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Hyaluronic acid (HA) has great importance in biomedical applications. In this work, a novel nanoparticle-
based method that stimulates the hyaluronic acid (HA) production by the bacteria Streptococcus equi
subsp. Zooepidemicus has been reported. CNTs with diameters of 40–50 nm and lengths of about
20 mm were used at four different concentrations (0, 10, 25, 50, and 100 lg) to the bacteria and deter-
mined the mass of the produced HA in dependence on the exposure time under UV-irradiation. The
results clearly showed that the exposure for one minute with low power UV light (254 nm) and
100 mg (CNTs) treatments steadily increased HA production from the control (0.062 g/L) to the highest
value (0.992) g/L of HA. The incubation of the streptococci with CNTs led to an increase of the HA produc-
tion by a factor of 4.23 after 300S exposure time under UV light, whereas the HA production was no sig-
nificant enhancement under visible light. It is explained that the CNTs nanoparticle-stimulated increase
of the HA production with the internalization of the nanoparticles by the bacteria since they ‘‘serve as co-
enzymes” under induced mutation by UV-irradiation. Transformation process was carried out and
showed that the major protein band of Streptococcus equi was observed in the Streptococcus DH5a.
RAPD analysis indicates that the amplified DNA fragments and the percentage of polymorphism was sim-
ilar between Streptococcus equi and Streptococcus DH50a. The chemical structure and molecular weight
of the photoproduced HA from Streptococcus equi was similar to the chemical structure of the standard
sample.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Hyaluronan (HA) was first discovered and isolated in 1934 from
the vitreous humor of bovine as an acid by Karl Meyer and John
Palmer. HA is a nonsulfated glycosaminoglycan (GAG) component
of the extracellular matrix [Lepidi et al. 2006]. It occurs naturally in
vertebrate tissue and body fluids. It is found in relatively high con-
centrations in the vitreous humor of the eye, umbilical cord, syn-
ovial joint fluid, and rooster combs. HA is a large and
unbranched molecule and has a repeating disaccharide structure
of N-acetylglucosamine and glucuronic acid [Prawel et al. 2014].
As a polysaccharide, HA has a unique combination of properties.
HA is viscoelastic, where HA solutions are primarily viscous at a
low shear rate and elastic at a high shear rate. This is thought to
be associated with the single carboxyl group (–COOH) per disac-
charide unit of HA. The carboxyl group dissociates at a physiolog-
ical pH, producing polyanionic properties. The negatively charged
chains can expand and entangle at low concentrations, which can
contribute to viscoelastic properties [Gong et al. 2010]. The vis-
coelastic properties of HA make it an effective lubricant. HA is pre-
sent in the intima and adventitia of all blood vessels, and it can be
found in the media with the less homogeneous distribution. The
amount of HA present in blood vessels depends on the age and type
of vessel, ranging from 40% to 4% of the total glycosaminoglycan
content in the fetal umbilical artery compared to the adult aorta,
respectively. The higher HA content in younger vessels results in
a loose, hydrated, and flexible extracellular matrix. Multiple
studies have reported that HA plays a role in endothelial cell
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proliferation, migration, and retention [Prawel et al. 2014]. It has
also been shown that HA functions in the formation of new blood
vessels. HA is non-toxic, biodegradable, biocompatible, nonim-
munogenic, and has receptor-binding properties. HA and its
derivatives have been investigated extensively for biomedical
applications, such as tissue engineering, arthritis treatment, ocular
surgery, drug delivery, and molecular imaging [Jiang et al. 2011;
Duncan, 2003; Torchilin, 2007; Zhu et al. 2016; Oh et al. 2010].

HA has also been used in nanoparticles for drug delivery
[Gaffney et al. 2010], synovial fluid in arthritic patients, cosmetic
surgery, cosmetic and soft tissue surgery, and abdominal proce-
dures. It is also used as a diagnostic marker for cancer, rheumatoid
arthritis, liver disease, and organ transplantation rejection [Volpi
et al. 2009]. Medical devices, including catheters, guidewires, and
sensors use HA to increase lubricity and decrease biofouling. Addi-
tional applications of HA include viscosupplementation, viscosepa-
ration, viscosurgery, viscoaugmentation, drug delivery, wound
repair, medical devices, and other applications of tissue engineer-
ing [Prawel et al. 2014]. Previous studies indicate that these qual-
ities of HA depend on the molecular weight of the HA monomers.
High molecular weight HA (1500 kDa) is naturally anti-
inflammatory and immunosuppressive, thereby inhibiting the
migration of free-radical producing microbes into other tissues.
On the other hand, low molecular weight HA (0.75–10 kDa) inter-
acts with cell receptors to induce multiple signaling cascades
[Ibrahim and Ramamurthi, 2008].

Although HA can be extracted from animal tissues or bacterial
fermentation, infectious agents can cause contamination of
animal-derived products, and that has made the bacterial fermen-
tation a more desirable production system. However, HA from bac-
terial sources is of a lower molecular weight compared with that
extracted from animal tissues. Previously reported studies pre-
sented development to the production of HA from bacterial fer-
mentation of Streptococcus Equi or zooepidemicus with high
molecular weight of HA polymers [Attia et al. 2018; Chong and
Nielsen, 2003; Hu et al. 2004]. Recently, nanomaterials as additives
can be a promising technique to address the needs of HA produc-
tion [Attia et al. 2018; Choi et al. 2009; Saravanakumar et al.
2010; Park et al. 2015; Vázquez et al. 2015]. The HA has great value
(200 mg HA made are sold at a rate of 800 US Dollars). Therefore,
innovative production methods and novel HA biomaterials for tis-
sue engineering and improved properties of viscosupplements are
desired.

Herein, the present work aims to improve the HA production by
the microorganism, Streptococcus Equi, using CNTs under UV-
irradiation as a substitute to that found in the animal and plant
sources, which are very expensive and produced in small quanti-
ties. In addition, one of the objectives of this work is to identify a
bacterial hyaluronic acid, and its production, purification, and
fractionation.
2. Materials and methods

2.1. Microbiological culture media and growth conditions of bacterial
strains

Streptococcus Equi subsp. zooepidemicus (ATCC� 35246TM),
bacteria-strains purchased from the American Type Culture Collec-
tion (Manassas, VA, USA) were used in the HA production. The bac-
terium stocks were stored in complex mediumwith 25% glycerol at
�80 �C. The complex and alternative growth media for Streptococ-
cus Equi subsp. zooepidemicus contained the following nutrients:
50 g/L of glucose, 5 g/L of yeast extract, 2 g/L of K2HPO4, 2 g/L of
KH2PO4, 0.5 g/L of MgSO4, 0.5 g/L of (NH4)SO4, and 15 g/L tryptone
(Cultimed, PanreacQuímica, Spain). After autoclaving and sterilized
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at 121 �C/15 min, the pH was adjusted to 7 in all cultures. In a glass
2 L bioreactor, the stains were cultivated at 37 �C, 500 rpm of agi-
tation, without aeration, and pH-controlled with sterile solutions
of NaOH and HCl. Glucose was added every 2 h (from 8 to 10 h
of culture) up to 20 g/L using a sterile glucose solution of 500 g/L
in the fed-batch cultivations [Attia et al. 2018; Vázquez et al.
2015].

2.2. Effect of ultra-violet (UV) irradiation on hyaluronic acid
production

Low power ultraviolet lamp (254 nm) was fixed at 25 cm in a
tightly closed wooden chamber [Gardner et al. 1991]. An aliquot
of Streptococcus Equi cells grown in the complex medium for 16–
18 h was exposed to the low power UV-irradiation (254 nm). Dur-
ing the exposure time, it was gently agitated on a vibratory shaker.
The mutants were isolated at different times (zero � 5 min.). The
mutant cells were plated into complex and minimal medium agar
plates after the cultures were diluted serially into sterile 0.85%
NaCl and incubated for 24 h at 37 �C. The same experiment was
repeated but under visible light irradiation.

2.3. Effect of carbon nanotubes (CNTs) on hyaluronic acid production

After exposed vegetative cells of Streptococcus Equi to visible
light and UV irradiation for 0–5 min and wild type were grown
in tryptone soybean broth (TSB) for 16 h at 37 �C. During the irra-
diation, different amounts (0, 10, 25, 50, and 100 lg) of CNTs were
added to 2 mL of cell suspension and then incubated for 60 min. in
a shaking incubator. Then, centrifuged for 5 min at 3000 rpm. Then,
the treated cells were suspended in 2 mL sodium phosphate buffer,
(50 mM) at pH 6.2. This suspension was diluted serially and the
appropriate dilutions were plated onto M17 agar [Kamal et al.
2001].

2.4. Transformation

2.4.1. A purification of plasmid DNA by PEG precipitation
To the plasmid containing supernatant, an equal volume of

1.6 mM NaCl and 13% (w/v) polyethylene glycol (PEG 8000) was
added and the mixture was incubated on ice for 1 h. The DNA
was recovered by centrifugation for 15 min. at 14,000 rpm. The
pellet was washed thrice with cold 70% ethanol and resuspended
in TE buffer (pH8.0).

2.4.2. Medium scale isolation and purification of plasmid by Qiagen
column (Qiagen GmbH)

25 mL (high copy number) or 100 mL (low copy number), over-
night grown culture of bacterial cells, was harvested by centrifuga-
tion at 5000g at 4 �C. The pellet was dissolved in 4 mL or 10 mL
solution I (25 mM Tris-HCl, pH 8.0, 10 mM EDTA, 50 mM glucose).
These cells were lysed by adding 4 mL or 10 mL of solution II (0.2 N
NaOH, 1% SDS freshly prepared); this was gently mixed by inver-
sion and kept at room temperature for 5 min. Following this,
chilled (ice cold) 4 or 10 mL of solution III (3 M potassium acetate
pH 4.8, glacial acetic acid 11.5 mL, 1 mL H2O) was added and mixed
by inversion. This mixture was incubated on ice for 20 min. and
supernatant was collected after centrifugation at 12,000 rpm at
4 �C for 30 min. The supernatant was then loaded onto the
Qiagentip-100, pre-equilibrated with solution QBT (700 mM NaCl,
50 mMMOPs pH 7.0, 15% isopropanol, and 0.15% Triton � 100) and
allowed to pass under gravity. The Qiagen tip was washed twice
with 10 mL or 30 mL of buffer QC (1.0 M NaCl, 50 mM MOPs, pH
7.0, and 15% isopropanol solution). Then, the plasmid DNA was
eluted by 5 or 15 mL of solution QF (1.25 M, NaCl, 50 mM MOPs,
pH 7.0, and 15%, isopropanol). This was finally precipitated by
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0.7 vol of isopropanol at room temperature and after centrifuga-
tion, the plasmid pellet was collected. Finally, the plasmid DNA
was washed with 70% ethanol, vacuum dried and dissolved twice
in minimal volume of TE (Tris-EDTA buffer, pH 8.0).

2.4.3. Preparation of competent cells and transformation
aDH5á competent cells were prepared [Hanahan, 1985]. A sin-

gle colony of DH5a was picked up and inoculated into 5 mL LB
medium (Luria-Broth) and grown overnight at 37 �C. One mL of
this was inoculated freshly into 100 mL of LB (luria-broth medium)
and grown at 37 �C for 3 h, till the O.D (optical density) of 0.5–0.6
was obtained. The cells were harvested by centrifugation at
3000 rpm for 10 min. The pellet was resuspended in 40 mL of
Tfb1 solution (3 mM CH3 COOK, 5 mM MgCl2, and 100 mM CaCl2)
at 4 �C, centrifuged and the pellet was resuspended in 4 mL of Tfb2
solution (10 mM Na-MOPs, pH 7.0, 75 mM CaCl2, 10 mM KCl and
15% glycerol). The cell suspension (0.1 mL) was aliquoted into
Eppendorf tubes, frozen immediately in liquid nitrogen and stored
at �80 �C.

This was subjected to heat shock by incubating at 42 �C for 90
sec. and then immediately transferred to 4 �C for 10–20 min fol-
lowed by addition of 900 ml of LB and then grown at 37 �C with
slow shaking. Different aliquots of these transformed competent
cells were plated on to LB plate containing 100 mg/mL of flummox
or 100 mg/mL cefuroxiime oxetil.

2.4.4. Polymerase chain reaction
Taq-polymerase, dNTPs (deoxynucleotide triphosphate) and

convergent primers achieved amplification of the DNA fragment.
Fig. 1. SEM image of the produced CNTs (a), EDS spec

Table 1
Sequences of K1 and K2 primers.

Type of primer The sequence

K1 5�-TGCCGAGCTG-3�

K2 5�-GTGAGGCGTC-3�
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The reaction conditions for PCR involved denaturation at 94 �C
for 30 s, annealing at 52 �C for 30 s and extension at 72 �C for either
30 s for cloned DNA in plasmid or 2.5 min (for 2AII promoter
amplification) and 2 min (for CA PRO + GUS fusion). After 30 cycle
of amplification, an aliquot of this reaction mixture was loaded
onto a 0.8% agarose gel and checked (table 1).

2.4.5. SDS-PAGEs
SDS-PAGE was performed [Laemmli, 1970].

2.4.6. Protein estimation
Estimation of protein concentrations in various extracts was

determined [Bradford, 1976].
The statistical analysis was performed by GraphPad Prism soft-

ware (version 7, CA, USA) using paired t test. Quantitative sum-
mary data are shown as means ± standard errors of the means
(SEM) as indicated in the figure legends of the resulting analysis.
3. Results

Carbon nanotubes (CNTs) were purchased from the scientific
excellence center, ministry of military Production, Egypt. CNTs
with diameters of 40–50 nm and lengths of about 20 mm are
shown in Fig. 1a. The chemical composition of CNTs was analyzed
by an energy dispersive spectrometer (EDS) spectrum via SEM
(Fig. 1b). The results show the presence of (C and O) with
(91.08 wt% and 7.92 wt%) confirming the sample is of high purity.
In Fig. 1c, it was shown that the XRD pattern of CNTs contained
characteristic diffraction peaks at t 26.52�, 42.48�, 54.71�, and
77.43� 2h, owing to (220), (100), (004), and (110) reflection of
planes, respectively. The CNTs showed surface area (N2 BET) of
57 m2 g�1. In Fig. 1d, the FTIR spectrum of the purchased CNTs
showed a broad absorption peak corresponding to –OH group in
the range of 3450–3460 cm�1. The C-H stretch vibration peaks
trum (b), XRD pattern (c) and FTIR spectrum (d).
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were observed at 2950 and 2850 cm�1. The peak at 1580 cm�1 cor-
responds to C-C vibration. Another peak at 1650 cm�1 is the C-O
stretching mode of the functional groups on the surface of the
Table 2
Effect of UV–Visible irradiation on hyaluronic acid production by streptococcus Equi.
Each value represents the mean ± SE.

UV –
exposuretime
(Seconds)

Dry weight of
hyaluronic acid
(g/l)

Visible –
exposuretime
(Seconds)

Dry weight of
hyaluronic acid
(g/l)

0.0 0.062 ± 0.00325 0.0 0.062 ± 0.00325
30 0.065 ± 0.00727 30 0.063 ± 0.00176
60 0.099 ± 0.00465 60 0.065 ± 0.00251
90 0.109 ± 0.00491 90 0.066 ± 0.00769
120 0.118 ± 0.00618 120 0.066 ± 0.00128
150 0.123 ± 0.00580 150 0.067 ± 0.00441
180 0.131 ± 0.00309 180 0.068 ± 0.00235
210 0.139 ± 0.00562 210 0.068 ± 0.00854
240 0.143 ± 0.00368 240 0.069 ± 0.00012
270 0.133 ± 0.00719 270 0.07 ± 0.00633
300 0.126 ± 0.00309 300 0.07 ± 0.00528

Fig. 2. The impact of UV/Visible irradiation on hyaluronic acid production by streptoc
production at specific exposure time (B). Each value represents the mean ± SEM. Statistic
versus visible light irradiation group. The empty bars represent the error bars that are s
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MWCNTs. The peak appeared at 950 cm�1 corresponds to the C-
O stretching mode [He et al. 2011; Altalhi et al. 2016].
3.1. Effect of Ultra-violet (UV) irradiation on hyaluronic acid
production

HA was precipitated, recovered and dried from the broth as
described [Attia et al. 2018]. Bacterial cell suspension of Streptococ-
cus Equi cells were exposed to low power UV light (254 nm) and to
visible light (HALOPAR halogen lamp, 75 W). The statistical analy-
sis of the various groups of treated samples shows that all the
employed treatments have resulted in different HA production.
Such differences are statistically highly significant (p < 0.001) for
UV group versus visible light irradiation group.

Data in the Table 2 shows clearly that after 4 min of exposure to
UV-irradiation, HA production increased to 0.143 ± 0.003 g/L
compared to 0.062 ± 0.00325 g/L at 0 min. At longer UV exposure
time, HA production was decreased to 0.133 ± 0.007 g/L and 0.12
6 ± 0.003 g/L at 4.5 and 5 min, respectively. However, after 5 min
under visible light irradiation, there was a slight increase in HA
production from 0.062 ± 0.00325 g/L at 0 min to 0.07 ± 0.00325 g
/L at 5 min as shown in Fig. 2.
occus Equi. The hyaluronic acid production at all-time point (A). Hyaluronic acid
al significance of differences was determined by Paired t test, ***p < 0.001 UV group
horter than the height of the symbol.
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3.2. Effect of carbon nanotubes (CNTs) on hyaluronic acid production

Streptococcus Equi cells that gave the highest hyaluronic acid
production after mutagenesis by UV treatment were subjected to
CNTs. Table 3 shows the effect of (CNTs) on hyaluronic acid pro-
duction by Streptococcus Equi under visible light irradiation. Vege-
tative cells were exposed to different amounts of CNTs (0, 10, 25,
50, and 100 mg) for different periods (0–300 s) as shown in Table 3
and after exposure to UV irradiation as shown in Table 4 and Fig. 3.
The impact of UV/Visible irradiation exposure time on hyaluronic
acid heatmap production by streptococcus Equi is shown Fig. 4.
Results clearly show that hyaluronic acid production was
decreased by increasing CNTs concentration under visible light
irradiation. The highest hyaluronic acid production was obtained
after 240 and 180 s with 50 and 100 mg of CNTs, respectively under
visible light irradiation. The highest concentration may be toxic to
the cells. It was clearly shown the size-dependent toxicity of car-
bon nanotubes on microbial cells. Attachment of such carbon
nanomaterials on cell clumps led to hypersensitive responses and
cell death occurs either by apoptosis or necrosis [Tan et al. 2009].
However, the mutagenic treatment with UV-light proved to be
effective over CNTs for the enhancement of hyaluronic acid pro-
duction by Streptococcus equi. The highest hyaluronic acid produc-
tion was obtained 0.627 g/L and 0.992 g/L after 300 s with 50 and
100 mg of CNTs, respectively under UV light irradiation (Fig. 3).
Generally, the addition of CNTs has been shown to significantly
produce more HA from treated samples under UV irradiation.
3.3. Studies of the chemical structure of hyaluronic acid

The polysaccharide produced from Streptococcus Equi was
isolated by ethanol precipitation of the protein-free culture
Table 3
Hyaluronic acid production after treatments of streptococcus Equi (wild type) with carbon
irradiation. Each value represents the mean ± SE.

Time (Sec.) Dry weight of hyaluronic: acid g/L

Concentrations of CNTs (mg)

10 25

0.0 (Wild type) 0.062 ± 0.003 0.062 ± 0
30.0 0.063 ± 0.002 0.069 ± 0
60.0 0.076 ± 0.011 0.09 ± 0.0
90.0 0.083 ± 0.005 0.117 ± 0
120.0 0.091 ± 0.023 0.133 0.0
150.0 0.102 ± 0.032 0.158 ± 0
180.0 0.112 ± 0.071 0.197 ± 0
240.0 0.126 ± 0.034 0.221 ± 0
300.0 0.139 ± 0.002 0.232 ± 0

Table 4
Hyaluronic acid production after treatments of streptococcus Equi (wild type) with carbon
irradiation. Each value represents the mean ± SE.

Time of UV-exposure (Sec.) Dry weight of hyaluronic: acid g/L

Concentrations of CNTs (mg)

10 25

0.0 (Wild type) 0.062 ± 0.003 0.0
30.0 0.066 ± 0.005 0.0
60.0 0.110 ± 0.036 0.1
90.0 0.12 ± 0.0035 0.1
120.0 0.127 ± 0.021 0.1
150.0 0.149 ± 0.065 0.2
180.0 0.172 ± 0.032 0.2
240.0 0.188 ± 0.089 0.3
300.0 0.234 ± 0.013 0.3
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supernatant. The bacterial mucopolysaccharide precipitate was
subjected to chemical analysis, the results of which are summa-
rized in Table 5. The chemical analysis of HA shows that the sample
contains glucuronic acid, N-acetyl glucosamine, and nitrogen
(47.99%, 36.57%, and 4.7%), respectively. The sample also showed
moisture by 10.74% with no protein and ash detected by the buriet
method.

It is clear from the Table 5 that the purified exopolysaccharide
was contained glucuronic acid and N-acetyl glucosamine with a
molar ratio 1.041. Meyer and Plamer pointed out that the polysac-
charides had high molecular weights from the vitreous humor of
cattle eyes and umbilical cord [Meyer and Palmer, 1943]. It was
composed of an equal number of N-acetylglucosamine (20.5%)
and glucuronic acid residues (20.5%). The calculated molecular
weight of the purified sample HA was 1.48 � 106 da compared to
the standard sample of HA 1.45 � 106 da and these results are in
agreement with those reported [Kakizaki et al.2002].
3.4. Transformation

In attempt to increase the number of mutant cells from Strepto-
coccus equi and decrease the time of production of hyaluronic acid
plasmid was transformed to E. coli (aDH5ā) and to show expres-
sion of (A) Streptococcus equi and (B) Streptococcus DH5a. SDS-
PAGE was performed and expressions of (A) and (B) were seen
on gel (Fig. 5). Cells with Streptococcus equi served as control for
E. coli.

Expression of the Streptococcus equi protein was tested in E. coli
for the induction of Streptococcus equi protein, in which the Strep-
tococcus equi plasmid was transformed into E. Coli cells. The E. coli
cells were grown to 0.4 O.D as a control, Streptococcus equi cells
containing the same plasmid were also grown. It can be seen from
nanotubes (CNTs) with different concentrations for different times under visible light

50 100

.003 0.062 ± 0.003 0.062 ± 0.003

.0012 0.078 ± 0.011 0.086 ± 0.001
22 0.102 ± 0.002 0.112 ± 0.003
.043 0.128 ± 0.003 0.141 ± 0.001
17 0.155 ± 0.001 0.169 ± 0.003
.082 0.181 ± 0.002 0.198 ± 0.002
.062 0.212 ± 0.002 0.274 ± 0.001
.013 0.242 ± 0.007 0.257 ± 0.003
.081 0.239 ± 0.002 0.244 ± 0.001

nanotubes (CNTs) with different concentrations for different times under UV-light

50 100

62 ± 0.003 0.062 ± 0.003 0.062 ± 0.003
99 ± 0.0005 0.112 ± 0.014 0.140 ± 0.029
23 ± 0. 036 0.185 ± 0.037 0.207 ± 0.004
57 ± 0.014 0.263 ± 0.002 0.348 ± 0.005
96 0.004 0.322 ± 0.003 0.502 ± 0.001
42 ± 0.065 0.407 ± 0.091 0.638 ± 0.082
95 ± 0.013 0.497 ± 0.021 0.752 ± 0.064
27 ± 0.028 0.589 ± 0.097 0.877 ± 0.019
77 ± 0.021 0.629 ± 0.032 0.992 ± 0.002



Fig. 3. Hyaluronic acid production after treatments of streptococcus Equi (wild type) with carbon nanotubes (CNTs) with different concentrations for different times under
visible light irradiation (A), UV-light irradiation (B) Each value represents the mean ± SEM.
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Fig. 6 that a major protein band of Streptococcus equi was observed
in the Streptococcus DH5a cultures. The size of the protein corre-
sponded to the expected size for Streptococcus equi protein.

One of the most objectives of the present study was to deter-
mine genetic similarity between Strepto-equi and Strepto-DH5a
after transformation by Strepto-equi plasmid based on RAPD mark-
ers and identify the relation between two strains. RAPD analysis
was performed using two random primers. The selected random
primers were RAPD1 and RAPD2. Data presented in Table 1 show
the sequence of the selected random primers. Only visible and
reproducible major bands were considered, while minor, irrepro-
ducible and smeared bands were canceled. A glance on data pre-
sented in Fig. 6 indicates that the amplified DNA fragments and
the percentage of polymorphism was similar between Strepto-
equi and Sstrepto-DH5a. The data tabulated in Table 1 indicated
489
that the primer RAPD1 is the most efficient primer for generating
polymorphism with Strepto-DH5a.
4. Discussion

These changes in HA production due to UV induced mutants
that were more stable through the long term of generations and
subculturing [Thoma, 1971]. In addition, exposure to UV irradia-
tion stimulates tolerance to different environmental stresses,
changes in protein synthesis, and increased activity of biosynthesis
enzymes [Hartke et al. 1995]. These results in agreement with that
reported by Saranraj et al. (2011) which irradiated Streptococcus
pyrogens with UV light for 10 min, which was due to UV mutation
produces a workable effect on HAS gene (hyaluronate synthase
gene) and mutation with UV irradiation improves hyaluronic acid



Table 5
Molar ratio of hyaluronic acid that produced from Streptococcus equi after complete
hydrolysis with 1 N HCl and determined by HPLC.

Source of
hyaluronic acid

Glucouronic acid
(mg /10 mg)

N-acety\glucosaraine
(mg/l0mg)

Molar
ratio

Standard (sigma) 6.001 5.78 1.038
Sample 3.53 3.4 1.041

Fig. 5. Proteins expression shown on SDS-PAGE for Streptococcus equi after different
treatment by (Orginal, CNTS, UV, UV-CNTS, Transformed and E. coli). Aliquots of
each sample were solubilized in sample buffer and electrophoresed on a 10% SDS-
PAGE gel.

Fig. 6. Agarose gel (1%) electrophoresis of PCR products obtained with universal
primers for Streptococcus equi (1-Streptococcus equi (original strain), 2-Streptococcns
equi after UV irradiation, 3-Streptococcus equi after UV + CNTs, 4-Streptococcus equi -
E. coli (DH5a), and 5-Kcoli (DH5a) 6-Primer (Hea III)).

Fig. 4. The impact of UV/Visible irradiation exposure time on hyaluronic acid
heatmap production by streptococcus Equi.
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production. Also, exposure of DNA to UV light for long time leads to
the formation of various kinds of DNA damage, including the cis-
syn thymine cyclobutane dimer lesion, hereafter called the thy-
mine dimer which causes frame shift and blocking for protein syn-
thesis. Then the DNA damage causes death to the microbial cells
and decreases HA production at long irradiation time [Rumora
et al. 2008].

The presence of CNTs that absorbs strongly the UV light, pre-
vents the thymine dimer formation. Thus, DNA damage due to
the UV exposure decreases and enhances the production of HA.
According to our previous study, the enhancement in the HA pro-
duction is also attributed to the fact that the nanoparticles which
are nutrients for the bacterial cells can be absorbed by the bacterial
cells in a much higher uptake rate compared to the micronutrients.
These nutrients are needed by the bacterial cells and serve as co-
enzymes that biostimulated the cells of Streptococcus Equi to pro-
duce a higher dry weight of HA compared to the control [Attia
et al. 2018; Abdelsalam et al., 2016, 2017a, 2017b, 2019]. The CNTs
uptake and HA production mechanism is shown Fig. 7.
5. Conclusion

We successfully designed an efficient approach for enhance-
ment hyaluronic acid (HA) production from Streptococcus Equi
using carbon nanotubes (CNTs) as additives under UV-light irradi-
ation. CNTs treatments stimulated the bacterial cells to increase
the hyaluronic acid production under induced mutation by UV-
irradiation. At the same time, transformed Streptococcus equi plas-
mid to E. Coli DH5a cells increased the number of mutant cells and
decreased the production time of hyaluronic acid. Transformation
process show that major protein band of Streptococcus equi was
observed in the Streptococcus DH5a. RAPD analysis indicates that
the amplified DNA fragments and the percentage of polymorphism
was similar between Streptococcus equi and Streptococcus DH50a.
The chemical structure of the photoproduced HA from Streptococ-
cus Equi was similar to the chemical structure of the standard sam-
ple. The molar ratio of glucuronic acid and N–acetyl glucosamine
was 1: 1.041 compared with standard sample (1:1.03). This
approach provides a new cost-effective and highly hyaluronic acid
production.
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