
CONSTITUTIONS OF POLYSACCHARIDES FROM SERRATIA MARCESCENSL 

H. C. SRIV~ISTXVX? AND G. A. ADAMS 
Dzui.sioz of Appl i ed  Biology, iV (~ t io?~a l  Research C O I I I I C Z ~ ,  Otta?oa, Canada 

Rcceived March 1, 1962 

ABSTRACT 

Co~lstitutionnl s t ~ ~ d i e s  of threc polysaccharides prepared from Serratia rItarcescelts cells by 
a sequence of phenol extraction, ultracentrifugation, and fractionation by Cctavloli are 
described. i\iIcthylation of thc polysaccharides followed by acid hydrolysis yieldcd 2,3,4,6- 
tetra-0-methyl-~-ficose, 2,4,6-tri-o-rnethyl-D-&cose, 2,4,6-tri-0-nlethyl-D-mannosc, 4,6-di- 
O-ll~ethyl-~-glucose, 2,6-di-0-methyl-D-glucose, and an unidentified di-0-methyl-glucose. The 
acidic components found were: 2,3,4-tri-O-metIiyl-~-n1at111ur011ic acid, 3-0-(2,3,4-tri-0-111etI1yl- 
~ - m a n n ~ 1 r o ~ 1 o s y ~ ) - 2 , 4 , 6 - t r i - 0 - ~ ~ 1 c o s e ,  and 0-2,3,4-tri-0-111ethyl-~-111a1111~1r011osy~-(l + 
3) -0 -2 ,4 ,G- t r i -O-me thy~-~-~cosy~- ( l  7- 3 ) - ~ , 4 , ~ - t r i - O - m c t h y l - ~ - ~ c o s e .  The polysaccharides 
are composed of a main chain of D - ~ ~ U C O S ~  artd D-mallnose residues joined by l,3-glycosidic 
bonds. Somc glucose rcsidues carry branchcs a t  C? and C4 which terlninate in either D-glLIcose 
or D-lndnllur~IIi~ acid rcsidues. The three polysaccharidcs studied had similar chemical 
structures but varied in the amounts of component sugars and degree of branching. 

Because of the tumor-necrotizing properties of the polysaccl~arides of Serratia marcescens 
(Bacillus #rodig,ioszts), illuch work has been carried out during the last two decades on 
isolation from their culture filtrates as well as froill the cells, on analysis, and on biological 
properties (1-8). However, only one atteillpt has beell made to investigate the cl~emical 
structure of the carbohydrate polymer. Thus, Rathgeb and Sylven (9) carried out 
structural studies on a glucan isolated by fractionatioil of Shear's polysaccharide (1) 
with trichloroacetic acid and ethanol followed by treatment with hot picric acid (7). On 
the basis of methylation ailcl periodate oxidation, data suggested that the polysaccharide 
was coillposed of glucose residues co~llbiiled lllutually by alternating 1,4- and 1,G-glycosidic 
bonds. However, a weakness in this work is that identification of the methylated sugar 
fragments was based solely ~ipon paper cl~romatograpl~ic analysis. I t  is now 1;nown 
that methyl ethers of different sugars having the same degree of methylation can have 
the same R, value in a particular solvent. I t  is rather speculative to assign any structural 
significance to the periodate-oxidatio~~ data unless sorlle reasonable idea about the inter- 
sugar linkages in the polysaccl~aride is available. The present communication describes 
constitutioi~al studies on polysaccharides (or lipopolysaccl~arides) isolated from the cells 
of S. rnarcescefzs by phenol-water extractioil followed by fractionation of the poly- 
saccharide mixture by (i) high-speed centrifugation and (ii) by colllplex formation with 
c e t ~ ~ l t r i m e t l ~ y l a ~ ~ ~ i ~ ~ o i ~ i u m  bromide (Cetavlon) (10). Figure 1 shows an abbreviated scheme 
of the preparative procedures for polysaccl~arides used in the present study (for details 
see ref. 10). 

Graded hydrolysis of a main polysaccharide fraction (GNR) with N sulpl~uric acid 
produced three uroilic acid components (A, B, and C), which were separated from neutral 
sugars b3, ion-exchange resins and from each other by chromatograpl~y on thicli filter 
paper sheets. Component A was identified as D-mani~~ironolactoi~e. Compone~it B had an 
equivalellt weight of 356 and proved to be an aldobiourollic acid. I t  turiled dark rapidly, 
thus precluding optical rotation meas~irements. The aldobiouronic acid was converted to 
its methyl ester metl~ylglycoside and the latter ~ 7 a s  reduced with lithium aluminum 
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Bacterial cells (Serratia nzarcescens) 
I 1 45% phenol 

I I 
Aq~leous layer Phc~lol layer 

I 
Cell debris 

I 
I 

Polysaccharide 

1 ~ ~ l t r a c r i ~ t r i i ~ ~ q r c I  
I 

Supernatant polysaccharide 
I 

Sedimcnted polysaccharidc 

I 
I 

Soln. 
I 

P t. (fractions 1 to 6) P 
redissolved in M NaCI, 
d i l ~ ~ t e d  to 0.25 M NaCl 

Po~~sadchar ide  
fractions 3a to Gn 

I 

Polysadcharide 
fractions 3 1 R  to 6NR 

FIG. 1. Prcparatioll of polysaccharidcs. Fractions 3R, 4R, and 5R \\ere coliibincd for meth>.lation 
s t ~ ~ d y ;  fraction 6 S R  was studied by mctli ylation methods. 

hydride to produce the niethyl glycoside of a neutral disaccliaride. Hydrolysis of the 
glycoside with acid produced D-glucoSe and D-mannose in equal proportions. The sugars 
were characterized as their p-nitroanilides. Similar experiments with component C revealecl 
that it ~ v a s  an aldotriouronic acicl in which a niannuronic acid residue was combined with 
two glucose units. 

Fractions GNR and combinecl fractions 313, 4R, and SR (see Fig. 1) were luethg.lated 
separately with dimetliyl sulpliate and alltali and the inethylation was completed by 
methyl iodide and silver osicle. The methylated polysaccl~arides were fractionatecl and 
the fractions having the highest methoxyl values were examined. 

Metl~anolysis of GSR methylated polysaccharide procluced a mixture of methylated 
glycosides, a portion of which was separated by gas-liquid chromatography (11, 12) into 
three components. One of them crystallized and was shown to be met11j.l "4,G-tri-O- 
methyl-/3-D-glucoside, m.p. 68-69' (13). 

The methyl glycosides were hydrolyzed with acid to give a mixture of methylated 
sugars and methylated uronic acicls. The uronic acids were converted to their bari~un 
salts and separated from the methyl glycosides by selective solvent extraction. The 
mixture of neutral inetliylated sugars was resolved by cellulose-column chrolliatography 
and the components were weighed and then identified as follows: (i) 2,,3,4,ti-tetra-0- 
methyl-D-glucose, characterized as N-phenyl 2,3,4,G-tetra-O-methyl-~-glucos~.lamii1e, 
111.p. 134-135', [ f f ] D  +240° in chloroform (14) ; (ii) 2,4,8-tri-0-iileti~yl-D-glucose, 111.p. and 
mixed 111.p. 123-125' ( l s ) ,  identified as anilide, m.p. 162-165" (16); (iii) 2,4,6-tri-0- 
meth~~1-~-rnaiinose, 111.p. 63-65', [ f f ] D  +17.G0 in water (17); the identity of the compound 
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was confirmed by ionophoresis and by its characteristic crystalli~le aniline derivative, 
n1.p. and mixed 1n.p. 13Z0, [a], +7.8O in methanol (18), (iv) 4,G-di-0-methyl-D-glucose, 
m.p. and mixed m.p. 157-15g0, [aID +62O in water (15); (v) 2,G-di-0-methyl-~-glucose, 
[a], +58" (19); and (vi) 2,s- or 2,4-di-0-methyl-~-gl~icose; the laclt of sufficient material 
prevented co~nplete identification of this component. The identification of 2,G-di-O- 
m e t l l y l - D - g l ~ ~ ~ ~ e ,  which was obtained as a sirup, is based upon the follo\ving evidence. 
Demethylation gave glucose and its mobility on paper chrornatogram and paper electro- 
phoretogram was the salne as that of an authentic specimen of 2,6-di-0-methyl-~- 
glucose. I t  gave a negative color reaction with alkaline tripl~enyltetrazolium chloride 
(20, 21), indicating that Cz-hydroxyl of the sugar was substituted. The sugar was there- 
fore 2,3-, 2,4-, or 2,6-di-0-meth)7l-~-glucose. Periodate oxidation of the sugar on paper 
follou7ed by benzidine spray (22) showed that oxidation had talten place. Since, of the 
three possibilities, only 2,G-di-0-methyl-glucose is oxidizable, its identity is established. 

Three methyl ether derivatives of acidic components were isolated from the hj-drolyzate 
of the methylated polysaccharide. They were shown to be 2 , 3 , 4 - t r i - O - m e t h ~ ~ l - ~ - m -  
nuronic acid (I),  3-0-(2,3,4-tri-0-methyl-~-mannuroiosy) -~,~,6-tri-0-rnetl1yl-D-glucose 
(II) ,  and 0-2,3,4-tri-0-1nethyl-~-inann~1ronosyl-(l + 3)-O-2,4,G-tri-O-meth!;l-~-glucosyl- 
(1 + 3)-2,4,G-tri-0-methyl-~-glucose (111) on the basis of the following experilnental 
evidence. The componeilts I ,  11, and I11 were each transformed illto their methj.1 ester 
methyl glycoside derivatives, which were reduced with lithium aluminum hydride and 
hydrolyzed. Co~nponent I gave only 2,3,4-tri-0-methyl-D-mannose, [a],, f lo in water 
(23), which was identified by paper and gas chronlatography and by preparation of the 
crystalli~le derivative 2,3,4-tri-0-methyl-D-mannonophe&dazide, m.p. l G G O  (24), via 
~,3,~-tri-0-1llethyl-~-1na1lno11o-6-1actone. Component 11 afforded a mixture of 2,3,4-tri- 
0 -methyl -D - mannose and 2,-2,G - tri-0- metl~yl - D -glucose (in approximatelj. equal pro- 
portions), the methylated sugars being identified by the methods described earlier. 
Component 111 also yielded 2,3,4-tri-0-methj~l-~-mannose and 2,4,G-tri-O-methg-D- 
glucose but the proportion of the two sugars in this case was approximately 1 :?. 

Two methylated polysaccharides (So,SI) which were isolated by fractionation of the 
methylated conlbined polysaccl~arides 3R, 4R, and 5R (Fig. 1) were also analyzed in the 
manner described ior nlethylated GNR polysaccharide. Both methylated fractions gave 
upon hydrolysis 2,3,4,G-tetra-O-nietli]7l-~-glucose, 2,4,Ci-tri-0-methyl-D-glucose, 2,4,G-tri- 
0-methyl-D-manilose, and di-0-methyl sugars, besides the methylated aldobiouronic acid 
3-0-(~,~,4-tri-0-1llethyl-~-111a1111~1ro11o~~~1)-~,~,G-tri--111eti-~-gucose. There ~ v a s  also 
evidence for the presence of small amounts of nlethylated glucuronic acid, indicating 
thereby that some D - g l ~ ~ ~ r ~ i l i ~  acid residues were present in the polysaccharide in addition 
to the main acid component, D-mannuronic acid. The ratios of the methylated sugars 
produced upon llydrolysis of the metllyl ethers of different polysaccl~aride fractions are 
given in Table I. 

TABLE I 

WIole ratios of methylated sugars 

Fraction Fraction Fraction 
Methylated sugar DN R So SI 

2,3,4,D-Tetra-O-rn~th~l-~-gl~~cose 4.5 1 .0  1 . 0  
2,4,6-Tri-0-me th yl-D-glucose 21.0 20.0 10.0 
2,4,6-Tri-0-111eth yl-D-mannose 11.0 9 . 0  3 .0  
4,6-Di-O-methyl-~-ficose 2 .5  
2,D-Di-O-1nethyl-~-glucose 2 . 0  }1.0 }1.0 
Di-0-methyl- glucose (?) 1 .0  - - 
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GNR and 4R polysaccharides were oxidized with sodiuin metaperiodate, when 0.52 
and 0.50 mole of periodate were consumed and 0.122 and 0.125 mole of formic acid were 
produced respectively per anhydrohexose unit. 

nISCUSSION 

Polysaccharide (6NR) 
Isolation of ~ - ~ a ~ l l ~ r ~ ~ ~ ~ a ~ t ~ i l ~  from the hydrolyzate of thc polysaccharide and 2,3,4- 

tri-0-methyl-~-manannuronic acid from the products of hydrolysis of the methylated 
polysaccharide established beyond doubt that D-mannuronic acid was a component part 
of this polymer. As far as  the authors are aware, this is the second polysaccharide in 
which D-mannuronic acid occurred as a building unit of the polymer, the other well-known 
example being that of alginic acid. D-i\/Iannuronic acid has been suggested by Barlcer 
et al. t o  be a constituent of the capsular polysaccharide of Aerobacter aerogenes; however, 
definitive identification of the acid has not been made (23). 

Although the methylation data were not sufficient for the formulation of a unique 
structure for the polysaccharide, the following points of constitutional significance 
emerged from these studies. The isolation of 2,4,G-tri-0-methyl-D-glucose and 2,4,G-tri- 
0-methyl-D-mannose showed that  the polysaccharide had a backbone of D-gl~lcose and 
D-mannose residues linlced by 1,3-glycosidic bonds. Some of these glucose residues carried 
branches a t  C2 or Ci which terminated either in D-glucose or D-mannuronic acid residues, 
as indicated by the identification of 2,G-di-0-methyl, 4,6-di-0-methyl, 2,3,4,G-tetra-0- 
methyl ethers of D-glucose and 2,3,4-tri-O-1nethyl-~-mannuronic acid. Di-0-methyl 
sugars may arise from undermethylation and/or demethylation of the polysaccharide, 
but the isolation of tetra-0-methyl-glucose and the fact that  no di-0-methyl ethers of 
mannose were obtained showed that the di-0-methyl-glucoses have definite structural 
significance. 

Isolation of the aldobiouronic acid (B) from the polysaccharide and the identification 
of :3-0-(2,3,4-tri-O-methy~-~-mannuronosyl)-~,~,~-tri-O-1neth-)~~-~-gl~~0~e (11) as  one of 
the ~nethylated fragments from the methylated polysaccharide proved that  the D-mannu- 
ronic acid was combined to the rest of the polyrner through D-glucose residues and by 
1,3-glycosidic bonds. I t  also proved that the D-mannuronic acid was in a terminal position. 
In the same way, the isolation of an aldotriouronic acid conlposecl of n~annuronic acid 
and two glucose residues and its corresponding nlethyl ether from the methylated poly- 
saccharide provided evidence that the D-mannuronic acid is joined to one of two con- 
tinuous D-glucose residues in the molecule. 

COOH CH20H 

A high positive specific optical rotation of the polysaccharide as well as of its methyl 
ether indicated that the majority of the intersugar linkages had an a-configuration. The 
low consunlption (0.5 mole) of periodate per anhydrohexose unit indicated that  most of 
the sugar residues in the polysaccharide are inlrnune to periodate oxidation and those 
which were oxidized were the non-reducing end groups of D-glucose and D- Inan i l~ r~ I I i~  
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acid. The interpretation of the periodate-osiclatioii data was complicated by the presence 
of uronic acid residues, which tend to become osidized, and also by the possibility that 
sollle of the sugar residues might be esterified by the phospholipicl moiety of the lipo- 
pol ysaccharide. 

Polysaccharides (Combined SR, 4R, 5R) 
These polysaccl~arides were built up of si~nilar sugar residues and the sugars were 

linlted in tlle sallle ma1uiler as in the GNR polysaccl~aride. However, they cliffered fro111 
tlle latter polysaccharide in the clegree of bra~lcliiilg and in their g1ucose:mannose ratio. 

EXPERIMENTAL 

All evaporations were carried out under diminished pressure below 40" unless otherwise stated. 
Paper chromatograms were run by the descending method using the following solvent systems (v/v): 

(A) pyridine -ethyl acetate -water (2:1:2) ; (B) butanone-water azeotrope containing ammonia; (C) 
benzene-ethanol-water-ammonia (200:47:14:1); (D) 1-butanol-ethanol-water (40:11:19); and (E) ethyl 
acetate -acetic acid - formic acid -water (18:3:1:4). p-Anisidine hydrochloride was used to detect the sugars 
and their methyl ethers on paper chromatograms (26). R, and il6~ represent rates of movement of sugar 
paper chroi~~atographically and electrophoretically in relation to 2,3,4,6-tetra-0-methyl-n-glucose and n- 
glucose respectively. 

Hydrolysis of the Polysc~ccl~aridc a d  Isolatio?~ of Uro?zic Acid Co~?rpo?ze~zts 
Polysaccharide (2.37 g) was heated in iV sulphuric acid (50 1111) a t  70° C for 23 hours and then a t  100" C 

for 8 hours. Thc hyclrolyzate was neutralized with barium hydroxide and barium carbonate, and the barium 
sulphate was re~noved by filtration. The barium ions were removed by Amberlite IR-120 and the acidic 
coinponents were adsorbed on a column of Dowex 1 resin (acetate form). After the neutral sugars were 
washed off with water, the acids were eluted with iV formic acid (yield of uronic acids 1.003 g).  Chroma- 
tographyon paper in solvent E showed three spots; one spot (component A) had the same mobility as man- 
nuronolactone, the other two spots (components B and C) had R,,,,,,, values of 0.22 and 0.36 respectively. 
The acids were separated on Whatman No. 3 i\lIM paper using solvent E and gave the following yields: 
A, 82 mg; B, 334 mg; and C, 76 mg. 

Attempts to crystallize A, [a]~?: +91° (c, 1 in water), were unsuccessful. Reduction of its incthyl 
ester methyl glycoside yielded a sugar which was identified chron~atographically (solvent A) as nlannose. 

Conlponent B, which appeared to be an aldobiouronic acid (acid equivalent: calculated 340, found 356), 
turned darl: rapidly on standing and optical rotation measurements were inlpossible. Con~ponent B (134 mg) 
was heated for 10 hours a t  75' C with 27, methanolic hydrogen chloride (3 1111). The illethyl glycoside 
methyl ester was dissolved in tetrahydrofuran (25 ml) and reduced with lithium aluminuln hydride (27). 
The recovered disaccharide glycoside (130 ~ n g ) ,  [a]D2' +34.8' (c, 2.3 in methanol), was hydrolyzed with 
iV sulphuric acid. Chroinatographic examination on paper using solvent A sho~ved glucose and nlannose 
in approximately equal amounts. 

The sugars were separated on sheets of paper using solvent A, when Inannose (53.6 mg) and glucose 
(57.9 mg) were obtained. The sugars were converted to their p-nitroanilides by heating with p-nitroaniline 
in methanol. The recovered N-p-nitrophenyl-n-1nannopyranosylamine dihydrate had a melting point of 
219" and the N-p-nitrophenyl-n-glucopyranosylan~ine dihydrate a melting point of 184" C, which are in 
good agreement with the reported values (13). 

Similar examination of the derived neutral glycoside of component C showed that it was composed of 
mannose and glucose in the proportion of approxilnately 1:2. 

illetlrylatio?~ of Fractio~z 61VR 
The polysaccharide (4.01 g) was methylated threc tiines by dinlethyl sulphatc and all;ali (28) to yicld 

chloroforl~l-soluble (0.76 g) and chlorofornl-insoluble (5.03 g) fractions. Thcse two fractions were then 
methylated five times by Purdies reagents (29); the ch1orofor111-insol~~ble fraction yielded a product (0.85 g) 
with 0 C R 3  26.9Gj0, and the chloroform-soluble material gave a product (4.73 g) with OCI-13 32.67;. Further 
methylation of this latter product did not increase its methoxyl content. The methylated polysaccharide 
(4.7 g) was dissolved in a mixture of chloroform -ethyl ether (60 ml, 1:5, v/v) and fractionated by  addition 
of petroleum ether (b.p. 30-60"). A total of nine fractions were recovered and their specific rotations and 
methoxyl values are given in Table 11. On the basis of similarity of these values, fractions 1, 2, and 3 were 
combined for methanolysis studies. 

Metlza?zolysis of ikletl~ylated Polysaccl~arides 
The combined lnethylated polysaccharides (2.8 g) were refluxed on a water bath in 8% nlethanolic hydro- 

gen chloride (80 1111). The course of ~nethanolysis was followed by the changes in specific rotation: [ a ] ~  
initial (not observable); +75.5" (2 hours); $88" (6 hours); +90° (12 hours, constant value). 
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T A B L E  I 1  
Fractionation o f  methylated polysaccharide from 

chloroforn~ solution b y  petrolcum cther 

Fraction \\"eigll t ( g )  [ o l ] ~ "  711 CI-IC13 OCI33 value (%) 

A small portion o f  the mixture o f  methyl  glycosides, af ter neutralization (AgZCOJ), was examined b y  
gas-liquid chromatography (11, 12) using Apiezon M at  150' C and a flow rate o f  7 5  nil o f  argon/min. 
Three distinct peaks were observed and the components o f  the  mixture were collected separately. One o f  
the components from the column crystallized as needles, which were recrystallized from ethyl - petroleum 
ether. T h e  crystals had n1.p. 67.5-69" and showed no depression when mixed wi th  an authentic sample o f  
methyl  '2,4,G-tri-O-11iethyl-p-~-g1~1coside. 

Acid I-lydrolys~s 
X portion (65 mg) o f  the m i x t ~ ~ r e  o f  methyl  glycosides was reserved and the remainder was hydrolyzed 

with hydrocliloric acid (60 ml,  0.8 N )  on a steam bath for 8 hours. T h e  solution became dark upon hydrolysis 
and had a final [ol]D o f  4-50" (c, 5) .  T h e  hydrolyzate was neutrali~ed (Xg?C03),  filtered, and silver ions were 
removed b y  H2S. Evaporation o f  the  solution afforded a light brown, clear syrup (2.67 g )  which upon 
chromatography using solvent B gave spots wi th  the follolving 1Wo values: 0.24; 0.59; 0.66; 1.00. From the 
chromatographic analysis the following sugars mere tentatively identified: ( i )  2,3,4,6-tetra-0-methyl-D- 
glucose; ( i i)  2,4,G-tri-0-methyl-D-glucose; (iii) 2,4,6-tri-0-methyl-D-mannose; ( iv and v)  two di-0-methyI- 
hexoses; and (v i )  ilronic acid containing material which remained on the starting line. 

'The mixture o f  methylated sugars and uronic acids was passed over IR-120 and the acids were converted 
subsequently t o  their barium salts b y  heating with barium hydroxide at 65'. T h e  neutral sugars were removed 
b y  continuous extraction with ethyl acetate for 4 days. T h e  extract was evaporated t o  a sirup (1.734 g)  
which partly crystallized. T h e  aqueous solution lef t  af ter ethyl acetate extraction was acidified wi th  N 
sulphuric acid and the extraction was continued with ethyl acetate for 48 hours. T h e  extract was dried 
(Na?S04) and evaporated t o  give a mixture o f  ~nethy la ted  uronic acid as a sirup (0.615 g) .  Examination o f  
the acids b y  chromatography (solvent E )  showed that there were three main components having R, values 
1.0, 0.8, and 0.55 respectively. T h e y  mere separated from each other b y  sheet-filter-paper chromatography 
 sing soltent E and were designated fractions I ,  11, and I11 respectively. 

Se jara t io l~  of the d1ixtz~r.e of 1Vezrtral ilIetl~ylaled Sugars on a Cellulose Colz~mlr 
T h e  m i v t ~ ~ r e  (1.454 g)  was put on a cellulose column and the column was developed with I-butanone- 

water azeotrope. Ten-milliliter fractions were collected every 20 minutes. T h e  appropriate fractions were 
and identified as described below. 

Ider~tificatio?~ of .lIelhylated Sugars 
,O,S,d,6-Teti a-0-?ilethyl-~-glzlcose 
T h e  sirupy product (253 mg) ,  [ol]D +83" in water (c, I ) ,  was dissolved in 50% aqueous methanol and the  

insoluble material removed b y  filtration. Chroniatographic examination in three dirferent solvent systems 
(B, C ,  and D )  showed that the  sugar moved as a single spot and had the  same mobility as 2,3,4,6-tetra-0- 
methyl-D-glucose. Examination o f  the  methyl  glycoside o f  the  sugar b y  gas-liquid partition chroma- 
tograph>. (11, 12) gave the same retention t ime as methyl  2,3,4,6-tetra-0-methyl-~-~-glucoside. Demethyla- 
tion with boron trichloride (30) showed that  glucose was the only parent sugar. T h e  ~nethylated sugar was 
identified as ili-phenyl 2,3,4,6-tetra-0-n1ethyl-~-glucosylamine, m.p. and lnixed n1.p. 134-135"; [ol]D 1-240" 
f 3 "  in chloroforni (c, 0.3) (14). 

T h e  tri-0-methyl fraction, which was a mixture, was resolved into two components b y  chromatography 
on Wha tman  S o .  3MM paper using solvent C .  T h e  two methylated sugars were identified as follows. 

2,4,6- T r i - 0 - ~ ~ z e t k ~ l - ~ - g l u c o s e  
Th i s  sugar gave a bright red color with p-anisidine spray and yielded only glucose on demethylation. 

I t s  R ,  (solvent C )  mas 0.47, which is the  same as that  o f  an authentic sample o f  2,4,6-tri-O-methyl-~-ficose. 
Tile sirup crystallizedand, after recrystallization from ethyl ether, had m.p. and mixed m.p. 123-125' (15). 
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Refluxing with aniline in ethanolic solution yielded iV-pllenyl 2,3,6-tri-0-methy~-~-g~ucosylamine, 1n.p. 
162-165" (16). Examination of the methyl glycoside of the sugar by gas-liquid partition chromatography 
showed that  it had the same retention time as that of authentic methyl 2,4,G-tri-0-methyl-a,p-~~glucoside. 

6 ,4 ,6 -~ i i -0 -11ze thy~-~- t ) zannose  
This sugar had X, 0.61 (solvent C) and ilJ~ 0.0 in borate buffer, values which are in agreement with those 

of an  authentic sample of 2,4,6-tri-0-methyl-D-mannose. On demethylation with boron trichloride it gave 
only mannose. Upon seeding with 2,4,6-tri-0-1nethyl-D-mannose, the sirup crystallized and, after recrystalli- 
zation fro111 ether-hesane, had m.p. and mixed m.p. 63-65' and showed [ a ] D  $17.6" in water (c, 1). These 
values are in good agreement with those reported for this sugar (17). The  anilide, after recrystallization 
from ethyl ether, had 1n.p. and mixed m.p. 13'2' and [ a ] ~  +7.8" in methanol (c, 0.35). The reported values 
for ilT-phenyl L?,4,6-tri-0-methyl-D-mannosylamine are 1n.p. 134" and [@ID +8" (18). 

The di-0-methyl sugar fraction did not give satisfactory separation of its components on paper using 
solvents B, C ,  ancl D. I-Iowever, it was separable by electrophoresis on paper strips in 0.05 ilJ borate buffer 
a t  830 volts for 2 hours. Two main components (X, Y) ancl a minor one (Z) were separated. The methylated 
sugars were recovered from the papzr by elution with water. Sodiurn ions were re~novecl by Amberlite 
IR-123 and boric acid was removed by repeated distillation with methanol. The 11% values of the fractions 
were: S, 0.17; Y, 0.071; Z, 0.00 and the colors produced with the p-anisidine spray were: S, brown; Y, 
pink; and Z, bright red. Identifications of the sugars werc made a s  follows. 

~ , 6 - D i - O - i ~ ~ c t / i ~ l - ~ - ~ 1 ~ r c o s e  
'The rate of m o v e m a t  of the sugar on paper chromatogram (solvents B and C) was the same as tha t  

of 4 ,6 -d i -0 - rne thy l -~ -~cosc  and the brown color given by the p-anisidine spray was the same as  tha t  of 
all authentic specimen. Deillethylation of this coinponent produced only glucose. The sugar crystallized 
as  fine needles from ethyl acetate solution, and after recrystallization from the same solvent, the crystals 
had m.p. 157-15s" and showed [ a ] ~  +G2" in water (c, 1.9). The reported melting point and [ a ] ~  for 4,G-di-O- 
methyl-D-glucose are 156-158" (19) and +62.4" (15) respectively. 

2,6-Di-O-iiietli3'I-~-g~zrcose 
The sugar gave glucose on demethylation. I t s  mobility on paper in solvents B and C and by electro- 

phoresis in borate buffer were the same as that  of a n  authentic sample of 2,G-di-0-methyl-D-glucose. 
The specihc rotation, +58" in water (c, I ) ,  agreed closely with the reported value of +58.3" (19). The sugar 
gave a negative reaction with triphenyltetrazoli~~m chloride (20, 21) but mas detectable on the paper with 
periodate-benzidine spray (22). 

Di-0-~lzetliyl Sl~gul .  (Conzponent Z) 
I ts  . l f ~  value in borate buffer was 0.0, and upon demethylation, the sugar yielded glucose. I t  gave a negative 

tripl~enyltetrazoli~i~n test, showing thereby that Cy  was substituted. I t  was not oxidized by periodate. 
From these results the con~ponent appeared to  be either 2,3- or 2,4-di-0-methyl-D-glucose. Scarcity of mate- 
rial precluded further investigation. 

Ide~it(fj:c~tioii of _lIetliylated Uuo)~ic Acid Components 
Fractions I ,  11, and I11 (10 mg each) were converted to their methyl ester methyl glycoside derivatives 

by heating with 2.5% methanolic hydrogen chloride (2 ml) a t  100' in a sealed tube for 15 hours. Reduction 
with lithium aluminu~n hydride (50 ing) in tetrahydrofuran (40 ml) yielded sugars, which, after recovery 
by extraction with chloroform, were hydrolyzed with N sulphuric acid for 15 hours. The hydrolyzates were 
neutr;llized (BaC03) and chromatographed in solvent C. Fraction I yielded one main component, R, 0.61; 
fractions I1 and I11 gave two components each, R, 0.61 and 0.47 respectively. Chro~natography of the  
sugars on paper using solvents B and C indicated that the sugar having R, 0.61 (solvent C) and R,0.71 (solvent 
B) was ?,3,4-tri-O-inethyI-~-inannose and the other sugar (R,  0.47 (solvent C) and R, 0.60 (solvent B)) was 
2,4,6-tri-O-1neth)~l-~-glucose. 

Thus, fraction I yielded only 2,3,4-tri-o-rnethyl-~-mannose and fractions 11 and I11 yielded a mixture 
of this sugar and 2,4,6-tri-0-methyl-D-glucose. The mixtures werc resolved by sheet-filter-paper chroma- 
tography and the sugars identihed in the  following manner. 
2,4,6- Tri-O-~r~et/hy~-~-glz~cose 
The sugar crystallized and, after recrystallization from ethyl ether, had 1n.p. and mixed m.p. 123-125" 

(15). I t  gave an anilide, 1n.p. 162-165" (16). The icleritihcation was further confirmed by examination of 
its methyl glycosides by gas-liquid chromatography as described earlier. 

2,5,4- Tii-0-11letliyl-~-?lzannose 
The sirup, [aID +lo in water (c, I ) ,  when examined on paper chromatograms in solvents B and C showed 

the same rate of movement as  an  authentic sample of 2,3,4-tri-O-methyl-~-1nannose. Gas-liquid partition 
cl~romatograpl~y of the methyl glycoside of the sugar gave the same retention time as  an  authentic specimen 
of ineth~- l  2,~3,4-tri-O-methyl-a-~-mannoside. 

The sugar (107 ~ n g )  was dissolved in water (2 ml), and barium carbonate (90 mg) and bromine (0.5 ~ n l )  
\vere adclecl. The oxidation was allowed to take place in the dark for 48 hours, after which time the excess 
of bromine \\-as expelled by aeration. The  reaction mixture was filtered, the filtrate acidihed and extracted 
with chloroform. Evaporation of the chloroform extract gave 2,3,4-tri-0-methyl-D-mannonic acid, which 
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was distillcd, b.p. (bath temp.) 110-120' (0.005 mm),  to  afford 2,3,4-tri-0-l11ethyl-~-111ai1110-6-~actone. 
Treatrncnt of methanolic solution of thc lactone (63 mg) with plienylhydrazine (33 mg) for 3 hours a t  100' 
yielded crystallil~c 2,3,4-tri-O-methyl-~-111anno11ophe11)~lhydrazide, ~vhich on recrystallization from ethyl 
acctate had m.p. l G G o  (reported value 16G0) (26). 

il~ethylatio~r of Combined Fractiom SR, 4R, and 5R 
The combined fractions (2.0 g) were methylated thrce times with dimethyl sulphate and allcali, using 

each timc 50 1111 of dimethyl sulphate and 150 ml of 45% potassium hydroxide. 'The first methylation was 
done in an  atmosphere of nitrogen; acetone \\,as added in subsequent methylations to keep the mcthylatcd 
product in solution. The rest of the procedure was the same as  that described for 6NR. Thc chloroforln- 
soluble material was methylated live times with methyl iodide and silver oxide, acetone being added in thc 
first methylation to  dissolve the partially methylated product. The methylated polysaccharide was recovered 
as a light brown friable glass (1.2 g ;  ONIe 41.55YG). The methylated polysaccharide \\,as fractioiiated from 
chloroforln -ethyl ether solutiorl with petroleum ethcr and the analytical data on the fractions are given 
in Table 111. 

TABLE I11 

Analytical data of fractions of methylatccl polysaccharidc 

Fraction" LYcight (g) [ a ] ~ ' ~  ill CHCla ocI-13 (%) 

P I 0.1585 + l O G O  
P I1 Segligible - 
P 111 0.0860 + 109" 
P IV 0 2536 +11O0 

*P I. P 11. P 111, and P I\' mere co~ilbined to give So. 

Eranl inat io~~ of ;ITetl~ylated Fractions So and SI (See Table 111) 
ilfetl~aizolysis and Hydrolysis 
Fraction SO.-This had [ f f ] D  +114" (c, 1.18 in methanol) ancl nTas heated for 12 hours in 8% mcthanolic 

hydrogen chloricle (20 ml). A portion of the ~netliyl  glycosides was hydrolyzed by heating ~ v i t h  0.5 N hydro- 
chloric acid for 10 hours a t  100' (final [ a ] ~  +6g0). 

Frnction 5'1.-This shelved [a]D +83" (c, 0.93 in ~nethanol).  I t  was treated the same way as described 
for SO. After hydrolysis it had [ a ] ~  +GGo. 

Cl~iornntograpl~ic Exan~ination of ilIet11ylated Szrgars 
The hydrolyzate of SO mhen examined by chromatography using solvents B and D s l i o ~ ~ c d  the following 

components: 2,3,4,6-tetra-0-methyl-~-gI~1cosc; 2,4,G-tri-O-lliethyl-~-ficose; 2,4,6-tri-0-rnethyI-~-mannose; 
dimethyl sugar fraction; and uronic acid fraction. 

I-Iydrolysis of fraction S I  gave the same colnponents as SO. The ~~ronosides anel glycosidcs from So were 
separated by converting the former into their barium salts, from which the neutral glycosides xcre  extracteel 
with chloroform. 

Exan~ination of iVeutrnl Szrgnr Fractions 
The neutral glycosides of fraction So were examined by gas-liquid partition chrolllatography and thc 

retention times were comparerl with those of ltnown sugar glycosides. By this ineans, the follon.ing sugars 
were found: 2,3,4,6-tetra-O-mcthyl-~-g1~1cose; 2,4,6-tri-0-111cthyl-~-glucose; 2,4,6-tri-O-methyl-~-i1iannose; 
and an unresolvecl dimethyl fraction. Paper electrophoresis of the  dimethyl fraction in borate buffer shomed 
the presence of 4,G-di-0-methyl-D-glucose, 2,G-di-O-11~eiligl-~-g1~1cose, and an ~~nidentified climethj-l spot. 

Examination of fraction S I  by the same means as described for fraction S o  showed that the same sugars 
wcre present, although the proportions were different. The  ratios of the methylated frag~nents are given 
in Table I. Since it was clcar from chroinatographic evidence that  the same sugars were present in all three 
fractions (ONR, So, and Sr) of the rnethylated polysaccharide and identilication had been made of those in 
fraction 6NR, it mas colisiclcred unnecessary to  identify those in fractions So  and S I  further. 

iVIetlzylated Uronic Acid Components of Fractions So Sr 
The anlounts of material were slnall and thc whole quantity of each mas treated as  in the case of GNR 

methylated polysaccharide. Reduction of the methyl ester ~ne thy l  glycosides with lithium aluininuin hydridc 
yielded disaccharides which were subjected to acid hydrolysis. The sugars wcre separated by paper chroma- 
tography using solvent C and were found to  be ~,3,~-tri-0-lllethj~~-~-llla11n0~e and 2,4,G-tri-0-methyl-D- 
glucosc. X portion of the sugars in the acid hydrolyzate was trcated with methanolic hydrogen chloride 
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and thc mcthyl glycosides thus fornled were examinecl by gas-liquid chromatograpl~y. In addition to the 
above-mentioned sugars, there was present in the mixture a s~nall  amount of thc glycosides of 2,3,4-tri-0- 
methyl-D-glucose. 

Peiiodate O.tidalio?z 
.-GSamples 112 (0.0854 g) and 6NR (0.0864 g) were each dissolved in water (50 ml), and 0.1 illsodium periodate 
(50 1111) was aclclecl. Thc salnplcs and the blanlcs were put in brown, 250-ml glass-stoppered flaslcs and stored 
in the refrigerator (5" C). From time to time a l iq~~ots  were talcen out and periodate consumption and formic 
acid procluction were determined in the following manner. 

Periodate Conszll~tptiolt 
To 5 ~ n l  of aliquot, sodiu~n bicarbonate (1.7 g), sodi~lln arsenite solution (10 ml), and potassium iodide 

(1-lnl) were added. The flaslcs were stored in the dark for 15-20 minutes and then titrated against 0.0203 iV 
lodine using starch as indicator. 

Foillzi/: Ac id  I'iodz~clion 
To 10 ml of aliquot, seven drops of 2-methyl-1,2-propanediol were added. After 20 minutes, 1 ~ n l  of 20% 

eotassi~~rn iodicle was added and the liberated iodine was titratecl against 0.01 N sodiu~n thiosulehate. - 
Since the rate of oxidation was very slow during the first 24 hours, the sarnples were removed from the 

refrigerator and stored in a room maintained a t  15O C. The results are given in Table IV. 

TABLE IV 

Pcriodate oxidation of fractions 4R and 6 S R  

Time 101- consumption I-ICOOI-I procluced 
Sample (hours) (moles) (moles) 

4R 5 0.27 0.076 
24 0.32 - 

- 

0 .  OSG 
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