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Three-Dimensional Fingerprint Spectroscopy Study on the Biopolymer System
of Polyphenol Oxidase Binding with Cumalic Acid

The protection of Cumalic acid (CA), antioxidant, in the biochemical process in nature has aroused great in-
terest. Polyphenol oxidase (PPO), an enzyme, plays a vital function in aging and browning of plants, such as
vegetables, fruits and mushrooms. The interaction of CA and PPO reveals the important information in me-
tabolism and aging. Thus, the molecular mechanism of CA binding with polyphenol oxidase (PPO) was ex-
plored by combining spectroscopic methods with molecular modeling. A three-dimensional fingerprint of the
CA-PPO complex was built for the first time to characterize the interaction biopolymer between CA and
PPO. Application of the spectroscopic methods indicated that CA effectively quenched the intrinsic fluores-
cence of PPO. The enthalpy change (AH®) and entropy change (AS°) suggested that the CA-PPO complex
was predominantly stabilized by hydrophobic interactions CA and PPO. Building the A-UV-F fingerprint of
CA-PPO made it possible to demonstrate the three-dimensional interactions between CA and PPO. Subse-
quently, molecular modeling demonstrated that CA was primarily bound to PPO by hydrophobic interactions
and hydrogen bonds located at amino acid residues Ala202, His38, His54 and Ser206. The computational
simulations were consistent with the spectral experiments demonstrating confidence in the three-dimensional
model determined of the CA-PPO interaction.

Keywords: biopolymer, Cu-containing enzyme, coumaric acid, Polyphenol oxidase, antioxidant, o-pyrone-5-
carboxylic acid, Spectroscopy, tyrosinase, Molecular modeling.

Introduction

Polyphenol oxidase (PPO) is a multifunctional Cu-containing enzyme, which is also called tyrosinase
and found widely in living organisms, such as vegetables, fruits and mushrooms [1, 2]. It is a very important
substance in the process of browning of fruits after contacting with the oxygen in air which occurs after
damaged or long-term storage [3, 4]. The enzyme PPO is also involved in the production of melanin [5].
Specifically, PPO is involved in the formation of the melanin shield protecting plants from external stress.

The biochemical properties of phenolic resins have been extensively studied. They are reported to have
antioxidants, anti-carcinogenic among others [6]. Due to the various pharmacological properties of antioxi-
dants, people have attracted great interest in recent years. The main mechanism proposed may play a protec-
tive role through the transfer of H atoms, single electron transfer, and metal chelation [7]. Cumalic acid
(CA), also known as a-pyrone-5-carboxylic acid, CA is such an antioxidant (Figure 1). This antioxidant, CA,
is the main active component of mature spores of tomato and lygodium japonicum plants [8]. It is also a po-
tential candidate in the field of antioxidant, antibacterial and antiviral research [9]. Both CA and PPO have
been reported to exist in the same plants and have effects on the metabolism of plants [10, 11]. Recently,
several studies have been published relate to molecular modeling studies of PPO [12-14]. But the research
about interaction mechanism between CA and PPO has not yet been conducted.

Figure 1. The structure of Cumalic acid
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Rosario Goyeneche, Yue-Xiu Si, Mareike E. Dirks-Hofmeister and many other professors have reported
that PPO is associated with the active ingredient in plant tissues [15-17]. In present, the overseas researchers
mostly concentrated their investigations into active molecule interactions with enzymes on the binding reac-
tion between animal’s protease and drug molecules [18-20], while focused on the reactive molecules inhibit-
ed enzyme activity [21, 22]. Investigations into enzyme interactions and enzyme inhibitions are most fre-
guently reported in animals and humans because enzymes are one of the most important targets for drugs to
exert effects on the body. However, studies investigating the interaction between plant enzymes and active
plant components are less frequently reported. Nevertheless, it will be important understand in more detail
how plant processes such as aging or browning may affect enzyme activities.

Many research literatures show that fluorescence and UV-vis absorption spectroscopy techniques are
powerful tools for studying important data of complexes. The values of wavelength (1), fluorescence intensi-
ty (F) and ultraviolet absorption (A) can be extracted from the spectral experiment, which help to draw a
three-dimensional fingerprint of A ~ F~A, and analyze the fingerprint peaks to obtain the interaction charac-
teristics of small molecules and enzymes. Therefore, the construction of traditional Chinese medicine finger-
print can primarily reflect the species and quantity of chemical composition in traditional Chinese medicine,
and make an integral description and evaluation on the quality of medicine [23]. Based on the construction
principle of traditional Chinese medicine fingerprint and spectrum experiment skill, we get and extract the
absorption spectrum and emission spectrum data of CA binding with PPO.

In this work, the fluorescence and UV-vis absorption spectroscopy were measured to detect the interac-
tion mechanism between CA and PPO. The 2-UV-F fingerprint was built to analyze characteristic fingerprint
peaks in CA-PPO fingerprint chromatogram, which aims to explore and reveal the binding between CA and
PPO. The molecular modeling was also constructed to explain and support data from spectral experiment.
We believe these findings will be useful for pharmaceutical research, especially for the synthesis and design
of CA derivatives with enhanced activity.

Experimental

Reagents and Materials

1.0x107® mol-L* of PPO (3130 units/mg) (Sigma Chemical USA) in phosphate buffered saline (PBS,
pH 6.5) at. CA (>97 %) (Energy Chemical Shanghai), and 1.0x10~* mol-L* in ethanol were prepared sepa-
rately. Ultrapure water was used to prepare for the above solutions. All chemicals are of analytical grade.

Spectroscopic techniques which were used to measure fluoresce and absorption include F-7000 spectro-
fluorophotometer (Hitachi, Japan) and UV-2450 UV-vis spectrometer (Shimadzu, Japan). A BS224 Selec-
tronic analytic weighing scale (Sartorius, China) was used to obtain the precise amount of the samples for
experiment.

Experimental procedure for spectroscopic measurement

The absorption spectra of PPO in the presence of CA ranging from 0 to 5.6x10°° mol-L* were meas-
ured in the range of 200-800 nm at room temperature. The conditions for fluorescence measurement were set
at 291 K, 300 K, and 308 K. The emission spectra were recorded in the wavelength range of 250-500 nm
upon excitation at 282 nm with a scanning speed of 1200 nm/min. The widths of both the excitation slit and
emission slit were set to 5 nm. The fluorescence emission spectra of PPO were recorded in absence and pres-
ence of increasing concentrations of CA, corresponding to 0x1078, 0.4x107°, 0.8x10°°, 1.0x107%, 1.8x1075,
2.4x10°° 3.2x10°,4.0x10°°, 4.8x10°5, 5.6x10°mol-L 1. Subtract the appropriate blank corresponding to the
buffer to correct the fluorescent background.

2-UV-F fingerprint

The three-dimensional fingerprint of CA-PPO complex was built using emission wavelength, intensity
of fluorescence and UV absorption values from the CA-PPO spectral experiments. The interaction character-
istics of CA-PPO system were obtained by analyzing the peak distributions of fingerprint spectrum.

Molecular modeling: blind docking simulation

PPO (tyrosinase) belongs to oxidase super family protein [24, 25]. In order to understand the basic
mechanism of PPO and CA interaction, in the experiment, the docking mode of CA was checked at the cata-
lytic site of PPO. The binding site was fixed near the three fluorophores (Trp, Tyr and Phe) under the guide
of fluorescence experiment. The three-dimensional structure of PPO was obtained from the Protein Data
Bank (PDB ID: 1WX2). The CA structure was built using ChemDraw Ultra 8.0 software. For the docking of
CA with PPO, the required files for ligand (CA) were created through Gaussian. The following steps taken
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for the docking process were: (1) conversion of the 2D structure to a 3D structure; (2) addition of hydrogen
atoms; (3) calculation of charges, and (4) location of pockets. The PyMOL software package was used for
the visualization of the docked conformations. Finally, all experimental data calculations from our work
were performed on a Silicon Graphics Ocatane2 workstation.

Calculation equations
Dynamic quenching is the mechanism of fluorescence quenching. The calculation is disclosed as fol-
lows [26]:

=
FO =1+ Kwiq1 =1+ Kazy a1, 1)

where Kg, Ksv, Toand [Q] — are the quenching rate constant of the bimolecule, the dynamic quenching con-
stant, the average lifetime of molecule without quencher and the concentration of quencher, respectively.

The Ks and dynamic quenching parameters of CA and PPO can be obtained from the experimental data
by using the calculated equation (1). For the fluorescence lifetime of the biopolymer is 108, the quenching
constant Kq (L-mol™?-s 1) can be obtained from Kq= K, /7o.

For static quenching interaction, experimental numerical calculation and determination can be per-
formed according to formula (2) [27, 28]:

lg[ (F, - F)/F]=1gK +nlg[Q]. (2)
Among them, Fo, F, and [Q] are the same as defined in formula (1), K is the binding constant in CA and
PPO, and n is the number of binding sites in each PPO molecule, and it can be determined by the slope and

intercept of double logarithm regression curve of Ig [(Fo—F)/F] vs. Ig [Q] based on Equation (2) (Figure 4).
The thermodynamic parameters of CA-PPO are calculated by the van’t Hoff equation:

Ink = —AH°  AS° 3)
RT R
AG® = AHO—TAS®, @)

where R — is the universal gas constant, K at temperature T; T — is the Kelvin temperature (291 K, 300 K
and 308 K).

In this research work, we calculated the energy transfer efficiency E based on Foster's non-radioactive
energy transfer theory. For the distance r, we calculated the distance from the ligand to the protein trypto-
phan residue, and Ry is the Foster critical distance, at which 50 % of the excitation energy is transferred to
the receptor. It can be calculated by using formula (5):

6
E-1-fo_Fo 5)
F (Ré3 + re)
RS —8.8x10K?N *pJ 6)

where K?2=2/3, N =1.336, ¢ =0.118, J — is the overlap integral of the fluorescence emission spectrum of
the donor and that of the absorption spectrum of the acceptor.
Therefore,

I = [TF@e@td /[ F)dn )

where F(L) — is the fluorescence intensity of the fluorescent donor at wavelength X, (A) — is the molar ab-
sorptivity of the acceptor at wavelength A.

Results and Discussion

UV and fluorescence spectra of PPO in the presence of CA

Figure 2A is the UV-Vis absorption spectrum of PPO. From Figure 2A, we observed a double absorp-
tion peak, but the peaks that appeared earlier in the study are generally ignored. Therefore, the maximum
absorption peak of PPO is between 300 nm and 350 nm, and a red shift occurs, indicating that the existing
CA ring molecular structure makes the system's hydrophobicity lower. The preliminary results indicated the
formation of CA-PPO complex. In addition, because PPO molecules contain tryptophan, tyrosine and phe-
nylalanine, they have endogenous fluorescence (between 300 and 500 nm). When the excitation wavelength
(Aex) is 282 nm, the maximum emission wavelength of PPO is about 351 nm. At this time, the fluorescence of
PPO mainly comes from tryptophan residues.
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At different concentrations of CA (1 to 10 in Figure 2B), the shape of the fluorescence spectrum of PPO
did not change. As the concentration of CA increases, the maximum fluorescence emission peak of PPO red-
shifts at 349 nm, indicating that the microenvironment of tryptophan (TRP) residues is reduced in hydropho-
bicity [29]. The increase of CA concentration leads to the contraction of the peptide chain near the binding
site, and the hydrophobicity of the surrounding environment increases. The experimental results of different
changes in the fluorescence spectrum and ultraviolet-visible spectrum show that there is an interaction be-
tween CA and PPO. Figure 2 shows that CA has no peak at the peak position of PPO and has no influence on
the CA-PPO system.
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Figure 2. UV absorption spectra (A) and fluorescence spectra (B) of PPO in PBS solution in presence of various CA
concentrations corresponding to 0x107,0.4x1075, 0.8x10°6, 1.0x10°%, 1.8x1075,2.4x10°6, 3.2x107%, 4.0x10°5,
4.8x1075, 5.6x107° mol-L* from 1 to 10; pH = 6.5; C(ppoy= 1.0x10 8 mol-L?

Quenching mechanism of PPO with CA

From Figure 2B, it is found that as the concentration of CA increases, the fluorescence of tryptophan
residues will decrease, which can be explained that the compound is formed from CA and PPO. If the pro-
cess of fluorescence quenching is dynamic quenching, then it can be described by an equation (1).

F/F

0 1 2 3 4 5 5]
(0110 S(mol1)

(m —291K; @ — 300K; A —308K). C (ppoy= 1.0x105mol-L; pH = 6.5; Aex= 282 nm

Figure 3. The Stern-VVolmer plot of PPO quenched by CA
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Table 1

The parameters of Stern-Volmer plots for the quenching of PPO by CA at 291 K, 300 K and 308 K

System

T(K) Kev(L-mol ™) Kq(L-(mol's)?) R sD
291 4.22x10° 4.22x10% 0.99812 0.05127
CA-PPO 300 4.18x10° 4.18x10% 0.99882 0.04029
308 3.23x10° 3.23x10% 0.99958 0.01850

The experimental results in Figure 3 and Table 1 indicate that the quenching curves of CA and PPO are
different at different experimental temperatures. The curve obtained at each experimental temperature shows
a good linear relationship between Fo/F and Q (Rz91, Raoo, Rsos > 0.99), which illustrates the uniformity of
static quenching. In addition, because the rate constant of CA-induced PPO is much larger than the Kq value
of the dispersion process 2.0x10' L-(mol-s)* [19], in this experiment, quenching was not initiated by dy-
namic quenching, but It is caused by static quenching. In this process, compounds are formed. All the above
data and results confirm that quenching between substances is caused by static quenching.

Binding constant and binding sites of PPO with CA

The value of the static quenching interaction can be obtained from equation (2). The results are shown
in Figure 4 and Table 2.
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Figure 4. Plots of Ig[(Fo—F)/F] vs. 1g[Q] for CA-PPO

Table 2
The binding constants K, binding sites n and the thermodynamic parameters of CA-PPO system

System T(K) | K(L-mol?) n R AG°(kJ-mol1) AH°(kJ-mol1) | AS°(J-(mol-K) 1)
291 2.45x10% 0.95 | 0.9983 -26.08

CA-PPO 300 1.86x10* 0.92 | 0.9978 -27.21 28.66 188.09
308 1.58x10° 0.69 | 0.9970 -29.27

The n value of CA-PPO complex in Table 2 is approximately equal to 1, indicating that there is one
binding site in PPO for CA during their interactions. In Table 2, the binding constants are shown as a straight
line at the three test temperatures. And the higher the substance concentration, the lower the K value, which
shows that the test temperature has an influence on it.
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Thermodynamic parameters and binding Forces

The sign and size of the parameters related to the drug-protein interaction process (such as (AH®) and
(AS°®)) can be used as some potential tools for deciphering the activation binding force [30, 31]. The calculat-
ed thermodynamic parameters collected in Table 2 show that AH°>0, AS°>0 (According to the relative
magnitudes of thermodynamic enthalpy change AH° and entropy change AS° before and after the reaction,
the main force types between small molecules and proteins can be judged [32]: when AS°>0, it may be hy-
drophobic and electrostatic forces. AS°<0 may be hydrogen bonding and van der Waals force, AH°>0, AS°>0
is a typical hydrophobic force; AH°<0, AS°<0 is mainly hydrogen bonding and van der Waals force), which
manifest that the predominance of hydrophobic forces as the responsible factor for CA-PPO binding. This
inference is well supported from blind docking simulation result which shows a hydrophobic force between
the two molecules.

Energy transfer from PPO to CA

From Equation (5), Equation (6) and Equation (7), the following data was obtained: E =0.708,
J=1.11x10" (cm*-L)-mol?, Ro=2.46 nm, and r = 2.13 nm for the CA-PPO system. The donor-acceptor
distances (r) of above CA-PPO system was less than 7 nm [33, 34], suggesting that the energy transfer from
PPO to CA occurred with high probability. The distance values here is a theoretical value [35].

Three-dimensional fingerprint study
The three-dimensional spectrum of fluorescence intensity-absorbance-wavelength of CA-PPO system is

preliminary constructed based on fingerprint construction technology (Figure 5). A-UV-F fingerprint showed
4 characteristic peaks (Table3).
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Figure 5. The three-dimensional spectra of wavelength-fluorescence intensity-absorbance (Cca: Cppo = 1:1)

Table 3

The data information of the CA-PPO three-dimensional fingerprint

Peak numbers 1 2 3 4
Absorbance(A) 0.164 0.298 0.372 0.1
Fluorescence intensity(F) 2511 2188 1288 2433
Fx4 (%) 4.12 6.52 4.79 2.43
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The interaction mechanism between plant active ingredients CA and plant enzyme PPO is characterized
from the fingerprint spectra. The fingerprint result is applied to reveal the dynamic change law of PPO-CA
system and lay a foundation for conducting in-depth study of active ingredient CA binding with PPO in a
different way. This experiment is based on the whole fingerprint to identify the authenticity of interaction.
We select four characteristics of the spectrum and use the peak position and proportion of intensity as char-
acteristic value, to clearly express the specificity of fingerprint. From Figure 5, there are many characteristic
peaks in the three-dimensional fingerprint we established, proving it has good stability and controllability.
We think this method can provide a reference for establishing standard fingerprint spectra of CA-PPO sys-
tem.

Molecular docking simulation study
Based on the experimental target receptor calculation model, the best energy ranking results are shown
in Figure 6.

TYR*.65
TR 130

TYR:235

THR-256

(©)

Figure 6. Interaction mode (A) only residues around 20.0 A of the CA (The residues of PPO are represented
using blue ball model and the CA structure are represented using red ball model), hydrophobic surface map (B)
and interaction mode (C) between CA and PPO are displayed (The CA structure are represented using green
stick model, thereinto red sticks represented oxygen, the hydrogen bond between CA and PPO
is represented using red dashed line)

Figure 6A presented the tryptophan residues Trp62, Trp184 and Trp213 within 2 nm distance. The CA
molecule, when brought into contact with PPO, was located in close proximity to the amino acid residues
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(Trp62, Trpl184, Trp213 and Phe59) that have endogenous fluorescence. These experimental results effec-
tively explain the effective fluorescence quenching of PPO emission in the presence of CA. Spectrum exper-
iment results showed that the micro domain of the PPO tryptophan residues and CA have obvious interac-
tions with each other. The distance between PPO tryptophan (the donor) and CA (the acceptor) obtained
from the fluorescence quenching experiment is nearly 2 nm. This distance measurement was corresponding
to the combine distance which was measured by docking, which fully provides the evidence that CA can
quench the fluorescence spectra of PPO.

As shown in Figure 6B, the hydrophobic cavity in PPO has the function of containing active ingredi-
ents, and has an important position in various processes of CA. From Figure 6C, we saw that the hydrogen-
bond interaction occurred between oxygen atom on 2-bit =O and Ala202, between oxygen atom on 5-bit
formic =O and His54, between oxygen atom on 5-bit formic -OH and His38, and between hydrogen atom
and Ser206. CA rings were embedded in the bonded zone, PPO amino acids showed the stability of CA-PPO
system. Hydrogen bonding has the effect of reducing hydrophilicity and increasing hydrophobicity, and can
keep the CA-PPO system stable. Therefore, it can be concluded that hydrophobic forces and hydrogen bond-
ing play a role between CA and PPO. Although there is a little difference of the result between spectroscopic
experiment and molecular modeling, the result of molecular modeling correlated well with the binding mode
observed by fluorescence quenching mechanism of PPO in presence of CA, i.e. the hydrophobic interactions
as the predominant interaction.
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Figure 7. (A) Curves of RMSD values of PPO and PPO-CA over time;
(B) RMSF values and time of Ca carbon atoms in the skeletons of PPO and PPO-CA systems

The spatial conformation of the interaction between CA and PPO was studied by molecular dynamics
simulation, and different parameters were calculated in vitro. Figure 7 (A) RMSD figure shows that within
90-110 ns, The fluctuation value of PPO-CA's RMSD is relatively low. The average RMSD value of PPO-
CAis 0.863 A, and that of PPO is 0.927 A. The data shows that compared with PPO, PPO-CA has a relative-
ly rigid structure. CA has a significant effect on the conformation of PPO. The RMSF value reflects the fluc-
tuation of amino acid residues in PPO relative to the average position and determines the flexibility of PPO
in a given region of protein. The greater the RMSF value, the greater the fluctuation of amino acid residues.
According to the RMSF figure in Figure 7(B), the RMSF value fluctuates within the range of 0-3, indicating
that the overall structure of PPO and PPO-CA is stable. The amino acid residue of PPO-CA is SER14, com-
pared with that of CA-free PPO , ALA14 and ARG9 have large RMSF values, indicating that these parts are
relatively flexible. Compared with the same parts of PPO residues, amino acid residues such as ALA40,
LEU274, ALA41, ARG53 and ARG95 had lower RMSF values, and the amino acids in the active site were
relatively stable and moved less, resulting in lower structural flexibility in this region. The results showed
that PPO-CA was stable after equilibrium.

Conclusions
Based on the traditional drug-protein binding theory, this paper studies the interaction between CA and
PPO from multiple perspectives. As can be seen from the fluorescence spectrum results that CA quenched

8 Bulletin of the Karaganda University



Three-Dimensional Fingerprint Spectroscopy Study ...

the fluorescence of PPO by forming a PPO-CA complex, i.e. the static quenching, which is consistent with
the hypotheses. CA can strongly bind to PPO. The increase of the temperature causes the decease of the
binding strength. According to the results of thermodynamic analysis, the binding force between CA and
PPO is mainly hydrophobic interaction. The donor-acceptor distance (r) of CA-PPO system was less than 7
nm, which indicates that the energy transfer from PPO to CA occurred. Three dimensional spectrums (fluo-
rescence intensity-absorbance-wavelength) of CA-PPO were preliminary constructed based on spectrum
dates and the characteristic peaks of the interaction to verify the results ultimately.

Experimental results confirmed that the interaction and microbinding domain between CA and PPO.
Here it can be pointed out that the interaction was dominated by hydrophobic interaction and hydrogen bond-
ing, which is basically consistent with the spectroscopy experiments.

Actually, the saturation of the enzyme PPO binding sites can be measured by equilibrium experiment
method, and it can help to analyze the binding mechanism. Important insights into the interaction of PPO
with CA were provided a useful guideline for further pharmacology research.
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Three-Dimensional Fingerprint Spectroscopy Study ...

Lyirons By, Bansuun JIun, Ecen Slo, Mun I'yo, Hypmar Hypamxke

IHoandenon okcuaazacblH KyMap KbIIIKbLIBIMEH 0ailJIaHBICTHIPYAbIH
OMonoIMMepJIiK KyieciHiH yII eJimeMIi caycak i3aepi clieKTpocKoONnus
diciMeH 3epTTey

TaOuraTTarbl OMOXMMHUSIIBIK MPOLIECTEplle AHTUOKCUAAHT Ooubin KeneTiH kymap KulkeUibiH (KK) xopray
YJIKEeH KbIBBIFYIIBUIBIK TyIAbIpAsl. [lomudenon oxcmnmazacel (IIPO) kekenicTep, keMicTep MEH CaHbIpay-
KYJIaKTap CHUAKTBI OCIMIIKTEpIiH KapTalobl MEH KapaHFbUIAHYbIHJA MaHBI3/Ibl PN aTKapaThlH (epMeHT
6o TabpuTansl. KK sxone I1PO e3apa apekerrecyi MeTaboNM3M MEH KapTalo Typalbl MaHBI3ABI aKlapar
6epeni. Conppikran, KK-pm mnomudenon oxcupmasaceiveH (IIPO) OGaiimaHBICTBIPYABIH MOJEKYIIANBIK,
MEXaHU3Mi CIIEKTPOCKOIMSUIBIK 9ICTEpIi MOJIEKYJIAJIBIK MOJIEIbeyMEH OipIKTipy apKbUIBI 3epTTEII . AJFarl
per KK wmen 1O apaceinmarsl 6nononnMmepin e3apa apekerrecyin cunarray ymrH KK-IIOO kemeHiHiH
yi exmemal 131 xacanapl. Cnexrpockonusuiblk opictepai Konpany KK IIDO dayopecneHIMsCHIH THIMIL
TypAe OacaThIHIBIFBIH KOPCETTi. DHTAIbNUAHBIH 63repyi (AH®) xone sHTponusaHbIH e3repyi (AS®) KK-I1DO
kemreHi HeriziHeH KK xone IIPO ruapodoOTs opekeTTecyiMeH TypaKTaHABIpbUIFaH faen Oomkaiapl. KK-
DO xemeninig A-UV-F i3iniH kypbuisicel KK men [1PO apacbiHarsl yIn enmemai e3apa dpeKeTTecynl
Kepceryre MyMKiHaik Oepmi. Keitinaen monekynansik Monenpaey KK men [IDO HeriziHeH rumpodoOThI
e3apa opekertecynep meH Ala202, His38, HisS54 sxoHe Ser206 aMHHKBIIIKBUIIAPBIHBIH KaJIbIKTaPbIHIA
OpHaNlacKaH CyTeri OalTaHBICTaphIMEH OaillaHBICTBI eKeHiH kepceTTi. KommbroTepiik Moaenpaey KK-TTPO
e3apa OpEKETTECyi VINiH aHBIKTAFaH YII OJIIeMIl MOJETbre JEreH CEHIMIUIKTI KOPCETEeTIH CHEKTPIIiK
9KCHEPUMEHTTEPre COHKEC Kei.

Kinm ce30ep: Ouomnonumep, KypambiHaa Cu Oap ¢depMeHT, KymMap KBIIIKBUIB, MOJU(PEHON OKCHIA3BI,
AQHTHOKCHJAHT, 0-TIUPOH-5-KapOOH KBIIKBUIBI, CIIEKTPOCKOIHS, THPO3HHA3a, MOJIEKYJIAIIBIK MOJICIBCY.

Ly#irons By, Bansuun JIun, Ecen Slo, Mun I'yo, Hypmar Hypaoke

HccaenoBanne MeTo10M TPEXMEPHOU CIIEKTPOCKONINH
O0TIEYaTKOB NaJbleB OMONOJIMMEPHON CUCTEMbI CBA3BIBAHMS
Mo (PEeHO0JIOKCHIA3bI C KYMapOBOM KHCJI0TOM

3ammra kymaposoii kucnotsl (KK), anTHOKCHIaHTa, B OMOXUMHYECKOM TIpoIiecce B MPUPO/IE BhI3BajIa 00JIb-
moit maTepec. [lommupenonokcunaza ([I1PO) — 310 hepMeHT, KOTOPHIH UrpaeT KU3HEHHO BAKHYIO POJb B
CTapeHUH M MIOTEMHEHUH PACTEHHI, TAKUX KaK OBOIIHU, PpyKThl u rpudbl. Bzanmoneiictue KK u I1PO pac-
KpbIBaeT BaXKHYIO HH(pOpManuio o Metabonmime u crapeHnd. [103ToMy, MONEKyISpHBII MEXaHN3M CBS3bIBa-
Hus KK ¢ nonmudenonokcunazoit (IIPO) Obu1 MccnenoBad myTeM 00BEIHHEHUS CIIEKTPOCKOIIMYECKHX METO-
JIOB C MOJISKYJIIPHBIM MOJIeMpOBaHKMeM. BriepBrle ObUT co3maH TpexMepHBI ornedyatok komriekca KK-
[NPO nnst xapakTepucTHKU B3auMmoaeiictBust ononommmepa Mexay KK n I1DO. IIpumenenue criekTpocko-
MUYECKUX METOMIOB moka3aio, uto KK addexkrnsHo mogapnser coocTBeHHy0 dutyopecienimio [1P0. Uzme-
HeHue sHTanbmu (AH®) u nusmenenue sarponuu (AS°) mpeamnonaraiot, 4ro kommuieke KK-IIOO 6vur mpe-
MMYIIECTBEHHO cTabmmm3upoBaH ruapodoorsivu Bzaumoaeiicteusamu KK u [1DO. [Moctpoenne A-UV-F ot-
nedatka KK-TI®O mo3Bommiio mpoaeMOHCTpUpPOBaTh TpexMepHble B3amMmozencTBus mexny KK u I1DO.
Briocnencteun MonekyisipHOE MojaenupoBaHue mokaszaino, yto KK B ocHoBHOM cBsizaHa ¢ [1®O ruapodo0b-
HBIMH B3aHMOJICUCTBUSIMA W BOJOPOIHBIMH CBSI3IMH, PAacClOJIOKEHHBIMH B aMHHOKHCIOTHBIX OCTaTKax
Ala202, His38, His54 u Ser206. KomnbloTepHOE MOJEIMPOBAHNE COOTBETCTBOBAJIO CIEKTPAIBLHBIM JKCIIe-
pUMEHTaM, JIEMOHCTPHPYIOLIMM YBEPEHHOCTh B TPEXMEPHOH MOJIENH, ONpEeeIeHHON IS B3aUMOJICHCTBUS
KK-TI®O.

Kniouesvie cnosa: buonomnmep, Cu-comepkamuii pepMeHT, KymMapoBas KHCIOTa, MOIH(EHOTOKCHIa3a, aH-
THOKCHJAHT, O-IMPOH-5-kapOoHoBas Kuciora, CIEeKTPOCKONUs, THPO3HHA3a, MOJICKYJSIPHOE MOJECIHPOBa-
HHeE.
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