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LEARNING OBJECTIVES
NURSING

Science Lectures Lecture 3: Overview of Cells (Cell Biolog)

« understand functions of cell membranes and organelles
 relate DNA to proteins (transcription/translation)

< examine processes of cell division (mitosis/meiosis)

cellular basis of all life
Prof Peter O’ Donoghue

[ Human height

F— Length of some

nerve and

Eukaryotic animal cell

Chromatin Nuclear envelope

Nucleolus Nucleus.
~—Plasma

Smooth endoplasmic membrane

reticulum
. . Cytosol
microscopic
a4 | Lysosome—_
high surface-to-volume ratio . Mitochondrion
Pant aet i (G i Seme
X reticulum

easure S ~ Gentrioles
Most bacteria y
m = meter 5~ va,m}

cm = centimeter = 102m

Ribosomes

Golgi apparatus

mm = millimeter = 103m

Microfilament

HER

. : e b
pm = micrometer = 10-m ;mwﬁ s
9 LBl —— Peroxisome
nm = nanometer = 10°m ) = ;
JOE Intermediate
., filaments

MEMBRANE

Chromatin

Outside-in approach

Nuclear envelope

Nucleolus Nucleus.

cell membrane

~ Phospholipid layer structural integrity
— cytoskeleton Cytosol

Lysosome—._

~—Plasma

Smooth endoplasmic membrane

reticulum

Mitochondrion
Rough

organelles
endoplasmic

— mitochondria process energy Cr.urloles— 2 - = i
— endomembranes }
Microvilli

Golgi apparatus

nucleus
— DNA process information s
— RNA

P
“-z-———Secretion being released
from cell by exocytosis

Microtubule
— Peroxisome

Intermediate
filaments




Membrane functions

structural
delimiting boundary
semipermeable barrier
intercellular joining
attachment to cytoskeleton and ECM

biochemical
receptors for signal transduction
cell-cell recognition
enzymatic activity
molecular transport

Cell membrane connections

Metazoa = multicellular animals
— mandates cell junctions (three types)

* tight junctions
(complete seal, esp. between delimiting epithelia)

desmosomes
(cell adhesion linker molecules joining cells)

gap junctions
(small intercellular connecting channels)

Substances move across membrane by:

diffusion
(random movement down concentration gradient)

0Smosis
(diffusion across semi-permeable membrane)

passive transport
(facilitated diffusion through specific channels)

active transport
(energy-dependent movement against concentration
gradient using carrier protein/transporter/pump)
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Membrane structure

+ phospholipid bilayer — polar molecules
+ embedded/attached proteins
* supporting filaments

Extracellular fluid
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Sodium pump (ion transport)
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Endomembrane system
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production and transport
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What is DNA?

deoxyribonucleic Deoxyribose

Phosphate ~ sugar Adenine (A)

Cellular basis of life

acid
o
Central dogma: . ootk S AN e
4 Yoems Y P linear polymer 3 )Qﬁ (5 Adonine nuslootide
» flow of genetic information is unidirectional of 4 nucleotides Do - (Diagramats representaion)
e purines (2) Adenine nucleotide
. (Chemical structure)
— adenine A
transcription translation — guanine G
q * pyrimidines
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Protein synthesis

mRNA synthesis in nucleus M'%‘

movement to cytoplasm

DNA replicatio

double strand unfolds "-’ L1 0N
(unzip weak H bonds) D - Thyrive

WD - Cyosine
R - Guanine_
new strands assembled

using single strands

ribosomes read RNA triplets
as templates for ;

encoding for specific amino v
acids (total of 20) il Ribosome

nuclear pore

replication proteins

— like mirror-image protein synthesis (initiation,
- =)

processing

elongation, termination)

strand  Old (template)}
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Transcription & Translation 20 amino acids
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DNA sequences
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Cell cycle

two phases

* interphase
(growth)

* mitotic phase
(division)

MITOSIS

four step process from interphase:

prophase: DNA replication

metaphase: chromosome alignment
anaphase: chromatids separation

* telophase: cytokinesis, cell division

29

L
~
Ly
~ \-Spindle
Interphase — Early prophase I} Late prophase )

28/04/2021

CELL DIVISION

Two processes to generate new cells
* Mitosis: asexual multiplication

* Meiosis: sexual reproduction

Need to understand concept of ploidy

* Diploid: normal to have duplicated chromosomes
(2n in humans = 46)

* Haploid: gametes only have one set (n = 23)

Asexual division = MITOSIS

mitotic division occurring all the time

variable rate depending on cell longevity and turnover
e.g. gut lining 7-14 days
e.g. replace skin every 25-45 days

daughter cells inherit a copy of every chromosome

process essentially:

chromosomes duplicate then separate

Centrioles
(two pairs)

Condensed  Early mitotic Pair of Fragments of —Polar microtubules
chromatin spindle centrioles nuclear
" —yl envelope [\
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Sexual division = MEIOSIS

meiotic division only occurs in gonads

variable rate between male and female
e.g. oocyte production every 28 days
e.g. sperm production 64 days

At
'\ ﬁ}m \ daughter cells inherit one chromatid only

| Contractile

-

J furrow \ & .

i /\%j process essentially:
luclear J

1 . P . . .
forming. chromosomes duplicate, divide in 2, divide in 2

forming

chromosomes

Metaphase Anaphase Telophase and cytokinesis
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MEIOSIS Meiosis I

two divisions involving four steps each: DNA replication, chromosomes duplicate

synapsis, form pairs (tetrads)
* Maeiosis I (unique reduction division) o q es
— prophase I: DNA replication + synapsis (tetrads) Cyadisepanatii(reduchidnas o
— metaphase I: tetrad alignment (daughters have haploid chromosome number
— anaphase I: dyad separation q .
— telophase I: cytokinesis, cell division but diploid DNA)
Prophase | Metaphase | Anaphase | Telophase |
* Meiosis II (like mitosis) Bynapsis of two homologous Chromosome:
rophase I1 but no DNA replication iy w"ma‘eo"ad il Y i
— propha 8 4 boinde <[/ —Crossover
— metaphase I1: chromosome alignment { % 3 |
— anaphase II: chromatid separation 5 / % ) § Cleavegs
— telophase II: cytokinesis, cell division - (
(produces 4 haploid gametes)

Centromere
Sister chromatids

Meiosis 11 Heredity

similar to mitosis
but no DNA replication karyotype - diploid genome (2n = 46)

chromatid separation 2 sex chromosomes (XX = F, XY = M)
four haploid daughters 44 autosomes

Prophfse [} Metaphase Il
3 chromosomes paired, genes paired
inherit 2 copies of every gene (= alleles)
* homozygous (same alleles)

* heterozygous (different alleles)
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Expression Karyotyping
dominant inheritance (widow peak, detached earlobes)

recessive traits (albinism, cystic fibrosis) mitotic chromosome pairs resultant

incomplete dominance (sickle cell anaemia) cell matched by computer  karyotype

multiple allele inheritance (ABO blood groups)
sex-linked inheritance (maleness)

polygene inheritance (skin pigmentation)

carrier recognition 3N I

» pedigree tracing & W W00
[T

« foetal testing (karyotyping via amniocentesis,
chorionic villus sampling)

SUMMARY

cellular basis of life

- membranes provide structure

- organelles process energy

- nuclei process information

cell division

- mitosis asexual, diploid daughters
- meiosis sexual, haploid gametes

- heredity genetic recombination

¥
A

N

GO FORTH AND DIVIDE!




