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Centrosome- Definition, Structure, Function, Cell Division
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Anaphase 1 (Meiosis) Centrosome Centrioles
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¥ Figure 6.24 Structure of a flagellum or motile cilium.

Quter microtubule Plasma

C— ,_A:"'"’-/ doublet \—\ membrane
¥ Motor proteins 7 X

(dyneins)

Central
microtubule

(a) A longitudinal section
of a motile cilium 4
shows microtubules
running the length
of the membrane-
sheathed structure
(TEM).

protein between
outer doublets

(b) A cross section through a motile alium shows
the "9 + 2" arrangement of microtubules
(TEM). The outer microtubule doublets are held
together with the two central microtubules by
flexible cross-linking proteins (blue in art),
including the radial spokes. The doublets ako
have attached motor proteins called dyneins
(red in art).

0.1 pm
———

0.5 pm

(c) Basal body: The nine outer doublets of a cilium
or flagellum extend into the basal body, where
each doublet jomns another microtubule to form a
ring of nine triplets. Each triplet is connected
to the next by nontubulin proteins {thinner blue
Ines in diagram). This s a "9 + 0" amrangement:
The two central microtubules are not present
because they terminate above the basal

body (TEM).
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Filament Type Cell Type Examples
Cytokeratins Epithelium Both keratinizing
and nonkeratinizing
epithelia
Vimentin Mesenchymal Fibroblasts,
cells chondroblasts,
macrophages,

endothelial cells,
vascular smooth
muscle

Desmin Muscle Striated and
smooth muscle
(except vascular
smooth muscle)

Glial fibrillary Glial cells Astrocytes
acidic proteins

Neurofilaments Neurons Nerve cell body
and processes

(inclustions) &1 ,8

oS s Jsho 45 o o3 Bose )l Jsbo J51s cols L3 Sdsbie codla o Shoe [k 5|
i sbdsle ;o boes a5 oy @hd-1i e il anils i Jobo ;K00 las Shoe o aiilys o
5 0 18 ealials g0 5 0ud ST 5L Syge 40 5w ()7 05033 aie Jlgie 4y Wi s 0503
sbadshe Jro basbo (cam ;0 03555 JS0 & JSodamn S)go 4 o o Slile 515105650 2,32
Joo gl @il 5 slail 523055 oo 8 oolinalsjge 5L Glej 50 5 Wigd s 0,03 (Dlas 5 6
bl il 5 00 55 Lo sk ol usdlision 8 (51 o83 S35 50 4 50 5 ey o 45
o Job a5 ola Joko j0 a5 sitwa Joke 3o slaall; a lipofuscinusgs oo o Jsle (ol jo S,
20 a8 el (6,550 e hemosiderinaiiue s, 00iloSs, flgie 4 g ool o 350 SVeb
WYsd slad Tl (See g 0310 S92y o caliSie Gla b jo D)5 (nl Seb e s (S5 sla sk

g ablol S L Al 455 Sy Lot 5 anil 4l sy

ORFF0
et Medoxin 1402 o) 5105 lsja S
gl A

@é‘_m&h @med402 Ol iy el ollily




1403.02.01: fyli Moy 355 Dol

35 o 5 At 3L Sglite Wlgs oo Jsko JS& olool il el IS sdm b 59,5 Lo sl
sk 00l Coons g 00,5 il i (S0 ook (im0 01 J 3 Jobo 5550 4 So05 L Jobo
sl 635y 5 S5 69,5 (S Spgon 098 S pan b Blo aiS by s T S L 090

: —_ Ngclear
ore
Pegg';g{f" - ! Complex

| Va | V o
nner 3 B
Membrane - Nuclear ,@E «

: Envelope "8 =7 -
Nuclear a : Anatomy e
Lamina —— ;

nucleolus. Nuclear envelope

Nuclear pores

S S ] o gleeglled 5 ol sk Lol S, DNAcl u55s s s DNA Juls aien
s 1) Sluogas 5l (s 5 oo i any o 4 Joud o 5l (610 pasens 5 g5luasilon alawlgay
s

09—’-*"5° ”i . 61‘“ )t;_.g.l_“, 3 )'I OL““;‘ 9 u‘)“’*"‘“‘“’ IS

¥y syl Jolw slid 4 a4l 04 oo aaS nuclear envelope(membrane) o 4 a5 Lue

8,005 Slhaumgs S o 5 ple slaé wsile 9 ol peripheral gtrans sla gy g oudgins

Mbwlaoygov\.‘.ﬂfLoaﬂﬁumwlu&do)looiju”fu&b
Syl 18 anea o (NUCleus) Sawa ol 4 5 IS0 (59,5 L3le SO

Nucleus

Nuclear
envelope

Nucleolus

— Chromatin

—— Rough endoplasmic
reticulum

ORFF0
et Medoxin 1402 o) 5105 lsja S
gl A

@;‘_Mq,_‘ @med402 Ol iy el ollily




1403.02.01: fyli Moy 355 Dol

Ayl S giles Jie 65b oSS,y 4 oYL bled SalS g slaanul ils adavlsay Stin g aivn

Shdail sla sl 5 Wab so oy han K5y 4 S g aed (550l S; 0 5 0ol 2aSTy LT L

-

9 350550 Slaieiisn Wedoo i (sa9ism) Sly 25 9 RNA) eSCiSsisn ) elol Siwn ;o
bl Lol RNA i oo Jaiie Swd J51s a0 g ool Jatie aiwd J8le b 5l wigd oo ade ER

Sg oo plol dis 31 (g5l pasus g ool

Gp b Glas Blbl glad b a4 olad o>, 5 A3l slic o canl a4V g0 O g0 s L
Ol 4 aS olapgien, bl am 0 RER 4 0 ooy cde 4 atws > )5 Lag 0,0 0425 1) S
5 LD 39> g i den ;o aF diwe Jolin ladll, co8 oY gl oo 00y (ilind ol
g0y (A8l g oo At S Lad> 4y xie a5 WS o o] Wiile (5,98 glaSllln LBl Lie
8 5l daie ,0 040 0 axaS (NUClEAr pore) (glacua Jilio sl 4 a5 05,10 099 atwn Lid ,0 00sS1,

Wl A S 99 2 50 b g

Perinuclear  RoughER  Nuclear pore
space complex

Inner and outer
nuclear membrane

z I

L ’ll’-l',, -
-~ //I’ t'r 4

z A

.
— v

2
N e 00800,5204

Nuclear lamina

Outer : : Cytopl
| il

Membrane 5 1 Protein fibril associated

T Ngglreear I with each protein particle
Perinuclear . :
Space . comp'ex i Protein particle of the

i outer octagonal ring

Radiati ke
Inner N I ladiating spoke
Membrane ‘ uc ear Outer nuclear ¥
_ Envelope membrane
Nuclear Anatomy nner nuclear Perinuclear space
Lamina —— membrane

A Ribosomes

| Protein particle of the

| inner octagonal fing | amins A, B, and C —
Figure 1 ‘ Nuclear basket

©:rE

iE g‘{; Medoxin 1402 (ag 5199 lsje iU~
@“.:!tn._; @med402 g Sy ol ol




1403.02.01 : )b iy 355 : dliaol

2owlog )5

2 dibcs 55,0 G o Shos g pailejls jo a5 T ol o slo iy, don g DNA 51 ISite (puileg,S
2lled ol ileg S el (Ll BB (358 koS 5lom) H &UE (5500105, b o Joko sam
199 oA ool Aawd9d 4y ¢(§ 410 S pae b (6,10 pddeus

s pd ¢ yilag Sy ol il Sl Lot (513 p 45w pas (heterochromating sleg S 2a-1
» Dense (sl aiue sl Soop) ais glid 53,0 i (650l Bpae g Il glad oy 16
S 5SS gl )0 FS)p €Glin € Qi «(FJE)

€500 pid puf g 5 ind lawg Caond jo i (Jlad (g lsp 4w ((Euchromating sleg,S'g0-2

Iyt s Celad iy plavl

g o0 odalin (2934 098y Sen 5 Jugedly sladshe ;0 Gileg S g0 cnl JS2-

ok 85 2 5163l Az o sk aSul a din W9d hiawd [R00Ss 4 a8l o0 ileg S 5 leg S ke
S0 leg)S €95 g 9> Olojed Sezy Bl il ey palss (nileg S g b g g o
a3 o230 plajen 5 (eileg S ) ol (65 pases Jlo o b o 51 ot e ol S92 58 Sk

el (yileg ,S g i) el il > o

a)|9.o.b(— J.»g.sto.’ LS‘*"’?"B)MﬁLS"‘) u)}.od.: )od.».S J).».»Su.u:ug}mbb G,l.aaum
05 Ol e Al 4 g 5S4 atey dag; (S Je K0 alais Ll aliniley Sg e g0
(lag SS9 0) yioS (Bl g ((rdlogS9) Mg oo (ylo yiion 2

@@
' "‘ "# Medoxin 1402 (o s39,5 lsja JOU

@u MQ‘I @med402 O iy esle olliily




= (e

¥ “}a;
o
SR

Ml
Sl oleg SS9 2m g s )lSle (ileg Sg e i lo (S bale g4 90 Jolas (ileg S'g 2a
039 aslie Lo sl lgil ale3 ,o JS' ;o (cOnstitutive heterochromatiny kLo (5leg S's e
slsl o g Gries (L) bwg ;0 cui 5 4 a5 it (telomer) 4l  (centromere) ,oq
25,10 )18 lopgjges,S
as olags LDNA  ~lg ple sol> (facultative heterochromatin o Lus! o15leg S'q o
Sl 00 JLx_eﬁ.c (;_i,_,_,)u_,l GLmMLiA Ja.u.:93) alises Lchng.“, 3O (6 i )919 @ L&JT S99,
@ (g Bd 4 (hgels Cunsg) pSTiwe Sl 5l g pdyeiS p sk 4 il oo bays (pl b o
S oS (=59, Ll Jl.ss )L';éLw) 36 s &>
Telomere
» ~ b ® ¥
¥ % - ‘Wek,
Heterochromatin [" \4’. .70?\ :
* k3
centhﬂ'l “e_—g Tss ‘.'\ ' Facultative
/ heterochromatin R —
Euchromatin heterochromatin
@ Acetylgroup o Dimethyl group HP1 protein CpG methyl group
Elld‘ rom ati n . Nucleosome/DNA strand

Young

Perinuclear

./.v' M heterochromatin

/ Facultative
/ heterochromatin

‘\
Euchromatin

edoke ;8 (1ileg Sy e 4 Jbjo ol I (S5 slagyg,g Jie) Jlad sle b 10 (ilog S g
el Olgly3 Sl (30,57 50 laamgad Jie) Sl (gt Jd L as

ORFF0
et Medoxin 1402 o) 5105 lsja S
gl A

@;.'_,t‘-ﬂh @med402 Ol iy el ollily




1403.02.01 : qu,b

(049 3some / &wd inucle) pg jodS ¢

et SrgS glid 5 wigSa oy LSl o — el 5b iz S )Lles 3 62 wxly Ly JsSUge 2

Godl> Cll> 4y bob (g ;S 5l Lo 09l oo Cacly aF) bajgiuned SoS 4y «— 0,5 o )13 sl

(g oS

2 el (H2A L H2B . H3 . H4) g jo 5l aeus 90 ygiman £ 4 + DNA - ol 19592535 ,0
s 059l 9 HLS e 5o deg (gt aiS g0 Juato mo 1, Bd w90 1 g5 55 gt Coly
QS oo S ot |y yglme (Lo sloe oz a5 ol linker G asL

Core of 8 histone molecules: H1 histone
H2A, H2B, H3, and y

b
s awe .'lu"’"

oo
\v,‘\", ‘V'M '!
Central DNA

Link DNA

6 nm

00 iS 75 4y g slaailoy wiilen s (55, lopg;silS sl dcgecme (g Sl CgSsg ,Sie b sy yo
Lol oo la> 2 5l (linker DNA) Lul, sbs 5L cax 50-80 L ails ,o 45 asws €os

& 5oyl 30 loars, LB o (o packed ) lapg;silSs 50,95 a0 1 S0 pid o A o

@ #0)
% gn;:l Medoxin

@u_ﬁqﬂc @med402

2935295 €= oileg,S 9y b g o

D “);
(?\(

C A

-

1402 (hopr (539, i SOV
Ol by [eote ollEily



1403.02.01 : qu,b

DNA

Nucleosomes
(DNA and core
histones)

Packed
nucleosomes

in 30-nm
chromatin fiber

Extended loops of
transcriptionally
active chromatin,
tethered to
protein scaffold

Condensed
heterochromatin
and dispersed
euchromatin

Entire
chromosome

at metaphase B S A P Y AN HEHE R

Chromatids

(Nucleolus) <Sswd

5 dshe den jo g Cul L35l LSl S g o)l 8 s 55 50 0 aS Cul S 595 s LS
5% S 3k ol 3 RNA 5 055005 slasly ol S5y ta0 el gilon b (6500155, )50
el gly o sk ol 5 St Lol w3 5 el 055 4 (5, 45 3 (slopmiles,S b sk

Nuclear

membrane Nucleus Nucleolus S Ak5h 5“.{‘? b o &
| s W o - a‘.
o 2§ "Ive X0l » s '.
o, L3 ;
O Bl S04
Fi ; e 4
5 "Q
lt splnglmworwon
; <X PV *
9 Vanih
’ Sy = L P &
A \
Sy t\-‘ e ¢
& B

@ LSO

@u_ +1 @med402 Ot Loy pste olily




1403.02.01: fyli Moy 355 Dol

(cycle cell) Jghw &> >

SS9 A el S jp0 )0 5 WS oo (S5 sl 0 Jske oS cnl al> o oz a2y Joke 45
W9 (03 e Al o 3l

(ol (Joho a5 ,2) (S Jolpe )

s5ie 5 GL,S,G2

2r9d LBy JsSgag,S Lo s p5909,5 32 40 Joho Slhgizma o 10 a5 sl al> o o 5 Y5l 1 G1
GO 5B o)l gl g ol g0 b o3l jobo 4 a5 oo Jshu )0 090 g0 jiius by S al> e 35l 5 00
Syle oy ) Jekw 4 ;> (285 a5 Wigd oo

ONAz>) 055 ool 2 5 95550 (519 e Lo (slapgises,S 5l phS j cal>po (ol (b2 S
Oygo 4 g SS o oy g S yd (5 0 paseus a5 51, DNA ousS” S sle Pro > e ol 40 :G2

w2 5 Sl g luilee ol ) (Jobes S e wussum T daslonls s laps Sgm Bk 5l JSte 392

el Fpge Al o pl Lol 13,5 0 S jgo0 (o) 2

Ayleoage 1) e Sl bajlS oS il andls Jlas jo-
Dgi sn e by 4 0685 CBl g Al ALy 892y olas 45| g0 -

Cell Cycle

The cell "double checks” the / /7 ~
duplicated chromosomes for /

error, making any needed /i
repairs.

)
R _/ Each of the 46
N chromosomes is

7
/
2 / Cellular contents,
dcl“e‘lz'll.lcate‘1 247 thi" excluding the chromosomes,

/ are duplicated.

"\\ 33 4 e Cell cycle arrest.
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Summary of Mitosis

= Prophase:
* Chromosomes condense

Nuclear envelope disappears

= centrosomes move to opposite sides of the cell

« Spindle forms and attaches to centromeres on the chromosomes
= Metaphase @
-

Chromosomes lined up on equator of spindle
= centrosomes at opposite ends of cell

= Anaphase
= Centromeres divide: each 2-chromatid chromosome becomes two 1-
chromatid chromosomes

= Chromosomes pulled to opposite poles by the spindle

= Telophase
* Chromosomes de-condense
* Nuclear envelope reappears
* Cytokinesis: the cytoplasm is divided into 2 cells
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Nucleus

~ - Normal cell
Organelles - b

Blebs 7_\ __Blebs

o -l |
‘™ Small blebs
Small blebs form; - - form.
- -
the structure of the
nucleus changes.
The nucieus begins

to break apart, and
The blebs fuse the DNA breaks into
and become small pieces.

larger: no The organelles
organelles are are also located in
located in the the blebs.

blebs.

The cell breaks
The cell

- into several
membrane ruptures .‘. @ apoptotic
and releases the (o bodies; the

- O
cell's content; the @@@ organelles are
organelles are not

still functional.
functional.

Necrosis Apoptosis

Ok/F 3]0
:':‘C.'Jéﬁq_ Medoxin 1402 (hopr (539, i SOV
T 2

@i'.ftﬁq_j @med402 Ol iy el ollily




W B AN
1403.02.01 : 3, Sty 25 : Dol » el | r<

f bl Covine slacas

Sols 18 Joho slid ) cand plaS 40 5 il o oo Lsle a> g5l lipid raft 1
Sl Goeign Byl 95 - Jo s (LI

sz slautign Byl 9o —ellll e o slaol (o

Sl 5 ool Glagntisy By 50 -glidl 2 slanl (2

o sand Gl bl -elisl Oy sloanwl g JgdS (o

85,005 099 RER (sl jo 155 0,050 51 plas by sy i al )8 4o 2
P939) 05 (Al

Sy JUSo 023 5 (&

s Jisl SLoS (2

Slolids o3 05,8 (o

Sl Ldgib HEE (65l (b 5 slocalasl 5l S5 plas .3

L (2]

S (&

SER

S gle (0

fowol Coll g oS, Glocsis p axly ) laSlail 51 G plas 4

Lae (Al

S S g (2

r9395 (&

P95sS 1y (o

OEF¥0)
l.:‘C‘Jé’ﬁ:l Medoxin 1402 chops (529,5 lsje Jit”
L r!

@i[ﬁﬂg‘ @med402 Ol iy el ollily




AR
2 - 7

1403.02.01: fyli Moy 355 Dol g 21

sl 45w o Lt puilog Sy it 5
Ll Jlad g5 3w j0 (A

eslsyS STy 955 j5ms] Jsbo (o

5,8 salgs 5T ples Jobo (2

el 05,0 Jokw (o

st s ilago JEI lagy,08 (Johos e Ceans a4y GguST ALY 51 a5 o 03 L 515 09,500 6
sl so JEl 55eST ok p (dsho [Llo g8 basgs pgans (nl 093 0 Lysys ol 5 (1 5

RER ¢ ei9d (& g9 Sl S 3S s (I
fatl o SIS SSS iy sl Jobor (slacalil 51 S, plus 7

P99 (o Sobo slas (& Posge) (2 S5 e (]
€55 cn plocl RER (slay o J51s 4l 1o alaS RER |5 ipatig y i b 1o 8
0di S 4 Gl g g awto (b pSLeS Jlasl (Al

@lralr SleS 4 sty 000y Jlail (¢

g JiSw dbewsas plral> uSLeS adaily (z

Sk ool hsb (o

ORFF0
e W Medoxin 1402 tagy (5295 i Jit”
o 5

@i[ﬁﬂg‘ @med402 Ol iy el ollily

(e 0im
\& 3

Ml




1403.02.01: fyli Moy 355 Dol

<l 3

<l 4

@l 5

OF¥10)
RECEP ¥ o i

@i'.ftﬁq_? @med402 Ol iy el ollily




