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In the present work, six strains of Byssochlamys lagunculariae were isolated from alkaline
wastewater of textile factory polluted with azo dyes in Alexandria, Egypt. Out of the six strains,
only one was identified using the sequencing of the internal transcribed spacer gene (ITS). ITS
sequence was uploaded to GenBank (MT939911) and a pure culture was maintained in the
culture collection of Assiut University Mycological Centre (AUMC) as B. lagunculariae AUMC
14498. The strain shared some morphological characteristics indicating species such as the
existence of smooth chlamydospores, ascospore Size, and good growth on Czapek’s yeast
autolysate agar (CYA) at 30 °C. However, it was different from the type species by providing
larger conidia and positive acid production on creatine sucrose agar (CREA) at 30 °C.
Extrolite analysis of this strain was performed using gas chromatography mass spectrometry
(GC-MS). The extrolite analysis extract revealed that more than fifty chemical compounds were
detected, which have an important medical application. All B. lagunculariae strains tested,
when grown on oat spelt xylan could utilize oat spelt xylan to produce endoglucanase,
exoglucanase and xylanase as well as maize starch and pectin, respectively for amylase and
pectinase production. Three strains of B. lagunculariae achieved maximum specific activity for
amylase ranged from 75.65 to 114.67 1U/mg, while one of these three was superior for
endoglucanase (59.1 1U/mg), exoglucanase (102.84 1U/mg), pectinase (34.33 1U/mg), and
xylanase (90.21 1U/mg) production.

Keywords: Byssochlamys lagunculariae, B. lagunculariae enzymes, B. lagunculariae extrolite, :
Byssochlamys isolation.

INTRODUCTION

Byssochlamys is ascomycete’s genus
belonging to family Aspergillaceae and order
Eurotiales. Its species produce ascospores
which are  heat-resistant, and  survive
considerable periods of heat above 85 °C',
Furthermore, Byssochlamys species can grow
under very low oxygen tensions’, and can
produce pectinases. These three physiological
characteristics make Byssochlamys species very
important spoilage fungi in pasteurized and
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canned fruit*. Stolk and Samson® synonymized
it with B. nivea. Houbraken et al’
demonstrated that Byssochlamys and its
associated anamorph species can be separated
into at least nine taxa by investigating the
micro- and macroscopical characteristics of
Byssochlamys and Paecilomyces variotii-like
isolates. Recently, it was synonymized into
three species namely B. lagunculariae, B.
spectabilis, and B. zollerniae (Index Fungorum
database).

*Corresponding author: Sedky H.A. Hassan, E-mail: sedkyhassan@sci.nvu.edu.eg



The plant cell wall, composed of lignin,
cellulose, hemicellulose, and pectin, known to
be a green chemical raw material’. Fortunately,
the availability of multiple components makes
it sustainable, and its enzymatic hydrolysis
usually involves the activity of a series of
enzymes. As a result, the production of plant
cell-wall hydrolytic enzymes is under intensive
research iterest. So many investigations have
been performed on the production of amylase,
cellulase, pectinase and xylanase due to the
sheer number of applications of these
enzymes®. Cellulase (endoglucanase,
exoglucanase, B-glucosidase, together) degrade
the most abundant polymer present in the plant
cell wall, cellulose to monomers, while
amylase, pectinase and xylanase function on
starch, pectin and xylan, respectively.
Therefore, this study demonstrates the
utilization of maize starch, pectin and oat spelt
xylan for the production of plant cell wall
hydrolytic enzymes (amylase, cellulases,
pectinase and xylanase) under submerged
fermentation by B. lagunculariae AUMC
14498 isolated from alkaline wastewater
polluted with textile azo dyes.

MATERIALS AND METHODS

Fungal isolation

Pour plate technique was employed for
fungi isolation from the wastewater polluted
with textile azo dyes. Three ml of each water
sample were pipetted into each 9.0 cm Petri
dish containing 20 ml of 1 % glucose-Czapek’s
agar with the following composition (g/l):
Glucose, 10; Na;NO3, 2; K,HPO,, 1; KCI, 0.5;
MgSO,.7H,0, 0.5; FeSO,, 0.01; ZnSO,, 0.01;
CuSO,, 0.005; Rose Bengal, 0.05;
chloramphenicol, 0.25; agar, 15 and the final
pH 7.3°. The plates were incubated for 15 days
at 25 °C. Pure cultures of the obtained fungal
isolates were maintained on Czapek’s agar
slants', as well as on cotton balls as described
by Al-Bedak et al.'* in the culture collection of
Assiut University Mycological Centre (AUMC)
and the accession numbers were given.

Morphological studies

Morphological features and growth rates
of Byssochlamys sp. AUMC 14498 were
monitored on malt extract agar (MEA,* and
creatine sucrose agar (CREA;™ at 30 °C and 37
°C. Spore suspension 10° (prepared in a 30 %
glycerol, 0.2 % agar and 0.05 % Tween 80
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solution) was used for inoculation. Plates were
inoculated in three-point pattern using a
micropipette and inoculum size of 1 pl per spot.
Microscopic features on MEA were examined
in lacto-phenol cotton blue.

Molecular identification of the fungal strain
DNA extraction

A small portion of the Byssochlamys sp.
AUMC 14498 mycelia (grown on MEA for 7
days at 30 °C) was collected and transferred to
2 ml-Eppendorf tube. DNA extraction was
perforlzned following the method of Moubasher
etal.,™.

PCR for rDNA and sequencing using ITS1
and I'TS4 primers

The PCR reaction was carried out using
the universal primers ITS1 and ITS4" and
SolGent EF-Taq. In the PCR tubes 1ul of DNA
template, 1 pl 2.5 mM dNTP mix, 0.2 unit of
Taq polymerase, 5 ul of 10x complete buffer
and 40 pl of sterile ddH,0O, 10 pmol of ITS1
and ITS4 were added. Amplification was
conducted using the following PCR conditions:
denaturation at 95 °C for 15 min (one cycle),
denaturation at 95 °C for 20 sec (30 cycles)
then annealing at 50°C for 40 sec and
extension at 72 °C for 1 min (30 cycles), with a
final extension step of 72 °C for 5 min. Prior to
sequencing, the PCR products were purified
using the SolGent PCR Purification Kit-Ultra
(SolGent, Daejeon, South Korea). The purified
PCR products were confirmed on 1 % agarose
gel by electrophoreses, then eluted and
sequenced in the forward and reverse directions
using the same primers (ITS1 and 1TS4) and
the incorporation of ddNTP in the reaction
mixture™.

Alignments and phylogenetic analyses
Sequences of the nearest closely related
species were retrieved from GenBank including
sequences of the available type specimens.
Sequence of Byssochlamys sp. AUMC 14498 in
the present study and those downloaded from
GenBank were aligned using MAFFTY,
Alignment gaps and parsimony uninformative
characters were treated by BMGE™®. Maximum-
likelihood (ML) and Maximum parsimony
(MP) phylogenetic analyses were performed
using PhyML 3.0". The robustness of the most
parsimonious trees was evaluated by 1000
bootstrap replication®. The best optimal model
of nucleotide substitution for the ML analyses



was determined using Smart Model Selection
(SMS) version 1.8.1%". The phylogenetic tree
was visualized using FigTree version 1.4.3%
The resulting tree was edited using Microsoft
Power Point (2016) and saved as TIF file.

Enzymes  production in
fermentation (SmF)

The fungal strains were cultivated each in
a 250 ml Erlenmeyer conical flask containing
50 ml Czapek's broth medium supplemented
with 1 % soluble starch (for amylase
production) or 1 % pectin (for pectinase
production) or 1 % oat spelts xylan (for
cellulases and xylanase production). The flasks
were inoculated each with 1 ml spore
suspension containing 1.5 x 10° spore/ml of 7-
day-old cultures. The flasks were then
incubated for 7 days at 30 °C in shacking
condition (150 rpm). The medium was filtered
through Whatman No.1 filter paper after
incubation, and the cell-free supernatant was
obtained by centrifugation (10000 xg at 4 °C
for 10 min) and used as enzyme source.

submerged

Enzymes assay and protein estimation
Amylase, endoglucanase, exoglucanase,
pectinase and xylanase production were
determined by mixing 0.1 ml filtered crude
enzyme with 0.9 ml of 1 % starch, CMC,
avicel, pectin and oat spelts xylan respectively
(prepared in 50 mM Na-citrate buffer, pH 5.0).
The reaction mixture was incubated at 50 °C
for 20 min % and the process was stopped by
introducing 2 ml of 3, 5-dinitrosalicylic acid
(DNS) and boiling in a water bath for 10 min *.
After cooling, the color absorbance was
measured at 540 nm using UV-Visible
spectrophotometer (T80+). The amount of
reducing sugar liberated was quantified using
standard curves of glucose (for amylase,
cellulase), or galacturonic acid (for pectinase)
or xylose (for xylanase). One unit of the
enzyme is defined as the amount of enzyme
that liberates 1 pmol of the reducing sugar
(glucose or xylose) equivalent per minute under
the standard assay conditions®. The enzyme
activity was calculated according to the
following formula®®.
Enzyme activity

1\ /1N /1 1
= Absorbance x DF x (—) (—) (—> ( )
x) \y/ \t/ \slope

Where: DF= the dilution factor for
enzyme; x= the volume of enzyme used; y= the

volume of hydrolysate used for assay of
reducing sugars; t = the time of hydrolysis;
slope is determined from a standard curve.
Soluble protein was estimated by Folin
Lowry’s method using bovine serum albumin
as standard ranged from 1-10 mg/g®’.

Gas Chromatography-Mass Spectrometry
(GC-MS)

For analysis of the culture extract of
Byssochlamys sp. AUMC 14498 using GC-MS,
it was grown on MEA at 30 °C for 15 days.
Three discs (6 mm diameter) were taken from
the fungal growth and sonicated in 0.5 ml ethyl
acetate: dichloromethane: methanol (3:2:1) for
60 min according to the method described by*.
The fungal crude extract was re-dissolved in
0.5 ml ethyl acetate: dichloromethane:
methanol (3:2:1) and filtered through 0.2 um
filter syringe (Millipore) by which the filtrate
submitted to the GC-MS (Trace 1300 Gas
Chromatography and Single Quadrupole Mass
Spectrometer I1ISQ 7000). The analysis
parameters and conditions are summarized in
Table ().

Table 1: GC-MS analysis parameters and
conditions used to detect the compounds
in the fungal extract of Byssochlamys sp.
AUMC 14498.

GC-MS analysis parameters and conditions

Maximum temperature 280 °C
Prep-run timeout 10.00 min
Equilibration time 0.50 min
Ready delay 0.00 min
Cryogenics threshold 50.0 °C
Cryogenics timeout 60.0 min
Initial temperature 80.0 °C
Initial hold time 5.00 min
Number of ramps 4

Ramp 01 rate 10.0 °C/min
Ramp 01 final temperature 150.0 °C
Ramp 01 hold time 10.0 min
Ramp 02 rate 10.0 °C/min
Ramp 02 final temperature 200.0 °C
Ramp 02 hold time 10.0 min
Ramp 03 rate 5.0 °C/min
Ramp 03 final temperature 250.0 °C
Ramp 03 hold time 10.0 min
Ramp 04 rate 5.0 °C/min
Ramp 04 final temperature 280.0 °C
Ramp 04 hold time 12.0 min
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RESULTS AND DISCUSSION

Results

Water sample involved in this study
registered an alkaline pH of 8.85. Six strains
related to genus Byssochlamys were isolated
from the examined sample. All isolates
obtained were morphologically identical, of
which the strain AUMC 14498 was confirmed
by sequencing of the internal transcribed spacer
(ITS) gene as B. lagunculariae.

Description of Byssochlamys lagunculariae
strain AUMC 14498

Byssochlamys  lagunculariae ~ AUMC
14498 grow fast on MEA, attaining 80-90 mm
in diameter within 7 d at 30 °C and 37 °C,
powdery, dirty white to pale buff.
Conidiophores irregularly branched. Phialides
ampulliform, pointed towards the apex, 30-45
pm. Conidia in chains, subglobose to
ellipsoidal with truncate ends, commonly (3-)
5-7 (-10)x3-5 pm. Chlamydospores present,
uncoloured, smooth-walled, 6-10x5-6 pum.
Ascomata formed on agar media. AsCi
subglobose, 8-10x8-10 um.  Ascospores
ellipsoidal, 4-5 x 3-4 um (Figure 1). This strain
had good growth and acid production on CREA
at 30 °C and 37 °C.
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Phylogenetic analysis

Phylogenetic analysis of ITS dataset was
employed to determine the taxonomic status of
our strain relative to other members of
Aspergillaceae. The entire ITS dataset
comprised 19 sequences. The maximum
parsimony dataset consisted of 579 characters
with 477 constant characters (no gaps, no N),
70 variable characters which were parsimony-
uninformative (14.7% of constant characters),
and 39 characters were counted as parsimony
informative (8.2% of constant). GTR was the
perfect model for substitution of nucleotides.
The dataset for maximum parsimony (MP)
yielded 7 parsimonious trees. The maximum
likelihood (ML) analysis yielded one tree with
a final ML optimization likelihood value of -
1637.6579, tree size of 0.39130, tree length of
161 steps, a consistency index of 0.692982, a
retention index of 0.832536, and a composite
index of 0.576933, for all sites and parsimony-
informative sites, to represent and discuss the
phylogenetic relationships among taxa (Figure
2). Estimated base frequencies were: f(A)=
0.18177, f(C)= 0.31046, f(G)= 0.29324, f(T)=
0.21453; substitution rates AC= 1.92672, AG=
3.00084, AT= 2.38474, CG= 0.33974, CT=
4.74314, GT= 1.00000; gamma distribution
shape parameter (a)= 1.101.

Fig. 1: Macroscopic and microscopic characteristics of B. lagunculariae strain AUMC 14498. A-C 7-
day-old colonies on MEA at 30 °C, MEA at 37 °C and CREA at 30 °C. D-E conidiophores and
phialides bearing subglobose to ellipsoidal conidia in chains. F 8-spored asci. Scale bars: D = 50

pm; E =20 pm; F-G = 10 pm.
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Fig. 2: Phylogenetic tree generated from MP analysis based on ITS sequence data of Byssochlamys
lagunculariae AUMC 14498 associated to other related genes in the ITS gene sequences
belonging to Aspergillaceae. Sequence of the species in this study are in blue color. Bootstrap
support values (1000 replications) for ML/MP combination equal to or greater than 50% are
indicated at the respective nodes. The tree is rooted to Aspergillus fumigatus ATCC 1022 as out
group (in red color). Taxa derived from type materials are indicated with superscripts (T).

The phylogenetic result depicts the
relationships of our strain  with other
Byssochlamys species. The ML tree revealed
strong bootstrap support for most of the
terminal clades and the tree backbone. The
strain  AUMC 14498 located  within
Byssochlamys lagunculariae clade on the same
branch as Byssochlamys lagunculariae CBS
100.11 and Byssochlamys lagunculariae FF1-2
endorsing strong bootstrap value (62% ML/64
% MP). The three species having 100%
similarity of their ITS sequences, so the strain
AUMC 14498 can be identified as
Byssochlamys lagunculariae.

GC-MS analysis
GC-MS analysis of B. lagunculariae
AUMC 14498 culture extract revealed that

more than fifty chemical compounds were
detected, of which the highest detectable
compounds were 3-
Trifluoroacetoxypentadecane; Ethyl iso-
allocholate; Hexadecane, 1,1-bis (dodecyloxy)-
; Phenol, 2,4-bis (1,1-dimethylethyl)-; 1-
Hexadecanol, 2-methyl-; 7,9-Di-tert-butyl-1-
oxaspiro (4,5) deca-6,9-diene-2,8-dione;
Oxiraneoctanoic acid, 3-octyl-, cis-;
Hexadecanoic acid, 2-hydroxy-1-
(hydroxymethyl) ethyl ester and Octadecanoic
acid, 2-hydroxy-1,3-propanediyl ester (Figure
3), which have an important medical
application. The retention time, molecular
formula and molecular weight of these highest
detectable chemical compounds are proved in
Table (2) and the structures of these
compounds are showed in Figure (4).

363



Osama A. Al-Bedak, et al.

(8)
100 63 99
204
80
70— o
8 = (@)
S 605 71.46
2 E
= E
= 50
= =
§ 40 (4) (&) (7
305 28.69 44.56 5 46
20 (1) (2) 3) (5)
= e - 39.30
10 6.18 16.61 25.20
3 —— L
I e T T S
10 20 30 40 50 60 70
Time (min)

Fig. 3: Chromatogram of the culture extract of B. lagunculariae AUMC 14498 showing: (1) 3-
Trifluoroacetoxypentadecane; (2) Ethyl iso-allocholate; (3) Hexadecane, 1,1-bis(dodecyloxy)-;
(4) Phenol, 2,4-bis(1,1-dimethylethyl)-; (5) 1-Hexadecanol, 2-methyl-; (6) 7,9-Di-tert-butyl-1-
oxaspiro (4,5) deca-6,9-diene-2,8-dione; (7) Oxiraneoctanoic acid, 3-octyl-, cis-; (8)
Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester and (9) Octadecanoic acid, 2-
hydroxy-1,3-propanediyl ester detected by GC-MS.

Table 2: Retention time, molecular formula and molecular weight of the highest detectable compounds
detected by GC-MS in the culture extract of B. lagunculariae AUMC 14498.

No. | Retention Chemical compound Molecular | Molecular
time formula weight
(min)
1 6.18 3-Trifluoroacetoxypentadecane Cy7H3:F30, 324
2 16.61 Ethyl iso-allocholate Cy6H 4405 436
3 25.20 Hexadecane, 1,1-bis (dodecyloxy)- C4oHsg0, 594
4 28.69 Phenol, 2,4-bis (1,1-dimethylethyl)- C14H»0 206
5 39.30 1-Hexadecanol, 2-methyl- Ci7H360 256
6 44,56 7,9-Di-tert-butyl-1-oxaspiro (4,5) deca-6,9-diene- C17H2404 276
2,8-dione
7 50.46 Oxiraneoctanoic acid, 3-octyl-, cis- C1gH3404 298
8 63.99 Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl) C19H350, 330
ethyl ester
9 71.46 Octadecanoic acid, 2-hydroxy-1,3-propanediyl ester Cz9H7605 624
/\Q:\{AM/\/\ W\m\/
(1) 3-Trifluoroacetoxypentadecane (3) Hexadecane, 1,1-bis(dodecyloxy)-
(2) Ethyl iso-allocholate
(5) 1-Hexadecanol, 2-methyl-
(4) Phenol, 2,4-bis(1,1-dimethylethyl)-

(6) 7,9-Di-tert-butyl-1-oxaspiro (4,5) deca-6,9-diene-2,8-dione

(7) Oxiraneoctanoic acid, 3-actyl-, cis- 5/\,!/\/\/\/\/\/\/\/
H

NWV\IVV\L’IA/WV\/\M’\ (8) Hexadecanolc acid, 2-hydroxy-1-(hydroxymethyDethyl ester

(9) Octadecanoic acid, 2-hydroxy-1,3-propanediyl ester

Fig. 4: Chemical structures of the highest detectable chemical compounds analyzed by GC-MS in the
culture extract of B. lagunculariae AUMC 14498.
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Fig. 5: Specific activity (IU/mg protein) for amylase, endoglucanase, exoglucanase, pectinase and xylanase
produced by B. lagunculariae strains in submerged fermentation at 30 °C.

Enzymes production and activities

The current results showed that all the B.
lagunculariae strains tested, when grown on
oat spelt xylan, could produce endoglucanase,
exoglucanase and xylanase as well as maize
starch and pectin respectively for amylase and
pectinase. Strains AUMC 14497, AUMC
14499 and AUMC 14500 could achieve
maximum specific activity of 114.67 1U/mg,
75.65 1U/mg and 90.6 1U/mg respectively for
amylase, while AUMC 14500 produced the
highest specific activity (59.1 IU/mg, 102.84
IU/mg, 34.33 1U/mg and 90.21 1U/mg) for
endoglucanase, exoglucanase, pectinase and
xylanase, respectively (Figure 5).

Discussion

Byssochlamys is ascomycete’s genus
belonging to family Aspergillaceae. Its species
produce ascospores which are heat-resistant,
and survive considerable periods of heat above
85 °C " 2. Furthermore, Byssochlamys species
can grow under very low oxygen tensions®, and
can generate  pectinases. These three
physiological characteristics make
Byssochlamys species very important spoilage
fungi in pasteurized and canned fruit *.

In the current study, Byssochlamys
lagunculariae was isolated for the first time in
Egypt. Morphologically, B. lagunculariae is
similar to B. nivea and shares various
characters such as fast growth rate on MEA at
30 °C and globose to ellipsoidal conidia with a
flattened base, as well as presence of uncolored

and  smooth-walled  chlamydospores. In
addition, the conidia and ascospores of B.
lagunculariae are generally smaller in size.
Another difference is that B. lagunculariae
grows well on CYA while B. nivea grows
rather poorly. In the original description by,

B. lagunculariae was described as a variety of
B. nivea, distinguished by its smaller conidia
and ascospores.

Stolk and Samson® synonymized it with B.
nivea. Houbraken et al.® demonstrated that
Byssochlamys and its associated anamorph
species can be separated into at least nine taxa
by investigating the micro- and macroscopical
characteristics of Byssochlamys and
Paecilomyces variotii-like isolates. Recently, it
included  three  species  namely  B.
lagunculariae, B. spectabilis, and B. zollerniae
(Index Fungorum database). The strain B.
lagunculariae AUMC 14498 obtained in this
study shared some morphological
characteristics with the type species such as
presence  of  smooth  chlamydospores,
ascospores size (4-5 x 3-4 um) and good
growth on CYA at 30 °C after 7 days.
However, it was different from the type species
by having larger conidia (5-7 x 3-5 um) and
positive acid production on CREA at 30 °C.
The ex-type culture of B. lagunculariae was
isolated from wood of Laguncularia racemosa
(mangue) in Brazil and other strains identified
as this species were isolated from soil,
pasteurized strawberries and aloe juice*#3%3!,
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and from citrus raw material of spoiled fruit
jelly products in Japan®.

Gas chromatography mass spectrometry

(GC-MS) analysis of Byssochlamys
lagunculariae AUMC 14498 culture extract
revealed that more than fifty chemical
compounds were detected, of which the highest
detectable compounds were 3-
Trifluoroacetoxypentadecane; Ethyl iSo-
allocholate; Hexadecane, 1,1-bis (dodecyloxy)-
; Phenol, 2,4-bis (1,1-dimethylethyl)-; 1-
Hexadecanol, 2-methyl-; 7,9-Di-tert-butyl-1-
oxaspiro  (4,5) deca-6,9-diene-2,8-dione;
Oxiraneoctanoic acid, 3-octyl-, cis-;
Hexadecanoic acid, 2-hydroxy-1-
(hydroxymethyl) ethyl ester and Octadecanoic
acid, 2-hydroxy-1,3-propanediyl ester. Such
compounds are reported here for the first time
in Byssochlamys lagunculariae and have never
been documented in any species of
Byssochlamys before. Byssochlamys
lagunculariae (the type species) has been
reported to produce byssochlamic acid and
mycophenolic acid *. Viriditoxin and other
compounds with characteristic UV-spectra
were detected in B. spectabilis extrolites while
no known extrolites were reported to be
developed in B. zollerniae cultures *.
The production of plant cell-wall digestive
enzymes is now a focus of current research.
Many such research have been done into the
production of amylase, cellulase, pectinase and
xylanase due to the huge number of application
scenarios of these enzymes®**% In the
present work, six strains of Byssochlamys
lagunculariae were estimated for their amylase,
endoglucanase, exoglucanase, pectinase and
xylanase production.

In this study, three strains of Byssochlamys
lagunculariae  could generate  maximum
specific activity for amylase. Byssochlamys
species have been documented to generate
pectinases® and Byssochlamys fulva CMI 40021
has been generated extracellular a-amylase and
low levels of amyloglucosidase®. The current
results have shown that all the Byssochlamys
lagunculariae strains tested when grown on oat
spelt xylan could generate endoglucanase,
exoglucanase and xylanase. These three
enzymes have never been recorded for any
species with the genus.

Conclusions

Byssochlamys lagunculariae, a new record
from alkaline fabric wastewater in Alexandria,
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Egypt has been isolated and deposited in
AUMC as Byssochlamys lagunculariae AUMC
14498. Extrolite analysis of this strain was
performed using gas chromatography mass
spectrometry (GC-MS). The extrolite analysis
of B. lagunculariae AUMC 14498 revealed that
more than fifty chemical compounds were
detected, which have an important medical
application. Three strains of B. lagunculariae
achieved maximum specific activity for
amylase ranged from 75.65 to 114.67 1U/mg,
while one of these three was superior for
endoglucanase (59.1 1U/mg), exoglucanase
(102.84 1U/mg), pectinase (34.33 1U/mg), and
xylanase (90.21 1U/mg) production. The
emerging trend in this research is the usage of
Byssochlamys lagunculariae strains as a strong
source of useful enzymes that have many
industrial applications.
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