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ABSTRACT

KEYWORDS

Two different endophytic strains ESRAA1997 and ALAA2000 were iso-
lated from the Egyptian herbal plant Anastatica hierochuntica. The two
strains produced akaline serine protease and they were identified based
ontheir phenotypic and chemotypic characteristics astwo different strains
of Micromonospora spp. Both strains grew and produced keratinase us-
ing different keratinous waste substances as the sole source of carbon
and nitrogen. In our study, the activity and properties of keratinase en-
zymes of the both wild strains ESRAA1997 and ALAA2000 have been
altered by genetic recombination through protoplast fusion between them,
leading to a potent keratinolytic fusant Micromonospora spp. AYA2000
with improved properties (activity, stability, specificity and tolerance to
inhibitors). Whereas using a mixture of yeast extract, peptone and malt
extract as a supplement to the bovine hair medium increased keratinase
production by 48%, addition of 1% glucose suppressed enzyme produc-
tion by Micromonospora spp. AYA2000. The enzyme was purified by am-
monium sul phate precipitation, DEAE-cellulose chromatography followed
by gel filtration. The molecular mass, determined using SDS-PAGE, was
39kDa. AYA2000. The enzyme exhibited remarkable activity towards al
keratinous wastes used and could also adapt to a broad range of pH and
temperature with optima at pH 11 and 60°C. The enzyme was not influ-
enced by chelating reagents, metal ionsor alcohols. These properties make
AYA2000 keratinase anideal candidatefor biotechnological application.
© 2010 Trade Sciencelnc. - INDIA

Endophytic Actinomycetes,
Protoplast fusion;
Keratinase.

INTRODUCTION

Keratinouswastessuch as hair, feather, wool, horn
and hoof areincreasingly generating and accumulating
asawaste by productsfrom poultry processing, reach-
ing millions of tons per year worldwide and thereisa
demand for deve oping biotechnol ogicd dternativesfor

recycling such wastes™. Over the past decades, native
keratinousmateria degradation by micro-organism has
attracted agreet ded of attention astheseenzymescould
beappliedinfood, textile, medicine, cosmetic, leather
and poultry processing industry.

Intermsof chemical ecol ogy, endophytic microor-
ganismsresidinginsidethe healthy tissue of plantsare


mailto:m_morsy_70@yahoo.com

32 New recombinant fusant AYA2000, an endophytic Micromonospora spp.

BTAIJ, 4(1) March 2010

FULL PAPER

rich sourceof bioactivemetabolites®. However, uptill
now there are no studiesthat have been conducted on
keratinolytic enzymes biosynthesi zed by endophytes,
dthoughit could bereedily hypothesized that they might
berequired to produce proteasesfor their surviva and
reproductioninsidethe host.

Although microorganismsareextremely goodin
presenting uswith an amazing array of valuable prod-
ucts, they do not tend to overproduce their metabo-
lites. Theapplication of recombinant DNA technology
by protoplast fusion for increasing thetiters of second-
ary metaboliteshasbeen of great interest. Theindus-
trial enzyme businessadopted recombinant DNA tech-
nology methodsto increase the production level s of
enzymesandimprovethestability, activity or specificity
of industrid enzymes®.,

The present work aimsto apply the protoplast fu-
sion technique between two different genomes of
keratinol ytic endophytic Micromonosporaspeciesiso-
lated from the Egyptian herbal plant Anastatica
hierochunticato construct new recombinantswith new
properties. Moreover, the purification and character-
ization of thefusant AYA 2000 keratinasewerereported.
To our knowledge, thisisthefirst report onthegenetic
improvement of keratinaseby protoplast fusion between
endophytic Actinomycetesthat can degrade different
keratinouswastes.

MATERIALSAND METHODS

Sour cesof keratin substrate

For keratinase production, several keratinousma-
terialsfrom different origins, such ashuman (stratum
corneumfrom sole, nail and hair), bovine(nail, hair and
skin), sheep (wool), birds (duck and chicken feathers)
were purchased from commercid suppliers. Theseke-
ratinous materia swere washed with tap water and fi-
nally with distilled water. Thewashed substanceswere
dried at 60°C overnight, soakedin chloroform: metha
nol (1:1,v/v), washed with water threetimes, dried
overnight at 60°C and then cut into short fragments and
ground to beused in media®.

| solation and screening of keratinase producing
endophytic actinomycetes

EndophyticActinomyceteswereisolated fromthe
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inner hedthy stemtissue of Anastati cahierochunticaby
surface-sterilization technique”. Isolateswereinitialy
screened for proteolyti c activity by streaking on casein-
yeast extract-peptone (CY P) agar plateswhich, com-
posed of (¢/l): casein hydrolysate, 10; peptone, 5; yeast
extract, 1; K,HPO,, 1; MgSO,-7H,0, 0.2; CaCl,,, 0.1;
Na,CO,, 10; and 15.0, agar. Na,CO, was sterilized
separately and added to therest of the medium after
cooling. After 72 h, incubation at 30°C, protease pro-
ductionwas observed asaclear zonearound the colony
of positiveproteaseisolates®. |solates, which showed
strong protease activity were checked for their
keratinase activity inliquid medium prepared asg %
(K,HPO,, 0.05; KH,PO,, 0.05; MgSO,-7H,0, 0.1,
CaCl,, 0.01; FeSO,.7H,0O, 0.0015; ZnSO,.7H.0,
0.0005; NaCl, 0.03 and pH adjusted to 8.0) but casein
was substituted by 2.0% (w/v) of various keratinous
wastes. Hydrolysisof each keratinouswaste and the
level of keratinase production were estimated after in-
cubation for fivedaysat 30°C and 180rpm. The potent
keratinolyticisolatesweresubjectedtoidentification and
protoplast fusion techniqueto construct new recombi-
nantswith new enzymatic properties.

I dentification of keratinolytic endophyticisolates
ESRAA1997 and ALAA2000

Theisolateswere examined for their phenotypic
and chemotypic properties, using procedures described
inprevious studies®4,

Protoplastsformation and fusion

Toform protoplagts, two different Micromonospora
p. ESRAA1997 and ALAA2000 wereinocul ated into
50ml of GER medium® supplemented with0.15%gly-
cineand CaCl,(20mM). The culturewasincubated for
4810 60 h at 28°C in 250ml flasks containing three
glassbeads (4 mm). Thecellswere harvested by cen-
trifugation, washed with 10.3% sucrose, and resus-
pendedin4ml of L buffer (pH 7.6)1*¢ containing 5 mg/
ml of lysozyme. Effective protoplastingusualy occurred
after 1to 2 hof incubation at 30°C. Protoplast forma
tion, monitored by microscopy, wasgenerally greater
than 95% of cells.

Equd volumesof protoplast suspensonsfromeach
strain were mixed and washed by centrifugation
(3000rpm, for 10 min). The pelletswere resuspended
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intheleast volume (0.5 ml) of remainingliquid by stir-
ring. PEG solution (1.5ml) was added. After trestment
with PEG, 6ml of medium P was added to stop the
action of PEG. After centrifugation (3000rpm, for 10
min) at 4°C and resuspension, protoplastswerediluted
and plated on regeneration agar medium® containing
antibiotic markers.

Degradation of keratinous wastes using the pa-
rental isolatesand their fusants

K eratinase production of thekeratinolysis parental
isolates (ESRAA1997 and ALAA2000) and their
fusantswereinvestigated us ngthemodified minerd sdt
broth medium® supplemented with 2% of each kerati-
nous waste powder added separately as solenitrogen
and carbon sources. After thefermentation period the
actinobacterid growth wasmonitored by measuringthe
dry weight basis of cell mass*¥. The degradation of
each keratinous substrate was eva uated by determin-
ingthedry weight at varioustimeinterval §%9, Thesu-
pernatants of these strainswere used as crude enzyme
preparations. To eval uate the efficiency of protoplast
fusion techniques some characteristics of the crude
keratinase preparationsof the parental strainsand their
fusant AYA 2000 were compared.

Optimization of cultureconditionsfor keratinase
production by the fusant Micromonospora sp.
AYA2000

Theinfluence of several factorsincludethe con-
centration of bovinehair (0.5-5.0 % w/v), somenuitri-
tiona supplements, which added to bovinehair (BH) -
salt broth medium, typica time course of enzyme pro-
duction (1-10days), incubation temperature (25-50°C)
and pH of medium (3.0-10.0) on K eratinase produc-
tion by thefusant AYA 2000 were eval uated.

Analytical methods

Protein measurement and fusant AYA2000
keratinaseactivity

The protein content of theenzyme preparation was
determined by the Folin’s phenol reagent method!?!
using bovine serum albumin (BSA) as a standard.
Keratinolytic activity was determined as described pre-
viousdly?3, Oneunit of the keratinase activity was de-
fined asthe amount of enzymethat increased absor-

bance by 0.1 under the used assay conditions (1 U =
0.100 corrected absorbance).

Purification and characterization of AYA2000
keratinase

All purification operationswere done below 4°C.
Theculturefiltrate of the fusant Micromonosporasp.
AYA 2000 wascollected after seventh daysof incuba-
tion by filtration through Whatman filter paper. Thefil-
tratewas centrifuged at 5000rpm for 30 min and the
cell-free supernatant fluid was collected. Theenzyme
was preci pitated from the supernatant by the gradud
addition of solid ammonium sul phate (0-90% satura
tion), with gentlestirring, allowed to stand for 2 h and
centrifuged at 10000 rpm for 30 min. Each precipitate
wasdissolved and didyzed againgt Tris-HCI buffer, pH
8.0inarefrigerator for 24 h. After diayss, thepartia
purified keratinase fractions obtained from theammo-
nium sul phate preci pitation (80% saturation fractions)
were gpplied to the DEA E-Cellul ose column chroma
tography. Theequilibration and elution of the protein
wasperformedwith alinear gradient of 0.025M Tris-
HCI buffer containing 0.05M NaCl at pH 8.0, witha
flow rate of 30 ml/h. Fractions (5ml) were collected,
protein content and keratinase activity for eachfraction
wereestimated. Thefractions possess ng highest spe-
cific activity were concentrated and applied to the
Sephadex G-100 gel fractionation and eluted with
0.05M Tris-HCI buffer at pH 8.0 with aflow rate of
30ml/h, enzymeactivity and protein contentineech frac-
tion were measured.

Enzyme purity was tested by sodium
dodecyl sulphate—polyacrylamide gel electrophoresis
(SDS-PAGE)?, Molecular weight of the purified
keratinase was estimated by comparingitsrel aivemo-
bility with different proteinslow-molecular weight mark-
ers(14-97 kDa, SigmaCo.) asstandard. Theproteins
were stained with a0.1% sol ution of Coomassie bril-
liant blue R-250.

Effect of pH and temperatureon thepurified en-
zymeactivity and stability

Theoptimal pH for thekeratinolytic activity was
investigated by measuring the enzymeactivity in vari-
ous pH buffers (50mM) between 3.0and 12.0 (citrate,
pH 3.0-6.0; phosphate buffer, pH 7.0; Tris-HCI, pH
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TABLE 1: Differential cultural characteristicsof theparental strainsin comparison totheir fusant strain AYA2000

Par ents and fusant

M edium ESRAA1997 ALAA2000 AYA2000
Growth Color of Soluble Growth Color of Soluble Growth Color of S_oluble
colony  pigment colony pigment colony pigment
1SP2 Abundant Orange Pale Abundant YeIIomsh Pale Abundant Brownish Pale
yellow white yellow orange yellow
I1SP3 Abundant Orange Moderate Whitish Pale Good Brownish Pale
- orange yellow orange yellow
. Deep
| SP4 Abundant Dull Poor Whitish - Abundant Brownish -
orange - orange
orange
ISP5 Good DI Poor  Yelowish - Brownish :
orange - : Good orange
white
Deep
ISP Deep Moderate Yellowish - 2¢ Brownish :
Goaod orange - . yellow Good
white orange
Dull Yellowish Brownish
1SP7 Good  orange - Good white - Good orange )
Glucose- i, .

i Whitish Brownish
asparagine Moderate Orange i Poor orange - Good orange -
agar

. Deep
Czapek’sagar Moderate Deep - Moderate YeIonwsh Pale Moderate Brownish -
orange white yellow
orange
Dul Pale Yellowish  Pale Deep Pale
Nutrient agar Goaod Poor . Abundant Brownish
orange yellow white yellow orange yellow

8.0-9.0 and carbonate bicarbonate buffer, pH 10.0-
12.0). Stability to pH was assessed by assaying the
resdua activity (%o) after incubatingtheenzymeat room
temperaturefor 24 h at given pH valuesranging from
3.0to 12.0. The dependency on temperature of the
purified enzyme activity was determined in standard
conditionsmaintaining aconstant pH at avarying tem-
perature. For heat stability measurement, theenzyme
wasincubated for 60 mininatemperaturefrom 20to
75°C, followed by the determination of the residual
keratinolyticactivity.
Effects of various chemicals on the purified en-
zymeactivity

K eratinase was preincubated at room temperature
for 30 mininthe presence of 5mM of the following
chemicals separately, inhibitors: phenylmethyl-
sulphonylfluoride (PM SF), 3,4-dichlorocoumarine,
ethylenediaminetetraaceticacid (EDTA), dithiothreitol
(DTT) and 0.1% SDSaswell asmetal ions(Na*, K*,
Ca, Cu*, Fe**, Mg*, Mn?, Zn?, Co?, Pb?", Hg?).

Onthe other hand, the enzymewas kept in different
separately organic solvents (20%, v/v) such as aceto-
nitrile, acetone, ethanol and methanol at 4°C for 24
hours. Theresidua enzymatic activity was measured
after incubationwith eachinhibitor, metal ion or solvent
and thekeratinase activity without any chemicalswas
taken as 100%.

Substrate specificity of AYA2000 ker atinase

The purified enzymewasincubated for up to 30
minwith each substance (bovinehair, humanhar, chicken
feathers, sheep wool, stratum corneum, duck feathers,
bovineskin, humannail andbovinenall separatdy). Then
the enzymatic activity and substrate degradation were
determined.

RESULTSAND DISCUSSION

Screening for endophytic actinobacterial species
with keratinolyticactivity

Theinitia screening of the preserved wild type of
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Figurel: Sporesurfaceornamentation of theparental strains
(a) ESRAA 1997 and (b) ALAA 2000

endophytic actinobacterid isolaesresdinginthehedthy
inner stem tissuesof Anastati cahierochuntica(atradi-
tiona Egyptian herba plant) for proteolytic activity on
casein agar medium and further checked for keratinase
activity showed that superior producers of keratinase
were detected in the culture medium of theendophytic
strains with isolation numbers ESRAA1997 and
ALAA?2000. Thesestrainswere selected as parental
strainsfor further studies.

Morphologicd, physiologica and biochemica char-
acteristicsof selected keratinolyticisolates

Theculturd, physiologica and biochemica prop-
ertiesof stransESRAA1997 andALAA2000 (TABLE
1 and 2) are consistent with their classificationinthe
genus Micromonospora®4225, Themain character-
isticsof speciesof thegenusMicromonospora, the ab-
sence of aerial mycelium and theformation of single
spores have arough and nodular surface on the sub-
dratehyphae, were observed inthekeratinolytic strains
ESRAA1997 and ALAA2000 (Figure 1).

Theisomer of diaminopimelic acid (A2pm) was
mes0, indi cating that these strainshavewall chemotype
[1. On the other hand, glucose, xylose, arabinose as
whole-cell sugarsweredetected (whole-cell sugar pat-
tern D)?4. Characteristic phospholipids were
diphosphatidylglycerol, phosphatidylinositol, and phos-
phétidylethanolamine, thispattern correspondsto phos-
pholipidtypell®, Mgor cdlular fatty acids of thetwo
strainswereiso-15:0 and iso-16:0, thispattern refers
tofatty acid type 3bi*3. Mycolic acidswere absent and
the predominant menaquinoneswere MK-10(H4) as
well asthe DNA G+C contentsranged from 69.1 to
70.2%.

Theparenta stransESRAA1997 andALAA2000
weredifferentiated from each ather by thecolor of colony,
sol uble pigments, characteristic phospholipidsand pre-
dominant menaguinones. Onthebasisof their differen-
tiationsinmorphol ogicd, physiologica and chemotaxo-

nomic data, the parental strains ESRAA1997 and
ALAA?2000 should beclassified astwo different mem-
bersof thegenusMicromonospora(TABLE 1and 2).

Protoplast fusion and evaluation of keratinous
wastesbiodegradability

Thefusionwas carried out between the hyperac-
tive endophytic keratinolytic strains (ESRAA1997 x
ALAA?2000). Theantibioticres stance or sensitivity of
thetwo Micromonosporastrainswereexamined using
fiveantibacterid agents(ampicillin, 200ug/ml; mitomy-
cin, 5ug/ml; vancomycin, 75ug/ml; tetracycline, 30ug/
ml and kanamycin, 50ug/ml) and the differing antibiot-
icsresponses of them were used as selective markers
during the detection of fusantsafter protoplast fusion.
Theresultsdisplayed that ESRAA 1997 strain showed
resistanceto kanamycin, mitomycin, tetracyclineand
ampicillinaswell assengtivity to vancomycin. Onthe
other hand, ALAA2000 strain exhibited resistanceto
vancomycinandampicillinaswe | assensitivity tomito-
mycin, kanamycinand tetracycline. After thefuson pro-
cedure, 12 colonieswere proved to havethe ability to
grow on the sdl ective medium contai ning vancomycin,
mitomycin, and tetracycline, confirming thetruerecom-
binants of the two endophytic strains. In aprevious
study™?? wefound different responses of different ma-
rine Streptomycesisol atesfor one or more antibacte-
rial agentsasmarkersin protoplast fuson.

A comparison of the keratinase activity of there-
combinant strainscompared totheir parentsusing differ-
ent keratinouswaste materidsispresentedin TABLE 3.
It appeared that, out of the 12 fusants obtained, four
fusants, AYA2001, AYA2002, AYA2003 and AYA2004
weresmilar tothefirst parent (P1, ESRAA1997), they
failed to hydrolyse sheepwool, bovinehair or human
hair. On the other hand, three fusants, AYA2005,
AYA2006 and AYA 2007 exhibited the samekeratinase
asthesecond parent (P2, ALAA2000) with bovinenail,
hair and skin; shegpwool; sratum corneum; humannail
and hair but failed to hydrolized feather. Threefusant
strains, AYA2008, AYA2009 and AYA2010 showed
keratinolytic activity different fromtheir parents Among
al recombinants, fusant AYA 2011 showed no kerdinase
activity. However, therecombinant strain AYA 2000 pre-
sented the traits of the parents, ESRAA1997 and
ALAA?2000, with higher keratinase activity; it was se-
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TABLE 2: Differential physiological and biochemical characteristicsof theparental strainsin comparisontotheir fusant
strain AYA2000

L Par ents and fusants
Char acteristics

ESRAA1997 ALAA2000 AY A2000
Cell wall amino acids Glu, D-Ala, Gly, mDAP Glu, D-Ala, Gly, mDAP  Glu, D-Ala, Gly, mDAP
(1:1.50:1.16:0.60) (1:1.44:1.33: 0.70) (2:1.20:1.50:0.74)
Whole call sugars Gala, (;;:{Iﬁagra Xvl, Glu, Araéirrtw)tann. Xvl, Gala, Gllgi,tf\ra, Xyl,
Major fatty acids (%)

Iso- 15:0 14.82 14.44 18.44
Is0-16:0 34.98 15.86 36.22
Is0-17:1w9¢ 12.66 11.12 3.12
17:1w8¢ 1.20 11.28 11.34
Anteiso-17:0 6.86 10.30 8.34
10-methyl 17:0 10.80 9.76 10.24
10-methyl 18:0 18.60 2.64 242
18:1w9¢ 1.48 12.40 10.18
Major respir. Quinones (%)
MK11 (H4) 6.4 0.0 3.6
MK10 (H4) 70.0 62.2 60.0
MK10 (H6) 18.2 33 11.0
MK10 (H8) 3.0 22 31
MK9 (H2) 0.0 0.0 0.0
MK9 (H4) 24 19.8 13.0
MK9 (H6) 0.0 12.0 9.0
MK9 (H8) 0.0 0.80 0.3

Characteristi

cphospholipids
DPG + + +
PI + + +
PE + + +
PIMS + - +
Aerobic reduction of NaNO3 + - +
Tyrosinase activity - + +

Hydralysis of
Starch + + +
Cellulose + + +
Casein + + +
Gelatine + + +

Utilization of (1%)

Glucose + +
Glycerol + +
Erythritol - - -
Adonitol - - +
L-Arabinose + + +
D-Galactose + + +
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Par ents and fusants

Characteristics

ESRAA1997 ALAA2000 AY A2000
Cell wall amino acids Glu, D-Ala, Gly, mDAP Glu, D-Ala, Gly, mDAP  Glu, D-Ala, Gly, mDAP
(1:1.50:1.16:0.60) (1:1.44:1.33: 0.70) (1:1.20:1.50:0.74)
Whole call sugars Gala, (;;qlﬁagra Xvl, Glu, Aral,?irgénn. Xvl, Gala, Gllgi,tfra, Xy,
D-Mannose + + +
D-Ribose - - -
L-Rhamnose - -
L-Sorbose - - -
Mannitol + + +
N-acetyl glucosamine + + +
Lactose + + +
sucrose + + +
Maltose + + +
Raffinose + + +
Malate + + +
Citrate + + +
Oxalate + - +
Temp. range for growth 15-40 20-45 10-45
Optimum temp. for growth 25-32 28-37 20-35
(I\(l)Z\)CI tolerance range for growth 0-35 0-80 0-80
Optimum NaCl for growth(%) 15-25 3.0-5.0 20-50
Mol% G+C 69.1 70.2 725

TABLE 3: Effect of different keratinoussubstrateson theker atinase productivity by the parental strainsand their fusants

Substrate
Parents and Duck  Chicken Bovine Bovine Bovine Sheep  Stratum Human Human
fusants feather  feather nail hair skin wool corneum nail hair
a b a b a b a b a b a b a b a b a b
ESRAA1997(P1) 70 40 72 43 25 20 0 O 7 50 O O 78 52 31 22 0 O
ALAA2000(P2) 0 0 O O 5 29 65 39 15 19 65 38 35 27 59 32 69 42
AYA2000 81 54 83 5 58 30 87 64 76 42 8 62 79 57 67 40 85 60
AYA2001 65 42 70 45 88 46 0O O 60 5 O O 70 48 9 63 0 O
AYA2002 88 53 8 53 50 25 0O 0 9 5 0 0 94 60 22 19 0 O
AYA2003 82 5 70 42 4 25 0 0 62 60 0O O 9 50 3 20 0 O
AYA2004 64 41 68 50 30 22 0 0 54 30 0 0 78 41 20 12 0 O
AYA2005 0O 0 O O 5 28 8 58 22 20 9 61 20 18 62 40 90 70
AYA2006 0O 0 0O 0 62 33 92 46 20 18 9 60 24 18 66 42 80 65
AYA2007 0O 0 0O O 38 29 60 42 9 64 8 65 8 61 40 33 80 68
AYA2008 75 58 48 34 66 20 0O O 8 43 75 32 90 50 20 8 0 O
AYA2009 6o 0 o O 10 14 O O 12 8 0O O 12 15 15 10 O O
AYA2010 88 43 9 52 0 O O O 15 8 0 O 20 10 0 0 0 O
AYA2011 o o o o0 O O O O O O O 0O O 0O 0 0 0 O

a = keratinous substance hydrolysis (%), b = keratinase production (U/ml)

lected for further investigation. Moreover, bovinehairas  best inducer for the production of AYA2000 keratinase.
asole carbon and nitrogen sourcewas selected asthe  Therefore, the use of bovine hair, acheap and readily
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TABLE 4: Effect of protoplast fusion on crudekeratinase
activity and sability at different pH

TABLE 5: Effect of protoplast fusion on crudekeratinase
activity and stability at different temperatures

Enzyme activity (U/ml) Enzyme stability (%)

Enzyme activity (U/ml) Enzyme stability (%)

Temp.
pH 0,
ESRAA1997 ALAA2000 AYA2000 ESSRA1997 ALAA2000 AYA2000 0 ESRAA1997 ALAA2000 AY A2000 ESSRA1997 ALAA2000 AY A2000
3 0 0 0 0 20 22 20 11 0 16 100 100 100
4 0 2 0 10 25 31 25 21 0 24 100 100 100
5 0 3 0 40 36 45 30 30 0 35 100 100 100
6 20 5 20 70 48 79 35 35 0 45 100 100 100
7 45 9 52 70 61 87 40 41 17 59 100 100 100
8 50 9 70 100 78 100 45 45 60 70 100 100 100
9 50 18 75 90 90 100 50 50 175 75 100 95 100
10 25 62 75 85 100 100 55 57 12.88 76 48 80 100
11 7 10 60 80 100 100 60 53 12.50 80 29 74 100
12 5 0 36 78 76 85 65 51 0 70 10 55 80
TABLE 6: Effect of bovinehair concentration onkeratinase ™ 46 0 & 2 55 60
production by fusant Micromonospora sp. AYA2000 75 32 0 50 0 40 42
. . . i . 7 0 39 0 25 30
Bovine hair  Final Biomass Br(]);;:we Keratinase
concentration pH . activity TABLE 7: Effect of different supplementstotheBH-medium
o (g/) hydrolysis . . .
(%) value (%) (U/ml) on keratinase production by fusant Micromonospora sp.
AYA2000
0.5 7.55 4.2 41 10 — o T
n . ovine nair eratinase
1.0 8.28 45 45 39 Supplementsto Biomass hvdr olvs oductivi
BH medium (gl ydrolysis  productivity
2.0 8.76 49 88.0 75 value (%) (U/ml)
3.0 900 54 80.8 60 ﬁalc?rr‘)‘m' (Bovine g5, 55 90 75
4.0 928 62 76 43 Yeagtextrat ~ 9.00 7.4 77 65
TABLE 8 : Purification of keratinase enzyme from fusant  Peptone 8.62 7.6 79 60
Micromonosporasp. AYA2000 Malt extract 889 6.98 93 85
. Total Total SPedific . Beef extract 990 820 70 60
Purification protein activity activity Recovery Purification Yeast extract+
steps (U/mg (%) factor (fold) 9.10 7.40 92 70
Mg V) protein) Peptone
Crude Y east extract+
supernatant 320 5850 18.28 100 1 Malt extract 9.12 7.80 100 90
80% ammonium Peptone+ Malt
sulphate 74 2250 3041 3846 1.66 extract 9.00 800 93 82
precipi tatielolnl Yeast extract+
DEAE- cdlulose
column 2128 1900 8929 3248 4.89 peftf)actneJ' Mat 890 878 100 1l
chromatography extr
Sephadex G-100 Glucose 7.50 8.00 35 25
column 1260 1640 130.16  28.04 7.12 - X .
chromatography produce keratinolytic enzymeswith improved proper-

avallablesubdrate, could resultinasubstantia reduction
in the cost of enzyme production. Previous reports,
showed potent kerdtinolytic activity againg keratinof hard
structure by different species of Streptomycetes?28l,

Efficiency of protoplast fusion techniqueon crude
AYA2000 ker atinaseactivity

Dataillustrated in TABLE 3, 4 and 5 proven that
protoplast fusiontechniquewasapromisngtool to over-

tiesby the recombinant fusant (AYA2000). Theincress-
ing levelsin the keratinase production by AYA 2000
fusant wereupto 9.62, 27.91, 35.0, 50.0, 81.81, 100,
100 and 100 % morethan ESRAA 1997 (P1) with stra-
tum corneum, chicken feather, duck feether, bovinenall,
human nail, bovinehair, sheep wool and human hair,
respectively. On the other hand, it wasincreased by
3.45, 25.0, 42.85, 63.16, 64.10, 100, 100, 111.11
and 121.05% than ALAA 2000 strain (P2) using bo-
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Figure2(a) : Effect of pH of medium on growth, ker atinase
production and bovine hair hydrolysis by fusant
Micromonospora spp. AYA 2000
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Figure2(b) : Effect of incubation temperatureon growth,
keratinasepr oduction and bovinehair hydrolysisby fusant
Micromonospora spp. AYA 2000

vinenail, human nail, human hair, sheep wool, bovine
hair, , chicken feather, duck feather, stratum corneum,
and bovine skin, respectively (TABLE 3). Crude
AYA 2000 keratinase was stabl e enough inthe range of
20t060°C and at pH from 8 to 11 compared to 20 to
50°C with pH 8 and 20 to 45°C with pH range 10-11
for keratinase of ESRAA1997 (P1) and ALAA 2000
(P2), respectively. Recombinant DNA technology was
reported as a promising method to increase the pro-
duction levelsof enzymesand toimprovethe stability,
activity or gpecificity of industria enzymesand bioactive
benzopyrone derivativesfrom new recombinant fusant
of marine Streptomyceg*5241,

Optimization of keratinase production by fusant
AYA2000

The highest keratinase activity was achieved at
32.5°C astheoptimal temperatureand at pH 8inthe
seventh day of incubation (124.12 U/ml) after which it
declined (Figure2 a, b and ¢). Both bovinehair degra-
dation and keratinase activity wereincreased propor-
tiond tothehair concentration up to 2% (75 U/ml) and

e atines e poducion (Und)

EIEvine har hydmlysis (%)
g SN (QIL)

\\
%

Keratinase production (U/ml)
hai +

O = B W ko0 ®» ~N o
Growth (g/L)

d |
o8 & g%
\

1 2 3 4

5 ] 7 8 9 10
Incubation time (day)

Figure?2(c) : Typical timecourseof growth, ker atinase pro-
duction and bovinehair hydrolysisby fusant Micromonospora
spp. AYA 2000

it wasdeclinethereafter (TABLE 6). Theseresultswere
similar to that of Wang and Yeh!2”, they reported that
maximum kerdtinaseactivity of BadllussubtilisTKUQOO7
was achieved with 1% hair asasubstratein 48 h and
higher hair concentrations might cause substrateinhibi-
tion or repression. Using of amixture of some supple-
ments (malt extract, yeast extract and peptone) to BH-
liquid medium exerted afavorable effect on AYA 2000
keratinase production (from 75to111 U/ml) (TABLE
7). However, none of the other supplementsexerted
this favorable effect. The growth of fusant
Micromonosporasp. AYA2000 caused asignificant in-
creasing inthe pH of the medium during bovine hair
degradation, indicating strong keratinolytic activity. This
tendency toincreasethe pH of the culture medium may
be resultsfrom the production of anmoniadueto the
deamination of peptidesand amino acids, originating
from keratin degradation?®. The level of AYA2000
keratinase activity wasincreased by 48% after optimi-
zation experiments. Previousreportsindicated that tem-
perature, pH and the nature of supplements presented
inthemedium havevaried effectsin different microbia
species -,

Purification of AYA2000 ker atinase

In the present investigation, the purification of
keratinase enzyme produced by fusant Micromono-
sporasp. AYA2000 wasvery efficient. Keratinasewas
purified from the culturefiltrate by 80% saturation of
ammonium sulfate (the fraction showed the highest
keratinaseactivity) followed by DEAE- cdllulosecol-
umn chromatography and gel filtration (Sephadex G-
100). Thepurification sepsare summarizedin TABLE
8andfigure3.Anoveral specificactivity 130.16 U/mg
protein, recovery of 28.04% and 7.12 purification fold

s BioTechnology

An Tudian Yourual



40 New recombinant fusant AYA2000, an endophytic Micromonospora spp.

BTAIJ, 4(1) March 2010

FULL PAPER

et Enizyme activity (Umg)

mf == Enzyme stability (%)
160
140 Sy
120 // \.
100 /:, -
80 %

LX)
60

/A
40 /F‘{
20 pgem 8

3 4 5 6 7

Enzyme activity and stability

'8 I9l10I11I12l

pH
Figure4(a) : Effect of pH on purified ker atinase activity and
stability from fusant AYA 2000
TABLE 9: Effect of different metal ions, proteaseinhibitors
and other chemicalson fusant AYA2000 ker atinase activity

Reagent Residual activity (%)*
*
MCe(tjgltri(())lns 100
Nat 100
K+ 100
Caz2+ 118
Cu2+ 82
Fe3+ 102
Mg2+ 110
Mn2+ 85
Zn2+ 100.5
Coz+ 113
Pb2+ 36.4
Hg2+ 64.2

Protease inhibitors and other chemicals

EDTA 100
PMSF 0
3,4-DCC 10
DTT 90
SDS 88.6
2,4-DNP 100
Acetonitrile 100
Acetone 120
Ethanal 115
Methanol 112

*The activity of fusant AYA2000 keratinase without any re-
agent was defined as 100%

of keratinasewere obtained. Homogeneity of the puri-
fied keratinasewasrevealed by SDS-PAGE, as seen
by asingle protein band (Figure 3). Keratinaseenzyme
hasbeen purified from different Actinomycetes®*4. The
mol ecular mass of the enzyme was 39%kDaaccording
to standard of protein molecular weight. However, the
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Figure4(b) : Effect of temperatureon purified keratinase
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Figure 3 : Purification of keratinase from fusant
Micromonospora sp. AYA2000. Lane M: molecular weight
marker (97, 66, 45, 30, 20 and 14kDa), lane 1. crude extract,
lane 2: fraction of 40-80% ammonium sulfate precipitation,
lane3: fraction of DEAE- cdlulosecolumn chromatogr aphy and
lane4: fraction of Sephadex G-100 column chromatogr aphy

TABLE 10 : Substrate specificity of fusant AYA2000
keratinase

Substrate Relative activity (%)
Bovine hair 100
Human hair 96
Chicken feather 93
Sheep wool 95
Stratum corneum 87
Duck feather 92
Bovine skin keratin 83
Human nail 69
Bovine nail 58

molecular weight of AYA 2000 keratinasewassimilar
tothemgjority of microbia keratinasesthat have mo-
lecular weight vary from 20 to 50kDa included the
keratinase of Streptomyces S7 and Streptomyces pac-
tum DSM 4053082,
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Characterization of purified AYA2000 ker atinase

Asillustrated infigure4 (aand b), the optimum pH
for keratinolytic activity of fusant AYA2000 wasinthe
range of 10-11(144 U/mg) and decreased out of the
optimal pH range. Furthermore, keratinase seemed
stable enoughinthe pH rangefrom 8 through 11 and
the optimum temperaturefor the keratinol ytic activity
was60°C at pH 10-11(154 U/mg). K eratinase showed
100, 100, 100, 100, 100, 100, 100, 100, 100, 85, 60
and 50 residual activitiesafter 60 min standing at 20,
25, 30, 35, 40, 45, 50, 55, 60, 65, 70 and 75°C, re-
spectively. Data obviously indicated that maximal
AYA 2000 keratinase activity similar to other alkaline
keratinolytic enzymesreported for other Streptomycetes
at usual temperaturerange®?%4 with apeak at pH 11
and 60°C. Thestimulation of keratinaseactivity by al-
kaline pHs suggestsapositive biotechnological poten-
tial toformulate detergents, inleather industry andin
bioremediation processes?2%:3133,

Theeffectsof variousproteaseinhibitors, metd ions
and other reagents at aconcentration of 5mM onthe
keratinaseactivity wereassessed (TABLE 9). Thecom-
plete inhibition of enzyme activity by phenyl-
methylsulfonyl fluoride (PM SF), aserine proteasein-
hibitor, reveals that keratinase produced by fusant
AYA 2000 bel ongsto serine proteasetype. To confirm
that, 3,4-dichlorocoumarin, another specific serinepro-
teaseinhibitor, was used and the enzymel ost 90% of
itsactivity after 30 min of incubation. It was partially
inhibited by SDSand dithiothreitol (DTT), but not by
ethylene diamine tetra acetic acid (EDTA),
metalloproteaseinhibitor, or 2,4-dinitrophenal (2,4-
DNP). Asaresult (TABLE 9), Pb?*, Hg*, Cu?* and
Mn?2* inhibited keratinase activity to 36.4%, 64.2%,
82.0% and 85.0% respectively. In view of the proper-
ties of pH, temperature and inhibitors profile of
AYA2000 keratinase, it can beclassified asathermo-
stable alkaline serine protease, whichiscommon for
most of the kerati nases described from Streptomyces
pactum DSM 40530, Streptomyces al bidoflavus and
Streptomycesfradiae ATCC 1454412531, On the other
hand, Mg*, Co?* and C&?* activated keratinase activ-
ity to 110, 113 and 118%, respectively. Other metal
ionssuchasK+ and Nat+ had no effect on theenzyme
activity. Moreover, theresidud keratinaseactivity after

keeping for 24 hoursin the presence of the tested or-
ganic solvents (25% v/v) at 4°C were determined
(TABLE 7). Thekeratinase activity wasstablein the
tested organic solvents, since preci pitation occurredin
theculture supernatant kept in organic solventsat 4°C.
It was presumed that stabilization of Pseudomonas
aeruginosakeratinasein organic solvents occurred be-
causetheprecipitationin organic solvent maintained the
stereo configuration and thus the activity of the en-
zyme34,

Moreover, data in TABLE 10, confirmed that
AYA2000 keratinaseis potent broadly specific toward
awidevariety of keratinouswastesbut with different
degree. Our studies showed that among all the sub-
stratestested, hair demonstrated the highest degree of
hydrolysisand susceptibility whereasnall wasleast sus-
ceptiblefor hydrolysis. Relative specific activity of the
enzyme decreased in thefollowing order: bovine hair
100%, human hair 98%, chicken feather 97%, sheep
wool 96%, stratum corneum 96%, duck festher 94%,
bovine skin keratin 90%, human nail 69% and bovine
nail 58%.
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