(A) Hypothetical evolution of the ER (B) Evolution of the chloroplast according
to the Theory of Endosymbiosis

An ancient prokaryotic
cell has no internal
membranes.

Cell membrane S l Nucleus

DNA in nucleoid Mitochondrion

l Cyanobacterium

An ancestral eukaryotic
cell endocytoses a
photosynthetic
cyanobacterium.

The cell membrane
folds inward.

Many modern-day
prokaryotes have
membrane infoldings.

The endocytosed
cyanobacterium loses
most of its genetic
material to the host
nucleus but retains the
ability to photosynthesize.
It is now a plastid.

Further membrane
infoldings begin the
formation of the ER,
creating a segregated
compartment. The ER
surrounds the nucleiod
and forms the nuclear
envelope.
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Initiation

Transcription [§ Elongation

Ul Termination

Translation

Polypeptide

RNA polymerase binds to
the promoter and starts to
unwind the DNA strands.

(A) m Complementary

strand

Rewinding

of DNA Unwinding Termination site

of DNA

Template L Initiation
strand site RNA polymerase moves along the DNA template
strand from 3’ to 5” and produces the RNA

transcript by adding nucleotides complementary

to the DNA template to the 3" end of the growing RNA.

Promoter

13 Elongation

Direction of
transcription

Exiting DNA

%L

‘ 4. Ribonucleoside triphosphates
(ATP, UTP, CTP, GTP)

Template strand When RNA polymerase reaches the

- - termination site, the RNA transcript and
©

polymerase are released from the template.
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1§ The protective

cell wall was lost. DNA

/ﬁ\/ Cell wall

é Infolding of the

cell membrane
added surface area
without increasing
L the cell’s volume.

é Cytoskeleton
(microfilament
and microtubules)
L formed.

é Internal membranes
studded with
ribosomes formed.

é As regions of the
infolded cell
membrane enclosed
the cell’s DNA, a
precursor of a

nucleus formed.
- =
é Early digestive
vacuoles evolved
into lysosomes using
enzymes from the early
L endoplasmic reticulum.

é Mitochondria formed
through endosymbiosis
L with a proteobacterium.

Microtubules from the
cytoskeleton formed
the eukaryotic flagellum,
enabling propulsion.

Endosymbiosis with
cyanobacteria led to
the development of

chloroplasts.

Chloroplast

Mitochondrion
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(A) Primary endosymbiosis

Eukaryote Cyanobacterium

Cyanobacterium
outer membrane

Over evolutionary
history, one of
these three
membranes

was lost.

Peptidoglycan

Cyanobacterium”
inner membrane

Host cell
membrane
Host cell
nucleus

Chloroplast

Peptidoglycan has
been lost except in
glaucophytes.

(B) Secondary endosymbiosis

Chloroplast-
containing
eukaryotic cell

Host eukaryotic cell

Host membrane (from
endocytosis) encloses
the engulfed cell.

A trace of the engulfed
cell’s nucleus is retained
\in some groups.

(The inner of these two
membranes has been
lost in euglenids

and dinoflagellates.

DRAGONFLY MEDIA GROUP



(B)

(A)
A blood-feeding female Within the mosquito, male and
mosquito ingests the female gametocytes develop
Plasmodium gametocytes. Male into gametes, which fuse.

The resulting zygote
enters the mosquito’s
gut wall and forms a cyst.

gamete ” V
@‘j{;’ |

@

Eventually, some \\

merozoites develop
into male and
female gametocytes.

Female

gamete
Mosquito’s
gut wall

Mosquito‘s
gut wall

i ...grow and
divide, and lyse
the cells. They
can reinfect the
liver, producing
new generations.

» Events in mosquito 170 um

‘ Events in human

The zygote gives rise
to sporozoites that
invade the salivary gland.

Mosquito's
salivary gland

The mosquito injects
sporozoites into a human’s
blood when it feeds. The
sporozoites then take up
residence in the liver.

invade red blood
cells,...

Human
liver cell

Sporozoites penetrate
liver cells and develop
into merozoites.
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(B) The process of pollination Pollen tube

The anthers of
the stamen bear
pollen-producing
microsporangia.

Anther
Filament

The carpel
receives
pollen.

When the tip of the
pollen tube reaches
the megagametophyte,
sperm are released
from the tube and
fertilization ensues
(see Figure 28.16).

Receptacle
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Flower of mature sporophyte

Anther.

Seedling

Seed
Cotyledons \
| . W Megasporocyte (2n)
s
‘ ‘) 7 —Megasporangium
Double fertilization Endosperm
results in a 2n zygote
and 3n endosperm. Emlerye
. Endosperm Anther —_
G/ nucleus (3n)
Microsporocyte (@
Zygote (2n) \
) Diploid (2n)
| Double Fertilization | »Haplmd )

Pollen grain
(microgametophyte, n)

/

Microspores (4)
Pollen grain
Surviving

megaspore (n)\

Three of the four
megaspores that

result from meiosis
degenerate.

Polar nuclei (2)

The typical angiosperm
megagametophyte (n)
consists of seven cells.

Egg
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(A) Sea star larva (B) Adult sea star Skin gl
(bilateral symmetry) (pentaradial symmetry) 9

The anus is on the aboral Digestive

o ‘k (top-facing) surface.
L)

Calcareous
plate

canal

Each arm has a full
complement of organs.
This arm has been drawn
with the digestive glands
removed to show the
organs lying below.

 Radialcanal
Fe3 A L - N

: The mouth is on the oral
surface, facing the seafloor. Tube feet
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Hypothalamus (see Figure 40.6)
Release and release-inhibiting neuro-
hormones control the anterior pituitary;
ADH and oxytocin are transported to and
released from the posterior pituitary

Pineal gland
Melatonin: regulates biological rhythms

Thyroid gland (see Figures 40.13 and 40.15)
Thyroxine (T3 and T,): increases cell
metabolism; essential for growth and neural
development

Calcitonin: stimulates incorporation of
calcium into bone

Anterior pituitary (see Figure 40.7)
Thyrotropin (TSH): activates the thyroid gland
Follicle-stimulating hormone (FSH): in
females, stimulates maturation of ovarian
follicles; in males, stimulates spermatogenesis
Luteinizing hormone (LH): in females,
triggers ovulation and ovarian production of
estrogens and progesterone; in males,
stimulates production of testosterone
Corticotropin (ACTH): stimulates adrenal
cortex to secrete cortisol

Growth hormone (GH): stimulates protein
synthesis and growth

Prolactin: stimulates milk production
Melanocyte-stimulating hormone (MSH):
stimulates production of the pigment melanin
Endorphins and enkephalins: pain control

Parathyroid glands (on posterior surface \ ~

of thyroid; see Figure 40.15) '
Parathyroid hormone (PTH): stimulates )
release of calcium from bone and absorption

of calcium by gut and kidney ' {

Adrenal gland (see Figure 40.18)
Cortex

Cortisol: mediates metabolic
responses to stress

Aldosterone: involved in salt and water
balance

Sex steroids

Medulla
Epinephrine (adrenaline) and norepinephrine
(noradrenaline): stimulate immediate fight-or-
flight reactions

&

Posterior pituitary (see Figure 40.6)
Receives and releases two hypothalamic
hormones:

Oxytocin: stimulates contraction of uterus,
flow of milk, interindividual bonding
Antidiuretic hormone (ADH; also known
as vasopressin): promotes water
conservation by kidneys

Gonads (see Chapter 42) |
Testes (male) i
Testosterone: development /
and maintenance of male sexual |
characteristics

Ovaries (female) “
Estrogens: development and

maintenance of female sexual

characteristics /‘

Thymus (diminishes in adults)
Thymosin: activates immune system T cells

Pancreas (islets of Langerhans)
Insulin: stimulates cells to take up and use

Progesterone: supports pregnanc glucose . .
g P Pred Y '\ \1 Glucagon: stimulates liver to release glucose
Somatostatin: slows release of insulin and
Other organs include cells that \\ glucagon and digestive tract functions

produce and secrete hormones

Organ Hormone

Adipose tissue Leptin

Heart Atrial natriuretic peptide
Kidney Erythropoietin

Stomach Gastrin, ghrelin

Intestine Secretin, cholecystokinin
Liver Somatomedins,

insulin-like growth factors
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(A) Overview of the human auditory system (B) The middle and inner ear

Sound waves travel The ossicles transmit Semicircular Vibrations at the oval window
through the auditory vibrations of the tympanic| canal of the create pressure waves in the
canal and vibrate the membrane to the oval vestibular system fluid-filled cochlea.

window of the cochlea. i

- |

Stapes
Ossicles < Incus

tympanic membrane.

Vestibulocochlear

- Vestibular

Malleus nerve

~ Cochlear
Tympanic nerve
membrane
(“eardrum”)

~Cochlea

Middle Eustation Inner Preasure \

ear tube ear waves
(in air)

/ /
Oval window  Round Eustachian Preasure
(under stapes) window  tube waves (in air)

(C) Cross section of the cochlea

Vestibular canal

Vestibular
membrane

Cochlear e .
canal \3\

Pressure waves flex
membranes separating
the vestibular and

Basilar

membrane tympanic canals.
Tympanic — \ Cochlear nerve
canal

(D) The organ of Corti
|

Tectorial
membrane\

Stereocilia
Organ
of Corti Hair cell
Cochlear
Basilar nerve
membrane
When basilar membrane is The movements of
flexed, it bends stereocilia stereocilia are transduced
embedded in the overlaying into action potentials in
tectorial membrane. the cochlear nerve.
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(A)

Humoral immune response

Activation phase

The antigen is taken up
by phagocytosis and
degraded in a lysosome.

Class Il MHC
protein

Interleukin-1 (a cytokine)
activates a T cell.

Antigen

/T cell

bound to a class Il MHC it to proliferate.
protein on the macrophage

(\‘. 5 i

-
AT cell receptor recognizes Cytokines released by
an antigenic fragment the Ty cell stimulate

The Ty cell
proliferates
and forms

aclone.

Effector phase

The binding of antigen

to a specific IgM receptor
triggers endocytosis,
degradation, and display
of the processed antigen.

AT cell receptor re-
cognizes an antigenic
fragment bound to a
class Il MHC protein
on a B cell.

) B cells proliferate
and differentiate.

The plasma cell
produces antibodies.

¥
~ ‘j
‘ . Plasma cell ﬁ—f"

Memory cell

receptor

(B)

Cellular immune response

Activation phase

A viral protein made in an infected cell
is degraded into fragments and picked
up by a class | MHC protein.

Class | MHC CcD8
protein

T cell

Antigen
g receptor

AT cell receptor
recognizes an antigenic
fragment bound to a
class | MHC protein on
an infected cell.

The T cell
proliferates
and forms

aclone.

Effector phase

AT cell receptor again
recognizes an antigenic
fragment bound to a
class | MHC protein.

Infected cell
(one of many)

...which results
in apoptosis of
the infected cell

before the viruses
can multiply.
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Eukaroyte Prokaroyte

™

Flagellum

Ribosomes

Nucleus |

Capsule
Cell wall

membrane
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Chloroplast

Mitachondria

Mucleus
Central

vacuole Ao DNAin
\ v nucleoid

Cytoplasm

Plasma
membrane

Cell wall

— Mitochondria

— DNA in
nucleoid
——t— Mucleus

— Cytoplasm

— Plasma
membrane
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e
Protists A
or algae

- Young nymph

Estuary

: (mix of salt water and fresh water)
Juvenile

Free
floating
stage

Florida

_______ i
Everglades T
Mational

park

Open ocean

) Born in the open '€) Shrimp move into the €) Older juveniles move Egg laying
ocean, shrimp larvae protective mangrove back out into the open Al el
eat algae and other estuary where they ocean to complete t R i A
small organisms. find food and shelter their development, 0 °?"':§:an Vo
from predatory fish. reproduce, and start !“-' 2 Il Mangroves estuaries

F % .
the cycle all over again. AR
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) Tertiary consumers
> Secondary consumers
- Primary consumers

" Primary producers
(Plants, algae, cyanobacteria)

Decomposers and detritivores

(bacteria, fungi, certain animals)
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Raven

Carrion

Carrion
beetle

Bacteria Nematodes
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Nervous system Endocrine system

Hypothalamus
Pituitary

(females)

Testes
(males)




2l

r-‘

16 week

A

HY)

.\

12 weeks
forelimbs form

1-2 weeks

internal gills form
10 weeks g

rear legs form
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Small intestine Small colon Rectum
70 feet 10-12 feet 1 foot
68 quarts 16 quarts

Esophagus
4-5 feet

Stomach
8-19 quarts

Large colon Cecum
10-12 feet (located after
86 quarts the small
intestine)
4 feet
28-36 quarts
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Tracheal " | . Spiracle
tube

Tracheal
_ tube
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a. b. Inhalation
Lung  Airsacs @ Airis drawn in to
inflate posterior air
sacs and across the
Anter‘lo Posterior  |ungs to inflate

D - > anterior air sacs.

c. Exhalation

@ Anterior air sacs
are emptied to
the outside, and
the lungs are filled
with air from the
posterior sac.
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Matrix Intermembrane Inner
space membrane

P,
+ H +
H* H* +

H-carrier
from glycolysis @

M& o 4 (2 ATP-mal

& ) l enzyl

Inner, @
membrane i
& H O 5
o H S ",
. - ®
- = |+
er (1] B =
H-carrier from L v ) ADP+ P
citric acid cycle Electron transport
chain ()
Matrix
@ Carrier molecules release € The electrons pass along a chain €] The electron transport chain @) Oxygen enters metabolism
the hydrogen atoms at the of large proteins, or the electron separates the positive and at the very last step in the Movement
inner mitochondrial transport chain, located in the negative charges creating a process and links the Active transport
membrane. In this stage, inner membrane of the steep concentration gradient. movement of the electrons Cell division
hydrogen atoms are split mitochondria. As they are passed, The concentrated protons then and protons together to
into electrons and protons they release small amounts of move down the gradient through form water.
(H*), which go their their energy. This energy is then alarge enzyme that channels
separate ways. used to move and concentrate the energy to make a large
the protons on one side of the number of ATP molecules.

mitochondrial membrane.
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Sensory

—e——

Directiom
nerve signal

\ Cell body
o ' Axon

Connective

5 Cell body
tissue

Interneuron
Dendrite

Dendrites

Cell body
Myelin sheath

Axon
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Great white Hu‘man diver

.
...t
o

Megalodon
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Flowers

Fruit cluster

Ripe fruit

-

Harvested

Seed Q

Roasted beans

Processed
Roasted
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© Water + Light = Chemical energy

Water enters the |
leaf from the stem
- in xylem tissue

Chloroplasts trap
light energy

Sugars exit the leaf Carbon dioxide enters
in phloem tissue the leaf through stomata

@ Chemical energy + Carbon dioxide = Sugar
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Fluid interior
of chloroplast

s
AT
membrane
WL
@ Light is absorbed and °
harvested by pavs
chlorophyll pigment :
molecules.
€ The energy absorbed

from light is used to
strip an electron from
one chlorophyll. The
electron then enters the
electron transport chain.

* Chloroplast

€ simultaneously, a
water molecule is
split into three
components, an
electron, which is
donated back to
the chlorophyll,...

Part of inner
membrane
system

Fluid interior
of chloroplast

H+

N H*
e
Electron’
Clecrontransportcai
J ?
ATP-ma l
enzy {
4
¥ 59 © H*
H‘
g 0 0 H* H*
O O b H*
¥ H* H* o H*
@) ..hydrogen (H*) ions © The two products | @ ...and a hydrogen

of this set of
reactions are ATP...

which get concentrated
inside the membrane
complex, and oxygen-a
waste product that
diffuses out of the plant
and into the atmosphere.
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carrier molecule,
both of which are
used in the second
stage of
photosynthesis.



Fruit

Flower

Ovules

(produce
pollen)

(contain

egg cells)

Ovary

(fermale)

June July August

May

April

Wet period

Dry period

Seed dispersal

t
=
7}
E
=4

2
T
=
v

o

5
@
o
v

-
(=
o

=
~

T

Fertilization

Pollination

Flowering
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Pilobolus

Spore Hypha

Absorption Digestion
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Tentacles

Gastrovascular

cavity (stomach)

Dead corzil
exoskeletons
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A gene is a segment of
DNA on a chromosome.
One allele for a gene
comes from each parent.

Dominant
allele (F)

During meiosis, allele
pairs on homologous
chromosomes separate.

Homologus pair
of chromosomes

Recessive
allele (p)

Gamete pr;ducing cells
L JEk 2

1/2 with dominantyallele (dark purple) 1/2 with recessive;llele (light purple)

DRAGONFLY MEDIA GROUP



@ Mosquitoes are the vector that

il B

transmits the viruses among the
human population. Female
mosquitoes pierce the skin with
their sharp mouthparts and feed
on blood. If the blood contains
malarial parasites, they reproduce
in large numbers in the mosquito
gut and salivary glands.

Zygote

88 a

o7 ™.
n

. % mosquito ‘fj/

bl

Parasites

When the mosquitoes feed again,
they inject their saliva containing
the parasites into the next
person’s blood stream.

m

=

w

=
]
2
3
-~

L

é Inside the human host, parasites

1

first infect the liver cells and ,
begin to asexually reproduce. In liver
These cells release tens of cells
thousands of parasites into the
blood stream where they enter
red blood cells.

@ In the red blood cells, the
parasite feeds on nutrients in
the cytoplasm and continues
to reproduce asexually, while
also beginning its sexual

| reproduction.

@ If taken up by another
mosquito, the parasite
uses the mosquito host
to complete its sexual
reproductive stage.

© When too many parasites
accumulate, the red blood cells
burst releasing the next round of
parasites into the blood stream.
These parasites will infect red
blood cells continuing the cycle.
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Pyruvate
oxidation

Glycolysis
Mitochondrial

matrix
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A. Mammals and continental drift

Late
Jurassic

Flying squirrel (Glaucomys
volans)

Morth America and
Australia separated
long before marsupial
and placental mammals
were distinct.

Gray wolf (Canis lupus)

Origin of

mammals

Divergence of
marsupials and

lacentals
p Commaon mole (Scalopus

aquaticus)

L 1
251 202 145
E

§

Millions of years ago

assic
Jurassic

House mouse (Mus
musculus)

Woodchuck (Marmota monax)
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Arboreal
gliders

Large
predators

Burrowers

Terrestrial
seed eaters

Terrestrial
herbivores

6. Convergence of marsupials and placentals

Honey glider (Petaurus
breviceps)
L)

Tasmanian wolf
(Thylacinus
-

Marsupial mole (Notoryctes
typhlaps)

Yellow-footed marsupial
mouse (Antechinus flavipes)




Time (millions of years ago)

17

|

ANTHROPOIDEA

l Common ancestor

w w v
g 3
£ 2 z
2 g
o

Chimpanzees

HOMINOIDEA

Nodes represent common
ancestors that underwent
cladogenesis and produced
two descendant clades.

of all anthropoids
at root of the tree

w
=
@
E
=
ar
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Clade of
African
apes and
hominins

Common
ancestors of
chimpanzees
and humans

Common
ancestors of
chimpanzees
and gorillas

Chimpanzees are
more closely related
to hominins than to
gorillas because they
share a more recent
common ancestor
with hominins than
they do with gorillas.

The clade that includes
gorillas and the clade

that includes chimpanzees
and humans are sister taxa
because they emerged from
a common node.



SYSTEMIC
CIRCUIT

Capillary
networks of
head and

forelimbs

PULMONARY PULMONARY
CIRCUIT A ;

CIRCUIT
vena cava

Pulmonary 3

Capillary network

Capillary network
of right lung FFsFiGH To l6wiar of left lung
vena cava body parts
Capillary
networks of
abdominal organs
and lower limbs
KEY
'
RA Right atrium
LA Left atrium

RV Right ventricle
LV Left ventricle

SYSTEMIC
CIRCUIT
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Primary
consumers
(herbivores)

Grazing .
\food web./- )

Detrital
food web -
Inorganic |

nutrients {
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Peroxisomes

Ribosomes
Chloroplast
Nuclear pores

Muclear
envelope Nucleus

Nucleolus

Chromatin

Mitochondrion

Endoplasmic

Rough ER
reticulum (ER)

Plasmodesmata N ' e & PRI =\ Smooth ER

Golgi complex

Plasma
membrane

Cell wall

DRAGONFLY MEDIA GROUP



Mitochondrion

Ribosomes —

Peroxisome

MNuclear
envelope

Mucleus Plasma membrane

Nucleolus
Centrioles

Chromatin
Microtubules

Endoplasmic Golgi complex

reticulum (ER)

Rough ER
Smooth ER

Lysosome
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@ Membrane-bound ribosomes insert

proteins into the rough ER lumen.

@ Sugars are added in the ER
lumen, forming glycoproteins.

© Transport vesicles containing
cis Golgi targeting signals on
their surface dock with receptor
molecules on the cis Golgi
surface. Fusion of the vesicle
with the Golgi membrane
releases glycoproteins into
a Golgi cisterna.

© Glycoprotein sugars on proteins
modified further in Golgi.

© Glycoproteins are packaged on
Golgi trans face into transport
vesicles with targeting signals for
the plasma membrane (secretory
vesicles) or for lysosomes.

0 Secretory vesicles dock with
targeting signals on the plasma
membrane, triggering membrane
fusion and release of contents
from cell. Proteins and lipids from
the secretory transport vesicle
membrane become part of
plasma membrane.

@ Endocytic vesicles containing
lysosome targeting signals bud
from plasma membrane.

© Lysosomes released from trans

Golgi fuse with endocytic vesicles.

© Lysosomes released from trans
Golgi may also fuse with vesicles
containing damaged organelles,
degrading and recycling contents.

Ribosomes ‘ _
Rough ER

. o
Glycoprotein o ;‘N 5‘?

Transport

. w®
vesicle cis faoe\

Secretory
vesicles

)
J

&>

2o~

K -

AN \?%@&JYY
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Plasmaa-___________‘ ‘(\( \

membrane

vesicle




Dorsal fins
Caudal fin

Nerve cord
Swim bladder
Kidney

Brain

Nostril

Pharynx

Gill
Heart circulation

Anal fin Gonad Liver

Urinary

bladder Cloaca Intestine Pelvic fin
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Source 1: Located Source 2: Located Source 3: Located 40
toward the sun opposite the sun degrees to the right of
the sun
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