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Mutagenesis of Slow growing Rhizobium japonicum
by Transposon Tn5

Kim, Sung-Hoon, Yoon Rhee, Dae-Kyu Sun and Ick-Dong Yoo
Genetic Engineering Center, KAIST, Seoul, Korea

ABSTRACT: The spectinomycin resistant strain of slow growing R. japonicum R-168 was selected to
be participated in conjugation with E. coli WA803/pGS9. TnS was introduced from suicide vector
pGS9 into R. japonicum R-168 spr’ chromosome at the frequency of 1.0x 10 - 5.0x 10~ 7 and the
transconjugants were selected on the yeast extract-mannitol plate containing kanamycin (50 .g/m/) and
spectinomycin (100 2g/ml) after 8-9 days incubation. All transconjugants we tested were found to con-
tain Tn 5§ DNA on their genome, which was confirmed by Southern hybridization experiments. R.
Jjaponicum RMa75, which had been selected through plant test, was found to be defective in symbiotic
nitrogen fixing ability and the production of leghemoglobin in soybean nodules formed by the inoculs-
tion of this mutant. In addition, this mutant strain hardly developed nitrogenase activity asymbiotically
in contrast with the wild type strain, indicating that some nitrogen fixing gene might be blocked in this
strain and the production of leghemoglobin could be decreased by the interference in mitrogen fixing

genes.
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anAe] Hozhe FAAEL vl 234
= WEEZR] g ¥k oldz} fast growerol|A]

A& indigeneous plasmidel| EAdtHs A

oemz fass: FAsm BAsrlele pe
ofelwol HAutich, ol2id e g FH3]

#3 whe 2 AT transposond o] &ile B
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straine] £8]% % Tn57} DNAAMS] & 39]o) AF
Uso} EAwol s ) 7lE wog o] uby
= ©l&3led symbiosise] L3 FA= ol Tns
7F 499 mutantsihe AM3Ele] mutation® &
Akl fel 2l Fol walw Aol Adu 445
%t (Rostas e/ al, 1984 ; Selvaraj and Iyer,
1983), & dAtolME A=olA 83 slow
growing Rhizobium japonicum R-168% tAbo
2 Tnse
mutagenesis 2]

3 suicide vector® A3
bede AESAUZ, ofge
transconjugantg FolA fixnod* mutant® &

2515710l ofoll Xahe upolc,
ME W ey

Strains and Media

Tn5% w8 vector pGS92l conjugation
donor® A-8-3+ E. coli WAS03/pGS9E Dr. V.
N. lyer(Selvaraj and Iyer, 1983)ZH-8] okl
t2om recipienty 2 AP kg slow
growing R. japonicum R-168 % X g
spectinomycin 100 ,ug/mZOI] sl WA =
spontaneocus mutant2 shod Aol Algatgl
ok E. coli®] W) &01]‘_ LBz, Rhizobium»l
FA 7|B¥|A 2L yeast extract-mannitoll=]
(Jordan, 1984), conjugationAlol: PA sz
(Bactopeptone 0, 4g, MgSO,-7H,O 0.2g per
liter) & AH&3lich, Free living 270148 A4
2 FAH(ARA) AL v KS# A
(L-glutamic acid 1g, sucrose 10g, KH,PO,
3g, MgS0,-7H,0 0.2g, CaCl,-2H,O 0, 08g,
yeast extract 0,5g, (Fe. Mo)citrate solution
20m! per liter, pH®6,8, Kaneshiro and Kurtz-
man, 1982)e} GSul 2] (KSH) =] o) 4]  yeast
extractibg A 9])F AHEHgTH

Filter Mating between E. coli
Jjaponicum.

R. japonicum R168 spcre PAv]=|o]A] late
expotential phase7t=] wjakslgdn donorel E,
coli WA803/pGS92  kanamycin 50 pg/mi,
chloramphenicol 10 g g/mi& 33 LBul=]ol|
A1 early log phase7tA] wljokgt & matingol] AH&-

and R.
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St 7 cellE2 salinegofoz AXg 3 A
3 vlEE 4lel PAMA Yol FedA milipore
filter (0. 45 M) $lell A 28C2Z 5U7F wijokslgic),
ujeke] Bt cele 0,019% Tween 408 3§35}
salineg°le2 #HeR]Z] ¥ kanamycin® spec-
tinomycing Zt7t 50 ug/mi, 100 pg/mi &
g yeast extract-mannitol®]=] (Jordan, 1984)oj
Al transconjugant® Asleic},

Isolation of Total DNA from R. japonicum

R, japonicwm R-168 spc'km™] celle 200
ml yeast extract-mannitol ¥j=x]el|4] 7]¢ %,
solution(guanidine isoth-
locyanate 5M, S-mercaptoethanol 8%, Tris,
HCI 50mM, EDTA 10mM) 3m/io| &eksl ot
& 25,000rpmel| Al 12417F &2k CsCl density
gradient ultracentrifugation 3} & oF, & o =
DNA bande= 2wle] ZFF<2 3#43ld phenol
extractiong 7 #3stod ethanol precipitationst
At olWl P4H DNAS aggregated glas-
s-rod2 Ztotge] FHl Lalsiaict,

Subcloning of Tn5-Hind Il Fragment

E, coli WA803/pGS9e22H pGSoe He)

harvestdle]  lysis

3 % Hind M2 Aulslel P48 "= 3 3Kb
o AL Fesiglon o) Ao gk 22 o)

[+

171% plasmid pUC9¢] Hind Il siteo insertA]
74 E. coli HB101ol transformationsted sub-
cloning3}ie}, °] E. coli HB101 km® #3590

plasmid”’} Tn5¢] Hind Il A< -f3sln 92
< I3k o|E ol B3I Rhizobiumo)
DNAOJ] &t hybridization probe2 AF&-3}9it},

Hybridization Procedure

R, japonicum R168 spckm™] total DNAZ
EcoRI®Z digest3dt ¥ agarose geldol ArWs}

Southern blottingell 2|3 nitrocellulose filter
o %71 % nick translationell 2]l radioisotope
= labeld Tn59 Hind Il B3-S probeZ s}od
hybridizationg #stgct, olo] W mE e
718A- 22 Southern® W (Southern, 1975)<
HEA)A AHEslc

Inoculation test of R. japonicum
A8 Aoy A R japonicum
< 7 AL =

Conjugation ol
R168 spc'km® colony %
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yeast extract-mannitol vi=]of| 4] sfofsl 3. =A
T (Glycin max L.)ol #HF3ld 4577 48217
THEA oA W ALangHe s

Development of Free Living Nitrogenase Activity

Free living 2704 ALunAEL Fr47]7]
$15led Kaneshiro 4 (Kaneshiro and Kurtz-
man, 1982) & thH-ah #o]l Wy slo] Akgsial

cell& stock cultures24H-¥ o4 KS ‘?rc ujj

Aol #HEste] Tr|Hog 3971 wjekl 3 GS
assay ®lA 20m/{7} EoilE 125mie] serum
viale) agar Erdoll 200 w/4 HFsIAct, oh4] &
71H o2 3U7F wlokE silicon rubber stopper®
285kl Argone.Z. vial WEe] 278 x3sln
wizjete 2 0,1 atm acetylene} 0,9 atm argon
o2 Agstrt, Algsle] 77k wjekd A=
+ ethylened gas chromatography (Porapark
ARgsle] kst

R. column) &
A =}

Conjugal Transfer into R. japonicum

Tn5% Rtz U+ E coli WA 803/pGS9
HindIII HindIII
>
Tra —Hindlll
" Tns | km r
/ .
Cmorl ap
Hindlll HindIII
digestion
Tnb
HindIIl Sall HindIIl linear pUC 9
 _— 1 —d
- km -~
ligation
HindlIII
HindIII -
Ori
Fig. 1. Construction of plasmid pDkm1 containing Tn5-
Hind 1.

Conjugative plasmid pGS 9 was digested with
HindIH and a 3.3 kb DNA fragment containing
Tn5 DNA was isolated and ligated into HindIII
site of pUC 9.

Mutagenesis of R. japonicum by Tn5 307
plasmid< filter mating conjagationel] &) R.
Japowicum R168 spc” TR Aol =glEdl,
transconjugant ¥ ¢ 4§ 4 ¥l £ & kanamycin
50 g/ml, spectinomycin 100 gg/mie] 7o
Al AHEld & Wl recipient @ 1X10-5—5X%10-7
Hefolodeh, = olwle] transconjugantEe] A4
Aew zAdwAdados JebE  kanamycin
resistant mutant2] ARk o 50uf o)Akl =
& gkolalet,

g mating A17HE 3YollA] 5U7F Wl
F7bekAl gk o v
donor$} recepient®] ®l-g-& 5:19 wir} HHo
2 Jepgdcl R japonicum® transconjugantE-
< FAAE 3R yeast extract-mannitol wi=]

o4 8% Wiz 109 wieto 2 colony”} HA =S

pE
conjugation HlE+ ZA

&2

Subcloning of Tn5-Hind Il Fragment

Tn5E Rhizobiumdl =8 A17]7] ¢33 AclA
2 Tnb% -HT vector pGSICZHE Tnbe
H¥-% Hind IIZ digestd ¥ #2sto] Fig, 1o
/‘454 7+ " o 2 subcloning dhodch, o A
pG39e: odlAgh whet 3] HindIllel sl 47§
Halew vxlglen] o% 3,3kbe] H3o] Tn

B
je— 143kb —+j— 1.86kb —
HindIll Sall HindIII
l 1 ]
— Km’ —
Fig. 2. /solation of putative Tn5 DNA and cleavage
map.

A. pGS 9 containing Tn5 DNA was digested
with HindIII and a 3.3 kb DNA fragment was
isolated by gel elution. This fragment was
cleavaged into two fragments by Sall diges-
tion.

a: ADNA digested with EcoRI

b: pGS 9 DNA digested with HindIII

¢: putative Tn5 DNA digested with Sall
B. Cleavage map of putative Tn5 DNA.
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% kanamycin A& FoI3E  sequenced-&
Fig.22] Sall digestell oja zkelsldet(Fig,
2). ol& pUC%I A3tz E. coli HB101
| transformation 3dted A &<lsldch(Fig, 3).,
°] recombinant plasmidZ4& Tn5¢ Hind Il
fragment% thA] F2lslo] Gella] 3L transcon-
jugantE¢] DNA®] hybridization A &d| probez.
*F%‘DI'M

Physical Characterization of Transconjugants

o] 43} e who 2 odofAl transconjugants
ol B4 2k $lsted, A7) dsd A
Byl x|of} 4 FFo] k5 F colony Y55 lelE
AH3ed total DNAS #2]8k F EcoRl digest

=3

A B
f g

a bcde a bcdefg

Fig. 3. Characterization of recombinant plasmid pDkm
1 from E. coli HB101 km'Ap’ transformants.
A. a-f : recombinant plasmids isolated from km”
Ap” transformants.
g :pUC 9 dimer DNA the bottom bond di-
mer form of pGC 9 DNA

B.a :pUC 9 DNA digested with HindIII (2.7
kb)
b-g: recombinant plasmids digested with
HindIII.
A
Hind I 45 51 80 90 94 109 a b

B
45

KOR. JOUR. MICROBIOL

% Southern blotting® %#l nitrocellulose filter
ol transferd:i Tn5¢] Hind I FH< a-p
ATPZE. label sle] hybridizations 3} Azl 7t
transconjugant 2] genome o] A Tn5 2 ¢
sequence homology”} 2el= oot (Fig, 4), 1k
R. japonicum R 168 spc™ control(lane a)oll A=
Tn52] homologous band7} #Hglslz] 9kgo 24
Tnb7} E. coliZ ¥ Rhizobiumo 2 9)59le
< Zalshelet, gk 513 1099 laneol 4= 7bat
homology& “ERH= 3719 band’} 3as]gli=
H #1240 oleld A3 Ails] dusly] of
231} 2915 Tn59 recombinationol] 24 2}
£ 55

Phenotypic Characterization of Tn5 Mutants

ol &4¢] hybridization® 7 2= Tn57t R
Japonicum Al A A3 o] Ealsix] oA}
recombinationell &l 7] o] Ake] & x)o .9l

W& 7HeAE ddrldtha sialch, el oo
A mutantE-ol Tn5ell 9§ 2584 9 Aan4
ol g TPl wgs zabstalch
20001708 FFF oF 15009700 F55 <oz
Asto] T (Glycin max L.)ol A%t 22y
Bl 47 Z f3lslo] Aru Ay FAsld B 4
#}(data not shown) =8-%2] F=7} controlgl
R. japonicum R168 vlell st ArwA4gels o}
Bl i}, ol A Tob7 R. japonicum

32

deial

o]
Eﬁ =

E\__
o AL A Hejale FARlel] A migo
51 80 90 94 109 a b

Fig. 4. Southern hybridization analysis of total DNA isolated from transconjugants.
A. Eco RI digests of total DNA from serial number of transconjugants (45-109) and R. japonicum R-168 spc”
(lane a). Lane b shows the plasmid pGS 9 in E. coli WA 803.
B. Hybridization pattern of corresponding lanes with Tn5-HindIII fragment labeled with isotropic 32P.
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Transposon Tnb% Rhizobiumo 22l &
23 A4vAFA= ssite specific mutagen-
esis’/ ¥he] Ausubeld] 93 4H F (Ruvkun
and Ausubel, 1981) Tn5% Rhizobium°o2 =3
7] $g g27hR] el AlxEglen £3] R
japonicumel Hel A+ Hahn and Hennecke
(1984)7} pSUP101, pSUP201& AR&3led R.
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Fig. 5. Free living nitrogenase activity of R. japonicum
R-168 spc” and RMa75, a fix~, nod * transconju-
gant isolated from Tn5 mutagenesis.
® —eo : ARA developed by R. japonicum RMa
75, 0 —0: ARA developed by R. japomicum
R-168 spc”
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japonicum 2 nif geneoll 3 Tn5¢ site
directed mutager.esis® #3tict,

£ Ao ARE3L pGS9e- lyer(Selvaraj and
Iyer, 1983)oll 2] M=% recombinant plasmid
Z4 N group plasmidel pCU1{(Konavska and
Iyer, 1981) 9] transfer system® E. coli plasmid
ol plbA 9 replication origin(Chang and
Cohen, 1978) & &rsled E. coli®t R. meliloti 7}
9] matingell AH-¥ v} it (Selvaraj and lyer,
1983). &+ Aol 2 Mg FHEsld R
japowicum TF-SH] matings A Aol &3
ulo} zEe mlw o transconjugant® Jdord
Iyer 5ol 2shA AAIH R melilotiohe] mating
of ®lald oF 100 o]3le] e wlEE epyl
o},

3t pGS99 R. japonicum oA Exjo] ¥ E
galshr] el vector F-iol| ofsir dEE
chloramphenicol &] WA -& = A& £ 743
control wild type® %] sensitive 3FF.o™
galslx dgoz pGS9ol R
Japonicum HNA FRIE 1 YA kS-S 2halaled
o}, Tn5% conjugant DNA2}Fe] hybridization 72
2} Tn57} Rhizobium® genomeC 2 incorpora-
tion ¥9ES #lsdedl 2 A#} hybridized
extraband (Fig, 4)+ recombinationel] &8 4§71
bandg4 Azt=ps] 2717} Aolx] & of+= Tnd
9] &7} deletion o] 7] Ae® walrh
Tnb probeE IS element, NPTII coding
region, WH A loop region? 3FEog 1Yo
hybridize s} Hskort 3782] probeol] 2%
hybridize 3= 712 hel}A] (unpublished
results) deletion® AHE7} off mlAlste 2 AlY
oA AHEE 3FF9] probeolldl FH=<l dele-
tiono] A7l Aog welrt oz A 33
uts] 7] L d|Ai= extraband% cloning ®}od
sequence® ¥l aslo{ol & Zlo|r}, TnSE Sold)
AL R. japonicum HNA  streptomycinel| = 4
Ag Fojsle zleg odeix glor (Rostas ef
al., 1984)
spectinomycin 2]¢l| streptomycing #H7}S w)

plasmid%.

selection plateol kanamycin,

R. japonicum R168 spc’ control® background

colony #Ael < 10v] A5 ZA3Z 414
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transconjugant®- streptomycin 125 mg/m/o
A= ko] el ekgk

o]} Zo] B9l® conjugantEE soybeanol] A

UL W HP¥e gades 2RT YAsky
o B39 #5E TRYAe] T3 daele

o] ole|gt FFEL APFL B dx) 1 Y
= A FolFolth, =37 noduled AHAHo 7
FAsht AanAgo] A8 ¢le R japonicum
RMa 7568 Albsladwdl o] w5l os] g3
nodule® leghemoglobine] A =le] gl A o)

HAEG, oAk e Ai: diHozgl=
Tn57} ©| leghemoglobin 34 pathwaye] =3

Hal g vl Aezs ARG 4 e

R. japonicum RMa75 155 free-living Aell

=

Slow growing R. japonicum R-168 13 2%¥ spectinomycin HA #35
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(leghemoglobin independent condition)el 4
ARAE ZH31S oz d7brt vehlx ¢ke
Ze n#dchd, Tnhe Aoz ALu43
& wAAel deE ez 2 A RHes
leghemoglobin @Adefl %J3kE v|A 7oz A7z
ok, z2hv Tns9 polar effectol <3k dAkd
7HeAdE A wjAlE 4= gl

Hel e 2752 N typed] gene transfer
systemel E. colist slow growing R. japonicum
Zll= olfold + 9S8 3llalgion] o] =4
< °|83 Tnb R japonicumels) 5.9)-e Az}
sile divected mutagenesiss %3 slow growing
R. japonicum®] HinA 3ed fAzle] g @
olefl IA spygo g o oo} ax) s},

2

Akalal o] Rhizobium ol Tnsg: .9)4]7]

71 #sted Tnb7t &2 E coli WAB03/pGS99e] conjugation® £3F transposon mutagenesis® AA1sidch, o]a)

conjugatiorrs: 53k Tn5 Ho] Wx &

1.0X107%~5,0x10"7 49 o]gjewi,

@e}Al transconjugant®- spectinomycin

(100 2g/m/)# kanamycin(50 pg/m{)& &3 yeast extract-mannitol "|=joll4] 8-102 wjoks colony% #A4 sk},

=38 transconjugantS-2 genomedlol Tn5& &-83ln gle-8
Aauny o] gl EdwelF R japonicum RMa75 nod*fix-

leghemoglobine] A#=le] gl2-<] 2ls]4f
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