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Abstract-Pectlc substances extracted from cabbage cell walls with water, at go”, and (NH,)&04, at SO”, accounted 
for 45 %(w/w) of the purified cell wall material Only a small amount of neutral arabman was isolated Partial aad 
hydrolysis and methylatlon analysis revealed that the major pectlc polysaccharlde had a rhamnogalacturonan backbone 
to which a highly branched arabman was linked, at C-4 of the rhamnose umts, mainly through short chains of (1 + 4)- 
linked galactopyranose residues The bulk of the soluble pectlc substances had only small amounts of protems 
associated with them After further extraction of the depectmated mate-1 with 1 M and 4M KOH, to remove the 
hemlcelluloses, the cellulose residue was found to contain a pectlc polysaccharlde whtch was solublhzed by treatment 
with cellulase The general structural features of the pectlc polymers are dlscussed m the hght of these results 

INTRODUCTION 

The cell walls of parenchymatous tissues of dlcotyledon- 
ous plants contam a range of ‘neutral’ and acidic pectlc 
polysaccharldes [l] Earlier work on the cell wall material 
of cabbage [2], used m chmcal tnals [3], led us to suspect 
that the ‘neutral’ pectlc arabman may be a breakdown 
product Further, the fractlonatlon studies suggested that 
an appreciable proportion of the pectlc substances were 
modified Since very little definitive information IS avail- 
able on the composltlon, structural features and mode of 
occurrence of pectlc substances and henucelluloses m 
cabbage, some of these aspects were investigated using cell 
walls isolated from fresh cabbage This paper reports 
studies on the pectrc substances, and m the followmg 
paper the structural features of the hemlcelluloslc poly- 
mers are reported 

RESULTS AND DISCUSSION 

Isolatton of cell wall material (CWM) 

The CWM was prepared by blending and then ball- 
mdlmg the wet tissue m aqueous 1% sodium deoxycho- 
late (SDC) followed by extraction with phenol-acetic 
acid-water (2 1 1 w/v/v) These solvents effectively re- 
moved cytoplasmlc compounds with mmlmal co- 
preclpltatlon with the CWM [4] No starch removal stage 
was included because the starch content of the tissues was 
very low Three hundred grams of fresh tissue yielded 
4 9 g (dry) of CWM As reported previously [S], about 
10 % of non-ddysable polymeric material was solubdlzed 
by the SDC (Table 1) The precipitate obtamed on dAysa 
of the SDC soluble material contained 68% protein 
(Table 2), mamly of intracellular ongm Low MW cyto- 
plasmlc compounds accounted for most of the SDC and 
ethanol soluble material though some non-dlalysable 
uromc acid contammg polymers were present (Table 1) 

The ethanol-insoluble portion contained mainly arabl- 
nose, galactose and protein (Tables 1 and 2) and was 
probably an mtracellular proteoglycan The sugar com- 
position of the purified CWM (Table 1) was slmllar to that 
from cabbage AIR [211 with a relatively large content of 
arabmose and uromc acid indicating the presence of 
appreciable amounts of pectlc polysacchandes arch m 
arabmose The protein content was 2 “/, with a relatively 
high amount of hydroxyprolme In thrs respect cabbage 
cell wall proteins are snmlar to those of most dlcoty- 
ledonous plants [6,7] 

Hot water soluble polymers (WSP) 

The CWM was extracted with hot water at pH 5 0 to 
yield a fraction (23 % of the CWM) rich m uromc acid and 
arabmose(Table 3), with a degree of ester&&on (DE) of 
25% and an acetyl content of 31 pg/mg The protein 
content of this fraction was low (Table 2) A neutral 
arabman has been isolated from cabbage AIR [8] but this 
could have been released during the preparation of the 
AIR An attempt was therefore made to isolate the 
arabman from fresh tissue used m this present study 
Chromatography of WSP on DEAE Sephadex yielded a 
slightly acidic fraction (A, Table 3), and a more acidic 
fraction (B, Table 3) Attempts to re-fractionate A (19 mg) 
on the same ion exchanger yielded only 3 mg of an 
unbound arabmose rich fraction C (Table 3) Further 
elutlon with sodium chloride faded to produce further 
fractions but when the total eluate was concentrated, 
dlalysed and freeze dned 9 mg of carbohydrate contammg 
matenal was obtained (D, Table 3) OR measurements on 
fraction C before freeze drying gave [a]: - 150” (H20, 
c 0293), showing that the bulk of the Araj glycosldlc 
linkages are m the a-anomenc configuration Methylation 
analysis revealed that arabmose accounted for 86 mol % 
of the partially methylated aldltol acetates (PMAA), with 
the same types of glycosldlc linkages as m the arabman 

107 



108 B J H STEVENS and R R SELVENDRAN 

Table 1 Sugar composltlon of material solublhzed durmg stages of purdicatlon of cell wall material from cabbage 

Sugar composltlon @g/mg dry wt)* 
Proportlon 
solubdlsed Deoxy Uranic Total 

Stages of purification ( % dry wt) hexose Ara XY] Man Gal Glc acid sugars 

Ppt from 
SDC soluble material? 24 7 54 6 9 15 33 33 157 

Supernatant from 
dlalysed SDC soluble 

EtOH soluble 41 1 18 1 4 3 20 160 207 
EtOH msoluble 25 19 147 21 9 149 28 16 389 

Cell wall material 204 34 139 42 7 81 23(355) 279 605 

*Sugars released on 1 M H2S04 hydrolysis for 2 5 hr at loo”, values m parentheses are from Saeman hydrolysis 
tpreclpltate obtamed on dlalysls of material soluble m 1% Na deoxycholate 

Table 2 Ammo acid composltlon of cell wall materlal of cabbage and of material solublhzed durmg purdicatlon and on subsequent 
sequential extractlon with aqueous morgamc solvents and on further fractlonatlon of these by Ion exchange chromatography 

Ammo acid composltlon (pg/mg) 

Soluble after Oxalate soluble fractions 
SDC soluble cellulase 

Ammo Ppt from EtOH Purified treatment Hot water Oxalate Insoluble 
acrd SDC soluble msoluble CWM of CWM soluble soluble residue OAl 0A2 

Ala 38 8 66 08 54 10 12 07 17 03 
GUY 359 74 11 49 09 12 22 17 05 
Val 426 62 09 16 11 15 18 13 04 
Thr 32 5 60 08 40 09 12 54 13 04 
Ser 312 70 12 51 16 18 56 25 08 
Leu 548 79 12 39 15 16 59 19 06 
Ile 29 5 38 07 10 09 10 19 68 01 
Pro 28 7 61 09 38 10 12 72 15 04 
HYP 114 34 14 02 11 23 127 34 11 
Asp 644 153 17 78 20 24 122 30 09 
Phe 372 58 10 29 10 11 64 14 05 
Glu 727 200 21 73 27 27 160 43 17 
LYS 59 5 83 22 20 24 32 157 28 12 
Tyr 250 31 09 23 09 14 25 13 01 
Arg 49 5 42 09 nd 26 26 36 06 08 
HIS 149 14 07 22 08 10 49 05 04 

Total 628 6 1125 18 5 550 224 274 1047 300 102 

from the AIR but m slightly different proportions (Table 
4) 

A further attempt was made to separate the arabman 
from both unsapomfied and saponified WSP by preclpl- 
tatton with cupnc acetate[9] On addltlon of cupric 
acetate (7% w/v) to unsapomfied WSP a precipitate (1, 
Table 3) was obtamed and from the supernatant, further 
preclpltates were obtamed, on the addition of ethanol and 
then acetone (2, Table 3), and on addltlon of cupric acetate 
to de-estenfied WSP (3, Table 3) Methylatlon analysis of 
preclpltate 2 revealed that arabmose residues accounted 
for 69 mol % of the PMAA, with glycosldlc linkages m the 
same proportlon as m c (Table 4) A small, but significant, 
amount of (1 + 2,4)-linked xylose was also present All the 
precipitates from the cupric acetate treatment contained 
substantial amounts of uromc acid, deoxyhexose and 

galactose m addition to arabmose From the mablhty to 
Isolate a neutral arabman by Cu preclpltatlon and only a 
trace (0 1 y0 of the CWM) by ion-exchange chromato- 
graphy it appears that cabbage arabman, hke that of beet 
[lo], 1s present as part of the pectlc complex The small 
amount of neutral arabman might be a degradation 
product and IS probably not native to the cell wall It IS 
probable that most of the arabmans isolated from other 
plant sources are also artefacts of extraction condltlons 

Hot ammonwn oxalate soluble polymers (0%‘) 

Additional pectlc substances amountmg to 22 % of the 
CWM were extracted with hot ammonium oxalate, from 
the residue after hot water extraction The sugar compo- 
sition and DE are given m Table 5 and the ammo acid 
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Table 3 Sugar composltlons of fractions obtamed from the hot water soluble polymers of 
cabbage by ion exchange chromatography and by preclpltatlon with CuOAc 

Sugar composition (jigjmg) 

Fraction 
Deoxy 
hexose Ara Xyl Man 

Hot Hz0 soluble 
polymers 39 220 11 2 

DEAE 
Sephadex fraction A 33 266 13 2 

,. 3. B 10 12 5 4 
7, 3, C 11 839 6 7 
1, 7, D 25 162 11 1 

CuOAc ppt 1 36 186 9 - 
,, 3, 2 30 439 9 13 
7, 7, 3 36 224 11 - 

Gal Glc 

100 16 468 

116 21 215 
32 5 564 
17 50 50 
74 26 194 
94 12 535 
71 53 278 
39 16 388 

Uromc 
and 

Table 4 Proportions of arabmose and branched xylose residues present m arabmose-nch pectlc 
polymers from alcohol-msoluble residue ofcabbage and m hot water- and oxalate-soluble fractions of cell 

wall material of fresh cabbage 

From 
alcohol 

Partially methylated msoluble 
aldltol acetate residue 

Hot water soluble 

CuOAc 
Fraction C PPt (2) 
(Table 3) (Table 3) 

Hot oxalate soluble 

As extracted Fraction 0A2 
(Table 7) (Table 7) 

2,3,5-Me,Ara* 100 100 100 100 100 
2,3-Me*Ara 068 105 107 098 115 
2-MeAra 031 019 019 015 027 
Arabmltol 037 036 035 032 044 
3-MeXyl 006 013 019 014 016 

*2,3,5-Me3Ara = 1,4-dl-O-acetyl-2,3,5-tn_O-methyl arabmltol etc 

Table 5 Sugar composltlon of fractions obtained from the hot oxalate-soluble polymers of cabbage 

Fraction 

Sugar composition (jig/mg) 
Degree of 

Deoxy Uromc esterification* 
hexose Ara Xyl Man Gal Glc acid 7” 

Hot oxalate soluble polymers 
DEAE Sephacel fractions 
OAl 
0A2 
Insoluble residue 

43 179 8 3 55 12 672 145 

45 225 8 3 51 7 452 27 
22 111 7 10 26 9 622 25 
26 146 8 2 40 47 329 

*Mel MeOH/lOOmol galacturonate, galacturonate estimated colorlmetncally 

composltlon m Table 2 Chromatography on DEAE 
Sephacel yielded a fraction, OAl, not retamed on the 
column and a more acldlc fraction, 0A2, which was eluted 
wrth a gradient up to 0 5 M sodmm chloride Prior to 
chromatography an insoluble residue was removed which 
on analysis (Table 5) was found to be slrmlar m sugar 
composltlon to OAl and 0A2 (Table 5) though with more 
glucose, but contamed 10 % protem compared with 3 o/o 
and 1 % for OAl and OA2 respectively (Table 2) 

Structure oj the pectlc polysaccharzdes 

(a) Aldobrouronzc acrd-The presence of the very stable 
aldobiouromc acid GalpA(l + 2)-Rhap has been shown 
for pectins from relatively few tissues such as soya beans 
[12,13],rapeseed hulls [14], lemon peel [9] and sycamore 
(suspension-cultured cells) [15] The presence of this 
structure m pectlc substances from cabbage cell walls was 
shown by the followmg expenments 
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The WSP acldlc fraction B (Table 3) was subjected to 
partial acid hydrolysis and the acidic ohgosaccharldes 
produced were isolated by passage through anion ex- 
change resin (see Expenmental) The eluate containing the 
acldlc ohgosacchandes was divided mto three portions 
On analysis the first portion was found to contain 
rhamnose and uromc acid m the molar ratio of 1 4, and 
very small amounts of arabmose, xylose and galactose 
The second portion was treated with methanohc hydro- 
chlonc acid to form the methyl ester methyl glycosides 
which were then treated with lithium alummmm 
[*H]hydnde to reduce the carboxyl groups After com- 
plete hydrolysis, reduction and acetylatlon, analysis 
showed the presence of rhamnose and galactose in the 
ratio of 1 4 4, with very small amounts of arabmose and 
xylose GC/MS revealed the incorporation of two ‘H 
atoms at C-6 m the 2,3-dl-O-methyl galactltol denvatlve 
which showed that this was derived from galacturomc 
acid 

charade aldltol and the symbols employed correspond to 
those of Kochetkov and Chlzhov [20] 

The third portion was reduced with sodium 
boro[2H]hydride and then methylated with [‘H,]methyl 
iodide The latter would reveal the existence of methoxyl 
groups m C-2 or C-3 of the uromc acid moiety [ 161 GC of 
the methylated product on OV-1 gave two main peaks 
The first (RR, 0 39, relative to methylated cellobutol) 
could not be positively identified by MS but was probably 
derived from galacturomc acid The second peak (RR, 
098, relative to methylated cellobutol) eluted’ m the 
methylated disaccharide aldltol repon and was Identified, 
(a) by EIMS, based on the presence of diagnostic fragment 
Ions and (b) from the MW deduced from CIMS using the 
ions [M + NH4]+ and [M + l]+ The fragmentation 
pattern was deduced from established principles [17-191 
as applied to methylated ohgosaccharlde aldltols derived 
from plant cell wall polysaccharrdes [16] The nomen- 
clature for the degradation of the methylated ohgosac- 

The ongms of some pertinent Ions obtained by EIMS 
are shown m Fig 1 CIMS gave ions at m/z 497 and 480 
corresponding to [M + NH41 + and [M + 11’ suggesting 
a parent disaccharide containing one hexuromc acid and 
one deoxyhexose unit EIMS gave intense ions at m/z 245 
and 218 consistent with a hexuronosyl-deoxyhexosyl 
derivative The nature of the uromc acid can be deduced 
from the relative mtensltles of the aA series of ions 
obtained by EIMS The abundance ratio aA2/aAl = 149, 
suggests that the uromc acid 1s galacturomc acid, for 
glucuromc acid the ratio 1s > 4 [16,19] The absence of 
ions at m/z 242,239,207 and 204 clearly showed that the 
galacturomc acid does not carry methoxyl groups at C-2 
and/or C-3 This inference was confirmed by the relatively 
intense ion at m/z 107 The ions at m/z 182 and 147 could 
only arise from a uromc acid containing derivative The 
nature of the linkage between galacturomc acid and 
rhamnose was deduced from the relatively mtense ions at 
m/z 156 and 121, which are dlagnostlc of a methylated 
rhammtol substituted at position 2 and hence a (1 + 2)- 
linkage Methylatlon analysis of the parent pectin showed 
that the rhamnose residues were linked through C-2 Thus 
the parent compound of peak 2 1s most probably GalpA- 
(1 + 2)-Rhap 

More information on the structure of the pectlc 
polysaccharldes and further evidence for the existence of 
the GalpA-(1 --t 2)-Rhap linkage was obtamed from the 
oxalate-soluble fraction This was methylated and then 
divided mto three portions One was hydrolysed, con- 
verted into partially methylated aldltol acetates (PMAA) 
and examined by GC/MS, another portion was reduced 
with hthmm alumunum [‘H]hydnde and the third was 
esterdied with dlazomethane and then reduced with 
hthnun borohydrlde After reduction both portions were 

+ aA, aA, abJ, bA, bA, 
175 + 2104-245 ; 281 3 218---+183 

CHDOCD, 

H-L 
b 

a 

D,CO-CH=CH-CH=O*CD3 

,121 

74 

Fig 1 MS fragmentation pattern of methylated aldoblouromc acid, from cabbage pectm, after reduction with 
NaBD, 
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Table 7 Posltlon of tn-deutero methyl groups m partially hydrolysed* and remethylated fraction OA2 

Aldxtol acetate 

Pomt of 
attachment 

of CD, groups 
Dlagnostlc fragment eons 

m/z (relative mtenslty) 

3,CMe,Rhat c-4 
2,3,5-MesAra c-5 

c-3 + c-5 
c-2 + c-3 + c-5 

2,3-Me,Ara c-2 
c-3 
c-2 + c-3 

2,3,4-MesXyl c-2 + c-4 
1 2 3 5 6-Me,Gal , 1 1 7 C-l + c-5 

C-l + C-5 + C-6 
2,3,4,6-Me4Gal - 

c-4 
C-6 
C-4 + C-6 

2,3,6-Me,Gal C-6 

131(100), 134(68), 92(67), 190(33) 
118(100), 129(75), W(9) 
105(29), 132(11), 165(7), 167(3) 
108(5), 121(18), 132(11), 167(3) 
73(20), 105(24), 121 (16), 165(6) 
75(28), 105(24), 132(24), 165(6) 
76(20), 108(68), 121(16), 168(5), 211(5) 
104(14), 105(8), 121(8), 164(3) 
92,93, 137, 148, 173,208, 256 
93,95, 137, 151, 176, 211, 256 
101, 102, 118, 129, 145, 161, 162, 205 
104(21), 132(31), 148(24), 164(10), 208(13) 
104(21), 129(46), 148(24), 164(10), 208(13) 
107(8), 132(31), 151(16), 167(8), 211(9) 
176(5), 236(15) 

*Treatment as m Table 6 
t 3,4-Me*Rha = 1,2,5-tn-O-acetyl-3,4-dl-O-methyl rhammtol etc 

expected to increase the yield of the 3,4-dl-O-methyl 
rhamnose denvatlve with a correspondmg decrease in the 
3-O-methyl derivative Although C-4 was labelled with 
[‘H3]methyl (Table 6) the effect may be masked by the 
alteration m the proportions of the other PMAA Some of 
the 3-O-methyl derivative remains after remethylatlon 
showing that the substltuents on C-4 of the rhamnose are 
not equally susceptible to mild hydrolysis 

On GC (OV-225 column) the 2,3,5-tn-O-methyl ara- 
bmose derivative was only partially separated from a 
component which, from its fragmentation pattern (Table 
7) and R, (044) [21], was deduced to be the 1,2,3,5,6- 
penta-O-methyl galactose derivative This was probably 
derived from ohgosaccharlde reducing end group aldltols 
formed on the second reduction Only about 20 % of the 
2,3,5-tn-O-methyl arabmose derivative was deuterated 
To deduce the posltlons of the C2H,]methyl gr6ups, the 
fragmentation patterns reviewed by Lonngren and 
Svensson [22] were used 

The structures of the labelled derlvatlves and the main 
dlstmgulshmg ions are shown m Fig 2, and the relative 
abundance of the dlagnostlc ions are given m Table 7 The 
results suggest that the bullI of the [‘H,]methyl groups 
are carried by the derlvatlve a (Fig 2) From these results It 
could be inferred that partial acid hydrolysis of the 
methylated product resulted m the cleavage of (1 -S)-, 
(1 + 3,5)- and (1 -+ 2,3,5)-lmked Araf residues These 
deductlons are corroborated by the results of methylatlon 
analysis From the relatively high value for T-Arajresi- 
dues, and the lack of branch pomts, it could be inferred 
that a proportion of the methylated Araf residues are 
hydrolysed to methylated dlsaccharlde fragments The 
reducing ends of these fragments, on further hydrolysis 
and dellvatlzatlon would be converted to the highly 
volatile 1,2,3,4-tetra-0-methyl-5-0-acetyl arabuutol 
Small but slgmficant amounts of this compound were 
detected (R, 0 22), but the bulk of it would have been lost 
during the evaporation step 

The yields of fragment Ions from the 2,3-dl-O-methyl 
arabmose derivative (Table 7) indicated deuteratlon at C- 

2, C-3 and C-2 + C-3 These derivatives would have come 
from (1 + 2,5)-linked, (1 + 3,5)-linked and (1 + 2,3,5)- 
linked arabmose, respectively The disappearance of the 2- 
O-methyl derivative after partial hydrolysis and the 
decrease m the yield of arabmltol penta-acetate are m 
agreement with the above results 

The 2,3,4-tn-O-methyl xylose derlvatlve was deuterated 
at C-2 and C-4 From the relative abundance of the 
diagnostic fragment ions (Table 7) the ratio of labelled to 
unlabelled derivative could be inferred to be ca 2 1 The 
complete disappearance of (1 --t 2,4)-linked xylose re- 
sidues m the remethylated product IS m accordance with 
the above result which suggests that the residues linked to 
posltlons 2 and 4 of the xylose are readily hydrolysable 

The yield of 2,3,4,6-tetra-O-methyl galactose derivative 
(d, Fig 2) increased after partial hydrolysis and remethyl- 
atlon This increase could be attnbuted to hydrolysis of 
(1 -+ 4)-linked Galp and (1 + 4)-linked GalpA residues 
From the fragment ions, the [‘H,]methyl groups can be 
assigned to C-4 (e, Fig 2), C-6 (e’, Fig 2) and C4 + C6 
(f, Fig 2) of the tetra-0-Me-galactose derlvatlve(s) The 
derivative deuterated at C-4 could arise from (1 + 4)- 
linked Galp residues which are fragmented at C-4 The 
derivative labelled at C-6 could arise from T-GalpA, and 
the derivative labelled at C-4 and C-6 could arise from 
(methylated) GlpA residues which are cleaved at C-4 
during partial hydrolysis From the relative abundance of 
the Ions at m/z 205,208 and 211, as well the ions at m/z 145, 
148 and 151, the approximate ratlo of d e+e’ f could be 
inferred to be 1 0 8 0 5 The 2,3,6-tn-O-methyl galactose 
derlvatlve also Increased in amount after partial hydrolysis 
and re-methylatlon and was found to be deuterated at C-6 
which indicated that it ongmated from (1 + 4)-hnked 
galacturomc acid since (1 -+ 4,6)-linked galactose residues 
were not detected m the parent compound 

Pectlc material associated with the u-cellulose fraction 

The residue after extraction of the CWM with hot water 
and oxalate was further sequentially extracted with 1 M 
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Fig 2 Structures and mam dlstmgmshmg ions of labelled arabmose (a, b, c) and galactose (d, e, f) derwatwes, e’ 
corresponds to the derwatwe carrying CDS at C-6, and the correspondmg groups and Ions are gven m parentheses 

and 4 M potassmm hydroxtde to leave a residue (mainly a- 
cellulose) with the followmg composmon @g/mg) de- 
oxyhexose 11, Ara 46, Xyl 13, Man 13, Gal 32, Glc 665, 
uromc acid 113 The yields of these fractions have been 
reported previously [S] and the composition of the alkali 
soluble fractions 1s grven m a subsequent paper [23] The 
a-cellulose residue still contamed uromc acid, a feature 
also observed with CWM from cabbage AIR [2] and 
other tissues [24-271 After prolonged treatment with 
cellulase 5 % of the ongmal residue remained and 20 % 
was recovered as a non-dlalysable soluble fraction The 
sugar composition of the soluble fraction [(pg/mg) 
deoxyhexose 31, Ara 104, Xyl 14, Man 17, Gal 113, Glc 
166, uromc acid 2071 indicated that this contamed a pectlc 
substance The protein content of this fraction was 5 5 % 
and It was nch m aspartate and glutamate but poor m 
hydroxyprohne (Table 2) This 1s m contrast to the 
hydroxyprohne nch protein associated with the a- 
cellulose fraction of mature runner bean parenchyma 

[26,28] The relatively low recoveries of carbohydrate and 
protein, and the presence of an appreciable amount of 
glucose, m the soluble fraction, suggest that the pectlc 
polymer IS probably linked to the cellulose by phenohc 
cross linkages 

The results of this study show that the cabbage pectin 1s 
mamly based on a rhamnogalacturonan backbone to 
which the bulk of the ‘arabman-nch complexes’ are linked 
via (1 + 4)-hnked Galp residues to C-4 of the (1 + 2,4)- 
linked Rhap residues as shown m hg 3 From the 
proportion of (1 --, 4)-linked Galp to T-Galp residues It 
can be inferred that the maxnmun number of galactose 
residues m a side chain would be ca 5 These observations 
are m agreement with those of previous workers [l] The 
pectin complex shown m Rg 3 which IS part&y esten- 
fied, can undergo &ehmmatlon during extraction with hot 
water [29] to @ve a fragment which 1s very nch m 
arabmose Polysaccharldes nch m arabmose have been 
produced from apple pectlc substances by a transelmu- 

Arabtnan---- 4)-D-Galp - (1 

f 

* 
4)-L-Rhap-(I-4)-D-GalpA-( 1+4)-D-GalpA-( I-4)-D-GalpA-( l- 

X 2 
t 
i 

D-GalpA 
4 
t 

x = 1 to 3 

* Esterified 

Fig 3 Structural feature-s of the pect~c complex from cabbage cell walls 
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nation reaction [30] 
Most of the pectlc substances have only small amounts 

of glycoprotems associated with them The insoluble 
pectlc material from the oxalate-soluble fraction, which 
has an appreciable amount of protein associated with it, 1s 
comparable with the alkali-soluble polysacchande- 
protein-polyphenol complexes These are discussed m a 
subsequent paper [23] Thus this study has not only 
thrown additional light on the nature of cabbage pectlc 
substances, and the artefacts that could be produced 
during extraction, but has also given useful leads for 
studies on cell wall proteoglycan complexes 

EXPERIMENTAL 

Chemicals LlA1D4, LIBH,, NaBD, and CDs1 were purchased 
from Fluka, Swnzerland, DMSO, tetrahydrofuran, NaH, 
NaBH, were obtamed from B D H (Poole, Dorset, UK ) 
DMSO was vacuum distdled over CaH2 and stored over 
molecular sieve 3A Tetrahydrofuran was dlstdled over LIAIHI 
and stored under Ar All other chemicals were of the highest 
purrty available DEAE-Sephadex and DEAE-Sephacel were 
purchased from Pharmacla (Uppsala, Sweden) Cellulase (EC 
3 2 14) from Trtchoderma utrtde CS12 was prepared by the 
method of Stevens and Payne [31] and partially purdied by 
(NH&SO,-pptn (3(t80 % w/v satn) 

Plant maternal Cabbages (var Decema) were grown m exper- 
Imental plots near the laboratory and harvested when ‘mature’, 
about 33 weeks after transplanting Only the Immature inner 
leaves, about 607” of the weight of the head, were used 

General methods of analysts Neutral sugars were released by 
1 M H*SO, or Saeman hydrolysis for 2 5 hr and estimated as 
then aldltol acetates by GC [ 111 Uromc acids were estimated 
colorlmetrlcally by (a) a modified carbazole method [1 1] and (b) 
by the method of Blumenkrantz and Asboe-Hansen [32] DE was 
calculated from the MeOH content, determmed by the method of 
Wood and Slddlqm [33], as a molar proportlon of the total 
uromc acid content estimated colorlmetrlcally Acetyl was estl- 
mated by the method of McComb and McCready [32] Ammo 
acids were estimated as their n-propyl heptafluorobutyryl derlva- 
tlves [35] OR was measured using a Bendix Automatic Polari- 
meter type 143C CH2N2 m Et,0 was prepared by the method of 
BJerke and Herman [36] 

Preparation of CWM CWM was prepared by sequential 
extractlon of the ballmdled fresh tissue with 1 “/, aq Na 
deoxycholate and PhOH-HOAc-H,O (2 1 1, w/v/v) as de- 
scribed previously [4] 

Sequential extractton of CWM CWM was fractionated by 
sequential extractlon wnh HZ0 at go”, (NH4)&04, pH 5 0, at 
80” then 1 M and 4 M KOH contammg 10 mM NaBH,, as 
described previously [27], to leave a residue of a-cellulose 

Purtjicatton of WSP (1) Ion exchange-WSP (50 mg) was de- 
esterltied at pH 12 for 2 hr at 0” [32], adJusted to 1OmM PI, 
pH 6 4, gently stirred for 2 hr with 14 ml of moist DEAE 
Sephadex AS0 (Cl- form) then packed mto a 1 cm dlam column, 
above a 2 cm bed of the same Ion-exchanger Elutlon was with 
10 mM K-PI, pH 6 4, alone mltlally (20 ml) then with the addltlon 
of 0 9 M NaCl (120 ml) Fractions (2 ml) were collected and 
momtored by reaction with PhOH-H$O, [38] Appropriate 
fractions were pooled, dlalysed and freeze dried A portlon 
(19 mg) of the material (A) not bound to the column was apphed 
to the same ion exchanger (1 x 6 5 cm column), and eluted with 
10 mM Pi pH 6 4 (20 ml) then a linear gradient from &O 9 M 
NaCl(l50 ml) contammg 10 mM PI, pH 6 4, followed by further 
elutlon with 0 9 M NdCl (80 ml) (2) Precipitation wnh Cu2+ 
Ions-aq Cu(OAc), (7 “/, w/v, 5 8ml) was added to a soln of 

WSP (171 mg m 34ml H,O) The ppt (1) which formed was 
removed by centnfugatlon, washed with Cu(OAc), , suspended m 
0 5 N HCI (7 ml) and EtOH added to 80 “/ The ppt was removed 
by centnfugatlon, dlalysed agamst HZ0 and freeze-dned to yield 
151 mg EtOH was added to the Cu(OAc), supernatant to 807” 
wlthout pptn Further addmon of Me&O (1 vol) gave a ppt (2) 
which was removed by centrlfugatlon and washed with aq 800, 
EtOH contammg HCI (5 “/, v/v of cone HCI), then dlalysed and 
freeze druxi to yield 15 mg A further portion of WSP (50 mg), de- 
estenfied as above, then adJusted to pH 5 0 with HCl, was treated 
with Cu(OAc), to yield a ppt, 3, (27mg) which was removed, 
washed etc as above No further ppt was obtamed from the 
Cu(OAc), supernatant 

Purlfrcatton of OSP OSP (214mg) was stlrred with HZ0 
(15 ml) m the cold, overmght An msoluble residue was removed 
by centrlfugatlon and freeze-dned to yield 13 mg The super- 
natant was adjusted to 1OmM PI, pH 6 4, and applied to a column 
(1 5 x 25cm) of DEAE Sephacel (Cl- form) Elutlon was with 
10 mM KPI, pH 6 4, 120 ml mltlally, then with this buffer m a 
hnear gradlent of NaCl (@l M, 200 ml) Fractions (3 ml) were 
collected, momtored by reactlon wnh PhOH-H,SO, and appro- 
prlate fractions combmed, dlalysed and freeze-dried to yield OAl 
(55 mg) and 0A2 (77 mg) 

Parttal acid hydrolysis WSP acldlc fraction B was partially 
hydrolysed by heatmg with 0 2 N TFA for 2 hr at 120” ma sealed 
tube TFA was removed by co-dlstdlatlon wnh H20, under 
vacuum 

Isolation of actdtc oltgosacchartdes and preparatton of methyl 
ester methylglycosrde The lsolatlon of the acldlc ohgosaccharldes 
by elutlon from amon exchange resm and the preparation of 
methyl ester, methyl glycosldes were carried out as descrrbed m 
ref [37] 

GC/MS GC on OV-225 and ECNSS-M and GC/EIMS 
analyses of PMAA were carried out as described m ref [39] 
Methylated ohgosaccharldes were separated by GC on a 2 8 m 
x 2 2 mm columu of J J ‘s dlatonute CQ coated with 4 ‘;, OV-I, 

which after 5 mm at 190” was temp programmed at lo/mm 
GC/CIMS, usmg NH3 as the reagent gas [40], was performed on 
an AEI MS30 mass spectrometer 

Methylatton analysts OSP (20 mg) was methylated as de- 
scribed previously [27], dissolved m CHC13-MeOH (1 1) and a 
portion equivalent to 5 mg OSP was converted to PMAA [39] 
and subJected to GC/MS A slmdar portlon was reduced with 
L1AlD~[411 and converted to PMAA after further reduction 
with NaBH, [41] The remamder of the methylated OSP was 
cooled m Ice, 2 ml of CH2N2 m Et20 was added and allowed to 
stand for 0 5 hr Excess CH2N2 was removed by evaporation at 
room temp under a stream of N2 and the esterlfied methylated 
material was reduced with LtBH4 as described m ref [27], and 
converted to PMAA 

Fraction 0A2 (20 mg) was methylated, a sample removed for 
converslon to PMAA, and the remainder was estenfied with 
CH2N2 and reduced with LlBH.,, as for the OSP The carboxyl 
reduced 0A2 was partially hydrolysed with 90% HCO*H at 70 
for 40mm [22] after which the HCO,H was removed by co- 
dlstlllatlon with H,O under red pres and the material was 
reduced with NaBD, and remethylated usmg CD31 The meth- 
ylated partially degraded material was separated by extractlon 
wnh CH& [42] and a sample analysed by GC/EIMS (OV-I 
column) The remamder of the re-methylated material was 
completely hydrolysed and converted to PMAA for analysts by 
GC/MS 

Cellulase treatment A portlon (54 mg) of the cellulose residue, 
after sequential extractlon of the CWM, was suspended m 10 ml 
acetate buffer (0 2 M, pH 5 0) and incubated at 37” with 1 ml 
(110000 umts) of cellulase from T utrtde (1 umt produces lpg/hr 
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soluble carbohydrate, es-ted as glucose, from ball mdled 
filter paper at pH 5 and 37”) NaN3 (0005 M) was added to 
mhlblt bactenal growth After 3 days the supematant was 17 
removed by centnfugatton and fresh cellulase and buffer added 18 
and mcubatlon contmued for a further 3 days after which the 19 
suspension was centnfuged, the supematant filtered through a 
weighed glass fibre filter (Whatman GF/C) then dlalysed and 20 
freeze-dried A control was set up with no cellulase 

21 
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