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Abstract: In our previous scientific publications, we have recommended spectrophotometry as a
method for determining the molecular mass of silk fibroin. As a result of our research, we were able to
obtain hydrolyzed fibroin ("HF"”) with high polyfunctional high sorption properties from natural silk fibroin
by thermal methods under acidic conditions and the influence of UHF rays. We used spectrophotometry
to determine the molecular mass of “"HF” obtained by two different methods. It was observed that there
are differences between the molecular masses of “HF” obtained by thermal methods and under the
influence of ultra-high frequency (UHF) rays. It was found that the molecular mass of “HF” obtained
thermally under acidic conditions was 246,6 kDa, and the molecular mass of “HF” obtained under the
influence of UHF rays was 307 kDa. The main reason for the different molecular masses of “HF” was

considered to be the fact that the process duration of “HF” production methods varies.
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INTRODUCTION

Silkworm fiber is a thin, hard, and shiny fiber, a
natural textile raw material made from the fluid
that comes out of the silkworm's two silk glands.
Silk is made up of two strands wrapped around a
silkworm cocoon that are not glued together,
coated with sericin (silk glue), and glued together.
This fiber contains 70-75% fibroin (protein), 20-
25% sericin, 2-3% various minerals, 1-1,5% wax
and oils.

Silk is used for silk weaving, baked yarn and in
engineering, aviation, aerospace and electrical
engineering (1). In production technologies, fibers
and films are made on the basis of natural
€ocoons.

The fibroin in silk is insoluble in water. In hot
water, the sericin protein dissolves, which covers
the top of the fiber. Silk fiber can withstand
temperatures up to 140 °C. When the temperature
rises to 140-170 °C, the protein in the fiber
undergoes a structural change. The density of the
fiber depends on the type of silk. For example, the
densities of Mulberry and Tussah silks are 1.33 and
1.32 g/cm3, respectively. Other types of silk have
an average density of 1.6 g/cm3 (2, 3).

Fibroin is a fibrillar protein that forms the polymer
basis of natural silk. The primary structure of these
proteins depends on the nature of the natural
cocoon, the silkworm's diet, time, and other
biological factors. The largest mass fraction (90%)
in the fibroin macromolecule corresponds to the
amino acid residues Gly, Ala, Tyr, Ser. There is
also a very small amount (w<1%) of Cys in the
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fibroin macromolecule. The polypeptide chain of
fibroin contains hydrophilic and hydrophobic amino
acid groups in a 6.3:1 ratio. The fibroin molecule
consists of crystalline (B-structure) and amorphous
(a-spiral) parts in which the polymer chain is
sequentially arranged (4, 5).

Fibroin is insoluble in alcohol, ether, benzene,
acetone, carbon disulfide, and other organic
solvents. Salts of calcium, strontium, barium,

which form a solution in a neutral medium, and
hydrogen halide acids, and Schweizer's reagent
form colloidal systems in alkaline solutions. Soluble
in concentrated phosphate, sulfate, hydrochloric
acid, and liquid ammonia at low temperatures
(between 9 and 11 °C) (6).

Silk fibroin is also soluble in concentrated ZnCl>
solution and ammoniacal solutions of nickel(II)
hydroxide. Fibroin is well soluble in copper(II)
glycerate and ethylenediamine copper(II) in
solutions of dichloroacetic and formic acids.
Solutions of 0.7% to 1% concentrates of fibroin
can be prepared in solution. It is possible to form a
fibroin solution in N-methylmorpholine-N-oxide at
74-76 °C. Fibroin is well soluble in hydrotron
solvents, such as iodides and rhodanides of Li*, K*,
Na*; halides and rhodanides of Ca2*, Zn2*; di and
trichlor (or fluorine) are soluble in acetic acids.
With 56% of NaSCN with 10% DMSO, the viscosity
of silk fibroin at 25 °C in aqueous solution is well
studied, and the following expressions apply to this
solution (6, 7):

[n]=0.4x10"*M}>* (Eq.1)

Silk fibroin is well soluble in a solvent mixed with
CaCl2:C2Hs0H:H20 (8). Examination of the solution
by UV spectrophotometry revealed that the
maximum absorption wavelength is close to 280
nm.

The silk fibroin molecule consists of 3 chains, the
heavy chain (which can range from 390 kDa to 500
kDa), the light chain (26 kDa), and the P-25
glycoprotein (25 kDa) (9). The literature indicates
that the molecular weight of fibroin is 60-150 kDa
(average 84 kDa) as determined by
ultracentrifugation and diffusion methods (10). By
measuring the osmotic pressure, it was determined
that the molecular mass of silk fibroin is 30 kDa
(11).

Silk fibroin was found to be up to 250 kDa in 9.3 M
LiBr solution by SDS-PAGE (8). Silk fibroin was
found to be 300 kDa in CaClz-ethanol solution
using the SDS-PAGE method (12).

To determine the molecular mass of silk fibroin, it
is necessary to convert it into a solution. We have
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shown in our previous work that we used
spectrophotometry to determine the molecular
mass of silk fibroin (13).

As a result of our research, we studied the
methods of production of hydrolyzed fibroin with
high sorption properties from silk fibroin and
determined the optimal conditions. “HF” from silk
fibroin fiber was obtained by the thermal method
under acidic conditions and the influence of UHF
rays (2450 MHz). The result is a powdery white
“HF". It was studied that the time of obtaining “HF”
from silk fibroin under the influence of UHF rays
ends 5-6 times faster than the thermal method
(14). “HF”s multifunctional high sorbent properties
have the potential to be used in pharmaceuticals,
cosmetics, food, and other industries.

EXPERIMENTAL SECTION

Materials

Fibrous waste of silk (cleaned of additives,
Khorezmipagi LLC, Urgench, Uzbekistan), Sodium
carbonate (purity 99,9%), HCl (chemically pure)
was purchased from Chimreaktivinvest
(Uzbekistan). Calcium chloride and ethyl alcohol
(98%) were purchased from Fortek company
(Uzbekistan).

Instrumentation

Bidistilled water is obtained from the “GFL 2104
Double distillation water still” device (Germany).
The experiments wused UV-1800 Shimadzu
spectrometer, Thermostat spare parts (Assistant
cat. N2 3180) (Hamburg, Germany).

Procedure

Obtaining "HF” thermally in an acidic environment
The cocoon is placed in a 500 mL heat-resistant
beaker and a 0.5% NaxCOs solution (1:50 w/v) is
poured over it. Boil a glass of water in a bath for
30 minutes. The fiber is then removed from the
beaker and boiled for 10 min with distilled water.
The boiled fiber is washed with a mixture of
distilled water until salts are removed from the
mixture. The fiber is dried in an oven at 70 °C for 4
hours. Transfer the obtained fiber to a 500 mL
heat-resistant beaker and top with a 3% HCI
solution (1:50 w/v). Heat in a glass container at a
temperature of 90-95 °C for 80-90 min. The result
is a white powdery "HF".

Obtaining “"HF” from silk fibroin under the influence
of UHF rays

Put cocoon fiber and 0.5% Na2COs solution (1:50
w/v) in a 500 mL beaker. Boil the solution in a
glass for 30 minutes. At the end of the allotted
time, remove the fiber from the container and
rinse with distilled water (untii no NaxCOs3
remains). Transfer the washed fiber to a 500 mL
beaker and top with a 3% HCI (1:50 w/v) solution.
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The glass is placed in the microwave. Hydrolysis of
fibroin fibers is carried out under the influence of
510 W UHF rays (2450 MHz). The result is a white
powdery “HF”.

Determination of molecular masses of "HF”
samples obtained by thermal and UHF rays by
spectrophotometry

The measured “HF” powder mass was dissolved in
a solution of CaClz:CoHsOH:H2O (1:2:8 mol) at a
temperature of 65 °C. In order to determine the
molecular mass of “HF” obtained thermally in an
acidic environment, solutions with a concentration
of 0.04, 0.06, 0.0833, 0.1, 0.125, 0.25, and 0.5
g/L were prepared. The UV-1800 Shimadzu
spectrophotometer indicated that the maximum
absorption wavelength of the prepared solutions of
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determine the molecular mass of “HF”, solutions
with concentrations of 0.508, 0.14, 0.07, 0.035,
and 0.0175 g/L were prepared. The light
absorption of “HF” solutions obtained under the
influence of UHF rays was determined.

RESULTS AND DISCUSSION

The UV spectra of “"HF” obtained thermally in an
acidic environment were studied (Figure 1). The
light absorption values of "HF” solutions at 280 nm
were determined and the A// and C correlation
graphs were plotted (Figure 2). To determine the
molecular mass of “HF”, it is necessary to
determine the angular length (a) of the graph line
A/I—C concerning the C axis. Molecular mass is
determined by the following formula.

“HF” was 280 nm. The light absorption was
determined in a 1 cm thick (/) cuvette. =€
tga (Eq. 2)
The above operations were also performed for “HF”
obtained under the influence of UHF rays. To
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Figure 1: UV spectra of thermally obtained “HF” solutions.
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Figure 2: Graph of A/l and C dependence of “"HF” solution.
obtained by thermal method.
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Based on the results obtained by the
spectrophotometric method, it was determined
that the molecular mass of “HF” obtained by the
thermal method using formula (Eq. 2) is 246.6
kDa. The molecular mass of “HF” obtained from
silk fibroin under the influence of UHF rays in an
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acidic medium was also determined by
spectrophotometry. The light absorption of “HF”
solutions obtained under the influence of UHF rays
was determined and the A//-C correlation graph
was plotted (Figure 4).
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Figure 3: UV spectra of “"HF” solutions obtairned under the influence of UHF rays.
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Figure 4: Graph of A// and C dependence of “HF” solution obtained under the influence of UHF rays.

The angular length of the graph line relative to the
concentration (C) axis was found to be 57°. The
molecular mass of “HF” obtained under the
influence of UHF rays was found to be 307 kDa
using formula (Eqg. 2).

CONCLUSION

We hypothesized that the reason for the
differences between the molecular masses of “HF"s

obtained by thermal methods and under the
influence of UHF rays is that the process of
obtaining “HF” takes place at different times.
Because it takes more time to obtain “HF” from silk
fibroin by thermal methods, fibroin molecules are
hydrolyzed into smaller pieces. Therefore, it can be
observed that the masses of “HF” molecules
obtained by thermal methods are smaller.
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Determining the molecular mass of fibroin-
containing proteins using the method of
spectrophotometry is superior to other methods of
determining the molecular mass with speed and

low cost, accuracy. In this method, the
determination of molecular mass is almost
unaffected by various external factors. In

determining the molecular mass, coagulation, and
sedimentation of the protein in solution may
adversely affect the results. Therefore, special
attention should be paid to the state of the solution
of the protein, the molecular weight of which is
determined.
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