WHAT IS BIOLOGY?
Technically, the “study” (Gr =logos) of “life” (Gr = bios)

Where do we draw the line between living and non-living
entities?

For examples: Are viruses alive?

* They consist of only a protein coat and an inner core
of nucleic acid

* They can reproduce only inside living cells

* They can be crystallized and kept in a bottle for years
and still infect their host cells



6.

What Makes Something Alive?

Living organisms take in energy and/or nutrients from the
environment.

Living organisms sense and respond to the environment in
controlled ways.

Living organisms grow and reproduce.

Living organisms contain genetic material.

. Living organisms demonstrate homeostasis: the ability to
regulate the internal environment to keep it within certain
limits.

Living organisms have the capacity to evolve.



Hierarchy in Biology
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Meet the cell

Hi! I'm Sammy
Cell.

| am an animal "
cell. | am

microscopic and
live inside the
human body along,__|
with billions of

other cells

iIdentical to me.



Two types of organisms®

Eukaryote Prokaryote

Flagellum

* Every biological ‘rule’ has
exceptions!
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Nucleus: administrative center of the cell

» It consists of chromatin, the The Cell Nucleus
unstructured form of the cell's DNA
that will organize to form
chromosomes during mitosis or cell
division.

Nuclear
Envelope

Muclear
{ Pores

> It coordinates the cell's activities,
which include intermediary
metabolism, growth, protein
synthesis, and reproduction (cell

diViSiOD) . Chromosomes Chromatin

Figure 1

» Occupies about 10 percent of a
cell's volume, making it the cell's
most prominent feature.



Ribosomes

Flagella

Mesosome

A schematic diagram of a prokaryotic cell



Prokaryotic vs. Eukaryotic

Typeof cell | Pefinjtion Examples

Eukaryotic Cell that contains |Majority of living
organelles, larger |cells
than Prokaryotic
cells

Prokaryotic Cells that lack Mostly single-
organelles, celled organisms
smaller than
Eukaruotic cells
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Chromosomes and DNA

Chromosome
Chrormatid Chramialicd







Human Chromosomes

HUMAN CHROMOSOMES

XX XX XK XK MK

KK KK Kb Xk KK X

wh XX XX AA XX AD

"R XA KK Ax L.

21 s 523 Y

c)



Jabte 2.3 Chromosome Number in Selected Organisms

Diploid Haploid

Organism Number (2n) Number (n)
Human {Homo sapiens) 46 23
Chimpanzee (Pan troglodytes) 48 24
Gorilla (Gorilla gorilla) 48 24
Dog (Canis familiaris) 78 39
Chicken {Gallus domesticus) 78 39
Frog (Rana pipriens) 26 13
Housefly {Musca domestica) 12

Onion (Allium cepa) 16

Com (Zea mays) 20 10
Tobacco (Nicotiana tobacum) 48 24
House mouse | Mus musculus) 4{ 2()
Fruit fly (Drosophila melanogaster) 8 4
Nematode (Caenorbabditis elegans) 12 6




Human somatic cells have 46 chromosomes
diploid number (2n) = 46

23 from mom - 23 from dad
22 pairs are autosomes —true homologous pairs
1 pair is not necessarily homologous
- sex chromosomes
females are XX

males are XY — a non homologous
pair.



Genes are linearly arranged along
chromosomes

Gene 1

Gene 2

Chromosome

Genes



DNA can be simplified to a
string of four letters

THE STRUCTURE OF DNH

GATTACA

Sugar-phosphate
backbone

Base

Hydrogen bonds
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Genomic Nucleotide

Composition

Locus Base
Sequence Name* A C G T  Total
Bacteriophages
Lambda LAMCG 025 024 025 026 48502
b PT7 027 023 024 026 39936
¢X174 PX1CG 024 0.22 031 023 5386
Viruses
Cauliflower mosaic MCACGDH 037 021 023 019 8016
Human papovirus BK PVBMM 030 020 030 020 4963
Hepatitis B HPBAYW 028 022 023 027 3182
Mitochondria
Human HUMMT 031 031 025 013 16569
Bovine BOVMT 033 026 027 0.14 16338
Mouse MUSMT 035 024 029 012 16295

* Names in GenBank database.



DNA Reading Frames

AGCTACGTAGCTAGCTA
AGCTACGTAGCTAGCTA
AGCTACGTAGCTAGCTA
AGCTACGTAGCTAGCTA

MRNA has only three reading frames, whereas dsDNA has six!
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Genome Annotation

The Process of Adding Biology Information and
Predictions to a Sequenced Genome Framework

Linkage | Gene

Maps 8§1T8s | ESTs Expression
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Gene
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DNA intron-exon structure

Start Codon Stop Codon

promoter §5’UTR exon intron Donor site I |

BESF IS IR EL Acceptor S.plice 3’ UTR PolyA
site site




Nucleotide codes

Adenine W Weak (A or T)
Guanine S Strong (G or C)
Cytosine M Amino (A or C)
Thymine K Keto (G or T)
Uracil B Not A(GorCorT)
Purine (A or G) H Not G(AorCorT)
Pyrimidine (C or T) D Not C(AorGorT)
Any nucleotide \Y Not T (A or G or C)




DNA Replication

* The DNA strand that is copied to form a new
strand is called a template

* In the replication of a double-stranded or
duplex DNA molecule, both original
(parental) DNA strands are copied

* When copying is finished, the two new
duplexes, each consisting of one of the
original strands plus its copy, separate from
each other (semiconservative replication)



Schematic diagram of DNA replication.



DNA Synthesis
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Protein Synthesis

1. Transcription

RNA | Brg 9
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Protein synthesis



Proteins

* Proteins: macromolecules composed of
one or more chains of amino acids

* Amino acids: class of 20 different organic
compounds containing a basic amino
group (-NH,) and an acidic carboxy!

group (-COOH)

* The order of amino acids is determined
by the base sequence of nucleotides in
the gene coding for the protein

* Proteins function as enzymes, antibodies,
structures, etc.



First letter

Standard Genetic Code

Second letter

O Mola P AaCli P OocCcléE: o C




Amino acid codes

Ala
Arg
Asn
Asp
Cys
Gln
Glu
Gly
His
Ile
Leu
Lys
Met
Phe
Pro
Ser
Thr
Trp
Tyr
Val
Asx
Glx
Sec
Unk

XONT<I<<KsHLOTTmZIROTTDOBOOOZRX »

Alanine
Arginine
Asparagine
Aspartic acid
Cysteine
Glutamine
Glutamic acid
Glycine
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Proline

Serine
Threonine
Tryptophan
Tyrosine
Valine

Asn or Asp
Gln or Glu
Selenocysteine
Unknown




Primary Protein Structure

Primary prolein struclura

Amino Acid



Primary protein structure
i sequence of a chain of aming acids

Fleated sheet Alpha helix

Secondary protein structure
‘ ocours whan the saguance of amino acids

ara linksd by hydrogen bonds

Fleated sheet

Teriary protein structure

cccurs whan cartain atractions are prasent
betwaan alpha helicas and pleatad shaats

Quaternary protein structure
is 8 protein consistng of maors than one
amino acid chain.

Multiple Levels of
Protein Strucure

(& Protein
folding)



Tertiary Structure of
Sperm whale myoglobin (1MBN)




Sequence to Structure:

It’s a matter of dimensions!
e

* 1D Nucleic acid sequence
AGT-TTC-CCA-GGG...

* 1D Protein sequence

Met-Ala-Gly-Lys-His..
M-A-G- K - H.

* 3D Spatial arrangement of atoms
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