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1. Вивчення взаємодій між глобулярними білками і борвмісними каркасними макроциклічними комплексами

2. Investigation of interactions between globular proteins and boron containing macrocyclic complexes

Реферат:
1. Пошук макроциклічних сполук середнього розміру і об’ємної геометрії, які здатні до специфічної
супрамолекулярної взаємодії з елементами поверхні білка, є актуальним питанням для завдань від
регулювання білок-білкових взаємодій до розробки матеріалів на основі білків. Метою роботи є дослідження
взаємодій між глобулярними білками і біоактивними борвмісними каркасними об’ємними макроциклами
(клозо-боратами, клатрохелатами заліза (ІІ)). На утворення комплексів альбумінів з клозо-боратами впливає
структура кластеру і природа його замісників. Афінність до альбумінів галоген клозо-боратів і кількість
кластерів у комплексі вище ніж для гідроген- аналогу. При амілоїдній агрегації інсуліну з дианіонним
кластером [B12H12]2- відбувається рання денатурація білка; збільшується латеральна агрегація зрілих фібрил.
При взаємодії білок-ліганд оптично неактивні клатрохелати заліза (ІІ) здатні генерувати інтенсивні КД-
відгуки у видимій області спектру. Силу зв’язування з білками і характеристики відповідного ІКД-відгуку



визначають структура і кількість замісників клатрохелату. Клатрохелати здатні «спектрально відрізняти»
родинно-близькі білки (сироваткові альбуміни) за різницею форми та інтенсивності ІКД-смуг.

2. Nowadays, search of the macrocyclic middle-sized molecules of three-dimension structure capable of targeting
large protein surface elements by multiple supramolecular interactions is of interest. Application of such
compounds spreads from protein-protein interactions modulation to protein-based materials development. The
goal of this work is to investigate the interactions between series of globular proteins and bioactive boron
containing three-dimensional macrocycles (closo-borates, iron (II) clathrochelates). The interactions of serum
albumins and series of globular proteins (lysozyme, β-lactoglobulin, immunoglobulin G) with non-substituted and
functionalized closo-borates were investigated. The complexes formation between serum albumins and closo-
borate clusters [B10H10]2-, [B12H12]2- and their functionalized derivatives was confirmed by fluorescent
spectroscopy and isothermal titration calorimetry (ITC). The intensity of their binding to albumins is affected by
the clusters structure and their substituents nature. The complexes of albumins with halogen closo-decaborates
are characterized by higher binding affinity (K about 104 – 106 M-1) as compared to the functionalized or non-
functionalized hydrogen clusters (K about 103 M-1); albumin complexes with halogen/arylamine derivatives are
characterized by larger number of boron clusters (4-5) bound per one protein molecule in comparison with
hydrogen analogues (2). Due to this, halogen closo-borates are proposed for further studies as agents for using in
BNCT method with higher “target delivery” potency comparing with hydrogen closo-borates. The amyloid protein
aggregation with dianionic boron cluster – closo-borate [B12H12]2- – leads to early insulin denaturation; low (10
µМ) cluster concentration speeds up the amyloid fibril formation. In addition, the cluster changes the morphology
of the amyloid fibrils: fibrillar structures formed in the cluster presence, are unbranched with larger diameter than
that upon fibrillization of free insulin; cluster concentration increase (to 100 µМ) intensifies the fibrils ability to
lateral aggregation. Due to these features, the closo-borates are of the interest for studies as agents allowing to
modify (i.e. to direct) the fibrillization reaction and for further exploring of the effect of anions on protein
conformation changes and aggregation. The series of amyloid-sensitive trimethine cyanine dyes was
characterized. Their ability to intensively increase (up to 70 times) the fluorescent signal in amyloid fibrils
presence and to monitor protein fibrillization process was shown. The interactions between serum albumin and
iron (II) clathrochelates were investigated and characterized by fluorescent and circular dichroism spectroscopy,
ITC. Upon the protein-ligand interaction, optically inactive iron (II) clathrochelates are able to acquire CD-signal in
visible range of spectra (350-600 nm). The nature, number and isomery of clathrochelate terminal groups affect
both binding intensity and properties of the corresponding induced CD-signal (shape, peaks values). According to
protein fluorescence quenching studies, the protein binding with the clathrochelates containing two or six
carboxyl terminal groups, is the most intensive. However, upon serum albumin binding, more intensive ICD-
responses acquire clathrochelates with two carboxyphenyl groups; ICD-responses of different shape – hexa
carboxyphenyl substituted macrocycles. For the di-carboxyphenyl clathrochelates, which intensively interact with
albumins and acquire the most intensive ICD-signals, low cytotoxicity, ІС50 = 40 – 150 μM, on human
promyelocytic leukemia cell line was shown. The complex formation between bovine serum albumin and hexa-
carboxyphenyl substituted iron(II) clathrochelates was studied by isothermal titration calorimetry. Binding
constants of complex formation BSA with hexa carboxyphenyl isomers are about 103 - 104 М–1, binding ratio is 1-2
clathrochelates molecules per protein molecule. Hexa-carboxyphenyl iron(II) clathrochelates discriminate
between proteins of similar structure, in this case human and bovine serum albumin, giving distinct ICD-spectra.
Also iron(II) clathrochelates bound to albumin could reflect the transitions of the protein conformation (caused by
pH change) by the changes of the band profile and intensity of their CD spectra. Thus, cage metal complexes
iron(II) clathrochelates have shown potency as molecular three-dimensional scaffolds for the design of CD-
sensitive reporters able to recognize specific elements of protein surfaces. According to supposed binding mode of
protein-clathrochelate interaction, the electrostatic (polar) interactions between its carboxyl groups and
complementary binding groups of a protein play a key role for clathrochelate-to-protein assembling. The protein
binding site geometry defines the clathrochelates optically active conformation.
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