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Hair perming is a popular cosmetic procedure that transforms the natural look of hair by creating
permanent waves or curls. Many people wonder how such chemical treatments can alter the
appearance of hair without compromising its fundamental protein structures. Understanding the
scientific basis behind this process reveals why the primary and secondary structures of hair
proteins remain largely unaffected during perming. This article explores the intricate details of hair
protein structures, the chemistry of perming agents, and the reasons behind the preservation of the
primary and secondary levels of hair proteins during chemical treatment.

Understanding Hair Structure and Protein Hierarchy

To comprehend why the primary and secondary structures of hair proteins are maintained during
perming, it is essential to first understand the hierarchical organization of keratin, the main protein
in hair.

What Is Keratin?
- Keratin is a fibrous structural protein that forms the main component of hair, nails, and the outer
layer of skin.
- It is rich in amino acids, especially cysteine, which contributes to disulfide bond formation.
- Its robust nature provides hair with strength, elasticity, and resilience.

Hierarchy of Protein Structure
Proteins like keratin are organized into four levels of structure:
1. Primary Structure: The sequence of amino acids linked by peptide bonds.
2. Secondary Structure: Local folding patterns such as alpha-helices and beta-sheets stabilized by
hydrogen bonds.
3. Tertiary Structure: The three-dimensional folding of a polypeptide chain stabilized by various
interactions, including disulfide bonds.
4. Quaternary Structure: The assembly of multiple polypeptide chains into a functional protein.

In hair, the primary and secondary structures form the foundation, while the tertiary and quaternary
structures contribute to the overall strength and shape.



The Chemistry of Hair Perming

Perming involves the use of chemical agents to break and reform disulfide bonds in keratin proteins,
enabling the hair to adopt a new shape.

Key Chemicals Used in Perming
- Reducing Agents (Perming Solutions): Typically ammonium thioglycolate or cysteamine, which
cleave disulfide bonds.
- Neutralizers (Oxidizing Agents): Usually hydrogen peroxide, which re-forms disulfide bonds in the
new configuration.

Process Overview
1. Wrapping: Hair is wrapped around rollers or rods to define the new shape.
2. Application of Perm Solution: The reducing agent penetrates the hair shaft, breaking disulfide
bonds.
3. Reforming Bonds: After the desired shape is achieved, a neutralizer is applied to oxidize and
reform disulfide bonds, locking the hair into the new curl or wave.

Why Primary and Secondary Structures Remain Intact

Despite the chemically intensive process, the primary and secondary structures of keratin proteins
are largely unaffected during perming. Several factors contribute to this resilience:

1. Selective Targeting of Disulfide Bonds
- The perming agents are specifically designed to target disulfide bonds (S–S bonds), which are part
of the tertiary and quaternary structures.
- These bonds act as cross-links that determine the overall shape and rigidity of the keratin matrix.
- The peptide bonds that constitute the primary structure and hydrogen bonds stabilizing alpha-
helices and beta-sheets are not significantly affected by reducing or oxidizing agents used in
perming.

2. Stability of Peptide Bonds (Primary Structure)
- Peptide bonds are covalent and highly stable under typical perming conditions.
- They do not break or rearrange during the process, preserving the amino acid sequence.

3. Preservation of Hydrogen Bonds (Secondary Structure)
- Hydrogen bonds stabilizing alpha-helices and beta-sheets are sensitive to changes in the
environment.



- However, the chemicals used in perming are optimized to selectively break disulfide bonds without
disrupting hydrogen bonds.
- Once the disulfide bonds are re-formed during neutralization, the secondary structure remains
largely unchanged.

4. Controlled Chemical Environment
- Perm solutions are formulated to operate under controlled pH and temperature conditions.
- This controlled environment minimizes collateral damage to the backbone of the keratin protein.

Impacts of Perming on Hair’s Structural Integrity

While the primary and secondary structures are preserved, perming can influence higher levels of
protein organization and hair integrity.

1. Disruption of Tertiary and Quaternary Structures
- The reduction and oxidation of disulfide bonds lead to changes in the three-dimensional
conformation.
- This reorganization is responsible for the new shape of the hair but does not alter the fundamental
amino acid sequence or local folding patterns.

2. Potential Damage and Weakening
- Excessive or improper perming can cause damage to the cuticle and cortex layers.
- This may result in increased porosity, dryness, or breakage, but the basic protein structures remain
intact if the procedure is performed correctly.

3. Reversibility and Hair Care
- The chemical reactions involved in perming are reversible at the bond level, allowing for re-
treatment or correction.
- Proper conditioning and treatments can restore some of the hair’s strength and shine.

Summary of Key Reasons Why Primary and Secondary
Structures Are Not Affected

- Specificity of Chemical Agents: Perming chemicals target disulfide bonds, leaving peptide bonds
and hydrogen bonds largely untouched.
- Stability of Peptide Bonds: The primary amino acid sequence remains unchanged because peptide
bonds are covalent and resistant to perming conditions.
- Hydrogen Bond Preservation: The secondary structures, stabilized by hydrogen bonds, are not



significantly disturbed due to controlled treatment conditions.
- Localized Chemical Action: The chemistry of perming is designed to induce localized bond changes
without widespread denaturation of proteins.

Conclusion

The resilience of hair’s primary and secondary protein structures during perming hinges on the
selective chemistry of perming agents and the inherent stability of peptide and hydrogen bonds.
While the process involves breaking and reforming disulfide bonds to alter hair shape, it carefully
preserves the fundamental protein backbone and local folding patterns. This selective targeting
allows for permanent styling changes without compromising the fundamental integrity of hair
proteins, ensuring that hair remains strong and healthy when properly cared for post-treatment.

Understanding these scientific principles not only demystifies the perming process but also
highlights the importance of choosing professional treatments and appropriate aftercare to maintain
hair health.

Frequently Asked Questions

Why does perming hair primarily affect the hair's shape
without damaging its primary protein structure?
Perming alters the disulfide bonds in the hair's keratin proteins, which are responsible for the hair's
shape, while leaving the primary amino acid sequence intact, thus preserving the primary structure.

How do chemical treatments like perms modify hair's
secondary structure without breaking the primary structure?
Chemicals used in perms break and reform disulfide bonds that influence the secondary structure
(like alpha-helices and beta-sheets), but the linear sequence of amino acids remains unchanged,
maintaining the primary structure.

What role do disulfide bonds play in changing hair shape
during perming without affecting primary protein structure?
Disulfide bonds cross-link keratin chains, determining hair shape. Perming chemicals break these
bonds temporarily, allowing the hair to be reshaped, and then reform them, leaving the primary
sequence unaffected.

Why is the primary structure of keratin proteins resistant to
chemical treatments like perming?
The primary structure consists of the amino acid sequence, which is chemically stable and not
affected by the reducing and oxidizing agents used in perms, preventing any change to the protein's



fundamental sequence.

Can chemical treatments like perming cause permanent
changes to hair's primary protein structure?
No, perming primarily affects disulfide bonds responsible for hair's shape; the primary amino acid
sequence remains unchanged, so the primary structure is not permanently altered.

How does the stability of the primary protein structure
contribute to hair's ability to undergo chemical treatments
without degradation?
The primary structure's stability comes from covalent peptide bonds between amino acids, which are
resistant to the chemical agents used in perms, thus maintaining the integrity of the protein during
treatment.

Additional Resources
Why Is The Primary And Secondary Protein Structure Not Affected When Hair Is Permed or
Undergoes Chemical Treatments?

The process of perming or chemically treating hair is a common cosmetic procedure aimed at
altering the hair's texture, making it curlier, straighter, or more manageable. Despite these dramatic
visual changes, the fundamental molecular architecture of hair proteins—particularly the primary
and secondary structures—remains largely unaffected. Understanding the reasons behind this
resilience requires a comprehensive exploration of protein chemistry, hair biology, and the specific
mechanisms involved in chemical hair treatments.

Introduction to Hair Protein Structure

Hair is primarily composed of keratin, a fibrous structural protein that confers strength and
resilience. The integrity of keratin's structure is maintained by hierarchical levels:

- Primary structure: The linear sequence of amino acids linked by peptide bonds.
- Secondary structure: Local folding patterns such as alpha-helices and beta-sheets stabilized by
hydrogen bonds.
- Tertiary and quaternary structures: Overall three-dimensional conformations and interactions
among polypeptide chains.

The robustness of hair's physical properties stems from the stability of these higher-order
structures, which are held together by various covalent and non-covalent bonds.



The Chemistry of Hair Perming and Chemical
Treatments

Perming Process Overview

Perming involves two main steps:

1. Breaking disulfide bonds: The application of reducing agents (e.g., ammonium thioglycolate)
cleaves the covalent disulfide bonds (-S-S-) between cysteine residues in keratin.
2. Reforming disulfide bonds: An oxidizing agent (e.g., hydrogen peroxide) is used to reform disulfide
bonds, but now in a conformation that produces curls or waves.

Mechanisms of Chemical Hair Treatments

Other chemical treatments, such as relaxers or keratin smoothing treatments, also involve similar
principles—disulfide bond disruption followed by re-oxidation or modification.

Key points about these processes:

- They target covalent disulfide bonds, which are critical for hair’s shape.
- They do not typically involve breaking peptide bonds or disrupting backbone structures.
- The treatments are designed to be selective, minimizing damage to the protein backbone.

Why Primary and Secondary Structures Remain Intact

The Stability of Peptide Bonds and the Primary Structure

Peptide bonds are among the most stable covalent bonds in biological molecules. They are formed
through a condensation reaction between amino acids and exhibit high resistance to chemical
hydrolysis under typical perming conditions.

- Resilience to chemical treatment: The reducing agents used in perming do not cleave peptide
bonds; they specifically target disulfide bonds between cysteine residues.
- Chemical specificity: Disulfide bonds are more reactive to reducing agents because of their
covalent sulfur-sulfur linkage, whereas peptide bonds are stabilized by resonance and are less
susceptible to reduction under mild conditions.

Implication: The primary amino acid sequence remains unchanged during perming.

Supporting Evidence:



- Protein chemistry studies demonstrate that disulfide bonds can be selectively reduced without
cleaving peptide bonds.
- The reformation of disulfide bonds during oxidation restores the protein’s original primary
structure sequence.

The Secondary Structure’s Resistance to Chemical Changes

Secondary structures—mainly alpha-helices and beta-sheets—are stabilized predominantly by
hydrogen bonds between backbone amides and carbonyl groups.

Why they remain unaffected:

- Hydrogen bonds are relatively stable: Under perming conditions, the pH and temperature are
controlled to prevent disruption of backbone hydrogen bonds.
- Disulfide bond reduction does not directly impact hydrogen bonds: The reduction of disulfide bonds
alters the tertiary and quaternary organization but leaves the local backbone hydrogen bonds intact.
- Protein folding stability: The secondary structures are stabilized internally, making them less
susceptible to chemical disruption unless harsh denaturing conditions are applied.

Empirical observations:

- Spectroscopic analyses (e.g., FTIR, circular dichroism) before and after perming show minimal
changes in secondary structure content.
- The overall alpha-helix and beta-sheet content remains consistent post-treatment.

Hierarchy of Structural Changes in Hair Proteins

Understanding the hierarchy of protein structures clarifies why primary and secondary levels are
preserved during chemical treatments:

1. Peptide bonds (primary structure): Covalent and highly stable; unaffected by perming agents.
2. Hydrogen bonds (secondary structure): Internally stabilized; resistant to mild chemical
modifications.
3. Disulfide bonds (tertiary/quaternary structure): Covalent but reversible; targeted specifically
during perming.

The process disrupts only the disulfide bonds, which are responsible for the overall shape and
curliness of hair, without disturbing the backbone or local secondary structures.

Implications for Hair Integrity and Damage

While primary and secondary structures remain intact, the disruption and reformation of disulfide
bonds can have other effects:

- Tertiary structure alterations: Changes in the overall folding and shape of keratin proteins.



- Potential damage: Excessive or repeated chemical treatments may lead to protein degradation,
disulfide bond over-reduction, or damage to the cuticle layer, which can indirectly affect the
secondary structure stability over time.

However, under standard perming conditions, these alterations are controlled to avoid significant
damage to the core protein structures.

Conclusion

The resilience of hair's primary and secondary protein structures during perming and chemical
treatments can be attributed to the chemical stability and specificity of these structural levels:

- The peptide backbone and primary amino acid sequence are resistant to the mild reducing and
oxidizing agents used.
- The hydrogen bonds stabilizing alpha-helices and beta-sheets are internally protected and not
directly targeted.
- Disulfide bonds, while crucial for hair shape, are covalently reversible and do not compromise the
integrity of peptide bonds or secondary structures when selectively targeted.

This hierarchical stability allows for the effective reshaping of hair through chemical means while
preserving the fundamental architecture of keratin proteins, ensuring both functional and aesthetic
outcomes with minimal molecular damage. Understanding this molecular basis provides insight into
hair chemistry and guides the development of safer, more effective cosmetic treatments.
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Note: This article synthesizes current scientific understanding of protein chemistry related to hair
treatments, aiming to clarify why primary and secondary structures are resilient during chemical
processes like perming.
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