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Sumaary

For the utilization of exopolysaccharides produced by Rhizobium fredii
USDA191, a study on the control mechanism of their synthesis and
production, and an analysis of their property and composition are
necessary. This study was attempted to investigate transcriptional control
mechanism of a gene exo required for exopolysaccharide synthesis after its
isolation and subcloning into plasmid pBR322. The resulting recombinant
plasmid was introduced into Escherichia coli P011734 harboring MudI1734 to
induce transcriptional gene fusion between the plasmid and MudI1734. After
transduction of Escherichia coli JM83 with phage lysate, the desired clone
that had lacZ structural gene under the control of exo promoter was
screened and selected. [3-galactosidase was synthesized with the help of
exo promoter whose activity was about 25-fold less than that of the wild
type lacZ promoter, The exopolysaccharide concentration of rhizobial
culture was 5.85g/liter, and the polysaccharide contained 51.7% of hexose
and 45.8% of uronic acid. The increase of shearing stress was accompanied
with that of viscosity of polysaccharide solution, and the viscosity of
1.0% solution was 45cp. Addition of calcium chloride did not induce gelling

of the polysaccharide,



[ 4 £

BEo] Hatste nEal EAE FEILEAKbiopolymer)el 3, 2tF JEF
FAZAMY Yk gl HA2Me TAF P2 [l JeE A= VEX
218 gR3t oM 73 B0 A-g3i RS fAsl Ak 2y &
AE T4 dE 2R EF Fole olghe vl iR, AE U IFy
Ao HEIEAET r}F A3y, I ¢ FHY AEYUY Jl5o] HAUF
2] e olRE BUA FHol gtoy A olg EA F W2 AL BENA F
8 EAE AXI)of o]23ch(o], 1991).

Aol ¥EEE tifiE 2 AE, F5 2 uBEA 23l JYEHE
o, 53 o]RE Ry 2 FEAE oln ¢3A AE, HZR KA A
TR £ Jlel $EEAE el S5 43 A8 dE ey, A
2322 Frt AY e SAE et vdE tidfol B A= 1942
d Leuconostoc mesenteroidesoll A ABAVEH dextrano] VA FAAH T U HA
A3t ol VAZIA] TR n]PEo] A= £ F o9 tiEHIL ¥
A= gch Dextran § 109F0] AgH o2 Pib o] &H 2 glem(F, 1991 o],
1991), 12 U¥§ Table 16| Uehfdch

ol& uggo] Bttt tidFie AZtAl el &, FAY tldF(intracell-
ular polysaccharide), ME¥ t}w}H(structural polysaccharide) 3 A& t}
©hf (extracel lular polysaccharide, EPS) & Upojzitl. FAY cldfe 2
oluz]e] M3 & 3lo, PHB(poly-B-hydroxybutylate)®} Fe]i7l o] ti&#3

ojtt,



Table 1, Microbial extracellular polysaccharides

Polysaccharides Microorganisms Characteristics

Pullulan Aureobasidium high soulbility, non toxicity

pullulans pseudoplasticity

Curdlan Alcaligenes gel formation upon heating
faecalis
Dextran Leuconost oc plasticity
mesenteroides molecular sieve
Alginate Azotobacter Ca**-gel formation
vinelandii
Xanthan Xant homonas high viscosity, pseudoplasticity

campestris stable in wide pH range

Axy cidfie A2 FE8EU 29 28 M4 lipopolysaccharide,
#2e] g-glucano]L} B0l F a-glucan ¥ f-glucan3} Yol M| Helg &
A#) F& chdfolth Wb EPSE MEHe UREN AXY Fso ¥y
(capsule)& B4SHAL AXH ojio] AWE(sline)2M LAF JHHE tig
Folm, nl BB 12 E& 22} thAabBolth wely o|EL B ol st
AU, d8do] Bad AEYos ¥ Eel¥ch 2d2e 44 Eeo] o

A FAL} EPSE E2lY 4 alrk(VWilkinson, 1958).
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271 T FolA EPS= VA oE AAY FFo dY U wgeE O
Bkl JHsst AddA oz o] 71 wrHel, 1991).

EPS2] Fo/dole E31 ofe71=] EPSS] F/gol AR Y A=
t ol ¥8A A drh. Ty AP F2E ol A2 U4 EL ¥
BAI717] 1%t ST e U A FFY Ao, Tl AHHE 43
dadich AR AEZgolA PR 22 MEolAM 8= A ¥
o E o] MEyteld FUHE T A vt EPSY Aol FAEHE &
4t vigsi, i DA U2 olg TAES FEIE
1) Group I: 7] HRE tjrlsl=n A3 A 4(d: hexokinase)

2) Group II: sugar nucleotided HEA|7| A3t FAZE AL
(ofl: UDP-glucose dehydrogenase)
3) Group W: A FukA(lipid carrier)ol] ©fF E2}& utEslo] AYsiA
3hed #BAISHe AAL(o: transferase)
4) Group NV: B E31E=} 728 B3t VA3 AL
(dl: translocase ¥+ polymerase)
T2 s 4 k(. 1987). ol o] EPSY B¥E AV whedtA] it
1§28 BY/dol BAH KA = tpIdicke A& AABla glon,
olF AU F7]AA wUE o Fof mel Y= EPsY oz Holst 4
g Foleke A& &Y 4 oty THFZE. Rhizobium leguminosarum bv.

phaseoliol & EPS #4E& A3l FAUA} psizl WAE 2 2 (Borthakur,

rir
PO
rle

[o]

1985: 1987), Rhizobium sp, NGR234(Gray, 1990)ollA = exoX2} exoY7} EPSUAL &
Hoj gl Zlo] HQIE|g o™ (Gray, 1990), Rhizobium melilotiollX X exoX$}

exoF (Zhan, 1990) 12|31 exoR3} exoS(Doherty, 1988)7} WA E]o] ojof rigt ¥
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Wt A7} o] Fo] x| gt S|t Rhizobium fredii2] EPS §/dF-H=tefl of
¢ dFE otA7bA] Y& vl Qlch

x| Z271x] oY 28 t1YdFe HiFFE2E  Xanthomonas, Agrobacterium
(Bergmans 5, 1981), Azotobacter(Eklund %, 1966), Bacillus(-&, 1991),
Pseudomonas(Darzinss, 1985), Arthrobacter, Methylomonnas, Chromobacter ium,
Rhizobium, Alcaligenes, Erwinad ¢ MZ3}, Hansenular, Tremela,
Torulopsis 58] #A R, Aerobasidium, Sclerotium, Fusariums 52 F%o|7} 3l
th. o] Aol tisiM 713 de d3=HR, ARE R A8sol ¢4
Aoz oA qrl FWolo] ¥ ciF P42 AFoly IR u3 A o
A oAl gou, ¥3Y AL, YxPF AL, YdF A% F& vUehle
o] iRzt dalA dri(e], 1991).

Rhizobiumds MZFE FHNEY Rl & §Psi, I QoA thr134
AAE BLAFE 5L 7N Utk olg MFS He] EPSE B4 Ui
2z M ¥E odelx YcrHBergmans §, 1981: Robertsen &, 1981: Finan &,
1984). Rhizobiumdy MFo] BAMsl EPSEE AEAtge] FFH(glucan)zt IE
z}are] Abgd Thf 282 curdlano] Qlth W2 A& FAAM AEAZY F
F74E cyclic 8-1,2 ZEES 3 gdon, 17~248 3FYx(degree of
polymerization)& 7}X|= £=x}3} 2,700~3,900 dalton F=2] AUJEE RPE]
elt}(Geremia %5,1987: lannino®} Ugalde, 1989: Amemura, 1984). R. japonicum
S E=x}gr 4,500 dalton o]3}2} 12,000 dalton?] ¥ FH/2 7127 &3l 57
& Agaitich o] F FFe] 4L 77 £-1,39 1,6 AULE Hojglrh. w
2tA o]&2 TIE Rhizoboumndy MiFold WAE  B-1,2-D-glucanzh= FEHCE

(Jansson &, 1977).



aEzpakel Atd bR 2 succinoglycano] QItHGhai &, 1981: Reed &,
1991: Tolmasky %, 1982). 1 F+Z 3% FAL2 Rhizobiumd MlFtol] W A4
€ A FEc) 22 F71¢ D-glucuronosyl 2} F70¢] D-glucopyranosyl 2t7]1 &
T4 % tetrasaccharide®& F#(main chain)®& ¥ ZRolt}. oA exw R,
trifolii= heptasaccharided, R. phaseoli: trisaccharided F|Z ¥ cjt
F& 284} (Sutherland, 1985).

R. trifolii®] I3 Fols F2 curdlang PFAsl= Zlo] Qi Ghai F,
1981). R. legumimosarumz} R. tripolii2] A X2} WAsIA AYH o] iR
d2olx dLe= AedtAY gULeEN F2H £ dth o] FUAE Fo HA
oL} 50~55C oM Z(gel)ollN &(sol)2 A2 3k FA4& 23 2tk o]
thg e C22} Ce#lXloll 242t F )¢ &al(side chain)& W3t D-glucosyl
718 2= 5448 7132 D-glucose:D-galactose:D-mannose?] FH](molar ratio)
7} 1:4:14 348 FYPA=Z EEIAch o]F HolM A7l FF& succinoglycan
2} 24 curdlan®& BT BAVS}= Agrobacterium} H]zx=§t Ho] glt}(lanninod}
Ugalde, 1989).

o2 F& Rhizobium® 2 KFE APitE= A 2EAe] cigR

4-0-pethyl-D-glucuronic acid7} R. trifolio]lr Ez2|¥™ u] dajz uie} Lol

rr

O-methyl sugar ¥ 22 &3 ZrH(Bailey 5, 1971: Humphrey, 1959). 2 ®7}
Z] T} O-methy sugar?} Bradyrhizobium 408 X¥ ¥e|% ¢ cHDiebolds}
Noel, 1989). 12|31 4-O-methyl-D-galactose® ¥R CIFHE dASct A
38 7132 o] FH3A] ¢drt. 1&o] F4Y sugar nuclotideZ2 AN ClgH §}
gl ¥7) AN chdFel 44 (modification)oll 93] AT =R HalslA
ot FURAY olFol FEHU F4]0] o]Fo] Arta FEHrH(Sutherland,



1985). =¥ HF  Fo| Rhizobiumd AMFol 2siH PiHE TidH=
galactose, glucose, glucuronic acid®} acyl7|2 Eojgla, oA acetate®
AL A Yrh= H37} rHCarlsonz} Yadav, 1985).

oj2} o] tiF FZ, B4, 716 ZXBA WAz, KAz z2F
of gt 222 F4o] 7H53A Hel, ulehs E4& Ad tldiE €& ¢+ o
t BE31EA F¥(biopolymer engineering)e] &7 o|EA =t {FA=}
ZAd T HgF2Y E440] thE AEE tidFY Aake] £iogN Bt o}
Uzl Beiexe] & @ i Fie B = Wasjch(o], 1991).

B-galactosidaser= ThHZFolM lactosed glucosed} galactose® H-3fsts o
& r} o] f-galactosidase FRKF-HAL lacZe |FHA} YU ALY 2|EE
A 2 Azt & KA} 2EAA ] A $UE 4+ dc) oYY Y
& 334 B-galactosidased o] &3 A =2zt fAx 22pg KA} Y
H dFol o] &Y 4 glr}. o]& B-galactosidase RFHALZ e & {A=}9}
M 7JA] FY(translation initiation/ regions)& HAL S E N o]FojAr} g
-galactosidase frUxh= A4 Vol olFd % F2| 43 HA A 7
A& HAY 4 7] WBo] HA(translational) §YUMNE THE7)o| Helsic).
#Ax YollA f-galactosidase FUxt] MY AA FHL t}E FA=} &
2 FAxet 1A Al T A X" 4 gt 223 2§ e 4
A2REHe §A A AEE 8% 4 Qrh (Casadaban 5, 1983).

& dFolM= Rhizobium fredii USDA191 . 2XE EPSE |3l 1 B3}
Uy F4& Al UHOoR = EPS Yol AJY FAAL(exo)E 22, Z
24 (cloning)3}o] B-galactosidase?] TZ FAHZ}e} exo |-H=}e] & KA}
ol #AxL UL A =stdch ol EPSY AU A2 A=A E A7
st 719 Rolct



b and

LAz 4%y

Q.

1. &3, DNA gl njiz]

Escherichia coli HB101-Z pBR322 &zZlAN|E DNAE ZEA|7]7] S 43 M
3l duiAel HAMRY £ MEET AL3lP O, E coli MBI RecA* lacZ-
32 AZ volx|e] 4FMEEM YUYl AHEIAD, £ coli POIITIME
Wud117348} Mucts Tlolx|§ AT F2Z FUx Suol AHESHACTH Mudl1734
t EYHY Mu Mol E U Mini-Mugt2 E2]|7]% 30, kanamycinjyd K3

Ao} #71 §Ax7} At lacz FRAARE 232 AthFig 1).

¢—
kan
. H3 B R1 lac H3
f t t t } MudIil1734
1Kb ~ 1 8 kb 3.8Kb 1
4.35Kb 0.3Kb

Fig. 1. Restriction enzyme map of mini-Mu Mudl1734.

R1,EcoRI: B,BamHI: H3,HindlI
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Rhizobium fredii USDAIS1S FA&] cTiZFe Adate] AlgEglon, R
fredii YKL2932 ZA|2] TIERE HAY 4 gl Wol2E R fredii USDAI9I
of M¢] 84 (transposon) Tn57} At E]o] @oi2l Zlo|th(Ko2} Gayda, 1990). &
Aol AHS exo FHRH= YKL293 F32| Wo| R glo] st Rog, A2y
Al wobx] A NM1149.22E0] 23 o] gltHFig. 2). 2 37|+ <} 3.3 Kbell &

gyt

Fig.2. Lambda NM1149. 22E DNA digested with a restriction enzyme EcoRI.
DNAs were separated on 0.7% agarose gel by electrophoresis.
Lanes A-D, lambda NM1149.22E: lanes I, EcoRI digested lambda

DNA. Bands corresponding 3.3kb are exo DNA fragments,



EelAn|= pBR322(Fig. 3)= exo §-M=} Subcloning®] S®IM|(vector) DNAE
AH8-¥ 91 31 (Sambrook &, 1989), &2lAm| = pRK290(Fig. 4)2 R. frediio] exo
FHAE =U37] 918t AgslTh(Ditta 5, 1980). pBR322: &3 W$)7}
&F2 ol pRK2902 £ ¢7t WolA R frediidlME Bal 42" 5 ¢
=3

EcoR1

HindIII

Pstl

Fig. 3. Restriction enzyme map of plasmid pBR322.
amp”, ampicillin resistance: tetr, tetracycline resistance:

ori, origin of replication
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pRK290
20kb

Fig.4. Restriction enzyme map of plasmid pRK290.

Tcr, tetracycline resistance: RI, EcoRI: rlx, relaxed
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E. coli¥ LB(Luria-Bertani)¥jx]& A}&3}glom IN NaOHE A3l pHE
7.52 23 AZch ¥ 2 L& Kanamycin(20 pg/ml), Tetracyclin (10 pg/ml) &
Hd ¥ MIsigct. R, fredii &= Mannitol-Glutamate(MG)BjX] & Al&3}lg oo,
pHE 6.82 Z A3l CH Robertsen &, 1981).

z} ujx]8] AL Table 2, 33} t}.

Table 2. Composition of Luria-Bertani medium

Ingredients Content
Bacto-trypton 5.0g
Bacto-Yeast extract 2.5g
NaCl 5.0g
Agar 7.5g
H20 500 ml

2. &atAu|=(plasmid)?] ¥2|

E2tLnlE NAE 22 o7t g BPole Syl witth(Holmes o}

_12_



Table 3. Composition of mannitol-glutamate medium

Ingredients Content
Mannitol 5g
KzHPO4 0.01g
FeCls 0.01g
MgS04 - TH20 0.05g
CaCl2 0.02g
Sodium glutamate 0. 55g
Vitamins Thiamin + HC1 50ug

[ Biotin 100ug
Agar 7.5g
H20 500m1

Quigley, 1981). AT PPAE YRKY A LB wix] Snlo] F& FF3to 37
CollA 24717 A= wlQPY F, 4C oA 3,00082 o 1023 A Felste] o)
A& AAstD AFY ¥, 0.35m o] STET-2 $Fhoz I FM YE3lo
20u19] lysozyme A& AJlsle] zige] gt Eol 40 F¢ H2 ¥, AUA
A Bl 587 @t Pasteur T3AE o]-&3}od Eppendorf {4 Fa|Ho
#7 ¥, 4C 12,000g00M 20 T €A FeldtAch e 350u] 2 3hed
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|22 Eppendorf €4l Ea|@o]| &7, 2 A5Y6| 3M Sodium acetated 1/10
ARG ¥, LA BEl Uy 43t 22 3¢ Isopropanol & 718l -20°Coll
A 6022t WAISt] DAY AE FE3td 3, 4°C 12,0008 4 1082 ¢4 ey
O3 HN AAMES Y3t} Isopropanol & 70%2] olElwE AM¥ Tth, DNA

PWole]§ AF ARSI Tris-EDTA f3 ol ¢ ¥ x1g3jdc).

3. DNAS] Avct

DNAE W3t BFo= AT $3t] HAY HYALE WY Fo g
2 ol FteEsiAlzich. DNA 10uloll W8 ©Fe 2ul, H YA (DNase)lul,
ST 1§ A7Iste] F3ol 20u17t HA 3tgct o] TYER F 43 37°Co
A 1A REgAIY ThE, 68°CY ¥24RolA 1023 Jldsl ALE BEAY
B} AlZich DNA @2 k8ol AHE3}Y] 9 e e, SEEXE, 123 oY
EIZ & Al&3t] DNAE BA3IH, A7IgEo AP ML A= 419
Loading dye(50% glycerol, 0.25% xylencyanol, 0.25% bromophenol blue &o¥)&

A7PstA R, &2 AHg3H] U vl -20CoAM BFEABIACEL

4. DNA2] ddZ(ligation)

_14_



DNA BHALE AHEHOZH DNA #2} ol £ &2} Vo 5 Phosphate 7]
$} 3'Hydroxyl 7] o] FRAYE BAEAL 4 rh
DNA 4041
T4 ligase 1041
10xligation& §3¢f 1041
T 40u1
& (vector) DNAS} exo Rt DNAE Q317 $131od 919 o] $ako] 100
ul7t =8 3 A4 ohy, 16°CollM o 124]3 wjokslgdct.  0.1M ATPE 0. 54l
AUZIL ohE, 2~3 A ohA] Wi ¥ 65C o 4Ro] 5EN @il wre
& BAAY g oA 712 -20ColM B AAAM Agsoct

5. 8AM¥(transformation)

BAAY 27122} 3k 48A AlFE LBERx|o] M Asso] 0.3~0.47} HE&
37CollM Hujoryt the, wigddg 20~30 £33 dSEBoM WA wje
A& 47C 50008014 1023 €4 2 ¥ 459 Helz A VAES 3
ek FAHE A7HE 0.1M MgClz Smlo] WERAIZ Th, 479 o] Al 2a)s}
3L, o]ojA 2AE 0.1M CaClz Smiol xHHE AlZch 2087 5o Y2 the
#ieh ol ¥AdEel & WEstAch. FAME AAL 0.1M CaClz 0.7501 2 AR EA)
#Ha BAAYo] Ag3tgct. ¢ WEted 0.2m12} DNA 10u1§ Eppendorf @4 &

2ol Y31 ASE flolM 2AUAYA Hdch A DA TYER 08T @

_15_



&2 #ol YoM @¥siA QA ¥, zwte] 37CY Y24ze) AN 30

¢ €34 & Yok th 2& 302 B 42CY P4z @R} A
fol 5 27 d&EolM BAAATL. 2Yo2H DN Ex7} FAUES Fojg £
Sl 7137 4Ach gk Po] Me® YAl EelBo) 0.801¢] 10%x e MES
HRY LB AR U7Iste 37°ColA 608 Fab wjostel WAL 7|38 M2
T ¥ AAY DAY o] EYto 2N HUARY MEE Hastar.

P

c

2

6. AU XY (transduction)2} G M=} §3H(gene fusion)

Yt DAE S3sle AZol =AUty #isids, DAE $4 M Tolx)
YA ol Folgir UM siolxlE Aol AEARNOEH Tol|st 21 Qe
DNAZ} 482 ME U2 §oj7he & sfoRtich sjola] Qatg mt=i why
oIRE 82 HEo] =AU E $HL v} Yrh Tolx] YatE o

B Fol Azt §¢ol YAUES sidr)

ok

H
RO

1) mo}x|(phage) =xte] Eule} Ru= g4

E. coli POI1734/pJW33& 5nl12] LB A uixjof HEE ¥ 30°Colq < 124
2 vt of wjored 0.05~0.1n1E 2]3}tod 5ul2) AJ2E LB B ujx]of
A3l 30CAlN 7] th4lzbx] A% wjdsiAT). thge] S8 &34
42°Col M 2023 W% w3t YA, 37CE 28 U 839 o 7ix =
Mg ALstach. BEe FAE nlA Y917 delA 8 e 1/100
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Ao SEEXES /13l A AL the, ¢ 58T Ao WSt ooly
4°C, 10,000g004 1023t ¢4 E2)¥ ¥, H59L 33} IM MgS04 50u18 N
71 ¥ B33 A A3t chFinan 5, 1984).

2) 8A=4

T W2 Tolx] gat FolA Wit AZYA molxE Feisly) A %3
EQE AEsiglr]. 5o19] LB AN vix|of] SFAHE E. coli MBI HEY ¥,
37Col A R Y uigstalrt. o] wjereioll MgSO47} 0.01Mo] H =&, |
CaClz& 0.005Mo] E =& N 7}3ldct Table 42} o] 471¢] A|HBE 2u|3t2

SFHM X} violx] xkg $RY &FAE M)

Table 4. Transduction experiments

Test Tube No. Culture of JM83 Lysate of POI1734/pJ¥33
1 0.1ml 0.1ml undiluted lysate
2 0.1ml 0.1ml 10-! dilution
3 0. 1ml 0.0ml lysate
4 0.0ml 0.1ml undiluted lysate

_17_



olE& A TURL F, 30ColM 2087 FAiLsAct. KAl wHE 9
3ted 10m12] LB wix]§ 2} Al¥o] MR ¥, 30°ColAN 3027 A wjarsty
th A Eelol o3 MEE YFT the, 0.1n1¢] LB wixlo] xjAE Al
X-gal?} kanamycinZ12]3l carbenicilling #-8-3 LB 3l wix|o] 98] A=&

BUE uigste] FE Mg velie BAEYAE 23 vdch

7. o}7}2A Z(agarose gel) M7|H%E

DNAE =437 #i3lA ol7t2a A /45 YE Alg3lddct. 7% oprtr A
A& AHgegon], @32 TBE(Tris-borate-EDTA)§ AHE3tATh A7zt Byt
¥ DVAY] M2 §%E3Q Ethidiun bromided H7}ste] FAT % xp9) M 3}
oA wWajAct

8. B-galactosidase ¥4 &%

Miller2] ®}Y(Sambrook %, 1989)c &3A thgz} Yol B-galactosidase?]
B3 F¥stach. 2AE H WY LBul=Iol N oF 12412 vjdgt F, 1 wjorey
o] dF-E 3lo] AM2E wixlo] HEWA Asoool 0.47F © m 7}=] TiA] ujds}

gch. ¢ wi3E 0.1olo] 0.9n1 Z $3 iz} FS2TSXE 2918, 0.1% SIS 19 L2
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Tyt 102 F¢ F M ohd 28ColAd AL AZlel 0.2m19)
o-nitrophenyl- 3 -D-galactopyranoside(4mg/ml )& 71313, XgMo] vephhd
0.5m12] IM NazCO3& H7131e] WhE& FAA712 Jaf7ix] 489 A%E &3
Btgicth. ololA 420nme} 550nmoll M) ¥R E &Il B-galactosidased] ¥
4& Thzt o] AlAtstdch

unit of B-galactosidase Activity

As20 - (1.75 x Assg)
= 1000 x

t x 0.1 x A6oo
t=time, min
Asoo : absorbance of cultures at 600nm

Ass50, A420 @ absorbance of reaction samples at 550 and 420 nm

9. FAMriLFe &l

MG Bixol A R. fredii USDA191& wHod¥t ¥ ujotelof Eake] IN NaOH £
& 713te] A2 F IN HCIZ pH7} 7.00] HE& 23 Az} 10,000g0014 10
T3 94 et BFAE A, Aol 2u) P oelEg JIMA TG R
& AN FolZlAM HE&Y ChLRE MM B olehmd] Tg
(1:2) 22 M2 ok AN AFARAY ¥ EMof Apg3lgrt.

_19_



10. FAS] chgfe A=z g +AL

thg e &9 edF sE& AL #lA, Eel¥ R 105C
olN B (Ek)ol ¥ wh7tx] AtdzAZch 222 AL Uy 5&
U el Fo =& Aot

11. 68t (hexose)?] A&

6%tte] Fa2 Anthrone WY (Morris, 1948)0.2 ZAsiadct Y Fitol
Anthrone® &3JA|H 247} F=F3to] Alg3lgct 68L& 100~200uge T3}
t 8 201§ XH2YA 4012 Anthrone§olzt EXA|F|R, F2 BolA 168
TS MY ¥ Aoz YA} 620l FREE FHsl ujgygow

yRstA e, FEEEURE X2 g AME3ATHFig. 5).

12. $&AHuronic acid)8] A

T34 &4+ CarbazoleA]¥(Dische, 1962)& AM&3l t}23} Lol

ZB3tgrh. Carbazoler| ot oEHgol] HoiA 0.1%7} H = &3ttt 5~100ug2)
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Hexuronic acid& ¥R AR 1mlo] APA 601 & 713 ThE A 2o) © oz}
A B2E $EE00 MUcholold WEEUELE F= B4 2083 FYin

Tl A&7k A Zch thol 0.1%8] Carbazole €% 0,20l & H7isted A

Absorbance(620nm)

I ! I 1 ] LI
0 20 40 60 80 100 120 140 160 180 200
Glucose (ug/mil)

Fig. 5. Standard curve of glucose by anthrone method
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2ol 2413 FF WA At Hexuronic acid ool A Ueld AFNE 535nm
old FFEE HFFYoIH u¥yos Fyddrl. @ EEEI2E
Galacturonic acid& AM&3I 3L, AlZ2Fo] Eolale 681y VAL A A

F7] AN 2EYE EEELR A UEA oA g ocHFig. 6).

0.6

Absorbance(535nm)

0.0 1 L T ¥ ¥ 1 1 I i
0 20 40 60 80 100 120 140 160 180 200

Galacturonic acid(ug/ml)

Fig. 6. Standard curve of galacturonic acid by carbazole method
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13.3%2

A8 thgF3Y YUY wm-FAahH (Hodges} Hofreiter, 1962)0] 34
AAstech 2& 10-70ug& ¥R A2 &4 InlE 1ol8] 5% HEgd3t
A Eygich Aol sml] Y kg A Aol=F HPIitch Aol 302
e GHAD F Uehd B340 FFEE 4900l N FEHPOoBHN v AP F3L

drt. GEEEIA2E TEYE AH8SIATHFig. 7).
0.8

0.6

0.4+

Absorbance (490nm)

01) T T T T
0 20 40 60 80 100
Glucose (ug/mi)

Fig. 7. Standard curve of glucose by phenol-sulfuric acid method
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14, F=&%

TR =& WA sPEM 2o WE Bxe] #HHE Ostwald HEA|
(Witeg, West Germany)& AMg3slo] 2331, A HE=A(Tokimec, Inc.,

Japan) & AHg3le] HALxo) ulE Ao MIE FYsAc).

15. Ca-Z(gel) B

THR7t Carvoll 2J3fA AE =29 AHE Ys7] 9ste] theat go] &
Aok AAY 28 TD8AL 1.0nlY 94 EBe sy, w7} e
CaClz €& 0.1m1% Z}zZke] Al@@ol 710A F 42 ¥ 12,000g004 1083
YA 22 F AL AN AV HE-BabYol oiel WisE g v 84
stalct,
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I 234 3%

1. R. fredii USDA1918] exo 8- M =x}9} AB-galactosidase F-H=}2] &%}

ZA2) THEFE tigos BAHEu|She R fredii USDAL9LO] 2%t Cig# 43
3t 7]zt A7) A% dBog, R o W4 KAA exo7t F
2YER, o] AL HALRA 7)3o] Y AFE %3] H3lA exoRH
o] &3 KA} FA |FA7L PE lacZz F2 |KAAE FYAIFIZAL A
t}. 2P A=EH, B-galactosidased] WY& FHU2ZHN exoRAxte] HAlq R
& Ao E Y 4 97 dFolrt

1) Exo fAz}e] ¥

Z2YH 3.3Kboll A3 exo RUAIL A R frediiold Fgt opAY
fA=}=] 8}y $)8ted, 3.3Kb EcoRl &2h& FelAn|= pRK290z} FRAY
AlZ] ¥ E. coli HBI101® B AAWAF|L, Tetracycline U +FE& £l
Ut ol FF8 FE EIAn|= DNAE £23t VAL EcoRlLZ AT
¢ ¥ oyl A A A7FFoll Y3 3.3kb EcoRl ©HE /Y FAIBVANE
Atohufgltt. pEC293(Fig. 8) olFA 2|M Aold 2ZYLANZ <} 20kbo]l 3t
£ pRK290 uhA(vector) DNA ZZt3} 3. 3Kboll A3 exo RAAL 22bg 23
AL S ¢ 4 Uch EetAn|= pEC293E tiFH AWHolF YKL293o] =31

$)3}od, HB101(pEC293)=} YKL293312] H{lofl Helper cell & HB101(pRK2013)&
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o] 88}= Triparental matingo] AAE|ZcTl ©]& MXe EYEE Nalidixic
acid, Kanamycin, Streptomycin, Tetracyclineg ¥-5-3¥F ¥Traujx] AloA wjet
3to] 2lzte EEUE A A3 At R Edsol okdBat ETiE Aol
Hol ¢l&E ¥AY 4 dArh (Fig. 9). &, KL293F 52 MrigF AUl
3.3Kb EcoRl DNA Zzloj &jdted Hx|Qct

Fig. 8. Recombinant plasmi& pEC293 DNA.
DNAs were separated on 0, 7% agarose gel.
lanes 3/8, lambda DNA cut with EcoRl: lane 1, pRK290 cut with EcoRI:
lane 2, lambda NM1149 22E DNA cut with EcoRI: lane 4/6, pEC293 cut
with EcoRl: lane 4/6, pEC293 cut with EcoRI: lanes 5/7, pEC293
uncut, Arrow head indicates the position of 3.3 Kb DNA fragment

generated by EcoRI digestion.

_26_



Fig. 9. Complementation of exopolysaccharide deficiency in R. fredii by
recombinant plasmid pEC293,
Bacterial cells were grown in MG agar medium for 3 days at 270C.

A, YKL999, wt: B, YKL293, exo- mutant: C, YKL293/pEC293
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2) Exo M =}2] Subcloning

A NM1149.22E0)] S8 EojQlE 3.3Kboll HWsle exo HHAHFig. 2)&
EcoRIL 2 Zehlfo] Fdi4AZ MY pBR3220] A AJ7¥, E. coli POIIT34
& 3¥AABAA Kanamycin} Carbenicillino] Lj4del F2ES Easigdc)
% exo RAAtete] A2YA pBRI2ZE URY FFE A s3] gAY F
3 HE JelAnj= DNAE 22313, AHYPAA EcoRILE AT g olrts
£ 7] Aol A7|YFAZ A Fig 10,3 Yl AZYPA EelAn = pIW33S
EcoRIS 2 ML w 4tA] DNA pBR3220] A3wtdl= 4.3 Kb DNA 273} exo &

M2}] 3.3 Kb DNA 22t0 8 koW & 4 Qlrh

3) KA &Y

exo RHALe] &3 RH2} B-galactosidased] FZ KH=} Ajojo] HAIEZR
fMx}l % (transcriptional gene fusion)& FEFI7] ¢ A¥ A= ol
2l YA pIW33S YR E coli POII7348 71E w23l molx] ¢YztE
o] HAE RT3 @i §F4& AME3lA E. coli IMBIE FAEYAZC
A Aufzlof A wjdsl& wf, KanamycinZ} Carbenicillino] W4Q FF&&
RER, 3 FolA X-gal& 3MAIA AL Yehds 2UE AYYckFig.
11). 371 FE4& Uehl= B-galactosidased 443t FFollA Wt vl
] 2 exo RAxLY] & {AA} ofe viE2A {FAUR} §Yol AWtEAE Yol
3171 fslA, o] FFE& WYY ¥ FAn|= DNAE Eeste] AP AMPaL
=2 Al W79 & AAMA A} A}(Fig. 12) pM212 exo |H=} U
o] nj¥Q (A FAA} 9o MudI17347} FUE R YA DNAZ Uejyich A4
71 A718F AHA& ZAE3N o] FAAL FUA DY HYAL NEF 2P



3hH Fig, 139] A A LX) Pr})

Kb

N

[ . N

- Y R TE R
L
O WU oo WY =N

Fig. 10. Recombinant plasmid pJW33 DNA,
DNAs were separated on 0. 7% agarose gel.

lane A, EcoRI digested: lane B, undigested: lane C, lambda DNA

standard
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Fig. 11. Degradation of X-gal on agar plates by transductants.
Bacterial cells were grown in LB containing IPTG and X-gal.
Blue color develops when X-gal is degraded.

A, E. coli LE392; B, F. coli JM83: C, E. coli JM83/pM21
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Fig. 12. Restriction analysis of pUM2] on agarose gel.
Plasmid DNAs were digested with several restriction enzymes and
then separated on 0. 7% agarose gel.
lane A, double digested with EcoRI/BamHIl: lane B, double digested
with BamHI/HindIII: lane C, digested with BamHI: lane D, digested
with HindIII: lane E, double digested with EcoRI and HindIII;

lane F, lambda DNA standard digested with HindIII
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MudIl1l734

exo

Fig. 13. Restriction enzyme map of plasmid pUM21
This map was derived from restriction analysis as shown in Fig. 9.
kanr, kanamycin resistance: lac, lac gene: ampr, ampicillin
resistance: ori, origin of replication: tetr, tetracycline

resistance: E, EcoRI: H, HindIII: B, BamHI: P, promoter
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4) &R M2 (promoter)s] YA &2A

exo FAAte] & FAIL o= FE VWS YehhEa] ¥Qlsly] $1314
B-galactosidase®] 971§ &A% A3} th23} YTH Table 5). E. coli JM83I=
lacZfrAA17F ZAAE ST MRl LE3R2E ofdY lacZ#AAE Za Aoy
4 thZFE AgEdch HAURBA E. coli IMB3/pM21S] B-galactosidase
7= M830ll Bl 7~10u} o]4te ' Ulelut:, LE3926) MM 258 AT
W2 222 Uetydch ol R frediiolA RH exo SHx}S) FA KA}
YW lacZ &A HAAtof] W) A o] W ZoE malrt gy
exo A2 F1 KA HAY E coliolMe BHE Ues Aoz ye}
Hong of RAx} SUME o]&3MM R frediie] FA ClLF Y4 ¢ 23
712wl =8o] Helela A R fredii USDAI91 xpMjof Wjajsts
B-galactosidasex= QOB 2, pM2lo] o] U&= A2 FYANE R frediio]f
wAThd Br} o {8 R gdol Y FRE I 4 9t} Table 59
Uehd A2E $31 8 o 583 IPTGE LE3R2G|ME B -galactosodase?)

& F7HAFIAIRY, E coli IM83/pM2IGIM e A3l gl Hog U}, &

Table 5. B-galactosidase activity of several strains

Strains [E. coli JM83 |E. coli LE392 | E.coli JM83/pUM21 | R.fredii YKL293

IPTG + - + - + - + -

Activity| 9 6 1590 844 64 60 0 0
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F32 &3 KA} 2o ApolAo] A 4 rts A AABlZ Q)

MEFFo| A Rhizobium o] 03 EPS A5 BrAYN, AAUES] wjx|z
“3(Sutherland, 1985)3} AbA¥<QH(Tully2} Terry, 1985)0] 2)slod ®8rg whi-r}
© Atdeol wtsFch Tejul EPS A KA LHo] FBA A of
B 2R A WSR3 gtk oY 2AIIAE Sohldl o] A7 Az}
2oj RH2 U} FE8A 24 Folr},

2. R. fredii USDA191°] ~gatsh= FA9] thatfe] 43

1) vigale] &

o BEE wYste] CldfE BAstaal ¥ o HE s therl WA
HoZ vfg F2% ou|F Zher) R frediiE MGuiA|ollA Bl F wjtYo
E FE TURRE 2l sl A2F38E ANt GEEE ALY A 2
T WedY FEEE o 5.85/1Ach UE TAgo] Ty $82 Mannitol &

1L 0.5854¢}.

) chRe) 24

Bel, 348 ChRY gy 248 Y 9% AES 60z SENE
2tz} ] BYY B3} Table 60 LR ule} Yol o 51.7x8] 6513} 45, 8]
FEUE UKD QU o2 Uridrh Hu-BAbdol 8N 33 Au
Az Az o 6owgto] UAH AT wWety Table 62 F3HE M}
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olH FY HE R frediizh AAsts FATIIRS 2R Thrmz} u)
Aol Y B FA BE BUR AIRY Po] AYRY waABAY HUsHA
e Aolth. wlely BTt BRY chFel 24 TSty g S HPLCU GO

o FE YT Hoh 2 BN Uy g AR § Hog siuigc

Table 6. Composition of exopolysaccahrides produced by R. fredii

Components Hexose Uronic acid Total sugar

Percentage 51.7 45.8 60

3) tigfe] A4
ARZ TAeIU Belgol sy H9HE Ao F, Rhizobiund MlFo] A

AbSte thd R 223t Alginate, Xanthan gunm, Dextranz} ¥]2 ¥ 4 it}

fr

2 AYold e +8odolMe] Fido] 28 g WRo] kg (Table 7)3} 5

(Table 8)2] W3tof w}E Hgel g JPssic ATreee] ol wa} 3
=7} 37k8He Dilatant R 3U& Uehd 20 Holm, Table 8o L}9}
As MY =Y ude] el eIl FAS L= HAS B2 v}
Table 9= ThE tigfotel AEg wlasia gtk 2FFo] WAt tlgf

o A=} 1x 9% 71202 o 45cpAu] | TIE CltFe el Aoy
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L2 wff wolr Fapo] 2g zlow AztYr. AAHog Hxel Exjare
BAZ FE Table 9] H3}E o] §3lo] & o] ALRH TR Exjarg A

Al 3 % glch

Table 7. Viscosity of exopolysaccharide solution

Shearing stress(rpm) 12 30 60

Viscosity(cp)* 2.5 3.0 4.7

*Viscosity was measured at 15°C using rotational viscometer,

Exopolysaccharide concentration was 1.2 X 10-3%,

4) TIEH2 Ca-Z(gel) BAHS

B FE 4 TOug/ulTEY] F&Ao] Y CaCl, §AL 7ot 2 HA
A¥E EFL A b33t 2 AAE ol AE CaCl 58 0.0%0l 4
1.0% 7bx] A5 Bgtorl, Table 100] UEehd nie} o] Tiyf 2 A
BAE £ goch & Ca o niAE ChGFERZ o] 2AYe] YAE o BA
S gl dAHA oleh tigFY = QL CaCl; S & Table 100 112}
RE A3 T2 FE2E viPAS WE npslxY AE dglen, %9 A}

AME A B§igo] FUE A ¢otrh
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Table 8. Effects of exopolysaccharide concentration on viscosity at 25°C

Concentration

(%)X103 1000. 000 100.000 60.000 30.000 15.000 7.500 3.750 1.875

Viscosity(cp) 45.,51* 7.55* 507 3.07 1.72 1.37 1.18 1.09

Viscosity was measured at 250C with an Ostwald viscometer,
* Viscosity was calculated using the formula(Barrow, 1973), K=APB where K,

viscosity(cp): P, concentration(g/l): A & B, constants,

Table 9. Comparison of viscosity in solutions

Polysaccharide Viscosity(cp) of 1% solution
Rhizobial exopolysaccharide 45,51
Pullulan 100
Xanthan 1800
Gellan 200
M. mucosa® polysaccharide 500
M. organophilum** polysaccharide 18000

* Metylomonas, ** Methylobacterium
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Table 10. Ca-gel forming ability of rhizobial exopolysaccharides

CaClz concentration(%) 0.0 0.2 0.4 0.6 0.8 1.0
Polysaccharides in
supernatant (%)* 100.0 | 102.6 96.5 98.3 | 103.5 | 103.5

Gel forming ability

* The concentrations of polysaccharides left in the supernatant were

determined after centrifugation, and compared with those when CaCl; was

not added.
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Ve ¢

Rhizobium fredii USDA1910] A sl= dA[$] tiHE ©]-§317] ¢z
3 R AR AV oy Aot FAo] oy Mol wWasith R
frediio] th it §g KAAl(exo)F Eeldtd 2 FAxt] ArApzE7) 2t iy
AF& A=stact. S29YH™ exo FUAHE pBR322 FehAn|=o] $3A the,
Mudl17342t2] A2 YL A3 lacZ F2{ART} exo FAY &AW &
M} A8 otz MAE S styrh R frediio)d KUY exo FAxIY &2 §
Ma}=  FEscherichia colio]d ®4& UE:E Hog Ueiden, g
-galactosidase®] Q7}2 Huj obA8 lacze] &3 KAARTH= Wido] 25u) 3
= W2 ez Jelyth R frediio] wjddF Pt 5.852/193%, thgH
o] 24 W B4 BMY ZH3} 51.7%8] 6%t} 45.8%x2] $EALE R o
olch Tidf 849 AsE AL tEo] F7BIAR, 1.0x 892 ¢
45 cp?] M= 22 Url 1.0% $E7A] CaCl. & WIBBlHE CigHe A

BgstAl datct.
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T AF=EE A HEAYAALE =B84 o|2771A] olriglel AE
sted A 1 Q¥ A=a4+dHA it AAHE oW ZE B} ¥x| REAL

yth 223 =24 HelM £3, 2ol d3 4 Tl F4 Z 4F 2

>

H, 2 A3t asdd A2 A4S =en, ¥ dojt} 34 2d3 Ay g
& 74 4 o Z4d, 3 AW 249, o AN 349, oty oA
A FolA A 8 2TdAE ZAE =YYt

EQ Y UUAE 2o o BN MY, 2 HF ¥Ad, P 3H My
. F BY, 2 ¥Z UYAE 2AE =, olggds YL By 24 oy
WYy, A Fuld, 53 JETY AU FLEAE A8 =Ych

22 HaA P AE 3 IS 22D, ¥UE, R o] /B
U7 St AgUTh J1&Y J YEoE UL 4L 4 gtk g F A
Ez)a dsych

BOE =ad/gol i Z ol oM A7 A F el ulgaiMol iy @
< ohl&o] diuth thiel Fo13 737} Urhd oldg glo] Uk F& B
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