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Extracellular polysaccha.ndes from. Rhizobiurn tr;foln, U226 Coryn and Bart A‘i
hazobzum phaseoit, ,U453 Rhlzobmm Iegwnmosarwn, U331' ‘ 7 ;i

ethyhdene substltuents to produce a senes of ohgosacchand&c The‘hazopus arrhxzu.s -f*
(1 = 3)-ﬁ-D~g1uca.n endohydrolase (EC 3 2 1.6) hvdrolym only fully mod1ﬁed*poly—- :

INTRODUCTION

Information on the structures’ of the extracellular rhizobial polysaccharides has -
been denved mamly from’ methyla.t:on and partlaliamd-hydrolyms studies. The data._.f
- thus - far- available - (summanzed in Table T) show that ‘these polvsaochandes ‘are"
branched -and‘contain- substantlal propomons ‘of 3= and 4-lmked ﬁ-D-egcosylf
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:"TABLE I '

VPRINCIPAL STRUCTURAL FEATURES OF 'IHE RHIZOB[AL, EXTRACELLULAR
FROM METHYLATION SI'UDIES (A_DAPTED FROM ZEVENZHUIZENZ) %

- Mode of ' R.legummosarum R R.tnfolu -
likage. - PRE(R7) - . . .1_'

‘R. phaseoh ‘Bokum (R-ZI)
R. trifolii K-8 (R-38) .. :
Sugar _reszdues Molar - Sugar reszdues

' o g Prapartwns - B
Terminal " 4,6-0-(1-carboxy- -4, 6-0-(l-w.rboxy- Sl T el
. ethylidene)-D-glucose c ethylidene)- B
and 4,6-0-(1-carboxy- 13 ~ 12 -p-glucose; - . 11 R [ S

: ethylidene)-D-galactose - p-glucose .~ - - 0 - 02
- Chainresidue .. - o0 U n o ST et e e e TR

residue . S .
-3 4,6-0O-(t-carboxy S ST
' : " "ethylidene)-p-glucose; © 13, 12 - p-glucose ~ - - 7 C15-22.
S - 'p-galactose ..+ 6 70 .p-galactose. - | - L 1013
a—-49 - p-glucose - . 32- 48 p-glucose. . L2000 2431
p-glucuronicacid =~ = 720 . 12" T e T
(1>6) .o et U Tpglucose - - 1184 C12°16° -
residue D-glucose or - . 13 - 12% p-glucose. - . 12 1050 -

= 4,01 ~6) pgalactose

Carboxyethyhdene—n-ga]actose only ”D-glucose only

to hydtoly51s by ﬁ-D-glucan hydrolases Thxs prompted us to examine, inan analogous
way, a number of purified rhizobial polysacchandes The present. paper “describes the
action of three f-D-glucan endohydrolases of dlﬁ'ermg specificity for (1 —»:3)- and
(1 — 4)-B-p-glucosidic linkages, on rhizobial ponsacchandes that:had been modlﬁed
by reduction. of D-glucosyluronic: reSIdues, and removal of pyruvate (carboxy— :
ethyhdene) and acetyl substltuents Lo : S Pero

MATERIALS AND METHODS

En.yme preparatwns — Baczllu.s' pumilus B-D-glucanase (EC 3 2 1. 73) was
purified from a preparation supplied by Novo: Industri- A/S Copenhagen Denmark9 K
Rhizopus arrhizus (1 - 3)-8-D-glucanase (EC 3.2.1:6) and Streptomyces:(l - 4) p-p-
glucanase (EC 3.2.1.4) were gifts from Dr.E.T. Reese; U.s. ArmyNat:ckLaboratorles,*:
Natick, Massachusetts, U.S.A. Each of the enzyme prepa.ratxons ‘was. tested for- actmty
by using lichenan' as substrate. When incubated - for : ‘30 ‘min: at” 40° w;th llchenan.‘ :
(1.0ml, 0.6% w/v) in the appropriate buﬁ’er, each’ enzyme solutxon (10 l): produced-;
about 200 ug of reducing sugar. At 10 tlmes this concentratlon, the Rlnzopus (1 —3)-
B-p-glucanase preparation was not active on. O- (carboxymethyl)—ce]lulose, ‘salicin, or -
cellobiose. “The Strépfomyces’ enzyme ‘was. without: ac 1)

'pachyman, ‘laminarabiose and salzcm ahd the Baa




B or-D-—Glc
o -04)

“Bacillus pumilds . (1-3); (1—=4) -3-D-glucandse  B-Gic-{1:03) -D-Gle ~(14+4)’

an 1. Specrﬁc:ty requrrements of the Streptomyces 4! —»,'4) B—D—glucmnase, the R]uzopus arrlnzus;
(1 - 3)-ﬁ-n-gluw.nase, and the BacxIIus pumtlas (1 = 3), (1 - 4)-B-D-glumnase3'1° : :

'actron on 0-(carboxymethyl)cellulose, O-(carboxymethyl)pachyman, lammarablose :
cellobrose, and salicin. The specificity of the enzymes is. outlined in Fig. 1.and has been .
described in more detail®:1°. The B—D-ga]act051dase (EC 321 23) of Escherichia coli
-was a crystallme preparatlon from Worthmgton ‘Biochemical Corp Freehold N J..
"US.A. - -
' Polysacchandes. — Lichenan from Cetrarza zslandzca was obtained from Koch—
- Light Laboratorree. “Colnbrook;’ Bucks, U K. Before use, it was punﬁed by dlssolvmg k
in borhng water, freezmg, and allowmg the sohd to thaw. The resultmg precxpxtate"
jacetone, and ether. thzobral polysaccharrdes were generously provrded by Dr. .R_,-
_ Szmme, Department of Chemnstry, Agncultural Umversrty of Norway, As, Norway..
~The .chémical composmons of the Iatter polysacchandes have been exarmned m
detall"' S : : '
. * Paper chromatagmphy e Products formed by enzymlc hydrolysxs of poly-» g
saccharxdes were separated by descendmg chromatography on, elther Whatman No. 3
'paper in: the solvent: system 6:1: '3 (V/v) l-propanol—ethyl acetate~water or: Whatmanﬂ_'
“No. 1 paper in- 10 4:1 (v/v) ethyl acetate—pyrldme—water. The separated products
were. detected by using alkaling silver nitrate reagent'®.” ...

, Gel ﬁltratzon chromatography of olzgosacchandes. — Thrs was performed on-
»BlO Gel P-2 as" rewously descnbed8 12, . L TE : '




-(Slgma Chemical Co St. Louis, Mo, U.S. A. ) to form a carboxyl denvatlve, w]:uch was :
reduced by sodium borohydride. The reduction ' was . performed as descnbed by -
Anderson and Stone®, using a solutwn contammg 100 mg of polysaccharxde drssolved
in 15 ml of water. '
Deacetylation of rhizobial polysaccharides. — . The reduced polysacchandes
(40 mg) were treated with sodium hydroxide solution (0.2M, 20 ml) atroom tempera—
ture for 24 h and the deacetylated products were dialysed against dxstxlled water "
'The U27 rhizobial polysaccharide lacks uronic acid residues and was not reduced_ '
prior to deacetylation. Sodium borohydride (I mg/ml) was ‘incorporated into the
deacetylation mixture to prevent any alkaline degradation!s, The yield of deacetylated
polysaccharide varied from 99 to 105 9/ of the theoretical yield, calculated by using the _
acetyl contents of the native polysaccharides*.
Removal of carboxyethylidene residues from RhlZOblal polysacchandes. — O- '
Carboxyethylidene residues were removed from the reduced, deacetylated . poly-
saccharides by the method of Chaudhari ez al.>. The reduced, deacetylated poly- .
saccharides (19 mg) were. dissolved in water (25 mi) and the- pH adjusted to 2 by
dropwise addition of M hydrochloric acid. The acidified solutions were refluxed for
4 h at 100°. After this treatment, the mixtures were.cooled, adjusted to pH 6.3 with
M sodium hydroxide, and centrifuged to remove the precipitate that formed during
refluxing. The supernatant solutions were dialysed against distilled water and freeze

TABLE II

P-D-GLUCANASE PRODUCTS® FORMED FROM THE NATIVE AND MODIFIED POLYSACCHA‘IIDB OF R. phaseoh,
U453; R. leguminosarum, U311; R. trifolii, CORYN, BART AND U226 AND R meItIott, U27

State of ) Polysaccharide Enzyme preparation and products )
modification - Rhizopus Streptomyc&s ‘Bacillus
© (1 = 3)-B-p=glucanase - (1 - 4)-p-p- - . f-D-glucanase
glycq”a_ge' . o B
Native Coryn, Bart, U226, N.d.? - Nd.. . Nd.
U453, U311 . B .
027 o N.d. : S Nd. 7 NS
Reduced -Coryn, Bart, U453, N.d. oo o Reic 0.04, 0. 22 - Nd.
deacetylated U311, U226 N.d. : : Reic 004,022, N.d.
o "and 0.28 ' o
u27 " Nd. CONd. . TN
Reduced . Coryn, Bart, U226 f-p-Gal-(1 > 3)-0-Glc: Reic 0.03, 0.11.+ N.d. .
deacetylated, U453, U311 (Recic 0.77) . .0 022,051
depyruvylated . © 0.70,and
1.0 - : :
U27 g-0-Gle-(1 - 3)-D-Glc ~ R 009 -~ Nd.-:o -0
(Rci: 0.86) - Sl S

Lammarablose, Raie 0 86 celloblose, RGlc 0. 69 lactcse, chc 0. 60 (The moblhty of mh ohgo—
saccharide was measured relative to glucose after chromatography on Whatman No. 3 paper)
?N.d., none detected. : S
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F'g. 2. Chromatogram of 'the products formed by incubation -of the reduced and deacetylated
" rhizobial polysaccharides with the Streptomyces (1 ~» 4)- ﬁ-D—glumnase M3: (l - 3)-D—gluco—ohgo—
saechandm plus glucose, M4: (1 — 4)-ﬁ’-D-gluco—oI|gosaechande¢ plus glucose. . : -

‘ dned Ylelds of depyruvylated polysacchandes ‘were between 70 and ‘96 / of the
theoretlcal value, determined by using the pyruvate contents as calculated by Semm 4
Enzymtc degradation of palysacchartdes. Native and modified polysacchandes
(4o0¢ gg'in 200 pl of water) were’ incubated: thh the enzyme:. preparatlons (100 ul).
for-1 h-at 40°in acetic: amd—sodmm acetate- buﬁ'er (0, 05M, pH 5.0, 200 yl) for the
’Rhlzapus and Streptomyces preparatlons, ‘or:in’ malexc -acid=sodium’, .maleate buﬂ'er
- (0. 05M;; -pH 6.5, 200 pl) for the Bacillus preparanon. Reactlons ‘were.terminated by
i bmhng the samples for'5 min.- ‘The: ‘mixtures were then delomzed and chromatographed ’
- on: Whatman No. 3. paper. ‘The results are summansed m Table II G

None of. the reduced deacetylated samp‘es were attacked by_;the hazopus}_:
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Fig. 3. Chromatogram showing hydrolysis products formed by the action of Streptomyces (1 — 4)-
B-D-glucanase on the reduced, deacetylated, depyruvylated polysaccharides of U226, Bart A, U311,
and U27. M3: (1 — 3)-f-p-gluco-oligosaccharides plus glucose. M4: (1 — 4)-ﬁ-D-gluco-olxgo—
saccharides plus glucose.

(1 — 3)-3-p-glucanase. On the other hand, all of the sampies, apart from U27; were
hydrolyzed by the Streptomyces (1 —.4)-f-pD-glucanase to yield ohgo'sat:charides
having Iow R, values (0.04 and 0.22). Samples U3 11 and U226 showed an addmonal
oligosaccharide having Rg,, 0.28 (Fig. 2)..

Samples that had been reduced, deacetylated, and- depyruvylated were readﬂy .
hydrolysed by the Rhizopus and. Streptomyces enzymes, -but not -by the Bacillus
enzyme. For all of the polymers, apart from U27, the Streptomyces enzyme produced
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M3 uaz CORYN BART A U226 U453 U3lI M4

e B 0 € .

Fig. 4. Chromatogram showing the products formed by incubation of Rhizopus (1 ~ 3)-f-p-
-glucanase with the reduced, deacetylated, depyruvylated rhizobial polysaccharides. M3: (1 — 3)-
ﬂ-D-gluco-ohgosaochandw plus glucose M4 - 4)-B—D~gluco-olxgosacchand&s plus glucose

oligosaccharides having Rg,. 0.03, 0.11, 0 22 0.51, 0.70, and 1. 0. The polysacchande
from U27 yielded only one oligosaccharide having Rq;. 0.09 (Fig. 3).

The Rhizopus enzyme-digests of the reduced, deacetylated, and depyruvylated
polysaccharides contained a disaccharide as'the sole: oligosaccharide product in all
cases (Fig. 4), although the disaccharide from U27 had an R, value of 0.86 whereas
that produced from the. other polysaccharides had Rg,. 0.77. . oo

. Action of the Streptomyces and Rhizopus. enzymes on the polysacchartde ﬁ'om
R. Tnfolu, Coryn. — The polysaccharide from Coryn (6 mg) that had been reduced,
: deacetylated and depyruvylated .was dxssolved in 3 ml of acetate buﬁ'er (0 M, pI-I 5. 0)
and divided into two- pDrt.lODS S - : ) R
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Fig. 5. Chromatogram showing the products formed by incubation of the reduced, deacetylated,
depyruvylated, extracellular pelysaccharide of Coryn with (7) Rhizopus enzyme; (2) Rhizopus enzyme
followed by Streptomyces enzyme; (3) Streptomyces enzyme; (4) Streptomyces enzyme followed by
Rhizopus enzyme. M3: (1 — 3)-f-D-gluco-oligosaccharides plus glucose. M4: (1 - 4)-ﬂ-n-gluco-
oligosaccharides plus glucose )

The first portion was incubated with the hazopus enzyme (0 5 ml) for 1 h at
40° and a 0.5-ml sample withdrawn. The remaining sample was boiled for:5 min to
inactivate the enzyme, cooled, and incubated for a further 1-h period: wuh the
Streptomyces enzyme (0.5 ml). The second porfion was treated similarly, except that
the order of enzyme treatments was reversed The producrs were chromatographed on
Whatman No. 3 paper (Fig. 5). '

The action of the Rhizopus enzyme alone produced a dlsacchande (RGlc 0 75)
as the sole oligosaccharide product, and the sample incubated with only the Strepto-
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Detector response (arbitrary unlts).

~Time (h)

Fig. 6. Chromatography on Bio-Gel P-2 of the oligosaccharides produced during the hydrolysis
of the extracellular polysaccharide of R. trifolii Coryn by the Rhizopus (1 — 3)-p-p-glucanase followed
by the Streptomyces (1 — 4)-f-pD-glucanase. Bio-Gel P-2, minus 400 me=h; 60°; column 0.9 x 170 cm;
eluant, water; flow rate, 13.3 mi/h; (—) hydrolysate; (---) (1 — 3)-£-u gluco-ohgosacchande series’
plus glucose. Kav glucose, 0.86; laminarabiose, 0.72; laminaratriose, 0.60; laminaratetraose 0.50;
‘laminarapentaose, 0.42; Kav of products formed: 0.81, 0.71, 0.58, O. 50 0.44, 0.37, and 0.19.

myces enzyme produced an ohgosacchande (Rg;. 0. 09), together w:th smaller amounts
of three or four other oligosaccharides. :

The polysaccharides incubated with both enzymes, 1rrespect1ve of the. order,
produced the disaccharide (Rg;. 0.75), together with four to five oligosaccharides,
the most prominent of which had an R, 0:19. These oligosaccharides were separated
by gel filtration (Fig. 6). A disaccharide (X, 0.71) and an oligosaccharide (K, O. 19)
were the most prominent products and traces of other ohgosacchandes (K“ 0.81,
0.58, 0.50, 0.44, and 0.37) were also. observed.

Some products of higher molecular wexght must have been excluded from the
column, as the disaccharide peak, which is predommantly p-b-Gal-(1 — 3)-0-Gle,
represented 559 of the separated products, whereas’ methylatlon data of other
workers (Table I) suggest that, at the most, the dlsacchande p-p- Gal-(l - 3)-D-G1c
could constitute only 26 % of the’ ongmal polysacchande .

Nature of the disaccharides produced by action of the thzopus enzyme. — In
the solvent system. used; the disaccharide product (Rg;. 0.77) from' all of the poly-
saccharides, apart from U27, had a mobility 1ntermed1ate bétween those of lammara—
biose (Rg;. 0.86) and cellobiose (RG,c 0.69), whereas the dlsacchande from U27 had
the same mobility as laminarabiose - (Flg 4). Studies - thh (1 —3),.(1>4) mixed-
linked. f-p-glucans have: shown that. the. Rhizopus enzyme specxﬁcally hydrolyses
linkages adjacent to . 3—subst1futed glucosyl residues®- 19, which suggests that the
disaccharide product, in ‘both’ cases, consists of a monosaccharide (1 — 3)-linked to a

D-glucose residue. As galactose and glucose are the.only monosaccharides present in -
the reduced;: -deacetylated, and depyravylated samplee, the chsacchande having Rgie
of 0.77is probably ﬂ-D-Gal—(l - 3)-D-Glc This notion was conﬁrmed by 1ncubat10n_
of the disaccharide with a ﬁ-D-galactosxdase from E. (:oh16 ST T
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Samples (200 ul) of the heat-mactlvated mcubatlon meture of the: reduced :
deacetylated, depyruvylated polysaccharides and the Rhizopus enzyme were mixed
with 0.2 ml of phosphate buffer (0.1m, pH 8.0), followed by 0.1 ml of f-D-galactosidase
(1 mg/ml in phosphate buffer), and incubated for 1 h at 40°. The mixtures were then
deionized, filtered, freeze dried, and chromatographed on Whatman No. 1 paper.

The disaccharides from all of the samples except U27 were completely converted
into D-galactose and D-glucose (Fig. 7). Part of the disaccharide from U27 remamed
unchanged and part had been converted into glucose, but galactose was not found

Ml U3Il U453 BART A CORYN U226 U27 MI M3 M4

- . v - *

Fig. 7. Chromatogram showing the products formed by the action of f-p-galactosidase on the
disaccharide produced during the incubation of Rhizopus (1 — 3)-ﬂ-D-glum.uase with the reduced,
deacetylated depyruvylated, rhizobial polysaccharides. Ml: -Galactose, glucose, mannose, and
arabinose in order of increasing Rp valiue. M3: (1 — 3)- ,B-D-gluco-ohgosaochands plus glucose.
M4: (1 - 4)-f-p-gluco-oligosaccharides plus glucose. . . . .
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; (Fxg 7) An authentxc sa.mple of lammarabxose was also shown to be hydrolyzed tov
‘glucose ‘by. the ﬁ-D-ga.lactomdase preparatxon used This information; together with
.the known specificity of the Rhizopus. enzyme and the high Rg,. values of the oligo-
_saccharides compared to lactose [B-D-Gal-(1, - 4)-D-Glc, Rg;. 0.60],- support: the
view that the disaccharide. from all the polysaccharides apart from U27 is. probably
,B-D-Gal-(l - 3)-D-Glc and that the: dlsacchande from U27 is laminarabiose. :

DISCUSSION

The natlve rhrzoblal polysacchandes were not hydrolyzed by any of the f-p-
glucanase preparations, presumably because of the effects of both' steric hindrance
and the ionic interactions of the carboxyethylidene and carboxyl groups. However,
when the polysaccharides were reduced, deacetylated, and depyruvylated, they. became
susceptible to hydrolysis by both the Rhizopus and the Streptomyces enzymes, but
not by the Bacillus enzyme. .

The modified polysaccharides of R. plzaseolz U453, R. Iegummosarum U3ll
and R. trifolii Coryn, Bart and U226 are considered as one group, as the Streptomyces
enzyme produced an apparently identical series of oligosaccharides from each of these
polymers, as did the Rhizopus enzyme.

Action of the. Rhizopus (I — 3)-B-D-glucanase on the modified polysaccharides
of R. phaseoli, R. leguminosarum, and R. trifolii. — The Rhizopus enzyme only
hydrolyzed the reduced, deacetylated polysaccharides after remioval of the carboxy-
ethylidene residues, suggesting that these groups ‘were bound to the 3-substituted
glucosyl residues or to linkages in the vicinity of these (see Table II). This conclusion
is consistent with the published methylation data (Table I), which show that all of the
3-substituted glucosyl residues in these polysaccharides bear carboxyethylidene groups.

“The sole oligosaccharide-product in all instances was the disaccharide g-p-
-Gal-(1 —3)-D-Glc, which must arise from the ends of side chains or from linear

- portions of the polysaccharides, which contain regions .of the following structure:
[— 3)-p-Glc x D-Gal-(1 — 3)-D-Glc x], where x represents: linkages hydrolyzed by
the Rhizopus enzyme. As the disaccharide B-p-Gal-(1 — 3)-p-Glc was the sole product
detected by paper chromatography, such regions would need ‘to be separated by
blocks of at least four monosacchande resxdues to- yleld a product that would not
.migrate in the solvent-system used. - .

Action of the Streptomyces (I — 4)-ﬁ-D-qucanase on the mod ﬁed polysacclzarzdes
of R. phaseoli, R. leguminosarum, and R. trifolii. — Following reduction and:de-
‘acetylation, the native polysaccharides became _ susceptible to the- Streptomyces
. (1 = 4)-B-p-glucanase, which suggests that at least two consecutive (1.— 4)-linked
D-glucose residues became available after removal of the carboxyl and acetyl groups.
“This ‘conclusion is consistent. with the isolation of the oligosaccharide, p-GlcA-

- 4)-D-Gch—(1 - 4)-D-Glc from partla.l acid hydrolysates ‘of the natlve -poly-
zsacchandes

' - The Streptomyces enzyme produced at least two ohgosacchandes, suggestmg
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that. the. polysacchande does not have a’ stnctly repeatmg—structure or: that any; _
repeating units contain at least two regions having two, 'or one Tegion: havmg three :
consecutive (1 — 4)-linked ' D-glucosyl- residues. ~Longer blocks “of (i~ 4)- lmked
D-glucosyl residues are not-indicated, as. glucose cellobxose, or cellotnose were not .
detected in significant amounts. These are the normal products of the actxon of the N
Streptomyces enzyme on solely (1 — 4)-linked }'3—D—gluca.nslo AT E

When the carboxyethylidene groups were removed from the reduced, deacety]ated ‘
polysaccharides, a different series of oligosaccharide products could be detected by
paper chromatography. Three oligosaccharides of low mobility (Rg. 0- 03, 0.11, 0. 22)
were observed, as well as three more-mobile products (R¢;.-1.0,0.70, 0.51), which
appeared to be glucose, cellobiose, and a trisaccharide. As the Streptomyces enzyme
is known to produce D-glucose and. cellobiose from sequences-of more than-three
consecutive (1 — 4)-linked D-glucosyl residues, this result indicates that an additional
(1 — 4)-linkage becomes available after tpe removal of the carboxyethylidene groups.
This information suggests that the followmg structural feature is present '

| ~x—(1—=4)-D- Glc-(1—04) -D- GIC-(1—;4) -p-Glc- (1—'4) -D-Gic

where linkages a and b are hydrolyzed by the Streptomyces enzyme prior to depyruvy-
lation and linkage ¢ is not hydrolyzed until after depyruvylation. The methylation
data (Table I) indicate that x must be either a 3-linked glucosyl residue or a terminal
galactosyl or glucosyl residue, as these are the only monosaccharides bearing carboxy- -
ethylidene groups. However, this would be a minor structural feature, as glucose and
cellobiose were only detected when large samples of the hydrolysate were examined.

The most prominent product arising from the action of the Streptomyces
enzyme on the fully modified polysaccharide of Coryn was an oligosaccharide of high
molecular weight (Rg,. 0.09). This oligosaccharide was hydrolyzed by the Rhkizopus
‘enzyme to produce another oligosaccharide (Rg;, 0:19) and a disaccharide identical
with that produced directly from the modified polymer and tentatively identified as
D-Gal-(1 — 3)-p-Glc. Thus, the D-Gal-(1 — 3)-D-Glc must occupy a terminal position
on the oligosaccharide produced by the action of the Streptomyces enzyme. Othe’rwise,
the Streptomyces product would have been hydrolyzed by the Rkizopus enzyme to
produce two further oligosaccharides, in addition to the’ disaccharide. There:is. a .

- possibility that two oligosaccharides of the same mobxhty may have been produced :
but they would have had a higher Rg;, value. . .

The observation that the p-Gal-(1. — 3)-D-Glc group, removed by the Rluzopus .
enzyme, also occupies a terminal position on the Streptomyces. product, indicates that
it must form the ends of the side chains of the intact polysaccharides. Otherwxse the
-linkages adjacent to this group womd have to be cleaved by both enzymes, Whlch is .
contrary to their specificity requirements.’ . .

These results agree with the methylatxon data of Chaudhan et aI. 3 who have
shown that all of the galactose in the polysacchande of R lnfolu TA-I 1s termxnal' v
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(see Table I) In support of thlS, they demonstrated that all of the D-galactose resndues
-»and the 3. lmked D-glucosyl resxdues in tlns polysacchande could be. removed by»
'vpartla‘l ‘acid hydrolysns, whereas the rest ‘of .the molecule remained intact; .~ 7 -

Actwn of the: Bacﬂlus pumxlus -B-D-glucanase on. the mod ﬁed polysacchandes of
R phaseoh R. legummosarum, andR. tnfoln ———Noneof themodlﬁedpolysacchandes

‘were_hydrolyzed by the Bacillus enzyme to yxeld -products . mobile dunng paper

‘ chromatography. This result suggests that the modified polysacchandes either did not
contain regions of the followmg structure -D-Glc-(l - 3)-D-Glc-(l ~ 4)-p-Gl¢-, or:
that they were maccessxble to the: enzyme Branching points or terminal residues could .
‘have prevented fulfillment of the binding requirements. Alternatively, these regions

‘may be present but well separated so that the products are of high molecular werght. '

' The polysaccharide of R. mehlotr U27. — The hydrolysrs products ‘of the

polysacchande of R. meliloti U27 were markedly dlfferent from the products of the

other polysaccharldes .

When the carboxyethyhdene groups were removed from the reduced deacetylated
polysaccharide of U27, the product was hydrolyzed by the Rhtzopus enzyme to yield
laminarabiose. This disaccharide must have arisen from the ends of the s1de chams
as only the terminal D-glucose residues of uU27 bear carboxyethyhdene groups
(Table I).

The Streptomyces enzyme d1d not appear to hydrolyze the R. melzIon poly-
sacchande after reduction’ and deacetylatlon, but hydrolyzed the fully modxﬁed sample
to give an ohoosacchande having low moblhty on papcr chromatography ‘

‘The Bacillus enzyme was also thhout actlon on enther the partlally or fully '
modified polysaccharide. -

These findings are completely in accord w1th those of Lmdberg and coworkersl 8
who have shown by chemical procedures that the R. meIontz polysacchande has a
terminal laminarabiose residue and that the > Tepeating uniti isa branched octasaccharide
having two, adjacent (1 — 4)-linked ﬁ-D-glucosyl resxdues, one of which would be
available for hydrolysis by the Streptomyces enzyme. No sequences “having  the
appropnate conﬁguratxon for hydrbolysis by the Bacillus enzyme were observed.

CONCLUSIONS

o Enzymlc degradatlon Wlll be useful inthe determmauon of the detailed structures
of Rhlzobzal polysaccharldec, espemally when used in’ conjunctxon w1th methylation
and penodate—oxrdatlon techmquee. Itis clear that much more information on their
monosaccharide . sequences will become available followmg detalled exammatlon of :

: the ohgosaechandes hberated by the Streptomyces enzyme. ||

} :-In addition to provxdmg structural mformatxon, the expenments deecnbed allow

some deductlons on the specrﬁcxty of the B-D-glucan hydrolases In prevrous mvestlga-

'__ftlons with the (1 — 3)-p-D-glucanase of Rhizopus®*°, only | linear glucans were used

“as substrates andall products were termmated with a; ﬁ-D-Glc-(l = 3)-D-Glc sequenee.
’It lS now clear that ﬁ-D-Gal—(l - 3)-D-Glc may also be aecommodated in the glycosyl



.ﬂﬂ"

, ~bmdmg-51te of thxs enzyme. Slmllarly, _ i
- Streptomyces (1 = 4)-ﬁ-D-gluca.na.se8 10Tt §s now. apparent that ranchmg does mot:”

. prevent the action of. thls enzyme; although it lel be necessary to isolate and ldentlfy B
"“the hydrolysis products before the structural constramts of ‘branchmg can be fully :

deﬁned
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