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General introduction 

Recen t1y ‘ much attention has focused on the application of white rot fungi to 

remove reca1citrant compounds 合om industrial wastewaters [1 ヱ]. The wood-rotting 

basidiomycetous fungi are unique microorganisms which cause substantial 

degradation of the recalcitrant polymer lignin in vascular plants. Interestingly, the 

fungal ligninolytic activity also functions in the degradation of various chemicals 

such as polychlorinated biphenyls, chlorinated phenolic compounds , polycyclic 

aromatic hydrocarbons , pesticides, dyes , elc [3 ,4], This ex甘emely nonspecific 

activity of the fungi is closely related to the l刕ninolytic en勾me system. The 

ligninolytic enz戸nes are the heme proteins lignin peroxidase (LiP, EC 1.11.1.14) and 

manganese peroxidase (MnP, EC 1.11.1.13) and the copper-containing protein 

laccase (EC 1.10.3.2) [5-7]. LiP catalyzes one-e]ectron oxidation of phenolic and 

nonpheno1ic compounds by H202 and the corresponding production of free 

radicals. Besides various aromatic compounds are utilized as substrates , the radical 

products react with other compounds as strong oxidants [4]. MnP catalyzes oxidize 

the H202-dependent oxidation of Mn(II) to Mn(JII); the Mn(IIJ) is then used to 

oxidize phenolic compounds in a similar manner as LiP [8,9]. Laccase a]so oxidizes 

phenolic and nonphenolic compounds to the radicals in the presence of 02 [10,11]. 

In addition, the ligninolytic system includes a variety of H202・producing oxidases 

[7,12]. Noting the nonspecific nature of the en勾me system , the fungi have been 

used for treatment of various wastewaters, including remova]s of color, l刕ninｭ

related compounds and polychlorinated phenolic compounds from pu]p and paper 

rnill effluents [1 ，2， 13]ヲ phenolic compounds 合om olive mil] effluents [14,15], and 

synthetic dyes 台om textile and dyestuff eftluents [1ι19]. In practice, the fungal 

treatment of pulp and paper m出 effluents has been conducted with pi]ot-scale 

reactors so far [1 ,13]. 

Melanoidins, which are well-known as natural browning polymers in various 

foods , often cause a coloration problem ofwastewaters, e. g., molasses wastewaters 

from distillery and fermentation industries [20]. They are generated through the 



Mai1lard (amino-carbonyl) reaction of aldoses and amines [21] and are closely 

related to humic substances in the natural environment [22]. Since they are resistant 

to microbial attack, the conventional biological treatments such as activated sludge 

processes are inapplicable to color removal 合om melanoidin-containing 

wastewaters. A t present, the co]or removal of these wastewaters has to rely on 

chemical and physico-chemical treatments such as ozonation [23 、24] and 

f1occulation treatment [20,25]. The ozonation techniques , however, have not become 

popular because of the high operational costs. Although the flocculation 1treatment 

is more effective, it results in the production of a Jarge volume of waste sludge. 

Since the colored wastewaters are usually re]eased into water environment without 

decolorization treatment, deve]opment of effective and cost cOJmpetitive 

deco]orization processes is strongly desired. 

The hgninolytic activity of white rot fungi appears to a]so function in the 

decolorization of meJanoidins and humic substances [26-29]. Therefore, 

development of wastewater decolorization processes employing these fungi looks 

promising. In practice the fungi have been used for decolorization treatment of 

molasses wastewaters [30] and sugar refinery effluents a]ready [31]. Some resu1ts 

合om those investigations shou]d be noticed 企om the viewpoint of the practical use 

as an alternative to the chemical and physico-chemical treatments. First, the rate of 

the decolorization seems relatively slow, although it is unc]ear whether that is 

caused by the slow rate of fungal growth or the decolorizing ability itself. In general , 

the time needed to reach sufficient or m似lill凶n decolorization ranges 企01Tl several 

days to a week [26,27,32]. Furthermore, the fungi appear to require a considerably 

high concentration of a carbon source (5 to 20 g/]) such as glucose for sufficient 

decolorization. Addition of a large amount of carbon to wastewater is undesirable 

for practical processes. Therefore, enhancement of the efficiency of the fungi in 

melanoidin decolorization is essential to develop useful treatment processes for 

melanoidin・containing wastewaters. Nevertheless, litt]e attempt to solve those 

problems has been carried out. This may be caused largely by insufficient 
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understanding of the melanoidins decolorization. Only a few reports have 

mentioned the decolorizing system [26,32-34] 

In this study, app1ication of the fungi to decolorize heat treatment liquor of 

waste sludge (HTL) was atternpted. It is assumed that HTL is one of the melanoidinｭ

containing wastewatersヲ though the colored cornponents have not been 

characterized yet. HTL shows a dark brown color based on heating of the sludge 

organic matters: HTL is produced by a conditioning process、 heat treatment, of 

waste sludge at sewage treatment plants (Figs. 1 and 2). Activated sludge treatment 

of sewage wastewater produces a ]ot of sludge. The sludge produced is usually 

conditioned to remove the moisture effectively in the sludge-dewatenng processes 

[35]. In the conditioning, the sludge concentrated in the gravity thickener is heated 

with the heat exchanger unit and maintained at 150 to 2000C for about I hr in the 

heat treatment reactor [35]. HTL consists of the supernatant and filtrate 合om the 

mixture ofthe heated sludge. Ozonation treatment is used for color removal of HTL 

at a few plants in Japan [M. Sakagami, Takuma Co.; personal communication]. ln 

most cases , HTL is retumed to the aeration tank, treating sewage wastewater, or 

treated in an extended aeration tank. These biological processes , however, hardly 

rernove the color. 
Sewage wastewater 

Rawand excess sludge 

- Strcams of waslcwatcrs and liquors 
・-~ Sludgc strcams 

Efflucnl 

ぷ:Jf::Jif::;:;:;::;11

Acti"ated sludgc proccss 
(陀moval ofHTL organic matlcr) 

Fig. 1. Heat treatment process in sewage wastewater treatment plant. 
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decolorization_ Corio!us hirsullls was selected as a useful fungus because of its 

high HTL-decolorizing ability, and effects of carbon addition and HTL dilution 

degree on the HTL decolorization were examined (Chapter 11). It was suggested that 

Reaclor the decolorizing activity is depressed in concentrated HTL. Also the fungus 

required larger amounts of added carbon in concentrated HTL. In Chapter III, the 

Air 
comprcssor 。

Sleam 
gcneralor en勾岨le system involved in the HTL decolorization of C. hirSlilus was specified 

using synthetic melanoidin. Extracellular H202 and two kinds of peroxidases, MnP 

Su I?_ç.æ~~ant 
(HTL) 

and manganese-independent peroxidase (MIP), functioned m melanoidin 

decolorization by the fungus. In Chapter IV, the HTL component that has an 

inhibitory effect on the HTL decolorization was specl白ed uSlng artificiaJ liquor 

Fig. 2. Schematic diagram for heat treatment process (Ref. 35)・
prepared with synthetic melanoidin. It was concluded that HTL organic nitrogen 

components lower the decolorizat卲n effic冾ncy. 

The purpose of this study is to show the possibility of the development of 
Finally, the approach for enhancement of HTL decolorization by C. hirsulus is 

microbial HTL decolorization processes employing white rot fungi as the effect咩e 
mentioned in Chapter V. Activated sludge treatment of HTL was introduced as a 

mlcroorganism. It is expected that the fungi are useful microorganisms for the HT工
pre甘eatment for the fungal HTL decolorization, s匤ce it 﨎 useful for decomposition 

decolorization 
of the organic nitrogen component inhibiting the decolorization. Combined use of 

treatments, sInce they presumably have a potential abiJity to 
the sludge and fungus ra﨎ed the fungal decolorization efficiency. Furthennore, 

decolorize HTL owing to the melanoidin-decolorizing activity described above. To 
stimulation of the HTL-decolorizing enzyrnatic reaction by adding Mn(lI) and H202 

achieve the purpose, a fundamental investigation on the HTL decolorization by the 
was confirrned. On the basis of that knowledge , perspect咩es on the development of 

selected fungus Corio!us hirsulus was carried out and the enhancement of its 
a HTL decoJorizat卲n process are described in the last section. 

decolorization efficiency was discussed as follows: 

First、 HTL colored components were characterized in Chapter I in order to 

obtain fundamental knowledge regarding the target substances of decolonlzation. 

Fractionation of the colored components was carried out to clarifシ maJ町 and

noteworthy components. The structural prope口y of the clarified components is 

discussed m companson with that of synthetic melanoidins and soil humic 

substances. FurtherIDore、 the behavior and biodegradability of the compon1ents 匤 

activated sludge process were examined. 

n
 

Chapters II to IV, HTL decolorization of a white rot fungus was 

characterized in order to obtain knowledge relating to enhancement of the HTL 

4 5 



Chapter 1 Fractionation and characterization of colored com pon1ents of 

waste sludge heat treatment liquor (HTL) 

1-1. Introduction 

HTL contains complex colored components, since they originate froml sludge 

organic matter. Therefore, an effective technique for separation of the colored 

components is needed to enable their characterization. 

HTL colored components are closely related to colored polymers, melanoidins, 

which are generated by heating of amino and carbonyl compounds [21]. 

Furthermore, the colored components are presumably related to naturan humic 

substances. Because humic substances are at least partially generated through the 

Maillard reaction , and they have a common structure as synthetic melanoidins 

prepared 台om simple sugars and amino acids [36,37]. Melanoidins andl humic 

substances are groups of complex polymers that do not have a definite structure, 

and the individual molecules can not be isolated from those groups [22]. Therefore, 

fractionation of these two groups into some subgroups , which consist of 

components with a certain definite nature, has been attempted. Melanoidins have 

been fractionated by gel fil甘atlon chromatography and electrofocusing [38,39]. 

Fractionation techniques for humic substances have been well estab1ished. They are 

usual1y fractionated into humus (dilute alka1i-soluble fraction) and humin (dilute 

alkali-insoluble fraction), and the former is fractionated into humic acid (acidｭ

insoluble fraction) and fulvic acid (acid-soluble fractlon) [40]. ln general , aquatic 

humic and fulvlc acids are concentrated by adsorption chromatography with XAD 

resin [41]. Furthermore, these two fractions from humus have been fractionated by 

gel filtration chromatography and anion exchange chromatography [40,42,43]. 

ln this chapter, fractionation of HTL colored components by the method 

described above for humic substances fractionation was investigated. The major 

fraction that had an abundance of colored components was characterized on 

molecular weight distribution and partial structure. Furthermore, the behavior of the 

major colored components in the activated sludge process was investigated. 
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1-2. Materials and methods 

lfIL sample 

HTLs (samples A, B and C) were collected 企om heat treatment faci1ities at 

sewage wastewater treatment plants. They were taken 台om different plants: Sample 

A was the dewatering-fil町ate 合om heated sludge, and samples B and C were 

supernatants of sludge mixed liquor before dewatering. An eff1uent sample (D) 合om

extended aeration tank treating HTL was also collected. It was collected at the same 

plant as sample A. All samples were filtered with filter paper (No ・ 131 ， ADVANTEC 

Toyo), and were stored at 40C. The filtrates were centrifuged at 1,800 x g for 15 min 

to remove suspended solids before use. General characteristics of samples A, B and 

C are listed in Table 1-1. 

Table 1-1. General characteristics of HTL samples 

Sample A B C 

Treatment conditions 

Temperature CC) 175 200 175 

Retention time (mm)60 45 60 

pH 5.7 5.2 5.4 

TOC (mgll) 4,500 3,300 2,3 00 

BOD (mgll) 7,400 4,300 3,400 

T -N (mgll) 1,300 770 530 

NH4+ -N (mgll) 770 340 310 

N03--N (mg/1) <1.0 <1.0 <1.0 

N02--N (mgll) <1.0 <1.0 <1.0 

T -p (mgll) 92 48 57 

Color (CU) 7,300 5,700 2,700 

Procedure for fractionation of H1L colored components 

HTL samples (30 to 100 ml) were acidified to pH 1 with concentrated HCl and 

stirred moderately for 3 hr. The HTL suspensions were centrifuged at 1,800 xg for 15 

min to separate acid-insoluble precipitate and supernatant. The former was rinsed 

with deionized water, and dissolved in 50 ml of 0.05 M NaOH. Then , this solution 

was adjusted to pH 7 and used as fraction 1. The supernatant was further 

fractionated with a XAD・7 resin colurnn (Rohm and Haas ~ column size, 3 x 8 cm), 

7 



previously equilibrated with 0.] M HCl. The column was washed with 100 m1 of 0.1 

M HCl, and the eluate was adjusted to pH 7 and used as fraction II. The cornponents 

adsorbed on the resin were eluted with, successively, 100 m1 of methanol and 100 m1 

of 0.] M NaOH. 80th eluates were evaporated and dissolved in 50 rn1 of 0.1 M 

NaOH. The solutions prepared 仕orn the eluates obtained with methanol and alkali 

were adjusted to pH 7 and used as fractions 111 and IV, respectively. 

To co]]ect colored components of fractions 1 and JII, 500 rn1 of HTL sample A 

was acidified and centrifuged. Five hundred grams ofXAD・7 resin was added to the 

supernatant, and the mixture was stirred moderately for 30 mﾏn. The resin was 

washed with a sufficient volume of 0.1 M HCl on a B�hner funne1. The components 

adsorbed on the resin were eluted with 400 rn1 of methano1. Fractions 1 and 111 were 

brought to a final volume of 50 ml for both the precipitate and the eluate with 

methano1. 

Incubation of HTL with activated sludge 

The activated sludge used in this study had been acclimated to synthetic 

organic wastewater for a long period by a fill and draw cultivation method. The 

synthetic wastewater had the fol1owing composition (ll-tap water): 100 mg meat 

ex廿act， 160 mg peptone, 70 mg Na2HPO-t.12H20, ]5 mg NaCl, 7 mg KCl, 7 rng CaCh, 

and 5 mg MgSO-t・ The sludge was centrifuged at 800 xg for 5 min and then, added to 

the sample A. The mixture contained 40 rn1 of sample A, 100 mg sludge (dηI weight) 

and 50 mM Na phosphate buffer (pH 5.3) in a total volume of 50 rnl. It was j1rlcubated 

for four days at 25 oC in a reciprocal shaker at 120 rpm and then , filtered with filter 

paper. 

Analytical methods 

To measure the color of HTL and its fractions , they were diluted with 0.1 M Na 

phosphate (pH 7.0) to give an absorbance at 465 nm (A~65) ofless than 1.0. the color 

was calculated 白om the A~65 value on basis ofthe platinum-cobalt method [44,45] as 

follows: 

Color (CU) 
l ,000 x A2 

Al 

where Al is the absorbance of the 1,000 CU Pt-Co standard solution (A~65 ニ 0.272)，

and A2 is A~65 of the sample. Total organic carbon (TOC) was measured with a 

Shimadzu TOC-analyzer, TOC・500. Biochemical oxygen demand (BOO), total 

nitrogen (T-N), ammonium, nitrate and nitrite nitrogen ‘ and total phosphorus (T-P) 

were determined according to the sewage analytical methods [46]. 

Molecular weight distributions of the colored components of fractions 1 and III 

were analyzed by gel filtration and dialysis. Fractions 1 and III were diluted with 

deionized water to give an A~65 of 1.0 (3,700 CU). The diluted solutions of fractions 1 

and III contained 250 and 2∞o mgll TOC, respectively. F our rnillihters of the diluted 

fractions were applied to Sephadex G-50 and G-25 columns (each 3 x 25 cm) and then, 

eluted with deionized water at a f10w rate of 60 rnl/h. Besides the deionized water. 10 

mM Na phosphate (pH 7.0) and the same buffer containing 0.1 M NaCJ were used, as 

higher-ionic-strength eluents. All of the eluents contained 0.5 mM NaN3 ・ Elution of 

colored components was monitored at 465 nm. Exclusion lirnits of G-50 and G-25 gels 

were taken as molecular weight of dextran , ]0，0∞ and 5,000, respectively [40]. Void 

volumes (Vos) of the columns were measured with Blue Dextr佃 2，∞o (Pharmacia 

Biotech). In addition, the diluted fractions 1 and III (each 10 rnJ) were dialyzed with 

Spec仕a/Por 6 membrane (cutof仁< Mw  1,000; Spectrum) against 1 1 of deionized 

water or 10 mM Na phosphate (pH 7.0) containing 0.1 M NaCl. The dialyses were 

maintained for three days at room temperat町e with two changes of the outer 

solution, before color and TOC of the dialyzed fractions were determined. 

Identification of degradation products from H1L colored components 

Components in fractions 1 and 111 were degraded with alkaline H202 in order to 

elucidate the partial structures of the HTL colored components. The two fractions 

(each 50 rnJ) were dialyzed against 3 1 of deionized water containing 0.5 mM NaN3 

The dialyses were maintained for six days with five changes of the outer solution. 

The reaction mixture (160 ml), containing 200 mg-TOC of fraction 1 or III 



nondialyzable component and 10%> (v/v) H202, was adjusted to pH 9 with NaOH and 

incubated for 24 hr at 280C. The nondialyzable components in the dilute a1kali 

solution (pH 9.0) were a1so incubated and used as con仕ols. After the reaction 

mjxture was adjusted to pH 2.0, a small pa口 was used for determination of acetic acid 

content. The greater pa吋 of the mixture was used for separation of acidic and 

ampho-ionic degradation products (Fig. 1・ 1). The acidic fraction was prepared by 

extraction with etherラ and the ampho・ionic fraction was prepared using two ion 

exchange columns, Dowex・50 x 8 (H+ form) and Dowex・2 x 8 (OH-fornn) (Dow 

Chemical, each 0.8 x 5 cm). Acids in the acidic fraction were methylalted with 

trimethylsilyldiazomethane (TMSDM) [47]. Amino acids in the ampho・ionic fraction 

were trimethylsilylated with N，O・bis(trimethylsilyl)廿ifluoroacetamjde (BSTF A) [48]. 

F racti on 1 or III 

|山d against deion町的r 6 days 

Nondialyzable component 

GC 

(Detemina28225AfsA7 

Aqueoドs layer 

Ion exchange 
column chromatography 

with Dowex-50 (H+) 
and Dowex-2 (OH-) 

treated with alkaline H202 for 24 h at 280C 

pH2 

extracted wi th ether 

Ether. layer 

lextracted wi th 10%NaOH 

Ether layer 

extracted wi th ether 

trimethylsilylated I Aqueous layer 
with BSTFA 

GC-MS. GC 

GC-MS 

Fig. I ・1. Preparation of acidic and ampho-ionic fractions 

from degradation mixtures of fractions 1 and III 
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Acetic acid content was determined by gas chronlatography (GC) with a 

Hitachi ヲ model 263・50 equipped a flame ionization detector (FID). The analytical 

conditions were as follows: a Shincarbon A packing 50/0 Thermon 3 、000 column (3.2 

mm x 1.6 m, Shinwa Chemical lndustries) was used. The temperatures of column 

oven , injector and detector were 130, 260 and 2600 C, respectively. The derivatives of 

acids and amino acids were analyzed by gas chromatography-mass spectrometry 

(GC-MS) with a Shimadzu GC-17 AlQP-5000. For acid derivatives、 a CBP・20・M

column (0.22 mm x 25 m, Shimadzu) was used. The temperature of the column oven 

was raised 企om 60 to 2100C at a rate of 30C/min after injecting a sample. The injector 

and detector temperatures were maintained at 2300C. For amino acid derivatives, a 

CBP・ l-M column (0.22 mm x 25 mラ Shimadzu) was used. The temperature of the 

column oven was kept at 800C for 8 min after injecting a sample and then, raised 台om

80 to 2400C at the rate of 40C/min. The temperatures of i町ector and detector were 

maintained at 2400C. The derivatives were identified by computer comparison of the 

mass spectra with the NIST library. M ass spectra of fatty acids (C8・ 17)， dicarboxylic 

acids (C2-10), 2-furancarboxylic acid, and a11 of the amino acids were confinned with 

the authentic compounds. Furthennore, the amino acids identified were determined 

with a Shimadzu GC・ 14A equipped a FID. The analytical conditions were the same 

as those ofthe GC-MS analysis. 

1-3. Results and discussion 

1-3.1. Fractionation of colored components 

The methods for fractionation of soil and aquatic humic substances [41] were 

introduced to characterize HTL colored components. Color and TOC contents of 

HTL fractions 1 to れT are listed in Table 1・2. In a11 of the samples , fractions III had the 

most color, 55, 77 and 630/0 of samples A's , B's and C's total color, respectively. 

Therefore, the colored component of fraction III contributed most to the HTL coJor. 

The 合action 1 of sample A also had a high level of color (220/0 of the total color), 

though those of B and C had low levels (less than 7% of the tota] color). This shows 

that the contribution of the fraction 1 component to HTL color is also important in 

11 



0.02 

some HTLs. Fraction J] contained a large amount of non-colored component‘ but 

little colored component. Both color and TOC contents of Fraction N were at 

considerably low levels. These results show that the major colored components of 

0.08 

0.06 

0.04 

0.02 

5寸30.00 
0.06 

『で

0.04 

(A) 

HTL are fractionated into fractions 1 and III. 

Table 1-2. Color and TOC contents of HTL fractions. 

Fraction 

Totala II III れf Yield (~~ 

Sample A 
Color (CU) 7,300 1,600 720 4.000 20 88 
TOC (mg(J2 4,500 140 2,200 1.800 89 93 

Sample B 
Color (CU) 5.700 200 240 4,400 32 86 

TOC (mEm 3,300 33 1,400 13500 40 89 

Sample C 
Color (CU) 2,700 183 240 700 18 78 
TOC(mgm 2.300 22 880 1_100 13 85 

a、 color and TOC of original HTL samples 

B
 

'
a・
‘
、

O. 00 ~-<>-<>-唱。
。 ハ

UA
U
 

--
200 300 

ト3.2. Molecular weight of major colored components 

The greater part of fraction 1 colored component (合om sample A) was eluted in 

the void volume ofthe G・50 column when it was eluted with deionized water (Fig. 1-

2A). In contrast, the elution of fraction III component was relatively slow (Fig. 1・28).

As the ionic strength of the eluent increased, both elution pattems shifted to right. 

As a result, they were superposed under the highest-ionic-strength condition. The 

apparent decreases in their molecu]ar weights by high ionic strength were also 

obtained , when fractions 1 and 111 were dialyzed against high-ionic-strength buffer 

(Table 1-3). Fraction 1 lost about 60% of the initial color during the dialysis with the 

buffer, while it lost only 20010 during the dialysis with deionized water. The use of the 

buffer l勛ewise increased the loss of fraction III color. and the ]oss of color was 10 

points greater than that of fraction 1 color. These results show that both colored 

components of the fractions changed in their apparent molecular weight owing to 

ionic strength of the solvent. This is consistent with the behavior of aquatic humic 

substances: De Haan el al. showed the ionic strength-induced changes in the 

configuration of aquatic humic substances [49]. In the repo吋， they conc1uded that 

high ionic strength decreases their molecular size and/or shape. 

Elution volume (ml) 

Fig. 1-2. Sephadex G・50 gel filtration of colored com ponents 

in fractions 1 (A) and III (B). 

Eluent: 一・- , deionized water; -・- , 10 mM phosphate 
buffer; -0ー， 10 mM phosphate buffer containing 0.1 M NaCl. 

Table 1-3. Remaining color and TOC in fractions 1 and 
皿 after dialysis with difTerent-ionic-stren宮th solvents 

Fraction 1 Fraction rll 
-[ 

J

一
0
9

+
一
司
3

i a 

Color (0/0) 81 

TOC (0/0) 82 

69 
31 

a, dialyzed against deionized water 
b, dialyzed against 10 mM  phosphate buffer containing 0.1 

M NaCI. 

80th 1 and III colored components have apparent molecular weights of less than 

10,000 as shown in Fig. 1-2. Furthennore, the G・25 gel filtration of the components 

showed that some of the components have molecular we刕hts of less than 5,000. 

The elutﾍon peak of the fraction III component was broader than that ofthe fraction 1 

component. As shown in Table 1・3 ， the fraction III component may have a lower-
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molecular-weight distribution than the fraction 1 component. However, more details 

oftheir characteristics were not found in these investigations. 

Iふ3. Partial structure of major colored components 

Structural units of melanoidins and humic substances have been specified by 

identification of their degradation products [23,50-53]. Hayase el al. attenlpted to 

use alkaline H202 to degrade synthetic melanoidin obtained by heating of a glucose 

and glycine mixture [51]. In this study, that degradation technique was applied in the 

analysis ofHTL colored components structure. 

Nondialyzable fractions 1 and III components were degraded with alka1ine 

H202. TOC contents of both fractions were not changed by this treatment. 

Decolorization of the fractions by the treatment reached 900/0 of their initial color. 

The degradation products 合omthe fraction 1 and III components included 42 and 48 

μg of acetic acid per mg-TOC of nondialyzable componentsヲ respectively. No acetic 

acid was detected in the controls of the components. The acidic products identified 

by GC-MS are 1isted in Table 1・4. It was uncJear whether some of fatty acids and 

butanedioic acid were degradation products, since they were also detected in the 

controls. Many kinds of acids inc1uding fatty acids, dicarboxy1ic acids, furans and 

aromatic acids were detected in both of the fraction 1 and II1 acidic fractions. This 

Table 1・4. Acidic compounds identified in degradation mixtures of fractions 1 and III. 

Fraction 1 Fraction III 

H202b Controlc H202 Control Retention time Compounda 

(min) Fattyacid 
9.0 Octanoic acid 
12.3 Nonanoic acid 

15.9 
17.9 
23.4 

30.7 
34.1 
37.4 

40.5 
43.6 

Decanoic acid 
Undecanoic acid 
Dodecanoic acid 

Tetradecanoic acid 
Pentadecanoic acid 
Hexadecanoic acid 

Heptadecanoic acid 
Octadecanoic acid 

44.0 9-0ctadecenoic acid 

Dicarboxylic acid 
11 . 7 孔1ethylpropanedioic acid 
13.2 Propanedioic acid 
15.1 Methylbutanedioic acid 
16.1 Butanedioic acid 
19.5 2働孔1ethylpentanedioic acid 

19.9 Pentanedioic acid 
23.0 2,3-Dimethyl-2-

butenedioic acid 
24.1 Hexanedioic acid 

27.8 Heptanedioic acid 
31.4 Octanedioic acid 
34.8 Nonanedioic acid 

38. 1 Decanedioic acid 
Furancarboxylic acid 

15.4 2・Furancarboxylic acid 

18.6 2-Methyl-3-
furancarboxylic acid 

Pyrrolecarboxylic acid 

32.1 2-Pyrrolecarboxylic acid 
Aromatic acid 

Benzeneacetic acid 
2-Hydroxybenzoic acid 
Benzenepropanoic acid 

3-or 4-Methoxybenzoic acid 
2-Aminobenzoic acid 
1,4- or 1,3-
Benzenedicarboxylic acid 

39.6 1,2-Benzenedicarboxylic acid + 
42.0 Nitrobenzoic acid + 
a, identified as methylated derivatives; b, the degradation mixture (with alkaline H202); c, 

the control mixture (with deionized water, see materials and methods); dラ detected in the 

mixture; e, not detected 

shows that the two colored components have a considerable amount of cornmon 

structural units. Furthermore, 10 amino acids were detected in the ampho・lomc

fraction of the fraction III component (Fig. 1-3). Calculated total amount of amino 

acids was 1.6 Jlg/mg-TOC of the nondialyzable fraction 111 component. 

In the repo吋 ofHayase el α1. ヲ acetic acid as a main product and some kinds of 

dicarboxyhc and furancarboxy1ic acids, including methylpropanedioic, propanedioic, 

butanedioic and 2-furancarboxylic acids as minor productsヲ were identified after 

degradation of gl ucose-glycine melanoidin [51]. They postulated the partial 

structural units of melanoidin as fol1ows: CH3-CO-R, R-CO-CO-R" , R-CO-R'-CO-

]6.7 

21.8 

22.0 

24.8 

33.0 
37.8 

38.0 

R" , etc. HTL major colored components must a1so inc1ude those units. On the other 

hand, the higher dicarboxylic hydrocarbons and the aromatic acids have not been 

]4 
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the HTL in the aeration tank. The result ¥vas that fraction lII color comprised 900/00f found as degradation products of simple sugar-amino acid melanoidin. Presumably, 

Compared with the total color and the other fractions color were at low levels. this depends on the generation of HTL colored components 企om complex sludge 

1 color in sample 0 was sample A, the marked decrease in the level of fraction organic matter such as microorganism constituents. Benzenecarboxylic acids have 

especially noted. Sample A was incubated with activated sludge and fractionated been considered to comprise a significant part of humic substances [52]. Recently , 

(Fig. 1-4). The fraction 1 lost 90% of its initial color during the incubation. On the Saiz-Jimenez detected higher fatty acids and dicarboxylic acids in the pyrolysates of 

other hand, an increase in the fraction III color was observed. The decrease in the soil fulvic acids [53]. It is interesting that the HTL colored components and humic 

fraction 1 color appeared to be closely related to the increase in that of fraction III, substances have those compounds as common structural units , because thle fonner 

suggesti ng that the acid-insoluble colored component is not removed 合om HTL but was generated 合om sludge organic ma口er by heating within a short period, whereas 

remains as an acid-soluble component in the activated sludge processes. Fisher and the latter was generated 合om soil organic matter by natural processes through long 

300/0 of the chemical oxygen demand (COO)ーSwanwick reported that more than period [22]. 

component in HTL is non-biodegradable [54]. The major colored components ought 

to overlap with such non-biodegradable components. 
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Fig. 1-3. GC-MS of amino acids in degradation mixture of 
fraction ID. 

All amino acids were identified as trimethylsilylated derivatives. 
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Fig.I・4. Changes of color distribution during HTL 

activated sludge treatment. 
(A) Sample D from extended aeration tank for HTL 

treatment was fractionated. (B) Sample A was incubated for 

four days with activated sludge and then, fractionated. 
. ， total; 園 ， fraction 1; 園， fraction II; 

図， fraction HJ; 口， fraction IV 
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。1-3.4. 8ehavior of major colored components during activated sludge treatment 

Jn sewage treatment plants , HTL is treated in an extended aeration tank or an 

甘eatment . It is important, therefore, to investigate the aeration tank for sewage 

behavior of the major colored components in the biological processes involved. 

was fractionated into HTL sample 0、 which was collected from an aeration tank, 

fractions 1 to N (Fig. 1-4). The total color was considerably low, when compared with 

17 

(non-treated HTL) (Table 1・2). 1t is unclear whether the 

decrease in color was dependent on activated sludge activity because of dilution of 

16 

the reference sample A 



1-3.5. Conclusions 

Fractions 1 and IJI contained HTL major colored components. They were 

characterized by comparison with humic substances and sugar-amino acid 

melanoidin. It can be considered that fraction 1 colored component corresponds to 

humic acid, since it is recovered as acid-insoluble precipitate 企om soil and aquatic 

organic matters. Fraction III colored component presumably corresponds to 

hymatomelanic acid and/or fulvic acid [40]. The forrner is alcohol-solu1ble and 

partially acid-insoluble , and the latter is acid, alcohol and water-soluble. 

However, this classification of humic substances has been adopted for 

convenience, and it is difficult to separate those substances clear1y [22]. The 

distinction between the two colored components was not obtained fr・om the 

viewpoints of their molecular weight distributions or structural unit compositions. 

Actual1y, complete removal of the acid-soluble component 台om the fraction 1 

component was unsuccessful even though the reprecipitation and resolubii1ization 

procedures using acid and alkali was repeated. Therefore, they are presumably 

separated into the two fractions on the basis of a slightly distinct nature, e. g., 

molecular weight distribution, electric charge, and/or hydrophilicity, as explained for 

humic substances [40]. These characteristics may be responsible for their behavior 

in activated sludge processes. Activated sludge was able to decrease the amount of 

fraction 1 colored component, but did not appear to remove it substantially. lf the 

difference of their nature is small, the sludge, which insufficiently able to degrade 

the colored components, may be capable of increasing the solubility of the 1 

component in acid. Fraction 111 colored component consequently increases 

contribution to almost aJl of the HTL color during the 甘eatment. Therefore, the 

microorganisms that degrade the fraction III component effectively were needed for 

investigation ofmicrobial HTL color removal. 

ln the study of the microbial color removal , preparation of simple artificial 

liquor is needed. Because actual HTL composition is very complex and not steady. 

Use of an artificial1iquor may make the study more efficient and reproducible. HTL 

colored components are and behave considerably similar to natural humic 

18 

substances and synthetic melanoidin、 which are readily available. Therefore, it is 

possible to use these compounds for preparation ofthe artificialliquor. 

1-4. Summary 

HTL colored components were fractionated by precip�at�n wﾎth ac� and by 

adsorption chromatography with XAD resin. The acid-insoluble fraction (1) and 

acid-soluble fraction (lII) eluted from the resin with methanol showed high color 

levels, because these two fractions contained m句or colored components. These 

components were further characterized and compared wﾎth the related compounds , 

natural humic substances and synthetic melanoidins. The profiles of gel fil甘ation

and dialysis of the two colored components greatly varied as a result of using 

eluents and solvents with different ionic strength , respectively, i. e. , high ionic 

strength induced apparent reduction of their molecular weights. Therefore, it is 

suggested that each component ex�ts in aggregation form under low-ionic-strength 

condition and/or in contracted forrn under high-ionic-strength conditions. Fractions 

1 and III nondialyzable components including colored components were degraded 

with alkaline H202 to identi今 their partial structure. The colored components had 

the same structural units that have been identified in humic substances and 

synthetic melanoidin. However, the detailed differences between the J and III 

components could not be found by these investigations. Finally, the behavior of the 

major colored components during HTL activated sludge treatment was investigated. 

lncubation of HTL with the sludge resulted in the loss of most fraction 1 color and 

the increase in fraction 111 color. This suggests that the fraction 1 component is 

converted into acid-soluble component, which can be fractionated into fraction 111, 

in the biological treatment. 

]9 



Chapter 11 Decolorization of HTL by the selected fungus ('oriolus 

hirsutus 

11-1. Introduction 

White rot fungi are unique microorganisms which can cause degradation of 

natural recalcitrant polymer, 1ignin. Besides lignin degradation , these fungi can 

oxidatively degrade a wide variety of organic compounds owing to the extremely 

non-specif兤 nature ofthe ligninolytic enzymes [3 ,4]. Therefore, much attention has 

focused on the removal of pollutants from industrial wastewaters , inc1uding removal 

of lignin-related compounds [44, 55-57] and polychlorinated phenolic compounds 

[2J from pulp and paper mill effluents, phenolic compounds 合om olive mill effluents 

[14,15], and synthet兤 dyes 合om text匀e and dyestuff effluents [16-19]. 

The fungal activity has a]so been applied in a口empts on microbial color 

removal of melanoidin-containing wastewaters. Phαnerochaele chrysosporillm 

showed a decolorization efficiency of about 80% for sugar refinery effluents [31]. 

Molasses wastewaters were strongly decolorized by Coriolus versicolor [27]. 

Furthennore, continuous decolorization of molasses wastewater and melanoidin 

medium were successful1y conducted using immobilized C. versicolor [30] and C. 

hirslIfus cel1s [58] , respectively. 

HTL colored components are closely related to the melanoidins as shown in 

Chapter 1. Therefore, the studies on wastewater decolorization using white rot fungi 

imply that HTL can be decolorized by the fungi. In this session , application of the 

fungi to HTL decolorization was attempted. (て hirsulus was selected on the basis of 

its high HTL-decolorizing abihty. HTL major colored components were degraded 

during incubation with fungal pellets. The decolorization was greatly affected by 

HTL dilution degree and amount of carbon source. 

20 

11-2. Materials and methods 

Preparations of H1L colored components and synthetic melanoidin 

The HTL sample used in thlS chapter was the same llquor as sample A used in 

Chapter 1. It was filtered, stored at 40C and centrifuged to remove suspended solids 

before use. HTL major colored components were prepared 企om the liquor by the 

fractionation method described in Chapter l. The 合action 1 and III components were 

used as the m句or colored components. The first was the acid-ínsoluble 合action

obtained by precipitation with HCl, and the second was the acid-soluble fraction 

eluted from resin XAD・7 with methano1. 

Melanoidin was prepared by autoclaving a mixture of 1 M D-glucose, 1 M 

glycine and 0.2 M Na bicarbonate, pH 6.8, for 3 h at 1210C [51]. 

White rot fungi 

c. hirsutus IFO 4917, C. versicolor IFO 30340, Lenziles helu/ina IFO 6266, 

Pleurolus οslrealus IFO 30879 and P. chりlsosporium IFO 31249 were used. C. 

hlrSUfllS , C. versicolor and L. bellllina were the same strains as the melanoidinｭ

decolorizing and/or -degrading strains previously reported [27ヲ28]. All of the strains 

were maintained at 40C on malt ex甘act agar, pH 6.0, conta匤ing 20 g malt ex甘act， 20 g 

glucose, l.0 g peptone, and 16 g agar per liter. 

Preparations of mycelium suspension and pellets 

The fungi were grown on GPY agar plates [59], containing 20 g glucose, 3.0 g 

peptone, 2.0 g yeast ex仕act， 1.0 g K2HP04, 0.5 g MgS04・7H20， and 16 g agar (per 

liter, pH 6.0), at 280C for a week. The homogeneous mycelium suspension and 

pellets were prepared by the method of Archibald et al [56]. Four l-cm diameter 

plugs punched from the periphery of the 7・day GPY agar plate were agitated in 100 

ml of GPY liquid medium in a 5~ml polypropylene flask with four 1. 8・cm diameter 

glass marbles for one day at 280C in a rotary shaker (120 rpm). Ten milliliters of 

mycerial suspension was transferred into 100 ml offresh GPY in a 30かml Erl enmeyer 

flask, and cultured for four days at 280C in the rotary shaker (120 rpm). This 

cultivation produced 200 mg dry weight of 6 to 8-mm diameter pellets per flask. 

Decolorization ofH1L by C. hirsutus 
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C. hir九 ul lIS pel1ets (dry weight of 200 mg) were washed twice with 100 ml of 

sterile deionized water on a stain]ess stee] mesh. and transferred into 100 ml of the 

diluted HTL with deionized water. The HTL contents in the diluted solution were 40 

to 1000/0 (v/v). G]ucose was added to the liquors as a concentration of up to 20 g/l. 

Prior to this , the HTL and glucose solutions were autoclaved separately for 20 min 

at 1210C. Incubation was carried out for eight days at 280C in a rotary shaker at 120 

rpm. HTL fraction 1 or III component was added toωo m] of GM medium, referred to 

as GM-I and GM-lII, respectively, and autoclaved for 20 min at 1210C. GM medium 

contained (per Iiter) 5.0 g g]ucose, 1.5 g NaN0 3, 1.0 g K2HPOι0.5g KCl 0.5g 

MgS04・7H20， and 10 ml trace metal so]ution, pH 6.0. The trace metal solution was 

composed of 1.0 g FeS04・7H20， 0.1 g ZnS04・7H20， 0.1 g MnS04.5H20, and 0.1 g 

CUS04・5H20 per liter. Addition of the fractions I and III components resulted in 

media co]ors of 2200 and 1500 color units (CU), respectively. These color levels 

co汀espond to those of fractions 1 and 111 合om the HTLヲ diluted to two-times volume 

with deionized water (i. e., 500/0 HTL) 

Analytical methods 

The HTL and melanoidin-containing media incubated with the fungal pel1ets 

were fi1tered with fiIter paper. After the culture filtrates were diluted to four-times 

volume with 0.5 M Na acetate , pH 5.0, decolorization was evaluated f�om the 

decrease in A465 of the filtrates. Color (CU) was determined by combination of the 

Pt-Co method and measurement of A465 as described in section 1・2 [44ヲ45]. To 

recover the colored component adsorbed on mycelium surface, the pellets separated 

by fil甘ation were washed with deionized water and then, immersed in O. Hv1 NaOH 

for 20 min [60]. The alkaline filtrate was adjusted to pH 5.0 and initial culture volume 

(100 rrù), and the color was measured. Dry cell weight of the pellets was measured 

after drying at IIOoC. Reducing sugar contents in the cu]ture fil甘ates were 

determined by the method of Somogi-Nelson [61]. 

Four milli1iters of the cu]ture filtrates were applied to a Sephadex G・50 column 

(3.0 cm x25 cm) and then、 eluted with 20 m!¥1 Na phosphate (pH 7.3) containing 0.1 

M NaCl. Elution ofthe colored components was monitored at 465 nm. 
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11-3. Results and discussion 

11-3.1. Selection of HTL-decolorizing fungi 

HTL-deco]orizing abilities of 白ve fungi were examined (Table Il・ 1). To confirm 

their decolorizing ability for melanoidin, myce]ium suspensions were inoculated in 

GPY medium supplemented with 0.40/0 (v/v) synthetic melanoidin solution. Al1 five 

fungi grew well in the medium. C. hirsulus and L. belulina removed about 600/0 of 

the initial color. In the 500/0 HTL supplemented with 20 g/l glucose、 C. hirsulus , C. 

versicolor and L. belulina grew well, whereas the other fungi showed a slight 

growth. Incubation with P. oslrealus increased the HTL color. Of the tested fungi , 

C. hirsulus was the most effective fungus removing about 80% of the initial color. 

Therefore, C. hirsulus was selected for further investigations of funga] HTL 

decolorization. 

Table II・1. HTL-decolorizing activity ofwhite rot fungi 

Decolorization (0/0) 
Organism A B 

C. hin;utus 57.8 75.6 
C. versicolor 37.7 51.3 
L. belulina 62.9 28.4 
P. oslrealus 33.5 -10.4 
P'. chηJsosporium 19.9 7.2 

A, GPY medium supplemented with 0.4% synthetic 
melanoidin; B, 50% HTL supplemented with 20 gIl glucose 

11-3.2. Behavior of H1L colored components in the fungal H1L decolorization 

C. hirsutus pellets were inoculated in 500/0 HTL with 20 g/l glucose. As shown 

in Fig. 11-1 , the decolorization proceeded with the fungal growth, and the efficiency 

reached 800/0 after eight days. This strain was reported to be the fungus that 

effectively decolorized molasses melanoidin [28,58]. The result of the HTL 

decolorization corresponds to those of the molasses decolorﾎzation: the 

decolorization appeared to be relative to the fungal growth. Fig. 11・2 shows gel 

filtration profiles of HTL co]ored components before and after the incubation for 

eight days. C. hirsulus was ab]e to decolorize components with a wide-range 

molecular weight, though low-molecular-weight components tended to be 

decolorﾎzed in preference to higher-molecular-weight ones. In order to clari今 the
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Fig.II・3. Color change in fractions of HTL before (A) and after 

(B) incubation with C. hirsutus. HTL (500/0) supplemented with 20 

g/l glucose was incubated with fungal pellets for 8 days、 and

fractionated into fractions 1 to IV. Symbols :・ ， total ; 図 ， fraction 1; 

圏 ， fraction 11 ; 図、 fraction 111 ; 口、 fraction IV. 
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As shown in Chapter 1, the color level of fraction 1 decreases during activated 

HTL 

components by the fungaI pellets. The loss in color of GM-IJI reached 660/0 after 

sludge 廿eatment. On the other hand, that of fraction III increases during the same 

fraction III 

component. Fig. II-4 shows decolorization and adsorption of the fractions 1 and 111 

be 

仕eatment. As a results, fraction 111 colored component remains predominately in the 

four days of incubation. The loss in color calculated on the basis of the adsorption 

be similar to that of pellets grown in GPY medium. This resu1t indicates that a large 

in complete disappearance of fraction 1 color (Fig. 1I-3). Despite that result, 420/0 (600 

part (82%) ofthe color loss was due to , at least, partial degradation of the fraction 111 

CU) of the initial color remained after the incubation of GM-l (Fig. 11-4). The day 4 

underestimated much, since the pellets color after the alkaline treatment seemed to 

colored component, i. e. , degradation ofthe chromophores. In the case of GM-l, the 

color loss on basis ofthe adsorption comprised about 300/0 of the medium color loss 

after four days (Fig. II-4). Therefore, the fraction 1 component must also be degraded 

during the incubation. Incidentally, the incubation of HTL with the fungus resulted 
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Fig. IJ・1. HTL decolorization and growth of 仁 hirsulus
in 50ちも HTL supplemented with 20 g/I glucose. 

・， decolorization of HTL; 0 , dry cell weight ; ・ ， amount of 
reducing sugar. 

Fig.11・2. Sephadex G-50 gel filtration of colored components of 
HTL before (・) and after (0) incubation with C. Jrirsutus. 

HTL (50%) supplcmcnted with 20 g/l glucose was incubated with 

the fungal pdlets for 8 days. The void volume of the column was 90 
ml. 
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decolorization level at day 5 decreased. These results show that the fungus requires culture filtrate was acidified (pH 1)ヲ but precipitant of the 1 component was not 

appropriate dilution of HTL and an appropriate amount of glucose for both an The color of the filtrate consi sted out of fractions II , III and .rv color obtained. 

sufficient decolorizat1on. The minimum amount of glucose required for sufficient accounting for approximately 100, 450 and 50 CU, respectively. This suggests that 

decolorization could not be detennined, since it was closely correlated with the HTL by occurs component colored of fraction degradation and/or decolorization 

dilution degree: a glucose concentration of 5 g/l appeared to be sufficient in 400/0 

HTL, but insufficient in 700/0 HTL (Fig. II・5)

conversion into the other colored components as observed in the activated sludge 

treatment (Chapter I) 
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Fig. 11-5. Effects of HTL dilution degree on HTL decolorization 

by C. hirsulus. 

Glucose (5 g/l) was added to 1000/0 (X ), 70% (・)， 500/0 (ﾃ ) and 

40010 (v/v) (・) HTL dilutions. 

5 

Fig. 11-6. Effects of glucose addition on HTL decolorization 

by C. hirsulus. 

Glucose was added to 40% HTL to concentrations of 0 (x ), 
1 (・)， 5 (企)， 10 (・) and 20 (・) g/l. 
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Fig. 11-4. Decolorization and adsorption of fractions 1 and 111 

colored components by C. hirsulus. Fractions 1 and III colored 

components were incubated with the fungal pellets in media GM-I 

(企，� ) and-III (・， 0 ), respectively. 
企，・: amount of decrease in color of each medium. 

� , 0 : amount of color recovered from the pellets in each medium. 

the fungal H1L 

caused 

pellets (Fig. II・5). Glucose was added to a final concentration of 5 gil. Hardly any lag 

time in decolorization was observed in 400/0 (v/v) HTL. However, it was observed in 

The HTL media with different degrees of dilution were incubated with fungal 

the HTL media that had a content over 500/0. Also , the decolorization level at day 5 

of incubation decreased with increasing HTL concentrations. Fig. II-6 shows the 

of 40010 HTL 

considerable 

the Also , of incubation. 
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High concentrations of gIucose (5 to 20 g/l) are always used for decolorization 

of melanoidins by white rot fungi. Ohrnomo el al. repo口ed that more than 5 g/l of 

g]ucose is required for sufficient decolorization of molasses wastewaters by 

Conο/川 ver.\' ICο lor [30], though the influence of the wastewater content was not 

tested. Glucose-rich conditions have also been employed in the fungal treatment of 

other wastewaters (ιι ， sce ref. 14 and 18). On the other hand, no a杭empt has been 

made to reduce the amount of glucose required. This is considered to be an 

unavoidable subject in the investigation of a practical fungal treatment of HTL and 

other wastewaters. 

S upplementa 

None 
D-Glucose 
D-Xylose 
D-Fructose 
D-Arabinose 
L-Arabinose 
D-Sorbitol 
Sucrose 
Cellobiose 
Maltose 
Soluble starch 
Cellulose 

Table 11-2. Effects of various carbon sources 
on HTL decolorization by C hirsutus 
Decolorization (%)b Supplement 

18.0 Glycerol 
100 Ethanol 
100 Methanol (5.0 gIl) 
162 Methanol (10 gIl) 
10 7 Na acetate 
28.6 Na propionate 
83.7 Molasses (5.0 gIl) 
102 Molasses (10 gIl) 

Decolor目白区笠
113 

118 

-5.1 
-6.9 
6.7 

7.6 

54.3 
81.4 

71.8 Com steep liquor (10 gIl) 32.6 

51.9 Peptone (10 gIl) 40.9 
55.2 
27.2 

a Carbon sources without parentheses were added to 500
/0 HTL to a concentration of 5 0 凶­

AIl of the substrates were sterilized by filtration before they were added to HTL. 
b Decolorization was evaluated after incubation for 5 days. Decolorization eff�iency 
(56 5%) obtained in the HTL supplemented with 5.0 gIl D-glucose was expressed as 100% 

To find a useful carbon source as an altemative for glucose may also be 

necessary. A variety of carbon sources were tested as substrates of the 

decolorization (Table 11-2). The effects of most saccharides, glycerol and ethanol on 

decolorization were comparable to that of glucose. However, using thelTI in a 

practical decolorization process is difficult because of the high costs. Molasses , 

which contains abundant monosaccharides such as sucrose and glucose ,. looks 

promising in this respect. However、 molasses itself contains a considerable amount 

of melanoidin、 and shows a dark brown color. In this expe口ment、 addition of 10 g/I 
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molasses to 500/0 HTL raised the liquor color to a two-fold level of the initial color. 

The color level of the decolorized liquor was equivalent to the otiginal 500
/0 HTL. 

Therefore, it is very important to find an approach to minimize the amount of carbon 

giving sufficient decolorization 

11-4. Summary 

Five white rot fungi that can decolorize melanoidin were examined on their 

ability of HTL decolorization. C. hirslIfus showed the highest HTL-decolorizing 

activity ofthe fungi tested. This fungus removed 800/0 of the HTL color within eight 

days under appropriate conditions. Incubation of HTL major colored components 

(fractions 1 and III) with fungal pellets resulted in a considerable decrease in the 

color. A large pa目 ofthe color reduction was due to the degradation of the colored 

components, while a smal1 part was due to the adsorption onto the pellets. The 

efficiency of the decolorization was greatly affected by both the degree of HTL 

dilution and the amount of g]ucose added: Decreasing of the degree of HTL dilution 

企om2.5 to one time caused a decrease in the decolorization rate and level. Also , the 

efficiency decreased w咜h a decrease in the amount of glucose 合om 5 to 0 gl1. 

Sufficient fungal decolorization was obtained, when 5 g/I glucose was added to 400/0 

HT工 (diluted 2.5 times). The requirement of a large amount of glucose for sufficient 

decolorization was considered to be one of the most important subjects in the 

practical use of the fungi. 
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Chapter 1 11 Specification of the enzyme system involved in melanoidin 

decolorization by C hirsutus 

111-1. Introduction 

C. hirsulus required a high concentration of a carbon source such as glucose 

for the decolorization (Chapter 11). This is considered to be a main disadvantage of 

the use of this fungus for HTL treatment. Also , HTL needed to be diluted 

appropriately to enable sufficient decolorization. In concentrated HTL, the 

decolorization rate was very slow. To make the HTL decolorization more efficient, an 

elucidation of the fungal melanoidins decolorization system is important. 

Decolorization of melanoidins and/or degradation by white rot fungi is poorly 

understood, though some works have identified the lignin degradation-related 

enzymes participating in the decolorization as follows. The in甘acellular H202・

producing enzymes L-sorbose oxidase [26] and other sugar oxidase [33] were 

isolated as the melanoidin-decolorizing enzymes in Coriolus strains: The produced 

H202 secondarily oxidizes melanoidin [51]. Also , C. versicolor appears to produce 

an en勾引le which attacks melanoidin directly, without requiring any additions such 

as sugar and 02 [33]. The group of Blondeau el al. reported the degradation of 

melanoidin by a Mn-dependent oxidase in cultures of Trαmeles (Coriolus) 

山内ic%r [32 ,34] 

In this chapter, the enz戸ne system involved in the HTL decolorization of C. 

hirsulus was researched using synthetic melanoidin prepared 台om glucose and 

glycine. First, production of extracellular H202 and its pa口icipation in the 

decolorization were investigated. Since the activities of manganese peroxidase 

(MnP) and manganese-independent peroxidase (MIP) were detected in the cultures 

decolorizing melanoidin、 participation of these peroxidases in melanoidin 

decolorization was also investigated. 
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111-2. Materials and methods 

Chemicals 

2 ， 2'-Azinobis(3 ・ethylbenzthiazoline-6・sulfonate) (ABTS), phenol red, Azure B, 

horseradish peroxidase (HRP, type I1) and catalase (合om bovine liver, thymol-free) 

were purchased 企om Sigma Chemical. Bovine serum albumin (BSA) was purchased 

from Wako Pure Chemical. 

Culture conditions 

C. hirsufus IFO 4917 was grown at 280C on a GPY agar plate [59] containing 

(per liter) 10 g glucose, 3.0 g peptone, 2.0 g yeast ex甘act， 1.0 g K2HP04, 0.5 g 

MgS04・7H20， and ]6 g agar, pH 6.0. The mycerial suspension was prepared by the 

procedure described in section 11-2. Five rni11iliters of suspension was transferred 

into 20 m1 of fresh GPY in a 10ふm1Erlenmeyer flask , and the fungus was cultured for 

three days in a reciprocal shaker (110 rpm, 280C). The fungal mass was obtained in 3 

mm-diameter-pellet fonn. The pellets were washed with sterile deionized water before 

they were used as inocula. 

Decolorization of melanoidin by fungal pellets 

Melanoidin was synthesized 企om a rnixture of 1 M D-glucose, 1 M glycine, and 

0.2 M NaHC03 (see section II・2). This solution contained 100 mg晒organic carbon (C) 

of melanoidin per milliliter. Medium GPYM was the same as GPY but contained 5.0 

gll glucose and 400 mg-C/l melanoidin. The medium was autoclaved at 1210C for 20 

min. The fungal pellets (1.2 g as wet weight) were inoculated in 20 ml of GPYM in a 

10仏ml Erlenmeyer flask and cultured in the reciprocal shaker (110 中m， 280C). The 

culture supernatant fluid was obtained by centrifugation at 10，∞o xg for 10 min. 

Analytical methods 

Decolorization of melanoidin was caJculated 企om the decrease in A465 of the 

culture fluid as described in section II-2. 

H202・producing activity (HPA) of the pellets was measured by HRP-mediated 

oxidation of phenol red [62]. The pellets (0.5 to 1.0 g as wet weight) collected 合om

GPYM culture were washed twice with 20-m1 phenol red solution (PRS) containing 

20 mM Na phosphate, pH 6.0, 0.5010 (w/v) glucose and 0.1 mglml phenol red. The 
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washed pellets were transferred to 2仏ml PRS supplemented with 50μg/ml HRP and 

th e n 、 in c ubate d for 20 min at 280C while shaken at 110 rpm. The total mixture was 

filtered, and the pellets weight was measured after drying at 110oC. AGlO of the 

filtrate was measured after adding 0.3 m1 of 2 M NaOH. The pellets were also 

incubated with PRS w咜hout HRP as the control. HPA was expressed as amount of 

H202 produced by the pellets during the incubation period of 20 min. 

To deterrnine the glucose oxidase activity, pellets were mixed with 100 mM Na 

phosphate buffer (pH 6.0) and blended with sea sand in a mortar. Sea sand and cel1 

debris were removed by centrifugation at 10,000 x g for 15 min. The reaction was 

started by adding 30μ1 of 10 mM glucose to the mixture containing 50 rnM Na 

phosphate (pH 6.0), the cel1 free extract, 50μg/ml HRP and 0.1 mglm1 phenol red in a 

total volume of 3.0 ml [63]. The reaction ran for 5 min at 280C and was then stopped 

by adding 0.3 ml of 2M NaOH. One unit of glucose oxidase activity was defined as 

the cnz戸ne amount required to produce 1μmol of H202 per minute in the presence 

of glucose. Protein content of the cell free ex甘act was determined by the method of 

Bradford [64]. 

H202 content of the supernatant fluid of culture was determined by the Inethod 

ofGrafand Penniston [65]. To 0.6 ml ofthe 白山d， 1.8 ml of 80 rnM HCL 0.2 m1 of ] M 

KI, 0.2 ml of 1.0 mM (NH-l)6M07024・4H20 in 0.5 M H2S04 and 0.2 m1 of 50/0 (w/v) 

starch were added in that order. AS70 of the reaction mixture was measured at 20 min 

after addition of KI solution. Fluid in which H202 was removed by preincubating 

with 30 lJg/ml catalase for 5 min at 280C was used as the control. 

Laccase (phenol oxidase) activity was determined by the oxidation of ABTS at 

420nm [10]. The assay mixture contained 50mM Na acetate (pH 5.0), 0.5 mM EDTA, 

and 0.5 mM  ABTS in a tota] volume of 3.0 rnl. MIP activity was calculated by 

subtracting the amount of H202・independent ABTS oxidation (owing to laccase 

activity) 企om that of ABTS oxidation in the presence of 0.1 m九1 H202 ・ One unit of 

laccase and MIP was defined as the amount of enzyme required to oxidize 1μmolof 

ABTS per minute. Iv1nP activity was measured by the oxidation of phenol red [8] in a 

mixture containing 20 mM  Na succinate (pH 4 . 5)、 25 mM lactate 、 1 mglml BSA, 0.1 
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mglml phenol red、 0 . 1 mM  Mn(II) as MnSO-l and 0.1 rnIvl H202 in a total volume of 

3.0 m1. The same mixture but with 0.5 rnIvl EDT A instead of 0.1 mM Mn(II) was used 

to obtain the Mn-independent oxidation. The reaction was stopped by addition of 

0.3 m1 of 2M NaOH, and the activity was expressed as Mn(II)-dependent increase in 

A610 per minute. Detection of lignin peroxidase (LiP) activity was perforrned by two 

different assays using substrates , veratryl alcohol and Azure B, in 50 mM  Na tartrate 

(pH 4.5) [66]. 

Preparation of crude enzyme 

A crude enz戸ne solution which contained both MIP and MnP was prepared 

台omthe 18 to 24・hr cultures. The supernatant f1uid from 28 cultures (about 500 rnl) 

was collected and frozen at ・800C until further preparations , and after thawing the 

precipitate of polysaccharides in the fluid was removed by centrifugation at 10,000 x 

g for 10 min. The protein in the supernatant was salted out with ammonium sulfate 

(900/0 saturation) and collected by centrifugation. The protein precipitate was 

dissolved in 20 rnl of 20 mM Na acetate (pH 5.0) and then, dialyzed against 4 I of 20 

mM Na acetate for 12 hr. This solution was applied to a DEAE-Toyopearl 650M 

column (2.0 x 11 cm; Toso Co.) previously equilibrated wﾏth 20 mM Na acetate (pH 

5.0). The proteins were eluted using a linear gradient of 0 to 0.3 M NaCl in 200 rnl of 

the same buffer. The elution was monitored at 280 and 405 nm to detect protein and 

heme protein, respectively. Both peroxidases were eluted at a concentration of 0.13 

M NaCI as shown in Fig. JII-1. Therefore, the active fractions containing both 

enzymes were collected and used as crude en可me solution. The residual melanoidin 

was mostly eluted a白er elution of MIP and MnP. The activities of MIP and MnP in 

the en勾me solution were 0.2 町'm1 and 0.6 M610・unitlminlml ， respectively, but no 

laccase activity was detected. 

Incubation of melanoidin with MIP and MnP 

Decolorﾏzation of melanoidin by MIP and MnP was evaluated using Mnｭ

independent reaction mixture (MIRM) made ofthe MJP assay mixture and using Mn-
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as Penniston of Graf and method deterrnined by the was at 280C incubation 

described above. Mn-independent enzyrnatic consumption of H202 was calculated 

by subtracting the H202 consumption in MIRM w咜hout the crude enz戸ne 企om that 0.3 

~I 

υ| 
芝 1

in rvnRM containing the en勾rne. The Mn-dependent enzyrnatic consumption was 

calculated by subtracting the Mn-independent consumption in MDRM w咜hout 0.1 

mM Mn(II) 企orn that 匤 MDRM with Mn(II). 

111-3. Results and discussion 

111-3.1. Production of H202 by the fungal pellets 

In仕acel1ular H202-producing sugar oxidases have been isolated as melanoidin-
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requirement of a h刕h concentration of glucose for HTL decolorization (Chapter 11), it 

is probable that those enzyrnes function in the HTL and melanoidin decolorization of 

Volume (ml) 

Fig.1 1I・1. DEAE-Toyopearl column chromatography 

of peroxidases. melano冝in and fungi the by secretlon H202 actual However, hirsutus. C. 

decolorization by the secreted H202 have not been demonstrated yet. 

First, the H202-producing activity (HPA) of C. hirsulus pellets was examined 

When the pel1ets from l-day culture were incubated with PRS supplemented with 

HRP, the increase in A6 10 was 0.78/20 min/g-wet cel1 weight. The increase in A610 in 

oxidation amount obtained without HRP 企om that obtained with HRP. No HRP-

PRS w�out HRP was 0.09/20 minlg. The HPA was estimated by subtracting the 

Table m・1. Compositions of MIRM and MDRM 

MIRM MDRM 
Total volume: 3.0 ml Total volume: 3.0 ml 

Crude enzyme: 0.3 ml Crude enzyme: 0.3 ml 
10 mM Na acetate (pH 5.0) 50 mM Na succinate (pH 4.5) 
0.5 mM EDTA 03 mg-C/ml 恥1elanoidin
0.3 mg-C/ml Melanoidin 25 mM Na lactate (pH 4.5) 

H202 (up to 0.1 mM) 1 mglml BSA 
0.1 mM Mn(II) 

0.1 mM H202 合om 3-and 5 ・daypelJets the found 匤 independent phenol red oxidation was 

cultures. The l-day pel1ets had glucose oxidase activity of 0.16 U/mg-protein, whjle 

the 3-and 5-day pellets had the activity of less than 0.01 U/mg-protein. Fig. 1II-2 dependent reaction rruxture (MDRM) made of the MnP assay mjxture, respec:tively. 

shows tirne courses of the fungal HPA and melanoidin decolorization. High HPA Compositions of MIRM and MDRM are listed in Table 111-1. The mixtures w~~re put 

was observed during the growth phase, and it decreased rapidly after the growth in a glass cell set in a spectrophotometer. Melano冝in decolorization was started by 

growth observed during the also was decolorization rnelanoidin Since ceased. adding H202 and monitored at 465 nm. 

phase, it appeared to be related to expression of the HPA. H202 consumption by the peroxidases was also deterrnined with MIRM and 

Recentlyラ it has been reported that white rot fungi , including Corio/us strains, MDRM. In those cases , MIRM incIuded 0.1 ml of the crude enzyme and up to 0.8 

produce extracellular glucose oxidase [12ヲ67]. When glucose, phenol red and HRP mgぐIml melanoid匤 in a total volume of 0.6 ml. MDRM included 0.1 ml of the crude 

were added to the supernatant of 1 ・， 3-and 5 ・day cultures, no oxidation of phenol mg-C/ml melanoidin. Residual H202 content after 5 min of 
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enzyme and 0 to 0.3 



IS major amount of ~b02 cultures 、fungal observed. Therefore 、 m the red was 

presumabJy produced by the oxidase localized in the in甘acellular and/or periplasmic 

Dry cell weight (00) 

100b 

91.0 

96.3 

101 

97 1 

Table III・2. EfTect of catalase addition on fungal 

melanoidin decolorizationa 

Decolorization (0/0) 

100b 

85.9 

52.3 

46.3 

108 

Add咜ion 

None 
Catalase 

5μglml 

30μg/ml 

90μglml 

Denatured catalas� 

BSAC 105 

a Decolorization of melanoidin (decrease in A~65 of culture fluid) and dry 
cell we刕ht at 8 h of 匤cubation after add匤g protein were measured in 

triplicate. The results are expressed as the mean percentage of the values 

obtained from the culture without catalase. b The mean values 士 SDs of 

that culture for the decrease in A.t65 and cell we刕ht (mg/flask) were 

0.149 土 0 . 026 and 37.6 土 4 . 5 ， respectively. C Catalase heated at 950C for 

5 min or BSA instead of native catalase was added to a concentration of 
90μglnù 
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Fig. 111 ・2. H20rproducing and melanoidin 

decolorizing activities of the fungal pellets. 
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111・3.2. Participation of H202 in the fungal melanoidin decolorization 
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significant decrease in the level of decolorization (Table III-2). On the other hand , 

neither the 

m the fungal cultures resulted 

The decolorization. depressed 

of 30 and 90μg!rnl catalase to 

BSA nor catalase denatured 

Addition 

。

growth was nearly constant, regardless of the addition of proteins. These results 

8 12 24 

Time (h) 

Fig. 111-3. Production of extracellular H202 in the fungal 

culture. The results are expressed as mean values and SDs 

(error bars) of the experiments in duplicate. 

7 6 5 4 3 2 。show the participation of the secreted H202 in melanoidin decolorization in fungal 

H202 content in supernatant f1uid ofthe culture increased up to 43μM after 5tart of 

H202 (98μM) added to 

cultures. Production of H202 in the cultures was confirrned as shown in Fig. 111-3. 

within the disappeared supernatant 

the incubation. However, it rapidly decreased after 1 hr. 

l-day culture 

that the rate of melanoidin decolorization by H202 at pH 3 to 7 is much slower than incubation period of 40 min (Fig. lII-4A). When H202 was added to fresh GPYM 

at more alkaline pH [51]. In this study, the pH value ofthe fungal cultures after 24 hr mediwn, the arnount was irnmediately reduced to 85% of the initial concentration. 

was about 5. Therefore, it is considered that the reacting potential of H202 per se for medium for 40 min. This is was fa町ly stable in the However, the residual H202 

melanoidin is relatively low in C'. hirsulus culture. Oilution of the culture fluid with consistent with the observation that the amount of H202 produced by lactobacil1i 

buffer lowered the rate of the H202 decornposition (Fig. III-4B). Therefore, the rapid 

一τ工一一一一一一一一ー一一一一一 一ーでヨ

decrease in the H202 as shown in Figs III・3 and -4 was strongly dependent on the 
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strains in organic mediurn remains at acidic pH (< 6.0) for one month at 50 C, while it 

disappears completely at pH 7.0 to 8.0 within 5 days [68]. Hayase el a/. reported 
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FurthenTIore, addition of melanoidin to presence of the fungal culture component 
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Fig. 111-5. Production of extracellular peroxidases and 

melanoidin decolorization in the fungal cultures. 

The results are expressed as mean values and SDs of the 

experiments in triplicate. 

Incubation time (min) 

Fig. 111-4. Decomposition of H202 added to supernatant fluid 

from the 24-hr fungal culture. (A) Addition to fresh GPYM 

medium (0) and culture fluid (・). (B) Addition to the diluted 

culture fluid: the contents were 12.5 (X), 25 ( ・ )， 500/0 (企) in 5 mM  

Na acetate, pH 5.5 , and 100% (no dilution) (・). (C) Addition to the 

50% fluid supplemented with 0 (企) (in the same as the line in B), O. 
05 ←&一)、 and 0.1μg・C/ml ぐ--A一) melanoidin. The arrow shows 

the conccntration of H202 added. 
ßI・3.4. Decolorization of melanoidin by peroxidases 

Separation of MIP and MnP could not be achieved by the anion exchange 

of decolorization Therefore, methods) and materials chromatography 

melanoidin by MIP or MnP was investigated using the crude ex甘act containing both 
lll-3.3. Production of peroxidases 

enzymes. MIRMs showed a decrease in A465 , indicating melanoidin decolorization 
melanoidin It was postulated that the extracellular peroxidase catalyzes the 

crude or the either H202 when not observed was (Fig. III-6A). Decolorization 
occurred in the of H202 cultures , because decomposition decolorization in the 

en勾引le was omitted from MIRM. This strongly suggests that MIP has melanoidin-
of melanoidin. addition culture f1uid, and it was stimulated by presence of the 

the for essential were en勾methe and H202 Also ヲactlvlty. decolorizing 
Activities of MIP and MnP were detected in the cultures exhibiting melanoidin 

decolorization in MDRM (Fig. 111・6B). The mixture without Mn(II) showed an initial 
decolorization (Fig. 1II-5). During the incubation for 72 hr, the culture fluid did not 

decolorization rate that was equivalent to that of MIRM, and complete MDRM 
show oxidizing activities of veratryl alcohol and Azure B in the presence of H202. 

MDRM is the 

一~一一一一一一一一一ー一一一ーでコ|

solution in which both MIP and MnP can act. The difference in rates between the 

showed a higher decolorization rate than MDRM without Mn(II). 

two mixtures must be due to the decolorizing activity of MnP. 
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Therefore , production of LiP was improbable in this expeliment. Laccase activity was 

100/0 of that of MIP throughout the period of 
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detected at a low level. less than 

incubation. 
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Fig. 111-6. Decolorization of melanoidin by crude enzyme in 

MIRM (A) and MDRM (8). (A): MIRMs containing 50 (.), 
33 (園)， and 17μM (ﾂ) H202 and M収M without H202 (�); 

(B): complete MDRM (.), MDRM without 0.1 mM Mn(II) (0), 
and MDRM without 0.1 mM H202 (企).

Fig. 111-7. Consumption of "202 by crude en勾'me in MIRM 

(A) and MDRM (B) including various concentrations of 

melanoidin added. The results show the corrected Mn-independent 

(A) and dependent (B) en勾rmatic consumptions (see materials and 
methods). 

To detennine if lhe decolorization in the reaction mlxtures was catalyzed by 

peroxidases, the enzymatic H202 consumptions in the presence of melanoidin were 

investigated. Fig. 1II-7A shows the Mn-independent enzymatic H202 consumption 

in MIRM. An apparent increase in the rate of the consumption owing to the 

melanoidin concentration was found. The Mn-dependent enzymatic consumption of 

H202 was also calculated by subtracting Mn-independent consumption in ~v1DRM 

without Mn(II) 企om that in complete MDRM (Fig. III-7B). It reached its maximurn 

rate at a low content of melanoidin (0.15 mg-C/m1). Consequently, it was concluded 

that MIP and MnP function in the melanoidin decolorization of the fungal cultures. 

Besides the sugar oxidases, a few melanoidin-decolorizing enzymes have been 

identified in the genus of Coriolus. Ohmomo ef al. reported a C.νersicolor enz戸ne

which attacks melanoidin directly without any additions such as sugar and 02 [33]. 

Dehorter and Blondeau isolated a MnP-like en勾明日台omC. versicolor [32 ,34]. 

That was a hem protein, and it mineralized meIanoidin in the presence of Mn(II). 

Expression of its activity required 02 rather than H202・It is still unclear whether the 

MnP dealt with in this study is a different protein 企om the Mn-dependent en勾叩e.

Several white rot fungi produce MIP along with the ligninolytic enz戸nes LiP, MnP, 

and laccase [69-73]. The ligninolytic activity of MIP was reported using a phenolic 

lignin model compound as the substrate [74]. Regarding the meIanoidin-decolorizing 

activity of MIP, it has been suggested only for bacterial strains [75,76]. The fungus 

also produced laccase during melanoidin decolorization (Fig. 111-5). Laccase 

catalyzes one-electron oxidation of phenoIic and nonphenolic compounds [10,1]] 

with 02, and the function is similar to that of the Mn-mediated MnP reaction [8,9]. 

Although the level of laccase activity in the C. hirsulus cultures was very low, it 

appears rational that the laccase partial1y participates in the melanoidin 

decolorization. 

In concIusion , it was elucidated that ex仕acelI ular H202 and the peroxidases 

produced participate in the melanoidin decolorization by C. hirsufus. 80th MIP and 

MnP are considered to be key enzymes in the decolorization. The use of the fungus 
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for microbial color removal 合om melanoidin-containing wastewaters is an attractive 

subject. Enhancement of H202 and/or peroxidases production appears to be very 

important to make the decolorization more efficient. 

111-4. Summary 

In Coriolus hirsufus culture, production of ex甘acellu1ar H202 was involved in 

the melanoidin decolorization system ヲ since addition of an appropriate amount of 

catalase to the culture lowered decolorization level. The H202 added to culture 

supernatant fluid was rapidly decomposed , and that decomposition was stimulated 

by adding melanoidin to the f1uid. However, nonenz戸natic decolorization of 

melanoidin by H202 as previously reported seemed at a low level in the culture. The 

culture fluid contained two extracellular peroxidases, MIP and MnP. The 

participation of MIP and MnP in melanoidin decolorization was evaluated using the 

crude enz戸ne extract. The reaction mixtures inc1uding the enz戸nes， H202 and 

melanoidin showed Mn-independent and dependent decreases in the absorbance at 

465 nm, indicating melanoidin-decolorizing activities. The mixtures also showed Mnｭ

independent and dependent H202-consuming activities. Therefore, it was conduded 

that production of ex仕acel1 ular H202 and the activity of peroxidases are the principal 

systems involved in the melanoidin decolorization by C. hirsufus. 
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Chapter IV Relationship between HTL organic component and HTLr 

decolorizing activity of C. hirslItllS. 

IV -1. Introduction 

As shown in Chapter 11, the HTL-decolorizing activity of C. hirsllfus is 

depressed in concentrated HTL. This suggests that the fungal HTL decolorization is 

greatly affected by the HTL component. Ifthe component that shows the inhibitory 

effect can be removed, the decolorization efficiency may be improved for 

development ofHTL decolorization processes. 

In P. chrysosporium cultures, production of ligninolytic peroxidases, LiP and 

MnP, has been found to be triggered by limitation ofnutrients such as nitrogen [77-

79]. High concentrations of N suppressed ligninolytic activity and production of 

ligninolytic peroxidases [77, 80・82]. This knowledge has been extensively reported 

for cu1tures of other fungi [83-85]. Therefore, it is postulated that melanoidin 

decolorization by the fungi is greatly affected by the nutrient status. In P 

chrysosporium cultures, melanoidin decolorization occurred under N-limited 

conditions [29,31]. Nevertheless, the melanoidin decolorization by Coriolus strains 

including C. hirsutus has been investigated using nutrient rich media with high 

concentrations of C and N [27,33]. Nutrient conditions appear to be not so important 

for their abilities for melanoidin decolorizationラ since they can express decolorizing 

activity in those media. ]n those reports , however, 1ittle attention was given to the 

clarification of the relationship between melanoidin decolorization and nutrient 

conditions. 

This chapter describes the influences of the HT工 component on HTL 

decolorization by C. hirsufus. Artificial HTL (AHTL) with a similar composition to 

that of HT工 was prepared and used in the tests of the fungal decolorization. The 

AHTL decolorization great1y varied with the content of organic components in the 

liquor. Furthermore, effects of the components on MIP and MnP production in the 

fungal cultures were investigated. 
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IV -2. Materials and methods 

Preparation of artificial HTL (AHTL) 

AHTL was prepared by mixing a matrix component solution (MCS) and a 

colored component, melanoidin , solution (CCS). MCS contained (per liter) 180 g 

peptone , 120 g meat ex仕act and 51.2 g ammoniwn acetate , pH 5.5 , and it was 

autoclaved for 20 min at 1200C. CCS was prepared by autoclaving a mixture which 

consists of 75 g glycine, ]80 g glucose and 16.8 g NaHC03 (per liter) for 3 hr at 

1200C. These solutions were stored at 40C. AHTL contained, per liter, the following: 

28 mI MCS, 4.6 ml CCS, 25 mg FeSO-l・7H20 [5 mg Fe(II)] , 4.4 mg MnS04.5H20 [1.0 

mg Mn(II)] and 4.4 mg ZnSO-l・7H20 [1.0 mg Zn(II)]. General characteristics of AHTL 

are 1isted with those of actual HTLs in Table TV-1. 

Table IV -1 General characteristics of actual HTLs and AHTL 

HTLa AHTL 

(min. -max.) (mean) 

pH 5.1-5.7 5.3 5.5 

Color (CU) 1.700 -7.300 4,200 6,400 

TOC (mgll) 1,800 -7,800 4,500 4,000 

BOD (mgll) 2,400 -7,400 4,000 5,400 

Organic-N (mgIJ) 220 -530 380 1.000 

NH-l+ -N (mgIJ) 150 -840 430 290 

N03--N (mgfl) 0.0 -2.5 < 2.5 1.1 

Total-P 但gfl2 48 -170 98 69 

a, the compositions were obtained from seven HTL samples 
including samples A, B, C, E and F (see Chapters 1 and V). 

To investigate the effects of the matrix organic components on the fungal 

AHTL decolorization, the initial MCS content of 28 ml/l was varied in a range of 0.35 

to 44 ml/l. The total organic carbon (TOC) contents ofthese 1iquors ranged from 500 

to 6，∞o mg/l because of the variation in the MCS contents. Furthermore, organic 
and inorganic Ns were added to the dilute liquor、 containing 0.35 ml/l MCS and 4.6 

mlIl CCS (500 mg/l TOC). The N sources, including peptone , meat ex甘act， amn10nium 

ta口rate and NaN03 , were sterilized with a membrane filter (pore size of 0.22μm). 

Culture conditions 
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l. hirsulus pellets with a diameter of 3 mm were cultured in 20 ml GPY medium 

[12] as described in section IJI-2. The pel1ets were washed with sterile deionized 

water before they were used as inocula. Forty mil1iliters of AHTL was autoclaved at 

1210C for 20 min in a 10かml Erlenmeyer flask and then , supplemented with 1.0 or 5.0 

g/I glucose which was previously sterihzed by autoclaving at 1210C for 20 m匤. 

Fungal pellets (wet weight 1.8 g) were inoculated in the liquors. lncubation was 

performed at 280C in a reciprocal shaker at 120 中m.

Analytical methods 

Supematant fluid of the incubated liquor was obtained by centrifugation at 

10,000 xg for 10 min. Color ofthe fluids was determined by a combination of the Ptｭ

Co method and the A-l65 measurement (see section 1-2). Liquor deco]orization was 

expressed as the amount of the decrease in color (CU). 

Laccase and MIP activities were determined by the oxidation of ABTS as 

described in section III・2. MnP activity was determined by the oxidation of 2、6-

dimethoxyphenol (2ラ6-DMP， purchased from Tokyo Kasei Industries) [9]. The 

reaction mixture contained 50 mM Na ma]onate (pH 5.0), ).0 mM  2ヲ6・DMP， 1.0 mM 

MnSO-l and up to 500μ1 of the fluid in a total volume of 3.0 ml. The reaction was 

initiated by addition of 0.1 mM H202, and peroxidase activity was corrected for 

laccase activity present. In the mixture supplemented with 5 mM  EDTA instead of 

Mn(II), oxidation of 2,6-DMP by MIP was observed. Therefore, MnP activity was 

corrected by subtracting the MIP activity 合om the peroxidase activity in the mixture 

with Mn(II) [86]. One unit of MnP was defined as the amount of en勾刊e required to 

oxidize 1 Jlmol 2ラ6-DMPper minute. 

IV -3. Results and discussion 

IV-3.1. Decolorization of artificial HTL (AHTL) by 仁 hirsutus

AHTL (4,000 mg/l TOC) including 28 ml/l MCS and the dilute liquors wﾎth 

various concentrations of MCS were supplemented w1th 5.0 gl1 glucose and then , 

incubated with ('. hirsulus pellets. Fig. IV-l shows the decrease in their color during 

the incubation. Rapid decolorization of AHTL was obtained after 24 hr, and 510/0 of 
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the initial color was lost after 72 hr. In the case of the liquor (6,000 mgll TOC) 

containing 44 mlll MCS, both rate and level of decolorization were strongly 

depressed. On the other hand , decreasing the MCS content caused a gradual 

increase in decolorization rate and level. Incubation of the liquor (500 mgll TOC) 

containing 0.35 mlll MCS removed 710/0 of the initial color without a lag tﾌ1ne for 

decolorization, which was observed in more concentrated liquors. These resu1ts 

indicate that the behavior of the fungal AHTL-decolorizing activity is similar 1:0 that 

ofthe actual HTL-decolorizing activity as shown in Chapter II: Increasing the degree 

of HTL dilution increases the HTL decolorization efficiency. 

g/l caused a decrease in the amount of color removal. However、 addition of 1.0 g/l 

glucose to 500 mgll・TOC liquor resulted in a considerably high decolorization level 

which was nearly equivalent to that of the liquor supplemented with 5.0 g/l glucose. 

The decolorization profile up to 48 hr of the 500 mgll・TOC liquor supplemented with 

1.0 g/l glucose was also equivalent to that of the liquor supplemented with 5.0 g/l 

glucose (Fig. I\ん 1). Therefore, it was suggested that a decreasing TOC content, i. e. 

MCS content, of AHTL caused a decrease in the amount of glucose required for 

effective decolorization. 
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Fig. IV -2. Effects of TOC concentration on glucose amount 

required for the fungalliquor decolorization. 

Glucose was added to a concentration of 1.0 (0 ) or 5.0 g/l (・).

Decolorization of liquors was determined after 48 hr of incubation. 

Fig. IV-1. Decolorization of Iiquors with various concentrations 

ofTOC by 仁 hirsulus.

Glucose (5.0 g/l) was added to the liquors with following TOC 

concentrations: ・ ， 500 mg/l; ・， 1,000 mg/l; • , 2,000 mg/l; 
o , 4,000 mg/l (original AHTL); X , 6,000 mg/l. IV-3.2. E仔'ects of organic components on the fungal AfITL decolorization 

MCS contains organic and inorganic nitrogen (N) components , peptone, meat 

ex甘act and NH4+. To specify the component that depresses the AHTL 

decolorization , one of these N sources was added to dilute AHTL containing 0.35 

Decolorization levels after 48 hr of incubation as shown in Fig. れに 1 are 

represented in Fig. れん2 with the levels for the liquors supplemented with 1.0 gJl 

glucose. In the figure , the data on the decrease in color are plotted against the TOC 

contents of the liquors. The carbon added as glucose added is not inc1uded in the 

TOC contents. Only a slight color removal (ca. 14% of the initial color) was obtained 

when 5.0 and 1.0 g/l glucose were added to the 6,000 mgll・TOC liquor. In the range 

of 1,000 to 4,000 mgll TOC, decreasing the amount of glucose added 企om 5.0 to 1.0 

mlIl MCS and 4.6 rnl/l CCS (TOCヲ 500 mgll; organic N, 77 mgll; inorganic N, 4.1 mgll) 

Addition of peptone in concentrations from 250 to 1,000 mg!1 N increasingly 

depressed the fungal I�quor-decolorizing activity (Fig. IV-3A). In contrast, NH.t+-N 

showed only a slight inhibitory effect on the decolorization even if the 

concentration increased up to 1,000 mgll (Fig. れん3B). The inhibitory effect of 500 
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vanous with cul tures the m actlvlty peroxidases ex仕acellularThe results These of 500 mgll-N peptone. that similar to was extract ηleat mg/l-N 

concentrations ofN sources was measured after 12, 18 and 24 hr of incubation (Fig. demonstrate that the organic N components tested contribute to the depression of 

N-4). The level ofMnP activity was greatly reduced by additions 仕om 250 to 1,000 the AHTL decolorization by an increase in the MCS content. 

mgll-N peptone. Increasing the NH-l+ concentration also resulted in a reduction of 

the MnP level. However, the influence of N1-4+ addition on the enzyme level was 5000 

The cultures supplemented with 250 and 500 less than that of peptone addition. 

4000 
mg!l-N NH4+ had MnP activities at levels of more than 500/0 of the control after 18 hr 

decrease in MnP level by peptone addition presumably caused the depression of 

contrast, it decreased to some extent by addition of Nl-4+. Therefore, the extensive 

of incubation. The level of MIP acti vity s1ightly increased by addition of peptone. In 

the 

contribution of MnP to the liquor decolorization is more important than that of MIP. 
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Fig.IV・4. Effects of organic and inorganic N supplements on 

peroxidase production of C. hirsutus. The supplement conditions 
are described in the Icgend of Fig. IV・3.The peroxidases activities 

in the 12-(臼)， 18・(閣) and 24・hr(図) cultures were measured. 
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Fig. IV -3. Effects of organic and inorganic N supplements on 

fungalliquor decolorization. Peptone-N (A) or NH4七N (8) was 

added to the liquor containing 500 mg/トTOC: 0 , no supplement; 
Â , 250 mg/l; ・、 500 mg/l; ・ ， 750 mg/l; x ヲ 1 ， 000 mg/l. 

Glucose was added to a concentration of 5.0 g/1. 

Aoshima et al. reported that in C. versicolor cultures, addition of 5 g/l organic 

The N concentration is estimated to have been 500 to 700 mgll by assuming that 

of 

concentration such as 30 g/l may counteract the depression by organic components. 

IV-3.3. E仔'ects of addition of different nitrogen sources on the AHTL-decolorizing 

Influence of the components on decolorization was more marked in the liquors with 

N source such as casate or peptone is effective for melanoidin decolorization [27]. 

1.0 g/l glucose than in those with 5.0 g/l glucose. Addition of glucose to a high 

their N contents are 10 to 14%. However, in their experiments glucose was added to 

decolorization by MCS organic components depends on the gIucose concentration: 
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In P. chryso.¥porium [87] and an unidentified Iigninolytic fungus IZU-154 [88] 

cultures , limitation of nutrient-N causes MnP production. On the other hand, 

ßjerkαndera sp. BOS55 has been found to produce ligninolytic enzymes, including 

MnP and MIP, under N-lﾌch conditions [86]. In the present study, productiion of 

MnP by C. hirslIlus seemed to be regulated by nutrient N (Fig. IVー4). However, the 

depression of MnP activity was not so strong when NH4+ was added to a 

concentration of 500 m凶-N [88]. Although the depression by the organic N sources 

was stronger, some MnP activity could be detected. At present it is unclear what 

kind of mechanism controls constituent changes in the enzymes by addition of N 

sources. 

In conclusion , a high concentration of AHTL organic N nutrient depressed the 

liquor-decolorizing activity of C. hirsulus. This implies that the low efficiency in the 

fungal HTL decolorization is related to the HTL organic N component. Therefore, 

reduction of the component concentration should lead to enhancement of the HTL 

decolorization efficiency. In activated sludge treatment of wastewater, organic N is 

rapidly degraded to inorganic N forms as N'l4+ and N03・. Pretreatment of HTL with 

sludge may be effective in proving the fungal HTL decolorization. Its usefulness will 

be discussed in the next chapter. 

IV恒4. Summary 

To specifシ the factor that is responsible for depression of the HTL 

decolorization of C. hirsul l1s , artificia1 HTL (AHTL), which contained a matrix 

organic component solution (MCS) and a colored component solution (CCS), was 

used in decolorization tests. A high decolorization rate in the AHTL supplen[}ented 

with 5.0 g/l glucose was obtained after 24 hr of incubation, and 51% of the ﾍnitial 

color was lost after 72 hr. Decreasing the MCS content of AHTL caused a gradual 

increase in the decolorization rate and leve1. In the liquor with a low content of MCS, 

lowering of the decolorization efficiency did not occur even though the fina1 

concentration of glucose was reduced 企om 5.0 g/l to 1.0 g/l. Since MCS contained 

organic N components, peptone and meat extract, and an inorganic N component, 
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NH-++ , effects of these components on the liquor decolorization were investigated. 

Addition of 500 mgl1-N peptone 01' meat extract to the 1iquor with a low content of 

MCS strongly depressed the decolorization rate and leve1. On the other hand, 

addition ofthe same amount ofNH-++ did not affect the decolorization. These results 

indicate that the organic N components of AHTL are responsible for the depression 

of the fungal activity. Addition of the organic source peptone caused great decrease 

in the level of MnP activity in the cu1tures. Therefore, it was suggested that the 

depression of decolorization by organic N components results 合om the decrease in 

MnP activity. 
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Chapter V Enhancement of lffL decolorization efficiency of C. "iTSU~rUS 

V -1. 1 ntroduction 

In recent years , much attention has been given to the use of white rot fungi for 

treatment of the industrial wastewaters containing reca1c i仕ant p叶lutants. ~v1any 

researchers have suggested the possibilities offungal bioprocesses in the trea1tment 

of the wastewaters, including melanoidin-containing onesヲ as described in section 

11-1. At present, development of practical processes is nevertheless limited to the 

treatment of a few wastewaters such as pulp bleachery effluents [13] and phenolic 

compounds-containing effluents [1] by the fungus P. chrysosporium. 

Maintenance of the fungal ligninolytic activity at a high and constant level is 

required to effectively conduct fungal treatment ofthe wastewaters. As described in 

section rV-l , expression ofthe activity takes place under special nutrient conditions , 

and modes of expression are different in different fungi. Therefore, in certain cases 

adjustment of the wastewater composition may be needed for expression of 

ligninolytic activity by a fungus. 

In Chapters II and III, the ability of C. hirsulus to decolorize HTL and the 

possible melanoidins-decolorizing system involved in the HTL decolorization were 

demonstrated. The extracel1ular peroxidases MIP and MnP were considered to play a 

role in the HTL decolorization. Chapter II also revealed that the fungus has some 

prope吋y that is disadvantageous to its use for microbial processes for HTL 

decolorization. The fungus showed a high HTL-decolorizing activity only when a 

high concentration (5 to 20 gll) of carbon source such as glucose was added to 

appropriately diluted HTL. ln concentrated HTL, HTL decolorization was at a low 

level even though 20 g/l glucose was added. This depression appeared to be 

dependent on the HTL organic nitrogen component, since addition of N nutrient 

such as peptone or meat extract to artificial HTL caused strong depression of the 

fungal decolorizing activity (Chapter IV). Therefore, removal of the organic N 

component is considered to be an important approach to obtain high levels of the 

HTL decolorization by C. hirslilus. 
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This chapter describes enhancement of the HTL decolorization by C. hirsulus 

by decreasing the HTL organic N concentration. For the removal of the organic N 

component, activated sludge treatment of HTL was introduced prior to the fungal 

decolorization treatment. Besides the sludge treatment, effects of Mn(I1) and H202 

supplements on the HTL decolorization were investigated to further enhance the 

decolorization. 

V -2. Materials and methods 

H1Lsamples 

The HTL samples E and F used in this chapter were col1ected at the plants 

where the samples C and A described in section 1・2 were collected, respectively, but 

at a different date. HTL samples were filtered and stored at 40C. They were 

centrifuged at 1,800 xg for 15 min to remove suspended solid before use. 

Activated sludge treatment of HTI..., 

The activated sludge, acclimated with artificial sewage wastewater by the 血l

and draw cultivation method (see section 1・2)， was used for pre廿eatment of HTL. 

The sludge was collected by centrifuging at 800 xg for 5 min and then , added to 100 

rnl of sample E in a 300-rnl Erlenmeyer flask to a concentration of 2，∞o mg (dry 

weight)/1. Also , it was added to 100 rnl of the sample F diluted with deionized water 

to 400/0 (v/v) content to a concentration of 3，∞o mg/l. The sludge treatment was 

conducted at 280C for one to four days in a rotary shaker at 120 中m. The sludge in 

the liquor was removed with filter paper (No. 1, ADV ANTEC Toyo). The 印刷te was 

adjusted to pH 4.5 with a smal1 amount of 5 M HCl and used as pretreated HTL for 

decolorization tests with C. hirsulus. Non-treated samples of E and F (40% content) 

were also adjusted to pH 4.5 to use them as non-treated HTLs. One hundred 

milliliters of the HTL was transferred into a 300-ml Erlenmeyer flask and autoclaved 

at 1200C for 20 min. 

Decolorization of HTI..., by C. hirsutus 

C. hirsulus pellets were prepared by the method described in section II・2. The 

pellets (total dry weight of 200 mg) were transferred into 100 ml of the HTL that was 
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previously autoclaved and supplemented with l.0 or 5.0 g/l sterile glucose. 

lncubation ofthe HTL with the pellets was conducted at 280C in a rotary shaker (120 

rpm). To investigate effects of Mn(II) on the fungal HTL decolorizationラ up to 40 

mg/l MnSO~ was added to the HTLs. The effect of supplementation of H202 on the 

HTL decolorization was investigated by addition of 80 U/l glucose oxidase (企om

Aspergillus niger, Wako Pure Chemical Industries) and 1.0 g/l glucose to 24-hr 

fungal cultures (including the fungal pellets). 

Analytical methods 

Supernatant fluid of the cultures was obtained by centrifugation at 10,000 x g 

for 10 min. Color was determined by a combination method of the Pt-Co method and 

the A465 measurement (see section 1-2). Decolorization of liquors was expressed as 

amount (CU) of the decrease in color. 

Activities of laccase, MIP and MnP in the supernatant fluid were determined 

by the methods described in section 1\ん2 [9,10,86]. 

V -3. Results and discussion 

V-3.1. Activated sludge treatment of HTI..-

Activated sludge treatment reduced the concentration of the organic 

component in HTL samples, as the decreases in contents of TOC, BOD and organic 

N indicate (Table V-l). The organic N content of sample E decreased from 282 to 33 

mg/l by treatment for four days. Increase in the N1-4+-N content during treatment 

shows the progress of mineralizatﾏon ofthe organic N component. Although sample 

F showed a N composition which was greatly different 企om that of sample E, 

minera1izatﾏon of its organic N component likewise progressed during two days of 

廿eatment. The sludge treatment was ineffective for decolorization of HTLs, as was 

already shown in Chapter I. 

V-3.2. Decolorization of HTL, pretreated with activated sludge, by C. hirsutus 

Fig. V-IA shows the fungal decolorization of the HTL sample E that was 

treated with activated sludge for the indicated pe口 ods. In the non-treated HTL, on]y 

a low rate of decolorization was obtained. Pretreatment for one and two days caused 
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Table V-1. Activated sludge treatment of HTL samples 

Samole E Fa 

Treatment (d) None 2 4 None 2 

pH 5.2 8.0 8.2 8.3 5.4 8.1 

Color (CU) 1,710 1,680 1,740 1.700 3,050 2,940 

TOC (mgll) l ヲ 790 650 400 280 2,320 640 

BOD (mgll) 2.500 270 23 29 3.100 

Organic-N (mgll) 282 94 91 33 166 93 

NH4+-N (mgll) 140 196 224 232 334 366 

N03・-N (mgll) < 0.5 < 0.5 < 0.5 1.1 0.8 < 0.5 

T-P (mg& 65 51 41 46 67 41 

a, the liquor diluted to 400/0 content with deionized water. Composition was 
determined after dilution. 

a marked increase in the initial rate of decolorﾏzation. A lag time for decolorization 

was no longer observed in these liquors. Even though the final glucose 

concentration was reduced from 5.0 to 1.0 g/1, decolorization of the pretreated HTL 

was not much influenced (Fig. V-IB). These results are consistent with results for 

fungal decolorization of artificial HTL as shown in Chapter IV: decreasing the 

content of AHTL organic N component caused enhancement of the decolorization 

efficiency. 

on the other hand, the high rate and level of decolorization were depressed 

when the period of p阿佐eatment was extended 合om two to four days. The organic 

component and/or other components that are required for expression of the fungal 

ability may be absent in the liquor treated for fo町 days. Therefore, to achieve 

effective HTL decolorization by C. hirsulus , the duration of activated sludge 

treatment should be noted. 
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Fig. V-l. Decolorization of pretreated HTL (E) by C. hirsulus. 
Pretreatment period: X ,none; ., 1 d; • , 2 d; ・ ， 4 d. 
The pretreated liquors were supplemented with glucose to a final 
concentration of 1.0 (A) or 5.0 g/l (B). 
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Fig. V -2. Production of peroxidases by C. hirslllus in pretreated 
HTL (E). Symbols are the same as those in Fig. V -1. The liquors 
were supplemented with glucose to a final concentration of 1.0 g/l. 
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Fig. V -3. Decolorization of pretreated HTL (F) and peroxidases 
production by C. hirsulus. Opened symbols: no pretreatment; closed 
symbols: pretreatment for 2 days. The liquors were supplemented with 
glucose to a final concentration of 1.0 g/l. 

The stimulatory effect of the pre甘eatment on the fungal HTL decolorization 

was analyzed 企om the viewpoint of the HTL-decolorizing enzymes activity. In the 

non-treated and treated liquors (sample E) with 1.0 g/l glucose, peaks of MIP and 

MnP activity were observed at 24 to 48 hr of incubation. No laccase activity was 

detected in the liquors throughout incubation. In the incubation for 72 hr, the 

highest activity of MIP was observed in the liquor pretreated for a day (Fig. V-2). 

Prolonging the treatment caused a significant decrease in MIP activity. In the non由

treated liquor, only low activity of MIP was detected. Although the levels of MnP 

activity increased slightly with increasing treatrnent times , they were considerably 

lower than those of MIP activity (Fig. V-2). Therefore, the stimulation of the fungal 

MIP production by the pretreatment appeared to contribute to its stimulatory effect 

on the decolorization. Decolorization of the HTL sample F was also stﾏmulated by 

the pretreatment (Fig. V-3). An marked increase in the level of MIP activity was 
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served in pretreated HTL. The level of MIP act�ity after 24 hr of incubation was 

about 127・fold higher than that of the non-treated HTL, while the level of MnP 

activity was 18-fold higher. These results suggest that HTL organic N component 

depresses the fungal MIP and MnP production. The component appears to affect 

the MIP production , especially. 

A s described in Chapter れ" high levels of MnP activity were found under 

organic N-deficient conditions. Addition of organic N to a concentration 

corresponding to that of actual HTLs strongly depressed MnP levels. HO \lvever, 

levels of MIP activity were higher under organic N-rich conditions than under Nｭ

deficient ones. In this regard , expressions of MIP in actual HTLs were greatly 

different 合omthose in AHTLs, i. e., the reduction in HTL organic N content brought 

about the ex甘emely high level of the MIP activity. Furthermore, MIP actiivities 

detected in the pretreated HTLs were much higher than those in AHTLs. It :is not 

clear whether the difference in MJP activity levels in those liquors is dependent on 

the difference in compositions of HTL and AHTL. 

V-3ふ E仔ects of Mn(II) supplement on the H1l... decolorization 

In cultures of P. chりlsosporium ， lirnitation of N nutrient triggers expression of 

MnP [87,88]. Also , MnP production ofwhite rot fungi is well known to occur in the 

presence of Mn(II) [89・92]. Fredenck et al. reported that addition of 12 or 100 mgll 

Mn(I1) to P. chrysosporium cultures containing pulp bleachery effluent resu1ts in 

both high production of MnP and a high rate of effluent decolorization [93]. The 

increase in the level of MnP activity by the HTL pre甘eatment was not so great 

compared wﾎth that of MIP activity. Therefore, an acceleration of MnP-mediated 

HTL decolorization by addition of Mn(II) is expected. 

Addition of 40 mgll Mn(I1) to the sample E caused increases in the rate and 

level of fungal decolonzarion , though addition of 5 or 20 mgll Mn(II) did not affect 

the decolorization (Fig. V -4A). lncreasing the Mn(Il) concentration caused a g:radual 

increase in the level of MnP activity. The MnP acrivity detected at 24 hr in the liquor 

supplemented with 40 mgll Mn(ll) was 48・fold higher than that in the liquor without 

Mn addition. On the other hand, the level of MIP activity decreased to less than half 
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by Mn(II) addition. Addition of 20 or 40 mgll Mn(日 ) to the sample F also accelerated 

fungalliquor decolorization (Fig. V-4B). However, addition of 5 mgll Mn(II) caused' a 

slight depression of liquor decolorization. The MnP production in the liquor F was 

aJso stimulated by addition of Mn(II). The effect of 20 mgll Mn(II) addition on the 

en可meproduction was equivalent to that of 40 mgll Mn(II) addition. When Mn(II) 

was added to concentrat卲ns of 5 to 20 mg/l, the level of MIP act咩ity decreased to 

less than 16% ofthe level in the liquor without Mn. 

When Mn(II) was not added to the treated HTLs, high levels of MIP but low 

levels of MnP were produced (Figs. V-2 and -3). Therefore, in those cultures, 

therefore, MIP is considered to play a major role in HTL decolonzation. High levels 

of MnP but low levels of MIP were produced in the cultures supplemented with 

Mn(II) (40 mgll for the sample E~ 20 or 40 mgll for the sample F), suggesti ng that 

MnP plays a important role in the decolorization of those cu1tures (Fig. V-4). Since 

addition of Mn(II) to those concentrations caused an acceleration of the 

decolonzation, the production of MnP appears to be sufficient for efficient 

decolorization. On the other hand, addition of 5 or 20 mgll and 5 mgll Mn(II) to the 

liquors E and F, respectively, did not increase the rates and levels of decolonzation. 

Although the Mn(II) addition results in production of some amount of MnP, 

simultaneous decrease in the MJP leveJ may counteract the effect denved 台om the 

insufficient MnP production. 

V-3.4. E仔'ects of H202 supplement on the H1L decolorization 

As shown in Chapter III, the fungal H202 production appears to be closely 

related to glucose addition to the culture. Thereforeヲ depression of the fungal HTL 

decolorization by reduction of glucose amount (Chapter H) may be dependent on 

depression of the H202 production. In Bjerkαnderαsp. cu1tures overproducing 

ligninolytic peroxidases, the endogenous H202 production limits oxidation of 

xenobiotic compounds such as anthracene and polymenc dye [94]. The lirnited 

oxidation was promoted by adding glucose oxidase to cultures containing glucose. 
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rapidly to less than 500/0, while those of the control culture did not (Fig. V-5A). ln A (
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 the presence of excess H202, ligninolytic peroxidases such as LiP and MnP are 

converted to an inactivated forrn of the enzymes, compound III [95-97]. Therefore, 40 

addition of glucose oxidase and glucose is considered to lead to a decrease in the 

levels of the enz戸nes activity. A relatively high rate of decolorization was observed 
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8250 in the culture supplemented with glucose only (Fig. VδA). Since fungal pellets can 

addition of glucose to the culture also presumably caused the stimulatory effect of 

Fig. 

H202 on decolorization. This suggestion is supported by the decrease in the enz戸ne

This may be responsible for the low levels of decolorization in the presence of 20 

produce extracellular H202 in the presence of glucose as shown in Chapter IIl, 

activities of cultures, as shown for the culture inc1uding both of glucose oxidase and 

mgll Mn(II) compared with those in the absence of Mn(II) (Fig. V-5). The 1iquor 

glucose. It is considered that the low level of decolorization observed in the heated 

decolorization was promoted by addition of glucose oxidase and/or glucose in a 

decolorization in cu1tures with 20 mgll Mn(II). The color loss of 1iquors during the 

the 

preincubation for 24 hr was greater than that ofthe liquors without Mn(II), as shown 

in Figs. V-4B and ・5B. Therefore, the color levels of cultures with Mn(II) at the 

beginning of post-incubation were lower than those of the cultures without Mn(II). 

similar manner as shown in Fig. V-5A. ln these cultures, however, the time courses 

of enzyme activities were clearly different 企om those in the cultures without Mn(I1). 

on supplementation 

culture is due to nonenz戸natic decolorization by H202 [26,33,51]. 

of H202 effect stimulatory a shows V-5B 
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Fig. V -4. Effects of Mn(ll) addition on decolorization of the pretreated 

HTL sapmples E (A) and F (B) by C. hirsulus. Mn(II) addition: 0 , none; 
・，5mg/l; ﾂ ,20 mg/l; ・ ， 40 mg/l. The liquors were pretreated for 2 days 

and then, supplemented with glucose to a final concentration of 1.0 g/l. 
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lmmediately before adding the H202-generating system , the cultures had MIP and a HTL decolorization, on supplementation of H202 To investigate effects 

MnP activities of 5.7 土 0.4 and 3 l.2 土 10.1 U/1, respectively. Addition of glucose was and glucose oxidase of glucose which consisted H202・generatíng system 

oxidase and/or glucose resu1ted in a 1.5-fold increase in the level of MnP activity of added to 24-hr fungal cultures exhibiting decolorization of the pretreated liquor F. ln 

the control culture (Fig. V-5B). Li el al. found that addition of Mn(II) and H202 to the cultures without Mn(II) addition, the liquor decolorization was most enhanced in 

Mn-deficient, N-limited cultures of P. chryso!lporium induces a 1.6・fold higher level the presence of both glucose oxidase and glucose (Fig. V-5A). Since this culture 

report, that m Also , [98] alone of Mn(II) addition of 恥1nP production than was not supplemented with Mn(II) , a high level of MIP activity (34.0 U/1) but a low 

expression of MnP was not stimulated by the presence of H202 alone. rn the present 

study, additional production of MnP apparently also occurred in the presence of 
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level of MnP activity (4.1 U/l) were detected immediately before adding the H202・

generating system (a白er 24 hr ofthe preincubation). These en勾me levels decreased 
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both Mn(II) and 1I20 2, since it did not occur in the cultures without Mn(II) (Fig. V-

5A). 
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V-3.5. Conclusions and perspectives of the development of fungal reactor for H1L 

decolorization treatment 

2.0 

1n conclusion , the use of sludge treatrnent as pretreatment of HTL enhanced 

fungal HTL decolorization. Besides pretreatrnent, the combined supplementation of 

Mn(II) and H202 resulted in additional enhancernent of decolorization and MnP 

production. The appropriate conditions regarding the pretreatment time and 

concentrations of Mn(II) and H202 are presurnably different for different HTLs. 

Therefore, those conditions should be determined using the artificial liquors 

prepared in Chapter IV. Particularly, the concentration of H202 should be 

considered, since addition of excess H202 causes inactivation of fungal peroxidases 

as described above. 
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Numerous carriers have been tried for immobilizatﾏon of fungi [99], and 

application of immobilized fungi to paper and pu]p industry eff1uents has been 

extensively atternpted [15,44, 100-102]. Continuous decolorization of melanoidin by 

c. hirsutus cells immobilized to alginate gel beads was a]so conducted by Tamaki el 

al [58]. Taking into account the relative]y slow growth of white rot fungi and the 

solids separation of treatment processes , introduction of techniques for 

microorganisms immobilizatﾏon may be essential. Furthermore, P. chrysosporium 

cel1s immobilized to a carrier, polyurethane fo~ show higher ligninolytic activities 

than 合ee cells [103-105]. The most important subject may be to prevent microbial 

contamination in the reactor. Melanoidin-decolorizing activity of (て hirs lI fus is best 

expressed in a pH range of 4.0 to 4.5 [58]. Control1ing pH of the reactor must lead to 

repression of bacterial growth [4]. 1n addition, H202 which is produced by the 

fungus and/or added exogenously rnay also repress the bacterial growth. In futureラ

development of a laboratory-scale reactor on the basi s of that knowledge will be 

needed for the investigation ofpractical processes. 
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Fig. V -5. Effects of H202 supplementation on the fungal decolorization of 

the pretreated HTL sample F without (A) and with (B) Mn(I1) addition . 

The pretreated liquors containing 1.0 g/l glucose were preincubated with the 

fungus for 24 hr句 and then incubated with the supplements for 20 hr: ・， 80 U/l 

glucose oxidase and 1.0 g/I glucose;" , 1.0 g/l glucose; 0 , none. The 
preincubated cultures were also heated at 900C for 5 min and then, 
supplemented with glucose oxidase and glucose (control , X ). 

V -4. Summary 

To enhance HTL decolorization by C. hirsulus , HTLs were treated with 

activated sludge prior to the fungal treatment. The fungus was able to decolorize the 
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pretreated HTLs effectively in the presence of 1.0 g/l glucose. The levels of MIP 

activity increased up to 127-fold by the pretreatment, while the levels of MnP 

activity increased up to 18・fold. Therefore, it was suggested that the large increases 

in MIP activity led to enhancement of decolorization. Addition of Mn(II) to the 

pretreated liquor to a concentration of 20 or 50 mgll caused a further acceleration of 

decolorization. Addition of Mn(II) also caused a marked increase in the level of MnP 

activity and a decrease in the level of MIP activity, respectively, suggesting that 

MnP plays an important role in the decolorization in the presence of Mn(II). 

Addition of a H202-generating system , which consisted of glucose oxidase and 

glucose, to the culture without Mn(II) resulted in an additional acceleration of 

decolorization, but simultaneously, in a large decrease in the levels of MIP and MnP 

activity. On the other hand, the level of MnP activity increased with adclitional 

decolorﾌzation when the H202 generating system was added to culture containing 20 

mg/I Mn(II). Therefore, it was conc1uded that simultaneous application of the 

activated sludge pre仕eatment and the combined supplementation of Mn(II) and 

H202 is very effective in enhancement of HTL decolorization by C. hirsulus. 
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Conclusions 

For the development ofrnicrobial decolorization processes for HTL, this study 

was focused at the enhancement of HTL decolorization by the fungus C. hirsulus 

and obtained the knowledge that follows. 

F立st， HTL colored components which are target substances of the 

decolorization were characterized (Chapter 1). The acid-insoluble fraction (1) and 

acid-soluble fraction (111) eluted 企omthe resin with methanol showed high levels of 

colorラ and the two fractions contained HTL m句or colored components. From the 

viewpoints of molecular weight distribution and structural unit, these colored 

components had characteristics which are similar to those of soil humic substances 

and simple melanoidin prepared from sugar and amino acid. These results suggested 

that HTL can be decolorized by the white rot fungi that have been reported to 

decolorize synthetic melanoidins and humic substances. AIso , those results showed 

that simple artificial HTL containing melanoidins or humic substances can be used 

for investigations of actual HTL decolorization by the fungi. 

Since C. hirsulus had the highest HTL-decolorizing ability of the fungi tested, 

it was selected and investigated further for its HTL-decolorizing ability (Chapter 11). 

The fungal pellets removed 80% of the HTL color within eight days under 

appropriate conditions. The liquor decolorﾌzation was mainly due to degradation of 

the m句or (1 and 111) colored components, though some extent of adsorption onto the 

pellets was observed. To obtain a high rate and level of decolorization , both an 

appropriate dilution of HTL and an addition of a large amount of gJucose were 

needed, e. g. , sufficient decolorization was obtained when 5 g/l glucose was added 

to 2.5 times diluted HTL. These requirements were considered to be disadvantages 

in the practical use of the fungus for HTL treatment. 

The enzyme system involved in HTL decolorization by C. hirsu(us was 

specified using melanoidin that was prepared 企om glucose and glycine (Chapter III). 

In C. hirsulus cultures , production of ex甘acellular H202 was involved in the 

me1anoidin decolorization system. However, nonenz戸natic decolorization of 
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melanoidin by H202 as previously reported seemed slight in the cultures. The fungi 

produced two kinds of extracel1ular peroxidases, MIP and MnP, in the cultures 

exhibiting melanoidin decolorization. Partially purified MIP and MnP showed 

melanoidin-decolorizing activity. Therefore, it was concluded that production of 

ex甘ace11ular H202 and peroxidases is involved in the principal system of the fungal 

melanoidin decolorization. 

lnterestingly, decreasing the organic nitrogen content of artificial HTL (AHTL) 

resu1ted in an rnarked increase in the rate and level of AHTL decolorization (Clhapter 

JV). In the contrast, addition of organic N such as peptone or meat extract caused a 

decrease in the level of decolorization. Addition of inorganic N ~+ hardly affected 

the liquor decoJorization. Thereforeラ the low efficiency of the fungal HTL 

decolorization was considered to resu1t合om depression of the fungal decolorizing 

activity by a high concentration of organic N component. Addition of peptone to 

dilute AHTL caused a large decrease in the JeveJ of MnP activity, while it did not 

cause a decrease in the MIP level. Therefore, jt was suggested that the decrease in a 

level of MnP activity is mainly responsible for the depression of liquor 

decolorization. 

Final1y , based on the knowledge described above , a few approaches to 

enhance HTL decolorization by C. hirsulus were introduced (Chapter V). Since the 

inhibitory effect of the HTL organic N component on fungal decolorization was 

shown in Chapter れに reduction of that component by activated sludge treatment 

was attempted. The rate of HTL decolorization increased markedly by pre甘eatment

of the liquor with activated sludge. This pre廿eatment was also very effective for the 

reduction of amount of the glucose required: addition of 1.0 g/I glucose to the 

pretreated liquors resulted in decolorization levels which were cornparable to levels 

resuIting 合om addition of 5.0 g/l glucose. In conclusion, the use of the sludge 

treatment as pre廿eatment of HTL enhanced the decolorization. Next, enhancement 

of the enzyme system as shown in Chapter III (Chapter V) was attempted to make 

the decolorization more efficient. Besides pre廿ea白nent， the corn bined 

supplementation of Mn(lI) and H202 resuIted in enhancement of the decolorization. 

Addition of 20 or 40 mg/I Mn(II) to the pretreated liquor caused an acceleration of 

the decolorization with a marked increase in the level of MnP production. 

Supplementation of H202 in the culture expressing high levels of MnP activity gave 

an additional acceleration of decolorization. Furtherrnore , it was shown that the level 

of MnP activity increases in the culture supplemented with Mn(II) and H202. In 

conclusion, simultaneous application of the activated sludge pre甘eatment and the 

combined supplementation of Mn(II) and H202 gave good results for the 

enhancement of HTL decolorization by C. hirsllll1s. 

Application ofwhite rot fungi in the treatment of various wastewaters that are 

not treated effectively by the conventional biological methods has been extensiveJy 

attempted. At present, the recalcitrant compounds-removal efficiency in the fungal 

cultures is generally low. Therefore, enhancing the efficiency is one of the most 

important subjects for the development of wastewater treatment processes. The 

fungalligninolytic systems, which are involved in the degradation of the reca1citrant 

compounds , are different in different fungi. Furthermoreヲ expression manners of the 

systems are different under different culture conditions. Therefore, it is crucial to 

specl今 the degradation system of the selected fungus and to find out the 

appropriate conditions for expression of the fungal activity. As described above, 

fundamental investigations relating to decolorization of a melanoidin-containing 

wastewater, HTL, by C. hirsulus have been conducted. This study could 

consequently identi今 new approaches for enhancement of HTL decolorization by 

the fungus. In fu印re， development of laboratory-scale reactor based on this 

knowledge will be needed for conducting an investigation of the possibilities for 

practical use of the processes. In addition, noting the nonspecific nature of fungal 

peroxidases, the fungus can be used for the efficient treatment of various industrial 

eff1uents containing 1ignin, phenolic compounds , dyes , elc. Therefore, that 

knowledge obtained 合om the present study should likewise prove useful for the 

development ofthe fungal treatment processes for various wastewaters. 
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