Gaurav Tiwari Biology Study Notes

Protein

Read this note online

Proteins are the most versatile macromolecules in your body. They’re heteropolymers of amino
acids, physically complex and functionally indispensable. The name itself comes from the Greek
word proteios, meaning "holding the first place,” and that’s not an exaggeration. From catalyzing
reactions to building structural tissue, proteins do the heavy lifting in virtually every biological
process you can think of.

Protein structure connects amino-acid sequence with folding and function. A change at one level
can affect the other levels without necessarily breaking peptide bonds.

Summary: Protein Study Notes

» Role of Protein: Heteropolymers of amino acids; the molecular machines of every cell.

« Amino Acids: The 20 building blocks. 9 essential, 11 non-essential. Properties governed by
side chains.

» Polypeptides: Chains of amino acids linked by peptide bonds. Become proteins after folding.

« Fibrous vs Globular: Fibrous = structural (collagen, keratin); globular = functional (enzymes,
hemoglobin).

+ 4 Levels of Structure: Primary (sequence), secondary (helices/sheets), tertiary (3D fold), qua-
ternary (subunits).

- Denaturation: Heat, pH, or chemicals unfold proteins. Primary stays intact; function is lost.

« FAQs: Types, synthesis, denaturation reversibility, structure differences.
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Role of Protein
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Proteins play an astonishing range of roles in living systems. Spider silk protein, for instance, is
pound-for-pound stronger than steel, yet flexible enough to absorb the impact of a flying insect.
Your hair, fingernails, and the outer layer of your skin are made of Keratin, a tough structural
protein. The transparent lenses in your eyes are composed of crystallin, a protein so precisely
folded that it refracts light without scattering it.

When certain proteins are missing from your blood, even in tiny amounts, it can signal that your
metabolism is falling out of balance. Juvenile-onset diabetes mellitus, for example, results from
insufficient insulin, a small protein hormone produced by the pancreas. A deficiency in growth
hormone, another protein, can lead to dwarfism. Antarctic fish survive in sub-zero waters thanks
to unique “antifreeze” proteins that prevent ice crystals from forming in their blood.

These examples only scratch the surface. Proteins serve as enzymes that speed up reactions, an-
tibodies that fight infection, transport molecules like hemoglobin that carry oxygen, and signal-
ing molecules that coordinate your cells. You’ll encounter proteins at every level of biology, from
molecular genetics to ecology.
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Amino Acids

To understand proteins, you first need to understand their building blocks: amino acids. Each
amino acid contains an amino group (-NH,) and a carboxyl group (-COOH). Depending on where
the amino group sits relative to the carboxyl group, amino acids can be classified as «, 3, y, §, and
so on. When you hydrolyze a protein in the lab, you exclusively obtain a-amino acids, the type
where both groups are attached to the same carbon atom.

There are 20 standard amino acids found in proteins. Each one has a trivial name that often reflects
its source or a property. Glycine is named for its sweet taste (from the Greek glykos, meaning
“sweet”), while tyrosine gets its name from cheese (Greek: tyros), because it was first isolated from
casein. You’ll see amino acids represented by three-letter codes (like Gly, Tyr, Ala) or single-letter
codes (G, Y, A) in biochemistry literature.

Amino acids can be acidic, basic, or neutral depending on the relative number of amino and
carboxyl groups in their side chains. Those with equal numbers are neutral. Those with extra
amino groups are basic, and those with extra carboxyl groups are acidic. This classification matters
because the charge on amino acid side chains directly affects how a protein folds and functions.

Your body can synthesize some amino acids on its own; these are called nonessential amino
acids. The ones your body cannot make, and that you must get from food, are the essential amino
acids. There are nine essential amino acids for humans, including leucine, isoleucine, valine, and
tryptophan. This is why a balanced diet with adequate protein sources matters so much for your
health.

Protein is built from 20 standard amino acids, but your body can only make 11 of them. The re-
maining 9, called essential amino acids, must come from your diet. Complete protein sources like
eggs, meat, and soy contain all 9. Plant-based eaters can combine foods (rice + beans, for example)
to cover the full set.

Properties of Amino Acids

Physically, amino acids are colorless, crystalline solids. They dissolve readily in water, have high
melting points, and behave more like salts than simple amines or carboxylic acids. This unusual
behavior comes from the fact that each molecule carries both an acidic group and a basic group.
Because of this dual nature, amino acids are amphoteric (also called amphiprotic), meaning they
can react as either an acid or a base depending on the pH of the solution.

In water, something interesting happens. The carboxyl group loses a proton (H*) while the amino
group picks one up, creating a dipolar ion called the Zwitter ion. The molecule is electrically neu-
tral overall but carries both a positive and a negative charge simultaneously. This is why amino
acid solutions conduct electricity and why amino acids migrate in an electric field. You can ex-
ploit this behavior in a technique called electrophoresis, which separates proteins based on their
charge.
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The pH at which an amino acid carries no net charge, and therefore doesn’t migrate toward either
electrode, is called the isoelectric point (pI). Every amino acid has a characteristic isoelectric
point. This concept is essential in lab techniques for purifying and identifying proteins.

With the exception of glycine, all naturally occurring a-amino acids are optically active because
their a-carbon is bonded to four different groups, making it a chiral center. They exist in two
mirror-image forms, D and L. Almost all amino acids found in biological proteins have the L-
configuration. When you draw their Fischer projection, the -NH, group appears on the left side.
This L-preference is one of biology’s most fundamental asymmetries, and its origin remains an
active area of research.

Polypeptides

Proteins are built by linking amino acids together through peptide bonds. A peptide bond is es-
sentially an amide linkage, formed when the -COOH group of one amino acid reacts with the -NH,
group of another, releasing a molecule of water. The resulting bond (-CO-NH-) is strong, planar,
and partially double-bonded in character, which gives the protein backbone a degree of rigidity.

When two amino acids join, the product is a dipeptide. For example, when glycine’s carboxyl
group reacts with alanine’s amino group, the result is glycylalanine. Add a third amino acid and
you get a tripeptide with two peptide bonds. Four amino acids make a tetrapeptide, five a pen-
tapeptide, and so on.

Once you exceed roughly ten amino acid residues, the chain is called a polypeptide. When a
polypeptide contains more than about a hundred amino acid residues and has a molecular mass
above 10,000 daltons, it’s generally called a protein. That said, the boundary between “polypep-
tide” and “protein” isn’t rigid. Insulin, for instance, has only 51 amino acids but is universally
called a protein because it adopts a well-defined three-dimensional shape and performs a specific
biological function.

Here’s a useful way to think about it: what makes something a protein isn’t just size. It’s function
and structure. A polypeptide becomes a protein when it folds into a specific conformation that
allows it to do something in a living system.

Structure of Proteins

Based on their overall molecular shape, proteins fall into two broad categories. Each category
behaves very differently in water and performs distinct roles in your body. Protein is one of the four
major biomolecules, alongside carbohydrates, lipids, and nucleic acids, and its structural diversity
isunmatched among them.
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Fibrous Proteins

When polypeptide chains run parallel to each other and are held together by hydrogen bonds and
disulfide bridges, they form long, rope-like structures known as fibrous proteins. These proteins
are typically insoluble in water, which makes sense because their job is structural. Keratin, the
protein in your hair, wool, feathers, and nails, is a classic fibrous protein. Collagen, the most
abundant protein in your body, forms the framework of your skin, tendons, and bones. Myosin,
found in muscles, is another example. Silk fibroin, spun by spiders and silkworms, is a fibrous
protein prized for its combination of strength and elasticity.

Globular Proteins

When polypeptide chains coil and fold tightly into compact, roughly spherical shapes, the result
is a globular protein. Unlike fibrous proteins, globular proteins are usually soluble in water. This
solubility is crucial because most globular proteins work in aqueous environments, whether in
your blood, inside cells, or in digestive fluids. Insulin, albumin, hemoglobin, and nearly all
enzymes are globular proteins. Their compact shape creates pockets and grooves on the surface
that serve as active sites for binding substrates, hormones, or other molecules.

Structure and Shape of Proteins

Biochemists study protein architecture at four distinct levels, each more complex than the last.
Understanding these levels helps you see how a simple chain of amino acids transforms into a
sophisticated molecular machine.

Primary Structure

The primary structure of a protein is simply the linear sequence of amino acids in its polypeptide
chain. Think of it as the protein’s ”spelling.” Every protein in your body has a unique primary
structure encoded by a specific gene in your DNA. Change even a single amino acid in that se-

quence and you can produce a completely different protein, or a malfunctioning one.

A famous example is sickle cell anemia, where substituting just one amino acid (glutamic acid to
valine) at position 6 of the 8-globin chain causes hemoglobin molecules to aggregate into stiff rods,
deforming red blood cells into a sickle shape. That’s how sensitive biology is to primary structure.

When drawing primary structures, you place the N-terminal amino acid (with a free amino
group) on the left and the C-terminal amino acid (with a free carboxyl group) on the right. This
convention is universal in biochemistry.
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Secondary Structure

The polypeptide chain doesn’t just hang around as a floppy thread. It folds into regular, repeating
patterns stabilized by hydrogen bonds between the C=0 group of one peptide bond and the -NH-
group of another. These local folding patterns constitute the secondary structure.

The two most common secondary structures are the a-helix and the g-pleated sheet. In an a-
helix, the chain coils into a right-handed spiral, like a twisted ribbon. Each -NH- group hydrogen
bonds to the C=0 group four residues earlier in the chain, creating a remarkably stable structure.
Keratin in your hair is predominantly a-helical, which is why hair can stretch and spring back.

In a 3-pleated sheet, the polypeptide chain stretches out nearly fully extended and lies alongside
other segments, held together by intermolecular hydrogen bonds. The resulting structure has a
pleated, zigzag appearance, similar to folded drapery. Silk fibroin is rich in g-sheets, which gives
silk its incredible tensile strength but limited elasticity. Most real proteins contain a mix of both
a-helices and 8-sheets, connected by loops and turns.

The four levels of protein structure build on each other: primary (amino acid sequence) dictates
secondary (local folding patterns like helices and sheets), which drives tertiary (overall 3D shape),
which can combine into quaternary (multi-subunit assemblies). Disrupting any level affects ev-
erything above it. For a deeper look at how enzymes use these structural levels to catalyze reac-
tions, see the enzyme study notes.

Tertiary Structure

The tertiary structure refers to the overall three-dimensional shape of a single polypeptide chain.
It arises when secondary structure elements (a-helices, §-sheets, and loops) fold further upon
themselves, driven by interactions between amino acid side chains. Imagine crumpling a coiled
ribbon into a compact ball. That compact shape is the tertiary structure.

Several forces stabilize this level of folding: hydrogen bonds between polar side chains, disulfide
bridges (covalent S-S bonds between cysteine residues), van der Waals forces between nonpolar
side chains packed in the protein’s interior, ionic bonds between oppositely charged side chains,
and the hydrophobic effect, which drives nonpolar residues to cluster away from water.

Tertiary structure is what gives a protein its specific function. An enzyme’s active site, an anti-
body’s antigen-binding region, and a receptor’s ligand-binding pocket are all products of precise
tertiary folding. Disrupt that folding and you lose function, which is exactly what happens during
denaturation.

Quaternary Structure

Some proteins consist of two or more individually folded polypeptide chains, called subunits, that
assemble into a larger functional complex. The way these subunits are arranged in space, relative
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to each other, is the quaternary structure.

The classic example is hemoglobin. Adult human hemoglobin has four subunits: two a-chains
and two $-chains. These four subunits fit together like puzzle pieces, and their arrangement en-
ables a remarkable property called cooperative binding. When one subunit picks up an oxygen
molecule, it slightly changes shape, making it easier for the remaining subunits to bind oxygen
too. This is why hemoglobin is so efficient at loading oxygen in your lungs and unloading it in
your tissues.

Other examples include DNA polymerase (multiple subunits for reading and copying DNA), ATP
synthase (a rotary motor made of many subunits), and collagen (a triple helix of three polypep-
tide chains). Quaternary structure is not present in all proteins, only those composed of multiple
subunits.

Denaturation of Proteins

Proteins in their natural, functional state are called native proteins. They have a specific three-
dimensional shape that’s essential for their biological activity. When you subject a native protein
to physical stress (like high temperature) or chemical stress (like extreme pH, heavy metals, or
detergents), the weak bonds holding the secondary and tertiary structures together begin to break.

As those bonds break, the protein unfolds. Helices uncoil, sheets come apart, and the compact
globular shape opens up into a disordered chain. The protein loses its biological activity. This
process is called denaturation. Crucially, the primary structure, the sequence of amino acids,
remains intact. It’s only the higher-order folding that’s destroyed.

You've seen denaturation in everyday life. When you boil an egg, the clear, liquid albumin turns
white and solid. That’s thermal denaturation: heat disrupts the hydrogen bonds and hydrophobic
interactions in albumin, causing the protein to unfold and aggregate irreversibly. When milk cur-
dles, Lactobacillus bacteria produce lactic acid that lowers the pH, denaturing the casein proteins
so they clump together.

Some denaturation is reversible. If you gently remove the denaturing agent (for example, by slowly
dialyzing away a chemical denaturant), some proteins can refold back into their native shape and
regain function. This process is called renaturation. However, many denatured proteins, espe-
cially those exposed to extreme conditions, aggregate and cannot recover. Understanding denat-
uration is important in medicine (fever kills pathogens partly by denaturing their proteins), food
science (cooking), and biotechnology (protein purification). If you're studying for biology exams,
a good biology reference book will cover these protein folding concepts with detailed diagrams.

The OpenStax biology textbooks develop the biological processes discussed here with additional
diagrams and explanations.
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Denaturation and Sequence

Heating an egg-white protein can disrupt the interactions supporting its folded structure and pro-
mote aggregation. The protein’s amino-acid sequence is not automatically cutinto separate amino
acids. Denaturation should therefore be distinguished from peptide-bond hydrolysis.

Quaternary structure applies when several polypeptide chains assemble into a functional com-
plex. A single-chain protein has no quaternary assembly to describe. An amino-acid substitution
canalteralocal interaction, stability or binding behavior, but its consequence depends on position
and the rest of the structure.

The points to check in this example are:

« Primary structure records the amino-acid sequence.
» Secondary structure describes local backbone patterns.

« Tertiary structure describes a chain’s overall fold; quaternary structure describes assembly of
multiple chains.

Check Your Understanding

Try the questions before reading the answers.

Question 1. Does denaturation always destroy primary structure?
Answetr. No.

Question 2. Do all proteins have quaternary structure?

Answer. No. It requires a multi-chain assembly.

Practice Questions

Work each question before reading its solution. The set runs from direct recall and substitution to
the applied questions that exams actually use to separate grades. The downloadable PDF includes
these questions and their solutions.

Question 1. Describe the general structure of an amino acid, and what distinguishes the 20 stan-
dard ones.

Solution. A central a-carbon bonded to an amino group (-NH,), a carboxyl group (-COOH), a hy-
drogen, and a variable side chain R. Only R differs among the 20: it may be nonpolar, polar, acidic,
or basic, and that one group sets each amino acid’s chemistry.

Question 2. How do 2 amino acids join, and what is the resulting bond called?
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Solution. The carboxyl of one condenses with the amino group of the next, releasing a water
molecule: a dehydration synthesis forming a peptide bond. Chains grow one residue at a time
this way, always read from the N-terminus to the C-terminus.

Question 3. Name and describe the 4 levels of protein structure.

Solution. Primary: the amino acid sequence itself. Secondary: local backbone patterns, the a-
helix and g-pleated sheet, held by backbone hydrogen bonds. Tertiary: the full 3D fold of one
chain, driven by side-chain interactions. Quaternary: the assembly of multiple folded chains, as
in hemoglobin’s 4 subunits.

Question 4. Which interactions stabilize tertiary structure? Rank a disulfide bridge against the
others.

Solution. Hydrophobic side chains cluster inward away from water; hydrogen bonds and ionic
bonds form between polar and charged side chains; disulfide bridges covalently link 2 cysteines.
The disulfide is the strongest, a true covalent staple, which is why perming hair (breaking and
reforming keratin disulfides) outlasts wetting it (breaking hydrogen bonds).

Question 5. Why does the primary sequence determine everything above it?

Solution. The sequence fixes where every hydrophobic, polar, charged, and cysteine side chain
sits along the chain, and those placements dictate which interactions can form as the chain folds.
Change even 1 residue and the interaction map changes; the higher levels are consequences, not
additions. Anfinsen’s ribonuclease experiment showed a denatured protein refolding correctly
with no helper, sequence alone sufficing.

Question 6. Sickle-cell disease follows from a single substitution in hemoglobin. Trace the causal
chain.

Solution. Glutamate (charged, water-loving) at position 6 of 8-globin becomes valine (hydropho-
bic). The new sticky patch on the surface makes deoxygenated hemoglobin polymerize into stiff
fibers, which deform red cells into sickles that block capillaries. One letter, one side chain, one
patch, a disease: the sharpest proof that primary structure is destiny.

Question 7. What is denaturation, what causes it, and why does it destroy function?

Solution. Loss of secondary through quaternary structure while peptide bonds stay intact: heat,
extreme pH, heavy metals, or detergents disrupt the weak stabilizing interactions and the chain
unravels. Function depends on shape, the active site’s exact geometry, so an unfolded enzyme is
dead even though its sequence isuntouched. A fried egg’s white is irreversibly denatured albumin.

Question 8. Give 5 distinct functional classes of proteins with 1 example each.

Solution. Enzymes (amylase digesting starch), structural proteins (collagen in tendons, keratin
in hair), transport proteins (hemoglobin carrying O,), signaling proteins and hormones (insulin),
defense proteins (antibodies). Add motors (myosin) and channels (ion channels) and nearly every
cell job is protein-run.
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Question 9. Predict where hydrophobic residues sit in a water-soluble globular protein versus a
membrane channel, and why.

Solution. In a soluble protein they bury inward, forming the core, with polar residues facing the
water. A membrane-spanning channel inverts the logic: hydrophobic residues face outward into
the lipid bilayer while polar residues line the inner water-filled pore. Same rule, “like dissolves
like”, opposite geometry, set entirely by the environment.

Question 10. Why did predicting a fold from sequence take 50 years, and what changed in 20207?

Solution. A chain of 100 residues has astronomically many conformations, and the weak in-
teractions that pick the true fold nearly cancel, so physics-based search was hopeless at scale
(Levinthal’s paradox). DeepMind’s AlphaFold 2 learned the sequence-to-structure mapping from
the database of solved structures, reaching experimental-level accuracy for most proteins at
CASP14 in 2020, and its predictions now cover essentially every catalogued protein sequence.

Frequently Asked Questions

What are the 4 levels of protein structure?

Primary (the linear sequence of amino acids), secondary (alpha helices and beta sheets stabilized
by hydrogen bonds), tertiary (the overall 3D folding of a single polypeptide chain), and quaternary
(the assembly of multiple polypeptide subunits into a functional complex). Each level builds on
the previous one.

What are the 7 types of proteins?

The 7 functional types are enzymes (catalyze reactions), structural proteins (collagen, keratin),
transport proteins (hemoglobin, channel proteins), hormones (insulin, growth hormone), anti-
bodies (immunoglobulins), contractile proteins (actin, myosin), and storage proteins (ferritin,
ovalbumin). Some classifications add receptor proteins as an 8th type.

What's the difference between fibrous and globular proteins?

Fibrous proteins are long, thread-like, and structural, collagen, Keratin, fibroin. They’re insoluble
in water and form connective tissue, hair, nails, and silk. Globular proteins are roughly spherical,
water-soluble, and functional, hemoglobin, antibodies, enzymes. They handle transport, immu-
nity, and catalysis.
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Whatis protein denaturation?

Denaturation is the loss of a protein’s native 3D shape due to physical stress (heat) or chemical
stress (extreme pH, heavy metals, detergents). The secondary, tertiary, and quaternary structures
break apart while the primary amino acid sequence remains intact. The protein loses its biological
function. Boiling an egg is thermal denaturation in action.

What are the 20 standard amino acids?

Glycine, alanine, valine, leucine, isoleucine, proline, phenylalanine, tryptophan, methionine, ser-
ine, threonine, cysteine, tyrosine, asparagine, glutamine, lysine, arginine, histidine, aspartate,
glutamate. Of these, 9 are essential (must come from diet) and 11 are non-essential (your body can
synthesize them).

How are proteins synthesizedincells?

Through a 2-step process: transcription (DNA copied into mRNA in the nucleus) and translation
(ribosomes read mRNA and assemble amino acids into polypeptide chains using tRNA carriers).
The nascent chain folds into its native structure during and after synthesis, often assisted by chap-
erone proteins.

Whatis the difference between apolypeptide and a protein?

A polypeptide is a chain of amino acids linked by peptide bonds. A protein is a polypeptide (or
multiple polypeptides) that has folded into a functional 3D structure. All proteins are polypep-
tides, but not all polypeptides have folded into functional proteins yet.

Can denatured proteinsrefold?

Sometimes. If denaturation conditions are removed gently, for example, slowly dialyzing away
a chemical denaturant, some proteins can refold to their native shape and regain function. This
is called renaturation. However, proteins exposed to extreme heat or harsh conditions usually
aggregate irreversibly and cannot recover.
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