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ABSTRACT 

The extraction by alkah of hermcellulose polysaccharldes and polymer hydroxy- 
prohne from non-dehgmfied, pnmary cell-walls of lupm hypocotyls has been studxed, 
usmg sequential extractlons at 0” and 18-22” 10% Aqueous potassmm hydroxide at 
0” rapldiy removed about two-tlurds of the henucellulose normaily extracted m 10% 
KOH at 18-22” and mcludmg nearly all of the hemlcellulose-A LIttIe hydroxyprolme 
was released at 0” When the temperature was subsequently raised to 18-22”, the 
remamng loo/G KOH-soluble hemlceiiulose, along with mcst of the hydroxyprohne, 
was released The monosaccharide composition of these fractions changed markedly 
with the hme of extraction Arabmose Increased from 35% of the polysaccharlde 
extracted durmg the first hour at 18-22” to -65% of the polysaccharlde extracted 
between 16 and 20 h at 18-22”. Hydroxyprohne changed sumlarly as a proportlon of 
polymer The imphcafions of these and other results are &scussed m relation to 
polysaccharide and polymer extraction without prior dehgntication and to models of 
the pnmary cell-wall 

INTRODUCTION 

Alkaime extractlon of hemlcellulose from plant ceil-wails has usuaily mvolved 
dehgmficatxon foilowed by successive treatments with dilute and concentrated alkah 
at room temperature These methods have been developed largely for pIapt tissue 
havmg a fugh degree of secondary cell-wail They are not so suitable for pnmary 
cell-wails where hgnm levels are very low, and the waiis contam glycoprotem nch m 
hydroxyprohne Chemical dehgnZcaQon not only destroys tis glycoprotem but may 
also result m a substantial loss of polysacchande sugar’ The hydroxyproime-mch 
glycoprotem has been postulated to play a roIe m controihng cell-wall elongation and 
has been named extensm2 We have found3 that extraction of non-dehgmfied ceil- 
walls of lupm hypocotyis with 10% KOH at 0” for 4 h &ssolves most of the wail 
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hemroellulose-type polysaccharrde but only a small amount of the hydroxyprohne 
Subsequent overmght-extractron of the walls with 10% KOH at room temperature 
does, however, extract nearly all of the extensm glycoprotem (using hydroxyprohne 
as an mdex of extensm) and a further fraction of hemrcelIulose dflermg m composrtron 
from that extracted at 0” 

Because the marked drfference in composrtron of the polymers extracted at 0’ 
and M-22” may be related to the mvolvement or non-mvolvement of conventional 
hemicelluiose in the extensm-polysacchande complex, a more-detarled study of the 
tune course of alkah extractron of polymers from cell walls of Iupm hypocotyls at 0’ 
and M-22” has been undertaken and 1s now reported 

RESUL.T!S AND DLSCUSSION 

The time course of polymer extraction with 10% KOH at 0” for 12 h and then 
at 18-22” for a further 48 h was estabhshed by extracting a batch of depectmated 
cell-walls successrvely with portrons of alkah The numbers and duratrons of the 
stages m the extractron sequence and the correspondmg total extractron times are 
shown m Table I Results for the extractron of total non-dralysable poIymer and rts 
associated hydroxyprolme are grven on a cumulatrve basrs m Pig 1 A plot of non- 
dralysable polymer and hydroxyprohne removed per hour m each successrve extrachon 
1s grven m FIN 2 Hydroxyprohne appears to be a satrsfactory mdex of wall protein in 
lupm hypocotyl-walls (unpublished data), so that the hydroxyprohne results for 
poiymer extracted and for the cell walls after extractron also pertam to the wall 
protem 

At each temperature, there IS a raprd, mrtral extractron of polymer whrch soon 
decreases Polymer soluble at 0” represents about two-thnds of the total polymer 
conventionally extracted over 24 h WI&I 10% KOH at 18-22”. As Table II shows, the 
sum of the polymer soluble at 0” and that subsequently extracted at 18-22” Includes 
most of the cell-wall hemrcelhrlose, ahhough there IS some further extractron wrth 
24% KOH and a small amount remains in the wall resrdue The imtral rate of 
extractron of polymer extracted at 0” IS much greater (4 7 trmes in the first hour) than 
that of the matenal soluble at 18-22”. Frg 2 shows that, although the m&al rates of 
extraction of hydroxyprohne at 0” and 18-22” are similar, there 1s a sharp declme at 
0” so that the average rate of extractron rs much hrgher at 18-22” 

Table 11 shows that the recoverres of total polymer and of hydroxyprohne were 
hrgh, except for the 24% KOH-treatment where -43% of the werght loss and 48% 
of the hydroxyprohne loss from the 10% KOH-extracted cell-walls upon 24%-KOH 
extraction are not accounted for m the dralysed 24%-KOH extract Polymer extracted 
at 0” and at 18-22o contams -9 5% and -77% of the depectinated-wall hydroxy- 
prohne, respectrvely As each extract was neutrahzed nnmedrately after filtermg off 
the ceII walls, alkaline degradation of the extracted polymers was ml nmnzed, leadmg 
to better recoveries than prevrously reported3 when such degradatron would have 
contmued durmg the entrre duration of the alkali-treatment. 
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TABLE I 

SEQUENCE OF ALKALINE EXTRACKlONS OF DEPECllNATED CELL-WALLS 

OF LUPIN HYPOCOTYLS 
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Stage m sequence 1234 5 6 7 8 9 10 11 12 13 
Flltermg time (from 
sequence start) (h) 1 2 4 8 12 13 14 16 20 24 36 60 84 
Duration of extramon (h) 1 1 2 4 4 1 1 2 4 4 12 24 24 
Temperature (degrees) tOV - 18-22 - 18-22 
Extractant --10% KOH (w/v)~> 24% KOH (w/v) 
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Fig 1 Extraction of total polymer and hydroxyprohne from cell walls of lupm hypocotyls by 10% 
KOH at 0’ and at 18-22” as a function of ume 

TABLE II 

ALKALXNE EXTFtACnON OF HYDROXYPROLINE AND POLYMER FROM 

CELL WALti OF LUPM HYPOCOTYLS 

ExtracrJoJl 
condztzonsb 

WaZf or Total extracted Hyriroxyprolzne content 
wall reszdue polymer 

Extracted wall Dzalysed extract 

Neutral detergent, 4 h, 100” 1000 - s 94 - 
10% KOH, 0”, 12 h 784 1 193 9 5 36 0 57 
10% KOH, 18-229 48 h 635 139 1 096 4 56 
24% KOH, IS-22”, 24 h 527 61 3 042 028 

“All results are expressed as mg/g of neutral detergent-extracted celi-wall ‘ExtractIons m sequence 
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Temp <--o*vle-22eP . 

Fig 2 Rates of extraction of polymer and hydroxyprolme from cell walls of lupm hypocotyls by 
10% KOH at 0’ and 18-22° 

In Fig 3, hydroxyprohne m the dialysed extracts is plotted as a percentage of 
polymer present The curves for hydroxyprohne and total poIymer at 0” in Fig 2 and 
the curve m Fig 3 at 0” taken over the same mmal times suggest that, at this stage, the 
hydroxyprohne and polymer are m constant proportion A different srtuation operates 
at room temperature (Fig 2) In thts case, the two curves diverge markedly, so that, 
in effect, there 1s a marked nse in the hydroxyprohne content of the extracted polymer 
In the extraction between 8 and 12 h at 18-22’, hydroxyprohne reaches its highest 
level as a proportron (7%) of extracted polymer (Frg 3) Hydroxyprolme accounts for 
-30% of the wall-protein ammo acids (unpublished data), so that polymer extracted 
at this stage would be 20% protem or peptrde 

Fig 3 Hydroxyprolme as a percentage of the polymer From each stage m the extractlon sequence of 
Table I 
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Fractlonatron of polynaers. - The polymer soluble at 0” from steps 1 and 4 and 
*&e polymer soluble at room temperature from steps 6 and 10 of the extraction 
sequence (see TabIe I) were fractronzted by &ssolution m aqueous CaCI,, pre- 
cipltatmg predommantly (1+4)-hnked polysacchmde with 1,-K& and recovermg 
the more-branched heteroglycan from the supematant Prewous results3 have shown 

TABLE III 

FRACXONATION OF HEMICJZLLULOSE EXIRACTEDa BROM 

CELL WALLS OF LUPM HYPOCOTYLS 

Parent hemrcellulose 

Stage IR Extractton 
extractron temperature 
sequenceb (degrees) 

Werght 
r&en (mg) 

Derrved fractions 

Hemrcellalose-B, Heteroglycan-B Recovery (%) 
precbmmantly 
(I-+?)-bnked 
polysaccharlde 

1 0 100 94 6 75 102 
4 0 100 65 182 83 
6 IS-22 100 71 0 13 0 84 

10 18-22 100 74 6 192 94 

“With 10% KOH at 0” and 18-22” *See Table I 

Stage m extractlon sequence (See Table I) 

Temp -o” . 18-22’ w 

hg 4. Monosacchande cornposItIon of hermcelhdose from sequential extractions of cell walls of 
lupm hypocotyls pnth 10% KOH at 0” and 18-229 
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that most of the hydroxyprolme m the polymer extracted at 18-22” IS found m the 
iodme-precrprtable fractron Table III shows that the heteroglycan fraction 1s always 
a rmnor one Although 12-IQ in CaCl, solution is consldered to preciprtate (1+4)- 
linked xylans, glucans, and mannans, the polysaccharrde from extractron step 10, 
although contammg only 10% of xylose (see Fig 4 below), IS strll72% precrpitable by 
rodme. 

In a second extractron expenment, whrch to some extent served as a replicate 
for that shown m Table I, the ex:,rLictlgn of the varrous polysacchande fractions 
[hemlceIIulose-A, hemlcellulose-B (’ -+4)-lurked polysaccharrde, and hemrcellulose-B 
heteroglycan] which comprised the tots1 polymer was studied The course of extraction 
of the hemrcehulose-B fractrons was srmrlar to that for extractron of total polymer 
shown m Frg 1, although the ratro of rodme-precrprtable to non-precrprtable hetero- 
glycan polysaccharrde decreased m the latter stages of extractron at each temperature 
However, a stnkmg feature was that the hemrcellulose-A (xylose, 74 2, arabmost:, 8 7, 
rhamnose, 1 6, galactose, 9 4, glucose. 5 8%) was almost totaliy extracted (95 5%) 
wrthm the first 4 h at 0”, m contrast to the slower release of total polymer or the 
hemrcelhriose-B fractions As reported prevrously3, the hemrceIlulose-A was, however, 
a lmmor component of the total hemrcellulose, comprrsmg only 12% of the polymer 
extracted over the first 4 h at 0” or only 4% of total polymer extracted by 10% KOH 
at 0” and 18-22” 

Monosaccharrde composltzon - The composrtrons of the total polysaccharrde 
obtained at each stage of the extraction sequence (except for 4 and 10) are shown m 
Frg 4 They conf?rm the earher results3, whrch Indicated a hrgher proportton of 
galactose and arabmose m the polysacchande extracted at 18-22” compared wrth the 
O”-polysaccharrde The monosaccharrde content of the polysaccharrde extracted at 0” 
changes quote markedly from the earher to the later extractions m the sequence 
During the first hour, when the bulk of O”-polysacchande IS dissolved, xylose and 
glucose, m the ratio of 2 1, compnse nearly 60% of the polymer The proporhon of 
rylose then faIIs untr1, in the last of the 09extracts, the poIysacchande consrsts Iargefy 
of equal amounts of xylose, arabmose, glucose, and galactose The mnral, hrgh level 
of xylose reffects the rapid extraction of hemrcellulose-A (74 2% of xyiose) The 
increasing galactose and arabmose may be partly due to an mcreasmg proportron of 
heteroglycan-B, which 1s typrcally rich m arabmose and galactose It could also be due 
to the presence of extensm fragments, especially durmg the Iatter part of the O”- 
sequence where the mcrease m arabmose and galactose IS paralleled by an increase m 
hydroxyprohne Extensm has been shown to be covalently hnked to arabmose5 and 
gaIactose6 

A smali and decreasmg amount of mannose and rhamnose 1s extracted at 0”, 
ahhough httle rhamnose and no mannose are found m the extracts at 18-22” The 
Qstnbutron of mannose IS mtzrestmg m vrew of the usual msolubrhty of cell-wall 
mannose polymers m 10% alkah and then solubrlrty m 24% alkah or alkah-borate7. 

The monosacchande composrbon of the polysacchande soluble at room 
temperature shows several changes with tune There 1s a drop in the xylose level from 
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24 to 7%, a drop in galactose to about a thnd of its mrtral level by 20-24 h followed 
by a rise, and a threefold Increase m arabmose content from the 12-13-h to the 
20-24-h extractlon followed by a decrease The increase 111 arabmose parallels the 

Increase m hydroxyprohne m the polymer soluble at room temperature Thrs 1s m 
agreement with much of the arabmose extracted durmg the sequence at 18-22” being 
assocrated wrth hydroxyprohne m extensm fragments In hrgher plants, most cf the 
hydroxyprohne appears to be glycosylated wrth (l-4)-linked-arabmose ohgo- 
sacchmdes5** The present data mdrcate that at stage 9 of the extraction sequence 

(4-8 h at 18-22”), where the polymer 1s 6 2% of hydroxyprolrne and 64% of arabmose, 
the molar ratio of hydroxyprohne to arabmose 1s 1 8 7 This suggests that about half 
of the arabmose extracted at thrs stage could be associated wrth extensm hydroxy- 
prohne 

It is evrdent from the present work that considerable extractron of polymer 
from pIant cell-walls Iow in hgnm can be achieved wrthout dehgmficatron, which m 
any case serrously degrades the wall ’ The extent to which the polymers extracted are 
free polysacchande or protem-polysacchande (extensm fragments) remams to be 
mvestrgated, although the two-temperature separation used here could be achrevmg 
a separatron of polysaccharrde not bound to the wall network (extracted at O”) and of 
polysacchande-glycoprotem (extracted at 18-22”) that is lmked to other msoluble 
constituents of the wall 

Increasing evrdenceg pomts to linkage of the varrous amorphous and fibrous or 
crystalline components of the pnmary wall, as opposed to the older concepts of a 
mixture of the amorphous components (hemlcellulose, hgnm, protein, etc) merely 
encrusting the cellulose fibres In the present study, nearly all of the pectm has been 
removed without drssolvmg the hemrcellulose or rendermg the extensm extractable m 
10% KOH at 0” This suggests that these polymers are hnked to the alkali-msoiuble 
portrons of the wali other than through pectm An mdependent Imkage of pectm and 
hemrcellulose to the mrcrofibrrls IS further suggested by the reportr’ that hydroxy- 
prohne and hemrcellulose can be removed from primary cell-walls with 10% KOH, 
while leaving the pectrc polyuromde unextracted The present results suggest that the 
henncellulose extracted at 0” is either not attached to other wall components and 1s 
msoluble m hot detergent, or IS only attached by very alkah-labrle lmks such as ester 
lmks The glycoprotem part of the wall complex requrres alkah treatment at a hrgher 
temperature to release it, possrbly by j?-ehmmation of galactosylserme hnks6 
Presumably, this means that thrs polymer is more firmly bound to the alkah-msoluble 
wall component other than through the pectrc matenal In one wall-model recently 
proposed9 for sycamore-cell suspensron cultures, a sequence of hnkages was envrsaged 
mvolvmg extensm covalently hnked to pechn, whrch was itself covalently hnked to a 
xyloglucan w&h, m turn, was hydrogen-bonded to the cellulose mrcrofibrrls The 
present results suggest that much of the hemrcellulose and glycoprotem IS not bound 
to the o”&er wall constituents in this manner, at least in drfferentrated hypocotyl 
trssue 
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EXPERIMENTAL 

PIant tissue - Lupin hypocotyls were grown, as pie~ously descrrbed”, until 
5-6 cm in length 

Cell-wall preparatron. - Hypocotyls (300 g) were ground for 30 set 111 &strlled 
water (750 ml) m a Waring blender, filtered over smtered gIass, and rmmedrately 
extracted under regux for a total of 4 h m two changes of 1 5 htres of a neutral 
detergent’ =. The neutral detergent removes cytoplasnuc matenal, and non-covalently 
bound protern and pectms from the wall The walls were filtered off, washed twrce by 
resuspendmg m hot &stdIed water and filtermg, finally washed unth ethanol and then 
acetone, and drred at 40” overmght Thrs depectmated plant maternal was not 
examined mrcroscoprcaliy but was concluded to be composed mamly of cell-wall 
maternal and IS referred to as cell wall throughout the paper 

Extractrons. - Depectmated cell-wall (5 52 g) was subJected to a serves of 
extractions by slimng with 200~ml volumes of aqueous KOH m a flask which had 
been thoroughly t’iushed wrth nrtrogen The number of each extractron m the sequence, 
the trme of f&ermg of each extra&on (taken from the start of stage 1 m sequence), 
and the duration of each stage at the dtfferent temperatures and KOH concentratrons 
are shown m Table I 

For stages 1 to 5, the temperature was mamtamed at 0” The remammg extrac- 
hens were carrred out at laboratory temperature (18-22’) At the end of each extrac- 
tron, the walls were filtered ofI quickly on a smtered-glass funnel (porosity 1) and then 
nnmedrately subnutted to the next extrachon m the sequence All extracts were 
adlusted to pH 4.5 with acehc acid rmmedrately after filtering, passed through a 
smtered-glass funnel (porosity 4), and dmlysed for 24 h before freeze-drymg 

Residue werghts after stages 5, 12, and 13 were obtamed by neutrahzmg the 
walls with ddute acehc actd, washmg wrth dtstdled water, ethanol, and acetone, and 
drying overmght at 4.V before werghmg 

Polysacchande fractlonatron - Separatron of hemrcellulose-A and hemr- 
celhtlose-B was achieved by centrrfugahon of the acrdrtied a&ah-extracts at 70,OOOg 
for 1 h titer standmg at 0” for 16 h The precrprtate (hemrcellulose-A) was washed, 
resuspended m water, and freeze&red The hermcellulose-B supematant (or total 
polymer where hermcelhrlose-A was not first Isolated) was dralysed and freeze-dned, 
pnor to frachonatron mto hnear (1+4)-hnked polysaccharrde and heteroglycan-B by 
precrpitatton of the (1+4)-lurked specres from soluhon m CaCl, (sp gr. 1 3) as 
descrrbed by Garllard and Badeyr3. 

Carbohydrate analyses - Freeze-dned extracts and derived polysacchande 
fractrons (20 mg) were placed m 50-ml borhng tubes, and 72% H,SO, (0 7 ml) was 
added After 3 h, drstrlled water (20 ml) was added, and each tube was covered wrth a 
watch-glass and placed m a water bath at 100” for 3 h The hydrolysates were neu- 
trahzed with BaCO,, filtered, and freeze drred The monosaccharides in the 
hydrolysate were analysed by g 1 c of then aldrtol acetates 

The aldrtol acetates were prepared by the method of Sloneker14, and were 
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separated with a Vanan Aerograph series 1400 gas chromatograph usmg a 2-m 
stamless-steel column (outside dtameter, 0 125 inch) packed with 3% of ECNSS-M 
by we&t on Gas-Chrom Q (100/120 mesh, Apphed Science Laboratories Inc) 

Hydroxyprohne analyses - Wall residues and freeze-dned cell-wall extracts 
(20 mg) were hydrolysed under gentle reflux with 6~ HCl (8 ml) for 18 h The 
hydrolysates were analysed for hydroxyprohne by the method of Swltzer and 
Summer’ 5 
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