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A bioldgia, mint tudomany
BLOC (=élet) + )\OYOC (=sz0, tudomany)

ElSlényekkel foglalkozd természettudomany.

Valamennyi valaha élt és ma él6 élélény vizsgalata.
> Mi az élet definiciéja? Nincs, nehéz probléma!

Targya:
az élet keletkezése — PALEONTOLOGIA, FILOGENETIKA
az élok csoportositasa — RENDSZERTAN (Taxondémia, Szisztematika)

NOVENYTAN, ALLATTAN, MIKOLOGIA'
MIKROBIOLOGIA - - - > BIOTECHNOLOGIA

az élok felépitése —» ANATOMIA, MOLEKULARIS- ES SEJTBIOL., SZOVETTAN
raz élok miUkodése — ELETTAN (Fizioldgia), IMMUNULOGIA, BIOFIZIKA, BIOKEMIA
egymashoz és kornyezetikhoz vald viszonya — OKOLOGIA, ETOLOGIA
az élok elterjedése — TERMESZETFOLDRA)Z (Biogeografia)
az élok valtozasa — EGYEDFEJLODES (Ontogenetika), FILOGENETIKA, GENETIKA

http://www.sze.hu/~raczev/Bioll files/B1.pdf


https://physiology.elte.hu/eloadas/bev_biol_biofiz/Mi_az_elet.pdf

Elettan - Fizioldgia

Mibdl all 6ssze - szervezddeés
Mi a funkcidja

Mit csinal

Hogyan mukodik

Hogyan szabalyozddik
Szerepe betegségekben
Hogyan vizsgaltak - mérték?



Az élettan alaptémai

+ struktdra és funkcié egysége
+ adaptacié (evolicié sordn), akklimatizacid
(egyed élete soran)
- pl. magas hegység - ritka levegd
- Mexikoi olimpia - helybeliek adaptalodtak
kilfoldiek akklimatizalodtak (mas modon)

- lama - teve; a magas O, kdtoképesség nem adaptiv
jegy a lamaban

* belst kdrnyezet (Claude Bernard, 1872)

* homeosztazis (Walter Cannon, 1929) -
inkabb optimdlis (vs. dllandd) szinten tartas

* negativ visszacsatolds (feedback) - érzékeld,
kell-érték, hibajel

+ konformitds és reguldcié &




Figure 1.1 Levels of structural organization in the human body.
2 The levels of structural organization are chemical, cellular, tissue, organ, system, and organismal.
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Onszervez6dés

Az Onszervezddes egy adott rendszer idobeli és térbeli altalanos rendjének
kialakulaséara utal, amely az egyes komponensek kollektiv kdlcsdnhatasabdl ered.
Ezt a fogalmat széles korben elismerik, mint a fizikai, kémiai és bioldgiai vilag
tobbkomponensid rendszereinek mintaképz6désének alapelvét.
https://royalsocietypublishing.org/toc/rstb/2018/373/1747

Mintazatok kialakuldsa a természetben:
https://www.termvil.hu/archiv/fiatalok/czirok.html

DNS minték tervezése:
https://www.ted.com/talks/paul_rothemund_playing_with_dna_that self assembles?language=hu&subtitle=hu

Mesterseges 6nszervez6d6 rendszerek — mesterséges élet?
https://www.ted.com/talks/martin_hanczyc_the_line_between_life_and_not_life/transcript?language=hu

Zebrafish fejlodése: https://www.youtube.com/watch?v=bEgygtbEo2A

Felépulés sérilés utan: https://www.youtube.com/watch?v=tnCe6WSEyuk&t=5s

Onszervezddés https://www.youtube.com/watch?v=1gco4bhsBPk

https://www.ted.com/talks/heather_barnett_what_humans_can_learn_from_semi_intelligent_slime?la
nguage=hu



https://www.ted.com/talks/paul_rothemund_playing_with_dna_that_self_assembles?language=hu&subtitle=hu
https://www.ted.com/talks/martin_hanczyc_the_line_between_life_and_not_life/transcript?language=hu
https://www.youtube.com/watch?v=bEgygtbEo2A
https://www.youtube.com/watch?v=tnCe6WSEyuk&t=5s
https://www.youtube.com/watch?v=1gco4bhsBPk
https://www.ted.com/talks/heather_barnett_what_humans_can_learn_from_semi_intelligent_slime?language=hu
https://www.ted.com/talks/heather_barnett_what_humans_can_learn_from_semi_intelligent_slime?language=hu
https://www.termvil.hu/archiv/fiatalok/czirok.html
https://royalsocietypublishing.org/toc/rstb/2018/373/1747

Scientists Create First Self-Replicating Synthetic
Life

By Rachel Swaby B4 May 20, 2010 | 2:32 pm | Categories: Biology

Elements for yeast propagation
and genome transplantation
BssH Il

*
*
*
*

https://www.youtube.com/watch?v=07KVJZUAs3U

https://www.wired.com/2014/05/synthetic-dna-cells/

Oligonucleotide
| § Synthesizer

Szintetikus biologia

“a® 7 i Oligonucleotides

: -
o Mo, > ; #sﬂa

revrr— 1,080 bp cassettes (1,078)
L ol [Assemble109X)

https://futurism.com/living-machines-these-rob
ots-are-made-from-living-tissue

10,080 bp assemblies (109)
= 800,000 i (Assemble 11X)

100,000 bp assemblies (11)
¢ (Assemble 1X)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9347161/

BssH Il

Figure 1

Man-made DNA has booted up a cell for the first time.


https://www.youtube.com/watch?v=07KVJZUAs3U
https://www.wired.com/2014/05/synthetic-dna-cells/
https://futurism.com/living-machines-these-robots-are-made-from-living-tissue
https://futurism.com/living-machines-these-robots-are-made-from-living-tissue
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9347161/

The Geologic Record
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Stabilitas és valtozas a biologiaban

Biologiai rendszer:

Dinamikus

Komplex

Szabalyzas? — Pozitiv és negativ visszacsatolas



ldentitas - allanddsag?
Fehérje (sejt?) turnover

JUHASZ GABOR - TALIAN CSABA GABOR
Miért emésztjik magunkat?

Minden normalisan mGik6dd sejtben finoman szabalyozott
folyamat tartja szinten az egyes molekulatipusok, illetve
sejtalkotok mennyiségét, aminek egyik eszkdze a felépitd
anyagcsere regulacidja, de ugyanilyen fontosak a lebonto
folyamatok is. Az élolények alapegységei, a sejtek ezt részben ugy
érik el, hogy az allanddan 6regedd, ezaltal egyre tdébb sérulést
szenvedd makromolekulaikat (fehérjéket, RNS-eket) és a
sejtorganellumaikat allandéan megujitjak, vagy pétoljak. Ezt a
folyamatos kicseréldodést, karbantartast turnovernek nevezzuk,
amely az egyes fehérjék féléletidejével jellemezhetd: ez az az ido,
amelynek soran az egy adott idopontban a sejtben talalhaté
valamely anyag 6sszes molekulajanak fele lebomlik. Ez
molekulatipustdl fuggden lehet néhany perc, de akar tébb nap is.

http://www.sulinet.hu/termeszetvilaga/archiv/2001/0109/10.html



Csont felépités, bontas

Medscapes www.medscape.com

Bone resorption Bone formation

{—Ecne | EMP, TGFp, IGF
FGF, PDGF, VEGF, WNT

® .

D[]D DKK1 | ———1 [ (D

- «—— [RANKL

0% | > O
2 OFG

Osteoclast Osteoblast pore

Source: Mat Rey Cancar & 2005 Mabture Publishing Group

Figure 1. Role of osteoblasts and osteoclasts in bone remodelling.

Bone mass is maintained by a balance between the activity of osteoblasts (right), which form bone, and osteoclasts (left), which
break it down. Normally, bone formation and bone resorption are closely coupled processes involved in the normal remodelling of
bone. Osteoblasts make bone by producing a matrix that then becomes mineralized. Osteoblasts also regulate osteoclast activity
through expression of cytokines such as receptor activator of nuclear factor-kB ligand (RANKL), which activates osteoclast
differentiation, and osteoprotegerin (OPG), which inhibits RANKL. Factors that are known to stimulate osteoblast proliferation or
differentiation are bone morphogenetic protein (BMP), transforming growth factor-f3 (TGFf), insulin-like growth factor (IGF),
fibroblast growth factor (FGF), platelet-derived growth factor (PDGF), vascular endothelial growth factor (VEGF) and WNT. The
WNT antagonist DKK blocks osteoblast proliferation. Osteoclasts are large multinucleate cells that break down bone and are
responsible for bone resorption. http://www.medscape.com/content/2005/00/49/69/496917/496917 _fig.html



Nikon videok:

Fibroblast sejtek
Sejtosztédas

ldegsejtek vandorlasa, nbvekedeése:

[ IN -

Elet = Alland6 valtozas
Akkor mi biztositja az €lo organizmus valtozatlansagat??

Embrionalis fejlédés -- Mi vezerli és hogyan?

Onszervezddés — Onszervez8d6 dsszetett rendszerek


https://www.microscopyu.com/galleries/cell-motility
https://www.microscopyu.com/galleries/confocal/laser-scanning
https://www.youtube.com/watch?v=t-8bxeWqSV4
https://www.youtube.com/watch?v=AUkQLaXPNdA
https://www.youtube.com/watch?v=nZscMUlso00
https://www.youtube.com/watch?v=EeHiA98yUa4

SZABALYOZAS!

| Increasing or
decreasing a

» Bioldgia: Allandé
valtozas

 Dinamikus
egyensuly

* Pozitiv - negativ
visszacsatolas
biztositja belsd

kornyezetunk
allanddsagat

chemical signals to a

Nerve impulses or l



D. Contrel circuit response to disturbance or set point (5P) deviation
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A szabalyzas sohasem tokéletes
Optimalis szabalyozas csak akkor
lehetséges, ha pontosan ismerjik a
szabalyozandé rendszer
tulajdonsagait

Kozelités: PID szabalyozo

A PID szabalyozo egy linearis rendszerek
szabalyozasanal gyakran alkalmazott,
parhuzamos kompenzacion alapuld
szabalyozotipus. A PID rovidités a
szabalyozo elvére utal, a szabalyozo altal
kiadott végrehajtojel

a hibajellel (P: proportional),

a hibajel integraljaval (I: /integral),
valamint

a hibajel valtozasi sebességével,
derivaltjaval (D: derivative)

aranyos tagokbdl adddik dssze, azaz a
végrehajtojel a jelenlegi hiba, a multbeli
hibak és a varhatd hibak figgvénye. Ezen
tagok kozil nem mindig valositjak meg
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Homeosztazis

A transzcellularis ter: - cerebrospinalis folyadek .
. Tankonyv
- a szem csarnokvize
- a belsd ful endolimfaja .
J Link

- a pleuradr

- a hasureg es perikardialis ter

A homeosztazis fogalma: a belsé kdrnyezet allandosaga, a dinamikus egyensuly
(steady-state) biztositasa az un. Cannon parameterek
,Set-point” (beallitasi erték) koruli szinten tartasa

F&bb tulajdonsagai: - aramlasra valo kepesseg
- viszonylagos allandésag
Homeosztazis fébb tenyezdi: izozmozis
izoionia

pH allanddsag
izovolémia

izotermia



Oregedéselméletek
ﬂmﬁw hicide .| Programozott Karosodds ::mﬁm rege “.'
hodletek elméletek elméletek biolégidjdn il
Altalénos Egyedi Sk“m“'!"mm“ﬁ“
formulaciok mechanizmusok (SIPS)

Hiba-halmozddas elmélet
- Javitd mechanizmusok
szerepe

https://hu.wikipedia.org/wiki/DNS-
jav%C3%ADt%C3%Als
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Biologia ---- Komplex (rendkivil 6sszetett) rendszer
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Mitol szovet a szovet?

» Kisérlet: Injektaljunk be 6ssejteket
kUlonboz6 szovetekbe és nézzik meg, mi
torténik

* Az injektalt sejtek beépulnek a szovetbe
és integralodnak

* ? Milyen jelek mondjak meg a sejteknek,
hogy mivé kell valniuk?

* Az extracellularis kdornyezet szerepe

Az extracellularis matrix - kontakt

kdlcsonhatasok szerepe
https://www.ncbi.nim.nih.gov/pmc/articles/PMC4550631/pdf/WJISC-7-992.pdf




A szovetekkel foglalkoz6 tudomany a szévettan (hystologia).

A szovet (tela) a hasonlo iranyban differencialodott, azonos miikodés( sejtek egysege. A
szOvetek alaptipusai:

- hamszovet (tela epithelialis)

- ko6t6- és tamasztoszovet (tela conjunctivalis)

- izomszoévet (tela muscularis)

- idegszovet (tela nervosa)

A hamszovetek (bor és nyalkahartya) feladata a felszinek hézagmentes beboritasa, zarasa
(elsddleges védelmi vonal) és oldott anyagok felszivasa (resorptio) és kivalasztasa (secretio).
Mikoddeslk szerint négy csoportba sorolhatok: fedéham, mirigyham, pigmentham és
érzékham. A sejtek alakja szerint megkilénbdztetiink laphamot, kbbhamot és hengerhamot. A
sejtek szama szerint megkilénboztetink egyrétegii és tobbrétegii hamokat.

A koto- és tamasztészovetek (porcszovet, csontszovet, ver, verképzo szovetek, zsirszovet)
0sszekotd, tamaszto szerepet toltenek be és bioldgiai feladatokat latnak el. Jelentds résziik a sejt
kdzotti allomany, mely kocsonyaszerd, rostos, folyékony allomany.

Az izomszovet (simaizomszdvet, harantcsikolt izomszovet és szivizomszdvet) alapvetd
jellemzbje az 6sszehuzddasi kepesseg. A harantcsikolt izomszovet akaratunktol fliggben, a
simaizomszdvet és a szivizomszdvet akaratunktol fiiggetlendl huzodik dssze.



Sejt-sejt felismeré mechanizmusok, szignalok

Presumplive
epidermal cells

Spontaneous
Teaggregation

Segregation
\ of cell types @t '

: F" - ol
el oy,
Lk by Al
"I* .|

Chutside
Weural cells
Epidermal cells ___fon

Neural plate
cells

{_ross section

Figure 3.26. Reaggregation of cells from amphibian neurulae. Presumptive epidermal cells from pigmented
embryos and neural plate cells from unpigmented embryos are dissociated and mixed together. The cells
reaggregate so that one type (here, the presumptive epidermis) covers the other. (After Townes and Holtfreter
1955.)



A szOvetekben Iévo
informacio (szignalok)
szerepe.

Sejtek — extracellularis
matrix — sejt viselkedes
kontrollja

Public Awareness of Tissue Engineering
Tissue engineering became widely known
to the public when BBC aired a broadcast
on the potential of tissue-engineered
cartilage. Among the examples it showed
was the infamous “mouse with the human
ear” which was referred by Dr. Vacanti as
auriculosaurus.

https://www.nature.com/articles/s41578-020-0209-x



a No contact b Adhesion

Kontakt jelatvitel két sejt kHzott
(KésoOhbb sejtek és az extracellularis
matrix k6zott)

Plasma
membrang

€ Adhesion, signalling d Adhesion, stronger signaliing

Forward

Reverse Forward
signals € !

signals signals

‘ g Eph receptor ; Active Eph receptor z Ephrin-B ?Active ephrin-B

Nature Reviews | Molecular Cell Biology



Az extracellularis matrix (sejtkozotti
allomany) funkcioi

A szovet fizikai tulajdonsagainak
meghatarozasa

A sejtek tamogatasa

Novekedési faktorok tarolasa-elosztasa
Kontakt szignalok

Sejt novekedés, osztddas, differenciacio

Szerepe betegségek kialakulasaban



A sejtkozotti allomany
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Sejt adhézios molekuladk: Nem “csak” sejtrogzito funkcio!!! Jelatvivo funkcio!!
Tobbsejtl organizmusban kontrollaljak az egyes sejtek viselkedését. Ha a sejt
kiszakad kdrnyezetebdl, elpusztul!

Programozott sejthalal - apoptozis

Anchorage Independence of Transformed Cells

Mormal Calls Transformed Calls
Adharant Mon=-sdherant Non-adermnt
Growth fachor Growth factor Growth factor
recephors Integrins recepions Infegrins recepions Integrins
\\‘ ral '&.1 \Iﬂ. Oneogenes or
W Fd 'y Growth faciors

VA L\ I ¥ 4
| L
Lo+

| growth
Cell growth J Ceil growth Coll g

Coll cycly prograssion /
Cell cycle arrest (broblasts) | Anoikis resistances
Anolkis (epithelial & endothelial calls)

Figure. Anchorage independence of transformed cells.

Molecular Signaling Regulating
Anchorage-Independent Growth of
Cancer Cells

Lu-Har WanG, PH.D



Disorder

Ehlers-Danlos IV

Ehlers-Danlos V

Ehlers-Danlos VI

Ehlers-Danlos VII

Oseteogenesis
imperfecta

Scurvy

Diseases of the extracellular matrix

Collagen Defect

decrease in type Il

decreased cross-
linking

decreased
hydroxylysine

N-terminal pro-peptide
not removed

decrease in type |

decreased
hydroxyproline

Symptomology

arterial, intestinal and uterine
rupture, thin easily bruised
skin

skin and joint
hyperextensibility

poor wound healing, musculo-
skeletal deformities, skin and
joint hyperextensibility

easily bruised skin, hip
dislocations, hyperextensibility

blue sclerae, bone deformities

poor wound healing, deficient
growth, capillary weakness

H.' .‘ i
Early wrinkling of the hands
signals the onset of
collagen deficiency and in

some cases, collagen
Aicaaco



IA)} cells wath functional (B} cells with blocked
protease receplors protease receptors

. uPA receptors

active proteass (uPA) inactive protease (mutant uPA)

TUMOR GROWTH AND METASTASIS TUMOR GROWTH BUT NO METASTASIS



Sejt adhézid - sejtek kozotti
kommunikacié - kontakt szignalok

Cell-cell adhesions

M
f ™ Intracellular
attachment protein

Cell-adhesion

molecules » Cytoskeletal proteins

e Cell-matrix
adhesions

e s e — —  Collagen
— == fiber

Cell-surface Matrix proteoglycan Multiadhesive protein
proteoglycan  core protein

core protein

http://bioweb.wku.edu/courses/biol566/L21AdhesionSigTransdctn.html

Glycosaminoglycans
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Cadherins

Cadherins are specific Ca2+
dependent adhesion molecules
that regulate intercellular
recognition and are fundamental
to the process of animal
morphogenesis.

Adams, C.L., Chen, Y.T., Smith,
S.J and Nelson, W.J. (1998)
Mechanisms of epithelial cell-cell
adhesion and cell compaction
revealed by high-resolution
tracking of E-Cadherin-green
fluorescent protein. J. Cell Biol.
142: 1105-11109.

(f}nun—polnrised polarised

g E-cadherin
) '”‘“:' "
“S0h catening. 7

~—g-actin

E-cadherin

Figure 14.6 The role of cadherin in the compaction of the eight-cell stage
mouse embryo: (a and b) Scanning electron microscopy reveals that after three cell
divisions (eight-cell stage) mouse embryos change from a uva (grape)-like to a morula
{mulberry)-like aggregate. This process, called compaction, enables the cells to attach firmly
to each other, manifesting the first signs of polarization. Their morphology now presents
distinct basal {contact) and apical (peripheral) membrane surfaces. (c and d) Light
microscope images showing the inhibition of the compaction process by anti-E-cadherin,
The antiserum prevents the attainment of the compact form though cell division continues
unimpeded. The non-immune serum allows compaction to proceed normally. This type of
experiment demonstrated that contact between cells is mediated by a limited set of
membrane adhesion molecules. (e) Immuncfluorescence microscopy using anti-cadherin
antibodies indicates that E-cadherin is located at the cell—cell boundaries of the mouse
embryo at the morula stage. (f) Schematic presentation showing the changes in

distribution of E-cadherin and its interaction with [}-catenin following the formation of

cell contacts. The polarization creates distinct basal and apical membrane surfaces. (g) The
organization of actin as a purse-string that draws [-catenin and E-cadherin together,
causing compaction of the embryo. Panels ¢, d and e courtesy of Rolf Kemler.



catenins

classic cadherins [
N-cadherin '
P-cadherin 5 Cu2*~binding

| E-cadherin {uvomaorulin) cadherin repeats
R-cadherin (K-CAM)
B-cadherin
L-CAM
U-cadherin
EP-cadherin

| XB-cadherin

—a-actinin

f-actin

Figure 14.7 Molecular structure of cadherins. Cadherins form a large family of
adhesion molecules characterized by five Ca**-binding domains. In the cytosol they
interact with the catenins (o, f§ and y) which, with g-actinin, make the bridge to the actin
cytoskeleton.

Epithelial cell junctions

Figure 14.8 Epithelial cells are firmly attached to each other by a set of
junctions which resist physical stress. Tight junctions form a barrier for most
solutes; adherent junctions are connected to the cellular adhesion belt and maintain
tissue integrity; desmosomes are linked to intermediate filaments and also act to maintain
cellular integrity. Cadherins make the connection in both adherent junctions and
desmosomes through homophilic intercellular interactions.

Hamsejtek szoros kapcsolataert
Cadherin molekulak felelosek, 6k
alkotjak a desmosomakat eés adherens
junction-kat



Figure 21.11 Radial migration in the
developing cortex. (A) Section through
the developing forebrain showing radial
glial processes from the ventricular to
the surfaces. Micrograph shows migrat-
ing neurons labeled with an antibody to
neuregulin, specific for migrating corti-
cal neurons. (B) Enlargement of boxed
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Figure 21.11 Radial migration in the
developing cortex. (A) Section through
the developing forebrain showing radial
glial processes from the ventricular to
the surfaces. Micrograph shows migrat-
ing neurons labeled with an antibody to
neuregulin, specific for migrating corti-
cal neurons. (B) Enlargement of boxed
area in (A). Migrating neurons are inti-
mately apposed to radial glial cells,
which guide them to their final position
in the cortex. Some cells take a nonra-
dial migratory route, which can lead to
wide dispersion of neurons derived
from the same precursor (see Box F).
(C) A single neuroblast migrates upon a
radial glial process (based on serial
reconstruction of EM sections as well as
in vitro assays of migration, as shown
in the accompanying micrograph). Cell
adhesion and other signaling molecules
or receptors found on the surface of
either the neuron (green) or the radial
glial process (tan) are indidated in the
respective boxes. (After Rakic, 1974;
micrographs courtesy of E. S. Anton
and P. Rakic.)



How are axons guided to their targets?

Semaphoring
(secrated) Long-range cues
Metring MNetrins
Chemorepulsion Chemeoattraction
o
§ T “ T
= = = = ) s L it
. z + *
.[.
Growth cone
e
+
Contact repulsion Contact attraction
Eph ligands : - | 1g CAMSs
Semaphoring Ehu:];znge Cadherins
(transmembrana) e ECM (for example, laminins)
ECM ({for example, tenascins)

http://mcb.berkeley.edu/courses/mcb160/Spring_2006/10-axonguidance2.pdf#search="Axon%20guidance'
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