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ABSTRACT

Streptomyces sp. GHBS5 was isolated from Egyptian soil, optimized for polygalacturonase production and identified as Streptomyces sp. GHB5
by 16S rRNA sequencing and submitted to gene bank data base with accession number LC405930. Submerged fermentation was carried out
using Streptomyces sp. GHB5 for polygalacturonase production. Different physico-chemical and nutritional factors were optimized for
maximum polygalacturonase production. Results revealed that the maximum polygalacturonase production come to 34.09 U/mg specific activity.
The best obtained conditions were achieved using broth medium with working volume of 20 % (v/v), containing 1.5% (w/v) lemon peel and
0.28% (w/v) potassium nitrate with initial medium pH of 7.5, when incubated at 30°C and 180 rpm for 6 days with an inoculum size of 4% (v/v)
of 5 days inoculum age.
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INTRODUCTION

Biotechnology processes for enzyme creation is no longer an academic, it is probably useful alternative proposition for the future [1,2]. Enzymes
are natural biocatalysts. They are produced by living organisms to raise the rate of the immense and diverse group of chemical reactions needed
for life [2].

Pectinase is a general term for enzymes, such as pectolyase, pectozyme and polygalacturonase [3,4] which responsible for pectin destruction
from different types of plants [4,5]. By 2011, the world industrial market for pectinases had revenues of 70 million dollars, [6] accounting for at
least 17% of a 1200 million dollars share of the food and beverages enzymes, a segment which in turn reached 1600 million dollars by 2016 [7].
The top stake pectinases hold in the enzyme marketing area is related to its large-scaled application, spanning any process that requires pectin
breakdown [8]. Pectin is one of the most widely present polysaccharide in nature. Pectin is mainly found in large number of plant tissues such as
lemon peel, orange peel, pulp, sugar beet, wheat bran, rice bran, and other citruses [9].

Annually, about 34 million tons of citrus wastes (peel, seeds) are produced from the processing of citrus fruits [10-13]. Although a part of these
residues is used as a part of the diet of monogastric animals, its accumulation in the biosphere causes several environmental problems. Also,
citrus peel is usually an important and economical raw material to produce enzymes, mainly pectinase, by fermentative techniques. This material
contains almost all nutrients needed for microorganism growth, and several researches have been studied for the production of many important
metabolites including enzymes [13,14]. To reduce the cost of production, lemon peel (pectic waste) as a substrate is used rather than synthetic
cellulose owing to their reasonable fair cost, high enzyme production capacity etc. The decrease in cost causes an economically cheap easy
method for pectinase production. It is an important issue to handle the residue, both for the comprehensive utilization of pectic resources and for
the prevention of polluting the environment [13].

The capability to synthesize pectinolytic enzymes is very common in categories of microorganisms [15]. Polygalacturonase are obtained from
large number of fungi, bacteria, actinomycetes and also by higher plants [4,16-19]. Pectinase production by microbial growing on complex
substrates, as fruit residues, is a complicated process and controlled by several factors, so the identification of optimal growth conditions for the
highest pectinase productivity is not fairly easy task [20,21]. Pectinase enzymes are produced by three approaches including solid-state
fermentation, submerged fermentation, and surface culture. Solid-state and submerged fermentation systems are preferred for pectinase
production by microorganisms because it can be performed using agricultural and industrial wastes, which are cheap carbon sources. At the same
time these systems have more efficiency and fewer waste products. Pectinase production is affected by culture medium compositions, especially
carbon and nitrogen sources, and different physical or chemical parameters such as pH, temperature, and aeration [9,22,23].
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Actinomycetes usually defined as Gram-positive bacteria that contain high G+C (>55%) content in their DNA [24,25]. It is known by forming
branching filaments with hyphae and asexual spores. In addition, they were considered an intermediate group between bacteria and fungi but
now are recognized as prokaryotic micro-organisms [25-27]. Most soil actinomycetes are neutrophils, growing between pH 5.0 and 9.0 with an
optimum near to neutrality. On top of that, most soil actinomycetes are strict aerobes [25,27]. Also, they are really important in soil
biodegradation and humus formation [28], and produce several volatile substances like geosmin that responsible for the wet earth characteristic
odor [25,29].

In 16S rRNA tree, actinomycetes form a definite phylogenetic line and have been a major technological importance in the past years, with the
discovery of numerous number of metabolites produced by its various genera [30].

The present investigation was carried out for molecular identification of Streptomyces sp GHB5 and to improve polygalacturonase production
from this strain.

MATERIALS AND METHODS

Molecular Identification Streptomyces sp GHB5 Isolate
DNA extraction

Streptomyces sp. GHB5 was grown on starch nitrate agar plates where a single colony of it picked up and streaked on starch nitrate agar plates
and incubated at 28°C for 5 days for obtaining heavy growth to be used for DNA extraction. DNA was extracted with GeneJet genomic DNA
purification Kit (Thermo K0721).

PCR amplification

Amplification was as follows: Initial denaturation at 95°C for 10 min followed by 35 cycles of denaturation at 95°C for 30 s, annealing at 65°C
for 1 min, and Extension at 72°C for 1 min 30 s and final Extension at 72°C for 10 min. PCR Purification Kit (Thermo K0701) was finally used
for PCR product purifications.

Purification of the PCR product

PCR products were purified using PCR cleanup to the PCR product using GeneJET™ PCR Purification Kit (Thermo K0701) according to the
supplier’s instructions.

Sequencing of the amplified PCR product

Sequencing to the PCR product on GATC Company by use ABI 3730xI DNA sequencer by using the set of primers 27F (5'-AGA GTT TGA
TCC TGG CTC AG-3") and 1294R (5'-GGT TAC CTT GTT ACG ACTT-3'), Data were submitted to GenBank database.

Sequence similarities and phylogenetic analysis

The nucleotide sequence was compared to the GenBank database in the national Center for Biotechnology Information using the BLAST
program (https://www.ncbi.nlm.nih.gov/) [31]. Selected sequences of the greatest similarity to the 16S rRNA sequence of the Streptomyces sp.
GHBS isolate were aligned and generating the phylogenetic tree. The partial 16S rRNA sequence of Streptomyces sp. GHB5 was assigned in the
GenBank with accession no. LC405930.

Strain
Streptomyces sp. GHB5 was isolated from Egyptian soil and screened for polygalacturonase production following a previous research [32].
Fermentation substrate

lemon peels (Lp) was obtained from local market in Egypt, cut into small pieces (~2 mm), washed with tap water several times in order to
remove all water soluble compound then dried and grinded.

Fermentation medium

Lemon peel nitrate medium [32] used for enzyme production, containing (g/l): lemon peel, 20 g, KNO; 2.0 g, K;HPO, (anhydrous), 1.0 g,
MgSO,. 7H,0, 0.5 g, NaCl, 0.5 g, CaCO; 3.0 g, FeSO,. 7H,0, 0.01 g, Distilled water 1000 ml. was utilized for the inoculum medium and as
cultivation medium. The medium was sterilized by autoclaving at 121°C for 20 min.

Polygalacturonase assay

Polygalacturonase (P.G) was determined according to [33] as described in previous research [32]. One unit (1U) of enzyme activity is equal to
the 1 uMol of reducing sugars released per ml per min, measured in terms of D-galacturonic acid, produced as a result of enzyme substrate
reaction.

Protein determination

The protein concentration was determined in the enzyme solution according to [34]. Bovine serum albumin was used as a standard.
Optimization of polygalacturonase production different

Seed inoculum age

Seed inoculum of Streptomyces sp. was prepared by growing it on starch nitrate agar slants at 28°C for 1-10 days, then the slant cultures washed
with 5 ml of sterile distilled water to prepare inocula. Flasks were loaded with lemon peel nitrate medium, at 20% v/v of different seed inoculum
age and allowed to grow at 28°C for 5 days on a rotary shaker at 180 rpm.

Fermentation time per day

Streptomyces sp. with the best inoculum age was cultivated in 250 ml Erlenmeyer flasks containing 20 % v/v of production medium. Flasks
incubated for 1, 2, 3, 4,5, 6, 7, 8, 9 and 10 days under shaking (180 rpm) conditions at 28°C.

The effect of inoculum size
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250 ml Erlenmeyer flasks containing 20 % v/v of production medium were inoculated with different volumes of spore suspension Streptomyces
spsuchas 1,2 3,4,5,6, 7,8, 9and 10% (v/v) containing 4*10" spores/ ml (OD550=0.052). Flasks allowed to grow at 28°C for the optimum
incubation period on a rotary shaker at 180 rpm.

Initial pH of the medium

Streptomyces sp. was cultivated in 250 ml Erlenmeyer flasks containing 20 % v/v of production medium. The initial pH of the production
medium was adjusted with 0.1 M NaOH or 0.1 M HCI from pH 4.0 to 9.0. Flasks incubated for the optimum incubation period under shaking
(180 rpm) conditions at 28°C.

Working volume

Sterptomyces isolate was cultivated in 250 ml Erlenmeyer flasks containing 10%, 20%, 40% and 60% (v/v) of production medium. Cultivated
flasks were incubated for the best incubation period, at the best pH under shaking (180 rpm) conditions at 28°C.

Incubation temperature

The best working volume of production medium was cultivated with Sterptomyces strain in 250 ml conical flasks. Flasks were incubated for the
best incubation period, at the best pH, at 180 rpm and at different incubation temperatures (20°C, 25°C, 28°C, 30°C, 35°C, 40°C and 45°C).

Shaker speed (rpm)

The best working volume of production medium was cultivated with Sterptomyces sp. in 250 ml conical flasks. Flasks then incubated for the
optimum incubation period and optimum pH at optimum temperature at different rotation per min (rpm) (50, 100, 150, 180, 200 and 250 rpm).

Carbon sources

An equimolar carbon concentration of sucrose, fractose, D-manitol, arabinose, raffinose, lactose, starch and glycerol was added instead of lemon
peel in conical flasks containing the best working volume of the basal medium with the same final concentrations of C and N of the lemon peel
nitrate medium. Flasks were cultivated with Sterptomyces sp. at the optimum pH, then they were incubated at the optimum incubation period, at
the optimum rpm and the optimum temperature.

Different concentrations of carbon source

Different concentrations of the optimum carbon source (0.5, 0.10, 0.15, 0.20, 0.25, and 0.3 w/v) have been added to the optimum working
volume of production medium in 250 ml conical flasks at the optimum pH. Flasks were then incubated at the optimum incubation period at the
optimum shaker speed and temperature.

Nitrogen sources

The optional concentration of potassium nitrate in the basal medium was replaced in equimolar by ammonium nitrate, peptone, urea, ammonium
chloride and ammonium hydrogen phosphate, casein and peptone. The replaced nitrogen sources have been added to the optimum working
volume of production medium in 250 ml conical flasks at the optimum pH with the optimum concentration of carbon source. Flasks were then
incubated for the optimum incubation period at the optimum shaker speed and temperature.

Different concentrations of nitrogen source

Different concentrations of nitrogen source (0.1, 0.14, 0.18, 0.2, 0.24, 0.28, 0.3, 0.4 w/v) have been used. The optimum working volume of
production medium was added to different concentration of nitrogen sources in 250 ml conical flasks at the optimum pH with the optimum
concentration of carbon source. Flasks were then incubated at the optimum temperature and rpm for the optimum incubation period.

RESULTS AND DISCUSSIONS

Molecular characterization of the pectinolytic Streptomyces sp. GHB5

The 16S rRNA sequence of the Streptomyces sp. GHB5 was obtained and submitted to GenBank database. This submitted nucleotide sequence
was provided a GenBank accession number LC405930. Based on the results of BLAST search using the sequence data the Streptomyces sp.
isolate was found to be strongly related to Streptomyces sp. The phylogenetic tree was constructed for partial 16S rRNA sequences of the isolate
and the closest matches from BLAST searches (Figure 1).
9 Streptomyces sp. GHBS gene for 16S nibosomal RNA, partial sequence
9 Streptomyces macrosporeus strain NBE12 16S ribosomal RNA gene, partial sequence
SStreplomyces sp. strain 13K109 16S ribosomal RNA gene, partial sequence
9 Streptomyces sp. FXJ7.322 16S nibosomal RNA gene, partial sequence
00 Streptomyces sp. strain MIM16132 16S ribosomal RNA gene, partial sequence
§Streptomyces sp. PM0895172 16S ribosomal RNA gene, partial sequence
9 Streptomyces sp. TDSAS2-24 16S ribosomal RNA gene, partial sequence
9 9 Streptomyces speibonae strain HBUM174625 16S ribosomal RNA gene, partial seque...
03 Streptomyces sp. A375 Ydz-QZ 16S ribosomal RNA gene, partial sequence
9 9 Streptomyces sp. A369Ydz-QZ 16S ribosomal RNA gene, partial sequence
g Streptomyces azureus partial 16S rRNA gene, strain SHm102
§Streptomyces azureus partial 16S rRNA gene, strain SW115

* Q 9 Streptomyces azureus partial 16S rRNA gene, strain SW105
9 Streptomyces mutabilis partial 16S rfRNA gene, strain STR66
° 9 Streptomyces griseorubens strain SELJFHG3 16S ribosomal RNA gene, partial sequence
lL' gSueptomyccs sp. XAS586 168 ribosomal RNA gene, partial sequence

O Streptomyces sp. JC500 partial 16S rRNA gene, strain JC500

Figure 1: Phylogenetic tree based on partial 16S rRNA sequence showing the relationship of Streptomyces sp. GHB5 with other species belong to the
genus Streptomyces sp.
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Optimization of polygalacturonase production

Physical factors are important in any fermentation for optimization of biochemical production. The key physical factors that determine the
bioprocess are pH level, temperature, aeration and shaking speed [35].

Effect of diffent inoculum age on polygalacturonase production
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Figure 2: Effect of diffent inoculum age on polygalacturonase production

As shown in Figure 2, rapid increase in enzyme production was observed till the inoculum age of 5" day. Further increase in inoculum age led to
reduction in enzyme activity.

Effect of Fermentation time on polygalacturonase production
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Figure 3: Effect of Fermentation time on polygalacturonase production

As shown in Figure 3, the level of enzyme production varies with the time duration of the fermentation process [36]. Maximum enzyme yield
obtained at 6 days. Data showed that the polygalacturonase activity was decreasing after 6 days of the fermentation process. Further than this
period the enzyme synthesis drastically reduced, probably owing to the depletion of essential nutrients in the medium and/or accumulation of
harmful secondary metabolites or the cells may reach the decline phase and exhibited low polygalacturonase synthesis. This result is in agrement
with similar observations of [37].
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Figure 4: Effect of different seed Inoculum size
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The initial load of microbes also influences the last amount of the enzyme synthesized. 4% (v/v) inoculum resulted in highest polygalacturonase
production. With a rise in the inoculum percentage the enzyme production steadily increased, probably due to effective use of the substrate by
the actively growing microbial cells, as depicted in Figure 4. A reduction in the enzyme production was noticed when 10% (v/v) inoculum was
used. This might be owing to rapid depletion of nutrients and oxygen stress resulting from a high microbial load [2]. An enzyme activity of 136
U/ml was obtained from Bacillus circulans at an inoculum size of 5% [38]. While optimum pectinase production of 5.92 IU was reported with

inoculum size of 10.0% (V/V) [2].
Effect of different initial pH on polygalacturonase production
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Figure 5: Effect of different initial pH level on polygalacturonase production

pH level of the fermentation medium plays an essential role in identifying the level of metabolite synthesis. The stability of the microbial
metabolite is also influenced by the hydrogen ion concentration of the medium [39]. In the present study, a medium pH of 7.5 supported
maximum polygalacturonase production, as stated in Figure 5. This result is similar to [40]. It is mentioned that at high pH, the metabolic action
of micro-organism may be suppressed and therefore it inhibits the enzyme production [41].

Effect of working volume on polygalacturonase production
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Figure 6: Effect of volume ratio on polygalacturonase production

Polygalacturonase production was affected by changes in volume ratio as described in Figure 6. The highest production was attained at a volume
ratio of 20 % (v/v) yielded (25.3) U/mg of specific polugalacturonase activity. Enzyme activity lowered by increasing volume this may be a

result of oxygen limit.
Effect of incubation temperature on polygalacturonase production
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Figure 7: Effect of incubation temperature on polygalacturonase production

The incubation temperature greatly influences the microbial growth rate, enzyme secretion, enzyme inhibition and protein denaturation [36]. The
best temperature for maximum enzyme production was 30°C, as presented in Figure 7. This results in agreement to [2,37,42,43]. Due to the
mesophilic character of the Streptomyces isolate, this temperature may be responsible for better membrane permeability and therefore maximum
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polygalacturonase secretion into the medium. By increasing temperature above 30°C, the enzyme production lowered as a result of growth
reduction and enzyme inactivation or suppression of cell viability [44]. At higher temperatures, damage occur to microorganisms by denaturing
enzymes, transport carriers and other proteins thus decreasing enzyme production [2,45]. In contrast, low temperature values membranes solidify
and may reduce the metabolism of the microorganism and consequently, the enzyme synthesis. This result is similar to observations of

[37,44,46].
Effect of rotary shaking polygalacturonase production

By increasing agitation polygalacturonase production increases till reach the maximum yield at 180 rpm (26.5 U/mg) as shown Figure 8, then
polygalacturonase production reduced by increase in rotary shaking per mint. It was stated that enzyme activity increased together with
increments in agitation rates up to a threshold level from which shear stress caused damage to cells and resulted in poor biomass development

and metabolite synthesis [8].

P.G Spesific activity (U/mg)

0 50 100 150 200 250 300
Different r.p.m

Figure 8: Effect of rotary shaking on polygalacturonase production

Effect of different carbon sources on polygalacturonase production

The effect of different carbon sources on Polygalacturonase production is shown in Figure 9. Lemon peel was the most effective carbon source
for Polygalacturonase production (26.5 U/mg). In our present study, the effect of sucrose was more than the other carbon sources tested.
Fructose was the second best supplementary carbon source. Starch gave the lowest enzyme activity. It was reported that different carbon sources
have varied effect on the production of extracellular enzymes especially pectinase strains [47,48].
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Figure 9: Effect of different carbon sources on polygalacturonase production

Effect of different concentration of lemon peel (the best carbon source) on polygalacturonase production

Availability of good amount of an utilizable substrate in the fermentation medium supports high production of the enzyme. Figure 10 showed
that by increasing the concentration of lemon peel powder more than 1.5%, the polygalacturonase production was noticed to lower. This can be
linked to phenomenon of catabolite repression, where galacturonic acid or one of the metabolites produced is have self-catabolite repression
[49]. Inhibition at higher pectin concentration in fermentative medium was reported in pectinase production by Aspergillus niger MTCC 281 by

using natural substrates [50,51].
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Figure 10: Effect of different concentration of lemon peel Effect of different nitrogen sources on polygalacturonase production
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Nitrogen supplements, when included into the production medium, facilitate better biomass creation and subsequently higher metabolite
secretion. Nitrogenous compounds are used by the microbial cells for the synthesis of nucleotides, amino acids, proteins, enzymes and other
metabolites [36]. The effect of various organic and inorganic nitrogen supplements with the same equimolar N concentration of potassium nitrate
was examined as shown in Figure 11.

Results reported that potassium nitrate supported maximum polygalacturonase synthesis. The low of enzyme productivity by other nitrogenous
compounds may be resulted from the deviation of C/N ratio and subsequently higher carbon concentration obtained. Ammonium dihydrogen
phosphate showed the lowest enzyme production, this may due to higher phosphorous concentration occur in fermentation medium hence
lowered enzyme synthesis. Between Organic nitrogen supplements peptone showed good yield of polygalacturonase. This may be attributed to
the nutritional vitamins and accessory growth factors naturally present in these organic supplements [36,37]. This results similar to [52] has
potassium nitrate and peptone were the best nitrogen sources.
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Figure 11: Effect of different nitrogen sources on polygalacturonase production Effect of different concentration of potassium nitrate
on polygalacturonase

Figure 12: Effect of different concentration of potassium nitrate on enzyme production

Interestingly, 0.28% potassium nitrate with (C/N=10.58) supported highest yield of polygalacturonase (34.09 U/mg), as depicted in Figure 12.
Furthermore increase or decrease in the potassium nitrate percentage lead to deviation of (C/N) ratio rather than optimum one by thus leads to
moderate level of the enzyme synthesis. A similar study of optimization of pectinase production by A. niger NCIM 548 reported maximal
production (22.87 U/ml) at a C/N ratio of 5.9429 [53]. Also pectinase creation reported from Streptomyces sp. GHBA10 had highest pectinase
production with a C/N ratio of 3.0 [37].

CONCLUSION

The current study focuses on molecular identification of Streptomyces sp. GHB5 and improvement of polygalacturonase production from this
strain. Further studies well be done in the future in a large scale area.
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