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0 KYTTAPIKOZ KYKAOX

State Phase Abbrev. Description

Quiescent/ Gap 0 G A resting phase where the cell has left the cycle and
senescent g 0 has stopped dividing.

Cells increase in size in Gap 1.
Gap 1 G 1 G1 checkpoint control mechanism: ensures that
everything is ready for DNA synthesis.

Synthesis S DNA replication

Interphase
B The gap between DNA synthesis and mitosis

The cell continues to grow.
Gap 2 G 2 G2 checkpoint control mechanism: ensures that
everything is ready to enter the M phase and divide

Cell growth stops at this stage
Cellular energy is focused on the orderly division into
Cell two daughter cells.
o Mitosis M & o . L
division Metaphase checkpoint in the middle of mitosis:
ensures that the cell is ready to complete cell division
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Mn cwotn
avuypagn tou DNA;

Ta onpeia eAéyxou tou KUKAoU

Mn cwoth aUvbeon xpwpoowpdtwy o
— HITWTIKA GTPaKTo;

uopdoyz1

(R) Znpeio nepiopiopol

Kateotpappévo DNA; Au&nukoi napdyovies

* Cell size
* DNA replication

Ta onpeia eAé€yxou Tou KuttapikoU KUKMAoU

Resting

* Chromosome attachment
to spindle

Check for:
* Cell size
* Nutrients
¢ Growth factors
* DNA damage

(DNA synthesis) Figure12-30 Coll Cycle Checkpaints. The
red rectangles mark three of the main checkpoints
< in the sukaryotic cell cycle, points that determine
Restxng whether or not the cell proceeds through the rest
state (GO) of the cycle. The determination is based on
chemical signals reflecting both the cell's intemal
state and its extemal environment. The two main
checkpoints that have been studied are near the
end of G1 (also called the restriction point in
mammalian cells and Start in yeast cells) and at
the end of G2. If conditions are not satisfactory at
these checkpoints, the cell exits the cycle and
goes into a resting state (called GO for the G1
checkpoint). There is also a spindle assembly
checkpoint during the M phase, near the end of

metaphase.

11/27/17



Kuttapikh ouyxwveuon, Xnuikd pnvopata kai

pUBuIon Tou KUKAOU

(b)

Figure 17-31  Cell Fusion Evidence for the Role of Cytoplasmic
Chemical Signals in Cell Cycle Regulation. Important information
can be obtained from experiments in which cells at two different points

in the cell cycle are induced to fuse, forming a single cell with two nuclei,

a heterokaryon. Cell fusion can be brought about by any of several
methods, including the addition of certain viruses or polyethylene glycol,
or the application of a brief electrical pulse, which causes plasma

P uh Fusion

S phase is activated
in original G1 nucleus

M phase is activated
in original non-M nucleus

membranes to destabilize momentarily (electroporation). (a) If cells in S
phase and G1 phase are fused, DNA synthesis begins in the original G1
nucleus, suggesting that a substance that activates S phase is present in
the S phase cell. (b} If a cell in M phase is fused with one in any other
phase, the latter cell immediately enters mitosis. If the cell was in G1,
the condensed chromosomes that appear have not replicated and
therefore are analogous to a single chromatid.

YYTXPONIZMOZ KYTTAPOKAAAIEPTEIQON




H katavoun twv kuttdpwv nepi tov kUkAo (1)

Cell
number

212 |*

(0]

Age

Fig. 10.5. Distribution of exponentially growing cells around the cell cycle. Cells in an
exponentially growing population are theoretically distributed round the cell cycle as
shown by the solid line. However, as the cell cycle time varies amongst the cells the
dotted line more closely resembles the observed distribution. Cells which have just
divided have an age of zero while those in the next mitosis have age T. The positions
of G1, S and G2 are shown for a typical cell. (Reproduced from Cleaver, 1967, with

kind permission of the author.)

H katavoun twv kuttdpwv nepi tov kUkAo (I1)

Cell number

G1

(0]

Age

Fig. 10.6. Distribution of steady state cells around the cell cycle. In the steady state
the number of cells in a particular phase is proportional to the duration of that phase.
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[MPF] (active cyclinB complex)

MaBnpauké poviéno kuttapikoU KUKAou

BIFURCATION DIAGRAM

o

o
>

S

e
9

N\
\ The cell cycle trajectory
I' | is attracted to the stable point
107 -
-
Spore K
starting area \ stoichiometric
1044 inhibition / /
Gl
10 = T T
0 SN1 1 2 SN2 3 4
(SNIPER)

cell mass (au.)

dMass/dt = kgrowth'Mass  (exponential growth)
d[CIn2)/dt = (ke1+ ks2:[SBF])-mass — kg [CIn2]
The parameter mass directly controls cyclin levels, expressing
implicitly its yet unknown mass dependant control mechanism

Fixed Points
Stable steady-state:

———— Saddle steady-state:
® o  Stable/Unstable limit cycle max/min:

Singularities
Saddle Node:
SN1

SN2

HB Hopf Bifurcation

SNIPER ~ SNIPER Bifurcation

http://en.wikipedia.org/wiki/Mathematical_biology#Example_of_a_model:_The_Cell_Cycle

ApxEG

Eivai Suvatd va epnobiooupe ta kUttapa va avantiooovtal,
WOTE va UaowpPeuBolv og SUYKeKPIPEVN PAcn Tou KUKAOU.
Auté yivetal t6oo @uaoionoyikd, 600 Kal XnHIKA.

MnopoUpe va eniné€oupe KUTtapa o€ pia ouykekpigévn pdon.
Auté pnopei va yivel atnpidépevol, n.x. g€ pia Quaikn 161dtnta, dnwg
n xaiaph oUvBeaN TwWV HITOTIKWV KUTTApWY,

10 péyeBog, K.a.
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0 KUTTapIKOG KUKAOG TWV EUKAPUWTIKWV KUTTAPWY
EmAoyn kuttdpwv pe Bdon to péyeBac toug

Y
L)

cell division

cycle begins
{mitosis)

cell prepares

to divide cell grows

‘® .

R
replication cell decides
of DNA whether to
continue

EmAdoyn kuttdpwv pe Bdon to péyeBac toug, Ficoll

YOpo@iAog MoAucakxapitng
owuartidia akTivag 2-7nm

Mpiv @uyokévTpnon MeTd @uyokévTpnon

AUINER [NENRNN -y

— Aipa ~ MAdoua

~—Meoemaveia [ i

M€ MOVOKUTTOPO
Ficoll-Paque® . Ficoll-Paque® £
Plus Plus

\' — EpuBpokuTTapa -
KokkiokUuTTapa
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Enidoyn kuttdpwv pe Bdon to péyeBag toug

a. KaBiZnon katd Jwves (zone sedimentation)
n.x. ®uyokévipnon oe 61aBdBuion ot Ficoll (2.7-5.5%)
Sivel ninpn diaxwpioud opaipwdv nou Siapépouv katd
2 popés o€ GyKo.

B. Miaxwpiopds eninfcuons pe puyokévipnon (centrifugal elutriation)
Kupiws yia kittapa otn gdon G1.

y. FACS -

N
N

—
-

o

N
—

Fig. 11.2. Diagram of the elutriator rotor. The cell suspension enters at the acute
point of the kite-shaped cell and as the flow rate is increased cells leave (smallest first)
towards the centre of the rotor.

Alaxwpiopdg Kuttdpwy pe Bdon to PéyeBAg toug

Bypass valve

-\ View Manometer

Elutriator =~ Balance
chamber chamber

|
Strob )
_ro OSCOp_I.-_J § Beaker

Centrifuge

http://www.nature.com/nprot/journal/v3/n4/fig_tab/nprot.2008.34_F2.html|
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Avdnuaon tou KuttapikoU KUKAou:
Mikpo@Bopiopopetpia pong
(Flow microfluorometry, Fluorescence activated cell sortening, FACS)

Avéduon peydiou apiBpol Kuttdpwy pe Bdon to nepiexdpevo oe
DNA ka1 npwrteives, 6iaotdoels Kuttdpou, K.a.

Xpwaon kuttdpwv pe e€eibikeupéves pBopidouaes xpwatIkEs
(n.x. Bpwpiouxo aiBidio Bdgpel DNA anopovwpévev nuphvoy,
f xphon Slagopetikidv avuowpdtwv oueuypéva pe Slapopetikd
XpWHOPOpPO).

FACS
N . .

nozzle =~

° laser

\

photomultiplier

fiba observation point

1

7
\
/
B i i
flow cytometer ¥ breakoff point
electronics

charged
deflection
plate

R ]

computer

cell w— e

\
charged

T droplets

SAMPle e— o > deflected

recepptacle ""t"ebc""" towards
g plate
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10r
i— =
Kuttapa CHO | 61% G1
| 16.3% 62+M
l : H 23% avdpeoa 61 ka1 62+M
w
pe [3H] Bupibivn B }
(evanfakukd BrdU) ° | !
C 4% 1|
l el
|
: !
BpwpioUxo aiBibio, | :'
f | i\
| N 19°%
, , 1 93 %% ==
péBobos akpipAaBivns-Feugen I --- "n !
xptan DNA 0_1_...‘().'“ o S——
( p ) 0] 60 80 100
l Sort Sort Sort
1 2 3
FACS Channel number
Fig. 10.13. Distribution of cells separated by flow microfluorometry. CHO cells were
pulse labelled for 15 min with ? H]thymidine (1 ¢Ci/ml) and stained with ethidium
bromide. They were then submitted to flow microfluorometry and cell sorting on the
basis of cellular DNA content. Cells from the indicated portions (sort 1, 2 and 3) were
then subjected to autoradiography and shown to contain respectively 4%, 93% and
19% of the cells labelled. (Reproduced from Kraemer et al., 1973, with kind permis-
sion of the authors and publisher.)

unfractionated

Aiaxwpiopdc eninAguong o RS

| s -48°%

HE puyokévipnon kai FACS [G#M = 15%

b Fraction 1
G1 = 89 °
b S = 10°
-g GpM = 1 %
3
-4
Fig. 11.3. Friend cells fractionated by elutriation and analysed by FACScan. 10® v
Friend cells growing in RPMI+ 5% FBS were applied at 37°C and 15 ml/min into © |
the elutriator rotor which was spinning at 2000 r.p.m. at 20°C. The pump speed was
increased to 22 ml/min to collect the smallest cells, and then stepwise up to 36 & T T Y
ml/min to collect the largest cells. 150 ml were collected for each fraction. The
fractions were analysed on a Becton Dickinson FACScan and the figure shows the c Fraction 4
number of cells plotted against their DNA content for (a) unfractionated cells (b) the G1:=10°%
smallest cells and (c) the largest cells. Although the smallest-cell fraction is predomi- S = 46°
nantly Gl-phase cells, the largest-cell fraction also contains some G1 phase cells i G,*M = 44°%
which may be a result of cell aggregation or the presence of binucleate cells. The
software used the sum of broadened rectangles model to estimate the composition of |
the fractions. The final positions of G1 and G2+ M cells is indicated by the vertical |
lines. I would like to thank Drs. Birnie and Conkie of the Beatson Institute for the use
of the elutriator and Dr. Campbell and Mr. Alam for help with the FACScan. |

1
T T T 1
(0] 50 100 150 200

FL2
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Luyxpoviouog pe avakandiépyeia

‘Otav n kaddiépyeia €ABel @ *
otn gtdoipn gdon ..2
kal avakaddiepynBei, :
161€ 0 KUKAOC TG oUvBEaNG = 1°
tou DNA Kai tng KuttapIkng f
Siaipeong eival pepIKkEG 5 25 2
GUYXPOVIOHEVOI. 2 < g
g ./ \\ 16 §
&
[
I / ~—
3 g 2N —
Time (days)

Fig. 4.2. Growth cycle of mouse L929 cells. Mouse L929 cells were inoculated into 2
oz medical flat bottles (5x10° cells in 5 ml Eagle’s Minimal Essential Medium
containing 10% calf serum). The medium was changed every two days. Bottles were
incubated for 60 min with 2 uCi (6-'H)-thymidine (80 uCi/umol) at a final
concentration of 5 pM after which they were harvested by trypsinisation, their
number (& a) estimated using a Coulter counter and the rate of DNA synthesis
(o 0) esti d from the incorporation of [*H] thymidine (Chapter 12).
Courtesy of Dr. J.G. Lindsay, 1969.

LUyxpovioudc pe atépnon opou (serum deprivation)

Kupiwg otn gdon G1.
EnavanpooBrkn opol wBei ta KUttapa
va npoxwpnoouv atov kUkAo. 52 checkpoint

CELL

Kottapa Swiss 3T3. Itépnon yia 1h obnynoe
kUttapa otn GO @don kai xpeiddovtal ~8h
yia va enavénBouv otn G1.

Resting
state

Spindle Assembly Checkpoint
/' Check for:

* Chromosome attachment
G2 W’u to spindle
Check for:

* Cell size

* DNA replication

G1 Checkpoint
Check for:

* Cell size

* Nutrients

* Gr f

* DNA damage

Resting
state (G0)

11/27/17
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Ltépnon 100AEUKIVNG

Kuttapa CHO ae udiké Ham's F10 eioépxovtal
oe otatkh gdon avdntugng.
Addayn udikoU ta enavépepe atov KUkAo.
Auté bev opeiflotav atov opd,
adid otn peiwpévn noodtnta IGoAEUKIVNG.
Ta KkUttapa BpéBnke du otapatolv otn pdon G1.

0 pnxavigpdg dev éxel va kdvel pe pia andn otépnan evég apivogéog,.

Mapepnoédion tng pdong S

Tivetal kupiwg péow tng pUBuiong tng oUvBeang evag h NEPICOOTEPWY
6eo&upiBovoukieoudiwy, anapaitntwv yia th oUvBeon tou DNA,
eved enitpénouv AANEC Siepyaaieg, 6nws th auvBeon RNA Kal npwteivav.

~70% twv Kuttdpwv eival guyxpoviopéva atn gdon S.

Xpihon «8indhg napeundédiong» (double block)
yla va gtdoel o guyxpoviopdg oe ~100%:
TuvBnKkeg wate ta KUttapa va eival otn gdon G1.
(Ltépnon 100Agukivng, xphan opou, avakaddiépyeia, kAn).

NpaKuKd yivetal pe:

@ Bupibivn,
agivontepivn,
apeBontepivn,
5-pBopobdedEuouplibivn,
ubpoZuoupia

o
o
o
o

11/27/17
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Mapepnoédion tng pdong S
BiooUvBeon nupipidivaov

CO, + Glutamine

ATP
Carbamoyl
ADP phosphate
synthetase

Glutamate

Carbamoyl phosphate
Aspartate

Aspartate

3 transcarbamoylase

Carbamoy! aspartate

'
4

UMP
l =y Reactions
. UTP Feedback
Glutamine inhibition
Glutamate
CTP

Mapepnoédion tng pdong S

BiooUvBeon nupipidivaov

i
( I
HCO; + Glutamine +2 ATP + H,0 —r’ HZN O0—P—0"
|
Glutamate (o
+ 2ADP +(P Carbamoyl-P \
‘T
5 (I:HZ
" 0 HN=C—H
H 1
-0 [}
OTNT TH g
7(&9 Aspartate
)
Co,
} 0
By )Jt[H
O)\N c=0 w‘w‘ ltransferas Y)HO

)\ C o ;

| :
P —CH, o
V PP a-PRPP Coenzyme COean\,me

OH OH Orotate (a pyrimidine)

Orotidine-5’-Monophosphate (OMP)

oorotase N OH"

H

)\

H
~H
- H

0.
Dihydroorotate (DHO)

11/27/17

13



Mapepnoédion tng pdong S

PUBuion povonaumv alvBeong nupigidivav oe E. coli kal og {wa

E. coli
HCO§ + Glumamine + 2 ATP H4-
Y + PRPP
Y \
L —> Carbamoyl - P ——> Carbamoyl - ——> ——3> Orotate — = OMP——3 UMP ——3 UDP —3 UTP—3 CTP
o apartate
Animals
HCO§ + Gluamine + 2 ATP
| J +
5 TN B v PRPP

b ->» Carbamayl ~ P—>» Carbamoyl ~ —>» —> Orotate ~—>» OMP—> UMP —> UDP—>UTP—> CTP
o aspartate
A

http://www.columbia.edu/cu/biology/courses/w3034/Larry/readings/PurineChapter/PurineChapter.html

H 6pdon tng Bupidivng

XapnAd enineda (3% 10°7M) endyer a0vBeon DNA.

YynAd enineda (>1mM) avaotéifel tn oUvBeon o apKetég oeipéc.

Bupidivn dTTP— affootepikdG napepnodiotng tng
piBovoukAegikng avaywydong.

dTTP —— Adnootepikdg evepyonointhG avaywyng GDP.
dGTP aAd/kog evepyonointhc ATP.

-+ Adndootepik6g napepnodiotng avaywyng CDP, UDP

Avacroin napepnédiong

11/27/17
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H 6pdon tng Bupidivng

XapnAd enineba (3% 10°7M) endyer auvBeon DNA.

YynAd enineda (>1mM) avaotéifel tn oUvBeon o apKetég oeipéc.

Bupidivn dTTP— affootepikdG napepnodiotng tng

avaywydong pipovoukieoubinv .

dTTP —— Adnootepikdg evepyonointhG avaywyng GDP.

dGTP aAd/kog evepyonointhc ATP.

-+ Adndootepik6g napepnodiotng avaywyng CDP, UDP

Avaotoin napepndédiong  pe npoaBrkn dC

Apivontepivn Kal apeBontepivn
(neBotpe€ikd, methotrexate)

Avaotéddouv tn
Avaywydon tou Siubpoponikoy (DHFR)

H DHFR petatpénel to gpodiké

Kai 1o S1udpopoiké oy (FH,)

oe FH,.

To FH, epniéketal oe petaPoniopd:

a. Gly kar Met.

B. AvBpdkwv aus Béaels 2 kal 8
noupIvik®v daktudiwv

Y. MeBunopdbas tns Bupibivns

6. ‘Eppeaa otn gUvBeon xodivns
Kai loudivns.

MpooBinkn unoZavBivns h abevoaivns,
Gly, Met, His kai xodivns, date

va enikevipwBei n 6pdon

oto petafoniopd tns Bupibivns.

Avacotodn 6pdons pe npoaBnkn
Bupiivns étav ouvtiBetal dTTP
and kivdoes Bupibivns kai BupidiAikou.

Conk

FIGLU X methionine
Glu%'"e homocysteine
oo s glycine N® methyl
OO0 N formimino 50H methyl . Y
ATP \ FH, N “
\FFADj
S
N® formyl ADH (
b
I NADPH  NADP \\ )
N°formyl=—=n’N" memenylx—————;l‘“ N°N' methylene
FH, FH, FH
L
GAR
dUMP
FH, N J
AICAR« «+ «FGAR \@_
FH,
dTMP
FAICAR

IMP and other
purine nucleotides

Fig. 11.6. Interconversions of tetrahydrofolate derivatives. FH, = dihydrofolic acid;

FH, = tetrahydrofolic acid; AICAR =5 aminoimidazole 4-carboxamide ribonucleo-

tide; FAICAR =formyl AICAR; GAR = glycinamide ribonucleotide; FGAR =

formyl GAR; Glu = glutamic acid; FIGLU = formimino gl ic acid. (Modified
from Mudd and Cantoni, 1964.)

11/27/17

15



Apivontepivn Kal apeBontepivn
(neBotpe€ikd, methotrexate)

Folic Acid

/ \ CH,- NH-@C NH - CH CH,-CH,- COOH
coou

Aminopler‘m(R:H) and Amethopterin (R=CH,)

CH,- NR@C NH- CH CH,-CH, - COOH
COOH

Fig. 11.5. Structure of folic acid and its analogues.

Apdon tns 5-¢pBopodecdEuoupibivns (5-dFU)

Avdnoyo Bupibivns.
Ixnpatidel 5dFUMP ouvaywvigtikoU avaotoiéa padi pe to dUMP
tns BupidiAikns ouvBdons.

thymidine
dUTTP dTMP —dTDP —»dTTP —p
UDP — dUDP dUMP

> DNA
CDP —» dCDP —» dCMP «— deoxycytidine
'\_/

»dCTP ————»

Fig. 11.7. Interconversion of deoxyribonucleotides.

11/27/17
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Apdaon tns udpoEuoupias (HU)

Avactoih obvBeons DNA péow 6pdons atn M2 unopovdda
tns piBovoukAeikis avaywydons.

Yuyxpoviguods atn ¢don G2

Eivai n mié 60okonn gdan

Auté yiati av ta KUttapa ouyxpovidovtal pe emidoyn
otn pdan M h gucowpeuon atn G1/S,

kaBws ptdvouv otnv G2 X4vouv T0 CUYXPOVIGHO.

01 nAnBuapoi G2 eivail v eival «kaBapoi».

Luyxpoviouds enituyxdvetal pe petaiidypata
euaigBnta otn Beppokpaaia.

11/27/17
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EmAdoyn kai guyxpoviopods atn ¢pdon M

a. Avdabdeuon

B. @puyivien (Trypsinisation)

Y. Xnpikh napepnddion tou KUkAou pe kodoipibio (colcemide),
f kupiws pe vokadalénio (nocadazole).
Enions n koAxikivn otapatd tov kKUkAo otnv petdpaon.

Human Karyotype

ANp on

3

HIRIR R IR TY

8 9 10 1

T T X3 AR @6

1 5 16 17 18
el Rl L5 ‘l
19 20 21 22 XY

Sex
Chromosomes

®don M: pdnos koAxikivns, vokadalonns

Kodxikivn (Colchicine) OCHj3
Aldkanoeibés H3CO OCH3
Anopdvwon 1820, P.S. Pelletier, ). Caventon
H;CO
Xphon ws kaBapukb eviépou o .
MBavnh avukapkivikh xprion 2
HN
otapatd tov kUKAo otnv petdgaon. ):0
NokadaZéAn (Nocadazole) (0] H O
S N o}
otapatd tov kUKAo otnv petdgaon. \ | />—NH
MNapepnodidel axnpatiopé pikpoowAnvickwy N

11/27/17
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®don M: péAdos kodxikivns, vokadalddns

KoAxikivn
—_—

Nocadazol
colcemide

http://www.cytochemistry.net/Cellbiology/microtubule_structure.htm

®don M: Mikpoowinviokol, MT

Tubulin (a,B), GTP, Mg?*, 37°C

nm Ixnpatopds MT
G Nucleation
s Elongation

Microtubule

——

Cross
section

Subunits as seen in
negative stain preparations

Longitudinal

section

(+) end
~
6’\%
X dpha
@(Q & ml:mfli.n

W
Tubulin dimers beta

{heterodimers) tubulin
http://www.cytochemistry.net/ logy/microtubule_structure.htm
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