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This study investigates the development of advanced protein-based drug delivery systems for doxorubicin (DOX) by integrating
lysozyme into albumin-based carriers, incorporating both radionuclide (technetium-99m complexes) and fluorescence (near-infrared
dyes) imaging modalities. Utilizing molecular docking simulations, we examined the binding affinities and sites of technetium-99m
complexes and near-infrared fluorescent dyes within these hybrid protein systems. The results demonstrate that the incorporation of
lysozyme significantly modulates the binding landscape, enhancing the specificity and stability of technetium complexes and
fluorescent dyes. Notably, the binding affinities of indocyanine green were markedly higher in lysozyme-containing systems,
suggesting improved imaging capabilities. Additionally, our analysis revealed distinct binding sites for doxorubicin in the presence of
different technetium complexes, which could influence drug release and therapeutic efficacy. These findings support the potential of
albumin-lysozyme hybrid systems as nanocarriers with dual imaging capabilities for DOX delivery, offering a promising approach to
enhance therapeutic efficacy while reducing systemic toxicity in anticancer treatment and contributing to the design of more
sophisticated and targeted delivery platforms for cancer therapy.

Keywords: Protein-based drug delivery nanosystems; Human serum albumin; Lysozyme; Doxorubicin; Technetium complexes; Near
infrared dyes; Molecular docking
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The development of multifunctional effective drug delivery systems remains a critical challenge in modern
oncology, where the need for improved therapeutic efficacy must be balanced against the risk of systemic toxicity,
particularly for potent but toxic agents like doxorubicin (DOX). Protein-based carriers have emerged as promising
platforms due to their intrinsic biocompatibility, structural versatility, and capacity for targeted drug transport [1,2]. These
characteristics enable precise control over drug pharmacokinetics and biodistribution while allowing for the incorporation
of imaging agents that facilitate real-time monitoring of drug delivery. Among the various proteins explored for this
purpose, human serum albumin (HSA) has been extensively studied for its ability to enhance drug solubility, prolong
circulation time, and promote tumor accumulation through passive targeting mechanisms [3]. Our previous works
established transferrin-albumin hybrids as effective DOX delivery vehicles with integrated imaging capabilities [4,5].
However, lysosomal entrapment and extracellular matrix viscosity may limit the translational potential of such systems
in hypoxic solid tumors [6,7]. In response to these potential clinical challenges, we are compelled to explore alternative
protein combinations that can overcome these barriers, and in the present contribution we introduce lysozyme (Lz),
cationic, membrane-permeabilizing protein with inherent glycosidase activity [8,9], as a strategic partner to HSA in
designing the next-generation theranostic platforms. Unlike transferrin receptor-mediated targeting, lysozyme confers
unique advantages through pH-dependent structural reconfiguration and enzymatic degradation of bacterial cell wall
analogs, a property exploitable in tumor microenvironments enriched with peptidoglycan-mimetic glycoproteins. Using
computational modeling approaches, this study aims to characterize the molecular interactions between DOX, albumin,
and lysozyme to assess the structural and energetic factors influencing drug loading and stability. Additionally, we explore
the potential of these hybrid protein carriers for applications in multimodal imaging, where the incorporation of
radiopharmaceutical and fluorescent labels could provide new opportunities for non-invasive tracking of drug
biodistribution.

METHODS
Dimeric conformation of human serum albumin (HSA) (PDB ID: 1A0O6) was selected as the principal constituent
of the constructed protein-based drug delivery systems (PDDS). For PDDS formulation, twelve radiopharmaceuticals
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based on technetium-99m (TCC) were selected [4,5]: [**"Tc]Te-Sestamibi (T¢SES), [*™Tc¢]Tc-Tetrofosmin (TcTET),
[*"Tc]Tc-Medronate (TcMED), [*™Tc]Tc-dimercaptosuccinic acid (TcDMSA), [*™Tc]Tec-
diethylenetriaminepentaacetate (TcDTPA), [**"Tc]Tc-mercaptoacetyltriglycine (TeMAG), Pertechnetate [*™Tc¢]TcO4
(TcPER), [*"Tc]Tc-Exametazime (TcEXA), [*"Tc]Te-diisopropyl iminodiacetic acid (TcDIS), [**"Tc]Tc-ethylene
cysteine dimer (TcECD), [*™Tc]Tc-hydrazinonicotinic acid-H6F (TcHYN), and [**"Tc]Tc-Mebrofenin (TcMEB). To
enable multimodal imaging with both radionuclide and optical tracking capabilities, these [*™Tc] complexes were
combined with four near-infrared (NIR) fluorescent dyes: Methylene Blue (MB), Indocyanine Green (IG), cyanine AK7-
5, and squaraine SQ1. Molecular docking analyses were conducted using the HDOCK server to determine the optimal
binding sites for technetium-labeled agents, DOX, and fluorescent dyes in HSA-Lz protein assemblies. Prior to docking,
molecular dynamics (MD) simulations of 1 ns were performed to refine the structures of HSA dimers and their complexes
with lysozyme (Lz). Ligand structures were created in MarvinSketch (version 18.10.0) and underwent geometry
optimization using Avogadro (version 1.1.0). The best docking conformations were visualized with UCSF Chimera
(version 1.14) and analyzed via the Protein-Ligand Interaction Profiler [10].

RESULTS AND DISCUSSION

Our previous studies have explored the potential of albumin-based drug delivery systems for doxorubicin (DOX) with
integrated radionuclide and fluorescence imaging modalities [4,5]. Specifically, our first work demonstrated that human
serum albumin (HSA) can serve as an effective carrier for DOX, forming stable complexes with technetium-99m-based
radiopharmaceuticals and near-infrared fluorescent (NIR) dyes. Molecular docking and molecular dynamics simulations
revealed that these multimodal nanocarriers exhibit strong binding affinities and structural stability, supporting their potential
use in theranostic applications. Expanding on this approach, our second paper from this series introduced transferrin (TRF)
as an additional protein component, investigating its role in enhancing the targeting capabilities of albumin-based drug
delivery platforms. The findings indicated that HSA-TRF complexes maintain favorable interactions with TCC and
fluorescent dyes, highlighting their promise for improving the therapeutic efficacy and specificity of DOX delivery. The
present study focuses on drug delivery systems based on albumin and lysozyme, aiming to further refine the design of
protein-based carriers by evaluating their binding interactions and stability in multimodal imaging.

As illustrated in Fig. 1, left panel, the best docking scores (BDS) for TCC binding to the albumin-lysozyme
(HAS-Lz) complexes reveal a hierarchy of affinities: HSA + Lz - TcHYN > TcDIS > TcMEB > TcDTPA ~ TcTET ~
TcDMSA ~ TcSES ~ TcMED ~ TcECD ~ TcMAG ~ TcEXA > TcPER.
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Figure 1. Absolute values (left panel) and changes (right panel) in the best docking score values obtained for the TCC complexes
with HSA in the absence and presence of Lz

Interestingly, the BDS value for the HSA-Lz complex was estimated to be -205.2, corresponding to 71 interface
residues, involved into the complexation (Table 1). This indicates a strong interaction between HSA and Lz, suggesting
a potential stabilizing effect of Lz on the albumin structure and its ligand-binding properties. The formation of HSA-Lz
complexes resulted in a reconfiguration of the ligand binding domains, thereby modulating the binding affinity for specific
TCC molecules.

Table 1. Interfacial amino acids and interaction modes for TCC binding in albumin-lysozyme complexes

HSA-Lz-TCC interface residues
TCC Type of interactions
HSA Lz

TI_IR420B"‘; PRO421B; GLUSOSB, THRSOGB’

Hydrophobic
TcSES gﬁs“m’ gi%”“’ 1;555""3’]’}55 S128, LYSs3, TRP34, ARGyjs, GLN 23, TYR 24 interactions, hydrogen
516B» 520B» 523B» 524B» bonds

THR527B9 ALASZXB, GLUSSIB’ Pl_IESSlB
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HSA-Lz-TCC interface residues
TCC Type of interactions
HSA Lz
Hydrophobic
TcTET ASNioop, ARGi145, LEU 1158, GLU258, TRP34, ARGy5 interac{ions, hydrogen
GLUsy0s, ILEsy3, LY Ss248 bonds
GLUjs, ASN44, ASNyg, SERs;, ASPs;,
TcMED VAL1 16B GLng, ILEsg, ASNG(), TRP64, ALAmg, Hyd.rogen bonds
TRP99, VAL 10, ALA )
ASP107A3 ASPIOSA: ASNIO‘)A: ARG145A3
TcMAG HSD146A, PRO|47A, TYR14gA, LYSlgoA, Hydroger} bOndS, salt
ALA]g]A, SER]Q}A, ALA194A, ARG197A, brldges
GLU425A: ASN458A, GLN459A
LEUI 15A, VALI 16A5 ARGl 17A5 PROI 18A,
MET 231, PHE 344, LY S1374, TYR 384, Hydrophobic
TcEXA LEU 394, interactions, hydrogen
GLU 414, ILE 1424, ARGiysa, TYR 614, bonds
PHEIGSAa LEUISZA; ARGIS()A
I];EI[}JEHSB, 125(83117B9 TPIY{glmBy gESIZSBs Hydrophobic
TcECD 1348, 1378, 1388, 1418, ALA4, interactions, hydrogen
ILIE:MZB, TYRIGIB; LEUISZB, ASPISSB, bOndS Salt bridges
LEU185B: ARGIXéB ’
LEUIISA; VALllﬁA; ARG117A7 PROIISA;
METIZ}A, TYR138A1 ILEMZA; HSD14()A,
TcDMSA PHE 494, LEU) 542, PHE 574, TYR g1, Hydmgbel? db"“ds’ salt
LEU 524, LEU 554, ARGsga, ASPis7a, reses
GLYISQA; LYS19OA
Hydrophobic
TcDIS GLUsgss, HSDs 105, LY Ss245, THRs275 ARGs, LYS3;, TRPsy, TYRsg, GLN123, interactions, hydrogen
TYR24 .
bonds, salt bridges
TYR308, HSDg78, THR4s5, PHE 708,
TcPER GLY7;5, LEU7p, GLUys, ARGogp, Hydrogen bonds
ASN99B9 PHE]OZB
LEUI 15A, VALI 16A5 ARGl 17A5 PROI 18A,
TcDTPA MET123A, PHE134A, LEU135A, LYSl37A, Hydrogen bonds, salt
TYR138A, GLU141A, ILEMZA, TYR](,]A, bridges
LEUISZA, ARG]86A
GLU}SBA; LEU387A, ASN391A, LEU394A1
ALA406A: LEU407A: VAL4O9A9 ARG410A:
TCHYN TYRy11x. LYSutsr, LEUssor, LEUus, e o
SER489A> GLU492A1 LYSS41A1 GLU542B, ?
LYSS45A
THR42()B, PRO421B; ASN5035, GLU505B, HydrOphObiC
TcMEB THRsO(,B, HSD51(]B, LY5524B, THR527B, ARGS, LYSGS}_";‘RP%%’Y’.TI{YR:;S’ ARG“S’ interactions, hydrogen
GLUs315 123, 124 bonds, salt bridges

*_A and B denote monomer subunits of the HSA dimer

As illustrated in Fig. 1, right panel, the most pronounced changes in binding affinity were observed for TcMEB,
with a less pronounced effect for TcDTPA. This suggests that the presence of Lz may induce conformational perturbations
in HSA, exposing or altering binding sites that favor specific TCCs.

>

Figure 2. Structures of the most stable TCC complexes with HSA-Lz assemblies

The binding sites for TcMEB and TcDIS in the HSA-Lz complexes differ significantly from those on albumin alone,
involving residues from both HSA and Lz. Specifically, interaction domain involves GLUsgs, HSDs19, LY Ss24, THR 527 of
HSA and ARGs, LY S33, TRP34, TYR35, GLN 23, TYR 24 of Lz (Fig. 2). These findings imply that Lz may act as a structural
modulator of HSA, potentially facilitating cooperative binding interactions between the two proteins and their ligands.



401

Computational Study of Drug Delivery Systems with Radionuclide and Fluorescence Imaging... EEJP. 2 (2025)

To further investigate the impact of Lz on drug delivery systems, we employed a multiple ligand docking approach
to explore ternary ((HSA/HSA-Lz)-TCC-DOX) and quaternary (protein-TCC-DOX-FD) protein-ligand systems. The
ternary systems were obtained by docking doxorubicin (DOX) to the best-score complexes of TCC with HSA and HSA-
Lz (Fig. 3).

(TeDMSA, TeDTPA
TeEXA)

C
DOX
(TeTET)

Figure 3. The highest affinity binding sites for DOX in the HSA-Lz-TCC systems

The following features of the ternary systems are worthy of mention: i) when the binding sites for TCC and DOX
on HSA do not overlap, DOX binds to a site within domain I of the HSA molecule, spanning 16 residues between PRO1 3
and ARG g6 (designated as site HSA3.156); i) when the binding sites overlap, as seen with TcMED, TcEXA, TcDMSA,
and TcDTPA, DOX binds to an alternative site on HSA that includes 23 amino acid residues between ASP197 and GLNyso;
iii) presence of Lz slightly enhances DOX binding affinity only in systems with TcTET and TcMED; iv) in systems
containing Lz, DOX binds to site HSA113-186 in the absence of TCC and with TcMAG, TcECD, TcDIS, TcPER,
TcHYN, and TcMEB. However, with other TCCs, the DOX binding site involves residues from both HSA and Lz. These
results suggest that Lz may have a stabilizing effect on specific DOX binding sites, possibly due to alterations in protein
conformational dynamics or indirect allosteric effects. The presence of Lz appears to promote a more defined and stable
binding environment for DOX in certain ternary complexes, potentially influencing drug release kinetics and
bioavailability. Further molecular dynamics simulations would be required to elucidate whether these observed changes
are due to direct electrostatic interactions, hydrogen bonding stabilization, or shifts in protein secondary structure upon
complex formation.

To achieve systems with dual imaging modalities, the best-score protein-TCC-DOX complexes were docked with
NIR fluorophores, including methylene blue (MB), indocyanine green (IG), heptamethine cyanine dye AK7-5, and
squaraine dye SQ1. Comparison of the docking results for quaternary systems (protein + TCC + DOX + FD) shows that
the affinities of the examined dyes for HSA/HSA-DOX decrease in the following order: IG (BDS = -207.2 / -190.3) >
SQ1 (BDS = -186.1 / -185.9) > AK7-5 (BDS = -162.4 / -162.9) > MB (BDS = -127.1 / -117.3). While the amino acid
composition of FD binding sites varies among different TCCs and protein components, key residues that predominantly
interact with FD can be identified. Notably, the albumin site spanning 12 residues between LEU;;5 and ARGjss (site
HSAu15.186) is the preferred site for MB binding in HSA-DOX, HSA-TCC-DOX, and HSA-Lz-DOX complexes. In
contrast, MB binding sites in HSA-Lz-TCC-DOX systems involve residues from both HSA and Lz (Table 2).

Table 2. The interface amino acid residues and the types of interactions involved in the binding of MB to HSA-Lz-TCC-DOX complexes

HSA-Lz-TCC- DOX-MB interface residues

LYSI37Aa TYR]}SA, GLUMIA, ILEMZA,
TYRIGlAg ARGIS()A

Complex Type of interactions
HSA LYS
LEUi1sa%, VALi16a; ARG1174, PRO113a,
HSA-Lz-MB VALiza, MET 234, ALA126a, PHE 344, Hydrophobic

interactions, n-stacking

GLUss, ASNy4, ASNys, ASPs3, GLNGs,

HSA-Lz-TcMED-DOX-MB

VALIIGB, ARGIHB, PR0118B

Hydrophobi
HSA-Lz-DOX-MB VAL, 8, ARG75, PRO) 55 ASNgo, ARGg,, TYRg, TRPg4, interacgonzpn?stfckin
ALA g5, TRPy0, VAL 39 ’ ¢
ARG 78, MET 235, PHE 34, LYS 378, Hydrophobic
HSA-Lz-TcSES-DOX-MB 2R Gl Usem B B lydrophobi
HSA-Lz-TcTET-DOX-MB THRy438, GLY 2458 LYSs I?Iﬁrrzlzzgﬁlsc
GLUss, ASNys, ASNyg, ASPs;, GLNsg, Hydrophobic

ASNg), ARGez, TYRg3, TRPgq,
ALA 08, TRP09, VAL 1o

interactions, n-stacking

HSA-Lz-TcMAG-DOX-MB

VALIIGB, ARGIHB, PR0118B

GLUss, ASNy4, ASNys, ASPs3, GLNGs,
ASNg), ARGez, TYRg3, TRPgq,
ALA;os, TRP;g9, VAL 10

Hydrophobic
interactions, n-stacking

HSA-Lz-TcEXA-DOX-MB

P1{0421B, HSDSIOB’ LYSSZ4B

Hydrophobic
interactions




402
EEJP. 2 (2025)

V. Trusova, et al.

Complex

HSA-Lz-TCC- DOX-MB interface residues

HSA

LYS

Type of interactions

HSA-Lz-TcECD-DOX-MB

VAL116B7 ARGIHB, PROllBB

GLUss, ASNus, ASNys, ASPs3, GLNGg,
ASNg), ARGz, TYR3, TRPgq,
ALA 3, TRPg9, VAL 1o

Hydrophobic
interactions, n-stacking

HSA-Lz-TcDMSA-DOX-MB

VALIIGB, ARGIHB, PROIISB

GLUss, ASNus, ASNys, ASPs3, GLNGg,
ASNgo, ARGez, TYRg3, TRPgq,
ALA 3, TRPg9, VAL 1o

Hydrophobic
interactions, n-stacking

HSA-Lz-TcDIS-DOX-MB

VAL116B7 ARGIHB, PROllBB

GLUss, ASNu4, ASNys, ASPs3, GLNss,
ASNg), ARGez, TYRg3, TRPgq,
ALA 3, TRPg9, VAL 1o

Hydrophobic
interactions, m-stacking

HSA-Lz-TcPER-DOX-MB

VALIIGB, PROIISB

GLUss, ASNu4, ASNys, ASPs3, GLNss,
ASNgo, ARGez, TYRg3, TRPgq,
ALA 08, TRP09, VAL 1o

Hydrophobic
interactions, m-stacking

HSA-Lz-TcDTPA-DOX-MB PRO415, HSDs108, LY Ss248 i‘i‘i‘;‘;‘;ﬁgﬁ‘:
VAL 165, ARG 175, PRO) 155 GLUss, ASNys, ASNyg, ASPs3, GLNsg, Hydrophobic

HSA-Lz-TcHYN-DOX-MB

ASNgo, ARGez, TYRe3, TRPg4,
ALA1089 TRP]O‘); VALI]O

interactions, n-stacking

HSA-Lz-TcMEB-DOX-MB

VAL116B7 ARGIHB, PROllBB

GLUss, ASNu4, ASNys, ASPs3, GLNss,
ASNg, ARGez, TYRg3, TRPgq,
ALA 3, TRPg9, VAL 1o

Hydrophobic
interactions, m-stacking

*_A and B denote monomer subunits of the HSA dimer

A remarkable characteristic of the HSA binding sites for IG is the consistent presence of three identical amino acid
residues: ARGi14a, PRO421a (With the exception of the system involving TcEXA), and ILEs>34. In contrast, the IG binding
sites within HSA-Lz-TCC-DOX systems exhibit a higher degree of heterogeneity (Fig. 4). This observation suggests that Lz
may introduce variability in fluorophore binding preferences, possibly due to subtle changes in local electrostatic potential

or steric hindrance effects.

Figure 4. The most energetically favorable docking poses in the complexes HSA-Lz-TCC-DOX-1G
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Notably, IG binding affinities are markedly higher in Lz-containing systems compared to HSA alone. This enhanced
affinity could be attributed to the structural modifications induced by Lz, which may expose additional binding sites or
alter the electrostatic properties of the protein surface. The interaction of AK7-5 with HSA occurs through sites composed
of 18 (site HSA115-523) or 12 amino acid residues from albumin domains I and I1I, with the most pronounced increases
in binding affinity observed in the systems HSA-Lz-TcSES-DOX and HSA-Lz-TcTET-DOX. These findings highlight
the potential role of Lz in modulating fluorescence imaging properties within dual-modality drug delivery systems,
opening avenues for further optimization and experimental validation.

Our findings support the hypothesis that the incorporation of lysozyme into albumin-based drug delivery systems
can enhance the specificity and stability of TCC and NIR fluorophore binding. The observed changes in binding affinities
and sites may be attributed to the structural and electrostatic modifications induced by Lz, which could influence the
pharmacokinetics and targeting efficiency of these systems. Further experimental validation is necessary to confirm these
hypotheses and explore the potential therapeutic benefits of these hybrid systems. The molecular mechanisms underlying
these interactions may involve conformational changes in the protein structure upon complexation with Lz, which could
expose new binding sites or alter the accessibility of existing ones. Additionally, the electrostatic properties of the protein
surface may be modified, influencing the binding affinities of TCC and NIR fluorophores. These modifications could
enhance the stability and specificity of the delivery system, potentially improving its therapeutic efficacy and reducing
systemic toxicity.

CONCLUSIONS
Taken together, the results of this study suggest that Lz-containing drug delivery systems may offer enhanced
stability and altered binding characteristics for both radionuclide and fluorescent imaging agents. The cooperative
interactions observed between HSA and Lz could be further explored to develop novel multimodal nanocarriers with
improved pharmacokinetics and targeting capabilities. Future work should focus on molecular dynamics simulations and
experimental binding assays to validate the observed docking trends and assess the potential of these systems for clinical
translation.
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Jane nmociipkeHHsS MPUCBSYEHE PO3poOIi OLMKOBHX CHCTEM JOCTaBKH JKapChKUX 3aco0iB mius mokcopyOimmay (DOX) mumsixom
iHTerpamii jizomuMy B HOCII Ha OCHOBI anbOyMiHy, IO BKIIOYAIOTh SIK PaJiOHYKIIAHI (KOMIDIEKCH TeXHemi-99m), Tak i
¢nyopecuenTHi (6apBHUKY OJIMIKHBOTO iH(PPaIEpPBOHOIO JAiana3oHy) METOIH Bisyasisawii. BUKOPUCTOBYIOUH METO/ MOJICKYIIIPHOTO
JOKIHTY, OyJIO IOCIIUKEHO CIIOpiIHEHICTh 3B’SI3yBaHHS Ta CaWTH KOMIUIEKCIB TexHewilo-99m i dQuyopecneHTHHX OGapBHHKIB
6mmkHBOTO iH(pauepBOHOro Aiana3oHy B riOpuaHMX OiTKOBHMX cucTeMaX. Pe3ynbTaTd IEMOHCTPYIOTb, IO BKIOUCHHSI JI30LHMY
CYTTEBO MOMYJIIOE JaHAMA(T 3B’S3yBaHHS, MiJIBHITYIOUYN CHEMU(IYHICTS 1 CTaOLIbHICT KOMIUIEKCIB TEXHEIIIO Ta (IIyOPEeCIeHTHHX
GapBHUKIB. 30KpeMa, CIIOPIAHEHICTh 3B sI3yBaHHsI 1HAOLIAHIHY 3€JICHOr0 OyJia 3HaYHO BHIIOKO B CHCTEMaXx, L0 MICTATH JI30LUM, L0
CBIIYNTH MO MOKPAIIEHHS MOXIMBOCTEH Bisyanizamii. KpiM Toro, aHamni3 BUSBHB pi3HI caiiTh 3B’s3yBaHHS Ul JOKCOPYOIIMHY B
MIPUCYTHOCTI Pi3HUX KOMILJICKCIB TEXHEIIi10, [10 MOXKE BIUTHBATH HA BUBLIbHEHHS MpenapaTy Ta Horo TepaneBTudHy eheKTuBHiCTb. LIi
pe3yIbTaTH IMiATBEPIKYIOTh TOTCHIAN TiOPUAHUX CUCTEM AITBOYMIH-TI30IMM SIK HAHOHOCIIB 13 MOABIMHUMH MOKJIMBOCTSMH
Bisyamizawii i moctaBku DOX, NpomoHyoo4YM MHEPCHEKTUBHUEA MIiAXi[ OO IMiJBHILNEHHS TEPaneBTHYHOI e(PEeKTHBHOCTI HpPHU
OJTHOYaCHOMY 3HIDKCHHI CHCTEMHOI TOKCHYHOCTI B MPOTHPAKOBOMY JIIKyBaHHI Ta CIIPHUSIOUN PO3poOLi OLIBII CKIAMHUX 1 HUIBOBUX
1atopM JOCTABKHU JUIS TepaIlii paky.

KuouoBi cioBa: wanocucmemu oocmaeku aiKkie HA OCHOGI OLIKI8;, NIOOCHKULL CUPOBAMKOBULL ANbOYMIH, NI30YuM, OOKCOPYOIYUuH,
KOMMIEKCU MeXHeYit0; IHPpaiepeoni 6apeHuKu, MOJIEKYIAPHUL OOKIHE



