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Exploring Levels of Biological Organization

<1 The Biosphere

Fven from space, we can see signs of Farth’s life—in the green mosaic of the forests, for
example. We can also see the entire biosphere, which consists of all life on Earth and all the
places where life exists: most regions of land, most bodies of water, the atmosphere to an
altitude of several kilometers, and even sediments far below the ocean floor.

<2 Ecosystems

Our first scale change brings us to a North American mountain
meadow, which is an example of an ecosystem, as are tropical
forests, grasslands, deserts, and coral reefs. An ecosystem
consists of all the living things in a particular area, along with all
the nonliving components of the environment with which life
interacts, such as soil, water, atmospheric gases, and light.

» 3 Communities

The array of organisms inhabiting a particular
ecosystem is called a biological community. The
community in our meadow ecosystem includes
many kinds of plants, various animals, mushrooms
and other fungi, and enormous numbers of diverse
microorganisms, such as bacteria, that are too small
to see without a microscope. Each of these forms of
life belongs to a species—a group whose members can
only reproduce with other members of the group.

A 5 Organisms

» 4 Populations

Individual living things
are called organisms.
Each plant in the
meadow is an organism,
and so is each animal,
fungus, and bacterium.

A population consists of all the
individuals of a species living within the
bounds of a specified area. For example, our
meadow includes a population of lupine (some
of which are shown here) and a population of
mule deer. A community is therefore the set of
populations that inhabit a particular area.
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v 7 Tissues

The structural hierarchy of life continues to
unfold as we explore the architecture of a
complex organism. A leaf is an example of an
organ, a body part that is made up of multiple
tissues and has specific functions in the body.
Leaves, stems, and roots are the major organs of
plants. Within an organ,

each tissue has a distinct

arrangement and contributes

particular properties

to organ function.

10 um
Cell H

» 8 Cells

The cell is life’s
fundamental unit
of structure and
function. Some
organisms consist
of a single cell,
which performs
all the functions
of life. Other
organisms are multicellular and
feature a division of labor among
specialized cells. Here we see

a magnified view of a cell in a

leaf tissue. This cell is about 40
micrometers (um) across—about 500
of them would reach across a small
coin. Within these tiny cells are even
smaller green structures called
chloroplasts, which are responsible
for photosynthesis.

Viewing the tissues of a leaf requires a microscope. Each tissue is a group of
cells that work together, performing a specialized function. The leaf shown
here has been cut on an angle. The honeycombed tissue in the interior of

I
50 um

v 9 Organelles

Chloroplasts are examples
of organelles, the various
functional components
present in cells. The image
below, taken by a powerful
microscope, shows a
single chloroplast.

the leaf (left side of photo) is the main
location of photosynthesis, the process
that converts light energy to the
chemical energy of sugar. The jigsaw
puzzle-like “skin” on the surface of the
leaf is a tissue called epidermis (right
side of photo). The pores through the
epidermis allow entry of the gas CO,, a
raw material for sugar production.

v 10 Molecules

Our last scale change drops us into

a chloroplast for a view of life at the
molecular level. A molecule is a chemical
structure consisting of two or more units
called atoms, represented as balls in this
computer graphic of a chlorophyll molecule.
Chlorophyll is the
pigment that makes a
leaf green, and it
absorbs sunlight
during photosynthe-
sis. Within each
chloroplast, millions
of chlorophyll
molecules are
organized into
systems that convert
light energy to the
chemical energy

of food.

Atoms

Chlorophyll
molecule
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¥ Order. This close-up of a sunflower
illustrates the highly ordered
structure that characterizes life.

A Evolutionary adaptation. The overall
appearance of this pygmy sea horse
camouflages the animal in its environment.
Such adaptations evolve over countless
generations by the reproductive
success of those individuals with
heritable traits that are best suited to
their environments.




A Growth and development.
Inherited information carried by
genes controls the pattern of
growth and development of organ-
isms, such as this oak seedling.

A Response to the
environment.
The Venus flytrap
on the left closed
its trap rapidly in
response to the
environmental
stimulus of a
grasshopper
landing on the
open trap.




¥ Reproduction.
Organisms (living
things) reproduce
their own kind.

b N T

A Regulation. The regulation of blood
flow through the blood vessels of this
jackrabbit’s ears helps maintain a
constant body temperature by
adjusting heat exchange with the
surrounding air.
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Life’s Processes Involve the Expression and Transmission
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Y Figure 1.5 A lung cell from a newt divides into

two smaller cells that will grow and divide again. g Y Figure 1.7 DNA: The genetic
/Nuc'eus material.
&
Cell

Nucleotide{

f Y Figure 1.6 Inherited
Nuclei containing DNA DNA directs development
p— of an organism.

P Sperm cell
(& B
Egg N\ \
cell ! @ ‘
. D~ —
. Fertilized egg (a) DNA double helix. This (b) Single strand of DNA. These l
with DNA from = model shows the atoms geometric shapes and letters are
both parents Embrvo’s cells in a segment of DNA. Made simple symbols for the nucleo-
withrZopi S of up of two long chains (strands)  tides in a small section of one
inherited DNA b of building blocks called strand of a DNA molecule. Genetic
- nucleotides, a DNA molecule information is encoded in specific
Offspring with takes the three-dimensional sequences of the four types of
traits inherited form of a double helix. nucleotides. Their names are

. th from both parents abbreviated A, T, C, and G.




Y Figure 1.8 Gene expression: Cells use information
encoded in a gene to synthesize a functional protein.

(a) The lens of the eye (behind
the pupil) is able to focus
light because lens cells are
tightly packed with transparent
proteins called crystallin. How
do lens cells make crystallin
proteins?

Lens
cell
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(b) A lens cell uses information in DNA to make crystallin proteins.
Crystallin gene
A

The crystallin r N
geneisa

section of DNA

in a chromosome.

DNA NEEONDNDNEEE LD E
(part of the 1 5 LA
crystallingene) Bl K1 (<1 d hd B4 [ & [ k2 9 L

Using the information in the sequence of
DNA nucleotides, the cell makes (transcribes)
a specific RNA molecule called mRNA.

FLLETTLLITTL

The cell translates the information in the
sequence of mRNA nucleotides to make a
protein, a series of linked amino acids.

Chain of amino - ‘ ‘_
acids

PROTEIN FOLDING

TRANSCRIPTION

mRNA

TRANSLATION

The chain of amino
acids folds into the
specific shape of a
crystallin protein.
Crystallin proteins can
then pack together and
focus light, allowing
the eye to see.

Protein

Crystallin protein
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Evolution accounts for the unity and diversity of life
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¥ Figure 1.15 Digging into the past. Paleontologists carefully °
excavate the hind leg of a long-necked dinosaur (Rapetosaurus krausei) I n t r O u C t I O n BRU
from rocks in Madagascar. BIO ,03)’

¥ Figure 1.14 An example of unity underlying the diversity
of life: the architecture of cilia in eukaryotes. Cilia (singular,
cifium) are extensions of cells that function in locomotion. They occur
in eukaryotes as diverse as Paramecium (found in pond water) and
humans. Even organisms so different share a commen architecture for
their alia, which have an elaborate system of tubules that is striking in
cross-sectional views.

Cross section of a
cilium, as viewed with
an electron microscope

Cilia of Paramecium. The cilia of
the single-celled Paramecium
propel the organism through
pond water.

Cilia of windpipe cells. The cells
that line the human windpipe are
equipped with cilia that help keep
the lungs clean by sweeping a
film of debris-trapping mucus
upward.




The three domains of life

‘ (a) Domain Bacteria

Bacteria are the most diverse and widespread prokaryotes and are
now classified into multiple kingdoms. Each rod-shaped structure
in this photo is a bacterial cell.
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(b) Domain Archaea

Domain Archaea includes multiple kingdoms. Some of the
prokaryotes known as archaea live in Earth’s extreme
environments, such as salty lakes and boiling hot springs. Each
round structure in this photo is an archaeal cell.

‘ (c) Domain Eukarya

A Kingdom Plantae (land N
plants) consists of terrestrial - .
multicellular eukaryotes that
carry out photosynthesis, the V ez ‘
conversion of light energy to :
the chemical energy in food.

» Kingdom Fungi
is defined in part
by the nutritional )
mode of its members (such as this mushroom), which
absorb nutrients from outside their bodies.

pbell, Biology 11, 2016)

§ < Kingdom Animalia
consists of multicellular
eukaryotes that ingest
other organisms.

P Protists are mostly
unicellular eukaryotes
and some relatively
simple multicellular
relatives. Pictured
here is an assortment
of protists inhabiting *
pond water. Scientists are currently debating how to classify protists
in a way that accurately reflects their evolutionary relationships.




Y Figure 1.16 Charles
Darwin as a young man.
His revolutionary book On
the Origin of Species was first
published in 1859.
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Charles Darwin

THE ORIGIN OF SPECIES

T MEAYS OF SATFUAL SERCTION

Natural Selection
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/1. anusiundsnneludeiddnudadieaty )

(Individual variation)

2. Mssagudedainansagsen (Struggle

A Figure 1.19 Evoluti
the only mammals capable of active flight, have
wings with webbing between extended “fingers.”
Darwin proposed that such adaptations are refined
over time by natural selection

\for Existance) .

N151AA Natural Selection 1 UuUN19AALEBNAINKUINUNITWUGNITTUT

1
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(Campbell, Biology 11%", 2016) 22
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