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ABSTRACT 

The lignin-carbohydrate complex (LCC-W), isolated from the milled-wood, 
lignin fraction of Pitzrrs dctzsiflora Sieb. et Zucc., comprised three fractions (W- 1,2.3) 

by gel filtration on Sepharose 4B. W-l was eluted at the void volume, whereas W-2 
and W-3 were included in the gel and had apparent weight-average molecular weights 
of 5.0 x IO5 and 5.0 x 103, respectively_ W-2 and W-3 were homogeneous in ultra- 
centrifugal and electrophoretic analyses. The sedimentation coefficients of W-2 and 
W-3 were 25.7 and 0_4S, respectively_ The chemical composition of W-2 was 38.0 % of 
neutral sugar, 6.2 oA of uranic acid, 5 1.5 “/” of lignin, and the corresponding values for 
W-3 were 73. I, 11.0, and 22.2 %_ The neutral carbohydrate residues of W-2 and W-3 

were L-arabinose, o-xylose, D-mannose, o-galactose, and o-glucose in the ratios 
15.8: 16.2:37.3: 16.7: 14.0 and 27.6: 16.5:26.1 : 19.3: 10.5, respectively. Based on the 
results of methylation and Smith-degradation analyses, the carbohydrate moiety 
of the LCC-W fractions was found to be multiply branched_ The major backbone 
structure was composed of (l-+4)-linked o-mannopyranosyl residues. By hydrophobic- 
interaction chromatography on Phenyl- and Octyl-Sepharose CL-4B gels, it is con- 
cluded that the LCC-W fractions have a hydrophobic property that is exclusively 
ascribed to the lignin moiety. 

INTRODUCTION 

Milled-wood lignin (MWL), isolated by the method of Bjorkman, contains a 
few percent of carbohydrates’ -2_ Various procedures for removal of the carbohydrate 
moiety from MWL have been attempted3v4, but complete removal has not been 
achieved. Although the importance of the carbohydrate in MWL has been stressed 
in the association between carbohydrate and lignin5, the nature of the carbohydrate 
moiety has not been fully investigated. Our interest has been in the establishment 
of the existence of lignin-carbohydrate linkages in MWL and in the characterisation 
of the carbohydrate moiety. 

After extraction of MWL from finely divided wood (Pinus cZensipora), extraction 
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Eiectrophoretic studies. - The lignin-carbohydrate complex (LCC) was pre- 

coloured with Procion Blue MX-R and subjected to electrophoresis’8 on Toyo 
GB-60 glass-fiber filter paper (30 x 20 cm) in 0.05a1 borate buffer at 50 mA for 
20 min and 0.1~ borax-sodium chloride buffer at 100 mA for 20 min. 

Detertnirratiorr of O-acetyl groups. - The sample (9 mg) was hydrolysed with 

bt HCl(0.3 ml) in a sealed tube at 100” for 2 h. Propionic acid was used as the internal 
standard_ The hydrolysate was directly appliedI in g.1.c. on column C at 120”. 

Determination of component mgars. - The sample (10 mg) was hydrolysed 
with 5 ml of OS&l sulfuric acid at 100” for 6 h, and 1 mg of methyl /I-D-ghtcopyranoside 
was added as the internal standard”. The hydrolysate was neutralised with barium 
carbonate, deionised with Dowex SOW-XS (Hf) and 1-X8 (AcO-) resins, and 

concentrated to dryness. The neutral sugars were converted” into the corresponding 

alditol acetates, and separated by g.1.c. on column A at 180”. Identification of the 

monosaccharides was also carried out by t.t.c. (solvents A-C). 
Determination of the collfgrrratiom of thesrlgars. -The LCC-W was hydrolysed” 

with 72 o/0 sulfuric acid followed by 3 “/0 sulfuric acid. The hydrolysate was neutralised 

and deionised as described above. The neutral monosaccharides were separated by 
p-c. and t.1.c. (solvents D and B, respectively), to give arabinose, xylose, mannose, 
galactose, and glucose, the configurations of which were deternnned23. Each mono- 
saccharide (1 mg) was treated with 0.5 ml of o-(+)-2-octanol and one drop of tri- 
fluoroacetic acid overnight at 130” in a sealed tube. After evaporation, D-(+ j-z- 
octyl glycosides were acetylated, and analysed by g.1.c. on column D at 200”. The 
split ratio was l/50 and the carrier-gas flow was 2 mi/min. 

Isolation of lignin-carbohydrate complex. - The sap wood of Pinus clensiflora 

(M-SO mesh), extracted previously with ethanol-benzene (I :2) for 4s h, was de- 
pectinated6 with 0.25’j/, aqueous potassium acetate at 60” for 24 h. The wood meal 

was then Vibromilled for 4s h under nitrogen with external cooling by tap water. 
More than SO% of particles were accumulated in the range of 12-36 /mu. Dried, 

milled wood (500 g) was extracted with SO% aqueous 1,4-dioxane (5.0 litres) for 
48 h at room temperature. The residue was washed with SO% aqueous 1,4-dioxane 
and re-extracted with the same solvent. The combined filtrates and washings were 

concentrated to a small volume, to give milled-wood lignin (MWL). In order to 
obtain water-soluble lignin-carbohydrate complex (LCC), this solution was dialysed 
against distilled water. The precipitate formed during dialysis was removed by 

centrifugation at S,OOOg for 15 min at IO”. The aqueous layer was lyophilised to sive 
LCC-S fraction. The carbohydrate-less lignin fraction was removed” from the fraction 
LCC-S; LCC-S (1 g) was solubilised in 56 ml of pyridine-acetic acid-water (9 : 1:4) 
and extracted with chloroform (6 vol.). After addition of 40 ml of distilled water, 
the aqueous layer was recovered by centrifugation at S,OOOg for 15 min at 10”. The 
chloroform layer was washed with distilled water (4 x 40 ml). The combined aqueous 
layers were thoroughly dialysed against distilled water and lyophilised, to give the 
LCC-W fraction. The chloroform layer was concentrated to dryness, to give carbo- 
hydrate-Iess lignin fraction_ 
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Fractionation of-rite lignin-carbolzydrate conrples. - Fractionation of LCC-W 
was performed by gel filtration on a column (I 15 x 2.4 cm) of Sepharose 4B equilib- 
rated with 25mar sodium phosphate buffer (PH 6.8). LCC-W (- 50 mg) was soIubiIised 
in the equilibrating buffer (5 ml), applied to the column, and eluted with the same 
buffer. Fractions (6 ml) were collected at room temperature, using a Toyo model 
SF-160K fraction collector at 40 ml/h. A 0.5-ml sample of each fraction was analysed 
for carbohydrate content. The lignin content of each fraction was determined by 
measuring the absorbance at 280 nm. 

Deternkation of molecrrlar weight. - The molecular weight distribution of 
LCC-W was analysed by gel filtration on columns of Sephadex G-100 (60 x 1.0 cm) 
and Sepharose 4B (55 x 1.0 cm), using 25mM sodium phosphate buffer (PH 6.8) as 
eluent. Each l-ml fraction was collected using a Toyo model SF-IOOG mini fraction- 
collector equipped with a drop counter. The column was calibrated against the 
dextrans having known molecular weight. 

Methyiation analysis. - The sample (100 mg) was methylated by the method of 
Hakomori’” followed by the method of Kuhn”. The methylated product, extracted 
with chloroform, showed no i-r. absorption for hydroxyl groups. The fully methylated 
LCC was treated with 2 ml of 90% formic acid for 2 h at 100”. Formic acid was then 

evaporated, and the residue was hydrolysed with 3 ml of 0.25~ sulfuric acid for 12 h 

at 100”. The partially methylated monosaccharides were analysed by g.1.c. on columns 
A and B, and/or by g.l.c.-m-s. on column B. 

Smith-degradation analysis of the iignitz-carbohydrate complex. - The de- 
acetylated LCC fractions were prepared by treating the native LCC fractions with 
25mhr NaOH for 4 h at 56”, followed by neutralisation, dialysis, and lyophilisation. 
The deacetylated LCC fraction had no i-r. absorption for acetyl carbonyl groups. 
Samples (50 mg) of the native and the deacetylated LCC fractions were separately 
treated with 50 ml of 0.05~ sodium metaperiodate in the dark for 20 days at 5’. 

Each oxidation product was reduced with sodium borohydride, exhaustively dialysed 
against distilled water, and Iyophilised. The product (5 mg) was hydrolysed with 
2 ml of 2~ trifluoroacetic acid. The hydrolysate was converted into the corresponding 
alditol acetates and analysed by g.1.c. on column A. After injection of the sample 
at 90”, the temperature was increased linearly at 6”/min to 190”. 

Hydrophobic-interactiorl chromatography of the lignin-carbohydrate complex. - 

Hydrophobic-interaction chromatography was performed on columns of Phenyl- 
Sepharose CL-4B (14 x 1.8 cm) and Octyl-Sepharose CL-4B (15 x 1.8 cm) gels at 
ambient temperature. The columns were equilibrated with 25mbl sodium phosphate 
buffer (pH 6.8) containing 0.8~ ammonium sulfate. The LCC fractions (50 mg) 
were solubilised in -20 ml of the equilibrating buffer and applied to the column. 

After the unadsorbed material had been eluted with the equilibration buffer, the 
adsorbed material was eluted with 50 o/0 Ethyl Cellosolve in 25mM sodium phosphate 
buffer @H 6.8). The column was checked for its saturation with LCC by re-chromato- 
graphy of the unadsorbed fraction on a new column: 
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RESULTS 

Isolation and fractiouution of the lignitr-cclrboll~dratc complex. - The water- 
soluble, lignin-carbohydrate complex (LCC-S) was isolated from the milled-wood 
lignin fraction of Pims densijora. Purification of LCC was effected by treatment of 
LCC-S in a pyridine-acetic acid-water-chloroform system. The carbohydrate-less 
lignin fraction recovered from the chloroform layer contained only 0.92’%, of carbo- 
hydrate. The yields of the LCC-S and LCC-W Fractions were 1.55-2.9 1 and 0.75- 
1.100/, of the depectinated wood-meal, respectively. A typical elution profile of LCC- 
W on an analytical column of Sephadex G-100 is shown in Fig. 1. LCC-W was 

separated into two Fractions, one of which was eluted at the void volume (W-G-1); 

the other was included in the gel matrices, showin g a very broad, symmetrical peak 
(W-G-2). However, gel filtration of LCC-W on Sepharose 4B gave (Fig. 2) three 
Fractions (W-1,2,3), correspondin g to 4.1, 34-S, and 37.7’;/,, respectively, of the 
material applied on the column. W-l, the Fraction of highest molecular weight, 
was eluted at the void volume, whereas fractions W-2 and W-3 were included 
in the gel. Re-chromatography of each fraction on the same Sepharose 48 column 
did not reveal reversible Formation of the other Fraction. On an analytical column 
of Sephadex G-LOO, fractions W-2 and W-3 were recovered at the same positions 

as fractions W-G-l and W-G-2, respectively. The distribution curve for carbo- 

hydrate overlapped completely with that of lignin, as shown in Figs_ 1 and 2. 
The presence of lignin and carbohydrate in the LCC fractions was also proved 
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Fig. 1. Gel filtration of the XC-W fraction on Sephadex G-100 (See Experimental); the arrow 
represents the void volume determined with Blue Dextran. Each fraction was analysed for carbo- 
hydrate (- ) and lignin (----)_ 
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Fig. 2. Gel filtration of the LCC-W fraction on Sepharose 4B (See Experimental); thearrow represents 
the void volume determined with Blue Dextran. Each fraction was anaIysed for carbohydrate (-) 
and lignin (---)_ 

by chromatography on Phenyl-Sepharose and Octyl-Sepharose (Fig. 3). The un- 
adsorbed and adsorbed fractions were designated as fractions I and II, respectively. 

In each LCC fraction, there was overlapping of the two peaks due to the lignin and 
carbohydrate moieties. The afhnity of each LCC for Phenyl-Sepharose was higher 

than that for Octyl-Sepharose. The amounts of the adsorbed materials of the LCC-W, 
W-2, and W-3 fractions were 83.1-89.5, 85.8-93.8 and 73-l-77.0% for Phenyi- 
Sepharose, and SO.487.0,84.4-92.6, and 56.5-65.7 % for Octyl-Sepharose, respectively. 
In velocity sedimentation, fractions W-2 and W-3 showed single, symmetrical bounda- 
ries, indicative of general homogeneity of molecular size. Extrapolation of sedimenta- 
tion coefficients of W-2 and W-3 to infinite dilution gave values of 25.7 and 0_4S, 
respectively. In paper electrophoresis in borate buffer, fractions W-l, W-2, and W-3 
each showed a single spot. LCC-W which contained these three fractions showed a 

very broad spot. 

U.V. and ix. spectra of the Iignin-carboflydrate complex. - The U.V. spectra of 
the LCC-W, W-l, W-2, and W-3 fractions are shown in Fig. 4. All LCC fractions 
showed a maximum at 281 nm and minimum at 261 nm. The absorption coefficient at 

281 nm, azsl (l.g-‘.cm-l), and the ratio of the absorbance at 280 nm to that at 

260 nm, az80/a260, are listed in Table I. The typical i-r. spectra of LCC-W, W-l, 

W-2, and W-3 are shown in Fig. 5. Together with those of the carbohydrate-less lignin 
fraction prepared from LCC-S, acetyl-galactoglucomannan and acetyl-arabino- 
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Fig. 3. Hydrophobic-interaction chromatography on Phcnyl-Sepharose CL43 (P} and Octyl- 
Sepharose CL4B (0) (See Experimental): A, LCC-W; B, W-2; and C, W-3; fractions I and II 
represent the unadsorbed and adsorbed fractions, respectively. The arrows indicate the change of 
elution conditions from 25mhr sodium phosphate buffer (pH 6.8) containing 0.8hl ammonium sulfate 
to 50% Ethyl CeIlosoIve in the same buffer. Each fraction was analysed for carbohydrate (- ) and 
lignin (---)- 



98 J. AZUhfA, N. TAKAHASHI, T. KOSHfJIhfA 

250 300 

Wovelength (nm) 

Fig. 4. U-v. spectra: A, LCC-W; B, W-1; C, W-2; and D, W-3 (See Experimental). 

glucuronoxylan were included in Fi g. 5. All four LCC fractions showed absorptions 
typical of carbohydrate and lignin moieties and of ester carbonyl groups. 

Chemical properties of the I&tin-carbohydrate con&es. - The chemical 
properties of the LCC fractions are shown in Tables I and IL As expected from the 
gel-filtration profile (Fig. 2), in contrast to the lignin content, the neutral and uranic 
acid content gradually became higher from fraction W-l to W-3. The [cx]n value and 

the acetyl content became larger in accordance with the increase of the carbohydrate 
content. Each LCC contained r_-arabinose, o-xylose, o-mannose, o-galactose, and 

D-glucose. The configurations were determined by g.1.c. of the acetylated D-( + )-2- 

octyl glycosides. The mannose content of W-2 was higher than those of W-l and W-3, 
whereas the arabinose content of W-3 was higher than those of W-I and W-3. The 

glucose content gradually became lower from W-l to W-3. 

The apparent weight-average molecular weights (M,) of W-2 and W-3 were 
estimated to be 5.0 x IO’ and 5.0 x 103, respectively, from the plot of v, VS. log m,_ 
The apparent number-average molecular weights (M,) of W-2 and W-3 were estimated 
to be 1.8 x IO5 and 3.4 x 103, respective!y, from the plot of v, vs. log mn_ It was not 
possible to estimate the molecular weight of W-l, since this fraction did not penetrate 
into the gel matrices_ 

Methyiation analysis of the iignin-carbohydrate complexes. -The LCC fractions 
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Fig_ 5. IX. spectra: A, carbohydrate-less lignin; B, W-l; C, W-2; D, W-3: E, LCC-W; F, acetyl- 
arabinoglucuronoxylan; and G, acetyl-galactoglucomannan (See Experimental). 

were subjected to conventional methylation analysis 26-2*. The results are shown 

in Table III. 2,3,6-Tri-O-methyl-o-mannose was the most prominent, partially 

methylated monosaccharide in each LCC fraction. 2,3,4,6-Tetra-G-methyl-D-mannose 
was contaminated with 2,3,4,6-tetra-O-methyl-D-glucose. Mannose and glucose 
residues in each LCC fraction were also recovered as tri- and di-0-methylated hexoses. 
Galactose was recovered only as 2,3,4,6-tetra-0-methyl-D-galactsse, and arabinose 
as 2,3,5-tri- and 2,5-di-0-methyl-r_-arabinose. Tetra-, tri-, di- and mono-O-methyl- 
D-XylOSe residues were also formed. 

Smith degradatiolz of the Iignin-carbohydrate compleses. - The native and de- 
acetylated LCC fractions were subjected to complete Smith degradation. The result 
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-I-_4BLE I 

CHEMICAL COMPOS~TIOSS A>i PROPERTIESOFTHE LCC FRACTIONSOF Pinasdensiflora~ 

Comporrenrs Lignin-carbohydrate compkes 

LCC-w W-I W-2 W-3 

--__ - - 

Carbohydrate contenP 
Neutral sugar 
Uranic acid 

Lignin contentb 
Klason 
Acid-soluble 
Acetyl bromide 

Acetyl contentb 

51.6 20.4 38.0 73.1 
8.9 1.5 6.2 11.0 

38.7 66.0 51.0 21.3 
1.2 0.7 0.5 0.9 

40.5 67.2 46.6 25.5 
1.9 0.7 1.1 2.6 

[@ (50:; I.4-dioxane, degrees) 
S?O” (S) 
RX 

.myXn(50% li l&dioxane, nm) 
j_,,,i,, (5076 I,Cdioxane, nm) 

a~81 (1 _K1.cm-l) 
a330/a260 

-13.5 -4.5 -6.0 -17.0 
n-d.= n-d. 25.7 0.4 
n-d. n-d. 5.0 X 105 5.0 X 10:: 
n-d. n.d_ 1-s :< 10” 3.4 X IO:’ 
281 281 281 251 
261 261 261 261 

8.2 12.5 12.4 4.0 
1.29 1.26 1.30 1.29 

=Details of the procedure are given in the Experimental section. *Values are expressed as a percentage 
of the dry weight of each I&n&carbohydrate complex_ %ot determined. 

TABLE II 

NEUTRAL-SUGAR cO~~POSI~ON OF THE LCC FRACITONS OF Pimrs derrs$oraa 

Monosaccharides Lignin-carbollvdrate complexes” 

LCC- W w-z 
- 

W-2 w-3 

t-Arabinose 22.5 14.4 15.8 27.6 
D-Xylose IS.2 10.0 16.2 16.5 
D-h'kiMOSf3 29.2 33.7 37.3 26.1 
D-GaIactose 19.1 21.5 16.7 19.3 
D-Glucose 11.0 20.1 14.0 10.5 

“Details of the procedure are given in the Experimental section. “Values are expressed as a percentage 
of the total, neutral sugar. 

is shown in Table IV. The solution became turbid during periodate oxidation, and 
insoIuble material was formed which could be soIubilised by reduction with sodium 
borohydride. There are no substantiaI differences in the compositions of the native 

LCC fractions. In the native LCC fractions, D-galactose and D-glucose were almost 
completely degraded, whereas some r-arabinose and D-xylose and much D-mannose 
remained. However, after de-acetylation, only a small proportion of D-mannose 



LIGNIN-CARBOHYDRATE COhlPLM FROM PiilliS detlsifor-a 101 

TABLE III 

METHYL ETHERS FROM THE HYDROLYSATE OF THE LCC FRACTIONS OF Pirzrcs dcm%if?oran 

h4ethyrylated strgarsb TC Ligrrin-carbohydrate cornpple_ves’t 
.____ 

LCC- IV IV-‘-_’ IV-3 
__._ _ ---~ 

2,3,4,6-Glc or Man 1.00 3.6 4.0 3.1 
2,3,4,6-Gal 1.24 10.6 16.5 10.4 
2,3,5-Am 0.44 3.5 6.5 12.3 
2,3,4-Xyl 0.64 IO.5 4.5 12.5 
2,3,6-Man 2.16 27.6 21.9 15.4 
2,3,6-Glc 2.46 6.9 5.1 5. I 
2,5-Ara 1.16 9.3 3.2 11.3 
2,3-Xyl 1.45 5.6 11.1 4.0 
2,3-Man 4.63 3.9 3.7 4.0 
2,3-GIc 5.22 3.9 6.4 3.2 
2 or 3 or 4-Xyl 3.04 2.5 2.1 2.4 
Other+ 11.8 14.7 16.3 

__ .____.~~_ -.-_ -- -__ - .-._ ___. ._ _ _____ _ __._. 

“Details of the procedure are given in the Experimental section. “2,3,4,6-Glc = 2,3,4,6-tetra-0- 
methyl-o-glucose, etc. CRetention times are relative to that of 1.5-di-O-acetyl-2.3,4,6-tctra-O-methyl- 
o-glucitol on an ECNSS-M column. “Values are expressed as a relative molar percentage of the 
total partially methylated sugars. Wnidentified, partially methylated sugars. 

TABLE IV 

COhlPOSlTlON OF THE HYDROLYSATES OF THE LCC FRACIIONS OF f%rrrs rfc~rsiffora AFTER PERIODATE 

OXIDATION” 

Conlpolrents Lig~Ii~I-carbol~~~l~~atc cor~~plc_w~~ 
I__.. _.____...l_l.. -----_____ 

LCC-w W-2 w-3 _~_ -I_--- .__. 
A B A B A B 

--__.- ___ 

Glycerol 31.0 46.1 35.9 45.6 40.6 52.5 
Erythritol 27.7 41.8 26.3 23.0 24.8 38.5 
L-Arabinose 5.1 2.1 4.5 4.0 4.1 3.2 
D-XylOSe 4.9 4.0 4.0 7.5 4.5 5.8 
oMannose 31.3 6.0 29.3 16.9 26.0 trace 

_____. ___..__._ ~___. 

UDetails of the procedure are given in the Experimental section. fJLignin-carbohydrate complex (for 
details, see text): A, original; and B, de-acetylated. Values are expressed as a relative molar percentage 
of the component sugars. 

remained in fractions LCC-W and W-2, and essentially all u-mannose was degraded 

in fraction W-3. A small proportion of L-arabinose and D-xylose remained in the de- 
acetylatcd LCC fractions. 

DLXXJSSION 

The lignin-carbohydrate complex (LCC-W) can be easily isolated from the 
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milled-wood lignin (MWL) fraction of Pirzrrs densiflora. Separation of lignin from 
carbohydrate cannot be achieved by gel filtration, electrophoresis, ultracentrifugation, 
and hydrophobic-interaction chromatography, strongly indicating the existence of 
chemical bonds between lignin and carbohydrates. Lundquist and Simmonson 
prepared lignin having a very low content of carbohydrate after treatment of MWL 
with a pyridine-acetic acid-water-chloroform system and suggested the presence in 
the aqueous layer of LCC, a considerable part of which had a low molecular weight. 
Fraction W-3 corresponds to this material_ Each LCC fraction has a complex neutral- 

carbohydrate composition which cannot be deduced from the structure of hemi- 

cellulose reported so Far’9-30. However, methylation analysis and Smith degradation 
of W-2 and W-3 suggest the presence of a hemicellulose closely similar to the acetyl- 
ated galactoglucomannan isolated 6- ’ From Bjorkman LCC. Also, the methylation 
analysis indicates the existence OF a chain of (L-+4)-linked xylopyranosyl residues_ 
These results suggest a cross-linked network of lignin and several kinds of hemi- 
celluloses, the strtrcture of which is already known, or the possibility of new, complex 
polysaccharides specific to LCC. The mannose content of the lignin-rich fractions 
(W-l and W-2) is relatively higher than that of Fraction W-3 (Table t), suggesting 

that some of the mannose residues may be linked to lignin. The resistance of the 
mannose residues of the native LCC fractions to periodate oxidation is ascribed 
mainly to the acetyl groups located3i at positions 3 and 3. It is not clear whether the 
carbohydrates remaining after periodate oxidation of the deacetylated LCC fractions 
are involved in the chemical linkage with Iignin or survived because ofsteric hindrance 
to periodate oxidation. The optical activity of each LCC signified the carbohydrate 

moiety, since the lignin moiety is optically inactive. The negative optical rotation is 
suggestive of fi-D-D-glycosidic linkages. The u-v. and i-r. data revealed that each LCC 
Fraction contained principally guaiacyl lignins. The u-v. spectra of all the LCC 
Fractions are similar to those of MWLs obtained from Pims densiflora3’ and the 
other soft woods’*33-3’. However, there were marked differences in the strengths 
of the absorptions (Fig. 4). Thus, alao for guaiacyl lignin is36 15.6 I-g-‘cm-’ and 
that for syrin_& lignin is3’ 4.5 l-g-‘cm-‘. The alao value of soft-wood MWL is3* 
in the range of 16-20 l-g-‘cm-‘. An aL?ao value for MWL of Pinus detrsrf?ora of 
19.3 I.g-L.cm-’ has been reported3’. The a2aL values reported herein are consider- 
ably smaller than those reported so Far. The az8i value of fraction W-3 is similar to 
that of the syringyl lignin. The low a ?a1 values may simply reflect the carbohydrate 
content. Indeed, From the results of Fig. 4 and Table I, the alao values of fractions 
LCC-W, W-1, W-2, and W-3 are calculated to be 20.4, l&7,24.0, and 17.8 I-g-‘-cm- ‘, 
respectively. assuming that each LCC is exclusively composed of lignin. The ratio 
of the absorbance at 250 and 260 nm tends to confirm that the lignin moiety of the 
present LCCs are composed of guaiacyl lignin3’. 

The i-r. spectra of the LCC fractions were quite similar to those of MWLs 
obtained From Pitrrts demi@ora3 z-3’ and various other soft-woods3”*38*40-s1. Kow- 
ever, MWL contains discrete amounts of carbohydrate, and the contribution of 
carbohydrate to the i-r. spectra ofvarious lignin preparations has been discussed*‘-“‘. 
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Acetyl-galactoglucomannan and acetyl-arabinoglucuronoxylan were used to assess 

the effect of carbohydrate on the i-r. spectra of the LCC fractions_ The absorptions 
due to aliphatic hydroxyl groups, C-H, and carbonyl groups of these hemicelluloses 
overlapped with those of lignin, so that interpretation is difficultq3*~5. In addition, 
there is possible overlap of the glucomannan specific bands at 870 and SIO cm-’ 
with the guaiacyl-ring specific bands at S55 and 515 cm-‘, respcctivelyJo. 

The ability of LCC fractions to bind to Phenyl-Sepharose and Octyl-Sepharose 
relates to their hydrophobic properties. The arTinity of the LCCs for Phenyl-Sepharosc 
is higher than that for Octyl-Sepharose, and the amount of the materials adsorbed 
on to the gel increased with increase of lignin content (Fig. 3, J-C). These results 

indicate that the hydrophobicity is ascribed to the lignin moiety. Further studies of 
the elucidation of the hydrophobicity of LCC might assist in the clarification of the 
function of LCC in living plants. 
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