9 Measuring objects seen with a light

microscope

understanding of:

» By the end of this topic, you should be able to demonstrate and apply your knowledge and

+ the preparation and examination of microscope slides for use in light microscopy

+ the use and manipulation of the magnification formula

Using graticules
« A microscope eyepiece can be fitted with a graticule

« This graticule is transparent with a small ruber etched on it
« Asthe specimen is viewed, the eyepiece graticule scale i

can be
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superimposed on it and the dimensions of the speciner
measured (just as You can measure 3 jarge object by
ruler against it) in eyepiece units (epu) (Figure 1)

The scale of the eyepiece graticule is arbitrary — it represents
different lengths at different magnifications. The image of the
specimen Jooks bigger at higher magnifications, but the actual
specimen has not increased in size. The eyepiece scale has to be
calibeated (s value worked out) for each different objective iens See
Table 1 for values of eyepiece divisions at different magnifications

A stage graticule is used only to calibrate the eyepiece graticule

(8)
Figure 1 Eyepiece graticule 3ad stage graticule at (a) x40 magnification, and
bl x100 magnification.

Using a stage graticule to calibrate the eyepiece
graticule

A microscopic ruler on a special slide, called a stage graticule, is
placed on the microscope stage

This ruler is 1 mm long and divided into 100 divisions. Each
division is 0.01 mm or 10 um (micrometres).

1. Insert an eyepiece graticule into the % 10 eyepiece of your
microscope. This ruler has a total of 100 divisions

2. Place a stage graticule on the microscope stage and bring it into
focus, using the low-power (X4) objective. Total magnification is
now x40

3. Align the eyepiece graticule and the stage graticule as shown
in Figure 1{a). Check the value of one eyepiece division at this
magnification on your microscope

4. In the example shown here, the stage graticule (which is 1 mm
or 1000 zm) corresponds to 40 eyepiece divisions.

5. Therefore each eyepiece division = ‘280

& Now use the % 10 objective lens on your microscope (total
magnification is % 100) and focus on the stage graticute

7. Align them both as shown in Figure 1(b)

£ [nthe example shown here, 100 eyepiece divisions now
correspond with 1 mm or 1000 gm

pm = 25 pm

xooo,‘m

8. Therefore one eyepiece division = 10 am
Total

ation

Magnification

magnific

a0 | A0 | xa00 25

=10 %100 (oil- *1000 ‘ 10
1 -mmeisnon lens) | |

tabh 1 Values of eyepiece dvisions at édfferent magaitications for most

modern mICrascopes used in schools.
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© vou vwant 1o examine and measure the sizes of som
celled eukaryotic organisms in pond water.
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The ultrastructure of eukaryotic cells:

membrane-bound organelles

understanding of:
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* the ultrastructure of eukaryotic cells and the functions of the different cellutar components
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All animal, plant, fungal and protoctist cells are evkaryotic

This means that they have (see Figure 1)

* & nucleus surrounded by a nuclear envelope and containing

DNA organised and wound into linear chromosomes

an ares inside the nucleus called the nucleolus. containing

RNA, where chromosomes unwind. the nucleolus is also

involved in making ribosomes

Jelly-like cytoplasm in which the organelles are suspended

« -a cytoskeleton ~ & network of protein laments {actin or
microtubules) within the cytoplasm that move organelles from
place 1o place within the cali; allow some cells (amoebae and
lymphocytes) to move; and allow contraction of muscle celis

« ‘aplasma membrane {also called cell surface membrane o
cytoplasmic membrane)

» membrane-bound organelles, other than the nucleus, such as
mitochondsia, the Golgi apparatus and endoplasmic reticulum

» small vesicles

» nibosomes. which are organelles without membranes, where
proteins are assembled.

(a)

rough endoplasmic
reticulum
nuclear

smooth
endoplasmic
reticulum

plasma
membrane

Organelles

Cci':sarelhcﬂmdamenulunitsoebdldmbl«hd all living
organisms. You will see in topics 2.6.4 and 265 that cells become
specialised to do particular jobs. Within every cell there are
adxvnmdhbmmwmmmumtbumy&nmcurymtlu
many functions efficiently

Membrane-bound organelles

Most of the organelies within eukaryotic cefls are membrane
bound, which means they are covered by a membeane {similar in
structure to the plasma membrane or cell surface membrane). see
topic 2.5.1. This keeps each organelie separate from the rest of
the cell, so that it is a discrete compartment. Membrane-bound
organelies are & feature of eukaryotic cells: prokaryotic cells do
not have them

Electron microscopy has enabled sclentists to ascertain the
structure of these organcles by making and examining several
sections through an organelle in order to build up a 3D picture
of it Biochemistry research has enabled scientists to find the
functions of each organelle.

(®)

rough endoplasmic lem cell wall vacuole
visiblo with 3 LaNsmission election MiCroscope.
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Nucleus, nuclear envelope and nucleolus

« The nucleus is surrounded by a double membrane, called the
nuclear envelope. There are pores in the nuclear envelope.

RNA. :
« Chromatin is the genetic material. consisting of DNA wound

around histone proteins. When the cell is not dividing.

(see topic 2.6.2). These make up nearly all the organism’s
genome (see Figure 2).

Figure 2

* The nucleolus does not have a membrane around It. It contains

chromatin is spread out or extended. When the cetl Is about to
divide, chromatin condenses and coits tightly into chromosomes

The nuclear envelope separates the contents of the

from the rest of the cell. _

« In some regions the outer and inner nuclear memm .
together. At these points some dissolved substances and
ribosomes can pass through. -

|« The potes enable larges substances, such as messenges RN
(MRNA to leave the nucleus (see topic 2:3.3). Substances, "
35 some steroid hormones, may enter the nucleus, from the
cytoplasm, via these pores.

. The nucleolus ks where ribosomes are made.

« Chromosomes contain the organism’s genes,

In summary, the nucteus:

« is the control centre of the cell

« stores the organism’s genome

« transmits genetic information

« provides the instructions for protein synthesis.

Rough endoplasmic reticulum (RER)

« This is a system of membranes, containing fluid-filled cavities
(cisternae) that are continuous with the nuclear membrane,
» [t is coated with ribosomes.

Smooth endoplasmic reticulum (SER)

« This is 2 system of membranes, containing fluid-filled cavities
(cistemae) that are continuous with the nuclear membrane.
« There are no ribosomes on its surface (see Figure 3).

+ RER is the Intracellular ransport system: the cistermnae form
channels for transporting substances from one area of 3 cell

L0 anouher

« It provides 2 lorge surdace area for nbosomes, which assemble
4ming acids Into proteins (see topic 2.3.3). These proteins then
actively pass through the membrane into the cistemae and are
transported to the Golgl apparatus for modification and packag

C—

| SER contains enzymes that catalyse reactions involvedw”
lipld metabolism, such as:

| o synthesis of cholesterol
o synthesis of lipids/phospholipids needed by the cell
> synthesis of steroid hormones.

» Itis involved with absorption, synthesis and transport of ip
{from the gut).




Golgi apparatus

This consists of a stack of mem

Secretory vesicles bring materi
(see Figure 5),

brane-boung flattened
Sacs,
a1 10 and from the Golgi spparatus
b, vesicles bringi
} ] ; materials to and from
) the Golgi apparahus

Mitochondria (singular: mitochondrion)

'+ These may be spherical. rod-shaped or branched; and are
2-5 jum long,

« They are surrounded by two membranes with 2 flusd-fitled
space between them, The inner membrane is highty folded into |
cristae.

« The inner part of the
| mitochondrion is a
fluid-filled matrix, ‘
(see Figure 6).
ntermembrane |
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Chloroplasts

. are large organelles, 410 um long. ‘

“I . ;:xare foutr?d on?y in plant cells and in some protoctists.

« They are surrounded by a double membrane o envelope.
The inner membrane is continuous with stacks of flattened |
membrane sacs called thylakoids (resembl_mg pites of p%tm ’
which contain chiorophylL Each stack or pile of (hylgkou c: l‘lsed
called 3 granum (plural: grana). The fluid-filled matrix is

| « Chloroplasts ate the site of phatosynthesis.

* Proteins are modified for examplé by:
o adding sugar molecules to make glycoproteins
o adding lipid molecutes to make lipoproteins
o being folded into their 3D shape.

. mnom!uns are packaged into vesicles that are pinched off and

o stored in the cell o
o moved to the plasma membeane, either ta be incorporated
Into the plasma membrane. or exported outside the celt

« Mitochondria are the site of ATP (energy currency) peoduction :

during aerobic respiration, ‘
They are self-replicating. s0 more can be made if the cell’s
energy needs Increase. =

They are abundant In cells "
where much metabolic activity
takes place, for exampte in liver
cells and at synapses between
neurones where neurotransmittes
is synthesised and released,

« The first stage of photosynthesis, when light enefgy' is trapped
by chiorophyll and used to make ATP. occurs in the geana. Water “
fs also split to supply hydeogen ions. _

. The second stage, when hydrogen reduces arbop dioxide, using ‘
energy from ATP, to make carbohydrates, occurs in the smn::“ ‘
Chlosoplasts are abundant in toaf cells, particutarly the pall

mesophyll layer.



T "Vacuole

!

# [ the vacuole Is surrounded by a membrane called the tonoplast.
" 1and contains fluid,

Lysosomes

'

» These are small bags, formed from the Golgi apparatus. Each is
sumounded by a single membrane.

« They contain powerful hydrolytic (digestive) enzymes.

« They are abundant in phagocytic cells such as newtrophils and
macrophages (types of white blood cell) that can ingest and
digest invading pathogens such as bacteria (see topic 4.1.5).

U won : ‘muw.
Is have a large permanen

. 3";:"13::3 tv::(h water and solutes and mam:lams cell 33 i
because when futl it pushes against the cell wall, makis »

id. . 3
ﬁh'"uﬁ plant cells are turgid then this helps to suppoq o

plant. especially in non-woody plants. > ]
There is a practical involving the pigments in beetroot cell '
vacuoles in topic 2.5.5.

Function

« Lysosomes keep the powerful hydrolytic enzymes sepayees
the rest of the cell.

« Lysosomes can engulf old cell organelles and foreign e
digest them and return the digested components to the ca
reuse.

Cilia and undulipodia

« These are protrusions from the cell and are surrounded by the
cell surace membrane.

* Each contains microtubules (see ‘Cytoskeleton’, In topic 2.1.5).

« They are formed from centrioles (see "Centrioles’, in topic 2.1.5).

Function

|+ The epithellal cells lining your airways each have many

hundreds of cilia that beat and move the band of muces.
« Nearly all cell types in the bedy have one cilium that acts,
an antenna. It contains receptors and allows the cell to detee
signals about its immediate environment. -
* The only type of human cell to have an undulipodium (2 g

cilitm}is 3 spermatozoon. The undulipodium enables the Y
Spermatozonn to move. 1

Questions'

o Nal"@ on S'Ubsunc! (m‘ passes out o :
e'“elODE, {0 ﬁlQ (ell Cy‘loplaﬂll.

Q Name one substance that passes into ucleus via the pa
the nuclear envelope. el m “ 3

cloat
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‘ Describe the role of the nucleolys.
© site vhvee tunctions o e nucieus.

° Name one type of human cell that does not contain a

)

m why hydrolytic enzymes within cells need to be
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cells to changer mitochondsia in your mescle



3 understanding of;

Organelles without membranes

| Rxbosombe; and the cytoskeleton, inciuding centrioles, are not

The rables below explain how the structures of o Ties wi
ammhdpthmtocwmumﬁrmnqbgam A

R Ribosomes

9 Other features of eukaryotic cells

By the end of this topic, you should be able to demonstrate and apply your knowledge and

‘. ) * the ultrastructure of eukaryotic cells and the function of the different cellular components
’ * the importance of the cytoskeleton

« Small spherical organelles, about 20 nm in dlameter « Ribosomas bound to the exterior of RER are mainly for i

« Made of ribosomal RNA.
» Made in the nucleolus. as two separate subunits, which pass

theough the nuclear envelope into the cell cytoplasm and then |

synthesising proteins that will be exported outside the cell.

« Ribasomes that are free in the cytoplasm, ejther singly or in

clissters, are primarily tho site of assembly of proteins that will |

Some froe be used inside the cell |
. remain in the cytoptasen and some astach 1o the Topic 233 outlines how brotel

endoplasmic reticulum, | Topt peotelns are made.

Centrioles

+ The centrioles consist of two bundies of microtubules at right
angles to each other. The microtubules are made of tubulin
protein subunits, and are-arranged to form 3 cylinder (see

Figure 1),

Fgure 1 Centrioles,

« Before 3 cell divides, the spindle, made of threads of tubulin,
forms from the centrioles.

+ Chromosomes attach to the middie part of the spindle (see
topic 26.2) and motor proteins walk atong the tubulin threads,
pulling the chromosomes to opposite ends of the cell

Centrioles are involved in the formation of cilia and undulipodia;

« Before the cilia form, the centrioles multiply and line up
beneath the cell surface membrane.

« Microtubules then sprout outwards from each centriote, forming
a cilium or undulipodium,

Centrioles are usualty absent from cells of (higher) plants

but may be present in some unicellular green algae, such as

Chlamydomonas. |




Cytoskeleton ~

Function

Structure A
ithi lm DO .\-'
The protein microfilaments within the cytoplasm g 1
; A network of protein structures within the cytoplasm. mh:c:anical . keep the cell’s shape b st .
1t consists of: ' \
B i bmplsiob m‘e";:am' mm::‘[es also provide shape and support to cells, and haty.
they are :olyme:s of actin and each microfilament Is about O et 5 s v
7 nm in diametes move oplasm
| acell
« intermediate filaments about 10 nm in diameter S Sk i Foloe ot .
‘ i in subunits « They form the trac dynein |
; scamkdlgh:;:mmﬁ?mob:mnw;ggm : kinesin} walk and drag organelles from one part of the cel|
. cytosk motor proteins, myosins, kinesins and another.
The s, ar: m: ar motors. They are also enzymes and have | + They form n;j» sp;'ndleobs:‘fees a( ;ebl; m.wimthin ::c::,u
rolysi ner threads enable chrom 7
‘”"'m"e'. e Acdit e + Microtubules also make up the cilta, undulipodia and centriy
Intermediate filaments are made of a variety of proteins. The .
« anchor the nucleus within the cytoplasm
. extend between cells in some tissues. between special ]
junctions, enabling cell~cell signalling and allowing
adhere to a basement membrane, therefore stabilising s sl
Cellulose cell wall

N

'
Structure FunctiOe), v dis N

The cell wall of plants is on the outside of the plasma membrane. | Absent from animal cells, the cell wall is strong and can p et
It Is made from bundles of cellulose fibres. plant cells from bursting when turgid (swollen).
- 3 \y e | The cell walls of plant cells:
(e | « provide strength and support

« maintain the cell’s shape |
» contribute to the strength and support of the whole plant.

|« are permeable and allow solutions (solute and solvent) to pa
through,

Fungi have cell walls that contain chitin, not cetlulose,

Figure 2
There is more Information on the structure of cellulose in
Chapter 2.2.

Questions

@ Descrive tow the unctions of ribosomes that are froe in the

cytoplasm differ from the functions of ribosomes that are 3t
to RER.

B

‘ Name the monomeric units of microtubules that occur in th
cytoskeleton.

® Descrbe the functons of the colllose cell wall found

@ 0n 2 cutt day. the chioroplases insice patisade teat colls 90 98
Up 1o near the surface, to absorb more light, By what .
©0 you think the chlofoplasts are moved?



