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Abstract

Wastes from the leather industry as well as insoluble and hard-to-degrade animal proteins are currently eliminated by
incineration, method with high ecological disadvantages. In order to avoid these inconvenients, microbiological and/or
enzymatic methods are examined. Leather degradation was performed in two trials: one enzymatic-assisted and the
other microbial-assisted. Enzymatic hydrolysis of collagen, the representative protein of leather, was performed with
collagenase type IA, with six enzyme concentrations, for up to 10 days. The hydrolysis yield was evaluated by free
amino acids determination. Microbial hydrolysis involved 35 bacterial strains belonging to various genera
(Streptomyces, Bacillus, Pseudomonas, Serratia etc), screened for their ability of growth in minimal medium containing
bovine leather, ovine leather or wool as unique carbon or nitrogen sources. Three of these strains: Bacillus
licheniformis ATCC 14580, Pseudomonas fluorescens ATCC 13525 and a new bacterial isolate, designated BN7, were
able to grow in the presence of treated leather or wool, visible differences being observed after 10 days of incubation.
The best results were obtained with the strain BN7, the level of free amino acids and of the extracellular proteins (as a
measure of organic substrate degradation) was rather high (2.22 umoles amino acids and 61 ug protein respectively).
Amino acids release and extracellular protein synthesis indicates both collagenase and keratinase activity. The
degradation of tanned leather was examined microscopically: significant disorganization of leather fibres was
observed.
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INTRODUCTION 1995, Zerdani et al., 2004]. Other experiments

are focused on keratinolytic enzymes useful
Leather industries as well as meat industries for degradation of fibrous insoluble proteins in
are important generators of insoluble and hard- the form of feathers, hair, nails, horn etc,
to-degrade animal proteins, which are available as agroindustrial  by-products
converted in waste with high potential of [Brandelli, 2008]. In the last ten years, a lot of
environmental pollution. Usually, waste from articles regarding microoorganisms able to
these  industries are  eliminated by degrade various types of animal proteins have

incineration, method with high ecological and been published [Brandelli, 2008; Suzuki et al.,
sanitary disadvantages [Suzuki et al., 2006]. In 2006; Kansoh et al., 2009; Riffel et al., 2003;

order to avoid these inconvenients, Gousterova et al., 2005]. It was shown that
microbiological and/or enzymatic methods are strains of  Streptomyces isolated from
examined. It is well known that proteolytic keratinaceous materials enriched soil were
enzymes constitute an important group of able to degrade human hair, feathers, silk and
commercial enzymes; nevertheless their use in wool [(Riffel et al., 2003; Kansoh et al., 2009].
experiments for bioprocessing industrial waste Moreover, among Bacillus and Pseudomonas
containing  animal  proteins is  well genera various strains with highly proteolytic
documented. Several experiments were carried activities were identified, potentially useful for
out on enzymatic hydrolysis of collagen, the biodegradation of insoluble animal proteins
most representative protein of leather waste: [Cai et al., 2008; Tork et al., 2010; Agrahari
the hydrolysis was carried out by collagenases, and Wadhwa, 2010]. Most of the
enzymes that can hydrolyze both native and microorganisms isolated from soil presented
denaturated collagens [Olde Damnic et al., reduced collagenase activity [Zerdani et al.,
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2004] but significant keratinolytic action was
detected among some bacterial isolates [Riffel
and Brandelli, 2006; Agrahari and Wadhwa,
2010].

This study presents the action of collagenase
type TA against sheep and bovine leather, as
well as the capability of some mesophilic
bacterial strains to synthesize hydrolytic
enzymes with collagenolytic and/or
keratinolyic activities.

MATERIAL AND METHODS

Culture medium for  collagenolytic/
keratinolytic enzymes production contained
the following constituents (g/L): NaCl 1.0,
CaCl, 0.05; KH,PO4 0.7; sucrose 3; MgSO4
0.91; K,HPO,4 2.38, and sheep or bovine
leather, and wool 6.0; pH 7.2 [Cai and Zheng,
2009].

Microorganism. 27 strains of Streptomyces
isolated from compost and seven bacterial
strains (Bacillus subtilis ATCC6633, Bacillus
licheniformis ~ ATCC 14580,  Bacillus
amyloliquefaciens BW, Bacillus spp. OS15,
Bacillus spp. OS17, Pseudomonas fluorescens
ATCC 13525, Serratia spp.S1) from the
collection of Faculty of Biotechnology,
Bucharest, Romania, and a new isolate from
soil  (designated BN7) were wused in
experiments.

Free amino acids released by the extent of
collagen breakdown were determined using a
modification of the Moore and Stein (1948)
colorimetric ninhydrin method, by transferring
0.2 ml of sample to test tubes containing 2.0
ml of ninhydrin-ethylene glycol monoethyl
ether mixture. After boiling for 30 minutes in a
water bath and after cooling, the samples were
diluted with 10 ml of 50% n-propanol. The
absorbance was determined at 600 nm 15
minutes later. An L-leucine standard curve
was used to determine micromoles amino acid
equivalent to leucine liberated.

Total soluble protein concentration was
determined by the method of Lowry et al.
(1951) using bovine serum albumin (BSA) as
standard.

Enzyme-assisted leather degradation test
was performed using a 2 mg/ml stock solution
of bacterial collagenase type IA (Sigma-
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Aldrich Chemicals Company). The
experiments were carried out with 2 cm? sheep
leather samples in 50 mM Tris-HCI buffer pH
7.4 and six IA collagenase concentration levels
ranging from 0.05 to 0.6 mg/ml, at 37°C, with
shaking (150 rpm), for 10 days. Released
amino acids determination was carried out at
48, 72, 96 and 240 hours of reaction.
Microbial-assisted leather degradation test
was performed by cultivation in submerged
conditions, at 28°C, with shaking (120 rpm)
for 10 days. Preliminary screening of
microorganisms for proteolytic activity was
performed on milk agar plates [Riffel and
Brandelli, 2006]. Biochemical determinations
consisted in total soluble protein and released
amino acids assays carried out at the end of
cultivation period.

RESULTS AND DISCUSSIONS

In vitro degradation trial using collagenase
(type IA) solution proved the hydrolitic
potential when breaking down the collagen
from the tanned leather. Because the
degradation behaviour is depending on
enzyme concentration, six  collagenase
concentration levels (0.05, 0.1, 0.175, 0.25, 0.3
and 0.6 mg/ml) were tested in order to find out
the minimum necessary amount for relevant
diggestion of the tanned leather. For a longer
reaction time (ten days) significant reduction
in the degradation of collagen was observed
when using 0.1 mg/ml, but for shorter
evaluation period (four days) an increased
enzyme concentration was nedeed (at least
0.25 mg/ml) (Fig. 1).
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Fig. 1. Leather degradation using six IA collagenase
concentrations



Photo 1. Microscopic examination of sheep pelts: C =
control (untreated pelt); Bl = incubation with

.B.licheniformis ATCC14580 for 10 days; BN7 =
incubation with the bacterial isolate BN7 for 10 days.

The screening test showed that from the seven
bacterial tested strains only the two collection
bacteria (Bacillus licheniformis ATCC 14580
and Pseudomonas fluorescens ATCC 13525)
and the new isolate BN7 were able to grow in
minimal medium containing leather as sole
carbon and nitrogen source. Among
streptomycetes, only five strains presented a
relatively poor growth in the same medium,
but their collagenolytic activity was much
reduced. On milk agar plates, the strain
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designated BN7 produced clear zone of
hydrolysis.

The microscopic examination of sheep or
bovine leather fragments incubated with
selected  bacteria ~ showed  significant
differences from control. In the control, the
edges of the leather fragments were intact, and
the aspect was compact (photo 1). After 10
days of incubation with the selected bacteria,
the margins structure of sheep leather was
modified: it has become more disorganized
and both globular and fibrous fragments were
released in medium.

The highest degradation, both of sheep leather
and of wool samples was observed when the
new isolated strain BN7 was used, suggesting
the biosynthesis of collagenolytic as well as of
keratinolytic enzymes (photo 2).

Photo 2. Microscopic aspect (10x and 40x) of
degradation fragments resulted after incubation of

sheep leather fragments with the bacterial isolate BN7
for 10 days

Similar aspect were observed on bovine pelts
treated with the same bacterial strains: the
disoganization of the margins and the release



of small fragments are the main actions of the
degradative bacteria (photo 3).

Photo 3. Microscopic aspects of bovine pelts incubated
for 10 days with the bacterial isolate BN7 (middle and
down) comparative with the untreated sample (up)

Biochemical  analysis  confirmed  the
microscopic aspects showing high amount of
released animo acids after 10 days of
cultivation for all the three tested strains, with
higher values for bacterial isolate BN7 (Fig.
2). Degradation of sheep leather was, at least,
more than twice accelerated than the
degradation of bovine leather.
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Fig. 2. Degradation of sheep and bovine leather
expressed as released amino acids after 10 days of
cultivation

Total soluble protein concentration was almost
similar for all the tested strains, when acting
both on sheep and bovine leather, meaning that
enzyme synthesys was quite close (Fig. 3).
Though the results obtained for the amino
acids released by the action of proteolytic
enzymes were totally different. An explanation
might be the inhibition produced by the
presence of several compounds used for
leather processing and acting different,
according to the enzyme microbial source.
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Fig. 3. Degradation of sheep and bovine leather
expressed as total soluble protein concentration after 10
days of cultivation

These results suggest that the selected bacteria,
and  especially  Bacillus  licheniformis
ATCC14580 and the new isolated strain BN7
are able to produce increased levels of
hydrolytic enzymes, active both on leather and
wool.



CONCLUSIONS
The tested strains Bacillus licheniformis
ATCC 14580, Pseudomonas fluorescens

ATCC 13525 and the new isolate BN7 can be
used for improvement of waste leather
biodegradation process. Collagenase activity
may be considered as a measure of this
degradation process.
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