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IN SITU DETECTION OF CELL WALL POLYSACCHARIDES IN 
SITKA SPRUCE (PICEA SITCHENSIS (BONG.) CARRIÈRE) 
WOOD TISSUE 
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Wood cell wall polysaccharides can be probed with monoclonal 
antibodies and carbohydrate-binding modules (CBMs).  Binding of 
monoclonal antibodies to β-1-4-xylan, β-1-4-mannan, β-1-3-glucan, and 
α-1-5-arabinan structures were observed in native Sitka spruce (Picea 
sitchensis (Bong.) Carrière) wood cell walls.  Furthermore CBMs of 
different families, differing in their affinities for crystalline cellulose (3a) 
and amorphous cellulose (17 and 28), were shown to bind to the native 
wood cell walls with varying intensities. Resin channel forming cells 
exhibited an increased β-1-4-xylan and a decreased β-1-4-mannan 
content.  Focusing on severe compression wood (CW) tracheids, β-1-3-
glucan was found towards the cell lumen.  In contrast, α-1-5-arabinan 
structures were present in the intercellular spaces between the round 
tracheids in severe CW, highlighting the importance of this polymer in 
cell adhesion.  
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INTRODUCTION 
 

The chemical composition of wood varies not only at the tissue level between 
wood types but also at the cellular level between cell wall layers.  Cell wall components 
at these levels determine not only the unique mechanical properties of certain wood types 
but also their chemical reactivity and accessibility to pulping and bleaching agents.  The 
analysis of the chemical wood structure at cellular levels is difficult to achieve.  Although 
advances have been made in the miniaturisation of classical wet-chemical wood analysis, 
their capacity for spatial resolution is not adequate for investigations at the cellular level 
(Dahlman et al. 2000; Pranovich et al. 2006).  Infrared micro-spectroscopy has the 
potential to determine the chemical wood composition on the cellular level (Hori and 
Sugiyama 2003; Dokken et al. 2005).  Unfortunately, spectroscopic techniques only yield 
a limited amount of structural information on the polysaccharides present. 

Antibody labelling of plant cell wall polysaccharides has a long history of 
successful use on primary cell walls (Vreeland 1970), and a wide range of monoclonal 
antibodies directed to cell wall polymers is now available (Knox 1997).  Another type of 
molecular probe recently used for the detection of polysaccharides in plant cell walls is 
carbohydrate-binding modules (CBMs) (Din et al. 1991; Taylor et al. 1996; McCartney et 
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al. 2004; McCartney et al. 2006; Blake et al. 2006; Filonova et al. 2007).  CBMs are 
classified into families (http://afmb.cnrs-mrs.fr/CAZY/ (Coutinho and Henrissat 1999)), 
which display different affinities to cell wall polysaccharide structures such as 
amorphous or crystalline cellulose. Recombinant his-tagged forms of CBMs can be used 
as selective probes in a manner similar to that used for monoclonal antibodies 
(McCartney et al. 2004). 

Apart from the use of molecular probing techniques for cell wall polysaccharides 
in differentiating vascular wood tissue (Baba et al. 1994; Guglielmino et al. 1997; Ermel 
et al. 2000; Maeda et al. 2000; Samuels et al. 2002; Lafarguette et al. 2004), some reports 
of their application towards mature wood tissues or processed wood products like pulp 
can be found (Duchesne et al. 2003; Hafrén and Daniel 2003; Hildén et al. 2003; 
Lappalainen et al. 2004; Brändström et al. 2005; Hafrén 2005; Daniel et al. 2006; 
Filonova et al. 2007; Altaner et al. 2007).  Here we report the potential of molecular 
probes, which have up to now not been applied to wood, to locate cell wall 
polysaccharides in untreated Sitka spruce (Picea sitchensis (Bong.) Carrière) cross-
sections. 
 
 
EXPERIMENTAL 
 
 Anti-mouse-IgG FITC, anti-rat-IgG FITC, anti-rabbit-IgG FITC, and anti-mouse-
His were obtained from Sigma. The β-1-3-glucan and β-1-4-mannan antibodies were 
obtained from Biosupplies Australia.  Details of the anti-α-1-5-arabinan monoclonal 
antibody LM6 (Willats et al. 1998), anti-β-1-4-xylan LM11 (McCartney et al. 2005), and 
the microbial CBMs designated CBM3a (Clostridium thermocellum), CBM17 
(Clostridium cellulovorans), and CBM28 (Bacillus sp. 1139) have been described 
elsewhere (Carrard et al. 2000; Boraston et al. 2000; Boraston et al. 2002; Blake et al. 
2006).   
 Samples were cut from Sitka spruce (Picea sitchensis (Bong.) Carrière) trees 
grown at Kershope, Northumbria, UK and felled when 36 years old.  Transverse sections 
were cut (20 µm thick) with a sliding microtome from the wood blocks (L: 30 mm, T: 5 
mm, R: 50 mm) after soaking in cold water for 30 min.  This ensured that no extraction of 
any wood components occurred during sample preparation.   
 The wood sections were incubated for 1 h at room temperature under gentle 
shaking with 200 µl primary molecular probe solution dissolved in 800 µl 3% milk 
powder in phosphate-buffered saline (PBS) (Jones et al. 1997).  The liquid was removed 
and the wood sample was washed 3 times for 5 min with PBS under the same conditions.  
In case of his-tagged CBMs an additional labelling step using anti-mouse-His before anti-
IgG FITC application was needed as described by McCartney et al. (2004).  Bound 
primary molecular probes were then labeled with the corresponding anti-IgG FITC 
(Sigma), using 750 µl of a 1:100 dilution in 3% milk powder in PBS.  Incubation lasted 1 
h at room temperature under gentle shaking in the dark.  The samples were again washed 
3 times for 5 min in PBS.  Finally the wood sections were mounted onto microscope 
slides in the presence of Citifluor anti-fade reagent (Agar Scientific).  The labeled 
samples were examined with an Olympus BH6 microscope equipped with epifluoresc-
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ence irradiation.  Alternatively, a Zeiss CLSM510-UV microscope, fitted with a 488 nm 
laser and 505-550 nm band-pass filter, was used to acquire higher resolution images by 
confocal laser scanning microscopy.  Bright-field images were collected with a trans-
mitted light detector.   
 
 
RESULTS AND DISCUSSION  
 
Cellulose 
 Three different CBMs directed to cellulose were tested for their potential to bind 
to untreated wood. Whereas the CBM belonging to family 3a binds to crystalline 
cellulose, the CBMs belonging to family 28 and 17 have an affinity for amorphous 
cellulose (McCartney et al. 2004; Blake et al. 2006).  Figure 1 shows equivalent cross-
sections containing a band of compression wood (CW) that appeared brighter in the 
control than the neighbouring normal wood (NW).   
 

 
 
Fig. 1. Equivalent unextracted Sitka spruce cross-sections containing a compression wood (CW) 
band incubated with CBM3a (a), control (without primary molecular probe) (b), CBM17 (c) and 
CBM28 (d).  The true colour images were obtained with a fluorescence-microscope. 
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 The autofluorescence of the wood cell wall in the control can be attributed to 
lignin present in wood (Donaldson et al. 1999) (Fig. 1b).  Despite the yellowish lignin 
auto-fluorescence, the bright green fluorescence of antibody-linked FITC could be clearly 
identified.  CBM3a, binding to crystalline cellulose, strongly stained all wood types in the 
samples similarly (Fig. 1a).  CBMs from families 17 and 28, having an affinity to amor-
phous cellulose, displayed a differential reaction, with CBM17 binding to ray cells and 
CW (Fig. 1c), whereas CBM28 (Fig. 1d) was almost equivalent to the control (Fig. 1b), 
with a negligible amount of binding.  The obvious difference in affinity to xylem tissue of 
the CBMs, showing a much stronger binding of the CBM recognising crystalline 
cellulose, is comparable with literature reports of other species, e.g. tobacco stems (Blake 
et al. 2006).   

Due to the differences in the affinity of the individual CBMs towards their 
ligands, it is not possible to draw conclusions from the staining intensity on the amount of 
the corresponding cellulose types in the cell walls.  If it is assumed that all the molecular 
probes bind only to cellulose of one form or another, then this premise leads to the 
interpretation that whereas crystalline cellulose is abundantly present in all cell types, 
amorphous cellulose is predominately present in ray cells and CW tracheids.  However, it 
has to be mentioned that the staining for CW may be due to the presence of β-1-3-glucan 
(callose) structures, which are present in severe CW (Hoffmann and Timell 1972, Fig. 4), 
since recognition of callose by this CBM has been reported (Boraston et al. 2000; 
Boraston et al. 2002).   
 Apart from the aforementioned factors, affinity and selectivity, the accessibility of 
the ligands can have a significant influence on the results of immunolabelling studies.  In-
deed variations in the accessibility of the polymers have been exploited to visualise dam-
ages in spruce pulp fibres using a CBM (Hildén et al. 2003).  In the case of our study, 
differences in accessibility between NW and CW are not expected due to sample prepar-
ation.  First, this is because the tissue types are present within the same sections, ruling 
out an influence of the microtome knife. Secondly although variations in the microfibril 
angle could result in additional variations in the accessibility on the tissue level due to 
alterations in the surface roughness of the section, this seems unlikely, since we used 
juvenile wood which like CW has a high microfibril angle.  At the cell wall level we 
found indications that CBM3a bound more strongly to the inner and outer secondary cell 
wall layers (data not shown).  This is consistent with the findings of Hildén et al. (2003).   
 Solid-state NMR spectroscopy (Hult et al. 2000; Andersson et al. 2004; Newman 
2004) and x-ray diffraction (Andersson et al. 2003; 2004; Thygesen et al. 2005) have 
been used to study the cellulose structure in wood.  X-ray diffraction yields data on the 
crystallinity index and size cellulose crystals.  Solid-state NMR spectroscopy gives 
insights into the various forms of crystalline cellulose (i.e. Iα, Iβ, and para-crystalline), as 
well as the amount of accessible and inaccessible surface chains.  Based on the 
assumption that CBMs bind selectively to individual forms of cellulose, it can be 
expected that they posses the potential to validate the above-mentioned methods for the 
analysis of cellulose structures.  Especially with respect to the more disordered cellulose 
structures, which are inaccessible to x-ray diffraction, CBMs promise to be powerful in 
gaining information.  This is because the affinity of CBMs towards cellulose can be 
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expected not only to be dependent on the crystallinity index, but also the size of the 
individual fibril aggregates.  Furthermore the application of CBMs has the potential to 
increase the resolution from the tissue level to the level of the individual cell wall layers.  
The average cellulose crystallinity for Norway spruce (Picea abies (L.) Karst.), Scots 
pine (Pinus sylvestris L.), and Radiata pine (Pinus radiata) was reported to be slightly 
above 50%. This value is fairly constant for the individual wood types (namely juvenile 
wood, mature wood, early wood, late wood, opposite wood, and CW) with the tendency 
to higher values for slow grown tracheids (Newman 2004).  To the best of our 
knowledge, information on the crystal size of cellulose in conifers is only available on 
NW for Norway spruce and Scots pine (Andersson et al. 2004).  Although this data does 
not show any difference between the two species it cannot be ruled out that a difference 
between individual wood tissues, in particular for CW, does exist. Indeed increased 
lateral dimensions of the cellulose crystals in tension wood compared to NW have been 
reported (Washusen and Evans 2001).  Hult et al. (2000) found indications of an unique 
cellulose structure in CW by solid-state NMR spectroscopy.  A higher proportion of para-
crystalline cellulose in CW was accompanied by an increased amount of accessible 
cellulose fibril surface.  These results are consistent with a selective staining of CW by 
CBM17 as seen in Figure 1c.  To our knowledge no data on the cellulose structure of 
parenchymatic ray cells of conifers exists.   
 
Mannan 

In native wood, mannans were detected by the antibody binding to linear β-1-4-
mannan structures.  Staining was consistent for all examined wood types, namely early 
wood, late wood, NW, and CW, although cells forming resin channels were less stained 
than the surrounding tracheids (Fig. 2).   
 

 
 

Fig. 2. Unextracted Sitka spruce cross-sections labelled for linear β-1-4-mannan structures 
including resin channels (RC).  The images were obtained with a fluorescence-microscope and 
contrast enhanced. 
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It is unlikely that the reduced labelling of the resin channel forming cells is caused 
by a decreased accessibility of the β-1-4-mannan antibody to its epitope due to a high 
resin content of the cells, since labelling with LM11 for β-1-4-xylan (Fig. 3) showed the 
opposite effect.  On the cellular level immunofluorescence labelling indicated differences 
in the mannan content between the individual cell wall layers (data not shown).  Electron 
microscopy in combination with immuno-(gold)labelling is required to confirm this. 
 
Xylan 

Strong binding of the anti-β-1-4-xylan LM11 antibody was found for all wood 
types.  Cells forming the resin channels showed a stronger fluorescence than the 
surrounding tissue (Fig. 3).  Labelling of cells forming resin channels clearly differed for 
xylan and mannan.  A reduced mannan content (Fig. 2) seemed to be accompanied by an 
increased xylan content of those cells (Fig. 3).  Binding of anti-β-1-4-xylan antibody to 
wood resins seemed unlikely, due to their different chemical structures.  As in the case of 
mannan immunofluorescence, labelling indicated differences in the xylan content 
between the individual cell wall layers (data not shown), but higher resolution 
microscopy is required to draw clear conclusions.   

To the best of our knowledge no experiments have been reported which 
investigate the chemical composition of epithelial cell walls of wood.  Studies on the 
chemical composition of resin ducts have focused on the cell contents and not the cell 
walls (Nagy et al. 2000).  A deviation in the chemical composition of those cell walls 
from ordinary tracheids would support the distinctive biological function of resin 
channels in either facilitated secretion of the resin or increased resistance against 
microbial attack. 

 
 
Fig. 3. Unextracted Sitka spruce cross-sections labelled for linear β-1-4-xylan structures using 
LM11 including resin channels (RC).  The images were obtained with a fluorescence-microscope 
and contrast enhanced. 
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Callose 
Callose was detected in severe CW.  A patchy staining pattern of the β-1-3-glucan 

monoclonal antibody was observed on cell wall surfaces towards the lumen in CW 
tracheids (Fig. 4).  Hoffmann and Timell (1972) identified small amounts of callose in 
severe CW by classical wet-chemical wood analysis.  Furthermore Waterkeyn et al. 
(1982) as well as Włoch and Hejnowicz (1983) located β-1-3-glucan structures in or 
between the helical cavities of severe CW tracheids with aniline blue staining.  These 
findings are consistent with observations made using the β-1-3-glucan binding 
monoclonal antibody.  
 

 
 
Fig. 4. Unextracted severe CW Sitka spruce cross-section labelled for β-1-3-glucan (callose) 
structures.  Arrow indicates callose in or between the helical cavities.  The image was obtained 
with a fluorescence-microscope and contrast enhanced.  

 
Arabinan 

A monoclonal antibody to α-1-5-arabinan indicated that this polysaccharide 
structure was located in the linings of intercellular spaces between tracheids of severe 
CW and in the walls of parenchymatic ray cells (Fig. 5).  Ermel et al. (2000) detected a 
constant decrease of α-1-5-arabinan in differentiating poplar tissue from phloem to 
xylem, indicating its importance during cell differentiation.  Whereas these authors were 
not able to obtain information on the distribution of LM6 epitope in poplar wood cell 
walls by electron microscopy, primary cell walls showed an absence or reduced 
abundance of α-1-5-arabinan structures in the middle lamella and cell corners compared 
to the homogenously labelled primary cell wall (Serpe et al. 2002; Guillemin et al. 2005).  
Because wood contains only minor amounts of arabinose (Côté et al. 1968) it seems 
likely that the α-1-5-arabinan structures are concentrated in the primary wall.   
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Therefore one might speculate that Sitka spruce shows active control of cell 
separation when forming CW, by digestion of the middle lamella and exposing the α-1-5-
arabinan containing primary wall.   
 

 
 
Fig. 5. Confocal laser scanning image of an unextracted severe CW Sitka spruce cross-section 
labelled for α-1-5-arabinan structures using LM6.  Bright field (a) and florescence signal (b).  
Arrows indicates arabinan lining the intercellular spaces between the tracheids in severe CW and 
in parenchymatic ray cells.   
 
 
CONCLUSIONS 
 
 A wide range molecular probes (monoclonal antibodies and cellulose-directed 
recombinant his-tagged forms of CBMs) have proven to yield information on the 
distribution of cell wall polysaccharides in untreated wood tissue.  Fluorescence labelling 
revealed differences in the chemical composition of wood on the tissue level.  Resin 
channel forming cells exhibited a decreased mannan and an increased xylan content 
compared to the surrounding tracheids.  CBMs directed to amorphous cellulose bound 
more intensively to ray cells and CW tracheids than normal wood tracheids.  On the 
cellular level this technique indicated clear structures for α-1-5-arabinan and callose.  
While in severe CW α-1-5-arabinan is located in the intercellular spaces, callose is found 
towards the cell lumen.  For the other molecular probes only indications of variable 
abundance of the corresponding epitopes in the different cell wall layers were found.  
Electron microscopy in conjunction with immuno-(gold) labelling would be needed to 
obtain images of the necessary resolution to provide unambiguous information on their 
distribution within the individual cell wall layers.   
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