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1.1 waa (Cell)

* AMSANWINYINULYAALSUAUIULD A.A. 1674 NAIIINAITAUNU
(-1 Yy v -1
19aavae Robert Hooke lagn1slunaaiganssedl
(microscope)

e fnsAnwwadandedidinlae dnfisa vlawu (Matthias
Schleiden) waznlanas ¥ Ul (Theodor Schwann) hag
ﬁ%’aasﬂé’hﬁ

1) AefldFannviinuulanUssnaudeivad

2) Lszjaélﬁwﬁqaﬁugmmaaﬁaﬁ%ﬁmu,a felTinwadinenludedidin

d

Adniign

3) Lszjaammsziaammﬂmmnlfziaé AuUNLLA



n1sAnyLlatalinasnlnglyinaaiganssAivas Robert Hooke

Sliced Cork

Robert Hooke, Micrographia

nsiilaldinasnunRaulilunduunes wan

Uandasgmeldndasganssainuanuazidy
Y29AR195904 LAz Robert Hooke latsands
ay dy 1 « 3 9
NAUNUUIN “1gaa (cell)

fia: http://s3-eu-west-1.amazonaws.com/lowres-picturecabinet.com/43/main/12/91077.jpg



NANNISINLUNUTSLANVIULAA

* MsIMUNUSTNNVBad o fuanyazasrUsznauneluead wided
ynwadiivilouiufe iavuluad (plasma membrane) et
vievuasdusznoumeluwadfidauTngiduun Tesausing 9 toules]

* lassad1eiisndudenisiidinvawead aRansanasdusznauaag

¢ ' ¢ A Ada < Y,
LA VLEIUITALUILYNLYARVDIFIUYINDDNLUU 2 USLLAN Usenauny
* 1YAaalWIAI3 LM

* LYARYAI3 LN



laalnsa13lan (prokaryotic cell)

* sINANTUBIANIN “prokaryote” WIRINANEDIAIAD pro- T
AURNNEIN “fau (before)” way karyon HAMUNLIYI
“UIAAYE (nucleus)” diasauiusafinnununessad kil
damdgavsaiaviutieded (nuclear membrane)

e FefiTinfifidnvuziwaduuuiife nquveseisifsuuniise
(archaebacteria) uaznguvasgluAiie (eubacteria) lag
wuldavuwaauaskivasiinlvilwaaiiasusuduiaiavy
#1590 UINITU Bea15WugnITUaTTAUag luuITIUTIIwWIe
S8n31 U2AF00Y (nucle0|d) meluwaduasinsaslonions
ALUa (organelle) fintinfiuUasiavas mRNA Tunisadig
TUsAu Ao 1slulwy (ribosome)



Prokaryotic cell

chromosome
(nucleoid region)

ribosomes
food granule

prokaryotic
flagellum _

slime layer

cell wall

cytosol Pplasma membrane

plasmid (DNA)

Figure 4-20a Biology: Life on Earth, 8/e fiun: https://camsbiology.weebly.com/prokaryotic-cells.html
© 2008 Pearson Prentice Hall, Inc.



L%aﬁgﬂﬁiaﬁ (eukaryotic cell)

® AUNUNYVBIATIN “eukaryote” B ARTNIIN A BENID
WauNlAAYE YIUITINANNIIINAII eu- AAMUNNIYI
“UN349 (true)” NUAIIT karyon AAIIURUIYI |
“Gapdgd” lagwaavasgaslannnyiiniilasedsravani
Mdlaunu 3 Usens Ao
1) WeRuwadvinniiiiviaviuasdusznausng o aneluwad
2) damdeadadianswugnssuussyegaelunazlidon
Updvasausaull

3) lelnwanadu (cytoplasm) Aaustaunieluwasuazidui
DEUBIDDTUNLUAANN ¢ BnLiY ToLAfes



ANNLANAITENINEATILaANULNIANS Lo

o uanmnmiuwammmaemmm"lmmsiammamniwsmﬂamu,m IMUIUTUA
Gumaaiu,nmama”luwaanLﬂuawm‘lmnmaLmnmaﬁuaewaamamﬂiumw

* meyluwasgalanasnuaasuniua Usenaunie
* lulnmauLase (mitochondria)
* naadnautnand (Golgi complex)
* wulananaiinisinauviiniseyu (smooth endoplasmic reticulum; SER)
* wulananaiinisAnauviinvieny (rough endoplasmic reticulum; RER)
Talalau (lysosome)
* [wasandlau (peroxisome)

* Tnsnaley (proteasome)

* [ Wunsloa (centriole)

* Islulay (ribosome)

* aaalsnanan (chloroplast) (Wulutgaaing)



Prokaryotic cell vs Eukaryotic cell

Some typical cells

animal cell cell membrane
centriole

plant and animal cells are eukaryotic cells

@ ondoplasmic. e chioroplast

: \’% reticulum -
A ?‘: A ribosomes

bacteria cell
(bacillus type)

Golgi COV..--
cytoplasm

cell wall

chromosome

plasmodesma
ribosomes
plasma
membrane ) fiagelia )
pili bacterial cells are prokaryotic cells
capsule mesosome ® 2007 Encyclopzedia Britannica, Inc.

fiun: https://www.tes.com/lessons/AclpbLhJ1VIDuQ/cell-biology-part-1
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I ¢
lanULgas (plasma membrane)

waamanwammaLaamszraamanwmuwaamﬁuu (bilayer) Usenauniewasd
I‘V\Iaww (phospholipid) wazlnaladun (glycolipid) Imanamamuﬂsunauma
daufiveuii (hydrophilic) LLauafaum‘lmaum (hydrophobic) lagdiuvaeny
‘I/\|’€J’€1L‘V\|GlLLau‘L!’]W]aﬁ]w‘Vl’]UQﬂiﬂ’lﬂUU’lL‘IJ’éJ\‘i’«i]’]ﬂ‘Vl\‘lﬂﬁJU’iuﬁ] (polar) uazdruiily
ana (lipid) auagmﬂuﬁuaaL&Ja‘iqmsnaal,ummn‘luuﬂizq (nonpolar)

A v ¢ a o Y . . o Yy A& o o g
\Waviuwanillusiuiiunsndaeg (integral protein) lagvinniniilludasugasluy
(hormone receptor) nMsurdsasitnaanngluwas waznisvudidseyloaau
A9 )

A v ¢ wva & A A ' . a )
anALganlAMaNUALlULEBLaBNNIU (semipermeable membrane) Nyau
d195139Usrgusviagnunsaniula lunsaiiwadlasuuinduaziinlinuauds

nmsudadanitugydeludealiinisidisanvasasusedssyvasvaarinund
wanzgn1ENisendt 4lasds (necrosis) vinliwaanngluiisgn



CELL MEMBRANE

Glycoprotein Carbohydrate Glycolipid

Globular Cholesterol

protein

Integral
protein
Alpha-helix

; Peripheral
protein

Channel protein protein
https://biologywise.com/facilitated-diffusion



lelnwan@y (cytoplasm)

lelnwanduddnuwaziliunoaassd (colloid substance) agangluiiiasiu
wagusznaudae 11 Tusau lusiu indeus Tnalatau (glycogen) LaZIIAING
(pigments) Tulwlnnaraduiioasuniuadivinutifianizwiiinisuszauny
fuiesiiufanssuvauadidauysal

Nucleus

Cytoplasm

Cell

fisn; https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0025806/
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293LNLUAA (organelles)

lulnpsuLnse

/ Quter mitochondrial membrane

Y o
UUINNIININTUY

Inner mitochondrial membrane

Matrix

- unawaanasulvnniwadluguvas ATP

i (adenosine triphosphate)

Ribosome

Mitochondrial DNA

2 — Enzymes

_

(a) Mitochrondrial interior
" https://www.parishealingarts.com/migraines-nutrients-mitochondria-methylation/
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293LNLUAA (organelles)

incoming transport vesicle

cis face 4 ﬂ’é]aaﬂalll,waﬂeff

cisternae lumen

v o o
UUINNIININTUY

- 9agyuidedrsesnuantyaavn
v
N15d519094 ER

newly forming vesicle
© 2010 Encyclopaedia Britannica, Inc.

fian; https://www.britannica.com/media/full/238044/114953

secretory vesicle
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293NLUAA (organelles)

LE]UIﬂWﬁ’]ﬁSJﬂL‘J uuUnne1uU (RER)

Nuclear envelope

Nucleus  VIWNNNI5VIN9U

- Fupsenlusausqelslulaunaguuigaa
ER wantaulwsidgniulaleloy

(lysosomal enzymes)

ulawaadinisinauyliasey (SER)

Rough endoplasmic
reticulum

Smooth endoplasmic reticulum wﬁqﬁnqiﬁqqqu

fin: https://ajweinmann.wordpress.com/endoplasmic-

- daasrzdilodu Alnlusiu wazanasasn

reticulum/

gasluumIuANITAULAALTENN e TuLIYaa



(-1 (-1
293LNLUAA (organelles)

P (peptidyl) site A (aminoacyl) site

" 50S subunit

Tslulau
E (exit) site
b RUINNF99U
mRNA-binding — " B - o . - 2 o <
site : | - duaszvldsaunslslulguiegilu

dasylulainwar@unazlslulgunsa
AnfULEauYaY ER

Prokaryotic Ribosome Eukaryotic Ribosome

(=) Growing - 70S 80S
peptide Y 5S RNA
N chain [Subunit i~ 60S
subunit S
mRNA-bindin Y
site ? "N\ 23S RNA . 28S RNA
mRNA 30S 16S RNA MM  18S RNA
S A ) subunit N subunit N~
N https://www.quora.com/What-is-the-most-accepted-

theory-about-how-the-ribosome-evolved-Why



(-1 (-1
293LNLUAA (organelles)

endoplasmic reticulum exocytosis and ‘1 I I
elimination ﬁ "U 62‘1]

cell membrane

cytoplasm

Golgi -
(/ ",\/ © widfinnsinenu

apparatus

sye , o
% % A - - arwluussyeuladidinivdae
LA AN S o v ¢ v
: 8T . &Y datgarsndndigioadnsae

AszuUauUNIstaulalylngd

(endocytosis)

digestive
vacuole

food particles Digestive

enzymes

Lysosome ;
food vacuole . & -
Plasma . , ._ —

© 2010 Encyclopaedia Britannica, Inc. membrane D 5 -
o . . . : o /,' igestion
7NU: http://cdn.biologydiscussion.com/wp- % _—

. , ] Foc;d vacuole
content/uploads/2013/08/8038-050-75518CEA.jpg g@} =

endocytosis

S
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293LNLUAA (organelles)

Anatomy of the Peroxisome

IWDSDNT UL

UUINN15N19U

- Adnvasdeuazayyadasznelulwan Lyu
lalasiaunasoanlyn (hydrogen peroxide;

Urate Oxidase
Crystalline
Core

H,0,) wazindaasneidnuluwag

fia: https://micro.magnet.fsu.edu/cells/peroxisomes/peroxisomes.html



(-1 (-1
293LNLUAA (organelles)

) TuUsitalesl

19S cap

Y o °
UUINNIININTUY

Proteins targeted for 20S subunit

degredation are

26S Proteasome

- dgagaanalusiuniilaseastaiaunfinielutsad

recognized through

their ubiquitin tag by
the 19S cap structure 19S cap
of the 26S proteasome

Proteasome
and ubiquitin
to be recycled

=
SN Protein

- - fragments
Protein entering a (peptides)
proteasome

Protein to Ubiquitinated
be degraded protein

fian: hthttp://longevityreporter.org/blog/2015/12/28/taking-out-the-trash-boosting-garbage-disposal-in-the-brain-slows-dementia
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293LNLUAA (organelles)

centriole

L YUNS oA

centrosome

microtubule
triplet

= / '
\\ ¢ / RUINNF9N9U

- e TALAANISEIIIA LAY
Asuannvaalasiulaulu
ASTUAUNISHUSLYAaa

Centrosome

Centrioles

fin; https://www.ncbi.nlm.nih.gov/pubmedhealth/PMHT0029343/?figure=1



Tasesnadulevaawaa (cytoskeleton)

° .gaavziilassasraduleidu
e lAS99190819%a24 9
Plasmamembra  ojsenaudae lulasnua
Endoplasmic . R Y q;,
reticulum (microtubule) Y9UaANWUSLAUY
Intermediate A
Mamonts Towazfivianaden1ely wazly
Ribosome TasWaltuun (microfilament)
Mitochondrion G flaiunalannandanseadzidy
Y] = o & S A .
idulanu idulansdastiigauss
AU U9NANUIITARANUDDS
wnLuaanIglugadLazigany
.4 o v ¢ a
waa vinlvilgadiingunsauas

https://guidancecorner.com/cytoskeleton/ q_hgf[,unqscuua'qaqﬁﬂqgﬂupuaé

Microtubule

Microfilament




ANSNINUINYDLSas

° Lszjaaiﬂam”l,ﬂwu'mslumwuma'rs mmsmmswﬂawaa
WAIENS ma%smumaa aamsiumwwaa LLauﬁ‘U‘IN‘L!ﬁL‘IN&I
I1UIU uaﬂmﬂumsmwmmawummwaamuaaﬂwumm
Lsziaa’[,ua'aa'awmswﬂ'm LYY L%aa%aaﬂawLuamamﬂumi
AUl wazwasUseaminutindidenseuauszann Wudu

e Na:o @ Boundary and
e %o permeability
. barrier

@ Organizationand
localization of —
//l

ALl ‘ Nucleus |pf}
Na [} ;] 1
[ ] 5 +
(] Y
*ie e 2o
@ \.\.\\ 4
~_ " O Cell-tocell  http://www.mun.ca/biology/des
interactions
© Transport’ Nutrients EREIONS  id/brian/BIOL2060/BIOL2060-

@ ’ :
processes & Signal detection
o O 07/CBO7.htrl



N15VUEIEISVRILYAaA
(cellular transportation)

* 1 9aaazlASUAITIMITAIMIUNITUIUNTIILNUDATUABINNALN
Tunsthansemnsuseasiisnduidigivas waddsazaunsn
agsanld Ansihandidivadezutmenlastusgiundeny
figaslddmiunisvudsansiu q Thadeusinudodusad da
A1115akUala 2 35 A9 N15VUEIEITHUUNIETWLAZNITVUE S
A1SHUUNNIIUA

Passive transport  Active transport

o? 2
90 oHtgh 959 ©
%o o
0 oconcdhirmiony
o o

e 9O
A3
............

9  Ttoncen tratkdn

Requires no energy Requires energy
Molecules flow across the Molecules are pumped
membrane by diffusion across the membrane  https://www.quora.com/What-is-

No ATP required ATP required passive-transport-in-cells



N1SVUEIEISUUUNIETN (passive transport)

e n1svudsassinuieuieadisiaslifnnsldndesnu ATP
wialFansenudlunelusad iy
® N1SUWINIU (diffusion)
* N1599&lUTe (osmosis) Passive transport
® AMSUNIHNIULUUDIABAIN
(facilitated diffusion)

Semi-permeable

Sugar I/ membrane [

molecule] :
| | o ®

° ¢ :4!:0. ° .o | I..o 28

:\. :r%’....:.. . .: ..: I .'. :'.

® 0o s g ° o | . ®
\. O../'... ) L...:I...

Water rr4)lecule - Woter , : A : )
motion Osmosis molecule Diffusion Facilitated diffusion

https://senecalearning.com/resources/gcse/biology/AQA/osmosis/



N1LLNIHNIU (diffusion)

n1sAaRuNvasasniludlgnazane nusIanI8Uan
waandanududugawnsiiwdrluagluigadnduuiiung
AMULYNVULBENIT (concentration gradient) WU NISUNWIHIY

a s ¢ . .
Y299n%LAU (oxygen) uazarsuaulnaanlan (carbon dioxide)

Extracellular
O c i (fluid)

Intracellular

| | | | | (cytoplasm)
v v v
0, CO, H,O https://www.ck12.org/book/CK-

Simple diffusion of lipid-soluble molecules 12-Life-Science-Concepts-For-

through plasma membrane Middle-School/section/2.11/



n15odaludd (osmosis)

124 1
o =

N15LARDUNETUIEBYNLYAA VDI TneiinaziAfaurIUlIN
a Ao v A da ? v £ o Ya Y =
USaniuiunlldausianididey Fauihlviinansiauaasluds
(osmotic pressure)

Membrane

water ) solute

molecules ==

_ molecules




NNSWISHNIULUUDIAEAINA (facilitated diffusion)

NIIRWINIUVBIEITHIULB DA N A asa1AElUsAuTUA?
udsasianlunieluwas (transport protein) 1 n15vUdIUINNE
nalag (glucose) Extracellular spac

| &
o ®

.

Facilitated -

diffusion—the Jk
process that

allows selective
movement 1n
and out of the

cell membrane.

Receptor

Carrier
orofein Glucose

Cytoplasm



N15VUAIFISULUUNNAUR (active transport)

" ' = Y] ¢ v ad o v Yy
N15vUdIESHIUERULARA8 5 UasARIlYNAIIIU ATP
A Y, o Y Y, = ' "
walwarursaunarsitnluluwaals 1nan1stAaaunIuYa9aNsaz L
PUpEAUAMULANAIIYBIAUUNYUVBIAT5En T8 luadny
ANPUBNLYAA LYY N1SVUELGLABULALIULNELGIUADNTZUIUNIS

lonau-lnunadeudy (Na+/K+-ATPase pump)

e.com

Active
transport

Process

is the movement
of molecules
across a
cell membrane.

Active Transport




Extracellular fluid
Potassium ions (K*) o *

'\3 J , \%(Q{ﬁ\b&ﬁn‘tat&;ﬁ .
= m{,\m‘u\%
Y .

Sodium ions ADP
(Na*)

® Cytoplasm

The Sodium-Potassium Exchange Pump

http://pediaa.com/difference-between-primary-and-secondary-active-transport/



N3EUUNTUESUgLwaa

Yy o

WarulgaanIviIng1agylun1sAuANNILIUI98N B
o < a

815619 9 MU UAININTTUVDIYAA UBNIINNITVUEIFITHIY
Daruwaduda waddedinalndunizlunisiranswlesaynia
dgdiwad Jufnannszulunisieulalalnds (endocytosis)
fignursatnansusesyntnvuialngidrgiwadld n1siia

pulalylndavasvanaziiogdosanune Ao

.oge
o—

D

o

1) Wlulsn@a (pinocytosis)

2) Wlnlelnds (phagocytosis)



wluleylnda (pinocytosis)

* Wlulalnga Wunszurumsiindivasvastafiuyadinaviodiuans
= A < Y o Y 1 P = Yy o
vsaluananivuiaanualiidngaalagiinnslindsay ATP

- a b Q ‘ Pinocytosis
Q - 9
Pinocytosis
Q moves fluids o Extracellular fluid
. ®ow
into the cell # + oK
[ J it
_ e _ _ K; . ¥y Cell membrane
S * o0 0 0 e
. ® Q R \,
‘O o O - )
@\ s
e @ o o ) Q @ﬁ;‘;? Y )
- Q Cytoplasm ;
. Q Qe ytop
D Q
&
W O O O \)
Q9 Q Pinocytic vesicle £
i Q
. @ © Q 3
Q 4 Q Q ) Q al
Q ~
) Q ‘
@ Qg Q Nucleus
Q ~ >

https://www.pinterest.com/pin/546694842251391923/



Walnleln@a (phagocytosis)

¢ vhlnlelnda Wunszurumsiouds  weos S—
MULadlauaanaynIAYUIA luglan \ (
ddduad 1y wadsrenneilddu
autdenne waduwuaiige Wudy ao
Fanszurun1silnlelndadudsi ;
tgaalussuvgiiaunuldnige
f\]ﬁ‘L!‘I/I'iEJﬂE]I‘Jﬂ‘V]G]ﬂL‘U@L“U’]ﬁ'ﬁ’]x‘iﬂ’]&l
Fiunsiasunlasfidenadanisin
A15L07g 1 9anLlNafaN1TUTINVD
wadnaziilugnisiinlsanag 9

2N

~ “Lysosome
containing
enzymes

https://www.pinterest.com/pin/270497521344711830/



n1snasansaanuantyaa (cellular secretion)

A .Y

* WAdHITNISUAIENTERNUBNAE Wiy AlwlUsAY (lipoprotein) wazlnalalusiu
wasdunsizidudienszuasunisionlalaln@a (exocytosis) F952uH9N19
Uaﬂﬂaaamswmﬂmnnszmumssja&Jamﬂmaéqauw%éwé’qmnnszmums

Wlnlgin@auaznisndavasdelunvaanuaniwasainasneaunavauyas

Exocytosis

cell ‘ ‘0 Role of an Antigen-Presenting Cell
VY,/membrane transport vesicle Q O ’ 9 -
/ released P
soluble k\*’ e // _
proteins 178 )| -——

(1) Phagocytosis of enemy cell (antigen)

~ ~ ,
constitutive / unregulat = = \ soluble & el ‘ /
@ Fusion of lysosome and ‘ ‘. \@

secretion \ ? i~

membrane v pfOtelnS
A\\ fusion o membrane %
proteins
seﬁretory vesicle
.\ secreted proteins

phagosome

(3) Enzymes start to
degrade enemy cell

/® (4) Enemy cell broken
o® / . ... ~ into small fragments
regulated - (g
secretion @ . megm o secretory (5 Fragments of
o/ . 4 orotelns antigen presented
sion / QD on APC surface
\ , 4
‘ : e
RPN : 5 2 @ Leftover fragments ’
L e ;lgml released by “
e AN ; h.) exocytosis
— - . transduction Golgl apparatus [ ]

12005 Engyoiopdia; Britannloa, log http://www.biologyreference.com/Ep-FI/Exocytosis.html



endoplasmic reticulum exocytosis and

elimination
cell membrane
cytoplasm

. ° e (&)
Golgi )
r 4
apparatus ’ . '.
@

digestive
vacuole

food particles

https://www.youtube.co

m/watch?v=AnePocflgWk

endocytosis food vacuole



Endocytosis vs Exocytosis

Exocytosis Endocytosis

&3

/]

https://www.ck12.org/biology/exocytosis-and-endocytosis/lesson/Exocytosis-and-Endocytosis-BIO/



n1suielaszautsaa (cellular respiration)

nmnelasziuwasidunszurunisiwadlélunisads
Was91u ATP Feusznaudneufjizendiafiidrdey Ae UjAsen
Fuadiludnlnalalada 193nsnsadnsn (TCA-cycle) gnla
vudsdianasouildeandauiliudrfudiannsaudagadine
Fansiudedianasewindulubetutuluvasiulnaownie
AoliiAanasenu 36 ATP wialdlufanssusng & vauwas

Mitochondrion
Cytosol e

Organic
S | molecules

Animal cell Plant cell

http://www.phschool.com/science/biology place/biocoach/cellresp/intro.html



mitochondrion

N15E519NaI9U ATP

(]
@

nutrientsand
oxygen

¢« ' Abundant ATP
- powers cellular

: activities

(3

electron transport
chain complexes

inner
membrane

mitochondrial
DNA

molecular
complex

http://schoolbag.info/chemistry/mcat_biochemistry/64.html



20lnalalada (slycolytic pathway)

GY INVESTMENT

ENER

NET

GLYCOLYSIS
Glucose | __
| 2 ATP!
2 ADP
e  |e®
Y Y
® ® 0@
NADH + H* \‘NADH + H*
2 ADP? Vi 2 ADP
_______________________ S
B A A y 2Ah
. Pyruvate
v |
4 ATP formed - 2 ATP used« - - Glucl:ose 2 NAD* + 4e" + 4H"
| 2ATP 1 2Pyruvate + HO 2 NADH + 2H°

1
e o o o e o o o o e e e A A e A A

Tnalala®d Wunszuiunis
wenlutanavasnglaanidiuay
¢ v & 4 Ao
ANSUBU 6 9vmau Wtduuin1ani
S o
AISUBY 3 B¥MAN U 2 LULana
Tagnszuaunisinalaladdazuu
< 5 Y = |
29Nt UU 2 YUNDUKAN AD
1)  YUABUNISLTINANIY 2 ATP
2)  YUABUNISESIINANNIU 4 ATP
way 2 NADH+H?
* wandngavingla 2 pyruvate
® A4ATP - 2ATP = 2ATP
A

_______________________ -



17)ININIATAIN (citric acid cycle)

Tuanziisieandrau (0,) pyruvate fia31991nnszuIunsing
Talagaasidnglunaounseiioai1awdesuiuy substrate-level
phosphorylation ?}aﬁ%umauiﬂaagﬂﬁaﬁ

1) Pyruvate gmﬂ?iﬂulfﬂu acetyl CoA

19 NADH+H* 97u3u 1 luiana

2) Acetyl CoA 52UAINU oxaloacetate 1ol citrate

3) WANSEUIUNNSEaNY citrate Tinanaulu oxaloacetate lne
syndnetunauiitnisadreanseeialul

- CO, W 2 luana

- NADH+H* d1u7u 3 lutana
-FADH, 31w 1 luana
- ATP WU 1 luana



14)ININIAYATN (citric acid cycle)

Krebs Cycle

‘ (Citric Acid Cycle)
Pyruvate Acetyl CoA
Fatty
ackds § Pyruvic acid
Citric =~ N/ +
NADH e © — mom + @2P NAD
’ Oco, NADH
'FADH, | Acetyl-CoA 8
; CoA Citric Acid
M:
Outer n1en<)ran(r\ L OAA ‘/k» (6C)
(40) g
Inner membrane
NADH .

NAD*
NADH
NAD* e

aeatnalunysAunINeAans g

= v o A 1 g NAD™
Dr. Hans Krebs #ilafnu3gansiluyag - /\) Ocoz<-4< NADH
FAD g

Citric acid cycle %38 Krebs cycle

U a.6. 1930

W ADP + .P
|
https://www.ck12.org/book/CK-12-Biology-Concepts/r10/section/2.27/ *i



anlgyudedlannsau (electron transport chain)

1 1A a é{ A 1 g =
* anlgauddiannsaunaduiitaviutuluveslulnaaunse
= 1 a v a A 14
* nglag 1 luana Wasktunssulunisinalaladanasdnansnsn@ninazle
ATP 3717 4 Laana wagla NADH+H' 31uqu 10 laana wag FADH,
U 2 laana
®* NADH+H" wag FADH, f\]zL“ﬁ”léﬂ‘J%U’mﬂ’]‘J oxidative phosphorylation
LNDH319 ATP
¥ I 1 a °o Qg ¥ a Y ¥ A W
* 138319 ATP 3ngnlguudedianasauiniinanududunanniuwas
Wsnau (HY) ssudnugavutuluvaslulnasuinse
* Tusmauazgnuudeaanludeusiin intermembrane space 37U3UUN
NUULVINIAULTUNIULUTAY ATP synthase M LALAANITES19 ATP
Tutunauiinramsnseaulitianisiiuvyneswalvinu ADP



anlegyudediannsau (electron transport chain)

outer membrane

mitochondrion mmf'
' Q Q

intermem braq?ﬁpace
Wb

v
e
»

S
Ly Inner
membrane

0 § @, D) wdensiiuvgnasnalvinu ADP
LNBE319 ATP

electron transport chain

https://socratic.org/questions/where-in-the-mitochondrion-does-the-electron-transport-chain-take-place
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CYTOSOL SRS | &
2 Qi Glycolysis
U mmmm) 2 | NADH 4
Pyruvate
_ 2 | NADH 6
Acetyl-CoA
' /

’ Krebs '
) 2 | FADH, 4

Total net ATP yield: 36

Substrate level phosphorylation
E] Oxidative phosphorylation

nalagadnuu 1 luana vinliianisesne ATP Navun 36 ATP



Substrate level phosphorylation

ATP 9n&s19lagnns

Adenosine

angnaavdnadaiin (P) a1n

Substrate

A15NUNUSSLANNAITUES
(PEP) Y

N1701849 ADP lnanse lae

o

= < v %
1 enzyme LUUAINTZAU

o}
o}

+ Pr—P—P—{Adenosine

Product %
(pyruvate) \ http://www.writeopinions.com/substrate-level-phosphorylation
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Oxidative phosphorylation

® 1158519 ATP 9110195
danandiannsauy (e)
NIUETITUN e LU NADH,
FADH, Tu electron
transport chain 7

mitochondria

o o/ %4

* 10,1 ufu e A

)]
Se

AnNe

2 H 1!2 02
(from food via NADH)
Controlled
release of
energy for

synthesis of

(b) Cellular respiration
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N15a981552%13199aa (cell-cell communication)

* nalnwaalylunisdaarsnuldiudrag lun1sninuantiig
LAZN1TYINUVDLYAA

* nalnaananIdinuRIUAISUNagUIEaNNLYAE (surface
receptors)

* nsaedguldlaanadnwizizanda aunua (ligands) Ly
¢ a a 1 Y 1 o
gas5luu (hormones) Ninanannsaulsvia (endocrine glands)

* funuaraaunludagaattnune (target cell) HIUNIINIZLLE
Baanddnduiualsuuuwaalunisasdyunsequli
WAAUNAA %98 d519a15931 0uUN9eE199nUN



Cell-Cell communication

=
[ aaNas19gasluy

Bloodstream
NSSLELADN

Target cell

Target cells

[
\aaslIuue

Hormones Local mediators
e e http://www.mun.ca/biology/desmid/brian/BIOL2060/BIOL2060-14/14 01.jpg



msﬁuﬁuﬁzizﬁuwaﬁ (cellular reproduction)

e mﬁauwussuﬂuwaa NUNYNINISUUILYAa (cell division) waz
miwmmwaa“lﬂwmmmawq“ (cellular differentiation) lng
nszmumsgnmuqumaﬂu

* MswuaaauaazU sz lusenIgazigaiaiuana1nuTuag
AUYUAVDUBAALALNITIASUAYYIUNTEAUTRLULLYARIN

31
JOItdU
JOMC |— Expression of neuron-
specific gene
-‘XPJ!;,
1%: JRN; “\3}
> ‘i ® b\%-@fvﬁ» o\
T B Neuron
Identical
daughter cells
Single
—
cell
Epithelial cell
http://ib.bioninja.com.au/standard-
level/topic-1-cell-biology/11-introduction- 20 }_ Expressnon of ¢
ecifi gene

to-cells/cell-differentiation.html



IINTVaRLan (cell cycle)

v
(%

® N1585199aa IUINNNISLUNLYAANUDUNDUUUNIN LAT19N1 8

UYWENANITATEYLAULA

o

* AU AINTIYadEUITAAIUINLAINARAELIa1 TUNI LN
uIUYaaly 2 win

* Mawungaaninlitianadsnarndunanisalyn o Misendn
IINTVBUYAR UTTNaUAIY 2 538 AD

J Bumasing (interphase) uaz lulndnud (mitotic phase)

J nsudswad (cell division) Usznaudng 2 AS=UIUAIT AD NS

wustidtaaed (karyokinesis) waz n1suudlaglnwanay
(cytokinesis)



IInFVRLAa (cell cycle)

Mitotic phase
Interphase 1

Mitosis Formation
of 2 daughter

ﬁ Cytokinesis cells

Cell
growth

Interphase . Interphase

DNA
S synthesis Cell growth G,

interphase -—-- > mitotic phase



duLmasia (interphase)

Nmmmamumaﬂiuwua

2.

o JuszezuaanisuUasasia
59UININTVOUYAA

* szgziliianisassluananindunanisuueag Wy N3
d9LA5129NsADEA LU N15a5191USAUTE LU NARLaUY L
LAZINISINYINUIUVDIALDULD

Centrosomes
{with centrioles)

Chromatin
(dispersed
chromosomes)

Muclealus

Muclear

envelope
Flasma membrane
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g < 1 :ﬂl = [~ 1 di a\
1) G1 phase 5282ULUUBINLGAAUVUINLANNINTLYSDULASLNA
DY, A w ¢ = ¢ Ao & .
N158519 MRNA WadAs1zilusAuLazaasuntuanIndus
ATSLLULYaa

2) S-phase ?Jﬂ‘ie}'iﬂa “S” mmnﬂm “synthesis” LL‘Ua’J’m’]ﬁ
Fa1As199 Tunaneaudtssesiaziinmsdaaszdaisue e
LW%JQWU’JU?I@IﬂﬁI&JI%SﬂWUu 2 Wi szmﬁumﬂﬁuawzjaawiwm
JuGes 9 agnssaiiiag

3) G2 phase uszpznouNazitingszasNigadin1swunT 1waa

waseyiulnagned o wewsvundaudng lulnanina



Interphase

GZ

The cell "double checks'the
duplicated chromosomes for
error, making any needed re- “'%

S99

S

Fachofthe 46  WGallEd® 1

chromosomes is

duplicated by the cell Cellular contents, excluding

the chromosomes, are
duplicated

GO

cell cycle arrest

J/PH|LPOT

https://www.philpoteducation.com/mod/book/view.php?id=779&chapterid=1123#/



Lulnsna (mitotic phase)

* syegsPANISLUINAARYE Lay lelnwanddy Usesnauniasses
898 2 SY8Y A9l

1) luln@a (mitosis) szezifduenlalasiulouiinugoauin
luszazBunasmavzuenaanlu 2 ya thaasliandvdluniagas

2) nsuuslalnwan@u (cytokinesis) iWunisudelalnnanady
srufinnaaINNIsHUlRAgE LAgasiinN1AALININIYDLEDNY
6 v v 6 6
[wanuganneaslalwangn 2 was (daughter cells)



lulnda (mitosis): Prophase

http://ib.bioninja.com.au/standard-level/topic-1-cell-biology/16-cell-division/mitosis.html

Prophase

Prophase Wuszasiifinsvnduasuas chromatin WuWURLRLNTY
Tneusazlaslulvausznaudie 2 chromatid Tuszeziisinsa$ns ribosomal
RNA US0489 nucleolus SIUNINUNISEA18AIUBY nuclear membrane
n1siABouiinas centriole azlufstwadnsaasfunazagilug anntuiFud
N158519 spindle fiber figadulasluleuusion centromere



Luln@d (mitosis): Metaphase

http://ib.bioninja.com.au/standard-level/topic-1-cell-biology/16-cell-division/mitosis.html

Metaphase

Metaphase WussasilaslulaugnasuniBesiuagasinansvad
Beunn equatorial plate 58 metaphase plate luszeziiazdanaiu
TnsTulsmaduanniigaidefnuneldngasqansse szoe metaphase 34
MlgENsaN1sANY13UI19valAsia Yy



1uln%d (mitosis): Anaphase

http://ib.bioninja.com.au/standard-level/topic-1-cell-biology/16-cell-division/mitosis.html

Anaphase

Anaphase WJuszezfl chromatid vadlasiulauiEusenainiunse
U318 centromere 31NN15911971UY84 spindle fiber #111l¥ chromatid
indouiilusstauead TuduvassunulasTulaniiuenludoudassafistuauyn
W 2n winnu Tae 1 chromatid Wguwin 1 chromosome



Luln%sd (mitosis): Telophase

http://ib.bioninja.com.au/standard-level/topic-1-cell-biology/16-cell-division/mitosis.html

Telophase

Telophase WJussaznlasiulounanfliduisunaignlting1taanidu
chromatin 15un158a18R2Y849 spindle fiber 4n158579 nucleolus 524D
nuclear membrane WBABUTBUAITWUTNITUVDILYAR



nsudslelnwan@y (cytokinesis)

https://www.quora.com/How-does-cytokinesis-proceed-in-a-plant-cell-and-how-is-it-different-from-mitosis

completed nuclear envelope
surrounds decondensing
chromosomes

contractile ring
creating cleavage
furrow

re-formation of interphase
array of microtubules nucleated
by the centrosome

Cytokinesis 1Juszesiiianisaangivasewadusinainedu
metaphase plate FeBannszuaunTiian cleavage TulgaagnIazdLnANISLUS
lalmwan@uain cleavage furrow MTlNANNAINATSYINIUVBY contractile ring
Usenaunaedule actin Waz myosin N1SABAaIUBIEaaNLLAwaa LW 2 Lwaa



Interphase G2

Interphase G1
GO - Cell
specializatior
no more
divisions /%3; $

/ S
Y :

Interphase S

"4"6"’ £ Prophase
———— -~,A_<\\

- IV\\'
Sy R ) Anaphase

Telbph;se

http://www231.pair.com/fzwester/courses/sitesmain/mitosis.html
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* InAnsvavaanilssauldiaaiszunu 18-24 ¥alus dwmsuwwaa
ndnITRsYAUlalugenIg way

* 5382 S-phase 32141281 7-8 F2lug
* nsiinlulndauaznisuualglnwarguazlginaiings 30-45 Ui

* UBNIINLYAR LUI19NIBUEIUTNITUULYAA SN Y aNYANIT
RIYLAUlANTENEANISUULAALTENTEeEld G

* waadlugivassenigazadlusze G uaziludieiiwasinany
AUYIAIUINEINITAVINAINTTUAN ¢ Vot waa b UUDE9A

* uatgaauuIaluTemesEsaingsees G, laalsununs
WULad L waduIuinlalalasuanudenigainnig
VIALlUNIZIRANMIHULYARNIUNALI LY Aa Iy Ee Y

* aeiglsiaugaaU1srla Wiy waaUszamMlalasAuLaa9In
aanuderienazlifinnsudagadluiumauny



[waauzisy (cancer cell)

4

* N1SLUNLIAAKAZININTVBNYAA kilinduge liauise
AIUANNITRUALAA LA

* AnananuRnunfvesdudidunaunainnisiisnenielasu
d15nouz39 (carcinogens) Ly
" AsduRELadansbilaan (UV) Wuaiuiu
. msqqu?
" rsSulsemuevnsiianisuuileuasesamendy
(aflatoxin)

a g o/ a 1 a g d' o Y a <
" AsaLalaSauleYia Ly N5AALle HPV A A LAAUZLS S
Unnuagn (cervical cancer) n1swalisanuantausiad
(HBV) Miluanmamsiauz3eau (liver cancer)



N13gaYLEENITAIUVANNITUULYAA
JUENANNISAATARULIS

normal cell division cancer cell division

. ‘ cell suicide

or
/ \ apoptosis
cell damage

- NO repair

first second third fourth

mutation mutation mutation mutation
uncontrolled

growth

https://www.philpoteducation.com/mod/book/view.php?id=779&chapterid=1123#/



lula%a (meiosis)

< Y, fd o U ay ¢ . .
* Wumsasruwasduiugneaidsunazly Tnan1swius
[waa luanwzlazinaluladd 2 sz A
* 191a%d | (meiosis 1) Usznaunie

" prophase I, metaphase |, anaphase |,
telophase |

* lyladid Il (meiosis ) Usznaunle

" prophase ll, metaphase Il, anaphase I,
telophase |l



Prophase |

Centrosome :
(with centriole pair)

Sister .
chromatids Chiasmata

Homologous
chromosomes

Fragments

of nuclear Meiosis |

envelope

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Bemam n Cummings.

Prophase | 1Wuszaziinsanassmduelalasluleufiusznaudae 2 chromatid Tag
Taslulwugwiiouazidrgiudafisumia centromere assiy vinliiudu chromatid 4 1u
(tetrad chromatid) wazfinnisladsuiudendn chiasma fidnadensuanasuliudiuves
chromatid 1a8n32UUN15 crossing over



Metaphase |

Centromere
(with kinetochore)]

lle

Metaphase
plate

mo Tr

I\I{itcrogugléle : :
attached to
kinetochore Meiosis |

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.

Metaphase | \Jusseziiunazlaslulousnisaanuuuyu metaphase plate lagdu
n13i389R2vaslaslulangwiiay in156319 spindle fiber Auassulasunilausin
centromere Ya4laslulaaamiiay



Anaphase |

Sister chromat
remain attache

.<' \

Homologous (
chromosomes f
separate

Meiosis |

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.

Anaphase | {Wussezilasiulaugmiounsnaananiuludswadnie spindle
fiber Tuszozidelisinnsuenvas chromatid



Telophase | and
Cytokinesis

Cleavage
furrow

Meiosis |

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.

Telophase | 1ag cytokinesis Lﬂusuam‘lﬂ'ﬂﬂ%uﬂmuaumaauw‘lﬂagj YNBAA
waziRuNsTUIUNISHUSlYlnwadu lawadagn 2 waa (1n: haploid cell)



Telophase Il and
Prophase Il Metaphase Il Anaphase Il

Sister chromatids

separate Haploid daughter cells

forming

https://byjus.com/biology/meiosis-ll-cell-division/

2
(%4

. . I ' s Yy o o . . A<
Meiosis Il tUUNTZUIUNISLUILIAANUVUNDUAAIYAUNU mitosis Iﬂﬂ‘l/ll,ﬂuﬂ'ﬁwc’lﬂ
(

chromatid aananfulaluiwadgn 2 wwad (1n: haploid cell) nasaniliwaailiaziaun
TWUiluwaadunugsaly



Prophase |

YuURIUNISHUNTaauuululadsd

Cantrosoma

& < I
‘o - -
- i Nucksar anvek
Homologous i

{Fragment)

The chromosomes condense, and the
nuclear envelope breaks down.
Crossing-over occurs.

Prophase Il

N
N

.\

A new spidle forms around
the chromosomes.

https://biologydicti

onary.net/meiosis/ S

Metaphase |

Cantromera
(with Kinesschoro)

Merotubule

Pairs of homologous
chromosomes move
to the equator of the cell.

Metaphase Il

Metaphase Il chromosomes
line up at the equator.

Anaphase |

Sater o
chwomatids

Homologous chromosomes move
to the opposite poles of the cell.

Anaphase Il

(v Q)
Fa)

-

Centromeres divide.
Chromatids move to the
opposite poles of the cells.

fv D)
< >

Sister chromalids

Telophase |
& cytokinesis

Cleavage furrow

Chromosomes gather
at the poles of the cells.
The cytoplasm divides.

Telophase Il
& cytokinesis

-
# LS
L A
! \

0 .

A nuclear envelope forms around
each set of chromosomes.

The cytoplasm divides.
4 \
o ¥» s 4



haploid (n) haploid gametes (n=23)
diploid (2n)

multicellular diploid
adults (2n=46)

ovum (n)

testis

mitosis and
development

diploid
zygote
(2n=46)

1HlanTEUIUNTUU L TALET
duvzlfivadfiaziaunludy
ARAUNUTIIUIY 4 L9ad
waNafinuUTadaURUS
n1saanugnIsuslu 1 ya
ilasnaniuyudilaslule
2 ga Midagiuey wie 46
e Taglaunannailsuyaane
1 9n ¥39 23 uvis wazglaan
lvausidn 1 ¥a %38 23 wiig
dlaldiinn1sufausivaisa
fazldlaslulaufinsudiuau
46 L4
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Meiosis | Meiosis Il

%
@ — ~ & \\"
Spermatocyte
(diploid) B
%
174 (1= (%) -1 %

N136319LYAATUNUILNAVIY Spermatids Sperm cells

B (haploid) (haploid)

—_—
Oocyte Egg ct_ell
(diploid) Polar bodies (haploid)
(haploid)
Y, 6 o ¢ A
N19368919LY A d UNUD LN AV EU S https://socratic.org/questions/how-do-the-products-of-meiosis-
9 (Y]

i-differ-from-those-of-meiosis-ii
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