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Biomaterial is any substance other than the drug either

a combination of natural or synthetic substances,

which can be used in any period,

and which task is to supplement

or replacement of organ tissues or parts

or fulfill their function.

[European Society for Biomaterials]

Biocompatibility is the ability to properly preserve the material 

in contact with the tissue in a particular application

[Biomaterials Science An Introduction to Materials in Medicine-

ELSEVIER 2004 Academic Press]



Part 1

Introduction to the human anatomy

Typesof humantissue



Epithelial (Nabğonkowa)

Connective (ĞŃczna)

Muscular (miňŜniowa)

Nervous (nerwowa)

Tissue



Epithelial tissue

Functions:
protective-cover
resorption
secretory
barrier
sensual



Epithelial (Nabğonkowa)

Connective (ĞŃczna)

Muscular (miňŜniowa)

Nervous (nerwowa)

Connective tissue



Types:

-Connective

-specialized in specific activities

-Skeletal

Flaccid (wiotka)

Compacted (zbita)
(Tğuszczowa)

(Barwnikowa)

(Siateczkowa)
(chrzňstna)

(kostna)

Connective tissue

Adipose

Pigmentosa

Mesh
Cartilage

bone



Epithelial (Nabğonkowa)

Connective (ĞŃczna)

Muscular (miňŜniowa)

Nervous (nerwowa)

Tissue



Neuron

Epithelial (Nabğonkowa)

Connective (ĞŃczna)

Muscular (miňŜniowa)

Nervous (nerwowa)

Tissue

Action potentials(MOV)

12.8-action_potentials.mov
Wykład/12.8-action_potentials.mov


Kostno- stawowy

MiňŜniowy

Naczyniowy

Oddechowy

Pokarmowy

Pğciowy

Moczowy

Powğoka wsp·lna

Nerwowy

Gğ·wne osie i pğaszczyzny ciağa

Organ systems



Part 2

Cardiovascularsystem

Introduction to the human anatomy



Blood vessels

Large circulation arteries

Veins of the large circulation

Lymph vessels

Small circulation

(functional)

Cardiovascular system

Heart (cor)

Naczynia krwionoŜne

Tňtnice krŃŨenia duŨego

ŧyğy krŃŨenia duŨego

Naczynia chğonne

KrŃŨenie mağe 

(czynnoŜciowe)

http://pl.wikipedia.org/wiki/Grafika:Heart_numlabels.svg
http://pl.wikipedia.org/wiki/Grafika:Heart_numlabels.svg
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Polymers

Metals

Ceramic (carbides, ceramic glass and glass)

Composite materials (silica reinforced silicone rubber, carbon fibers, 

hydroxyapatite particle- reinorced poly (lactic acid))

Natural materials (greens and animal)

Biomaterials



Biodegradable polymers

Bioactive ceramics

Celuloze

Pyrolityc carbon

Modified materials, surfaces preventing clots

Natural tissues and polymers combined with living cells

Dedicated materials



Implant- definition

Implant - all medical devices made of one or moreBiomaterials that can be placed inside 
the body as well partially or completely below the surface of the epithelium and which may 

remainfor a longer period in the body

The surgical implant is used in the context of placing it in intended place in the surgical 
procedure. There are also implants introducedother way. These include needles, drains, 

filters, etc.

Implantable prosthesis - (internal prosthesis or endoprosthesis) - a device that physically
it replaces the organ or tissue. In contrast, the bioprosthesisis an implanted prosthesis

made in whole or in part from the donor's tissues

Artificial organ - medical material that replaces all or part of functionsone of the main 
organs of the body. Artificial organs replace the functions of the organs of the disfunction,

partly in a non-anatomic way

Implant-ǿǎȊŜƭƪƛŜ ǇǊȊȅǊȊŊŘȅ ƳŜŘȅŎȊƴŜ ǿȅƪƻƴȅǿŀƴŜ Ȋ ƧŜŘƴŜƎƻ ƭǳō ǿƛťŎŜƧ 
.ƛƻƳŀǘŜǊƛŀƱƽǿΣ ƪǘƽǊŜ ƳƻƎŊ ōȅŏ ǳƳƛŜǎȊŎȊƻƴŜ ǿŜǿƴŊǘǊȊ ƻǊƎŀƴƛȊƳǳΣ Ƨŀƪ ǊƽǿƴƛŜȍ 
ŎȊťǏŎƛƻǿƻ ƭǳō ŎŀƱƪƻǿƛŎƛŜ ǇƻŘ ǇƻǿƛŜǊȊŎƘƴƛŊ ƴŀōƱƻƴƪŀ ƛ ƪǘƽǊŜ ƳƻƎŊ ǇƻȊƻǎǘŀŏ 

ǇǊȊŜȊ ŘƱǳȍǎȊȅ ƻƪǊŜǎ ǿ ƻǊƎŀƴƛȋƳƛŜ

Implant chirurgiczny-ǳȍȅǿŀƴȅ ƧŜǎǘ ǿ ƪƻƴǘŜƪǏŎƛŜ ǳƳƛŜǎȊŎȊŜƴƛŀ Ǝƻ ǿ 
ȊŀƳƛŜǊȊƻƴȅƳ ƳƛŜƧǎŎǳ ǿ ǇǊƻŎŜŘǳǊȊŜ ŎƘƛǊǳǊƎƛŎȊƴŜƧΦ LǎǘƴƛŜƧŊ ǘŀƪȍŜ ƛƳǇƭŀƴǘȅ ǿǇǊƻǿŀŘȊŀƴŜ 

ƛƴƴȅƳ ǎǇƻǎƻōŜƳΦ 5ƻ ƴƛŎƘ ȊŀƭƛŎȊŀ ǎƛť ƛƎƱȅΣ ŘǊŜƴȅΣ ǎŊŎȊƪƛ ƛǘǇΦ

Proteza implantowalna-όǇǊƻǘŜȊŀ ǿŜǿƴťǘǊȊƴŀ ƭǳō ŜƴŘƻǇǊƻǘŜȊŀύ-ǇǊȊȅǊȊŊŘΣ ƪǘƽǊȅ ŦƛȊȅŎȊƴƛŜ 
ȊŀǎǘťǇǳƧŜ ƻǊƎŀƴ ƭǳō ǘƪŀƴƪťΦ ² ƻŘǊƽȍƴƛŜƴƛǳΣ ōƛƻǇǊƻǘŜȊŀ ǎǘŀƴƻǿƛ ƛƳǇƭŀƴǘƻǿŀƴŊ ǇǊƻǘŜȊť 

ǿȅƪƻƴŀƴŊ ǿ ŎŀƱƻǏŎƛ ƭǳō ŎȊťǏŎƛƻǿƻ Ȋ ǘƪŀƴŜƪ ŘŀǿŎȅ

Sztuczny organ-ƳŀǘŜǊƛŀƱ ƳŜŘȅŎȊƴȅΣ ƪǘƽǊȅ ȊŀǎǘťǇǳƧŜ ǿ ŎŀƱƻǏŎƛ ƭǳō ŎȊťǏŎƛƻǿƻ ŦǳƴƪŎƧŜ 
ƧŜŘƴŜƎƻ Ȋ ƎƱƽǿƴȅŎƘ ƻǊƎŀƴƽǿ ŎƛŀƱŀΦ {ȊǘǳŎȊƴŜ ƻǊƎŀƴȅ ȊŀǎǘťǇǳƧŊ ŦǳƴƪŎƧŜ ƻǊƎŀƴƽǿ ŎƘƻǊȅŎƘΣ 

ŎȊťǏŎƛƻǿƻ ǿ ƴƛŜŀƴŀǘƻƳƛŎȊƴȅ ǎǇƻǎƽō



Concentration

Influence

Optimal

Deficiency Mortality

Toxic

Implants- the concentration of elements influence on the reactions of vital processes

Implant- influence
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ODDZIAĞYWANIE NA TKANKI

Obojňtne

OdpornoŜĺ korozyjna w zaleŨnoŜci od reakcji tkanek na 

biozgodne materiağy metaliczne

Fe: hemoglobina

Niedob·r

-zaburzenie odczyn·w immunologicznych

Nadmiar

-utrudnienie dyfuzji enzym·w przez bğony kom·rkowe

-niekorzystnie katalizuje reakcja prowadzŃce do powstania wolnych rodnik·w =>miaŨdŨyca naczyŒ, marskoŜĺ wŃtroby, 

nowotwory oraz uszkodzenia DNA i RNA prowadzŃce do zmian mutagennych

Cr: przyswajanie glukozy i jej przenikanie poprzez bğonň do wnňtrza kom·rki

Niedob·r

-wzrost poziomu cholesterolu i cukru we krwi

Nadmiar

-toksyczny

-uszkodzenie tkanek okoğowszczepowych i narzŃd·w miŃŨszowych

Ni: w Ŝledzionie, wŃtrobie i nerkach

Niedob·r

-anemia lub zahamowanie wzrostu

Nadmiar (Ni(CO)4

-uszkodzenie bğon Ŝluzowych oskrzeli

-uszkodzenie oŜrodkowego ukğadu nerwowego

Co: zwiŃzany z witaminŃ B12- pobudza procesy krwiotw·rcze i regeneracja organizmu po przebytych chorobach

Niedob·r

-niedokrwistoŜĺ

Nadmiar

-koncentruje siň w Ŝledzionie

-odczyny ale

Mo:

Deficiency

- tooth brush

- bone crumbling

- disorders in the functioning of the gonads

Excess

-difference of enzyme diffusion through cell membranes

allergic reactions

Me: biochemical reactions and conversion of vitamin C

Deficiency

- disturbances in the development of bones and genital organs

Excess

- respiratory tract irritation and pneumonia

- OSN

Ti: in the spleen, liver and kidneys

Deficiency

-inert

Excess

-allergy or peri-implant reaction in inter-implantology as evidenced by the presence of macrophages and T-lymphocytes

Metallic implants
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[Frank E., Zitter H.: Metallische Implantate in der Knochenchirurgie. Wien-New York, Springer Verlag 1977]

[Clarke E. G. C., Hickman J.: J. Bone Jt. Surg. 35-A, 1953]

Division of corrosive reactions

-quiet

-acute

-discreet

Implants- corosion



Diffusion barriers (increase of corrosion resistance)

Biofunction (friction resistance)

Improvement of osseointegration (ceramic bioactive layers)

Ådiffusion layers of titanium compounds

Ådiamond layers (NCD, DLC)

Åhydroxyapatite coatings

Åcomposite layers - new

Deposition methods

Åmethods using plasma, photons, ions:

ÅPDT processes - Plasma Diffusion Treatment

ÅRFCVD - Radio Frequency Chemical Vapor Deposition

ÅMWCVD - Microwave CVD

ÅPLD - Pulsed Laser Deposition

Åthe sol-gel method

AIM

Types

Implants- layers



Part 2.1

Executed projects

Cardiovascularsystem



αth[L{I !w¢LCL/L![ I9!w¢έ

αMy great desire to create a Polish Artificial
Heart finally fully fulfills...έ

prof. Zbigniew Religa Medicine

Modern technology

https:// www.youtube.com/watch?v=7QFhxfVF7SA&list=PLMkpKh2ylbEa9OThOL0F6vQC_aKmHvgs8

Heart support

https://www.youtube.com/watch?v=7QFhxfVF7SA&list=PLMkpKh2ylbEa9OThOL0F6vQC_aKmHvgs8


αaƻƧŜwielkie pragnienie stworzeniapolskiegosztucznegoserca nareszciew ǇŜƱƴƛǎƛť
urzeczywistnia. Usilne starania o otoczenie tego ǇǊȊŜŘǎƛťǿȊƛťŎƛŀƻǇƛŜƪŊǇŀƵǎǘǿŀΣ
ǳǿƛŜƵŎȊƻƴŜuchwaleniemWieloletniegoProgramu"PolskieSztuczneSerce",ǳǿŀȍŀƳza
ogromny sukces. Bardzo ǎƛťz tego ŎƛŜǎȊťi ȍȅŎȊťpowodzenia wszystkim, ƪǘƽǊȊȅ
ȊŀŀƴƎŀȍƻǿŀƴƛǎŊwǊŜŀƭƛȊŀŎƧťǇǊŀŎέ.

https://www.youtube.com/watch?v=71_E3Hh2Jqg prof. ZbigniewReliga



Short-term 

- An acute heart failure with a good 
prognosis of regeneration 

- An infirmity with an uncertain prognosis 
for further treatment

Permanent support

- chronic heart failure disqualifying for 
transplantation 

- cardiomyopathy

DIVISION BY SUPPORT TIME

Heart support



ÅAcute failure

ÅLong-term failure

ÅPatients with cardiomyopathy

DIVISION BY TYPE OF FAILURE

Heart support



More than 40 teams from 35 scientific and research 
institutions, clinical centers and professional entities 

producing elements of heart prostheses participated in 
the implementation of the Program.

As part of 5 projects, 17 research tasks and 12 
implementation tasks, covering over 200 stages, were 

implemented.
I STRATEGIC GOAL

Developed families of Polish heart prostheses, with a completely implantable permanent heart prosthesis as a final 
element

II STRATEGIC GOAL
Clinical development of the use of Polish heart prostheses in the treatment of patients with critical heart failure

III STRATEGIC GOAL
Creation of a highly specialized scientific and technological platform for the purpose of conductingcomprehensive 

research and development in the field of heart prostheses

Heart support



Effects of the program

Heart support



System POLVAD

Heart support



100nm

Goodadhesion

Biocompatibility

Lack of substratedegradation

Main assumptions

TiN, TiO, Si-DLC, Ti(C,N), DLC

Processescontroler
( plasmaemission,

Gasanalysis,
Plasmaopticalspectroscopy,

ramanspectroscopy,

Vacuumchamber
(height 650 mm)

VacuumpompGasflow
contrler(Ar, O, N,...)

ALS linear
jon source
PLD evaporator
(rotatable)

Magnetron sputteringsources
(RF, MF pulsed DC)

tƻŘƱƻȍŜ

Substrateholder
Rotationtableόq 560 mm)

Substraterotation

PLD

[J. A. Thornton, Ann. Res. Mat. Sci; 7 (1977) 239]

Heart support



Membrane

Chamber
Valve

The goal of the work is the reduction of life-
threatening thrombo-emboli formation in 
heart assist systems by a new materialdesign

Heart support



Heart support



Heart support



Heart support



Heart support



Heart support



Material engineering mission in regenerative cardiac surgery



ωConfokalModul LSM 5 Exciter, two canals, RGB
ωLaser HeNe633nm 5mW
ωLaser HeNe543nm 1mW
ωLaser argon 458/488/514nm, 25mW 
ωLaser diodowy V 405nm
ωMain BeamSplitterturret PASCAL
ωSoftware ZEN 2008 LSM 5 EXCITER
ωLightdivisionsystem (405, 458, 488, 514, 543 nm)
ωFiltr BP 505-530
ωFiltr BP 505-600
ωFiltr BP 530-600
ωFiltr BP 560-615
ωFitr LP 420
ωFiltr BP 420-480
ωSystem ECU LSM 5 EXCITER
ωaƻŘǳƱ 5L/ LκлΣф Ȋ ǇƻƭŀǊȅȊŀǘƻǊŜƳ
ωTransmitedlight detectorT-PMT LSM 710



Polish
Artificial
Heart

Χ
Nishelike
structure

Silentheart
mechanicalvalve

M-ERA.NET 
Nonthrombogenicmetal-
polymer composites with 

adaptable micro and 
macro flexibility for next 
generation heart valves 
in artificial heart devices Bioactive

heart valve
Program for Applied 

Research, Medical and 

Pharmaceutical Science

Tissue
precoursor

2014/13/B/ST8/04287
NCN

2011/03/D/ST8/04103
NCN



Silesian Center for Heart Diseases in Zabrze

-2 207 heart surgeries in adults and children

-6,000 coronarography

-3,000 coronary angioplasty

-1,000 cardioversion and pacemakers

-500 ablation

-59 transplantation of the heart, lungs in adults and children

Deplanted chambers



Deplanted chambers



Deplanted chambers

http://pl.wikipedia.org/wiki/Grafika:Heart_numlabels.svg
http://pl.wikipedia.org/wiki/Grafika:Heart_numlabels.svg
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Badania pokliniczne
Deplanted chambers



Deplanted chambers



Patient: male aged 46, assisted due to left ventricular failure and developing in failure.

Supported by two chambers from 4.07.2018. He underwent a neurological incident during the

treatment, a small-blood hemorrhagic stroke. Currently, the patient is rehabilitating, being

physically active, and the symptoms of stroke persisting.

No Antibiotics have been used throughout the heart support process. The antibiotic is only

perioperatively. Patient treated with anticoagulants.

Sampling:

- sample No. 1- fragment of the valve with fibrin deposit

sample no. 2- fibrin deposits on the edge of the blood-red membrane near the chamber vent

with a fragment of a blood-red canopy.

PACJENT NR 1

Deplanted chambers



Material 1 A few microorganisms were found on the basis of carried out staining of nucleic 
acids with the dye DAPI in the fibrin. FISH was not found to contain active bacteria, 
microorganisms or biofilms.

Material 2 Relative detection (uncertainty) of microorganisms with the application of nucleic 
acid staining with DAPI dye. FISH was not found to contain active bacteria, microcolliesor 
biofilms.

16S rRNAGENE AMPLIFICATION TEST 

(PCR study)

The study was carried out using the bacterium Sphingobiumyanoikuyae.
Material 1 No bacterial DNA was found with 16S rRNAamplification
Material 2 No bacterial DNA was found with 16S rRNAamplification

PACTIENT NO 1
FISH analysis

Deplanted chambers



PATIENT No 1

No identification of active bacterial infection in the test samples. Due to the degradation of 

bacterial DNA and / or a small number of bacteria in the sample material, microorganisms 

detected microscopically were not effectively differentiated by PCR, amplification / 

sequencing.

Deplanted chambers



Patient: a woman of 37 years. Diagnosed cardiomyopathy of an unknown cause. Two-

chamber failure. There is no information about implantation. The chamber was replaced after

23 days after implantation.

Sampling:

test samples were taken from the right ventricle.

- sample 1 fragment of a blood-red membrane with fibrin deposit

- sample 2 fragment of a blood-red membrane with a large deposit of fibrin

PATIENT No 2

Deplanted chambers



aŀǘŜǊƛŀƱ  мStwierdzono nieliczne mikroorganizmy na podstawie przeprowadzonych 
ōŀǊǿƛŜƵƪǿŀǎƽǿ ƴǳƪƭŜƛƴƻǿȅŎƘ ōŀǊǿƴƛƪƛŜƳ 5!tLΣ ǿŜ ǿƱƽƪƴƛƪǳΦ bƛŜ ǎǘǿƛŜǊŘȊƻƴƻ ƳŜǘƻŘŊ CL{I 
ŀƪǘȅǿƴȅŎƘ ōŀƪǘŜǊƛƛΣ ƳƛƪǊƻƻǊƎŀƴƛȊƳƽǿ ŀƴƛ ōƛƻŦƛƭƳƽǿ.

aŀǘŜǊƛŀƱ н²ȊƎƭťŘƴŀ ŘŜǘŜƪŎƧŀ όōǊŀƪ ǇŜǿƴƻǏŎƛύ ƳƛƪǊƻƻǊƎŀƴƛȊƳƽǿ ǇǊȊȅ ȊŀǎǘƻǎƻǿŀƴȅƳ 
ōŀǊǿƛŜƴƛǳ ƪǿŀǎƽǿ ƴǳƪƭŜƛƴƻǿȅŎƘ ōŀǊǿƴƛƪƛŜƳ 5!tLΦ bƛŜ ǎǘǿƛŜǊŘȊƻƴƻ ƳŜǘƻŘŊ CL{I ŀƪǘȅǿƴȅŎƘ 
bakterii, mikrokolonii ani ōƛƻŦƛƭƳƽǿ.

BADANIE AMPLIFIKACJI GENU 16S rRNA

(badanie PCR)

.ŀŘŀƴƛŜ ǇǊȊŜǇǊƻǿŀŘȊƻƴƻ ǇǊȊȅ ǳȍȅŎƛǳ ǎȊŎȊŜǇǳ ōŀƪǘŜǊƛƛ Sphingobiumyanoikuyae. Jest to 
ŎƘŀǊŀƪǘŜǊȅǎǘȅŎȊƴȅ ƎŀǘǳƴŜƪ ōŀƪǘŜǊƛƛ ǊƻȊǿƛƧŀƧŊŎȅ ǎƛť ǿ ǏǊƻŘƻǿƛǎƪǳ ŎƛŜŎȊȅΣ ǿǎƪŀȊǳƧŜ ƴŀ ǎƪŀȍƻƴŊ 
ƪƻƭƻƴƛȊŀŎƧť ƴŀ ǇƻǿƛŜǊȊŎƘƴƛ ǇǊƽōŜƪΦ ² ƴƛŜƪǘƽǊȅŎƘ ǇǊȊȅǇŀŘƪŀŎƘΣ ƳƻȍŜ ōȅŏ ȊǿƛŊȊŀƴȅ Ȋ ǇǊƻŎŜǎŜƳ 
ƛƴŦŜƪŎƧƛ ǳ ƴƛŜƪǘƽǊȅŎƘ ǇŀŎƧŜƴǘƽǿ ƻ ƻōƴƛȍƻƴŜƧ ƻŘǇƻǊƴƻǏŎƛ ƛƳƳǳƴƻƭƻƎƛŎȊƴŜƧ.
aŀǘŜǊƛŀƱ 1 99,3% 447 (par zasad)
aŀǘŜǊƛŀƱ 2 99,3% 456 (par zasad)

PATIENT No 2
BADANIE FISH

Deplanted chambers



PACJENT NR 2

.Ǌŀƪ ƛŘŜƴǘȅŦƛƪŀŎƧƛ ŀƪǘȅǿƴŜƎƻ ȊŀƪŀȍŜƴƛŀ ōŀƪǘŜǊȅƧƴŜƎƻ ǿ ōŀŘŀƴȅŎƘ ǇǊƽōƪŀŎƘΦ [ŜŎȊƻƴŀ ƭǳō 

ǿŎȊŜǏƴƛŜƧǎȊŀ ƛƴŦŜƪŎƧŀ ƴƛŜ ƳƻȍŜ ōȅŏ ǿȅƪƭǳŎȊƻƴŀΦ 

Deplanted chambers



Pacjent: mňŨczyznalat 28. Leczony od 14.07.2018 do 2.09.2018r. Zdiagnozowana

kardiomiopatia o nieznanej etiologii. Przed wszczepieniem kom·rwspomagania POLVAD,

stwierdzono frakcjňwyrzutowŃna poziomie 10%, liczne skrzepliny w obu komorach serca.

Dnia 2.09.2018 wykonano przeszczep serca z dobrym efektem.

Pob·rpr·bek:

pr·bkido badaŒpobrano z prawej komory.

- pr·bka1- fragment membrany krwistej ze zğogiemwğ·knika

- pr·bka2- fragment membrany krwistej z duŨymzğogiemwğ·knika

PACJENT NR 3

Deplanted chambers



aŀǘŜǊƛŀƱ  мbƛŜ ǎǘǿƛŜǊŘȊƻƴƻ ǿȅǎǘťǇƻǿŀƴƛŀ ƳƛƪǊƻƻǊƎŀƴƛȊƳƽǿ ǇǊȊȅ Ȋŀǎǘƻǎƻǿŀƴƛǳ 
metody FISH ani ōŀǊǿƛŜƵǇǊȊȅ ǳȍȅŎƛǳ ōŀǊǿƴƛƪŀ 5!tL.

aŀǘŜǊƛŀƱ н²ȊƎƭťŘƴŀ ŘŜǘŜƪŎƧŀ όōǊŀƪ ǇŜǿƴƻǏŎƛύ ƳƛƪǊƻƻǊƎŀƴƛȊƳƽǿ ǇǊȊȅ ȊŀǎǘƻǎƻǿŀƴȅƳ 
ōŀǊǿƛŜƴƛǳ ƪǿŀǎƽǿ ƴǳƪƭŜƛƴƻǿȅŎƘ ōŀǊǿƴƛƪƛŜƳ 5!tLΦ bƛŜ ǎǘǿƛŜǊŘȊƻƴƻ ƳŜǘƻŘŊ CL{I ŀƪǘȅǿƴȅŎƘ 
bakterii, mikrokolonii ani ōƛƻŦƛƭƳƽǿ.

BADANIE AMPLIFIKACJI GENU 16S rRNA

(badanie PCR)

.ŀŘŀƴƛŜ ǇǊȊŜǇǊƻǿŀŘȊƻƴƻ ǇǊȊȅ ǳȍȅŎƛǳ ǎȊŎȊŜǇǳ ōŀƪǘŜǊƛƛ Sphingobiumyanoikuyae. 

aŀǘŜǊƛŀƱ 1 tƻŎȊŊǘƪƻǿƻ ƘŀƳƻǿŀƴƛŜ t/w ǇǊȊŜȊ ƳŀǘŜǊƛŀƱ ǇŀŎƧŜƴǘŀΦ tƻ ǊƻȊŎƛŜƵŎȊŜƴƛǳ όмΥ 
нύ ƴƛŜ ǿȅƪǊȅǘƻ ōŀƪǘŜǊȅƧƴŜƎƻ 5b! Ȋŀ ǇƻƳƻŎŊ ŀƳǇƭƛŦƛƪŀŎƧƛ t/w мс{ rRNAƻ ƻōƴƛȍƻƴŜƧ ŎȊǳƱƻǏŎƛ.

aŀǘŜǊƛŀƱ 2 Amplifikacja genu 16S rRNAΣ ŀ ƴŀǎǘťǇƴƛŜ ǎŜƪǿŜƴŎƧƻƴƻǿŀƴƛŜ ȊŀǎȊƱƻ ǿ 
ƪǊƽǘƪƛƳ ŦǊŀƎƳŜƴŎƛŜΣ ŘŀƭǎȊŜ ǊƽȍƴƛŎƻǿŀƴƛŜ ōȅƱƻ ƴƛŜƳƻȍƭƛǿŜΦ

PACJENT NR 3
BADANIE FISH

Deplanted chambers



PACJENT NR 3

.Ǌŀƪ ƛŘŜƴǘȅŦƛƪŀŎƧƛ ŀƪǘȅǿƴŜƎƻ ȊŀƪŀȍŜƴƛŀ ōŀƪǘŜǊȅƧƴŜƎƻ ǿ ōŀŘŀƴȅŎƘ ǇǊƽōƪŀŎƘΦ [ŜŎȊƻƴŀ ƭǳō 

ǿŎȊŜǏƴƛŜƧǎȊŀ ƛƴŦŜƪŎƧŀ ƴƛŜ ƳƻȍŜ ōȅŏ ǿȅƪƭǳŎȊƻƴŀΦ Z powodu degradacji bakteryjnego DNA 

ƛκƭǳō ƳŀƱŜƧ ƭƛŎȊōȅ ōŀƪǘŜǊƛƛ ǿ ƳŀǘŜǊƛŀƭŜ ǇǊƽōƪƛ нΣ ƳƛƪǊƻƻǊƎŀƴƛȊƳȅ ǿȅƪǊȅǘŜ ƳƛƪǊƻǎƪƻǇƻǿƻ ƴƛŜ 

ȊƻǎǘŀƱȅ ǎƪǳǘŜŎȊƴƛŜ ȊǊƽȍƴƛŎƻǿŀƴŜ Ȋŀ ǇƻƳƻŎŊ t/wΣ ŀƳǇƭƛŦƛƪŀŎƧƛ κ ǎŜƪǿŜƴŎƧƻƴƻǿŀƴƛŀΦ

Deplanted chambers



NICHE-LIKE STRUCTURES

Surface modification
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Surface modification



Biology of the cell

Cellula

The smallest functional unit of life

Surroundedby a membrane

Filled with thickened water gel of various molecules

Capable of creating its
own copies (growth, 

division)



Å Transport inside of the interior (selective permeability)
Å Receiving stimuli
Å Ability of movement and expansion
Å The possibility of transforming energy processes (ATP synthesis)

Cell membranes as 

barriers



Barriers between compartments (components)
Prevent mixing of substances between compartments
Ensuring the maintenance of differences in the composition and function between organelles
Composition control
The membrane itself is a cellular compartment with unique functions
Dynamic structure (movement, synthesis and degradation of components)

Cell membranes as 

barriers



The structure of the cell 

membrane



The structure of the cell 

membrane

Å lipid bilayer
Å membraneprotein



Membranelipids



Membrane lipids
membranemolecules- amphipathicmolecules



Membrane lipids



Membrane lipids

Membranelipids
- phospholipids
- glycolipids
- steroids:
--sulfolipids
--lizolipids
--other



Membraneproteins



Functions of proteins



Functions of proteins

Å Trans-membraneplacement- transmembraneproteins
Å Anchoringthroughcovalentlipids Integralproteins



Integral-transmembrane proteins


