A2.2 Cell Structure <=
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What are the features common to all cells and the features that differ? '-'f_ A

Guiding Questions

How is microscopy used to investigate cell structure?
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Linking Questions

Tlume Unity and Diveesity
* Level of Organization. : Cells

What explains the use of certain molecular building blocks in all living cells?

What are the features of a compelling theory?
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SL Learning Outcomes

Cells as the basic structural unit of all living organisms

Microscopy skills

Developments in microscopy

Structures common to cells in all living organisms

Prokaryote cell structure

Eukaryote cell structure

Processes of life in unicellular organisms

Differences in eukaryotic cell structure between animals, fungi
and plants

Atypical cell structure in eukaryotes

Cell types and cell structures viewed in light and electron
micrographs

Drawing and annotation based on electron micrographs

NOS: Students should be aware that deductive reason can be used to generate predictions from theories.
Based on cell theory, a newly discovered organism can be predicted to consist of one or more cells.

Application of skills: Students should have experience of making temporary mounts of cells and tissues,
staining, measuring sizes using an eyepiece graticule, focusing with coarse and fine adjustments, calculating
actual size and magnification, producing a scale bar and taking photographs.

NOS: Students should appreciate that measurement using instruments is a form of quantitative observation.

Include the advantages of electron microscopy, freeze fracture, cryogenic electron microscopy, and the use of
fluorescent stains and immunofluorescence in light microscopy.

Typical cells have DNA as genetic material and a cytoplasm composed mainly of water, which is enclosed by a
plasma membrane composed of lipids. Students should understand the reasons for these structures.

Include these cell components: cell wall, plasma membrane, cytoplasm, naked DNA in a loop and 70S
ribosomes. The type of prokaryotic cell structure required is that of Gram-positive eubacteria such as Bacillus
and Staphylococcus. Students should appreciate that prokaryote cell structure varies. However, students are
not required to know details of the variations such as the lack of cell walls in phytoplasmas and mycoplasmas.

Students should be familiar with features common to eukaryote cells: a plasma membrane enclosing a
compartmentalized cytoplasm with 80S ribosomes; a nucleus with chromosomes made of DNA bound to
histones, contained in a double membrane with pores; membrane bound cytoplasmic organelles including
mitochondria, endoplasmic reticulum, Golgi apparatus and a variety of vesicles or vacuoles including
lysosomes; and a cytoskeleton of microtubules and microfilaments.

Include these functions: homeostasis, metabolism, nutrition, movement, excretion, growth, response to
stimuli and reproduction.

Include presence and composition of cell walls, differences in size and function of vacuoles, presence of
chloroplasts and other plastids, and presence of centrioles, cilia and flagella.

Use numbers of nuclei to illustrate one type of atypical cell structure in aseptate fungal hyphae, skeletal
muscle, red blood cells and phloem sieve tube elements.

Application of skills: Students should be able to identify cells in light and electron micrographs as prokaryote,
plant or animal. In electron micrographs, students should be able to identify these structures: nucleoid region,
prokaryotic cell wall, nucleus, mitochondrion, chloroplast, sap vacuole, Golgi apparatus, rough and smooth
endoplasmic reticulum, chromosomes, ribosomes, cell wall, plasma membrane and microvilli.

Application of skills: Students should be able to draw and annotate diagrams of organelles (nucleus,
mitochondria, chloroplasts, sap vacuole, Golgi apparatus, rough and smooth endoplasmic reticulum and
chromosomes) as well as other cell structures (cell wall, plasma membrane, secretory vesicles and microvilli)
shown in electron micrographs. Students are required to include the functions in their annotations.



HL Learning Outcomes

Evidence suggests that all eukaryotes evolved from a common unicellular ancestor that had a nucleus and
reproduced sexually. Mitochondria then evolved by endosymbiosis. In some eukaryotes, chloroplasts
subsequently also had an endosymbiotic origin. Evidence should include the presence in mitochondria and
A2.2.12 Origin of eukaryotic cells by endosymbiosis chloroplasts of 70S ribosomes, naked circular DNA and the ability to replicate.
NOS: Students should recognize that the strength of a theory comes from the observations the theory
explains and the predictions it supports. A wide range of observations are accounted for by the theory of
endosymbiosis.

A2.2.13 Cell differentiation as the process for developing specialized Students should be aware that the basis for differentiation is different patterns of gene expression often
tissues in multicellular organisms triggered by changes in the environment.
Students should be aware that multicellularity has evolved repeatedly. Many fungi and eukaryotic algae and
A2.2.14 Evolution of multicellularity all plants and animals are multicellular. Multicellularity has the advantages of allowing larger body size and

cell specialization.



A2.2.2—Microscopy skills

Apph'catiar\ o{' Skills : uSing a microscope

* instrument which uses fwo lenses
and visible l\'aht to produce a.

compound light microscope

mggﬂified image of a specimen
100 small o be viewed B)' naked eye

one which appears lagcr
than ils actval size

Pacts of microscope

MAGNIFIED VIRTVAL JMAGE

ocular lens

® ocolar lenses /eyepiece (IOx) and {vbe
©) revolving nosepiece

® objective lenses (",X, 0x, 40 x, Ioax)
@ stage clip

mechanical stage
® iris diaphragm and condenser

@s'laae Knob: forward and back (y-axis)

slage Knob: right and left (x—axis)

® illvminator (h’sht Source)
® i focus Knob

@) brightness control Knob
® arm and base (body)

@ coarse focos Knob

® head

ymens

mporar oun ot S

collect o thin sample of tissve
and place on glass slide T

{1 add drop of waler or to
inccease contrast, add stain

Sandwich. the dyed sample
belween slide and cover sli

Measwinq SizeS using a microscope
NI ~7

{0
0 10 30 40 50 G0 7 W 10 W

eyepiece graticule ° graduated Scale placed inside eyepiece
lens. Units ace arbitrary

51‘7&3& micrameter - microscope slide with divided Scale

(O~ > Db
marked on its surface used for calibration 100G o e
in 10 stoge micrameter divisions
there ace 31 graticole divisions

|- Determine magn.‘\cication (ocu\ar X OQjCC&I'VC)

1 Div. = 0.0lmm
1- alisn, eyepiece sra{,icule with stage micrometer

%o 3'20 40

3- count how many divisions on 1he graticule o o :3|
Cams?m() to a set number of micrometer divisions SR IO(0.0Imm) + 31 divisions
q' CGICU'&'&G \IG]UG 0{" one 3[06(0‘6 diw’sion R\ orrrerrry O| /3| : l diw’sion

5. 0.0032 mm or 3.2pm = | division

ex: cell Ilfg‘n\ =22 units
sral:iw le division = 3.2 pm

22%32pm = 704 pm

.............

I ”H‘ R
O [0 20~37740 50 60 70 80 90 100,

X calibration needs to be done
fo cach ob:)ec!jve lens
i.e. for each majni(’ical;ion.

Tal(ing Qhotggraehs VSINg . Mmicroscope

microarapk : Ph:l:osraph or d|'3'|(:al image taken ﬂ\rau‘,h a microscope
Can be done with a camero. mount or usin3 Pkmc camero. "\raush the lens

: Pieatio . )
CaICUlahng magn\{’ncah n and actual size of an image

using a pipette T ovoiding air bubbles
ex:  swab Pee(mbn@ M methylent blve number of kimes larger <— mMagnification = measured size of image (M) — [
cheek cells epidermis [ = onion: Safranin fiodine =Y x blot excess £lvid | a specimen appears (Mag) actval size of specimen (A) —> in reality
Using_a_microscope o view maagnified sample Qmuuesmung ex: Determine the magnifica tion ( given scale bar)
® measure Scale bar with ruler 25mm x 10® = 2.5%0°nm
[ - turn the nosepiece to the lowest power objective fens (4x) Problem: image is very darK / bleached convert into the units given Mag = M - 2.5x0"wm - 250000x
in order to have lacgest ficld of view and to better locate specimen  Solution: turn brightness control Knob and ® calcolate using ‘MagMA’ A 100 nm
L- place prepared slide (cover-slip up) on the stage using clip adjust iris diaphragm fo alter
3 - using coarse focus knab, move stage as for vp as pessible amount of light possing through ex: Determine the magnification ( given actoal size )
without touching slide X 1his Jo prevent accidentally hitting it later @ measure length. with ruler Ylmm % 10° = 41x10" prm
4 - while looking through ocolar ens , turn coarse focus knob Problem: You see a circle with black rim convert into the units given Mag= M = H1x IOqgm = 1800x
Slowly, moving stage down until image comes ints broad focus solution: 1his is an air bubble. remove slide ® calculate using MagMA’ A 23 ym
5 - slowly furn fine focus Knob until image is folly - focused and geatly fry fo squeeze it out
6-vse the Stuge Knobs fo view different parts of specimen ex: | 62,800 x Detecmine the actval lmgﬂ\ ( given magni F-'ca(im)
7= if a higher magnification is desired, rotate fo another Problem:  you can't find sample I measuvce length with ruler M mm x '03q= 94210 wm
objective lens. If unfocused, vse fine focus Knob only solution: slowly tuen stage Knobs to move convert to appropeiate units A=_M = 94x10 pm _ 1.5 pm
¥ if you can't focus, repeat steps 3-b sample under the lens @ calculate using 'MaSMA' Haa 61,800




A2.2.2—Microscopy skills A2.2.3
NOS : In order Lo test l\ypoihe.ses, experiments need fo be conducted where data is collected for analysis

S quaniitalive data. - pnumerical data (disaeke of con(:inuooS> which can be measured or counted

l J/V[V (*ypiCally with insi(umm(:S) = data is analyzed using statistics
+ .

1,2,3

X more common in potural Sciences

ex: length (mm), mass (3), age (yr), number of cells, time (s)

—Developments in microscopy

S qualitative data : non- numerical Jata such as text, avdio, or image salhmd from interviews,
: obscevations, photography and printed materials - data con be analyzed by grouping
gQ 'f it iato mmm'nd('u' categories X more common in humanilies and social sciences

ex: visval observations (drawu'n3 ) Coloor, shape, smell, Fcel.'ns, emotions,ek.)

Knowledse geined through science is limited by oor ability o observe and test. Advancements in microscopy have jmproved oue ability to observe (in Scale and dddl) and thus better test and onderstand cor universe —> technology begets discovery

*instument which vses beams of electrons focused by electromagnets to detect and

Electron microscope
mosniFy an image to Nsk gesolution (Shor’ast distance Z points can be d-'sh'nau.'shea)

® light microscopes vse visible Ijght (A=~400-700nm)  ® eleckion microscopes use electrons (A=~ [nm)

HY00nm Inm
/\/\/ .. maximum resolution is 200nm IVWWWWW\I . max resolution of SEM is 0.5nm
%" specimens <200 nm will not be specimens can be obsecved clearly

/  ribosome \

S Transmission €lectron Microscopy (TGM) * beam of electrons is transmitted through. on vlira thin section of a
specimen and focused on o dedector to form o majn{(-'l'ed 2D image

ribosomes not seen resolved and {hvs not obsecved clear ly at the atomic rnnse.’

> Scanning Electron Microscopy (SEM) : electron beam is scanned back and forth acrass The Sorface of a.
Specimen and detected fo produce a detailed, majm'cied 3D image

v High resolution (SéM:O.Snm,TEH:O.Inm)
/ High magrification, (SEM: +I-L millon, TEM: 5O millon. )
/ SEM produces 3D images

X only dead specimens can be viewed
X blocK 0nd white images (colour added after)
X imaaf.s moy contein artifacts from peeparation

Cryoaenic Electron Microscopy (Cryo CM) : {cdm\ique where electron beams are fired at o frozen somple
and focused to produce majm'cl'ed 3D image Q Proteins BI.2

S somple (Us\m"y protein) opplied 1o a grid is flash- frozen in liguid ethane (- 183°C). 2D images of the sample

ace produced via electron microscopy which are aligned and merged fo constuct o 3D map . The protein
Sequeate is {itted into map fo form o detailed 3D model

FR gjo|dja
e —> — BBE L (i —
olalalo
Sample grid electron microscopy 2D prgjection  particle alignment 3D map 3D model

v very high resolotion (0.12nm) allows atom-leve) detail
V' as samples are frozen instantly, different protein forms can be observed alloving insight into structure and function

X as cell components are mainly transparent and colourless, adding colour mackers increases visibility

Flvorescent stains : substances or dyes which. bind to specific cellvlar components and flooresce

(absocb and re-emit light at o lower (’u?ucncy) in order 1o increase visibn"i'ly

Q
Y <

@ > specific slains are selected to bind fo chosen cellular components,

which will prodote a single fluorophore (colour ). Several stains
|]§§ con be vsed to induce different flvorescence for Jifferent parts
=

S lvorescence microscopy is thea used to induce and capture fluorescence of o stained
sample. Multiple single-colovr pictures are combined 1o produee multicoloured micrographs

Immunofluorescence (IF) : use of antibody proteins, bovad to a Fluorescent marker to specifically biad to a
biomolecule tacget to induce fluorescence

I)\\ \> Antibodies are produced which binds specifically to a chemical of interest, (such

//(‘ antibody //(‘ as a prokein) ot its antigen. The antibody can be bound fo a. fluorophore
(pﬁmary) or may be delected by another bound fo a flvorophore (scamdar])
antigen
S The sample of interest is incvbated with. the antibodies and then viewed
Primary Secondary using fluorescence microscopy - cavsing the fargets to flooresce

V' as this fechm'que allows 'larads fo be Jocated precisely in ln‘w‘l:j Lissue, it conbe used fo observe 1he life cycle of
cells and which proteins are produced, cell sructore, viral infections, ond even for medical diagnoses

Freeze- frocture : f'cchnique which samples are frozen, split-open, and obscrved vsing electron microscopy

S Sample is flagh- frozen in liquid propane or nitrogen (-190°C - 196°C) and fhen split-open with o blade.
e is then removed from {he exposed surface and is ciched by covering it with metal (gold or platinum)
o
8 o M v allows ke inside of structoures
% OOK’ - %VO}L' — \évojs" . \‘év to be observed such as fhe
O O O O

plasma. membrone

ém——v—(\ﬂm

Surface impression



A2.2.1—Cells as the basic structural unit of all living organisms. A2.2.4—Structures common to cells in all living
organisms. A2.2.7—Processes of life in unicellular organisms. A2.2.9—Atypical cell structure in eukaryotes

Cell Theory : 1he l'raalilimlly—accepl:cd fundamental explanation of [ife

s Al living ocgenisms are composed of one o mare cells @ origin of celis A2
(orsam'SMS can be unicellvlar or molticellular)

> Cells are fhe smallest /fondamenkal unit of Sell'-susl:au'nlng life
All cells arise from pre- existing cells (at least under corcent conditions)

NOS : Deductive reasoning can be vsed fo generate predictions from theories

@ nucleic acids Al.2

® theories are based on observed patterns and hypotheses fhat have been tested ex: cells are widely observed in ocqanisms

® theories are general explanations that can be agplied widely ex: all organisms are composed of > 1 cells

® prcdn'd:lons can be 3eneml-.cd fiom theories by deduction ex: neuly discovered organism. predicted to be composed of > 1 cells
® when predictions are tested, theory is either corroborated or falsified ex: cell theory repeatedly corroborated with some exceptions

While cells are very variable (both within and acrass arjanl&ns) they share common. structures:
® (DNA as genctic material ' X DNA is located in nuclevs in eokaryobes and in cyloplasm i prokaryotes

\s DNA (in the form of 3enes) contains The information needed for cells to carry
out ifs fuactions; impoclantly The insteuckions to synihesize proteins. These
are crocial for metabolism ( cmymes) , Structure, sensation , movement, ete.
DNA is required for ceproduction in order fo pass on information fo offspring

® Cytoplasm (composal mainly of wader )

> Many soubstances dissalved or suspended in the wedery cytoplasm of cells such
as biomolecules, enzymes, and ribosomes . Enzymes catalyze metobolic reactions
hece due fo abundance of substrates and optimal conditions provided by water.

® Plasma membrane (composed of lipids, surcounding cyl'oplasm)
\S The bounda(] of the cell which encloses all of its conkents, allo:»inj internal condilions

to be dll’l—'erml: l"rom Sorroundlnss (crua'al l‘ar mel-abol«'sm)_ ls sclcd-,iud) Pcrmtable, \m
controlling entry and exit of substances using membrane proteins. o&&o

Also contains embedded steuctures used for sensitivi ty and commounication. @membranes + transpoct B2.1

> there are exceptions. A evKaryotic cell typically has DNA slored in a single nuclevs. Below are atypical examples:
\> Some cells are ‘anvcleated (lack o nuclevs) and thus cannot synthesize protein or replicate via division

Red Blood Cells (€ryﬂ»mcvf¢5) - in mammals Phloem_Sieve Tobe Elements - in vascwlar plants

Their function is to deliver O,. Bcing
anvcleated is adaptive: @ more room
foc 1he O, carrying protein. haemoglobin
@ cavses its shape fo be biconcave,
increasing its SA:vol for better gas exchange
makes it smaller and more flexible

They make up the tvbe portion of he
phloem - responsible for teanspocting Sugars
(s«p) in vescwlar plants. They have gaps
(sieve Plﬂl'-fs) on cither end and are
anvcleated, allowing easier transport.
Adjacent companion cells support them

\> Some cells are ‘multinudeated (many nuclei) allowing increased transcription and thus protein synthesis

AScel.al—.e Fungal Hyphae - in coenocytic l'undi

Some l'an( (likc the mold Mucor) form long filaments
called hyphae for absacption. However, as these grow,

Skeletal Muscle Cell -in humans

These cells grow very long by fusing tegether,
rc5u|£in8 in hundreds of nudei per cell. Advantageous cather than form partitions (septa) between cells, they

form one long continvovs multinucleated aseptate cell

due fo high protein demand for growth and repair

All living organisms (unicellolar and multicellvlar) carry out 8 Key processes of life -

Metabolism : interdependent network of all chemical reactions occurring within an organism
Movement : ability fo move or change position

chroductiow production of offspring , either sexvally or asewally

Homeostasis : maintenance of a constont inkernal environment

G rowth: increase in size /mass //number of cells or development of an organism

R esponse to Stimoli : pecception and reaction to changes in the environment

€ xcrekion : removal of metabolic waste products

Nvtition : process by which. organisms take in /synthesize nutrients

X “MMR H 6ReN"

ex: Baramecivm (unicelllar heterotrophic cukaryate)

€ expels waste products such
vio diffusion ong exocytosis

Rts respond to heot, chemicals,
{fo0d by swimming using cilia

N feeds on organisms by ingesting
and digesting them via endocytosis

Mo cilia prapels the cell

ex: C/L/gm_ydomonas (unicellular autol'ropl\.'c eukaryole)

N chloroplast, undergoes
photosynihesis fo
Synthesize biomolecules

Me enz yme- cat_y lized metabolic reactions

octur in cy-loplasm and Organelles

k reproduces sewa.lly and as:xually

involving the nuclevs Rts eyespot vsed fo delect light

G assimilates biomass into food vacvoles Mo Flo3clla are used fo move

€ plaSma membrane controls removal of waste such
as 0y (from pl\otoSynlhesis) via. diffusion

H contractite vacvole mainkains osmolarity

by ("nlh‘ns and expelling water



A2.2.5—Prokaryote cell structure. A2.2.10—Cell types and cell structures viewed in light and electron
micrographs A2.2.11—Drawing and annotation based on electron micrographs. A2.2.2—Microscopy skills

Prokaryo{-,e, “vaicelluvlar arganisms , simple in sfructure (no membrane- bound orjane”es) which latk a nuclevs. Contoin the domains Bacteria. and Archaea.. Below are sfructures found in gram- positive evbacteria

o g

QC“ components sometimes prcsan’c bacteria with sinﬁle membrane ang Thick Fcpl:idoalycan cell wall

Capsule
S ovtecmost structure i-ypically made of polysaccharides

pro (before) Karyon (nuctevs) size: 1- 10 Cell components always present

Inu:uz:::uuul

Cell Wall (Pcptidogiycm)
\> semi -rigid strocture made of Pcptidoalycan

resists internal tuegor pressure and prevents bursting
\>VCr_y 1hicK layer provides protection

s provides protection {rom damage /toxins and from dey ing out
> allows adhesion. fo sucfaces

= (pili X singular: pilvs

| / S protein. hollow tube appendages on he outside of he cell

\> 4id in adhesion to surfaces

\> initiakes conjugation (horizontal gene dransfer )  the donation of a plasmid
from one cell to another

@C@m@ﬁ

Plasma_membrane
> Semi- permeable phospholipid bilayer Containing proteins
> controls entry and exit of moterials passively and actively

Nucleoid
> region in cytoplasm where the genetic makerial (DNA) is concentrated i
Bacterial DNA : @ single chromosome: supeccoiled i

® looped : cireular
® mostly coding : virtwally no non-coding sections

® naked : not wrapped around histone proteins il Plasmids
\s> DNA genes provide information to Syndhesize proteins l S small, cirevlar extrachromosomal DNA ’_ooo\\&\y\ll
S con replicate independently and be shared among individuals g 7%
Cytoplasm \S does not contain essential genes (like the chomosome ) but é 8

5

S gel- like fluid substonce containing mestly water with dissolved substances ones that confer selective adwantage (ex: antibiotic resistance) Iﬂh S

\s> site of all metabolic reactions (many proteins and enzymes present )

Flagellum. X Plural :f 'aeclla.
S prol:tin. hairlike stevctouce Prol:mdn‘ng fom the cell. May be several.

F0s _ribosomes

\> site of protein. synthesis \> moves like a propellor €0 provide locomotion
Composed of %wo subunits. Smaller then ribosomes in cvuKaryotes 50s large svbunit g)
X 's'= Svedberg unit : indirect measure of Size based on time it A
takes particle to settie ot the bottom o€ a solution 30s small subunit =é=

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Microgmph of gram- positive bacteriom How to draw typical gram-gositive bacterivm. Adding scale bars to drawings - scale bars allow sizes of stuctures in images to be deduced

outer fhick layer is 2¢¢iml¥‘.n cell wall j

/ Cell wall as two lines (“ htl sha:)ed) | - determine distance between Z markings on graticvle ex: araticule vaib = 25 um
ghtly ngs on g 9 »

plasma membrane as one line, L= measure length of specimen using graticole length of specimen = 2.1 graticule vaits
black line around is plasma membrane adjaceat but separate from cell wull 3 - convert lena’fk to pm 2|1 x25um = 52.5 rm | 20% =10.5pym =~10pym
ribosomes as many dots X scale bar - ©20% of specimen length. and whole number L deawing = 96 mm
many black spots are ribosomes & cheomosome as one, big loop H - draw specimen and measure length of drawing loym =_% = 18.3mm
plasmid as small lfoop 5~ calwlate length. of scale bar g 525pm 96 mm

white space is nucleoid X drawings always in penc.il. b- draw line for scale bar 20% fhe lm\gﬁ» of drawing " bar 18.3 mm represeaks /0 pm,



A2.2.6 —Eukaryote cell structure A2.2.10—Cell types and cell structures viewed in light and
electron micrographs A2.2.11 —Drawing and annotation based on electron micrographs

EuKaryote * vnicellular or molticellular agganisms , with compartmentalized membrane- bound organclles and DNA contained in a nuclevs. & organelles B2.2  Contain the Kingdoms Animolio., Plantae, Fungi and Protista..

ew (trve) Karyon. (nuclevs)

Nucleus

Cell size: 10 -100 u

Comman, components g(egnh in_evKaryotic cells

> locge compartmcnt holding the cell's chrompsomal DNA
> Eukaryotic DNA : @ muliiple chromosomes (number is sPecics-spccific)
> ® |inear chromosomes

g mostly non-coding sections with many inirons
e wropped around histone proteins (chromatin.)
® cuchromatin is uncondensed and highly expressed
% heterochromatin is highly condensed ond racely expressed
~ ® only condenses into visible chomosomes during replication
\> nuclear envelope surrounds the DNA:
® two phospholipio bilayer membranes
v C
and _expoct of molecvles from nuclevs

b many nuclear pores, allowing import
* dacK-coloured region where rRNA and ribosomes are synthesized

nuclear pore

Bgugk 6gdo_ola5mic Reticulum (relz)

X Common stuctures with Prakaryobcs= Plasma membrane

N membrane flattened sacs (cisternae) with ribosomes embedded
contiguovs (connected) Lo nuctear envelope
\S> site of protein syn thesis for secretion / extracellular vse
® proteins ace synhesized on 80s ribosomes which are then

Packajcd in vesicles and moved for processing and cxocym‘osis

BN AT 5 o)

and Cytoplasm

Golgi

\> stacks of shorter curved cisternae with many vesicles nearby
> +7picaﬂy located near plasma membrane for faster export
o products of the €R ore recieved, modified, stored, and packaged
into vesicles, usvally for secretion ovt of Fhe cell

=

.e"s‘rt z
Smooth Endoplasmic Reticolum (sER) Vesicles
\S branched network of tubular membranes, ('armms ovals. \S small membrane - bound sacs )

\> site of lipid Synihesis (soch a3 oils, phospholipids, and shroids)
deboxification of drygs and poisons, and Co™' storage in muscle cells

\S> formed from cisternae of €R
and Golgi and vsed to
transport
materials
within cell

\2

C;l:oskclc},on.

\> network of fibres in the cyloplasm. thot gives cell s shape and ocganization
it provides anchorage for ocganelles and allows components to move around cell
S Composed of several protein. components:
® (microtubules': thick. hollow rods mode fiom tubulin.
Used to shape and support the cell. Acts as tracks
for motor proteins 10 move componm\',s- Involved in

chromosome movement in cell division microtubule

® microfilaments * small Solid rods made from ackin
which resists tension. Maintain Cell’s shage .
Involued in cylokinesis in cell division. Plays & part

in cell mo{:ﬂiﬁ)’ (cspccially in muscle cells)

Hif,gghondcjg, X SSngular: mitochondrion

s Spherical or ovoid dovble-membraned organelle ;
smooth outer membrane, highly folded inner membrane. forming cristae
\> Site of aerobic cellolar respiration (liak reaction, Krebs cycle, eTc)

ovter membrane

free 805 ribosomes

\> site of protein. synthesis for intracellulor vse
composed of two subunits. Lacger than. ribosomes in proKacyoles

PR

. 60s lacge sobunit

4os small subunit

Lysosomes oot found in plats

\S> membrane -bound vesicles containing hydrolytic enzymes
> enzymes formed in c€R and processed in Golgi
> digest unneeded /domaged content within 1he cell or materials

_Vaguoles

\S membrane - bovnd sacs ‘lypically conkaining flvids
® contractile vacuoles goie

vsed o osmoregulate
s temgorary food vacuoles to
store and dn’gest materials

ot el Sy ey
Yyt & 7
AT
4

&%;M_’*f_




Centrioles

\> made of 9 sets of triplet microtubules
arranged in a ring, forming a tube

\> Occors in pairs as a. centrosome
act as anchor point for microtuboles
which attach and move chromosomes
durind cell division

e DI Y  piCrp

Microvilli X Singular : microvillus

> ﬂnaer like {Bldinas in the plasma
membrane on one side of the cell
increases the surface D
area : volume of the cell ii !
increasing rate of fransport iJ Ll

AN

Cilia’ X singular : cilivm
S whip-like surface projection
\>rin3 of 9 microtuble

pairs with pair in the center
connected fo basal body

S bealinj allows movement

A2.2.8—Differences in eukaryotic cell structure between animals, fungi and plants
A2.2.11 —Drawing and annotation based on electron micrographs

Bacterial cell

SER —

Nucleus
nucleolvs —
chromatin —
nuclear envelope —

rér

Mitochondrion —

Vesicle ——

(Dohi Apparah)s —

-
(Cytoplasm) —
% i
free 80s ribosomes -~

Vacvole

'[ ]oSome

| _C_:Noroplast X in photosynthesizing cells

\> dovble - membraned plastid containing
flattened sacs ( thy lakoids ) arranged
in Stacks (srana) within stroma.

> site of photosynthesis where light energy
is converted into chemical energy (biomotecules)

Synfhes.’zina and
S'loﬁns stacch.

Cell Wall ( Cellulose )
S Semi-rigid structure made of cellolose
permeable but Strong- resists internal

‘tVrgor pressure and prevents leking

Sap Vocudle

]

Plasma membrane

S lacge, permanent vacvole enclosed by

= Vors

Animal cell

#

o

W? Plant cell

tonoplast , Separating it feom cytoplasm
\> stores biomolecules > pigments ond has
hydrolytic functions, digesting content

> Creates kwgar peessore_Keeping cell shape

| ;E Fungal cell

DNA siructure

Singular looped, naked

DNA location in cytoplasm.: concentrated in nucleoid

ribosomes v - 70s (Free in c,‘lop\asm)
membrane-bound Organelles X

vacvoles X

cell wall vV - made of pepkidoglycan

Plasl:ids X

Centrioles X

cilia X
£ '°3¢"Um v in some

Cor bokydralc Sforaﬂe

glycogen.

many linear chromosomes wrapped acound histones
contained ja double -membraned nuclevs

v - 30s (Free in cyioplasm and bound in endoplasmic rc(:n'Culum.)
V' - nudeos, mitochondria, rER, SER, Golgi apparatus | vesicles

v. small and (:Cnsporary

X

v - found in centrosome
\/' some cells (in airway and oviducl'-)
Y
\/ - sperm cells

gl ycogen

= large and
V - made of cellulose
V- chloroplasts and amyloplasts

X

V- sperm in ferns and mosses
starch, (amylosc and amylopfcl:in)

Fumﬂl\eﬂt
v - made of chitin
X
X
X

X ( gcnmlly)
Qlycogen.




A2.2.12—0rigin of eukaryotic cells by endosymbiosis. A2.2.13—Cell differentiation as the process
HL : L . . . . . . .
for developing specialized tissues in multicellular organisms. A2.2.14—Evolution of multicellularity

/9 endo (inSide) ¥ sym (wi'ﬂ\, l:oaeﬂ\cr)* bio livins) = living inside together (muiual\‘s{icnlly)

Endosymbiotic Theory

Unicellvlar proKaryotic cell (Capablc of Sexval rcrrodud:.ion) underwent
plasma membrane infolding fo increase its surface area to volume ratio.
Pact of 1he membrane pinched off forming an ¢ fetic

and Qouble- membrane nuclear envelope | creah‘ng a nuclevs

X {he transition from organism to
ocganelle was not instantaneous but
very gradual reguiting maay mutations
over general,ions where eveatually
neither could Sucvive without the ofher

NOS : as o theory , endosymbiosis is o. well - substuatiated explanation based
on evidence and repeatedly confirmed 1hroygh testing and observation

S,

=)

<
¥ have F0s ribosomes like in bactecia. ‘
O@ double-membrane :

® self-ceplicates via binary fission
® jnner membrane is similac in composition to bacterial cell membranes

Mitochondria. and chloroplasts : ?ff M\\q‘ﬂ? o
Q L @ \
& have single, naked, circular DNA | “vos’ - 5 ¢
S con only be produced from pre-existing ones, not by the cell —

® outer membrane is originally derived from the membrane vacuole of host cell

mitochondrio. and plastids such as chloroplasts are descended from former free-living proKaryotes which have been taken endosymbiotically into o host cell forming The first evkarystic eell

An is taken into the host cell via phagocytosis and is nob desiroyed but remains as an endosymbiont.
As 1he bactecivm can produce ATP ')hrauah. aerobic respication this was advankegeous for the cell, allouiﬁ it 1o thrive
in an oxygen- rich environment and produce for more ATP. Overtime, it evolved into the mitochondrion organtlle.

> protists & ’:::
> {"unsi 5E

At a later point, an eacly unicellular evkaryote took

in & photosynthetic cyanobacterium vie. phagocytosis and
Simi\orly was not ()cshoyed as they were able to synthesize
organic mpounds via photosynthesis.

Overtime, it evolved into the chloroplast ocganelle.

Cell differentiation je specialization is when o cell’s pattern of gene expression
i5 altered : some genes are ond others (m causing

the cell's proteome (all proteins produced) to change withovt altering jts genome
iy

Ve
' e LDIL ) / hig 4 e
i ! [T " (,47"
envifonmental ~~_y — 5, |l e ir
Chmcal Sisnﬂl " N DAL S
Qcel specidizalion 813 stem cells  cardiac muscle cells cardiac muscle Lissue heart

Multicellvlarity has evalved repeatedly throughout evolutionary histary

g Suggests it is advontageous and not a rare event \

Ad\lan{-,ases to multicellvlarity

v molticellolar organisms tend to have longer lifespans
(death of one cell does not mean death of o@am'sm)

v multicellvlar organisms tend to be LARGER than

unicellvlar organisms, allowing new niche exploitation

allows for cell gifferentiation and more ePlicient
vse of resources through division of labovr
where specialized cells carry out spec;(-’ic functions

€xamp|e of molticellvlar
evolution in the green

P|aSmm'al slime molds O

R %%ﬁﬁ

charophycean () ploats

algae

O rhizaria

ciliates

diat
AOO omSs

brown algae

*chloropl\ycean olgae

dictyostelid slime molds

acrasid
slime molds

choanoflagellates excavakes

animals

O all molticellvlar

O some multicellvlar,
some unicellvlar

O most vnicellvlar,
some molticellvlar

O most unicellolar,

a.lsac TVolvox

some colonial
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https://sketchfab.com/3d-models/eukaryotic-cell-b7d84e5f2d5e411fbb195ab2742f2256
https://www.ncbionetwork.org/iet/microscope/
https://sketchfab.com/3d-models/plant-cell-organelles-e61e7bdf8c8449a583b364f05e70289b?utm_medium=embed&utm_campaign=share-popup&utm_content=e61e7bdf8c8449a583b364f05e70289b
https://cell.effigos.com/
https://myscope.training/TEM_simulator.html
https://micro.magnet.fsu.edu/primer/java/electronmicroscopy/magnify1/
https://www.noteworthyscience.com/



