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STRUCTURE, FUNCTION AND BIOLOGICAL ACTIVITY
OF LIPOPOLYSACCHARIDE LIPID A

Bacterial lipopolysaccharides (LPS) are the major outer surface membrane compo-
nents present in almost all gram-negative bacteria. It consists of poly- or oligosaccharide
region that is anchored in the outer membrane by a specific lipid moiety termed lipid A.
Recent studies have shown that it is only the lipid A of LPS that has the function of endo-
toxin. Despite its general structural conservation, lipid A also has considerable structural
microheterogeneity which can vary depending on diverse factors including bacterial adap-
tation to changing environment and external stimuli, incomplete biosynthesis, and break-
down products and/or chemical modifications. Therefore it is more appropriate to consider
lipid A as a family of structurally related molecular species with different acylation and
phosphorylation patterns rather than as an individual, homogeneous molecule. The stu-
dies of structure-function relationship of lipid A, which has the typical structure of E. coli
type lipid A backbone, demonstrated that activities differed depending on: 1) the number
of phosphoryl and acyl residues, 2) the substituted site of phosphoryl and acyl residues, 3)
the chain length of acyl residues, 4) lipid A conformation. Current investigations showed
that lipid A and also the integral outer membrane proteins responsible for the final stage
of LPS transport are the pinpoints in solving the problem of bacterial drug resistance.
The identification of inhibitors that specifically target LPS transport in vitro and more
importantly in vivo have a significant potential for the development of novel drugs against
multi-drug resistant pathogenic bacteria.

Key words: lipid A, lipopolysaccharide, structure, biological activity.

Towards the end of the 19th century Pfeiffer identified a heat-resistant toxin
Vibrio cholera lysates causing toxic shock in animals. Later, its toxic principle
was identified as a lipopolysaccharide (LPS) forming the major component of
the external leaflet of outer membrane of gram-negative bacteria and has long
since been considered to be tightly associated with the microbial cell [25, 41].

Since the 1950s, the techniques for extracting and purifying LPS have
developed. It was shown that purified LPS introduced to experimental animals
or humans evokes a number of pathophysiological effects characteristic for
severe sepsis, including fever or hypothermia, tachycardia, leucopenia or
leukocytosis, hypotention, disseminated intravascular coagulation, local
Shwartzman reaction, and multi-organ failure which in most severe situations
may cause death. As far as the isolated LPS induces shock and lethality, it has
been long considered as a major bacterial mediator of severe Gram-negative
sepsis [41, 46].

The prominent role of LPS during infection leads to great efforts for a
chemical-analytical elucidation of its LPS structure and for recognition of
the biologically active path of this amphiphilic structure. In most bacteria,
LPS displays a common structural architecture that includes three domains: a
lipophilic moiety termed lipid A (the term lipid A was introduced in order to
distinguish it from a further LPS-associated lipid B, which was later identified
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as phosphatidylethanolamine), a hydrophilic glycan called the O-specific
polysaccharide (also known as O-chain or O-antigen), and a joining core
oligosaccharide (OS). The core OS can be further separated into two regions,
one proximal to lipid A (inner core OS), and another one distal from lipid A
but proximal to the O-antigen (outer core OS). The inner core OS contains at
least one residue of 3-deoxy-D-manno-oct-2-ulosonic acid (Kdo) and several
heptoses. Kdo is rarely found in other glycans and, therefore, can be considered
as a marker for the presence of LPS. The inner core OS can often be decorated
with other substituents, usually present in non-stoichiometric amounts.
These are phosphate (P), diphosphate, 2-aminoethyl phosphate (PEtN) or
2-aminoethyl diphosphate, uronic acids as D-galacturonic, and 4-amino-4-
deoxy-L-arabinose (L-Ara4N). Whereas the carbohydrate chain is oriented
outwards and interacts with the external environment, including the defense
mechanism of animal or plant host species, the lipid A is embedded in the
outer leaflet of the outer membrane and anchors the LPS molecules through
electrostatic and hydrophobic interactions [6, 21, 30, 31].

After “lipid A” was first described by Westphal and Luderitz [23], as an
endotoxically active principle of the bacterial lipopolysaccharide it soon
became an important target of research in microbiology, immunology, and
related fields. However, more time was required until this particular molecule
became attractive to organic chemists. This was due to a little knowledge
present on the structural features of lipid A, mainly owing to the difficulties in
the purification of this amphiphilic and intrinsically heterogeneous molecule
for sufficient chemical characterization [31]. The improved extraction methods
and the discovery that the lipid component can be cleaved from the rest of the
molecule by mild acidic hydrolysis lead to unraveling of its detailed structure.
Modern mass spectrometric methods, especially with matrix assisted laser
desorption/ionization (MALDI) and electrospray ionization, have provided an
invaluable aid [11]. Lipid A is a unique and distinctive phosphoglycolipid,
the structure of which is highly conserved among bacterial species. First the
structure of lipid A from Escherichia coli was established in 1954 [40], the
details of which were updated in 1983 [7, 33]. One year later [8] E. coli type
lipid A was successfully synthesized.

Lipid A from various gram-negative bacteria studied to date (Fig.) [31, 44]
contains D-gluco-configured pyranosidic hexosamine residues (or 2,3-diami-
no-2,3-dideoxy-D-glucose), which are present as f(1—6)-linked dimers. The
disaccharide contains a-glycosidic and non-glycosidic phosphoryl groups in
the 1 and 4' positions, and (R)-3-hydroxy fatty acids in the O-2, O-3, O-2" and
O-3' positions in ester and amide linkages, two of which are usually further
acylated at their 3-hydroxyl group. In the lipid A of the most studied E. coli
established, the hydroxy fatty acids are C14 in chain length and the hydroxyl
groups of the two (R)-3-hydroxy fatty acids of the distal GlcN-residue (GIcN
1), and not those of the GlcN residue at the reducing side (GIcN I), are acylated
by non-hydroxy fatty acids (12:0 and 14:0). Some molecular species contain
an additional fatty acid attached to the amide-linked 3-hydroxy acid and the
phosphate group may be substituted with ethanolamine phosphate (of GlcN I).
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Fig. Structure of lipid A of E. coli

Despite its general structural conservation, lipid A also is characterized
by considerable structural microheterogeneity which can vary depending
on different factors including bacterial adaptation to changing environment
and external stimuli, incomplete biosynthesis, break-down products and/
or chemical modifications. Therefore, a number of new variants of lipid A
structures were isolated and structurally evaluated in the LPS of many bacteria.
It was shown that the differences concern the type of hexosamine present,
the degree of phosphorylation, the presence of phosphate substituents, and
importantly the nature, chain length, number, and position of the acyl groups.

While B(1—6)linked glucosamine disaccharide is common, the similarly
bound 2,3-diamino-2,3-dideoxy-D-glucopyranose (GIcN3N) disaccharide
skeleton was identified in several bacterial species, such as Aquifex
pyrophylus, Brucella abortus, Bacteriovorax stolpii, Caulobacter crescentus,
Bradyrhizobium elkanii, Bartonella henselae and Legionella pneumophila
[31]. The main structural variant of Campylobacter jejuni contains a hybrid
of a carbohydrate skeleton represented by disaccharide BGIcN3N(1—6)GIcN;
two other variants of lipid A are characterized by the presence of disaccharide
GlcN or GIcN3N [38].

There are few important exceptions to the types of fatty acid present in lipid
A. For example, in the lipid A of Helicobacter pylori in comparison to that of
E. coli, there are four rather than six fatty acids with a longer average chain-
length (16—18) [16]. In Rhodobacter sphaeroides [26] and R. capsulatus [6] the
amide-linked fatty acids of the disaccharide backbone are 3-oxo-tetradecanoate,
while some species contain 2-hydroxy acids. Agrobacterium and Rhizobiaceae
species, which are plant pathogens and symbionts, respectively, tend to have
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pentacyl units with four C12 to C20 3-hydroxy acids and one very long chain
(o-1)-hydroxy acid such as 27-hydroxyoctacosanoic acid (sometimes with
3-hydroxy-butyric acid linked in turn), attached to one of the 3-hydroxyl
groups [2].

Lipid A from marine cyanobacteria of the genus Synechococcus differs
significantly from those of all other species as it consist of tri- and tetraacylated
structures with hydroxy (odd-chain) and non-hydroxy fatty acids connected to
the diglucosamine backbone, lacks phosphate and contains a single galacturonic
acid. Whether these represent primitive structures were formed in the result of
adaptation to the marine environment is a matter of speculation [1].

A number of unusual features are inherent to lipid A of Francisella species
which exists partly in a free form, i.e. not linked to Kdo, core sugars and
O-specific chain. Moreover in comparison to the lipid A from E. coli, the
phosphate group in the 1-position of the B-(1-6)-linked diglucosamine unit is
replaced by a-linked galactosamine and there is no phosphate in the 4'-position,
while the fatty acid components are C18 and C16 in chain-length [17].

Lipopolysaccharide of Pantoea agglomerans [36] is constructed with at
least two kinds of lipid A of different levels of acylation. One is the same as
that of E. coli type 4 -monophosphoryl hexa-acyl lipid A and the other is the
Salmonella minnesota type 4 -monophosphoryl hepta-acyl lipid A.

The fatty acid composition is influenced by the temperature of culture
growing: E. coli and S. enterica grown at low temperatures (10-15 °C),
incorporates unsaturated fatty acids into lipid A [42].

Modification of lipid A by palmitoylation catalyzed by PagP has been
demonstrated in such bacterial species as S. enterica, E. coli, Legionalla
pneumophila, Bordetella bronchiseptica, and Yersinia pseudotuberculosis.
The introduction of palmitate 16:0 is under control of the PhoP/PhoQ) signal
transduction system, which responds to the presence of antimicrobial peptides
and is activated by low concentration of Mg** [22]. S. enterica mutants that are
unable to add palmitate to lipid A, are sensitive to certain cationic antimicrobial
peptides, including representatives of amphipatic a-helical (C18G) and B-sheet
(protegrin) structural classes but excluding polymyxin. In B. bronchiseptica
palmitoylation of lipid A at O-3"[45] is required for the persistent colonization
of the respiratory tract and for the resistance to antibody-mediated complement
lysis [3].

In contrast to Y. pseudotuberculosis, in which palmitoylated lipid A species
predominate at the body temperature of the infected warm-blooded host, the
plague pathogen Y. pestis cannot incorporate the 16:0 group into lipid A but can
remodel the acylation pattern in a temperature-dependent manner [15]. When
grown at 26 °C, Y. pestis expresses a hexaacyl lipid A containing an unsaturated
secondary fatty acid 16:1, whereas at 37 °C mainly a tetraacyl lipid A (lipid
IVA) is synthesized. The latter is poorly recognized by TLR4 on the immune
cells of the mammalian host, and thus the systemic infection is allowed.

The most common polar substituents of lipid A phosphate groups, which
are typically present in nonstoichiometric amounts, are secondary phosphate
(with the formation of a diphosphate group), hydrogen, heptose, galacturonic
acid, phosphoethanolamine and 4-amino-4-deoxy-L-arabinose (L-Ara4N)
[9]. Charged groups allow bacteria to modulate the surface charge and vary
depending on the growth conditions. A considerable amount of anionic
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groups in the zone of lipid A—core-oligosaccharide are linked by electrostatic
interactions with divalent cations (Mg** and Ca**), which contribute to binding
of LPS molecules with each other. This largely stabilizes the outer membrane
and reduces its permeability, creating an effective protective barrier.

Phosphate groups may also be substituted by other components. For
example, two residues GalA substitute both phosphate groups in GIcN3N in
the disaccharide skeleton of lipid A in hyperthermophilic bacteria Aquifex
pyrophilus [19].

It was shown [13] that lipid A of Neisseria meningitides, a bacterium
responsible for meningococcal infection, carries two PPEtN groups at 1 and 4'
of disaccharide skeleton. In lipid A of a tularemia microorganism Franciella
tulariensis, one (in position 4') or both phosphate groups are missing, which
may account for its low LPS bioactivity. Moreover, lipid A of F. tulariensis ssp.
novicida contains galactosamine-1-phosphate at the position 1 [18, 39].

Why today the attention of investigators is captured by the lipid A studies,
its structure, biosynthetic processes, modification, obtaining of individual
components? It is due to the observation of its responsibility for a large variety
of biological activities of an LPS molecule [6, 30] in particular, for many toxic
effects of infections with gram-negative bacteria. Because of its conserved
structure in diverse pathogens, it is recognized as a pathogen-associated
molecule by a specific receptor, Toll-like receptor 4 (TLR4), present on immune
cells (monocytes, macrophages, neutrophils, and dendritic cells especially) and
stimulating them to secrete pro-inflammatory cytokines. At high concentrations,
lipid A induces high fever, increased heart rate, and in the worst cases can lead
to septic shock and death by lung or kidney failure. However, lipid A is also
an active immunomodulator, able to induce non-specific resistance to both
bacterial and viral infections at low concentrations [9].

An essential role in understanding of lipid A structure-activity relationships
was played by the studies on successful chemical synthesis of lipid A and its
partial structures. Such compounds as E. coli-type lipid A (compound 506,
LA-15-PP) and precursor la (compound 406, LA-14-PP, or lipid I'Va) [37]
were synthesized. It was shown that the biological activity of lipid A and its
partial structures depends on the phosphorylation and acylation pattern of the
hexosamine disaccharide. Maximal monokine-inducing activity is displayed by
the biphosphorylated lipid A possessing six acyl residues, which structurally
corresponds to E. coli-type lipid A (compound 506). Partial structures lacking
any of these components, structures containing different constituents, or
structures with a different distribution of constituents are either less or not
active in inducing monokines. Although the a-glycosyl phosphate group is
an important constituent for the expression of lipid A biological activity, an
introduction of an oxyethyl linkage has no considerable effect on the activity.

Later numerous data on comparative studies of lipids A structure and their
biological activity permit the authors to conclude that the bisphosphorylated
hexaacylated disaccharide lipid A with an asymmetric (4 + 2) distribution of
the acyl groups represents the most active structure for human cells [6, 21, 30,
34]. Various modifications of lipid A structure largely affect LPS bioactivity.
The deletion of a single fatty acid, resulting in a pentaacyl form of lipid A,
or the introduction of an additional acyl residue (hepta-acyl lipid A) reduced
biological activity (induction of the synthesis of interleukin-1 by human
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monocytes) by 10%times. The tetra-acyl derivative—a precursor of lipid A
known as the “compound 406”—did not induce the production of cytokines
by human monocytes [9].

The E. coli type hexa-acyl lipid A from P. agglomerans showed the high-
est activity so far known, including endogeneous TNF induction, whereas the
Salmonella type hepta-acyl lipid A activity was slightly lower [36].

A significant role in the manifestation of endotoxic properties is played by
fatty acids of particular length. Lipids A with short carbon chains of fatty acid
are less toxic or have no toxicity compared to lipids A containing long chains
of fatty acids. Thus, lipid A from Marinomonas vaga ATCC 27119 [12] is
characterized by a pentaacyl-type structure, which is composed of only short
chain fatty acids, in particular, 3-hydroxydecanoic and 3-hydroxydodecanoic
acids, and shows low toxicity: LD comprises 1.46 pg/mouse. Lipids A of En-
terobacteriaceae representatives, which include 3-hydroxytetradecanoic acid,
are characterized by high toxicity [29, 37]. However, the LPS from Rhodo-
bacter capsulatus, which lipid A contains two 3-hydroxytetradecanoic acids,
two 3-hydroxydecanoic acids, and one 3-hydroxydodecenoic acid (i.e., only 5
fatty acids), express no endotoxic activity. Lipid A of Salmonella minnesota,
which includes a nonstoichiometric seventh— hexadecanoic— fatty acid that
acylates 30HC14:0 at the position 2 of the reducing GIcNI and LPS of Rhodo-
cyclus gelatinosus, the lipid A of which contains fatty acids with short carbon
chains (C = 10) showing a high toxicity and pyrogenicity [31].

Analysis of these rather contradictory data suggests that not only the carbon
chain length of a fatty acid, but also other factors, in particular, the amount of
fatty acids, the presence of phosphorus residues, carbohydrate components of
lipid A play an important role in the manifestation of endotoxic activity. Thus,
it was shown that the monosaccharide form of lipid A is less active (activity is
reduced more than 107 times) than the disaccharide one. It was shown [10] that
3’-O-deacylation of Salmonella lipid A reduces its ability to stimulate human
TLR4-MD?2 receptor complex.

The beneficial therapeutic effects of Pantoea LPS, which were not
observed with other LPS, are not explainable by the structure of its lipid A. P
agglomerans LPS is composed mainly of low molecular weight (5 kDa) LPS
and, to a lower extent, of 30-60 kDa high molecular weight LPS, whereas the
E. coli LPS tested was composed largely of high molecular weight LPS.

The authors [20] have constructed an E. coli mutant and its derivatives and
demonstrated that these progeny strains contained modified forms of lipid A
with markedly decreased capacity to induce inflammatory response in human
and mouse cells. These mutant strains may be used for expressing therapeutic
recombinant proteins or targeted drugs without elimination of LPS.

The results of several LPS structure-function studies have shown that
polysaccharide chain length and composition of LPS can also significantly
influence biological activity. Thus, there is a possibility that composition and
polysaccharide chain length are attributable to the biological activity of its lipid
A and it seen as a beneficial therapeutic effects.

It is known that lipid A due to peculiar chemical structure harbors the
“endotoxic principle” of LPS and is responsible for the expression of
pathophysiological effects. Chemically modified lipid A can be endotoxically
inactive but may express strong antagonistic activity against LPS, a property
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that can be utilized in antisepsis treatment. The authors [29] showed that these
different biological activities are directly correlated with the molecular shape of
lipid A. Only hexaacyl lipid A with a conical/concave shape, the cross-section
of the hydrophobic region being larger than that of the hydrophilic region,
exhibited strong interleukin-6 (IL-6)-inducing capacity. Most strikingly, a
correlation between a cylindrical molecular shape of lipid A and antagonistic
activity was established: IL-6 induction of enterobacterial LPS inhibited by
cylindrically shaped lipid A except for the compounds with a reduced head
group charge. The antagonistic activity is interpreted by assuming that lipid
A molecules intercalate into the cytoplasmic membrane of mononuclear cells,
and subsequently block the putative signaling protein by the lipid A with
cylindrical shape.

A certain conformation of lipid A, the so-called endotoxically active
conformation corresponding to cubic and hexagonal supramolecular structures
like E. coli, S. minnesota, R. gelatinosus plays a significant role in the
manifestation of high biological activity of LPS, while lamellar conformation
like those of Rhodobacter capsulatus, Chromobacterium violaceum and
Rhodospirillum rubrum were completely endotoxically inactive [14, 27].

LPS plays an essential role in drug resistance of gram-negative bacteria
which are becoming a global health threat. LPS in the complex with proteins-
porins forms in the outer membrane a permeation barrier, which prevents
hydrophobic antibiotics from entering the organisms. It indicates the antibiotic
resistance may be due to peculiarities of LPS structure, in particularly the
presence in lipid A negatively charged groups which are targets for antibacterial
substances of a polycationic nature used in the treatment of bacterial infections.
It is known [31, 35], that the substituents at 4 -phosphate of glucosamine 11
are responsible for the bacterial resistance to some polycationic antibiotics,
in particular, polymyxins. If the OH group at the 4'-phosphate of glucosamine
IT is not substituted, polymyxin is attached to the group and these bacteria
will be susceptible to polymixin. If the OH group carries substituents such as
4-amino-4-deoxy-L-arabinose, polymyxin cannot join and such bacterium will
be resistant to polymyxins. These data indicate that the presence in lipid A of
certain bacterial substituents is able to alter the biological properties not only
of LPS but also of the whole bacterial cell.

The authors [24] observed that in response to environments signals (low
concentrations of Mg*", a PhoPQ-activating signal), wild types of E. coli and
S. enterica modified lipids A including in its structure 4-amino-4-deoxy-L-
arabinose and phosphoetnanolamine, which promote bacterial resistance to
cationic antimicrobial peptides (in particular, polymyxin B).

Due to the presence in the lipid A of 4-amino-4-deoxy-L-arabinose the
lipopolysaccharides of Burkholderia cenocepacia displays a unique resistance
to antimicrobial peptides and others antibiotics. Mutants of B. cenocepacia
with defects in 4-amino-4-deoxy-L-arabinose synthesis are characterized by
increased sensitivity towads two classes of antibiotics: polymixin and mellitin
[5]. The authors believe that the LPS structural transformations, which take
place after linking of 4-amino-4-deoxy-L-arabinose molecule to lipid A,
determine the LPS transport and its correct assemblage on outer membrane.

Therefore the recent trend in solving the problem of antibiotic-resistance
concerns LPS transport proteins which are the attractive drug targets, as the
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impairment of LPS transport kills most of the Gram-negative bacteria [28,
32]. And really the authors [4, 43] showed that seven LPS transport proteins
(that is, LptA-LptG) form a transenvelope protein complex are responsible for
the transport of LPS from the inner to the outer membrane, the mechanism of
which is poorly understood. They have reported the first crystal structure of the
unique integral membrane LPS translocon LptD-LptE complex. LptD forms
a novel 26-stranded B-barrel, which is to our knowledge the largest -barrel
reported so far. LptE adopts a roll-like structure located inside the barrel of
LptD to form an unprecedented two-protein ‘barrel and plug’ architecture. The
structure, molecular dynamics simulations and functional assays suggest that
the hydrophilic O-antigen and the core oligosaccharide of the LPS may pass
through the barrel and the lipid A of the LPS may be inserted into the outer
leaflet of the outer membrane through a lateral opening between strands B1
and B26 of LptD. The development of new tools may be needed to dissect
the molecular mechanism of transport and to define what individual role each
of these seven proteins play in this process. These find do not only provide
help for the understanding of important aspects of bacterial outer membrane
biogenesis but also have a significant potential for the development of novel
drugs against multi-drug resistant pathogenic bacteria.

Summary. On the stated above data it is possible to make the following
conclusions:

1) the paramount role in studies of structure-function relationships of lipids
A belongs the further elucidation of peculiarities of its structure;

2) it is more appropriate to consider lipid A as a family of structurally related
molecular species with different acylation and phosphorylation patterns rather
than as an individual, homogeneous molecule;

3) the studies of structure-function relationship of lipid A, which has the
typical structure of E. coli type lipid A backbone, demonstrated that activities
differed depending on: 1) the number of phosphoryl and acyl residues, 2) the
substituted site of phosphoryl and acyl residues, 3) the chain length of acyl
residues;

4) the existence of lipid A-containing LPS in the most ancient and primitive
gram-negative bacteria demonstrates that it is absolutely required for their
survival, shielding them from a variety of aggressive conditions. It is not
produced simply to aggravate humans;

5) endotoxin-induced disease almost always results from a complex
interaction of the endotoxin with host mediator systems. The prevention of
tissue damage may be accomplished by blocking the biological effects of toxins.
One of these ways is obtaining modified lipid A forms which are nontoxic,
nonpyrogenic but retaining the immunomodulative activity. Such modified
forms may be good candidates for the development of new immunomodulators
which may be used to prevent gram-negative septic shock and related disorders
by blocking the toxic effect of LPS by competing for its binding sites;

6) today many current antibiotics are becoming useless, causing hundreds
of thousands of deaths each year. Bacteria are able to infect their hosts because
they hide themselves from the immune system by changing the structure of
LPS. The studies of authors [4, 43] reveals how the bacteria construct this
camouflage and opens the door to blocking the process through new class of
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antibiotics. The identification the path and gate used by the bacteria to transport
the barrier building blocks to the outer surface is really very important. These
investigations have demonstrated that the bacteria would die if the gate is
locked. And the key role of LPS in this process is not disputed. Therefore
the all-round studies of lipopolysaccharides of gram-negative bacteria and in
particular of its lipid A, and also the integral proteins responsible for the final
stage of LPS transport are the pinpoints in solving the problem of drug-resistant
bacteria. Today the high-priority task of creating new medical treatment
includes finding special substances (for example proteins), able to block the
building of bacterial cell envelope and as a result to cause the bacterial death.
The identification of inhibitors that specifically target LPS transport in vitro
and more importantly in vivo may represent important tools to dissect the
transport pathway.
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CTPYKTYPA, ®YHKIIA TA BIOJIOTTYHA AKTUBHICTbD JHITI Y
A JIIITOITOJIICAXAPUY

Pesome

Bakrepianbhi minonomicaxapuan (JIIIC) € o0cHOBHUME KOMITOHEHTAMH 30B-
HIIIHBOT MEMOpaHH 1 MPUCYTHI MaiiXke y BCIX FpaMHEraTUBHUX OakTepiil. Bonu
CKJIQJAIOThCS 13 MOdi- a00 OJlirocaxapuIHOT YaCTUHU, KA 3aKPIIUIIOETHCS B
30BHINIHII MeMOpaHi ceru@igHOr0 JiMiIHOK YaCTHHOIO, 110 Ma€ Ha3BY JIIIL
A. HemonaBHiMH TOCIIPKEHHSIMH TTOKa3aHo, 1o came ninia A JITIC Bukonye
¢GyHKIII0 eH1oTOKCHHY. He3Baxaroun Ha 3araibHUil CTPYKTYpHHI KOHCEpBa-
THU3M, JIMiJI A XapakTepU3y€eThCs TAKOXK 3HAYHOKO CTPYKTYPHOIO TeTepPOreH-
HICTIO, SIKa MOKE BapilOBaTH B 3aJIEKHOCTI BiJl Pi3HUX (PaKTOPIB, BKIIOUAIOUH
OaxTepianbHy aJanTallio 10 YMOB OTOYYIOUYOTO CEPEIOBHINA, SIKE 3MIHIOETh-
cs1, HETIOBHUH 010CHHTE3 Ta pyHHYIOUI TPOAYKTH 1/a00 XiMidHY MOTU(IKAIIiIO
SIK pe3yJIbTaT METOY 130JIFOBaHHS Jimiay A, sikuii OyB BUKOpucTaHUH. Tomy
OUTBII MPUUHSATHUM BBXKAE€THCS PO3MISAIATH JiMiJ A SK POAUHY CTPYKTYPHO
CHOPIAHEHUX MOJIEKYISIPHUX BUIIB 3 PI3HUM aIMIIIOBaHHAM Ta (Hochopuitro-
BaHHSM, aHK SK 1HIMBIya bHI TOMOTE€HHI MOJIEKYJIH. BUBUEHHS CTPYKTYpHO-
(YHKITIOHATPHUX B3a€EMOBIIHOCHH Iy A, KU Mae TUNOBHMA s E. coli
TUI CTPYKTYPH JIMiAy A, CBIAYNTH, III0 aKTHBHOCTI PI3HITHCS B 3AJICKHOCTI
Bia: 1) KimbkoCTI GOChHOPHIBHUX 1 alMIIBHUX 3aJIMILIKIB; 2) Micls iX 3ami-
HIeHHS; 3) TOBKHUHU JIAHITIOTA allJIbHUX 3aJTUIIKIB; 4) KoH(popMmartii mimixy A.
CyyacHi JOCHiJDKEHHSI CB114aTh, 110 JIIII A Ta IHTerpajibHi OUIKU 30BHIIIHBOT
MeMOpaHH, BiIMOBINaTbHI 32 TepMiHAIBHY cTaito Tpancnopty JITIC, e Baxiu-
BHMH y BUPIIIICHHI TPOOJIEMHU CTIHKOCTI OaKTepiit 10 JIIKapChKUX Mpernaparis.
Inentudikamis iHridiToOpiB, fAKi € cnenudiyHoo MimeHHto Tpancnopty JIIIC
in vitro 1, 0 OUTBII BaXKJIMBO, i ViVO Ma€ 3HAUYHY MEPCIIEKTUBY ISl PO3POOKH
HOBHX IIPETapaTiB MPOTH MHOXHHHOI CTIKOCTI MAaTOreHHUX OakTepiil.

Knrouosi cnosa: ninig A, ninonoiicaxapul, CTPYKTypa, 010JI0Ti9Ha aKTHB-
HICTb.
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CTPYKTYPA, ®YHKIUA U BUOJJOTNMYECKASA AKTUBHOCTbD
JIMIIUIA A JIMITIOIMOJIMCAXAPUIA
Pesrome

Bakrepuansusie nunononucaxapuasl (JIIIC) sBasoTCS OCHOBHBIMH KOMIIOHEHTAMH
BHEITHEW MeMOpaHbl ¥ PUCYTCTBYIOT MOYTH BO BCEX I'PaMOTPHIATEIBHBIX OaKTEPHsX.
OHM COCTOSIT U3 MOJIH- UM OJIUTOCaXapuaHON YacTH, KOTOPas 3asIKOPUBACTCS BO BHEIIIHEH
MeMOpaHe CTIeIPIIeCKOI TUITHAHON 9acThi0, Ha3bIBaeMoit mumuaoM A. HenaBanmu nc-
CJICIOBAaHMSIMU TT0Ka3aHo, 4To nMeHHO junu A JITIC BeimonaHseT GyHKIUIO SHIOTOKCH-
Ha. HecMOTpst Ha 0OMIHiA CTPYKTYPHBIA KOHCEPBATU3M, JIUMH] A XapaKTepPU3yeTCs TaKKe
3HAUUTEIBHON CTPYKTypHOH T'€TepOreHHOCTHIO0, KOTOpas MOKET BapbUPOBATh B 3aBHCH-
MOCTH OT pa3INuHbIX (JaKTOPOB, BKII0OYAs OAKTEPHATBHYIO a/IalTAlIMIO K N3MEHSIOMINM-
Csl YCJIOBUSIM OKPYIKAIOLIeH Cpe/ibl, HETOIHBII OMOCHHTE3 U pa3pyLIaloliie MPOayKThI,
H/WITN XUMHUYECKYI0 MOIM(DUKAINIO KaK Pe3yabTaT HCIO0JIb30BAHHOTO METO/1a H30JIHPOBa-
aust munuza A. TTostomy Gornee mpueMIIeMbIM SIBISIETCSI paccMaTpyBaTh JIMIAA A cKopee
KaK CEMEHUCTBO CTPYKTYPHO POJICTBEHHBIX MOJIEKYJISIPHBIX BUAOB C Pa3JIMYHbIM allWJIULPO-
BaHUEM M (POCHOPHINPOBAHNEM, A HE KaK HH/MBH/TyalbHbIE TOMOT€HHBIE MOJIEKYIBI. H3y-
YEeHUE CTPYKTYPHO-(QYHKINOHAIBHBIX OTHOLICHUH JIMMUAA A, KOTOPBIH HIMEeT THITHYHbIA
st E. coli Tan CTPYKTyphI IMNuaa A, CBUACTEIBCTBYET, YTO AKTUBHOCTH Pa3IHYAOTCS
B 3aBUCHMOCTH OT: 1) KommuecTBa (hoChHOPMIBHBIX W allMIBHBIX OCTATKOB; 2) MECTa UX
3aMeIeHusT; 3) JIMHBI [eNN alMIIbHBIX 0CTaTKoB; 4) koHdopmanuy mmnuna A. Cospe-
MCHHBIC UCCJIEA0BAHUA CBUACTCILCTBYIOT, YTO JIUIIU ] Awn HUHTETpaJIbHbIC 6CJ'IKI/I BHCIITHEH
MeMOpaHBbI, OTBETCTBEHHBIE 33 TEPMHUHAIIBHYTO cTaauio Tpancnopra JIIC, sBistoTcs ocHO-
BOIIOJIArAIOIIMMH B PEIICHUHN ITPOOJIEMBI YCTOHYMBOCTH OaKTEpHi K JIEKapCTBEHHBIM TIpe-
naparam. MneHtiudukanys HHrHOUTOPOB, KOTOPBIE SIBJISIOTCS CIIeU(PUISCKON MUILICHBIO
tpancnopta JITIC in vitro u, aTo Oomnee BayKHO, i71 Vivo IMEET 3HAYUTEIBHYIO IIEPCIIEKTHBY
JUIsl pa3pabOTKH HOBBIX MPENAapaToB MPOTHB MHOKECTBEHHOH YCTOHYMBOCTH MATOTEHHBIX
GaxTepuil.

Kniouegvle cnosa: munun A, IUIONIONNCAXAPH, CTPYKTypa, OMOJIOTHYecKast aKTHB-
HOCTb.
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