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Abstract: The nitrogen-modified lignocelluloses{ NML) produced under oxic ammoniation was metabolized by white rot fungus, NH, -N was
released, NO5 -N concentration was decreased and tetal nitrogen loss was blocked within incubation period. During releasing nitrogen from the
metabolism of NML, white rot fungus cometaholized recalcitrant environmental pollutants and showed higher degradation capability. Results
indicated that this NML complex colonized by white ot fungus might be effective with economic feasibility when they are applied into the vast
field ecosystem, it might stabilize NH' nitrogen flux and bioremediate the polluted environmental sites.
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Introduction

Lignocelluloses is the most abundant biopolymers on the earth, decomposition of lignocelluloses and
its derivatives completes the carbon cycling in the global environment( Béguin, 1996; Freeman, 2001).
Lignocelluloses is in lack of nitrogen{ C/N ratio > 100), however, nitrogen is closely related to its biotic
metabolism( Mary, 1996; Fog, 1988), its intensity and duration in an ambient microcosm is limited by its
C/N ratio{ Berg, 1982). While lignocelluloses is degraded in the soil ecosystem, large amount of nitrogen
is immobilized by degraders from soil nitrogen pool, causing pulsed fluctuation of nitrogen flux and
retarding their availability to sustain growth of plants({ Hauck, 1984; Raghubanshi, 1990), concem about
nitrogen flux fluctuation which affects the functioning and stability of the field ecosystem has been actived
in recent decades(Post, 1985) . Intensive fertilization enhances internal nitrogen store into lignocelluloses,
besides a rich harvest of biomass, during vegelation and raises extemnal nitrogen concentration in
degradation microcosm during decomposition ( Corbeels, 1998; Tam, 1991). Contradictorily, many
nitrogen-related problems have hence been generated in the global ecosystem( Convay, 1988), such as
water contamination caused by NO, leaching{Burt, 1990), eutrophication in waters( Tyrrell, 1999) and
global warming from evolution of greenhouse gases N, 0 and even CH, and ozone depleting gas NO to
atmosphere( Mosier, 1991). Exploration is expected lo find new path to increase nitrogen content in

lignocelluloses and elucidate ecologic implications of its biotic metabolism process.

1 Materials and method

1.1 Ammoniation reaction and vigor measurement of the products

Ground air-dried bagasse kraft lignin reacted with ammonium under conditions as follows: ratio of
lignin to water: 1:7 (w/w)}; oxygen pressure: 0.8, 1.0, 1.2, 1.4, 1.6 mPa; temperature: 100, 115,
130, 145 and 160°C ; reaction time: 120 min. Amount of ammonium added was 2%, 2.5%, 3.0%,
3.5% and 4.0% calculated on the basis of effective N{(w/w) separately for 100, 115, 130, 145 and
1609 . 25 batches of treatments were carried out with three replicates for each. The NML products from
the above-mentioned conditions was mixed with quariz sand { 1/1, w/w) as a media for peanut seeds

germination and seedlings growth. Vigor index = weight of seedlings within culture time of 14 days (g) x
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germination rate of peanut seeds{ % ). From the graph it was shown that when nitrogen content was more
than 1.21% , NML obviously inhibited germination of peanut seeds and growth of peanut seedlings cultured
for 14 days.

Alter reaction, the products NML was ball-grounded, extracted with dioxane/water{9/1, v/v}, and
further precipitated by ether(1/25, w/v), then freeze-dried and dried in vacuum oven for measurement of
total nitrogen content .

1.2 TImmobilization of nitrogen from NML and degradation of pollutants

WW-NML{ NML not mixed with soil )3 UW-NiML{NML mixed with soil ) ; T-NML{NML a1 1.21%
N, mixed with soil )}, WW-NML and UW-NML was inoculated with white rot fungus Phanerochaete
chrysosporium ME446, T-NML was inoculated with cellulolytic fungus Trichoderma viride . All samples was
air-dried before use. Conceniration of NHy -N and NOj -N of soil from paddy rice field applied in this
experiment was 40.8 mg/kg and 38.3 mg/kg seil respectively. The total weight of incubation media was
10g. The ratio of inocula after pre-incubation to WW-NML or UW-NML and soil was 1:10: 100. The
incubation mixture was contained in a 200 ml Erlenmeyer flask and incubated in sterile greenhouse.
Tncubation time lasted for 60 days at 30°C .

In the experiment for detection of degradation of pollutants by white rot fungus during the process of
their immobilization of nitrogen from NML, three treatments have been completed, they were WW-NML
{ NML after water-washing, with 0.83% total nitrogen and 42.25 G/N ralio) , LHE(lignocelluloses without
nitrogen-modification, internal nitrogen was 0.15%, 0.68% external nitrogen urea was amended ) and
LLE { lignocelluloses without nitrogen-medification or amendment of any external nitrogen ;. All the
treatments were inoculated with white rot fungus Phanerochaete chrysosporium MEA46. Weight of NML for
incubation was 10 g. Twenty varieties of pollutants was exerted in the experiment, they were benzene,
naphthalene, biphenyl, phenanthrene, anthracene, toluene, ethylbenzene, o-xylenes, m- xylenes, 1,3,
5-trimethylbenzene,  chlorobenzene, 1, 2, 3-trichlorobenzene, 1, 2, 3, 4-1etrachlorobenzene ,
hexachlorobenzene, o-chlorophencl, m-chlorophenol, 2,4~ dichlorophenol, 2,7-diehlorodibenz- p-dioxin,
pentachlorophenol, nitrobenzene, 3-nitroanilline, p-dinitro-benzene, m-dinitrobenzene, benzidine.
Pollutants were added at incubation day 20. Extraction with chloroform at pH 2.0 and pH 12.0 was carried
out at day 14 after addition of pollutants. Detection was conducted on HP 6890 gas chromatograph with FID
and ECD detecior. The products was identified either by comparison with an authentic sample or by GC-MS
{ Finnigan MAT (EL. 80 eV, D)) .

2 Results and discussion
Earlier studies documented that technical lignin, panly degraded lignin fragments extracted from kraft

350 0 & paper mill liguor at economic cost, could react

300 ?3 F ms L ’ with ammonium, nitrogen was bound to lignin
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complex . The increase of nilrogen content and

Fig.1 Relationship between yield and nitrogen content of NML as well as decrease of C/N ratio of NML was consistent
effect of NML on vigor of peanul seeds
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nitrogen content of NML and vigor index employed during reaction( Fig. 1a) . However,
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when nitrogen content was more than 0.92% ,
the yield of NML dropped down sharply, the
the effect of

inhibition to seeds germination and seedlings

resultant products  exhibited

growth of peanut ( Arachis hypogaee L.)
indicated by vigor index (Fig. 1b). Analysis
of a NML sample at 1.21% N showed that
organic and inorgenic form was separately
0.83% and 0.38% ( Fig. 2a). Inorganic
nitrogen was NH, -N, 95.24% of it
4.76%

unwashable. Among organic nitrogen, 4.10%

was
water-washable , was water-
was water-soluble, 92.42% was detected to be
bound to lignin fraction, 3.48% to celluloses
fractions (Fig.2b).

In the field ecosystem, the dominating
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Fig.2
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a: organic and inorganic nitrogen in NML. In this sample, ratio of organic

Content of organic and inorganic nitrogen in different fractions of

form to inorganic form was 2.18. We found that inorganic nitrogen content
increased more rapidly than organic nitrogen when temperature and pressure
increased, the maximum organic nitrogen content of NML in our experiments
was 1.32% ,

moreover, water-soluble organic nitrogen alse increased rapidly at higher

the maximum inorganic nitrogen content of NML was 2.19% ;

grades of oxygen pressure and temperature emploved; b: relative nitrogen

colonizers on the bulk of lignocelluloses in the content in fractions of NML

soil or in the mineral litter layer of forest are
not the degrader for all the fractions of lignacelluloses( Griffin, 1972). The fraction in lignocelluloses that
are most resistant to biodegradation is lignin( Trojanowski, 2001). Compared with other microorganisms,
white rot fungi are the only independent but slow degrader for all fractions, especially lignin, of
lignocelluloses in the natural environment (Sharma, 2000), however, it is less competitive to colonize
lignocelluloses earlier than other microorganisms{ Cox, 2000). We examined the capability of white rot
fungi to colonize the NML complex. White rot fungus Phanerochaete chrysosporium MFEA446 was inoculated
to autoclaved NML and put to pre-incubation for 7 days in aerobic condition ( Lopez, 2002). Within 7
days, it colonized NML, the culture became an intra-aggregate bulk complex from loosely granular one
before inoculation, The resultant biotic complex was utilized as secondary inocula, blended to the
unsterilized mixture of paddy rice soil and NML. White rot fungus colonized the mixture of NML and soil in
3 days, becoming the dominant species throughout the incubation time. But with inocula without pre-
incubation, Trichoderma viride , a cellulolytic fungus antagonistic to other fungi( Lopez, 2002}, naturally
colonized the mixture of NML and soil. This result indicated that white rot fungus after pre-incubation is
the competitive and stable colonizer of NML, compared Lo other microorganisms. _
Three incubation experiments were carried out with NML at 1.21% N, designed to WW-NML{NML
after water-washing, organic nitrogen kept, urea of 40.8 mg/kg media was amended), UW-NML(NML
without water-washing} and T-NML ( NML without water-washing ). WW-NML and UW-NML was
inoculated with Phanerochaete chrysosporium MEA46, T-NML was inoculated with cellulolytic fungus
Trichderma viride . NML in UW-NML and T-NMIL was mixed with paddy rice soil, WW-NML was not.
During incubation, NH," -N concentration rippled with incubation course after a decrease firstly in UW-
NML and dropped relaxed firstly followed gradual increase afterwards in WW-NML(Fig. 3a). The phase
that shifted from immobilization to mobilization of NH, -N lasted 15 and 24 days in WW-NML and UW-

NML respectively. A periodical wave of nitrogen flux was observed in UW-NML. In T-NML, NH, -N

concentration decreased throughout the course of incubation, more rapidly in the first 20 days(Fig.3a).
This change pattern suggested the nitrogen immobilization or mobilization by white rot fungus was different

from that by cellulolytic fungus Trichoderma viride during their metabolism on NML. In contrast to NH; -N
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change, concentration of NO, -N dropped

: . %0
§§ -E_g - ’ down slowly in UW-NML but rose up highly
g 8 g E . in T-NML (Fig. 3b). NO;-N was hardly
33 33 found in WW-NML. In consideration of
& 58 3r 2.78% and 4.26% of the total nitrogen
2 | = 18 s 36 st (inorganic + organic form from incubation

) 04 media) lost respectively in WW-NML and
é s ossl ¢ §§ d nfi'f“l""’s UW-NML, but only 26.82% of total nilrogen
gg ' R % 5 o3t o, disappeared in T-NML ( Fig. 3c), these
g é"”o .- ; 'Ei Lignin : results lead to the suggestion that total
g%D.ZSF Total nitrogen ag 02 B . nitrogen loss was obviously blocked by white
= 0.20 . ) ) <8 o1l i rot fungus during their metabolism on NML.

Incubstion time, d acubstion time,d  Because no leaching of NO; -N and NH; -N

would take place during metabolic process

ig.3 L s of NHy -N and NOy -N cone i tal nit . . .
Fig hanges of NH/-N and NOY -N concentsation and total mitrogen \ p o icubation was under way in the flasks,

content during incubation _ . . ..
g _ , moreover, NO; -N is not easily assimilated
ar NHY -N; b: NOy -N; c: total nitrogen content; d: lignin and celluloses

content. @—WW-NML; B—UW.NiML: A—T-NML. by microflora ( Rice, 198%9), total nitrogen

loss in T-NML might be attributed to
evolution of NO or N, O derived from nitrification or denitrification{ Focht, 1977} .

Lignin was degraded 41.01%, 32.19% , 7.90%, celluloses was degraded 27.12%, 22.03%,
41.53% and NH," -N concentration was 147.4 mg/kg, 137.5 mg/kg, 22.7 mg/kg media, respectively, in
WW-NMI., UW-NML and T-NML until the incubation was stopped{ Fig. 3a, d). These results implied
that nitrogen was mobilized from the metabolism of lignin fraction of NML by white rot fungus, cellulolytic
fungus Trichoderma viride mainly immobilized nitrogen from bulk soil pool or inorganic NH,' -N of NML not
organic one that bound to lignin,

It has been accepted that white rot fungi are capable of degrading a broad specificity of ubiquitous
anthropogenic contaminanis{ Bumpus, 1985, Simonich, 1995). The degradation of pollutants by white rot
fungi usually takes place in nitrogen-limiting( C/N ratio is 25 — 50} microcosms ( Bumpus, 1985). The
nitrogen-limiting microcosm is regulaled by amendment of external easily-available nitrogen or carbon
(Bumpus, 1985), this is the regulation mode of external nitrogen amendment{ENA) . However, under
ENA regulation mode, the nitrogen flux in a microcosm of the vast field ecosystem is usually in widely
pulsed fluctuation because of runoff, leaching, nitrification, denitrification, uptake or assimilation by
microbiota or plants(Post, 1983; Focht, 1977}, thus ENA is shifty, unstable and not adjusted by white
rol fungi. However, froin the above-discussed resulis{Fig. 3a, b, ¢, d) it was shown that NML complex
colonized by white rot fungus stands for a novel nitragen flux regulation mechanism, nitrogen is released
from the metabolism of NML by white rot fungus, this is the regulation mode of internal nitrogen
metabolism(INM), INM is delicate, stable and adjusted by white 1ol fungus.

Here, we examined the effect of NML on potentiality of white rot fungi to metabolize environmental
pollutants. Three treatments with concentration of 10 or 500 mg/kg incubation media ( designed to
concentration ] and I separately) were carried out, namely WW-NML(NML after water-washing, with
0.83% 1otal nitrogen and 42.25 C/N ratio) , LHE(lignocelluloses without nitrogen-modification, internal
nitrogen was 0.15% , 0.68% external nitrogen urea was amended) and LLE (lignocelluloses without
nitrogen-modification or amendment of any external nitrogen) , all treatments were inoculated with white rot

fungus and not mixed with soil. In WW-NML, high degradation rate of 24 varieties of pollutants tested
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whether at concentration [ and I[ was found, degradation
rate of organopollutants, especially phenanthrene, o-
chlorophenol, pentachlorophenol and p-dinitrobenzene ,
was higher(Fig. 4a). In LHE and LLE compared with
WW-NML, degradation rate at concentration |l was
drastically lower than that at concentration [ {Fig. 4b,
¢). The average degradation tate of 24 varieties of
pollutants tested in WW-NML, LHE and LLE was
91.33%, 48.07%, 78.13% and 97.17%, 5.97%
and 7.95% respectively at concentration ] and II .
These results indicated that white rot fungus metabolize
environmental pollutanis depending on releasing nitrogen
integrated in lignin fraction, resistant to degradation by
most microbes, [rom NML under INM regulation mode
(Fig. 3a, ¢, d), this
different

is a new cometabolism

phenomenon, from that easily-available
substrates are metabolized to cometabolize pollutants in
bacteria (Chang, 1995 ). Bioremediation of polluted
sites in the field ecosystem with NML colonized by white
be Through

lignocelluloses could be changed from

rot  fungus might perspective oxie
ammonialion ,
nitrogen-scarce { C/N > 100) to nitrogen-limiting state
(C/N 25 - 50 in NML at 0.92% - 1.62% N),
constituting the basis of regulation mode of INM. Within
NML, lignin-rich niches ol the inner cell wall layers that
integrated nitrogen are fabricated, these integrated
nitrogen provide a driving force for white rot fungus to
metabolize NML by way of tunneling and caving( Daniel,
1994) . As a result, hyphae of white rot fungus build a

favorable garden in NML, the internal C/N ratio (25 -
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Fig. 4  Degradation of organopollutanis by wite ot fung
Phanerochaete  chrysosporium  ME446 on  NMLL.  Three

treatments the three replicate were carried oul is as follows: a:
WW-NML; b: LHE; c: LLE. Two concerntions of 24 varieties
of organopollutants were chosen: -concentration | ; -
concentration [l . Organopollutants exerted were: al: benzene;
al: ad: ad: as:

anthracene: b1: toluene; b2: ethylbenzene: b3: o-xylenes;

naphthalene ; biphenyl; phenanthrene ;

bd: m-xylenes; b5: 1, 3, S5-trimethylbenzene; cl:
chlorobenzene; ¢2: 1,2, 3-trichlorobenzene; ¢3: 1,2,3,4-
tetrachlorobenzene; c4: hexachlorobenzene; dl: o-

chlorophenol; d2: m-chlorophenol; d3: 2, 4-dichlerophenol ;
d4: 2,7-dichlorodibenz- p-dioxin; d5: peniachlorophenol; el:
nitrobenzene; e2: 3-mitroanilline; €3: p-dinitrobenzene; e4:

m-dinitrobenzene; e5: benzidine

50) falls in their palatable range, these metabolic substrates are hardly utilized by other microbiota after

white rot fungus colonize them stably with the method of pre-incubation as indicated in our experiment.

Under regulation mode. of INM, mycelia of white rot fungus is in the proper metabolic phase(Barr, 1994} .

When NML is contacted with environmental pollutants even at high concentration, cells of white rot fungus

colonizing NML might be protected and still grow well in those inner nitrogen-integrated niches,

demolishing pollutants efficiently outside their cell with their lignin-medifying enzyme system(Tien, 1983)
that are regulated under [INM mode. However, white rot fungi failed to do so in LHE and LLE because of

lack of nitrogen-integrated niches to invite them, under this circumstance(internal C/N > 100) , they only

utilized easily-available external nitrogen and bloomed on the surface of bulk lignocelluloses, endurance

capability to toxicity of environmental pollutants is less than that in NML, especially in cause of higher

concentration, the capability of degradation for pollutants are thus attenuated and lost. Moreover, NML

might also significantly increase organic matters as the long-term growth media for white rot fungi after it is

amended to the soil profile, it is sotptive to nonionic organic pollutants and improve the retardation

capabilities of soils of low organic matter, and the mobility of pollutants are attenuated ( Boyd, 1988},

more of them adhere to the surface of the bulk lignocelluloses that exists extracellular lignin-modifying
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enzymes of white rot fungus and tend to be degraded.

We expect that a quantity of NML colonized by white rot fungus, while amended to soil pedon, might
not only sustain a stable N nutrient {lux as nitrogenous fertilization buffers to support biomass augmentation
of plants, but also persistently cometabolize persistent environmental pollutants as a novel biological

detergent in the vast field ecosystem.
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