt 235 w=x]sl7] 9fsl A
ol A5 BE 4] o Lol 0,1% DEPCE
HeJst  autoclave v+l e AAE A
RNA% 1.5% agarose geldoll4 H71%d&3h o
<, 16S % 23S rRNAE FA94E Ag3le] 2
7+ electroelutionst¥i et (John, 1984), elutiondt
16S % 23S rRNA+ phenol-chloroform & &l
% chloroform $olez 7ztzk 234 AA sl
ethanolZ AAA|A Axg T FF4 Sk
CIP Agol 93] 5'-phosphated AAd F
[7-*2P]ATP % T, polynucleotide kinase® =
2lsled 5/~ 3P_end labelingd}oich. labeling®
zk7ke] rRNA+ Sephadex G-50 minicolumng-
53 Al A probe & A& 5 b (Fritsch %,
1982).

Southern hybridization % Autoradiography

R. meliloti % B. jeponicum DNAS Bam
HI, EcoRl, HindIll Axtwisie] #o]d nitrocel-

lulose filter® heat-sealable E2]= 2 =)o
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¥ 2 o} hybridization solution (50% for-
mamide, 3XSSC, yeast tRNA)3} 32P_labeling
% 16S % 23S rRNA probe& 77 2 ugHd o
o} 23] UB3I & 42C water bathollAl 204]
7t F<b hybridizationddt},  hybridization®
filter& 4XSSC &eleg F8CoNA 3084 23
AL RNase (20 pg/mi) % AH2dh & 2x
SSCEejez Aol 1084 33 Aalsigin)
AXF filtere A2oll4 A2A17  intensifying
screens AH&3tod X-ray filmell autoradiograph

shedct,
Zz g uE

AZEA 5ot whE R, melilotisl HdLw
b 2@ B, japonicum 7F 9] ribosomal RNA
operon®| copy 4-2F F& =} FAol| gle]Ale] ilo]
% 432} 7t rhizobiaZ %€ 16S % 23S rRNA
£ 223l (Fig. 1), **PZ end labelingdt ©f-2
BamHI, EcoRI, HindlllE 77 Axisl o] &
rhizobia ®1  chromosomal DNA | Southern
hybridization& A 538kict,

R, meliloti DNAS} 16S = 23S rRNAY
Southern hybridization 2% Fig, 2(A)o] A4
skiL, ©l% =Asksled Fig, 2(B)ell 27 2143
2eh, BamHI ##ie] 7% 16S rRNAE 10, 6,
9.5,6.8,6.4, 1,2kbe] 571 w#3} hybridization

— 23S
— 16S

Fig. 1. 1.5% agarose gel electrophoresis of 16S and
23S rRNAs of B. japonicum (lane /), R. meliloti
(lane 2), and E. coli (lane 3).
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Fig. 20A) Autoradiograhs of corresponding Southern
hybridization of R. meliloti DNA with
[32PHabeled 16S rRNA(a) and 23S rANA(D).
Lane 1,2,3, represent digests with BamHI,
EcoRI, HindIll, respectively. (B) Schematic
drawing of the hybridization pattern from Fig.
2(A), ordered for the different restriction en-
donucleases. Location of the HindIIl
fragments of A-DNA are given together with
the molecular weights in kilobase pairs (kb).

slda, 23S rRNA¥E 10,6, 9.5, 6,8, 6, 4kbe] 4
He] s} 2b7t hybridizationstaich, 16 Se} 23
Sell &Aleoll g4 bande] &A= Eajcis o)
16Sst 23S =7l AAeh 9l mald|
(Jarsh 5, 1983) H-=}gko] 1689} 23S =2
A A Brb 222 Fig, 2(A)4¢] 44 band
pattern& flanking F-$loll 49 Ha]2-97} cf2oj
71lehe Aoz g, o3 9,5kb thuiel
7% signal Z457F 7 ZFsbA] vebsted], ol
o8] copy2| rRNA operon Zol4] 9, 5kb s o
2 Fall == BamHI 231597} £ 38 operono)
g EASE Al FE 3R wloRn,
wpabzlz] o]f2 6,8, 6,4kb whHo g Hasls=
rRNA operon®. signal 752 IighAn] B4z
SAet 9ls Ao As€c}, signal A= 3
ol7t FU3 27| = EaHEE operon 4ol w]a| g
o 7ol &b R, meliloti®) rRNA operon
copy T Haq Pl FL 2 o4l o] & Ao
2 FZF5ch, ®3 16S rRNAskal hybridiza-
tiongF 1.2kb whH o2 ¥ e whuie] signal 2=
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23 A 16S F42 22 interspace ol
BamHI #3597} Ea13k= 170 ¢4k operon
ol ¥ & Zeog ZZHEo(Jarsh &, 1983).
EcoRI 23 DNA<] 7% 16S rRNAY 6,5, 5, 4,
4,.3,4.0,0.7kbe] 5709 wimz}, 23S rRNAE
12,3,12.0,9.5,5. 4, 4,3kbe| 5709 tigiz 2zt
hybridizationstslem{ 5.4, 4,3kbe] ©He 16S
o} 23S rRNAZ} Aol hybridization st}
16S8laiul hybridizationdt 6,5, 4,0, 0, 7kbe) ©F
He} 23Sskaat hybridizationdr 12, 3,12.0,9.5
kb whH-& 16S9} 2359 interspace H-$Jell Eco
REF-$17F o168 Z=6hv] 1659} 23S rRNASH 5
Alell hybridizationdt 5,4, 4, 3kb ghale] Zxje
interspacetiol] EcoRI #&ll%-9]7} 41+ operont.
o 2AEE Al Fe FAZAM RNA
operon7ke] Algta AL FaESo] E Ao]dg
BoiFy 9lch, HindIl ¥aixts 2] hybridization
G 25.0,4.3,2.4,1,5kbe] 474¢] xido] 16
S % 23S rRNAe| %4] hybridizationd}z., 7.7
kb whH-2 16 Ss}aat hybridization skadch, w5
H Z717F A2 2.4, 1,5kbe] tiae] 16S o 23
Se} FAlell hybridization 3hx Qluhs Al 22
R. melilotr®] 165+ 23S rRNA A x}9} oo
A AR s 4 4 ok =3 16S
rRNA3}5LaE hybridizationdt 7, 7kb thHo gy
B 16S ™A W 2 interspaceo! HindIII
TAFA7E 9 operonE e ¢ 4 Uk
(Jarsh &, 1983),

olel Azg 2oksbd R, meliloti®] rRNA
operon< band %Are] #2431} signal s &
704 9 copy F2 1 ojabe] EalY Aoz wl
ofzn, olE7ke] AdE A HalF ol wigt Abed
gt Ase] AHgAdat Aol o] FAlol sz
=3 E. coli 59 o2 AFE52 rRNA operon
3 ehabzbx 2 16S9} 23S AR w9 s A
Ads Je= Felslodch(Susuki 5, 1986).

BamHI, EcoRl, Hindlll2 =}z B&ld B,
Japonicum®] DNAS} 3?P-labeling¥ 16S % 23S
rRNA2F] hybridizationd 3+ Fig, 3(A)el e}
Holow o] 5 4134 =3+ Fig 3(B)ol] A4
5t5itt, BamHI Hsixlsdel A9 16S o 23S
rRNAZ} 5-Alell 10kb ¥38) =l ==} hybridiza-
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(&) (B)

(a) (b) BamHI EcoRI HindIII
16S 23S16S 23S 16S 23S MW(kb)

~23.0

— 0.5

1 2 3
Fig. 3(A) Autoradiographs of corresponding Southern
hybridization of B. japonicum DNA with
[32P]-labeled 16S rRNA(a) and 23S rRNA(D).

Lane 1,2,3 represent digests with BamHI,
EcoRl, Hindlll, respectively. (B) Schematic
drawing of the hybridization pattern from Fig.
2(A), ordered for the different restriction end-
onucleases. Location of the HindIlI fragments
of A-DNA are given together with the mole-
cular weights in kilobase pairs (kb).

Table 1. Sizes of DNA fragments hybridized by 16S
and/or 23S rRNA probes.

Species  Endonuclease Fragment lengths (kb)
BamHI 16S 106 95 6.86.41.2
23S 10.6 9.5 6.86.4
R. meliloti  EcoRl 16S 6.5 54 4.34.00.7
235 12.3 12.0 955.44.3
Hindlll 16S 25.0 7.7 432415
23S 250 43 2415
BamH1 165 10.0
23S 10.0
B. japonicum EcoRI 16S 12.3 1.3
235 123 13
Hindlll 168 3.2 26
238 32 26

tiondkiz 3)om, EcoRI¢) 7%+ signale] thx
oFgh 12,3kbot 1,3kbe) 270 xt#i} hybridiza-
tiongki Qlct, HindIll %9 A-$-+ 16S o 23
S rRNA %% 3,2,2.6kb &3H 3} E 4] o
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hybridizationd}2 lov] signal Zex Ao 74
Al el 9}
o|4ke} H3= B, japomicum® hybridization
kel R, melilotiol ¥lsl band 49t signal 7+
ol QloiAl ohebs] whEdhe ®BolFEn 9r),
BamHI sliztzie] A% 1659 23S7F =5 10
kb shHstaat A3l 9lr] o]+ °]% operon
ol BamHI #3597} &8 ¢lew flanking
region® BamHI #5915 25 operonol 9lo]
A 593 AL = gloh, HindI #sfi=hsd
o] JL% signal 257} Al w223k 2719 band
% 3.2 2.6kb k=l Agsian Qad o5 o
AgrEa FaEHol g Agd Az A%
]"PEH F1 90tk 1659}t 23S rRNAV %
33k EcoRI 239 1,3kb truie] &x)
melilotiol 412} 7o) 1659} 23S f+A=le

Al
iy
Alol] 7
< R.

7_:1
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AHBAE A8l F= Aoz Alasn, ciga
signal %42 band 2 AN R, meliloti
Hoh rRNA operond] <7} AL 702 alojxl
o},

ZEH2Z olF F rhizobia® rRNA &=}
TAE E. coli(Morgan, 1982)v} B. subtilis
(Potter, 1977) %29 oh& =lelgloloA] == 16
Set 23S FAATE AA Ue Aoz ZzEpt
rRNA #+42F2] DNA sequenceo] 2ol R.
meliloti®] 735 operon Zholl Altddl Az o] A
olAdg ®olx gl abHoll B, japonicume o) b
v = 1x9 A45Ae BoFn ool =
operon?] copy ‘T—Oﬂ 9)\01/‘4 fast growerdl R,
1 o|Ae g FE25=
M slow growerql B Japonicum-E olo} w3
copy 77 Al A& Zleg Al

meliloti~= 9 copy -2

2

AgtE4 BamH], EcoRl, HindIi2 7%z 880" Rhizobium meliloti® Bradyrhizobium japonicum®) chromosomal

DNAS} *P-end labeling® ©1 rhizobia®] 16S % 233 rRNA%] Southern hybridizationg

Al=a3iet,

Aol ofs dofA hybridization &2 2HE| o]E F rhizobia® ribosomal RNA $-82ke] copy 4-sb Mgtas 3

Sh5-H2) conservativityol] SloiA Abebal bol & wAslgir),

AL A

2 AFE B3 AADATZ S gsiglen
3 3]
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