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Your Reading

Characteristics of Living Things: How Scientists Determine What Is Alive
Deciding whether something is alive may seem simple until an unfamiliar object is examined. A dog, tree,

mushroom, and bacterium are clearly alive, while a rock and a glass of water are not. The bounda
less obvious with fire, crystals, dormant seeds, and viruses. Fire uses fuel, releases waste, grows, i
Crystals can increase in size and form highly organized patterns. A robot can detect changes in its
and respond, Each displays one or more life-like features, but none shows the complete, connecte
found in organisms. Biologists therefore do not classify something as living because it performs or
action. They look for a group of characteristics working together.

NASA often uses a working definition that describes |ife as a self-sustaining chemical system capal
Darwinian evelution. This definition is useful in biol b it emphasizes chemistry, ind
heredity, and long-term change. , scientists still debate exactly where the boundary of lif
drawn. In classrooms, life is usually recognized through a broader set of shared characteristics: ce
organization, genetic information, energy processing, homeostasis, response to stimuli, growth ar
development, reproduction, and adaptation through evelution. A nonliving system may show one
these features. Known arganisms show the full pattern, although they do not all show it in the sar
the same speed.

Shared Characteristics of Living Things
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The first major characteristic is cellular organization. All known organisms are made of one or moi
the cell is the smallest structure that can carry out all the basic processes of life. A bacterium s a ¢
organism made of one cell. A human, oak tree, or whale contains
trillions of cells that specialize and cooperate. Despite their
differences, cells have important features in common. A cell
membrane separates the internal environment from the outside,
cytoplasm provides a place for chemical reactions, genetic
material stores instructions, and ribosomes build proteins.
Multicellular organisms add further levels of organization as
specialized cells form tissues, organs, and organ systems. This
ordered structure is not simply neatness; it allows thousands of
processes to occur in controlled locations,

Living systems also store and use genetic information. In all
cellular life on Earth, DNA carries the inherited instructions needed to build, maintain, and reprod
organism. Genes are sections of DNA that contain information used to make RNA and proteins. Pr

Comprehension and Extension

Questions

forms roots and shoots, and |ater becomes a mature plant. A bacterium grows by producing cellular material

perform much of the work inside cells, including speeding up chemical
. reactions, transporting substances, detecting signals, and building structures.
H Before a cell divides, it copies its DNA so the new cell receives genetic
information. During reproduction, DNA is passed to offspring. Copying is highly
} accurate but not perfect. Mutations sometimes change the DNA sequence,
creating heritable variation that can become important during evolution.

7

Every organism must obtain and transform matter and energy. The complete
set of chemical reactions inside a living system is called metabolism. Some
reactions break molecules apart and release usable energy, while others use
energy to build proteins, cell membranes, DNA, and other materials. Plants,
algae, and some bacteria capture light energy through photosynthesis. Certain bacteria and archaea obtain
energy from chemical reactions involving substances such as hydrogen sulfide or ammonia. Animals consume
other organisms and release energy from food through cellular respiration. Even when an organism appears
inactive, its cells normally require energy to repair damage, move materials, maintain ion concentrations, and
preserve internal organization. Fire also releases energy, but it does not use cell-controlled metabolic
pathways or genetic instructions.

Living things regulate their internal conditions through homeostasis. Homeostasis does not mean that the
inside of an organism never changes. It means that important conditions are kept within ranges that allow
cells to function. Humans regulate body tem perature, blood glucose, water balance, oxygen levels, and pH.
Plants open and close stomata to balance carbon dioxide intake with water loss, Single-celled organisms
control water, ions, and acidity across their cell membranes, Much of this regulation occurs through negative
feedback. A change is detected, control processes activate a response, and the response pushes the condition
back toward its normal range. Sweating when body temperature rises is one example. Homeostasis requires
energy and constant communication among parts of the living system.

Homeostasis Through Negative Feedback
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Organisms also respond to stimuli, which are detectable changes inside or outside the organism. A person
pulls a hand away from a hot surface, a plant bends toward light, and bacteria may swim toward nutrients or

- g away from harmful chemicals. A response does not always involve movement.,
Plants can change growth patterns, close stomata, or produce defensive chemicals,
Cells can switch genes on or off after receiving a chemical signal. Responses help
organisms survive immediate conditions. They are different from evolutionary
adaptations. An individual plant turning toward light is responding during its
lifetime. A population becoming better suited to drought over many generations is
evolving.

Growth and development are related but different characteristics. Growth is a
permanent increase in cell number, cell size, or living material. Development is a
series of controlled changes in form and function. A fertilized animal cell divides
repeatedly and its descendants become specialized tissues. A seed germinates,

befare dividing. This biological growth is directed by genetic information and supported by metabolism. A
- -then more particles attach to its outer surface, but it does not build new material through cells,

1d gene-controlied development. The mechanism matters more than the visible increase in size,

llows biological information to continue beyond the life of one organism. Reproduction may be
asexual, producing offspring from one parent, or sexual,
combining genetic information from two parents, Bacteria
often reproduce through binary fission, many plants can
reproduce from runners or cuttings, and animals commonly
reproduce sexually. Not every individual must reproduce to be
considered alive. A sterile mule, an infertile person, ora
worker ant is still a living organism because it belongs to a
biological population produced by reproduction and built
from the same living system. Reproduction is therefore most
useful as a characteristic of a species or lineage, not as a test
that every individual must personally pass.

ns, populations adapt and evolve. Individuals do not evolve during their lifetimes. Instead,
lons cause some individuals to survive and reproduce more successfully under particular

fir genetic variants may then become more common in later generations. Antibiotic resistance
familiar example. Antibiotics do not cause bacteria to adapt because they need to, Resistant
ready exist or arise through mutation, When an antibiotic kills susceptible bacteria, resistant
are likely to survive and reproduce, Evolution connects genetic information, reproduction,
pressures, and time. It also explains why organisms share many basic cellular and biochemical
displaying an enormous variety of forms.

itics of life are connected rather than independent boxes on a checklist. Cells use genetic
control metabolism. Metabolism supplies the energy and materials needed for growth, repair,
nd reproduction. Organisms sense their environment and adjust their activity, while

ange across generations through natural selection. If one major process permanently stops, the
iy fail as well, This interdependence is why scientists are cautious about labeling a system alive
i only movement, growth, energy release, or organization.

ws why the characteristics do not always have to be obvious. A dry seed may show almost no
ar response, and some bacterial endospores can remain inactive for long periods. During
:abolism becomes extremely slow and growth and reproduction pause. The organism still
ized cells, genetic information, and structures that can restart activity when conditions

mant seed can absorb water, activate enzymes, resume cellular respiration, and begin

4 rock does not contain a regulated bioclogical system waiting to restart. Scientists therefore
in object's present activity and its biclogical organization and

one of the most important boundary cases. A virus contains genetic
es, and can direct the production of new virus particles, However, a
¢l It lacks its own ribosomes and does not independently carry out
maintain homeostasis. To reproduce, it must enter a host cell and
nolecular machinery, energy, and raw materials. For this reason,

ory biology courses describe viruses as nonliving infectious particles,

although scientists continue to debate whether they should be considered a special form of life or part of a
larger living system that includes the infected cell. The debate is valuable because it tests which characteristics
are truly essential.

Why Viruses Challenge the Definition of Life
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The same problem matters when scientists search for life beyond Earth. A spacecraft cannot simply look for
movement or a single chemical such as oxygen or methane, because nonliving geological processes can
sometimes produce similar evidence. Researchers look for combinations of biosignatures: complex organic
molecules, unusual chemical imbalances, organized cell-like structures, repeated patterns, and evidence that a
system uses energy and stores information. Several independent clues are much stronger than ane.

Ultimately, the characteristics of living things provide a scientific framework rather than a perfect yes-or-no
machine. Known life is cellular, organized, information-based, energy-using, regulated, responsive, capable of
growth and reproduction, and connected to an evolving population. It is the complete system, not one
isolated feature, that makes life recognizable.

Comparing Living and Life-Like Systems )
System Cells Independ Independ Classification
Bacterium Yes Yes | Yes | Living
Dormant Yes Extremely slow | Resumes when Living
seed conditions allow
Virus No No No - requires a host Usually classified as ny
Fire No No controlled Spreads, but has no Nonliving
metabolism heredity
Crystal No No | No Nonli
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Why can growth, movement, or energy use alone not prove that something is alive?

What working definition of life is often wsed by NASA?

Why is the cell considered the smallest unit of life?

How do DNA, RNA, and proteins contribute to the functioning of living things?

What is metabolism, and what are two examples of how organisms obtain or use energy?

What is homeostasis, and how does negative feedback help maintain it?

What is the difference between an organism responding to a stimulus and a population adapting?
Why does every individual organism not have to reproduce in order to be considered alive?

How is the growth of an organism different from the growth of a erystal?

Why are viruses usually not classified as living organisms?

Extension Questions

Research one extremophile, such as a thermophile, halophile, or acidophile. Where does it live, and how
does it demonstrate the characteristics of life?

Compare a bacterium with a virus. Which characteristics of life does each show and which
characteristics does a virus lack when it is cutside a host cell?

Imagine you are designing an investigation to search for life on Mars, Europa, or another world, What
three types of evidence would you look for, and why would the combination be stronger than one clue?
Choose one nonliving system, such as fire, a crystal, or an advanced robot. Evaluate it against the
characteristics of life and explain why it is not classified as living.

Research one dormant biological system, such as a seed, bacterial endospore, brine shrimp cyst, or
tardigrade. What conditions cause dormancy, and how does activity resume?

Full Answer
Key Included




Upgrade to the Grade 8 and Up
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Includes over 130 readings for students in grades 8 and up. The Grade 8 and Up
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Improve your students’ Literacy and Analysis Skills,
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review and at the same time introducing some concept. | also use this for sub
plan.It is well presented, organized and interesting.

Extremely satisfied - This a great resource. | used this for a sub
plan. It was fun and engaging for my students.
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