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Table 1. Bacterial strains
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Table 2. Plasmids and phages

Strains Characteristics References
Escherichia coli
LE392 hsdR514 supFE44 supF58
lacY galK2 galT22
metBl 1rpS5
MM294A  pro-82 thi-1 endoAl hsdR17
supE44. host of pRK602 24
JM&3 A(lac-proAB) a recipient
of Mu transduction
HB101 pro leu thi lacY
rpsL20(st") endol
recA hsdS20(r m ) host
of pRK2013 and pRK290 10
POI11734 Mudl1734 and Mucts
lysogen 8
NM3514 hsdR lyc7, host of
A NMI1149 clones 15
SM32 fon galE sulA swrA.
host of 4 NM1149 15
DHja hsdR recAl A(argF-lacZYA)
U169 dB0d lacZAMI15, host 20
of pUCI9
Rhizobium fredii
USDAISl  wild type 3
YKIL999 Nd' derivative of
USDAI91 20
YKL293 TnS induced mutant of
YKL99Y9 Km' Sr 20

(l;:lasm’lds ) Characteristics References
phages
Plasmids
pRK602 pRK2013 Nm:Tn9

containing TnS, Km' Ci’ 24
pRK2013 helper. Km’

ColE1 replicon 10
pSUP2021 pSUP202 Tc::Tn3, Ap" Cm’ 35

Km'
pSUP202 Ap” Cm’ T 35
pUCI19 Ap" cloning vector 39
pLYKS5293 a derivative of pUCI19,

Ap” Kmi this study
pRK290 a derivative of RK2

cloning vector, T¢ 10
pPEC293 pRK290::ex0 from A

NM1149.22E this stuay
pBR322 Ap. T 29
pJW33 pBR322::exo from A

NMI1149.22E this study
pUM2I pIW33:Mudli734 this study
Phages
Mudl1734 a derivative of Mu,

mini-Mu, Km" 8
A NMI149  a vector for R fredii

gene library 15
ANMII49.22E A NMI1149 with exo from

R fredii USDAI9I this study

Abbreviations: Km. kanamycin; Na. nalidixic acid:
St. streptomycin

fredii USDA191o] A9l 24 Tn5E Alqlated odojz)
Aotk Af HoFE Felld  dha A(pleio-
tropic) Weo]F2 Jehd YKL293(22)g Ale&le] 4
ooh AR A evod F2YEA o] &
AR}l JacZ FEGFRAS Tz 7] Borsl=

wpolel,
S ERCET

ZF E2k20lE(plasmid) ¥ ZHOFX| (phage)

o] odtel AMEEl WF. Zelare|m, zelm sfo}
A& Table 13} Table 20 s} gli= wle} 7o}
Escherichia coli®] w) k-2 Luria-Bertani(LB)(29)u) %]
& AH&-8td 3L Rhizobium fredii'= mannitol-gluta-
mate(MG)(34) ™i= mannitol-salt-yeast extract
(MSY)(26)uf 415 Abg-slodch g4 WA #3532
Aete] dashd 7 gga e wrwa Avlsly
ot ool 7%$ kanamycin, chloramphenicol.
streptomycin, carbenicillin(*2+= ampicillin)& 2z}
20~25 mg/m/ FER AR835)gd 3, tetracycline2 10
ug/miZ Azlsldel. Rhizobiume #-%9= kana-

Abbreviations: Km. kanamycin; Cm. chloramphe-
nicol: Ap. ampicillin; Tc, tetracycline; Nm, neo-
mycin

mycin®] FEE 50 ug/miZ AH7Fell T, nalidixic
acid= 40 ug/m! $FOE A3}, wjoke s
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Fig. 1. /solation of exopolysaccharide-deficient mut-
ants of R. fredii USDAT917
A, YKL999(wild type); B, C. D and E. other
exopolysaccharide-deficient mutants: F, YKL
293(exo )

R. fredii USDA1912] A ejc}edti §pAd3bad 44
(exo)E E293817] 1% ARAZ Tnd 4dalel 234
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Fig. 2. Plasmid separation by in-well lysis and DNA-
DNA  hybridization with a probe pSUP20217
containing Tnb
DNAs were separated on agarose gel by
electrophoresis(left side), blotted onto a
nitrocellulose  filter. and hybridized with
pSUP2021 DNA(right side).

A/a, MM294A/pRK602: B/b, YKL293: C/c,
YKL9Y9

o} exo FHAIY 2l ‘3—:‘*{ Tn5¢] Akl
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BamH12 2 $tA38) dudslgy, o)L o A4
AerEl pUCI9 T, DNA ligase2 A A7t A
9184 TnSe BamHIii Aetslo] Fohe] o g
L}—T ojxled. L F shte] z2be kanamycin W

FAAE ko oleh Eefav]= pUCI9S car-
bgmullm WAHFAAE 2k gJon F249 H2]e
AR =qiEd Bg,alauosidase«] a-com-
plementation F#e] AAMHTH20). o]l#F H4L
o}8-8led £ coli DHSa % pUC]‘)l]— YKL293 o 4 )
DNA®9) ligation &#E2 A3 #A4A kana-
mycin® carbenicilling ?'{H’r?'ﬂ X-gal g-3dufz] 4}
oAl A viehlss B 7S °é°ii"+ fie} zlel o
ol &AM 2hA 2R ZH g4 Hepavl= pLYK
52938 F-gled ofp] EH9 Zﬂ?ﬂi_x_i ksl
o g zﬂ7]°’]£3-i & AHARAA A
), Fig 33} 22 pLYKS52939] Alasx|xws of
ok AMEgH Eepar]z pLYKS293-2 < 3Kbel
s d4H DNAE 2Hal ole Zles el
=4], o] DNA iﬁ.’ﬁ YKL293¢]| 4}si®l Tn59] <l
AFNE exo FAAFL] Ao sd== Zleloh
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Fig. 3. Aestriction enzyme map of recombinant plas-
mid plLYK5293
B, BamHI: G. Bglll: E. EcoRl;
S. Sall; X, Xhol. TnS', a part of Tn5 con-
taining kanamycin resistance gene: exo’,
genomic DNA flanking Tn5 from YKL293

H. HindIll,

Fig. 4. Screening of R fredii USDA197 gene library
with a probe plYK62893 by plaque hybridi-
zation
Hybridization-positive plaques show dark
spots. Arrow head indicates a clone A NM
1149.22E.

USDA191 genomic library2HE| OMHE exo |
HXo| My

A NMI1149e] =FZeizl USDAI9I
library 2 7€} o} & exo §-3AE 23
FA ol & ohh7] 94 Feprulm pLYK
52938 ®HHo 2 # plaque EX43E A A8l
E coli NMSI4E =FA|ER o] 838to] okAuleg
et plaqued AAsn, o F & e
(clone) NMI1I49.22E-5 p+-e]sksivkFig 4). o]
dtolA] FECZNE DNAE 2alsle] EoRlo g
dotstar olrfEs AR 7Y% F Southern
blotting©. 2. nitrocellulose X2 %71, pLYK
5293 DNAE oo % Al838lo] DNA-DNA &43}
HEE HAlg 235 Fig 5ol vlepic) EcoRl1L
2 NMI1149.22E DNAE Axlald A74e] 2730 g
Vel R G, T H-zfefe] vlwH 2 el =7e
4 3bela] 2] left arm3} right armef] Abvdgich A NM
114922E¢ A9l ¥ 3.3 Kboll Abadal= DNA R 7}o)
&3 pLYK5293 DNA¢} 7edgh A8k by
o} ak2bi] A NMI1i49.22Ee] o8 ovp GH2}7)
AdEel ddar 2 = glglo
OMH exo REXIQ| #ol

genomic
e A

A Gene fexo) of Rhizobium fredii 31

ABCD | abcd i

Fig. 5. Hybridization of A NM17149.22E DNA with a
probe plYK6285 DNA
DNAs of NMI1149.22E digested with EcoRI
were separated on agarose gel by electro-
phoresis(Icft side)., blotted onto a nitrocellu-
lose filter. and hybridized with pLYKS5293
DNA(right side).
A/a-D/d, A NMI114922E: 1/i. A DNA standard
digested with EcoRI

A NMII4922E7} #k319)+= 3.3 Kbel Abeksle
EcoRl F7}o) ﬂ!?lﬂro fr gl e FAdzta)
7HE EHQEh7] sl Al @) ubs Agwie)d YKL
293¢l o] fFAA £9)3S wl., ALt F A Ao

Hotwjefol gho}l o] AL A 98k luhA
H:;ﬂ 33Kb EcoRl DNA %708 &3 27} W
Fekavlm pRK2902. 2 2-7etdt 7} glgdch 4
NM1149.22E DNA®} pRK290 [)NA 2 o] gt
A4 FeoRISZE Axksln T, DNA ligasc® 7 §4]
7) 78 AHdle) £ coli HBIO1S &A% 827,
25 tetracycline WA eSS &F3lu) =] abof] 4]
wElshal ol FEho M| Eelsni DNALL
Felsle] AFAE A FeoRICR Hrl 3 ofrpiz s =)
31 719dEo este] 33 kb EcoRI #2te ghg-gk &
AAghA S Alehigdu). Habav| pEC293(Fig. 6)
& olFA sl el Al #3tAlR pRK290 DNA
273} 33Kb exo FHARE 2t 91 8-% oF 2 9)
olrk Fig 69 43}t oW 2187} pEC293°] EcoRl
L7 AulEele we] DNAZZM|t) oF 33 Khej
el 27be] A NMII49.22E9) exo -84 2H2H
AlR)ek dA S wodF 1 gk el in| 1z pEC293
& YKL293 o]-fell w5)3}7] $)3te] HBIOI(pEC
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Fig. 6. Agarose gel electrophoresis of pEC293 DNA
Lane 1. pRK290 cut with EcoRI: lane 2. A
NM1149.22E DNA cut with EcoRI; lanes 3
& 8 A DNA standards cut with EcoRI: lanes
4 & 6, pEC293 cut with EcoRI: lanes 5 &
7, pEC293 uncut. Arrow head indicates the
position of 3.3 Kb DNA fragments generated
by EcoRI-digestion

Fig. 7. Complementation of exopolysaccharide defi-
ciency of R. fredii YKL233 by introduction of
plasmid pEC293
A, YKL999: B, YKL293: C. YKL293/pEC293

203y} YKL2937ke] A 3Hconjugation)oll helper®
HBI101(pRK2013)& ]38l triparental mating(7)
5 AAEkde). mating EEE-S nalidixic acid,
kanamycin, streptomycin. tetracycline s @3
MSY ghiuf 2] abell wubglg of ek ks A

KOR. JOUR. MICROBIOL.

A B C

Fig. 8. Agarose gel electrophoresis of pJW33 DNA
A, pJW33 cut with EcoRIL; B. pJW33 uncut:
C. A DNA standard double-digested with
EcoRI and HindIll

Ak A, AArhdF FAEel opEH ok
zpelHe] ¢S5 & + UHKFig. 7). HelF YKL
293(Fig. 7By A cpdig 719 Aakstal e
H, pEC293¢]] oJail A HFAHE =& w(Fig. 70)+=
o} &(Fig 7AYol EAx|%& <ko] AQduhdfHE A4t
slglek. 258 Zepiu|= pEC293e) Zu s
33Kb EcoRl Z7h2 wWo]l3 YKL293¢| 4] TnSell
o)sted AUAHEH exo AR HAES WY £
Uglck
exo®t lacZZte| RTEX} 88

exo A AAEAE dFshe ke e
2 exo A2} promoter Ay ol A lacZ FX
Sz e xaAbsbwal skedth B-galacto-
sidase?] «7}Hr EHFORM exo FEAY AAA
g FAY 5 7] WEelth 287 fdAe 5
o}z Mug] F2b8] A E/4E& ©]&3ted mini-Mu
Mudl17347} 23 )&= lacZ FEFHAAE exo
7o) promoter?t §3A17 Hart ok Al
dpo}x] NMI149.22Ee] Z29 o] gl 3.3 Kbel
gk exo FAAHE EcoRISE Aeple], 5 &
48 Adu® Zepans pBR322¢) AEAA pIW33
S THEcHFig 8). WEFA ZAnj= pIWile
EcoR1C.Z Ark=)9)8 wl(Fig. 8A). 4.4 Kbell 433}
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Fig. 9. Agarose gel electrophoresis of pUMZ21 DNA
A & C. A DNA MW standards; B, pUM21
digested with EcoRl

= pBR322 DNAS}E 33 Kbell 4éhE exo DNAR
virel Hioh Zelan| s pIJW33E A ghe)] o) a)e]
E. coli POI17340l] %9labar, WA &la )= Mu 1}
ol zlof ofzte] WAIH sholx| QIALEE E. coli IM83
2] transductionel] AF£-8gdc}. kanamycin, tetracy-
cline, X-gal. 12]32 IPTGE &3 LB 3397
Aot Al S epl e TEbs Al R RE
Fepans pUM21S #3isdn). pUM219] DNA
5 et Agass dokalir o2 A Abef A
7N A7) A¥be Fig 99 Fig 100 A 2 &kod v} pUM
212 DNAE EcoR1e.2 #3124 w(Fig. 9B), 3.3
Kbell 433k= exvo #7472 DNAS 2& - gle
vhdell 44 Kboll Addh= pBR322 DNAE 2434
gol eldot whebd Mudll7343= pIJW332) exo
A} B3l A=Aty 42 W 5 9ok Fig
10l vie} gl Ble} o] pUM212] DNAE o]
T APBEAE Hag ofg H7)d5-E AA)E|ed
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Fig. 10. Agarose gel electrophoresis of pUMZ1 DNA
A. double-digested with EcoRl & BamHI: B.
double-digested with BamHIl & HindIll: C.
digested with BamHL D. digested with

Hindlll; E. double-digested with EcoRl &
Hindlll: F. A DNA standard digested with
Hindlll

Mud11734

pOM2|

pBR322
4

Fig. 11. Restriction enzyme map of plasmid pUMZ1T
This map was derived from restriction
analyses(Fig. 9 & Fig. 10), map of pBR322,
and Mudll734. Numbers indicate the sizes
(Kb) of DNA fragments. Abbreviations: kan'.
kanamycin resistance: lac, lac gene; amp’.
ampicillin = resistance:  ori. origin - o re-
plication: tet. tetracycline resistance: L.
EcoRI: H. Hindlll; B, BamHI: P, promoter
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Table 3. a-Galacrosidase activity.

. e . . JM&3/
Strains  E. coli JM83 E. coli LE392 E. coli pUM21
IPTG*  + -+ -+ -
Activity 9 6 1590 844 64 60
*+. added: —, not added to the culture medium.

2 AgELRAEE stz sgdrh pUM219)
A @ &2 A % (Fig. 1) Fig. 99 Fig 108] A8 A7)
% pBR322(29)8} Mudll1734(8)9] 71& A&z
Eof A% AR AR lacZ FEEHAAI} exo
FAzRe] Wil AlEe gleS ModFa gk
2k ohuel pUM2IE X-gal& Eajste] 349
T2 HAA AFUELE lacZ A unH
HAEE Julde) exo FURY lacZ §32 B}
o s 37 felMe el 9z DNAY
d71d-& AR Part gk Aztgc)

exo RAXIQ promoter @ =X

exo F3AF] promoter &4 ZalAn|= pUM
210) lacZ F2FAAE exo A2 promoter A
ool zta 9leiA. Bgalactosidased7}ES ZA %t
o2 HAHASR evo FAAY HAHEES Z2AF
T+ ook

F2pavl= pUM2IS i3 diA-#9] Bgalacto-
sidase H7}+8 ZAste], e vind 23S
Table 3l Vel ich exo #4249 promoter(JM83
/PUM21)= k¥ lacZ9] promoter(LE392)0) w)
A &Ado] 14~25u] e Ao viehydr) b
ole}, exo 429 promoter &42 ofAE jgeZ
promoter#}= @] B-galactosidase T4 HEE 2
IPTGol ojsfA] od&-& WAl odsich &5 IMBIE
P-galactosidase 9718 Fo|virn} zta gl 7]
Hojut, o] ArEEAubY el wheld slEHog o
ehts daboleta AAEh A4 o] #FE X-gal S
gt A Ao A AL sl = IPTGS] #-F
o Aol FEAE ehlAl wsic)

Table 3o e}t B-galactosidase®) #gow &
ul, 2R FHY evo AR ZemEE Ay
oM 75 BIE 5 slgo) wHwsich whel
FekAv|E pUM2LS &3 E coli IM839] wied
2718 2el3ld A, p-galactosidase®] AL =3
b exo FARS] R A3 Fw)gles Axs)
Foid Fojok o vlelrt pUM2ldl Soi9E exo
TR Ze R} lacZ FERFAA ] ol
Aot H9(2F 6.0Kbel| sl EcoRI Zzhuke
dehfio] A AElo) dojs ZHgol =93 o}
&, WeFzol| W f-palactosidased] BAL =3
gobd A oehdF Aol el v o fog
g & 7 dogfzia 7ingn

YKL293°] t}# H(pleiotropic) #o)F22)al o,
=& u, 2ol 9§ e e sk
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=42 AFAET Hudo) Qkm AAAN, o
HAtelul szl 28 sigma factor(25)el Ak
she Akl HsAE wAISkA] 23lT 9lt) ole
$OE pIW33d] F2Y HollE exo §Rabe] A}
ot A7l e Ak 2L Alto g o] x}px}
s R]ejel . Ptgict

Aot ZE AfEe] sz AR K4 nife}
Sixe] i 7)2H9)3 vl waked) SFol =Hefety B
o, $HoRE vl ZHTFEUA wAd ogE
g =4 fA-A psi (5,611, 13, 41)79) vz
Tx Q3w Yz

AL &
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ABSTRACT: Cloning and Transcriptional Fusion with lacZ of a Gene (exo) Required for Exo-
polysaccharide Synthesis in Rhizobium fredii USDA191
Chung, Wan Seok and Youmg Hwan Ko* (Department of Food Science and
Technology, Cheju National University, Cheju, 690-756, Korea)

Rhizobium fredii USDAI9] reduces atmospheric nitrogen and supply nitrogen compounds
that are necessary for plant growth, and produce extraordinarily large amount of
exopolysaccharide (EPS). A EPS-deficient mutant YKL.293 was isolated by Tn3-insertion
mutagenesis of R fredii USDA191. The Tn5-flanking DNA sequence from YKL293 was
cloned in pUCI9 (pLYKS5293). The recombinant plasmid pLYK5293 was used as a probe
DNA to screen USDAI91 genomic library constructed in phage A NM1149. A recombinant
clone A NM1149.22E with a wild type exo gene required for EPS synthesis was obtained
through plaque hybridization. The plasmid pJW33 was constructed by transferring the 3.3
Kb exe from A NM1149.22E to pBR322. Cells of phage Mu lysogen, Escherichia coli POI1734
were transformed by pJW33, and transcriptional fusion of promoterless lacZ contained in
Mudll734 with the promoter of exo was induced. E. coli JM&3 harboring the resulting
recombinant plasmid pUM2I produced B-galactosidase even though its activity was 14~23
fold lower than that of E. coli LE392 which had a wild type lacZ gene.



