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1.1: Defining Anatomy

Human anatomy is the study of the structure of the human body.

Master this section and you'll be able to:

e Define Anatomy
e Outline the two major subtypes of anatomy
e Give a very brief overview of the history of human anatomy

Introduction to Anatomy

Anatomy is defined as the study of body structure. It describes the structure and location of the different components of an
organism to provide a framework for understanding. Human anatomy studies the way that every part of a human, from molecules
to bones, interacts to form a functional whole. The history of anatomy has been an evolving understanding of organs and
structures in the body. Beginning in Ancient Greece and developing through the Middle Ages and the Renaissance, methods of
studying anatomy have advanced dramatically. This field has moved from examination of animals and cadavers through invasive

dissection to the technologically complex techniques developed in the 20" century, such as non-invasive imaging and radiology.
For a little more detail, review the bottom of this page.

Generally, medical and biology students learn about the human body from anatomical models, skeletons, textbooks, diagrams,
photographs, lectures, and tutorials. Nurses, medical and dental students also learn through the dissection and inspection of
cadavers. A thorough working knowledge of anatomy is required for all medical professionals, especially surgeons and doctors
working in diagnostic specialties such as radiology.

There are two major types of anatomy:

1) Gross Anatomy

Gross (or macroscopic) anatomy is the study of structural features visible to the naked eye, such as internal organs and external
details. Gross anatomy can be further subdivided into three different fields:

©@®0 2 (1.1.1)
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. Surface Anatomy

This is the study of the external body and anatomical features without dissection. It focusses on the external features of the
body that can be seen or felt through the skin and how they relate to deeper internal structures.

A simple example of surface anatomy is finding your collarbone (clavicle) by feeling just below your neck. You can feel the
hard bone that runs horizontally from your neck to your shoulder — that is your clavicle. This is surface anatomy in action: using
what you can see or touch on the outside of your body to understand what is underneath.

Another example of surface anatomy is identifying the location of the heart by using external landmarks on the chest. For

instance, a clinician can locate the apex of the heart by finding the space between the 5" and 6 ribs on the Left side of the
chest, just below the nipple line. This helps guide where to place a stethoscope to listen for heart sounds or where to perform
CPR.

. Regional Anatomy

This type of anatomy focuses on specific external and internal regions of the body (such as the head or chest) and how different
systems work together in that region.

An example of regional anatomy is the study of the thoracic region of the body. In this approach, you would examine all the
structures within the chest area — including the lungs, heart, ribs, thoracic vertebrae, esophagus, blood vessels, nerves,
and muscles — as a single unit, rather than studying each system (like the respiratory or circulatory system) separately.

Regional anatomy is widely used in medical schools because it is easier to apply to a clinical setting than systemic anatomy. It is
especially useful in medical fields like surgery or radiology, where professionals need to understand how different structures in a
particular area relate to one another in real-life situations. The major anatomy textbook, Gray’s Anatomy, for example, has recently
been reorganized from a systems format to a regional format to reflect this preference.

. Systemic Anatomy
Systemic anatomy, finally, focuses on the anatomy of different organ systems, such as the respiratory or nervous system.

In this course we will use the systemic approach to study anatomy. This type of studying anatomy is widely used in introductory
general anatomy courses because it breaks down the complexity of the human body into manageable, logical parts. It also
studying anatomy by organ systems, makes it easier for beginners to learn and understand how each system works as a
whole. For example, studying the digestive system all at once — from the mouth to the intestines — helps you see how the
structures are connected and how they function together.

2) Microscopic Anatomy

Within microscopic anatomy, two topics of study are of great importance:

. Cytology

Cytology is the study of cells. It focuses on how individual cells operate, divide, and interact with their environment.
For example, in a Pap smear, cytology is used to examine cells from the cervix to check for abnormalities that might indicate
cancer or infection.

. Histology

Histology is the study of tissues. Tissues are groups of cells that work together to perform specific functions. Histology
looks at how cells are organized within tissues and how those tissues form organs.

For example, examining a biopsy of skin tissue under a microscope to check for signs of disease (like cancer or inflammation)
is an application of histology.

©@®0 3 (1.1.2)
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A Very Brief (and Fun) History of Anatomy & Physiology

Ancient Times - People in Egypt and Mesopotamia started learning about the body, mostly through trial, error, and
guesswork. The Ebers Papyrus (c. 1550 BCE) gave early medical advice, providing interventions for common health issues of the
time...some helpful, some not so. For example: It included willow bark as a remedy for general aches and pains. Willow bark
is the progenitor of aspirin. A little less on target was the advice for birth control: A pessary was made from a paste of dates,
acacia, and honey. This pessary was smeared onto wool and then used intravaginally to prevent conception.

“Z Classical Greece (c. 400 BCE) - Hippocrates became the "Father of Medicine," promoting the idea that diseases had natural
causes (not angry gods). Anatomy was still a mystery, though—dissection was a big no-no.

@) Galen’s Era (c. 150 CE) - A Roman doctor who got most of his info from animal
dissection. He got a lof wrong but dominated medical thinking for over 1,000 years.
One major example of what Galen got wrong was his belief that blood was produced in the liver and consumed by the body
rather than circulated. Galen thought that blood moved through the body in a back-and-forth motion and was used up like fuel.
He did not understand that the heart pumped blood in a closed circulatory system.
It was not until William Harvey's work in the 1600s that scientists realized blood circulates continuously through the body,
pumped by the heart.

Andreas Vesalius = The Renaissance (1500s) - Human dissection became more accepted. Andreas Vesalius
published beautifully detailed anatomy books based on actual cadavers—finally correcting Galen's mistakes. Go team science!

<) 1600s-1800s - Microscopes were invented, opening up a whole new microscopic world. Physiology grew as scientists began
to explore how organs, tissues, and cells functioned, not just how they looked.

+" 20th Century and Beyond - Technologies like X-rays, CT scans, and MRIs revolutionized how we see inside the living
body. Now we can study anatomy and physiology without making a single cut!

©@®0 4(1.1.3)
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Figure 1.1.1: Rembrant’s “The Anatomy Lesson of Dr. Nicolaes Tulp”. Human anatomy is the study of the structure of the
human body, from the microscopic to the macroscopic.

Anatomy is closely related to physiology (study of function), biochemistry (chemical processes of living things), comparative
anatomy (similarities and differences between species), and embryology (development of embryos).

This page titled 1.1: Defining Anatomy is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by Barbara Zingg.
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1.2: Levels of Organization

Living organisms are made up of four levels of organization: cells, tissues, organs, and organ systems.

Master this section and you'll be able to:

e Order and explain the six levels of organization for the human body

Six Levels of Organization

An organism is made up of six levels of organization: atoms and molecules, cells, tissues, organs, organ systems, and organism.
These levels reduce complex anatomical structures into groups; this organization makes the components easier to understand.

- oy ©

System

Organ

Anism

/ -

Different atoms

Molecule

Figure 1.2.1: Levels of Organization in Animals. An organism contains organ systems made up of organs that consist of tissues, which
are in turn made up of cells. The cells, finally, are made up of molecules and ultimately atoms.

Level 1: Atoms and Molecules - The Chemical Building Blocks of Life

Everything around you — your phone, your clothes, the air you breathe, and even your body — is made of matter. Matter is
anything that takes up space and has weight. All matter is made up of tiny particles called atoms, the smallest building blocks
of all materials (specific types or forms of matter). There are many different types of atoms, and each type of atom is called an
element and chemists have given these elements different names (e.g.: oxygen, carbon, hydrogen, iron etc.).
Here is a simple summary of this chemical level:

e Matter: anything that has weight and takes up space.

¢ Elements: the “ingredients” of matter, each made of only one kind of atom.

e Atoms: the super-tiny particles that make up elements, and therefore all matter!
Wait, it gets more complex: atoms themselves are made up of subatomic particles (not covered here). However, we do need to

talk about what happens when atoms combine to form molecules. For example, the combination of oxygen (O) and hydrogen
(H) atoms forms a water molecule (Hz0).

©@®0 6 (1.2.1)
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¢ A molecule is when two or more atoms join together through some kinds of chemical bonds (not covered here). It can be
just two atoms like O, (the oxygen we breathe), three atoms H,O (the water we drink and use for countless other things), or
many atoms, such as table sugar C12H22011.

¢ Finally, large complex molecules formed by Hundreds (or thousands) of atoms are called macromolecules. The main
types of macromolecules in living organisms are proteins, nucleic acids (DNA and RNA), carbohydrates, and lipids.
They are collectively called "organic molecules" because of their carbon (C) skeleton or sometimes also "biomolecules", as
they play crucial roles in the structure and function of the cells in our body.

In summary:

The atomic level is the most basic level of structural organization and includes individual atoms like carbon, hydrogen, oxygen,
and nitrogen which are the building blocks of all matter.

The molecular level involves combinations of atoms forming molecules essential for life: such as oxygen, water, and the
biomolecules.

Level 2: Cells - The Tiny Living Units That Make Up Al Life

A cell is the basic unit of life and the smallest unit capable of reproduction. While cells vary greatly in their structure and
function based on the type of organism and the location within the organism, all cells have a few things in common. Cells are
made up of organic molecules, contain nucleic acids (such as DNA and RNA), are filled with fluid called cytoplasm, and have a
membrane made out of lipids. Cells also contain many structures within the cytoplasm called organelles, which perform various
cellular functions.

Cells are either prokaryotic (no nucleus, the DNA is in the cytoplasm) in bacteria and archaea (another group of single-celled
organisms), or eukaryotic (with a nucleus containing the DNA) in plants, animals, protists, and fungi.

In humans, most cells combine to form tissues, but some cells are found independent of solid tissues and have their own
functions. A red blood cell found circulating in the bloodstream carrying oxygen throughout the human body is an example of an
independent cell.

Level 3: Tissues - Teams of Cells with a Common Purpose

Tissues are a group of similar cells of the same origin that carry out a specific function together. Humans have four different
types of basic tissues:

Epithelial tissues make up the outer layers of organs, such as the skin or the outer layer of the stomach.

Connective tissues such as bone tissue are made up of fibrous cells and give shape and structure to organs.

Muscle tissue is made up of cells that can contract together and allow animals to move.

Nervous tissue is made of specialized cells that transmit information through electrochemical impulses, such as the tissue
of nerves, the spinal cord, and the brain.

HpPwnN o

Level 4: Organs - Specialized Structures Built for Specific Jobs

Organs are made up of two or more types of tissues working together to perform a particular function. Most organs include:
e Parenchyma - the functional tissue that performs the organ’s main job
e Stroma - the supportive connective tissue that provides structure and framework
o Epithelial tissue - often involved in lining surfaces or forming protective barriers

Organs can be solid (like the liver or brain) or hollow (like the intestines or bladder), and they vary widely in both size and
complexity. Common examples include the heart, lungs, and brain.

©@®0 7 (1.2.2)
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Level 5: Organ Systems - Teamwork in the Human Body

Think of an organ system as a team of organs working together to get one big job done. The human body has eleven different
organ systems, and each one has its own area of expertise. For example, the digestive system includes organs like the
pancreas, stomach and intestines, all working together to break down food and absorb nutrients.

Most organ systems focus on a few specific tasks, but some body functions are so complex they need multiple systems to
collaborate. Take blood pressure, for instance: it is regulated not just by the circulatory system, but also by the urinary system

(hello, kidneys!) and the nervous system, which helps coordinate it all like a master controller.

The bottom line? Your body runs on teamwork!

Level 6: Organism - The Complete Package

An organism is a living, functioning whole, the result of all the previous levels of biological organization working together. From
atoms to molecules, to cells, to tissues, to organs, to organ systems... it all leads up to you (or any other living being)!

At this level, everything is integrated: your cells carry out chemical reactions, your tissues perform specialized roles, your organs
work in systems, and those systems cooperate to keep you alive, growing, and responding to the world around you.

Whether it is a human, a dog, a tree, or a bacterium, an organism is a complete, independent living thing, able to carry out all
the processes that define life, like metabolism, reproduction, response to stimuli, and homeostasis.

A @ : Iron atom

Hemoglobin
molecule

Red blood cell

Heart muscle tissue
Heart as the organ

Cardiovascular
system

Human as the
organism

Specific Example:

A cell in this system is the red blood cell, which carries oxygen throughout the body. The cardiac muscle tissue in the heart
is made of many similar muscle cells working together to help the heart contract. The heart, made up of several types of tissues,
functions as an organ that pumps blood. This organ is part of the larger organ system, the circulatory system, which includes
the heart, blood, and blood vessels. Inside each red blood cell is hemoglobin, a macromolecule that binds to oxygen—allowing
the cell to perform its vital job.

Fig. 1.2.2: The Six Levels of Biological Organization - Circulatory System Example
The figure on the right illustrates using the circulatory system as an example, the six levels of biological organization at work:

1. Atoms and Molecules: The iron (Fe) atom is a key part of the hemoglobin molecule. Because oxygen (O2) binds to iron
(Fe), red blood cells are able to carry oxygen throughout the body.

2. Cell: A red blood cell (RBC). RBCs are specialized for transporting oxygen and carbon dioxide.

©@®0 8 (1.2.3)
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3. Tissue: Cardiac muscle tissue contracts, enabling the heart to pump blood.

4. Organ: The heart, a muscular organ that pumps blood through the body.

5. Organ System: The cardiovascular system includes te heart, blood, and blood vessels, which all work together to move blood
through the body.

6. Organism: A complete human body, where all systems — including the circulatory system — interact to maintain life and
homeostasis.

Summary

From smallest to largest:

Atom: The smallest unit of matter that still has the properties of an element. Atoms are the basic building blocks of
everything (both living and nonliving) including all parts of the human body.

Molecule: A group of two or more atoms bonded together, like water (H.0) or oxygen (O). A group of two or more atoms
bonded together. Molecules can be simple, like oxygen (O;), or more complex, like water (H.O). They make up all the
substances in your body and the world around you.

Macromolecule: A very large molecule made up of many atoms, often formed by smaller molecules linked together.
Macromolecules like proteins, DNA, and starch are essential for life because they carry out vital functions in the body.

Cell: The smallest unit of life capable of independent reproduction. Generally contains nucleic acid, cytoplasm, a cell
membrane, and many other proteins and structures.

Tissue: A group of similar cells that come from the same origin and work together to carry out a specific function in the
body. Examples are muscle tissue helping you move or nervous tissue sending signals.

Organ: A structure made of different tissues that work together to perform physiological functions.

Organ system: A group of organs and tissues that work together to perform specific functions.

Organism: A complete living thing made up of various organ systems working together to carry out all the processes needed
for life, such as breathing, moving, growing, and reproducing.

This page titled 1.2: Levels of Organization is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by Barbara Zingg.
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1.3: Anatomical Terminology

Master this section and you'll be able to:

¢ Demonstrate the anatomical position
e Describe the human body using directional and regional terms

Anatomists and health care providers use terminology that can be bewildering to the uninitiated. However, the purpose of this
language is not to confuse, but rather to increase precision and reduce medical errors. For example, is a scar “above the wrist”
located on the forearm two or three inches away from the hand? Or is it at the base of the hand? Is it on the palm-side or back-
side? By using precise anatomical terminology, we eliminate ambiguity. Anatomical terms derive from ancient Greek and Latin
words. Because these languages are no longer used in everyday conversation, the meaning of their words does not change.

Anatomical terms are made up of roots, prefixes, and suffixes. The root of a term often refers to an organ, tissue, or condition,
whereas the prefix or suffix often describes the root. For example, in the disorder hypertension, the prefix “hyper-" means “high”
or “over,” and the root word “tension” refers to pressure, so the word “hypertension” refers to abnormally high blood pressure.

Anatomical Position

To begin, anatomists use a standard reference position so that everyone describes the body in the same way. Just as maps
are typically drawn with north at the top, the body is described using a standard “map” called the anatomical position. In this
position, the person is standing upright, feet about shoulder-width apart and parallel, toes pointing forward. The arms are at the
sides of the body, and the palms face forward, as shown in the figure below.

Using this standard position reduces confusion. It does not matter how the body being described is oriented, the terms are used
as if it is in anatomical position. For example, a scar in the “anterior (front) carpal (wrist) region” would be present on the palm
side of the wrist. The term “anterior” would be used even if the hand were palm down on a table.

Figure 1.3.1:Axial and Appendicular Skeleton in Anatomical Position.
This human skeleton is shown in anatomical position, with the body standing upright, feet flat and slightly apart, arms at the
sides, and palms facing forward.

The image also highlights the two major regions into which the human body is divided:
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Axial region

This is the central core of the body. It includes the head, neck, and trunk. The trunk consists of the chest, abdomen, and pelvis.
In Figure 1.3.1, the axial skeleton (shown in blue) includes the skull, vertebral column, ribs, and sternum, which together form the
central axis of the body.

Appendicular region

This region includes the limbs that attach to the axial region. In other words, it refers to the arms and legs.

In Figure 1.3.1, the appendicular skeleton (shown in light brown) includes the shoulder girdle, upper limbs, pelvic girdle, and lower
limbs. These structures attach to the axial skeleton and are primarily responsible for movement.

A body that is lying down is described as either prone or supine. Prone describes a face-down orientation, and supine describes a
face up orientation. These terms are sometimes used in describing the position of the body during specific physical examinations
or surgical procedures.

' Supine

In the paragraphs above, we introduced the two broad regional categories of the body: axial and appendicular. To describe
specific locations more precisely, anatomists and medical professionals use many smaller regional terms within each of these
categories (see figure below).
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Regional Terms
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Figure 1.3.2: Regions of the Human Body. The human body is shown in anatomical position in an (a) anterior view and a (b)

posterior view. Note that some regions are on both the anterior (a) aspect and the posterior (b) aspect, while others are on one
side or the other only. (Image credit: "Regions of the Body" by Sofia Elizondo is licensed under CC BY-NC-SA 4.0.)

For example:
¢ The brachial region refers specifically to the upper arm and is part of the appendicular region.
¢ The abdominal region refers to the abdomen and is part of the axial region.
Pay close attention to correct terminology.
e Brachial means upper arm.
¢ Antebrachial only means forearm, not “lower arm.”
¢ Femoral means thigh.
e Crural refers only to the area between the knee and the ankle, not the entire lower limb.

Using these specific terms allows you to describe body locations clearly and accurately.

Directional Terms

Directional terms are words used to describe the location of an anatomical structure by comparing its position to other structures
within the body or within the orientation of the body itself. Certain directional anatomical terms appear throughout this and any
other anatomy textbook. These terms are essential for describing the relative locations of different body structures. For instance,
an anatomist might describe one band of tissue as “inferior t0” another or a physician might describe a tumor as “superficial to”
a deeper body structure. Commit these terms to memory to avoid confusion when you are studying or describing the locations of
particular body parts.

Standard anatomical terms for direction include:
e Superior and inferior (cranial and caudal) are used when referring to parts of the body (trunk) and the head. Superior

structures are toward the head (cranial). Inferior (or caudal = tail) describes a position below or lower than another part of
the body proper; near or toward the tail (in humans, the coccyx, or lowest part of the spinal column). Examples include:
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o The pelvic region is inferior to the abdominal region.

o The superior and inferior vena cava carry deoxygenated blood away from the head (superior) and from the lower body
(inferior) to the heart.

o The frontal region is superior to the nasal region.

« Anterior (or ventral) is used to describe the front or direction toward the front of the body, while posterior (or dorsal)
describes the back or direction toward the back of the body. Examples include:
o The popliteal region is posterior to the patellar region.
o The pituitary gland has an anterior and posterior part, each of which secretes different types of hormones.
o The toes are anterior to the tarsal region.

e Lateral is used to describe anything closer to the sides of the body (toward the arms, in the standard anatomical position),
while medial is used to describe anything toward the middle of the body. In general, many structures of the human body are
bilateral and symmetrical with the middle of the body, such as the lungs or the arms. Examples include:

o The thumb (pollex) is lateral to the digits. Remember you have to think of the body in anatomical position!
o The hallux is the medial toe.

o Deep refers to structures closer to the interior center or farther from the surface of the body. Superficial describes a
position closer to the exterior surface of the body. Examples include:
o The skin is superficial to the muscles.
o The brain is deep to the skull.

e Proximal describes a position in a limb that is nearer to the point of attachment or the trunk of the body, while distal
describes a position in a limb that is farther from the point of attachment or the trunk of the body. When describing
appendages (arms and legs) always use proximal and distal (instead of superior and inferior). The proximal end of an
appendage connects the appendage to the body, while the distal end is away from the body. Examples include:

o The brachial region is proximal to the antebrachial region.
o The patellar region is distal to the femoral region.
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Figure 1.3.3: Paired Directional Terms. Comparison of a four-legged animal and a human body.

This page titled 1.3: Anatomical Terminology is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Barbara Zingg
via source content that was edited to the style and standards of the LibreTexts platform.

e 1.7: Anatomical Terminology by OpenStax is licensed CC BY 4.0. Original source: https://openstax.org/details/books/anatomy-and-
physiology.

©@® 13 (1.3.4)


https://med.libretexts.org/Courses/Las_Positas_College/BIO_50%3A_Anatomy_and_Physiology_(Zingg)/01%3A__Introduction_to_Anatomy_and_Physiology/1.03%3A_Anatomical_Terminology
https://creativecommons.org/licenses/by/4.0/
https://openstax.org/details/books/anatomy-and-physiology
https://med.libretexts.org/Bookshelves/Anatomy_and_Physiology/Anatomy_and_Physiology_2e_(OpenStax)/01%3A_Levels_of_Organization/01%3A_An_Introduction_to_the_Human_Body/1.07%3A_Anatomical_Terminology
https://openstax.org/
https://creativecommons.org/licenses/by/4.0/
https://openstax.org/details/books/anatomy-and-physiology
https://openstax.org/details/books/anatomy-and-physiology

LibreTextS"

1.4: Body Planes and Sections

There are three basic reference planes used in anatomy: the sagittal plane, the coronal plane, and the transverse plane.

Master this section and you'll be able to:

o Identify and describe the three basic anatomical reference planes
e Understand the use of body planes in medical imaging and movement studies

What Are Body Planes?

Body planes are hypothetical geometric planes used to divide the body into sections. A section is a two-dimensional surface of a
three-dimensional structure that has been cut. Modern medical imaging devices enable clinicians to obtain "virtual sections" of
living bodies. We call these scans. Body sections and scans can b correctly interpreted, however, only if the viewer understands
the plane along which the section was made. A plane is an imaginary two-dimensional surface that passes through the body.

There are three planes commonly referred to in anatomy and medicine, as illustrated in the figure below:

Sagittal plane

Coronal plane

Transverse plane

¢ A sagittal plane divides the body or an organ into left and right portions. If this vertically oriented plane runs directly down
the middle of the body, it is called the midsagittal or median plane. If it divides the body into unequal right and left sides,
it is called a parasagittal plane (or less commonly a longitudinal plane).

e A frontal or coronal plane divides the body or organ into an anterior (ventral or front) portion and a posterior (dorsal or
rear) portion. The name "coronal plane" makes sense when you think that the term "coronal" comes from the word “corona”
which is Latin for “crown.”

e A transverse plane is the plane that divides the body or organ horizontally into upper (cranial or head) and lower (caudal

or tail) portions. It is also known as cross-section or axial plane. It is typically a horizontal plane through the center of the
body or organ and is parallel to the ground.

Applications of Body Planes

Body planes are not just abstract concepts, they have real-world applications in medicine, anatomy, and embryology. One of

E@®O 14 (1.4.1)



LibreTextS“'

their most important uses is in medical imaging, such as ultrasound (sonography), CT (computer tomography) scans, MRI
(magnetic resonance imaging) scans, and PET (Positron Emission Tomography) scans.

Most imaging is done with the patient lying down during the scan, but medical professionals still refer to the body as if it were
in the standard anatomical position (facing forward with arms at the sides and palms facing forward). They then use the body
planes — sagittal, coronal, and transverse — to create a 3D map of the body, helping them pinpoint the location of organs
and problems (abnormalities) inside the body more accurately.

These planes also help to reveal and diagnose small internal structures, such as tumors, cysts, or other abnormalities, within
a single organ, like the brain, liver, or kidney. By viewing the organ from different angles and in slices, radiologists can better
understand the size, shape, and exact location of the issue, which is essential for accurate diagnosis and treatment planning.

Body planes are also essential for understanding how the body moves. In biomechanics and kinesiology, the X-Y-Z coordinate
system is used to analyze movement. For example, if you lift your leg forward, that motion happens in the sagittal plane. Raising
your arms out to the sides involves the coronal plane, and rotating your torso engages the transverse plane. By knowing which
plane a limb moves through and how far it travels, scientists and physical therapists can model and measure range of motion,
joint flexibility, and even diagnose movement limitations.

Lastly, body planes play a key role in understanding developmental anatomy. During embryonic development, the orientation
of body planes changes as the organism grows and differentiates. For instance, the coronal plane in an early human embryo
starts out horizontal, but becomes vertical as the embryo matures into a fetus. The developing human is called an embryo from
fertilization up to the end of the eight week of pregnancy. From week 9 until birth, the developing human is called a fetus.

CT Scans of Normal Abdomen

kidneys

transverse coronal

parasagittal
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Model skeleton with blood vessels
and kidneys

Images by Mikael Haggstrom, M.D.

This page titled 1.4: Body Planes and Sections is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by Barbara
Zingg.
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1.5: Body Cavities

Vertebrates have fluid-filled spaces called body cavities that contain the organs.

Master this section and you'll be able to:

o Distinguish between the dorsal and the ventral body cavities, identifying their subdivisions and representative organs
found in each.

By the broadest definition, a body cavity is any fluid-filled space in a multicellular organism. Blood vessels are not considered
cavities but may be held within the body cavities. Most cavities provide room for the organs to adjust to changes in the organism'’s
position. They usually contains protective membranes and sometimes bones that protect the organs.

Overview of Body Cavities

Pleural Cavity

Intarcostal

Lung

Lung

Intercostal
muscles

M \

Chest wall

The human body has several major cavities that
protect internal organs and allow them to move and change shape. The two primary body cavities — the dorsal and ventral
cavities — remain when internal organs are removed (see details below).

In addition to these, there are smaller cavities formed by serous membranes.
A serous membrane (or serosa) is a thin, slippery tissue that lines certain internal body cavities and covers the organs within
them. Each serous membrane has two layers:

¢ Parietal layer: lines the walls of the cavity
e Visceral layer: covers the surface of the organs

Between these two layers is a small amount of serous fluid, which reduces friction so the organs can move smoothly against
each other — like when your lungs expand or your heart beats.

Examples are the pleural cavity (around the lungs; see image on the right), the pericardial cavity (around the heart), and the
peritoneal cavity (around abdominal organs).

As mentioned above, the body has two major cavities, each of which is further divided into smaller compartments. These cavities
house and protect delicate internal organs. The ventral cavity, in particular, is designed to accommodate significant changes in
the size and shape of organs as they function. For example, the lungs, heart, stomach, and intestines can expand and contract as
needed, without interfering with surrounding tissues or disrupting the activity of nearby organs

©©@®0O 17 (1.5.1)
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Dorsal Body Cavity (toward the back)

The dorsal cavity, in the back of the body, contains the primary organs of the nervous system, specifically the brain and the
spinal cord. Just as the brain and spinal cord make up a continuous, uninterrupted structure, the cranial and spinal cavities that
house them are also continuous. This cavity is surrounded by bone for protection (skull bones and the vertebral column), and by
cerebrospinal fluid, a colorless fluid produced by the brain, which cushions the brain and spinal cord.

. Cranial Cavity

The cranial cavity is the portion of the dorsal cavity consisting of the space inside the skull. This cavity contains the brain, the
meninges of the brain, and cerebrospinal fluid

Cranial cavity

Dorsal _
cavity Thoracic
| cavity
- Diaphragm
Spinal Ventral
cavity cavity
Abdominal
|~ cavity
Pelvic
cavity -/ /4

. Spinal (Vertebral) Cavity
The The spinal or vertebral cavity is the posterior portion of the dorsal cavity and contains the structures within the vertebral

column. These include the spinal cord, the meninges of the spinal cord, and the fluid-filled spaces between them. This is the most
narrow of all body cavities, sometimes described as threadlike.

Ventral Body Cavity

The ventral cavity is the large internal space located at the front of the body. It contains many of the body’s major organ
systems, and the organs housed within it are collectively referred to as the viscera.

This cavity is divided into two main subdivisions: the thoracic cavity and the abdominopelvic cavity. Each of these is further
subdivided, as described below.

Separating the thoracic and abdominal cavities is the diaphragm, a sheet of muscle that plays a vital role in breathing by helping
move air in and out of the lungs.

. Thoracic Cavity

The thoracic cavity is found within the rib cage in the torso. It houses the primary organs of the cardiovascular and respiratory
systems, such as the heart and lungs, but also includes organs from other systems, such as the esophagus and the thymus
gland. The thoracic cavity is lined by two types of serous membranes, the pleura lining the pleural cavity and the lungs, and the
pericardium lining the pericardial cavity and the heart. (See above).

©©@®0O 18 (1.5.2)
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« Pleural Cavities (2)

Each houses a lung, and is lined with the pleura, both visceral and parietal.

. Pericardial Cavity -

Contains the heart, and is lined with the pericardium, both visceral and parietal.

. Abdominopelvic Cavity

Located below the diaphragm, it is the largest cavity in the body. Although there is no physical membrane separating the
abdominal and pelvic regions, the space is commonly divided into two parts for anatomical and clinical purposes.

. Abdominal Cavity

The abdominal cavity is not contained within bone and houses many organs of the digestive (like the stomach, liver,
intestines) and renal systems, as well as some organs of the endocrine system, such as the adrenal glands.

. Pelvic cavity

The pelvic cavity is contained within the pelvis and houses the bladder, the reproductive system, and part of the large
intestine.

This page titled 1.5: Body Cavities is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by Barbara Zingg.

©©@®0O 19 (1.5.3)


https://med.libretexts.org/Courses/Las_Positas_College/BIO_50%3A_Anatomy_and_Physiology_(Zingg)/01%3A__Introduction_to_Anatomy_and_Physiology/1.05%3A_Body_Cavities
https://creativecommons.org/licenses/by-sa/4.0/

LibreTextS“'

1.6: Abdominopelvic Regions

The abdomen is subdivided into four quadrants and nine areas.

Master this section and you'll be able to:

Identify and differentiate the quadrants and regions within the abdominopelvic area of the body.

To make it easier to study and talk about the organs in the abdomen, anatomists and healthcare professionals divide
the abdominopelvic cavity into smaller areas. These divisions help identify and describe the location and function of specific

organs. They are also useful for doctors when trying to figure out what might be causing abdominal pain or other symptoms, and
to help determine the appropriate treatment.

The two most widely used systems for dividing the abdominopelvic area are:

¢ Four quadrants: a simple way to us in everyday medical practice.

¢ Nine regions: a more detailed map of the area. It is often used in anatomy and in analyzing imaging.
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Figure 1.6.1: Abdominal nine divisions (a) and quadrant regions (b). The abdomen is subdivided into four quadrants and nine regions.

{b) Abdominopelvic quandrants
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Four Quadrants

The abdominopelvic region can be divided into four quadrants. These quadrants are defined by the intersection of the
midsagittal plane with the transverse plane (through the navel).

. Right Upper Quadrant

The right upper quadrant contains the right portion of the liver, the gallbladder, right kidney, a small portion of the stomach,
the duodenum, the head of the pancreas, portions of the ascending and transverse colon, and parts of small intestine.
Pain in this region is associated with infection and inflammation in the gallbladder and liver or peptic ulcers in the
stomach.

. Left Upper Quadrant

The left upper quadrant is the location of the left portion of the liver, part of the stomach, the pancreas, left kidney, spleen,
portions of the transverse and descending colon, and parts of the small intestine. Pain in this region is often associated with
malrotation of the small intestines and/or colon. Malrotation of the small intestine and colon is a congenital condition,
meaning it happens during fetal development, when the intestines do not rotate properly as they form in the abdomen.

. Right Lower Quadrant
The right lower quadrant contains the cecum, appendix, part of the small intestines, the right half of the female reproductive

system, and the right ureter which carries urine from the kidney to the bladder. Pain in this area is most commonly
associated with appendicitis.

. Left Lower Quadrant
The left lower quadrant houses the majority of the small intestine, some of the large intestine, the left half of the female

reproductive system, and the left ureter. Pain in this region is generally associated with colitis (inflammation of the large
intestine) as well as pelvic inflammatory disease and ovarian cysts in females.
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Nine Regions

The nine divisions of the abdominopelvic region are smaller than the four quadrants, allowing for a more detailed discussion.

These divisions are marked by two parasagittal and two transverse planes centered around the navel. Most organs are part
of multiple regions, including the gallbladder, duodenum, stomach, kidneys, spleen, small intestine and colon.

Right Hypochondriac Region

The right hypochondriac region contains the right portion of the liver, the gallbladder, the right kidney, and parts of the small
intestine.

Left Hypochondriac Region

The left hypochondriac region contains part of the spleen, the left kidney, part of the stomach, the pancreas, and parts of
the colon.

. Epigastric Region

The epigastric (above stomach) region contains the majority of the stomach, part of the liver, part of the pancreas, part of
the duodenum, part of the spleen, and the adrenal glands. This region pushes out when the diaphragm contracts during
breathing.

. Right Lumbar Region

The right lumbar region consists of the gallbladder, the right kidney, part of the liver, and the ascending colon.

. Left Lumbar Region

The left lumbar region consists of the descending colon, the left kidney, and part of the spleen.

. Umbilical Region
The umbilical region contains the umbilicus (navel), and many parts of the small intestine, such as part of the duodenum, the
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jejunum, and the ileum. It also contains the transverse colon (the section between the ascending and descending colons)
and the bottom portions of both the left and right kidney.

. Right Iliac Region

The right iliac region contains the appendix, cecum, and the right iliac fossa. It is also commonly referred to as the right
inguinal region. Pain in this area is generally associated with appendicitis.

. Left Iliac Region

The left iliac region contains part of the descending colon, the sigmoid colon, and the left iliac fossa. It is also commonly
called the left inguinal region.

. Hypogastric Region
The hypogastric region (below the stomach) contains the organs around the pubic bone. These include bladder, part of the

sigmoid colon, the anus, and many organs of the reproductive system, such as the uterus and ovaries in females and the
prostate in males.

This page titled 1.6: Abdominopelvic Regions is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by Barbara
Zingg.
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1.7: Defining Physiology

Human physiology is the study of the mechanical, physical, and biochemical processes that support the body’s function.

Master this section and you'll be able to:

e Describe physiology in the context of living systems.

@ Z+ =2 Introduction to Physiology

Now we are moving on into Physiology, the study of how the human body works.

While anatomy tells us what and where body parts are, physiology explains how those parts function. For physiology, you study the
mechanisms of the human body, specifically how organs, tissues, cells, and molecules work together to keep you alive, balanced,
and (usually) running smoothly.

As you might imagine, understanding anatomy is essential to comprehending physiology because structure and function are
deeply connected. You cannot fully understand how something works (physiology) without first knowing its structure (anatomy).
For example, to understand how the heart pumps blood, you need to know its chambers, valves, and vessels. To grasp how the
lungs exchange gases, you must first understand their structure and location.

In short: anatomy provides the map — physiology explains the journey.

Whether you are planning a career in emergency medical services, nursing, psychology, or you are just checking off a general
education requirement, anatomy and physiology are surprisingly relevant:

o For future EMTs and paramedics, physiology is your lifeline. It helps you recognize what's happening inside a patient’s
body when vitals change, organs fail, or the body goes into shock. When seconds count, understanding how the body works
can make a big difference.

¢ For psychology majors, physiology offers a deeper understanding of the mind-body connection. It explains how hormones,
brain chemistry, and nervous system activity shape thoughts, emotions, and behavior: from stress and sleep to mental illness
and therapy.

o For general ed students, physiology helps you better understand the one thing you take with you everywhere: your body.
What actually happens when you work out? Why do you feel jittery after too much caffeine? How does your immune system
fight off a cold? Even if you are not planning a health career, understanding your body makes you a more informed, healthier
human being.

At the center of it all is homeostasis - the body’s constant effort to maintain internal balance. Whether you are managing stress,
caring for others, or just trying to survive another hard semester, this quiet, behind-the-scenes balancing act is what keeps you
functioning.

In this class, we will explore how body systems communicate, respond, and adapt, laying the foundation not only for careers in
healthcare and psychology, but also for living well in your own skin. Since this is an introductory course, we will only scratch the

surface of each topic, but you will still gain a solid overview of how the human body works and why it matters. Think of it as your
first guided tour through the fascinating world of your body!

Examples of Physiology in Action
1. Your heart beating faster when you exercise
— This involves cardiovascular physiology: your body increases heart rate and blood flow to deliver more oxygen to your

muscles.

2. Breathing more rapidly when you are anxious
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- This touches on respiratory and nervous system physiology, showing how emotions affect breathing rate via the autonomic
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3. Digesting food after a meal
- Digestive physiology covers how your body breaks down food into nutrients and absorbs them into the bloodstream.
4. Sweating on a hot day
- This is thermoregulatory physiology: your body maintaining temperature (homeostasis) by releasing heat through sweat.
5. Your kidneys adjusting urine concentration
- Renal physiology helps the body balance water and electrolytes, especially when you are dehydrated or overhydrated.
6. Hormone release during stress (like cortisol and adrenaline)
- This involves endocrine physiology: how glands secrete hormones that affect many systems, including metabolism and
mood.
7. Muscle contraction when you lift something heavy
— Muscular and neuromuscular physiology explain how electrical signals from your brain activate muscle fibers.
8. Maintaining blood sugar levels between meals
— Metabolic physiology looks at how hormones like insulin and glucagon regulate energy availability.
9. The brain sending signals to pull your hand away from a hot stove
- Nervous system physiology explains the rapid communication between sensory neurons, the spinal cord, and muscles.
10. Fighting off an infection
— Immune physiology explores how your body detects and destroys pathogens using specialized white blood cells and
signaling molecules.
Homeostasis

Homeostasis refers to the body’s ability to maintain a stable internal environment despite changes in the external surroundings.
This internal stability is essential for normal physiological function and, ultimately, for survival. The body achieves this by
continuously regulating factors such as temperature, pH, blood pressure, and oxygen levels.

Maintaining homeostasis requires constant monitoring and communication between body systems, primarily through the nervous
and endocrine systems. The nervous system, especially the brain (and more specifically the hypothalamus), detects changes
and initiates rapid, short-term responses using electrical signals and neurotransmitters. At the same time, the endocrine
system provides slower but longer-lasting regulation by releasing hormones into the bloodstream from specialized glands like
the pancreas, adrenal glands, and thyroid.
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For example, if blood oxygen levels drop, the brain signals the respiratory muscles to increase the breathing rate, boosting
oxygen intake. Simultaneously, it may signal the heart to beat faster to deliver oxygen more efficiently to tissues. Once oxygen
levels are returned to normal, the brain reduces these signals, allowing breathing and heart rate to return to normal. This
regulatory process is known as negative feedback, a key mechanism in homeostatic regulation.

Interaction of Body Systems

Physiology traditionally views the human body as a collection of systems, like specialized departments on a highly coordinated
team. Each team member has its own roles and responsibilities. However, just like a real team, no department works in isolation.
Every body system contributes to the stability of the entire team, and the health of the organism depends on how well these
systems communicate and collaborate to maintain homeostasis.

Although we often divide the body into systems (such as muscular, nervous, or digestive), these divisions are somewhat arbitrary.
Many "team members" wear multiple hats. For example, the heart not only pumps blood but also helps regulate hormones. The
kidneys filter waste and help manage blood pressure. Depending on how you organize the team — by function, development, or
purpose — the lineup might change.

One clear example of teamwork is between the nervous and the endocrine systems. Their collaboration blends the fast-acting
signals of the nervous system with the longer-lasting effects of hormones from the endocrine system. Together, they coordinate
many essential physiological processes to keep the body running smoothly.

Sometimes, though, parts of the team break down. The study of pathophysiology looks at what happens when systems fail to
function properly. When communication breaks down, roles are confused, or key players underperform, resulting in disease and
symptoms.

Understanding physiology means learning how the team works in harmony. Understanding pathophysiology means figuring out
what happens when that harmony is lost.

Cut edge of pericardium,

Left auricula

Figure 1.7.1: The human heart and lungs. Anatomy and physiology are complimentary disciplines as the structure of body
systems often influences system.

This page titled 1.7: Defining Physiology is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by Barbara Zingg.
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1.8: WHAT THE HUMAN BODY NEEDS TO STAY ALIVE

1.8.1: Basic Life Processes and Functions
1.8.2: Survival Needs

This page titled 1.8: What the Human Body Needs to Stay Alive is shared under a license and was authored, remixed, and/or curated by Barbara
Zingg.
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1.8.1: Basic Life Processes and Functions

Master this section and you'll be able to:

e Explain the importance of organization and boundaries in maintaining internal stability and function in the human body.

¢ Describe how anabolic and catabolic reactions contribute to metabolism. Include the production and use of ATP.

o Identify the characteristics of life. Focussing on responsiveness and movement, give at least two examples of how organ
systems support these functions.

e Compare and contrast growth, differentiation, and reproduction.

The human body is composed of multiple organ systems, each with specialized functions and distinct roles in maintaining
physiological balance. Together, these systems work to support overall health and survival. For example, the respiratory system
is responsible for gas exchange, while the circulatory system transports blood throughout the body. These individual functions
contribute to broader life-sustaining processes that are considered defining characteristics of living organisms.

Let's take a look at six such functions:

1) Organization and Maintaining Boundaries

Maintaining boundaries is fundamental for the organization and survival of all living things, especially at the cellular
level. Without a stable boundary, cells could not control their internal environment, making life-sustaining processes
impossible. To stay alive, the human body must keep its internal environment separate from the outside world — and even
separate different parts inside the body. This is called maintaining boundaries, and it is a key part of the body's overall
organization.

A human body consists of trillions of cells organized in a way that maintains distinct internal compartments. The plasma
membrane plays a vital role in maintaining the life of a cell by acting as a physical barrier that separates the internal
environment from the outside world. It is selectively permeable, meaning it carefully controls what enters and leaves the cell
— helping maintain homeostasis even when external conditions change. In addition to protection, the membrane also allows
for communication and exchange, enabling the movement of nutrients, waste, and chemical signals. This balance of separation
and interaction helps the cell regulate its internal conditions, such as pH, ion levels, and metabolic activity, and protects it from
harmful substances and pathogens.

In your body, every cell maintains its own boundary, and together, these boundaries allow tissues, organs, and organ systems to
function in an organized, coordinated way.

The body’s largest organ system is the integumentary system, which includes the skin and its associated structures, such
as hair and nails. The surface tissue of skin is a barrier that protects internal structures and fluids from potentially harmful

microorganisms and other toxins. Stay tuned for the integumentary system, as that will be the first body system we will be
studying.

2) Metabolism: Your Body’s Energy Game Plan

According to the first lLaw of thermodynamics, energy cannot be created or destroyed, it can only change forms. That means
your body’s job is not to make energy out of thin air, but to take in energy from food, convert it into usable fuel, and then use
that fuel to power everything from muscle movement to cell repair.

Your body handles this through a pair of constantly running chemical reactions: anabolism and catabolism.

¢ Anabolism is like building with Legos: your body takes smaller, simpler molecules (like amino acids from food) and uses
energy to build larger, more complex structures (like proteins).

o Catabolism is the opposite: it breaks down big molecules (like glucose or fat) into smaller ones (ultimately carbon dioxide
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and water), thereby releasing energy your body can use.

Together, these two processes make up your metabolism — the total of all the chemical reactions happening in your body, all the
time, to keep you alive and functioning. Whether you are sleeping, eating, or running late to class, metabolism is working behind
the scenes to keep your body in business.

Catabolism breaks Anabolism builds up

down food
molecules and |3:|E:j';—'; me?’lziules
releases energy E BY
L 5.}
o oo L
Move into cell LN o
&>+
‘ - -, § ) Ny
LW |
g
Digested food
maolecules

Macromolecules =
large molecules

Monomers =
small molecules

Figure 1.8.1.1: Anabolism & Catabolism. Both anabolism and catabolism occur simultaneously and continuously to keep you
alive.

Your body is made up of trillions of cells, and each one depends on a special molecule called adenosine triphosphate (ATP)
to get its work done. Often described as the cell’s “energy currency,” ATP stores and delivers energy where and when it is
needed. As food is broken down through catabolic reactions, cells use the released energy to produce ATP. This ATP can then be
stored — like saving money for later — or spent right away to power essential tasks such as muscle contraction, nerve signaling,
or building new molecules during anabolic reactions.

3) Responsiveness

Responsiveness is the ability of an organism to adjust to changes in its internal and external environments. An example of
responsiveness to external stimuli could include moving toward sources of food and water and away from perceived dangers.
Changes in an organism’s internal environment, such as increased body temperature, can cause the responses of sweating and
the dilation of blood vessels in the skin in order to decrease body temperature, as shown by the runners in Figure 1.8.1.2

4) Movement

Human movement includes not only actions at the joints of the body, but also the motion of individual organs and even individual
cells. As you read these words, red and white blood cells are moving throughout your body, muscle cells are contracting and
relaxing to maintain your posture and to focus your vision, and glands are secreting chemicals to regulate body functions. Your
body is coordinating the action of entire muscle groups to enable you to move air into and out of your lungs, to push blood
throughout your body, and to propel the food you have eaten through your digestive tract. Consciously, of course, you contract
your skeletal muscles to move the bones of your skeleton to get from one place to another (as the runners are doing in Figure
1.8.1.2), and to carry out all of the activities of your daily life.
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Figure 1.8.1.2: Marathon Runners. Runners demonstrate two characteristics of living humans—responsiveness and movement.
Anatomic structures and physiological processes allow runners to coordinate the action of muscle groups and sweat in response
to rising internal body temperature. (credit: Phil Roeder/flickr)

5) Development, Growth and Reproduction

Development includes the process of cell differentiation, where unspecialized cells become specialized in both structure and
function to carry out specific roles in the body. Differentiation is essential not only during early development but also throughout
life, as it supports the body’s ability to grow, heal, and adapt.

Development also encompasses growth and repair. Both depend on cell division and differentiation. Growth refers to an
increase in body size and occurs in several ways: by increasing the number of cells, expanding the extracellular (non-cellular)
materials such as the mineral content of bones, and, to a limited extent, enlarging individual cells.

Reproduction, finally, is the biological process by which new organisms are produced from parent organisms. In humans, this
function is carried out by the male and female reproductive systems. Since all complex organisms eventually die, reproduction
i essential to ensure the continuation of the species.

This page titled 1.8.1: Basic Life Processes and Functions is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
Barbara Zingg via source content that was edited to the style and standards of the LibreTexts platform.

e 1.4: Functions of Human Life by OpenStax is licensed CC BY 4.0. Original source: https://openstax.org/details/books/anatomy-and-
physiology.
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1.8.2: Survival Needs

To sustain human life, certain physiological needs include air, water, food, shelter, sanitation, touch, sleep and personal space.

Master this section and you'll be able to:

e Explain the five essential requirements for human survival.

e Describe how the absence or deficiency of each affects physiological function.

e Analyze the physiological consequences of environmental changes, such as dehydration, hyper- or hypothermia, and
high altitude or deep-sea conditions.

Survival Needs

While the development of tools, plumbing systems and food preservation have enabled modern man to live life with many creature
comforts, the truth remains that the requirements for human survival are quite basic.

1)
Mount Everest North Face as seen from the path to the base camp.
Oxygen Availability
Oxygen, within a particular range of pressure, concentration, and purity, is essential for aerobic cellular respiration, the process

by which cells generate ATP, the primary energy currency of the body. Insufficient oxygen delivery (hypoxia) rapidly impairs organ
function, particularly in the brain. Without oxygen, brain damage begins in minutes and death quickly follows.

2) Food Availability

Our food must be adequate in calorie and nutritional standards in order to sustain life. A continuous supply of nutrients is
necessary and can be categorized into:

¢ Macronutrients, specifically carbohydrates, lipids, and proteins. These macronutrients provide the energy necessary for
cellular processes and the structural components for growth and repair.

« Micronutrients, such as vitamins and minerals are critical for enzymatic activity, nerve conduction, immune function, and
metabolic regulation.

3) Water Availability

Access to a safe, clean, and adequate water supply is absolutely necessary for human survival. Indeed, water is as critical as
oxygen. It serves as the solvent for biochemical reactions, assists in thermoregulation, and facilitates nutrient transport and
waste elimination. Even mild dehydration can lead to headaches, dizziness, fatigue, and impaired cognitive function. Severe
dehydration affects blood volume, reduces blood pressure, and can lead to organ failure and death.

I\ Fun-but-Scary Fact: You can survive weeks without food, but only a few days without water. Water is not optional! It
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is a top priority for survival.

The typical survival time for a human without water is about three days (72 hours). However, this can vary significantly
depending on several factors. In some cases, individuals may survive anywhere from two to seven days without water.
Environmental conditions play a major role — extreme heat and dry climates accelerate water loss through sweat and
evaporation, while cooler, more humid environments may slow dehydration. Other influencing factors include a person’s
level of physical activity, age, overall health, body size and fat reserves, and their hydration status before water
deprivation begins. These variables determine how quickly dehydration sets in and how long the body can continue to
function without adequate fluid intake.
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4) Stable Body Temperature

Enzymatic reactions and physiological processes in our body are optimized around a core temperature of approximately 37°C
(98.6°F).

¢ Hyperthermia can denature proteins and disrupt cellular integrity. It begins when core body temperature rises above
38.3°C (101°F) and becomes dangerous above 40°C (104°F).
> Around ~38-40°C (100.4-104°F) heat exhaustion often kicks in, leading to heavy sweating, weakness, and dizziness.
o Above 40°C (104°F) heat strokes start build up and cause organ failure, altered mental status, and is a medical
emergency.

¢ Hypothermia on the other hand impairs organ systems by slowing down metabolic activity. It occurs when core body
temperature drops below 35°C (95°F).
o Mild hypothermia: 32-35°C (89.6-95°F) causes vasoconstriction, shivering, and confusion.
o Moderate hypothermia: 28-32°C (82.4-89.6°F) slows the metabolism and decreased consciousness.
o Severe hypothermia: <28°C (<82.4°F) will ultimately lead to cardiac arrest and death.

5) Appropriate Atmospheric Pressure

Atmospheric pressure is the force of the air around us — and, believe it or not, your ability to breathe depends on it. This
pressure helps create the differences in air pressure that your body needs to move oxygen into your blood and get rid of
carbon dioxide. Atmospheric pressure enables adequate ventilation and gas exchange in the lungs. A sufficient pressure gradient
is required for oxygen to diffuse into the blood and for carbon dioxide to be expelled. Changes in barometric pressure, such as at
high altitude, can hinder respiratory efficiency.

Here is the short version of how it works:

¢ Oxygen moves from areas of higher pressure (the air in your lungs) to areas of lower pressure (your blood).
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o Carbon dioxide does the opposite. It moves from your blood (where it is higher) into your lungs to be exhaled.
This only works if the pressure outside your body is high enough to keep this gas exchange going. (Don't worry, if you do
not totally understand this now, we will cover it in more detail when we study the respiratory system).

Even though the percentage of oxygen in the air (about 21%) stays the same no matter where you are, the air pressure changes
with altitude. As you go higher — like climbing a mountain — the atmospheric pressure drops. This causes the partial pressure
of oxygen (the amount of pressure oxygen alone exerts) to drop too. When that happens, it becomes harder for oxygen to move
from your lungs into your blood because the pressure difference that drives gas exchange is too small. Less oxygen gets into
your bloodstream, and that affects your whole body, right down to your mitochondria, which are the tiny structures in cells that
use oxygen to make energy.

For example, at around 5500 meters (18,000 feet), approximately the hight of the Mt. Everest North Base Camp, the oxygen
pressure is only about half of what it is at sea level. At the top of Mount Everest (about 8900 meters or 29,000 feet), it is only
about 30% of sea level. This drop in oxygen availability can cause symptoms all the symptoms of hypoxia. And if your body
cannot adapt or you do not use supplemental oxygen, it can become life-threatening.

On the flip side, in situations with too much pressure (like deep-sea diving), other problems can occur, such as too much oxygen
or nitrogen entering the blood, which also is dangerous.

Bottom line: atmospheric pressure is not just about the weather! Your life depends on it, because without the right pressure,
your body cannot get the oxygen it needs to survive.

Figure 1.8.2.1: Mount Everest North Face as seen from the path to the base camp.

Beyond the five key requirements for maintaining homeostasis and supporting basic survival, humans also depend on other
factors to thrive.

e Shelter is critical for protection from extreme heat, cold, sun, and precipitation, conditions that could otherwise lead to
hypothermia or hyperthermia.

¢ Sanitation helps prevent disease by safely removing waste and reducing exposure to harmful toxins and pathogens.

e Sleep is vital for physical and cognitive restoration. Ideally seven to eight uninterrupted hours per night are needed.

e Adequate space reduces overcrowding by promoting mental well-being and maintenance of healthy social structures.

e Finally, touch is also a fundamental human need. As humans have evolved to interact in community settings, both hunting
and gathering in groups, touch (as in a caring caress) is often considered a basic human survival need. In fact, studies have
shown that physical contact fosters bonding, reduces stress, and even supports immune function, especially in infants and
young children and is therefore essential to the early growth and development of healthy humans.
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Figure 1.8.2.2: Sleeping Child. Adequate sleep is necessary to sustain life.

This page titled 1.8.2: Survival Needs is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by Barbara Zingg.
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1.9: Maintaining Balance — Homeostasis and the Power of
Negative Feedback

Homeostasis is maintained by the body’s responses to adverse stimuli, ensuring maintenance of an optimal physiological
environment.

Master this section and you'll be able to:

e Define the concept of homeostasis and explain its importance for maintaining a stable internal environment.

o Identify key physiological variables (e.g., temperature, blood pressure, blood glucose) that are regulated to maintain
homeostasis.

e Describe the roles of sensors, control centers, and effectors in maintaining homeostasis.

e Explain how homeostasis is a dynamic process involving constant monitoring and adjustment, rather than a static "set
point."

The Concept of Homeostasis

Homeostasis is the process the body uses to keep its internal environment stable, even when conditions outside (or inside) the
body change. Factors like body temperature, blood pH, blood pressure, and fluid levels must stay within a narrow, healthy
range for the body to function properly.

The body constantly monitors these internal conditions and makes adjustments as needed. Most of these adjustments happen
through negative feedback loops, which are the body’'s main tool for maintaining balance. These loops work by detecting a
change and triggering a response that reverses or counteracts that change, helping to bring things back to normal.

All homeostatic systems rely on three key parts that work together:

All homeostatic systems rely on
three key parts that work together:

- @6

Sensor Control Effector
Center

e Sensor (or receptor): This part detects a change in the environment — either inside or outside the body. For example,
peripheral chemoreceptors can sense changes in the pH of your blood.

¢ Control center (or integrating center): This part receives the information from the sensor and decides how to respond. The

hypothalamus in the brain is a great example — it helps regulate body temperature, heart rate, blood pressure, hunger, and
even sleep cycles.
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o Effector: This is the organ or tissue that carries out the response to restore balance. For instance, if your blood pressure
drops, your kidneys may retain more water to help bring it back up.

These three components — sensor, control center, and effector — are the foundation of every homeostatic response. To
coordinate these complex changes, the body uses feedback loops. As mentioned above, most of the time, these are negative
feedback loops, which act to reverse a change and bring things back to normal. In certain situations, positive feedback loops
temporarily amplify a change until a specific goal is reached. See the next page for an overview of positive feedback loops.

Negative Feedback

Negative feedback is the body’s way of fixing a problem by turning things down or reversing a change. It helps bring body
systems back to their normal range when something goes off track, or in other words: the output of a negative feedback system
reduces the activity that causes that output.

A great example is blood pressure regulation. Your blood vessels have special sensors called baroreceptors that can tell if your
blood pressure is too high or too low. These sensors send a message to the hypothalamus, a part of your brain that acts like
a smart control center, managing many subconscious, automatic body functions. The hypothalamus always monitors and adjusts
things to help you stay healthy and stable, meaning to maintain homeostasis.

If your blood pressure is too high, the hypothalamus tells your heart, blood vessels, and kidneys (the effectors) to take action.
Your heart rate slows down, your blood vessels widen (vasodilation), and your kidneys let go of more water. All of these changes
help bring your blood pressure back down to normal.

If your blood pressure is too low, the process works in the opposite direction. Your blood vessels tighten (vasoconstriction), your
heart beats faster, and your kidneys hold on to more water. Again, this brings your blood pressure back up to where it should be.

It is called “negative feedback” because the body reverses the direction of the change to bring things back into balance.

Examples of Negative Feedback to Maintain Homeostasis

1) Hypothalamic - Pituitary - Adrenal (HPA) Axis

When your body is under stress — whether it is physical, emotional, or even from skipping meals — it needs to respond in a way
that keeps you functioning. One of the key systems that kicks into action is called the HPA axis. It is a chain reaction involving

or

(neg.
feedback) CRH
ACTH

A Glucocorticoids
(Cortisol)
S

three major parts of your body:
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1. CRH (Corticotropin-Releasing Hormone) is released by the hypothalamus.

2. CRH travels to the pituitary gland (also in the brain), which then releases ACTH (Adrenocorticotropic Hormone) into the
bloodstream.

3. ACTH travels through your blood to the adrenal glands (which sit on top of your kidneys), signaling them to release
glucocorticoids, the most important of which is cortisol — often called the "stress hormone."

This whole process looks like a chain of command. Cortisol helps your body deal with stress by increasing blood sugar (for
energy), suppressing non-essential functions (like digestion or reproduction), and reducing inflammation.

Once enough cortisol is in your bloodstream, it signals the hypothalamus and pituitary to stop making CRH and ACTH — this is
a classic example of a negative feedback loop. The system shuts itself off when the job is done, so you do not end up with too
much cortisol, which could be harmful over time.

Stress - Hypothalamus releases CRH - Pituitary releases ACTH - Adrenal glands release glucocorticoids (like
cortisol)
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2) Body Temperature Control

Temperature control is another great example of a negative feedback loop. Peripheral (skin) and central thermoreceptors
sense an increase or decrease in body temperature and send that information to the hypothalamus, the brain’s temperature
control center. If the temperature is too high or too low, the hypothalamus sends signals to various effectors to bring the body
back to its normal temperature—about 37°C (98.6°F).

@ If the body gets too hot, the hypothalamus:

e Triggers sweat glands to release sweat, cooling the skin

e Causes vasodilation, where blood vessels near the surface widen to release more heat
& If the body gets too cold, the hypothalamus:

¢ Makes muscles shiver to generate heat

o Causes vasoconstriction, narrowing the blood vessels to keep heat inside the body

This process is more complex than it seems, because the hypothalamus can actually change the set point. For example,
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during a fever, it raises the body’s temperature on purpose to help fight off infection.

Both internal changes (like an infection) and external factors (like cold weather) can trigger negative feedback responses that
help the body maintain a safe and stable temperature.

See the image on the right to review how your body uses negative feedback to control temperature.

+ Key Takeaways:

{74 Homeostasis is the body’s built-in balancing act.
It uses sensors, a control center (usually the brain), and effectors (like organs or glands) to monitor and adjust internal conditions
(like temperature and blood pressure) so they stay within a healthy range.

(74 Negative feedback is the body's main strategy to stay stable.
When something changes (like body temp or blood pressure), the body responds by reversing that change—bringing things back
to normal. This “fix-it” system is used constantly to maintain balance and health.

74 Negative feedback loops shut themselves off when the job is done.

This makes them self-regulating and helps prevent overcorrection. For example, when cortisol levels rise enough to deal with
stress, the body stops producing more, a perfect example of a built-in “off switch.”

This page titled 1.9: Maintaining Balance — Homeostasis and the Power of Negative Feedback is shared under a CC BY-SA 4.0 license and was
authored, remixed, and/or curated by Barbara Zingg.
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1.10: Positive Feedback Loops

Positive feedback amplifies a change rather than restoring balance.

Master this section and you'll be able to:

e Distinguish between negative and positive feedback mechanisms.

e Identify the key components of a positive feedback loop.

o Describe how childbirth illustrates a positive feedback loop and explain how the process is normally terminated.

e Explain how blood clotting functions as a positive feedback mechanism and how the response is shut off.

e Explain why negative feedback predominates in maintaining homeostasis, whereas positive feedback are sparingly used.

Positive Feedback: What It Is and Why It Matters

Positive feedback is a physiological mechanism in which the body amplifies a change rather than reversing it. Unlike negative
feedback, which works to restore balance and maintain homeostasis, positive feedback pushes the body further in the
direction of the initial change, and the system moves farther away from the normal range.

This might sound like a bad idea, but in certain situations, positive feedback is essential to maintain homeostasis. It allows the
body to complete specific processes quickly and efficiently. Therefore, positive feedback in the body is normal only when there is
a definite end point.

Examples of Positive Feedback

2 1. Childbirth (Labor Contractions)

Childbirth is one of the clearest and most commonly used examples of a positive feedback loop in human physiology. It follows
a straightforward, self-amplifying process with a clear starting point, increasing intensity, and a definite conclusion. At full term,
maintaining the body's current state is no longer beneficial. Major physiological changes are needed to deliver the baby. Once
labor begins, it must progress quickly, because delays can put both the mother and baby at risk. The strong muscular contractions
of the uterus during labor are controlled by a positive feedback loop, which causes the contractions to become stronger and more
frequent until the baby is born.
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Here is how it works: towards cervix

1. Trigger: Labor begins when the baby's head pushes against the cervix, causing it to stretch.

2. Signal: This stretching activates stretch receptors and sends nerve signals to the brain (specifically the pituitary
gland), which responds by releasing the hormone oxytocin.

3. Response: Oxytocin increases the strength and frequency of uterine contractions.

4. Amplification: These contractions push the baby harder against the cervix, which causes more stretching, more nerve
signals, more oxytocin, and therefore stronger contractions.

5. Loop continues: This cycle of increasing pressure and increasing hormone release continues until the baby is born.

6. Loop ends: This loop continues until the baby is born, at which point the pressure on the cervix stops, oxytocin
levels drop, and contractions subside.

@ 2. Blood Clotting

Vessel Wall Damage

Red Blood Cell

Platelet

Fibrinogen

Activated Platelet
Fibrin Blood Clot
Red Blood Cell

A second well-known example of a positive feedback loop is the blood clotting process, which helps the body respond to severe
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injuries like a deep cut or puncture. In this situation, the most immediate threat is excessive blood loss, which can cause a
dangerous drop in blood pressure and reduced perfusion — that is, reduced delivery of oxygen and nutrients — to the brain
and other vital organs. If perfusion drops too low, vital organs begin to shut down, and the person may die.

To prevent this, the body launches a rapid, localized coagulation (= blood clotting) response.
Here’s how it works:
1. Injury occurs: A blood vessel is damaged, and the body detects the break in the vessel wall.
2. Platelets rush in: Platelets (small cell fragments in the blood) stick to the injured site and release chemical signals.

3. Amplification: These chemicals attract more platelets to the area, which then release even more signals to recruit
even more platelets.

4. Clot forms: This growing pile of platelets and clotting factors rapidly forms a plug that seals the break and stops the
bleeding.

5. Loop ends: The process continues until the clot is large enough to seal the injury. Once a clot is formed and the
damage is repaired, the positive feedback loop of coagulation is terminated through a combination of mechanisms,
including the activation of specific inhibitors and negative feedback pathways.

In short, positive feedback in blood clotting helps the body respond quickly and powerfully to blood vessel injury—but
only until the job is done.
+ Key Takeaways:

{7 Not all feedback is negative — sometimes the body uses positive feedback, too.
Although rare, positive feedback temporarily amplifies a change to reach a specific goal (e.g., childbirth or blood clotting). After
that goal is met, the loop stops.

{74 Positive feedback loops are not used for everyday regulation.
They are used for short-term, goal-driven processes that need to be completed efficiently. Once the goal is met (e.g., stopping
bleeding or delivering a baby), the loop naturally shuts off.

This page titled 1.10: Positive Feedback Loops is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Barbara Zingg
via source content that was edited to the style and standards of the LibreTexts platform.

e 1.6: Homeostasis by OpenStax is licensed CC BY 4.0. Original source: https://openstax.org/details/books/anatomy-and-physiology.
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2: CELLS AND MEMBRANE TRANSPORT

2.1: Inorganic Chemistry Overview

2.2: Organic Chemistry Review
2.2.1: Types of Biological Macromolecules

2.2.2: Protein Synthesis

2.3: Cell Anatomy — Introduction

2.4: Components of Plasma Membranes

2.5: The Nucleus

2.6: The Cytoplasm and Cellular Organelles

2.7: Cytoskeleton and Cell Extensions

2.8: Stem Cells and Cellular Differentiation

2.9: Cell Physiology — Body Fluids and Fluid Compartment

2.10: Passive Movements across the Cell Membrane — Simple Diffusion
2.11: Passive Movements across the Cell Membrane — Facilitated Diffusion and Osmosis
2.12: Tonicity

2.13: Primary Active Transport — Pumps

2.14: Vesicular Transport — Endocytosis and Exocytosis

This page titled 2: Cells and Membrane Transport is shared under a license and was authored, remixed, and/or curated by Barbara Zingg.
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2.1: Inorganic Chemistry Overview

Atoms are made up of particles called protons, neutrons, and electrons, which are responsible for the mass and charge of atoms.

Master this section and you'll be able to

¢ Define the term element and distinguish between atom and element.

e Describe the basic structure of an atom, including the relative location, charge, and mass of its subatomic particles.
e Distinguish between the terms atomic number and mass number.

e Explain what an ion is.

Atoms and Subatomic Structure: The Foundation of Matter

Matter is anything that has mass and takes up space. All things in the universe (i.e. living and non-living things) are considered
to be "matter". The smallest component of matter normally found is the atom. Therefore, all things in the universe (including
PURIANS ) 81 MAEE OF B OG- ---m o m .-4

Atoms themselves are composed of even smaller subatomic particles (extremely tiny things) called neutrons, protons, and
electrons.

¢ Protons have a positive electrical charge (+),
e electrons have a negative electrical charge (-), and
e neutrons are electrically neutral, meaning they have no charge.

The nucleus at the center of the atom contains protons (positively charged) and neutrons (no
charge). The electrons (negatively charged) are found in regions called orbitals around the nucleus. Electrons do not travel in
fixed paths but are described by a probability distribution. The orbitals define the regions where an electron is most likely to be
found at any given time. The different orbitals are associated with specific energy levels. See the images below for a simplified
view of an atom.

Neutrons
|

Electrons = Nucleus

—) Protons
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Figure 2.1.1: Structure of an Atom — Common Planetary Representations of an Atom. The helium (He) atom in the image
on the left is made up of 2 protons and 2 neutrons located within the nucleus. The two electrons are in orbitals surrounding the
nucleus. The image on the right depicts lithium (Li), which has 3 protons, 3 electrons, and typically 4 neutrons in its most
common isotope (= version of an element that has the same number of protons but a different number of neutrons).

An atom in its neutral state has the same number of protons and electrons. Because protons carry a positive charge (+) and
electrons carry a negative charge (-), their charges cancel each other out, making the atom electrically neutral.

For example, a neutral sodium atom (Na) has 11 protons and 11 electrons. The 11 positive charges balance the 11 negative
charges, resulting in an overall charge of zero. The most common isotope of sodium has 12 neutrons.

All atoms are made of subatomic particles — protons, neutrons, and electrons — but differ in the number of these particles, giving
rise to 118 unique elements.

] Atomic Number: The Element’s ID Card

All known elements in the universe are organized in a chart called the Periodic Table of Elements. The table arranges elements
according to their chemical properties, their number of protons, and the way electrons are organized in orbital shells. Elements are
symbolized by a chemical symbol (one- or two-letter abbreviation). Every element on the periodic table has a special number
called the atomic number — it is usually shown above the element’s symbol (like the "7" above "N" for nitrogen).

That number tells us how many protons are in the nucleus of each atom of that element.

» Fun fact: Because atoms are electrically neutral, the number of electrons always equals the number of protons. So once
you know the atomic number, you also know how many electrons there are!

For example:
¢ Nitrogen (N) has an atomic number of 7, so it has 7 protons and 7 electrons.
e Sodium (Na) has an atomic number of 11, so it has 11 protons and 11 electrons.

{74 This rule works for every element in the periodic table!
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The Periodic Table of Elements
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Figure 2.1.2: Periodic Table of Elements. The periodic table shows the element symbols, atomic numbers, and mass numbers. The mass
of an atom is often referred to as its atomic weight on Earth — since in most cases, we can think of atomic weight and mass number as
being roughly the same.

Each element has its own unique physical and chemical properties — like how it looks, how it reacts, or what it can do. These
properties come from the number of protons in the atom.

An atom with a specific number of protons is the smallest unit that still shows the characteristics of that element. That means
all atoms of the same element have the same number of protons.

The figure below shows three different elements, each with its own number of protons — and its own personality, so to speak!
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Figure 2.1.3: From left to right, images of the elements sodium (solid), nitrogen (liquid), and oxygen (colorless gas bubbles in the pale blue
liquid). The element sodium is made of sodium atoms, the element nitrogen is made of nitrogen atoms, and the element oxygen is made of
oxygen atoms.

ffi Atomic Mass: The Weight Behind the Atom

You now know that atoms are made up of three main subatomic particles: protons, neutrons, and electrons. But believe it or
not, scientists have discovered many more subatomic particles beyond these three. Do not worry though — we will not dive into
those here!

Protons and neutrons each have a mass of approximately one atomic mass unit (amu) and are located at the center of the
atom, forming the nucleus. Electrons occupy regions called orbitals or electron clouds surrounding the nucleus, organized
into energy shells. Because electrons are so small — about 1/1836 the mass of a proton — their mass is often considered
negligible (effectively zero) in most calculations.

When it comes to atomic mass (how “heavy” an atom is), only protons and neutrons really matter. We can therefore say, the
number of neutrons affects the mass of the atom, but not its charge.

¢ A proton and a neutron each weigh about 1 atomic mass unit (amu) — basically the same weight.

e Electrons are like tiny lightweights — about 171800 the mass of a proton or neutron! Because they are so small, we usually
ignore their mass when calculating the atom’s total mass.

] Summary:
Atomic Number = Number of protons

Atomic Mass = Atomic Weight = Number of protons + Number of neutrons

Charge of an Atom

protons (+) and electrons (-)

Charge & Mass of Subatomic Particles

Mass (amu) Location

Charge

Proton +1 1 nucleus
Neutron o 1 nucleus
Electron -1 ] orbitals

Atoms Are Mostly Empty Space... So Why Don't We Fall Through Things?

Believe it or not, over 99% of an atom is empty space! Protons and neutrons are packed into the tiny nucleus, and the much
smaller electrons zoom around it — but most of the atom is just... nothing.

So, if atoms are mostly empty, why do solid things feel solid?

It all comes down to electrons. Electrons are negatively charged and hang out in the outer regions of atoms. When atoms get
close, their electrons repel each other — kind of like trying to push the same poles of two magnets together.

These repelling forces (called intermolecular forces) keep atoms from overlapping. That is why you do not fall through your
chair, even though both you and the chair are made mostly of empty space!
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Sometimes atoms gain or lose electrons, becoming ions — charged versions of atoms. This changes how strongly they
interact with other atoms and affects many things in biology, like nerve signals and muscle movement.

Interactive: Build an Atom: Build an atom out of protons, neutrons, and electrons, and see how the element, charge, and mass
change. Then play a game to test your ideas!

This page titled 2.1: Inorganic Chemistry Overview is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by
Barbara Zingg.
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2.2: ORGANIC CHEMISTRY REVIEW

2.2.1: Types of Biological Macromolecules

2.2.2: Protein Synthesis

This page titled 2.2: Organic Chemistry Review is shared under a license and was authored, remixed, and/or curated by Barbara Zingg.
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2.2.1: Types of Biological Macromolecules

Biological macromolecules, the large molecules necessary for life, include carbohydrates, lipids, nucleic acids, and proteins.

Master this section and you'll be able to

e Define the terms organic compound and macromolecule, and compare an organic compound with an inorganic
compound.

¢ Distinguish between monomers and polymers.

e Identify the four major classes of biological macromolecules.

Introduction to the Types of Biological Macromolecules

All living matter, as well as the parts, products, and remains of living organisms, is composed of organic compounds. These
organic compounds consist of large molecules, commonly referred to as biological macromolecules or, more simply, as
biomolecules. The main thing that makes these molecules special is that they always contain carbon atoms (C) as well
as hydrogen atoms (H) attached to the carbon. Think of the carbon atoms as the “backbone” of these molecules — like the spine
in your body. Hydrogen atoms are attached to the carbon, like arms or legs. In addition, different organic compounds may be
joined by other elements, such as oxygen (O), nitrogen (N), or phosphorus (P) to name just a few.

This means that you, other animals, plants, bacteria, and fungi are all remarkably similar at the molecular level, being constructed
from variations of the same types of biomolecules.

In short:

¢ Organic compounds: Carbon-based molecules that typically contain carbon-hydrogen bonds and form the backbone of
living organisms, including carbohydrates, lipids, proteins, and nucleic acids.

- Biological macromolecules (biomolecules) are large, complex molecules that serve as the building blocks of living
things.

> All organisms — from humans to bacteria — are fundamentally similar at the molecular level, despite their visible
differences.
¢ Inorganic compounds: Molecules that generally do not contain carbon-hydrogen bonds and include essential substances
like water, salts, acids, and bases.
- Carbon dioxide (CO:): Even though it has carbon, it does not have hydrogen, so it is not organic.

o Water (H20): It has hydrogen, but not carbon, so it is not organic.

> Salt (sodium chloride, NaCl): It does not have carbon or hydrogen, so it not organic.
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Monomers vs. Polymers
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Monomers

Polymerization

W
P0|ymer As you have seen, biomolecules are the VIPs of cell structure and

function. Most of the big, important molecules in living things (called macromolecules) are actually polymers, which means they
are made by snapping together lots of smaller, repeating units (building blocks) called monomers. Think of monomers as the
Lego bricks of life: simple on their own, but incredibly powerful when combined in creative ways.

A great real-life example? Proteins. These essential polymer molecules are made by linking together long chains of amino acids,
which are their monomers. You have only 20 types of amino acids to work with, yet your body can combine them in thousands of
different ways to build everything from enzymes that speed up chemical reactions to structural proteins like keratin in your hair
and nails. It is like making everything from a paperclip to a jet engine using just 20 kinds of building blocks.

You can also see this concept with carbohydrates. Table sugar (sucrose) is a disaccharide (a small polymer) made of two

monomers: glucose and fructose. Link more sugar monomers together and you get polysaccharides like starch (found in potatoes
and pasta) or glycogen (found in your muscle cells). The prefixes help you keep track: “mono-" means one, “di-” means two, and

CH,OH

H o_H CHZ%H H
OH H H HO

OH O CH,OH
H OH OH H

“poly-" means many.

In the image on the right, you can see the sucrose molecule (commonly known as table sugar): The two monosaccharides
(glucose on the left and fructose on the right), both simple sugars/carbohydrates are joined to make the disaccharide sucrose.

In the image below, you can see polymers that are made up of the monomers glucose:

Amylose (upper left) forms a single chain and amylopectin (below it) is a branched chain. They are the two important polymers
that make up starch. Starch is a polymer of glucose found in plants. You can see that glycogen, also a polymer of glucose — but
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in animals — is even more highly branched than amylopectin. Starch and glycogen are used for energy storage. Finally, cellulose,
again a polymer of glucose, has every other glucose monomer upside down.
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Interactive Polymerization Reaction Chamber:

The Four Major Classes of Biological Macromolecules

Cells may be tiny, but they are packed with some pretty amazing molecules that keep everything running smoothly. These
molecules fall into four major categories:

e Carbohydrates (COHs): A broad class of biomolecules that includes monosaccharides (the simplest sugars, e.g. glucose
and fructose); disaccharides (two sugars linked together, e.g. sucrose = glucose + fructose); and polysaccharides (complex
COHs made up of long chains of many sugar units, e.g. starch, glycogen, cellulose).

¢ Lipids: A diverse group of hydrophobic biomolecules that includes fats (triglycerides, used for long-term energy storage),
phospholipids (major components of cell membranes), and steroids (such as cholesterol and hormones). Unlike
carbohydrates, lipids are not built from repeating monomer units but are typically made from fatty acids and glycerol.

¢ Nucleic Acids: Two types of biomolecules that store and transmit genetic information. They include DNA (deoxyribonucleic
acid), which holds the instructions for building proteins, and RNA (ribonucleic acid), which helps carry out those instructions.
Nucleic acids are made up of nucleotide monomers, each consisting of a sugar, a phosphate group, and a nitrogenous base.

¢ Proteins: A wide array of large, complex biomolecules made up of amino acid monomers linked in specific sequences.
Proteins can be fibrous (providing structural support, e.g. collagen) or globular (involved in dynamic functions like enzymes,
hormones, and antibodies). The unique shape of a protein determines its specific function within the body, from muscle
contraction to cell signaling.

Each group plays a unique and essential role in human biology, whether it is providing energy, building structures, storing
information, or helping chemical reactions happen at lightning speed. Without a steady supply of these biomolecules in your diet,
cells simply could not do their jobs — and you could not function.

Together, these four types of macromolecules make up most of a cell's dry mass (meaning everything except water). But since
cells are mostly water by weight, all these important molecules are essentially floating in an aqueous (water-based) environment.
Every reaction that happens in your body, whether you are breathing, blinking, or binge-watching your favorite show, is happening
in water and depends on the teamwork of these four molecular VIPs.

Image below: Living organisms are made up of chemical building blocks: All organisms are composed of a variety of these
biological macromolecules. Nutrients are the molecules that living organisms require for survival and growth but that animals and
plants cannot synthesize all by themselves. Animals obtain nutrients by consuming food, while plants pull nutrients from soil.

Image below:
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Figure 2.2.1.1: Biological Macromolecules (or Biomolecules). Living organisms are made up of chemical building blocks
known as biomolecules. All organisms contain a variety of these essential molecules.

This page titled 2.2.1: Types of Biological Macromolecules is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated
by Barbara Zingg.
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2.2.2: Protein Synthesis

Genes in DNA encode proteins that do the work of the cell.

Master this section and you'll be able to

e Explain how the genetic code stored within DNA determines the protein that will form.
e Describe the processes of transcription and translation.
e Discuss the function of ribosomes.

Blueprints and Builders: DNA, Genes, and Proteins

Earlier, we mentioned that DNA acts like a “blueprint” for the cell. That means it holds the instructions to build one of the most
important molecules in your body: proteins. Proteins help form the structure of cells, and almost everything a cell does depends
on proteins in some way.

One especially important group of proteins is called enzymes. Enzymes speed up the chemical reactions that cells need
to survive. These reactions might involve building larger molecules (like during DNA replication or making microtubules) or
breaking down larger molecules (like when your cells extract energy from food).

In short, if your cells are doing something, proteins are probably involved.

Just like the genome is all the DNA in a cell, the proteome is the full set of proteins the cell can make. The instructions for making
these proteins come from genes — specific segments of DNA that carry the code to build a particular protein. This process is

called gene expression. It is how cells turn genetic instructions into working proteins, which then shape the cell’s structure and
control what it can do.

How Do Genes Build Proteins?

Let's break it down: As you have learned, proteins are made of long chains of smaller units called amino acids — kind of like beads
on a necklace. The order of those amino acids determines what kind of protein it is and what job it will do in your body.

So how does your body know which amino acids to put together, and in what order? That is where your DNA comes in.

DNA is made of four building blocks called nucleotides, represented by the letters A, T, C, and G. These letters form "words" in
your genetic code. Every three-letter combination (called a triplet) gives instructions to add a specific amino acid. For example,
the triplet CAC tells your cell to add the amino acid valine.

Think of it like this: just like the letters d-o-g create the word “dog,” the DNA letters C-A-C create a signal for “valine.”

A gene is a long string of these triplets, each one contributing an amino acid to a growing protein chain. When the full sequence
is read, your body knows how to build a complete protein with the correct structure and function.
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Translation

This process of going from DNA to protein happens in two main
steps (see image on the left):

1. Transcription: The DNA's instructions are copied into a molecule called RNA (kind of like making a working copy of a recipe).

2. Translation: That RNA copy travels to a ribosome (your cell’s protein-building station), where it is read and used to assemble
a chain of amino acids—the final protein.

Template strand

rTrTrrrT T rTrTrrrrrrrnrTrrrrrrrrrnrornrord
£ ' T A A A A AGCGAQDCA
DNA TAC GG T C TEEGT TACAC
AT CCGOCAATCT ITTCACGCACTCAT | |
T Y e S O [N G O | ool R oree I e el SR LT (T ICPOR] PR I ot | O PSR R e |
Transcription
I._I B C xl_lli"l.J lJUC. CGRACUCAUGUGU
HHA 1 1 1 | T N ] Y PO S P T L Y R |
L ] 1 I L 1 1 1 1 []
Translation \ \
Protein Met Pro Gin Ser Val His Ala Leu

Met Cys The image on the right
offers another artistic rendition of these two key biological steps that shows how a cell reads genetic instructions to build a
protein:

Starting at the top:

The DNA sequence contains the genetic code. Since DNA is double-stranded, only one — the template strand — is used
to guide the process of transcription. During transcription the cell makes a copy of the template strand code in the form of
messenger RNA (mRNA). This is like writing down a recipe to take with you.

The RNA uses bases A, U, C, and G (note: U replaces T in RNA).

For the process of translation, each set of three RNA bases (called a codon) is translated into one amino acid. For example, the
first codon AUG codes for the amino acid methionine (Met), which is always the starting amino acid.

The result is a protein, a chain of amino acids folded into a working molecule that does jobs in your body, such as building
muscle, carrying oxygen (hemoglobin), or speeding up reactions in the form of enzymes.

©@® 55 (2.2.2.2)



LibreTexts"

«..And a little more detail:

Step 1: From DNA to RNA — How the Message Gets Out

Your DNA is stored safely inside the nucleus of the cell, but proteins, the workers of the cell, are built in the cytoplasm. So,
how do the instructions get from one place to the other?

That job goes to a special messenger called messenger RNA (mRNA). It is a single-stranded copy of a gene’s instructions,
and it travels out of the nucleus into the cytoplasm, where it helps build proteins.

Meet RNA: DNA'’s Close Cousin

There are different types of RNA in the cell, but the one we are focusing on is mMRNA—the one that carries the recipe for
making a protein.

RNA is very similar to DNA, but with a few important differences:
¢ RNA is single-stranded, not double-stranded like DNA.

e The sugar in RNA is ribose, which has one more oxygen atom than the sugar in DNA (called deoxyribose).
¢ RNA uses a base called uracil (U) instead of thymine (T). So, whenever DNA has an A, RNA will match it with a U

Transcription: Copying the Code

The first step in making a protein is called transcription. In this step, your cell makes an RNA copy of the gene it needs.
That is why it is called “transcription”—just like copying notes from the board in class.

Here is how it works:
1. The section of DNA that contains the needed gene unwinds.
2. The two strands of DNA separate just in that region.

3. Using one of the DNA strands as a guide (= the template strand), the cell builds an mRNA strand with the
matching bases.

The DNA is read in triplets, and each triplet gets copied into a matching three-base unit on the mRNA, called a codon.
Each codon will eventually tell the cell which amino acid to add to the protein chain.
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can see how a gene on the DNA molecule is transcribed by an enzyme called RNA polymerase into a complementary mRNA
molecule:

Polishing the Message: What Happens Before mRNA Leaves the Nucleus

Before the mRNA can go out into the cytoplasm and help build a protein, it needs to go through a little editing. At this point,
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it is still called pre-mRNA because it is not quite ready yet.

One important editing step is called splicing (see image on the right). Your DNA (and the mRNA copied from it) contains
some stretches of code that do not actually code for proteins. These parts are called non-coding regions, or introns,
and scientists are still figuring out exactly what they do. But for now, the cell snips them out.

A special structure in the cell, called a spliceosome, does the cutting. It removes the introns, the parts of the RNA that are
not needed, and stitches together the exons, which are the useful coding parts.

+ Introns = the “in-between” parts that get removed
+ Exons = the parts that stay and get used to build the protein

Here is something cool: Sometimes, even coding regions (exons) can be spliced in different ways. This is called alternative
splicing. By mixing and matching different exons, your cells can make many different versions of a protein from just one
gene. That means more variety in what your body can build, even with a limited number of genes!
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Once the mRNA is cleaned up and ready, it leaves the nucleus and heads into the cytoplasm, where the next step
(translation) will turn that message into a real, working protein.

Step 2: Translation — From RNA to Protein (a.k.a. Turning the Genetic Recipe into

Dinner)
Think of this step like translating a recipe written in one language (RNA) into another (protein). Each three-letter “word” on
the mRNA strand is called a codon, and each codon stands for a specific amino acid, the building blocks of proteins. The

goal of translation is to string these amino acids together to make a polypeptide, which will eventually fold into a fully
functioning protein.

To pull this off, the cell needs two main tools:

1. A translator: someone (or something) who can read the RNA and know which amino acid goes where.
2. A workspace: like a kitchen counter or desk where this translation happens.

Amino

Growing peptide —— acid

chain

Ribosome
large
subunit

tRNA

Ribosome
small
subunit Lucky for us, the cell already has both. The translator job
goes to tRNA, and the workspace is the ribosome, a protein-building machine made partly of another type of RNA called
rRNA (ribosomal RNA). See image on the left.

You might remember from an earlier biology course that many ribosomes hang out on the endoplasmic reticulum (ER),
making it the rough ER. Each ribosome is made of two parts, a large and a small subunit. When it is time to start protein
synthesis, these two parts snap together on an mRNA strand and get to work, aligning everything just right for accurate
decoding. If you have never heard of that, no worries, we will cover it in some details in Module 3.

tRNA: The Protein Builder’s Uber

Now let’s zoom in on our translator: tRNA, short for transfer RNA. These clever little molecules do the legwork (literally!) of
bringing the right amino acid to the ribosome. They cruise around the cytoplasm, pick up their assigned amino acid, and
deliver it to the assembly line.

But here’s the cool part: each tRNA has two key features that make this possible:

e One end has a spot to grab a specific amino acid (like glycine, for example).
e The other end carries an anticodon, a three-letter sequence that matches up with the codon on the mRNA (like a
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plug fitting into a socket).

Let's say the mRNA strand shows the codon CGA, which encodes the amino acid arginine. A tRNA with the anticodon GCU
will recognize and bind to it, bringing arginine along for the ride. The ribosome helps this happen smoothly, joining the new
amino acid to the growing chain one-by-one until the full protein is complete. But how does the cell know the protein is
complete? When the ribosome stops translating mRNA when it reaches a special “stop” codon. The stop codon signals
the end of translation. At that point, the finished protein is released — ready to fold into its final shape and go to work. Thus,
a gene within the DNA molecule is transcribed into mRNA, which is then translated into a protein product.

Large ribosomal
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In the top part of the figure on the right, you can see a large ribosomal subunit coming into contact with the mRNA that already
has the small ribosomal subunit attached. A tRNA and an anticodon are in proximity. In the second panel, the tRNA also binds to
the same site as the ribosomal subunits. In the bottom panel, a polypeptide chain is shown emerging from the complex.

In summary: a gene on DNA is first transcribed into mRNA, and that mRNA is then translated into a functional protein

Interactive Link

Watch this video (opens in new window) to learn about ribosomes. The ribosome binds to the mRNA molecule to start
translation of its code into a protein. What happens to the small and large ribosomal subunits at the end of translation?

This page titled 2.2.2: Protein Synthesis is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by Barbara Zingg via
source content that was edited to the style and standards of the LibreTexts platform.

e 3.5: Protein Synthesis by OpenStax is licensed CC BY 4.0. Original source: https://openstax.org/details/books/anatomy-and-physiology.
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2.3: Cell Anatomy — Introduction

A cell is the smallest unit of a living thing and is the basic building block of all organisms.

Master this section and you'll be able to

e Describe the general characteristics shared by all cells.
e Compare and contrast prokaryotic and eukaryotic cells.
¢ Explain why cells have different shapes.

e Summarize the main principles of the cell theory.

Close your eyes and picture a brick wall. What is the basic building block of that
wall? A single brick, of course. Like a brick wall, your body is composed of basic
building blocks, and the building blocks of your body are cells.

Cells as Building Blocks

A cell is the smallest unit of a living thing. Any living thing, whether it consists of just one cell (like bacteria) or many cells (like a
human), is called an organism. This means that cells are the basic building blocks of all organisms.

When many cells of the same type work together to perform a shared function, they form a tissue. Multiple tissues then combine
to form an organ (such as the stomach, heart, or brain). A group of organs that work together make up an organ system (like
the digestive, circulatory, or nervous system). Several systems working in coordination form an entire organism, such as a human
being.

Fungj P\(\'\malia
Eukaryota

B 4

e"% :
g

X

Prokaryota

There are many different types of cells, but they all fall into one of two broad
categories: prokaryotic or eukaryotic cells. Prokaryotic cells, found in organisms like bacteria, are simpler and lack a nucleus
or membrane-bound organelles. In contrast, eukaryotic cells, found in animals, plants, fungi, and protists, are more complex, with
a defined nucleus and various organelles that carry out specialized functions. Eukaryotic organisms can be unicellular or
multicellular, while prokaryotic organisms are always unicellular. Below is a concise comparison of eukaryotes and prokaryotes.
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Comparison of Prokaryotic and Eukaryotic Cells

Feature Prokaryotes Eukaryotes

Nucleus X Absent 4 Present

Organelles Y No membrane-bound organelles {74 Membrane-bound organelles present
Cell Type Always unicellular Unicellular or multicellular

Cell Size Small (1-10 um) Larger (10-100 um)

DNA Structure Circular DNA Linear DNA in chromosomes

Examples E. coli Homo sapiens

From One Cell to Trillions

You began life as a single fertilized egg cell known as a zygote. From that one cell, you developed into the complex human you
see in the mirror today, a body composed of trillions of cells. Estimates state that a human body is made up of approximately 37
trillion cells. The cells are organized into tissues, organs, and organ systems. This incredible transformation is made possible
by two processes called cell division (mitosis) and cell differentiation.

/. -
f/ ]
Fertilized egg Differentiated
= zygote Undifferentiated (specialized)
(unspecialized) \ cells |
cells l
@:?“ .
) { — o #
Early embryonic -
stage Fully developed
human

After fertilization, the zygote started to do something
remarkable: it divided. First, it split into two identical cells. Then each of those two divided again, making four. Those four
became eight, then sixteen, and so on. This pattern of exponential growth continued rapidly as the embryo (= early stage
of development in a multicellular organism) started to grow. With each round of division, more and more cells were created.
Eventually, this growing collection of cells began to organize, specialize (= differentiate), and form the tissues and organs of your
body. But it all started with one tiny cell, using a process called mitosis to multiply again and again.

However, just multiplying cells is not enough. In the early stages of development, these new cells are unspecialized (=
undifferentiated), meaning they do not yet have a specific job. Over time, they undergo a process called differentiation, during
which they become specialized in both their structure and function. For example, some cells become muscle cells that
contract, while others become nerve cells that carry electrical signals, or red blood cells that transport oxygen.

Differentiation is guided by the cell's environment and by specific instructions in its DNA. Even though nearly all the cells in
your body contain the same genetic material, different genes are turned “on” or “off” in each type of cell. This selective gene
expression is what allows cells to take on unique roles, ultimately giving rise to the specialized tissues and organs that keep your
body alive and functioning.
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Why Cell Shape Matters

You will see this theme throughout your study of anatomy and physiology. For now, let us look at a simple comparison to illustrate
the point:
a skin cell and a nerve cell. Each one is uniquely shaped to carry out its specialized role in the body.

Comparison of Two Specialized Cell Types
Cell Type Shape Function Lifespan

Skin (Epithelial) | Flat, plate-like Forms protective barriers Short; constantly replaced

Nerve (Neuron) | Star-shaped, long processes Sends fast signals across long distances Long-lived; can last a lifetime

Just as a home is made from a variety of building materials, the human body is constructed from many cell types. In fact, there
are over 200 different types of cells in the human body. To name just a few, these include familiar ones like:

o Epithelial cells, which protect the surface of the body and cover the organs and internal body cavities;

¢ Neurons, which transmit electrical and chemical signals to communicate information throughout the body;

¢ Muscle cells, which contract to produce movement and generate force; and

o Immune cells, which detect and respond to harmful invaders to protect the body from infection and disease.

But there are also less familiar (but equally fascinating) examples, such as the Merkel cell, a specialized mechanoreceptor found
in the outer layer of the skin. Merkel cells play a crucial role in sensing touch and transmitting sensory information to the brain.

Each of these cell types plays a vital role during the growth, development, and day-to-day maintenance of the body.

The fact that cells in the body can have strikingly different shapes is not random. It reflects the specific job each cell is designed
to do. In fact, the differences between cell shapes highlight a central concept in biology:

Form follows function — the shape and structure of a cell directly relate to the job it performs.

Cells do not work in isolation. They cooperate in tissues, organs, and organ systems — each one contributing to your survival. No
matter the job, every cell plays a part in keeping your body balanced.
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Dy i pe A Quick History of Cell Discovery

The first person to use the word “cell” was Robert Hooke in 1665. Looking at cork tissue under a microscope, he noticed tiny
compartments that reminded him of cells, the rooms where monks lived.

A few years later, Antonie van Leeuwenhoek (1632 - 1723) invented the microscope and observed living cells for the first time.
Over the following decades, scientists developed the cell theory, a fundamental concept in biology, which tells us:

e All living organisms are made of cells.
e The cell is the basic unit of life.
e All cells arise from pre-existing cells.

The illustration above depicts stages of cell division as understood by Eduard Strasburger in 1875 (Bonn, Germany).

This page titled 2.3: Cell Anatomy — Introduction is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by Barbara
Zingg.
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2.4: Components of PlLasma Membranes

The plasma membrane protects the cell from its external environment, mediates cellular transport, and transmits cellular signals.

Master this section and you'll be able to

e Identify the major components of the plasma membrane (including phospholipids, proteins, cholesterol, and
carbohydrates).
e Describe three key functions of the plasma membrane.

Principle Components of the Plasma Membrane

The plasma membrane (also known as the cell membrane or cytoplasmic membrane) is a biological membrane that separates
the interior of a cell from its outside environment.

The primary function of the plasma membrane is to protect the cell from its surroundings. Composed of a phospholipid bilayer
with embedded proteins, the plasma membrane is selectively permeable to ions and organic molecules and regulates the
movement of substances in and out of cells. Plasma membranes must be very flexible in order to allow certain cells, such as red
blood cells and white blood cells, to change shape as they pass through narrow capillaries.

The plasma membrane also plays a role in anchoring the cytoskeleton to provide shape to the cell, and in attaching to the
extracellular matrix and other cells to help group cells together to form tissues. The membrane also maintains the cell potential.

In short, if the cell is represented by a castle, the plasma membrane is the wall that provides structure for the buildings inside the
wall, regulates which people leave and enter the castle, and conveys messages to and from neighboring castles. Just as a hole in
the wall can be a disaster for the castle, a rupture in the plasma membrane causes the cell to lyse and die.

Extracellular fluid ——

Cell membrane
Cytoplasm

Carbohydrate
Glycoprotein

Globular protein

Protein Channel
(Transport protein)

Cholesterol

Glycolipid
Peripheral protein

Globular protein
(Integral)
cytoskeleton

Peripheral protein

Alpha-helix protein
(Integral protein)

Phospholipid
Hydrophilic head

Hydrophobic tail

Figure 2.4.1: The plasma membrane. The plasma membrane is composed of phospholipids and proteins that provide a barrier between the
external environment and the cell, regulate the transportation of molecules across the membrane, and communicate with other cells via
protein receptors.

The Plasma Membrane and Cellular Transport

Due to the selective nature of the phospholipid bilayer (remember you learned the expression "selectively permeable" above),
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cells require a range of specialized transport mechanisms to control the movement of materials across their membranes.

The movement of a substance across the selectively permeable plasma membrane can be either “passive”’— i.e.: occurring
without the input of cellular energy — or “active”— i.e.: its transport requires the cell to expend energy.

1. Diffusion and osmosis: passive movement of gases (such as Oy and COp) and other small molecules and ions.

2. Transmembrane protein channels and transporters: transport small organic molecules such as sugars or amino acids.
Transmembrane proteins can support both passive or active transport depending on the direction of movement and whether
or not energy is used.

3. Endocytosis and exocytosis: are active transport processes that move large substances into our out of the cell.
o In endocytosis, the cell engulfs large molecules — or even whole cells — by wrapping its membrane around them.

o In exocytosis, the cell releases substances like hormones or enzymes by packaging them in a vesicle that fuses with
the cell membrane.

More details to follow when we cover Cell Physiology later in this Module.

The Plasma Membrane and Cellular Signaling

Among the most sophisticated functions of the plasma membrane is its ability to transmit signals via complex proteins. These
proteins can be receptors, which work as receivers of extracellular inputs and as activators of intracellular processes, or markers,
which allow cells to recognize each other.

Membrane receptors provide extracellular attachment sites for effectors like hormones and growth factors, which then trigger
intracellular responses. Some viruses, such as Human Immunodeficiency Virus (HIV), can hijack these receptors to gain entry into
the cells, causing infections.

Membrane markers allow cells to recognize one another, which is vital for cellular signaling processes that influence tissue and
organ formation during early development. This marking function also plays a later role in the “self”-versus-“non-self” distinction
of the immune response. Marker proteins on human red blood cells, for example, determine blood type (A, B, AB, or O).

Again, for more details see later in the semester.

Summary of Key Points

e The principal components of the plasma membrane are lipids ( phospholipids and cholesterol), proteins, and carbohydrates.

e The plasma membrane protects intracellular components from the extracellular environment.

e The plasma membrane mediates cellular processes by regulating the materials that enter and exit the cell.

e The plasma membrane carries markers that allow cells to recognize one another and can transmit signals to other cells via
receptors.

This page titled 2.4: Components of Plasma Membranes is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by
Barbara Zingg.

©@®0 65 (2.4.2)


https://med.libretexts.org/Courses/Las_Positas_College/BIO_50%3A_Anatomy_and_Physiology_(Zingg)/02%3A_Cells_and_Membrane_Transport/2.04%3A_Components_of_Plasma_Membranes
https://creativecommons.org/licenses/by-sa/4.0/

LibreTextS"

2.5: The Nucleus

Found within eukaryotic cells, the nucleus contains the genetic material that determines the entire structure and function of that
cell.

Master this section and you'll be able to

e Explain the purpose of the nucleus in eukaryotic cells (include storing DNA and directing the synthesis of ribosomes and
proteins)

¢ Identify the nucleolus as a condensed region within the nucleoplasm where ribosome synthesis takes place

e Explain the structure and role of chromatin (including how DNA is wrapped around histone proteins and stored within
the nucleoplasm).

e Describe briefly the composition and function of ribosomes.

Nuclear pores
Nuclear envelope

Chromatin
(condensed)
Nucleus

Nucleolus

Cisternae The Nucleus

One of the biggest differences between prokaryotic and eukaryotic cells is the nucleus — the “command center” of the cell. As
you learned earlier, prokaryotic cells (such as bacteria) do not have a true nucleus. Their DNA (deoxyribonucleic acid) just
floats around in the cytoplasm. But eukaryotic cells (like our own) do have a membrane-bound nucleus that stores and protects
DNA, and also helps direct important activities like making ribosomes and proteins. In fact the nucleus actually has a double-
membrane

Inside this nucleus is a gel-like substance called the nucleoplasm, which holds the cell’'s chromatin and other substances. What
is chromatin? It is the material that makes up chromosomes, the structures made of DNA (your genetic blueprint) and proteins.

In prokaryotes, DNA comes in the form of a single circular chromosome. In eukaryotes, chromosomes are linear, and
each species has a specific number. For example, humans have 46 chromosomes, while cats have 38 and dogs
78. Chromosomes are arranged in pairs. Therefore, humans have

e 18 pairs of autosomes. Any chromosome that is not a sex chromosome and carries genes that determine most of an
organism’s traits is called an autosome.

¢ 1 pair of sex chromosomes. The sex chromosomes determine an organism’s biological sex — typically XX for females and
XY for males in most mammals.
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To keep the long, fragile DNA organized, the DNA is wrapped around special proteins called histones (see image below). This
protein-associated DNA is what we call chromatin. The long DNA strands are wound around special proteins called histones,
like thread wrapped around spools.

To keep the long, fragile DNA organized, it is wrapped around special proteins called histones (see image below). This
combination of DNA and proteins is called chromatin. You can think of it like thread wrapped around spools — the histones help
neatly package the DNA so it fits inside the cell’s nucleus.

Chromosome

Histone 4 .
proteins ) . Chromatin

NA .
ase pairs

_ln“w"/m\/;\\ =

Figure 2.5.1: Most of the time, your DNA is kept as chromatin in the nucleus. This relaxed structure makes it easy for the cell to read the
DNA and make proteins. But when a cell is about to divide, it needs to make sure each new cell gets the right amount of DNA. To do that, the
chromatin coils up tightly into thick, visible structures called chromosomes.

Think of it like this:
e Chromatin is like a loose pile of yarn when the cell is working.
¢ Chromosomes are like neatly wrapped balls of yarn when the cell is getting ready to divide and pack things up.

Once the cell finishes dividing, the chromosomes unwind back into chromatin so the new cells can get back to work.

Humans have 23 different chromosomes, but we have two copies of each — one from each parent. That means each cell in
your body has 46 chromosomes total. Because we have two sets, humans are called diploid.

Some organisms only have one copy of each chromosome — they are called haploid. Others may have three or even four
copies of each chromosome, and these are called triploid and tetraploid, respectively.

The nucleoplasm is kind of like the cytoplasm, but just for the nucleus. It is the gel-like fluid inside the nucleus that surrounds
and supports the DNA and other structures inside the nucleus.

The nucleolus is a dense region inside the nucleoplasm, and it is where ribosomes are made. Specifically, it is a concentrated
area of chromatin involved in building the components of ribosomes.

Ribosomes are large structures made of proteins and RNA (ribonucleic acid). They are the organelles responsible for
making proteins. Ribosomes get their instructions from the DNA in the nucleus, where the DNA is first transcribed into
messenger RNA (mRNA).

The mRNA then travels out of the nucleus to the ribosomes. There, the ribosomes read the mRNA code — a sequence of
nitrogenous bases — and translate it into a specific chain of amino acids, forming a protein.
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Figure 2.5.2: Ribosomes are responsible for protein synthesis. Ribosomes are made up of a large subunit (top) and a small subunit
(bottom). During protein synthesis, ribosomes assemble amino acids into proteins.

Lastly, the boundary of the nucleus is called the nuclear envelope. It consists of two phospholipid bilayers: an outer membrane
and an inner membrane. The nuclear membrane is continuous with the endoplasmic reticulum. Nuclear pores allow substances
to enter and exit the nucleus

Cell Nucleus filled
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Nuclear Membrane
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To Endoplasmic Cell Cytoplasm
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Figure 2.5.3: Nuclear envelope with nuclear pores. The nuclear envelope is a double membrane that encloses the nucleus, separating it
from the cytoplasm. Each layer is made of a phospholipid bilayer. This is in contrast to the cell membrane, which has just one bilayer. The
envelope is studded with nuclear pores, which act like selective gateways, allowing materials like RNA and proteins to move in and out of the

nucleus while protecting the DNA inside.

This page titled 2.5: The Nucleus is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by Barbara Zingg.
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2.6: The Cytoplasm and Cellular Organelles

Inside the cell, a coordinated system of organelles works together to produce energy, build molecules, transport materials, and
keep the cell alive.

Master this section and you'll be able to

e Describe the structure and function of the cellular organelles associated with the endomembrane system, including the
endoplasmic reticulum, Golgi apparatus, and lysosomes
e Describe the structure and function of mitochondria

Inside the Cell

Now that you know every cell is wrapped in a protective cell membrane, let us take a tour inside and see what is going on beneath
the surface.

The entire content (excluding the nucleus) within the cell membrane of a typical human cell is a busy, jelly-like interior called the
cytoplasm, the cell's working interior. The cytoplasm includes the cytosol, organelles, and other inclusions:

e Cytosol is the fluid portion inside the cell, excluding organelles and other structures. It is composed primarily of water which
makes up about 70% of its volume and serves as the site for many metabolic (biochemical) reactions. The cytosol is also
the liquid in which the organelles "float".

¢ Organelles are the cell's mini-organs, each with its own job to do. Just like your organs work together to keep your body
functioning, the cell’'s organelles team up to keep the cell alive, healthy, and productive. Some organelles make proteins,
some generate energy, and others help clean up cellular waste.

All eukaryotic cells (like those in your body) have this organized internal setup. At the center is the nucleus, the “command
center” of the cell, which safely stores the DNA, the instructions for building and running the entire cell. So yes, even a tiny cell
is like a bustling city, full of activity and teamwork—with the nucleus acting as city hall, and organelles taking on roles like power
plants, recycling centers, factories, and more.

Mitochondria
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Figure 2.6.1: Prototypical Human Cell. While this image is not indicative of any one particular human cell, it is a general example of a human
cell containing the standard organelles and internal structures.
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Organelles of the Endomembrane System

The endomembrane system is a group of connected membranes and organelles inside eukaryotic cells that work together to
perform various cellular jobs, including the task of producing, packaging, and exporting certain cellular products (proteins and
lipids). Think of it as the cell’s internal shipping and processing center, making sure molecules get to the right place, both inside
and outside the cell. The organelles of the endomembrane system include the endoplasmic reticulum, Golgi apparatus, and
vesicles.

Endoplasmic Reticulum ;i /
The endoplasmic reticulum (ER) is a system of channels that is continuous with the nuclear membrane (or “envelope”) covering
the nucleus and composed of the same lipid bilayer material. The ER can be thought of as a series of winding thoroughfares

similar to the waterway canals in Venice. The ER provides passages throughout much of the cell that function in transporting,
synthesizing, and storing materials. The winding structure of the ER results in a large membranous surface area that supports its

many functions (Figure 2.6.2).

(a) (b)

— Ribosomes

».ﬁrer.#'.".':“ RO F por
R N “ ol
B cvetyrrrswerny

% N
T TR et
M,ow-”*“‘,<r_“,;,_...o-’

hen T wefey

Smooth ER

# Shtlh A
S T et |
e N e iy e 7P by

Smooth ER

(©

Figure 2.6.2: Endoplasmic Reticulum (ER). (a) The ER is a winding network of thin membranous sacs found in close association with the cell
nucleus. The smooth and rough endoplasmic reticula are very different in appearance and function (source: mouse tissue). (b) Rough ER is
studded with numerous ribosomes, which are sites of protein synthesis (source: mouse tissue). EM x 110,000. (c) Smooth ER synthesizes
phospholipids, steroid hormones, regulates the concentration of cellular Ca++, metabolizes some carbohydrates, and breaks down certain
toxins (source: mouse tissue). EM x 110,510. (Micrographs provided by the Regents of University of Michigan Medical School © 2012)

Endoplasmic reticulum can exist in two forms: rough ER (RER) and smooth ER (SER). These two types of ER perform some very
different functions and can be found in very different amounts depending on the type of cell. Rough ER is so-called because its
membrane is dotted with embedded granules — organelles called ribosomes, giving the RER a bumpy appearance. A ribosome is
an organelle that serves as the site of protein synthesis. It is composed of two ribosomal RNA subunits that wrap around mRNA
to start the process of translation, followed by protein synthesis. Smooth ER (SER) lacks these ribosomes.

One of the main functions of the smooth ER is in the synthesis of lipids. The smooth ER synthesizes phospholipids, the main
component of biological membranes, as well as steroid hormones. For this reason, cells that produce large quantities of such
hormones, such as those of the female ovaries and male testes, contain large amounts of smooth ER. In addition to lipid synthesis,

the smooth ER also sequesters (i.e., stores) and regulates the concentration of cellular Ca**, a function extremely important

in cells of the nervous system where Ca™* is the trigger for neurotransmitter release. The smooth ER additionally performs a
detoxification role, breaking down certain toxins.

In contrast with the smooth ER, the primary job of the rough ER is the synthesis and modification of proteins destined for the
cell membrane or for export from the cell. For this protein synthesis, many ribosomes attach to the ER (giving it the studded
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appearance of rough ER). Typically, a protein is synthesized within the ribosome and released inside the channel of the rough ER,
where sugars can be added to it (by a process called glycosylation) before it is transported within a vesicle to the next stage in
the packaging and shipping process: the Golgi apparatus.

The Golgi Apparatus: The Cell's Post Office @

The Golgi apparatus is like the cell's own post office. It sorts, modifies, and ships the proteins and other products that arrive
from the rough endoplasmic reticulum (RER).

This organelle looks like a stack of flattened, squishy pancakes — each "pancake" is actually a membrane-bound sac. Like the
ER, the Golgi apparatus is made of membranes, but it is arranged in a more compact, stacked form.

The Golgi apparatus has two distinct sides, each with a different job:
o One side receives incoming products in vesicles (tiny membrane bubbles).
¢ Inside the Golgi, those products are processed and sorted. Some are modified with sugars or other molecules.
¢ Then, they are repackaged into new vesicles and sent out from the opposite side.

If a product is meant to be exported out of the cell, the vesicle carrying it will move to the cell membrane, fuse with it, and
release its cargo outside the cell. The cargo is thereby secreted in a process called exocytosis (Figure 2.6.3).
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Figure 2.6.3: Golgi Apparatus. (a) The Golgi apparatus manipulates products from the rough ER, and also produces new organelles called
lysosomes. Proteins and other products of the ER are sent to the Golgi apparatus, which organizes, modifies, packages, and tags them. Some
of these products are transported to other areas of the cell and some are exported from the cell through exocytosis. Enzymatic proteins are
packaged as new lysosomes (or packaged and sent for fusion with existing lysosomes). (b) An electron micrograph of the Golgi apparatus.

Lysosomes: The Cell’'s Recycling and Demolition Crew | @

Some of the proteins packaged by the Golgi apparatus include digestive enzymes that stay inside the cell. These enzymes are
packaged inside special vesicles known as lysosomes.

A lysosome is a membrane-bound organelle filled with enzymes that break down unwanted or damaged parts of the cell

— like a worn-out organelle. Think of lysosomes as the cell's garbage disposal or even a demolition crew that clears out old,
unsafe structures.

©® 71 (2.6.3)



LibreTexts"

The process of a cell "cleaning up" its own components is called autophagy, which literally means "self-eating."

Lysosomes are also key players in defense against invaders. When immune cells like white blood cells engulf (or phagocytize)
harmful bacteria, the engulfed bacteria are sent to a lysosome, where they are broken down and destroyed by enzymes. Because
of this, defense cells are packed with lysosomes to help them do their job.

But lysosomes are not always so tidy. In severely damaged or dying cells, lysosomes may burst open and release their
enzymes into the cell’s interior. This results in the destruction of the entire cell, a process called autolysis (“self-destruction”).
Unlike apoptosis (a clean and controlled form of cell death), autolysis is messy, it can spill damaging enzymes into the
surrounding tissue, especially during trauma, severe infection, or after death.

Interactive Link

Watch this video(opens in new window) to learn about the endomembrane system, which includes the rough and smooth ER
and the Golgi body as well as lysosomes and vesicles. What is the primary role of the endomembrane system?

Mitochondria: The Cell's Power Plant
In addition to the jobs performed by the endomembrane system, the cell has many other important functions. Just as you must
consume nutrients to provide yourself with energy, so must each of your cells take in nutrients, some of which convert to chemical

energy that can be used to power biochemical reactions.

A mitochondrion (plural: mitochondria) is a bean-shaped, membrane-bound organelle known as the “energy transformer”
of the cell. Just like the nucleus, each mitochondrion has two membranes:

« An outer membrane (made of a lipid bilayer),
¢ And a highly folded inner membrane (also made of a lipid bilayer), which forms winding structures called cristae.

These folds give the inner membrane a large surface area, which is important because this is where the critical steps of cellular
respiration take place.

During cellular respiration, mitochondria use oxygen and nutrients (like glucose) to produce ATP (adenosine triphosphate) —
the molecule that powers almost all of the cell's work. Think of ATP as the "energy currency" your cells spend to do anything

from contracting muscles to sending nerve signals.

Because your body constantly needs energy, mitochondria are always working. Some cells need more energy than others, so
they have more mitochondria:

¢ Muscle cells need lots of ATP to keep contracting, so they are packed with mitochondria.

¢ Nerve cells also need a steady supply of ATP to run their sodium-potassium pumps, and a single neuron may contain over
a thousand mitochondria.

o In contrast, a bone cell, which is less active metabolically, might have just a few hundred mitochondria.

And yes, this is why you need to breathe! Oxygen is essential for your mitochondria to keep the ATP flowing in the process
called aerobic respiration!
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Figure 2.6.4: Mitochondrion. The mitochondria are the energy-conversion factories of the cell. (a) A mitochondrion is composed of two
separate lipid bilayer membranes. Along the inner membrane are various molecules that work together to produce ATP, the cell’s major energy
currency. (b) An electron micrograph of mitochondria. EM x 236,8080. (Micrograph provided by the Regents of University of Michigan Medical
School © 2012)

This page titled 2.6: The Cytoplasm and Cellular Organelles is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
Barbara Zingg via source content that was edited to the style and standards of the LibreTexts platform.
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2.7: Cytoskeleton and Cell Extensions

The cytoskeleton is a protein fiber network that supports cell shape, movement, and internal transport.

Master this section and you'll be able to

e Explain the three components of the cytoskeleton, including their composition and functions

The Cytoskeleton: The Cell's Support and Transport Network

If all the organelles were removed from a cell, the plasma membrane and cytoplasm would not be the only components left.
Within the cytoplasm there would still be ions and organic molecules, plus a network of protein fibers called the cytoskeleton.
The cytoskeleton runs through the cell and the fibers help the cell to

« Keep its shape

¢ Move (like crawling or changing form)
¢ Reproduce

o Transport materials

Just like your bony skeleton holds your body up and gives it shape, the cytoskeleton helps a cell keep its structure and stay
stable. But it does a lot more than just provide support!

There are three main types of protein fibers within the cytoskeleton:

1) Microtubules

As their name implies, microtubules are small hollow tubes made of a globular (round) protein called tubulin. Even
though they only have a diameter of about 25 nm (nanometers), microtubules are the widest components of the three types of
cytoskeletal fibers. They help the cell keep its shape and stay sturdy, especially by resisting compression, so the cell does not
get squished or collapse under pressure. They also hold organelles in place and act as "tracks" along which vesicles move through
the cell. Finally, during cell division, microtubules pull replicated chromosomes to opposite ends of a dividing cell. Microtubules
can dissolve and reform quickly. ,
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Figure 2.7.1: Microtubule Structure. In this image, you can see that the microtubules are hollow with walls that are made of stacks of 13
polymerized dimers of a-tubulin and B-tubulin (right image). The left image shows the molecular structure of the tube.

Microtubules are also the structural elements of flagella, cilia, and centrioles (the latter are the two perpendicular bodies of the
centrosome which is used during cell division). In animal cells, the centrosome is the microtubule-organizing center.

e Cilia are tiny, hair-like structures that beat rhythmically in waves. In the respiratory tract, they are found on top of the
epithelial cells and sweep out mucus, dust, and bacteria to keep the lungs clean. Cilia in the fallopian tubes help move egg
cells from the ovary toward the uterus. A flagellum (plural = flagella) is an appendage larger than a cilium and specialized for
cell locomotion. The only flagellated cell in humans is the sperm cell that must propel itself towards female egg cells.

¢ Flagella (singular = flagellum), are longer, whip-like structures that allow the cells to swim. In humans, the only cell with
one flagellum is the sperm cell, which uses it to swim toward an egg.

2) Intermediate Filaments

Intermediate filaments are named such, because their thickness falls between that of microfilaments and microtubules. They
are made of strong, fibrous proteins like keratin, which are twisted together like the strands of a rope. This rope-like structure
gives the cell strength and helps it hold its shape.

Figure 2.7.2: Stained Keratin Intermediate filaments. Keratin cytoskeletal intermediate filaments are concentrated around the edge of the
cells and merge into the surface membrane. This network of intermediate filaments from cell to cell holds together tissues like skin.

While microtubules resist compression (squeezing forces), intermediate filaments resist tension, the pulling or stretching
forces that might try to tear the cell apart. For example, skin cells are constantly being pushed, pulled, and stretched, and
intermediate filaments help them stay intact.
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However, intermediate filaments do more than just strengthen the cell:

¢ they anchor organelles in place inside the cell,
¢ and they connect neighboring cells by forming special junctions, which helps tissues stay strong and connected.

Actin subunit

Actin filaments ——

3) Microfilaments

Microfilaments are the thinnest type of cytoskeletal fibers — much thinner than microtubules, with a diameter of about 7 nm.
They are made mostly of a globular (round) protein called actin, which forms long, twisted chains (see image on the right). For
this reason, microfilaments are also known as actin filaments. Microfilaments function in cellular movement.

In muscle cells, actin filaments team up with another protein called myosin to make muscles contract. The actin filaments
(called thin filaments) get pulled by thicker myosin filaments, causing the muscle cell to shorten or contract. We will study
the mechanics of the muscle movement in more detail in a future module.

Microfilaments also provide some rigidity and shape to the cell. They can depolymerize (disassemble) and reform quickly, thus

enabling a cell to change its shape and move. White blood cells (your body’s infection-fighting cells) make good use of this
ability. They can move to the site of an infection and engulf the pathogen.
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Figure 2.7.3: The Three Components of the Cytoskeleton. The cytoskeleton consists of (a) microtubules, (b) microfilaments,
and
(c) intermediate filaments. The cytoskeleton plays an important role in maintaining cell shape and structure, promoting
cellular movement, and aiding cell division.

This page titled 2.7: Cytoskeleton and Cell Extensions is shared under a license and was authored, remixed, and/or curated by Barbara Zingg.

e 3.3: The Cytoplasm and Cellular Organelles by OpenStax is licensed CC BY 4.0. Original source: https://openstax.org/details/books/
anatomy-and-physiology.
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2.8: Stem Cells and Cellular Differentiation

From a single fertilized egg, stem cells and the process of cellular differentiation give rise to the many specialized cell types that
form, maintain, and repair the human body.

Master this section and you'll be able to

e Discuss how the generalized cells of a developing embryo or the stem cells of an adult organism become differentiated
into specialized cells
¢ Distinguish between the categories of stem cells

How does a complex organism such as a human develop from a single cell — a fertilized egg — into the vast array of cell types
such as nerve cells, muscle cells, and epithelial cells that characterize the adult? Throughout development and adulthood, the
process of cellular differentiation leads cells to assume their final morphology and physiology. Differentiation is the process by
which unspecialized cells become specialized to carry out distinct functions.

Stem Cells

A stem cell is an unspecialized (undifferentiated) cell that can divide without limit as needed and can, under specific
conditions, differentiate into specialized cells. Stem cells are divided into several categories according to their potential to
differentiate.

The first embryonic cells that arise from the division of the zygote (the single cell formed when a sperm fertilizes an egg, marking
the start of a new organism) are the ultimate stem cells; these stems cells are described as totipotent because they have the
potential to differentiate into any of the cells needed to enable an organism to grow and develop.

The embryonic cells that develop from totipotent stem cells and are precursors to the fundamental tissue layers of the embryo
are classified as pluripotent ("pluri-" comes from Latin and means "many”). A pluripotent stem cell is one that has the potential
to differentiate into any type of human tissue but cannot support the full development of an organism. These cells then become
slightly more specialized, and are referred to as multipotent cells.

A multipotent stem cell has the potential to differentiate into different types of cells within a given cell lineage or small number
of lineages, such as a red blood cell or white blood cell.

Finally, multipotent cells can become further specialized oligopotent cells ("oligo" is from Greek and means "few"). An
oligopotent stem cell is limited to becoming one of a few different cell types. In contrast, a unipotent cell is fully specialized and
can only reproduce to generate more of its own specific cell type.

Stem cells are unique in that they can also continually divide and regenerate new stem cells instead of further specializing. There
are different stem cells present at different stages of a human’s life. They include the embryonic stem cells of the embryo, fetal
stem cells of the fetus, and adult stem cells in the adult. One type of adult stem cell is the epithelial stem cell, which gives rise to
the keratinocytes in the multiple layers of epithelial cells in the epidermis of skin. Adult bone marrow has three distinct types of
stem cells: hematopoietic stem cells, which give rise to red blood cells, white blood cells, and platelets (Figure 2.8.1:); endothelial
stem cells, which give rise to the endothelial cell types that line blood and lymph vessels; and mesenchymal stem cells, which give
rise to the different types of muscle cells.
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Figure 2.8.1: Hematopoiesis. The process of hematopoiesis involves the differentiation of multipotent cells into blood and
immune cells. The multipotent hematopoietic stem cells give rise to many different cell types, including the cells of the immune
system and red blood cells.

Differentiation

When a cell differentiates (becomes more specialized), it may undertake major changes in its size, shape, metabolic activity,
and overall function. Because all cells in the body, beginning with the fertilized egg, contain the same DNA, how do the different
cell types come to be so different? The answer is analogous to a movie script. The different actors in a movie all read from the
same script, however, they are each only reading their own part of the script. Similarly, all cells contain the same full complement
of DNA, but each type of cell only “reads” the portions of DNA that are relevant to its own function. In biology, this is referred to
as the unique genetic expression of each cell.

In order for a cell to differentiate into its specialized form and function, it need only manipulate those genes (and thus those
proteins) that will be expressed, and not those that will remain silent. The primary mechanism by which genes are turned “on” or

“off” is through transcription factors. A transcription factor is one of a class of proteins that bind to specific genes on the DNA
molecule and either promote or inhibit their transcription (Figure 2.8.2.
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Figure 2.8.2: : Transcription Factors Regulate Gene Expression While each body cell contains the organism’s entire genome, different cells
regulate gene expression with the use of various transcription factors. Transcription factors are proteins that affect the binding of RNA
polymerase to a particular gene on the DNA molecules
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Stem Cell Research

Stem cell research aims to find ways to use stem cells to regenerate and repair cellular damage. Over time, most adult
cells undergo the wear and tear of aging and lose their ability to divide and repair themselves. Stem cells do not display a
particular morphology or function. Adult stem cells, which exist as a small subset of cells in most tissues, keep dividing and
can differentiate into a number of specialized cells generally formed by that tissue. These cells enable the body to renew and
repair body tissues.

The mechanisms that induce a non-differentiated cell to become a specialized cell are poorly understood. In a laboratory
setting, it is possible to induce stem cells to differentiate into specialized cells by changing the physical and chemical
conditions of growth. Several sources of stem cells are used experimentally and are classified according to their origin and
potential for differentiation. Human embryonic stem cells (hESCs) are extracted from embryos and are pluripotent. The adult
stem cells that are present in many organs and differentiated tissues, such as bone marrow and skin, are multipotent, being
limited in differentiation to the types of cells found in those tissues. The stem cells isolated from umbilical cord blood are
also multipotent, as are cells from deciduous teeth (baby teeth). Researchers have recently developed induced pluripotent
stem cells (iPSCs) from mouse and human adult stem cells. These cells are genetically reprogrammed multipotent adult cells
that function like embryonic stem cells; they are capable of generating cells characteristic of all three germ layers.

Because of their capacity to divide and differentiate into specialized cells, stem cells offer a potential treatment for diseases
such as diabetes and heart disease (Figure 2.8.3). Cell-based therapy refers to treatment in which stem cells induced to
differentiate in a growth dish are injected into a patient to repair damaged or destroyed cells or tissues. Many obstacles
must be overcome for the application of cell-based therapy. Although embryonic stem cells have a nearly unlimited range
of differentiation potential, they are seen as foreign by the patient’s immune system and may trigger rejection. Also, the
destruction of embryos to isolate embryonic stem cells raises considerable ethical and legal questions.
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Figure 2.8.3: Stem Cells. The capacity of stem cells to differentiate into specialized cells make them potentially valuable in therapeutic
applications designed to replace damaged cells of different body tissues.

In contrast, adult stem cells isolated from a patient are not seen as foreign by the body, but they have a limited range of
differentiation. Some individuals bank the cord blood or deciduous teeth of their child, storing away those sources of stem
cells for future use, should their child need it. Induced pluripotent stem cells are considered a promising advance in the field
because using them avoids the legal, ethical, and immunological pitfalls of embryonic stem cells.

This page titled 2.8: Stem Cells and Cellular Differentiation is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by
Barbara Zingg via source content that was edited to the style and standards of the LibreTexts platform.

3.7: Cellular Differentiation by OpenStax is licensed CC BY 4.0. Original source: https://openstax.org/details/books/anatomy-and-
physiology.
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2.9: Cell Physiology — Body Fluids and Fluid Compartment

Cell physiology focuses on how cells maintain balance and carry out essential functions that keep the body alive and functioning.

Master this section and you'll be able to

e Explain the importance of water in the body

e Contrast the composition of the intracellular fluid with that of the extracellular fluid
e Explain the importance of protein channels in the movement of solutes

o Identify the causes and symptoms of edema

Cell physiology is the study of how cells function. This field of biology looks at the everyday activities that keep cells alive and
working, like taking in nutrients, making energy, building proteins, and getting rid of waste.

Think of it as understanding how each tiny cell acts like a mini factory:
e It has systems for communication,
¢ machinery for making products,
¢ and pathways for transporting materials in and out.

In A&P, learning about cell physiology helps you understand how the body works at its most basic level — and how all those small
cellular processes add up to keep tissues, organs, and organ systems running smoothly.

The chemical reactions of life take place in aqueous solutions. The dissolved substances in a solution are called solutes.
In the human body, solutes vary in different parts of the body, but may include proteins—including those that transport lipids,
carbohydrates, and, very importantly, electrolytes. Often in medicine, a mineral dissociated from a salt that carries an electrical

charge (an ion) is called an electrolyte. For instance, sodium ions (Na') and chloride ions (Cl') are often referred to as
electrolytes.

In the body, water moves through selectively-permeable cell membranes and from one compartment of the body to another
by a process called osmosis. Osmosis is basically the diffusion of water from regions of higher water concentration to regions
of lower water concentration, along an osmotic gradient across a selectively-permeable membrane. As a result, water will move
into and out of cells and tissues, depending on the relative concentrations of the water and solutes found there. An appropriate
balance of solutes inside and outside of cells must be maintained to ensure normal function.

Body Water Content

The human body is made mostly of water. In fact, water makes up about 75% of an infant’s body, and around 50-60% of an
adult’s body. As we get older, that percentage can drop to about 45%. Why does it change? Because as we grow, the amount of
muscle, fat, bone, and other tissues in our body changes too.

Some parts of the body have more water than others. For example, the brain and kidneys are about 80-85% water, they are
basically water-packed! On the other hand, your teeth are mostly solid, with only about 8-10% water. (See figure below).
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Figure 2.9.1: Water Content of the Body’s Organs and Tissues. Water content varies in different body organs and tissues,
from as little as 8 percent in the teeth to as much as 85 percent in the brain.

Fluid Compartments

Body fluids can be discussed in terms of their specific fluid compartment, a location that is largely separate from another
compartment by some form of a physical barrier. The intracellular fluid (ICF) compartment is the system that includes all fluid
enclosed in cells by their plasma membranes.

Extracellular fluid (ECF) surrounds all cells in the body. Extracellular fluid has two primary constituents: the fluid component of
the blood — called plasma — and the interstitial fluid (IF) that surrounds all cells not in the blood (See figure below).

Intracellular fluid (ICF)

Plasma

Figure 2.9.2: Fluid Compartments in the Human Body. The intracellular fluid (ICF) is the fluid within cells. The interstitial fluid
(IF) is part of the extracellular fluid (ECF) between the cells. Blood plasma is the second part of the ECF. Materials travel
between cells and the plasma in capillaries through the IF.

Interstitial fluid (IF)
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Intracellular Fluid

The ICF lies within cells and is the principal component of the cytosol/cytoplasm. The ICF makes up about 60 percent of
the total water in the human body, and in an average-size adult male, the ICF accounts for about 25 liters (seven gallons) of fluid
(Figure 2.9.3). This fluid volume tends to be very stable, because the amount of water in living cells is closely regulated. If the
amount of water inside a cell falls to a value that is too low, the cytosol becomes too concentrated with solutes to carry on normal
cellular activities; if too much water enters a cell, the cell may burst and be destroyed.

Intracellular
fluid

Other fluid

Interstitial
fluid

Extraceliyiar fiS

Figure 2.9.3: Pie Chart Showing the Proportion of Total Body Fluid in Each of the Body’s Fluid Compartments. Most of the
water in the body is intracellular fluid. The second largest volume is the interstitial fluid, which surrounds cells that are not blood
cells. Next is plasma, then a small proportion of "other fluid."

Extracellular Fluid

The ECF accounts for the other one-third of the body’s water content. Approximately 20 percent of the ECF is found in plasma.
Plasma travels through the body in blood vessels and transports a range of materials, including blood cells, proteins (including
clotting factors and antibodies), electrolytes, nutrients, gases, and wastes. Gases, nutrients, and waste materials travel between
capillaries and cells through the IF. Cells are separated from the IF by a selectively permeable cell membrane that helps regulate
the passage of materials between the IF and the interior of the cell.

The body has other water-based ECF. These include the cerebrospinal fluid (CSF) that bathes the brain and spinal cord, lymph,
the synovial fluid in joints, the pleural fluid in the pleural cavities, the pericardial fluid in the cardiac sac, the peritoneal
fluid in the peritoneal cavity, and the aqueous humor of the eye. Because these fluids are outside of cells, these fluids are also
considered components of the ECF compartment.

Composition of Body Fluids

The compositions of the two components of the ECF — plasma and IF — are more similar to each other than either is to the ICF
(Figure 2.9.4). Blood plasma has high concentrations of sodium, chloride, bicarbonate, and protein. The IF has high concentrations
of sodium, chloride, and bicarbonate, but a relatively lower concentration of protein. In contrast, the ICF has elevated amounts
of potassium, phosphate, magnesium, and protein. Overall, the ICF contains high concentrations of potassium and phosphate

(HPO42'), whereas both plasma and the ECF contain high concentrations of sodium and chloride.
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Figure 2.9.4: Concentrations of elements in key bodily fluids. The graph shows the composition of the ICF, IF, and plasma.
The compositions of plasma and IF are similar to one another but are quite different from the composition of the ICF.

Most body fluids have a neutral charge, meaning they contain a balanced number of positive ions (cations) and negative
ions (anions). Two of the most important ions are sodium (Na<>) and chloride (CL&), which are found mostly outside your cells
(in the IF, the fluid between cells; and in your blood plasma). Another important ion, potassium (K<), is found mostly inside

your cells (in the ICF).

Even though sodium and potassium can slowly leak in and out of cells through tiny pores, your body works hard to keep their
levels in the right places. To do this, cells use sodium-potassium pumps — special proteins in the cell membrane that use
energy from ATP to move sodium out of the cell and potassium in. This pump helps maintain the proper balance of ions, which

is important for things like nerve signals and muscle contractions. (See image below).
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Figure 2.9.5: The sodium-potassium pump. The sodium-potassium pump is powered by ATP to transfer sodium out of the
cytoplasm and into the ECF. The pump also transfers potassium out of the ECF and into the cytoplasm. (credit: modification of

work by Mariana Ruiz Villarreal)
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This page titled 2.9: Cell Physiology — Body Fluids and Fluid Compartment is shared under a CC BY-NC-SA 4.0 license and was authored,
remixed, and/or curated by Barbara Zingg.

e 3.3: The Cytoplasm and Cellular Organelles by OpenStax is licensed CC BY 4.0. Original source: https://openstax.org/details/books/
anatomy-and-physiology.
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2.10: Passive Movements across the Cell Membrane —
Simple Diffusion

Diffusion is a process of passive transport in which molecules move from an area of higher concentration to one of lower
concentration.

Master this section and you'll be able to

e Explain the principles of passive transport and describe how molecules move in relation to a concentration gradient,
including what happens when dynamic equilibrium is reached.

¢ Identify the key factors that influence the movement of substances across the cell membrane.

¢ Explain the process of simple diffusion.

e Apply diffusion principles to real-life physiological scenarios, such as gas exchange in the lungs, dehydration, and
filtration in the kidneys.

What is Diffusion?

Diffusion is the passive movement of molecules from an area of high concentration to an area of low concentration. In other
words: diffusion happens down a concentration gradient. It continues until the substance is evenly spread out.

Once equilibrium is reached, molecules still move, but there is no net movement in any one direction. This is called a dynamic
equilibrium.

Each type of particle will diffuse at its own rate, depending on the steepness of its individual concentration gradient.

After a substance has finished diffusing and is evenly spread throughout a space, its concentration gradient disappears. But that
does not mean the molecules stop moving! In fact, molecules are always in motion because of their inherent kinetic energy —
they constantly jiggle, bump, and slide past one another. Even without a concentration gradient, they keep moving randomly in all
directions.

What changes is that there is no longer a net movement of molecules from one area to another. This balance is called dynamic
equilibrium: molecules continue to move, but because their concentrations are equal everywhere, the number of molecules
moving in one direction is matched by the number moving the opposite way. So the overall distribution stays the same, even
though individual molecules are still active.

A classic example of diffusion is a drop of food coloring spreading through a glass of water. The coloring moves from where it is
highly concentrated to where it is not, until it is evenly distributed (see image below).
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Diffusion

Figure 2.10.1: Diffusion in a water glass — One very easy diffusion demonstration is to pour a few drops of food colorir
a glass of water and watch as the color spreads through the glass.

When someone is cooking food in a kitchen, the smell begins to waft through the house, and eventually everyone can tell what's
for dinner! This is due to the diffusion of odor molecules through the air, from an area of high concentration (the kitchen) to areas
of low concentration (your upstairs bedroom).

Diffusion is a passive process of transport. A single substance tends to move from an area of high concentration to an area of
low concentration until the concentration is equal across a space. You are familiar with diffusion of substances through the air.
For example, think about someone opening a bottle of ammonia in a room filled with people. The ammonia gas is at its highest
concentration in the bottle; its lowest concentration is at the edges of the room. The ammonia vapor will diffuse, or spread away,
from the bottle; gradually, more and more people will smell the ammonia as it spreads. Materials move within the cell ‘s cytosol by
diffusion, and certain materials move through the plasma membrane by diffusion. Diffusion expends no energy. On the contrary,
concentration gradients are a form of potential energy, dissipated as the gradient is eliminated.

Diffusion across Cell Membranes

At this point, you know that diffusion means molecules move from where they are more concentrated to where they are less
concentrated.

In the cells of our body, this process allows small molecules, like oxygen, carbon dioxide, ions, and some nutrients, to pass
through the cell membrane without using energy. It is therefore a passive process, meaning it does not require energy — the
particles move naturally, just by bouncing around due to their inherent kinetic energy. It is one of the main ways cells exchange
materials with their environment to maintain balance and stay healthy.
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Figure 2.10.2: Diffusion through a membrane. Diffusion through a permeable membrane moves a substance from an area of high
concentration (extracellular fluid, in this case) down its concentration gradient (into the cytoplasm).

&What Affects the Rate of Diffusion?

Within a system, there will be different rates of diffusion of the different substances in the medium:

¢ Concentration Gradient
The bigger the difference in concentration, the faster diffusion happens. As the gradient evens out, diffusion slows down.

¢ Mass of Molecules
Heavier molecules move more slowly and therefore diffuse more slowly. Lighter molecules zip around faster and diffuse
quicker.

¢ Temperature
Heat = energy! Higher temperatures give molecules more energy, so they move (and diffuse) faster. Colder temps slow things
down.

« Solvent Density
A thick or crowded medium slows diffusion. Imagine trying to run through honey vs. water. For example, in dehydration, cells
lose water and their cytoplasm becomes more dense, slowing diffusion inside the cell. That is one reason why dehydration
can make you feel foggy or even faint—your neurons struggle to function when internal diffusion slows down.

¢ Solubility
Molecules that are nonpolar or lipid-soluble, like oxygen (O2) or carbon dioxide (CO2), move easily through the cell membrane
and diffuse quickly. Polar or charged molecules have a harder time crossing.

¢ Membrane Surface Area & Thickness
A larger surface area = more diffusion! A thicker membrane = slower diffusion.

« Distance Traveled

The farther molecules have to go, the slower they move. This is one big reason cells are so small. If a cell gets too big, it
takes too long for nutrients to get to the center—and the cell could die.
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Factors Affecting Diffusion

Factor How It Affects Diffusion

Concentration Gradient | Bigger differences cause faster diffusion; smaller differences slow it down as equilibrium is
approached.

Molecule Size (Mass) Larger molecules move more slowly; smaller ones diffuse faster.

Temperature Higher temps = more energy = faster diffusion. Cold slows it down.

Solvent Density A thick medium (like syrup) slows diffusion. Water is easier to move through.
Solubility Lipid-soluble (nonpolar) molecules diffuse more easily across membranes.
Membrane Surface More area = more places to cross = faster diffusion.

Area

Membrane Thickness Thicker membranes slow down diffusion.

Distance to Travel The farther the distance, the slower the diffusion — this limits how big cells can grow.

Respirato