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CHARACTERIZATION OF THE BIOSYNTHESIS OF
2(1-2) CYCLIC GLUCAN IN k. FREDII.
3(1-2) GLUCAN HAS NO APPARENT ROLE IN NODULE
INVASION OF MC CALL AND PEKING SOYBEAN CULTIVARS

Mora INON DE [ANNING, Gabriel BRIONES, Gubrie] KREIM AN
nnd Rodolic USALDE®

“ Inatinna A Taves! preioncs Waguémicas, Fondacban Campomar, CORPCET, nd
Faouhadd dz Clencing Fracms y Wamre b=, Univermidad ds Aosnog Adns,
Av, Frrelas aqpenrinns £33, 14008 Boesas Alres, Argenting

Avcepied emecn I8 S80S

Absdruet - Three wild type straing of Blizebime fredhi, DEDa 1591, USTA 25T amd HE 300, de cot synibesize
i wiva or im vifee |3I 13}, [.'-;'.--.‘\-;l cyclic glucans, 2l straing farm & vitee and 1 wive opclic fI-20 glucane

Apnmaximaotely BCSE of the recovered & fied™ cellular evelic 502y plucans were nnlesle amd the sk
weiis lkea) fped ais prsponglveein., langy pembrones prepargd [eom s K Sl girking v @ ﬂ'. 1-2¢ Hhﬂ_m
Imtermediare-peocein weith anpomens molesalne mass undisdnpuishoble T Agsedsieedian femefmerene [W1-25
plucis ety needagte pootgin. Siuches ol e degegg OF polymeg caton ol the oligosacchumkles mecevenad fram
vt e sin-i= emmediane olier ghon pole incobadancs with DDP-YC-plueese sappestzd thal the rale Tirniting
sheg o U Bedeyoihness o evglic glucan B erelization, Risetic snlice revealad thal the Ky lor DDP plucoss
venk 0, 33 mdd, Mo differenes was deseered berseen the K o initistionielanpnlion amed cycliwalion reactian:

Modulatin wudees ol o novE K, freaiid mutasd with Mo Call aod Peking soybean cultivars, revealad thar fi01-2]
fonsa G ned e 1S be regquied Tor nermal nedule mvasiom ef thess seyhors cultivars.
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INTRODTICTION

Sacteria of the family Rivgobimcsre oo nitroszen
fixing nodules in lagme moots, Hactenal polysacehi-
rides are recogmized to b mporkal for Bes process
(Carleon e el 98T, Finam ef af., (985, Cerenia m
ale 1987, Maier and Buill, 1998; Puvanesargah e sl
(985 Stacey af gl 199]; Truchat e al, 1991). In &
seefilodi, Bel-20 cyclic pluocons wers descoibed 1o be
reguined for effective modules invasion (Dylan e af,
1986 Cemendn er ol 1987,

I ffizobinm spp and Agrabecierium spp ihe syn-
thesis of cyelic {1-2] glucans proceeds through a
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235 kD doner membrane iotcsmediae protein
{Zorreguiztn und Ugolde, 1986), We propesed tha
rluoose nesidoes are transfersad from ULP-glo-
cose looun vnidentified aming acid residue of the
233 kDw ieper membrones peetein, Ut the paly-
ghocese B0L-Z) chuin clomgates until it resshes g
degres of podymerization mnging between 17 o 25
alocose s anel That 10 then oyclizises and 28
relemed Gom 1he 233 KDm intermedinte protzin
CEoregwicta and Ugalde, 1985%, The inermedian:
peein is responsible for eatiation, elongesion and
eyclizion, and it deterimines e degree of poly-
megization of the cvelic glocan (Altabe s ol
1990, Lepek er al, 19900, Soms years aga publi-
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shed kinetle stodies suepested that he siee distibu-
on of eyclic I_:I{I_-I] glueams depends on conipeti-
tion between elonzmlion and cyclizution resctions
(Wl lirnson ef of,, [9TL)

Brachprluzobiui japenicms and B fredfl nedulute
sivpbean and other legumes; B fapaiicim does nol
foem cyelic J(1-2) glueans, bt 3(1-3), 4 1-6) cyclic
glncans are sccurmulnced in the periplasimic space
(Miller er al., LHENY, Rolin ! ef, 1992 Tully of af,.
19001, Tn B. faponicem, 2 90 kDa pootein was des-
eribad to participale s an antermedigie i the Syn-
thesis of cyclic M(1-3), [{1-6) glucan Jfon &o
Innniro and Lpmlde, 1993), suppesting 4 Comdman
mechanisin Tor the synthesis of eyeliz glocens
thrmgl inlenmediste proteing, DNA homalogy b
ween Sthizabimn ndvl and Agrefmcreriom ek
-egicas was described (Dylan er @f, THEA). An R
Jredii nichD mutamt was obtained by sile-directed
matagznesis of an i fFedsd rosrond il compleren-
e an . oeeltion metvld muant (Bhagwas e ol
1532, This mavB munant was described 1o induce
only pscudenodutes o sovbean (Glycime M oo
Wiiltamsy (Bhagrwal ef al., 19923, even though Ke
and Guyds 1990 had earlier shown that /2. freci
mutints, kecking the ability 1w form exopolysac:ha-
rides ad glucans, nevertheless rebwmenl oonoal
podulating  ability  on soybem. B in
Agrobecterion sp. and ndvll in Ridmsbiim sp.
encode the 235 kDa inlermediale protein.
Membzanes prepased Trom the R fedii ndvB
mutant de not have the 235 kDa intermediale pro-
rpin and do mot form [M0-2) glucan in witeo
(Bhagwat ef i , 1992). Because of the importance
aszigned by Bhipeal ef . (1992) 1o cyelie glcans
in module develesnent and (e conteadictory resulls
of Ko und Ciada (19900, we decided o cory ol
nodulalion experimerts with a mvB utant of
struin HH 13 in sovbean cultivars Peking and M
Cull, Hewe we report the resalts of the mosynihesis
el pooperties of eyelie f{1-2) ghans of & frodii
straing USDA 191, USDA2ST and HH30S. We show
thas the mdvB moatant of stmin HH303, obiained by
Bhagwat er ol (199E) which lacks Lhe 235 kDa pro-
teln end is unmuble to form Br1-2) eyclic glecin,
indutes sclive, pitrogen-fixing nodu’es on the

zdvancod sovbean culivar Me Call and the primi-
tive ecltivar Melong.

MATERIALS AND METIODS

#argardal foeiwr ang’ Madic

gk e US0AT91 and USTEATET ware kindly oo
widesd by B Yan Beckemn and 320, Poepoie (e Scpleam &
AlGdla Res, Lob, USDA, Delisvwitlz, Meryland and Diepe of
Flaea Fbwbapy, Lniv. af Misaouri, Coluiebis, nespedivel
S HH205 pod oD BFTS mutant waas kindly pros dod by
DL, Kieser (frers Sovhean & Adfolfo Res. Lak, USDA.
Betnsvillo, Mlanyland, Ageobasigsian fonefiocians AJIE was
e ched by W Mo (from Depr of Microhinlegy wnd
Temunedagy, Uziv. ol Washinguon, Seatle, Washisgany B
Jizdii giraim M1 waes Ealated o aaive nadules nbioind
frivs planes Ineeuloied wish mehB nouiics BROY, Shigabiz
sirains ware grossn for 2 days in yeast gxser-manniml
LAMAD i (TN de Taneino und Dyalis, 1993} ai 280
in o orulary elaken Bor e uiva lieling experimtenrd 7 freall
strauns weore  prossn on o gluconzie mannilel  medioz
(Alovaneswurd e ol 1970 Agrabacierim siring wem
provwn fior Ly in e prete-yeass excns (T mdio {licén ds
frnndnn mmel Ugaldo, T988) Wlew recquired, karamatis k] L)
Rl (AR Anges) or LOD pgfind (4 rd-nmmh) was ieklal

Fxtrasiiom of Cetlarraciated Oligasmerbanidles

Cells Fom |01 anlinres wers harves a2 by il fugatioa al
V0 p So 30 wan, Pellets were extractod witk 1% michls
i ssiz oobd (TCA) Toe ™ =nin. & rosm lEmparalan: a8 Cof-
cfheit previously (elillr & o, C986) TCA extinds wie
neubalized with ammesiom hydmxbde, concenimibe]
szl e pel Gliaiics oo Hic-Uic] M columns 25 deserid
pruvicusy (1240 de Tanming and Ugalide, 19RT Neumlized
and pancememied B fedit TOA Galaels wers poospilinsd
wiih 3 v, clianol 1o remave enopelssnccharzles pricr o
cilamn chromaregraphy an BieGel B4, When lsdicatzd,
WL o 40000 wan ol spelic BUIZ glucan, prepared
yiiry 2 iedicated above, wers alded s inemal siasknd,
Fazionsaf 1.5 ml wene ool lected. Ui behydmales were didge-
ied in aligquets of 200 )l by the asrome-subfidc mulial
iDiische, 197 ani mdicactivity wumbed with Bray's solutis
1= £ liguid stintullaice coanter,

Pregasauon oF iner Manicoaser and mvimg B2 Gl
Svmtha

Irmer menhmnes were prsgaed follesizg the methed des-
sited by Uspam and Munson (1984 with meificalons
[1%4n de Lanrina and Ugnlde, 19390 Whed inner smzmbran
were prepared Fon 8. fredil strains, phemylrarylsulonyl-
fluccide (PMEF) 2 mbd wes added prive Lo shearing with a
Fre=ch Press. M witee synthesis of bi2-21 ghean, palyneryh:
mide pel electrosianes's of Inner memboung piotang and
fusraprapky wone Guris o 35 dessribed previous'y (1740
i T and Ugalde, 19880, The opparent Ky o UP-ghes
case was detenrined by plalung ioverse of voldsiny werals
imversg of pubstrate cencemesrion ([inewerver-Burk gled).




EoE-fephades Chmmiagrapky aad Medeonon wink
Sadium Mowalrelrinie Mrclustion
: wipe corind ouf o8 described previously (e de
B rcving snd Ugalde, 1589

dcid Thadretveiz Paper  Chromasogragly and Foper
e oo
garsial azié ydendysls of glucams wat carsed aul with 0.5 ™
Ao LERE [ 20 min.; otal skl hydrelysis ws qursad
ja with LM FICT ar 1000 for A ks, HUL wios remscosed By
pvaperatinn unde an air sirzar, and thee Typdrolessoes wo
| mibjzetd 1o depoending paper chromalograply: o Whatman
. pumbes 1 sapes (% haeman, Clilkan, FI with saleent & [Roa-
 prlpymidine-witer (54131 ar solvenr H | saprapanal -wculic
0 gal-waler (20:4:3]] Paper clectraphoresis was camied aul
B with bulfier © (1.2 M prriciniven acetate, pll 6. 5) for 2 hes al
B 1 00 valls o butfer D (2% aodium malyboate, pH 500 foc 2
I . ar 15 Viem, Sugars wen deieted by the 2weling-silver
Y methed (Trevelvon e 2L, 19508 Campeonds conlaining
L phosphorus wene deemed by Bummuws ceRgest ([Burmaws. 2
o, 152

1 Chyneleal Treamenty

ORI gluckns froon e Bio-Giel Pd crumns wos gl wminizd
b g i crenmenes: w) L0 mb HE ot 100FC Far S0 mie. o
parmerer pyeravic and a ketoplutaric acid substiiutes [Fasgze|
and Sharpe, L8520 a3 1,1 W MeOH fus 30mio, at 37 pa £li-
i snerinole or maloe sebstibents (Miller evai, 1982
Lo M MeOH, For 80 mein, o TP i cemueee plosphagly
pepal eziduss in phosphoedivee 1okege (212 er ol 19870

Frotelriie

Whed TOA precipintzs (50000 cpm b edvmined aler -
bation =i inner membmnes witn DI-H0Gle as dess had
chivel, s e of 3790 with 2o g af Type MW protway
sty Streprontyres acieeus (Sigma. 54, Lok, MO with (00
b TRIS HCTEH 71 and 12 obd ChCa inoa ool sol. of |
ml, Alter 4= lus. of incobatice, | mz of proies: wes slded
and incubition wia eoninued Rar # s, TOA (I0E] was
cdded in siop the oeetion, givoopeptides secoveed fm he
sugeracant nher contri fugaisan, To remove TOA supsins-
ware were wished several L wach ethy] 2iber and &vapo-
] wnder & gtream af sitragen o eliminabe wiber
Slycopeptides Inbelizd with "Cplusoss were subjected fe
~aper electrophesis wiili 5% farmic azid (4, elmed from
i paper strip and cheerarngrapbied in B Oul P4 @lucng
as deserihed ohowe, Cyelic 1-2) glocan Tobelled with “H
poccse, obnined =7er i=cubarng inner membrines ik
UDIP-H glusose, wis acklied 03 Cismal stardiod
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Four =il of & gulfurs of B fredii USDAZST, which nad bean
prown overmigal in o defimed plucomsie-mannited medioe
withpur  inmies (Bhasnswiet ar ol 1997, were labziled
with 50 405 of disadiom “Pomhephosplute (ki
poianal Crenlsean, Argunlim] by incokating Soe 1 oday al
WU, Cells were Aorvraled by ecmirfugmion (4 mis. al
14,000 ) inar Bppendud centriluge. G peliais wen
unlracle:d wih 19 TO8, G 30 mine &0 eaons emperseme and

Aale of fhizabfan e 301-2] glucon in seehean nedulniion

%

Tiia exrmuzis subjestod w0 gel dhwomalegraphy on g o0l
P2 solunsm as dzscribed abaows e e dselavian of HE12) glu-
o, The equivalend w A0 e of ghicoss of this glocan wie
e 1o the colamn as insemal standard, Radlazetviyy wis
Getermined 1y eounging in z Byuid scnlillatices cosnter and
supars determined By the sulfice seid archrane method
Miische, 1967 Proctinns conmining Y27 amd suirs wers poo:
el o raled s suhmicizd o alkali=e weammen (005 B
MOl o |00 far RO min e besdrolysis camples aere
difines] with waner and seucralized with Bio-Rad ACEHA-RE
crnimi exchangs resin, The nessra! el hydneysote wal then
gahmined i oaper ulecnogher sl wath bulfer © 2 indScatd
abve gnd radicactivily deecisd wilh oo mdinscanees.
Tl i3 and phoesphuglwozcul wene dlulaced with Hurraws
renpend [Bursiws of @, L952).

Madularian Tes

Seedp wers surface wizdlized and pregerminaved an wabse-
agar plates (Paeppke, 1923, Twe days ob) seedlings wer
plamies in autoclased modifed Leonard face Qe wich ver

miculite and leraen's M-froe soluion (Vimesst, 90
Sapllimgs wome dipgesl inle a Ledays obd Shzaliies ciiune
Pefore planting. & G wesia plans wene oovad, pedis
connied amd nilogen fisanon evalualed by e seeylens
peaduction nssay s deseribed Odnnek oo Baill, $976)

Muabakes were poecessed for ligat and clegiran mizroszony i
describod b Pan'scvast er sl (10950 Beglivos werd Sulanoa
Servoll MT-20 Ulcamesictome and examinad in an eleciman
microsoapy Zeiss T 100 1

Fomap voasales vere remsoixd frane e seeone af planss wsing 2
see'ae hincke nmi secilizated oy iongianig m 935 clkanol
o 5 see,, soaked onoacilifical neeurie chivdde {1% HpCk
ire B0 BOFECL o e min, aoed rivsaal winh alznle Cslilzg
weiler, Bikdgaia were recovercd from sterilized nostules afier
craghing anel phiniez ca AbdA-npar medium with e -
izt nmibiceic, Surlaoe contmninalion of e nodales was wi-
vad by rlbng v maodelzs on AMA-apar madiune Ro
contasinans wers de el heloce aushing.

RESULTS

Cherracrerizaticn of cellilar Glhemans

Cells of & fredi sleans grown in AMA medium
For 48 hrs. at 28°C were exteacted with TCA bs
dezcribed in Materials and Methods, Ceel ehroms-
tography on Bie-Gel P4 colummns showed that 8.
If’.-.e.:!h' strains USDRA LR amd UDE0A25T had tero
main suges caniniag compounds (Figs, La, 120,
Aler tolal acid hydeolysiz and paper chromalo-
eraghy with snlvent A polysnccharidzs cluting in
freztions 7o 13 yielded gleeose ps i on'y moe-
saechiride, Aler pratid acid eedeolysas and paper




G2y

chromatography with solvent B, this glocan yiclded
glucase, sophorose and a homologous series of oli-
gosascherides with increasing degree of polymenza-
on, as expecied Tor Pil-2) glcen degradabon
products {data not shown). These results confirmed
that these strains confained cellulas B(1-2) glocans,
The ernall molecular weight compound eluting in the
tostad vl of the coluimnis (fcions 38 1o 45) wos not
characterized. Cellular B 1-2) ghesns recoveres] Mrom
Bip-Gel P4 columns were subpcied o DEAE-
Sephadex chromatograply. A small fracion {173}
pereclated throagh the column, thus indicaring chemid-
cal reutrality, bul most of the glucan eluted from the
column s negutively-cherged molecules. In K fredi
USDA 191 20% eluted with 10 mbd NaCl, 25% with
50 mM NaCl, 269 with 100 mi NaCl and 6% with

. Idn de lanning ef al

00 mbd MaCl. A sosular distnbution between chamsed
an pewtrnd glucans was observed in steains USDA 257
ard HH30A, e pabicin was sioniloe o thal obeerved
previously with &, logi B(1-2] cvelic glucans {Lapek &
i, 15,

Cyelic fil-2) glucars of Rhjzobincene can e substilu-
tedd with aicaic oo 2lyeosidic esidees (Batley e al.,
1987, Hisamatzu ef ol 1987, Miller er of., 19870 In
oicker wo identify the charzed substitoent present w &
Jredii glucans, cellular [%1-2}) glocens were recovered
from Bio-Gel P4 eolumms, subjected to different che-
mca treptmects and the prodacts analyzed by choo-
matography on DEAE-Sephadex (data not shown) and
Bio-Gel P4 (Fig. 1), Treatment with [ 0mb HC for %0
min. at 100*C, which & known 1o ndesse pyavae
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Rig-Ge! P4 chrounatography of F1-2) glicans aceumidatad in wve by & fredil sirains. Ado, R Sredii

USDAIS cellular glocans sceunwlated in wives #, glucans formed i viro. B) o0, K. fredii USDAISE cellulas
glucans securulated in vise alter alkaline reatment (0.5 W MuQH, 80 min., 10C°C); », glucons I'u.::p_aq oV,
o, R, fredii USDAZST cellular glucans aceamulaled in wvo: @, placans formed i vizo. I0 o, R. freaii USDAZST
ceblular glacans secumulated in vive alier alkaling iretment (0.5 M NaGH, B0 min., 103°C); w, glicans feensed in
witre, Carbohydrate a25ays and counting of radicactivity were carrizd out o5 deser Lad i Matacials ared Metkods.
B Gel P4 columng (78 ¢ 1.8 om acre eluced with 0.1 B pyridinc-acetaie adfer {pl1 5.5). Fractiors of 1.3 ml wise

cullected W is the vaud vol. : Ve is the wtal vol.




b (Keepsell and Sharpe 1957), o treatment with 0.1 M
= NaOH for 30 min. ar ¥7°C, which is known to release
% scrinete and maknate (Miller ef al., 1588} did not
& yield neutral glucans. On the other hand, trestment
" with 0.5 M NaOH for 80 min, 8 100°C, which is
 known 1o release phosphoplycerol (Kannedy et al,
L 1978), yielded neutral unsubstintted glueans (Figs, 1B,
© 1D}, supgesting that in A, rengfaciens and B melflor,
S R fredii 1-2) glucans are substitctzd with phosphie-
* ghyeenal residiss.

. [n orker to confirm the presence of phosphoglycer
b in R frecil [W1-2)glocans wers labelled in vive with
& UP.phosphatz as described in Materiels and
" Methods, **P-lebelied TCA extracts were subjected
0 chromatography on & Bio-Gel P4 column and 400
e of glucose equivalents of non-labelled [i{1-2) zlo-
can were pdded as internal standard. Fractons contai-

Rl af Rkizobiem jredil B1-20 glucan in soybean nodulatisn 621

ning P and glecin, as detecied by the anthrone-sul-
furic scid method, were pooled concentrated and sub-
jected to alkaline treatment under conditions
described to release phosphoglicenc] residues. Aftce
treatment, samples were nevtralized with the cetionic
form of Bio-Rad AGS0W- X8 resin and the resulting
products subjected to paper eleclrophoresis with buf-
far C. Redioactivity was detested with a radicchro-
matogram  scanner (Packord model T7201) and
phosphate developed with Burows reapent *P-
labelied phosphoghyoerol and inonganic phosphoros
were recoversd (data not shown), thus confirming the
presznce of plhisphoglycenl as a changed substituent
in R. fredii Bi1-2) glucans.

Svnthesis in vifro
Irner membranes of R fredii USDA 191 and
USDA 257 incubated with UDP-HC-glueoss (90,000
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I virro synihesls .-_'lfﬂ{.l'-zll Eluzan gy £ Sresii fnmer memBranss, The eiparimenl was carmed oud as

deseribed in Masials ard Mathods, A) Incomoration of "C-ghicose inbe 30121 glazan by inner membranes of &
Freait USDA 191 B Ineorporatlan of “C-ghiese inm TCA-insoluble inlermediates by inner membranes of & fredii
USTRALYT; O [eeorparation of MC-glucese ino eyelic BLI-2) plucon by inrer membranes of K. fredfi USDAZS Y
T Incocparefien of C=glecose inte TCA-Inseluble miermediola by ioser mamaranes of K fredf’ USOA2ST.
Symbols: #— — —%, incorporaim afve additos of 2 mM nor-radicactive UDP-glucoss (arvos, indicstes time of

addilioa); =

o, contro! (no sddition of LIBTP-plecnse).
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£12 M, TiGn g lanning & af

epm; 10.5 GBg/mM). led to the incorporation of
H.glucoss into soluble and TCA-insoluble com-
pounds (Fig. 21. The apparent Ky, for UDP-glu-
cose, determined from Lingweaver-Burk plois wis
0,33 mM for the soluble product and 022 mid for
the insoluble product. Pulse-chasc exporiments
showed that TCA-insuluble compounds behaved
a5 intermediotes of soluble products: similor
vesults were ohiained with strain HH303 (data not
shown), TCA-insoluble products were subjected 10
803 polyecrylumide gel electrophoresis and flue-
ography as deseribed previowsly (Zoreguieta anl
Ugalde, 1986} A 235 kDa protzin undistingei-
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Fig. 3 Potvaceylamide goi electrophoreris af i
incubated with URP4C-glucose a1 12°C. Reagtinns we

shable from the A. remrefactens [11-2) glucan inter-
mediale proiein was observed (Fig. 3. With inner
membranes prepared from streins USDALS ] and
USDA257, The presence of lubelled proteins wis
observed with apparent molecular mzss higher
than A. rurmcfaciens intermediae proein (Fig. 3,
lanes 7- 10). These higher moleculir mass proteins
were not sllways ohserved. Therefore, we attribu-
sad them wo the fonmation of dimezrs not completely
dismupted by the eracking treatment. Radioactivity
of the 235 kDa protein decrezsed rapidly after cha-
sing with non-labelled UDP-glucose, thus indicd-
ting that it behaves as an mtermediate (Fig, 3B

B

1 2 345 6 7T 8% 100

O Bk

s — 365
r - 200

e mendignes of B fredic sraing, nner membrmss wore
r¢ siopped by additien of 10% TCA, and precipilale ware

subjecizd bo sodium dod2ey el fe-polyacrylarmide ged elecirophoreeis and fuomgryty as indicaed in Matecials
anzl Methods, Proteing wens slained with Croomassie blue (A), and radiopetivily was detesied by Mhmsogrophy (B

For o chase cxperiment (even-nurmbersc lampe), 2 e nonerad

leraciive UDPphacose wis added after & 10 min

tneubation, and the reasiion was stupped after 10 min Lanes 1 and 2; Sieain HA305: lanes 3 ond 42 Strnin ndvB
RF19: lanes 5 and é: sirain NI lanes T and f: sirain USDATRL; lanes @ and 10 sirain USDAZST. o malecular
weight standards. Humbcrs an the Telt indicste molecular masses of standards ‘in kDa) The errow indicales L
rnigration pesiton of the A prneiacress 225 kKDa intermediste proiein,
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Zolukle products recovered from DEAE-Sephadex
percofates were subjected 1o Bio-Gel P4 chromato-
graaly o8 shown in fig, 1. Glucans formed fm vifre
eluted from the columr with a greater eluton wol
than giucans recovered from c2lls fn wive (compared
Fige. 1A vs 1C, 1B v 1D]; howeser, when cellular
glocans were subjected 1o alkaline treatment 10
remove phosphoglycerol, in view and it vive pro-
ducts eluted from the column with the same vol. The
same r=sults were obtained with cellular glucans
recovered from strain ITH303. These results indicated
that meural gluzans formed @ viee by inner mem-
brancs arc identiczl to cellulp anionic glucan acen-
muolated i wve, except that the latter were
substituted with phosphoglycerol (Figs. 1B, 1D).

Characterization of Glucan formed tn vitro

Meutral plucans formed e wirre were recovered
from Bio-Gel P4 columns (Fig, |, fractions 7 to 17}
and subjected o roiel and partial acid hydolysis.
Total acid hydrolysis and piper chromatography of
the hydrolyzates with solvent A yiclded glucose as
the only monosaccharide (Fig. 4). Partial acid
hydrolysis and papar chromatography with solvent
B yielded glucose, sophorose and a homologous
series of oligospcchandes with increasing degrees
of polymerization (Fig. 4). In order to determine if
these mobecules were cyclic, 35,000 cpm of the
glucan recovered from Bio-Gel P4 colimng were
subiected to sodium borohydride reducton ns des-
cribed in Matcrinls and Methods. Alter redasction

100F A

50 r)
A o

|

'55 J

oA

E 0 , Gal  Glc Man
(= I 1 + } . i -
v 300+ B !’l\ npga (R
200 Illf '1| .
100 Mﬂw \“//f\ﬁl‘ J Hw,/
L vy
i | i 1 *l 1 L. i Elt 1
i 10 20 30 40
cm trom origin
Fig. 4 Charsererizatten of epelie B1-2) phecan fornes i vitra, In vitrd synthesis of eyelic fOI-2) glucan was

corrizd ot with inner memaranes of & fredic US0A2ST as deseribed in Moterials and Methods, Glacan was parifisd
by Rin-Gel P4 chromatography ansd selyjeced w ool o patial acid hydeelyeis as described in Materizls and
Malhods. A) Descerding paper chromatography of weal acid kydrolysls products. The chromaiogram was desedoped
with salbvent A, I Desconding pager chromatography of patial acid hydrolysis praodecls. Chromaiogrime soeey
developel with solvent B, Standards: Gal: palaziose; Gle: gleeose; Mun: mannase; Ge: gentiobiose; So: sophorase;

La: laminaribicse
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and total acid hydrolysis, no sorhitol could be
detected after paper electrophoresis with buffer [,
indicating that the glucan had oo Cree wducing end
(data nof shown). Thus R Jredd inner membrancs
incubated with UDP-glucose formed a ncutral non-
substituted cyclic [1-2) glucan i wirro,

Characterization of Glycopeptides

In R. fredii @ 235 kDa B(1-2) plucan protein inter-
mediate was ientified by polyecrylamide gzl elec-
trophoresis a8 shown in figs. 3A and 3B. The
intermadiate protein had the same apparent molec-
lar mass a8 the A, onefociers 235 kKDa inremmediate
protein. Tt was described previously that ''C-glu-
cose-lgbelled glocopeptides can be obained afler
exiensive protease crestment of the 235 kDa inter-
mediate prodein (Zoerepuiela e al, 1985). It was
well established that ooly one amino acid TEMIAINs
allached w the reducing end of the oligosacchande
afier this proteolytic weatment (Yamashita e al.,
1978}, Thus the clution vol. fraom a Bio-Gel P4
column is determined by the degree of polymeriza-
ticn of the polyglucose chain enginally linkad to the
232 kDa protein. As shown in fig, 5, glycopepiides
preaared and purified as described in Materials and
Methads from R Jredii USDA Y1, USDAZST and
A. tumefaciens A348 weare subjected to Bio-Gel P4
chromatography. Although pot completely resol-
vad, three main glycopeptides with oligosaccha-
ndes of different degroe of palymerization were
observed in these duwee strains (Figs. SA-5C). It cn
be ohserved that the apparent degree of polymeriza-
tion of the oligosaccharides recoversd as glycopep-
tdes are in all cases bigger than he cyclic glacan
formed by each sirmin. This indicates that: a) the
oligosancharides accumulated before releasing s
cyclic plucan have a degree of polymenzation
higher than e final product, and B) no interme-
dinles with lower degree of polymerization than the
final prosduct {cyclic glucan) were accumulated on
the intermediate protein, so suggesting that the rate
limiting step in the biosynthesis of cyche fl-2)
glocens might be a cyclization.

Nodulation Siwdies
Soybean plants of the cultivars Me Call and Peking

T ] j
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Fig. 5 Hip-Gal P4 chromaragraphy of M
plucose-labelled  glycopsptides.  MC-glucose-
labelled peptides (o) were ohinined and purified os
deseribed in Waredtals and Methods. o show the
elution profile of "H-glucose cyclle ((1-X) ghazm
cobcained fiz witse, AY A frodii USDA ER]; 1B} R,
Frecii USDA 257, C) A. remgfaciens A ME. Blo-
Geel P4 colurnn (78 5y 1R em) was eluted with 0.1
b pyridise-oceiate buffar (pH 530 bractions of ..5
m! were collected, Radiogctivity wes determdned
hy countng with Bray soleiion in a liquid
grintllater.
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were inoculated with B, frediil strain HH303, strain
Rf19 (rdvB: Tn5, Bhagwat er al., 1992) anel strain
MIDL, = clone ratrieved from podules of plants ine-
culated with strain RF19. Modified Leonard jars
with three seedlings each were inoculated with
cells from 2 days old cullures and the experiment
wras carried ovt in duplicate. As shown in table 1 no
statistical iTerence (difference of means, Y53%
cenfidence) was ohserved in acctylene feduction
activity of plants inoculated with cither strain or the
reisidate. Thus the & _il"J'Er.'!‘I!':' RFID sirain with a Tnd
insertion in the rdvB locus yielded active mitrogen
fixing nodules. Moreover, electron micTOSCOPY
revealed that nodules induced by strain RI19 (Figs.
&0-6F), were undistinguishable from those induced
by the wild-type strain HH303 (Figs. 6A-6C). Both
sirainz formed normal infection threads, it can be
ghsarved that the mutart strain RT19 is normally
released from the iafection thread into the plant cell
(Fig. 6E arrow), The only difference observed was
that wild type bacteroids are roanded by an clectron
danse layer (Fig. 6C), whereas this was absent in
bacteroids of the RELS mutant strain (Fig. 6F).

Nodules were surface sterilized, bacteria recovered
and charncterized a8 described in Materials and
Methods, Clones resistanl (o kanamycin, negative
for [ 1-2} glucan production and lacking the nner
membrane 235 KDu protein were recovered from
all nedules of plants incculated with strains RI1Y or
MI01. Thus &£. fredii mutants mapping in ths gene
encoding the 233 B(1-2) intermedime promein are
affected in the synthesis of [(1-2) glucans bu
induce normal nodules in Me Call and Peking soy-
bean cultivar and so that they should not he called
sewd mueants,

DISCUSSION

Prodaction and sscretion of eyclic B(1-2) ghacan i3
required in B, melilodi for effective nadule initiation
{Dylan er al, 1986 Geremin ef al,, 1987). Although
the mechanism of aclion 15 still unknown, eyclic
glucan may be a bactenol signal that prevents evo-
king a plart defence mechanisms, or it may be

Takle 1 Toral aeeiyiona reduerion acivity of
riockifieieed soplean planrs
Sowbean Lines
- s S
& freddi Feking Bz Call
Strnin Aceiylzns Radustion Activiey
Mol Bthylese. hrs,”', Flant™')
HH 3 0.7 110
BRI 0.67 O.B&
M1 b 056 0335

Acetylens activity was determined ns described in
BAaerials and Medmods, "ol mwant obieined by
‘Tm3 mutngencsls of strin HHIO3 by Bhugwul &
al {19392, *Rias REY recovenec fram nodules.

smpeortant for delivering hydrophobic signal mole-
cules accluded inside their hydrophobic ring cavity
to the plant. 1t is a matter of speculation that being
eyclic would give to the glucan the ability to resist
e actien of glucosidases, so that the half life tme
in the rhizosphese or inside the plant may be leng-
Ihened. Soybean plants are nodulated by
Aradyriizobiven japonicwon and Rhizobiwn freded,
. japonicum does not form eyelic B(1-2) glucan,
bt accumulstas a cyelic [F(1-3] and [{(1-6) glucan,
deseribed in this haeterium {IA6n de lanmino and
Ugalde, 1939). So far, no role has been assigned 1o
this cyclic glucan in nodule invasion. On the other
hand, R, fredii forms eyclic {1 -2} glucan instead of
B 1-30 and ((1-6) glucans.

There are contradictory resulis on the role of the &
fredii Bi1-2) glucan in nodulation. Ko and Gaida
{1990} reported that a pleiotropic K. fredit USDA
191 mutant is unable to form neutral glocan and
exopolysaccharide formed normal nodules on
Glycine max (ov Peking). On the other haml,
Bhagwat of al. {1992) communicated that a K. fre-
elii HH203 navf mutent, that does not e fi(1-2)
glucan induced empty ineflective nodulss on ev
Williams. Our resulis showex] that odvB RELS
mutint obiained by Bhagwat et al. formed active
nodules on Mo Call and Peking cultivars.
Moreover climes isolated from these nodules
remained inactive in the synthesis of B(1-2) cyclic



M, Tidn de Lanning e ai

i HH303 or & fradil ROS ndud

Nadulation siudies. Soybean ev. MeCall was noculated with £, fred
e iren micrspcopy of nodules formed by 8 fredii HES03

E
ed by &, frectii ROV melv S mulant strain, Matare nodules
pls. e plant 2ol nuelas: ow; cell wall, b

Mngn. A, D} x 3,000, B, Ej x 12,000,

Fig. &

st 58 descriled in Materioks and Methods. A-C)
wild tyne girain. T-F) Elecinm microscopy of nodules form
wore processad for ehecteon microseopy aocerdig to Materials and bdesh
Lacternid; phm: peribscieroid membrare; it infection thread; i vecuals

€. F) % 50,000
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glogan. These results are in agresment with those
phiained by Ko amnd Gaida {1990) with o mulant
derived from R. fredii USDA 191, We characteri-
zed the hiosynthesis and structura of eyelic [i(1-2)
gheeuns formed by R fredii USDA (91 and
HH30A, strains thet nodulate primititive (Peking)
and improved (MeCall} soybean cultivars, and
strain USDIA 257 that nodulates orly primitive
{Peking) sovbean cultivars, Mo difference was
detected omong these strains, 50 that il is unlikely
that 3¢1-7) glecans plays any role in nodulzs inva-
sion and or spectiicity.

Bolyacrylamide gel electrophoresis of R. fredi
‘omer membranes revealed the peesence of a 235
kDa f(1-2) glucan interediats protein; no Y90 KLa
ArL-3), Br1-5) glucan ictermediate was observed,
The B{1-2) glucin intermediate protzins of all R,
fredif strains sulied had a molecular muss undis-
tinguishable fom A, imgfaciens intermediale pro-
tein, suggesting that in this species, ({1-2) glacan
intermediate proteins are highly conserved.

Since the first de-nonsteation in A. rongfGefesns and
P meliloti that the syrthesis of cyclic f(1-2) gh-
cens ocours with the participarion ol membranc-
bound proteir intermediates, different authors
described the presence of intermediate proteins in
different rhizobia. Bhagwat and Keister (1992}
communicated that inner membnanes of £ fredii
USDHA 205 and HH303 contained a prolein simelar
1o B. meliloti 235 kDa protein, which is the inter-
mediate in the synihesis of eyclic Bri-2) glacan.
These authors shawed that incubation of R, fredi
inner membranes with UDP-MC-Gle led to the
imeomeration of radicactivity into neutral com-
nounds; however no charaeterization of these pro-
ducts was provided, and no gtudies on the
formmation of gluecans fz vive was carried oul.

Siudies on the characterization of glucans formed
by . fredii sirains with cifferent nodulation spaci-
ficity showed thet 3(1-2) eyclic glucans were sub-
stituted with phesphoglyeeral amd ihat no [H1-3),
fi{1-6) cyelic glucans cow'd be detected, The
degree of polymerizatiom and the net negalive

62T

charge of B. fredii USDA 191 and USDA 257 and
HH322 glucans arc very similar and all three hzve
a higher degree of polymerization and o higher nel
charge than A tewefaciens glecans. The cyclic
unsubstituted glueans formed fn vitro by R, fredii
UsDA 191 and USDIA 257 ulso have a degres of
polymerization higher then A, fimefaciens. The
fact that B, fredii cyclic glucans are in vive substi-
tuted with phosphoglycero] sugpesied that they
were secreted into the periplasmic space, whene
ihe sobstitution takes place (I de Tannino and
Ugalde, 1989}

[n order 1o furrher characterize the prat@in inter-
mediates formed during the biosynthesis in £, fre-
dif, givcopeplides were obteired from the 233
kDa intermediate protein and the degree of poly-
merization determined by gal fillration, [t was
chserved that oligosaccharides having the size of
ihe final product were aceumulated on the protein,
thus indicating thut during the biosynihesis cycli-
zation mizht bz the rate limiting sep.
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