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1 | INTRODUCTION

Gozde Baydemir Pesint

Abstract

Angiotensin Il (Angll), the effector peptide of the renin angiotensin system and has
an important role in regulating cardiovascular hemodynamics and structure. Angll is
an important biomarker for certain diseases that are associated with cardiovascular
disorders, i.e., influenza, SARS-CoV-2, tumors, hypertension, etc. However, Angll
presents in blood in very low concentrations and they are not stable due to their
reactivity, therefore spontaneous detection of Angll is a big challenge. In this study,
Angll-imprinted spongy columns (Angll-misc) synthesized for Angll detection from
human serum, and characterized by surface area measurements (BET), swelling tests,
scanning electron microscopy (SEM), FTIR studies. Angll binding studies were
achieved from aqueous environment and maximum binding capacity was found as
0.667 mg/g. It was calculated that the Angll-miscs recognized Angll 8.27 and 14.25 times
more selectively than competitor Angiotensin | and Vasopressin molecules. Newly pro-
duced Angll-misc binds 60.5 pg/g Angll from crude human serum selectively. It has a
great potential for spontaneous detection of Angll from human serum for direct and criti-

cal measurements in serious diseases, that is, heart attacks, SARS-CoV-2, etc.
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Acute Syndrome Coronavirus-2 (SARS-CoV-2) triggers the down

regulation of angiotensin converting enzyme 2 (ACE-2).”® That is

Angiotensinll (Angll) is an active hormone of the Renin angiotensin
System (RAS) and has an important role within the complex network
of other endocrine, paracrine systems, where RAS affects many tis-
sue and organ systems.!® Angll effects include vasoconstriction,
aldosterone release, antidiuretic hormone synthesis, sympathetic
activation, and salt absorption from kidney tubules.* However, when
the RAS system disorders occur, all these effects could lead to the
development of hypertension. The most important effect in hyper-
tension is the direct contraction effect of Angll on arterial smooth
muscles. It also causes irregularity in endothelial cells, medial hyper-
trophy and increase in connective tissue, causing atherosclerosis,
growth of myositis in the heart muscle, development of left ventricu-
lar hypertrophy and development of heart failure.>>¢ Moreover, cur-

rent studies showed that Angll levels increase, due to the Severe

why Angll is an important biomarker for certain diseases, i.e., heart
attacks, SARS-CoV-2, influenza infections, tumors, etc., that are
associated with hypertension, hypotension.” However, Angll pre-
sents in blood in very low concentrations and they are not stable
due to their reactivity, therefore spontaneous detection of Angll is a
big challenge.1°-1*

Angll is mostly detected in biological fluids using HPLC-
radioimmunoassay (RIA),*?> enzyme-linked immunosorbent assay
(ELISA)*® and LC-MS/MS** methods. Although these methods detect
Angll for diagnosis, they have important drawbacks, i.e., time consum-
ing, laborious, includes hazardous radioactive materials (for RIA), lim-
ited storage stability (for ELISA). That is why there is still a vital need
to develop alternative methods for direct detection of Angll from
body fluids.***

Biotechnol Progress. 2021;37:€3112.
https://doi.org/10.1002/btpr.3112

wileyonlinelibrary.com/journal/btpr

© 2020 American Institute of Chemical Engineers | 1 of 10


https://orcid.org/0000-0001-8668-8296
mailto:gpesint@atu.edu.tr
http://wileyonlinelibrary.com/journal/btpr
https://doi.org/10.1002/btpr.3112

YILDIRIM ano BAYDEMIR PESINT

20f 10 I BIOTECHNOLOGY
PROGRESS

Molecular imprinting is a technique, which is used for recognizing a
target molecule (e.g., ion, protein, peptides, etc.) from a complex media,
in a single step with high selectivity. Basically molecularly imprinted
polymers designed in three steps; An interaction occurs between the
functional monomers and the template molecule. The functional
monomer-template complex is polymerized in presence of crosslinkers
and monomers. And the target molecule is removed from the polymer
to get target specific cavities with the shape and chemical structure
memory towards target.*>*” The fact that they can be stored for sev-
eral years without any change in their performance, they are reusable
materials. Their advantages enabled them to be used as synthetic rec-
ognition elements in many application fields, i.e., diagnosis, separation,
purification, in health, food, environment, etc.182° Although imprinting
of many small molecules is successfully applied in MIPs, there are still
difficulties in the printing of large molecules such as protein. So far,
polymerization methods such as bulk (3D), surface (2D) or partial (epi-
tope) printing has been used for proteins.2??

Cryogels are soft materials which are synthesized at subzero temper-
atures (between 0 and —20), with three-dimensional sponge-like elastic
morphology and pore sizes from a few microns to several hundred
microns.23?* Interconnected macrospores provide low flow resistance
property to the structure and thus the spongy structure allows to work
without difficulty even with viscous liquids.2>2® When these properties
of spongy columns are combined with the molecular printing technique, it
is possible to obtain advantageous materials with high selectivity that can
provide ease of working with viscous liquids such as blood. 2”28

In this study we offer an alternative method for direct Angll detection
from Human serum in a single step with high selectivity. For this purpose
we prepared PHEMA based molecularly Angll imprinted spongy columns.
The selectivity studies were performed against Angl and VASP, and Angll
detection was achieved from human serum as well.

2 | EXPERIMENTAL

2.1 | Materials

Angiotensin |l, Angiotensin | Human Acetate, Arg8-Vasopressin Ace-
tate, 1-Vinylimidazole (VIM), Angiotensin Il EIA Kit (Cat No:
RAB0010), 2-hydroxyethyl methacrylate (HEMA), N,N, N’ ,N’-
tetramethyl ethylene diamine (TEMED), ammonium persulfate (APS),
methylene-bis acrylamide (MBAA), Human Serum (H4522-20ML) and
other chemicals supplied from Sigma-Aldrich, St. Louis, MO, USA. All
water used in the experiments was purified using a Millipore Direct-Q
3 UV Ultrapure (Type 1) water purification system (MerckAG, Darm-
stadt, Germany).

2.2 | Preparation of Angll-misc and non-imprinted
polymer (Nisc) columns

Angll-molecularly imprinted spongy column (Angll-misc) was prepared
as follows, Angll-VIM complex was prepared by dissolving Angll and

functional monomer VIM (31 mg) in 1/10 n/n mol ratios in 1 ml of
water and stored at +4°C for 12 hr to complete complexation. One
milliliter of HEMA and 0.25 g MBAA was dissolved in 5 and 6 ml of
water, respectively, to obtain 10% monomer concentrations. Then
prepared pre-complex was added into that mixture. Finally 150 pl of
APS solution (10% w/w) and 10 ul of TEMED were added to the poly-
merization mixture as initiator and mixed in the ice bath. Then the
prepared mixture was equally divided into 3 ml syringes and frozen in
a cryostat at —16°C for 10 hr to complete the polymerization process.
Polymers taken from the cryostate and left to room temperature for
melting ice crystals in frozen polymeric columns and let them form
interconnected macropores to get spongy columns. Non-imprinted
spongy columns (Nisc) were prepared in the same way without using
Angll, these columns functioned as a control group. The prepared col-
umns were washed with ethanol (30:70, v/v) for 30 min and water for
10 min, respectively, at room temperature to remove unreacted

monomers and impurities.

23 | Template removal from the Angll-misc

Angll molecules removed from the Angll-misc to get Angll specific
cavities. Twenty milliliters of desorption buffer PBS buffer (10 mM,
pH 7.4) was passed through the column for 2 hr continuously. At the
end of this cycle a washing step was applied by passing 20 ml of water
through the column. All measurements were done at 283 nm, using
UV-spectrophotometer (Genesys 150, Thermo Fisher Scientific).
These steps repeated until no Angll detected in elution solution, spec-

trophometrically. The template removal amount was calculated using;
QTR=(Cf—Ci)><V/m (1)

In here, Qg (mg/g) is removal amount of template from unit mass
of dry polymer, C; and C; are Angll concentrations before and after
treatment of desorption agent with Angll-misc, V (ml) is volume of
desorption agent and m (g) is mass of dry polymer. Removal ratio is
calculated using:

Angll Removal Ratio (%)
B Removed Angll amount from Angll
Angll amount in unit mass of Angll —misc polymerization mixture

)

Template-removed Angll-misc were washed with water using a
peristaltic pump for 30 min at room temperature and stored in water
at +4°C until use.

2.4 | Characterization studies
Water uptake ratio of Angll-misc and Nisc were determined by swell-
ing tests. Briefly; the Angll-misc and Nisc were dried in lyophilizer and

weighed with an accuracy of +0.0001 and placed in a beaker
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containing 20 ml of water for 2 hr at 25 + 0.5°C at constant tempera- Q=(Co-C)xV/m (6)

ture. Then it was removed from the beaker and weighed by removing
excess water from the surface. Dry and wet weights are averaged of
three repeated operations, the water uptake ratio of the material is

determined with the following equation:

Water uptake ratio (%) = [(Ws—W,)/Ws] x 100% (3)

Wy and W; are the weights of the Angll-misc/Nisc before and
after swelling in g, respectively.

In order to determine the macropore amount of Angll-misc/Nisc,
they were immersed in water and swollen samples weighed (W;) in
g. Then, swollen cryogel sample was squeezed delicately to remove
water in macropores of the cryogels and weighed (W) in g. The
macropore amount of Angll-misc and Nisc was calculated using the

equation below.

Macropore amount (%) = [(W1—W3)/W1] x 100 4)

The polymerization efficiency of the prepared cryogels is calcu-
lated using the dry weight of produced cryogels (W,,) and the weight
of total reactant monomers (W,,,) used for polymerization. Polymeriza-

tion yield calculated as follows:

Polymerization yield% = (Wp)/(Wm) x 100 (5)

Synthesized Angll-misc and Nisc morphologies were character-
ized by Scanning Electron Microscope SEM (JEOL JSM 5600, Jeol Co.,
Tokyo, Japan). Specific surface area of the Angll-misc and Nisc using
Brunauer-Emmett-Teller (BET) analysis (Flowsorb 1l 2300, Micro-
meritics Instrument Corporation, Norcross, GA) via multipoint
method. FTIR analysis was used to identify the chemical structure of
the Angll, Angll-VIM precomplex, Angll-misc by FTIR Spectrometer
(Nicolet iS10, Thermo Fisher Scientific) between 4000 and 600 cm™™.

2.5 | Angll binding studies from aqueous solutions
Angll binding onto Angll-misc and Nisc from agueous solutions was
performed by a continuous system using a peristaltic pump, and all
experiments were repeated three times and average of obtained
results were reported. The effects of the equilibrium Angll concentra-
tion onto Angll binding was investigated in the range of 0.01-
0.2 mg/ml Angll concentrations. The effects of binding time onto
Angll binding capacity was investigated in the range of 0-120 min
and the effect of flow rate was studied 0.5-4 ml/min. In each step,
columns were equilibrated with PBS buffer by applying 5 ml of PBS
to the column. All Angll solutions were prepared in PBS buffer
(10 mM, pH 7.4). All parameters were evaluated using UV-
spectrophotometer at 283 nm and the binding capacities were calcu-

lated using:

Here, Q is binding capacity (mg/g), C, and C; are Angll concentra-
tions of the Angll solutions before and after the interaction with
Angll-misc and Nisc columns (mg/ml), V is volume of the solution (ml),
m is the dried mass of the column (g).

2.6 | Selectivity studies

The selectivity of Angll-misc against Angll molecules was examined
by selectivity tests. In this study, the binding behavior of the Angll
molecule was compared against competitor Angl and VASP molecules.
These molecules are chosen as competitors because they have similar
chemical structure and size with Angll molecules. (Angll, 1046 Da;
Angl, 1296.5 Da; VASP, 1084.23 Da). For this purpose the 5 ml of
0.05 mg/ml of Ang Il, Angl and VASP was prepared in PBS at pH 7.4
buffers, separately and applied to Angll-misc and Nisc one by one.
Binding amounts were calculated by taking 100 pl of samples before
and after treatments and evaluated using UV-spectrophotometer.

The selective Angll binding from human serum was also per-
formed, in 1/10 and 1/20 fold diluted human serum with PBS buffer
(10 mM, pH 7.4). Human serum was spiked with Angll to get
0.05 mg/ml and then it was diluted in the ratios of 1/10, 1/20. Then
the 3 ml of diluted serum samples were applied to Angll-misc for 2 hr
at room temperature by a peristaltic pump. After 2 hr the final serum
sample was taken and diluted to 500 pg/ml using 10 mM PBS buffer
(pH 7.4), due to sigma elisa kit working in the range of
1-1000 pg/ml. Another 3 ml of crude human serum spiked with Angll
to get 5 pg/ml and directly applied to the Angll-misc. Five hundred
microliters of serum samples was taken before and after treatment
with Angll-misc. All collected experimental samples were then ana-
lyzed using commercial Angiotensin Il EIA Kit by sandwich ELISA
method. All Angll binding amounts were calculated according to ELISA

kit technical report by ELISA (Awareness Technology Inc.).!

2.7 | Reusability studies

Reusability of Angll-miscs and Nisc were tested by applying Angll to
the same column 10 times. 0.5 mg/ml of Angll was prepared freshly
for each cycle in PBS pH 7.4 and after each binding step, Angll mole-
cules desorbed from Angll-misc, by circulating 1 M NaCl in PBS
(10 mM, pH 7.4) through Angll-misc for 2 hr at room temperature.
Angll concentration in desorption medium was measured spectropho-
tometrically at 283 nm. The Angll desorption ratio was calculated
using:

_ Amount of the desorbed Angl|
Amount of the adsorbed Angll

Desorption ratio(%) x100 (7)
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After each desorption step, excess of water was pumped through

the Angll-misc and Nisc for washing and columns were equilibrated
with PBS buffer at pH 7.4 for 10 min before reuse.

3 | RESULTS

3.1 | Characterization studies

Swelling tests were performed for analyzing water uptake ratio, and
macropore amount. Table 1 summarized the swelling tests results
both for Angll-misc and Nisc. Water uptake ratios were calculated as
94.3 and 92% and the macroporosity amount was calculated as
82 and 80% for Angll-misc and Nisc, respectively. Polymerization
yields were found as 88 and 84% for Angll-misc and Nisc, respec-
tively. Table 1 also shows the BET analysis results and the specific
surface areas of Angll-misc and Nisc were found to be 52 and
47 m?/g, which leads sufficient interaction areas for selective recog-
nition studies.

The surface morphology of the prepared Ang-misc and Nisc sam-
ples were examined by scanning electron microscopy (SEM) that pro-
vides high magnification. In this study, Figure 1a,b show the interior
structures of Ang-misc and 1C and D Nisc, respectively. As can be
clearly seen, all columns have interconnected pores and the pores
have 50-100 uM in diameter which allows the easy fluid flow through
the column. SEM photos also showed rough walls, which lead to high
surface area for effective interaction with Angll and Angll specific
cavities on Ang-misc.

Figure 2 shows the FTIR spectrum of Angll, VIM, Angll-VIM com-
plex, and Angll-misc. As can be seen from the spectrum; Angll has
C—C stretching peak around 1600 cm~! and aromatic C—H bending
peak around 1500 cm™! also a broad band was observed in
3600-3400 cm™! due to O—H stretching vibration.2? Angll has C—H
stretching band at around 2964 cm™!, C=C stretching and N—H
bending at around 1623 cm™!. C=N—C aromatic ring stretching
observed at around 1514 cm™ in ANGII and 1502 cm™ in VIM,
respectively. C—H ring bending at around 1111 cm™, C—N— ring
bending at around 1025 cm™?! observed at around both in Ang Il and
VIM, respectively, in different intensities. C—H stretching vibration

was observed at 2951 cm™!

and C—O stretching at around
1250 cm™! for both Ang Il and VIM. N—H stretching peak was
observed clearly at around 2800-3000 cm™! and a carboxylic acid
OH stretching band was seen at 3110.62 cm™! band for VIM.%C After
complexation the O—H stretching around 3400 cm™! was observed
as a broad peak and the intensity of this peak was increased and

shifted higher frequencies due to the H bonding of complexation.

C=N stretching band was also shifted left after complexation and
C=N—C aromatic ring stretching peak shifted higher frequencies and
intensity of that peak increased. These changes showed that the
precomplex was formed between Angll and VIM. According to FTIR
results of Angll-MIP; common bands from HEMA monomers are seen
at around 3400 cm™! (—OH stretch band) and 1700 cm™! (—C=0
stretch band) clearly. When the spectra examined, characteristic imid-
azole ring stretching vibration band at around 1530 cm™ ring vibra-
tion at around 1249, 1153, and 1076 cm~* C—H bending in plane ring
can be seen clearly. These data confirmed the presence of VIM in

Angll-misc.

3.2 | Template removal studies
Template removal ratio was calculated as 85% Angll from the Angll-

misc and removal amount found as 680 pg Angll/g Angll-misc.

3.3 | Equilibrium Angll concentration effect on
Angll binding amount

The effect of equilibrium Angll solution concentration on maximum
Angll binding was determined by applying agueous solutions of Angll
molecules in concentrations ranging from 0.01 to 0.2 mg/ml to the
column under the same conditions. Angll binding amount increased at
the beginning, then the maximum binding capacity of the column
remained unchanged after the concentration of 0.05 mg/ml. This
behavior can be explained by the Angll concentration difference
(ACangi)- ACangy is the driving force for Angll binding on Angll-misc
and it increases with increasing Angll concentration so an increase in
binding capacity observed with increasing driving force and binding
capacity, as well. Saturation of the recognition zones then prohibits
the binding. Maximum Angll binding capacity was calculated as
0.667 mg/g Angll-misc and 0.222 mg Angll/g Nisc (Figure 3).
Adsorption isotherms describe the relationship between the
amount of adsorbate (g.) adsorbed by the adsorbent at a constant
temperature and the adsorbate concentration (C.) remaining in the
solution at equilibrium. The parameters obtained from the adsorption
isotherms provide useful information about the surface properties,
the adsorption mechanism and the interaction between the adsorbent
and the adsorbate. The Langmuir and Freundlich adsorption isotherms
were used for understanding adsorption behavior of the synthesized
Angll-misc and Nisc towards Angll molecules. This isotherm model
assumes that the adsorption is monolayer and the surface is homoge-

neous.3! According to the Langmuir isotherm, all binding sites in the

Surface area (m?/g) Polymerization yield (%)

52 88

TABLE 1 Swelling ratio, macroporosity, surface area and polymerization yield of Angll-misc and Nisc
Water uptake ratio (%) Macroporosity amount (%)
Angll-misc 94.3 82
Nisc 92 80

47 84
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adsorbent are equally energized and suitable for binding of at most
one adsorbate molecule.*2 Linearized Langmuir adsorption isotherm

equation is given below:
1/Qe =1/(Qmax xb) x (1/Ce) +1/Qmax (8)

Q is the capacity of molecules that bind to the material (mg/ml),
C. is the concentration of the given molecule in the solution (mg/L),
b is constant of Langmuir (ml/mg) and Q. is the highest adsorption
capacity (mg/g). 1/Qmax is calculated by the point where 1/Q graph
crosses the y-axis against 1/C. and the slope gives the value of
1/Qumax X b.32

The Freundlich isotherm assumes that adsorption occurs physi-
cally and reversibly on heterogeneous surfaces. According to this iso-
therm model, adsorption is multi-layer adsorption, the surface is
heterogeneous and binding sites are not equal energetically. The
Freundlich isotherm model is an exponential equation and assumes
that adsorption occurs through multiple layers instead of a single
layer.213 Linearized Freundlich equation can be given as:

INQeq =INKs+1/nInCeq (9)

In this equation, Qeq is the amount of adsorption (mg/g) and Ce is
the equilibrium concentration in the solution (mg/L). K and 1/n are
Freundlich constants, which are indicating adsorption capacity and
adsorption intensity. Experimental data were adapted to the
Freundlich model and InCeq was plotted against InQeq. Adsorption
constants were calculated from the cut-off point and slope.33

Table 2. summarizes the calculated Langmuir and Freundlich
adsorption isotherm constants. The calculated Q,, Qg, and the R?

Langmuir constants

0.9

o /
0.7 R

0.6

0.5 - —s—Experimental

0.4 + —=— Langmuir

Bound Angll, mg/g

0.3 A ——Freundlich
0.2

0.1

0 T T T |
0 0.02 0.04 0.06 0.08 0.1 0.12

Equilibrium Angll concentration, mg/mL

FIGURE 4 Comparison of experimental Angll binding amount vs
Langmuir and Freundlich Angll binding amounts

values showed that the adsorption data is more compatible with Lang-
muir isotherm, and it can be concluded that the monolayer adsorption
is favorable for Angll-misc. These results also in agreement with
Figure 4, in this figure the plot of experimental binding amount well
fitted with calculated Langmuir binding amount rather than

Freundlich.

3.4 | Effects of interaction time on Angll binding
In order to determine the effect of interaction time on maximum Angll
binding amount of the column, 3 ml of 0.05 mg/ml Angll solution was
interacted with the column with a flow rate of 0.5 ml/min at pH 7.4.
Samples were taken for 2 hr with certain time intervals and the maxi-
mum binding time interval was determined. It was observed that the
maximum binding was reached at 60th min. and binding time was
taken as a basis in all subsequent experiments (Figure 5).
Time-binding relationship used in kinetic model calculations to
understand adsorption controlling mechanisms. In here pseudo-first
order kinetic and pseudo second-order kinetic equations were used
for the adsorption of an analyte from its aqueous solution. The
pseudo first-order kinetic model calculated using Lagergren's equa-
tion; Aqy/dt = ki(eq as) = log
(Geq) - (k1t)/2.303. In here, kq is first order adsorption rate constant

— q¢) and linearized as log(geq —

(min~2); Geq and g; are Angll adsorption amounts at equilibrium and at
time t (mg/g), respectively. The pseudo-second order equation based
on adsorption equilibrium capacity expressed as; Ag/dt = k; (qeq — d¢)
and can be linearized as (t/q) = (1/kaGeq?) + (1/deq) t. Here ko is
pseudo-second order adsorption rate constant (g mg~t/min). The rate

constants ki, k, and equilibrium adsorption amounts geq obtained

TABLE 2 Langmuir and Freundlich
adsorption isotherm constants for Angll

Freundlich constants

Experimental
Qex (mg/g)
0.667

Q. (mg/g) b (ml/mg) R?

0.772 57.24 0.9766 2.37

Qr (mg/g)

n R?

2.00 0.8406
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intercepts and slopes of log(deq — g:) vs t plot for first order
(Figure 5b) and (t/q;) vs t plots for second order (Figure 5c), respec-
tively and summarized in Table 3.

According to results shown in Table 3 the adsorption process can
be expressed via second order mechanism. It is obvious that the R? of
pseudo second order is 0.99 greater than that of pseudo first order;
moreover the theoretical pseudo second order g. (0.688 mg/g) is
closer to experimental g (0.667 mg/g) than that of pseudo first order
(2.024 mg/g). As a result, pseudo-second order mechanisms control
the adsorption process via chemisorption rather than diffusion,
obtained results support the specific interactions occur between Angll

and Angll-misc via size and chemical structure 334

3.5 | Effects of flow rate on Angll Binding

The effect of flow rate on Angll binding was investigated. 0.05 mg/ml
Angll in PBS (10 mM, pH 7.4) solution was applied to the column at dif-
ferent flow rates; 0.1, 0.5, 1.0, and 2 ml/min. As shown in Figure 6,
adsorbed Angll amount was decreased by increasing flow rate, due to
limited interaction between column and Angll molecules. The maximum
Angll binding capacity of the appropriate flow rate was determined as
0.5 ml/min, and the rest of the study was performed at this point.

3.6 | Selectivity studies

Selectivity experiments were done for demonstrating the selectivity
of Angll-misc towards Ang Il and competitors; Angl and VASP.
Figure 7 summarized the selective binding amounts of all molecules
onto Angll-misc and Nisc. This figure showed that the Angll binding
amount is higher for Angll-misc than competitors. This is an evidence
for selective binding and obtained data also used for calculation of
distribution coefficient Ky, imprinting factor If and selectivity coeffi-
cients k, for evaluating selectivity in detail 3+3°

The distribution coefficient (K4, ml/g) calculated according to fol-
lowing equation:

Kq = [(C; — Cf)/C] x V/m(10)

Here C; is initial solution concentration (mg/ml); C; is concentra-
tion of the solution after interaction with the column (mg/ml); V is vol-
ume of solution (ml) and m is dry column weight (g).

The recognition characteristic of Angll-misc columns is deter-
mined by the imprinting factor (IF). IF value allowed us to compare the
selective binding behavior of imprinted and non-imprinted spongy

columns.
IF:KdMisc/Kd Nisc (11)

In this equation, K4 misc is the distribution coefficient of Angll-
misc columns and Ky nisc is the distribution coefficient of Nisc
columns.

The selectivity coefficient (k) is an indicator of the selectivity of

the column for the template molecule. Selectivity coefficients were
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TABLE 3 Adsorption kinetic model constants and adsorption amounts

Pseudo-first-order-kinetic

Pseudo-second-order-kinetic

Exp.
Initial conc. (mg/ml) Geq (Mg/g) k4 (1/min) deq (Mg/g) R? ko (1/min) Geq (Mg/g) R?
0.05 0.667 0.059 2.024 0.98 23.8 0.688 0.99
k: Kd Misc template/Kd Misc competitor (12)

0.8
Y
B
> 06
3
=
8 04
o
£ '
g 0.2 — 1
d ——
R // 4 . Nisc
0 i
Angll e L Angll-misc
Angl e
VASP

Competitive Molecules

IGURE 7 FSelectivity studies. Concentrations of Angll, Ang |,

VASP: 0.05 mg/ml, mgy,: 0.1027 g, V: 3 ml, pH 7.4, flow rate:
0.5 ml/min, time: 120 min, T: 25°C

TABLE 4 Summary of selectivity studies; distribution coefficient,
imprinting factor, and selectivity coefficients

Angll-misc NIP
Ky (ml/g) Kg (ml/g) IF k
Angll 54.6 4.9 11,1
Angl 6.6 414 1.6 8.27
VASP 3.8 2.7 14 14.25
0.7
0.68
X
oo
E 066
®
<
2 o064
=
32
0.62
0.6
0 2 4 6 8 10 12

Number of Reuse Cycle

FIGURE 8 Reusability of Angll-misc columns. Angll conc:
0.05 mg/ml, mdry: 0.1027 g, V: 3 ml, pH 7.4, flow rate: 0.5 ml/min,
time: 120 min, T: 25°C

calculated by comparing the selective binding behavior of Angll-misc
towards Angll versus Angl and VASP. k is calculated with the equation

given below:

K4 Misc tempiate is distribution coefficient of Angll-misc towards
Angll and Ky Misc competitor 1S distribution coefficient of Angll-misc
towards competitors.

Table 4 shows that the Angll-misc was 8.27 times more selective
against the Angl molecule and 14.25 times more selective against
VASP. It was concluded that the Angll-misc can recognize Angll spe-
cifically. All molecules have similar chemical structures and molecular
weights, but results showed that Angll-misc can recognize Angll more
specifically. The specific recognition occurred because, Angll molecule
surrounded with VIM functional monomers via secondary interactions
and molded well, not only based on the size, but chemical structure as
well. That is why slight differences in chemical structure and size of

the molecules can be recognized by newly synthesized Angll-misc.

3.7 |
serum

The selective Angll binding from human

The selective binding Angll from human serum was achieved using
1:10, 1:20 diluted human serum, which have 0.005 and 0.0025 mg/ml
Angll concentrations, respectively. The ELISA results were evaluated
and the Angll binding amounts were found as 0.054 mg/g and
0.028 mg/g with 87% and 92% recovery. When 5 pg Np/ml crude
(undiluted) serum applied to column; selective binding capacity was
calculated as 60.5 pg/g, it is important to note that 96% of the Angll

can successfully rebound from crude human serum.**

3.8 | Reusability studies

In order to examine the reusability of the produced columns, the Angll
solution in a certain concentration was applied to the same column
10 times and the results obtained after 10 binding desorption cycles
are shown in Figure 8. The decrease in capacity of Angll binding of
the columns is negligible (3%) and obtained results showed that the
synthesized Angll-misc can be used several times without any capac-

ity decrease or any structural change.

4 | CONCLUSION
Angll, an important biomarker in human blood for cardiovascular dis-
eases, SARS-CoV-2, influenza infections, tumors, etc. Angll-misc was

synthesized for the detection of Angll from human serum for the
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purpose of early diagnosis, prognosis and treatment of related dis-
eases. Angll binding capacity was found as 0.667 mg/g from aqueous
solution and Angll-misc can recognize Angll 8.27 and 14.25 times
more selective than Angl and VASP, respectively. The Angll-misc can
bind Angll from human serum as 60.5 pg/g with 96% recovery. This
study showed that the column synthesized can be used as an alterna-
tive method for the diagnosis of Angll from blood and has a potential

for further studies.
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