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Asutépa AAe€avdpakn E€EALEN TwV yovibiwyv
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Eicaywyn ota kUuTTaApda
NMeplEXOUEVA

OpoIoTNTA KAl NOIKIAOTNTA KUTTAPWV
Ta KUTTAapa KATW ano TO PIKPOOKOMIO
To NPOKAPUWTIKO KUTTAPO

TO EUKAPUWTIKO KUTTAPO

[1pOTUNOI OPYAVIOMOI
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'OAa Ta EuBIa ovra anoTeAouvTdl ano KUTTApa

HIKPEC HOVADEC

nepiBaAlovTal ano HERBpavn

YEUATA ME EVA MUKVO USATIKO S1IGAUHA XNHIKWV OUCIWV
IKavoTNTa va au&avouv

IKavoTnTa va diaipouvTal ora duo

IKavOoTNTa va dnuioupyouv avTiypaga Tou EaUTOU TOUCG
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AvVArnTUooOPEVO WAPIO
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AVOTTTUGOOMEVO WAPLO
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OMOIOTNTA KAl MOIKIAOTNTA KUTTAP®WV

e Ta kUTTApa eupavifouv HEYAAN MOIKIAOTNTA
WC NPOC TNV €UPAVION Kal Tn AEIToupyia Toug

e 'OAa Ta {wvTava kUTTapa £xouv napouoia
Baoikn xNUEeia

e 'ONa Ta onueEPIVA KUTTAPA NpoPpavwe
g€eAixbnkav anod Tov idIo NpoOyovo

e Ta yovidla napexouUV TIC NANPOPOPIEC VIa TN
uoppn, TN AEIToupyia Kai TNV NEPIiNAoOKN
oUNNEPIPOPA TWV KUTTAPWV



Ta kUtTtapa spudavilovuv peyaAn notktAotnta
W¢ MPOC TNV eudavion Kat tn Asttovpyia TouG

* Méeyeboc

e JXNMO KOl KLVIOELG

* Eéwtepiko mepiBAnua

e XNULKEC QTOLTNOELG Kol 6paoTNPLOTNTEC
e E¢sldikeVOELC
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Xopoc KepdTIVOKUTTAP®V
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X0pOC KEPOATLVOKUTTAPWV




ZUPOMEVH apoiBada
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Jupouevn apotlBada
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Napadeiypota tTnE rotktAiog
TWV KUTTAPLKWY OXNHATWV Kot
MEYEOWV.

A. Neuplko kuTTapo napeykedaiidag
B. Paramecium: npwtolwo

I. Toun amno pioxo veapou ¢utol

A. Bdelovibrio bacteriovorus, Baktriptlo
E. AeukokUTTOPO OVOPWTITOU



Napadeiypota tng motkiAiog
TWV KUTTAPLKWY OXNUATWV
Kol LEYEOWV.

A. Neupiko KUTTapo napeyke@aAidag
B. Paramecium: npwTtolwo

. Toun ano pioxo veapou puToU

A. Bdelovibrio bacteriovorus,
BakTnpio

E. AsukokUTTApPO avBpwnou
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Napadeiypota tng motkiAiog
TWV KUTTAPLKWY OXNUATWV
Kol LEYEOWV.

A. Neupiko KUTTapo napeyke@aAidacg
B. Paramecium: npwTtolwo

. Toun ano pioxo veapou puToU

A. Bdelovibrio bacteriovorus,
BakTnpio

E. AsukokUTTApPO avBpwnou
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Napadeiypota tng motkiAiog
TWV KUTTAPLKWY OXNUATWV
Kol LEYEOWV.

A. Neupiko KUTTapo napeyke@aAidacg
B. Paramecium: npwTtolwo

. Toun ano pioxo veapou puToU

A. Bdelovibrio bacteriovorus,
BakTnpio

E. AsukokUTTApPO avBpwnou



Napadeiypata tTnG molKALOG TWV

KUTTOPLKWV OXNHATWYV KoL
HEVEOWV.

A. Neupiko KUTTapo napeyke@aAidacg
B. Paramecium: npwTtolwo

. Toun ano pioxo veapou puToU

A. Bdelovibrio bacteriovorus, BakTtnpio
E. AsukokUTTapPO avBpwnou



MaoTiyio BakTnpiou
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Maotiylo Baktnpiov

- . » R
| I
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Napadeiypara TNG NoIKIAIAC TWV KUTTAPIK®V
OXNHATWV KAl HEYEOWV.

A. Neupiko KUTTapo napeyke@aAidag
B. Paramecium: npwTolwo

. Toun ano pioxo veapou puToU

A. Bdelovibrio bacteriovorus, BakTtnpio
E. AsUKOKUTTapO avlpwnou
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OMOIOTNTA KAl MOIKIAOTNTA KUTTAP®WV

Ta kuTTapa supavifouv JeyaAn NOIKIAOTNTA WG
NpocC TNV €UpAvion Kal Tn AEIToupyia Toug

'OANa Ta (wvTava KUTTapa £Xouv napopoid
Baoikn XnUEia

'OANa Ta onuepIva KUTTApa NPoPAVWC
e€eAixbnkav anod Tov idIo NpoOyovo

Ta yovidla napexouVv TIC NANPOPOPIEC YIa TN
uoppn, TN AEIToupyia Kai TNV NEPIiNAoOKN
oUMNEPIPOPA TWV KUTTAPWV



ZuvOeon DNA
< (avTiypa®n) )
DNA

ZUvOeon RNA

VOUKAE€OTIOIA (neTaypaen)

ZUvOeon NPWTEIVOV
(peTappaon)

NnPWTEiIvVN

agIvoEEa

2e OAa ta {wvtava Kuttapa n
POI TWV YEVETLKWYV
nAnpodopLwv gival ano to
DNA oto RNA (petaypadn)
kot aro to RNA otig
npwteivec (netadpaon)



[ Aveosiona 2
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Avtiypadpn DNA
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Metaypadn
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Metadpaon




O id10¢ BAcIKOC
HNXAVIGHOG
8 XpnolJonoiNenke yia Tn
B Snuioupyia OAWV TV
EUBIWV OVTWV

BakTtnpia (A),
nerailouda (B),
TplavTtapuAAo (IN) kal
deA@ivi (A).

£XOUV Mapopola Baacikn
BloxnMeia kKal AsIToupyouv
oUMPWVA HE TIC idIEC
BepeAiwdEIC apXEC.




OMOIOTNTA KAl MOIKIAOTNTA KUTTAP®WV

Ta kuTTapa supavifouv JeyaAn noikiAOTNTaA
WC NPOC TNV €UPAVION KAl Tn AsIToupyia Toug

'OANa Ta (wvTava KUTTapa £Xouv napopoid
Baolikn XnUEeia

'OAa Ta onuepIva KUTTApa NpoPpavwc
e€eAixbnkav ano Tov idIo NpoOyovo

Ta yovidla napexouVv TIC NANPOPOPIEC YIa TN
uoppn, TN AEIToupyia Kai TNV NEPIiNAoOKN
oUNNEPIPOPA TWV KUTTAPWV



'OAd Ta onNUEPIVA KUTTAPA NPOPAV®EC
eEesAixOnkav ano Tov idi1o npoyovo

Ot petaforéc oto DNA amokaAouvvtal LETAAAAEELS

OL amtAEC aPXEC TNC XAAaynN¢ KoL TNG ErtAoync, mou ePpapoOoTNKOV
ETIOVAANTITLKA OE TEPAOTLO OPLOUO KUTTOPLKWY YEVEWV OTTOTEAOUV TN

Baon tng e€EALENC.

E€EALEN, elvaw n Slepyaoia e Tn omola Ta EpPLa ovta
TpoToTnolouvTal otadlokd Kol tpocappolovtal oto ePLPAAAOV TOUC
LE OAO KOLL TTILO EKAETITUCLEVOUC TPOTIOUC.

To apyEyovo kuttapo spdaviotnke npv amno 3.5-3.8
SloekatoppUpLa Xpovia



OMOIOTNTA KAl MOIKIAOTNTA KUTTAP®WV

Ta kuTtTapa supavifouv JeyaAn noikiIANOTNTA
WC NPOC TNV €UPAVION KAl Tn AEIToupyia Toug

'OANa Ta {wvTava KUTTapa £xXouv napopoid
Baoikn xnuUeia

'OANa Ta onueEpIva KUTTApa NPoPaAvwe
eEeAixbnkav anod Tov idI0 NPOyovo

Ta yovidla napexouV TIC NANPOPOPIEC YIa TN
Hop®n, TN AEIToupyia Kal TNV NEPINAOKN
oUMNEPIPOPA TWV KUTTAPWV



Ta yovidia napeExXouv TiIGC NANPOPOPIEC YyiaA TN
HOpP®PN, TN ASITOUpPYIA KAl TRV NEPINAOKN
CUHMNEPIPOPA TOV KUTTAPWV

Ffovibiwpa ival To CUVOAO TWV YEVETLKWYV TTANPOoPOopLWV TTOU
KwokomoLelta armo to DNA evoc kuttapovu.

Kottapa ano dtadopeTikoUc LOTOUC TOU iOLoU 0pyavLIoUOU TIEPLEXOUV
10 (6Lo yovibiwpa.

Aladopetika KutTapa ekbpalovy dtadopeTika yovidia.




EPQTHZEIZ

1-1 Living systems are incredibly diverse in size, shape, environment, and behavior.
It is estimated that there are between 10 million and 100 million different
species. Despite this wide variety of organisms, it remains difficult to define
what it means to say something is alive. Which of the following can be described

as the smallest living unit?

(a) DNA

(b) cell

(c) organelle
(d) protein



EPQTHZEIZ

1-2 Indicate whether the following statements are true or false. If the
statement is false, explain why it is false.

A. A virus is a living organism.
B. Cells of different types can have different chemical requirements.

C. A human white blood cell is larger than a Paramecium cell.



EPQTHZEIZ

1-3 For each of the following sentences, fill in the blanks with the best word
or phrase selected from the list below. Not all words or phrases will be
used; each word or phrase should be used only once.

Cells can be very diverse: superficially, they come in various sizes, ranging
from bacterial cells such as Lactobacillus, which is a few

in length, to larger cells such as a frog’s egg, which
has a diameter of about one . Despite the diversity,
cells resemble each other to an astonishing degree in their chemistry. For
example, the same 20 are used to make proteins.
Similarly, the genetic information of all cells is stored in their

. Although contain the same
type of molecules as cells, their inability to reproduce themselves by their
own efforts means that they are not considered living matter.

amino acids micrometer(s) VS
DNA millimeter(s) yeast
fatty acids plants

meter slENNERuECRES



EPQTHZEIZ

1-4 The flow of genetic information is controlled by a series of biochemical
reactions that result in the production of proteins, each with its own
specific order of amino acids. Choose the correct series of biochemical
reactions from the options presented here.

€)) replication, transcription, translation
() replication, translation, transcription
(9 translation, transcription, replication

(d) translation, replication, transcription



EPQTHZEIZ

1-5 Proteins are important architectural and catalytic components within the

€))
(b)
(c)
(d)

cell, helping to determine its chemistry, its shape, and its ability to
respond to changes in the environment. Remarkably, all of the different
proteins in a cell are made from the same 20 . By linking
them in different sequences, the cell can make protein molecules with
different conformations and surface chemistries, and therefore different
functions.

nucleotides
sugars
amino acids
fatty acids



EPQTHZEIZ

1-6 Changes in DNA sequence from one generation to the next may result in
offspring that are altered in fithess compared with their parents. The
process of change and selection over the course of many generations is

the basis of
€)) mutation
(o) evolution

(9 heredity
(d) reproduction



e H gpeUpeon Tou OoNTIKOU HIKPOOKOMIOU
o0Nynoe O0TNV avakaAuywn TwV KUTTApwV

e Me TO NIKPOOKOMIO unopouVv va yivouv opaTtd
KUTTApa, opyavidla akopa kal yopia
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2. Ene&epyaoia

3. Zwotn 01aTaén

AVTIKEIYEVIKOU Kal
npooco@OAApuIou
(pakou

PWTOVIKO HIKPOOKOMNIO

(ONTIKO HIKPOOKOMNIO)

eyepiece
(ocular)

|
objective |: Ill

specimen — =

condensar

light

source
G |

the light path in a
light microscope

MIKpOOKOMIO
PwTEIVOU nediou

| Mikpookonio

avTiBeonc pacswyv

MIKpOOKOMIO
avTiBeonc pacswyv

OUMBOARG

Movipyonoinon & diaToun



Mikpookonio (pOopicHOU

Auo €idn QPiATpwV
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_beam-splitting
1" mirror

A | ~—— objective lens
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E — object




ZUVEOTIOKO HIkpookonio (confocal)
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HAekTpoVIKO HIKpookonio Oi1EAeuong (TEM)

TRANSMISSION I
ELECTRON | J.'n'/’ x1.000.000
MICROSCOPY * >nm

electron[ -
JE— ‘.*.': .

projector
lens

viewing
screen or
photographic /

film A



HAEKTPOVIKO HIKPOOKOMNIO CAPWONG
(SEM)

SCANNING ELECTRON
MICROSCOPY
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Ta kKUTTAPA KAT® ANO T

|—
|

KPOOKOMMIO

e H gpeupeon Tou ONTIKOU HIKPOOKOMIOU
odnNynoe oTNV avakaAuyn TwV KUTTApwV

e Me TO NIKPOOKOMIO unopouUv va yivouv opaTtd
KUTTApa, opyavidla akopa kal yopia



IoTOpIKG OpoOONHO OTH HIKPOOKONIKN €E€TAON
TOV KUTTAPWV.

TABLE 1-1 HISTORICAL LANDMARKS IN DETERMINING CELL STRUCTURE

Hooke uses a primitive microscope to describe small pores in sections of cork that he calls “cells.”

Leeuwenhoek reports his discovery of protozoa. Nine years later, he sees bacteria for the first time.

Brown publishes his microscopic observations of orchids, clearly describing the cell nucleus.

Schleiden and Schwann propose the cell theory, stating that the nucleated cell is the universal building block of plant
and animal tissues.

Kolliker describes mitochondria in muscle cells.

Flemming describes with great clarity chromosome behavior during mitosis in animal cells.

Cajal and other histologists develop staining methods that reveal the structure of nerve cells and the organization of
neural tissue.

Golgi first sees and describes the Golgi apparatus by staining cells with silver nitrate.

Boveri links chromosomes and heredity by observing chromosome behavior during sexual reproduction.

Palade, Porter, and Sjostrand develop methods of electron microscopy that enable many intracellular structures to be
seen for the first time. In one of the first applications of these techniques, Huxley shows that muscle contains arrays of
protein filaments—the first evidence of a cytoskeleton.

Robertson describes the bilayer structure of the cell membrane, seen for the first time in the electron microscope.

Kendrew describes the first detailed protein structure (sperm whale myoglobin) to a resolution of 0.2 nm using X-ray
crystallography. Perutz proposes a lower-resolution structure for hemoglobin.

Christian de Duve and his colleagues use a cell fractionation technique to separate peroxisomes, mitochondria, and
lysosomes from a preparation of rat liver.

Petran and collaborators make the first confocal microscope.

Lazarides and Weber use fluorescent antibodies to stain the cytoskeleton.

Chalfie and collaborators introduce green fluorescent protein (GFP) as a marker to follow the behavior of proteins in
living cells.




NMPWIPNEC ANEIKOVIOEIGC KUTTAP WYV

A. ZovTavo (PUTIKO
0 KUTTapo (kKUTTapo
: . TpIxIdiou ano aveog
' | Tradescantia), t:2.5
WPEC

228 ' B. pwToypapia and
PWTOVIKO HIKPOGKOMIO
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- Kuttapikn OBewpia: oOAa Ta €ufia  kutTApPa
oxnuatiCovrar and Tn dOlaipeon npoUnapxXovriwyv
KUTTAPWV Kal KANPOVOHOUV Ta XAapakTnpIioTiIKa TwV
UNTPIKWV KUTTAPWV.

« O1 euBlol opyaviouoi dgv NpokUNTOoUvV auBopunTa aAAd
LOVO ano undapxXovTeEC opyaviououcg

neipapa Louis Pasteur....c.u..
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Ta kUTTApa KATW Ano To HIKPOOKOMIO

e H epeUpeon TOU ONTIKOU PIKPOOKOMIoU
odnNynoe oTNV avakaAuyn TwV KUTTApwV

e Mg TO MIKPOOKOMIO UNopouV va yivouv opaTtd
KUTTApa, opyavidla akopa kal yopia



KutTapa o€ gpuTIkoug Kal {wikouc 10ToUC.

A. KUTTapa ano 1o akpo TnG pidac evog puTou. (KUTTAPIKO TOIXWHA — HMAE)

B. KUTTapa ano Ta abpoioTika cwAnvapia Tou veppou. (NUuprnvac-kKOKKIVO,
€EWKUTTAPIO OTPWHA-NWP)

ﬁ "L
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'Eva {wvTavo KUTTAapo onwc paiveral HE To PWTOVIKO
UIKPOOKOMIO

A. KutTapo ano dgpua avbpwnou (PWTOVIKO HIKPOOKOMIO).
B. KUTTapo XpwoTIkKNG ano Batpaxo (pwTOVIKO HIKPOOKOMIO).

plasma
cytoplasm membrane nucleus
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H AenTopepng OONN €vVOC KUTTAPOU, ONWC (PaiveTal o€
NAEKTPOVIKO PIKPOOKOMIO OIEAEUCNC.

A. \enTn TouN NNATIKOU KUTTAPOU.

nucleus

YA

miibéhondrio

TTH

BT
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H AenTopepng OONN €vVOC KUTTAPOU, ONWC (PaiveTal o€
NAEKTPOVIKO PIKPOOKOMIO OIEAEUCNC.

B. Mikpn NepIOXN TOU KUTTAPONAAONATOC O PeyaAuTepn peyebBuvon. (Kabe
piBoowpaTio anoteAeiTal nepinou ano 80-90 EexwploTa peyaia popia)
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H AenTopepng OONN €vVOC KUTTAPOU, ONWC (PaiveTal o€
NAEKTPOVIKO PIKPOOKOMIO OIEAEUCNC.

I'. NMapaokevaopa DNA nou anopovwbnke ano e€va kutrtapo (akopa kai
MEYAAQ pOpIa PMOPEI va Yyivouv opaTa PJE TO NAEKTPOVIKO HIKPOOKOMIO).

ﬁxm' n’\; i
"w“'




Mia aicbnon TNC KAipakac PeTa&éu (wvTavwyv KUTTApwWYV Kal
ATOMWV.

« Meyebuvon kata 10 gopec / lkova.
« AvTixelpac- enidepuaTika KUTTApd — pIBOCWUATIO — ABpoIoUA ATOHWYV
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To HEYEODOC TWV KUTTAPWYV KAl TWV CUCTATIK®V
TOUC Kdl Ol AVTIOTOIXEC HOVADEC HETPNONG

0.2 mm minimum resolvable
(200 pm) by unaided eye

x10
20 pm

‘x10

2 pm

‘x10

200 nm minimum resolvable
by light microscope
| x10

v
i
|
=
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O
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20 nm |

‘HO

2nm |

MOLECULES

x10
Tm =10°mm
0.2nm | Minimum resolvable =10°um

by electron microscope =10°nm




EPQTHZEIZ

1-7 What unit of length would you generally use to measure a typical human

cell?
€)) centimeters
() nanometers
(9 millimeters

(d) micrometers



EPQTHZEIZ

1-9 Cell biologists employ targeted fluorescent dyes or modified fluorescent

€))
(b)
)
(d)

proteins in both standard fluorescence microscopy and confocal
microscopy to observe specific details in the cell. Even though
fluorescence permits better visualization, the resolving power is

essentially the same as that of a standard light microscope because the

resolving power of a microscope is limited by the
light.

absorption
intensity
filtering
wavelength

of



TO NPOKAPUWTIKO KUTTAPO

e OI NPOKAPUWTEC €ival N Mo ETEPOYEVNC opada KUTTAPWV

e O KOOHOC TWV NPOoKApUWTWV OlaipeiTal o€ dUO
ENIKPATEIEC: TA EUBakKTnpIa Kai Ta apxaioBakrnpia



Meyebn kal oxnuata Baktnpiwv.

« Tunika ogaipika, paBdooxnua kal oneipoidn Baktnpia (GUPIAN).

spherical cells, rod-shaped cells, spiral cells,

e.g., Streptococcus  €.9., Escherichia coli, e.g., Treponema pallidum
Salmonella




To BakTnpio Escherichia coli (E.coli) €ival o kaAuTepa
MEAETNMEVOC KAl «KATAVONTOC» (WVTAVOC Opyaviouoc.

HAekTpoOVIKN HIKpoypa®pia enignkouc diatounc. To DNA eival otnv
OKOUPOXPWHN NEPIOXN.




To NPOKAPUWTIKO K

e Ol NPOKAPUWTEC €ival N nio ETEpoyevnc opada
KUTTApWV

e O KOOMOC TWV NPOoKAPUWTWYV OlaipeiTal o€ dUO
ENIKPATEIEC: TA EUBakKTnpIa Kai Ta apxaioBaxkrnpia



Ol NPOKAPUWTECG €ival N MIO ETEPOYEVNC opada
KUTTAP®WYV

AgpoBia

Avagpofia

XpRnon avopyavwyv ouci®V

PwTOOUVOETIKO BaKTnPIA



Mepika BakTApla €ival pWTOOUVOETIKA.

A. H Anabaena cylindrica, onwc¢ ¢aiveral oTo pWTOVIKO HIKPOOKOMIo. Eniunkn
noAukUTTApa vnuaTia, ota onoia esidikeupeva kutTapa (H) deopevouv
alwTo, svw AAAa KUTTapa €ival pWTOOUVOETIKA kal deouevouv CO,
(V) n kaBioTavral avOekTikoi onopol (S).

B. HAekTpovikn Hikpoypa®ia Tou Phormidium laminosum, oTo onoio

(paivovTal ol eVOOKUTTApPIEC MHEPBPAVEC TOU BaAKTNPIOU ONoU €NITEAEITAL
PwWTOOUVOEDN.




'Eva NEPICTPEPOHEVO Be10BAKTNPIO.

H Beggiatoa d1aBlei o nepiBaAAov nAouacio o€ Beio Kal Nnapayel evepyela

o&s1dwvovrag H,S.
To BakTnplo auTo €ival Ikavo va SECHEUEI AavOpaka akOoud Kal oTo
oKoTaol.




To NPoKAPUWTIKO KUTTAPO

e Ol NPOKAPUWTEC €ival N N0 ETEPOYEVNC ONAdA KUTTAPWV

e O KOOHOC TWV NMPOKAPUWTWYV OlaipeiTal o€ dUO
ENIKPATEIEC: TA eUBAKTNPIA KAl Ta apxaloBakrnpia



O KOOHOC TWV NPOKAPUWTWYV dlalpeiTal o€ OUO
EMNIKPATEIEG: TA EUBAKTNPIA KAl TA apXdlofakTnpid

* EuBaktnplo: tpokAnon acBevelwyv

*  Apyowofaktnplo: Bplokovtol o€ tepBarlov xOpLko yLa ta
TMEPLOCOTEPA KUTTOPAL
oAU aApUPO VEPO,
Bepuec 0&wvec NPALOTELAKES TINYEG,
nuOueva Balacoag,
EYKATOOTAOELC EMEEEpYaTioc armofANTwY,
o&Lvo avaepofLo meptBaiAov Tou cTOUAXOU



EPQTHZEIZ

1-10 By definition, prokaryotic cells do not possess

€)) a nucleus
() replication machinery
(9 ribosomes

(d) membrane bilayers




EPQTHZEIZ

1-11 Although there are many distinct procaryotic species, most have a
small range of shapes, sizes, and growth rates. Which of the following
characteristics are not observed in procaryotes?

€)) a highly structured cytoplasm
(b) endoplasmic reticulum

(9 the ability to divide rapidly
(d) a cell wall



EPQTHZEIZ

1-12 Indicate whether the following statements are true or false. If the

o>

statement is false, explain why it is false.

Oxygen is toxic to certain prokaryotic organisms.
Mitochondria are thought to have evolved from anaerobic bacteria.
Although bacteria use a variety of organic substances as food,
bacteria are not able to live on inorganic substances.



TO EUKAPUWTIKO KUTTAPO

O nupnvac €ival n anodnkn NANPoOYOPIWYV TOU KUTTAPOU

Ta pgiIToxovopla Napayouv VEPYEIA ano TIC TPOPEC YIA TIC
aVAYKEC TOU KUTTApoU

O1 xAwponAdoTec nayl®euouV EVEPYEIA Ano TO NAIAKO PWG

Ol EOWTEPIKEC HEPPBPAVEC OnNUIOUPYOUV evOOKUTTAPIA
dlapepiopaTa Pe OIAPOPETIKEC AEITOUPYIEC

To kuTTapodiaAupa €ival eva nukvo udaTiko OIaAupua
HEYAAWV
Kal MIKPWV HOpiwV

O KUTTAPOOKEAETOC €ival uneuBuUVOC Yia TIC KIVIOEIC TOU
KUTTApou

To kutTaponAaopa ogv €ival kKaBOAoOU OTATIKO
Ta eUKaApUWTIKA KUTTAPA iICWC avanTuxbnkav wc BnpeuTec



O1 CUHMOMUKNTEG €ival anAoi, AUTOVOHOI EUKAPUWTEG.

« MovokUTTapol opyaviouoi
« KUTTapa paylag pnupac.
« AvanapayovTal oxnuaTtidovrtacg pia npoekBoAn kai diaipouvTal ACUUHETPA.




TO EUKAPUWTIKO KUTTAPO

O nupnvacg sival n ano®nkn NANPoPOPIWV TOU KUTTAPOU

Ta piIToxovopla NapayouVv EVEPYEIA AnO TIC TPOPEC YIA TIC
aVAYKEC TOU KUTTApoU

O1 xYAwponAaoTec nayideUouV eVeEPYEIA Ano To NAIAKO pwC

Ol EOWTEPIKEC HEPPBPAVEC ONUIOUPYOUV evOOKUTTAPIA
dlapepiopaTa Pe OIAPOPETIKEC AEITOUPYIEC

To kuTTapodiaAupa €ival eva nukvo udaTiko OIaAupa
HEYAAWV
Kal MIKPWV HOpiwV

O KUTTApOOKEAETOC €ival unNeuBUVOC YIa TIC KIVIOEIC TOU
KUTTApou

To kuTTaponAaopa Ogv €ival kKaBOAoOU OTATIKO
Ta eUKAPUWTIKA KUTTAPA iICWEC avanTuxbnkav wc BnpeuTeg



O nupnvac NePIEXElI TO HEYAAUTEPO HEPOC
DNA €VOG EUKAPUWTIKOU KUTTAPOU.

TR TSRO T AHEE T e o SR AT S b

nuclear
envelope

nucleus




Ta xpwHOO®WMATA YivovTdl 0paTd OTAV TO KUTTAPO
nPoOKeITal va d1aipeOEi.

Kabwc eva kutTapo npoetoipaleral va olaipedei, To DNA ToUu CUMNUKVWVETAI
o€ vnUAaToEldn XPWHOoWHUATA MNOoU €ival opaTd HE TO PWTOVIKO HIKPOOKOMIO.
(kUTTapa ano nveupova caiAapavopac)

nucleus nuclear envelope condensed chromosomes

77 XHM_046 ZntnAlavakng



KutTapikn diaipeon ora o

78 XHM_046 InnAltavakng



Kuttapikn dtaipeon ota {wa
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KutTapikn diaipeon ord guTd
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Kuttapikn dwaipeon ota putd
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TO SUKAPUWTIKO KUTTAPO

O nupnvac €ival n anodnkn NANPoOYOPIWYV TOU KUTTAPOU

Ta piToxovdpia Napayouv EVEPYEIA ANO TIC TPOPEC YIA TIC
aVAYKEC TOU KUTTAPOU

O1 xYAwponAaoTec nayideUouV eVeEPYEIA ano TO NAIAKO PpWC

Ol EOWTEPIKEC HEPPBPAVEC OnNUIOUPYOUV evOOKUTTAPIA
dlapepiopaTa Pe OIAPOPETIKEC AEITOUPYIEC

To kuTTapodiaAupa €ival eva nukvo udaTiko OIaAupua
HEYAAWV
Kal MIKPWV HOpiwV

O KUTTAPOOKEAETOC €ival uneuBuUVOC Yia TIC KIVIOEIC TOU
KUTTApou

To kutTaponAaopa ogv €ival kKaBOAoOU OTATIKO
Ta eUKaApUWTIKA KUTTAPA iICWC avanTuxbnkav wc BnpeuTec



Ta ptoxovopLa Eival «YEVVATPLES» TTAPOAYWYNC EVEPYELOLC.

« O&s1dwvouv Ta popia Twv TpoPpwv (cakxapa) yia va napayouv Xpnoiun
XNUIKN EVEPYEIQ O OAd OXEOOV TA EUKAPUWTIKA KUTTApPA.

« To oxnua Touc €ival apkeTa PETABANTO.
(uNAe-nupnvac, npaciva-piIroxovopia)




'EVa HITOXOVOPIO ONWG PpAIVETAI OTO
NAEKTPOVIKO HIKPOOKOMIO.




Topoypdppa HiToxovopiou
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Topoypoppa pttoxyovépiou
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Ta prtoyovdpla mibavotata nponAdav and eykoAnwpEva
Baktnpla.

Eival oxedov BERalo oTI Ta piIToxovopla nponAbav ano BakTnpia Ta onoia
kKaTaBpoxbiobnkav ano eva apxeyovo EUKAPUWTIKO KUTTApo kal enelnoav oTo
E0WTEPIKO TOU, CUMPBIWVOVTAC PE TOV EEVIOTN TOUC.

ancestral
eucaryotic cell

internal eucaryotic cell
membranes /| nucleus with mitochondria

mitochondria
bacterium




TO EUKAPUWTIKO KUTTAPO

O nupnvac €ivail n anodnkn NANPoOYoOpPIVYV TOU KUTTAPOU

Ta piIToxovopla NapayouVv EVEPYEIA AnO TIC TPOPEC YIA TIC
aVAYKEC TOU KUTTApoU

O1 xAwponAdoTec nayldeuouV EVEPYEIA Ano TO NAIAKO PG

Ol EOWTEPIKEC HEPPBPAVEC ONUIOUPYOUV evOOKUTTAPIA
dlapepiopaTa Pe OIAPOPETIKEC AEITOUPYIEC

To kuTTapodiaAupa €ival eva nukvo udaTiko OIaAupa
HEYAAWV
Kal MIKPWV HOpiwV

O KUTTApOOKEAETOC €ival unNeuBUVOC YIa TIC KIVIOEIC TOU
KUTTApou

To kuTTaponAaopa Ogv €ival kKaBOAoOU OTATIKO
Ta eUKAPUWTIKA KUTTAPA iICWEC avanTuxbnkav wc BnpeuTeg



XA@WPOnAAoTEC

« Ta opyavidia auTta aixpaAwTi{ouv TNV EVEPYEIA TOU NAIGKOU PWTOC OTA
(PUTIKG KUTTApA.

« O1 eninedwWMEVOI HEPBPAVIKOI OAKOI MEPIEXOUV XAWPOPUAAN Kal
dlaTacoovTal o€ oToiBEC.

chloroplasts

chlorophyll-
containing
membranes

inner
membrane

\/ outer
\ membrane




Anoppo@non PWTOG
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Antoppodnon pwtoc¢

PLANT CELL



H npoéAeuon TV XAWPONAACT®V.

Ocwpeital oTI nponAbav ano CUUBIWTIKG PWTOCOUVOETIKG BakTnplia, Ta onoia

npooANPONkKav ano nNpwida EUKAPUWTIKA KUTTapa mou RAONn nepIlEixav
HITOXOVOpIa.

early eucaryotic cell
eucaryotic cell capable of
photosynthesis

\’cvé‘/

chloroplasts

photosynthetic
bacterium




TO EUKAPUWTIKO KUTTAPO

O nupnvac €ivail n anodnkn NANPoOYoOpPIVYV TOU KUTTAPOU

Ta piIToxovopla NapayouVv EVEPYEIA AnO TIC TPOPEC YIA TIC
aVAYKEC TOU KUTTApoU

O1 xYAwponAaoTec nayideUouV eVeEPYEIA Ano To NAIAKO pwC

Ol EOWTEPIKEC HEUPBPAVEC dNUIOUPYOUV EVOOKUTTAPIA
dlauepiopaTa e O1aPOPETIKEG AEITOUPYIEC

To kuTTapodiaAupa €ival eva nukvo udaTiko OIaAupa
HEYAAWV
Kal MIKPWV HOpiwV

O KUTTApOOKEAETOC €ival unNeuBUVOC YIa TIC KIVIOEIC TOU
KUTTApou

To kuTTaponAaopa Ogv €ival kKaBOAoOU OTATIKO
Ta eUKAPUWTIKA KUTTAPA iICWEC avanTuxbnkav wc BnpeuTeg



210 evOoonAaopuaTtiko diktuo (EA) napayovral noAAa
KUTTAPIKa OUOTaTIKd.
EA (ouvTiBevTdl Ta NEPIOCOOTEPA OUCTATIKA TNC KUTTAPIKNG MEMBPAVNC ONWC

Kal UAIka nou npoopilovTal va eEaxbouv ano To KUTTApPo), piBocwpaTia
(npwTeivoouvBeaon), adpo EA.

nucleus nuclear envelope endoplasmicreticulum




H ocuokeun Golgi poiadel pe pia oroifa
ENINESWHEVWV OICKWV.
Aegv gival cuvnNOwc opaTn HE TO PWTOVIKO HIKPOOKOMIO.

EunAEkeTal otn ouvBeon kAl CUuoKeudcia Hopiwv nou npoopilovTal yia
EKKPION ONwC €niong Kal otnv kabodnynon VEOOUVTEBEINEVWV NPWTEIVWV
OTa KaTaAAnAa kutTapika diauepiopaTa.

Golgi apparatus

endoplasmic reticulum

nuclear envelope
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TO SUKAPUWTIKO KUTTAPO

O nupnvac €ival n anodnkn NANPoOYOPIWYV TOU KUTTAPOU

Ta pgiIToxovopla Napayouv VEPYEIA ano TIC TPOPEC YIA TIC
AVAYKEC TOU KUTTAPOU

O1 xYAwponAaoTec nayideUouV eVeEPYEIA ano TO NAIAKO PpWC

Ol EOWTEPIKEC HEPPBPAVEC OnNUIOUPYOUV evOOKUTTAPIA
dlauepiopata Pe OIAPOPETIKEC AEITOUPYIEC

To kKuTTapodIaAupa €ival eva nukvo udaTiko d1aAupa
HEYAAWV KAl JIKPWV HOPiwV

O KUTTApPOOKEAETOC €ival uneuBuUVOC YIa TIC KIVIOEIC TOU
KUTTApouU

To kutTaponAaopa Ogv sival kKaBOAOU OTATIKO
Ta eUKaApUWTIKA KUTTAPA iICWEC avanTuxbnkav wc BnpeuTec



Opyoavidia mepKAELOpEVA ATTO HEUBPAVEC KOTOVELLOVTOLL OE
OAn TNV £KTACK TOU KUTTOPOTTAACHATOC.

« 'OTI anopevel o€ eva KUTTapo av €€aipebouv Ta opyavidia anokaAsiTal
KUTTapodIaAupa.

mitochondrion

lysosome

cytosol

nuclear
envelope /

/

|

vesicle AQ
®)
(A)

reticulum

\ endoplasmic

e —~

membrane




Eicaywyn kal eEaywyn UAIK®V.

EVOOKUTTWON
IMPORT

plasma
membrane

EXPORT
eEwWKUTTOON



EEWKUTTAPIKN PETAPOP

99 XHM_046 InnAlavakng



E€wkutTtaplkn petadopa
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®ayokUTTAP®OT
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dayokuttapwon




TO EUKAPUWTIKO KUTTAPO

O nupnvac €ivail n anodnkn NANPoOYoOpPIVYV TOU KUTTAPOU

Ta piIToxovopla NapayouVv EVEPYEIA AnO TIC TPOPEC YIA TIC
AVAYKEC TOU KUTTAPOU

O1 xYAwponAaoTec nayideUouV eVeEPYEIA Ano To NAIAKO pwC

Ol EOWTEPIKEC HEPPBPAVEC ONUIOUPYOUV evOOKUTTAPIA
dlauepiopata Pe OIAPOPETIKEC AEITOUPYIEC

To kuTTapodiaAupa €ival eva nukvo udaTiko OIaAupa
HEYAAWV KAl JIKPWV HOPIwV

O KUTTApOOKEAETOC €ival uneuBbuUVoC Yid TIC KIVAOEIC TOU
KUTTApOU

To kuTTaponAaopa dOgv sival kKABOAOU OTATIKO
Ta eUKAPUWTIKA KUTTAPA iI0WC avanTuxbnkav wc BnpeuTeg



O KUTTAPOOKEAETOCG €ival Eva NAEYHA 1VISi®OV nNou
gUuHBAAAouv oTOV KAOOPICHO TOU OXNHATOG EVOG
KUTTAPOU.
A. NnuaTia akTivng (nAouola oTa puika KuTTapa)

B. MikpoowAnviokol (d1aXwpIoNOC XpPWHOCTWHATWY)
. Evdiapeoa vidia (npoodidouv 0TO KUTTAPO HPNXavikn 1oxu)




Evoiapeoa ividid
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Evoiapeoa wvidia




ZUPPOHPEV AKTIVN
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JUPPOMEVN AKTLVN




O KUTTOPOOKEAETOC €lval Eva MAEYUA LVISiWV TTOU
cUMUBAaAAouv otov KaAOOPLOUO TOU OXAUOTOC EVOC

KUTTAPOU.

chromosomes

bundle of
microtubules




AoTaBgia PIKPOOWANVIOK®V
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ActadOsila HLKPOOGWANVIOKWYV




AUvVapiKoTNTA PHIKPOOWANVIOK®V
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AUVOULKOTNTO MLKPOOWANVIOKWV

B e
: - h S ™ - .'
i1 \ \ |

5\ .-
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TO EUKAPUWTIKO KUTTAPO

O nupnvac €ivail n anodnkn NANPoOYoOpPIVYV TOU KUTTAPOU

Ta piIToxovopla NapayouVv EVEPYEIA AnO TIC TPOPEC YIA TIC
aVAYKEC TOU KUTTAPOU

O1 xYAwponAaoTec nayideUouV eVeEPYEIA Ano To NAIAKO pwC

Ol EOWTEPIKEC HEPPBPAVEC ONUIOUPYOUV evOOKUTTAPIA
dlauepiopata Pe OIAPOPETIKEC AEITOUPYIEC

To kuTTapodiaAupa €ival eva nukvo udaTiko OIaAupa
HEYAAWV KAl JIKPWV HOPIwV

O KUTTApOOKEAETOC €ival uNeuBUVOC YIa TIC KIVIOEIC TOU
KUTTApOoU

To kutTaponAaopa dgv €ival KaBOAoOU OTATIKO
Ta eUKAPUWTIKA KUTTAPA iI0WC avanTuxbnkav wc BnpeuTeg



MikpooWANVIOoKOC = EA

115 XHM_046 InnAtavakng



MwkpoowAnviokoc¢ - EA
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Kivion opyavidi®v
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Kivnon opyavidiwv

118 XHM_046 InnAwavakng



TO EUKAPUWTIKO KUTTAPO

O nupnvac €ivail n anodnkn NANPoOYoOpPIVYV TOU KUTTAPOU

Ta piIToxovopla NapayouVv EVEPYEIA AnO TIC TPOPEC YIA TIC
aVAYKEC TOU KUTTAPOU

O1 xYAwponAaoTec nayideUouV eVeEPYEIA Ano To NAIAKO pwC

Ol EOWTEPIKEC HEPPBPAVEC ONUIOUPYOUV evOOKUTTAPIA
dlauepiopata Pe OIAPOPETIKEC AEITOUPYIEC

To kuTTapodiaAupa €ival eva nukvo udaTiko OIaAupa
HEYAAWV KAl JIKPWV HOPIwV

O KUTTApOOKEAETOC €ival uNeuBUVOC YIa TIC KIVIOEIC TOU
KUTTApouU

To kuTTaponAaopa dOgv sival kKABOAOU OTATIKO
Ta eukapuwTIKA KUTTAPA iowg avantuxbnkav w¢ BnpeuTeg



Ano nouU nponAGav ol EUKAPUWTEG;

non-photosynthetic photosynthetic
bacteria and archaea bacteria

/Echloroplasts

D
/

animals

l mitochondria

archaea | | bacteria anaerobic ancestral eucaryote

ancestral procaryote




'Eva npwtolwo kartaBpox0ilel eva aAAo
A. KuTtTtapo Didinium (nepigpepikouc dakTuAioug BAe@apidwyv Kal puyxoc oTnv

Kopuen). . '
B. KutTtapo Didinium kataBpox6ilel eva kutTtapo Paramecium

(BAscpapléocpopo npwTolwoO).
' 'r,ﬂm




ZWIKO KUTTAPO

membrane nucleus endoplasmic mitcchondrion
reticulum

chromatin
[DNa) '

nuclear
pone

czll wall

migotubule

vacuole
(Fluid-filled)

chloroplast

ribosom es
in oytosol

actin filaments

PLANT CELL

vacucle membrane (tonoplast)
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PUTIKO KUTTAPO

nucleus endoplasmic mitcchondrion
reticulum

chromatin _
[DNa)

nuclear
pone

czll wall

migotubule

vacuole
(Fluid-filled)

chloroplast

ribosom es
in oytosol

actin filaments

PLANT CELL
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BakTnpiako KUTTAPO

nucleus endoplasmic mitcchondrion
reticulum

chromatin _
[DNa)

nuclear
pone

czll wall

migotubule

vacuole
(Fluid-filled)

chloroplast

ribosom es
in oytosol

actin filaments

PLANT CELL

vacucle membrane (tonoplast)
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EPQTHZEIZ

1-15 The is made up of two concentric
membranes and is continuous with the membrane of the endoplasmic
reticulum.

€)) plasma membrane

() Golgi network

(c) mitochondrial membrane

() nuclear envelope



EPQTHZEIZ

1-16 The nucleus, an organelle found in eucaryotic cells, confines the
, keeping them separated from other components of the

cell.
€)) lysosomes
(b) chromosomes
(9 peroxisomes

(d) ribosomes



EPQTHZEIZ

1-17 Which of the following organelles has both an outer and an inner

membrane?
€)) endoplasmic reticulum
(b) mitochondrion
(c) lysosome

(d) peroxisome



EPQTHZEIZ

1-19 Mitochondria contain their own genome, are able to duplicate, and
actually divide on a different timeline from the rest of the cell.
Nevertheless, mitochondria cannot function for long when isolated
from the cell because they are

€)) viruses.
() parasites.
(9 endosymbionts.

(d) anaerobes.



EPQTHZEIZ

1-20 The mitochondrial proteins found in the inner membrane are involved
in the conversion of ADP to ATP, a source of energy for the cell. This
process consumes which of the following substances?

€)) oxygen
() nitrogen
(9 sulfur

(d) carbon dioxide



EPQTHZEIZ

1-26 The cell constantly exchanges materials by bringing nutrients in from

€))
()
©)
(d)

the external environment and shuttling unwanted by-products back
out. Which term describes the process of by which external materials
are captured inside vesicles and brought into the cell?

degradation
exocytosis
phagocytosis
endocytosis



EPQTHZEIZ

1-27 are fairly small organelles that provide a safe place within
the cell to carry out certain biochemical reactions that generate
harmful, highly reactive oxygen species. These chemicals are both
generated and broken down in the same location.

€)) nucleosomes
() lysosomes
(9 peroxisomes

(d) endosomes



EPQTHZEIZ

1-28 The cytoskeleton provides support, structure, motility, and

€))
(b)
©)
(d)

organization, and it forms tracks to direct organelle and vesicle
transport. Which of the cytoskeletal elements listed below is the
thickest?

actin filaments

microtubules

intermediate filaments

none of the above (all the same thickness)



MpOoTUMOI OPYCAVICHOI

e QI poplakoi BloAOYoIl £xouv enikevTpwOei oTo E.coli

e H payia Tnc ynupdac €ival eva anAo euKApuwTIKO
KUTTApO

e To Arabidopsis €xel eniAeyei yeoa anod 300.000 €idn wc
NpOTUMO (PUTO

e O kOONOC TwV (WWV aAVTINPOOWNEUETAlI ano dia puya,
£va OKOUANKI, Evav NovTIKO Kal To Homo sapiens

e H ouykpion TNG aAAnAouxiac Tou yovIOIwHAToC
d1APOPETIKWV OPYAVIOUWYV ANMOKAAUNTEl TV KOIVN
Kataywyn TnG {wng



Escherichia coli

MikpO, paBdopopPo eUBAKTNPIAKO KUTTAPO (EVTEPO BNAACTIKWYV)
Ikavo va avanTuooETal 0 NOIKIAEC XNMIKEC CUVONKEC

Fpriyopn avanapaywyn

DNA. 4.6 x 106 Ceuyn Bacswv

4300 d1aPOPETIKEC NPWTEIVEG




MpOoTUMOI OPYCAVICHOI

O1 pyoplakoi BIoAOyol Exouv eniKevTpwOel oTo E.coli

H payia Tng pnupac €ival eva anAo EUKApuUwTIKO
KUTTApPO

To Arabidopsis €xel eniAeyei peoa ano 300.000 €idn wg
NpOTUMO (PUTO

O koopoc Twv (WwwV avTINpooWNeUETAlI ano Pia puya,
£va OKOUANKI, Evav novTIiKO kKal To Homo sapiens

H ouykpion TNC aAAnAouxiac Tou yovIOIwPaToC
d1aPOPETIKWV OPYAVIOHWYV ANOKAAUNTEI TNV KOIV
Kataywyn TG (wng



O ZupopuknTag Saccharomyces cerevisiae gival évag

NPOTUNOC EUKAPUWTNG
Avanapayeral ypnyopa
x2.5 nepicocotepo DNA ano To E.coli
MMpoo@EPETAl YIa YEVETIKN avaAuon
MeAETN KUKAOU KUTTApIKNG d1aipeang

“"Av gva peraldayuevo kurrapo {uunc xaoeEl €va yovidio anapaitnTo
yia Tnv KUTTapikn O1aipeor, o EPodiacLOC TOU LE TO AVTIOTOIXO
avBpwnivo yovidio diopBwvel Tn BAaBn kair emiTpenegl orn {uun va
o1aipeBei kavovika.”
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MpOoTUMOI OPYCAVICHOI

O1 pyoplakoi BIoAOyol Exouv eniKevTpwOel oTo E.coli

H pyayia Tng pnupacg €ival eva anAo EUKApUwTIKO
KUTTApPO

To Arabidopsis €xel eniAeyei peoa ano 300.000 €idn w¢
NpOTUMO (PUTO

O koopoc Twv (WwwV avTINpooWNeUETAlI ano Pia puya,
£va OKOUANKI, Evav novTIiKO kKal To Homo sapiens

H ouykpion TNC aAAnAouxiac Tou yovIOIwPaToC
d1aPOPETIKWV OPYAVIOHWYV ANOKAAUNTEI TNV KOIV
Kataywyn TG (wng



idopsis thaliana, To KOIVO avappIXOHEVO

iavio: TO NPOTUNO (PUTO




MpOoTUMOI OPYCAVICHOI

O1 yoplakoi BIoAOyol Exouv enIKeEVTpwOEeI oTo E.coli

H payid Tng pnupac €ival eva anAo EUKApuwTIKO
KUTTApPO

To Arabidopsis €xel eniAeyei peoa ano 300.000 €idn w¢
NpOTUMO (PUTO

O koopoc Twv (WwwV avTinpoowneUETAl ano Hia puya,
£va OKOUANKI, Evav NovTIiKO Kal To Homo sapiens

H ouykpion TNS aAAnAouxiac Tou YovIOIwHaToC
OIAPOPETIKWV OPYAVIOHWYV ANOKAAUNTEI TNV KOIVI
Kataywyn TG Cwng



H Drosophila melanogaster gival OnNO®PIANG OTOUG
avanTu&lakoUG BIOAOYOUG KAl TOUG YEVETIOTEG.




Caenorabditis elegans: to yovidiwpa tov Atav to npwto NARPWC
olVOAULEVO YOVISiwpa EVOC TTOAUKUTTAPOU OPYOLVIOHOU

MikpOG vNUaTWONG OKWANKAC

959 kuTTapa, 19.000 yovidia

EpuagpoditTa atopua

To 70% TV avOpwnivwyv NPWTEIVOV £XOUV KAMOIA OJOAOYN OTO OKOUANKI

141 XHM_046 InnAtavakng



AI0QOPETIKG £PBIa OVTA XPNOIHOMNOIOUV TOUG iBIOUG
HOPIAKOUC HNXAVIOHOUCG

Alatapaxn oTo yovidlo kit mou anaiTeiTal yia Tnv avantuén kai diatnpnon
TWV JEAAVOKUTTAPWYV

142 XHM_046 InnAtavakng



MpOoTUMOI OPYCAVICHOI

e OI poplakoi BIoAOYyoI EXoUV €nIKEVTPpWOEI oTO E.coli

e H payia Tnc ynupdac €ival eva anAo euKApuwTIKO
KUTTApO

e To Arabidopsis €xel eniAeyei peoa ano 300.000 €idn w¢
NpOTUMO (PUTO

e O kOONOC TwV (WWV avTINPOOWNEUETAlI ano dia puya,
£va OKOUANKI, Evav novTIKO Kal To Homo sapiens

e H ouykpion TNG aAAnAouxiag Tou yovIOIwPaToC
d1aPOPETIKWV OPYAVIOUWYV AMOKAAUNTEl TV KOIVN
Kataywyn TnG {wng



To HEyEDOC TOU YOVIOLWHATOC TIOLKIAEL EVIUTTWOLAKA
OO OPYOVIGMO OE OPYAVIGUO

MAMMALS
BIRDS

REPTILES
frog

AMPHIBIANS I
Fugu zebrafish shark

FISHES
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INSECTS |
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Carsonella ruddii E. coli
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144 XHM_046 ZnnAtovakng



YoC euxapLoTw noAv!!!



