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Histochemical Study on the Chlorite Delignified Wood of Spruce
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Explanation of photographs {plate 1-2)
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Fig. 1. Procedure of this experiment.
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Table 1. Klason-lignin amount of each duration time

of the treatment

Treated hour Klason-lignin amount Delignification rate
control 28.3 (%) —_
15 min, 23.1 184 (%)
30 min. 21.2 250
2 hr. 165 417
5 hr. 6.5 77.0
8 hr. 6.4 715
12 hr. 6.3 776
o 06},
§ 1 Late Wood Tracheids
0.4} x o~Secondary Wall
g | © X’ x-Middle Lamella
zozx %% °
3 |
& R

Absorbance

Relative

Absorbance

Relative

Fig. 2.
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The relative absorbance of the middle lamella and secondary
wall of early and late wood tracheids and ray cells at pro-
gressive stages of delignification by acid chlorite.
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Table 2. Sugar composition at each degree of delignification

Composition of extr. saccharides (%)

;ll‘;ﬁited Glu. Man. Xyl Ara. Gal.
control 64 23 9 3 2
15 min. 64 24 7 3 2
30 min. 64 24 7 3 2
2 hr. 63 25 6 5 1
5 hr. 65 22 4 7 2
8 hr. 67 20 8 3 2
12 hr. 61 23 8 4 4
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Summary

Histochemical observation was made on the chlorite delignified wood of spruce, using
ultraviolet (UV) microscope and fluorescence (FL) microscope. The progressive removal of
lignin from cell wall was investigated with UV microscope. In this experiment, it was unclear
that the topochemical effect was present or not, because the absorbance of the secondary
wall and middle lamella was not in proportion to the degree of delignification. The cell walls
were lost their UV absorbance gradually with the lapse of the treatment time. It was inter-
esting to note that ray cells and S, and S,/S, border region in tracheids remained relatively
high absorbance even in the late stage of treatment.

The samples at each degree of delignification were observed with FL microscope, stained
with acridine orange which is a sort of fluorochrome and metachromatic basic dye. In the
early stage of the treatment whole cell walls showed red discolouration but in the late stage
the colour of the cell walls differed among individual cell wall layers. S, layer of tracheid
became green, and S; and S,/S, border region in tracheids and ray cells still coloured red.
It was clear in this experiment that the cause of the red discolouration appeared in cell wall
was mainly oxidized residual lignin because no significant difference of colours appeared after
oxidation of aldehyde groups of polysaccharide. After enzymatic degradation of hemicelluloses
using cellulase “Onozuka” R-10 and Macerozyme R-10 these red coloured regions in the
cell walls disappeared even in the early stage sample. It could be considered from this reuslt
that the residual lignin was also dissolved from the cell walls.

Explanation of photographs

Note: The cell axis is vertical in all photographs. All photographs show radial
views.

Plate 1 (photo 1-12). All photographs are UV microphotographs taken at a wave
lenght of 280 nm. These are arranged as follows : in the left column, photos
1-4 show early wood tracheids, in the central, photos 5-8 show late wood
tracheid and in the right, photos 9-12 show ray cells. Figures in the
photographs express the duration time of the treatment.
There was no significant gradient in absorbance across the secondary wall
of tracheids at any stage in delignification. In the later stage of the
treatment, after 5 hour duration, some absorbance were left in the tracheids

at the region probably corresponding to S; and Si/S; border and ray cells.

Plate 2 (photos 13-20). All photographs are FL microphotographs, stained with acri-
dine orange, except photo 20.

Photo 13. The tracheids and ray cells in the early stage of ihe treatment. Each du-
ration time is 15, 30 minutes and 2 hours from left side of this photograph.
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Photo 14.

Photo 15.

Photo 16.

Photo 17.

Photo 18.

Photo 19.

Photo 20.

FEERFAFEHERFERE H$36E 25

The red discolouration being similar to the colour tone in degrading zone
of white rotted wood appears in whole cell walls.

The tracheids and ray cells in the late stage of the treatment. Each
duration time is 5, 8 and 12 hours from left side of this photogarph. S,
layer of tracheids become green again but S; and compound middle lamella
of tracheids and ray cells still red.

The tracheids and ray cells of control wood. The secondary wall coloured
yellowish green and the compound middle lamella coloured yellow. The
red colour materials visible in the ray cells correspond to the extractive
constituents.

The tracheids and ray cells after alkali extraction (alpha-cellulose). They
are illuminated only gloomy green even after oxidation of reducing end
groups of cellulose.

The effect of the oxidative treatment of aldehyde groups of polysaccharide.
Showing the right two tracheids before this treatment and left two after
this. The colour of S; layer change slightly yellowish by this treatment
but striking difference of colour between before and after is not noticeable.

The effect of the enzymatic degradation of hemicellulases, cellulase
“ONOZUKA” R-10 and Macerozyme R-10. On the left of this photograph
degraded tracheids are illustrated, and right before it. The red discoloura-
tion remained in the cell walls corresponding to S; and S1/S; border region
disappeared.

The effect of enzymatic degradation. The red discolouration visible in
whole cell walls showing on the right of this photograph disappeared
after this treatment on the left. The enzyme can penetrate into and act
within the cell walls even of the early stage, 30 minutes, delignification
rate only 25% on whole lignin. It can be considered from this that the
oxidized residual lignin causing red discolouration also dissolve from the
cell walls.

The pectic material rich layers in the cell walls, stained with ruthenium
red, showing compound middle lamella of tracheids and ray cells distinctly
stained in lower part of this photograph. After enzymatic degradation
these regions are weakly stained as shown in the upper part. From this,
the pectic materials are found to be decomposed by this treatment.
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