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Abstract

The Ebola hemorrhagic fever epidemic of 2014 is a powerful reminder of
the threats posed by viral diseases, as their-geographical range and rese-
rvoirs are altered by global warming and other factors. Viruses contain
very small genomes, encoding-only few ‘proteins in the simplest viruses
(eight in the case of the Ebola virus), but the multifunctionality of these
proteins ensures that the virus can accomplish a multitude of biological
functions, including cell entry, membrane fusion, replication, suppression
of immune response, packaging of new virions and exit from the cell. In
this short review we summarize the recent progress in the understan-
ding of how the eightproteins encoded by the Ebola RNA accomplish
these specific functions at the structural level.
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Introduction

The Ebola virus (EBOV) causes a horrifying hemorrhagic fever in humans
and other primates with fatality rate up to 90% [1]. It was first described
in 1976 as a distant cousin of the Marburg virus (MARV) [2};-although’it
has been hypothesized that an outbreak occurred in Athens in 430 BC
[3]. In spite of the fact that EBOV is very dangerous, there was only a re-
latively modest effort over the past decades to elucidate.its biology and
to design therapeutics or vaccines. This situation was rationalized by the
fact that EBOV caused only sporadic and relatively limited epidemics du-
ring the last few decades, and all were endemic to some of the poorest
countriesinthe world, in Central and Eastern Africa. Consequently, there
was no financial incentive for pharmaceutical companies to develop tre-
atments and vaccines in the absence of a significant market [4]. The per-
ception of EBOV as a limited and endemic threat changed dramatically in
early 2014 with the West African outbreak of the disease, notably when
a small number of infected individuals traveled to western countries, in-
cluding the USA, spreading panic [5]. These few cases were prominently
featured in the media, overshadowing the real epidemic and the fact that
arecord 29,000 cases were reported at the end of the outbreak in Africa,
with more than 11,000 deaths-[6]. The hitherto unanticipated threat to
the Western countries stimulated a surge in research and funding oppor-
tunities and rapid progress was achieved in the characterization of the
virus and its components, in the design of therapeutic antibodies [7] and
— most recently — introduction of an effective vaccine[8]. The search for
drugs able to deal with the virus after infection is still ongoing.

EBOV has a cylindrical or tubular-shaped, non-segmented morpholo-
gy, characteristic of all members of Filoviridae family [9]. There are five
known strains Zaire, Sudan, Tai Forest, Bundibugyo and Reston [10].
EBQV is a single-strand RNA (ssRNA\) virus, containing a non-coding (ne-
gative) strand, ~19 kB in size. The virus is covered by a lipid envelope with
protruding spikes on the surface, as visualized by electron microscopy.
The ssRNA is packaged inside the envelope within a helical nucleocapsid,
made up of proteins and ssSRNA[11].

The life cycle of the EBOV is reasonably well understood. Fruit bats
are thought to serve as the primary reservoir for the virus across all tro-
pical areas of the world [12]. They are not harmed by the virus. EBOV also
infects-other animal species, although the details are still scarce. Eating
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bush meat — including bats — is thought to be the principal mechanism
for infection of humans [13], with subsequent epidemics resulting from
contact with bodily fluids of the infected or dead individuals. Once inside
the human body, EBOV targets specific cells, including those-in the liver
and immune system, as well as endothelial cells. Relatively non-specific
receptors on those cells recognize and bind either carbohydrates which
decorate the viral surface, or PtdSer (phosphatidylserine)which'is an ele-
ment of the viral envelope [14]. The adherence to cell surface triggers in-
ternalization of virus particles through the process of macropinocytosis,
as well as clathrin-dependent endocytosis [15]. Once the virus reaches
endosomes, it undergoes complex proteolysis-of the surface glycoprote-
in, its membrane fuses with that of the attacked cell-and the contents en-
ter the cytoplasm. The replication process involves the synthesis of the
positive strand of RNA which serves as a templatefor new RNA genomes
[16]. During transcription, the negative RNA strand is transcribed into
seven monocistronic mMRNAs, corresponding to the seven genes enco-
ded by the RNA, each capped and polyadenylated. The viral proteins are
synthesized by hijacking the ribosomemachinery of the infected cells,
and accomplish their diverse/biological functions owing to exceptional
multifunctionality. They are responsible for invasion, membrane fusion,
suppression and evasion of the immune response, transcription, replica-
tion and packaging of new virions, and exiting the cell. This process is so
effective, that a healthy man infected with a single virus can die as a re-
sult of internal hemorrhage within 6-16 days of developing symptoms,
typically no more than 21 days after infection. At death, the viral titers in
blood (viremia) may exceed 10 copies per ml [17].

This short review summarizes the most important aspects of the re-
cent progress achieved towards the understanding of the structure-func-
tion relationships among the proteins encoded by the EBOV viral RNA.
Space constraints preclude a fully comprehensive presentation, and our
review;is by necessity limited to only a fraction of the available material;
we apologize for omissions. We start with an overview of the biological
functions served by the protein products of the seven EBOV genes.

The biological functions of the EBOV proteins.
The order/of the seven genes in the EBOV ssRNA is as follows: NP - VP35
- VP40- GP- VP30 - VP24 - L (with the exceptions of NP, GP and L, the
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genes are denoted as Viral Protein (VP) and followed by a number indi-
cating molecular weight) (Fig. 1). Once the virions are packaged, multiple
copies of seven of the proteins are included, each found in a distinct lo-
cation. These proteins are known as ‘structural proteins’ as'they arepart
of the virus particle. The eighth protein, an alternate product of the GP
gene, is secreted by infected cells and not found within the virus; it is the
only non-structural protein.

The glycoprotein (GP) is the only exposed protein on the viral surfa-
ce, visible in electron micrographs as 7-10 nm long spikes spaced at ap-
proximately 10 nm, and protruding from the lipid bilayer [18]. It media-
tes attachment to specific cell receptors, and-enables the virus to enter
the cell through endocytosis into macropinosomes. Interestingly, this
is the only gene that has two alternate transcripts; the second trans-
cript leads to the expression of the soluble GP (sGP), the secreted, and
non-structural protein [19]. The abundance of this protein, which is
similar to GP, confuses the immune-responses of the host and acts as
a decoy protecting the virus [20].

VP40 is a matrix protein, linking the inside layer of the membrane with
the nucleocapsid, and is one of the most versatile protein in the EBOV
proteome. Aside from its structural function, it plays a role in the regu-
lation of transcription, morphogenesis of the virus, as well as packaging
and budding of mature virions. It is also implicated in suppression of RNA
silencing, although the mechanism is not clear [21].

The remaining ‘structural proteins’, i.e. nucleoprotein (NP), VP35,
VP40, VP30 and VP24, alongwith the viral L (large) polymerase, are con-
tained within the nucleocapsid which also contains helically packaged
ssRNA. The regular structure of the nucleocapsid has been elucidated by
3D sub-tomographic.analysis [11]. There are nearly equimolar amounts of
the VP24, VP30, VP35 and NP proteins in the nucleocapsid. There is evi-
dence that VP24 as well as VP35 interact with NP, and all three proteins
are necessary for the formation of the nucleocapsid [11]. The key protein
for RNA packaging is the nucleoprotein (NP) [22]. VP30 protein is a trans-
cription.activator, which plays an important role in the virus replication
process [23]. In contrast, both VP24 and VP35 are intimately involved in
blocking the host’s interferon-mediated immune response, through seve-
ral diverse and complementary mechanisms. VP35 inhibits induction of
the aand B interferons by blocking phosphorylation and activation of the
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interferon regulatory factor 3 (IRF3), a transcription factor which regula-
tes interferon synthesis [24]. Moreover, VP35 also interferes with the ac-
tivity of the RIG-I like receptors (retinoic acid inducible gene | receptors);
which under normal conditions detect viral RNA during infection and.re-
plication, and initiate interferon response [25]. Another immune response
pathway blocked by VP35 is mediated by the EIF2AK2/PKRkinase (euka-
ryotic translation initiation factor 2 alpha kinase 2/protein kinase R) [26].
Finally, VP 35 is also a cofactor of the L polymerase, and thus plays a role
in transcription and replication [27]. The complementary and indepen-
dent action of VP24 is to block the already existing interferon response,
by binding to karyopherin a, a nuclear transporter protein, which — when
activated by interferon — carries thetyrosine-phoesphorylated transcrip-
tion factor STAT1 (PY-STAT1) to the nucleus, and thus stops the immune
response downstream of interferon [28].

Last, but not least, the EBOV ssRNA encodes an RNA dependent
RNA polymerase, or the L protein-[29]. The enzyme is multifunctio-
nal, with RNA-directed RNA polymerase, mRNA guanylyl transferase,
mRNA (guanine-N(7)-)-methyltransferase and poly(A) synthetase acti-
vities. It functions either as transcriptase, generating the mRNAs requ-
ired for protein production, or-asteplicase, copying the template positi-
ve strands into negative strands of RNA. The transcriptase synthesizes
subgenomic RNAs, assuring their capping and polyadenylation. The re-
plicase mode is switched on at a particular intracellular concentration
of NP. In this mode, the L polymerase replicates the whole viral genome
without recognizing the transcriptional signals.

Structure and mechanism of the EBOV proteins

How are the eight EBOV proteins able to accomplish all their deadly func-
tions? Many of the answers can be deduced from the molecular structu-
res of the proteins, and the structures of their complexes with viral and
host partner proteins, and with RNA. We will now review the current sta-
te of knowledge of the structural biology of EBOV proteins, mostly deri-
ved from X-ray crystallographic studies. Much of the information is very
recent, emerging after the 2014 outbreak.

The EBOV glycoprotein (GP). GP is a 676-residue class | membrane gly-
coprotein responsible for viral entry into the cell and fusion with the host
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membrane (Fig. 2A). It is not a product of direct transcript of the GP gene;
instead, the corresponding mRNA results when the L polymerase stut-
ters on a specific sequence, adding one more adenine and extending the
open reading frame past the first 295 residues (there is also-a third pro-
duct, the small soluble GP, which, for lack of space, we/do not describe
further) [30].

GP is arguably the most complex of all the EBOV proteins. It is expres-
sed in infected cells as a precursor polypeptide (GPO) (Fig. 2B), which is
then cleaved by the human furin endoprotease into two disulfide-linked
chains: the receptor binding subunit, GP1, residues 1-501 (~130 kDa,
when fully-glycosylated) and the fusion subunit GP2, residues 502-676
(~20 kDa, non-glycosylated) (Fig 2A). In the/maturing EBOV particles the
GP1/2 forms trimers inserted into the membrane; these are the spikes
visible in electron micrographson on the viral surface (Fig 2 E-F). The first
insight into the atomic structure of this ensemble came from the crystal
structure of GP1/2 bound to a Fab fragment of a human antibody, eluci-
dated by X-ray crystallography to a resolution of 3.4 A [18] (the GP1 in
this study was modified to remove the/mucin-like domain, MLD, which
is heavily glycosylated and interferes with crystallization, as well as the
trans membrane helical anchor)..Further studies using cryo-electron to-
mography provided information about'the localization of the MLD in the
full-length protein [31]. More recently, the structure of the intact sGP
dimer in complex with two Fab variable antibody domains were charac-
terized by single-particle cryo-EM methods at 5.5A resolution (Fig. 2D)
[32]. Moreover, these studies-revealed the precise domain architecture
of the surface glycoprotein spikes and rationalized some of the functions.
The biological GP1/2 trimer assumes a chalice-like shape with GP2 se-
rving as the base and GP1 as the cup (Fig 2F). GP2 contains the fusion
loop (IFL) which is critical for viral entry into the cytoplasm (see below),
but remains hidden on the surface of a free virus; and the C-terminal he-
lical fragment which serves as an anchor in the viral membrane. The GP1
is made up of four distinct domains (Fig. 2A): the globular base, the re-
ceptor-binding domain (RBD), the glycan cap and the MLD which is par-
tly disordered and heavily modified by O- and N-linked glycosylation. In
contrast, the glycan cap is more structured than MLD, and contains four
N-linked glycosylation sites. MLD domains are located at the apex of the
GP spikes, and are associated with multiple functions including enhance-
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ment of viral attachment to host cell surfaces and protection of GP pro-
tein regions from antibody recognition.

After the uptake of the virus into macropinosomes and subsequent
transport into endosomes, GP1 undergoes another proteolytic cleavage
by the cathepsins B and L proteases (catB/catL). The cleavage site remo-
ves the glycan cap as well as the MLD, generating a fusion-competent
trimer of heterodimers: the ~19 kDa N-terminal fragment of GP41 and in-
tact GP2 (GPCL). The structure of the GPCL has been recently visualized
by X-ray crystallography at 3.3 A resolution (Fig. 2F) [33]. Proteolysis has
no significant impact on the structure of GPCL compared to the pre-cle-
avage ensemble, but importantly it uncovers a-unique binding site in GP1
RBD which allows for recognition of the host endesomal receptor, the
Niemann-Pick C1 (NPC1) [34, 35]. Very recently, a single-particle cryo-
-EM study visualized the molecular basis of the interaction of the GPCL
with NPC1 at 6.6 A resolution [36]. The same study showed that the affi-
nity of GP_ for NPC1 is greatly enhanced at pH 6.0compared to pH 7.5,
which explains the binding in the acidic environment of the endosomes
[36]. Further atomic details of the interaction were visualized by the cry-
stal structure of GP_ bound to the isolated C-domain of NPC1 at 2.3 A
resolution (Fig. 2C) [37].Followingthe binding of GPCL to NPC1, the GP2
subunit undergoes a conformational change, leading to exposure of the
internal fusion loop (IFL). The loop has an architecture of an anti-paral-
lel, B-stranded scaffold with a centrally located ensemble of hydrophobic
residues (Leu529, Trp531,11e532, Pro533, Tyr534, and Phe535). Studies
using nuclear magnetic resonance (NMR) revealed that at low pH (i.e. in
endosomes) the fusion loop adopts a conformation in which the above
residues become exposed and form a hydrophobic ‘fist’ that facilitates
penetration into the.membrane [38, 39]. This event, in turn, initiates fu-
sion of the host and viral membranes, which is catalyzed by the energeti-
cally and low-pH favored conformational rearrangement of two a-helical
structural elements of GP2. These helices from the three GP2 units in the
trimer come together to form 6-helix bundle stabilized at low pH, over-
coming-the kinetic energy barrier of fusion of two membranes; with fu-
sion completed, the contents of the viral particle enter the cell cytosol
[38,39].

The EBOV Matrix Protein (VP40). This is the most abundant prote-
in in"fEBOV particles, playing a complex role in assembly and budding of
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the virus-like particles (VLPs) from the cell membrane [40]. Like other
viral matrix proteins, VP40 provides a link between the lipid membrane
and the nucleocapsid core, having the capability to associate with both:
This protein does not undergo any proteolytic conversion,but instead’is
characterized by unique conformational malleability, aprerequisite for
formation of diverse oligomeric structures that underlie the protein’s
multifunctionality [41]. The VP40 is synthesized as-a~326 residue long
monomer, composed of two loosely associated globular domains (N- and
C-terminal domains, i.e. NTD and CTD, respectively) joined by a short fle-
xible linker (Fig. 3A). Both are involved in trafficking to and interactions
with membranes [42]. At the very N-terminus, VP40 contains a disor-
dered stretch of ~40 amino acids that contain a PPXY motif and a PTAP
motif [43]. Initially, it has been thought that VP40 exists as a monomer
in solution, as suggested by the first determined-erystal structure [44].
More recent studies generated compelling evidence that the protein is
dimeric, and this association is mediated by the NTD (Fig. 3B) [41, 45].
The dimeric structure is required for trafficking of VP40 to the cell mem-
brane. There are two structural featurés on CTD which are important
for association with membrane and subsequent conformational changes
that drive VP40 oligomerization.One is the hydrophobic loop composed
of 11e293, Leu295 and Val298 residues; which was shown not only to bind
to, but actually penetrate the plasma membrane, assisting in the locali-
zation of VP40 to the membrane, release of VLPs and exit of viral partic-
le [46]. The other element.includes a conserved basic patch (Lys274 and
Lys275), located within a disordered loop at the opposite site of the CTD,
also shown to mediate VLPs release [41]. In addition, CTD also promo-
tes trafficking of VP40, owing to its interactions with the Sec24C protein,
a member of the coat protein complex Il (COPII) associated with vesicu-
lar transport system [47].

Upon interaction with the membrane VP40 undergoes conformatio-
nal change resulting in spatial displacement of NTD from CTD, made po-
ssible owing to the flexibility of the linker [48]. This leads to the oligome-
rization.of VP40 and formation of linear hexamers. The crystal structure
of VP40 hexamer revealed the oligomerization core made up of NTDs
derived from four central protomers, flanked by remaining two proto-
mers (Fig,/3C) [41]. At this point, conformational changes trigger displa-
cement of four CTDs from central core in opposing directions (two are
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upwards and two are downwards). The VP40 hexamers may further as-
sociate through their CTDs, forming long, interrupted filaments [41].

To add to the complexity of the VP40 oligomerization pattern, it was
also shown that the protein may octamerize into a ring with-RNA-binding
properties, notably through the NTD domains (Fig. 3D)./This was initial-
ly visualized in a crystal structure of an octameric ring of isolated NTD
domains with bound RNA trinucleotide [49]. Interestingly, RNA does
not appear to be required for this assembly, as evidenced by the latest
structure of RNA-free ring of isolated NTDs. The formation of the ring is
made possible through a conformational change that involves the displa-
cement of N-terminal 69 residues from dimeric interface, which in turn
exposes the RNA-binding site. In this context, RNA-plays a critical role in
separation of the CTD from NTD that triggers octamerization, but not
in the ring assembly itself. The VP40 ring has a role’in regulation of viral
transcription inside infected cells and this function is dependent on its
RNA-binding capability [41].

Finally, VP40 is also known to interact with selected cellular proteins.
Two of them, Nedd4 (ubiquitin ligase)'and Tsg101 (a regulator of vesi-
cular trafficking), have been found to bind the sequence elements in the
N-terminal motif, i.e. PPXY and-PT/SAP, respectively [50]. These interac-
tions indicate a complex way in which the budding and exit of EBOV from
the cell are regulated. There is currently no structural information about
the underlying mechanisms.

The EBOV nucleoprotein (NP). NP is a large protein (739 residues) which
is critical for ssRNA packaging. Together, NP, VP24 and VP35 are suffi-
cient for the formation of\nucleocapsids that are morphologically identi-
cal to those formed‘in infected cells [22]. On the other hand, a complex of
ssRNA, NP, VP30 VP35 and the L polymerase constitutes the polymerase
complex, sufficient for replication and transcription of the viral RNA.

NP contains two distinct globular domains (Fig. 4A) [22, 51] and is
subject to post-translational modifications, i.e. O-glycosylation and sialy-
lation [22]. Significant information has emerged recently about the mole-
cular structures of the two globular moieties within the NP. The isolated
RNA-packaging N-terminal domain has been crystallized and the struc-
ture was solved at 1.8 A resolution [52]. The domain shows a dumbbell
like structure with the N- and C-terminal lobes separated by a positive-
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ly-charged groove that is presumed to constitute the RNA binding site,
where the protein binds the phosphate backbone of the helical RNA
[52]. However, to date there is no detailed structure known of ‘any com-
plex of EBOV NP with RNA. The independently determined-structure of
a similar NTD construct in complex with a peptide derived from VP35
(residues 20-48), showed how the latter occludes a large portion of the
RNA-binding surface, and prevents newly synthesized NP.in the cell from
interactions with non-cognate RNA (Fig. 4B) [53].This explains the regu-
latory function of the VP35 protein at the molecular level and hints at the
possible way the proteins are associated in the replication complex.

The smaller, C-terminal fragment of the EBOV NP is a major antigenic
determinant, raising the possibility that it could be-effective in virus de-
tection and diagnostics [54]. The isolated C-terminal domain from seve-
ral strains has been crystallized and the structures‘were solved at high-
-resolution (Fig. 4C) [55, 56]. These studies revealed a new fold, hitherto
unseen in any protein, although the structure itself did not hint at specific
functional properties.

The two globular domains of NP are'joined by a disordered and highly
flexible linker that endows the protein with plasticity, and serves as an
attachment point for other protein. We will discuss this in the section fo-
cusing on VP30. The interactions with’both VP35 and VP30 point to NP
as providing a scaffold for the assembly of the replication complex.

Finally, there is the question of possible interactions of NP with cel-
lular proteins. A recent study of the cellular interactome of EBOV NP
strongly hints at a chaperone-HSP70, as a protein that modulates stabi-
lity and NP may assist it in its physiological functions [57]. The structural
basis of this interaction are not known.

The EBOV VP30. This protein is made up of 288 amino acids, and — like
VP40 — has the‘ability to form oligomers. It contains several motifs im-
portant for its physiological function, including a Zn-finger domain (the
site for binding Zn?* ions, essential for the interaction with RNA [58]),
a hexamerization domain and a unique, globular C-terminal domain (CTD)
which forms a tight dimer in isolation (Fig. 5A). The domain, encompas-
sing residues 114-265, was crystallized and the structure was determi-
ned at 2.0'A resolution [59]. The domain contains a core of six a-helices;
there-is an additional, seventh helix which crosses over and ‘embraces’
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the second domain in the dimer, ensuring a large interface between mo-
nomers (Fig. 5B). Recent studies revealed how this protein is anchored
to the nucleocapsid through an interaction with NP, and specifically with
a Pro-rich peptide which resides within the linker between-the two-NP
domains [60]. The structures of the Zaire and Sudan VP30 with a bound
peptide (residues 602-614) from the NP protein were recently publi-
shed, and show how the NP peptide is bound within atong, shallow cavity
on the face of the monomer distal to the homodimeric interface. The in-
tegrity of this interaction was shown to be critical to the regulation of the
viral RNA synthesis.

At this moment there is no other structural information about VP30
and in particular there is no structural data on the-interaction with viral
RNA, except for experimental evidence that a basic sequence residing
between residues 26 and 40 is involved in addition-to the Zn-finger motif
[58]. The interaction between VP30 and RNA is necessary for the activa-
tion of transcription [23, 61].

The VP24. This is the smallest product{of EBOV genome, comprised of
251 residues, folded into a single globular domain (Fig. 6A). Significant
information has recently emerged about the structure of VP24 and the
structural basis of its interaction with’karyopherin-a (KPNA), an intere-
sting protein containing so-called armadillo repeats. Crystal structures
of Sudan and Reston VP24 protein revealed a compact, single o/ domain
architecture, which is characterized by a unique pyramidal fold (Fig. 6B).
There are three distinct faces.of this triangular molecular pyramid. The
top of the pyramid is'made up of several a-helices and a small, three-stran-
ded antiparallel g-sheet, encircled by the N-terminus, while the interior
contains a five-stranded’ antiparallel B-sheet, resting on several more
a-helices that make up the bottom. One of the faces with a distinct hydro-
phobic characteristics mediates an intimate interaction with the KPNA, as
visualized by a crystal structure of the complex of VP24 with the C-ter-
minal domain of KPNA (containing the armadillo repeats 8-10) at 3.15 A
resolution (Fig. 6C) [62]. The consequence of this interaction is that a uni-
gue, non-classical nuclear localization signal (ncNLS) binding site, neces-
sary to anchor PY-STAT1 to KPNA, is blocked. Thus, KPNA is rendered in-
capable of transporting the latter transcription factor to the nucleus, and
thisstops the signaling pathway that is activated by interferon.
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VP24 is also known as the secondary matrix protein, as some of its
functions tend to overlap with that of VP40, i.e. it is essential for virion
assembly and budding, and has the ability to associate strongly.with li-
pid bilayers. Also, the interaction of VP24 and NP, not yet characterized,
is considered to be important factor in the assembly and function of the
viral ribonucleoprotein complex (RNP) in addition to its likely.association
with membranes. The structural basis for these phenomena is not under-
stood.

The VP35. Like VP24, VP35 is the key player in the suppression of the in-
terferon-mediated immune defenses, through-a number, of mechanisms
(see above). VP35 is a 340-residue long protein with three distinct ele-
ments: a nucleoprotein targeting N-terminal peptide, a coiled-coil motif
responsible for the oligomerization of the protein;-and the C-terminal glo-
bular domain, responsible for the interferon inhibition, through interaction
with dsRNA (double-stranded RNA) (Fig. 7A). Although no structure of the
coiled-coil domain from the EBOV VP35 is available, two crystal structures
of this domain from the Marburg virus protein have been recently deposi-
ted in the Protein Data Bank (www.rcsb.org/pdb) (5TOH, 5TOI), although
no publication has yet appeared.The structures show a trimeric parallel ar-
chitecture, as expected from the earlier studies, and explain how the pro-
tein oligomerizes. The crystal structure of the C-terminal domain (residu-
es 221-34) has been characterized for the Zaire VP35 [63]. The domain is
organized into two modules, or sub-domains, i.e. a four-helix bundle at the
N-terminus and a five-stranded @-sheet at the C-terminus. This is a unique,
hitherto unseen fold\for an RNA binding protein. Importantly, this struc-
ture revealed a cluster of\basic residues with Arg312, known to be criti-
cal for the dsRNA binding. The crystal structure of the complex of two of
these domains with an 8-base-pair dsRNA, determined at 2.0 A resolution,
shows exactly how the protein coats the dsRNA, to prevent its recognition
by the host proteins (Fig. 7B) [64]. Specifically, one domain binds to the
dsRNA backbone through the basic patch, which the other coats the blunt-
-end of RNA with a hydrophobic patch on its surface (Fig. 7C). The mutual
disposition of the two domains is stabilized by a direct interaction between
them, involving several conserved polar residues (Fig. 7D).

VP35 also plays a structural role in the assembly of the nucleocapsid
through'its N-terminal peptide, which binds with high affinity to the N-
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-terminal domain of NP [53]. This interaction regulates NP assembly and
viral genome binding, as in the absence of VP35 NP undergoes self-as-
sembly.

The L polymerase. At the time of the writing of this review, the structure
of the L protein, RNA-dependent RNA polymerase from the'Ebola virus is
still unknown.

Conclusion

The new wealth of structural information regarding the Ebola virus pro-
teins paves the way for the future development of small molecule drugs
that could provide effective antiviral remedies, complementing the vac-
cines and therapeutic antibodies. The so-called structure-based drug
design depends on the availability of high resolutien structures of target
proteins in the search of small molecules that bind to specific pockets on
the surface, inhibiting the function. Many such efforts are underway, tar-
geting a number of viral proteins, including GP [65, 66], VP35 [67] and
VP40 [68].
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Figure 1. Ebola virus structure and genome organization.

Schematic representation of the Ebola virus and its ssSRNA genome with the map of the
genes (based on reference [69]). An electron micrograph of the'virus is in the upper right
corner (reproduced from http://www.ebolavirusnet.com/ebola-virus.html with permis-
sion). The colors of the open reading frames.correspond to the colors used to depict the
viral proteins in the digram. Untranslated regions of the given genes are represented as
grey boxes. Transcription start signals are shown.as green triangles, while red bars indica-
te transcription stop signals.
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Figure 2. The structure of the EBOV glycoprotein GP

(A) Domain structure of EBOV GP (adapted from reference [31]).Wheat and white re-
gions correspond to disordered or conctruct-deleted regions respectively. Arrows indi-
cate cleavage sites for furin and cathepsin B/L. Disulfide bonds and glycosylation sites are
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omitted for clarity. SP - signal peptide, RBD - receptor binding domain, Mucin - Mucin-li-
ke domain (further denoted as MLD); IFL - internal fusion loop, HR1 - first heptad repeat,
HR2 - second heptad repeat, M - membrane - proximal external region, T —transmem>
brane domain, CT - cytoplasmic tail.

(B) Cartoon representation of Zaire EBOV GP,,, ,..,,GPO monomer/(PDB entry 5JQ3).
The structural elements are colored accordingly to the domain scheme'in A. Yellow oval
corresponds to the mucin domain which was removed in the construct used for crystalli-
zation purposes.

(C) The structure of NPC1-C bound to Zaire EBOV GPcl (PDB entry 5F1B). The NPC1-C
(colored in raspberry) binds to the RBD of GPcl at a perpendicular angle through its two
protruding loops colored in cyan. Structural elements of GPcl are colored as in (B).

(D) Cryo-EM structure of Zaire EBOV sGP dimer in/complex-with c13C6 and BDBV91
Fabs (PDB entry 5KEM). sGP dimer (sGPA, sGPB) is colored as in (B) with C13Cé Fab in
grey and BDBV91 Fab in brown. There are two copies of each-Fab bound to the sGP di-
mer.

(E) Cartoon representation of the biological trimer of Zaire EBOV GP1/2 heterodimers
(PDB entry 5JQ3) viewed perpendicular to the threefold axis (left) with a semitranspa-
rent surface, and with semitransparent renderingalong (right) the threefold axis, towards
the viral membrane. The structural elements are colored as in (B). Arrows indicate recep-
tor binding sites.

(F) Receptor binding-competent conformation of Zaire EBOV GPcl (PDB entry 5HJ3) mo-
deled in the same way as (E).
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Figure 3. The structure of VP40.

(A) Schematic representation of the EBOV VP40 domain structure showing also the N-
-terminal stretch of 43residues containing PPXY/ PTAP motifs (yellow) as well as the
NTD (cyan) and CTD (pink). Waved line indicates the disordered flexible linker connec-
ting NTD and CTD.

(B) Crystal structure of dimeric Zaire EBOV VP40AN showing NTD-to-NTD interface
(PDB entry 4LDB).NTDs from each protomer are colored cyan or blue and the CTDs co-
lored light pink or raspberry. A dashed box shows close-up view of the dimeric interface,
centered on Thr112 and Leu117 residues (green). The construct used for crystallization
lacks the first 43 N-terminal residues.

(C) Crystal structure of Zaire EBOV VP40AN hexamer displayed with the NTDs alter-
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nating in colors (cyan or blue) and the CTDs alternate in pink or raspberry (PDB entry
4LDD) and oligomerization interface centered on Trp95 residue (red oval). The NTDs and
CTDs are numbered corresponding to the protomer from which they derive. The displa-
ced CTDs are showed as circles (to scale).

(D) Crystal structure of RNA-free Zaire EBOV VP40 octameric ring/(PDB entry 4LDM)
with NTD protomers colored in alternating cyan and blue. Residue Arg134 is depicted by
orange sticks with semitransparent surface.
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Figure 4. The structure of NP.

(A) Domain architecture of EBOV NP showing the location of the N-terminal core doma-
in with N-lobe and C-lobe colored in cyan and-blue, respectively and the CTD colored in
pink. The disordered N-terminal peptide and'non-conserved regions are colored in yel-
low.

(B) Crystal structure of Zaire EBOV NP N-terminal core domain (ANP,_; residues 39-
384) in complex with peptide derivedfrom EBOV VP35 (PDB entry 4YPI). The NP N-lobe
(residues 37-146, cyan) contains a flexible hinge region (residues 147-239) that attaches
to the 240-285 residues of the C-lobe(blue). The peptide derived from EBOV VP35 (resi-
dues 20-48, green) interacts entirely with the binding surface of the NP C-lobe.

(C) Cartoon representation of the structure of Zaire EBOV NP C-terminal domain (PDB
entry 4QAZ). The NP CTD (residues-645-739, pink) exhibits a novel protein fold with an
architecture distantly resembling that of some members of B-grasp superfamily.
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Figure 5. The structure of VP30.

(A) A schematic diagram of the EBOV VP30 gene showing the location of functional re-
gions such as RNA binding/phasphorylation domain (orange box), zinc finger domain
(cyan box), the hexamerization motif.(green box), as well as region involved in binding to
NP and VP30 dimerization (pink box). Hash-marked region correspond to the constructs
used for crystallization purposes.

(B) Crystal structure ofthe Zaire EBOV VP30 C-terminal domain bound to NP (PDB en-
try 5T3T). In the crystal structure, VP30 CTD (114-265 residues) forms a dimer of two
globular domains (Molecule A, blue; Molecule B, light blue) which is shown in cartoon
representation. NP (602-614 residues, yellow sticks) binds to the narrow cavity on the
VP30 globular domain located onwards the dimeric interface. Two key residues (Arg179,
Lys180) of the putative druggable pocket, essential for transcription activation and nuc-
leocapsid association are shown as green sticks with semitransparent surface.
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Figure 6. The structure of VP24,

(A) A schematic representation of EBOV VP24 gene. Blue boxes indicate three amino acid
clusters that interact with karyopherin o 5 C-terminus (KPNA5C). Hash-marked region
correspond to the construct used for crystallization purposes.
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(B) Cartoon representation of the crystal structure of Zaire EBOV VP24 (PDB entry
4MO0Q). EBOV VP24 (gold) adopts a novel three-sided pyramidal fold with Faces 1, 2 and
3 asillustrated. In the structure, there are two highly conserved pockets located adjacen-
tly on the protein surface. The first, hydrophobic pocket lies on the Face 1-and the second,
more hydrophilic pocket is located on the Face 3.

(C) Alignment of the crystal structure of Zaire EBOV VP24 in complex with the C-termi-
nal domain of KPNAS5 (repeats 8-10) (PDB entry 4U2X) on the-structure offull-length
KPNAS5 (PDB entry 1BK5). VP24 (gold) interacts with KPNAS5 8,9,10 armadillo repeats
(ARMs; colored blue) which is a specific binding site for KPNA transporters. This interac-
tion has no effect on the overall structure of the full-length KPNA5 (cyan).
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Figure 7. The structure of VP35

(A) A diagram of the EBOV VP35 gene showing the oligomerization domain (cyan box)
involved in replication and transcription, and the interferon-inhibitory domain (lID, pink
box) which bind dsRNA. There is also a highly conserved region located N-terminally to
the oligomerization/domain that is known to interact with EBOV NP (NPBP, green box).
(B) Crystal structure of Zaire EBOV VP35 IID bound to the 8 bp dsSRNA(PDB entry 3L25).
The structure shows how dsRNA recognized by the VP35 11D domain, shown in ribbon repre-
sentation: The end-capping (initial binding event) VP35 I[ID monomer is shown in raspberry,
whereas the second monomer that binds to the dsRNA backbone (secondary binding event)
is shown in light pink. The phosphate backbone of the dsRNA is represented by an orange rib-
bon and the bases are shown as sticks. There are four VP35 IID molecules bound to dsRNA in
the crystallographic asymmetric unit, but only two D molecules are shown for clarity.
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(C) The end-capping VP35 IID monomer (raspberry) interacts with the dsRNA in a sequ-
ence independent manner. In this case sidechains of Arg312 and Arg322 residues form
hydrogen bonds with the dsRNA backbone.

(D) Close-up view on the binding interface between two VP35 IID monemers. The-end-
-capping monomer (raspberry) interacts with ds-RNA backbone binding monomer (light
pink) in a head-to-tail orientation, where residues Arg312 and Arg322.form hydrogen
bonds with the Asp271 and Glu262 respectively.
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gastrointestinal microbiota in healthy state and variety
of disease states
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All disease begins in the gut
- Hipokrates

Cztowiek jest tym, co je

- Ludwig Feuerbach

Streszczenie

W niniejszym artykule przegladowym przedstawiono dane literatury
Swiatowej z ostatnich-10.lat na temat biologii ,$wiata” bakterii zasiedla-
jacych ludzki organizm, ich roli biologicznej i znaczenia dla zdrowia kaz-
dego cztowieka. Uwage/skoncentrowano na bardzo szybko narastajgcej
wiedzy dotyczacej ogromnych i bardzo réznorodnych populacji bakterii
przewodu pokarmowego cztowieka. W kolejnych rozdziatach artykutu
przedstawiono wyniki licznych prac doswiadczalnych, a takze hipotezy
i wnioski z prac/pogladowych oraz monografii dotyczace: sktadu i réz-
norodnoseci_populacji bakterii kolonizujagcych przewod pokarmowy no-
worodka, cztowieka dorostego oraz zmian zachodzacych w podesztym
wieku, roli biologicznej mikrobioty dla zdrowia cztowieka, a takze skut-
kéw naruszania symbiotycznej réwnowagi pomiedzy mikrobiotg a go-
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spodarzem. W ostatnim rozdziale przedstawiono i oméwiono wyniki prac
z ostatnich kilku lat na temat drég i mechanizméw komunikacji pomie-
dzy mikrobiotg przewodu pokarmowego cztowieka a osrodkami w mo-
zgu, ktore wskazuja na istotny udziat bakterii przewodu pokarmowego
w ksztattowaniu réwniez zdrowia psychicznego cztowieka.

Stowa kluczowe

mikrobiom przewodu pokarmowego, Clostridium difficile, Bacteroides fra-
gilis, krétkotancuchowe kwasy ttuszczowe, neuroprzekazniki, komunika-
cjamozg-mikrobiota.

Abstract

This review article presents data from the world literature in the past ten years
on the biology of bacterial “kingdom” inhabiting human organism, its biological
role and the importance for human health. Special attention was paid to the
rapidly growing knowledge of the enormous and very diverse bacterial popula-
tion of the digestive tract. In the subsequent chapters there were presented the
results of numerous experimental works as well as hypotheses and conclusions
from the cognitive works and monographs on the content and the diversity of
bacterial populations colonizing the digestive tract of the new born babies and
adults as well as changes occurring in the old age, the biological role of this
microbiota for human health and the consequences of the disruption of sym-
biotic host - microbiota equilibrium. The last chapter presents and discusses
the results of the past few years-experimental works on the pathways and me-
chanisms of communication between the microbiota of the digestive tract and
the brain centers, which shows how significant role bacteria of the digestive
tract play in maintaining mental health in humans.

Key words

gastrointestinal human microbiome, Clostridium difficile, Bacteroides fra-
gilis, short chain fatty acids, neurotransmitters, microbiota brain communica-
tion.
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Wprowadzenie
Wielu naukowcéw jeszcze w latach 90. ubiegtego wieku sadzito, ze w ge-
nomie cztowieka funkcjonuje co najmniej 100 tys. genéw. Rozszyfrowa-
nie petnej sekwencji nukleotydowej genomu cztowieka w,2001 r. i usta-
lenie, ze w genomie cztowieka znajduje sie tylko okoto 23 tys. gendow
kodujacych biatka i kwasy rybonukleinowe byto nawet dla-specjalistéw
duzym zaskoczeniem. Dzisiaj, po 10 latach intensywnych badanh; wiemy,
ze obok 20 tys. gendw kodujacych réznego rodzaju biatka strukturalne
i funkcjonalne inne ogromne obszary genomu podlegajg aktywnej trans-
krypcji, a koncowe produkty takie jak RNA rybosoméw, tRNA oraz rodzi-
ny niedawno wykrytych, krétkich regulatorowych RNA (siRNA, micro-
RNA) petnig niezwykle wazne funkcje biologiczne-w-kazdej komérce.
Nowe, zaskakujgce informacje przynosza wyniki realizowanego od
2007 r. ogromnego projektu HMP (Human Micrebiom Project), ktérego
celem jest poznanie petnej sekwencji nukleotydowej metagenomu ho-
dowalnej i niehodowalnej biocenozy-bakterii kolonizujacych cztowieka,
na poziomie jego metatranskryptomu, metaproteomu i metabolomu.
Okazato sie, ze cztowiek jest ztozonym irogromnie skomplikowanym ,me-
taorganizmem”, ktéry ewoluowat razem 'z kolonizujaca go symbiotycz-
ng populacjg ogromnego $wiata-bakterii [1, 2, 3]. Organizm cztowieka
zbudowany jest z okoto 10*® komodrek somatycznych i rozrodczych, ale
w Swietle nowych danych zasiedla go 10 razy wieksza liczba komérek mi-
kroorganizméw (104), nalezacych do ponad 500 gatunkéw zwanych mi-
krobiomem lub mikrobiotg (microbiom, microbiota). Szacuje sie, ze liczba
genow bakteryjnych w organizmie cztowieka jest 50-100 razy wieksza
niz liczba gendéw/w jego wtasnym genomie [4, 5, 6]. Co najmniej kilka mi-
liondw gendw bakteryjnych, obecnych w organizmie cztowieka, koduje
bardzo wiele réznoradnych funkgji biologicznych, ktére nie sg determino-
wane przez nasz wtasny ludzki genom. Mozna bez przesady powiedziec,
ze kolektywny genom (metagenom) zasiedlajgcego nas mikrobiomu jest
trzecia/niezwykle wazna czescia naszej informacji genetycznej, obok ge-
nomu jagdrowego i mitochondrialnego. Zatem z genetycznego punktu wi-
dzenia na metagenom cztowieka sktadaja sie ludzkie geny jadrowe i mito-
chondrialne, ktére stanowia zaledwie okoto 1% ludzkiego metagenomu,
a pozostate 99% to geny populacji mikroorganizmoéw zasiedlajacych or-
ganizm cztowieka. Zdecydowana wiekszos¢ komérek mikrobioty czto-
wieka{10-100 trylionéw) zasiedla przewdd pokarmowy, a najwiekszym
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ich ekosystemem jest jelito grube, gdzie w 1 ml tresci znajduje sie okoto
1011-1012 komorek bakterii [7], a biomasa bakterii zasiedlajgcych prze-
wod pokarmowy przecietnego cztowieka wynosi okoto 1 kg. Obecnie na
Swiecie zyje 7 mld ludzi, ktérych zasiedla okoto 10%* komérek réznych
gatunkow drobnoustrojow (Bacteria i Archaea), z ktorych znaczna czesé
nalezy jednak do gatunkéw dotad niehodowalnych. Z wcigz powiekszaja-
cych sie baz danych metagenomiki bakterii przewodu pekarmowego lu-
dzi oraz kalkulacji ekologicznych wynika, ze metabakteriom catej ludzko-
Sci jest drugim po metabakteriomie oceanéw i mérz(10%°) najwiekszym
rezerwuarem bakterii na naszej planecie Ziemi [8].

Taksonomiczna ztozono$¢ mikrobioty przewodu-pokarmowego czto-
wieka

Badania struktury i funkcji biologicznej mikrobita” cztowieka staty sie
mozliwe dzieki opracowaniu i ciggtemu ulepszaniu technik metageno-
miki, transkryptonomiki i proteomiki-oraz spektrometrii masowej, kto-
re pozwalajg bada¢, analizowaé cate . zespoty populacji bakterii, w tym
gatunkéw niehodowalnych, na podstawie ich nukleotydowych sekwen-
cji genomow, transkryptomow, sekwencje aminokwasowe proteoméw
i syntetyzowane produkty metabolomoéw. Do 2011 r. w bazach danych
zgromadzono sekwencje nukleotydowe ponad 40 tys. podjednostek 16S
rRNA mikrobioméw przewodu/pokarmowego 139 ludzi zyjacych w réz-
nych regionach $wiata. Do 2015 r. ukazato sie ponad 450 znakomitych
prac i artykutéw na temat struktury i roli biologicznej mikrobioty ludzi
réznych ras i grup etnicznych;zyjacych w réznych regionach swiatai stre-
fach klimatycznych, w tym ptodéw, niemowlat, dzieci w réznym wieku,
ludzi zdrowych'i z réznymi chorobami i dolegliwosciami, a takze ludzkich
zwtok w trakcie naturalnego rozktadu.

W swietle uzyskanych wynikéw okazato sie, ze sposréd ponad 100
znanych typow bakterii zyjacych na naszej planecie przewéd pokarmo-
wy cztowieka kolonizuje zaledwie 10 z nich [9]. Co wiecej, 99% bioce-
nozy bakterii zyjacych w przewodzie pokarmowym cztowieka stanowi
zaledwie 5 dominujacych filogenotypow: Firmicutes, Bacteroidetes, Acti-
nobacteria, Proteobacteria i Fusobacteria. Wsréd tych 5 filogenotypow do-
minujacymi (okoto 90%) s3 typy Firmicutes i Bacteroidetes, ktorych udziat
w mikrobiomie przewodu pokarmowego zdrowego cztowieka wynosi
odpowiednio 65% i 25%. Udziat pozostatych trzech typéw - Actinobac-
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teria, Proteobacteria i Fusobacteria - wynosi odpowiednio okoto 5, 8 i 1%.
W $wietle narastajacych danych metagenomiki istnieje obecnie przeko-
nanie, ze mikrobiota przewodu pokarmowego kazdego zdrowego czto-
wieka sktada sie niejako z dwdch czesci: pierwsza, to jest-w.miare sta-
bilny core, stanowi okoto 70% catej biocenozy bakterii, ktéry dziecko po
urodzeniu i w wieku niemowlecym uzyskuje od matki, a takze w wyniku
wewnatrzrodzinnej i sSrodowiskowej transmisji. Druga-czes¢ biocenozy
jest zmienna i zréznicowana u kazdego cztowieka ze wzgledu na styl zy-
cia, wiek, diete, stan zdrowia oraz sprawnos¢ systemu odpornosciowego
[1, 2, 10, 11]. Obecnos¢ i udziat procentowy poszczegdlnych rodzajow
i gatunkéw bakterii zasiedlajgcych rézne odcinki przewodu pokarmo-
wego (zotadek, dwunastnica, jelito krete, jelito cienkie i jelito grube) jest
zroznicowany pod wzgledem jakosciowym i iloSciowym ze wzgledu na
odmienne warunki fizykochemiczne i biologiczne-istniejgce w tych odcin-
kach przewodu pokarmowego [9]. Jelito grube cztowieka jest najobficiej
zasiedlonym ekosystemem na naszej-planecie, i to przez najbardziej roz-
norodna flore bakteryjng - w poréwnaniuz mikrobiotg skory, jamy ustnej
oraz uktadu moczowo-ptciowego [12, 13]. W jelicie grubym panuja bar-
dzo korzystne warunki dla rozwoju réznorodnej flory bakteryjnej, a wiec
lekko kwasne pH (w odréznieniu.od bardzo niskiego pH w zotadku), mata
zawartos$¢ toksycznych kwasoéw zétciowych (duza odlegtos¢ od watroby
i trzustki), szeroka, pofatdowana powierzchnia epithelium utatwiajaca
proces kolonizacji, a takze mata liczba komorek Paneta (Paneth cells), pro-
dukujacych peptydy antybakteryjne [8].

Proces kolonizacji przez bakterie przewodu pokarmowego noworodka,
zmiany w sktadzie mikrobioty w okresie dorastania i starzenia sie oraz
konsekwencje tych-zmian dla zdrowia cztowieka

Przewod pokarmowy noworodkow jest zasiedlany bakteriami w wyniku
ich bezposredniej transmisji od matki przed porodem, w czasie porodu,
karmienia piersig i bezposredniego kontaktu. W czasie naturalnego po-
rodu gtéwka dziecka i twarz ma bezposredni kontakt z okolicami po-
chwy i ‘edbytu matki. Stad w czasie naturalnego porodu dziecko zostaje
zaszczepione potezng dawka matczynej mikrobioty. W pierwszej kolej-
nosci przewdéd pokarmowy noworodka kolonizujg fakultatywne tlenow-
ce, a nastepnie beztlenowce. Stabilny sktad core mikrobioty przewodu
pokarmowego zdrowego dziecka urodzonego w sposdb naturalny i kar-
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mionego piersig ustala sie w 2.-3. roku zycia. Za optymalny, referencyjny
sktad mikrobioty przewodu pokarmowego uznaje sie ten, ktéry zostat
uksztattowany u cztowieka urodzonego w sposob naturalny, karmionego
w okresie niemowlecym piersig do 6 miesiecy, a nastepnie-do.2. roku.zy-
cia odzywianego dietg suplementowang mlekiem matki..Opierajac sie na
obecnej wiedzy, mozna powiedzied, ze dzieci urodzone drogg naturalng
sg skolonizowane przez gatunki z rodzaju Lactobacillus-eraz Bifidobacte-
rium, ktore nalezy zaliczy¢ do bakterii bardzo korzystnych'dla zdrowia
cztowieka (beneficial bacteria), a dzieci urodzone po cesarskim cieciu s3
w duzym stopniu skolonizowane przez mniej korzystna, Srodowiskowg
mikrobiote szpitala potozniczego, w ktorym sie.urodzity [14]. W literatu-
rze popularno-naukowej mozna obecnie dos¢ czesto spotkac sie z poje-
ciem ,dobrze urodzeni”, okreslajagcym ludzi urodzonych drogg naturalna.

W pierwszym okresie cigzy komoérki wyscidtki-pochwy bardzo zwiek-
szajg synteze glikogenu, ktory jest tatwo przyswajalnym substratem dla
szybkiego rozwoju populacji bakterii-fermentacji mlekowej z rodzaju Lac-
tobacillus. Silnie zakwaszone srodowisko pochwy stanowi bariere dla roz-
woju wielu patogennych bakterii, co stanowi ochrone dla matki i ptodu
przed bakteriami chorobotwdrczymi. W trzecim trymetrze cigzy w prze-
wodzie pokarmowym matki zwiekszajg sie natomiast populacje gatun-
kow nalezacych do typow Proteobacteria i Actinobacteria zdolnych do fer-
mentacji polisacharydoéw, ktére nie sg trawione przez enzymy cztowieka.
Produkty bakteryjnej fermentacji tych polisacharydéw sg wchtaniane
w przewodzie pokarmowym matki i wtgczane w jej ogélng pule metabo-
litdw przemiany weglowodandéw, co w konsekwencji podnosi, w sposéb
bardzo znaczacy; poziom przyswajalnych zrédet wegla i energii we krwi
matki ciezarnej, zabezpieczajagc w ten sposéb takze rosnace potrzeby
energetyczne i materiatowe rozwijajacego sie ptodu [15].

Ostatnio opublikowane w literaturze Swiatowej zaskakujace wyniki
wskazuja, ze kolonizacja bakteriami przewodu pokarmowego cztowieka
przebiega pod $cistg kontrolg molekularnych mechanizmow gospodarza.
W bardzo dobrze udokumentowanej pracy wykazano, ze komoérki na-
btonkowe wyscietajace jelita zaréwno u myszy, jak i u cztowieka synte-
tyzuja krétkie, regulatorowe czgsteczki mikroRNA. Czasteczki te mogg
wnika¢ do,wnetrza komoérek bakteryjnych kolonizujacych przewdd po-
karmowy gospodarza i poprzez bardzo specyficzny mechanizm interfe-
rencji-wyciszac¢ ekspresje genéw okreslonych gatunkéw bakterii, hamu-
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jac w konsekwencji ich rozwdj w przewodzie pokarmowym gospodarza.
Z opisanych w cytowanej pracy rezultatéw wynika, ze myszy akseniczne,
produkujgce mniejsza pule czasteczek mikroRNA, zostaty skolonizowane
przez niekorzystng flore bakteryjng, a skutkiem byty stany-zapalne jelita
grubego i btony sluzowej jelit. Autorzy pracy podaja atrakcyjna hipoteze,
ktéra zaktada, ze system mikroRNA nabtonka jelita ssakow.i cztowieka
ewoluowat tak, by ksztattowac korzystny sktad mikrobiety, by selekcjo-
nowac pozytywnie, niejako ,pielegnowac” w przewodzie pekarmowym
te szczepy i gatunki bakterii, ktére chronig organizm gospodarza przed
infekcjami bakteriami patogennymi oraz sg dla zdrowia i kondycji psycho-
fizycznej cztowieka bardzo korzystne. Autorzy.cytowanej pracy sadza, ze
system syntetycznych, Swiadomie zaplanowanych-czgsteczek mikroRNA
moze sie staé w przysztosci niezwykle przydatnym narzedziem dla ukie-
runkowanego ksztattowania optymalnej, zdrowej-mikrobioty cztowieka
[16].

Nie ulega dzisiaj zadnej watpliwesci, ze karmienie dziecka piersia jest
bardzo korzystne dla zdrowia zaréwno dziecka, jak i matki. Do niedaw-
na sadzono, ze mleko matki jest sterylne. Jednak od 2002 r. ukazuja sie
dobrze udokumentowane prace dowodzace, ze mleko matki jest skoloni-
zowane przez wiele szczepdéw bakterii. Dowiedziono, ze w mleku karmia-
cej kobiety jest obecnych od 2 do 10 szczepow z grupy 200 znanych ga-
tunkéw, gtéwnie z rodzajéw Lactobacillus, Acinetobacter, Bifidobacterium
[17,18,19].

Obecnos¢ tych szczepow w mleku matek karmiacych zidentyfikowa-
no, opierajac sie na analizie i"identyfikacji podjednostki 16S RNA. Drogi
i mechanizmy kolonizacji przez bakterie mleka matki nie sg do konca wy-
jasnione. Dyskutowana jest hipoteza endogennej kolonizacji zaktadajaca,
ze zmiany hormonalne kobiety w cigzy powodujg zmiany przepuszczal-
nosci jelit, dzieki czemu'bakterie przedostajg sie do naczyn krwionosnych
i wedruja do gruczotéw piersiowych. Inna hipoteza zaktada, ze bakterie
zasiedlajgce skdre matki przedostaja sie do gruczotdéw piersiowych. Do-
wiedziono takze) ze dziecko w czasie ssania zakaza mleko matki bakte-
riami z jamy ustnej. Pierwsze mleko matki, siara, zawiera obfite populacje
bardzo korzystnych dla zdrowia dziecka bakterii z rodzajéw Lactoba-
cillus i Bifidobacterium, ktore kolonizujg przewdd pokarmowy narodzo-
nego dziecka. Ponadto siara jest bogata w matczyne przeciwciata klasy
IgA, ktére chronig nowo narodzone dziecko przed infekcjami bakteriami
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chorobotwaérczymi, zanim uaktywni ono wtasny uktad odpornosciowy
i wytworzy wtasne przeciwciata. Co wiecej, sacharydy mleka kobiecego,
w tym oligosacharydy, galaktooligosacharydy i fruktooligosacharydy, sta-
nowig trzeci pod wzgledem wielkosci sktadnik mleka, ale nie-sg trawione
przez organizmy niemowlat. Jak sie okazato, sg to prebiotyki, a wiec ich
rolg biologiczna nie jest odzywianie dziecka, ale ,odzywianie”bakterii ta-
two wykorzystujacych te oligosacharydy jako zrodta.wegla i energii. Takg
zdolno$¢ maja bakterie z rodzaju Bifidobacterium. Mozna wiec postawic
uprawniony wniosek, ze oligosacharydy mleka matki-karmigcej wzmaga-
ja w przewodzie pokarmowym noworodka rozwéj populacji tych bardzo
korzystnych dla zdrowia dziecka bakterii z rodzaju Bifidobacterium. Co
wiecej, noworodek w czasie ssania piersi niejako-,pompuje” te bakterie
do piersi matki, co chroni sutki piersi matki przed infekcjami patogenny-
mi gronkowcami i paciorkowcami.

W swietle bardzo wiarygodnych wynikéw przedstawionych w 2014 r.
przez zespoét Kjersti Aagaard ze znakomitego osrodka naukowego, jakim
jest Baylor College of Medicine w Houston, wynika, ze okreslone gatunki
i szczepy bakterii kolonizuja juz przewdd pokarmowy ptodu. Duzg liczbe
bakterii wykryto bowiem nie/tylko w smétkach narodzonych dzieci, ale
takze w bardzo wielu tozyskach.zebranych po porodach oraz w ptynach
owodniowych. Analiza sktadu gatunkewego zidentyfikowanych bakterii
wskazuje na zaskakujgce podobienstwo do sktadu gatunkowego flory
bakteryjnej jamy ustnej matek. Zachodzi wazne pytanie o drogi transmi-
sji bakterii od matki do ptodu. Bakterie od matki docierajg prawdopodob-
nie do ptodu przez tozysko, z-tozyska za$ przenikajg do ptynu owodnio-
wego, gdzie sg potykane przez rozwijajace sie dziecko. W cytowanych
pracach specjalisci dyskutujg o bardzo realnej mozliwosci, ze niekorzyst-
na dla zdrowia ptodu struktura mikrobioty w tozysku ciezarnych matek
i zasiedlanym przez te bakterie jego przewodzie pokarmowym moze by¢
istotng przyczyng przedwczesnych porodéw. Autorzy cytowanych prac
wskazuja, ze niektére bakteryjne choroby jamy ustnej i dzigset u matek
W cigzy bardzo znaczaco zwiekszajg ryzyko urodzenia dziecka przed ter-
minem[20, 21, 22].

W wieku dojrzatym sktad jakoSciowy i iloSciowy czesci korowej mi-
krobioty przewodu pokarmowego zdrowego cztowieka jest w miare sta-
bilny, a opisywane w literaturze réznice pomiedzy analizowanymi ludz-
mi dotycza jego czesci zmiennej i s wynikiem istotnych réznic w diecie,
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a takze odmiennych, kulturowych nawykéw odzywiania sie ludzi w réz-
nych krajach i regionach $wiata. Na strukture czesci zmiennej mikrobio-
ty bardzo duzy wptyw maja rézne czynniki endogenne i sSrodowiskowe
takie jak: uwarunkowania genetyczne i fizjologiczne gospodarza, spraw-
nos¢ jego uktadu odpornosciowego, styl zycia, srodowisko, w ktérym
zyje, dieta, a takze choroby genetyczne, metaboliczne i infekcyjne, sto-
sowane leki, w tym antybiotyki, chemioterapeutyki;a-takze nadmierna
konsumpcja alkoholu [1, 6, 23]. Organizm cztowieka, jego genotyp, maja
istotny wptyw na jakosSciowy i iloSciowy sktad mikrobioty przewodu po-
karmowego poprzez synteze i wydzielanie do Swiatta jelit wielu antybak-
teryjnych peptyddw, intelektyny, rezystyny i przeciwciat IgA [24, 25, 26].
Gdy gospodarz traci kontrole nad sktadem jelitowej mikrobioty w wy-
niku choroby, antybiotykoterapii, chemioterapii, alkoholizmu staje sie
bardziej podatny na zakazenia bakteriami oportunistycznymi i patogen-
nymi. Nalezy w tym miejscu podkresli¢, ze powszechne, bardzo czesto
nieuzasadnione wzgledami medycznymi stosowanie antybiotykéw stato
sie w ostatnich latach jedng z gtéwnych przyczyn bardzo niekorzystnych
zmian w sktadzie mikrobioty ludzkiego‘organizmu, a konsekwencje tych
zmian dla zdrowia cztowieka przedstawimy w kolejnym rozdziale niniej-
szego artykutu.

U ludzi starszych, po 65. roku zycia, zachodza w strukturze mikro-
bioty przewodu pokarmowego/istotne zmiany, ktére pogtebiaja sie wraz
z wiekiem. Publikowane'dane na ten temat wskazuja, ze w tym okresie
w mikrobiocie zaczynajg dominowac niekorzystne grupy bakterii, w tym
szczegoblnie niektére gatunki-i rodzaje bakterii z rodzaju Firmicutes. Na
podstawie wynikéw publikowanych w literaturze swiatowej mozna naj-
ogélniej powiedzied, ze mikrobiota przewodu pokarmowego ludzi star-
szych staje sie z wiekiem/coraz mniej zréznicowana pod wzgledem liczby
gatunkéw w obrebie rodzajéw, charakteryzuje sie znaczaca redukcja puli
korzystnych gatunkéw bakterii z rodzajéw Bacteroides i Bifidobacterium
oraz wzrostem populacji fakultatywnych beztlenowcoéw (enterobakterie,
gronkowce, paciorkowce), a takze beztlenowcow z rodzaju Clostridium.
Bakterie z rodzaju Bacteroides maja zdolno$¢ metabolizowania wielu po-
lisacharydow, w tym nietrawionych przez enzymy cztowieka. Dlatego
ograniczenie ich liczebnosci i gatunkowej réznorodnosci w podesztym
wieku zmniejsza aktywnos¢ amylolityczng w jelicie grubym i bardzo zna-
czaco-obniza pule oraz dostepnos$¢ dla organizmu gospodarza krétko-
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tancuchowych kwaséw organicznych SCFAs (short carboxylic faty acids),
ktére spetniajg funkcje waznych energetycznych i sygnatowych metabo-
litow [27, 28, 29, 30, 31]. Ograniczenie w jelicie grubym liczebnosci i bio-
réznorodnosci populacji tych bardzo korzystnych dla zdrowia cztowieka
bakterii, z réwnoczesnym wzrostem populacji bakterii gnilnych, prowa-
dzi do akumulacji w jelicie grubym ludzi starszych réznych-toksycznych
i mutagennych produktéw: amoniaku, fenoli, siarkewodoru, heterocy-
klicznych zwigzkéw chemicznych, toksyn, w tym lipopolisacharydu (LPS)
indukujgcego prozapalne cytokiny, co prowadzi do.stanéw zapalnych
jelit, watroby oraz nabytej opornosci na insuline [32, 33, 34, 35, 36, 37].
Najogdlniej mozna stwierdzi¢, ze naruszenie-symbiotycznej réwnowagi
pomiedzy mikrobiota przewodu pokarmowego i-gospodarzem ma po-
wazne konsekwencje w postaci groznych choréb przewodu pokarmo-
wego, choréb metabolicznych, a takze niektorych-neurologicznych [38].
Uszkodzenia komoérek nabtonka jelit, jako rezultat toksycznego dziatania
lipopolisacharydu (LPS), syntetyzowanego przez gramujemne, oportu-
nistyczne szczepy mikrobioty, prowadzi do toksemii i indukcji prozapal-
nych cytokin, a w konsekwencji do przewlektych stanéw zapalnych jelit,
w tym choroby Lesniowskiego-Crohna [39, 40, 41]. Modyfikacje sktadu
mikrobioty przewodu pokarmowego, niekorzystne dla zdrowia gospo-
darza, obejmujg, miedzy innymi, stosowane w terapii i profilaktyce réz-
norodne preparaty i leki, w tym antybiotyki, chemioterapeutyki, sterydy,
doustne leki antykoncepcyjne, leki hormonalne, Srodki przeciwbdélowe,
dieta bogata w ttuszcze zwierzece oraz weglowodany, a takze nadmier-
na konsumpcja alkoholu. Dobrze udokumentowane prace wskazuja, ze
niektére choroby uwarunkowane genetycznie, takie jak: alergia pokar-
mowa (atopia)ichoroba Lesniowskiego-Crohna, rak jelita grubego, oty-
tos¢ - moga takze ‘prowadzi¢ do daleko idacych, niekorzystnych zmian
w sktadzie mikrobioty i przewlektego stanu zapalnego jelit [23, 31, 32,
33, 34, 35, 42]. Bardzo groznym przypadkiem zaburzenia sktadu mikro-
bioty przewodu pokarmowego jest grzybica jelit, kiedy dochodzi do do-
minacji populacji szczepow Candida albicans. Grzybicy sprzyjajg podeszty
wiek i ostabienie uktadu odpornosciowego, dtugotrwate terapie antybio-
tykami o szerokim spektrum dziatania oraz stosowanie lekéw immunosu-
presyjnych, sterydéw oraz inhibitorow pompy protonowej, a takze nad-
mierna konsumpcja alkoholu [43]. Innym, bardzo groznym dla zdrowia,
skutkiem dtugotrwatej anybiotykoterapii, niszczacej fizjologiczng, ,zdro-
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w3” mikrobiote przewodu pokarmowego, sg przewlekte, wyniszczajace
biegunki w wyniku infekcji jelita grubego beztlenowymi laseczkami Clo-
stridium difficile. Infekcje te staty sie szczegdlnie grozne dla zycia.pacjen-
téw po 2000 r., kiedy to w USA i w Kanadzie, a nastepnie w-Europie-po-
jawit sie szczegdlnie grozny, wirulentny szczep tego gatunku oporny na
standardowe sulfonoamidy: metronidazol i wankomycyne. W/tej sytuacji
jedynym skutecznym sposobem ratowania zycia pacjentéw bytaresekcja
jelita grubego. Jednak w 2010 r. opisano nowy skuteczny sposéb leczenia
tej przewlektej choroby poprzez przeszczep do jelita'grubego pacjentéow
petnego (hodowalnego i niehodowalnego) bakteriomu zdrowego czto-
wieka [44, 45]. Autorzy cytowanej pracy stwierdzaja, ze bakterioterapia,
to jest wymiana catej mikrobioty jelita grubego, z-wykorzystaniem katu
od zdrowego dawcy, stata sie skuteczng metoda leczenia i powinna by¢
pierwszym, a nie ostatnim sposobem leczenia ciezkich infekcji patogenna
bakterig Clostridium difficile. Dowodzga, ze w 300 przeprowadzonych za-
biegach przeszczepu catej hodowalnej.i niechodowalnej mikrobioty prze-
wodu pokarmowego pacjenci po dwéch dniach pozbywali sie biegunki;
nie odnotowano takze ani jednego przypadku nawrotu choroby. Inna
bardzo obiecujaca strategia skutecznej terapii choroby spowodowane;j
przez infekcje Clostridium difficileya byéimoze takze innych choréb skore-
lowanych z zaburzeniami mikrobioty przewodu pokarmowego, zostata
zaproponowana w 2015 r. [46,47]. Wyniki bardzo dobrze opublikowa-
nych prac wskazujg, ze terapia krotkotancuchowymi kwasami ttuszczo-
wymi, produktami degradacji polisacharydéw przez bakterie z grupy Bifi-
dobacterium, w tym szczegélnie maslanem sodu, przyniosta bardzo dobre
rezultaty zaréwno upacjentéw z infekcjami przewodu pokarmowego, jak
i w wypadku zwierzat doswiadczalnych.

Bogata literatura $wiatowa dotyczy korelacji pomiedzy sktadem
i funkcja mikrobioty cztowieka a cukrzyca typu li 1 [48, 49], rakiem jelita
grubego [50], chorobami sercowo-naczyniowymi [51], a takze otytoscig
cztowieka [52], uznang obecnie w bogatych krajach za ogromny problem
zdrowotny. W niniejszym artykule przytaczamy zaledwie niektére dane
Swiatowego pismiennictwa z ostatnich lat, ktére rzucajg nowe $wiatto
na istote tej korelacji. Bardzo interesujgce wyniki uzyskane na modelu
myszy z uwarunkowang genetycznie otytoscig (mutacja w genie ob, ko-
dujacym synteze leptyny) dowodzg, Zze dominujaca populacja w przewo-
dzie-pokarmowym sg bakterie typu Firmicutes, a u myszy fenotypu dzi-
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kiego (bez mutacji w genie) dominujgca populacjg jest typ Bacteroides. Co
wiecej, okazato sie, ze ceche otytosci uwarunkowang genetycznie mozna
przenies¢ poprzez przeszczep mikrobioty jelita grubego otytych myszy
do jelita grubego nowo narodzonych myszy (germ free), noszacych w-ge-
nomie obie funkcjonalne kopie genu kodujgcego synteze leptyny. Nowo
narodzone myszy po przeszczepie mikrobioty myszy otytych szybko
przybieraty na wadze i nabywaty fenotyp myszy otytych-Metagenomicz-
na analiza aktywnosci genéw metabolizmu podstawowego ‘mikrobiomu
jelita grubego myszy otytych ujawnita znacznie wiekszg pule genéw za-
angazowanych w wykorzystanie réznorodnych, trudno degradowalnych
polisacharydéw jako zrédet wegla i energii, w._poréwnaniu z populacja
bakterii jelita grubego myszy fenotypu dzikiego. W-mikrobiocie jelita gru-
bego myszy otytych syntetyzowane byty duze ilosci krétkotancuchowych
kwaséw ttuszczowych, ktére sg bardzo dobrymi substratami dla syntezy
energii uzytecznej biologicznie, a takze dla proceséw lipogenezy oraz od-
ktadania sie ttuszczu w watrobie i w.tkance ttuszczowej[2, 42, 52, 53].

Komentowane wyniki uzyskane namodelu myszy doswiadczalnych sg
zgodne z rezultatami opisanymi dla mikrobioty przewodu pokarmowego
ludzi otytych. Analiza mikrobioty jelita grubego przeprowadzona wsréd
154 otytych oséb ujawnita znaczace ograniczenie bioréznorodnosci flory
bakteryjnej, z réwnoczesng redukcjg bakterii typu Bacteroidetes i istot-
nym wzrostem bakterii typu Firmicutes. Co wydaje sie rownie wazne, za-
réwno u myszy z uwarunkowang genetycznie otytoscia, jak i ludzi otytych
zaobserwowano duzg redukcje populacji bakterii z rodzaju Bifidobacte-
rium, ktére sg bardzo korzystne dla zdrowia cztowieka. Dla badanej grupy
otytych pacjentéw analize mikrobioty jelita grubego prowadzono syste-
matycznie takze po zastosowaniu dla nich dtugoterminowej, restrykcyj-
nej diety ubogiej w.ttuszcze i weglowodany. Wykazano u wszystkich
badanych pacjentéw systematyczny spadek wagi ciata, z réwnoczesnym
wzrostem w jelicie grubym populacji bakterii Bacteroides i Bifidobacterium
oraz redukcja populacji bakterii typu Firmicutes [2, 42, 52, 53]. Korelacja
pomiedzy otytoscig a sktadem mikrobioty przewodu pokarmowego wy-
daje sie.oczywista, aczkolwiek trudno jest jednoznacznie stwierdzi¢, czy
zaburzenia sktadu mikrobioty przewodu pokarmowego sg przyczyna, czy
tez skutkiem otytosci.

Opisane przyktady chordéb i dolegliwosci cztowieka, skorelowane
z zaburzeniami sktadu mikrobioty, wskazuja, ze przywracanie zdrowia
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pacjentdw wymaga czesto nie tylko specjalistycznego leczenia farma-
kologicznego czy chirurgicznego, ale takze przywracania fizjologicznej
réwnowagi w sktadzie mikrobioty przewodu pokarmowego pacjentéw:
Inaczej méwiac, mozliwe jest przywracanie zdrowej mikrobioty, poprzéez
stosowanie odpowiedniej diety, probiotykow i prebiotykow, a niekiedy
nawet, w szczegdlnych przypadkach, poprzez przeszczep catej mikrobio-
ty, to jest zaréwno populacji bakterii hodowalnych, jakiiniehodowalnych.

W zakoniczeniu niniejszego rozdziatu pragniemy doda¢, ze w Swietle
obecnej wiedzy na temat epigenetycznych uwarunkowan cech fenoty-
powych cztowieka sktadniki pokarmowe, w tym szczegdlnie zawarte
w pozywieniu réznorodne zwiazki organiczne pochodzenia roslinnego,
nie tylko majg wptyw na sktad mikrobioty (cztowieka, lecz takze bezpo-
srednio lub posrednio regulujg aktywnos¢ wielu gendw na poziomie ich
transkrypcji i translacji [54]. W jednym z kolejnyech-numerow ,Journal of
Health Study and Medicine” zamierzamy opublikowa¢ oddzielny artykut
przegladowy naten bardzo interesujacy i wazny temat.

Rola biologiczna mikrobioty przewodu pokarmowego cztowieka

Mikrobiom stanowi bardzo wazny sktadnik naszego ludzkiego ekosys-
temu i odgrywa istotng role w prawidtowym funkcjonowaniu naszego
organizmu. W ostatnich 10 latach bardzo szybko poszerza sie wiedza na
temat roli biologicznej i znaczenia mikrobioty przewodu pokarmowego
dla funkcjonowania catego organizmu cztowieka, w tym szczegdlnie roli
niezwykle obfitej i bardzo zréznicowanej mikrobioty jelita grubego. Z ra-
cji duzego udziatu mikrobioty w catym metabolizmie i funkcjonowaniu
naszego organizmu w ,zdrowiu i w chorobie” postuluje sie uznanie mi-
krobioty przewodu‘pokarmowego za ,zapomniany organ ludzkiego orga-
nizmu” (forgotten organ of the human body) [5, 55, 56]. Najogdlniej mozna
powiedzied, ze hodowalna i niehodowalna czes¢ mikrobioty przewodu
pokarmowego cztowieka spetnia szes¢ najwazniejszych funkcji: uczest-
niczy w trawieniu nieprzyswajalnych dla cztowieka polisacharydéw, wy-
twarza'cenne witaminy z grupy B, witamine K, kwas foliowy i pantote-
nowy, chroni przed inwazjg gatunkéw bakterii chorobotwodrczych, stale
pobudza uktad odpornosciowy, degraduje i detoksyfikuje w jelicie gru-
bym toksyczne, mutagenne i karcynogenne zwiazki chemiczne takie jak:
nitrozoaminy, weglowodory aromatyczne, kwasy zétciowe, ksenobiotyki,
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metale ciezkie, a takze rézne leki, ponadto utrzymuje w $wietle kolejnych
odcinkéw przewodu pokarmowego prawidtowy poziom kwasowosci.
Jelitowa flora bakteryjna na $luzéwece jelit tworzy biofilm, ktory.niejako
mechanicznie uniemozliwia adhezje drobnoustrojom patogennym, kon-
kurujac z nimi o sktadniki odzywcze i siedlisko w zajmowanej mikroniszy
[36, 57]. Rézne gatunki mikrobioty, szczegdlnie grupa bakterii mleko-
wych, hamujg wzrost i namnazanie sie patogennych-szezepéw poprzez
wydzielanie antybakteryjnych metabolitéw, w tym réznych bakterio-
cyn o swoistym dziataniu na okreslone patogenne gatunki bakterii [36].
Do innych zwigzkéw hamujacych namnazanie sie bakterii patogennych,
a produkowanych przez mikrobiote jelitowa,.nalezy zaliczyé: lizozym,
krotkotancuchowe kwasy organiczne (mlekowy,~oectowy, propionowy,
mastowy), aldehyd B-hydroksymastowy oraz reaktywne formy tlenu [36,
58]. Wiele sktadnikow pozywienia jest opornych-na dziatanie ludzkich
enzymow trawiennych w zotadku i w jelicie cienkim. Niestrawione, nie-
rozpuszczalne sktadniki pokarmu takie jak skrobia RS (resistant starch),
nieskrobiowe polisacharydy (celuloza, pektyny, hemicelulozy, arabinok-
sylan, B-gukan, mannan, inulina, lignina) w jelicie grubym sa hydrolizo-
wane do przyswajalnych przez cztowieka krétkotaricuchowych kwaséow
ttuszczowych (SCFAs), ktére sg-wtaczane w pule energetycznych meta-
bolitéw organizmu cztowieka. Stezenie tych produktéw w jelicie grubym
moze osiagnac wartosc¢ 375 umol na litr tresci. Szacuje sie, ze okoto 15%
catkowitego zapotrzebowania cztowieka na energie biologicznie uzy-
teczng dostarczaja konsorcja bakterioty jelita grubego w wyniku hydro-
lizy wyzej wymienionych polisacharydéw [35]. Opierajac sie na poznanej
petnej sekwencjinukleotydowej genomu cztowieka, ocenia sie, ze w caty
katabolizm i anabolizm organizmu cztowieka zaangazowanych jest okoto
2 tys. jego wtasnych.biatek enzymatycznych. Szacuje sie, ze bakterie i ar-
cheony mikrobioty, zasiedlajgce organizm cztowieka, majg genetycznie
uwarunkowane uzdolnienia do syntezy az ponad 10 tys. biatek enzyma-
tycznyeh, ktére uczestniczg w réznorodnych biochemicznych reakcjach
i szlakach przemiany materii [35,59].

Udziat czasteczek sygnatowych syntetyzowanych przez mikrobiote
przewodupokarmowego w komunikacji z mézgiem cztowieka

Realizowane w ostatnich latach projekty badawcze dotyczace komuni-
kacji-mikrobioty przewodu pokarmowego z mdézgiem cztowieka przyno-
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szg bardzo interesujace, by nie powiedzie¢ zaskakujace wyniki. Dlatego
temat ten stat sie jednym z bardzo waznych kierunkdéw wspdtczesnych
poszukiwan naukowych w wielu specjalistycznych osrodkach naukowych
Swiata. Narodowy Instytut Zdrowia USA (National Institute.of Health)
i inne rzadowe instytucje finansujace badania naukowe w USA wydatko-
waty juz na te projekty badawcze ponad 21 min dolaréw, ainstytucje eu-
ropejskie - ponad 14 miIn dolaréw. Celem kierunkowym.prowadzonych
badan jest gtebsze wyjasnienie zaleznosci miedzy rozwojem:i funkcjono-
waniem madzgu a mikrobiotg przewodu pokarmowego cztowieka. Wazne
pytania dotycza drég i molekularnych mechanizméw przekazywania sy-
gnatéw pomiedzy moézgiem i mikrobiotem oraz roli chemicznych czaste-
czek sygnatowych, metabolitéw produkowanych przez populacje bakte-
rii zasiedlajace przewdd pokarmowy cztowieka.

Publikowane w literaturze swiatowej wyniki wskazujag jednoznacznie,
ze komunikacja mikrobioty przewodu pokarmowego z mézgiem czto-
wieka zachodzi przy udziale wyspecjalizowanych uktadéw i systemow
sygnalingu: enteroendokrynnego systemu jelitowego (enteroendocrine
gut peptides system, ENS), systemowego'(systemic communication) i neuro-
nalnego (neural communication) [39, 40, 60]. Enteroendokrynne komorki
(L cells) wydzielajg hormony peptydowe GLP-1 i GLP-2 (glucagon-like pep-
tides), ktore stymulujg m.in. wydzielanie insuliny i transport glukozy. Od-
powiednio wysoki poziom tych hormonéw we krwi zapewnia poczucie
sytosci, a ich deficyt - poczucie gtodu. Zmiany sktadu mikrobioty prze-
wodu pokarmowego, a tym samym zmiany w puli metabolitéw bakterii
w jelitach regulujg poziom sekrecji tych hormonéw. Role bakteryjnych
czasteczek sygnatowych w tym systemie odgrywaja kréotkotancuchowe
kwasy organiczne (octan,\propionian, maslan), ktore sg produktami roz-
ktadu przez bakterie jelitowe réznych nietrawionych przez cztowieka po-
lisacharydéw. Dowiedziono, ze regulacja sekrecji hormonéw w tym sys-
temie zachodzi poprzez receptor (GPR41) zlokalizowany na powierzchni
komérek L, rozpoznawany przez wyzej wymienione bakteryjne czastecz-
ki sygnatowe [61]. Doswiadczenia na zwierzetach potwierdzaja korelacje
pomiedzy aktywnoscia systemu enteroendokrynnego a sktadem mikro-
bioty jelit. U szczuréw karmionych nietrawionymi przez te zwierzeta pre-
biotykami(np. oligofruktozg) obserwowano w jelicie grubym zaréwno
systematyczny wzrost populacji Bifidobacterium zdolnych do rozktadu
tych-polisacharydéw, jak i wzrost liczby komérek L, produkujacych hor-
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mony peptydowe GLP-1 i GLP-2. Podobnie u myszy z uwarunkowang
genetycznie otytoscig, karmionych prebiotykami, obserwowano syste-
matyczny wzrost w jelicie grubym zawartosci krotkotancuchowych kwa-
sow ttuszczowych i towarzyszacy mu wzrost poziomu hormonéw GEP-1
i GLP-2[60, 62]. Inng, bezposrednig, droge komunikacji pomiedzy mikro-
biotem przewodu pokarmowego i osrodkiem w mézgu cztowieka zapew-
nia nerw btedny, najdtuzszy nerw czaszkowy, ktéry-unerwia caty uktad
jelitowy.

Naruszenie symbiotycznej réwnowagi pomiedzy-mikrobiotem prze-
wodu pokarmowego i gospodarzem ma powazne konsekwencje nie tyl-
ko w postaci wczesniej wspomnianych choréb.przewodu pokarmowego
i choréb metabolicznych, lecz takze niektérych-choréb neurologicz-
nych. Stany zapalne jelit cztowieka oraz inne choroby i czynniki naru-
szajgce te rownowage moga manifestowacd sie stanami przygnebienia,
a nawet depresji, w wyniku wydzielania cytokin prozapalnych, ktére
maja dziatanie depresyjne. | odwrotnie, depresje, stresy indukuja syn-
teze kortyzolu zwanego hormonem-'stresu, mogg takze prowadzi¢ do
naruszenia tej koniecznej dla zdrowia réwnowagi [22, 39]. Okazato sie,
ze okreslone gatunki bakterii, sktadowe 'mikrobioty jelitowej, modulu-
ja rowniez synteze i funkcjonowanie|przekaznikéw neurologicznych,
neurotransmiterow 5-hydroksy-tryptofanu i serotoniny. Opublikowane
ostatnio wyniki wskazuja, ze okoto 95% puli serotoniny jest produko-
wane w przewodzie pokarmowym, a synteza i sekrecja tego niezwykle
waznego neuroprzekaznika odpowiedzialnego za komunikacje flory je-
litowej z mézgiem jest indukewana przez okres$lone populacje bakterii
[63, 64]. Stosunkowo dobrze jest udokumentowana takze rola bakterii
jelitowych, ktdore majg enzymatyczne zdolnosci do syntezy lub rozkta-
du aminokwasu tryptofanu, wyjsciowego substratu dla syntezy dwéch
waznych neuroprzekaznikéw, 5-hydoksytryptofanu i serotoniny. Nie
tak dawno opublikowano niezwykle interesujgce wyniki wskazujace, ze
bakterie Bacteroides fragilis obecne w mikrobiocie jelitowej cztowieka
sg zdolne syntetyzowac duze ilosci enzymu tryptofanazy, degradujace-
go tryptofan. Obecno$¢ duzej populacji bakterii tego gatunku w mikro-
biocie jelitowe]j prowadzi wiec do redukcji puli tryptofanu w organizmie
cztowieka; zatem ogranicza lub uniemozliwia synteze dwéch niezwykle
waznych neuroprzekaznikoéw 5-hydroksytryptofanu i serotoniny, a tym
samym zaburza komunikacje pomiedzy mikrobiotg i mézgiem cztowie-
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ka. Autorzy cytowanych prac sugerujg mozliwos$é zwigzku pomiedzy
obecnoscig i aktywnoscig tych bakterii w przewodzie pokarmowym
dzieci z autyzmem [22, 39, 40, 65]. Co wiecej, na modelu zwierzat do-
Swiadczalnych wykazano wptyw bakterii mikrobioty jelita-grubego.na
anatomiczng budowe i funkcjonowanie mézgu. Zaobserwowano, ze
gryzonie pozbawione flory bakteryjnej zachowujg sie tak, jakby nie zna-
ty poczucia strachu przed niebezpieczenstwem, a whipekampie mdzgu
tych zwierzat ujawniono powazne zmiany anatomiczne, zaburzajace re-
akcje na zagrozenie i stres, wskazujace, ze mikrobiota przewodu pokar-
mowego oddziatuje zaréwno na zdrowie fizyczne, jak i psychiczne zwie-
rzat. Opisano takze ostatnio wyniki uzyskane w badaniach na modelu
myszy (germ free) wskazujace, ze mikrobiota jelitowa jest niezbedna dla
regulacji ekspresji genéw zwigzanych z tworzeniem'i strukturg mieliny
w aksonach istoty biatej mdzgu [66]. Autorzy pracy sugeruja, ze utrata
lub ostabienie ostonki mielinowej aksonéw w istocie biatej moze mieé
bezposredni zwigzek z przewlekta.bezsennoscia, Swiadomoscia i czuj-
noscia, a by¢ moze takze chorobg Alzheimera. Wyniki opisane w cyto-
wanych pracach, wskazujace, ze mikrebiota przewodu pokarmowego
cztowieka ma bardzo istotny wptyw nie tylko na jego zdrowie fizyczne,
lecz takze psychiczne staty sieimpulsem do podjecia w wielu osrodkach
naukowych $wiata wielokierunkowych badan poznawczych w tej waz-
nej dla zdrowia cztowieka dziedzinie.

Podsumowanie

Prowadzone od 2007 r. w wielu krajach $wiata liczne projekty badawcze
dotyczace symbiotycznej mikrobioty zasiedlajgcej ludzi przynosza nowe,
wazne, a czesto zaskakujgce wyniki na temat roli biologicznej mikroor-
ganizmoéw dla zdrowia cztowieka. Szybko poszerzajaca sie wiedza na ten
temat przybliza realizacje kierunkowych celéw nakreslonych w 2007 r.,
kiedy to podejmowano ogromny projekt badawczy Human Microbiome
Project (HMP). W Swietle obecnej wiedzy mozna sadzi¢, ze zatozone wow-
czas cele kierunkowe: opracowanie nowych testéw diagnostycznych, no-
wych biomarkeréw zdrowia cztowieka, a takze nowych prebiotykéw mo-
dyfikujacych w pozadanym kierunku sktad i funkcje mikrobioty jelitowe],
poznanie i zrozumienie mechanizmoéw dziatania bakteryjnych czasteczek
sygnatowych oraz sposobéw modulowania przez bakterie neuroprzekaz-
nikéw-zostang zrealizowane w niedalekiej przysztosci.
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Mozna miec takze nadzieje, ze zgromadzona wiedza umozliwi decy-
dentom i konsumentom lepiej zrozumie¢ fizjologiczne potrzeby pokar-
mowe ludzi, co przetozy sie na opracowanie i ustalenie nowych.zalecen
i regulacji dotyczacych produkcji zywnosci, jej dystrybucji. oraz kon-
sumpcji. ,Tajemnica zdrowia cztowieka tkwi w bardzo duzej czesci nie
w materiale genetycznym, lecz w regulacji jego aktywnosci. DNA jest
jak scenariusz, ale w zaleznos$ci od rezysera, aktoréworaz ich zamystéw
nawet identyczny scenariusz moze by¢ bardzo réznie realizawany” [67],
a sktadniki naszej diety w Swietle wspoétczesnej wiedzy sg waznymi epi-
genetycznymi regulatorami aktywnosci genéw od poczecia az do Smierci
cztowieka.

If you have alternation in the brain, you will almost certainly have

altered output to the gut because the two organs are-that closely connected.
Conversely, feedback signals from the gut to the brain go well beyond obvious
hungry-versus-full massage; abnormalities in the digestive system can directly
shape both cognitive and emotional state

- dr Emeran Mayer, University of California, Los Angeles.
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Streszczenie

Biologia syntetyczna (SynBio)/to nauka, ktora zajmuje sie tworzeniem
syntetycznych uktadéw biologicznych;, zdolnych wykonywa¢ okreslone,
zaprogramowane funkcje. Biologia syntetyczna taczy w sobie wiele réz-
nych dziedzin, takich jak inzynieria genetyczna, biofizyka, biologia mo-
lekularna, biotechnologia, a takze informatyka i modelowanie matema-
tyczne. Biologia syntetyczna ktadzie duzy nacisk na takie modelowanie
proceséw zachodzacych wkomorce, aby mozna doktadnie przewidzie¢,
jak bedzie dziatat projektowany uktad, zanim jeszcze sie go skonstruuje.
Biologia syntetyczna-daje potencjalng mozliwos¢ tworzenia mikroor-
ganizmow, ktére-catkowicie stworzone w warunkach laboratoryjnych
mogtyby wytwarzaé wszelkiego rodzaju nowe farmaceutyki, wykrywac
substancje toksyczne, rozktadac¢ zanieczyszczenia, niszczy¢é komorki
rakowe,produkowac biopaliwa dla pojazdéw przysztosci czy nawet na-
prawia¢ uszkodzone geny. Celem biologii syntetycznej jest m.in. projek-
towanie i budowa nowych elementéw biologicznych, takich jak enzymy,
uktady genetyczne i komorki, a takze przebudowa istniejagcych systemow
biologicznych. Duze znaczenie w powodzeniu biologii syntetycznej i jej
dziatan bedzie miato modelowanie matematyczne, ktére umozliwi prze-
widywanie niektérych cech nowych uktadéw, co moze postuzy¢ do ich
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udoskonalania w celu wyeliminowania wad lub wprowadzenia pewnych
usprawnien. Biologia syntetyczna zapowiada uzyskanie znacznych korzy-
sci dla zdrowia, srodowiska, zasobéw zywnosciowych i skutkow. ekono-
micznych. Biologia syntetyczna moze przynie$¢ znacznie-wiecej korzy-
sci, ktére swa wartoscig przewyzszg obecne dylematy moralne i etyczne
Zwigzane z tg nowoczesng dziedzing nauk biologicznych i*medycznych.
Biologia syntetyczna jest dyscypling naukowg o krok-bardziej zaawanso-
wanga niz biotechnologia i nie powinnismy sie obawia¢ jej niewtasciwego
wykorzystania.

Stowa kluczowe
biologia syntetyczna (SynBio), modelowanie proeceséw, bioinformatyka,
sztuczne bakterie

Summary

Synthetic Biology (SynBio) is the science that deals with the creation of syn-
thetic biological systems, able to perform certain programmed functions. Syn-
thetic biology combines many different fields, such as genetic engineering,
biophysics, molecular biology, biotechnology, and information technology
and mathematical modeling. Synthetic biology puts a strong emphasis on mo-
deling of processes in the cell, so that you can predict exactly how it will work
designed system before it construct. Synthetic biology provides the potential
to create microorganisms that are fully developed in the laboratory could pro-
duce all kinds of new pharmaceuticals, detect toxic substances decompose
pollutants, destroy cancer cells, to produce biofuels for vehicles of the future,
or even repair damaged genes. The aim of synthetic biology is, among other
things, the design and construction of new biological elements, such as enzy-
mes, genetic circuits and cells, as well as the reconstruction of existing biolo-
gical systems. Of/great importance in the success of synthetic biology and its
actions/will have a mathematical modeling, which allows to predict certain
features of the new systems, which can be used to improve them in order to
eliminate defects or introduce some improvements. Synthetic biology promi-
ses to achieve significant benefits to health, the environment, food resources
and the economic impact. Synthetic biology can bring much more benefits
that exceed the value of their present moral dilemmas and ethical issues re-
latedtothe modern field of biological and medical sciences. Synthetic biology
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is a scientific discipline one step more advanced than biotechnology and we
should not fear its misuse.

Key words
Synthetic Biology (SynBio), process modeling, bioinformatics, artificial bac-
teria

Wprowadzenie

Idea stworzenia ,sztucznego zycia” dla wspotczesnych biologow jest, co
prawda, fascynujaca, nalezy jednak postawic pytanie, czy w drugiej de-
kadzie XXI w. mozna zaprojektowac i stworzy¢ nowy organizm w warun-
kach laboratoryjnych. Organizm nie bardzo skomplikowany, ale stosun-
kowo prosty, sztuczny system biologiczny, np. wirusa czy bakterie [1,2].
Okazuje sie, ze ostatnie osiggniecia-z-zakresu biologii molekularnej i in-
zynierii genetycznej pozwalajg miec nadzieje, ze taki organizm mozna be-
dzie w niezbyt odlegtym czasie ,stworzy¢” w warunkach laboratoryjnych.
Jego ,rodzicami” beda komputer oraz ,narzedzia” nowej dyscypliny na-
uki, nazwanej przez profesora Wactawa Szybalskiego, biologig syntetycz-
na. Biologia syntetyczna jest potagczeniem biologii molekularnej i inzynie-
rii genetycznej, a kierunkowym celem tej dyscypliny jest projektowanie
i konstruowanie sztucznych systeméw biologicznych wzorowanych na
naturalnych, ale tych, ktére nie istniejg w naturze [3, 4,5,6,7].

Wedtug Wactawa Szybalskiego biologia syntetyczna (SynBio) jest
dyscypling naukowg o krok bardziej zaawansowang niz biotechnologia,
bowiem wykracza zdecydowanie poza ramy ,typowej” biotechnologii
[8]. Biologia syntetyczna/to nauka, ktéra zajmuje sie tworzeniem synte-
tycznych uktadéw biologicznych zdolnych wykonywac okreslone, zapro-
gramowane funkcje. Méwi sie o konstruowaniu ,biologicznych maszyn”,
poniewaz mozna by tak zmodyfikowaé prosty organizm, np. bakterie
Escherichia coli, aby reagowata w okreslony sposéb na rézne bodzce [9,
10]. Biologia syntetyczna taczy w sobie wiele réznych dziedzin takich jak
inZynieria genetyczna, biofizyka, biologia molekularna, biotechnologia,
a takze informatyka i modelowanie matematyczne. Biologia syntetycz-
na ktadzie duzy nacisk na takie modelowanie proceséw zachodzacych
w komdrce, aby mozna doktadnie przewidzieé, jak bedzie dziatat pro-
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jektowany uktad, zanim jeszcze sie go skonstruuje. Naukowcy sadza, ze
prowadzac badania w tej dziedzinie, zblizaja sie do rozwigzania proble-
mow fundamentalnych, takich jak ten, czym jest i jaka jest istota zycia;
a takze do poszukiwania odpowiedzi na pytanie o poczatki.zycia na Ziemi
i rozwazan, czy gdzies we wszechs$wiecie moze istnie¢ zycie ,skonstru-
owane” inaczej, oparte na innych zasadach niz na Ziemi. Interesujaca jest
takze potencjalna mozliwos¢ tworzenia mikroorganizméw, ktére - cat-
kowicie stworzone w warunkach laboratoryjnych = mogtyby wytwarzaé
wszelkiego rodzaju nowe farmaceutyki, wykrywac substancje toksyczne,
rozktadac zanieczyszczenia, niszczy¢ komorki rakowe, produkowac bio-
paliwa dla pojazddéw przysztosci czy nawet naprawiaé uszkodzone geny
[11,12]. Waznym aspektem jest tez dazenie do standaryzacji biologicz-
nych czesci, czyli tworzenia najprostszych klockéw”, tj. ,biocegietek’,
syntetycznych elementow genetycznych (BioBrick); z ktérych budowaé
sie bedzie projektowane nowe uktady biologiczne [13, 14, 15, 16]. Dzieki
standaryzacji poszczegélnych elementéw uktadu mozliwe bedzie ich za-
stapienie przez inne czesci w szybki i tatwy sposéb. Oczywiscie w biologii
nie dysponujemy petng wiedzg na temat/dziatania wszystkich elementéw
biologicznych, ale wprowadzajac coraz to'nowe elementy do uktadéw juz
dziatajacych, mozemy poznac ich-funkcje i procesy przez nie przeprowa-
dzane. Standardowe czesci biologiczne'mozna pozyskac z zywych organi-
zmow w procesie powielania wybranej sekwencji DNA technikg nazywa-
na ,PCR”[17,18].

Zgromadzona dotychczas wiedza z zakresu nanotechnologii, genomi-
ki, biologii molekularnej i technologii genomowej stworzyta realng szan-
se na dynamiczny rozwadj syntetycznej biologii w najblizszej przysztosci.
Kazdy gen jest. przeciez specyficznym odcinkiem nici DNA, a jego se-
kwencje umiemy teraz szybko ,czytac i pisac”, to znaczy sekwencjonowac
i syntetyzowaé w laboratorium! Ponadto zsekwencjonowanie genomu
ludzkiego nie tylko pobudzito naszg wyobraznie (np. medycyna personal-
na), lecz takze pozwolito postawi¢ nowe wazne pytanie. Co dalej?

W 1974 r. profesor Wactaw Szybalski, odpowiadajac na pytanie ,Co
dalej?”,"\wprowadzit do stownictwa naukowego termin biologia synte-
tyczna: ,Az do teraz pracowalismy nad opisowa fazg biologii molekular-
nej. Jednakze prawdziwym wyzwaniem jest wkroczenie do fazy badan
obejmujacych biologie syntetyczna. Bedziemy wymyslaé¢ nowe elementy
kontrolne i wprowadza¢ je do genoméw lub tworzy¢ od podstaw nowe
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genomy. Bedzie to pole do popisu o niczym nieograniczonym potencjale
badawczym i praktycznie braku zadnych ograniczen wzgledem tworze-
nia «xnowych, lepszych uktadéw regulacyjnych» i w koncu... catych ,syn-
tetycznych” organizméw na podobienstwo «nowych, lepszych myszysy...
Nie mam obaw co do tego, ze da to poczatek ekscytujagcym, nowatorskim
ideom w dziedzinie catej biologii syntetycznej”.

Nalezy w tym miejscu przypomniec czytelnikom, ze profesor-Wactaw
Szybalski jest wybitnym polskim uczonym, biologiem molekularnym
i genetykiem, szanowanym profesorem na Uniwersytecie Wisconsin-
Madison w USA. Jego nazwisko kojarzone jest w Swiecie z bardzo roéz-
norodnymi badaniami, ale przede wszystkim.z tymi, ktére pozwolity na
opracowanie rewolucyjnych metod transformacji-i-transfekcji, tj. wpro-
wadzania materiatu genetycznego do komérek ludzkich. Wczesdniej uwa-
zano, ze transformowac¢ mozna obcym DNA wytacznie proste komorki
bakteryjne. Profesorowi Szybalskiemu i jego zonie Elzbiecie udato sie
wprowadzi¢ obce DNA do komérekudzkich i w ten sposéb zostat on ,,0j-
cem chrzestnym” transformacji (transfekeji) zaréwno komorek ludzkich,
jakiinnych komoérek eukariotycznych [8; 19]. Waga tego odkrycia byta na
miare Nagrody Nobla. Metody, ktére opracowat, umozliwity profesorowi
otrzymanie w 1963 r. pierwszych-hybrydoméw, a takze ponad 10 lat p6z-
niej (1975 r.) umozliwity produkcje przeciwciat monoklonalnych przez
komorki mysie (za co Nagrode Nobla w 1984 r. otrzymali Georges Koh-
ler i Cesar Milstein). Przeciwciata monoklonalne sg niezwykle waznymi
narzedziami w diagnostyce i leczeniu wielu choréb. Badania prowadzone
przez profesora Wactawa Szybalskiego przyczynity sie takze do powsta-
nia nowe] dziedziny medycyny, ciggle jeszcze w fazie eksperymentalnej,
ale obiecujacej’- terapii genowej [20]. Swiatowy rozgtos przyniosty prof.
Szybalskiemu badania nad bakteriofagiem lambda [21, 22]. Spowodo-
waty one przetom w biologii molekularnej. Profesor Wactaw Szybalski
odkryt, ze informacja genetyczna zawarta w DNA tego waznego wirusa
bakteryjnego czytana jest w specyficzny sposdb z obu nici DNA. Byty to
pierwsze doswiadczenia wykazujace transkrypcyjng kontrole rozwoju
organizmu. Jego uwagi i hipotezy postuzyty innym i zostaty wykorzysta-
ne w pracach uhonorowanych pézniej Nagroda Nobla. To wtasnie profe-
sor Wactaw Szybalski jako pierwszy zaproponowat zastosowanie wspo-
mnianego/faga lambda w klonowaniu genéw, co potem pomogto innym
amerykanskim badaczom w opracowaniu strategii klonowania fragmen-
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tow DNA, co zostato uhonorowane Nagroda Nobla [23]. Przeprowadzo-
ne w jego laboratorium doswiadczenia lub stawiane przez niego hipotezy
naukowe poprzedzity takze inne wielkie odkrycia, takie jak odkrycie in-
tronéw i exondéw czy tez odkrycie u wiruséw specyficznego-enzymu-od-
wrotnej transkryptazy.

Biologia syntetyczna - cele i kierunki poszukiwan naukewych
W odréznieniu od klasycznej inzynierii genetycznej i biologii molekular-
nej w biologii syntetycznej ktadzie sie duzy nacisk na racjonalne projekto-
wanie nowych systeméw biologicznych oraz wykorzystanie technik mo-
delowania matematycznego w taki sposdb, aby mozna byto przewidzie¢
zachowanie sie nowego uktadu oraz tak pokierowaé jego metabolizmem,
aby jego dziatanie przebiegato w zamierzonym kierunku. Biologia synte-
tyczna rézni sie zatem zdecydowanie od inzynierii-genetycznej i biotech-
nologii, ktére zajmuja sie modyfikacjami gendéw i genomow. Dynamiczny
rozwaj biologii molekularnej oraz bieinformatyki, do ktérego doszto pod
koniec XX w., stworzyt solidne podstawy biologii syntetycznej. Kom-
pletnie poznane genomy bardzo wielu erganizmoéw oraz stworzone ma-
tematyczne modele opisujace’interakcje gendw i regulacje ich ekspresji
stworzyty podstawe rozwoju tej-howoczesnej dyscypliny. Ostatecznym
celem konstruowania i badania syntetycznych czasteczek i uktadéw bio-
logicznych ma by¢ uzyskanie ab initio catych, prawidtowo funkcjonuja-
cych komérek, tkanek i organizméw syntetycznych. Naukowcy zajmujacy
sie tworzeniem ,syntetycznego zycia”, wykorzystuja techniki sekwencjo-
nowania genow, syntezy DNA oraz modelowania matematycznego [24,
25, 26, 27]. Metody komputerowe pozwalajg projektowac i symulowac
sztuczne systemy biologiczne. Istotng role odgrywaja takze zaawanso-
wane metody analizy komérkowej, stosowane w celu wykrycia zjawisk
towarzyszacych zmienionym szlakom badz interakcjom, jakie moga sie
pojawic¢ w nowych, stworzonych w laboratoriach uktadach biologicznych.
Bardzo czesto uwaga biologdéw syntetycznych skupia sie na wykorzy-
staniu naturalnych systemoéw biologicznych lub ich uproszczonych ana-
logéw jako komponentéw nowo tworzonych uktadéw syntetycznych.
Najlepszym tego przyktadem jest ,syntetyczna komorka” Craiga Ventera,
o ktorej doniesienia obiegty caty swiat, wzbudzajac zaréwno zachwyty,
jak i kontrowersje w wymiarze etycznym [28, 29]. Skonstruowana przez
zespot-Craiga Ventera komoérka to w istocie naturalna komérka Mycopla-
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sma bacterium, do ktérej wprowadzono syntetyczny genom, zmieniajac
w ten sposob okreslony, naturalny gatunek bakterii Mycoplasma genita-
lium w inny, noszacy syntetyczny genom. Sztucznie stworzony genom, tj:
chromosom o wielkosci ponad 50000 pz, to najdtuzszy odcinek DNA;jaki
udato sie wyprodukowaé¢ w warunkach laboratoryjnych. Craig Venter,
znany w $wiecie uczony, dzieki swojej roli w poznaniu sekwencji nukle-
otydowej ludzkiego genomu w ramach projektu Human-Genome Project
(1990-2003), jest obecnie jednym z najbardziej wptywowych naukow-
cow zajmujacych sie biologig syntetyczng i zyciem syntetycznym [30, 31].
Ponadto zespot kierowany przez Craiga Ventera postawit w 2005 r. waz-
ne pytanie, ile z 482 genéw Mycoplasma genitalium mozna usungé, aby
uposledzony organizm zachowac przy zyciu (w/laboratorium). Okazato
sie, ze wystarcza zaledwie 382 geny, ktére sg absolutnie niezbedne do zy-
cia tak zmienionej bakterii [32]. Prowadzi sie obeenie badania w ramach
réznych projektéw kreowania sztucznych systemoéw biologicznych, np.
mikroorganizmow, ktére bedzie mozna wykorzysta¢ w medycynie, prze-
mysle, produkcji zywnosci czy ochronie srodowiska [33, 34].

Duze znaczenie w powodzeniu biolagii syntetycznej i jej dziatan be-
dzie miato modelowanie matématyczne."Badania nad zachowaniem sie
uktadéw biologicznych odgrywaébeda bardzo wazng role w biologii syn-
tetycznej. Wiele metod matematycznych znalazto zastosowanie do sy-
mulowania zachowania dziatania badanych uktadéw syntetycznych. Cze-
sto stosowane s3 implementacje teorii graféw, algebry Boole’a, uktady
zwyczajnych réwnan rézniczkowych, stochastyczne rownania rézniczko-
we oraz procesy Markowa. Poniewaz rozpatrywane systemy biologiczne
mieszczg sie w matematycznej definicji uktadu dynamicznego, to do ich
badania mozna‘bedzie stosowac zasadniczo wszystkie techniki rozwinie-
te przez teorie uktadéw, dynamicznych. Dostepnych jest wiele narzedzi
programistycznych umozliwiajagcych prowadzenie takich symulacji, a tak-
ze racjonalne projektowanie obwodow genetycznych, z czego wiele jest
juz dostepnych za darmo [35, 36].

Tworzenie matematycznych modeli opisujacych projektowane ukta-
dy pozwala na przewidzenie niektdérych cech, co moze postuzy¢ do ich
udoskonalania w celu wyeliminowania wad lub wprowadzenia pewnych
usprawnien. Obecnie zostaty rozwiniete wielkoskalowe modele sieci ge-
netycznych tworzone z myslg o zastosowaniach w biologii syntetycznej.
Pozwalajg one na odtwarzanie podstawowych proceséw biologicznych
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takich jak transkrypcja, translacja oraz wptyw czynnikéw transkrypcyj-
nych oraz sygnatéw Srodowiskowych na dziatanie obwodéw genetycz-
nych.

Niestety wraz ze wzrostem ztozonosci uktadu drastycznie narasta
ztozonos¢ obliczeniowa symulacji oraz stopien nieprzewidywalnosci za-
chowania sie uktadu. Dodatkowym utrudnieniem w tworzeniu popraw-
nie dziatajacych modeli jest duza liczba czynnikéw zewnetrznych, ktoére
zaktdcaja jego dziatanie, a czesto nie sg nalezycie uwzgledniane (badz nie
sg znane) podczas konstruowania nowych modeli biologicznych.

Jak pisze profesor Magdalena Fikus: ,ldeg syntetycznej biologii jest
to, zeby zycie wokét nas bardziej przystosowac.do potrzeb cztowieka, bo-
wiem przystosowanie swiata do cztowieka nie jest-celem ewolucji” [37].

Od inzynierii genetycznej do biologii syntetycznej

Postep cywilizacji dokonat sie dzieki zmieniajagcym sie i udoskonalanym
technologiom oraz ciggtym poszukiwaniu lepszych aspektéw i warun-
kéw zycia ludzkiego. Dla biologow wazny okazat sie rok 1953, kiedy to
poznaliSmy strukture DNA, czyli zwigzku chemicznego obecnego w chro-
mosomach, w ktorym zakodowany jest komplet informacji genetycznej
zywego organizmu (Watson i Criek, Nature). Dalsze badania nad struktu-
ra i funkcja biologiczng DNA pozwolity'na rozwéj nowych dziedzin nauki,
jakimi byty biologia molekularna, genetyka molekularna, inzyniera gene-
tyczna czy biotechnologia. Doktadna znajomos$¢ budowy oraz sekwencji
DNA jest obecnie niezbedna do prowadzenia badan w zakresie biologii
molekularnej i syntetycznej."Rozwdéj technik sekwencjonowania znacz-
nie przyspieszyt/rozwdéj wspotczesnej biologii [38, 39]. Wprowadzanie
licznych usprawnien technicznych oraz lepszych i szybszych metod bioin-
formatycznej obrébki danych znacznie przys$pieszyto proces sekwencjo-
nowania catych genoméw, transkryptoméw i proteoméw cztowieka oraz
bardzo wielu innych organizméw. Biolodzy syntetyczni wykorzystuja se-
kwencjonowanie do kilku celéw. Po pierwsze, zakrojone na szerokg skale
projekty badania catych genomdéw pozwalajg na lepsze zbadania natural-
nie organizmow wystepujacych na naszej planecie. Doktadna znajomo$¢
naturalnych genomoéw jest konieczna do ich modyfikowania badz projek-
towaniaich sztucznych odpowiednikéw. Innym celem sekwencjonowania
jest ustalenie poprawnosci skonstruowanych sieci genetycznych i wyklu-
czenie-obecnosci przypadkowych mutacji, ktére mogtyby zaburzy¢ ich
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dziatanie. W zwiagzku z tym pojawito sie wazne pytanie, czy mozna ,pod-
mieni¢” genom bakterii.

Najogdlniej mozna powiedzieé, ze obecne dziatania biologéw synte-
tycznych zmierzajg w dwéch kierunkach [40]:

e projektowanie i budowa nowych biologicznych czesci, urzadzen i

systemow, ktore nie istniejg w Swiecie przyrody,

e rekonstrukcji (re-design), czyli ponownego projektowania-istnieja-
cych naturalnych systemoéw biologicznych wykorzystywanych do
celéow uzytecznych.

Pierwsza grupa badaczy wykorzystuje nienaturalne czasteczki, proé-
bujac nasladowaé naturalne molekuty w celu_stworzenia ,sztucznego
zycia” lub zupetnie nowych elementéw biologicznych, ktére stuzyé moga
do spetniania okreslonych pozytecznych funkcji. Moga to by¢ sztucznie
syntetyzowane sekwencje DNA, ktére wczesniej-nie istniaty, albo synte-
tyczne substytuty nukleotydéw czy substytuty aminokwasow itp. Druga
grupa badaczy wykorzystuje naturalne czasteczki i montuje je w syste-
my, ktore dziatajg nienaturalnie i sg wykorzystywane do budowy nowych
uktadéw biologicznych. Ogdélnym celem jest poznanie, poprzez analize
i obserwacje w warunkach laboratoryjnych, efektéw dziatania takich
skonstruowanych, nowych modeli. Do tej pory, dzieki biologii syntetycz-
nej, udato sie wyprodukowac np. testy diagnostyczne dla chordéb takich
jak HIV oraz wiruséw zapalenia'watroby [41].

Celem biologii syntetycznej jest m.in. projektowanie i budowa nowych
elementéw biologicznych' takich jak enzymy, uktady genetyczne i ko-
morki, a takze przebudowa istniejgcych systemédw biologicznych. Biolo-
gia syntetyczna opiera sie na postepie w biologii molekularnej komorki
i biologii systemoéw. Elementem, ktory odrdznia biologie syntetyczng od
tradycyjnej biologii;.biologii molekularnej i komérkowej, jest mozliwosé
projektowania i budowy najwazniejszych elementéow zywych komoérek,
tj. czesci enzyméw, uktaddw genetycznych, szlakéw metabolicznych itd.,
ktére moga by¢ modelowane i dostosowane do spetniania okreslonych
zadan. Te skonstruowane mniejsze elementy mozna nastepnie wyko-
rzystac.do konstrukcji wiekszych zintegrowanych systeméw zdolnych
do rozwigzywania konkretnych probleméw. Podobnie jak inzynierowie
projektowali uktady scalone na podstawie znanych wtasciwosci fizycz-
nych materiatéw, a nastepnie wytwarzali funkcjonujace obwody i cate
procesory (o stosunkowo wysokiej niezawodnosci), syntetyczni biolodzy



Wiestaw Barabasz, Anna Pikulicka

wkroétce zapewne beda mogli projektowac i budowac systemy biologicz-
ne. Nalezy jednak pamietac o tym, ze w przeciwienstwie do wielu innych
dziedzin inzynierii biologia jako taka i jej procesy sg mniej przewidywalne;
a wynika to stad, ze mamy mniejszg wiedze o elementach-bielogicznych
wchodzacych w sktad komérki (sekwencje gendw, wtasciwosci biatka,
uktady biologiczne) i ich zaleznosciach oraz bardzo ztozonych interak-
cjach. By¢ moze podejmowane proby ,manipulowania™systemami zycia
na poziomie molekularnym doprowadzg jednak do lepszego zrozumienia
i nowego podejscia do systeméw biologicznych, tym.bardziej ze koszty
sekwencjonowania DNA, RNA i biatek w ciggu kilkunastu lat zmniejszyty
sie kolosalnie (Rys. 1).
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Rysunek1. Spadek kosztéw sekwencjonowania ludzkiego genomu
Zrédto: www.BuildingBiotechnology.com

Syntetyczna biologia oferuje nowe mozliwosci tworzenia nowych ga-
tezi przemystu zwaznymi skutkami ekonomicznymi i gospodarczymi. Jak
postepw dziedzinie chemii syntetycznej miat powazny wptyw na ksztat-
towanie nowoczesnych struktur spotecznych i gospodarczych w wiekach
XIXi XX, tak biologia syntetyczna zapowiada uzyskanie znacznych korzy-
sci dla zdrowia, sSrodowiska, zasobéw zywnosciowych i skutkéw ekono-
micznych. Wielu ludzi nie zdaje sobie sprawy ze stopnia zaawansowania
dzisiejszych technologii ani z faktu, ze takie modyfikacje sg niezwykle
precyzyjne. Biologia syntetyczna moze przynie$¢ znacznie wiecej korzy-
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Sci, ktére swa wartoscia przewyzsza obecne dylematy moralne i etyczne
zZwigzane z ta bardzo nowoczesng dziedzing nauk biologicznych i me-
dycznych.

Warto wspomnied, ze w czasopismie ,Science” (2016 r.)-znalaztasie
informacja, ze zesp6t George’a Churcha z Harvard Medical School w Bo-
stonie chce tak ,przeprogramowac¢” DNA bakterii Escherichia coli, aby
byto ono inne niz DNA wszystkich organizmoéw zamieszkujgcych Zie-
mie. Oznacza to konieczno$¢ dokonania ponad 62 tys. zmian w genomie
bakterii. Oczywiscie tak duzych zmian nie mozna dokona¢ klasycznymi
molekularnymi metodami, w zwigzku z tym zaprojektowano syntetycz-
ny genom na komputerze i zsyntetyzowano-go, fragment po fragmen-
cie (kazdy z nich liczyt okoto 2 tys. par zasad). Krétkie odcinki zostaty
nastepnie potaczone w dtuzsze fragmenty DNA, po mniej wiecej 50 tys.
par zasad, a docelowo genom ma miec¢ wielkosé“4 min nukleotyddéw.
Najpierw jednak naukowcy wyprébujg dziatanie poszczegdlnych seg-
mentéw syntetycznej bakterii, wtaczajac je do genomoéw zywych bak-
terii i usuwajac odpowiadajaca im sekwencje. Na razie udato sie znalez¢
i naprawic¢ 13 btedéw skutkujgcych $miercig bakterii; prace prawdopo-
dobnie zostang zakonczone w ciggu kilkusmiesiecy. Nie bedzie to jednak
pierwsza sztuczna bakteria, bopodobng ,skonstruowate, jak wspomina-
no wczesniej, zespoét z Instytutu Craiga Ventera w La Jolla, ale ich synte-
tyczna bakteria ma genom skrajnie uproszczony. Natomiast obecnie syn-
tetyzowana, zmodyfikowana bakteria Escherichia coli to projekt znacznie
bardziej skomplikowany. Od naturalnych szczepéw Escherichia coli be-
dzie lepsza, bedzie sie rézni¢-pod wieloma wzgledami. Ma by¢ odporna
na wszelkie wirusy, niezdolna do wymiany gendw z innymi organizmami
i wytwarzajacabiatka, jakie nie wystepuja w naturze. Zwykte biatka zbu-
dowane sg z 20 naturalnych aminokwaséw. W wypadku udoskonalonej
bakterii biatka bedg zawiera¢ nowe aminokwasy syntetyczne. Co wazne,
bez jednego z nich nie bedg sie mogty rozwija¢ w srodowiskach natural-
nych, totez nie powinna sprawiac problemow, jesli wydostanie sie z la-
boratorium.

Oprécz nadziei i opisanych w artykule zalet biologii syntetycznej zgta-
szane s3 takze powazne naukowe watpliwosci zwigzane z tworzeniem
nowych komérek biologicznych, syntetycznych genéw i genoméw oraz
ich potencjalnym wptywem na srodowisko, ochrone przyrody, zréw-
nowazone uzytkowanie roslin w rolnictwie, réznorodnos¢ biologiczng
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i zdrowie ludzkie. Prewencyjne podejscie uregulowane ustawowo przez
zobowigzania miedzynarodowe oraz unijne ma zapobiec ewentualnemu
zmniejszeniu réznorodnosci biologicznej przez produkty bedace wytwo-
rem biologii syntetycznej.

Biologia syntetyczna w medycynie, przemysle i w produkcji Zzywnosci

Zarowno w Polsce, jak i w innych krajach rozwinietych mamy do czynie-
nia ze starzeniem sie spoteczenstwa. Ponadto jestesmy swiadkami nowe;j
sytuacji, w ktérej obserwuje sie olbrzymi ruch ludnosci przemieszczaja-
cej sie z obszaréw wiejskich do miast. Nastgpit-wzrost choréb zakaznych
spowodowany przez pojawienie sie opornosci na-leki, a takze ogdlny
wzrost choréb nowotworowych, otytosci, cukrzycy i choréb serca. Jest
to powazny problem, ktéry wymaga szybkiego rozwigzania i wyraznie
wskazuje, ze musimy poprawic naszg zdolnos¢ do interwencji poprzez za-
stosowanie nowoczesnych metod diagnostyki, epidemiologicznego mo-
nitorowania chordb, leczenia, opieki i'zapobiegania. Biologia syntetyczna
stwarza mozliwosci opracowywania tanich, czutych testow w wypadku
choréb zakaznych, genetycznych i neurodegeneracyjnych. Bardzo zna-
czacym wktadem biologii syntetycznej wydaje sie odkrywanie i poszu-
kiwanie nowych skutecznych lekéw, w tym nowych antybiotykow [42].
Gtéwne problemy w produkcji przemystowej dotyczg dostaw surowcéw,
kosztow produkgji i funkejonalnosci przetworzonych materiatéw([27, 43].
Surowce i produkcja sg kosztowne ze wzgledu na niedobdér naktadéw
energii i wymogoéw kapitatowych oraz moga by¢ niebezpieczne dla pra-
cownikéw i sSrodowiska naturalnego. Materiaty, ktore produkujemy, maja
ograniczenia wiich funkcjiji wtasciwosciach. Materiaty biologiczne sg nie-
drogie, obfite i majg.nowe funkcje takie jak samonaprawa, wytwarzane
z niskim naktadem energetycznym w czystej produkcji. Biologia synte-
tyczna pozwolitaby zmniejszy¢ zuzycie energii, kosztéw i negatywnego
wptywu na srodowisko, zapewniajac przy tym lepsze wtasciwosci nowym
produktom. Lepsze wtasciwosci mogg obejmowac wytrzymatosé, o czym
swiadczy np. produkcja nici pajeczej z wykorzystaniem zmodyfikowanych
bakterii do tworzenia silniejszych materiatéw wtdknistych. Inne nowa-
torskie materiaty obejmujg materiaty akrylowe produkowane z uzyciem
bakterii. To procesy, ktére zmniejszajg zaleznos¢ od dostaw ropy naf-
towej,a takze emisje gazéw cieplarnianych. W produkcji chemicznej sg
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opracowywane nowe biokatalizatory, ktore zmniejszajg koszty i emisje
szkodliwych dla srodowiska produktéw ubocznych. Niezwykle wazne
wyzwanie dla biologii syntetycznej jest zwigzane z zastosowaniem no-
wych Zrédet energii. Zapotrzebowanie na energie nadal szybko rosnie
z powodu rosnacej globalnej populacji i rozwijajagcego sie swiata. Duze
iloSci ropy i gazu nalezg do nielicznej grupy krajéw, w tym niestabilnych
politycznie. Kluczowe mozliwosci biologii syntetycznejw._energetyce sg
Zwigzane z zastgpieniem paliw kopalnych biopaliwami, a takze z poprawa
wydajnosci i zmniejszeniem zanieczyszczenia. Obecnie trwajg intensyw-
ne badania naukowe i prace wdrozeniowe nad optymalizacjg procesow
metabolicznych bakterii i zwiekszenie produkcji etanolu. Paliwa drugiej
generacji bytyby ekologiczne i zupetnie nieszkodliwe dla srodowiska.
Jako alternatywe dla istniejacych, kopalnych zrédet energii proponuje
sie masowa produkcje etanolu z celulozy; biopaliwa charakteryzujacego
sie bardzo niskg emisjg dwutlenku wegla. Z kolei konstruowane nowe
bakterie prosrodowiskowe beda mogty by¢ szeroko wykorzystane do
przeciwdziatania skutkom postepujgcego’ zanieczyszczenia Srodowiska
naturalnego [44, 45]. Juz w niedalekiej przysztosci globalne zwiekszanie
sie populacji ludzkiej, wobec ograniczonej dostepnosci gruntéw rolnych
i ich ciggtego ubywania, a takze-wobec zachodzacych zmian klimatycz-
nych spowodujg, ze $wiatowa produkcja zywnosci bedzie musiata by¢ co-
raz wieksza, bardziej efektywna i mniej podatna na dziatanie czynnikéw
zewnetrznych i dostepna przez caty rok [43]. Najnowsze osiggniecia na-
ukowe biologii syntetycznej moga nam umozliwié tworzenie nowych, zto-
zonych systemoéw biologicznych, ktére bez problemu bedg mogty produ-
kowac¢ w duzychrilo$ciach dowolne biatka jako produkt naturalny. Moze
to miec rewolucyjny wptyw na nasze zycie i sposéb odzywiania, bowiem
deficyt biatka jest coraz bardziej dotkliwym problemem w krajach rozwi-
jajacych sie. Ponadto nalezy zaznaczy¢, ze w rolnictwie wprowadzanie
nowych technologii jest czesto ograniczone wzgledami bezpieczenstwa
lub obawami o ich naduzycie. Biologia syntetyczna podejmuje to wyzwa-
nie, bowiem ma jolbrzymi potencjat do wzbogacenia zasobéw zywnosci
i moze ztagodzi¢ niedobory zywnosci spowodowane przez rosnacy popyt
na zywnosc na catym swiecie. Co prawda, mamy zywnos$é GMO, ale ze
wzgledu na obawy o jej bezpieczenstwo, potegowane przez organizacje
ekologiczne i media, spoteczenstwa wielu krajow sprzeciwiajg sie jej pro-
dukcji-i“dystrybucji. Przyktadem zastosowania biologii syntetycznej do
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rozwigzywania tych problemow jest juz dzisiaj chociazby uzycie drozdzy
piekarskich do masowej produkcji witamin i biatek.

Obawy i zagrozenia

Dynamiczny rozwdéj biologii syntetycznej zainicjowat serie pytan doty-
czacych etyki, zagrozenia biologicznego, medycyny oraz ochrony wta-
snosci intelektualnej. Podobnie jak podczas wczesniejszych debat na
temat biotechnologii powstato wiele obaw zwigzanych z niewtasciwym
wykorzystaniem nowych odkry¢ i technologii bedgcych owocami bio-
logii syntetycznej [46]. Przyktadem moze by¢ teoretyczna mozliwosé
otrzymania patogennych mikroorganizméw.-na skutek.zaistnienia nie-
znanych wczesniej efektéw wywotanych przez wprowadzenie obcych
uktadéw regulujacych ekspresje gendéw.  Badania przeprowadzone
przez J. Craig Venter Institute, MIT oraz CSIS w-2007 r. miaty na celu
naukowg ocene niebezpieczenstwa takich badan i konstruowanych
syntetycznych bakterii. Ponadto poejawito sie tez kilka innych inicjatyw,
ktorych celem jest wspotpraca organizacji rzagdowych i naukowcéw nad
krytyczna analiza mozliwych zagrozei wynikajacych z wprowadzania
wielkoskalowych modyfikacji'genetycznych organizméw. Przedstawio-
ny w 2008 r. raport IASB ,Technical solutions for biosecurity in synthetic
biology” wyrdést z wczesniejszych propozycji wprowadzenia usprawnien
technicznych, zapewniajacych’ wieksze bezpieczenstwo w zaktadach
przemystowych i laboratoriach wykorzystujacych osiagniecia biologii
syntetycznej [47]. Ponadto duze kontrowersje wzbudzajg spory do-
tyczace praw patentowych do okreslonych sekwencji DNA lub biatek
[48].

Nie trzeba wielkiej fantazji, zeby wyobrazic¢ sobie takze rozmaite moz-
liwe przyktady wykorzystania nowych metod nie dla pozytku ludzkosci,
ale wrecz przeciwnie -'dla jej zagtady. Jesli mozliwe jest tworzenie mi-
kroorganizméw;, ktére beda ,pracowac” na rzecz cztowieka, mozliwe
staje sie tworzenie nowych chorobotwodrczych drobnoustrojow jako zto-
wrogiej broni biologicznej o nieznanych dotad mozliwosciach. Takie dyle-
maty towarzyszg naukowcom, pojawia sie tez wiele miedzynarodowych
inicjatyw majacych na celu wypracowanie metod kontroli nad labora-
toriami genetycznymi i zaktadami, ktére wykorzystujg osiggniecia inzy-
nierii genetycznej i biologii syntetycznej. Procedury zwigzane z synteza
fragmentéw DNA s3 wykonywane w laboratoriach coraz sprawniej i ta-
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niej, dlatego tak wazne jest powotanie organéw ztozonych z naukowcéw
i ekspertéw rzadowych, aby mozliwa byta kontrola tych prac.

W Swietle ogromnych, czesto zaskakujgcych odkry¢ i dokenan XX
i XXI w. w dziedzinie biologii i genetyki molekularnej, inzynierii genetycz-
nej i biologii syntetycznej nalezy postawié takze wazne/pytanie: ,Czego
najbardziej sie obawiamy i dlaczego?”.

Prof. Magdalena Fikus, podsumowujac nasze obawy, stwierdza, ze:
»,mozliwosci ludzkiej ingerencji w przyrode byty od dawna bardzo impo-
nujace - np. roslina, z ktérej wyprowadzono kukurydze - to dzika trawa.
Jednak - dodata - byta to zastuga ,biotechnologii” klasycznej, gdzie nie
zmieniano w sposob zamierzony okreslonych-genéw. Nieco bardziej za-
awansowana biotechnologia pozwolita na dodawanie do roslin pojedyn-
czych genéw z innych gatunkéw, ktére zmienity ich cechy. Przyktadem
techniki GMO jest modyfikacja rosliny uprawnej-poprzez dodanie biatka
produkowanego przez bakterie. Ochronito to przed uszkodzeniem rosli-
ny przez larwy szkodnika - omacnicy-prosowianki”.

Badania genetyczne, inzynieria genetyczna, mozliwosci klonowania
stojg juz na tak wysokim poziomie rozwoju, ze od tych zaawansowanych
eksperymentow genetycznych nie ma odwrotu. Wizje i idee, ktére nam
moga sie wydawac czystym science fiction, czystg abstrakcja, zaprzata-
ja najtezsze moézgi Swiata. Na razie rzecz dzieje sie przede wszystkim na
poziomie najmniejszych, najprostszych organizméw - i tak pewnie be-
dzie jeszcze przez dtugie lata. Myslac optymistycznie, nie powinnismy
sie zbytnio obawiaé. Mozemy i chcemy mie¢ nadzieje na opracowanie
nowych, bezpiecznych szczepionek, lepszych, skutecznych lekéw ratu-
jacych zdrowie i-zycie ludzkie, na zdrowa zywnos¢, a takze konstrukcje
zmodyfikowanych drobnoustrojéw, ,zaprzeganych” do przemystowych
proceséw biotechnologicznych, unieszkodliwiania wszelkiego rodzaju
srodowiskowych zanieczyszczen chemicznych czy zdolnych do naprawia-
nia uszkodzonych genéw.

Nieuchronnie pojawit sie caty szereg pytan i powaznych watpliwosci
dotyczacych niewtasciwego wykorzystania tych nowych, fascynujacych
osiggniec nauki/[1, 49, 50, 51]. Dyskutowane watpliwosci, obawy i mozli-
we zagrozenia dotycza nastepujacych pytan i probleméw:

1. Bioterroryzm - teoretyczna mozliwo$¢ wykorzystania patogen-

nych mikroorganizmow jako broni biologicznej o nieznanych do-
tad wtasciwosciach.
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N

Czy proby zsyntetyzowania sztucznego zycia sg etyczne i moralne?

3. Czy ,manipulowanie genami” to nie ingerencja w ,naturalny po-
rzadek” Swiata ozywionego i w nature przyrody?

4. Czysyntetyczne organizmy nie wyeliminuja jakiego$waznego bio-
logicznego ogniwa w jakimkolwiek ekosystemie?

5. Czy potrafimy powstrzymad rozmnazanie sie zle skonstruowane-
go organizmu, ktéry uwolnit sie przypadkowo dootoczenia i moze
zagrazac ludzkosci i catej biosferze?

6. Czy powinna istnie¢ jaka$ nieprzekraczalna.granica ingerencji
cztowieka w otaczajacg przyrode?

7. Czy stworzone nowe organizmy mogga-przekazywac swoje nowe

nabyte cechy horyzontalnie i wertykalnie? Czy beda podlega¢ na-

turalnej zmiennosci i ewolucji?

Podsumowanie

Jako podsumowanie niniejszego artykutu pozwalamy sobie zacytowac
mato optymistyczng wypowiedz wybitnej uczonej, biologa i biotechno-
loga molekularnego z Instytutu Biochemii i Biofizyki Polskiej Akademii
Nauk w Warszawie, prof. dr hab.-Magdaleny Fikus na temat braku rozu-
mienia w Polsce zaréwno wyzwan, jak/i Swiatowych osiggnie¢ wspotcze-
snej biologii syntetycznej:

W internecie sg dostepne powazne raporty miedzynarodowe, przy-
gotowane dla parlamentow i rzadéw przez zespoty naukowcow. Kiedy
dwa lata temu w Wielkiej Brytanii ukazat sie raport dotyczacy biologii
syntetycznej, tamtejszy odpowiednik naszego ministerstwa nauki przy-
znat 6 mIn funtdw na'zatozenie zespotu pracujacego nad ta dziedzina. To
byta decyzja z dnia‘na dzien; takie decyzje w Polsce nie zapadaja. Chcia-
tabym dozy¢ takiej chwili, kiedy rzad i parlament polski bedg chciaty sie
dowiedzied czego$ od grupy specjalistow na tematy, ktére na pewno po-
jawia sie w zyciu spotecznym. Ale ludzie, ktérzy rzadza krajem, nie chca
wiedzie¢ o sprawach waznych dla nauki, podobno nie majg na to czasu.
Z tego powodu.w dyskusji na temat GMO jeste$Smy spdznieni juz o mniej
wiecej 20 lat. Na swiecie nikt juz o tym nie mowi, teraz dyskutuje sie na
temat biologii syntetycznej, o ktérej wielu z naszych politykéw nie ma
Zzadnego pojecia - nie bede méwita, o co jestem gotowa sie zatozy¢” -
ocenitaprof. Fikus.



Syntetyczna biologia od bakteriofaga lambda do syntetycznej bakterii Synthia...

PiSmiennictwo

1. Calvert J. Synthetic biology: constructing nature? The Sociological Re-
view 2010; 58: 95-112.

2. Zylicz M. Biologia syntetyczna: jak powstato zycie na Ziemi? Nauka
2013;4:7-18.

3. Szybalski W. In Vivo and in Vitro Initiation of Transcription, Page 405.
In: A. Kohn and A. Shatkay (Eds.), Control of Gene Expression, pp. 23-4,
and Discussion pp. 404-5 (Szybalski’s concept of Synthetic Biology),
411-2,415-7. New York: Plenum Press, 1974

4. https://pl.wikipedia.org/wiki/Biologia_syntetyczna

5. http://dolinabiotechnologiczna.pl/nowe-doniesienia/biotechnologia-
-nowosci/czym-jest-biologia-syntetyczna/

6. http://www.poradnia.pl/bilogia-syntetyczna-do-czego-sluzy.html
7. https://www.synberc.org/what-is-synbio

8. Szybalski W. History of synthetic biology: Witnessing molecular biolo-
gy from its beginnings. Proceedings of The Fourth International Meeting
on Synthetic Biology (SB 4.0),Hong Kong University of Science and Tech-
nology, The BioBrick\Foundation, Oct. 10-12, 2008, pp. 48 - 50.

9. Gardner TS, Cantor CR, Collins JJ. Construction of a genetic toggle
switch in Escherichia coli. Nature 2000; 403 (6767): 339-342.

10. Levskaya A, Chevalier AA, Tabor JJ, et al. Synthetic biology: engine-
ering Escherichia coli to see light. Nature 2005 ; 441-442.

11. Borman S. Designed Pathways and Microbes. Hong Kong. Synthetic
biology aims to generate biofuels, medicines, and novel organisms. Chem
Eng News/2008; 86/46: 62-66.



[ 80| Wiestaw Barabasz, Anna Pikulicka

12. Brune KD, Bayer TS. Engineering microbial consortia to enhance bio-
mining and bioremediation. Frontiers in Microbiology 2012; 3: 203-207.

13. Calvert J. Ownership and sharing in synthetic biology: A“diverse eco-
logy’ of the open and the proprietary? BioSocieties 2012;7(2): 169-187.

14. Dana GV, Kuiken T, David Rejeski D, Allison A, Snow-A A. Four Steps
to Avoid a Synthetic-Biology Disaster. Nature 2012; 483: 29-31.

15. Lesiak JM, Stachowiak R, Bielecki J. Biologia syntetyczna jako nowa
aplikacyjna dziedzina nauk $cistych. Post Mikrobiol 2010; 49 (4): 233-
237.

16. Moreno E. Design and Construction of “Synthetic Species”. PLoS ONE
2012;7:1-6:

17. http://syntheticbiology.northwestern.edu/
18. http://pubs.acs.org/journal/asbcdé

19. Wieland M, Fussenegger M.: Engineering Molecular Circuits Using
Synthetic Biology In Mammalian Cells. Annu Rev Chem Biomol Eng 2009;
3:209-234.

20. Szybalski W. Synthetic biology and gene therapy (In Weigl's steps
beyond his vaccine).in: Abstracts. 3rd Ukrainian-Polish Weigl Conferen-
ce, Microbiology on service for human. pp. 26-27, Odesa National Mech-
nykov University, Odesa,Ukraine, 14-17 Sept. 2009.

21. Szybalski W./Genetic and molecular map of Escherichia coli bacterio-
phage Jambda (A). In: Handbook of Biochemistry and Molecular Biology.
Fasman, G.D., Ed. 3rd Ed., Nucleic Acids, Vol. Il. CRC Press, Cleveland,
1976, pp. 677-685.

22.Szybalska EH, Szybalski W. A comprehensive molecular map of bacte-
riophage lambda. Gene 1979;7:217-270.



Syntetyczna biologia od bakteriofaga lambda do syntetycznej bakterii Synthia...

23. Smith HO, Hutchison CA, Pfannkoch C, Venter JV. Generating a
synthetic genome by whole genome assembly: phiX174 bacteriophage
from synthetic oligonucleotides. Proc Natl Acad Sci USA 2003;100 (26):
15440-15445.

24. Bennett G, Gilman N, Stavrianakis A, Rabinow P. From synthetic
biology to biohacking: are we prepared? Natural Biotechnology 2009;
27(12):1109-1111.

25. Chopra P, Kamma A. Engineering life through Synthetic Biology. In Si-
lico Biology, 2008; 6-9.

26. Jankowska E, Szczepaniak K, Sabat D. Biologia syntetyczna: budowa-
nie funkcjonalnych uktadéw. Studia i Materiaty Informatyki Stosowanej
2013;5(10): 22-28.

27.Wellhausen R, Mukunda G. Aspects of'the political economy of deve-
lopment and synthetic biology. Systems and Synthetic Biology 2009; 3:
115-123.

28. Dormitzer PR, Suphaphiphat P, Gibson DG, et al.Synthetic Generation
of Influenza Vaccine Viruses for Rapid Response to Pandemics. Science:
Translational Medicine 2013; 5(185): 185-188.

29. Gibson DG, Benders GA, Andrews-Pfannkoch C, et al. Complete Che-
mical Synthesis, Assembly, and Cloning of a Mycoplasma genitalium Ge-
nome. Science 2008;319:1215-1220.

30. https://en.wikipedia.org/wiki/Craig_Venter

31. https://www.theguardian.com/science/2013/oct/13/craig-ventner-mars
32. Glass JI, Smith HO, Hutchinson CA, Alperovich N, Assad-Garcia N.

(Inventors). J. Craig Venter Institute, Inc. (Assignee). Minimal bacterial
genome. United States Patent Application 20070122826. 2007



Wiestaw Barabasz, Anna Pikulicka

33. Ledakowicz S. Od inzynierii metabolicznej przez biologig systeméw
do inzynierii biologicznej. Inz Ap Chem 2009; 48 (3): 17-20.

34. Legocki AB. Aplikacyjne perspektywy biologii ery postgenomowe;.
Biotechnologia 2008; 80: 9-14.

35. Marchisio MA, Stelling J. Computational design of synthetic gene cir-
cuits with composable parts. Bioinformatics 2008; 1903-1910.

36. Kaznessis YN. Models for Synthetic Biology”. BMC Systems Biology
2007; 1:47-49.

37. http://www.pol-nord.eu/wypowiedzi/Magdalena_Fikus_o_patentach[1].
pdf

38. Drmanac R. Sequencing by hybridization (SBH): advantages, achieve-
ments, and opportunities. Adv Biochem Eng Biotechnol 2002; 77: 75-10.

39. Ronaghi M. Pyrosequencing sheds light on DNA sequencing. Genome
Research 2011; 3-11.

40. Church GM, Elowitz MB, Smoke CD, Voigt CV, Weiss R. Realizing the
potention of synthetic biology. Nature Reviews: Molecular Cell Biology
2014, 15:289-293.

41. https://www.ibiology.org/ibioeducation/taking-courses/synthetic-
-biology-course.htm]

42. Peplow M. News: Malaria drug made in yeast causes market ferment.
Nature 2013; 494, (7436): 160-161.

43. Porcar M, Pereto J. Are we doing synthetic biology? Systems and Syn-
thetic Biology 2012; 6: 79-83.

44, Oldham P, Hall S, Burton G. Synthetic Biology: Mapping the Scientific
Landscape. PLoS ONE 2012; 7(4): e34368.



Syntetyczna biologia od bakteriofaga lambda do syntetycznej bakterii Synthia...

45. Schmidt M, de Lorenzo V. Synthetic constructs in/for the environ-
ment: Managing the interplay between natural and engineered biology.
FEBS Letters 2012; 586: 2199-2206.

46. Wright O, Stan GB, Ellis T. Building-in Biosafety for Synthetic Biology.
Microbiology 2013; 159: 1221-1235.

47. https://www.bio.org/articles/synthetic-biology-explained

48. Schmidt M. Diffusion of synthetic biology: a challenge to biosafety.
Systems and Synthic Biology (online first) DOI 10.1007/s11693-008-
9018-z 2008.

49, Couzin J. Virology. Active poliovirus baked-from scratch. Science
2002; 174-175.

50. de Lorenzo V. Environmental biosafety in the age of Synthetic Biolo-
gy: Do we really need a radical new approach? BioEssays 2010; 32: 926-
931.

51. Goldbla J.: The Biological Weapons Convention - An overview, Inter-
national Review of the Red Cross, No. 318. 1997.

Adres do korespondencji

prof. dr hab. Wiestaw Barabasz

Katedra Mikrobiologii, Uniwersytet Rolniczy
al. Mickiewicza 24/28, 30-059 Krakéw
e-mail:rrbaraba@cyf-kr.edu.pl






Journal of Health Study 201 6, nr4

and Medicine 5. 85-97

Nutrition of elderly people diagnosed with type 2
diabetes

Katarzyna Malinowska?, Agnieszka Bocian?,
Roman Modranka?, Ireneusz Majsterek**

1Department of Chemistry and Clinical Biochemistry, Medical University of Lodz,
2 Regional Centre for Diabetes and Metabolic Diseases in Lodz,
the Specialist Hospital M. PirogovLodz,
3Chair of Cosmetology, University of Social Sciences, Warsaw

SUMMARY

Diabetes is a disorder resulting from'both genetic predispositions and
unfavorable environmental factors. It is'characterized by altered meta-
bolism of carbohydrates, fats.and-proteins, whose cause is absolute or
relative deficiency of insulin secretion and varying degrees of insulin re-
sistance. Literature suggests that diet in diabetes is not much different
from the rules of proper. nutrition for healthy people. It is of paramount
importance in maintaining a healthy body weight, normal blood glucose
levels and optimal serum lipids.

The growing elderly population and the incidence of diabetes incre-
asing in this group forced to take into account their specific needs. Since
adequate nutrition.is essential for the proper conduct and self-treatment
of diabetes, the recommendation should be adapted to the nutritional
habits of the elderly. Rating nutrition of people with type 2 diabetes sho-
uld be comprehensive and take into account the unique nutritional needs
of each patient.

The.aim of the study was to assess dietary habits among elderly pe-
ople sufferingfrom type 2 diabetes and to compare the diets of older pe-
ople with type 2 diabetes with nutritional recommendations of the Polish
Diabetes Association.
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TYPE 2 DIABETES

The etiology of type 2 diabetes is not fully explained. The major reason
is the reduced sensitivity to inulin (insulin resistance)-and impairment
of B-cell function, which in turn leads to extensive metabolic and clini-
cal onset of the disease [1,2,3,4]. Initially, the clinical.symptoms are less
marked, and therefore a diagnosis of the disease occurs when there al-
ready are complications. Insulin resistance, which affects the occurren-
ce of diabetes, decreases the effectiveness of the-bhiological activity of
insulin on glucose metabolism. The end result of insulin resistance is
reduction of the ability of the hormone to inhibit-hepatic glucose pro-
duction and increase of glucose uptake by muscle and fat. To compen-
sate for the phenomenon of insulin-resistance, the secretion increases
to maintain a normal glucose level. In individuals predisposed to type 2
diabetes the B-cells are unable to compensate for long-term hypergly-
cemia and reach the concentration of glucose in the blood after meals.
Disorders of insulin secretion-are progressive and can lead to a fasting
hyperglycemia [5,6].

The main predisposing factors for type 2 diabetes:

Insulin resistance is increased by the presence of genetic factors in
families, high compatibility of occurrence in monozygotic twins and high
prevalence in certain ethnic groups (e.g. Priam Indians) [7,8] and environ-
mental factors associated with lifestyle and diet (high caloric diet, obesi-
ty, avoidance of physical exertion), differences in the incidence of similar
populations living in.different geographical areas (e.g. Asians in the US),
aging and reduction of the delay in insulin secretion, delayed absorption
of food [7].

Thecharacteristics of the type 2 diabetes is the age over 30, often in-
sidious onset with a few selected symptoms of rarely occurring ketoaci-
dosis, no association with histocompatibility (HLA) genes, the incidence
of diabetes in the family, compatibility of monozygotic twins, the ability
to control the disease with diet and oral antidiabetic drugs - insulin tre-
atment may also be necessary in coexistence of insulin resistance and re-
lative-deficit of glucose, and very often accompanying obesity [9].
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The basic symptoms of diabetes include:

a. thirst,

b. polyuria, urinary frequency,

c. the fatigue and malaise,

d. skin and genitourinary infections (e.g. fungal),

e. visual disturbance - transient myopia disorders,

f. weight loss,

g. complications: hypoglycemia, coma; chronic retinopathy, nephro-
pathy, neuropathy, diabetic foot; changes in large vessels, cardio-
vascular disease, cerebrovascular disease, peripheral vascular dise-
ase,

h. mental disorders[7,10]

Treatment of type 2 diabetes consists of applying a proper diet, anti-

diabetic drugs and/or insulin and moderate physical activity - a healthy
lifestyle.

THE ELDERLY DIABETES PATIENTS

The simplest definition of the elderly is(based on the criterion of age. It
is 65 years of age as the time in which a person enters into the old age. In
practice, also other data such as.information on the activity in life, intel-
lectual and physical fitness, mental status, and comorbidities should be
taken into account. Old age brings a lot of health problems such as car-
diac and skeletal muscles, blurred vision, memory disorders or cardiova-
scular diseases [11].

Developing a diagnostic and therapeutic plan needs to take into acco-
unt patient’s current somatic state, assessment of the social, functional
and approximate determination of survival. Among the risk factors for
diabetes, the age extends'in the foreground. Other factors that influence
the glucose metabolism disorders in the elderly include changes in diet,
decreased physical activity, decreased muscle mass, decreased insulin
secretion and insulin resistance [11,12,13]. The development of gluco-
se intolerance is|a recognized metabolic change that occurs in the aging
process,and a degree of glucose intolerance later in life is a common phe-
nomenon occurring in healthy people. Within each decade of life after
reaching 30, the auxiliary blood glucose increased on average of 5.3 mg/
dl and fasting 1-2 mg/dl. A typical regimen of diabetes, including dieta-
ry restrictions, increased physical activity and pharmacologic interven-
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tions, can lead to additional health risks in the elderly. Unwanted weight
loss, decreases in the levels of glucose and downs contribute to adverse
health effects. Nutritional intervention in older people is extremely im-
portant because it can prevent such risks [14]. Elderly patients tend.to
change dietary habits and reduce carbohydrates, which.n the long term
can predispose to glucose intolerance [15]. A diet that contains the right
amount of carbohydrates improves the sensitivity of peripheral tissues
toinsulinin the elderly. Animportant factor in reducing insulin resistance
and improving glucose tolerance is increasing physical.effort, which often
decreases with age [16,17].

2. TREATMENT OF DIABETES

In treatment of people diagnosed with diabetes it is necessary to reco-
gnize which type of diabetes we have to face. Depending on the type of
diabetes, drug treatment, diet and controlled physical activity are used.

2.1. DIETARY TREATMENT

Dietary treatment is an integral part of the treatment of diabetes, which
results in metabolic control. It takes into‘account the individual objecti-
ves of the treatment, the patient’s energy requirement, which depends
on the age and type of work [18].

Proper nutrition is of particular importance in diabetes, proper selec-
tion of foods can regulate sugar levels in the blood. In any case, it does
not mean starvation or surrender of many favorite dishes. The diet sho-
uld be varied, preferably based on organic food and similar to the physio-
logical diet, but it should limit or completely eliminate sugar. There are
important principles, compliance with which allows you to keep fit and
maintain proper blood sugar levels [19]:

1. The standardization of body weight in diabetes is often accom-
panied by overweight and obesity. Overweight and obese people
should be encouraged to limit calories. All overweight (BMI 25 to
29.9 kg/m2) or obese adults (BMI = 30.0 kg/m2) are recommen-
ded to introduce lifestyle changes, which include reducing calorie
intake and/or increased physical activity; a moderate reduction in
caloric balance (500-1000 KCI/d), most patients on a weight loss
diet should provide their bodies with at least 1000-1200 kcal/d in
the case of women and 1200- 1600 kcal/d for men [20,21].
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2. Several small meals throughout the day - right planned nutrition
is best divided into 5- 6 small meals throughout the day. Monito-
ring the total carbohydrate content of the diet (use of carbohydra-
te replacement - 1 chocolate bar is about 10-12g carbohydrates),
calculating the glycemic index of the products to/prevent sudden
surges in blood glucose and maintaining it at a constantlevel [22].

Carbohydrates
Diabetic diet should consist of 40-50% of energy from carbohydrates
with a low glycemic index (Gl less than 50). The glycemic index of foods
affects the content of simple sugars, their preparation, the fragmentation
of food, fruit maturity and the use of fats. In addition to the glycemic in-
dex found in products we also distinguish glycemic load of the products.
In 1997 the concept of glycemic load (GL) was intreduced. It is a numeric
value, taking into account both the quality and the amount of carbohydra-
tes in the product. It is calculated by-multiplying the quantity of the car-
bohydrates contained in food in grams. The result should then be divided
by 100. The higher the product’s GL, the greater the increase in concen-
tration of glucose can be expected after ingestion. Glycemic load values:
a low glycemic load of 10 or less,the average glycemic load between 11-
19, the high glycemic index of 20 or less [1]. One gram of carbohydrates
provides 4 kcal. Patients with diabetes should eat complex sugars - po-
lysaccharides. Complex sugars are those which include: starch - present
in large quantities in rice, cereals, potatoes, legumes, root vegetables,
dextrin - obtained from hydrolysis of starch, glycogen - contained in the
liver and muscles, cellulose and pectin - indigestible sugar cntained in
plant food [23}.Monosaccharides should be subject to restrictions. The-
se include monosaccharides - glucose present in fruit, fructose in honey,
ripe fruit, galactose - derived from lactose hydrolysis, and disaccharides
- sucrose contained in beet and cane sugar, lactose present in milk and
maltose derived from starch hydrolysis [23,24]. The recommended in-
take of disaccharides by diabetics should not exceed 5-10% of the total
energy 'supply. Sucrose as a sweetener should not exceed 20 gm/day. In
patients with diabetes with insulin deficiency and impaired hepatic gly-
cogen synthesis the glucose and fructose caused hyperglycemic effect.
Adietrichinfibersimproves glucose tolerance and decreases the secre-
tionofinsulin. In addition, a high intake of dietary fiber can improve other
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metabolic parameters, may protect against the onset of cancer lesions and
diverticulosis of the colon. The fiber contained in food is a heterogeneous
group of complex polysaccharides that are resistant to digestive'enzymes
of the gastrointestinal tract. There is fiber soluble and insoluble in water.
Cellulose, hemicellulose and lignin bind water and toxic metal ions and are
insoluble in water (products, wheat and bran) [10,25,26].

Fats

Fats should provide 30-35% of the energy value of the diet./1 g of fat is
9 kcal. Saturated fats should be less than 10% of the energy value of the
diet. In patients with elevated LDL-C = 100 mg/d| fats should be less than
7%. Monounsaturated fats should provide(10-15%.of the energy value
of the diet. Polyunsaturated fats should constitute approximately 6-10%
of the energy diet including omega-6 fatty acid: 5-8%, and omega-3 fat-
ty acid: 1-2%. The cholesterol content in the diet should not exceed 300
mg/d. In patients with elevated LDL-C->2 100 mg/dl, this amount should be
reduced to 200 mg/d. To lower LDL cholesterol levels, reduce the share
of saturated fat in the diet and/or replace them with carbohydrates with
alow IG index and/or monounsaturated fats [20]. The intake of trans fat-
ty acids should be minimized.

Saturated fats are also found in palm oil and coconut. A diet high in sa-
turated fat promotes the development of atherosclerosis by an increase
in total cholesterol and LDL [23.27].

Unsaturated fats are of plant origin and comprise of mono and polyun-
saturated fatty acids. A diet rich in monounsaturated fatty acids (MUFA),
most often used/in the form of olive oil, may improve insulin sensitivity,
glycemic contral and the\level of HDL cholesterol and may reduce the
level of triglycerides in the serum. Therefore, in accordance with the
position of the American Diabetes Association (ADA) and the European
Association for the Study of Diabetes (EASD), diabetics can consume mo-
nounsaturated fats without restrictions.

Adiet rich in polyunsaturated fats (PUFA) found in corn oil: sunflower
and saffron, lowers total cholesterol and LDL cholesterol while lowering
HDL.

Polyunsaturated fatty acids of the omega-3 are contained in fish oil,
and effectively reduce the risk of coronary heart disease in diabetic pa-
tientsthrough [23];
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a. reducing the production of VLDL,
b. decrease in blood pressure,

c. reducing platelet aggregation

d. prolongation of bleeding time.

Proteins
The proportion of energy derived from protein in the diet should be 15-
20% with the ratio of animal protein to vegetable protein of 1:1. Proteins
are made up of amino acids linked by peptide bonds and provide about 4
kcal/g[20].

Animal proteins have high biological value, because they contain a su-
itable amount of essential amino acids, in contrast-to vegetable protein
characterized by low biological value [28].

Vitamins and minerals
Supplementation with vitamins and-micronutrients in patients in whom
there was no deficiency is not advisable [15].

Alcohol

Alcohol consumption by diabetic patients is not recommended. First,
the patient should be advised that alcehol inhibits the release of glucose
from the liver and therefore its consumption can promote the develop-
ment of low blood sugar(hypoglycemia). Allowed standard consumption
of pure ethanol (converted) is in an amount not greater than 20 g/d. for
women and 30 g/d for men. Itis forbidden for patients with dyslipidemia
(hypertriglyceridemia) to consume alcohol, because it increases the di-
sorder of lipid and fatty liver disease, neuropathy, and pancreatitis. Alco-
hol provides about/ kcal/g of substance, not food, but it is an additional
source of energy that must be taken into account when laying nutritional
plan [28-30].

Sodium in the diet

No more than 5000-6000 mg/d should be consumed by healthy people,
by people with moderate hypertension < 4800 mg/d, and by people with
hypertension and nephropathy < 4000 mg/d [20,31].
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Sweeteners

In patients with type 2 diabetes the maximum sucrose intake is 20 g/day,
so as not to worsen the metabolic control. Patients especially obese, with
hypertriglyceridemia, or poorly compensated metabolic diabetes should
avoid eating large amounts of sucrose [32]. Fructose has/been prohibited
by the PTD from use by diabetic patients, due to the addition/by the pro-
ducers of glucose-fructose syrup in many products.

Xylitol is the alcohol obtained from the xylose present in vegetables
and fruits. It provides about 4 kcal/g. It is absorbed slowly and does not
increase the blood glucose and triglyceride levels.

Sorbitol (mannitol) is an alcohol obtained by the reduction of glucose
or fructose. It provides 4 kcal/g. It is slowly absorbed. Sometimes induces
anincrease in blood glucose in patients with metabolic misalignment.

Saccharine is a sweetener, which is used mostly for patients with no
calories, it is changed in the body and is expelled unchanged with the
urine.

Cyclamates are thirty times sweeter than sucrose. They are devoid of
the caloric content.

Aspartame is a sweetener/a hundred times sweeter than sucrose. It
provides about 4 kcal/g substance. However, it is unstable in solution and
when heating food. Safe dose of aspartame is 50ug/kg/day. An important
factor affecting the proper nutrition in diabetes, especially in overweight
people, is to modify their behavior. Diet alone is often associated only
with food ration on the plate. It includes, however, besides ration, the su-
itable culinary treatments and technology in food preparation and pro-
per eating.

2.2 DIETARY TREATMENT OF ELDERLY PATIENTS
Institute of Medicine (IOM) published a list of references for nutrients in
people aged 51-70 and over 70 years. The current recommended protein
intake for adults is 0.8 g/kg per day. It also recommended the intake of
1.0-1.6 g/kg periday, and even 25-30 g of high-quality protein at every
meal in'the elderly [14,33].

Regarding the percentage of carbohydrates and fats in the diet of el-
derly, they,are the same as in younger adults [14].

The recommended intake of fiber in patients aged >50 years is gre-
ater-than in the above-mentioned group. Some older people avoid pro-
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ducts with high fiber because of the difficulty in chewing and digestion.
If the demand for dietary fiber in an amount of 21 g/day in women aged
more than 50 years and 30 g/day in men aged more than 50 years is not
satisfied, you should gradually increase it, eliminating intolerance symp-
toms: increased amount of gas, bloating, abdominal pain and diarrhea
[34].

The recommended fluid intake in adult men and~-women does not
change with age. Fluid intake should be monitored for proper hydra-
tion and prevention of hyperosmotic syndrome. Problems, concerning
the movement and use of toilets may discourage people to reach for
fluids. However, modifications to the above guidelines may be necessa-
ry, if there are coexisting diseases such as e.g. presence of nephropathy
[14].

A significant difference in terms of the nutritional objectives concerns
the reduction of body weight in younger people who are overweight and
obese, and the elderly. In the latter an.aggressive weight loss treatment is
not recommended. Older people with'diabetes should not be encouraged
to reduce body weight and introduce calorie restriction diet [14,22].

In the elderly the nutritional habits have long been shaped. Dietary re-
commendations, which lead to-a.reduction in choice of foods, or use long
methods and conditions for preparing’and eating meals can be rejected
[26,25,27]. For the elderly the meals may be the greatest pleasure in the
everyday routine. Therefore, drastic changes in the current feeding of
the patient should not be made

SUMMARY

Diabetes is a disease' whose symptoms may initially be invisible and un-
detectable. Type 2 diabetes is also called adult-onset diabetes. According
to physicians, the mainreason for its occurrence is an unhealthy lifestyle,
and above all obesity.

Theselderly are characterized by the presence of metabolic disorders
whichare affected by body fat, insulin resistance, hypertension, and di-
sorders.of water. The basis for the treatment of type 2 diabetes is a beha-
vioral treatment aimed at proper diet and exercise. Behavioral treatment
of elderly people with type 2 diabetes can sometimes prove to be a serio-
us obstacle. Elderly patients often have fixed habits and food preferen-
ces. Eating foods may also be one of the greatest pleasures in the daily
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routine of life of older people. You should also keep in mind that too much
restriction in the diet can lead to skipping meals and, consequently, lead
to malnutrition.
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Summary

The purpose of this article is to outline the circumstances of the origins
and the development of the school of Lodz otolaryngology. The origins
of otolaryngology treatment in Lodz date back to the early years of the
twentieth century. The following years resulted in the creation of four
centers of research and teaching. They derive from a common root,
which was the Department of Medicine of Ear, Nose, Throat and Larynx,
University of Lodz (today 1%t Department of Otolaryngology of Medical
University of £odZ, Clinic of Otolaryngology and Laryngological Oncolo-
gy, Norbert Barlicki Medical University Hospital No. 1) founded in 1945.
The dynamic development of the institutional and scientific Lodz otola-
ryngology stems from the process of increasing specialization in medical
disciplines, as well as getting a better access to treatment and science,
which happily became the participation of contemporary Poles. The hi-
story of Lodz otolaryngology is inextricably intertwined with the deve-
lopment of our city/and the beginnings of insurance treatment in Poland
(Kasa Chorych, Ubezpieczalnia Spoteczna), with further changes in the
functioning of social welfare.

Key words
history of-etelaryngology, Lodz laryngology treatments, history of Lodz
otolaryngology
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So, what brings profit to contemporary people monumental meditation on

the past, dealing with the classicism of earlier times? It adds that the size of
which existed once, in any case possible once was, and so once again.it will be
possible; boldly walks his way, because now doubt that it fell on-weaker hours,
if not demands can impossibility, she had to resign from the field.

- Friedrich'Nietzsche [1]

Introduction

Medicine is a science based on experience, is empirical, meaning that all
hypotheses and theories that scientists set themselves, are verified. Huge
is also the importance of practical medical disciplines. This begs the qu-
estion of whether today’s doctors with access to the latest discoveries in
biology, genetics, biophysics, biochemistry, and genetic engineering, using
medical robots as an aid in surgical procedures in thefield of multi-special-
ty physician, like: cardiac surgery, neurosurgery, orthopedics, otorhinola-
ryngology need historical analysis [2]. 1t seems that today’s physician does
not need to know the history of their own discipline to be a good specialist,
effectively diagnose and treat their patients. The contradiction to this the-
sis, however, is expressed by many scientists and practitioners in the field
of medicine. Almost all the works-of medics begin with a look at the past.
The analysis of historical development-and institution building is undoub-
tedly useful for the modern doctors, since it allows faster and better un-
derstanding of the problem [3]. Knowledge of the achievements of their
field gives the possibility of setting new paths for explorative research. To-
day’s medicine presents us with a number of very complex ethical issues
[4]. It is hard to imagine today a discussion about equal access to medical
services, the problems of birth control, abortion, in vitro methods suppor-
ting infertility treatment, or euthanasia without reference to the opinion
of seniors who are a kind of oracle for our conduct [5]. For Wtadystaw Ko-
palinski ethos is/the guiding criteria, ideals, bothering a group of commu-
nity” [6]. The authority of scientific ethos was formed, which consists of
patterns of honest, competent and professional occupation [7].Otorhino-
laryngology (Greek ous - ear, rhinos - nose, larynx - voice box, logos - scien-
ce), the word is a relatively young medical specialty dedicated to the dia-
gnosis and, treatment of diseases of the nose (rhinology), pharynx, larynx
and ears (otology). In the mainstream of its interests is also phoniatrics
whose-domain are disorders of voice and speech and audiology focused on
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physiology of the sense of hearing and the diagnosis and rehabilitation of
hearing disorders, laryngologicaloncology[8]. Also, the surgical treatment
in the specialty including surgery of ear, salivary glands, nose and-parana-
sal sinuses, tongue, throat, larynx, and esophagus, reconstructive surgery,
skull base surgery [9].Lodz academic otolaryngology has'turned seventy.
Its development resulted in the birth of four leading centers.of research
and academic teaching, which are derived from a common.trunk;-Depart-
ment of Medicine Ear, Nose, Throat and Larynx of University.of Lodz (to-
day 1°t Department of Otolaryngology Medical University, Clinic of Otola-
ryngology and Laryngological Oncology, Norbert Barlicki Medical
University Hospital No.1) founded in 1945. In.1958 the Department of
Otolaryngology, Military Medical Academy has been created (now 2nd
Department of Otolaryngology, Medical University of Lodz, Department
of Otolaryngology, Oncology, ENT, Audiology and-Phoniatrics located in
the University Clinical Hospital No 2. Military University Central Hospital)
[10]. In 1970 the Institute of Pediatric ENT Department of Pediatrics, Me-
dical University of £6dz (since 2002 Department of Otolaryngology, Au-
diology and Phoniatrics Institute of Medical University) was established.
In 1987 a unit for children was created by the Department of Polish Mo-
ther’s Memorial Hospital (since-1998 Otolaryngology ICZMP). Creators
and medical staff of these centers were the staff and students of the De-
partment of Ear, Nose, Throat and Larynx Lodz, then Medical Academy
and the University of Lodz.Polish Society of Otolaryngology has been run-
ning for almost a hundred\years. It was created in 1921. It was the ninth
medical scientific society in Poeland. The first one was created in 1820 as
Polish Medical Association [11]. Since 1992, the full name of the associa-
tion is the Polish Society of Otolaryngologists - Head and Neck Surgeons
(PTORL). Academic-achievements, research, transfer of knowledge and
experience and uniting the ENT environment deserve immense respect
and recognition[12]. Lodz branch operates dynamically as Otolaryngolo-
gists Society gathering most of ENT from the province for meetings, confe-
rences and conventions concentrated on learning and disseminating the
new diagnostic.and therapeutic methods, improving their medical know-
ledge, which is a required procedure for every doctor.Polish otolaryngolo-
gy for children began to grow up early, as early as 1895 with a foundation
of the first 7-bed pediatric otorhinolaryngology department in Warsaw
Children’s Hospital [13]. Lodz otolaryngology for children represented by
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the Clinic of Otolaryngology, Audiology and Phoniatrics of Medical Uni-
versity, as well as municipal wards proudly maintains the traditions of care
for children with upper respiratory tract and ears diseases [14].Birth of
Lodz otolaryngology The origins of ENT treatment in Lodz date back to.the
early years of the twentieth century. According to the department address
calendar ,Residents of Lodz” in 1900 practiced 5 and in 1943 - 11 ENTs
[15]. They exercised care of the sick mostly on an outpatient basis. One of
them was Jerzy (Uri) Rosenblatt (b. 1872), the Vice-President of the City
Council of Lodz, member of the State of the Polish Kingdom, one of the fo-
unders of the Lodz Jewish Charity Association, Society of Music and Lite-
rary, conducting from the 1899 study at Piotrkowska 35 [16]. Difficult
conditions of ENT treatment were associated with-the lack of staff of this
specialty not only in Lodz, but in the whole Polish territory. In 1917, the
territory of the Polish Kingdom was populated with 12 000 000 inhabi-
tants and there were only 57 beds in otolaryngology (50 in Warsaw and
only 7 in hospitals outside the capital).In Lodz in 1917 Poznanski’s Hospi-
tal offered only 4 ENT and ophthalmology/beds, and the Children’s Hospi-
tal of Anna Maria (now Janusz Korczak, on Pilsudski 71 Street) had only 3
beds of that profile [17]. In 1906 the Ears and Throat Outpatient with sub-
division of otorhinolaryngology-inthe aforementioned Anna Maria hospi-
tal was established. The first heads of the unit in 1913 were - Dr. Jan Pie-
nigzek (1871-1943) and Dr. Bruno Czaplicki (1884-1964). In 1919, Dr. B.
Czaplicki organized and for many years managed the 4th Otolaryngology
Division of District Military Hospital (now Clinical Hospital WAM, Zerom-
skiego 113), a branch that was.associated for many years, managed by Dr.
Daniel David Helman (1875-1942), one of the few otiatric specialists in
Poland. He announced in Polish and German the pioneering work in this
field of medicine: “Some remarks about the role of the organism in crude
green in inflammation of primary external auditory meatus and the case of
subacute mastoiditis cured by Bierta”. In the interwar period they created
new branches of otolaryngology. In 1925, at the Leonia and Izrael Poznan-
ski Hospital Foundation the ,Jewish” Department of Surgery with the sub-
division.of ofotorhinolaryngology was established. The head physician was
Dr. Dawid Rabinovich (1870-1942) [18]. He collaborated earlier with la-
ryngologist - Dr. Ludwik Przedborski (1857 - 1911), one of the initiators of
the construction of a hospital for the mentally ill, the chairman of the Sec-
tion-of Education Department of Lodz, Warsaw Society of Hygiene, vice
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president of the Museum of Science and Art, of which he was also a patron.
In 1931 there also functioned a 30-bed Otolaryngology Unit of President
Moscicki Sickness Hospital for Lodz City (now Norbert Barlicki-Medical
University Hospital, Kopcinskiego 22 Street). The head physician of-this
unit was Dr. Jozef Imich [19]. Dr. Benedykt Dylewski wha came from Ste-
fan Batory University of Vilnius - headed the unitin the years 1936 - 1939.
The department was founded by Dr. Weissbrum as the Division of Public
Otolaryngology Municipal Hospital in Radogoszcz, Zgierska 170 Street.
Dr. B. Dylewski also conducted educational activities [20]. In the 30s of the
twentieth century the otolaryngologist Dr. Albert (Abram) Mazur (b.
1893), a graduate of the Universities of Prague, Vienna and Graz, one of
the organizers ,Ezras lImim” Lodz Society for Helping Deaf worked in Lodz
[16]. According to the Yearbook of Medicine for the years 1933/1934 ni-
neteen doctors specializing in ENT practiced in Lodz(tab. I) [21] .

TAB. |. ENT doctors practicing in Lodzin 1933 -1934.

Doctor Place of practice
Altenberger OttonGustaw Cegielniana 47 Street
Bronikowski Kalikst Ewangelicka 17 Street
Czaplicki Bruno Piotrkowska 120 Street
Fuks Fred Zenon Piotrkowska 200 Street
Helman Daniel (Dawid) Piotrkowska 68 Street
lcykson Jozef Potudniowa 9 Street

Imich Jozef Moniuszki 1 Street

Klaczko Majer Piotrkowska 99 Street

Liberski Jozef Marjan Pomorska 78 Street

Matowist Szymon

Gdanska 37 Street

Mazur Albert (Abram)

Pitsudskiego 65 Street

Neuman Jakob

Zachodnia 57 Street

Rabinowiez Dawid

Zielona 3 Street

Rakowski Zygmunt

11-go Listopada 9 Street

Rosenblatt Jerzy

Piotrkowska 35 Street

Rozenfeld. lzaak

Zawadzka 8 Street

Weissbrum Dawid

Srédmiejska 7 Street

Wotyriski Abram

Piotrkowska 121 Street

Zebrowski' Aleksander

Pusta 13 Street

Own study based on the Yearbook of Medicine of the Republic of poland1933/ 34.
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In November 1924 upon the initiative of Dr. Jan Pienigzek the Section
of Otolaryngology Society was established in Lodz. It initially counted 10
members, and the board members in the years 1924-1926 were: Chair-
man Dr. Dawid Rabinowicz, vice-chairman, Dr. Brunon Czaplicki, secreta-
ry Dr. Kalikst Bronikowski, Treasurer Dr. Dawid Weissbrum. The society
held meetings every two months to read papers on the experience in the
diagnosis and treatment of ENT patients, discuss news-in_the literature,
including the Polish ENT Review, subscription to which was mandato-
ry for all members. In the years 1926-1928 Dr. Dawid Helman chaired
the society (1875-1942). He was a doctor in the 31 Kaniowski Rifle Re-
giment, head of the Department of Otolaryngology District Hospital in
Lodz. From 5 November 1939 Dr. D. Helman was-a.member of the Co-
uncil of Elders in the Lodz ghetto, he headed the Municipal Department
of Health, was also deputy supervisor of the Eldest of the Jews - Ch. M.
Rumkowski.

With the development of Lodz hospitals, they created new centers of
otolaryngology which employed doctors who were members of the Socie-
ty. Inthe pre-war period many interesting scientific works have been publi-
shed, whose authors were specialists from'Lodz [22]. Ravages of war inter-
rupted the work of the Society, butthe tradition of meetings and exchange
of experiences between professionals survived. Lodz Branch of the Polish
Otolaryngology Society was reactivated as the initiative of the members
of the team, just four months after the creation of the Department. The
first meeting took place on 5 February 1946. The inaugural session was
attended by 15 people. They chose the Main Board: Chairman: Prof. Dr.
H. Lewenfisz-Wojnarowski, Vice-Chairmans: Prof. Dr. B. Dylewski, Dr. B.
Czaplicki, Secretary:/Dr. W. tukomski, treasurer Dr. St. Kmita [23]. The
creation of the Department of Otolaryngology in Lodz at the end of the
Second World War, November 15, 1945 was established in the Depart-
ment of Ear, Nose, Throat and Larynx Medicine, University of Lodz [24]. Its
first headquarters was the hospital of Bonifraters, Kosynieréw Gdynskich
61 Street. Prof. Dr. Henryk Lewenfisz - Wojnarowski (1894-1956) who ar-
rived from Warsaw was the organizer and first director in the years 1945-
1952 [25]. He co-organized the Department with a prominent nose and
throat specialist, former Professor of Stefan Batory University in Vilnius,
Dr. Jan Szmurto (1867-1952). He was balneologist, historian of medicine,
and-also director of the Library of Medical University of Lodz and head
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of the Department of History of Medicine and the Medical University of
Lodz and Medical University [26]. The first seat of the Department of Ear,
Nose, Throat and Larynx was Hospital of Bonifraters located on.the Ko-
synierow Gdynskich 61 Street. The Hospitaller Order of St:-Jehn of God,
in Latin Hospitalarius Ordo Sancti Joannis de Deowas, founded by Saint John
of God in 1540 in Granada, in 1571, was approved by Pope-Pius V. From
in 1586 one of the vows made by the monks is to servethe sick:-The Or-
der was brought to Poland in 1609. The first Polish Bonifraters monastery
was founded in Cracow, where the Cracow merchantValerian Montelupi
offered atenement for the needs of the convent. The first 12 hospital beds
and a church were created there [27]. The idea-of the hospital of Bonifra-
ters was born in Lodz in 1924, when the Provincial-Jan Misiak turned to
the Curia for a consent to build a hospital. After obtaining the approval on
24 November 1924 the monks bought from Julia-and Tomasz Debowski
grounds at Kosciuszko 4 Street on Chojny (today’s Kosynieréw Gdynskich
61). On August 26, 1928 bishop Wincent Tymieniecki (1871 - 1934) de-
dicated the cornerstone of the emerging building [28]. The architectural
design was done by a well-known architect Jozef Kaban. The resulting bu-
ilding was supposed to host hospital with outpatients: dental, surgery, GP,
laryngology, pediatric and maternity clinic. Eventually, the building was
opened in 1935 [15]. Its construction.took more than 10 years and was
funded by contributions from workers, sales and support headquarters
bricks convent. Similar treatment centers operated then in Krakow and
Katowice. The monks’ motto was to ,serve the poorest in accordance with
the principles and rules of the. Order” [29]. After the outbreak of World
War |1, the hospital was taken over by Germans, and from 1945 it served
the needs of the city,and soon received the name of Dr. Jozef Brudzinski.
On the World Day of the/Sick, February 11, 1996 on the occasion of 500
anniversary of the birth of St. John the Divine and the 70 anniversary of
the Order of Bonifraters hospital in Lodz was restored to its pre-war name
and character. In December 1945 it held the first lecture for the students
given by prof. Dr. H. Lewenfisz - Wojnarowski ,The importance of the
knowledge of otolaryngology for each physician and individual specialists.”
Clinical library was created, the beginning of which were gifts from private
individuals ( Dr. Mieczyslaw Mazur and widow of Dr. Kalikst Bronikowski)
and German books. Also in 1946 upon the initiative of Clinic employees,
t6dz-Branch of the Polish Otolaryngology Society was reactivated [30]. In
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1947 the clinic was moved to a modernly equipped rooms on the second
floor of the hospital building (now Clinical Hospital No. 1, Medical Univer-
sity, Kopcinski 22 Street) [31]. The hospital was created upon thetinitiative
of prof. Dr. Vincent Tomaszewicz (1876-1965) [32]. It was built by the-Re-
gional Association of Health Funds (Kasa Chorych) in Lodz and opened by
the President of Polish Republic Ignacy Moscicki on April 25,41930. At that
time it was the most modern inpatient care center in-Poland. The author
of the hospital buildings was the architect of the city - engineer Wieslaw
Lisowski (1884-1954), and its construction was entrusted to Nestler and
Ferrebach [33]. The U-shaped building facade faces the street and its two
side wings extend into the courtyard. In less than two years in the hospital
building there were 420 beds, it run the departments: of surgery, headed
by acting director of the hospital, Prof. Dr. W. Tomaszewicz; internal, chief
of which was associate professor Solomon Mine; neurological led by a co-
lonel, associate professor Wladyslaw Dzierzynski; gynecological managed
by physician Dr. Franciszek Ksawery-Gawronski; laryngological, the head
physician was Dr. Jozef Imich and optical under the direction of Dr. Ryszard
Sokolowski; and a reconnaissance, designed for uninsured people who re-
quired specialist diagnosis in the hospital. Laboratory of radiation was led
by Dr. Stefan Keilson, bacteriological and anatomopathologic laboratory
was managed by Dr. Rafalina Sciesifiska and dissecting laboratory - by Dr.
Kazimierz Sciesinski [15]. Medical staff were graduates of medical facul-
ties from Krakow, Warsaw and other academic centers of the country. The
idea of the creators of the hospital was his ,classlessness”. All hospitalized,
regardless of religion and social status, were offered the same conditions
of stay and treatment [34]. Despite its size, the hospital was still not able to
accommodate all those in need. After the establishment of the Social Insu-
rance in 1937, it was.decided to build a new south wing of the building. Its
opening took place on 1 June 1938. The hospital had 690 beds then. The
first director of the hospital was the initiator of its construction, prof. Dr.
Wincent Tomaszewicz, who held the office from May 1930 to May 1933.
Then, the hospital directors were as follows: 1933-1934 by Col. Dr. Stefan
Mitodrowski, 1934-1936 Dr. Stanislaw Marian Gasiorowski, 1936-1938
Dr. Stefan Bujalski, and at the outbreak of the World War I, Dr. Jerzy Ed-
mund Suffczynski. In 1938, the hospital employed 361 people, including
43 doctors, 121 nurses, 12 administrative employees, 185 technical and
physical employees. It was the largest inpatient resort, out of the 19 bran-
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ches of the Social Insurance in Poland [33]. After the liberation of Lodz on
January 19, 1945 the hospital became again an institution of the Social
Insurance and received a new patron, Norbert Barlicki (1880-1941), an
activist of the Polish Socialist Party [35]. On the basis of the-Regulationof
the Minister of Health of 10 December 1955, concerningthe teaching ho-
spitals it became a subdivision of the Medical University of Lodz, and rece-
ived the name: Norbert Barlicki Clinical Hospital No.-1.(Clinical'Hospital
No. 1), and, since 2003 Lodz Norbert Barlicki Medical University Hospital
No. 1, located on Kopcinskiego 22 Street. From the creation of the De-
partment of Ear, Nose, Throat and Larynx Faculty of Medicine, University
of Lodz its staff were doctors, whose aim was-to save the life and health
of patients, as well as concern for the scientific develoepment of this field of
medicine.

Summary

Fast institutional and scientific development of Lodz otolaryngology
stems from the process of increasing specialization of medical discipli-
nes. The complexity of the subject of study requires the creation of cen-
ters of research and teaching focused on specific issues. The history of
Lodz otolaryngology is inextricably intertwined with the development
of the industrial city, of tying the beginning of treatment and insurance
in Poland (Kasa Chorych, Ubezpieczalnia Spoteczna) with dynamic indu-
strialization. Lodz, not having a pre-war tradition of academic scientific
achievements created it in close connection with the practice. The cre-
ation of the University of Lodz, the Medical Academy and the Medical
University of Lodz, led to the creation of research centers in the field of
otolaryngology. The /process of development of scientific research and
implementation of hew diagnostic and therapeutic methods made possi-
ble by science, which bound to the center of Lodz.
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Abstract

The consequences of stroke pose serious social and economical problems
and are the leading cause of disability and inability to live independently
without support as adults in developed countries. As a result of popula-
tion ageing this number will probably increase steadily in the next deca-
des. At the same time, due tobetter acute treatment, case fatality rate
is declining. The most common neurobehavioral disorders include cogni-
tive impairments and neuropsychiatric syndromes such as depression,
apathy and angst/anxiety.

Key words
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Introduction

Consequnces of stroke.are a serious social and economic problem; they
are the main cause of disability and an inability to exist unaided of adults
in developed countries [1, 2, 3, 4]. Stroke is the second most frequent
cause of death in the world, after cardiovascular diseases [5, 6], and in
Poland the thirdone after cardiovascular diseases and tumors [7]. 60,000
people suffer-a stroke in Poland each year. Since the population is aging,
this number will probably increase steadily in the next decades. At the
same time, case fatality rates are declining due to better acute treatment
of'stroke’[5]. Forecasting and prognosis depend on the localisation and
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focus of stroke, comorbidities, patient’s prior stroke condition, nursing
and rehabilitation quality in the first days of hospitalisation [8, 9].

The signs of stroke, among movement syndromes, sensory-syndro-
mes, speech and sight difficulties commonly associated with-the celebral
event, also include neuropsychological symptoms, whose occurence re-
quires specialist procedures, and their omission may result-in no effects
in the rehabilitation process. The most common impairments after stro-
ke are neurobehaviorual disorders which include cognitive impairments
and neuropsychiatric syndromes (among others depression, apathy, fear
[10, 11].

Psychopathological syndromes are common.complications after stro-
ke, and they may occur both in the early and late phase of stroke [12, 13,
14, 15].

The occurence of the below given syndromes present in the neurobe-
havioural syndromes have an impact on the rehabilitation process;

e memory impairments (eg. short_and long-term, semantic, episo-

dic),

e attention deficit,

e executive disfunctions,

e perception disturbances,

e restlessness and motor drive lowering,

e abstract thinking impairment,

e judgmentimpairment.

These symptoms may be accompanied by: aphasia, apraxia, agnosia,
alexia, acalculia, anosognosia{3, 16, 17]. The occurence of the symptoms
menioned here makes the therapy longer and a late recovery, yet, on the
other hand, their presence has raised the awarenes amongst therapists
of the quiddity of the neurocognitive dysfunctions and the need for their
imrovement. A model of conduct with a stroke patient has been worked
out, in which there are diagnostic and treatment procedures and also re-
habilitation procedures carried out at the same time. Early rehabilitation
after stroke should be carried out as early as possible (1-2 days after the
appearance of the condition). The procedures are defined in Helsingborg
Declaration, which assumes that all patients in the acute phase of stroke
have the right to access the rehabilitation services, without a pre-selec-
tion [7]. According to the WHO definition, rehabilitation is a complex set
of measures that assist individuals, who experience physical or menatl
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disability, which aims to achieve and maintain optimum functioning, par-
ticipation in the labour market, and civic life [4].

The term neurorehabilitation includes a wide range of revalidation
procedures with patients with disabilities of the central nervous system
[3]. This definition was popularised in the 80s of the last century when
a significant progress took place in the basic and clinical sciences of CNS
diseases. The development of modern medical techniques and research
progress in neurobiology, neuropsychology are the basis for new stra-
tegies, including rehabilitational ones with neurogenic dysfunction pa-
tients. The theoretical basis of brain damage patient rehabilitation, re-
gardles of the initial cause, is the brain plasticity.

Neuroplasticity

The term neuroplasticity was introdused into physiology by Polish scien-
tist Jerzy Konorski in his monograph published in 1948. He understood
this notion as an ability of neurons te-undergo permanent changes during
the learning process [18]. Fundamental mechanisms of biological nature
have been recognised (relating to structural and functional changes in the
CNS) as responsible for lessening the signs of the disease in the process
of convalescence and therapy..Spontaneous wearing off of the deficits
after some time after a stroke very often arises from the compensational
neuroplasticity mechanism [19]. It includes the functional and structural
changes, which are the basis for the compensation processes of disor-
ders results. The withdrawal of the diaschisis symptoms, normalisation of
biochemical changes (among-others completing the missing neurotran-
smitters), the restoration of blood flow (reperfusion) in the ischemic area
(penumbra) are listed among the functional changes [19]. The structural
changes include the regeneration of the connections between neurons
(synaptogenesis) and the growth of new axons (neurogenesis) [19]. Apart
from a spontaneous dynamics of compensational neuroplasticity mecha-
nisms, a process of modification of the condition of the neural network
caused by behavioral influences is also triggered [20].

The recovery processes taking place in the brain sped up by the neu-
rological treatment and the functional and structural changes being the
effect of the neuropsychological activities interact. They create a possi-
bility for the improvement in the patient’s functioning thanks to the re-
storation and substitution of the disturbed functions, activation of extra
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afferentations, rebuilding of functions, reintegration of neural connec-
tions, switching on new ways of brain reserves use and optimisation of
the neural network activity [20].

The body’s reactions to the changes taking place in the-environment
are modified by the experience acquired throughout personal life. Two
processes serve it - learning and memory. Both of the phenomena, as
defined by neurobiology, may occur only in the nerveus-system{21, 22].
Learning is acquiring new information, that is creating an inner represen-
tation of experiences in the nervous system; whereas.memory means re-
taining these representations in time with a possibility of using them in
the neural processes [22, 23].

The processes of learning and memory are one. of the most crucial
expressions of the nervous system abilities to undergo plastic structural
and functional changes. The effectiveness of these’processes decreases
with age, yet it does not disapear. Memory may be understood in catego-
ries of a specific group of neurons producing impulses according to the
same pattern each time when activated. It is created due to a long-term
potentiation [LTP]. It is a process, in which each time a given sequence
of neurons produces an impulse, the connections between these neurons
are strengthened. It is a result-ofthe Hebbian Learning Rule: if an A cell
axone constantly takes part in a B cell stimulation creating its activation,
it makes a metabolic change in‘one or in both cells leading to the incre-
ase in the activation efficiency of B by A [24, 25]. A range of kinds of me-
mory has been distinguished and it is known that certain brain areas are
more important for creation of a given kind of memory, and others less
[22, 26]. We may consider memory in relation to the length of period for
which memoriés are stored (immediate, operational, short-term, long-
-term), what kind of.information one must remember (semantic, episodic,
procedural), in relation‘to modality (verbal, visual), the method of infor-
mation storing and updating, and the level of involvement of awareness
at the retrival stage (declarative and nondeclarative) [27, 28]. The above
classifications have been created by psychologists [22]. Short-term me-
mory, from the perspective of neurochemists, lasting from a few to se-
veral dozen minutes, does not depend on protein syntheses and may be
disrupted by electrical shocks. Long-term memory, dependent on protein
syntheses, follows short-term memory and is not disturbed by electrical
shocks{19].
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Due to the brain tissue damage with various factors the motory,
sensory and cognitive deficits are created. According to the clinical
experience, persons with cognitive impairments are very often more
helpless than motor deficit persons. The assumption thatthe brain.of
an adult is characterised by a certain degree of plasticity ensuring at
least a partial reconstruction of the impaired functions is‘the basis for
realistic therapeutic optimism [29]. Poststroke cognitive impairments
may accompany motor deficits, but they are very frequently the le-
ading symptom of post-stroke psychopathological disorders [23, 13,
14].

Poststroke neurobehavioral disorders

The signs of cognitive behavioral disorders resulting from brain dysfunc-

tions are commonly of a chronic character; they mayhave a sudden onset,

or grow slowly in a little specific way [30]. The brain damage consequen-
ces, mainly of a focal origin (stroke),-present themselves in the following

domains [31, 10, 32, 33].

1. Memory disorders (difficulties inremembering, storing and retrie-
ving of information, confabulations).

2. Attentiondisorders (paying, splitting, selecting, processing speed).

3. Orientation disorders (difficulties in relating to time, space, self-
-being).

4. Learning, comprehending and judgement disorders (depleted
thinking, imprecise thinking, lack of planing and predicting capabi-
lities, disorders in understanding abstract concepts ).

5. Emotion control weakening (pathological laughter, cry, extreme

emotions).

Social competence deficits (recognising emotions, empathy).

7. Apathy and shallowing of emotions (limited experiencing of all
emotions).

8. Behavioral initiation disorders (disorders of executive function,
planning and decision taking, working memory, thinking flexibili-
ty).

9. Situation appropriateness assessment disorders and conduct ade-
quacy disorders (lowering of personal appearance standards, ke-
eping hygiene, sexual behaviour, language).

10:--Difficulty to comprehend and formulate messages (aphasia).

o
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11. Visual-spatial processing disorders (difficulties in visual-motor in-
tegration, graphomotor skills disorders, constructive skills disor-
ders, praxia, gnosia).

The cognitive behavioral disorders, neuropsychiatric syndromes-and
neuropsychological disorders [31] have appeared in the DSM-V clasi-
fication in a new category under the name “neurocognitive/disorders”.
The new terminology replaces “organic psychic disorders” in the DSM-
-111-R, and, respectively, “dementia, delirium, amnesia and ether cogni-
tive disorders” in the DSM-IV. It is worth considering.that the word “or-
ganic” has been omitted in the DSM |V classification since it assumes
incorrectly that “non-organic” psychic disorders have no biological basis
[34]. The neurocognitive disorders include a group-of which are clinically
manifested in an acquired damage to the cognitive functions. These inc-
lude [10]:

e delirium,

e deep neurocognitive impairtment syndromes (among others im-
pairments caused by dementia, by/a brain injury, by HIV virus in-
fection, by pharmaceutical drugs),

mild cognitive impairments'syndromes\(other cognitive disturbances).

Acute mental disorder which-could appear both in the early and late
phase of stroke, being the so-called acute condition in medicine, is del-
rium[13].

The symptoms of delirium are:

e decrease of attention sustainability in relation to external stimuli,
focus of attention continual change with inadequate alternating
attention,

e abnormal thinking,disorderly and disconnected speech,

e decrease of awakefulness level, disorders of sleep-wake schedule,

e perception disorders, false interpretations, illusions, hallucina-
tions,

e motor anxiety or decrease of motor drive,

e time and place disorientation, people’s misrecognition,

e memory.impairment, inability to learn new material and to retire-
ve past events.

The disorders show soon, usually within a few hours or days; they have

a.variable/intensity in twenty-four hours, with a frequent exacerbation
of symptoms at night [30]. There are three types of delirium: hyperactive
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delirium (psychotic symptoms where hyperactivity prevails), hypo-active
delirium, which may be incorrectly interpreted as depression (sedation
prevails), and mixed delirium (hypo- and hyperactive) [35, 10].

Delirium frequently occurs in hospitalised patients and-ranges from
10% to 30 in hospitalised patients [30, 13, 36], and from 10% to 48% in
patients in the acute phase of stroke [37]. Delirium patients-have almost
a 5 times higher risk of mortality within 12 months; theyrequire-a longer
hospitalisation period, and are more likely to be dischared to long-term
care institutions. Compared to non-delirious stroke.patients, delirious
patients have lower quality of life and a higher risk of developing demen-
tia within two years after the stroke [37].

The delirium predisposing factors are: older age; presence of demen-
tia, organic and mental illnesses [36]. There are numerous causes for de-
lirium: infection, high fever, metabolic disorders;-liver and kidney failu-
res, endocrine disorders, thiamine deficiency, psychoactive substances
poisoning, or caused, by their withdrawal, the substance withdrawals,
significant blood loss, post-operative 'conditions, cardiac arrhythmia and
heart failure, malignant hypertension, head injuries, convulsions, adverse
drug reactions, focal brain damages [30].'The risk factors for acute pha-
se stroke delirium are: older age,specific post-sroke syndromes (aphasia,
neglect syndrome, dysphagia), visual disturbances, elevated cortisol level
and the influence of anticholinergics [35].

Delirium, as a medicine acute condition, requires a quick identification
of its cause and implementation of management. The course of delirium
most frequently is turbulent, but it sometimes happens that it disappears
by itself. If untreated, it may lead to death or permanent dementia. Ca-
sual treatmenti‘generally brings a quick recovery, yet deficits sometimes
remain [30, 13].

Dementia is another disorder (associated with stroke) of a global
character [5, 38/ 39]. Dementia is characterised by a gradaual decline in
intellectual functions leading to social and professional disturbances.
Memory, orientation, abstract thinking, ability to learn, visual-spatial
perception, language functions, constructive praxy, and upper executi-
ve functions - such as planning, organisation and action sequencing are
impaired in the state of dementia. Unlike delirium patients, dementia
patients have retained consciousness until the late stages of the condi-
tion{30]. Delirium is most frequently associated with a systemic illness
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or drug poisoning, while dementia is caused by a primary degerative or
structural brain disease.

Dementia, which develops after a stroke, called poststroke dementia
(clinical name) is any kind of dementia appearing after a stroke regardiess
of its probable cause [5]. Vascular dementia is not synonymous with post-
stroke dementia, but merely one of its probable causes and'is.responsible
only for some poststroke dementia cases. Accordingto-various-authors,
the development of poststroke dementia is determined by: age, lower
education, diabetes, cardiac arrhythmia, a prior ischemic stroke, aphasia,
and a more serious neurological deficit upon hospital admission, lower in-
telectual capacity prior to a stroke, cerebral atrophy, changes in the whi-
te matter [5, 39]. Some poststroke dementia patients are characterised
by a gradual development of dementia syndromes, which suggests a de-
generative basis of dementia. There ia an increasing number of reports
concerning numerous, well-recognized risk factors of atherosclerosis
and stroke which are diagnosed also.in degerative dementia persons.
They include, among others: older age, hypercholesterolemia, arterial hy-
pertension, cigarette smoking, atrial fibrillation, diabetes, the APOE gene
polymorphism [39].

The clinical data shows that-medium-sized strokes in the caudate
mucleus, thalamus, hippocampus, and.the Sylvian fissure area on the do-
minant side worsen cognitive functions in the disease picture [12, 14].
Most authors consider the changes in the white matter, including the pa-
raventricular one, or semioval centres, to be crucial to diagnose vascular
dementia [12]. The presenceef other changes, such as: numerous micro
myocardial infarctions detected in the MRI examination, the hyperinten-
sive foci in the white’'matter, or the presence of a large (strategic) stroke
focus are not considered/as typical for the pure cerebrovascular disease,
and are not typical of vascular dementia.

The key symptom of dementia (massively important in the rehabilita-
tion aspect) is the short-term and long-term memory impairment. Diffi-
culty reproducing names of three objects after five minutes is a sign of
a short-term memory impairment, an inability to learn new material.
Apatient’s difficulty in remembering data of their own past, both the ne-
arest and distant - what they did the previous day, if they remember the
dates of historical events and commonly known facts - is a sign of a long-
-term-memory impairment [30].
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Deterioration in cognitve functions mostly lessens after a few we-
eks, yet in some patients the cognitive deficit remains. The present data
shows that in 25% to 30% of isschemic stroke patients sudden or.|ate va-
scular cognitive disorders or vascular dementia develop [2,6].

Summing up, both vascular changes in the brain and neurodegenerati-
ve diseases contribute to poststroke dementia. Their mutual.inclinations
will be frequently found in clinical use. The published-clinical research
does not provide encouraging information on possibilities of pharmaco-
logical prevention of poststroke dementia [5]. The risk factors control of
vascular diseases and secondary preventive medicine of cerebral strokes
are the key to the reduction of disorders and poststroke dementia.

In the 70s, for the first time, attention was paid-to the fact that post-
-stroke patients hospitalised in rehabilitation departments suffer more
frequent and more severe symptoms of depression than patients after
orthopaedic surgeries [14]. Further research has proven that depression
is the most common psychiatric complication in post-stroke patients.
Depression is common after stoke, with rates, according to various au-
thors, of 29-33% in patients within the first year after stroke [37]. Based
on the review of the latest literature [5], approximately a third of stroke
patients suffer depression within‘the first three months after the vascu-
lar event. Studies based on the extended observations has demonstrated
that poststroke depression (PSD) is frequently a chronic disease with
aremission-recurrent pattern [5].

PSD patients have a worse recovery prognosis, a higher risk of cogni-
tive disorders development, which influences participation in rehabilita-
tion in a negative way [6]. According to the biopsychosocial model, PSD
is caused by biological factors (base pathophysiology of the brain and
vessels), and by psychological ones, as a secondary reaction to physical,
cognitive and social consequences of a stroke [6].

Early studiesimplied that PSD is mainly associated with the left hemis-
fere lesions, however, a recent review of studies and meta-analysis have
found no support for this “location hypothesis” [5]. Other researchers
suggest.that lesions in fronto-subcortical regions are involved in devel-
poing PSD. They are often accompanied by impairments in executive
functioning. Current interests of researchers in the role of the PSD base
mechanisms are focused on the biological markers, e.g. the CRP level,
neopterin concentration, hemocysteine level, deficiency of monoamine
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neurotrasmitters, folic acid and B12 vitamin deficiency [5]. Other factors
which can cause the PSD development include cognitive disorders, physi-
cal disability, communication problems, anxiety, lower quality of.life, low
social support. The study conducted by van Mierlo et al. [5]*has revealed
a wide range of psychological factors worsening depressive disorders in-
cluding: passive way of coping with stress, hopelessness, nonacceptance,
inablity to see advantages - catastrophisation. Risk factors predisposing
to PSD are also: prior strokes and depression episodes, female gender, li-
ving alone, stressful social factors appearing prior to stroke [14, 26].

Most authors believe that the basic symptoms of PSD are: depressed
mood, reduced appetite or weight loss, energy.loss, insomnia and social
withdrawal. Yet, thought disorder, guiltiness and-lowered self-esteem,
emotional oversensitivity and daily mood swings appear less often. The
PSD occurrence is linked to a higher mortality rate<(in the acute phase of
stroke) and suicidal thoughts [14].

Since the occurence of PSD symptoms influences the patient’s health
in a negative way, it is recommended to start antidepressant therapy as
soon as possible after the symptoms have been confirmed. So far it has
not been established unequiyocally which group of antidepressants is
more effective in treating PSD:

Anxiety disorders are the second most frequent psychiatric stroke di-
sorder [5]. According to various authors the percentage of patients with
anxiety disorders ranges'from 18-25% [37]. Research has shown that de-
pression and anxiety are often treated as natural psychological reactions
after stroke and require no treatment [40]. Thus, from the perspective of
long-term outcome of stroke patients, systematic screening is essential.

The most common clinical syndromes include: anticipatory anxiety,
concern, energy loss and increased muscle tone. Anxiety disorders can
co-occur with depressive disorders; some authors associate it with stro-
ke cortical lesions. Others prove that anxiety disorders in the acute phase
of stroke may precede PSD symptoms later [40]. Anxiety disorders more
frequently occuriin patients who abused alcohol in the past [14].

Benzodiazepines are the medications most commonly used in tre-
ating anxiety disorders, treatment which should be time-limited due to
their quick psychic and physical dependence. Similar efficacy to diazepi-
ne when treating PSA disorders has been proven with busiprone or with
SSRIrgroup antidepressants therapy [14].
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Emotional lability is a disorder which involves the lessening of con-
trol over emotions, so that an individual suffering from it finds them-
selves crying uncontrollably at something that is only moderately sad
(or not sad at all), or laughing in an uncontrolled way when-a situation
is not objectively humorous. Pathological crying results in stereotypi-
cal outbursts of crying in response to various emotional stimuli, such as
joy, excitement, sadness or social situations. A suddenonset of crying or
laughing occuring in response to external stimuli (eg. a physician asking
about general feeling) or internal stimuli (eg. thinking about something
sad or funny) in an inappropriate context [5]. There have been reports
of emotional lability following a variety of central nervous system disor-
ders (eg. multiple sclerosis, Parkinson’s disease), but the condition most
often follows stroke [5]. Research indicates that emotional lability syn-
dromes such as pathological crying or laughter appear in 15% of acute
phase stroke patients. According to the recent meta-analysis, among 15
individuals, 1-5 patients experienced-emotional lability one month prior
stroke [5].

Most researchers consider pathological crying as a sign of serotonin
conduct disorders and SSRIs are used in‘treatment. The literature data
suggests that the use of antidepressants reduces the frequency and se-
verity of uncontrolled outbursts of crying or laughter in poststroke emo-
tional lability.

Apathy has been defined as deep disorders of motivational aspect of
any conscious goal-oriented behaviour [41]. In the literature descriptions
of these symptoms have appeared in the past under different names: the
loss of psychic attoactivation (LPA), psychic akinesia, aboulia, akinetic
mutism, frontaladynamia;depression, dementia, etc. In 1990 Martin sug-
gested the term apathy or indifference syndrome to describe disorders in
the field of a broadly understood behavioral sphere, whose cause lies in
the primary motivating factor deficit [5, 41]. The term has been already
used widely in the subject literature (it was used earlier also in psychia-
try to describe negative symptoms in patients with no brain structural
lesions,eg. Schizophrenia).

Poststroke apathy occurs in 34.6% of patients within 4 months follo-
wing stroke [5]. A review of current literature associates motivational
deficiency disorder in behaviour with dysregualation of one or a few exi-
sting-cortical-subcortical functional systems regardless of the fact which
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circuit has been damaged. Three circuits, particurally significant in beha-
viour regulating are anatomically organised to arise and finish in diffe-
rent parts of the prefrontal cortex, excluding from the system the basal
ganglia and thalamus. The most important for the motivatingfactor, thus
also for initiating of any goal-oriented and conscious behaviour, is the so-
-called limbic circuit arising in the cingulate cortex and further including
the ventral striatum part, ventral globus pallidus part-and also medial
dorsal thalamus parts, which give rise to projections back to the frontal
part of the cingulate cortex. The limbic structures of'the stratium and of
the globus pallidus play a particularly important role in the neural system
initiating (motivating) behaviour, and here it is.important that they rece-
ive afferent information from the amygdala (engaged in emotional mar-
king of sensory stimuli) and from the hippocampal formation responsible
for, among other things, comparing new stimuli with'previous experience
and giving rise to projections to the basal ganglia, among other things, en-
gaged in initiation of motor behaviour.[5, 41].

Neurorehabilitation of an apathy'syndrome patient causes numero-
us difficulties already at the therapy developing stage in relation to the
essence of deficit. Apathy - especially severe - may lead to therapeutic
helplessness and - apart from'coghitive disorders, depression and pain -
is a factor especially hindering a patient’s rehabilitation process [41, 42].

From the theoretical point of view, the following can be included in
the group of medications positively influencing apathy: monoamines,
their precursors and antagonists of receptors for monoamines, and also
medications increasing their concentration [42].

Cognitive rehabilitation

The therapy of cognitive functions disorders is based on the general as-
sumption that the improvement of cognitive functions is a condition of
reducing general disability following brain damage [33]. Good effect
of treating speech disorders has been known for years [17]. The verbal
communication improvement is very important, but rehabilitational inte-
rventions must/be expanded including other areas of cognitive functio-
ning, such as: attention, perception, thinking, constructing, programming,
intelectual activity controls. The group of these effects is named cogniti-
ve rehabilitation therapy (CRT) and neuropsychologists play the leading
role‘in-this therapy. Their role is to establish the existing neurocognitive
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deficits and to develop procedures aiming at restitution of functions or
compensation-adaptation actions [32, 43].

Modern technical equipment with suitable computer software lends
itself to cognitive rehabilitation [9, 21, 29, 44, 45]. It resultsfrom the.cli-
nical practice perspective that awareness of one’s deficits is a crucial fac-
tor determining success in rehablitation [16]. Without realising and un-
derstanding abnormalities in one’s functioning, a patient.does not make
an effort to correct errors, does not focus on exercise, which\usually cre-
ates no expectations to reorganise the disabled activity. It can be really
easily observed in patients with asonognosia the hemineglect syndrome,
sensory aphasia or with the conduct and behaviour programming disor-
der due to frontal lesions [29].

Summary

Stroke is the second most common cause of death and the leading cau-
se of acquired disability in adults in.the developed countries (WHO) [1].
Stroke most often affects the motor.functions. The neurocognitive di-
sorders, including neuropsychiatric disorders are common and perma-
nent poststroke consequences. They influence quality of life and long-
-term prognosis in a big extent.-Depression occurs more frequently in
poststroke patients than in general population [5]. Anxiety is also com-
mon following stroke [5], similarly to apathy syndrome [37]. The origin
of these syndromes is unknown, but their prevalence suggests common
base mechanisms, that is fluctuasions of neurotransmitters, inflamma-
tions or disturbed links with. the limbic system. Poststroke cognitve
functions disturbances are often overlooked due to the dominant cha-
racter of the other ‘vascular’ deficits, such as: hemiparesis, hemianop-
sia, at least at the“initial phase of disability [2, 32, 33]. It results from
the clinical experience that cognitive functions disorder patients are
more helpless than patients with a motor deficit who, with suitable or-
ganisation of life, can become relatively independent and, most of all,
they do not lose mental and emotional attention. However, difficulties
in verbal communication, reading and writing disorders, inability to re-
member current information or retrieve past information, difficulties
in logical neasoning, inadequate emotional reactions, reduced capacity
for higher-level emotions, and limited awareness of one’s deficits cre-
ate considerable disruptions in social functioning and in the circle of
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the closest people. The awareness of the cognitive deficits rehabilita-
tion necessity is on the rise among patients, both in the medical society
and among patient’s families [4, 23]. The improvement of the cognitive
functioning is not the only form of psychological aid to a poststroke-pa-
tient. The professional psychotherapy aimed at support, alleviating pa-
thological emotional behaviour, insight improvement, relaxion training,
patient and their relatives’ psychoeducation are an-essential element
of the improvement process [14, 26]. Psychotherapy and cognitive the-
rapy should not be treated just as a luxurious extra to rehabilitation,
but as an integral element of comprehensive rehabilitation to improve
poststroke patients’ quality of life since, quoting Howard A. Rusk We
have learned to add years to human life, so we are responsible for adding life
to those years...

Neurorehabilitation is a complex process requiring comprehensive
measures on various levels. Identifying, control and modification of risk
factors of neurocognitive impairment patients is crucial [2, 3, 4]. It is im-
portant to introduce pharmacological.and'non-pharmacological forms of
treatment as soon as possible. Further{research on neurophysiological
processes undergoing in brain'injury patients and analysis of the effecti-
veness of employed therapeuticstrategies are needed.
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