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Water-solubilized Lignin in an Extract of the Culture Medium 
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The active principle of EP3, a fraction from an extract of the culture medium of Lentinus edodes 
mycelia (LEM), which activates murine macrophages, causes proliferation of bone marrow cells, and 
inhibit the replication of Human Immunodeficiency Virus in vitro, was characterized as a water
solubilized lignin. The detailed structural feature of this water-solubilized lignin was investigated and 
shown to be a highly condensed and polycarboxylated lignin which is denatured and solubilized by 
Lentinus edodes from bagasse. The water-solubilized lignin itself was confirmed to bave both 
immunological activities and the antiviral activity. 

tration without any side effects. lO ) 
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LEM is a whole extract of the mycelial 
culture of a Japanese edible mushroom, 
Lentinus edodes, grown in a solid medium of 
sugar-cane bagasse and defatted rice bran.1 ) 

LEM and its purified fractions have antiviral 
activities and immunomodulating functions. 
LEM inhibits infection by tobacco mosaic 
virus by blocking the initial stage of the rep
licative cycle,z) and inhibits the infectivity of 
human immunodeficiency virus (HIV) and cy
topathic effects on the virus-infected cells in 
vitro.3.4) Very recently, LEM was reported to 
be effective in AIDS therapy by oral adminis
tration.S) LEM modulates immunological re
sponses by enhancement of IL-I production,6) 
activation of murine macrophage functions,7) 
promotion of proliferation of murine bone 
marrow cells,8) suppression of the proliferation 
of rat ascite hepatoma AH414 and its hepato
carcinogenesis by intra-peritoneal adminis
tration,9) and promotion of seroconversion 
from HBe antigen to anti-HBe antibody in 
chronic hepatitis B patients by oral adminis-

Our studies on the immunostimulating abil
ity of LEM showed that EP3, a fraction of 
LEM, augmented glucose consumption of 
macrophages and induced proliferation of 
bone marrow cells in vitro.8) Recently, we 
showed that EP3 and its lower molecular 
weight fraction (EPS4) inhibited the infectivity 
and cytopathic effects of HIV in vitro, and 
further presumed that a major component of 
EP3 and EPS4 was a water-solubilized lignin.4 ) 

In this paper, we have analyzed the structure 
of the active substance in EP3, and found that 
the highly condensed and carboxylated lignin 
is responsible for the immunological and anti
viral activities. 

Materials and Methods 

Materials. 
Preparation of LEM. LEM (Noda Shokuhin Kogyo 

Co., Ltd., Chiba) was prepared by the previously reported 
method. I) Lentinus edodes (Japanese edible mushroom, 
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shiitake) mycelia were cultured in a solid medium com
posed mainly of sugar-cane bagasse for 3 months, then the 
whole medium containing mycelia was extracted by hot 
water. The extract was filtered and freeze-dried as LEM. 

Preparation of EP3. Fractionation of LEM was done by 
two steps (ethanol precipitation and hydrophobic chro
matography) as described previously.41 Briefly, LEM was 
dissolved in a 10-fold excess of water and cold ethanol was 
added to the solution. A 37.5% ethanol soluble, 50% 
insoluble fraction was designated as neoPPTI. NeoPPTI 
was adsorbed to Phenyl Sepharose CL-4B (Pharmacia, 
Sweden) column, and the fraction eluted by 75% ethyl
eneglycol solution followed by dialysis was designated as 
EP3. The most active fraction, EP3, was used throughout 
this study. 

Protein digestion. EP3 (100 mg) was dissolved in 20 ml of 
50mM borate buffer (pH 7.8) containing I mM CaCI2 and 
5 mg of Pronase E (Sigma, Streptomyces griseus) was 
added to the solution and incubated at 37°C for 3 days. 
The pH of solution was kept at 7.8 and 5 mg of Pronase E 
was added every 24 hr during the incubation. The digested 
mixture was then boiled for 10 min and freeze-dried to give 
the proteolyzed lignin (EP3-PR). 

Elimination of carbohydrates. 1 11 EP3 (25 mg) was dissolv
ed in 0.5 ml of 72% (w/w) H2S04 solution, and digested 
at 30°C for I hr. After addition of 19.5 ml of water, the 
mixture was autoclaved at 121°C for I hr. Then the 
solution was neutralized, dialyzed against water and 
freeze-dried to obtain a carbohydrate-free specimen (EP3-
KL). 

Oxidative degradation of lignin by sodium chlorite. 
Lignin was degraded oxidatively under the conditions for 
holocellulose preparation. 121 Acetic acid (10 ILl) and 
NaCl02 (50mg) were added to the solution ofEP3 (IOmg/ 
7.5 ml water), and the solution was digested at 70°C for 
I hr with gentle shaking. This procedure was repeated 4 
times. Then, the solution was desalted by Sephadex G-IO 
column chromatography and freeze-dried. Lignin
decomposed EP3 (EP3-DL) was obtained in 90% yield. 

Assay methods. 
Assay for morphological change and glucose consumption 

of macro phages. Peritoneal resident macrophages (I x 105) 
obtained from male ddY mice were cultured in the absence 
or presence of various concentrations of samples at 37°C 
on a 96-well microplate. Morphological changes (spread
ing) of macrophages were observed by a phase-contrast 
microscope after 24 hr of culture. After 4 days of culture, 
glucose consumption was estimated from glucose remain
ing in the culture supernatant by the colorimetric method 
using glucose oxidase. 

Assay for proliferation of bone marrow cells. Bone 
marrow cells (1.5 x 105) obtained from thighbones of male 
C57BL/6 mice were cultured with various concentrations 
of samples for 4 days. Proliferation of the cells was 
evaluated by the incorporation of [3H]thymidine in the 
usual manner. 

Assay for HIV antigen expression. Anti-HIV activity 
was evaluated by the inhibition of the cell surface ex
pression of HIV-specific antigens on HIV infected MT-4 
cells as described previously.31 HIV infected MT-4 cells 
(lQ4, MOl 0.01) were cultured with various concentrations 
of samples for 4 days, and the expression of virus antigen 
was measured by indirect immunofluorescence using anti
HIV antibody positive plasma. At the same time, the 
number of viable cells on day 4 was counted by trypan 
blue dye exclusion to evaluate the activity against HIV
induced cytopathic effects. 

Chemical analysis. 
Protein content of EP3. EP3 was digested in 6N HCI in 

the usual manner and the protein content of EP3 was 
determined by amino acid analysis using a Hitachi 835 
amino acid analyzer. 

Determination of neutral sugar and uronic mgar. After 
EP3 was hydrolyzed with 3% sulfuric acid,! 11 the 
Somogyi-Nelson method was applied to determine neutral 
sugar content of EP3. Uronic sugar was determined by the 
carbazole-H2S04 method. 

Determination of phenolic hydroxyl groups. Phenolic 
hydroxyl groups (free form) in EP3 were determined by 
the Ae method. 131 

Determination of lignin. 141 EP3 (2 mg) was placed in a 
glass reaction bottle with a solution of 25% (w/w) acetyl 
bromide in acetic acid (5 ml) containing perchloric acid 
(70%, 0.2 ml). After digestion at 70°C for 30 mi~ with 
gentle shaking, the solution was transferred to a 100 ml 
volumetric flask containing 2M NaOH (20ml) and acetic 
acid (25 ml). Then the solution was made up to 100 mlwith 
acetic acid and the absorbance was measured at 280 nm. 
Lignin content was determined by using the specific 
absorption coefficient of 20.0 g -1 ·1· cm -1. 

Alkaline nitrobenzene oxidation. 151 Sodium hydroxide 
(2 M, 4 ml) and nitrobenzene (0.25 ml) were added to EP3, 
and the mixture was heated at 180°C for 4 hr in a stainless 
steel vessel. 3-Ethoxy-4-hydroxybenzaldehyde was added 
to the reaction mixture as an internal standard and the 
mixture was extracted three times with dichloromethane 
(30 ml each) to remove nonphenoJic matters. The aqueous 
layer was acidified to pH I and extracted twice with 
dichloromethane (30 ml) and once with diethylether. The 
organic layer was washed once with water, dehydrated 
with anhydrous Na2S04, and dried in vacuo. The extract 
was trimethylsilylated and analyzed by gas-liquid chro
matography with an OVIOI bonded column (50m x 
0.25 mm) in a mode of linearly-increasing temperature 
from 180 to 250°C at the rate of 5°C/min after keeping at 
180°C for 10 min. 

Determination of carboxyl groups by amidation. 161 EP3 
(100 mg) was dissolved in 10 ml of water and 3 mmols of 
glycine methyl ester were added to the solution. The 
mixture was adjusted to pH 4.75 and 12.5 ml of the 
aqueous solution containing 2mmols of l-ethyl-3-(3-
dimethylaminopropoyl)carbodiimide (EDC) were added. 
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After the solution was kept stirred for 4 hr at the same pH 
at room temperature, it was dialyzed against water and 
freeze-dried to give the amidated product designated EP3-
GME. The IR spectrum of EP3-GME showed all of 
carboxyl groups were converted to amide. The carboxyl 
content was calculated from the increased nitrogen 
content. 

UV, JR, and NMR analyses. UV spectra were taken by a 
Shimadzu UV-200 spectrophotometer. IR spectra were 
recorded as KBr tablets on a Shimadzu IR-435 infrared 
spectrophotometer. CP/MAS NMR spectra were taken 
with a Bruker MSL-400 spectrometer. 

Results 

Spreading of macrophages induced by EP3 
As shown in Fig. 1, EP3 induced the mor

phological change (spreading) of cultured 
macrophages at concentrations of ::2: 25 ,Ltg/ml. 
This change began to occur after 1 hr of cul
ture, and reached a maximum at 24--48 hr. 
Well-known macrophage activators such as 
lipopolysaccharide and polyI: C did not in
duce such morphological changes (data not 
shown). 

Fig. 1. Morphological Change of Murine Peritoneal 
Resident Macrophages Non-stimulated (A) and Stim
ulated by 200 J.!g/ml of EP3 (B) for 24 hr. 

Characteristics of EP3 
EP3 was further fractionated. The results 

from the gel filtration column chromatography 
(Sephacryl S-300, Pharmacia, see Fig. 4) and 
anion exchange column chromatography 
(DEAE-Sephacel, Pharmacia, data not shown) 
of EP3 suggested that the active substance in 
EP3 might be a highly dispersive polymer 
having wide molecular weight distribution and 
strong anionic charges. EP3 contained 3.2% 
protein, 12.2% neutral sugar and 3.7% uronic 
acid. The elemental analysis of EP3 gave C, 
44.6%; H, 4.68%; N, 1.74%; and ash, 5.7%. 

Determination of lignin 
EP3 contained about 80% of unknown or

ganic matter which was neither proteins nor 
sugars. Due to strong UV absorption at 
280nm, brownish color, high hydrophobicity, 
and above all high unsaturation shown in an 
extremely low content of hydrogen in the 
elemental analysis, the main component of 
EP3 was deduced to be lignin. The lignin 
content of EP3 was 81.1 % by the acetyl bro
mide methodl4) which is based on absorption 
specific to the aromatic rings of lignin. 1 7) 

IR and NMR analyses 
The IR spectrum ofEP3 (solid line in Fig. 2) 

showed typical absorptions of lignin: primary 
alcohol ether (1030 cm -1), secondary alcohol 
ether (1085 cm -1), syringyl nucleus (1120, 
1220, and 1325 cm- 1), guaiacyl nucleus (1270 
em -1), aromatic ring (1425, 1505, and 1600 
em -1), carboxylate (1590 em -1), and cinnamic 

CI> 
u 
c: 
~ -'E 
I/) 
c: 
ru ... 
I-

2400 1180 1400 ll111G 500 

Wave number (em-') 

Fig. 2. IR Spectra of EP3 (solid line) and Wheat Inter
node Milled Wood Lignin (dashed line). 

D
ow

nl
oa

de
d 

by
 [

58
.1

76
.1

15
.6

1]
 a

t 0
5:

06
 0

8 
M

ay
 2

01
6 



482 H. SUZUKI et al. 

200 180 160 140 120 100 80 60 40 20 

ppm 

Fig. 3. CP/MAS 13C·NMR Spectra of EP3 (solid line) and Angiosperm Milled Wood Lignin (dashed line). 

acid ester (1740 cm -I). The last ester band is 
also characteristic of Gramineae lignocel
lulose. Milled wood ligninl8 ) isolated from 
wheat internodes (dashed line in Fig. 2) gave 
quite a similar spectrum except that EP3 has 
major absorption around 1590 cm -I due to 
carboxylate, and does not have one at 830 
cm -I due to the two adjacent aromatic ring 
hydrogens. 

EP3 was analyzed by a cross polarization/ 
magic angle spinning !3C-NMR (CP/MAS 
NMR). As shown in Fig. 3, EP3 (solid line) 
and milled wood lignin (dashed line) isolated 
from angiosperm WOOdI8 ) gave quite similar 
signals: methoxyls (55 ppm), carbohydrates 
(60-85 rpm), aromatic carbons (100-140 
ppm), and oxygenated aromatic carbons (cen
tered at 150 ppm). The two large signals 
characteristic of the EP3 lignin were assigned 
to carboxyl groups (170 ppm) and carbohy
drates (60-80 ppm). These spectral data sug
gested that the major component of EP3 is 
the carboxylated lignin of Gramineae-like ori
gin. 

Alkaline nitrobenzene oxidation 
To analyze the aromatic structures of EP3, 

alkaline nitrobenzene oxidation was perform
ed. IS ) Benzaldehyde and corresponding acid 
derivatives produced were determined by gas
liquid chromatography (yield %w/w of EP3): 
p-hydroxybenzaldehyde (0.55%), vanillin 
(0.77%), syringaldehyde 0.96%), p-hydroxy
benzoic acid (0.45%), vanillic acid (0.72%), 

and syringic acid (0.94%). Traces of p-cou
maric and ferulic acids were also detected. 
These results suggest three interesting charac
teristics of EP3. First, the molar ratio of 
syringyl nuclei to guaiacyl ones (S/V) of EP3 
lignin (1.67) was almost the same as that of the 
original bagasse lignin (1.6-1.8).19) Further
more the presence of cinnamic acids in the oxi
dation products is a direct evidence that lignin 
in EP3 originated from bagasse (Gramineae) 
lignin. Secondly, the total yield of aldehydes 
and acids was only 5.45% based on EP3 or 
6.7% based on the acetyl bromide lignin, ex
tremely low compared to that of native lig
nin, which is usually 15-25%.19) This suggest
ed that lignin in EP3 has a highly condens
ed structure with many C-C bonds bridging 
among phenylpropane units and therefore can
not produce benzaldehydes and benzoic acids 
by the alkaline nitrobenzene oxidation. IS ) 

Lastly, the total yield of benzoic acids (2.1 %) 
is unexpectedly high, since native lignin has 
no benzoic carboxyl groups and gives only a 
slight trace of benzoic acids which are produc
ed by the Cannizzaro reaction from the cor
responding aldehydes during alkaline nitro
benzene oxidation.20 ) The unexpectedly high 
yield of benzoic acids by this oxidation shows 
that chromophores which yield benzoic acids 
are present in considerable numbers in EP3 
lignin. 

These results clearly show that lignin in EP3 
originated from bagasse lignin,but it has been 
converted into highly condensed and highly 
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denatured forms by having a great number 
of carboxyl groups introduced by Lentinus 
edodes. 

Analysis of carboxyl groups 
All of the above data showed that EP3 

contains a considerable amount of carboxyl 
groups, which endow EP3 with high water
solubility. The content of carboxyl groups in 
EP3 was determined by a new method using 
amide formation. 16) EP3 was coupled with 
glycine methyl ester (GME) in the presence of 
carbodiimide and the resulted amide derivative 
(designated EP3-GME) showed a newly ap
peared primary amide (~CONH~) band at 
1650 cm -I in place of the strong carboxylate 
band at 1590 cm -I in the IR spectra, indicat
ing that carboxylate in EP3 was almost com
pletely amidated. This was also supported by 
the fact that the solubility of EP3-GME in 
water reduced to 0.2% of that of EP3. The 
nitrogen content of EP3-GME increased to 
4.60% compared to that of EP3 (1.74%), and 
this increase of nitrogen corresponded to the 
incorporation of one atom of nitrogen into one 
carboxyl group. The carboxyl group content in 
EP3 was calculated from the nitrogen increase 
as 0.24 eq/100 g EP3, e.g., 0.48 mol carboxyl 
group per pheny1propane unit. 

Molecular weight analysis 
Lignin is a complex polymer with a wide 

molecular weight distribution. A gel filtration 

~ 
N 

1.0 

<I> 
u 
C 
ttl 
.0 o 0.5 
f/) 
.0 

profile of EP3 on a Sephacryl S-300 column 
(Fig. 4) showed one broad peak with molec
ular weight ranging from 104 to 1.5 X 106 . The 
weight-average molecular weight (M w) was 
calculated as 3.2 x 105, the number-average 
molecular weight (Mn) was 2 x 104 and the 
molecular weight dispersity (Mw/Mn) was 15.9, 
indicating the polydisperse nature of EP3. The 
eluate in Fig. 4 was expediently collected into 4 
fractions, EPSI, EPS2, EPS3, and EPS4, ac
cording to the order of elution. The approx
imate molecular weight of EPS I, 2, 3, and 4 
were 1.1~1.5 x 106 , 4-11 X 105 , 1-4 X 105 and 
1~1O x 104, respectively. While EPS4 showed 
the highest anti-HIV activity of the 4 frac
tions,4) each fraction showed almost the same 
immunological activities as those of EP3 both 
in the activation of macrophages and the 
proliferation of bone marrow cells (data not 
shown). 

Identification of active substance in EP3 
As described above, EP3 is composed of 

81.1 % water-solubilized lignin, 3.2% protein 
and 12.2% carbohydrate, each being tightly 
linked. To clarify which component of EP3 is 
responsible for the immunostimulating and 
antiviral activities, assays were done with 1) 
protein-digested EP3 (EP3-PR), 2) carbo
hydrate-eliminated EP3 (EP3-KL), and 3) 
lignin-decomposed EP3 (EP3-DL). EP3-PR 
and EP3-KL showed identical or rather supe
rior immunological activities to EP3, while 

<{ EP51 EP52 EP53 

20 30 40 50 

Fraction number 

Fig. 4. Elution and Fractionation of EP3 from Sephacryl S-300 Column. 

EP3 was eluted with 50mM phosphate-Na buffer (pH 7.2) from a Sephacryl S-300 (50mm i.d. x 780mm; bed 
volume 1530 ml). Each fraction was 19.8 m!. They were divided into 4 fractions by the order of elution. 
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Fig. 5. Effects of Protein Digestion (EP3-PR, 0-0), Sugar Elimination (EP3-KL, 0-0), and Lignin 
Degradation (EP3-DL, t:,,-t:,,) ofEP3 (e-e) on (A) Glucose Consumption of Cultured Murine Peritoneal 
Macrophages and (B) [3HJThymidine Uptake of Murine Bone Marrow Cells. 

(A): Peritoneal resident macrophages (j 05) were cultured with various concentrations of samples on a 96-well 
microplate at 37°e. On day 4, 25/ll of culture supernatant was collected and glucose content was determined 
by the glucose oxidase method. 
(B) Bone marrow cells (1.5 x 105) were cultured in the same way. On day 4,0.2 /lCi/well of [3HJTdR was added; 
and incorporated radioactivity was counted. 

Table I. EFFECTS OF PROTEIN DIGESTION (EP3-PR), 
SUGAR ELIMINATION (EP3-KL), AND LIGNIN 
DEGRADATION (EP3-DL) OF EP3 ON HI V
SPECIFIC ANTIGEN EXPRESSION ON HI V

INFECTED MT -4 CELLS 

HlV-Ag positive cells (%) 
Concentration _____________ _ 

/lg/ml EP3 EP3-PR EP3-KL EP3-DL 

100 <2 <2 <2 16 
50 <2 <2 <2 30 
25 5 <2 <2 34 
12.5 48 19 7 38 
0 >90 

MT-4 cells were infected with HIV for I hr, and after 
washing with medium, infected cells (3 x 105 ) were cul
tured with samples on a 24-well microplate at 37°C. On 
day 4, the expression of HIV antigens on HIV-infected 
MT-4 cells was determined by the indirect immunofluores
cence using anti-HIV antibody positive plasma. 

EP3-DL lost its activities considerably in the 
glucose consumption of macrophages (Fig. 
5A), the thymidine uptake of bone marrow' 
cells (Fig. 5B), and the morphological change 
of macrophages (data not shown). 

Furthermore, the same tendency was observ
ed in anti-HIV activity. As shown in Table I, 
EP3 completely inhibited the HIV-antigen ex
pression of HIV infected MT -4 cells at con
centrations of ~ 50 {lg/ml. Although EP3-PR 
and EP3-KL showed anti-HIV activity at con
centrations of ~25 {lg/ml, EP3-DL did not 
have any apparent activity at concentrations 
up to 100 {lg/ml. The same result was observ
ed in the inhibition of HIV-induced cyto
pathic effects (data not shown). These results 
showed that the immunoactive and antiviral 
substance in EP3 was a polycarboxylated 
water-solubilized lignin itself. 

Discussion 

EP3, the purified fraction from LEM, has 
been reported to augment glucose consump
tion of macrophages, induce proliferation of 
bone marrow cells,S) and inhibit replication of 
HIV in vitro.4 ) And further EP3 was shown to 
induce a morphological change (spreading) of 
macrophages. 
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Fig. 6. Structural Features of the Water-solubilized Lignin in EP3. 
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In this study, we investigated the chemical 
structure and characteristics of EP3 and con
firmed that the major portion of EP3 was the 
water-solubilized lignin. Based on our exper
imental results, we present tentative structural 
features of the water-solubilized lignin in EP3 
(Fig. 6). The characteristics are summarized as 
follows: 1) It has many condensed structures 
between the artha-position of phenolic oxygen 
in aromatic rings and the IX-carbon (benzyl 
position by lignin notation) of the phenyl
propane side chain (nuclei c-e, g-i, l-m, and 
m-n), since it yields few aldehydes by alkaline 
nitrobenzene oxidation (only nuclei a and h 
give aldehyde), 2) it has a considerable amount 
of carboxyl groups at the y-position of the 
lignin side chain (0.48 mol carboxyl group/ 
phenylpropane unit), 3) it has some benzoic 
acid structures which have never been reported 
in native lignin (nuclei d,j, and a: nuclei d and 
a give benzoic acid by alkaline nitrobenzene 
oxidation), 4) it has a low content of free 
phenolic hydroxyls (0.05 mol/phenylpropane 
unit: nuclei band m have free phenols), 5) it 
remains a cinnamic acid ester (nuclei a-b). 

Lentinus edades (shiitake; a kind of basid
iomycete) is generally known to have ability 
to degrade wood lignin,21) and sugar-cane 
bagasse used in the medium contains about 
20% of lignin,z2) so it is obvious that extracel
lular enzymes of Lentinus edades denature 
bagasse lignin oxidatively to give the water
solubilized lignin. We further investigated to 
find which component in EP3 is responsible 
for the activities, because EP3 contains pro
teins, carbohydrates, and the water-solubilized 
lignin. Neither digestion of proteins nor elim
ination of sugars affected the immunological 
and antiviral activities, while degradation of 
lignin in EP3 caused an obvious decline of 
both activities. Therefore the water-solubilized 
lignin in EP3 was proved to be the principle of 
these immunological and antiviral activities. 

Various polysaccharides which have an anti
tumor activity and immunological activities 
have so far been isolated from fruit bodies or 
mycelia of some basidiomycetes.23 -25) For 
example, lentinan,23) which is the immunoac
tive f3-1,3-glucan, was isolated from the fruit 
body of Lentinus edades. Our previous idea 
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that the immunoactive component in LEM 
was either polysacoharides or glycoproteins 7.8) 
was completely contradicted by the discovery 
of this lignin derivative. 

The molecular weight of the water-sol
ubilized lignin in EP3 are widely distributed 
and the fractions EPS l, 2, 3, and 4 obtained by 
gel filtration chromatography of EP3 (Fig. 4) 
showed not only the same immunological ac
tivities as those of EP3 but also completely 
identical IR spectra to EP3. These results 
strongly suggest that the water-solubilized lig
nins in EP3 have almost the same structural 
characteristics except molecular sizes, and the 
immunological activities would be indepen
dent of their molecular sizes. In our previous 
work, the anti-HIV activity of EPS4, the low
est molecular weight fraction from EP3, was 
found superior to EP3 and the other fractions 
(EPS l, 2, and 3).4) This suggest that while the 
immunological activities are independent of 
the molecular sizes, the antiviral activity de
pends on them and is dominant in the lower 
molecular weights ranging from l04 to 1 05 . 

Accordingly, the mechanism of the immu
nological activities caused by the water
solubilized lignin might be different from that 
of the antiviral activity. 

We have recently reported that lignosul
fonate (LS) has the same immunological ac
tivities26) and anti-HIV activity27) as EP3 in 
vitro. LS is a chemically sulfonated water
solubilized lignin from the waste liquor of acid 
sulfite process of woods,28) and its structural 
features are different from the lignin in EP3. 
These results suggest that the immunological 
and antiviral activities of the water-solubilized 
lignins do not always depend upon the fine 
chemical structure, and it is presumed that 
these activities are common to various kinds 
of water-solubilized lignins. It remains to be 
studied if some factors common to a variety of 
the water-soluble lignins, such as polyanionic 
nature with highly hydrophobic architecture, 
cause the immunological and antiviral activ
ities. The detailed structural presentation of 
this water-solubilized lignin with the new 
biological activities will be of interest for fur-

ther development of lignin biochemistry. 
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