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The cell walls of plants act a3 supportmg structures and as barriers to pathogen5 
Knowledge of the nature of thew macromolecular constituents IS, therefore important 
and although many structural features of the differcnt polysacch,u-ides present m the 

plant cell-wall are known, thew mterrelatlon and mode of attachment remams to bc 
determmed wth preclslon’ A maJor difficulty m studying the lnterconnectlon between 
the polysaccharldes arlses from their msolublllty In order to study their structures 

they have to be extracted, and conventIona chemical-eutractlon procedures cllmost 

always Involve the cleavage of covalent bonds and often ‘dter the structures The 
problem IS especially acute wth cellulose, the mam constituent of the plant cell-\vall, 
because of Its msolublhty m most common solvents We h&w used a new blopolymer 
solvent for the solubdlzatlon of several polysacchandes, lncludmg mixtures of 

polymers of known structure selected as model compounds 

The efficacy of the solvent enabled us to solub1hze entu-e cell walls The solvent, 
4-methylmorpholme N-oxide (MMNO), III It various forms of hydration, has been 

demonstrated to be a good solvent for cellulose’ 3 Its use In physical studies on 
cellulose, for crystalhzatlon3 or for n m r spectroscopy5, shows that It acts as a real 

solvent and not as a derwatlzmg reagent For this reason, we used this solvent for the 
methylatlon of polysaccharldes which, because of their lack of solubdny m pure 
dlmethyl sulfoxlde (Me2SO), were difficult to methylate In this Note, we report the 
use of MMNO-Me2S0 as a non-degradatlve solvent, and Its Interest for structural 
studies on mixtures of polysaccharldes 

Several samples of cellulose from different orlglns and hawng various average 
degrees of polymenzatIon (d p ) were solublhzed m MMNO The samples were first 

dwolved In MMNO monohydrate at 120” and then dduted wth Me,SO (ref 3) 
to gwe a final concentration of 0 7 I;/, Cellulose samples of mcreasmg d p \\erc 

selected and dissolved m the same manner Cellulose dlssolvmg-pulp (d p 600) and 
purrfied cotton lmters (d p 2700) gave the expected solutIons3 a for cellulose of such 
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values. The Increase m degree of polymerrzatton had no consequence on the ease of 
solubrhzatron. as shown by d bacterral cellulose produced by Acetobactet ~_vImm 

[d p_ --_3000 (ref 6)] or the crude cellulose of untreated, natrve, cotton harr [d p 
N- 14 000 (ref 7)] From Goss~prrm husr~trun 

Durmg exhausttve dlalysls agamst water, cellulose preapltated m the dialysis 

bag In each case, the recovery of cellulose after freeze-drymg was nearly quantrtatrve 
(85 % for cotton lmters, 90 % for nattve cotton harr, and 98 % for bacterial cellulose) 

The small werght loss observed upon recovery of the polysaccharrdes after 
treatment wtth MMNO demonstrates that the solvent actron does not mvolve 

degradatton From the reducmg end by a recurrent stepwrse ehmmatron m a “peelmg” 
type of mecharusm, whrch would have caused notrceable loss of materral 

When the recovered, lyophthzed samples were subjected to acid hydrolyses and 
analyzed by gas-hqurd chromatography m the presence of an internal standard for 
quantrtatron of the glucose content, yrelds of - 100% were obtained From thus 
result, tt can be deduced that, under our condrttons for solubthzatron of the dtfferent 
cellulose samples, no stgmficant modtficatton by oxtdatton or degradation of the 
constrtuent glucose resrdues occurred durmg the trme of exposure to the solubrhzmg 
agents at high temperature_ Similar results were obtained For SOlUDillZed samples of 
bacterial and cotton celluloses that had been kept u-r the solvent mixture for 6 months 
at room temperature m a destccator Further evidence for the stability of the cellulose 
samples m the presence of MMNO was obtained by comparmg the vrscostty, measured 
by use of cuprrethylenedlamme. of the samples before solubrhzatron and after re- 
covery From the solutron. The resuh showed a decrease of d p of - 50 %, which was 
also confirmed by methylatron analysrs of the cotton lmters As there was no loss of 
o-glucose, thts decrease m cham length does not correspond to sign&ant endwrse 
degradation, but rather to random chain-scrssron The reason For this scrssron IS 
unknown_ 

Two bacterial polysaccharrdes of known structure were used as model com- 
pounds to investigate the possible chemical actton of MMNO on acrdrc polysacchar- 
Ides Capsular K-antigens From Klebsrelfa serotypes K-41 (ref 8) and K-63 (ref 9) 
were solubtlrzed under the same condrtlons as used for cellulose Serotype K-41, 
whrch has a repeating umt composed L-rhamnose, o-galactose, D-ghCOSe, and D- 

glucuromc actd m I -2 -3 _ 1 molar ratio, readily went mto solutton. Serotype K-63, 

contarnrng L-fucose, o-galactose, and o-galacturontc acrd m 1 1 1 molar proportron 
was more drfficult to solubthze and necessrtated longer treatment at 120” m MMNO 
monohydrate for dissolution It seems that the hrgher uromc acrd content m K-63 
1s responsible for its lower solubrhty m the solvent mixture It was noted earher’ that 
K-63 was not soluble m Me,SO From the recovered yields of polysacchandes and 
analysis of their sugar constituents, It was estabhshed that MMNO has no deleterrous 
effect on the polymers 

Because of our Interest m plant cell-wall polysaccharrdes, we evaluated the 
solvent on a mixture of a hemicellulose and a pecttc polymer The hemtcellulose, 
L-arabino-4-Gmethyl-D-glucurono-D-xylan from wheat straw, and commercral D- 
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,oaIacturonan were treated tn the same manner as for cellulose The @acturonan 
drd not dissolve compIetely This rnsoIublhty IS certamly attributable to the ht_gh 
uromc acid content as observed for antigen K-63 Here a_gam, the recovery was 
quantltatlve and the analqtlcal data for the polysaccharIdes were totally unchanged_ 

In order to apply this solubIhzatIon procedure to the structural InvestIgatron of 
polysaccharldes from bacterial and plant sources, It was Important for the sokent 
to be compattble wth the derwatlzatlon of polysaccharldes and, In particular, wth 
permethqlatlon, which IS of basic Interest for this study All of the aforementioned 
samples were subjected to methylatlon by the Hahomorl procedure” m a smgle step, 
m Me,SO only, or In solution m the MMNO-Me2S0 system The efficiency of the 
methylatlon condrttons was estimated from the yields of the expected 2 3,6-two- 
methylglucose derwatwe obtamed after hydrolysis and g 1 c analysis The results are 
compared m Table I, and show that, for the samples hnown to be msoluble under the 
Habomorl condmons (as n~th the cellulos~c materials)) the efficiency of the methyla- 
tIon m a sm@e step_ as Judged by the proportIon of 2,3,6-tn-O-merhyl,olucose, was 
consrderdbly enhanced for the cellulose of higher d p Remdrhably, such high d p 
values correspond also to higher degrees of crystalhmty” It IS clear that the MMNO- 
MezSO solvent completely breaks down the crystalline texture of cellulose, thereby 
mcreascns access&dIiy towards the methylatmg reagents It may also be observed 
that MMNO does not Impede the methylatron reactlon at all Other derlvatizatlons 
of polysaccharldes may be achieved m this solvent, as shown by carboxy reduction of 
D-galacturonan by the carbonmlde procedure of Taylor and Conrad”, which could 
be performed In one step on the foregomg mixture of lylan and galacturonan When 
performed in water, the complete reduction of wgalacturonan necessitated three 
succeswe treatments Various derwatlzation reactIons of cotton lmters have been 
reported prewousIy. such as acetylatlon or proplonylatlon, m the presence of M MNO’ 

MMNO-MeZSO thus seems to be a useful soIvent-mixture for bIologIca 
carbohydrate polymers, especially those whose high degree of crystalhruty renders 
them InsolubIe m conventlonal solvents Under the condltlons described In this 
paper, we could solublltze the enttre cell-wall of suspenston-cuItured cells of Rosrr 
gIuLtcu’ j From the solution, very mild separation and purification of homogeneous 
polysaccharlde fractions could be effected for structural studIesI We consider that 
this solvent system has utlhty for the study of cell-wall components, as the problems 
associated wth solub~l~zdt~on of cell-wall polymers IS considered a major Impediment 
to progress m thlk field 

Polo saccJzm zde samples - Cell \balls of suspension-cultured cells of Roscz 

gkzzzuz \\ere prepared as prewously descnbed’* CeIluIose from Acetobrzctez x> Inzrm~ 

was prepared as m ref 14_ Three cellulose samples hdvmg various d p values were 
used- cellulose d!ssolvmg-pulp (d p = 600), Imters powder d p 2700 (Schiercher and 
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Schull) and natIke cotton-hair from Go~~~~~ttttt~ hrt rtttwtt The K-antigens from i\‘& 

sw/[cI have been descrlbeds ’ 

PI C[JI’Nl NttOtI Of SO/lttlOtl5 - The polysacch~ux!es (0 1 g) III M MN0 mono- 

hydrate3 (2 5 g) were hwted for 30 men at 120” III .I tlghtiy stoppcred tube under 

nitrogen After complete solubk&on of the samples, Me,SO (IO mL) WJS ,tddcd 

and the mixtures were cooled to 100111 temper,ltulc All samples wcrc dlssol\ed III 

the same manner One-half of each polq~xch,uxde solution ~1‘1s JIrcctiy wbjectcd 

to mcthylatron, and the analytxal rcwlt~ \\ccre comp,wcd u Ith those obt‘uncd for the 

same sample methylated In Me,SO (T‘lble I) The other half of each IiactIon w,ts 

dialyzed against water, and recovered the yield of the polysacch~r~dcs their sugar 
Constituents were determined 

Fr_I tfr Oil \I\ - A portron of each solution ~‘114 cxhaustI\cly dlalyzcd .tg,un\t 

dIstIlled water, and lyoph~hzcd To d hnown .tmount of the m,ttcn,tl, ml o-mo\ltol 

\\as added ds dn internal standard The mI\ture \vclb hydrolyzed III 72”,, \ulfuI IL .tc~d 

for 30 mln dt room temperature and then dllutcd to 0 5x1 and heated for 6 h *It 100’ 

(reF_ 12) Sugar analysis wds performed by g I c of the .ddItol acetate dcrIvdtl\c\ 

dS Ill ref 12 

41ctlzJ lutron - All of the polysacch,tr~dc~ \\crc mcthyiatcd by the H,lhomoI I 

procedure’* III two dIRerent msd~a fu-btly III Mc2S0 (rcf IO) ,IncT wzondl~ III 

M M NO-MelSO wth the rcagcntb ot rcf 10, III a slnglc btt‘p The mcthyl~tcd p1 oduct4 

were recovered by dlalysI5 and freeze-drymg, ,tnd wet-e hydrolyzed Hydrolysc~ I\CIC 

performed ‘15 desxbed III ret. 12 for the ccllulo\lc polymw \ ,md III 90”!, formtL 

acid and 311 trIfluoroacetIc actd for poly~.accharIde\ K-31 and K-63 (rL13 S .md 9) 

The products were analyzed as In ret 5 

Ccr~ bo \ 1 I t L dti< ttott - Hem~cellulos.~ (40 mg) .md wg&cturon,m (40 mg) 

wcrc dissolved ‘15 before III MMNO-Mc,SO solution (I2 mL) Water (13 mL) \\‘I\ 

added, and reduction ~‘1s elli-cted dtrectly by thL procedure of T,tylor .unci Conr,ld” 

After dIdlysIs and freeze-dryIn, ‘r of the ml\turc, ,Inal~ tIcal d&t I or the poly\,wxharIdc~ 

were obtained 
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