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Abstract--Sequential extractions of 14-day-old ROM glauca cell walls cultured in vitro showed that two different types 
of acidic polysaccharide were present. One was extracted with EDTA or ammonium oxalate solutions, and the other 
remained in close association with cellulose even after 4.3 N NaOH extractions or 2 N H,SO, hydrolysis. The cell wall 
has a low content in structural protein. The behaviour of each constituent sugar was followed during the course of the 
various extraction steps, and a complete quantitative account of the protein, uranic acid and neatral sugar components 
is given at each stage. 

INTRODUCTION 

Primary walls play an active role in elongation or 
extension processes during growth [l-3]. They are found 
in organs like coleoptiles, hypocotyls, internodes of very 
young stems, young roots, cambial tissue in trees and also 
in cells cultured in oitro. It has been recognized during the 
last five years that they are essentially built of a fibrillar 
cellulosic framework, an amorphous matrix of pectic and 
hemicellulosic polysaccharides and a structural protein, 
frequently called extensin and characterized by a high 
hydroxyproline content and a high degree of 
glycosidation [4-lo]. 

Several chemical and biochemical methods have been 
applied to this multimolecular complex for extracting and 
studying the separated constituents. Methods differ 
depending on the objective, the non-cellulosic 
polysaccharide or the protein moeity [5, 7, 9, 1 l-141. 
Some polysaccharides have been isolated from primary 
walls: a pectic acid [5,10,15], an arabinogalactan [S, 91, a 
galactan [ 161, a xyloglucan [8,17,18] and a xylan [lo]. 
Significant differences have been established within the 
same type of polysaccharide according to the cells or 
tissues studied. 

In a series’of investigations on primary cell walls from 
lupin and mung bean hypocotyls. Monro er al. have 
established that much of the pectin, hemicelluloses and 
glycoprotein is not covalently linked but that the 
glycoprotein and microfibrils have direct inter- 
action [12-141. The wall glycoprotein has been the 
subject of several papers [6,11,19]. In spite of apparent 
similarities, the model proposed in 1973 by Albersheim 
and co-workers [20] is not representative of all types of 
primary walls. Several results on hypocotyls [21], rose 
cells cultured in citro [22] or cambial cells of Populus and 
TiIiu [8%10] do not fit an initial model in which all the 
polymers appear cross-linked. These discrepancies 
suggest that cell walls of different plants or organs or 
cellular types of a same plant have their own molecular 
characteristics, probably in relation to their different 
functions; also primary walls are changing per se as a 
function of cell maturation. 

In our view, the pectic polysaccharides must be further 
studied because of their quantitative importance in the 
wall. Lamport has estimated the pectic components of 
Acer pseudoplaranus to be as much as 36 7: of the wall [4]. 
Talmadge et al. propose the figure of 34 “/, in the wall of 
the same strain [5]. Simson and Time11 found in the 
cambial tissues of Popuhs tremuloides and Tilia 
umericunu that 40-SO’::, and more than 50 “;:, of the total 
polysaccharides of the wall, respectively, are pectic 
material (acidic polysaccharides plus arabinan and 
galactans) [7]. Their nature as large charged mo- 
lecules [23,24] suggests that they probably have a 
physiological role of the utmost importance in the 
primary wall. 

We have studied these wall polymers in the cells of a 
Row ghcu strain cultured in our laboratory, as a 
suspension culture, since 1974 [25]. In this paper, the first 
of a series, results on our sequential fractional extractions 
are presented with special attention to the acidic polymers 
of the walls. At each step of the extraction procedure to 
which the cell walls were submitted (Fig. I), a complete 
and accurate balance of the constituents has been 
established both for the solubilized fractions and for*the 
residues. This allowed us to determine the yield and 
nature of the polysaccharides extracted and also to follow 
the movements of each constituent sugar during the 
fractionation process. 

RESULTS 

Characteristics of the wulls 
The cells used in these experiments were selected at the 

stage corresponding to the end of the exponential phase. 
At this stage the cells are small in size (half the final size 
observed in the stationary phase) and are strongly 
aggregated in clumps of 20 or 40 cells. The washed walls 
represent about 1 ‘:/A in weight ofthe fresh cells. The overall 
analytical data obtained on the wall composition reveal 
that they are made up of 70 “/:, neutral sugars, 24 “/, acidic 
sugars and only 2.5’Y0 protein. Amongst the neutral 
sugars, glucose was the major component with galactose 
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:and arabinose being the next two most abundant sugars. 
‘The protein content is particularly low (2.5 “,,) as 
compared to the 8 IO”,, found in other types of primary 
cell walls. Hydroxyproline. which is the most 
characteristic amino acid of the wall protein. represents 
13.2 (‘(a of’ the protem. 

Interesting information on the walls was obtained by 
appiying the selective hydrolysis conditions of Bartley 
(2 N H,SO,. I20 . I hr) [2h] which wcrc shown to 
solubilizc the pcctic and hetnicellulosic constitucnls of 
young plant tissues. leaving an insoluble part consisting 
mainly of cellulose. Using this hydrolytic procedure. :I 
comparison GTIS made bet\vecn the nalts from IO-. 14 and 
X-day-old cells of Koacc pLr~cir (Table 3). The 14day-old 
cells had the highest content ofmaterial in the non-soluble 
fraction. This fraction had also the maximum content of 
uranic acids. ‘The youngest cells were richer in 
hydrolysable polymers. It must be noted that an 

impor-tant part of the supars extracted during the acid 
hydrolysis are uronicacids. In the three series studied, it ih 
remarkable that ;I part of the potyuronides LZBS 
sotubilixed and the other part. which was approximate]> 
50 “(, of the bulk. remained polymeric, in close association 
with the non-hydrolysablc celtulosic microfibrils or the 
resistant \call gtycoprotein still present in the rcsiducs of 
hydrolysis. 

In order to determine the distribution of the pectic 
polysaccharide~ in the diff‘erent fractions extracted from 

the walls, the conventional sequential treatments. with 
solvents of increasing ability to dissolve the difffrent 
constituents. have been applied to the walls of Row gl~c~rcu 
cells. The qeneral scheme follo\h-cd in this in\.estipation is 
presented III Fig. I. Dat:i in FTnlks 1 and 3 Jiow the 

pcrcentagc ofthc wall components (noutr~il sugars. iironic 

acids. protein) that IKIW been cstractcd in sequrncc. 

These polymers are mainly composed of uranic acids 
(around 50”,,). The neur7-al sugar- components art 

csscntiall\ arabinose uith ;I smaller propel-tion 01 
galactosc. The content of rhnmnoae is high, as expected 
from the pectic nature of the fraction. It must bc obscried 
that 21 “<) of the total polyuronidc> are eutructcd in thih 
step ~~t~lioiig1i only IO”,, of the total \\a11 is sotubilircd 
(Table5 1, 2 and 5). 

Although DMSO is a pwerful sotcent for many 
polysaccharides. it only removed 0.5 “,, of the v,all 
polymers of the cells studied. The fraction obtamed is 
made mainly of xylose M ith ;I ~nucll s7natte1- quantit! of 
~ILICOSC (Tables I and 2). Thcrc is apparcntl> no 
cxtraction of ;I xyloglucan. 

Sodium borohydridc is often used :IS ;I reducing agent 
prior to. or accompanying. alkaline extraction [7] in 
order to pra ent the polysaccharidcs from alkaline 
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Table 1. Percentage of different components extracted in the sequential treatment of the walls and proportions of the different 
components 

Fraction 
Neutral sugar content Uranic acid content Protein content 

Percentage of total wall ( “!,A by wt) Co,, b wt) (“o by W 

EDTA 6.7 40.5 
Oxal. 3.5 35.5 
DMSO 0.5 46 
NaBH, I.2 tr 
1.25 N NaOH 4.1 48.5 
2.5 N NaOH 10.8 56 
4.3 N NaOH 13.3 66 
2.5 N NaOH residue 55.5 71 
4.3 N NaOH residue 61.7 68 

51 I .4 
48 I.5 
17 2.2 
49 7.5 
20 24.3 

4.5 1.3 
9 6.0 

29 0.33 
25 0.35 

Table 2. Neutral sugar composition of the different fractions 

Fraction 
‘I0 in the fraction 

(by wt) 

Molar ratio 
Neutral sugars in “,, 

of total (by wt) Rha Fu Ara XYl Ma Gal Glc 

4 
EDTA 
Oxal. 
DMSO 
I.25 N NaOH 
2.5 N NaOH 
4.3 N NaOH 
2.5 N NaOH residue 
4.3 N NaOH residue 

70 70 3.5 I I3 8 3 16.5 55 
40.5 2.7 10.5 53 3.5 ~ 19 I4 
35.5 1.2 11.5 49.5 4 ~~ 22 I3 
46 0.2 9 ~ 25 38 ~ 14.5 13.5 
48.5 2.3 4 4 I9 14.5 5.5 16 37 
56 6 2.5 3 IO 18.5 I3 14.5 38.5 
66 8.7 3.5 3.5 I4 15.5 II 16 36.5 
71 39.4 4.5 1.5 20.5 9.5 - I6 48 
68 42 2 I.5 14.5 6.5 - 14 61.5 

* A, represents the starting cell wall material (see Experimental). 

Table 3. Carbohydrate composition of soluble and insoluble parts of the walls after 2 N HZSO, hydrolysis 

Fraction 

Percentage 
total of 

wall 

Uranic acid 
content 

( “0 by wt) 

Neutral sugar Molar ratio 
content 

( “o by wt) Rha Fu Am Xyl Ma Gal Glc 

Residue (lo-day-old cells) 26.5 I8 73 _ _ tr I 3.5 -~ 95.5 
Residue (14day-old cells) 42 29 62 _ 2.5 5 ~ 92.5 
Residue (28-day-old cells) 35.5 I3 72 tr 1.5 ~- 98.5 
Soluble (10 days) 73.5 I5 61 12 3 31 13.5 2 I9 19.5 
Soluble (I4 days) 58 I8 56 5 3 33 I7 1 29 I2 
Soluble (28 days) 64.5 I4 42 10 3 21.5 13.5 2.5 25.5 24 

degradations. Apart from this role, sodium borohydride, 
when used in dilute solutions, has been shown [27,28] to 
be an efficient solvent for acidic polysaccharides not 
solubilized by aqueous solutions. The 1 ‘!,;, solution of 
borohydride solubilized only a small percentage of the 
wall but the fraction was strongly acidic (49’2, uranic 
acids). It appears that this treatment effectively acts as a 
complement to the usual solvents of the pectic material. 
This fraction also had 7.5 “0 protein (Tables 1, 4 and 5). 

1.25 N NaOH r.xrructed po!,mrl:s 

In this mild alkaline treatment, one can observe that 
only a small part of the wall is solubilized. The main 
feature of this treatment is the solubilization of46’>,, of the 
wall protein (Table 4). It is to be noted that this protein 
fraction contains only 4”;, hydroxyproline. Polymers 
containing glucose are the major constituents of the 
fraction, Those containing arabinose or galactose are also 
extracted (Tables I, 2 and 4). 
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Table 4. Data on protein extraction during the sequential treatment of the uall 

Fraction 
I’,, of the total ‘I,, of protein in the Protein as “I, of the “() of total protein Hydroxyproline 

wall extracted fraction (by wt) total wall extracted content* 

*As a pcrccntage of the protein of the fraction. 

Table 5. Data on (Ironic acid extraction during the sequential treatment 

Fraction 

‘I,, of total wall 

rx1racted 

Uranic acid content of Uranic acids in percent “C, of total uromc 
the fraction ( ‘I(, by wt) of total \\.a11 (by wt) acds extt-acted 

41 IO0 24 24 100 
EDT/Z 6.7 51 3.4 14.’ 
Oxal. 3.5 48 1.7 7.1 

DMSO 0.5 I7 0.08 0.3 
NLIBH, 1.2 4’) 0.5 2.5 
1.25 N NaOH 4.7 20 0.0 3.7 
2.5 N NaOH IO.8 4.5 0.5 7 

4.3N NaOH 13.3 Y 1.2 5.0 
2.S N NaOH residue 55.5 29 16 h6.h 

4.3 N NaOH residue 61.7 25 IS.4 64 

From Table 1 it can be observed that around I I I’<, of 
the initial walls are extracted. This fraction is rich in 
protein. Polymers of glucose and xylose are solubilized 
and to a lesser proportion all the neutral sugars are found 
in the hydrolysates. There is no selective extraction of one 
type of polymer, suggesting that all these sugars belong to 
linked macromolecules (Tables 2 and 3). 

Applied to the 1.25 N NaOH treated walls, this alkaline 
treatment extracts I3 I’(, of the wall components. These are 
mainly neutral polymers (glucose and xylose are the main 
sugars found). There is a low percentage of uranic acids as 
previously noted in the 2.5 N NaOH extracted fraction. 
Again the wall protein is dissolved to a high degree, 
comparable to that of the previous fraction. All these data 
show that these strong alkaline conditions do not have the 
ability to extract from the walls more constituents than 
the 2.5 N NaOH solutions; all these alklaine extractions 
resulted in the solubiliration of up to 82 “,> of the total wall 
protein (Table 4). 

Table 6. Percentage of each monosaccharide extracted al 
dltl’erent stages of the sequential treatment 

Monosacch;rrides ( “,, by ~11 

A,,* I 00 I 00 I 00 I00 IO0 lo0 100 
EDTA Il.5 Ii I.5 5 I 
Oxal. h 5.5 0.x 2.5 0.5 

DMSO I 0. i I .h 0.5 0. I 
I .25 N 

NaOH 4 x 3.5 6 7.5 3.5 2 
2.5 N 

NaOH 5 17 5.5 20.5 4x x 6 
4.3 N 

NaOH II 32 IO 7.5 5x.5 13.5 8 
?.5N NaOH 

residue 69 55.5 70.5 6X 59 48 
4.3N NaOH 

residue 30.5 50 51.5 46 55 64.5 

* For composition see Table 2. 
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From the residue after 2.5 N NaOH extraction, it can be 
seen that little protein was present with a high content of 
hydroxyproline (44 ‘:,,). This hydroxyproline represents 
25 z ofthe total hydroxyproline ofthe wall (Table 4). This 
result, added to the fact that in this residue there is still 
70 ::, of the arabinose initially present in the wall, suggests 
the possible role of the hydroxyproline-arabinoside 
linkage in the connection of the cellulosic and non- 
cellulosic polymers (Table 6). From the data in Table 1, it 
can be seen that after the NaOH treatments, as much as 
40 2, of the wall components have been solubilized. The 
residue (ca 60”+,) which has a very low protein content is 
still composed of approximately 70”,, neutral sugars and 
25-29’::, uranic acids (Tables 2,4 and 5). When the above 
residue was subjected to the 2 N H,SO, hydrolysis, all the 
arabinose and galactose were found in the soluble part 
and nearly all the glucose and a part of uranic acids 
remained insoluble. This result suggests that cellulose and 
a polyuronide must be associated through strong 
linkages. 

Extractkm with ummorkm oxalutr 

In order to obtain a more complete extraction of the 
polyuronides, the residual walls after NaOH extraction 
were treated with ammonium oxalate at pH 7 (Fig. 1). The 
solubilized material (about 2O’i,,) was acidic in nature 
since it contained 33 “‘, uranic acids. Among the neutral 
sugars, arabinose (50’><) and galactose (3OYJ were the 
most important. Here again the insoluble part essentially 
constituted of cellulose but 26”s; of the initial 
polyuronides of the wall remained tightly associated to it. 

DISCUSSION 

In comparison to the results obtained with other types 
of primary cell walls, it appears that the 14-day-old cell 
walls of Row glauca have their own molecular 
characteristics, related to the cellular morphology and 
physiology. At the stage of sampling, the young and small 
cells are limited by a thin wall which undergoes important 
changes in dimensions. These walls must be able to 
undergo a fast extension since the cell size doubles in 
approximately 10 days. The low level of the 
hydroxyproline-rich wall protein must be also related to 
the stage of sampling, at a time where the cells are 
continuously dividing. In the R. glaucu cell walls studied 
the main characteristic is the high percentage of pectic 
components, a type of hydrophilic matrix which allow the 
processes of isodiametric extension of the ovoi’d rose cells. 
The results obtained with the sequential treatments 
followed in this study suggest that most of the neutral 
polymers are connected to the pectic acids of these walls. 

If we assume that a pectic acid similar to that described 
by Simson and Time11 [lo] in the cambial walls of Populus 
and Ti/ia is also present in the walls of R. ghca, then it 
can be understood why at the end of the extraction 
sequence about 50”; of the constituents are still in the 
form of undissociated polymers. It must be noted that at 
every stage, all the constitutive monomers (neutral sugars 
and uranic acids) are present in the polytners extracted. 
There is no selective extraction but a simultaneous 
solubilization of a mixture of polymers or a solubilization 
of fragments of a large pectic acid molecule. 

From our results it can be seen that pectic acid 
molecules have to be studied in more detail at two stages 

of the sequence. The first corresponds to the acidic 
polyuronides extracted by EDTA-ammonium oxalate 
solutions. The second remains in the insoluble material 
after the 2.5 N NaOH treatment, there being no indication 
that more drastic alkaline conditions remove any more 
material. At this stage of the sequential treatments, we 
have shown that ammonium salts can extract a part of the 
insoluble pectic polymer. 

The presence in the final residue from the extraction 
process of hemicellulosic material and of pectin still 
associated with cellulose has been observed in several 
instances [7,29,30]. It is well known that it is very difficult 
to obtain a cellulose totally free of contaminating sugar 
residues. It seems, however, that the large percentage of 
uranic acids remaining in close association with our 
cellulosic residue after 2.5 N NaOH, as well as 2 N 
H,SO,, treatment is a new facet of the characteristics of 
these primary walls. 

EXPERIMENTAL 

Origin of cell wulls. The walls used throughout were prepared 
from a cell suspension culture of R. glauca isolated in our 
laboratory in 1973. This strain (A,,) growing on sucrose and 
mineral salts has no hormone dependence (habituated 
strain) [25]. After 14 days ofgrowth at 22”, thecells were washed, 
ground in a phosphate buffer (pH 7.2 at 2-4”), washed several 
times [31,32] on a scintered glass funnel, and lyophilized. Before 
use, the walls were delipidated [33] with CHCI,-MeOH (1 :I) 
overnight at 20”. 

Amrlyticd procdurrs. The protein content was determined 
using the method of Lowry [34]. Uranic acids were estimated by 
the carbazole method [35.36] and controlled by decarboxylation 
according to Bylund and Donetzhuber [37]. Hydroxyproline 
was assayed following the method of Kivirikko [38,39] after 
hydrolysis at 100 with 6 N HCI in sealed tubes for 20 hr. Neutral 
sugars were obtained from the lyophilized fractions by the 
hydrolytic procedure previously described [40]. After neutrali- 
zation with BaCO, the monosaccharides were qualitatively and 
quantitatively determined by GLC of their alditol acetate 
derivatives [41]. For GLC, a Packard-Becker 417 instrument 
fitted with’s flame-ionization detector was used. Separations 
were performed on glass columns (2 m x 0.15 cm) containing 3 U/, 
of ECNSS-M on Gas Chrom. Q (100-l 20 mesh) at 185”. Peak 
areas were calculated with a 3880 A Hewlett-Packard integrator. 
Mrso-inositol was used as the internal standard. 

Sequrrltiul extractiott 01’ the walls. The different steps of the 
extraction procedure are shown in Fig. 1. Water-solubie 
polysaccharides were extracted from the walls by hot solutions 
(80”) of 2 “(, EDTA (3 x 2). Ammonium oxalate (0.5 I%;) was used 
at 80” for 2 hr. Alkaline extractions were performed successively 
with 1.25, 2.5 and 4.3 M NaOH soln (20”. 18 hr under N2). 

Aclinowlrrlgmzmr -Thanks are expressed to Mrs. G. Hustache 
for growing the cells. 

1. 
2. 
3. 

4. 
5. 

REFERENCES 

Cleland, R. (1971) Atm. Rev. Plunt Physiol. 21, 235. 
Roland, J. C., Vian, B. and Reis, D. (1975) J. Cell Sci. 19,239. 
Roland, J. C., Vian, B. and Reis, D. (1977) Protoplasma 91, 
125. 
Lamport, D. T. A. (1965) Adu. Bot. Res. 2, 151. 
Talmadge, K. W., Keegstra, K., Bauer, W. D. and 
Albersheim, P. (1973) Plum Physiol. 51, 158. 



246 G. CI-IA\IH~\i Cf c/1. 

I I. Lamport. D. 1‘. A. (I’XY) Bioc~lw/,ri.\r~~~ 8, I 155. 
12. Monro. J A., Ba~lq. R. W. and t’ennq. D. (1974) 

l-‘/g ~ochmi\fi~l 13, 375. 
I?. Monro. J. A.. Bailey. R. W. and Penny. D. (1975) C‘tr+~~l~y~/. 

KC,\. 41. 153. 
14. Monro, .I. A., Bailey. R. W. and Penn). D. (1976) 

ril~~lrJc~hc~/lri\r~i~ IS, 175. 
15. Aspinall. <i. 0.. Mnlloq. J. A. and Crag. J. W. T. (1969) C‘LIII. 

.I. Bioclrerr1. 47, 1063. 

16. Mallard. A.. Barnoud, F. and Dutton. G. G. S. (1976) 
P/zy\io/. Ci:,q. 14 (1 1. 101. 

17. Bauor, W. D.. Talmadge, K. W.. Kcegstrx K. and 

Albersbcim. P. ( 1973) P loul. Ph~~Goi. 51, 174. 
18. Barnoud. F.. Mallard. A. and Dulton. G. (;. S. (1977) 

I’lr\~\io/. I ‘:g. 1s (I I. 152. 
19. Lamport, II. T. A. (1’977) in Rcwr~r 4t/t~,rt,c3 irt 

Ph~~/~)~~/~crr~i\/~~. p. 79 (Lwwus. F. and Runcckicu. V. <‘.. 
cds. j. Plenum I’ras. Nw York and Londun 

20. Kecgstra. K.. Talmadge. K. W.. Baucr. M’. D. and 
Albersbeim. P. (I 973) /-‘/rfur Phj~,\i~~/. 51, I SS. 

21. Monro. J. A.. Penny, D. and Ba~luy. R. W. (1976) 
I’l1l~ro~~/lc~,l7isr~~~ IS, I 193. 

72. Mallard. A and Barnoud. F‘. ( 1976) F’/I~.\IcI/. I@‘:. 14 (7). 2.13. 


