clinic as never before with new tools for diagnostics and treatment.
With robotics, advanced imaging, and analytical techniques, we
have tools available that were formerly the stuff of science
fiction.

In this text, we attempt to draw a contemporary picture of the
science of biology, as well as provide some history and experimen-
tal perspective on this exciting time in the discipline. In this intro-
ductory chapter, we examine the nature of biology and the
foundations of science in general to put into context the informa-
tion presented in the rest of the text.

Biology unifies much of natural science

The study of biology is a point of convergence for the information
and tools from all of the natural sciences. Biological systems are
the most complex chemical systems on Earth, and their many func-
tions are both determined and constrained by the principles of
chemistry and physics. Put another way, no new laws of nature can
be gleaned from the study of biology—but that study does illumi-
nate and illustrate the workings of those natural laws.

The intricate chemical workings of cells can be understood
using the tools and principles of chemistry. And every level of bio-
logical organization is governed by the nature of energy transac-
tions first studied by thermodynamics. Biological systems do not
represent any new forms of matter, and yet they are the most com-
plex organization of matter known. The complexity of living sys-
tems is made possible by a constant source of energy—the Sun.
The conversion of this radiant energy into organic molecules by
photosynthesis is one of the most beautiful and complex reactions
known in chemistry and physics.
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The way we do science is changing to grapple with increas-
ingly difficult modern problems. Science is becoming more inter-
disciplinary, combining the expertise from a variety of traditional
disciplines and emerging fields such as nanotechnology. Biology
is at the heart of this multidisciplinary approach because biological
problems often require many different approaches to arrive at
solutions.

Life defies simple definition

In its broadest sense, biology is the study of living things—the science
of life. Living things come in an astounding variety of shapes and
forms, and biologists study life in many different ways. They live with
gorillas, collect fossils, and listen to whales. They read the messages
encoded in the long molecules of heredity and count how many times
a hummingbird’s wings beat each second.

What makes something “alive”? Anyone could deduce that a
galloping horse is alive and a car is not, but why? We cannot say,
“If it moves, it’s alive,” because a car can move, and gelatin can
wiggle in a bowl. They certainly are not alive. Although we cannot
define life with a single simple sentence, we can come up with a
series of seven characteristics shared by living systems:

m  Cellular organization. All organisms consist of one or
more cells. Often too tiny to see, cells carry out the basic
activities of living. Each cell is bounded by a membrane that
separates it from its surroundings.

®  Ordered complexity. All living things are both complex
and highly ordered. Your body is composed of many
different kinds of cells, each containing many complex
molecular structures. Many nonliving things may also be
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