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Chain residue 
residue 
(1 + 3) 

(1 + 4) 

(1 --+ 6) 
Brandrng 
residue 

propo@n..- ‘. . . . -1 : ‘.... .:L 
4,6@(1-carb0xy- 4,&o-(l_carboxy- 
ethylidene)-D-gluco~ ethylidene)- 

..- ..:. ... 

and 4,&U+carboxy- 13 12” D-glucose; 
11 ..i .: i4... .. I 

ethylidene)-m$actose D-glucoses : 0 -::.2 
._.::. :‘- : I ,. : :. : 

:. _.. ‘1. ,.. .’ -:, .I> : l.i’:_: .I.. :--, 

etfiyfidene)_D_glucose; 13 .12 ~_glucose -. -’ .24: 1 .. : i-j&2 : 
D-galadose 6 0; D-*ose_ :’ : 15 .-,-,-._ m-l3 . . I 
w&zose 32. 48 L+glucose. 20 .. 
D-ghcuronic acid --20 -12’ 

-_ 24-31 ;, 

s+glucose &: _12A6 ’ 
- :.: i 

_ D-glucose or 13 J2” D-g.lUco~. _. : 12: ‘_10.5. ., _: 
(1 i 4L(l+ 6) o-galactose 

00-~~~ethyliden~~~actose only. Co-glucose only.~ : .. ; _ 
-. : ._. 

to hydroIysis by /?-D-g&an hydrolases!. This prompted us to examine, in a? fanalogous 

way, a number of pur@ed rhizobial polysaccharides. The present p&erd&&ibes th& 
action of three fl-D-&Can endohydrolases of differing specificity for (1 +- 3)- and 
(1 + 4)-/3-D-glucosidic linkages, on rhizobial polysaccharidti thati.had been modified 
by reduction- of D-gh~OSylUrOniC residues, and removal- of pjruvate .(&boxy- 
ethylidene) and acetyl substituents;: .: -. :.: : .. : -- ‘. 

. : _ .;- _’ ._: 

MA- AND bKIBODs .- : 
. . . . ..- : . 

E.wyme preparafions. - Bacihs pumihs j?-D-glucanase (EC ,3.2X73) .was 
purified from a preparation supplied by .Novo~Indus& -A/S, Cq&&ag~n, .D&nark’: 
Rhfzopus.arrhfz~_ (1 t. 3)-,!%D-glucanase (EC 3_%1;6j and sireptbrizyces-.(l:j~~)-8_0, 
glucanase (EC 3.2.1.4) were gifts from Dr; FL T.. Reese;:U.SrAimj;.~~tic~~b~~~a~~riesj ‘. 
Natick, A&ssachusetts; U.S.A. Each of-the enzy& preparations.~~~.~~~~;i:f;qr-acti~ity 
by using .lichenan; as substite: Whee .jnctibate& for 130 -r@ri :at-~o._with~.iic.h~nah 
(1.0 ml, 0.6 % w]i$ in the appropritite. buffer, each.etiqi&tilutiofi (@. .jil) .prodi&d’ -: : 
about 200 pg of reducing sugar. At, 10 times t$is concentr~~on;-~e_RlirzopuJ: (l._~$:~ 1. 
B-D-glucanase preparation-was:not ‘act&on. o-(~bdxynietl;yr)_~~~~~s~~~-~~~~~~~ ' 

cellobidse,-'Thb ~~~~~~~~~~~:~dzjme~;~~~;~~~~~_ &ti&Ij;.:-&i ~o~~~~~~~~~m~~ylj~_'. 

: 

pabhean, laminarabiose and g&G; -+h; .\eet ~~~~~~~~~:~~~~~~~~~~-~:~~~~~~~~~~ :. 
. . 1.‘ .._ I_; _-2,:.; -. : -;. ..; ‘1 -, ~ . . . . :. .. .._ 
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(S&ma Chemical Co; St. Louis, Md, U.S.A.) to forma &boxy1 d&a&e, &3&h &&, .- 
reduced by sodium borohydride The reduction “Was perform&l. & ~-&k&d’ 63 -. 
Anderson and Stone’, using a solution containing 160 mg of polysaccharide’&ssoIved 
in 15 ml of water. 

Deacetylation of rhizdbial polysaccharidee;r; =. : Be reduced :. p&qc&a&k 

(40 mg) were treated with sodium hydroxide solution (O.~M, 20 ml) at-room tempera- 
ture for 24 h and the deacetylated products were dialysed against distilled~6ater!~. 
The U27 rhizobia1 poiysaccharide lacks uranic -acid residues and was’ not reduced. 
prior to deacetylatian. Sodium borohydride (1 mg/ml)was incorporated into- the 
deacetylation mixture to prevent any alkaline degradation”. The yield of deacetylated 
polysaccharide varied from 99 to 105 % of the theoretical yield, calculated by using the 
acetyl contents of the native polysaccharides4.. 

Removal of carboxyethylidene residues from Rhizobial polysaccharides. & 0: 

Carboxyethylidene residues were removed from the reduced, dea_cetylated_ poly- 
saccharides by the method of Chaudhari et aL3. The reduced, deacetytated po!y- 
saccharides (19 mg) were dissolved in water (25 ml) and the- pH adjust&i 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 supematamsolutions were dialysed against distiiled.water and freeze 

TABLE II 

@-GLUCANASEPRODUCXS~FORMEDFROMTHE NATIVEANDMODIHEDPOLYSA~~HAEUDESOF R. phaseoli, 
U453; R. Ieguminosarum, U311; R. trifoolii, CORYN, BART AND U226, ti k. meliloti, U27 

Stare of Po~ysaccharide Enzyme preparation a&prod& 
-- 

modificafion Rhiiopus Streptomyces ~Bacillus 
(1 --+ ~)-/~-D+uccz~s~ (1 +-4)+-D- f!-D&mzmzse 

g&cquxe 

Native Gxyn, Bart, U226, N.d.” N-d. N-d. 
u453, u311 
U27 N-d. 

Reduced Coryn, Ba& U453, N.d. 
I$d. .. --’ N-d.- ’ 
Rclc 0.04,0.22 N.d. 

deacetylated U311, U226 N-d. RGI~ O.(H;O.22, N.d. 
and 0.28 

U27 N-d. N;d. _N*&:. , 

Reduced 
deacetyIate>, 

Coryn, Bart, U2.26 /%wGal-(l + 3)-D-Glc, RGI~ 0.03, 0.11.:-- N-d. 
u453, u311 (RGIC O-77) 0_~0.51-. : -. ‘- 

depyruvyzated ‘. 0.70, and 
1.0 

U27 B-D-Glc-(I --P 3)-D-Gk R~lc 0.09. _-. N.& -. : .: 
(RGIC 0.86) 

_A _. .- I 
%a&narabiose, RGZ~ 0.86; cellobiose, _&lo 0.69; ku&xe; RGI~ 0.60. (The.mobii~y-bf &h~.olig* 
saccharide was ineasured relative to glucose aftet- chrom?tq~phjr.~qti’ %&t&n No, 3 hknk). 
bN.d., none detected. 



. . . 
._. 

Fig. 2. Chmatogram of the products formed. by in&bation -of the; reduced .and deacetylated 
rhizobial polysaccharides with the Streptomyces (1 :s .4)-/?~-D_gluti&~ Mj.: (1.’ 3)-r&~co-oligo_ 
saccharides pfus gIu&; M4: (1. + 4)-/3-D-gIuco-oIigosaccharides pIus ghose. : _. -_ 

(. _‘:_ . .._ 

dri@i.. ‘Y@s -‘;rf $&pj&$jlated ‘pol&&hai!ides: were ‘between 70 an+ 96 % pf 3he 
&&oieti&tl value, det&_&i_ned by usingth&‘p$r&ate conte& & &&t_ed bi &n&8. 

Enzymic degradation of polysackharides. - Nitive ti.d’motied polysaccharides 
(400. j.fg.in 209 _,!A of watey) ?&.i&ubated- with.&& enzyme prepar&tjons (100 pl) 
for.‘1 h,.at, 40: in. acetic: acid-sddiuin acetate: buffer;.(O.O5M, pH -5.0; 200 .pI) foi the 
RhizOptis :&id -Strepfomyces 1 pfe&&ions, or ;in:‘ti&& : acid_sodium‘.. x$.+&e *Ibuffer 
(0.05~;. pH 6.5,. 23 $) for me..J3&iZZzu prkp&_tio$ Re+$idg$ iwere. terminat&by 
bojlingthe +$plgs.for.S mini-The’iG$ues w&~.then.d@&ed $nd+&gmatographed 
o.n:.~atman -ho. %&er.,;The-results aFe summarised in :Table G: ; ,‘: : -. .=. .: -’ 
: :-:I. Notie of. the ~r~d&&~ ~~~~late~~.:samp!~~::~we~e 1 attacked $byfi t+ lUzi.zopUs~ 
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Fig. 3. Chromatogram showing hydrolysis products formed by the action of Streptomyces (1 + 4)- 
P-D-glucanase on tbe reduced, deacetylated, depyruvylated polysaccharides of U226, Bart A, U311, 
and U27. M3: (1 + 3)-B-D-gluco-oligosaccharides plus glucose. M4: (1 -+ 4)-j%D-ghIcQ-OligO- 

saccharides pIus glucose. 

(1 + 3)-jI-D-glucanase. On the other hand, all of the samples, .apart from U27, were 
hydrolyzed by the Streptomyces (1 +.4)-&r+glucanase to yield oligosaccharides 
having low RGlc values (0.04 and 0.22). Samples U3 1-l and U226 showed an additional 
oligosaccharide having RGIC 0.28 (Fig.-2). 

Samples that had been reduced, deacetylated, and. depyruijlated .were readily 
hydrolysed by the Rhizopus and. Streptomyces enzymes, -but not by the l&zciZIus 
enzyme. For ah of the polymers, apart from U27, the Str&tomyc& enzyme produced 



Fig. 4. Chromatogram showing the,. products formed. by incubation of -Rhizopus (1 + 3)-F-D- 
glucanase with the reduced, deaeetylated, depynivylated rbizobial polysaeebarides. M3: (1 + 3)- 
/SDgluco-oligosacchaiides plus glucose. M4: (1 -, 4)-&D-ghxo-oligqaccharides ph~s ghxose: 

oligosaccharides having RGlc 0.03,0.11,0.22,. 0.51,0.70, and i.0. The pelysaccharide 
from U27 yielded only one otigosaccharide having RGlc 0.09 (Fig. 3). 

The Rhi.opus enzyme-digests of the reduced, deacetylated,. and depyruvylated 
polysaccharides contained ._a. disaccharide as the -sole; oligosaccharide product in all 
cases (Fig. 4)j although the disaccharide from U27 had .anR,,, value of 0.86 whereas 
that-produced from the. other polysaccharides had RGlc 0.77. : 

Actiop of #I& Stre~tomyces- and Rhizopus enzymes on the po&zcchzride fro? 

RI Trifblii, Coryn. - The polysaccharide from Coryn (6 mg) that had been reduced, 
deacetylated, .tid-depyruvylated.was dissolved in 3: ml-of acetate, buffer (O-l& pH 5.9) 
and divided .irito two -portions. ; : _“.. 
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Fig. 5. Chromatogram showing the products formed by incubation of the re 
depyruhylated, extracelIular polysaccharide of Coryn with (I) Rhizopus enzyme; 
followed by Streptomyces enzyme; (3) Streptomyces enzyine; (4) Srreptomyces 
Rhizopus enzyme. M3: (1 + 3)-B-D-gluco-oligosaccharides plus glucose. M4: 
oligosaccharides plus glucose. 

duced, deacetylated, 
; (2) Rhizopus enzyme 
enzyme followed by 
(1 -_, 4)-8-D-gluco- 

The first portion was incubated with the Rhizopus enzyme (0.5 d) for 1 h at 
40” and a 0.5~ml sample withdrawn. The remaining sample. was boiied for :5 min to 
inactivate the enzyme, cooled, and incubated for a further l-h period :tith the 
Streptomyces enzyme (0.5 ml). The second portion was treatk&similarly,-except that 
the order of enzyme treatments was reversed. The productskere chromatographed on 
WhaEan No. 3 paper (Fig. 5). 

. _.. 

The action of the Rhopus enzyme alone produced a .disaccharidd: (I?& 0.75) 
as the sole oligosaccharide product, and the sample incubzitedwithonly~‘the iWep?o- 
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Fig_ 6. Chromatography on B&Gel P-2 of the oligosaccharides produced during the hydrolysis 
of the extrac&ular polysaccharide of R. irifoiii coryn by the Rhizopus (1 --, 3)-~-~-gkanase followed 
by the Strepfomyces (1 -+ 4)-/I-D-ducanase. Bio-GeI P-2, minus 400 m&; 60”; c&mu 0.9 X 170 cm; 
eluant, water; flow rate, 13.3 ml/h; (-) hydrolysate; (---) (1 --, 3)-#LAgluco-oligosaccharide series 
plus glucose. ?&, glucose, 0.85; laminarabiose, 0.72; kminaratriose, 0.60; Iaminar&traose O-50; 
laminarapentaose, 0.42; K& of products formed: 0.81, 0.71,0.58,0.50,0.44,0.3?, and 0.19. 

myces enzyme produced an oligosaccharide (RGlc 0.09); together with smaller amounts 
of three or four other oligosacchtides. 

The polysaccharides incubated with both enzymes, irrespective of the.order, 

produced the disaccharide- (l& 0.75); together with four to five oligosaccharides, 
the most prominent of which had an RGIC 0;19. These oligosaccharides were separated 
by gel filtration (Fig. 6). A disaccharide (&,‘0.71) and an oligosac&aride:(K_ 0.19) 
were the most prominent products, and traces of other oligosaccharides (& 0.81, 
0.58,0.50, 0.44, and 0.37) were also observed. 

Some products of higher molecular weight must have.been .exciuded from the 
column, as the disaccharide peak, which is predomina&ly,.&D-Gal-(1 + 3)-D-Glc, 
represented 55% of the separated- products, whereas tiethylation dam of -other 
workers (Table I) suggest, that, ,at the. most, fhe disaccharide -&D-G&~ s 3)-D&c 
could constitute only 26 % .of~the’original polysaccharide. 

Nature of the disacch&ride+ produced-b> action. of &e R&zkq%s .enzynze. - In 
the solvent system. used; the. disaccharide product (RGlc 0;77) from. all ofthe polyi 
saccharides, apart from U27, had a mobility intermediate between those of laminara- 
biose (RGIC 0.86) and cellobidse (&&0.69), Whereas& disaccharide from U27 had :_ 
the same mobility as laminarabiose (Fig. 4). Studies-with (! 3.3), (!. ? -4) .&xed- 
linked /3-D-glucans have, shown thitthe #zLropuss en&me specifi&lly hydrolyses 
linkages adjacent to 3-substituted : glncosyl. residues8*10; which, suggests that the 
disaccharide product, in .b&hca.sb,~ consists &a monosaccharide (1 i’, 3 j-linked to a 
D-glucose residue. As galactose and glucose tiethe-only monosaccharides present in 
the; reduced;; deacetylated, and depynivylated samples_~ the disaccharide having BR,, 
of:0.?7’!-is_probably’B-~-GaI;(I] + .$D:GIc; Thknotion k&s &&ned by iticu~a&ti . . . 
of the disaccharide witi a /.I-D:g&actosidase frorn& &oli?6. .__. ‘- : . . . : . . . 
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Samples (200 fl) of the heat-inactivated, incubation n&&u& of the- reduced, 
deacetylated, depyruvylated polysaccharides and the Rhizqpus enzyme were mixed 

with 0.2 ml of phosphate buffer (O.~M, pH 8.0), followed by 0.1 ml of /?-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. I paper. 

The disaccharides from all of the samples except U27 were completely converted 

into D-gdaCtOSC and D-g&OSe (Fig. 7). Part of the disaccharide from U27 remained 

unchanged and part had been converted into glucose, but gaiactose was not-found 

Fig. 7. Chromatogram showing the products formed by the’actjon df j?k-gala&ok&se on ihe 
disaccharide produced during the incubation of. l@izopus (1 .+ 3)-&D-glucanas e with &q Educed, 
deacetylated, depyruvylated, rhizobial polysqccharides. MI.:_ -GaIactese, ak@se.~ rx$mnc5s~~. and 
arabinose in order of increasing RF t&e; M3: (1 ‘-, 3)-8-D-gluco4i&kacc+iides plus ghicose. 
M4: (1 --, 4)$-o-gkco-oligosaccharides plus glucbti. .-.-I’- ’ _‘. 



ENZYbfIC DkGRAbAikN.OF .REIIZOBIAL POLYSACCEKARID~ 
: 

489 
: ._ 

-(Fig.,.7); An authentic sample_.of laminarabiose was also shownto be hydrolyzed. to 
glucoseby- the &Dgalactosidase -preparation used. This information; together &th 
the :howg specificity of the #izopus enzyme. and the.high .iZ& values of. the oligb- 
saccharides compared to lactose [J?-~~Gal-(l_ + 4)-D-Glc, Rdjc 0.60]+ support, the 
view -that the disaccharide. from all the .polysaccharides apart from U27 is_ probably 
p-~-Gal-(1 + 3)-D-Glc, and that thedisaccharide from.U27 is laminarabiose. I .. 
.- . . .- .. 
DISCUSSION 

,. : 

The native rhizobial polysaccharides were not hydrolyzed: by any of the B-D- 

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. pfzaseok U453, 6.. Iegzzminosarum U311, 
and R. trzjXi Coryn, Bar-t 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)-@-D-ghfCa?IaSC on the modzjied polysaccharides 

of R. phaseoli, R. leguminosarum, and R. trifolii. - The Nzizopus enzyme only 
hydrolyzed the reduced, deacetylated polysaccharides after removal of the carboxy- 
ethylidene residues, suggesting that these groups were bound to the 3-substituted 
glucosyl residues orto 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 thesepolysaccharides bearcarboxyethylidenegroups. 

-The sole oligosaccharide-product in, all instances was the disaccharide F-D- 

-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)-D-Glc x D-Gal-(1 4 3)-~-Glc x], where x represents, linkages hydrolyzed by 
the.Rhizopus enzyme. As the disaccharide /3-~-Gal-(1 -P 3)-D-Glc was the sole product 
detected by paper chromatography, such regions would need to be separated by 
blocks of at least four monosaccharide residues to -yield a product that would not 
migrate in the solvent-system used. -. . . 

Action of the Streptomyces (1 + 4)-j%D-ghmz?mSe on the modz~edpolysac~harides 

of R phaseoli, R; leguminosarnm, and R. trifolii. - Following reduction and: de- 
‘acetylation, L the native polysaccharides became susceptible to -the Streptomyces 
: (1 + 4)-&D&ucanase; which suggests that at least two consecutive (1 .+ 4)-linked 
.Dglucose residueslbecame available after removal of the carboxyl and acetyl groups. 
-This conclusion is consistent. with. the isolation -of-,+e oligosaccharide; D-GlcA- 
(1 --, 4)-D-Glc&(I + 4)-D-Glc from partial acid hydrolysates -of the native poly- 
-sac&rides?__ . ..-.. .: :. .. _.,. ..: (I_ .‘.-_ :. _. : 

_ ‘.The’-Streptomyces enzyme produced at least two oligosadcharides, suggesting 



that the. polysaccharide does not have a- stricgy rep&a&ig%r&turei or:~that : any 
repeating units contain at least two regions having .mo, nor one&g&r ha&$.thr&; 
consecutive (1 + 4)-linked D-ghrcosyl~ residues.:,Longer.- blocksof. -(l-i 4)&&d 
D-glucosyl residues are not~iudicatecl, as glucose; cellobiose; or @lot&e:-6ere not 
detected in significant amounts. These are the normal -products:of the action. of the 
Strepfomyces enzyme on Solely (1 --, 4)-lhlked B-D-ghlcak? o?17i . . : ‘. _- .- 

When thecarboxyethyhdene groups were removed from the red&$, deacetylakd 
polysaccharides, a different series of oligosaccharide products -could be detected ‘by 
paper chromatography. Three oligosaccharides oflow.mobihty (R,+ 0.63,0.11,0.22) 
were observed, as well as three more-mobile products (I&,+ 1.0, 0.74 OSl), which 
appeared to be glucose, cellobiose, and a tiisaccharide. .As the Srrepromyces enzyme 
is known to produce D-glucose and cellobiose from sequences -of .more th$n three 

consecutive (1 + 4)Jinked D-ghICOSy1 residues, this result i&i&es that an additional 
(1 + 4)-linkage becomes available after tpk removal of the carb&xyethylideni groups. 

This information suggests that the following structural feature is present: .. 

-x-(++o-G~c-(1-+o-Glc-(l~4)-o-cl~-(l~4)-D-GtC 
: 

40/ io6 C a 
_. 

H .=“(, 3 2 H 
._ 

where linkages a and b are hydrolyzed by the Sffqtomyces enzyme prior to depyruvy- 
lation and linkage c is not hydrolyzed until after depyruvylation. The-methyl&ion 
data (Table I) indicate that x must be either_ a 3-linkedglucosyl residue or -a.terminal 
galactosyl or glucosyl residue;*as these are the only monosaccharides bear&g &boxy- 
ethyhdene groups. However, this wquld 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 Streitoinyces 
enzyme on the fully modified polysaccharide of Coryn was an oligosaccharide of high 
molecular weight (&le 0.09). This oligosaccharide was hydrolyzed by the RI&Opus 
enzyme to produce another ohgosaccharide (I& 0.19) and a disaccharide identical 
with. that produced directly from the modified polymer and tentatively identified as 
~-Gal-(1 --, 3)-D-GIc. Thus, the ~-Gal-(1 + 3)-D-Glc must occupy a terminal position 
on the oligosaccharide produced by the action of the Streptomvces enzyme. Otherwise, 
the Sireptomyces product would have been hydrolyzed by the R&opus enzyme to 
produce two further oligosaccharides, in addition to the disaccharide. There iis. a 
possibility that two oligosaccharides of the same mobility may :bave been produced, 
but they would have had a higher-&, value. .. -. : .: ‘I. ~-. 1 .. :: 

The observation that the D-Gal-(1. + 3)-D-GIc group, removed by the R@zopuS 
‘enzyme, a&o occupies a terminal position-on the Sneptotiyc&.@roduct, indicates that- 
it must form the ends of the side chains of-the intact polysaccha+d& Othe&$ise;.the 
-linkages adjacent to this group wo&have to be cleaved by both enzymes;-wh@hlis 
contrary to their spec&&requirements~ . . . I ‘.. : :. _.1 .-:. .--‘_ : .‘. : _. ’ . . .I. : _: 

These results agree with the methylation data of Chaudhari‘er 28; Iwho have ‘- 

shown that all of the galactose in the polysac&aride of R. ‘trifoZZ:T&l :is,~terminal 
‘.: .__, 



: - .. . . . _:;.‘:. ’ -: .._. :. .&I1 

- I , ;. :. : ;4&$ of iy ktiillus pumilus-/I-Dglucanase on-, th~_m~d~~e~~sZy~~~=h~ri&~ oj 

R; ph&oli, R. leguminosarum, andR. trifolii. --None of the mo‘di%l polysaccharid@s 
here. hydrolyzed by the Baci2Zu.s .&zyme to yield -products. mobile: during pa&r 
chron&&-aphy. This result suggests that the modified polysaccharid& either did not 
&Main regions of the folloting~structure: .-~-&-(i + 3)-~;Gl~-(l 4 4)-D-Glc-, .or : 

that$ey Were in?cc@ible te &e-me. Br&hing.points or terminal residues could 
.have- pF!ented fulfillment of. the binding requirements. Alternatively, these regions 
may be $%ent but web separated, so that t&e products are of high molecular tie&l+ 

The bolysaccharide of 5. meliloti U27. -. The hydrolysis Broducts :of the 
polysaccharide of R. meZiZoti U27 were markedly different from the products of:t.he 
other polysaccharides. .:- .--. .:_ . . . . . . 

-:-. 
. . _-. .., 

Whiti thecarboxyethylidene groups were removed fromthe re$ucedi deacetylated 
polysaccharide of U27, the product was hyd&ly&l by thej&&o& enzyme to yield. 
laminarabiose. This disaccharide must have arisen from,the‘ends of the &l&hams, 
as only the terminal D-glucose- residues of: U2? be& carboxyethylidene ‘gfoups 

(Table I); 
.z. _{__’ -. 

., 
The Streptomyces &zyi& did: not &&&r to .‘hydrblyze ‘the R: .meZiZoti $oly- 

: 

saccharide afti reduction’and deacetylationibut hydrolyzed the fully modified sample 
to g&e 5n blig&accharide. having low lob&y. on p’ap& &omatog&phy~ ’ 

.The BaciZZus enzyme was aIsq without action on -either’ the partially or fully 
modified polys~ha&-Je_ .. ., . . _ :. : 

These @dings are coipletely m.accor& v&h those of Lindb&g and tioworkem;’ *, 
who’ have sh&vn.by chemical. prowures’.th& the’ R: m’eiiroti &l&&$aride has a 
terminal laminarabiosk residue and that the repeating unit is’s branched octas&charide 
having two, adjacent (1 + 4)-linked /?-D&CO& residues;. one bf which would bk 
available for hydrolysis by the Streptom>ces &kyme. No sequences having the 
appropriate con@uration for hydrblysis by the BaciZZus enzyme were observed. 

CONCLUSIONS 

Enzymic degradation willbe useful in the determination of the detailed Structures 

of .&Z&obtiZ. Bolysaccharide& especially when: used -in conjunction. vyith methylation. 
and-per&late-oxidation te&iques. It is_ cleti that much more.information on their 
monosae&ride sequences will become available follo$ing detailed examination. Of 
the oligos&&arides libc+kd by the .Sireptfmyizes enynie, : . . 

.-.- Inaddition to providing structural infornu$ion, the exp&i&ents described alloti 
&xi deduct&s on the &e&city of the &D-ghkn hydrol&& In p&ioti i&&g& 

:~$om~iy~&the (1 + 3)&Sglucanase of N~izo&se~~~; o.my ,linearglueans’~were Used 
‘as’subs~~~~~dall.pr~dudts were &r&n_ated wltha/3-~~&~(1: A-3)&Glcsequence.- 
It is no% .cl& thz& @-G*~( 1. + 3)&Glc may also-be .accommodated in the‘gly~&yl~ 
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