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ABSTRACT 

TWO pure, acrdrc polysaccharides have been isolated from the hermcellulose of 

slash pme in yrelds of l-2% and 4-5%. Then properhes are compared, and the 
structure of one of them has been mvestrgated by methylatron analysrs The results 
mdlcate that the glycan IS a p-~-(1 + 4)-hnked xylan chain wrth many branch pomts 
4- 0-Methyl-D-glucopyranosyluromc acid, L-arabmofuranose, and D-xylopyranose 
resrdues occur as non-reducmg end groups The uromc acrd occurs as smgle-umt 
attachments to the main chain Some of the D-xylose resrdues m the polysaccharrde 
are doubly branched The total hemrcellulose components of the wood probably 
represent a complex mrxture of chenucal types, from which the two pure fractions 
descrrbed above may be separated fortmtously by careful, fractional precrpitatron. 

INTRODUCTION 

Slash pine, an mdustnally mportant wood 111 the Southern Umted States and 
Austraha, has previously been extracted mth vanous conccntratlons of alkahl and 
has been shown to contam a glucomannan2 and another type of polysaccharrde, 
wherem the 4-O-methyl-D-glucuromc acrd resrdues are Jomed to the cham pre- 
ponderantly as &.&rated m the Isolated 2-O-(4-0-methyl-D-glueopyraosyluronic 
acid)-or-D-xylose3. 

We have apphed fractronal preclprtatron to slash pme hermcellulose, m order to 

mvestrgate further the potentral of thrs already recogmsed4 method of fractronatron 
on a polysacchande mrxture that appears to be partrcularly complex Other methods 
of fractronatron of henucelluloses were recently mvestrgated5, and Tunell has em- 
phasrsed6 the need for development of purrficatron methods for such mixtures 

Holocellulose, prepared by chlorrte dehgn&atron4, was extracted wrth oxygen- 
free, 16% aqueous potassmm hydroxrde, which IS known’ to effect maxrmum extrac- 
tion The henucellulose so obtamed was subjected to a prehmmary fractronal preciprta- 

*Present address Chermstry Department, James Cook Umverslty of North Queensland, Townswlle, 
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tion from coid water at pH 2 with ethanol, and two of the crude fractions (1 and 2) 
were ultimately purified by repreciprtation at a smtable pH The cntena of purity 
used were a smgle inflectron in the precipitation curve and a single peak on electro- 
phoresis m borate buffer Final yrelds of 1 2 and 4 5%, respectively, for the two 
prmcipal hemicellulose fractions are undoubtedly lower than t5e amounts present 
m the wood The absence of excessive amounts of arabmose m the precipitation 
lrquors precludes the occurrence of any extensive hydrolysis of L-arabmofiuanose 
hnkages during the precipitation 

The pure fractions are strongly acidic and have smnlar properties (Table I), 
with the exception that fraction 1 shows a marked tendency to separate as a gel from 
acidic solution It IS probable that both fractions consist mamly of a p-~-(1 +4)- 
lmked xylan skeleton with varying degrees of substitution and branching The other 
components of the hemrcellulose mixture showed no mflectron m the preclpitatron 
curve at pH 2 and were not investigated further They probably consist of a complex 
mixture of many sirmlar polysacchandes, which would be difficult to separate by 
fractional preciprtation” ‘. 

TABLE I 

ANALYSIS AND PROPERIIES OF PURE HEhlICELLULOSE FRACTIONS 

Fractron 1 c Fractron 2a 

D-Xylose 

L-Arabmose 
D-Mannose 
D-GlUCOSefD-galactose 
Ash (as sulphate, %) 
Equivalent weight 
[a];’ (c 1, M KOHJ 
IrltrrnSlC vlscoslty 
Electrophoretlc _noblty 
(cm* volt-’ set-‘) 
Methoxyl content (%) 

20 89 
2 10 
1 0 
1 0 
10 12 

1150 1110 
-58” -58” 

0 69 0 85 
64x1O-5 3 9 X IO-’ (descendmg) 
79x10-” 5 0 x 10PS (ascend& 
3 15 3 25 

The structure of fraction 2 was mvestrgated by methylation analysis Methyla- 
uon by the Haworth procedure, and then with silver oxide and methyl iodide, yielded a 
product (OMe, 38 8%) which showed no 1 r. absorption for free hydroxyl groups 
Followmg methanolysrs and subsequent hydrolyses of the methylated polymer, the 
products were separated into neutral and acidic fractions, the latter bemg mostly 
aldobiouromc acids Reduction and further hydrolysis demonstrated that the acidic 
fraction was a mixture of 2,3,4-tn-O-methyl-D-glucuromc acid hnked to 3-O-methyl- 
D-xylose and to D-xylose. A trace of 2,3-&-O-methyl-n-xylose, probably arising from 
an aldotnouromc acid (see Table II), was also tentatively identied The neutral, 
methylated sugars were separated by preparative paper chromatography, and their 
Identity and relative molar yrelds are shown m Table II. The ratio (1.9.8) of the 
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relative, total molar yields of arabmose to xylose denvattves Isolated after methyla- 
tron IS sumlar to the correspondm g ratro (1 8 9) m the ongmal polysacchande 
Table II also shows a good correlahon between the non-reducmg end groups and 
products denved from branch points 

TABLE II 
PRODUCTS FROU METHYLATION AND HYDROLYSIS OF FRAZTION 2a 

Molar rat20 

2,3,PTn-O-methyl-D-~ucosd 8 
3-0-Methyl-D-xylose b 7 
D-XylOSd b 2 

2,3-Dl-0-methyl-g-xyloseb 35 
2-0-Methyl-D-xyIose* 3 
2,3,4-Trl-0-methyl-D-xyloseb 2 
2,3,5-Tn-O-methyl-L-arabmoseb 5 

“Isolated from the acldtc fraction of the hydrolysate after reduction of the uromc acid soups 
bIsolated from the neutral fraction of the hydrolysate 

A polysacchande which corresponds to these results IS a p-~-(1 -+ 4)-hnkeil 
xylan contaming both D-xylopyranose and L-arabmofuranose end groups, with the 
latter preponderatmg 4-O-Methyl-D-giucuronic acid occurs as a substrtuent nn 
C-2 of the mam cham, present on about one m seven of the xylose residues Branch 
points other ‘&an the uromc acid occur at both C-2 and C-3 of the D-xylopyranose 
residues, and some umts are doubly substituted wrth the uromc acid at C-2 and 
another group such as L-arabmofuranose at C-3 Smce the methylated polymer 
readily forms a strong nhn, the xylan IS probably essenttally hnear, wrth smgle-unit 
side chams to account for the end groups enumerated above. 

The evrdence from methylatron and hydrolyses does not preclude the possrbrhty 
that a part of the acrdny attnbuted to PO-methy&r@ucuronlc acrd may be due to 
D-glucuromc actd, but earher results3, together wrth the relatron of the methoxyl 
content of the pure frachon 2 to its eqmvalent werght, suggest that any contnbutron 
from D-glucuromc acrd must be small. 

The overall structure of fractron 2 therefore 1s smular to those denved for 
arabmo-(4-O-methylglucurono)xylans of other soft woods6 Fraction 1 also appears 
to be a chenucally homogeneous polysacchande on the basrs of fractronal precrpna- 
non at two drfferent pH values and of electrophoresrs m borate buffer, and rf, m fact, 
the composihon shown rn Table I does represent a smgle molecular type, then this IS 
an unusually complex hemrcellulose The two “pure” hemrcelluloses probably 
represent chemmally homogeneous components which are fortmtously separated 
by fractional precrpltatron from a contmuous range of chermcal types and molecular 
srzes m the total henzellulose frachon 
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MATERIALS AND MErHODS 

Paper-chromatographrc separatrons were made on Whatman No. I (analytical) 
and ~MM (preparative) papers, usmg the followmg rmgants (A) ethyl acetate- 
pyridme-water (40 II 6); (B) butanone-water azeotrope Detection was effected w&h 
sprays (A) amhne hydrogen phthalate’ and (B) p-amsndme hydrochlondeg. Rx and 
& are the rates of movement relatrve to D-xylose and 2,3,4,6-tetra-O-methyl-D- 
glucose, respectively 

For paper electrophoresrs, the procedure described by Foster” was used, 
wrth Whatman ~MM filter paper and borate buffer @X-I 10) at 900 volts Mo IS the rate 
of movement relatrve to D-glucose, corrected for endosmotic flow 

The composition of polysacchandes was determined by heating a 2% solution 
m 0 5~ sulphuric acid solution at 100” for 6 h, untrl the optrcal rotatron became 
constant Solutrons were then neutrahsed wrth banum carbonate and analysed for 
component sugars by paper chromatography. 

Fqmvalent werghts of the polysaccharrdes were deternuned by potentrometnc 
trtratron of 0 1% aqueous solutions wrth 0 01~ potassmm hydroxxde sol&on to 
pH 7 2 in an atmosphere of nitrogen. 

Electrophoretrc mobrhtres were determined at 0” with 2% solutrons of poly- 
sacchande in borate btier (PH 10) of 0 1~ romc strength, usmg a Trsehus cell m a 
Perkm-Elmer apparatus l1 Viscosities were measured in M potassium hydroxrde, 
at concentratrons below 0 25%, m an Ostwald-Cannon-Fenske vrscometer at 25” 
Specific rotatrons of polysacchandes were determmed at 1% concentration m M 
potassmm hydroxrde 

Isolation of crude hemrcelluiose. - A freshly cut, 20-year-old log of slash pme 
(Bnus elfiottiz) was freed from bark and planed wrth exclusion of heart-wood, and the 
plamngs were passed through a WrIey null The ground wood was immediately 
extracted in a Soxhlet apparatus wrth benzene-ethanol (2 1) contmuously for 24 h, 
and the resulting, extractrve-free, au-dried wood was exhaustively extracted with 
water at 51’ The water extracts, when added to 3 vol of ethanol gave a pale-brown 
precrprtate (0 12% by weight of wood), wEuch was re-dissolved m water and subJected 
to f=ctronal preclpltatron 7nnth ethanol The fractron (0 04% by weight of wood) 
precrpttatmg between 37 5 and 44% ethanol was collected and, when hydrolysed and 
analysed by paper chromatography, was found to contain galactose, arabmose, and 
xylose m the molar proporDons 74 10 1. Thrs arabmogalactan had an mtnns:c 
vlscosrty of 0 10 and an OAc content of 3 0%. An attempt to measure electrophoretrc 
mobility was unsuccessful because the product formed an insoluble gel in sodmm 
borate solution 

The extracted wood was dehgn&d by treatment with sodium chlorrte4, and 
the holocehulose was washed wrth acetone and au-dried; yreld, 72% of the origmal 
wood A 750-g portion of the holocellulose was de-gassed and flushed repeatedly 
w&h nrtrcgen m a 9-l bottle; 6 1 of oxygen-free, 16% aqueous potassmm hydroxrde 
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were then added under mtrogen, and the rmxture was agrtated gently at 10” for 15 h. 
The resultmg nnxture was qurckly filtered through cloth, and the sohds were washed 
wrth 1.5 1 of 5% aqueous potassmm hydroxrde and pressed dry The combined 
Gltrate and washmgs were rmmedrately cooled wrth me, the pH was adJusted to 5 
wrth glacial acetlc acrd, and the rmxtnre was kept at 5” for 20 h Centnfugatron of 
the nuxture removed 3 g of a brown sohd which appeared to consrst mostly of fme 
partrcles of undrssolved holocellulose On hydrolysis, thrs gave mamly D-glucose 
The clear, neutral solution was added with vrgorous strmng to 3 volumes of ethanol, 
and the resultmg precrprtate was washed several times by centrrfugation wrth ethanol 
and then dned over calcmm chloride. The product (125 g) was a berge powder. 
Hydrolysis m M sulphurrc acrd at 100“ for 4 h produced a small amount of an msoluble 
precipitate, and a soluuon which contamed (paper chromatography, rmgant A and 
spray A) xylose, arabinose (Rx 0 81), acidic matenal (Rx 0), mannose (Rx 0 67), and 
galactose (Rx 0 44). 

Prelrminary fractionatron of the crude hemrcellulose - The foregoing prepara- 
tron of hemrcellulose yielded a faintly opalescent, aqueous solution, which was 
readrly clarrf?ed by centnfugatron; [a]g5 -20 4” _C lo (c. 1 water) Clarrfied, 2% 
solutrons prepared wrth (a) 0 3M sodmm borate (pH lo), (b> 0 3M potassrum acetate 
adjusted to pH 10 with potassmm hydroxrde, and (c) ddute sulphurrc acid @H 2) 
were each precipitated by the gradual ad&ion of ethanol, at 25’ for (a) and (b), and 
at 10” for (c) The precrprtatron was determmed by optrcal rotatron as descrrbed 
earher” (see Frg 1) The precrprtatron at pH 2 gave the most clear-cut mflectrons m 

45 50 55 
Ethanol (%) 

Fig 1 FractIonal preclpltauon of the crude hermcellulose (a) from 0 3~ sodmm borate (PH lo), 
(b) from 0 3~ potassmm acetate (pH lo), (c) from suIphunc acid (pH 2) 
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the precrprtatron curve, at ethanol concentrations between 4042% and 42-49%, 
respectrvely. 

A solutron of 100 g of crude herrucellulose III 1 lrter of water was centnfuged for 
clanficatron, dduted to 4.8 1 wrth water, cooled to lo”, and adJusted to pH 2 with 
200 ml of 0 5~ sulphunc acrd Ethanol (3 7 1) was added wrth vrgorous strmng, and 
the resulting suspensron was passed through a Sharples supercentnfuge at 10” as 
qmckly as possrble, to grve precrprtate 1 The clear centnfugate was treated wrth an 
addrtronal 400 ml of ethanol and then centnfuged as before, and the precrprtate 
was drscarded Another 800 ml of ethanol was finally added and the resultmg precrp- 
rtate (2) was separated m the same manner Some evaporatron of ethanol occurred 
dunng the centnfugatron A portron of the final, clear solutron was nnmedrately 
neutrahsed wrth banum carbonate, concentrated, and shown (paper chromatography, 
rmgant A and spray A) to contam only traces of glucose, xylose, galactose, mannose, 
and arabmose. 

The precipitates 1 and 2 were each drssolved unmedrately m 300 ml of 0 05~ 
potassmm hydroxrde, the solutrons were acuhfied (pH 2) wrth sulphunc acrd, and 
each was poured mto 1 hter of ethanol The resultmg precrprtates were washed 
several Ames wrth ethanol and dned over calcmm chlonde Average yrelds from 
several such fractronatrons were as follows. 1, 10 2 g, [c&~ -37 5” 3-O 5” (C 2, water), 
(2) 13 8 g, [cd: -40 6” +O 3” (c 2, vrater) 

Purzrficatzon of hemzcellulose Fractzon 1 - The general procedure for purrfka- 
tron of fractrons 1 and 2 consrsted of a prehrmnary, small-scale, gradrent fractrona- 
tron, m whrch the relatrve amounts of precrprtates were determmed by optrcal rota- 

Fig 2 Re-precrpnafion of hermcelIulose fractions la, from 0 1~ potassmm hydroxide @H 9), 
2, from hydrochlonc acid (pH 2) 
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AnaZyszs of the neutral fraction N. - A 2 26-g portion of the syrup N from tbc, 
preceding expenment was separated by chromatography (imgant B) on eight sheets 
(46 x 57 cm) of Whatman ~MM paper. Eluates (95% ethanol) from the relevant zones 
were evaporated to dryness, the residues re-dissolved m ethanol, and the solutrons 
filtered and agam evaporated to dryness The followmg fractrons were obtamed, each 
bemg exammed by paper chromatography, paper electrophoresrs, and demethylabon 
wrth hydriodrc acidq. 

(I) Xylose (15 mg), Mo 100 Thus was converted mto the drbenzyhdene dlmethyl 
acetal’ 3, m p 209-210” alone or m admixture wrth the authentic D-xylose denvatrve 

(2) A mixture (0 193 g) of 2-0-methyl-D-xylose and 3-0-methyl-D-xylose m 
approximately equal proportions; RG 0 24 (solvent B), &i, 0 31 and 0 71 wrth a trace 
of umdentmed component of Mo 0 59 Hydnodrc acrd treatment gave only xylose 
A solution of 0 130 g of thrs mrxture m 10 ml of water was shaken wrth 2 ml of 
Amberhte IRA-4OO@orate) resm’ 4 at room temperature for 1 h, and then filtered 
The atrate was evaporated to 0 100 g of colourless syrup, showmg mamly MG 0 31 on 
paper electrophoresrs The syrup crystalhsed slowly when seeded wrth authentrc 
2-O-methyl-D-xylose. When recrystalhsed from ethanol, the product showed :a p 
130-132”, and the X-ray powder drffractron pattern was rdermcal wrth that grven by 
authentrc 2-O-methyl-D-xylose The borate resm was eluted wrth 50 ml of saturated, 
aqueous bone acrd, and the eluate was evaporated to dryness. Methanol was repeatedly 
drstrlled from the residue to remove bone acid, and the final residue (70 mg) was 
mamly 3-O-methyl-D-xylose (Mo 0 71) Rrth small propomons of 2-0-methyl-n- 
xylose (MG 0 31) and an umdenttied substance (MG 0 59). The syrup crystalhsed when 
seeded, and the product, when recrystalhsed from ethanol, showed m p 90-95”. 
The X-ray powder diffractron pattern was rdentmal with that of authentrc 3-G 
methyl-D-xylose. 

(3) 2,3-Dr-0-methyl-D-xylose (1 307 g), [cc]~~ +21 2” (c 2, water), Ro 0 66 
(solvent B), MG 0, which yrelded only D-xylose on demethylation wrth hydriodrc 
acrd. Part of the syrup was treated wrth amlme m the usual manner, and the product, 
when recrystalhsed from ethyl acetate-hexane, showed m p 123-125”. The X-ray 
powder drffractton pattern was rdentrcal wrth that grven by authentrc 2,3-1-O- 
methyl-N-phenyl-D-glucosylamme 

(4) A Illlxture of 2,3,4-trr-0-methyl-D-xylose and 2,3,5-tn-0-methyl-L-arabmose 
(0 305 g) MG 0, givmg two overlappmg spots, RG 0 99 and RG 1 02 (solvent B) 
Demethylatron with hydnodrc acrd yrelded arabmose and xylose, wrth the former 
predommating A gortron (0 180 g) of the syrup was re-chromatographed on two 
sheets (46 x 57 cm) of Whatman ~MM paper, usmg a “wick”’ of Whatman No 52 

paper, solvent B, and spray B Almost complete separatron of the two zones was 
mdrcated by gmde strrps, and they were excused, without leavmg an intermedrate zone, 
and eluted as descrrbed above 2,3,4-Trr-0-methyl-sxylose (32 mg), obtamed in 
thrs way, was a syrup whrch crystalhsed slowly and, when recrystalhsed from ether- 
hexane, showed m p and m m p 87-88”. The X-ray powder mraction pattern was 
rdentrcal wrth that of an authentrc sample 2,3,5-Tn-0-methyl-L-arabmose was 
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obtained as a colourless syrup (85 mg) which was converted mto 2,3,5-trr-O-methyl- 
L-arabinonamrde m the usual manner The product, when recrystalhsed from acetone- 
hexane, had m p_ and m m p 136-137”. The X-ray powder Mracbon pattern was 
ldentxai urlth that of an authentic sample 

Analyszs of the aczdzc fractzon A - A portlon (1 360 g) of fractron A was 
bolled under reflux for 4 h wrth 50 ml of 5% methanohc hydrochlonc actd The 
solutron was neutrahsed wnh srlver carbonate, Htered, and evaporated to dryness 
The syrupy resrdue was reduced’ ’ with hthmm alummmm hydnde m ether and 
yrelded the reduction product as a colourless syrup (1958 g) Thts was hydrolysed 
wrth 0.5hr sulphurrc acrd for 4 h at 100” to yreld a pale-yellow syrup (1 082 g), a 
portron (0 660 g) of which was fractronated by paper chromatography as described 
above The followmg fracttons were obtamed 

(I) Xylose (50 mg), Mo 1 00, wlch was converted mto the drbenzyhdene 
&methyl acetal, m p 210-211” alone or m admtxture wrth the authentrc D-xylose 
derrvatlve 

(2) Mamly 3-O-methyl-D-xylose (0 I14 g), R, 0 28 (elongated spot; solvent B), 
MG 0 72 with an umdenttfied rmpurrty of A& 0 61 Demethylatlon wrth hydnodtc 
actd yrelded xylose The syrup crystalhsed slowly and the crystals, m p 91-95”, gave 
an X-ray powder dflractton pattern rdentrcal wrth that of 3-O-methyl-D-xylose 

(3) 2,3,4Trr-O-methyl-D-glucose (0 292 g), R, 0 79 (solvent B), probably 
contaimng a trace of 2,3-dr-O-methyl-D-xylose (Ro 0 69) Paper electrophoresls 
showed A& 0 cnly Demethylabon with hydnodlc acid ylelded glucose and a trace of 

xylose A portron of the syrup was converted mto 2,3,4-tn-O-methyl-N-p-mtrophenyl- 
D-glucosylamme’ 6, m p and mrxed m p 223-225” The X-ray powder -actron 
pattern was rdentrcal wuh that of an authentrc sample kindly supphed by Dr J W 
Van Cleve 
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