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A2.2.2—Microscopy skills
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A2.2.2—Microscopy skills    A2.2.3—Developments in microscopy

drawing,

A technology begets discovery

of SEM

IF

SEM : TEM : 0
. Inm

S

Om



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

for better gas exchange

*membranes + transport B2 .
!

E expels waste products such enzyme-catylized metabolic reactions chloroplast undergoes
via diffusion and exocytosis photosynthesis toin cytoplasm and organellesoccur

synthesize biomolecules

RtS respond to heat
, chemicals, reproduces sexually and a sexually· 8j

food by swimming using cilia ectinvolving the nucleus

N feeds on organisms by ingesting
and digesting them via endocytosis

assimilates biomass into foodoasis

vacuole plasma membrane controls removal of waste suchainsosmolarity

Mo cilia propels the cell as O2 from photosynthesis via diffusionby filling 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

Prokaryote : unicellular organisms , simple in structure no membrane-bound organelles which lack a nucleus. Contain the domains Bacteria and Archaea .
Below are structures found in gram-positive eubacteria

pro before Karyon nucleus Simm Cell components always present Cell components sometimes present bacteria with single membrane and thick peptidoglycan cell wall

Cell Wall Peptidoglycan Capsule
&
semi-rigid structure made of peptidoglycan

L outermost structure typically made of polysaccharides
L resists internal turgor pressure and prevents bursting =

L
provides protection from damage toxins and from drying out

-L
very thick layer provides protection

- ~ allows adhesion to surfaces
①

*

-Plasma membrane .. Pili · singular: pilus
&
semi-permeable phospholipid bilayer containing proteins

⑧ E

8
&
protein hollow tube appendages on the outside of the cell

Nucleoid

passively and actively (IIIIII[JII/II :
O

L

from one cell to another
11/1 (1141119 initiates conjugation horizontal gene transfer : the donation of a plasmid

~ controls entry and exit of materials
-

. ·P
L aid in adhesion to surfaces

-

L
region in cytoplasm where the genetic material DNA is concentrated ⑤L Bacterial DNA : · single chromosome : supercoiled · · * *
x

f looped : circular --
- !m mostly coding : virtually no non-coding sections

G

· naked : not wrapped around histone proteins
B Plasmids

& DNA genes provide information to synthesize proteins
6 L small

,
circular extrachromosomal DNA

... L
can replicate independently and be shared among individuals

Cytoplasm .. L does not containessential genes like the chromosome
butt

00&
gel-like fluid substance containing mostly water with dissolved substances & ones that confer selective advantage ex: antibiotic resistancea

L 00site of all metabolic reactions many proteins and enzymes present &- Flagellum : plural : flagella
70s ribosomes L

protein hairlike structure protruding from the cell
. May be several.

~ site of protein synthesis
z

L
moves like a propellor to provide locomotion -

&
composed of two subunits. Smaller than ribosomes in eukaryotes 50s large subunit

- j:'s' = Svedberg unit : indirect measure of size based on time it & - &
takes particle to settle at the bottom of a solution z 3Os small subunit - ↑ ↑

-

Micrograph of gram-positive bacterium How to draw typical gram-positive bacterium Adding scale bars to drawings - scale bars allow sizes of structures in images to be deduced

orter thick layer is peptidoglycan cell wall Z Cell wall as two lines lightly shaded I determine distance between 2 markings on graticule ex: graticule unit = 25um

= Z plasma membrane as one line
,

2 measure length of specimen using graticule length of specimen = 2 . / graticule units

black line around is plasma membrane adjacent but separate from cell wall 3 convert length toum 2
.

1 x 25m = 52
. 5 ym 20 % = 10

.5m = - 10m

I Z ribosomes as many dots : scale bar--20 % of specimen length and whole number I drawing =96 mm

many black spots are ribosomes

F

.[ r Z chromosome as one, big loop Y draw specimen and measure length of drawing O 10ym = x = 18
.
3 mm

-

I E · plasmid as small loop calculate length of scale bar 52
. 5 m 96 mm

↑

70 um
- - ..white space is nucleoid · drawings always in pencil 6-draw line for scale bar 20% the length of drawing bar 18

.
3 mm represents 10m



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

compartmentalized

import

and export of molecules from nucleus

*not found in plants

O

vesicle

motor proteina

e
microtubule

free 80s ribosomes

·

microfilament

...
↑



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

Centrioles SER Chloroplast : in photosynthesizing cells

L made of 9 sets of triplet microtubules & double-membraned plastic containing

arranged in a ring 3 forming C tube
00 Nucleus

~ ... flattened sacs thylakoids arranged
L Occurs in pairs as a centrosome nucleolus O M in stacks grana within stroma

L act as anchor point for microtubules chromatin S L site of photosynthesis where light energy

which attach and move chromosomes
~ nuclear envelope is converted into chemical energy biomolecules

during cell division
↑ S

- granum -

rER - thylakoid
-·· · - I stroma

-

j
V

-
-

-
-

-
Mitochondrion double membrane

If

-

I N
Vesicle O

I

Amyloplast : in non-photosynthesizing cells

O Golgi Apparatus Gi -
plastid responsible for

Microvilli: singular : microvillus -

N synthesizing and
-

I

& finger like foldings in the plasmal Cytoplasm
↑

If

- storing starch

membrane on one side of the cell
L

increases the surface free 80s ribosomes M h Cell Wall Cellulose

area : volume of the cell
~ T N L semi-rigid structure made of cellulose

increasing rate of transport
·

0 Vacuole
/

L
permeable but strong-resists internal

-
· O G &

turgor pressure and prevents bursting
Cilia :· singular : cilium - ↑ ↑ Lysosome · #
L whip-like surface projection iiiiiiii I Sap Vacuole

L
ring of 9 microtuble - Plasma membrane L large , permanent vacuole enclosed by
pairs with pair in the center

- ...... - tonoplast , separating it from cytoplasm
connected to basal body L stores biomolecules

, pigments and has

&
beating allows movement · · hydrolytic functions

, digesting content

· % ~ creates turgor pressure keeping cell shape

&

Bacterial cell Animal cell Y Plant cel = Fungal cell

DNA structure singular looped,
naked many linear chromosomes wrapped around histones

DNA location in cytoplasm : concentrated in nucleoid contained in double-membraned nucleus

#isall and tempora

ribosomes - 70s free in cytoplasm - 80s free in cytoplasm and bound in endoplasmic reticulum

membrane-bound organelles - nucleus, mitochondria
,

rER
,

SER
, Golgi apparatus ,

vesicles

vacuoles
- large and permanent

cell wall made of peptidoglycan - made of cellulose - made of chitin

plastids - chloroplasts and amyloplasts
centrioles

-

- somefoundinCentrosomemeans Icilia oviduct

flagellum in some -

sperm cells -

sperm in ferns and mosses generally

carbohydrate storage glycogen glycogen starch amylose and amylopectin glycogen



A2.2.12—Origin of eukaryotic cells by endosymbiosis. A2.2.13—Cell differentiation as the process 
for developing specialized tissues in multicellular organisms. A2.2.14—Evolution of multicellularityHL

endo inside + sym with
, together +bio living = living inside together mutualistically

Endosymbiotic Theory : mitochondria and plastids such as chloroplasts are descended from former free-living prokaryotes which have been taken endosymbiotically into a host cell forming the first eukaryotic cell

Unicellular prokaryotic cell capable of sexual reproduction underwent An aerobic bacterium is taken into the host cell via phagocytosis and is not destroyed but remains as an endosymbiont.

plasma membrane infolding to increase its surface area to volume ratio. As the bacterium can produce ATP through aerobic respiration this was advantageous for the cell
, allowing it to thrive

Part of the membrane pinched off forming an endoplasmic reticulum in an oxygen-rich environment and produce far more ATP. Overtime it evolved into the mitochondrion organelle.S

and double-membrane nuclear envelope , creating a nucleus

protists
-

⑮ ⑤⑮ fung.S

↑ animals
:. the transition from organism to · Ex - 8 E

organelle was not instantaneous but ~ At a later point, an early unicellular eukaryote took

very gradual requiring many mutations plants in a photosynthetic cyanobacterium via phagocytosis and

over generations where eventually o * ⑮ similarly was not destroyed as they were able to synthesize
neither could survive without the other organic compounds via photosynthesis.

Overtime , it evolved into the chloroplast organelle.

NOS : as a theory , endosymbiosis is a well-substantiated explanation based

on evidence and repeatedly confirmed through testing and observation Multicellularity has evolved repeatedly throughout evolutionary history charophycean plants rhizaria

algue red

Mitochondria and chloroplasts :

↑ suggests it is advantageous and not a rare event *
chlorophycean algae

algae

ciliates

·

I have single ,
naked

,
circular DNA

I- Advantages to multicellularity
- have 70s ribosomes like diatoms

·

a self-replicates via binary fission multicellular organisms tend to have longer lifespans dictyostelid slime molds

can only be produced from pre-existing ones
,

not by the cell death of one cell does not mean death of organism brown algae
·

a double-membrane : plasmodial slime molds acrasid

· inner membrane is similar in composition to bacterial cell membranes multicellular organisms tend to be LARGER than slime molds

·

outer membrane is originally derived from the membrane vacuole of host cell unicellular organisms, allowing new niche exploitation choanoflagellates excavates

animals fungi
Cell differentiation i.e. specialization is when a cell's pattern of gene expression allows for cell differentiation and more efficient all multicellular

is altered : some genes are switched ON and others Switched OFF causing use of resources through division of labour Volvox some multicellular,

the cell's proteome all proteins produced to change without altering its genome where specialized cells carry out specific functions AnuaranteeinM some unicellular

/(111IIIIIII
most unicellular,

Tenvironmental ⑳ i innnnnnnnnn · Example of multicellular r some multicellular

chemical signal ⑳ S evolution in the green most unicellular,
--

cellspecialization B2.
3

stem cells cardiac muscle cells cardiac muscle tissue heart algue Volvox some colonial



Eukaryotic animal cell

p. 59-66p. 49-79 p. 49-87

p. 52-80 p. 93-124, 534-535

Light microscope

Eukaryotic plant cell

Eukaryotic cells
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