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BIOCHEMISTRY

living things are made up of four majer kinds of biomelecules: carbohydrates, lipids,

proteins, and nacieic acids.
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Carbohydrates- made up of carbon, hydrogen, and  goess
oxygen in a 1:2:1 ratio. Some carbohydrates

provide quick energy (simple sugars), while some Sueren
store energy (like starches and glycogen), and
others provide structure {cellalose and chitin). L
Building blocks of carbohydrates are called seh g p P
monosaccharides, while complex carbohydrates are e
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Lipids- are made mostly from carbon and hydrogen atoms, and
are formed by glycerol and fatty acid chains, Lipids do not
dissolve in water, 5o cells store energy as lipids, (Lipids store
more energy than other organic compounds.) Lipids also
provide insulation and make up cell membranes

{phospholipid bilayer). Lipids include fats, oils, cholesterof
{and other steroids), and waxes.
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Proteins- are made of carbon, hydrogen, oxygen, and
nitrogen. The subunits of proteins are called amino
acids. Proteins control cell functions, defend the o
organism, support transporl and movement, and provide &
structure.
o Enzymes are special proteins that act as catalysts to W evabatie
control the rate of chemical reactions. They lower
the activation energy, or
energy required for the

L™ reaction to proceed. Each
ey enzyme has a specific
2 function that is determined 3
) by its shape. Any factor 0 Ebrls b

that changes the shape of

Froducts

an enzyme (like temperature or pH) can alter its fanction.

Proguen of tha reaction —+

A common ending for enzymes is —ase.

Nucleic acids- are made up of subunits called
nucleotides (which consist of a sugar, a phosphate,
and a nitrogenous base). The two types of nucieic
acids are DNA {deoxyribonucleic acid) and RNA
{ribonucleic acid). Nucleic acids store information
that determines how an crganism will grow and
devetop, and they control the building of proteins in Pentaso
cells. . 8

Phosphate

Witrogenous Hase

PRACTICE

1. What do aii lipids have in common?
a, They produce quick energy
They are saturated with hydrogen
. They don't dissolve in water
Their compositions differ only by R- gronps
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2. A protein-digesting enzyme mixes with chelesterol in the digestive tract. What
effect does the enzyme have on the cholesterol?
a. Breaks the cholesterel into amino acids
b. Breaks the cholesterol into simple sugars
c. Converts the cholesterol into energy
d. No effect

3. Enzymes speed up a chemical reaction by
a. Lowering the amouni of energy it needs to get siarted
b. Producing complex carbobydrates
c. Changing the shape of the substrate
d. Producing heat

4. DNA and RNA are composed of unils that are made up of
a. Chains of nuclectides
b, Chains of simple sugars
¢. Twisted chains of amino acids
d. Thsee very long carbon-hydrogen chains attached to a glycerol molecule

5, What kind of molecule is an enzyme? Why are enzymes imporiant in a celt?

6. Compare and contrast carbohydrates and lipids.




CELLS

The cell theory states that cells are the basic unit of life, all living things are made up of

one or more cells, and that cells come only from other living cells.

Eukaryetic cells are cells that have internal membrane- bound stuctures. Plants,
animals, and fungi are made up of eukaryotic cells. The structures found inside of
enkaryetic cells are called organelles (little organs), and each organelle has a particular
function linked to cell survival,

Golgi apparatus Plasma {cell) membrane
Endopiasmic
reticulum (ER)
Nucleolus
Mitochondria Nuclens

Nueleus- contains DNA, which holds the instructions for how to make
proteins

{all cell parts depend on proteins to function, so the nucleus can be
considered the control center of the cell)

Chromatin

The blueprints for protein production are contained in
chromatin- strands of DNA

nucteolus- the dark sphere within the nucleus, where ribosomes are mare

Rihosomes- the site of protein synthesis (where proteins are made)

Once ribosomes are made in the nucleolus, they move 1o the cytoplasm (the
jelty-like region outside of the nuclens), Ribosomes can then attach to the
endoplasmic reticalum (ER), a serjes of highly folded membranes that act as
the highway of the cell. Once proteins are made by the ribosomes, the proteins
travel through the ER, and...

are teansferred to he Golgi apparatus. The Golgi apparatus is a series of
flattened membrane sacs that sorts and distributes proteins.

Vacuoles- store things (enzymes, food, and other materials) within the cell

Lysosomes- contain enzymes that digest or break down worm out cell parts, excess food
perticles, and invading bacteria or virsues

Flagella- some cells have whip-like extensions that they helps them move

Nucleus

Nucleolus

Plant cells look different than animal cells because plants have cell walls and
chioroplasts, and also usually have a large central vacuole used to store water.

vacuole

mitockondrion

cell wall

pucleus

Prokaryotic cells, such as bacteria, lack internal membrane- bound structures,
(A prokaryotic cell dees not have a nucleus or organelles.) Prokaryotes do synthesize
proteins, so they do contain ribosomes.

Ribosomes

Cell wall

DNA
Plasma (cell) ia:&E:n

PRACTICE

1. Which part of the cells acis as a barrier to contro} what enters and leaves the cell?
a. cell membrane
b. cyioplasm
c. DNA
d, Nucleus

»

Which of the following is a main difference between prokaryotic and eukaryolic cells?
a. smalier size of eukaryotes

b. absence of & membrane-bound nucleus in prokaryoles

¢, absence of ribosomes in prokaryotes

d. absence of organelles in enkaryotes

3. Which statement is false?
a. Eukaryotes are much more complex than prokaryctes
b. The components inside a prokaryotic cell lack membranes
¢. Prokaryotes were the first organisms on Earth
d. Prokaryotes lack genetic material




4. Muscle cells require a great deal of energy. Therefore, they are likely to have a high
nomberof .
a. Golgi
b. Mitachondria
c. ER
d. Lysosomes

5. This cell is most likely a member of which Kingdom?
a. Dunpi
b. Animalia
c. Protista
d. Plantae

6. If a cell was unable to produce ribosomes, which of the following would it be unable
to make?

a, carhohydrates

b. proteins

c. nucleic acids

d. lipids

7. Which organelle is most like a miniature stomach inside of the cell?
a. Vacuole
b. Endoplasmic reticitlem
¢. Lysosome
d. Chloropiast

8. Which of the following is not a cell organelle?
a. mitochondrion
b. cyioplasm
c, endoplasmic reticulum
d. lysosome

9. Which of the following would you find in a plant celi but not in an animal cell?
a. cell membrane
b, endoplasmic reticalum
¢ nucieus
d. chloropiast

10. Cellulose is which type of organic compound?
a. carbohydrate
b. lipid
¢. nucleic acid
d. protein

11. How are eukaryotes different from prokaryotes?

TRANSPORT OF MATERIALS INTO AND OUT OF THE CELL

Plasma {cell) membrape- the boundary between the cell and its environment, controls
entry of nutrients and removal of wastes- maintains homeostasis

**xHomepstasis- balance; an ideal internal environment ***

Selective permeability- the cell membrane is picky- some molecules are allowed Lo enter
a cell while others are kept out

Phospholipid bilayer- The plasma (cell) membrane js made up of two layers, each layer
contains phosphate groups and lipids (fats) that allow the membrane to be flexibie and
picky about what enters and what exits, There are also proteins in the membrane that can
help substances move through.

Membrane protein
(transport channel)

Phosphalipid bilayer

Passive Transport

Some substances can move without using energy. This is called passive transport.
If you place a drap of ink in a beaker, the ink will soon spread farther and fariher out until
it is evenly distributed. The ink did not have to use energy to spread out, Instead, the
random movement of particles caused the crowded (highly concentrated) ink molecuies
to move to fess crowded (less concentrated) areas. This movement of solute {dissolved
substance) from an area of greater concentration to an area of less concentration is called
diffusion.

Water molecules can also diffuse. Diffusion of water is called osmosis. Water
also moves from where there is more water to where there is less water. Look al the
diagram below. The dialysis membrane is similar to a plasma membrane in that it is
selectively permeable. Water molecules are smail enough to pass through, but starch
molecule are too large. Because there is a greater concentration of water in side B
(100%) than in side A (95%). water will move from side B to side A. and the water level
in side A will rise. Osmosls Appasatus

Tublng —> Glass tubs

10 ml. distilled wates
(100% water)

10 ml. of 5% starch sokilioa ;cs_ﬁ_m membrane

{95% water}

Active Transport

Some molecules are too large 1o enter or exit the cell, or their charges prohibit them from
passing through the piasma membrane, If this is the case, the cell can still move them,
but it must use enezgy. Movement of substances that requires energy is called active
fransport.




Sometimes proteins in the plasma membrane are
used to pump materials oul. Sometimes, materials
enter and exit the cell using vesicles (pockets of the

Food partlele
takgnin__

by endocytasis

K

-t

cell membrane). Exacytosls of Eam»m.\ 1

. . fraducts om. :
Endocytosis uses vesicles to bring materials (like digession : @
nutrients) into the cell. : \ -

Exocytosis uses vesicles to move materials (like
waste products) out of the cell.

Sumemary: Passlve traneport Active transport

QOlffusion Faciifiated difiusfon %
. e

PRACTICE

1. A thermostal maintains an ideal temperature of a room. What cell process is similar to
this?

A. Food storage

B. Protein synthesis

C. Active transport

D. Homeostasis

2. If a saltwater fish (90% water) is placed in fresh water {100% water), water will likely
move into the fish cells and kill the fish. This is most likely due to .

A, facilitated transport

B. osmosis

C, endocylosis

D. exocylosis

3. Passive transport requires ener: {circle one), while active
transport requires energy / does not require energy {circle one).

4. Which process allows large maolecules to enter a cell?
A. endocytosis
B. exocytesis
C. osmosis
D. facilitated diffusion

5. What does it mean that the plasma (cell) membrane is selectively permeable?

6. The cell membrane maintains homeostasis by controlling

Gfass hbe

10 mi_ cisifed waler

10 miL of 5% slarch sokdtion fﬂaﬁ_oan:.&asa

7. Which would mast likely cause the liquid in Tube A to rise?
A. Starch concentrations being equal on each side of the membrane
B, Water passing from a region of lower starch concentration to one of higher starch
concentration
C. Water and starch volumes being the same
D. Schute in the tubes changing from a higher temperature to a lower temperature

8. If the cell in the beaker is permeable to only water,

|
the cell will probably .
A. grow and possibly explode Celk:
B. shrink 98% water
C. stay the same
Solution:
75% water

9. Facilitated diffusion is
A. the same a5 endocytosis
B. a special kind of osmosis
C. a process that requires the cell’s energy
D. atype of passive transport

10. Which of the following is not a part of a prokaryotic cell?
A. Cyloplasm
B. Ceil membrane
C. DNA
D. Organelle
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CELLULAR ENERGY

All organisms need energy, but only some fiving things can directly use the energy of
sunlight. >=S=.E:_m (producers) make their own food by obtaining energy from
sunlight {or inorganic compounds). Heterotrophs ({consumers) cannot make their own
food, and must get their energy from food sources.

Photosynthesis- carried out in the chloroplasts of plants; uses carhon dioxide to store
energy in the form of glucose (organic molecules); produces oxygen

6CC, + 6 HO ——m CsHi2Gs + 60,

Chleroplasts- found in the cetls of green plants- convert light ouser
energy into chemical energy, stores energy in food molecules.
Chloroplasts contain the pigment chlorophyll, which absorbs
mostly blue and red light, and reflects green and yellow (giving
plants their green appearance).

innes sroma
membrans

thylaknids

Photosynthesis occurs in two stages:

» Light-dependent stage- occurs in
the thylakoid membrane, the encrgy of sunlight is
converted into energy carrier molecwles (ATP and
NADPH) used in the second stage

e Calvin eycle (light-independent stage}- occuss in the
stroma, uses the energy from the first stage and COz o
form glucose.

The rate of photosynthesis can be affected by:

« The amount of water available

« The amount of sunlight available
sugar + Temperature {must be within an optimal range since the
reactions of photosynthesis depend on enzymes)

The plant uses the energy stored in the sugar melecule to carry out life processes. The
sugar molecule is also used to build more complex carbohydrates, which can be used in
growth and develepment.

PRACTICE

Why are pigments imporiant to the process of photosynthesis?

How is the Calvin eycle dependent on the first stage of photosynthesis?

Why is photosynthesis important?

The glucose made in photosynthesis is the starting point for cellular respiration.
Cellular respiration should not be confused with the process of breathing. Breathing
m:sﬁ_w involves taking in oxygen and eliminating carbon dioxide, but celiular respiration
is & series of chemical reactions that change glucose into a usable form of chemical
energy {(ATP).

Cellular (aerobic) respiration- occurs in mitochondria; uses oxygen to release energy
{ATP) from food molecules; produces carbon dioxide

CeH 205+ 60; ———» 6CO, + 6 H,0
*4+*A TP is energy that drives chemical reactions in celly ¥%%

Cellular respiration bepins with a series of steps called glycolysis, which converts
glucose into pyruvate. If oxygen is present, pyruvate enters aerobic respiration, and a
great deal of ATP is produced.

¥f there is no oxygen present, some cells can undergo anaerobic (without exygen)
respiration to make ATP. Some microorganisms, such as yeast, carry out alcohot
fermentation, which produces ATP and atcohol. In humans, however, muscie cells carry
out lactic acid fermentation, For example, if your muscles are fatigued and run out of
oxygen they will produce lactic acid, which causes muscle cramps. Only a small amount
of ATP is produced in anaercbic respiration.

Mitochondria- in both plants and animals, breaks down food molecules and
transforms food into energy (ATP)= the “powerhouse? of the cell
PRACTICE

Why is cellular respiration important?

What is the importance of ATP in a cell?

Light wniergy

Comparison of Cellular Respiration and Photosynthesis
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PRACTICE
1. Energy flows through an ecosystem from—
a. the sun to antotrophs to heterolraphs
b. the sun to heterotrophs to autorophs
c. autotrophs to heteratraphs and back to autotrophs
d. heterotrophs to autoiraphs and back to heterotrophs

2, Which of the following is not an autotroph?
a, Blue-green bacteria
b. Algae
¢. Plants
d. Humans

3. Which componnd is a major energy carrier in the process of photosynthesis?
a. DNA
b. Water
c. ATP
d. Carbon dioxide

4, During photosynthesis, the light reactions take place in the , while the Calvin cycle takes
placeinthe .

a. stroma, thylakeid

b. thylakoid, stroma

c. grama, thylakeid

d. stroma, grana

5. Cellular respiration involves an energy conversion. Which of the following represents the
energy canversion that occurs during eeliular respiration?

a. light eneegy to glucose

b. ATP tolight energy

c. ATP to glucose

d. glucose o ATP

6. What do both glycolysis and fermentation have in common?
a. They require oxygen
b. They produce lactic acid and ethyl alcohol
¢, Therequire light energy
d. They praduce ATP

7. Glucose is the starting point for celiular respiration. Which type of biomolecule is glucose?
carbohydrate

. lipid

protein

. nueleic acid

S

8. Bach chesnical reaction that occurs in cellular respiration relies on an enzyme. What role does
an enzyme play ni cellular respiration?

a. anenzyme reverses a chemical reaction

b. an enzyme converts light energy into chemical energy

c. anenzyme speeds up a chemical reaction

d. an enzyme contains the genetic information needed for the chemical reaction fo ocour

9. Which of the following contains an organelle for respiration?
a. prokaryote :

b. eukaryote

c. bacterial cell
d, cell without a nucleus 1

THE CELL CYCLE

The cell eycle is a sequence of several phases through which a cell passes a it grows,
prepares for division, and divides.

5
{DNA syathesis)

« Interphase- the stage where the cell spends most of its time, divided into...

o Gl (first growth) phase- cell undergoes growth, energy conversions,
transport or molecules, and synthesis of new molecules (normal cellular
functions)

o 8 (synthesis) phase- a copy of each chromosome is made. One complete
set of genetic information will be given to one nucleus that forms as a
result of mitosis, and the other complete set will be given Lo the other
nucleus.

(DNA is the instruction manual fos the cell. Bxact copies of DNA are passed on to
the next generation of cells each tme a cell divides, The overall process of DNA
replication (DNA copying itself to make new DNA for new cells) is shown in the
diagram below)

1. DNA molecule
is unzipped
{bonds benween
the nitrogen bases
are broken by
enzymes)

2. Free floating 3. Formation of two identical
nucleotides are added DNA molecules

1o their

complementary bases

o G2 (second growth) phase- cell prepares for mitosis

Orice interphase is complete, the cell is ready to enter mitosis...

12




+ Mitosis (M phase)- the process in which a nucleus divides to form two nuclei
o Chromosomes condense
o Chromosomes line up along the middle of the celk
o Fach member of & cliromosome pair moves to the opposite end of the cell
o The nucleus divides. Each nucleus ends up with the seme number of
chromosomes as the originai cell.
The cytoplasm divides (cytokinesis), resulting in two identical cells.

=]

ke NCT
replicatlon

While the events of the cell cycle are usually carefully regulated, mutations may fead to
loss of control of the celi cycle. Uncontrolled cell division is known as cancer.

PRACTICE

1. The cell cycle includes mitosis. What happens during mitosis?
a, each chromosome makes a copy of itself
. the cell cytoplasm divides to produce two cells
. the cell prepares Lo divide
. the nucleus divides so that each cell will receive a complete set of genetic
information

b
[
d

2. A yeast cell can complete a cell cycle every 90 minutes. Stanting with just one cell,
how many yeast cells should be present after 6 hours?

a 2 ’

b 4

c. 8

d. 16

3, During the very early stages of a person’s life, the rate of celt division proceeds
rapidly. During this time, cells show littte growth. What can you conclude from this
information about the cell cycle during thses very easly stages of development?

a. the cell cycle consists mainly of a long G1 phase

b. the cejl eycle consists mainly of M and S phases

c. most cells exit the celf cycle

d. most cells will not undergo mitosis

4, During the cell cycle, DNA is copied. Which type of biomolecule is DNA?
a, carbohydrate
b. lipid
c. protein
d. mucleic acid

5. The cell cycle requires energy. Which process supplies this energy so that the cell
cycle can take place in all living things?

a. respiration

b. transport

c. homeostasis

d. fermentation

6. Parl of the ceit cycle involves growth. Growth involves assembling smaller molecules
to make large ones. Which precess is responsible for making these larger molecules from
smaller ones?

a, iransport

b. respiration

c. synthesis

d. homeostasis

7. The cell eycle involves the division of the nucleus. Which type of cell undergoes
mitosis?

a, prokaryotes

b. eukaroytes

c. bacterial cells

d. only plant cells

8. Why must each chromosome make a copy of itself before the M phase begins?

9, What happens during the M phase of the cell cycle?

10. Why is the cell cycle important to the growth of an organism?




MEIOSIS

Meiosis is a special kind of cell division that produces gametes (sperm and egg) that have
only half the number of cheomosoraes as the parent cell,

Your body is made of somatic cells that each has 46 chromesomes. Of the 46
chramosomes in each of your body cells, 23 came from one of your parents, and 23 came
from the other parent. The two sets of matching chromosomes are called homologous
chromosomes. A cell (like a somatic cell) that contains both sets of homologous
chromosomes is said to be diploid. The rumber of chromesomes in a diploid cell is
represented by 2n. (For example, in humans 2n=46. The body cells of a fruit fly each
contain 8 chromosomes, which is written as 2n= 8.}

Hamologous chramosemes camain DNA
hat codes for 1he same genes. In thls
exampie. both chromasomes have ail the
same genss i the sams locatlons (repre-
senled with cofared stips). tun diffasent
‘yessiony of {hose genas (represenied by
Ihe differén shades of each color).

Homelogous regions code
[ar Ing same pene,

B
fsunuana
a;m m_m [1] ‘.m —m al

FT ) L4 oae Al

Sisler chromelids are exact BE..Bm.:]h“U\«\
Tl homeioous CIoMosomes ae nok

During fertilization, gametes (sperm and egg) unite, which leads toa complex series of
steps resulting in development of an adult organism. In order for each generation of
organisms 1o have the same number of chromosomes, gametes must contain only half as
many chromosomes as body cells. This way, In+ In=12n,

Meiosis results in cells that have half the number of mn

chromosornes of the parent cell. Thee cells are called m

haploig cells, and they are represented by In =23, M

Before meiosis begins, each chromosome makes an i DNA
exact copy of itself. The resulting copies are calied . M replication

chromatids, and are attached at the centromere.

During meiosis, the cell undergoes two cell divisions

called meiosis 1 and meiosis I, In meiosis I, Meiosis

homelogous chromosomes separate, ensuring that each \\ /x
new cell receives only one set of information.

The sister chromatids are still attached at the
end of meiosis 1, but must be separated.
Meiosis TI separates the sister chromatids, - -

At the end of meiosis, four genetically diverse, haploid
gametes are produced.

Maeiosis II -
£10618 ‘\ JX .T\

PRACTICE

1. Which of the following accurs in meiosis?
A. The chromesomes are copied twice
B. One cell produces four cells
C. One cell produces fwo cells
D. The nucleus divides once

2. If a parent cell has 18 chromosemes, how many chromosomes would be found ina
gamete that this cell produces?

A. 36

B. 18

c. 9

D. 6

3. Which statement correcily describes what happens as a result of the first meiotic
division?

A. sister chromatids separate

B. the chromosome number remains unchanged

C. each cell contains half the number of chromosemes of the original cell

I four gametes are formed

4. If a cell contains the alleles GgRy, which of the following represent a possible product
of meiosis?

A. GGRR

B. Gg

C. Rr

D. GR

5. Which process occurs in both mitosis and meiosis?
A. Cell specialization
B. DNA replication
C, Reduction in chromosome number
D. Two nuclear divisions

6. Why is meiosis necessary in a sexual lfe cycle?

18




DNA

Nucleic acids store information in cells in the form of a code. Deoxyribonucleic acid
(DNA) is the master copy of an organism’s genetic information. The information in
DNA contains instructions used to form nearly all of an organism’s proteins. DNA is the
blueprint for how an organism works and how it looks. For example, DNA
determines eye color, body siructure, and enzyme production. DNA is passed on every
time a cell divides. (The DNA in all of your cells is the same.) DNA is also passed from
one generation of an organisin 1o the next.

Nucleic acids are made of smaller subunits calted nucleotides. A nucieotide is made of a
sugar, a phosphate, and a nitrogen base. The sugar in DNA is called deoxyribose- this
is what the "D in DNA stands for. DNA has four possible nucleotides- adenine {A),
thymine (T), cytosine {C), and guanine {G). In DNA, nucleotides form two long chains
that form a deuble helix (like a winding staircase). The backbone of the double helix is
made up of sugar molecules and phosphate groups, and the two chains are joined {ogether
by hydrogen bonds between the nitrogen bases. The two bases that form each rung of the
ladder are called a base pair. In DNA, cytosine and guanine form one base pair; thymine
and adenine forsm the other base pair.

Hydragen bond

CABrart B i ra B¢

If the sequence of one strand on DNA is... ATC CGT GAT
TAG GCA CTA

its compiementary strand will be. ..

DNA forms the genetic code of an organism. The erder of the nitrogen bases (A’s,
s, C*s, and G’s) determines everything about every organism because it tells our
cells how fo make proteins, A protein is made up of amino acids. There are 26
different amino acids, and how your bady puts amino acids together determines how you
Jook and how you work. DNA contrals eye color and eye shape, hair color and texture,
and your other traits by controlling how your proteins are put fogether.

17

PRACTICE
1. If the sequence of one strand on DNA is... CTA GCT CCA

its complementary strand will be...

ad

If the sequence of one strand on DNA is... TCG CCG ATC

its complementary strand will be...

3, What does the “D™ in DNA stand for?

e

Name the three parts of a nucleotide:

“

What molecule determines your eye calor, enzyme production, and body structure?
A. Carbohydrates

B. Starch

C. Fatty acids

D. DNA

6. You look the way you Jook because of .
A. The amount of guanine in your celis
B. The number of sugars in your cells
C. The sequence of nitrogen bases
D. The strength of your hydrogen bonds

7. The backbone of the double helix is made up of molecules and
groups, and the two chains are joined together by lrydrogen
bonds between the .

8, Ifthe DNA of an organism contains 20% adenine, what is its percentage of guanine?
A, 20%
B. 30%
C. 60%
D. 80%

9. Which of the foliowing represents the building block of a DNA molecule?
A. Nitrogen-containing base
B. Phosphate group
C. Deoxyribose sugar
D, Nucleotide

10. What would you expect to find in all organisms?
A. The same genetic information
B. The same sequence of DNA nucleotides in the DNA molecules
C. The same percentages of DNA base pairs
D. The same four DNA nucleotides

1. In which organelle must DNA replication oeenr?
A. Cell membrane
B, Celi wall
C. Ribosome
D. Nucleus



PROTEIN SYNTHESIS- TRANSCRIFTION AND TRAN

DNA (deoxyribonucleic acid) and RNA {ribonucleic acid) are nucleic

acids. They are made up of smaller subunits called nucleotides.

Nucleotides are made up of three main parts: a simple sugar (deoxyribose
or D), a phosphate group, and one of four nitrogen bases: adenine (A),
thymine (T), cytosine (C), and guanine (G). The nucleotides in DNA
form two strands, which are held together in the center by the pairing of
nitrogen bases. Nitrogen bases atways join (or pair) in the same way.

Thymine always pairs with adenine and cytosine always pairs with
guanine in DNA.

Like DNA, RNA (ribonucleic acid) contains four nitrogen bases,
but instead of thymine, RNA contains a base called uracil (U}).
Unlike the double stranded DNA, RNA is made of a single strand of
nucleolides, each of which contains the simple sugar ribose (R).

Transcription

DNA is found only in the ceti’s nucleus, and DNA contains the cell’s instructions for
how to make proteins. Proteins are made, however, in the cytoplasm of the cell (by the
ribosomes). The information. must somehow leave the nucleus, but DNA is not permitted
Lo pass through the nuclear membrane. Instead, DNA can be copied into RNA, a copy of
instructions that can leave the nucleus and go to the ribosomes, The process of copying

DNA into RNA is called transcription. (Transcription results in an

SLATION

RNA copy of a

DINA strand.} The main enzyme responsible for transcription is RNA polymerase.

If a strand of DNA is
its complementary strand of RNA will be

(Remember that RNA has U instead of T!)

TAC GCA TCG ATG
AUG CGU AGCUAC

2. Free RNA
“" nucleotides pair up
with
complementary
1. DNA DNA bases
molecule is -
unzipped

3. A single sirand

™. of RNA s

produced, which
<rn break away,
feave the nucleus,
and find ribosomes

1* letter

Translation

After transcription {DNA is copied into RNA), the messenger RNA (mRNA) leaves the
nucleus where ribosemes can read the instructions and malke proteins (franslation).
Remember that proteins are made up of subunits called amino acids. Translation
involves wransfer RNA (tRNA) molecules, which bring amino acids together in the
correct order to build the correct proteins,

Rihosome

mRNA

tRNA molecules carry amino acids

The ribosome reads the mRNA in three letter groups called codons. You can use a codon
charl (Iike the one shown below) to determine which amino acid should be brought in,

3" lester

For example, if 2 sequence of mRNA is
AUG CAUUGC
then it is coding for the following amino

acids:
Met His Cys

2" Jerer

u C A [¢]
Pha Ser Tyr Cys U
U Pha Sor Tyr Cys C
Lew Ser stop shop A
Leu Ser stop Tp G
Ley Pra His Ay U
c Pra Hie Arg ©
Pro Gl Amg A
Pro Gin Arg G
- Thre Asn Sar U
A Thr Asn Ser C
Thr Lys Arg A
Thr Lys Arg G
Ala Asp Gly U
a Ala Asp Gy ©
Ala Glu Gly A
Ala al ay G

PRACTICE

1. How are RNA and DNA similar? How are they different?
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2. Which of the following base pairs with adenine (A} in RNA?
A. Guanine (G)
B. Uracil ()
C. Thymine (T}
D. Cytosine {C)

3. 1n order 1o be transcribed, DNA molecules separate between which of the following
parts?

A. Sogars

B. Nitrogen bases

C. Phosphate groups

D. Ends

4. Which of the following processes results in an RNA copy of a DNA strand?
A. Transcription
B. Translation
C. Replication
D, Mitosis

5. In order to be translated, RNA must travel to the cytoplasm. In order to reach the
eyioplasm, this RNA must pass through

A. the cell membrane

B, the mitochondrion

C. the environment surrounding the cell

D. pores in the nuclear membrane

6. If a sequence of mRNA is CUG AGU GCA, which of the following is the DNA
segment from which it was transcribed?

A, CGC ATG CGG

B. GACUCA CGU

C, GAG TACGCC

D. GACTCA COT

7. If a strand of mRNA is CUC GCA GAU, what is the sequence of amino acids that will
be produced? {use the codon chart provided above)

A. SerHis Lys

B, lle Met Thr

C. GlyLen Cys

D. Leu Ala Asp

8. If a strand of mRNA is UGC CAU GCC, what is the sequence of amino acids that will
be produced? (use the coden chart provided above)

A. Cys His Ala

B. Met Ile Ser

C. Gly Ala Thr

D. Tyr Trp Val

9. What is translation?
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Example of a mutation:

MUTATIONS

A section of DNA on a chromosome that directs the making of a specific protein is calied
a gene, Genes control the traits inherited by an erganism. If a change occurs in the
sequence of nitrogen bases, the trait may be changed. Human DNA is made up of ahout
6 billion base pairs, so it is not surprising that sometimes errors occur when DNA is
copied or when cells divide.

Any permanent change in the sequence of nucleotides is called a mutation. Seme
mutations, like flower color in piants, are not harmful, but some mudations can cause
disease. For example, sickle cell anemia and cystic fibrosis are diseases caused by
mutations.

Although many mutations are harmful, ¢hey also add genetic diversity to a species. Also,
if a mutation causes a change that is beneficial (helpful), the individuals with the helpful
mutation will have an advantage over organisms without the mutation.

Normal
mRNA

amino acids

Point Mutation
mRNA

amino acids

If a different nucleotide replaces one that was originally present, it is called a
substitution mutation. If & base is added, it is called an insertion mutation. If a base is
deleted, it is called a deletion mutation.

Mutations can also occur at the chromosomal level. For example, a piece of chromosome
may break off.

*k#Apy change in DNA or RNA can change which proteins are made,
which can change how our cells look and how our cells work*#*

Causes of mutations

Mutations are usually random events. Some matations are caused by mufagens-
substances in the environment like uitraviolet light, X rays, radioactive substances,
cigaretie smoke, and poliutants. If mutations eccur in body (somatic) cells, they can cause
cancer. Only changes in gametes {eggs and speem) are passed on to of fspring.
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The diagram to the right is a karyotype- a picture ﬁﬁ wp m x m _m % ____. .m
of chromosomes. Humans normally have 23 pairs 1 ? 3 4 s

of chromosome, but the individual whose LY wg KR ORE RE OBE ¥
chromosomes are shown here has an extra [ 7 8 o 12 Bl 2
chromosome 21. ‘This condition is called Down's g y
mw:%o:._m.m:am:mnm:mnmg_ nondisjuction fid An p LRI

(ct s separating incorrectly) durin Bouo® oo
chromosomes separating in c uri

g P £ Y g 2K 2K 4 #x %w
meiosis. 18 2 2 2 M
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PRACTICE

1. What is nondisjunction?
A. Pailure of genes to be passed on to future generations
B. A mutation caused by ihe environment
C. Failure of chromosomes to separate properly
D. A duplication of genes on a chromosoeme

2. Mutations in DNA molecules can occur when —
A. replication of DNA is exact
B. a DNA enzyme attaches t¢ an RNA codon
C. RNA codons are replaced by DNA nucleotides
D. a change occuss in DNA nucleotide bases

Codon Chart
Second Position
U C A G
Phenytalanlne ¢ Serine Tyroshe Cysigine u
u Phenplatanine { Serne Tyroshe Gyslelng c
Leuche Sedne Stap Stop A
Leucine Sedna Slop T [c]
teucine Froline Risikina Arginina o
¢ | Leveine Profire Hisildtie Argining c
Laucina Prollne Glutamine | Arglaine A
First Poslien Leuche Proling Blulamine Arglning G Thiid Positon
{57 Isoleuding Thieoaina Asparaghe Sulne u (3)
isolaucina Thieontsn Asparaghe Setlna c
A isoletichie ‘Fhreonine Lysina Arpinine A
Kethioning Threanlng Lysing Argining a
Vatlne Alanine Aspordls acld | Glydne u
G Valing Alanina Asportc add | Glycine c
Valine Alaning Glularie ecid | Glyclne A
Vallng AManine Glulamic seld_{ Glycing <]

3. Which of the following changes would e expected in the amino acid chain if the
following mutation cceurred? (use the codon chars above)

ACG GUC CCG —* ACG GCC CCG

A. The amino acid sequence would be shorter than expecied.
B. The identity of one amino acid would change.

C. The amino acid sequence would remain unchanged.

D. The identities of more than one amino acid wonld change.

23

4. Which part of DNA provides instructions for how to preduce a protein?
A. The sequence of nitrogen bases
B. The sugar motecules
C. The phosphate groups
D. The honds that hold the supar and bases together

o>

Substitutions, insertions, and deletions are known as “point” mutations because they
A. change the genetic information of DNA

B. affect the structure of a chromosome

C. involve only a single nucleotide

D. change the amino acid that is inserted into a protein

6. Which of the following can be a mutagen?
A. an inversion
B. atoxic chemical
C. anucleotide
D. arandom mutation

7. The DNA sequence TTT codes for the amino acid lysine. The DNA sequence TTC
also codes for lysine. What can you conclude from this information?

A. adeletion in the genetic instructions may not be significant

B. adding a nucleotide to a genetic sequence has no effect

C. any substitution that changes the genetic code affects a trait

D. this kind of substitution in the genetic code may go unnoticed

8. Which two types of biomolecules are directly affected by a mutation?
A. nucleic acids and lipids
B. nucleic acids and carbohydrates
C. proteins and nucteic acids
), proteins and carbohydrates

9. Any permanent change in 4 gene is called a .

10, When can a mudation be passed on to offspring?
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GENES AND DIFFERENTIATION

Hach of your cells and the cells of alf organisms
bave DNA, which are molecules that contain the
information o control the processes that keep cells
alive. Your cells” DNA is compacted into
chromosomes, which contain the genetic
information {o determine your traits, Each of your
traits is coded for by one or more genes, and each
gene accupies a specific location on a chromosome.

The DNA nucleotides that make up a chromosome
must be expressed as part of a well-regulated
process known as gene expression, H a gene is
expressed, the protein that it codes for is produced.
Cnly a fraction of the genes in a cell are expressed at one time.

Chromosome

All the cells in an organism contain the same genetic information, since all of the cells
develop from a single original cell. Mitosis {and the cell cycle} leads to the production of
identical copies of the original cell, resulting in a multicellular organism.

The celis become specialized as a result of differentiation. For example, the genes that
are expressed in a cell that will become a skin cell must be different from the genes that
will become a brain celf, In effect, there must be a selective process of furning genes on
and off in cells that will perform different functions in the adult organism,

PRACTICE

t. Which of the following represents the highest level of organization of genetic
infermation?

A. Nucleotide

B. Gene

C. Chromosome

D. ATC oG

2. Which is true ahout a gene?
A. All traits are determined by only one gene
B. A gene is shaped like a spiral ladder
C. A gene is made up of chromosomes
D. A gene occupies a specific place on a chromosome

3. Plants have specialized structures such as roots, stems, and leaves. What process is
responsible for the development of these different structures?

A. Cell cycle

B. Mutation

C. Photosynthesis

D. Differentiation

4. Tf aif of your cells contain the same genetic information, how can your cells have so
many different appearances and functions?

Gena 1

Gena 2

5

HEREDITY

Traits are inherited from one generation to the next. Each person inherits half of their
chromosomes from their mother and half of their chromosoemes from their father.
Genes- sections of DNA on a chromosome- controd traits. ‘There are different forms of
each gene called alleles. For example, a gene for flower color may code for white
flowers (one version/ allele) or red flowers (another version/ ailele),

Some importast teyms to use i peneties:
Homozygous- the two alleles for a trait are the same

Ex. If a plant inherits two copies of the red allele (RR)

If a plant inherits two copies of the white allele (r)

Heterozygous- the two alieles for a trait are different
Ex. If a plant inberits one copy of the red allele and one copy of the white
allele (Rr)

Genotype- the gene combination that an organism contains
Phenotype- the way an organism looks {its physical appearance)
Tn simple inheritance, if an organism is heterozygous for a trait, only one form of the trait

will be observed. The observed trait is dominant. The trait tha! is masked by the
dominant trait is recessive,

Bbx Eh

Punnett Squares are devices used to find out the possible offspring of a cross.

For example... In mice, black fur is dominant to white fur. If two heterozygou 8| BB
individuals (Bb) are crossed:

Bb

% of the offspring are likely to be black. (BB or Bb)
Y of the offspring are likely to be white. {bb}

bb

In a dihybrid cross, scientists examine the inheritance of two traits. While they may
appear intimidating, dihybrid crosses follow the same
rutes as above.

It order to set up a dihybrid cross, you must first

detenmine all possible gametes that each pasent can

contribute. In pea plants, round is dominant o
wrinkled ard yellow is dominant to green. Crossing
two heterozygous individuals will yield a 9:3:3:1

ey

phenatypic ratio.
RrYy x RrYy

\:““.\

m._.w.._‘
9 yellow and round
3 yellow and wrinkled

3 green and round
I green and wrinkled

7

28




Consider the following example...

Bird Trails Notice that the male is homozygous dominant for feathers
Gene Timit (GG), therefore he can only donate dominant (G) alleles
[} Graen teathers {dominant) for feather color to his offspring.
q Yetlow feathars (retessive)
L Long beak (dominant} This m:ﬂosummm: y means that m.u offspring will carry at
) Shot! beak (recesciva) least one deminant allele and will therefore have green

feather — regardless of female genotype.
GGL {mals) % G} {female}

PRACTICE

1. There are different forms of each gene called .

2. Which of the following is heterozygous?
A TT
B. tt
C. Tt

3, Tn fruitflies, long wings (L) are dominant to short wings (I). 1f ke following
individuals are crossed, what is the probability that their offspring will have long wings?

X1

A Y

B A

C. %

D. 100%
Allele Trait Type
T Bent tail Dominant
t Straight tail Recessive
B Brown eyes Dominant
b (reen eyes Recessive

TtRY (male} X uBB (female)

4, According 1o the table above, which of the following phenotypes would probably be
seen in all of the offspring from the parents shown above?

A, Benttail

B. Straight tail

C. Brown eyes

D. Green eyes
5. What is one possible combination that can be found in 2 gemete fromed by an
individual with the genotype AaBB?

A. AB

B. Ab

C. Aa

D. BB

6. How are genotype and phenotype different?
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EvVOLUTION

The differences in living things on Earth may be better understood through the study of
evolution- the gragual change in the characteristics of a species over time.

Charles Darwin is considered to be the founder of modem evolutionary theory. He
described natoral setection as a mechanism for change. When organisms with favorable
characlesistics for a particular environment survive, they are able to reproduce and pass
on the helpful variations to the next generation. If an organism has a less favorable
variation, it is ess likely to survive and therefore less Jikely to reproduce. Each new
generation will have more individuals with the hetpful traits, and fewer individuals with
harmful traits. There is a variety of evidence that supports the theory of evolution.

DNA and Amino Acid Sequences

By comparing DNA and amino acid sequences, scientists can determine whether or not
organisms are closely related, Close rejatives share more similarities in DNA and amino
acids than do distant relatives. For example, the table below shows the similarities and
differences in several species of insects. Based on the data, the screwworm fly and the
silkworm moth are the least genetically related because they show differences in
composition of 4 amino acids (cysteine, glutamic acid, glycine, and valine). -

Amina Acld Cormposition of Cytochrome ¢ In Some Organisms
Ao pad | Fruitpry | Seer | HEEET Y gikoamn Mot
Alanlng 10% 16% 10% 10%
Arginlne 4% 4% 4% A%
Aspastic acid 6% 8% 6% B%
Cystelna &% 6% 6% 4%
Glulamic acid 12% 12% 8% 8%
Glyalna 4% 2% 4% A%
Valina 2% 1% A% 8%

Fossils

Fossils are remains of once-living things that are preserved in
Barth's Jayered (sedimentary) rocks. The oldest fossils are bacteria
that lived on Barth about 3.8 hillion years ago. Although the fossil
record is not complete, the general pathway of evolution (change)
can be followed.

Anatorical Similarities

Sometimes structures of different organisms look the same, even
if they have different jobs. These structures are called
homologous structures. For example, the “arms” of a whale,
crocodile, and bird are used for different things but look a lot
alike, This suggests that the organisms may share a distant
COmmon ancestor.

Whale Crocodile Bird
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Sometimes organisms have structures that no longer have a job (these stractures are
called vestiginl structures), For example, we have an appendix that serves no obvious
function now, but may have had a job in a distant ancestor of humans. This provides
evidence (hat structures change over time.

Physiological Adaptations (changes in how an organism works/ breaks down substances)
I a bacterivm has a mutation that allows it to break down an antibiotic {(a chemical that
would otherwise kill it), this physiological change will allow it to survive better then
another bacterium without this helpful mutation, If the bacterium is better able {0 survive
an antibiotic, it is also mere likely to reproduce and pass on this ability to break down
antibiotics {antibiotic resistance).

Embryology
Studying organisms in their earliest forms of development alse helps scienlists see

similarities and possible relationships between organisms. For example, embryos of fish,
reptiles, birds, and mammals look very similar. This pattern indicates evolutionary
refationships among these species.

Mammal

Fish Reptile Bird

PRACTICE

1. Evolutionary relationships can be established by examining molecules such as the
profein hemopiobin, Which process is responsible for making protein molecules?
A, transiation
B. replication
C. photosynthesis
D. mitosis

2. are structures seen in different
organisms that look the same, even if they have different jobs,

3. Antibiotic resistance illustrates natural selection because if a bacterinm is better able
to survive an antibiotic, it is also more likely to,..
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Animal
A B [ b |E

Harse gl jpro | phe |the [ thr
Chicken | gln §glu | phe [ ser | thr
Tuna gln dglu |phe | ser | thr
Frop gla lala | phe | plu [ ibr
Human gln jpro |tyr | ser |thr
Shark gla jgln [phe | ser [ thr
Turtle gln iglu |ser |ser |thr
Monkey | gln {pro | iyr ser | thr
Rabbit gla jile |phe |ser |ithr

The table above shows a poriion of an amine acid sequence found in cytochrome ¢ {a
protein used for cellular respiration).

4. Compare the amino acid sequence of homan cytechrome C

with that of the other 8 vertebrates. For each vertebrate, count the Species Z.:EUE. of
number of amino acids that differ from those in the human and Differences
write the pumber in the table to the right. 0
Horse
5. Based on this information, which vertebrate do you think is Chicken
most closely selated to humans and why?
Tuna
Frog
Shark
6. Based on this isformation, which verlebrate do you think is Trtle
least related to huinans and why?
Monkey
Rabhbit
7. If fossils were found in Layer C (sandstone) and Layer a0

A (slate and siltstone), which fossil would be older and

why?

{a} Shale and sihstons

N~/

e
{b} Mmestone ﬂ

&) sandslone

i

Y, -
{d} slals /@WK
N

A

{1} granite _—/
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NATURAL SELECTION

Natural selection explains how species evolve, or change, over time. Natural selection
is based on several key principles:
«  Overproduction- Populations tend to praduce more offspring than can possibly
survive.
+ Inherited variation- Each individual has its own trais.
« Competition- Because resources are limited, there is a struggle for survival.
« Selection- The individuals that win the struggle for survival will be able to
reproduce.,

In summary, when organisms wilh favorable vasiations (helpfui traits) for a particular
environment survive and reproduce, they pass the favorable variations (helpful traits) to
their offspring. Organisms with less-favorable variations (not helpful traits) are less
likely 1o survive, and therefore less Tikely to mate. If they do not mate, they will not pass
on their traits, and over time we will see fewer and fewer individuals with that trait.

Traits that help an organism survive and repreduce are also known as
adaptations. Adaptations include body structures, chemical processes, and
behaviors that increase survival. For example, if a mutation arises that
allows an organism to blend in with their surroundings, they are less likely
1o be spotied by a predator. If an organism blends in and is not eaten (like

the insect shown here), it is more likely o survive and reproduce; thus the
camoufiage trait will be passed on.

Another example of natural selection is pesticide resistance. Pesticides are chemicat
designed to kill insect pests. If an insect has mutation that alfows them to break down the
chemical, the chemical will not kill it. If the insect lives, it can reproduce, and it will pass
on the ability to survive even when exposed to pesticides.

If two groups of a species are separated, they may become quite different as they each
adapt 1o their own environments. Speciafion is the formation of new species. This
occurs if the two growps become so different that they can no longer interbreed (mate
with each other). For example, the squirre] population shown below was split into
different areas, and is now two different species.

Tassel-eared squirrel

Adapted 1o a northern habitat Adapted 1o a southern habitat

Kaibab squirrel Abert’s squirrel

To survive a changing environment, each species must adapt to those changes,
Extinction is the disappearance of a species that cccurs when the Jast member of a
species dies.
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The fossil record shows different possible pattens of evolution.

+  Gradualism shows that some species change slowly over very long periods of
time.

« Punciuated equilibrivm involves spurts of change. There may be long periods
in which a species remains unchanged, intenupted by change that cccurs
relatively rapidly. (Keep in mind that “sudden” change in evolution can refer to a
period that only lasts for a few million years.)

3

m_:p:nn > change tal
(s} Gaadusliam model {t) Puncluated equillbrium modak
er b Pyt Tt e, i b Eerat

-~

PRAGTICE

1. How does camouflage aid in the evolutionary process?
A. Camouflage enables an organism to copy the appearance of another species
B. This adaptation helps an organism mutate
C. Organisms that are well camouflaged are more likely to escape predators and
survive to reproduce .
D. The ability to camouflage is lost during embryonic development

2. Industrialization in England in the early 1900s produced black soot that covered many
tree trunks and branches. Al the same time, the number of light colored moths in this part
of the country decreased over time. Why?
A, The soot killed only light colored moths
B. The light-cotored moths became extinct
C. The light colored mothers showed up against the dark tree bask and could be
easily seen by birds that fed on them
D. The light-colored moths became isolated from other moths and speciation
occurred

3, Overtime, natural selection cansed a change in the moth populations mentioned
ahove, Which of the following most likely occurred as the result of natural selection?
A. All of the moths became light-celored
B. The dark moths increased in number umtil most of this species in the area were
dark
C. The birds stopped eating maths and found a new food source
D. The moths were unable to reproduce and became extinct
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. . . TAXONOMY AND KINGDOMS OVERVIEW
4, Periods of drought (absence of rain) broke up the forest into smaller patches of trees.

Groups of tree frogs become separated, and changes built up over time. If the tree frogs Taxonomy is the branch of biclogy that is concerned with grouping and naming
meet now, they will not be able to reproduce, This is an example of organisms.
, or formation of new species.

Scientists use organize organisms using the following categories: domain,

5 — is the disappearance of a species that eccurs when the kingdom, phylum, glass, erder, family, genus, species. The sentence
last member of a species dies. “Dear King Phillip Cried Out For Good Soup” can help you remember the
. i . order of these categories from large to small.
6. Bryozoans are coral-like sea animals. These organisms first appeared in the fossi!
record about 140 million years ago and remained relatively unchanged for 40 million The more categories wo organisms share, the more closely refated they
years. Then they experienced a great diversification, Which process does this illuserate? are. Notice below that the cat and wolf are more closely related to each
A. mqmmcwj_ma other than they are to a fly. Cats and wolfs are in the same kingdom,
B. extinction phylur, class, and order.
C. fossil formation
D. punctuated eguilibrium Cat Wolf Fly
7. Assume that the environment on one of the Galapagos Islands changes. How might Kingdom Animalia Animalia Animalia
this environmental change affect the finches living these?
A. These finches may start 10 overpraduce. Phylum Chordata Chordata Arthropoda
B. These finches may no longer exhibit inherited variations. Class Mammalia Mammalia Insecta
C. These finches may lose their adaptations. . . K
D, Thee finches may lack the adaptations needed to survive, Order Carnivora Carnivora Diptera
) . Famil Felidae Canidae uscidae
8. A Chinook salmon fish in Ataska can produce between 2000 to 17000 eggs in a single L M
spawning. Which principle of natural selection does this observation suppori? Genus Felis canis Musca
A. Overproduction ! . :
B 1 ::a__..wﬁ 4 variation Species F. domesticus ¢, lupus M. domestica
C. Struggle to survive
D. Differential reproduction Scientists group and name organisms based on their similarities, Scientific names have
. ) . . . . two parts {binomial nomenctature)- the genus and the species. For example, humans are
9. Which of the foliowing provides the “raw materials” for the genstic variations that Homo sapiens (Homo= genus; sapiens= species).
play an important role in natural selection?
A. mitosis . Closely related organisms share their genns name, For example, you can tell that the
B. roSm.omEmmm L polar bear (Ursus maritimus) and the grizzly bear (Ursus acrios) are closely related
C. cell differentiation because they are both part of genus Ursus.
D. mutations e . .-
10, The diageam below shows relationships of selected species over lime. According to b -
this information, which of these species is expecied to have the most differences from the
ancestzal species (A)? A Time ‘
A. Species B L L : ;
B. Species D Ursus maritimus Ursus arctos
C, SpeciesE
D. Species G B
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There are three domains: Archae, Bacteria, and Eukarya., Archae and Bacteria contain
prokaryotic organisms (which lack nuclei and other membrane-bound organelles). The
twa prokaryotic domains differ in their chemical makeup, cell wall composition, and
response to antibiotics. Members of Fukarya are eukaryotic.

The key characteristics of each kingdom are summarized in the table below:

DOMAIN KINGDOM KEY CHARACTERISTICS EXAMPLES
. . Lack nuclei and other E. coli, Salmonelln
Bacteria | Eubacteria
organelles (prokaryloes)
Lack nuclei and other Bacteria that live in hot
Archae Archaebacteria | organelles (prokaryioes); live in | springs, volcanic vents,
exirame environments sulfur springs
Have nuclei and other Amocba, paramecium,
Protists organelles {eukarytoes); usually [ euglena
unicellular
Have nuclei and other Mushrooms, molds,
organelles (eukarytoes); usually | yeasts (unicellular}
Fungi multicellufar; decomposers

(feed on dead organisms); cell
walls made of chitin

Have nuclei and other Moss, ferns, flowering
Fuakarya organehies {eukarytoes); plants, trees
Plants mukticellnlar; carry out

photosynthesis; cells have celi
walls made of cellulose

Have nuclei and other Sponges, jellyfish,
organelles (enkarytoes); worms, insects, fish,
multicellular; heterotrophs birds, reptiles,

Animals (consnmers)- must feed on other | amphibians, mammals

organisms; mobile {can move),
cells do NOT have cell walls

PRACTICE

1. Which of these classifications is most specific?
A. Family
B. Phylum
C. Genus
D. Crder

2. The Ferruginous bird {Buteo regalis) is most closely related to which of the
following?

A. Flesh-footed shearwater (Prffinus carneipes)

B. Fulvous whistling duck (Dendrocygna bicolor)

C. Fork-lailed storm petrel {Oceanodroma furcaia}

D. Rough tailed hawk (Buseo lagopus)
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3, An organism that is only one cell big and has a nucleus is most tikely a member of
which kingdom?

A. Eubacteria

B. Archaebacteria

C. Protista

D. Plantae

4. What process can plant cells carry out that animal cells cannat?

3. To which kingdom does each of the following belong?
»  Dogwood tree-

s Amosba-

+ Bacteria that live in the hot sulfur springs of Yellowstone National Park-
» Sponges-

+ Mushroom-

6. Which of these kingdoms consisis of prokaryolic crganisms?
A. Eubacteria
B, Protists
C. Fungi
D. Plants

7. An organism that is multicellular, contains organelles, and produces its own nutrients
to use as an energy source is most likely a member of which kingdom?

A. Animalia

B. Fungi

C. Archae

D. Planiae

8, Which of the following would not be found in the kingdoms Protista, Fungi, Plantae,
or Animalia?

A. Eukaryotes

B. Prokaryotes

C. Single celled organisms

. Multicellalar organisms

9. The Texas longhomn cattle, Bos bos, evolved from an ancestor with the scientific name
Bos primingenius, What can you conctude from this information?

A. They are members of different families

B. They share their genus name

C. They share their species name

D. They belong to the same subspecies

10. What is an advantage of using an organism's scientific name raiher then its common
name?

A. The scientific name is always given in the native language

B. The scientific name is based upon the organism’s kingdom and phylum

C. The scientific name does not depend on any classification systenn

D. The scientific name clearly identifies the organism
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VIRUSES

Viruses are made ap of nucleic acids (DNA or RNA) surrounded by a protein coal. They
are smaller than the smallest bacterium,

Viruses consist of nucleic acid (genetic material} surrounded by a eapsid (protein coat}.

Most scientists consider viruses 1o be ponliving becavse they can’i carry out the most
basic processes of life. Viruses can't metabolize (break down) food 1o release energy
(carry out respiration) or grow.

The only thing that viruses can do is replicate {copy themselves}, but 1o do that they need
the help of a living cell. The living cell in which a viros replicates is called its host cell.

There are proteins on the surface of a virus that allow it to attach to a host cell. (The
shape of the protein on the virus must fit the shape of the receptor on the hest.) For
example, the virus shown below could infect the cell pictured because their shapes would
fit together.

4> proteins V|

Host cell

Virus

When a virus infects a host cell, it injects its DNA or RNA into the host and takes
cantrol.

If the host cell makes many copies of the virus (replicates viral DNA), the new viruses
explode from the cell and kill the host. The lytic eycle is characterized by viral infection,
replication and ceil destruction.
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Sometimes, when a virus infects a host cell, it may
stay inside the cell but not make new viruses. This
is called the bysogenic eycle. The virus’ DNA
becomes a part of {he host cell’s DNA, and every
time the host cell copies and divides, it also copies
viral DNA. The viral DNA may remain inactive (a
provirus) for a long time, but it can become active
when it frees itself from the host’s chiromosome,
which triggers the jytic cycle,
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Viruses cause human diseases, many of them serious. Some examples of diseases caused
by viruses are AIDS, the common cold, rabies, infiuenza (flu), hepatitis, chicken pox, and
warts. Doctors canpot use anfibiotics 1o treat viruses; antibiotics are used to treat
bacterial diseases. Antibiotics attack certain life processes that nonliving viruses do not

carry cut.

Doctors can prevent some viruses using vaccines. Vaccines are harmless viruses that
stimulate your immune system to fight off karmful viruses, Remember that viruses have
proteins on their sorfaces that allow them to infecy their host cells. Some viruses do not
change very often, so the vaccines for these vinises remain effective- smallpox, polio,
and measles are all easily prevented vsing vaccines. However, some vimses have surface
proteins that mutate (change) often, and the immune system can't recognize consiantly
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changing surface proteins. You may be vaccinated ioday against the fiu, but after the
virus mutates and forms a new strain, you could become infected again.

HIV, the virus that causes AIDS, is one of the most rapidly changing viruses, which is
why it is not possible at this time to develop a vaccine against it, A1DS (Acquired
Immune Deficiency Syndrome) attacks the body’s helper T cells, a pant of the immune
system- the bedy is unable to defend itself against infections. Most people infected with
HIV oniy develop sympioms years after that have been infected, so an HIV infected
person can feel healthy it s1ill spread the disease to others

PRACTICE

Viruses can reproduce only under which of the following conditions?
A. When they are outside a living organism

B. When they carry out respiration

C. When they grow or move

D. When they are inside a host cell

2. What is the main function of the projections on the surface of a virus?
A. They aid in respiration
B. They help the virus grow
C. They help the virus invade jts host
D. They help the virus digest food molecules

3. Which of the following cannot metabolize nutrients?
A. Viruses
B. Fungi
C. Animals
D. Bacleria

4. What do viruses have in commaon with living cells? They both...
A. store genetic information in DNA and RNA
B. have chloroplasts
C. use glucose for cellular respiration
D. have endoplasmic reticulum

b

Which of the following statements is true?

A. Viruses have no DNA or RNA

B. Viruses use host cells to repreduce .
C. Viruses contain no proteins

D). Viruses can be killed by antibiotics

6. Which of the following happens as part of both the yltic ¢ycle and the lysogenic
cycle?

A. New viruses are made

B. The host cell dies

C. The entire virus infects the cell

3. The virus injects its nucleic acid into the host celi
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7. The lytic cycle involves several steps. Which of the following is the final step of the
iytic cycle.

A. the host cell bursts

B. the virus injects its nucleic acid

C. new viruses begin to be made

D, the viral DNA becames part of the host cell’s DNA

8. What type of cell does HIV attack?

9, Why don’t antibiotics work against the fiu?

10, Why do scientists consider viruses to be nonliving?
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ECcoLoGICcAL RELATIONSHIPS

All organisms interact with others {and with their environment) to meet their basic needs,
Symbiosis is a relationship in which two different organisms live in a close association
with each other. Several important relationships include mutualism, commensalism, and
parasitism.

+ Mutualism is a symbiotic relationship in which both species are helped. For example,
there is a species of ants that live on a particular type of acacia tree. The ants protect the
tree by eating other insects that try to eat the tree. The ants also clear away debris from
the tree trunk, which gives it room to grow. In return, the ants receive shelter and nectar
from the tree. Another example of mutnalism exists between you and bacteria, E. coli
provides vitamins for your body, and in retarn, you provide nutrients and shelter (in your
intestines) for the bacteria.

» Commensalism is a symbiotic relationship where one species is helped and the other
species is neither harmed nor helped. For example, Spanish moss grows on the branches
of lasge trees, The moss is helped because the trees provide a safe place to live with
pleaty of sunlight, but the larger trees are not harmed or helped.

» Parasitism is a symbiotic reiationship where a parasite henefits by harming a
host. For example, & flea is a parasite of dogs. Parasites do not usualty kill
their hosts, becanse without a host, the parasite would die.

While not true symbioses, compelition and predation are also immporiant
interactions.

Competition is an interaction between twe or more species that use the same resources.

Predation is when one organism eats another. For example, hawks kill and eat other
animals (like mice). Hawks are predators and mice are prey. Predation is an important
relationship because il provides the predator with the energy it needs to carry out life
functions. Predation also controls the size of predator and prey populations, If the
predators over-hunt its prey, the population of prey will decrease. BEventually, as the
predators run owt of food, the predator population will also decrease. With fewer
predatoss, the number of prey will be able to increase. For these reasons, we ofien see a
cycle of population increases and decreases over time.

The relationship between population size of predator {tynx) and prey (snowshoe hare) is
evident in the graph below:

Snowshoe hare
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PRACTICE

Certain fungi live underground in threadlike nets surrounding the roots of plants. The
fungi get food from the roois, and the neis affow plants to extend their roots; this helps
the planis get minerals from the soil.

1. What {ype of relationship do the fungi have with the planis?
A, Predation
B. Parasitism
C. Commensalism
D. Mutualism

2. Predict what would happen to the plants if the fungi died off.
A, The plants would thrive
B. The plants would not be affected
C. The plants would grow more slowiy
D, The plants would become extinct

3. How does parasitism differ from predation?
A, Parasitism does not occur among mammais
B. Parasitism does not usuatly result in the death of an erganism
C. No organism is harmed in a parasitic refationship
D. No organism is harmed in a predator-prey relationship

4, is when one organism eats another. For example, bears
are and fish are .

5. A parasite is often a pathogen. What does a pathogen do?
A. provide benefits
B. search for prey
C. kill its host
D. cause disease

6. Birds live in close association with bison. As the bison walk, they kick up insects that
the birds can eat. The bison are unaffected by the birds. This is an example of .

A. Parasitism

B. Commensalism

C. Muotualism

7. Tapeworms can live in your intestines. They receive nutrients and can make you very
sick. This is an example of .

A, Parasitism

B. Commensatism

C. Mutualism

8. Insects feed on nectar produced by flowers. When the insects land on the flowers,
they pick up pollen and spread the pollen to other flowers, helping the plant reprodace.
This is an example of .

A. Parasitism

B. Commensatism

C. Mutualism
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ECOSYSTEMS

+ A population is a group of individuals that belong to the same species and live in the
same arca.

« Al of the populations in an area make up a community,

«  An ecosystem consists of all living and nonliving things within a certain focation,
Ecosyslems are made up of the interactions that occur among the living organisms of
a particular place, and between those organisms and their swroundings. (The living
parts of an ecosystem are called biotic faciors; trees and animals are biotic factors.
The nonliving parts of an ecosystemn are calied abiotic factors; soil, water,
lemperature, and light are abiotic factors.)

« A biome is a large area characterized by its climate and the organisms ihat live there,

Biadiversity refers to the variety of organisms in a given area. The more diverse an
ecosystem is, the more likely it will be to adjust to changing conditions. For example, if
an ecosystem is disrupled and a species is lost, an ecosystem rich in biediversity will
likely have other species available to £ill in for the loss,

Regardless of which biome a population lives in, all osganisms depend on the
environment for resources. Due to limited resources, each ecosystem has a maximum
number of individuals that it can support, called its carrying capacity.

Sueression is a natural process of replacement of one community by another community
in the same location over time. A pioneer community is made up of the first living
things to move into & new envirommeni, Pioneer species are usually small, fast-growing
plants.

« Primary succession is the development of a community in an area where no
living things previonsly existed. Primary succession follows voleanic eruptions
or retreating glaciers.

« Secondary succession is the replacement of one type of community where an
existing community was destroyed or removed. Secondary succession follows a
forest fire or deforestation,

PRACTYICE

Number of Individuals

tme

1. What is happening at point B in the graph above? Why?
2. What is happening at point C in the graph above? Why?

3. What is happening al point D in the graph above? Why?
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4. Ecosystems include both biotic and abiotic factors. Which of the following is an
abiotic factor?

A. apopulation

B. soil

C. a community

D. organisms

5. The long-term survival of a species is dependent on resources. The survival of the
species is less fikely if these resources are

A. limited

B. not used by other species

C. plentiful

D. renewable as a resul of natural processes

6. The environment can be arranged into different levels of organization. Which of the
following shows a correct sequence that proceeds from a smaller level of organization 1o
alarger level?

A. biome,.. habitat

B. species.., population

C. community... population

D. ecosystem... bieme

7. Light is an imporlant abiotic factor in all ecosystems. Which cellular process depends
on light?

8. Al orpanisms within any ecosystem have something in common. All organisms share
A. the components that make up their genetic code
B. the same organelles
C, the same method of obtaining nutrients
D. the ability to reproduce asexuatly

9, Succession involves one community replacing another. What must be true of each
conumunity that appears?

A. the populations are adapted to their environment

B. the populations get larger as the next community is established

C. the populations contain very simple life forms

D. the populations move to a different area to reestablish themselves
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MATTER AND ENERGY iN ECOSYSTEMS Trophic levels: steps that energy passes through

The interactions that take place among biotic and abiotic factors Jead lo transfers of 4th trophic Jevel: tertiary consumes  —-—-— e —w— —mn s — =
energy and matter. Every species has a particular role, or niche, in an ecosystem. {the third organism that eats)- vsually a “top” camivore

Antotrophs are organisms that use energy from the sun to produce their own foad, 3rd trophic level: secondary consumer

(Autotrophs are also known as producers.) (the secand organism that eats}- a carnivore ~— — =" =~

{meat eater)
Heterotrophs are organisms that depend on other erganisms for food. {(Because they

conswme rather than make food, heterotrophs are also known as consumers.} A 2nd trophic level: primary consumey

heterotroph that eats only plants is known as an herbivore. Heterotrophs that eal meat (the first organism that eats). — " ooreeT T T T TS

{other heterotrophs) are called earniveres. Omnivores are heteratrophs that eat both always an herbivore {plant eater)

plants and animals. Also, scavengers are heterotrophs that feed on animals that are

already dead, For example, valtures clean up the bodies of dead animals. Decomposers Ist (rophic level: always a producer ———vmomimegfimn—
are consumers that break down and absorb nutrients from dead or decaying organisms. (an organism that carries out photosynthesis)

Many bacteria and most fungi are decomposers. (Energy for producers is provided by the sun.}

— E — m...m..m< Flow ._.:qo:m_..

N an Ecosystem
E - * Omaivore _ 4 k,ﬁw
Tartlary Cuerntvore Hawk &
/ _ Antotroph _ \1 consumer >/ 5
ww.o.“.__e“..!qﬂ nna_n.xi' 4

Food chains and food webs are pictures {hat show relationships among organisms. Each pumry  Herblvore/
link in a food chain/ web represents a feeing step {trophic level). The arrows in a food

chain or food web show the direction of energy flow. (That is, arrows point to the
arearism that receives the enerey,) Only about 10% of energy passes to the next level

Producas ot : A acond
of a food chain. At each level, the other 90% of energy is “lost” to the environment RTINS . ﬁm__.___n
as heat. Most food chains are onky 3-4 links long because by the last fnk, only a small [ L
poriion of the original energy is left, s Sl N ; levet

A mcaa chain represents one possible path for Em transfer of energy in an nno&ﬁma.

The passage of energy through an ecosysiem is accarately represented as a pyramid
E > H » E » E_.mu.E because the producers contain the most energy. Only about 10% eof energy passes from
e ———_——— one fevel to the next. At each higher step, some energy is “lost” to the environment
as heat,

A faod web shows many possible feeding relationships:

PRACTICE

Comman Food Web

1. Which of the following is a biotic factor in an ecosystem?
A, Air
B. Soil
C. Water
D, Tiec

2, Only 10% of energy is passed from one trophic level 1o the next. What happens to the
energy that is not passed on?
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3. Which of the following correctly illustrates the flow of energy throngh an ecosystem?

A. C.
herbivores producers
carnivores ’ camivores
producers herbivores
B. camivores D. oroducers
herbivores herbivores
producers camivores
4. Ultimately, what is the source of all energy for life on Earth?
5. Which level of an energy pyramid contains the most energy?
A. producer C. tertiary consumer
B. primary consumer B. secoadary consumer
6. In the food chain below, the monse isthe .
A. producer : C. competitor
B. primary consumer D. secondary consumer
grass _ — _ grasshopper | —* _ mouse — owl

7. Which of the following are “nature’s recyclers”?

A. producers C. consimers
B. decomposers D. plants

8. An ecological pyramid is sometimes referred 10 as a pyramid of numbers. Which
ievel in & pyramid of numbers would contain the fewest organisims?

A, producers C. secondary consumers

B. prisnary consumers D. tertiary consumers

9, Food webs show the feeding relationships that exist in an ecosystem. What can
impact the stability and therefore the feeding relationships that exist in an ecosystem?
A, presence of adaptations

B. lack of mutations
C. an environmental change
D, zero population growth

A7

ANIMAL SYSTEMS- DEFENSE
Varions organ systems function to defend and protect your body from injury and disease.

In response to danger, many organisms rely on the actions of the skeletal and muscular
systerns.

Your skeletal system provides a framework for the tissues inside your body. Your
skelelon protects your internal organs, including your heart, lungs, and brain. Your
bones alse provide firm points of attachment for your muscles. Bones are alive, and
are made of connective tissue.

Your skeietal system functions with your muscular

system to allow you to move. Your limbs move

because muscles contract (shorten). For example, Trleeps
in the diagram below, you are able to bend your

arm because your biceps muscle shortens. If you .\U Yt bicges
wanted to straighten your arm back out, you could M < tnc
contract your triceps muscie, Muscles are connected to e
bones with tendons. PR tUlna
relasens  and
geb sbickled eltowTout

® FlLctum

The largest organ in your body is skin. Skin is a covering, which makes it part of your
intepumentary systens. Skin helps your body maintain homeostasis (an ideal internal
condition). Skin helps maintain homeostasis by:

+ regulating body temperature (sweating helps cool you down)

» protecling against physical and chemical damage

s serving as & sensory organ (receives information about pressure, pain, and temperatvre}

The immune system is responsible for fighting disease in our bodies.
Pathogens (micrescopic organisms that can cause disease) sometimes
invade out bodies, but the immune sysiem can detect and destroy
invaders, ‘The immune system consists of three types of cells:

Phagacylosis

+ macrophages- surround, ingests, and destroys invaders
s T cells- coordinate attacks on invaders
¢ B celis- produce antibodies- proteins that recognize pathogens

Macrophage
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PRACTICE

L

6.

What body system represents your first line of defense against disease?

. What is the primary function of the integumentary system?

A. To break down nutrients

B. To aid in movement

C. To deliver nutrients to the body's cells

D. To protect the body by maintaining homeostasis

The place where two bones meet is called a joint. To what body system do joint belong?
A. Cirenlatory system

B. Skeletal system

C. Muscular sysiem

D. Digestive system

. Which of these systems would best protect you from getting a cold?

A, Tmmune system
B. Digestive sysiem
C. Excretory system
D. Circulatory system

Which of the following is directly caused by actions of the museular system?
A. Regeneration of nerves

B. Healing of wounds

C, Extension of limbs

D. Release of harmones

HIV, the virus that causes ATDS, attacks Helper-T cells. These cells are part of which

system?

A immune system

B. integumentary system
C. excretory system

D. respiratory system
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HOMEOSTASIS

All cells and organisms must maintain a constant balance in their internal envirenment in
order {o stay ative. Homeostasis is the process by which cells maintain a balance. Many
organisms use feedback mechanisims to maintain homeostasis. A feedback mechanism
is a systemn of checks and balances in which the end prodact in a series of steps controls
the first step in the series. It invoives constant communication by various parts of the
body,

Thermoregulation is an example of how
homeostasis is maintained through &
feedback mechanism, In this case, . o
. Se1 i
communication takes place between the polnt H
brain and the skin, The brain menitors body
temperature and sends signals to the sweat
glands in the skin. If the temperature is too
high, the sweat glands will release water. As
sweat nﬁ_ﬁo..wﬂmm. the temperatuse drops.
Once the temperature is back within a
normal range, the brain instructs the sweat remperaturs |

Bignal
wlre fums
Ireater off

glands to stop secreting water. This is an o

example of negative feedback, because it _
shuts off {he original stimulus {o return the
hody to normal.

Cacpipre

Seme homeostatic mechanisms use a positive feedback system. Positive feedback is the
opposite of negative feedback because it causes a further increase in response. One
example is the onset of contractions in ehildbirth. When a contraction occurs, the
hormone oxytocin cavses a nerve stimuius, which stimulates the hypothalamus to
produce more oxytocin, which increases wierine contractions, This results in centractions
increasing in amplitude and frequency. Another example is the process of biood clotting.
The loop is initiated when injured tissue releases signal chemicals that activate platelets
in the blood, An activated platelet releases chemicals to activate more platelets, causing a
rapid cascade and the formation of a biood clot.

PRACTICE

1. Which type of feedback system operates to shut itself off?

2. Compare and contrast negative and positive feedback systems.
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ANIMAL SYSTEMS- NUTRIENT ABSORFPTION

All organisms need energy, and nutrients supply this energy. Nulrients
also enable the body to grow and maintain homeostasis, Most
multicellular organisms have a digestive system made np of organs
working together to break down food into simple, useable substances.

The energy of foods is comtained in the molecules of lipids,
carhohydrates, and proteins, but the molecules are too big to pass through
your cells” membranes. ‘The digestive system uses two processes to break
down food: mechanical digestion (crushing and mashing) and chemical
digestions {using enzymes io break apart honds},

The muscles in your jaw break food into smaller pieces while enzymes in the mouth start
breaking down carbohydrates. The esophagus Js a tube that connects your mouth and your
stomach. The esophagus uses involuntary muscle contractions to take food 1o your stomach,
which mixes food and breaks it down using dipestive enzymes.

Imet szt - st
teria,

Following digestion, the small subunits of food must be
absorbed by our cells, The main site of nutrient absorption
is the small intestine, which has infoldings called villi that
increase the surface area. The greater the surface area, the
more nutrients can be absorbed. Each villus has a capillary,
a tiny blood vessel that can carry nutrients from the
intestines to the rest of the body. (The network of blood
vessels in the circnlatory system is responsible for
transporting substances (such as gases and nutrients)
throughout the body.)

Foods contain substances other then nutrients. Undigested materials are not absorbed, so they
pass as wastes through the large intestine, rectum, and anus. Large amounts of waler are
reabsorbed by the Jarge intestine. Also within the large intestine, E, coli receives nutrients and
shetter, and in return produces vitamin K,

PRACTICE
1. In which part of your digestive sysiem are nutrient absorbed?
a. Mouth
b. Stomach

c. Small intestine
d. Large intestine

2. Antibiotics kifl bacteria. 'What might happen if a person takes so many anlibiotics that
all ithe bactesia in the large intestine are killed?
a. The person may develop a vilamin deficiency
b. The person sill not be able to absorb nutrients
c, The person will not be able to store waste in the large intestine
d. The person will not be able to digest foods

Ll

Which of the following do the villi of the small intestine reveal about multicellular
organisms?

Organs wark {ogether to make up an organ system

Different systems work together

Structure and function are related

Villi are unnecessary for absorption to occur

oo oo

Both the stemach and the small intestine secrete large amounts of water to aid in
digestion, What happens to this water.

a. Microorganisms in the large intestine use all of this water

b. Most of the water is eliminated from the body

¢. This waler is changed into nutrients that are absorbed

d. Most of this water is reabsorbed in the large intestine

Capillaries of the circulatory system are responsible for delivering nutrients to ali the
cells in the body, Where did capillaries first pick up these murients?

a. Inavillus

b. From a bacterium

¢. From undigested materials

d. 1Inthe esophagus

Enzymes play an important role in the production of nutrients, What do enzymes do?
a. They speed up the process of diffusion
b, They speed up the rates of chemical reactions
c. The change one type of biomolecule into another type
d. They slow down the breakdown of macromolecules .

Digestion involves the changing of proteins into individual amine acids. Which process
does the reverse by assembling amino acids to make a protein?

. Transcription

b. Translation

¢. Replication

d. Mutation
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AMIMAL SYSTEMS- REGULATION Another regulatory system is the respiratory system, which
regulates blood levels of oxygen and carbon dioxide. As

There are several organ systems that work together to maintain an organism’s internal carbon dioxide levels in the blood rise, the brain sends a

environment, despite changes that occur in its external environment. message {o certain muscles to start breathing faster. As a
result, the lungs release the excess carbon dioxide into the

The nervous system collects and interprets information from inside and outside the body, Tt aiso envirenment, and at the same time pick up more oxygen

coordinates the responses 1o this information as needed. Some important structures of the brain from the environment.

include:

* Cerebrum- the fargest part of the brain, where you think and
reasoqn, stores memories, detects stimudi

» Cerebellum- reguiates coordination and helps you keep your
balance

e Medulla- controls involuntary processes such as blood pressure
and heart rate

« Hypothalamus- controls body temperature (the bedy's
thermostat)

PRACTIGE

—

. Which of the following is common o the nervous,
endecrine, and respiratory system?
a. Hormones
b. Regulation
¢. Interpreting messages
d. Positive feedback mechanisms

// Loopuhium ’

Taeduia
(Breta Slam)

The Bervous system is made up of the brain, spinal cord, and nerves. ) L . . .
The spinal cosl extends along the back of the body, and specialized structures called nerves 2. Dinbetes is a disease in which the blood glucose level can get very high. What js not

extend from the spinal cord to all parts of the body. mcna_mo%”m Ecuo&_‘ in a person with diabetes?
e e L et a. Thermeregulation

Another system that helps maintain homeostasis is the b. Nervous systern

e PRy Finealhedy . endoerine system, which is made up of glands that secrete ¢. Bloed oxygen content
Piledasy . ,.m.ﬂ/ - . " hor to other parts of the body. Hormones are chemical d. Negative feedback mechanism
snbstances that are made in one organ in the body and travel
Forathyrolis TATH -\, Thyratd gland - through the btood to other specific parts of the body where they 3. A person who gets nervous often breathes faster. What does this show about organ
: controi activities, systems?
_ ain b i< is blood a. They work together to regulate bady processes.
N Yo - An example of how hormones maintain homeostasis 1s bloo b. They work independently to regulate body processes.
i ghnds e, glucose jevels. When blood glucose levels rise, insulin is c. 'They may fail to coordinate body processes.
© released, which causes glucose to be taken into body celis, If d. They do not play a role in regulation of body systems.
Fancean’ |ayels of glucose in the blood become too low, & hormone called
glucagon causes stored glucose (glycogen) to be released. 4. What normaily happens when the blood glncose level falf?

Specora e a. The pancreas stops working

b. The pancreas secretes insulin

c. The pancreas secretes glucagon

d. The pancreas secretes both insulin and glucagon

Strmtalss
e ycayen
S  rrads Tl

5. Which two organ systems are mainly responsible for regulation of hody processes?
a. Nervous and endocrine
b, Circulatory and nervous
¢. Nervous and muscular
d. Endocrine and skeletal

Yeattles

6. Thermoregulation allows an organism to survive in a changing environment. Therefore,
thermoregulation represents

Riresdt a, A mutation
flucase N !
pacii b. A replication

e

c. A homelogy
d. An adaptation

ycdan
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ANIMAL SYSTEMS- REPRODUCTION

The reproductive system consists of various organs that work together to produce new
individuals. 1 functions not to keep the organism alive, but rather to maintain the species.

* Asexnal reproduction-involves only one parent, produces offspring that are genetically
identical to the parent (examples: fragmentation and budding)

* Sexual reproduction- relies on two parents, produces offspring that are genetically
different from the parents and from each other, involves union of gametes (sperm + egg=
Zygote in a process known as fertilization),

In humans;

- Males- testes produce sperm and testosterone (a hormone) thal helps regulate sperm
production and male characteristics

- Temales- ovaries produce eggs and estrogen and progesterone (hormones) that regulate
the release of eggs and female characteristics. After being released from the ovary, an
egg enters the Fallopian tube and travels to the werus. I it is fentilized, it will stay in the
uterus and develop over a month month perjod. If the egg is not fertilized, it will be
released outside the body (during menstruation).

PRACTICE

1. 'Why are the ovaries and testes considered to be a part of both the repreductive and
endocrine systems?

2. Some organisms, such as bacteria, can repraduce by splitting into two new cells. This
form of reproduction is called binary fission. Is binary fission an example of asexval or
sexual reproduction? Explain your answer.

3, Which is true of asexual reproduction?
a. It requires the production of sperm and eggs
b. Offspring are the same as a single parent
¢, It occurs when an egg is released from the ovary
d. It is more complicated than sexual reproduction

4. Which term is associated with sexual reproduction
a. Fragmentation
b. Budding
¢. Fertilization
d. Single parent

5. Which of the following would not be associated with any part of the reproductive
systemn?
a. Thermoregulation
b. Gametes
c. Meiosis
d. Chromosomes
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PLANT SYSTEMS
TRANSPORT

Plants use specialized cells to transport water, minerals, and nutrients through the rocts, stems,
and leaves. Vascular tissue transports materials, such as water, nutrients, and sugars throughout
a plant.
+  Xylem- fransporis water and minerals from the plant’s roots, up the stem, and to the
leaves
s Phlcem- transports nutrients, such as sugars, throughout the plant

The driving force behind water movement in a plant is transpiration (the loss of water from a
leaf). This movement of water from the leaf’s surface pulls other water molecules from the root
upward, Water molecules stick to each other (and to the walls of xylem) using hydrogen bonds.

Water escapes from the leaf through pores called stomata, Stomala are surrounded by guard
cells, which are plump and form openings when water is plentiful, These openings are important
for gas exchange, so that plants can take in carbon dioxide they need for photosynthesis, and
remove the oxygen produced in photosynthesis. When too much water has been lost, the guard
cells shrivel, which causes the stomata to close. The stomata must balance the need for gas
exchange with prevention of excessive water loss,

water evaporates
J from leal surface

high swaler

vidpor conlon

waler iravels
: through plant

water vapar co,

f igh CO
Vibsrlohiont  cdniant 2

Figure 25. Stomala open lo allow carbon dioxide (G0
1o enter & isaf and water vapor to leave,
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PLANT SYSTEMS
REPRODUCTION

Plants use both asexual and sexual reproduction.

Vegetative propagation is a method of asexual reproduction in plants where one plant gives rise
to new plants. This can be done by sending out a horizontal stem, either above or below ground.
These are called runners and thizomes,

Ins sexunl reproduction, some plants depend on flowers, which come in a variety of shapes and
sizes. The colors, fragrances, and nectars are adaptations to attract pollinators, There are four
main parts of a flower:
¢ The sepals are often green and make up the outermost part of {he flower. The sepals
protect the flower while it is a bud.
« The stamen is the male reproductive structure of a flower, where pollea is produced.
Pollen contains sperm.
= ''he pistil is the female reproductive structure of a flower.
= The petals are the colorful pasts of the flowers, which attract birds and insects.

Pollinators are important because they transfer pollen (with its sperm) to the pistil, Theegg is
contained at the base of the pistil within an ovule. When the sperm reach Lhe egg, their nuclei
fuse in fertilization. After fertilization, the ovule devetops into a seed, which protects the tiny,
developing plant. The sced is then dispersed by wind, water, or an animal, and when conditions
are right (optimal temperature, water, and oxygen}, it will germinate (sprout).

Slarmeh

Anther

Filamant

Petal

Cvary ————— < Cwule wilh Embryo Sac

Sepal
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PLANT SYSTEMS
RESPONSE

Animais respond to al} kinds of things. Degs run after toys, cats chase mice, and you answer
questions when you are called on in class. Even though planis can't rin or spesak, they still
respond to a variety of stimubi, including light, gravity, and even touch.

Plant responses are called fropisms, A tropism is the movement of a plant in response to a
signal from (he environmeat.

* Positive tropisny- movement toward a stimulas

« Negative tropism- movement away from a stimubus

Sinee plants do not have nervous systems, they rely on hosmones to stimulate or inhibit plant
growth, A major class of plant hormones is called suxin, which causes plants to grow teward
light.

Phototropism- response Lo light
Gravitroplsm- response to gravity
Thigmotropism- response fo touch

Auxln released on
dark slde of shoot

Area c—nm__v\
elongatlon
\\M\\.\V

hoot grows
towands sunlight

Plant Normal
Shoat size cells

(305 T TP oY

Phototropism

Gravitropism

Thigmotropism -
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PRACTICE

1. The vascular tissue of a plant transports various substances, Which substance would you
expect to find in phloem, but not in xylem?

a. Glucose

b. Iron

¢. Potassiom

d. Water

2. Xylem and phloem carry out specific functions in a plant, Which of the following terms does
not apply to either xylem or phioem?

Specialized cells

Eukaryotic cells

. Differentiated cells

Prokaryotic cells

oo

P.ﬂ

3. The transport of water throngh a plant depends on roots absorbing water. Roots depend on
0smosis to cbtain waier. In osmosis, water always
a, Moves from a high concentration to a lower concentration
b. Moves from a lower concentration to a higher concentration
c. Moves so that the concentration of water on one side of the cell membrane is higher than
on the other side
d. Moves until there is no water left on one side of the cell membrane

s

What is the difference between pollination and fertilization?

o

What is a seed and what does it contain?

o

What is the function of the petals in a flower?

=

A growing seed cannot yet cany ont photosynthesis. Therefore, a seed must contain
a. Water

b. Nutrients

c. Xylem and phloem

d. Reproductive siructures

8. What do plants and animals have in commeon in their responses to stimuli?
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