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Living Environment Core Content and Material

STANDARD 4

Students will understand and apply scientific COMCEPLS, principles, and theones Pertamm_g to the physical
setting and living environment and recognize the historical development of 1deas in science.

Unit 1 Web of Life: Interactions and Interdependence

Ecology: The branch of biology that deals with the
Interactions between organisms and the relationship
between organisms and the environment.




Ecology is the study of the interactions of
organisms and the environment

Ecology can be
studied at
different levels:

Define the
terms

Organisms:
Populations:

Communities:

Ecosystems:

Biosphere:



Factors Affect the Distribution of Organisms

The Biosphere




Abiotic Factors are the non-living, physical
conditions that define the characteristics of the region.
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Abiotic Factors can be Limiting Factors:
Determines the types of organisms which may exist in that

environment.

The amount of
rain fall and
temperature
range
determines the
types of plant
communities
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Biotic Factors involve interactions among living
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Nutritional Interactions

Involves the transfer of nutrients from one organism to
another within an ecosystem.

In terms of nutrition, organisms are either autotrophs or
heterotrophs.
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Pathway of Energy Flow
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Saprophytes- fungi, and bacteria which feed on dead

organisms. (also called decomposers)




Herbivores- animals that feed on plants




Carnivores- animals that consume other animals.
a) predator — kills and consume their prey.

b) scavenger- feed on the remains of animals
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Omnivores- animals that consume both plants &
animals (humans)

The Balance of Good Health

Fruit and vegetables Bread, other cereals and potatoes

Meat, fish and alternatives Foods containing fat Milk and dairy foods
Foods and drinks containing sugar

There are five main groups of valuable foods




Name some common

organisms to match Microorganisms

the nutritional terms
Producer

Herbivore

Carnivore

Heterotroph

Autotroph

Decomposer

What do the arrows show?

and other % ==
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Secondary consumers
(carnivores)
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Population Growth: Members of a species

This table shows how many bacteria are in a population that doubles
every 20 minutes. The graph is another way to show the same data.

Exponential Growth of Bacteria

Time
0 min
20 min
40 min
60 min
80 min
100 min
120 (2 hr)

4 hr

12 hr

Number of Cells
1 =29
2 = 2!
4 =22
8 =
16 =
32 =
64 =

40% =27

68,719,476,736= 2%
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Population Growth: limiting factors determine the size
of a population.

Carrying Capacity: is the maximum population size that a
particular environment can support without degradation to the

habitat. Growth of a Fur Seal Population

12
What factors contribute to .

determining the carrying - I
capacity of an area?

Food, territory, water,
predators, limiting
resources...

Breeding male seals (thousands)
L-1]

0915 185 135 195 1965
Year



Human Population Growth

The size of the human population is the cause of many of
Issues detrimental to our ecosystems.

What factors have contributed
to this exponential growth?

The Plague
1 T 0
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Ecological Niche: sum of all activities and relationships a
species has while obtaining and using the resources needed

to survive and reproduce

Ecological Habitat: the location or environment of a
species

® Chthamalus

Balanus

1

Realized
niches

Fundamental
niches




What happens if two species occupy the same niche?

Competition
Grown KEY

No two similar species separately e P
occupy the same niche ¢V S s F. caudatum
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Ecological Succession is the sequence of changes in the
composition or structure of an ecological community

Annual Perennial Shrubs Softwood Hardwood
Plants Plants and Trees - Pines Trees

Grasses

Time ————————p

Why does this change occur?



Cycling of Chemical Elements: pathway by which an element
or molecule moves through both biotic and abiotic components of
an ecosystem.

Water Cycle

~
Condensation



Carbon Cycle

CO, in atmosphere

L)

Cellular respiration

Burning

Photosynthesis

Plants, algae,
cyanobacteria

Higher-level

orfslen consumers

fossil fuels

Primary
consumers

Detritivores
(soil microbes g
and others) Detritus




Nitrogen Cycle

Free N, in atmosphere

N

W
>

v
S ™

Consumer eats plants.

Denitrifying
bacteria »
convert NO3™ O

to Nz.
~ — ‘\‘\ / ¥ Nitrogen-fixing bacteria
Plants use ' N ; convert N, to NHa.
\" .

NO3~ and NH,* &=
)3 I\o
e

NH; becomes
NH,* in soil.

2 Nitrifying bacteria e > 48
~ convert NH * to N03 - [Ewts v
e 5 ~;":-a:""'/

Decomposers
return NH,*
to the soil.

Nitrogen gas is converted by bacteria to forms that plants and
animals can use to build amino acids, proteins, and nucleic acids.



Human Impact on Ecosystems and the Biosphere

Human population growth is the root of many environmental

ISSues.

The Plague

N

I 1 I
8000 4000 3000 2000
B.C. B.C. B.C. B.C. B.C. A.D.

1 I
1000 0 1000 2000

A.D.

0

Human population size (billions)



Eutrophication is caused by enrichment of the aquatic biomes
from fertilizers and wastes. (too much of a good thing)
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Eutrophic Lake




Acid Precipitation is caused mainly by combustion of fossil fuels.

Acid rain cause the rapid erosion of statues and destruction of
lakes




Average pH profiles in U.S. in 1999

(b)

Why is the eastern U.S. so high in acid rain?
Air Pollution



Green House Effect: Climatic change caused by increasing
Greenhouse Gases (carbon dioxide)

= What may be the result [
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Introduced Species: species from another ecosystem is a
problem because there usually aren’t natural checks
May reduce Biodiversity!

Nile perch (Lake Victoria) Brown tree snake (Guam)
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Argentine ants Caulerpa (seaweed)




In the Northeast, purple
loosestrife and gypsy




Zebra Mussels in the Great Lakes
Has reduced Biodiversity!

rio Ministry of Ndtural Resources




What is Biodiversity

Biodiversity is the variation of life forms within an ecosystem

High biodiversity leads to a more stable ecosystem.



Trade-offs: solving environmental issues involves trade-offs.
There are always costs associated with social decisions.

Nuclear Power provides electricity without fossil fuel but
generates nuclear wastes.



Industrialization

Increased industrialization demands more resources and
energy use.

This has positive and negative effects on humans and
ecosystems




Societies must decide on proposals and assess risks, costs,
benefits and trade-offs.




Solar Energy reduces dependence on fossil fuel but it is
expensive.
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Processes and Cellular Nature of Life

PERFORMANCE  Describe and explain the structures and functions of the human body at different organiza-
INDICATOR 1.2 tional levels (e.g., systems, tissues, cells, organelles).

== /‘“\“\ Atoms

e \A\*/ Biosphere
/’ \-o =
Levels of @ & |Molecule
organization:
Begins with
molecules

Tissue

Body
system




Level of Organization

Molecule
Organelles -
J Organelle
Cells c

TissUes Levels of Organization
Organs
Tissue
&
Organ

Organ systems

Whole organisms



Cells have organelles for specific jobs.

Just as body systems are coordinated, cell parts work together




Cell Membrane

Eukaryotic Animal Cell

Nucleus




Cell Organelles

Function

Cytoplasm

Cell membrane

Nucleus

Ribosome

Mitochondria

Chloroplast

Vacuole




Cell Membranes have several functions
«Separation from outside environment
«Control transport in/out of cell

*Recognition of chemical signals

Hydrophilic heads
' Hydrophobic tails P lipid
e woppou;cus_b A &bhosnho pi
region of protein 2

Hydrophobic
| I region of protein

Transport
protein

Outside of cell




Membrane Transport

Passive transport doesn’t require cell input of energy
(ATP)

Diffusion
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Active Transport

Molecules transport from lower to higher transportation with the
use of cellular energy (uses ATP)

Special proteins transport molecules help transport

atep 1. Three Na+ ions bind to cytoplasmic : ‘
high-affinity binding sites. o i O 9 L= TR

li;'ﬁosphateADP 5

binding site : v p
Ligand it ;
binding site




How can you determine which is passive or active transport?

Cell membrane

A particle in an
Sea ot huch © ©
concentration ©

diffuses througha ©
protein. © ©
<

Diffusion may use special
proteins
moves from high to low

Energy from ATP is used
to move a particle through
a protein against the
direction of diffusion.



Receptor molecules are important for cell communication

Receptor

Transport
protein

The receptors are specific in shape and to the individual
organism



Nerves and hormones use specific chemical signals
to communicate.

What happens if the signals are blocked?

Synaptic cleft

Neurotransmitter———s

Receptor—

molecule




Biochemical Nature of Life

Biochemical processes and molecules are essential fro
maintaining dynamic equilibrium.

Function

Proteins Genes

Molecular Biology




Metabolism is the sum of the processes in an organism

Proteins Carbohydrates
glucose, fructose,
fnalactose

M itIED!;l'?r'l Glycogen . Glucose-E-Phosphate
00

tissLe .' I
protein

amino acids

Lactic Acid Pyruvic Acid

acetyl Co A

) .
Electron Transport Chain
L 4




Carbon is the main ingredient of organic molecules

@ Ze de

O+

Carbon (C)

Organic compounds are carbon based and contain carbon and
hydrogen.

Inorganic compounds are not carbon based. (Water, salt,
minerals...)



Large and Small Organic Molecules
Small molecular units that are the building block of a larger molecules

Polymer: long chain of small molecular units (monomers)

/YO Monomer
o p . .
S— = =
e — —H HO—;
' |
.\
A, Water
O\
—
- - i |
New bond

Living things must both synthesize (build) large molecules
and break them down.

Can you think of examples when this is done?



Organic chemistry is the study of carbon compounds
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Carbohydrates provide fuel and building material
Carbohydrates are organic compounds made of sugar molecules.
Sugars are combined to synthesize starch.

Starches are broken down (digested) to make sugars.

o -0

)
2 Glycogen stores energy

in turkey muscle cells.

0
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Fats are important for stored energy and membrane structure

Choline

Phosphate

Carbohydrate
side chain

Glycerol s

......

Fatty acids
Hydrophilic quf ophilic —<
head reg|on

Hydrophobic Hyd rophobic

tails

region
(b) Space-filling model (c) Phospholipid symbol
Hydrophilic
region
Glyceral Three fatty acids
S B Phospholipid Proteins
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Proteins are long folded chains made of 20 different kinds

of amino acids

Specific shape determines its function.

Amino acid Leucine
Amino Carboxyl H
group |, group RH—E—E‘F
H' “oH
Side Side group =
group
H H
5 | O H\ | ;ﬁo
N—C—C /N_?_Cx
H ||4 oH H |, TOoH

Feptide Bond
A molecule of water is removed from two

ghycine amino acids to form a peptide bond.

CHy CHg

Serine
H
H"x | ;:;'D
N—C—EH
H OH
CH
Side group—» | ¢
OH



Proteins are synthesized at the ribosomes and folded into specific

Ribosome subunits —
separate until they g
join another mRNA.

shapes

is released.

Protein shape is essential to function



Protein Synthesis

Review the process

and outline the steps.

Why is this process
Important?

How does it relate to
the nuclear control of
the cell?

NI %

@ Synthesis of
mRANA in the nucleus

NUCLEUS

CYTOPLASM
mRNA
© Movement of ~
mRNA into cytoplasm Ribosome
via nuclear pore
€) Synthesis
of protein
o O
) Dihminu
Polypeptide acids



Protein shape determines function

Hemoglobin Molecule

g ”:T s a chain
e e
N
7 o
Gy |
| Thr
red blood cell
128 [y chain
0 -
| o *”1
|_ ) substrate (©) E-M. Collins 2001

bonds in substrate
are weakened

heme
group
p chain

hellcal shape of the
polypeptide molecule

products

&N
bl

enzyme enzyme-suhstrate

enzyme



A single amino acid substitution in hemoglobin causes sickle-
cell disease. How does an individual get this disorder?

i J | ]

10um 10 um
[Val H His { LeuH Thr { Pro { Glu { Glu - - - (Val K His HLeu H Thr { Pro HLZ.'H Glu F- - -
1 2 3 4 5 6 7 1 2 3 4 5 6 7

(a) Normal red blood cells and the primary  (b)Sickled red blood cells and the primar
structure of normal hemoglobin structure of sickle-cell hemoglobin



Denaturation occurs at high temperatures or various
chemical treatments. Shape maybe permanently changed.

Denaturation

/’ /\ J
»:&%fm..\;’i < R
,..::"\r-/ \fﬂn Y
\

)-;u S &y

— ERED,
Normal protein \_/ Denatured protein

Renaturation

How will denaturation effect the functioning of the protein?



Structure of DNA (Nucliec Acids)
Building Blocks are Nucleotides

Phosphate

l | Nitrogenous Base

Pentose
Sugar

Pair of Bases

Nitrogen Bases
* Adenine

 Thymine
« Guanine
« Cytosine

Pair of Bases

Base Pairing in DNA
Double Helix



Enzymes specialized protein that catalyzes the chemical
reactions of a cell

*Enzyme shape fits the shape of only particular reactant
molecules called the substrate.

*Enzymes are specific to the substrate.

*The substrate fits the enzyme at the active site.

oF
; ol . °.
— O

|dentify the enzyme, substrate, and active site




Catalytic cycle of a enzyme

@O

Substrate

° Enzyme is available
with emply active site,

Active site 7\\ {sucrose)
Enzyme a Substrate
BNZYMe.
Glucose {w
{ﬂ Water
Fructose <:‘> f
o
° Products ; e Substrate is
are released. converted to

products.



Enzymes are substrate specific due to the “fit" at the active site

of the enzyme.

Enzyme sucrase will catalyze this reaction

CH,OH CH,OH CH,OH
0
H H O~_ H
H
OH H /- H HO + HO0 —
HO CH,OH
H OH OH H H OH
CIEHEEDH C-EHIEQE

Sucrose Glucose

OH H
CeH1206

Fructose



Factors influence
rate of enzyme
reactions

Do all enzymes
require the same
condition?

What happens
when enzymes are
heated beyond
optimal
temperatures?

Optimal temperature for  Optimal temperature for
typical human enzyme enzyme of thermophilic
(heat-tolerant)
bacteria

Rate of reaction —»

| | | T

0 20 40 60 80
Temperature (°C) —»

(a) Optimal temperature for two enzymes

|
100

Optimal pH Optimal pH
for pepsin for trypsin

Rate of reaction —»

0 1 2 3 4 5 6 T 8 9 10
pH—:h

(b) Optimal pH for two enzymes



Principles of Energy Harvest

Sun

Energy flow occurs through
the ecosystem Light

energy
The products of B asis
photosynthesis are used in /. ' \
cellular respiration. o | a} &

The products of cellular Carbon Wﬂter Glucose vagen

. . dioxide
respiration are the Gallular /
iIngredients for respiration

photosynthesis.

What is needed to keep it a v
Chemical

going? ATP - energy stored
in ATP



Photosynthesis: Use light energy from the sun to make sugar
from carbon dioxide and water.

A I:}
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Carbon dioxide Water Glucose Oxygen

Carbon

Dioxide R

- ek U~
s
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Photosynthesis

High energy sugar

nght § Is an energy
Plants absorb carbon = source for
dioxide from the air. ~ respiration

(Carbon
Dioxide

Carbohydrates

Energy rich organic
compounds.

All animal life (including
humans) depends on the oxygen
produced by photosynthesis!




Chloroplasts are the sites of photosynthesis in plants

The leaf is the organ of photosynthesis.
Photosynthesis takes place in cellular organelles called
chloroplasts.




Stomates regulate the exchange  Guard
gases with guard cells

Good water: Stomates Open cell

Dry Condition: Stomates Close
Key

Dermal Stoma
Ground
Vascular

- 2.0
Njaw -
.

.
. .
4
4
.

i

Vein Vein Airspaces Guard cells
Stoma | {
(@) (c) 100 um

R BV mn s e e MRS
Guard _>4 5’,‘.&73} sl '
cells Vg ¥ R R N idermis
SRR .
Xylem / / “NLSCAH ISR Hificle

Phloem




Feedback: Conditions regulate guard cells to open or close

stomates
Open — water vapor exits & carbon dioxide enters

Closed — plant is conserving water




Cell Respiration

Energy stored in organic molecules is released as and temporarily
stored as ATP

Organic Carbon

+ .., T W + EJIEIE}T
compounds Oxygen — dioxide ater

CeH 420, O, Co,

Glucose Oxygen Carbon Water Energy stored
dioxide in ATP

o)
’: D+ ﬁ%—-——- i + ﬁ& + about 38  ATP
HO



The ATP Cycle

I 4 Energy for
working cells

P
ATP is constantly recycled in your cells. A working muscle cell
recycles all of its ATP molecules about once each minute. That's 10

million ATP molecules spent and regenerated per second!

Energy
from food




Cell Respiration takes place in the mitochondria in eukaryotic
cells (cell with organelles bound by membrane)

Plants and Animals perform cell respiration.

Quter
membrane

Inner
membrane

o

o

CeH120s + 60— 6C0; + 6H;0 + Energy (ATP + heat)



Genetic Nature of Life
Key Idea 2:

Organisms inherit genetic information in a variety of ways that result in continuity of structure and function
between parents and offspring.

DNA is the language of life



Nucleotides: The building blocks of DNA

vitrogenous
Base
O
|
O0—P—0- CH,
I
O
Phosphate H
H H H
5 Carbon Sungar
Deoxyribose

Deoxyribose Nucleotide

Nitrogen Bases

T
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Structure of DNA
Nucleotides of sugar, phosphate, nitrogen bases

The bases pair forming the a double helix A:T and G:C.

(a) Key features of (b) Partial chemical structure
DNA structure



DNA Replication occurs when cells divide

Occurs before cells divide in mitosis and meiosis

The original parent DNA
molecule serves as a template
for making a new strand.

Results in two daughter DNA
molecules, each consisting of
one original strand and one new
strand.




DNA regulates cell processes with its specific code to
synthesize proteins.

DNA to RNA to Protein

Information flows from
gene to protein.

DNA (a gene) is copied to
make RNA in the cell's
nucleus.

The RNA travels to the
ribosome where it is
translated into the J 1 J

specific amino acid | | .. 'y ' Codons
sequence of a protein. Translation | } | }

‘ Amino
acids

Polypeptide







The Triplet Code

Each RNA codon
codes for a
particular amino
acid.

The genetic code is
a universal
dictionary for the
synthesis of
proteins from the
DNA nucleotides.

First base in codon

Second base in codon

C A G
LICL AL } LGLU }
Tyr
UCC UAC UGC
*Ser
LICA
Uca A
CCU 7
CCC
*Leu  Pro
CLA CCA,
CuUG CCG -
AL ACU
ALUC ACC =
g ||
¢ Thr
ALLA | ACA }
Ma1 or
AUG .. |ACG -
GLUIL GCL GAaLl }As GGLU
GUC GCC GALC 4 GGC
+Val #-Ala Gly
GLUA GCA }GI GGa
il
GUG GCG - GAG GGG

3
olzlo|ela[z|olcla[z[o|cla[=]a]c]

Third base in codon



Step 1. DNA to RNA
The DNA template is used to make a single stranded RNA.

RNA
polymerase

Direction of
transcription

RNA nucleotides base-pair with DNA nucleotides on the template
strand. RNA has the base U which pairs with A in DNA.



Step 2. mRNA leaves the nucleus

D
MRNA

\ UG U

»

dl

Step 3: mMRNA and Ribosome join in cytoplasm

sgic
EEHEQEMMEJEEMME




Step 4. Amino Acids are carried
to ribosome and joins according to
the triplet code

Start Second
codon codon

€©) The tRNA for methionine
leaves the ribosome, and the
tRNA holding the polypeptide
chain moves to the empty site.

Methionine binds to the next
amino acid that arrives at the
ribosome.

e The ribosome moves down
the mRNA to the next codon.



Step 5. The protein chain is created

Ribosome subunits
separate until they
join another mRNA.




The DNA is wrapped around proteins to form Chromosomes

The Gene Is a unit of information within a chromosome

Eukaryotic
chromosome
DNA in metaphase

double helix
0 Histones
' 7 Tight helical fiber
¥ b
¥ & Ny @ :
> .' \ /%w ‘ ' '. “ '. -“ : :’ .\
-

Map of chromosome X

,,,,,,, ichthyosis, X linked
ié hypophosphatemia
- ocular albinism
Duchenne muscular dystrophy

»——— retinitis pigmentosa Supercoil

)/Lesch-tha" syndrome Many genes or on a chromosome

! hemophilia B
’ fragile X syndrome
hemophilia A
‘ color blindness (several forms)

spastic paraplegia, X linked




Humans have 46 chromosomes in a “normal” body cell.

Chromosomes in a body cell are paired, so we have two of each

Sex chromosomes: Males are XY and Females are XX




Chromosomes replicate and separate so body cell have the
same chromosomes

Interphase (Ga) (precedes mitosis)
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Daughter cells are genetically identical!



Meiosis makes Sex Cells (gametes)

Meiosis reduces chromosome number from (2n) to (1n)

Original diploid cell

2n

)\ Meiosis |
Chromosomes replicate /l\ A Meiosis II

and there is a double a a . =
division in meilosis.

4 haploid cells [gametes)

Gametes have one of each pair of chromosomes



Why do children look like their parents?

Why are they different?
father mother
46 4k
/ N Tst division V4 \,
23 23 23

2nd division '
| | <1 1
23 2 43 2 23 nolar bodies
SPERM (nat functional)

O

Gametes carry ¥ the chromosomes of body cells and are
genetically different.

Recombinations occur when gametes form and at fertilization.



How does Mitosis and Meiosis compare?
Comparison of mitosis and meiosis

hAibosis Mleiosis

< Cr)
' v

Y\ N
® @ D

/ \ / \ hdeiosis |
No Genetic Variation @ @ @ @
Same chromosomes
Giametes (sex cells)

Genetic Variations

5 set of chromosomes



Mitosis vs. Melosis

Points of Comparison

Mitosis

Meiosis

# of cell divisions

# of functioning cells
produced from the
original

Compare Genetic
makeup of final cells
produced

Function of cells
produced in
multicellular
organisms




Mutations that result in an abnormal number of chromosomes

Nondisjunction occurs when chromosome fail to separate during
meiosis.

Mondisjunction in Meiosis | Mondisjunction in Meiosis |l
) TN AR A
<@gz
K- K

A

Mondisjunction )
Meiosis |

f’{ I ,{’E }"‘?;;ﬁ, v £ L A

f"u’*."t

H’ ~ / dVY i;fﬁ\" ;

Meiosis Il Mondisjunction
(forms gametes)

rrel .r'l+‘|| |n—'l' 'n—1| n n |n+1] 'n—1§

&Y




Human Disorders Due to Chromosomal Alterations

One condition, Down syndrome, affects approximately one out of every 700
children born in the United States

Trisomy 21

100y

1 2 3

i« (¢ Y& )’
19 20 22 X X

Extra chromosome 21



Damaged Chromosomes

Changes in chromosome structure may also cause disorders. For
example, a chromosome may break, leading to a variety of new
arrangements that affect its genes.

Duplication

Deletion

|

Inversion

- G D
- CICD
I —

.-
L]
-

Translocation

=

]



Mutations of a gene
A gene mutation is a change in the nucleotide sequence of DNA.

What could this do to the code?

DMNA sequence
formormalgene T AC T TC AAACCGCGT

Polypeptide | Met - Lys - Phe - Gly - Ala ]

Y Y
(a) Base substitution ib) Base deletion
v A
TACTTCAAATCGCOGT TAETT{!AAJEEEEETA

Alters the gene product: Altered Protein produced




A single amino acid substitution in hemoglobin causes sickle-
cell disease. How does an individual get this disorder?

i J | ]

10um 10 um
[Val H His { LeuH Thr { Pro { Glu { Glu - - - (Val K His HLeu H Thr { Pro HLZ.'H Glu F- - -
1 2 3 4 5 6 7 1 2 3 4 5 6 7

(a) Normal red blood cells and the primary  (b)Sickled red blood cells and the primar
structure of normal hemoglobin structure of sickle-cell hemoglobin



Biotechnology is the use of organisms to perform practical
tasks for humans.
Scientists manipulate DNA with both breeding and biochemistry.

Plasmids

Bacterial chromosome



Recombinant DNA Technology

Y
J} o The desired gene
¥ is identified,

€ The gene is inserted
into a plasmid.

Donor cell

Bacterial cell Recombinant @ The recombinant plasmid
plasmid is put into a bacterial cell.

Bacteria are genetically engineered by inserting DNA from another
source.



How is Recombinant DNA made?

DNA containing the desired gene must
be "cut" out of a much longer DNA
molecule.

DNA is cut with restriction enzymes.

\
) }} o The desired gene
y is identified.

Donor cell €) The gene is inserted
into a plasmid.

Restriction enzyme
recognition sequence
e S,

TE——GAATTC
L CTTAAIG |

o A restriction enzyme
_ cuts the DNA into
Sticky &nd\ fragments.

o>

=

A DMNA fragment
from another
source is added.

The fragments stick
together by base-pairing.

MSAATTC GIEYAREH
Y G CTTAA <

0 DNA ligase pastes
the fragments together.

Bacterial cel e @ The recombinant plasmid

plasmid

Is pUE into @ Dacterial Cell. |

Recombinant DNA molecule



Recombinant DNA is used to make chemicals humans may be
missing: (insulin, growth hormone)

Bacterium

@) Isolation of plasmid DNA

Cell containin aéne
\ and DNA containing gene of ineraer D9
o — of interest —
Bacterial Plasmid \ into plasmid —_— | Py
chromosome N,
U
Recombinant DNA

h Gene of —'/I
{plasmid) interest DMNA of

(black) chromosome
©Plasmid put into

bacterial cell

e (82 O)

ﬂ Cells cloned with gene of interest

| /\_/j l'@ Identification of desired clone ]
| Copies of gene' @; -.ygﬁ“ @

] Copies of protein

1 L ] j'/ S . .:: E f:i-:l
4 -"l 1 'f:f: = gt}a i::i‘
| i ;o
Gene for pest | 7/ |
resistanc:-ape ) s Human growth
" - P ) L = |- . 7| hormone treats
inserted into | /-, (D Various applications y | o .o stunted growth
plants i b le o e
y Basic

Basic < 4 . % research

research Gene used to alter bacteria Protein dissolves blood clots on protein

on gene for cleaning up toxic waste in heart attack therapy



Cloning makes identical genetic copies

Nuclear Transplant Technology
A donor cell is taken from
a sheep's udder. Donor
Nucleus

‘ \ These two cells are fused
using an electric shock.

Egg Cel/,
@ The nucleus ofthe

egq cell is removed.

An egg cell is taken
from an adult

The fused cell

hegins dividing
female s.h.eep. normally.
Cloned Lamb ' '} Embryo
The embryo The embryo is placed
develops normally in the uterus of a foster

into & lamb—Dolly maother.



Evolution: The change in species over time

Key Idea 3:
Individual organisms and species change over time.

Charles Darwin: Theory of
Natural Selection



Theory of Natural Selection Population oscillations
Overshoot Dieback

 Overproduction of
offspring: species —~
produce far more
offspring than are
needed.

Carrying
capacity

of the
environment

Population slze

« Competition: space and
food are limited so
competition occurs for
resources. Only fraction
can survive

- Variation among —

offspring: individuals in
a species vary and these
are inheritable




Theory of Natural Selection

e Struggle for survival: result of
competiton

« Adaptations due to variations,
some individuals are better
adapted to survive and

reproduce. N o

° Natu ral SeIeCtlon: . Gr::;D:::; P::u;-eak Size in GE::;:::“SD:::::I;ZS
environmental factors will select
the optimal traits. The "pbest fit"” "= = =

will survive and reproduce.

e Speciation: Over many
generations, favorable
adaptations accumulate and
many changes lead to new
species.




What is the source of Variation?
Mutations: Changes in the DNA

Sexual Reproduction: Recombination of chromosomes




Why Is variation important to evolution?

Lake Tanganylka species Lake Malawi species

Bathybates ferox

Cyphotilapia frontosa

cichlid fish

Variations within a species increases the chance of survival
when conditions change.
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Fossil Evidence shows Evolutions progresses without set

direction.

Recent
(11,500 ya)

Pleistocene
(1.8 mya)

Pliocene
(5.3 mya)

Oligocene
(33.9 mya)
Paleotherium
Propalaeotherium
(5%?:?“":0) Pachynolophus

What does it indicate when branches end?

Equus
q Hippidion and other genera

Nannippus

Pliohippus &
Hipparion Neohipparion

Megahippus
Callippus
Archaeohippus
Merychippus
Hypohippus o ,,’-
i~
i
Parahippus
Miohippus
8 22
Mesohippus l » X
Y
J i B
Epihippus
Orohippus

Key

Grazers

e

-
2 >
) I'N .
Hyracomerlum% ’uﬁ Browsers
; R



Seed cator Cactus flower Sood cators yw.n

W
orassirostris
Insect caters Bud cater
Ground finches Tree linches Warbiler finches

How should the finches at the top =
compare to each other? Why? @»



Observed Natural Selecn

* |nsect resistance to
Insecticides

» Bacterial resistance tQ e setcation %@ |
antibiotics <

\.‘\'\
] ] Chromosomg with
Explain how this occurs? Cesthanion ‘ __
insecticide
AR 1
Variation (mutation x> 52 &
( ) Cg-v__< & N o
Environmental factor

(pesticide)
Reproductive success

Survival of Fittest

Population changes "



How do we determine which organisms are more closely
related? Hagfish Salander L|§2rd

puse Chimp

FE§1 =) g

Fur;
mammary
glands
Claws
or nails
Lungs

-Compare anatomy Jaws
Compare development
Similarity implies

Compare biochemistry _ :
relationship!

Compare cells



Homologous structures are a clues to determine evolutionary
relationships.

Human Cat Whale Bat

What could be the reason for similarity in structure?



Molecular data is the best way to compare organisms to
relatedness. Compare genes, proteins,

Hemoglobin Comparisons Between Humans and Other Vertebrates

Species Human Gorilla Rhesus Mouse Chicken Frog
monkey

Number of Amino
Acids That Differ
From a Human

Hemoglobin Chain® 0 1 3 27 45 67

*Total chain length = 146 amino acids

Which animal is most and least related to the human?



Reproduction and Development

Reproduction is necessary for the continuation of a species.

Asexual Reproduction is the production of offspring with
genes all from one individual, without the fusion of gametes.

Offspring are genetically identical. No variation

Amosba dnvdes
alter il has gromn
%0 a certan sue

The psendopoda
are pubed in 3nd
the nucieys cyvdes

The cell Body Bogns *
1o divvde when the
nuciews has spél I

rmaumrg Q

amnop2bae -

are formed g g - -
Cloning produces identical copies




Sexual Reproduction involves the combining of gametes

an egg
a sperm not big like a chicken egg,

very small mslead

.,,,,,,.

looks like a tadpole,
very, very small

the first cell

J R s of a new person

. i
N

j ™ N
y : ) )\ ababy
/ ( 4 is much bigger

' ) than a cell!

Variation due to recombination of
chromosomes and gametes




Development: Changes that occur as the zygote through

steps to form and embryo and fetus.

Cleavage f Cleavage ‘,”fxmt]—f
Zgg;uta Eight-cell stage Blastula

(hollow ball)
Blastocoel

fi:: Endudermh .,ﬂ ﬁ |
4-5:' Ectoderm 3 789 9/ g

Gastrulation

Blastopore

Blastocoel

oD
Cross section
of blastula

Zygote divides many times by mitosis and differentiates to

form specialized cells, tissues and organs.



Differentiation causes cells to specialize.

All genes of the genome are
present in every type of cell.

Only a specific fraction of
these genes are actually
expressed in each type of

cell.

Glycolysis
enzyme
gene

Transparent
protein gene

Insulin gene

Hemoglobin
geng

Pancreas cell

9

7

ot

4

L)
i

L

T

ot

Eye lens cell Nerve cell
{in embryo)
- D
L P!
L +
T o
L A
' ™
Key
! el r Active gene
~ o X
E Inactive gene

[ single Cell

Mt osis

Twio Daug hter Cells

[ ] Containing ldentical L ]
Copies of DMA
: Expression =
] . of Neuron- £
_ | Specific . | Expression
Gene ' | af Epithelial-
_ Specific
' Gene

i
Meuron ,"f & Epithelial
! Cell



Large intestine Male System: produces

{Digestive .
system) , : gametes and deliver sperm for
Seminal vesicle . )
Bladder fertilization.
(Excretory system)

Vas deferens H ormone

testosterone
Urethra

Prostate ‘i

gland

Bulbourethral
gland

Epididymis

Testis

Scrotum

Side View Front View



Female System: Oviduct
Ovaries

o -
."/_\". I/ > S
L A
|'/---- ) A ( &b
| I| : \.\_':
, Al .
~!| [:' () S o
\ f Y/
| - )
\ | " B Uterus
|| f ‘
I\
| |1 !
\ L
||' |' || ! C .
J 1 ] ervix
& D

Ovaries: produce
gamete (ova)

Internal Fertilization in
Oviduct

Internal Development in
Uterus

Vagina

Hormones:
Estrogen
Progesterone



Menstrual Cycle

Regulated by
hormones

Estrogen

Progesterone

{a) Fluctuation
of gonado-
tropin levels

{b) Fluctuation
of ovarian
hormone
levels

{c)Ovarian
cycle

{d) Menstrual
cycle
{uterine
cycle)

Days 0O 5 10

level ——»

Plasma hormone Plasma hormone

level ———p

o0 0

Primary Growing Graaflan Owu

th.

Disintegrating

hﬁnh follicle follicle luteum corpus luteum
Fnlhcular Lutual
Functional layer :
nfendmatrium
Ilmr
i |‘n
Manstrual Proliferative Sal:ratur‘r
flow phase phase phase
Days 0 5 10 14 20 25 28



Internal Development occurs in the uterus with nourishment
through the placenta.

Maternal \
artery v
Maternal 4\
vein s

W
Umbilical cord

Limbilical artery

Umibilical wein

Haﬁmal F;tral
portion portion
Cross section of placenta

Amnion protects the embryo



Disease Is a faillure of Homeostasis

Virus, bacteria, fungi, and parasites may cause infections

VIRUS

.Y

(inside virus)



http://images.google.com/imgres?imgurl=www.spacedaily.com/images/bacteria-stock-bg.jpg&imgrefurl=http://www.spacedaily.com/news/life-01zb.html&h=160&w=200&sz=13&tbnid=vJ5eqo8dMLsJ:&tbnh=79&tbnw=98&prev=/images?q=bacteria&start=40&hl=en&lr=&ie=UTF-8&oe=UTF-8&sa=N
http://images.google.com/imgres?imgurl=bilbo.bio.purdue.edu/~baker/icons/proj_pics/polio/polio-recept.jpg&imgrefurl=http://bilbo.bio.purdue.edu/~baker/projects/picorna/polio/polio.html&h=400&w=560&sz=45&tbnid=fkgTDtHGzKoJ:&tbnh=93&tbnw=130&prev=/images?q=polio&hl=en&lr=&ie=UTF-8&oe=UTF-8&sa=G

Immune system from foreign substances and pathogenic
organisms

Antigens: factors the body “sees” as foreign

Pathogenic Organisms: cause disease

Antibodies

Antigen

White blood
cells

Antibody-antigen interaction
Engulfing White Blood Cell



Special white blood cells make antibodies

that mark the pathogen for destruction by other cells.

e

Antibodies

Bacteria
(pathogen)

Antigen



Antibodies are structure specific to the antigen

Antigen-
binding

Antibody A sites

Antibody B
Antibody C

Due to their protein nature, antibody shape “fits” binding
sites on the antigens.



Antibodies inactivates antigens several ways

Binding of antibodies to antigens
inactivates antigens by

(

Neutralization

(blocks viral binding sites;

coats bacteria and/or
opsonization)

Virus EM
Y vg

Bacterium 7‘{
\

'

Agglutination of
antigen-bearing
particles, such as
microbes

' Bacteria

¥

,

Precipitation of
soluble antigens

)

Enhénnes

Phagocytosis

A

Y

Macrophage

|

Complement fixation
(activation
of complement)

- Cﬂmplement

J'{ 1 Lesmn

Soluble

antigens -
'9 Furengn t:ell

Leads to

Cell lysis

N
4o



Immunity can occur naturally or artificially

1. Active Immunity: stimulates the infected person’s
Immune system
a. Immunization by vaccination give the person a
weakened, dead, fragment of the pathogen

b. Recover from the infection




2. Passive Immunity: person receives antibodies only so it
IS temporary
a. Maternal immunity occurs when antibodies pass
from mother to baby through placenta and breast
milk
b. Artificial injection of antibodies gives short term
Immunity

Short-term Immunity

e Lg




Vaccinations: Patient receive weakened versmns of pathogen to
stimulate the immune system

Antigen

Pathogen S |

- Antibody



Vaccines movie




Immune System Failures
Autoimmune diseases:. immune system destroys body cells,
type | diabetes, multiple sclerosis, rheumatoid arthritis

AIDS: Acquired Immune Deficiency Disease

Credit: NIAID


http://rex.nci.nih.gov/PATIENTS/INFO_TEACHER/bookshelf/NIH_immune/gif/10b.gif

How the Immune System "Remembers” Pathogens

Primary and Secondary a
Immune Responses W»-
BorTcell
|
I Second Sesenton ‘ Primary immune response ‘
j (First clone) \ Y» &‘ Y p
§ I‘t \'2‘ - '.‘, »- L.
g : f. f. ",\ 'r"\
§ | 25 Y,v(‘ S
: ~W A X
: e ® o9
3 Pathogen-fighting cells Memory cells

6 1 W B B € B8 % ® l

Time (days) Second exposure
10 same antigen

v

The first exposure to a " }
pathogen memory cells T (Beoondclone)
specific to that pathogen. A s » » @ e e q

second exposure activates BB :;, e
those memory cells.

Neow pathogen-fighting cells More memory cells




Large White Blood Cells engulf pathogens. They display
antigens and activates helper T cells. The helper T cells stimulate
other T cells and B cells.

HIV virus kills Helper T cells.

4

Cell-mediated
H} imimunity
(attack on
o infected cells)

Cytotoxic
T cell

Activates other
T cells and B calls

:‘ ‘ il Humaral
h!aﬂnqhwa El immunity
displaying 3 #( ) (secretion of

antigens Activates antibodies by
helper T cell B call plasma cells)




Allergies: immune reaction involving histamines to a “harmless”

allergen.
GIC REACTIONS

%

| animal
dander

130‘;50':2 - \Ef - Dec€ i_}.ul%).(gﬁ—ll@u: & & pouen
p n X 2 ;_.."F'_\_ . 7 2 L -,'_'3 ..\. B b5

oF

- mold &
‘mildew

e animal
L

L A eADAM

o

-



Human Systems

Humans are complex organisms with multiple systems.

The systems interact to perform life functions.




Transport System: provides for the circulation and distribution

of materials to the cells.

Anterior
vena cava

Pulmonary
artery

Capillaries
of right lung

Pulmonary
vein

Right atrium

Right ventricle"’/

Posterior
vena cava

Capillaries of
head and
forelimbs

Pulmonary
artery

Capillaries
of left lung
W

il
IE’ (3
s/ 94

77

RN

Pulmonary
vein
Left atrium

l "~ Left ventricle

Aorta

Capillaries of
abdominal organs
and hind limbs




Respiratory System: provides for gas exchange to supply
the cells with O, and removal of CO.,.

Branch
from the i Branch
pulmonary | from the
vein '4 ulmona
eI (oxygen-rich i f,'ne,y A
Larynx blood) - " (oxygen-poor
Esophagus Terminal . blood)
Trachea bronchiole | 173
Right
lung
Bronchus T =y AT RN
Bronchiole STE RN | 1 -
7N gl S _ : Alveoli
Diaphragm / N EAT AN
Y&, ",'; - ;i 3 ',')q";'r"
(a) (b)

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings.



Immunity: provides for protection from pathogens

Antigen-binding

. sites
‘\—. Antigen %

\ ’
Antibodies for
different antigen /.
markers




Excretion: provides for the elimination of metabolic wastes
Many organs help with excretion: Skin, kidneys, lungs, liver

_.-' -.--""x\_

Renal medulla
Posterior vena cava
Renal artery and vein
Aorta

Ureter

Urinary bladder
Urethra

Renal cortex

Elimination by

Drug enters liver gk
after entering the . \ - urination or
bloodstream. defecation.

aANDAM
L e
T

Liver enzymes metaholize drug
into less toxic form.

Normal Skin



Coordination of the cells is provided by the regulatory systems
of Nerves and Glands
Chemical regulating molecules are produced.

Endocrine System

Hypothalamus i
Pineal gland : ]
Pituitary gland © b,
Thyroid gland - ‘
Parathyroid glands ,_szﬁj; ; i
Thymus i

Adrenal glands

:
Pancreas

|
/

il | %\J%- » e
(female) | ( | / |
Testis ‘ | 4 R \

I / g
(male) \ . /

|

[;ﬂa




Reproduction:

of the species

J Lk Cervix
C7 N\

: : f - Urinary
Seminal vesicle N | bladder
Rectum Pubic bone

Vas deferens

Erectile
tissue of

AN EE—
= penis

Ejaculatory duct

Prostate gland Urethra
Bulbourethral gland

Glans penis

Epididymis :
Testis LW
Scrotum —A\\_ Prepuce

. Oviduct
Ovaries

Follicles

Corpus luteum
Uterine wall

Uterus————

Vagina

producing offspring is necessary for survival




Movement is provided by a system of muscles and skeleton
Control is provided by the nervous system

Sensory neurons  cgj| hody of sensory Gray
Sensory (stretch) receptors neuron in dorsal matter
root
ganglion
Quadriceps muscles ‘ —
(extensors)
A Interneurons
i
| .'I r
|I |
I C
rJ [._ N
ls

1

.

\ 2
Flexor Ay
muscles 4

Spinal cord

Motor neurons (cross section)

serving quadriceps @ Sensory neuron

@ Motor neuron
@ Interneuron



Digestive System: Consumption and digestion of food
provides nutrients to the cells

’Tongue
Salivary Parotid gland
glands { Sublingual gland

Oral cavity

Pharynx

Cardiac
orifice

_ Submandibular gland

Esophagus

Ascending
portion of
large intestine

sphincter

. Stomach

Small \
intestine

(. } | Duodenum of
/ " /- large  smallintestine

T intestine

Gall- :
bladder | |

Pancreas +

Anus



One-celled organisms function without the levels of the
organization in complex organisms.

Their organelles act like the systems in multicellular organisms.

Gas Exchange
Circulation
Digestion

Paramecium

Cilia

Contractile Vacuole — ]
Pellicle

- Qral Groove
Nucleolus

Nucleus gsltllnta? Pore
Food Vacuole Anal Pore
Movement
Coordination / )
Excretion .



One-celled organisms function without the levels of the
organization in complex organisms.

Their organelles act like the systems in multicellular organisms.

ENDOPLASMIC A Chromatin Gas Exchan ge
RETICULUM (ER) N Nucleolus NUCLEUS
- \ Nuclear envelope c c
Rough ER Smooth ER it D|ge stion

| Excretion 4 )
' | 1}
L

Movement ™
y

Flagellum

Centrosome

Peroxisome-
Ribosomes

. Circulation

Coordination

Golgi apparatus

Microvilli Plasma membrane

Microfilaments Mitochondrion

Intermediate filaments
Microtubules ,

Not in animal cells:
Chloroplasts
Central vacuole and 1

y Cell wall
CYTOSKELETON Plasmodesmata

Lysosome




Science is a process of inquiry that includes repeatable
observations and testable hypotheses

o,

Y
./ Observations
Question
- o Hypothesis
Prediction -=& 1
Test does not i Test supports
support hypothesis: TFSt- hypothesis: make :
revise hypothesis or experiment or additional predictions 3=
pose new one additional and test them

observation

e



Designing a Controlled Experiment

Controlled experiment: tests the effect
of a single variable.

Variable: any factor that can be changed
Dependent variable is the measured

effect caused by the
‘Independent variable which is the
factor being studied

Controlled Factors: all other variables
must be held constant.

*Hypothesis: "If ..., then..."
(

Observation: Both poisonous coral snakes
and nonpoisonous kingsnakes have red,
yellow, and black rings.

Question: What is the function of the
kingsnakes' mimicry of coral snakes?

Hypothesis: Mimicry of coral snakes helps
protect the kingsnakes from predators.

Prediction: If predators confuse kingsnakes
with coral snakes, then predators should
attack fewer ringed artificial snakes than
brown artificial snakes.

Experiment: Compare data on attacks on
ringed versus brown artificial snakes.



Observations may lead to questions and hypothesis

Warning coloration: Why is this
frog so colorful and visible?

Why does this fly look so
, much like a bee?




Data: is the measured results of the experiments

Data of height vs. age of a

child’s growth.

Age
Ir;}m:- 'IEI' Independent Variable: Age

23 40 Dependent Variable: Height
3.0 93

35 98

4.0 100

45 104

5.0 107

5.5 110

6.0 114



Components of a Controlled Experiment
State a hypothesis

|dentify the independent variable Design an experiment to

Control all other factors test the effectiveness of

, _ a particular cough drop.
|dentify the dependent variable

Identify or make a control group

Control all other factors Design an experiment to

Collect and record data test It a new fertilizer
Increases plants to growth.

Make data table and graphs

Verify results with repeats



