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Growth and viability of mycelial fragments of white-rot fungi on
some hydrogels
D Le;tanlvz, M Le;tanl'3 and RT Lamar*#

institute for Microbial and Biochemical Technology, USDA Forest Service, Forest Products Laboratory, One Gifford
Pinchot Drive, Madison, WI 53705-2398, USA

The viability of mycelial fragments of  Trametes versicolor and Irpex lacteus and their growth on selected hydrogels
are described. The size of mycelial fragments of the fungi did not significantly influence their viability. Alginate
hydrogel films supported fungal growth better than agarose, carrageenan, chitosan and gelatin films, and had the
highest mechanical strength but were less hydrophilic than the other hydrogels. All commercial alginates that were
tested supported aseptic growth of fungal fragments without prior sterilization of the hydrogel solution. The viability

of mycelial fragments in the hydrogel solutions was higher for some commercial alginates than that in laboratory
grade alginate. The mechanical strength and hydrophilicity of hydrogels from alginate type Sobalg FD 155 and Meer

HV were comparable to that of laboratory grade alginate. Sterilization and pH of the alginate hydrogel did not signifi-
cantly influence the growth of  T. versicolor mycelial fragments but affected the growth of I. lacteus . Concentrations
of alginate in the range of 1-2% in the hydrogel did not affect the growth of entrapped mycelial fragments of
these fungi.
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Introduction critically alter the viability of microbial propagules

The development of fungal inocula of uniform quality and [4,12,18].

resistance to competition by indigenous microbes is essen- Fungall spores, due to their long-lasting V|ab|I|t_y, were
tial for such applications of fungi in the environment as preferentially used as propagules for encapsulation [1,3].

biological control, bioremediation of contaminated soils,SNOct)rzg ffl;'gr%’tngwmevferiijgoirg Ig;teerr}e;?;ilé/uﬁngnzega\\,\rlztsl?g Ooff
and inoculation of soils with mycorrhizal fungi. Encapsul- P y

h h -~ valuable fungal biomass. In som ies en lation of
ation or immobilization of microbial biomass on a carrier aluable fungal biomass some studies encapsulation o

. . . mycelial fragments was reported [14,21], but the effects of
may improve cell survival and provide a means of estaby . mentation on the production of viable propagules and
lishment .Of cells |_ntroduced into a site by protecting .Ce”sthe viability of mycelial fragments were not investigated.

from various environmental stresses and by providing a Recently, we reported on the development of novel fun-

stable microenvironment [2]. Formulation is often of IOara'gal inocula for bioaugmentation of soils contaminated with

ot Aot Dot oSOl o Pt S 2 228U rgaic compounds [7 ] The ocua were i
Y P P€ALp e form of pelleted solid substrates coated with a hydrogel

ranular vermiculite mixtures, grains, wood chips, wheat . ) .
gtraw corn cobs etc have bgeen tested as IC(j:arriers SHspension of fungal propagules and incubated until over-
microbial biomass [2.5,6,11,16,19]. Lately alginate angdrown with a dense mycelium of selected white-rot fungi.

other hydrogel granules have gained popularity since inoc\%eﬁzlfﬁ ?L:]h?'Llé%g'nt')zg?]r?g'ngrtzrdwt%oggoﬁggge e;nzg”rlﬁﬁ'_
ulant consistency and effectiveness may be enhanced duy 9 b 9

to the defined nature of these carriers [9,10,20]. eralize a wide variety of recalcitrant organic pollutants such

. . . s DDT and other pesticides, polyaromatic hydrocarbons,
Many microbial species have been encapsulated Succes%olychlorinated biphenyls, dioxins, wood preservatives

fully in various matrices. However, encapsulation of micro- : :
; : : A ) h ntachlorophenol, an nventional explosiv
organisms in a hydrogel-matrix for environmental release-cl s _Pe tachlorophenol, and conventional explosives

NP such as TNT [17].
is still in the early stages of development [2]. Most reports : - .

: e : In this paper the viability of mycelial fragments of two
on the use of hydrogelg: as |mmob|I|zat|on mat_erlals haVe(‘/vhite-rot :‘Oun%i Trametes v)érsicolzandIrpexglacteuswas
been based upon experiments with uncharacterized samplg '

[12], despite the fact that physical and mechanical propers sessed. Some commercial hydrogels that could be used

: s fungal carriers or for coating the solid pelleted substrates
ties of hydrogels depend on the hydrogel source and caﬁS microbial carriers were tested.
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WI, USA. The fungi were grown and maintained on 2% Viability of mycelial fragments

potato-dextrose agar (PDA) (Sigma, St Louis, MO, USA).Serial dilutions of mycelial fragments in 10 mM Na-tartrate
(pH 6), were prepared. Aliquots (0.2 ml) were spread on

Materials PDA. Fungal colonies from mycelial fragments were coun-

Technical grade Wego sodium alginate was obtained fronied after 18 h of incubation at 30, and populations were
Wego Chemical & Mineral Corp, Great Neck, NY, USA. reported as colony-forming units (CFU).

Danisco sodium alginate (Sobalg FD 155) was obtained ] )

from Danisco Ingredients USA Inc, New Century, KS, Hydrogel film preparation _

USA. Sodium alginates (Meer HV and Meer LV) were Agarose (Difco) and gelatin (Sigma) solutions were auto-
obtained from Meer Corporation, North Bergen, NJ, USA.claved for 10 min at 12@ prior to use. Autoclaving was
Commercial alginate samples (Kelgin XL, Keltex, and Kel- &lso used to prepare sterile alginate hydrogel solutions.
gin MV) were obtained from Kelco, San Diego, CA, USA. Hydrogel films were then prepared by spreading 5 ml of

Laboratory grade sodium alginate was purchased fronhot hydrogel solutions over glass Petri dishes. _
Sigma. Alginate, k-carrageenan (Sigma), and chitosan (Sigma)

hydrogel films were prepared by spreading 5ml of the
hydrogel solution over glass Petri dishes followed by gel-

Medium and culture conditions ation with 5% CaCl, 5% KCI, and 5% Na-polyphosphate,

Fungi were grown in 300-ml Erlenmeyer flasks containingres ectively. The hydrogel solution was sprayed three times
60 ml of growth medium (2% glucose, 2% malt extract, P Y. ydrog pray

and 0.1% Tween 80) on a rotary shaker at 250 rpm an(¥V|th the gelling agent and the hydrogel film was allowed

30°C for 3—10 days to form mycelial pellets. The growth fgrf?;mofg;r? r_r|1_|c:1 é(())rmallg{el?:teeﬁ&d CaSrIigenflng? t?}gd Se(l)li?m
medium was inoculated with 6 ml of fungal fragments : P geting, geling

. . . agent (1% CagGlfor alginate) was carefully poured into the
ggtsegrr;ggd Lrglrgw fragmentation of mycelial pellets, anish, and incubated for 17 min for alginate and carrageenan,

and 2 h for chitosan. Excess gelling agent was removed by
) ) washing the films twice with sterile deionized water.

Fragmentation of fungal mycelia _ To grow fungi on hydrogel films, hydrogel solutions con-
Mycelial fragments were used to study the influence of CU"taining 2% glucose and 2% yeast extract were used. When
ture age and fragmentation time on fragment viabillty.  preparing alginate, carrageenan, and chitosan films, the gel-
versicolorandl. lacteusmycelial pellets were separated by |ing agent solutions and deionized water for film washing
decantation of growth medium, washed with 10 mm Na-were also supplemented with 2% glucose and 2% yeast
tartrate (pH 6) and resuspended in 60 ml of the same buffepytract to prevent nutrients from being rinsed from the
Washed fungal pellets (3, 5, 7, and 10-day-old cultureshyqdrogel. Enriched hydrogel films were inoculated by
were fragmented two, four, six, eight, 11 and 14 times forspreading 0.2 ml of a fungal fragment suspension, prepared
5s at 22000 rpm in a laboratory blender. as described above, over the film. The pH of the alginate

Mycelial fragments for inoculation of growth medium hydrogel was adjusted by the addition of NaOH and acetic
and hydrogels were prepared by fragmentation (six timegcid to the alginate solution.

for 5's) of mycelial pellets from 4-day-old shake cultures.
The dry weight of mycelial fragments in the suspensiongnga/ piomass recovery

was determined by collecting mycelial fragments on pre-yngal biomass grown on agarose, carrageenan, or gelatin
weighed Whatman No. 1 filter paper, and weighing themfjims was determined by selectively dissolving the hydrogel

after drying them at 6T for 24 h. by microwaving it [15]. The melted hydrogel and fungal
mycelium were vacuum filtered and the fungal biomass was
Separation of mycelial fragments by size collected on preweighed Whatman No. 1 filter paper, rinsed

Mycelial fragments for viability studies were separated bywith deionized water, dried for 24 h at 8D, and weighed.
size to obtain a suspension of small single-hyphae frag- Fungal biomass grown on alginate and chitosan was
ments (A); a suspension composed of A and pieces of looseetrieved by dissolving the hydrogel with 0.05 M GO,
mycelium (B); and a suspension composed of larger an@.1 M citric acid solution, pH 7 [13], and 0.5% acetic acid
compact mycelium structures (C). Suspension A wassolution, respectively, for 15 min on a tumbler-shaker. Fun-
obtained as supernatant after 20Ts Yersicoloj and 10s gal biomass was collected on a preweighedu®-pore

(I. lacteug centrifugation of mycelial fragments at 780y. size cellulose acetate filter (Cole-Parmer, Niles, IL, USA)
Suspension B was obtained after 30Ts yersicolo) and by vacuum filtration, and dry biomass was determined as
20 s (. lacteug centrifugation. Suspension C facteusand  described above.

T. versicolo) was obtained after five consecutive steps of

15-s centrifugation of mycelial fragments and washing ofViability of mycelial fragments in alginate hydrogels

the pellet with 10 mm Na-tartrate (pH 6). The final pellet Solutions of commercial alginates were sterilized as
was resuspended in 60 ml of the same buffer. The numbeatescribed above and inoculated with 10%Tofversicolor

of mycelial fragments in suspensions A, B, and C wasand|. lacteusmycelial fragment suspensions, prepared as
determined by counting with a haemacytometer. Mycelialdescribed above. The concentrations for Wego, Danisco,
fragments were stained with 0.3% aqueous methylene blukleer HV, Meer LV, Kelgin XL, Keltex, Kelgin MV, and
and microphotographed with a Wild Heerbrugg M40D Sigma alginate solutions were 1.5%, 1%, 1%, 2%, 2%,
Photomakroskop. 1.5%, 1.5% and 1%, respectively. Hydrogel films from
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these alginate solutions had a strength of approximately
0.5 N. Before inoculation the pH of alginate solutions was
aseptically adjusted to pH 6.5. Alginate solutions were
incubated at B8C or 24C in triplicate. CFUs were deter-
mined shortly after inoculation and after 2 days of incu-
bation as described above.

Microbial contamination of commercial alginate

hydrogels

Ten- and 100-fold dilutions of 5% solutions of commercial
alginates in sterile, deionized water were prepared.
Dilutions (0.2 ml) were spread on PDA or Luria-Bertani-
agar (LBA: 10 g L-* bactopeptone, 5 gt yeast extract,
2.5g L'* NaCl, 15¢g L* agar, pH 7.2) for determination
of fungal and bacterial contaminants, respectively. Plates
were incubated at 2€ (fungi) or 30C (bacteria) until col-
onies appeared, CFUs were then counted.

Mechanical strength of hydrogel film b
Hydrogel films, obtained as described above, were cut in
5-mm-wide strips. The mechanical strength of the film was

measured with a force gauge (spring scale). The peak force
at the moment of strip rupture was measured and expresse!
in Newtons (N).

Measurement of equilibrium moisture content

Hydrogel films (1%) were placed in closed chambers, partly
filled with saturated salt solutions to maintain constant rela-
tive humidity [23], and incubated at 30. After 15 days

of equilibration, the moisture content was determined by .
weighing the strips before and after drying at6Gor 24 h.

Results

As shown in Table 1, the size of mycelial fragments of 4-

day-oldT. versicolorandl. lacteuscultures did not signifi- _

cantly influence the viability ratio. Viability ratio was F9ure1 (a) Single-hyphae fragments of 4-day-aldacteusculture. (b)

defined as CFUs per total number of fragments Countegompact mycelial structures of 4-day-old versicolorculture.

using microscope and haemacytometer. The viability ratio

of small single-hyphae fragments (suspension type A) wa3he fragments from 3-day and 10-day-old culturesTof

not significantly different from the viability ratio of much versicolorand from 7-day and 10-day-old cultureslofac-

larger and compact mycelial structures (suspension type Qeushad the highest viability. The viability ratio of frag-

with average diameters of 0.25-0.8 mm and 0.1-0.5 mnments tended to decrease with increasing time of fragmen-

for T. versicolorandl. lacteus respectively. Viability ratios tation (Figure 2a and c), while the total number of viable

higher than 1 fod. lacteusindicate the presence of small fragments in suspension tended to increase (Figure 2b

but viable hyphae fragments that were not observed undeand d).

the microscope. The single-hyphae fragments (suspension Figure 3 presents the growth of mycelium fragments of

type A) of I. lacteus and dense mycelial structures T. versicolor and I. lacteus on alginate, agarose, carra-

(suspension type C) df. versicolorare shown in Figure 1. geenan, chitosan, and gelatin hydrogel films enriched with
The effect of culture age and time of fragmentation onglucose and yeast extract. The mechanical strength of these

viability of mycelial fragments is presented in Figure 2. hydrogel films and their hydrophilicity (measured as equi-

Table 1 Viability of fungal mycelium segments of different sizes after fragmentation

Fungus Single hyphae fragments (A) and loose mycelial Compact mycelial structures
(A) structures (B) ©

T. versicolor 0.89+0.25 0.76+£ 0.03 1.17£0.27

I. lacteus 1.41+0.37 1.05+0.08 1.19+0.22

Results are presented as viability ratio of three replicatesd. (see Results section).
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Figure 2 The effect of 3-day M), 5-day (J), 7-day @), and 10-day {>) old cultures and fragmentation time on the viability ratio (a, c) of mycelial
fragments and the number of viable fragments (b, d.ofersicolorandl. lacteus Viability ratio was defined as the ratio between CFU and the number
of fragments counted with a haemacytometer. Data represent means of three determinations.

librium moisture content), are shown in Figure 4. Gelatinmycelial fragments suspension and with 10% (v/v) of
hydrogel had the highest hydrophilicity, but almost no6.542, 3.34, 0.648, 0.3498, and 0.0578 gnoff I. lacteus
mechanical strength. mycelial fragments suspension. All films supported the
The results after plating on LBA and PDA indicated that growth of pure fungal cultures without any apparent
the commercial alginate hydrogels had only minor bacteriamicrobial contamination.
contamination (Table 2). However, when alginate solutions The mechanical strength of alginate hydrogel films
were incubated at 2€ for 24 h an extensive bacterial con- varied with the alginate source (Figure 5). Sterilization
tamination developed in some solutions. No contaminatiomeduced the strength of some hydrogel films, and increased
with fungi was observed. the strength of others. Concentrations of sterile alginate
The 2% hydrogel films, prepared in triplicate from hydrogels which gave film strengths of approximately 0.5
unsterile commercial alginates supplemented with glucos®&l were used to determine the viability of mycelial frag-
and yeast extract, were inoculated with 10% (v/v) of 3.939ments. The viability ofT. versicolorandl. lacteusmycelial
2.157, 0.768, 0.1192, and 0.0147 g bf T. versicolor fragments in sterile alginate hydrogel solutions depended
on the temperature of incubation (Table 3). The highest

a0, 1. versicolor 25 - I lacteus 3 100 -
. 201 80 -
320 By AN <2 S 60
2 2 B 3
£ g 10 s E 40
o 10 1 o y (% 1 =
o @ /% ‘}//’ 20

] 0 0 0 =00 .

1 2 3 4 1.0 15 2.0 20 40 60 80 100
Time (days) Time (days) Concentration (%) Relative humidity (%)

Figure 3 Growth of T. versicolorandl. lacteusfrom mycelial fragments ~ Figure 4 Mechanical strength (a) and hydrophilicity (b), measured as
on alginate M), agarose (), carrageenangp), chitosan {>) and gelatin equilibrium moisture content, of alginat@), agarose [(]), carrageenan
(A) hydrogel films. Error bars represent standard deviation of three deter(¢), chitosan {>) and gelatin A) hydrogel films. Error bars represent
minations. standard deviation of three determinations.
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Table 2 Bacterial contamination of commercial alginate hydrogels in alginate hydrogel solutions after 24 and 48 h of incubation &G5 or 24

Alginate (CFU g%) on
source
LBA PDA PDA PDA PDA PDA
Oh 0Oh 24 h 24 h 48 h 48 h
6°C 24C 6°C 24C
Wego 0 0 0 1.2% 10° 1.25x 1P 0
Danisco 0 1.0x10° 1.25x 1P 0 1.25x 10° 0
Meer LV 2.0x 1¢° 0 0 0 2.5x 1P >2.5x10°
Meer HV 0 0 0 0 0 >2.5x10°
Kelgin XL 0 0 0 8.8x 107 25x10° >2.5x10°
Keltex 0 0 0 5.0< 10° 25x10° >2.5x10°
Kelgin MV 2.1x10* 1.0x10° 0 5.0x 10° 0 >2.5x10°
Sigma 0 0 0 0 0 >2.5x10°
Results are expressed as means of three replicates.
20 ., Wego 4.0 - Danisco 40, Meer HV 10 - Meer LVH
= 15 - ; = 3.0 /l = 3.0 1 = 08 1 /L
£ [ £ / £ g 081 '
1.0 2.0 ‘ @ 20 =
g\ ﬁ g g)ﬁ s S 04 T;ir
73 / &n , 7] | @
0.5 - 1.0 1.0 02 -
X
00 T T w 00 T T 1 0.0 T T T 1 00 T T
0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3
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02 % s & £ Z20-
£ T = 7 £ €
) g 5 10 - ¥ S 08 - >
= 0.4 Efl = = = 10
& o E‘;L % 05 - ? 034 @
// / ]3/
0.0 —C—wma— 0.0 ‘ ‘ 00 L 0.0 ‘
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Concentration (%)

Concentration (%)

Concentration (%)

Figure 5 Mechanical strength of 0.5 mm thick alginate hydrogel films determined as force needed to rupture the films Epteniter(on-sterile ()
hydrogel. Error bars represent standard deviation of three determinations.

Table 3 Viability of mycelial fragments incubated for 2 days in sterile 2% solutions of selected commercial alginates, pH 6.5, incub&eat a46C

T. versicolorfragments at

I. lacteusfragments at

6°C 24C 6°C 24C
Wego 7.8:8.9 0+0.0 14+2.4 0+0.0
Danisco 44.%12.8 40.8:7.1 137.8:17.7 56.8+ 2.7
Meer HV 68.8+ 14.6 26.0£27.1 77.2£13.8 69.1+ 2.2
Meer LV 26.3+25.9 15.8 0.0 79.1+ 6.6 37.7+1.8
Kelgin XL 32.8+13.8 17.1+11.4 83.2£3.1 55.6+ 2.2
Keltex 18.0+2.8 57.1+ 6.0 97.3+10.0 66.2+ 4.0
Kelgin MV 95.8+19.6 121.6:19.6 101.9: 2.7 77.9+4.0
Sigma 31.6:7.9 25.3t5.8 73.4+2.6 34.8+2.1

Results are expressed as % of initial CFU (means of three replitades).



mycelial fragment viabilities were determined to be in Dan-
isco, Meer HV, Kelgin MV and in laboratory grade Sigma

alginate solutions. Danisco, Meer HV and Sigma alginate
hydrogels also had the highest mechanical strengths. Vet

low fragment viability was observed in the Wego alginate
solution. Suspensions with lacteus mycelial fragments
contained more viable units than suspensions Witlver-
sicolor fragments. The viability of mycelial fragments in
Kelgin MV hydrogel after incubation was higher than that
observed initially. This was most likely due to further frag-
mentation of mycelial fragments (Table 3).

Figure 6 presents the hydrophilicity of sterile Danisco

and Meer HV hydrogels, measured as equilibrium moisture

Growth of white-rot fungi on hydrogels
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content at different RH. Sigma hydrogel was used as a cor

trol.

The concentration of Danisco alginate did not influence

the growth of T. versicolor and I. lacteus fragments in
hydrogel films (Figure 7b). Growth df lacteusin alginate
hydrogel was inhibited by low pH (Figure 7a) and was
higher when the alginate solution was sterilized before gel 2
atinization (Figure 7c). No significant effect of hydrogel pH 2
or sterility on the growth ofT. versicolorfragments was
observed (Figure 7a and c).

Discussion

Viability of microbial propagules is essential for providing
the high population density, important for survival of inocu-

lated microorganisms in a target environment [2]. Theg

viability of mycelial fragments did not depend on the size
of the fragments (Table 1). Small, single-hyphae funga

fragments (Figure 1a) were viable as were larger pieces ¢

fragmented mycelium (Figure 1b). The viability of
mycelium fragments of botf. versicolorand I. lacteus

was affected by culture age and conditions of fragmentatior g 10 -
(Figure 2), indicating that these parameters needed to b &

optimized for each particular fungus.
The suitability of various hydrogels as a medium for fun-

gal propagules and as a microbial carrier was evaluated b
measuring the growth and viability of fungal propagules on

hydrogel, by testing the mechanical strength of hydroge
films, and by determining the hydrophilicity of the hydro-

100 1
80
60 -
40
20

% moisture in hydrogel

0 I | 1
20 40 60 80
% humidity

Figure 6 Equilibrium moisture contents for 1% alginate hydrogels at dif-
ferent air relative humidities. Danisca), Meer HV (), and Keltex

(&) hydrogel.
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a
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Figure 7 Influence of different pH (a), percent of hydrogel (b), and ster-
ility (c) of Danisco hydrogel on growth off. vesicolorand I. lacteus

mycelial fragments, expressed as biomass dry weight. Error bars represent

standard deviation of three determinations.

gel. Mechanical strength of hydrogel film would secure
complete and equal coating of a pelleted substrate. The
strength of the gel-matrix is also an important factor when

hydrogel granules are used as a carrier of encapsulated

microorganisms for environmental applications [20]. The
hydrophilic nature of hydrogels facilitates the growth of
microorganisms in environments where relative humidity
or moisture content is reduced [7].

The mechanical strength of all hydrogel films except
alginate and carrageenan films was very low (Figure 4a).
The hydrophilicity of alginate hydrogel was lower than that
of carrageenan and of other hydrogels (Figure 4b). How-
ever, T. versicolorand |. lacteusgrew better on alginate
than on carrageenan or other hydrogels (Figure 3). Earlier,
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it was reported that fungal growth on agar and carrageenan of a pentachlorophenol- and creosote-contaminated soil using the lig-
was genera”y the same [18] nin-degrading fungu$hanerochaete sordidea field demonstration.

Alginate i lecti t f f i f | Soil Biol Biochem 26: 1603-1611.
ginate I1s a collective term tor a tamily of COpOlymers g | amar RT and DM Dietrich. 1990n situ depletion of pentachloro-

containing mannuronic and guluronic acid residues in vary- phenol from contaminated soil Bghanerochaetespp. Appl Environ
ing proportions and sequential arrangements. Properties of Microbiol 56: 3039-3100. _
alginate gels such as strength are determined by such facl Ledan D and RT Lamar. 1996. Development of fungal inocula for

tors as their concentration and monomeric composition gg’f;f‘gggtat'on of contaminated soils. Appl Environ Microbiol 62:

[12,22]. Sterilization sometimes resulted in reduction of g |egan D, M Lesan, JA Chapelle and RT Lamar. 1996. Biological
mechanical strength of gel matrices, probably due to the potential of fungal inocula for bioaugmentation of contaminated soils.
cleavage of hydrogel monomer units [12] (Figure 5) and J Ind Microbiol 16: 286-294.

would be costly to the operation. All commercial alginates ° L& Tacon F, G Jung J, Mugnier, P Michelot and C Mauperin. 1985.
Efficiency in a forest nursery of an ectomycorrhizal fungus inoculum

tested had low bacterial _and no fungal contamination (Table produced in a fermentor and entrapped in polymeric gels. Can J Bot
2) and supported aseptic growth of entrapped fungal frag- 63: 1664—1668.
ments even in unsterilized hydrogels. Sterilization however]0 Lewis JA and GC Papavizas. 1985. Characteristics of alginate pellets
had some positive effect on growth of mycelial fragments fo”}?]}"ate_d W“thh”C?Ode.r.maa”.?%'Iioc'agiur’:‘?’;‘itge?irleg%‘t on the

. . e . roliferation of the fungi in soil. ant Patho . —. .
of I. la.Cteus (Flgqre 7C.)' The viability of ”.‘yce"a' frag- 11 FI)_oske D, A Hmterman,gA Majcherczyk, F Zadrazil, H Lorsen and P
ments incubated in alginate hydrogel solutions, and mech- \yaidinger. 1990. Use of white-rot fungi for the clean-up of contami-
anical strengths of alginate hydrogel films varied signifi- nated sites. In: Advances in Biological Treatment of Lignocellulosic
cantly for different alginates (Table 3, Figure 5). Materials (Coughlan MP and MYA Collaco, eds), pp 311-322, Else-

; ; _vier, London and New York.
The results of this StUdy show that fungal myce“um frag 12 Martinsen A, G SkjeBraek and O Smidsrgd. 1989. Alginate as

me_ntatlon 1S a suitable W_ay to pr(_apare peragu'es of some immobilization material: I. Correlation between chemical and physical
white-rot fungi. Commercially available alginate hydrogels, properties of alginate gel beads. Biotech Bioeng 33: 79-89.

such as Danisco, which is isolated from the seawesdi- 13 Mater DDG, J-N Barbotin, JE Nava Saucedo, N Truffaut and T Daniel.
naria agitata and Meer HV, which is extracted from vari- 1995. Effect of gelation temperature on gel-dissolving solution on cell

. viability and recovery of twd®>seudomonas putidgtrains co-immobil-
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