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Functional Groups Between Molecules is a fundamental concept in biochemistry that
helps us understand how enzymes facilitate various biochemical reactions. Enzymes are
biological catalysts that accelerate chemical reactions in living organisms, ensuring that
metabolic processes occur efficiently and at rates compatible with life. Among the diverse
categories of enzymes, each class specializes in a particular type of chemical
transformation. One such vital function is the transfer of functional groups from one
molecule to another, a process central to metabolism, signal transduction, and
biosynthesis. Recognizing and categorizing these enzymes according to their functions
allows scientists and students alike to better understand the complexity of life at the
molecular level.

In this article, we will explore the major classes of enzymes, focusing specifically on those
that transfer functional groups between molecules. This classification is part of the Enzyme
Commission (EC) system, which categorizes enzymes into six primary classes based on the
reactions they catalyze. The class of interest here is the transferases, which are responsible
for transferring functional groups such as methyl, acyl, glycosyl, and phosphate groups
from one molecule to another.

---

Overview of Enzyme Classification

Before delving into the specific class of transferases, it is important to understand the
broader enzyme classification system. The Enzyme Commission (EC) assigns a unique four-
digit number to each enzyme, reflecting its catalytic activity. The six main classes are:

Oxidoreductases – Catalyze oxidation-reduction reactions.1.

Transferases – Transfer functional groups between molecules.2.

Hydrolases – Catalyze hydrolysis reactions.3.

Lyases – Break double bonds or add groups to double bonds without hydrolysis.4.

Isomerases – Catalyze isomerization within molecules.5.

Ligases – Join two molecules using energy from ATP or similar molecules.6.



Our focus here is on Transferases (EC 2), particularly those that facilitate the transfer of
functional groups.

---

Transferases: The Enzyme Class That Transfers
Functional Groups

Transferases are enzymes that catalyze the transfer of a specific functional group from a
donor molecule to an acceptor molecule. This process is essential in numerous metabolic
pathways, including amino acid synthesis, nucleotide metabolism, and carbohydrate
processing. The versatility of transferases stems from their ability to transfer a wide array
of groups, making them central to cellular function.

Key Subclasses of Transferases

Transferases are further divided based on the type of functional group they transfer. Some
of the major subclasses include:

Kinases (EC 2.7) – Transfer phosphate groups.

Transaminases (EC 2.6) – Transfer amino groups.

Methyltransferases (EC 2.1) – Transfer methyl groups.

Acyltransferases (EC 2.3) – Transfer acyl groups.

Glycosyltransferases (EC 2.4) – Transfer sugar moieties.

Each subclass plays a unique role in cellular metabolism, and understanding their specific
functions helps clarify how cells manage complex biochemical processes.

---

Match Each Function With The Name Of A Major
Enzyme Class

Now, focusing specifically on the function "Transfer Functional Groups Between Molecules,"
we will match this activity with the appropriate enzyme class and explore representative
examples.

---



1. Transfer of Phosphate Groups: Kinases (EC 2.7)

Function: Transfer of phosphate groups from high-energy donor molecules like ATP to
specific substrates.

Examples and Significance:

- Protein Kinases: Enzymes such as cyclin-dependent kinases modify proteins by adding
phosphate groups, regulating cell cycle progression.
- Hexokinase: Catalyzes the phosphorylation of glucose to glucose-6-phosphate, a key step
in glycolysis.
- Pyruvate Kinase: Transfers a phosphate group to ADP, forming ATP in the final step of
glycolysis.

Mechanism: These enzymes typically have binding sites for both ATP and the substrate,
facilitating the transfer of the phosphate group.

---

2. Transfer of Amino Groups: Transaminases (EC 2.6)

Function: Transfer amino groups from amino acids to keto acids, facilitating amino acid
synthesis and degradation.

Examples and Significance:

- Alanine Transaminase (ALT): Converts alanine and α-ketoglutarate into pyruvate and
glutamate, important in nitrogen metabolism.
- Aspartate Transaminase (AST): Transfers amino groups between aspartate and α-
ketoglutarate, linked to amino acid metabolism and clinical diagnostics.

Mechanism: These enzymes use pyridoxal phosphate (PLP) as a cofactor to facilitate amino
group transfer.

---

3. Transfer of Methyl Groups: Methyltransferases (EC
2.1)

Function: Transfer methyl groups from donors like S-adenosylmethionine (SAM) to various
acceptors, including DNA, proteins, and small molecules.

Examples and Significance:

- DNA Methyltransferases: Methylate cytosine residues in DNA, regulating gene expression.
- Histone Methyltransferases: Modify histones, affecting chromatin structure and gene



regulation.
- Phenylalanine Hydroxylase: Transfers hydrogen and methyl groups during amino acid
metabolism.

Mechanism: Methyltransferases often have specific binding sites for SAM and their target
molecules.

---

4. Transfer of Acyl Groups: Acyltransferases (EC 2.3)

Function: Transfer acyl groups such as acetyl, malonyl, or fatty acyl groups from CoA
derivatives to other molecules.

Examples and Significance:

- Acetyl-CoA Carboxylase: Transfers an acetyl group to produce malonyl-CoA, a precursor in
fatty acid synthesis.
- Glycerol-3-Phosphate Acyltransferase: Attaches fatty acyl groups to glycerol backbone in
lipid biosynthesis.
- Choline Acetyltransferase: Transfers an acetyl group to choline to form the
neurotransmitter acetylcholine.

Mechanism: These enzymes typically use CoA derivatives as acyl donors and have active
sites suited for acyl group transfer.

---

5. Transfer of Sugar Groups: Glycosyltransferases (EC
2.4)

Function: Transfer sugar moieties from activated donors like UDP-glucose to acceptor
molecules, forming glycosidic bonds.

Examples and Significance:

- Glycogen Synthase: Transfers glucose units from UDP-glucose to growing glycogen chains.
- Lactose Synthase: Transfers galactose to glucose, forming lactose.
- Cell Wall Biosynthesis Enzymes: Attach sugar residues to form structural polysaccharides.

Mechanism: These enzymes recognize specific sugar donors and acceptors, facilitating
precise glycosylation.

---



Additional Examples and Applications of
Transferases

Transferases are not only fundamental in metabolism but also have practical applications in
biotechnology, medicine, and drug development.

Applications in Medicine

- Targeting Kinases: Many anti-cancer drugs inhibit specific kinases involved in cell
proliferation.
- Methyltransferase Inhibitors: Potential therapies for epigenetic disorders and cancer.
- Transaminase Tests: ALT and AST levels are used to diagnose liver damage.

Biotechnological Uses

- Glycosyltransferases in Synthetic Biology: Engineering microbes to produce glycosylated
pharmaceuticals.
- Enzymatic Synthesis: Using transferases to synthesize complex molecules with high
specificity.

---

Summary

Matching the function of transferring functional groups with the appropriate major enzyme
class is crucial in understanding biochemistry and cellular physiology. Transferases (EC 2)
are the key enzyme class responsible for this activity, with subclasses such as kinases,
transaminases, methyltransferases, acyltransferases, and glycosyltransferases playing
specialized roles. These enzymes facilitate vital processes such as energy transfer, amino
acid metabolism, epigenetic regulation, lipid biosynthesis, and carbohydrate processing.

Understanding their mechanisms, substrates, and biological significance provides insight
into the intricate network of biochemical reactions that sustain life. Moreover, these
enzymes serve as valuable targets in medicine and tools in biotechnology, highlighting
their importance beyond basic science.

---

In conclusion, recognizing the function of transferring functional groups and associating it
with the correct enzyme class—namely, transferases—enhances our comprehension of
metabolic pathways and the molecular basis of life.

Frequently Asked Questions



Which major enzyme class is responsible for
transferring functional groups between molecules?
Transferase

What is the primary function of transferases in
biochemical processes?
They catalyze the transfer of functional groups from one molecule to another.

Can you name an example of a transferase enzyme
involved in amino acid metabolism?
Alanine transaminase (ALT) is an example of a transferase enzyme.

How do transferases differ from other enzyme classes
in terms of their reaction mechanisms?
Transferases specifically transfer functional groups, whereas other classes catalyze
different types of reactions like oxidation-reduction or hydrolysis.

Which enzyme class would be involved in the
phosphorylation of proteins?
Transferase, specifically kinases, which transfer phosphate groups.

What role do transferases play in metabolic pathways?
They facilitate the transfer of functional groups necessary for metabolic transformations
and biosynthesis.

Are transferases involved in DNA and RNA modification?
Yes, certain transferases, like methyltransferases, modify nucleic acids by transferring
methyl groups.

What is the significance of transferases in drug
metabolism?
Transferases help modify drugs through conjugation reactions, making them more water-
soluble for excretion.

Which major enzyme class includes enzymes like



glycosyltransferases?
Transferase

How can understanding transferase functions be useful
in medical research?
It aids in developing targeted therapies, understanding disease mechanisms, and designing
enzyme inhibitors.

Additional Resources
Transfer of Functional Groups Between Molecules: Connecting Enzymatic Functionality to
Major Enzyme Classes

Understanding the intricate world of biochemistry necessitates a deep comprehension of
enzyme functions and classifications. Among the myriad of enzymatic activities, the
transfer of functional groups between molecules stands out as a fundamental process,
underpinning numerous biochemical pathways essential for life. This activity involves
enzymes that catalyze the movement of specific functional groups from one molecule
(donor) to another (acceptor), facilitating modifications crucial for metabolism, signal
transduction, and biosynthesis. To fully appreciate this process, it is vital to link it to the
major classes of enzymes, each defined by the type of reaction they catalyze.

This comprehensive review aims to elucidate the connection between the function
"Transfer Functional Groups Between Molecules" and its corresponding enzyme class,
providing an in-depth exploration of enzyme classification, mechanisms, examples, and
biological significance.

---

Enzyme Classification Overview

The International Union of Biochemistry and Molecular Biology (IUBMB) classifies enzymes
into six major classes based on the type of chemical reaction they catalyze:

1. Oxidoreductases – Catalyze oxidation-reduction reactions.
2. Transferases – Catalyze the transfer of functional groups from one molecule to another.
3. Hydrolases – Catalyze hydrolysis reactions, breaking bonds via addition of water.
4. Lyases – Catalyze the addition or removal of groups to form double bonds or break
double bonds.
5. Isomerases – Catalyze isomerization reactions within a molecule.
6. Ligases – Catalyze the joining of two molecules, often coupled with ATP hydrolysis.

Among these, the class most directly associated with the transfer of functional groups is the
Transferase class.



---

Transferases: The Enzymes of Functional Group
Transfer

Definition and General Function

Transferases are enzymes that facilitate the transfer of a specific functional group from a
donor molecule to an acceptor molecule. This activity is critical in numerous metabolic
pathways, including amino acid metabolism, nucleotide synthesis, and carbohydrate
metabolism.

Key features of transferases include:

- Catalyze reactions involving the transfer of groups such as methyl, acyl, amino,
phosphate, glycosyl, and others.
- Play roles in modifying molecules, activating substrates, and regulating biochemical
pathways.
- Often require cofactors or coenzymes for activity, such as pyridoxal phosphate (PLP), S-
adenosylmethionine (SAM), or ATP.

Mechanism of Action

The general mechanism involves:

1. Binding of donor and acceptor substrates within the enzyme's active site.
2. Cleavage of the donor molecule to release the transferred group.
3. Transfer of the group to the acceptor molecule.
4. Release of the modified acceptor molecule, completing the transfer process.

The enzyme stabilizes the transition state, lowering the activation energy to facilitate the
transfer.

Common Types of Functional Groups Transferred

Transferases are highly diverse, transferring a variety of groups, including:

- Amino groups (e.g., amino transferases)
- Acyl groups (e.g., acyl transferases)
- Phosphate groups (e.g., kinases)
- Methyl groups (e.g., methyltransferases)
- Glycosyl groups (e.g., glycosyltransferases)



This versatility underscores the importance of transferases across biological systems.

---

Major Enzyme Classes Corresponding to Specific
Transfer Activities

Given the broad scope of transferases, it is instructive to examine specific enzyme
examples and their functions, illustrating how they embody the transfer of functional
groups.

1. Aminotransferases (Transaminases): Transfer of
Amino Groups

Function: These enzymes catalyze the transfer of amino groups from amino acids to keto
acids, pivotal in amino acid biosynthesis and degradation.

Examples:

- Aspartate transaminase (AST): Transfers amino groups between aspartate and α-
ketoglutarate, forming oxaloacetate and glutamate.
- Alanine transaminase (ALT): Transfers amino groups between alanine and α-ketoglutarate.

Biological significance:

- Involved in nitrogen metabolism.
- Serve as clinical markers for liver function.

Mechanism:

- Use pyridoxal phosphate (PLP) as a coenzyme.
- Form a Schiff base intermediate facilitating amino group transfer.

2. Kinases: Transfer of Phosphate Groups

Function: Kinases transfer phosphate groups from high-energy donors like ATP to specific
substrates, often proteins or sugars.

Examples:

- Hexokinase: Phosphorylates glucose to glucose-6-phosphate.
- Pyruvate kinase: Transfers phosphate to ADP, producing ATP in glycolysis.

Biological significance:



- Activation or inactivation of enzymes.
- Regulation of metabolic flux.
- Signal transduction pathways.

Mechanism:

- Bind ATP and substrate in the active site.
- Transfer the γ-phosphate of ATP to the substrate.

3. Methyltransferases: Transfer of Methyl Groups

Function: Catalyze the transfer of methyl groups from S-adenosylmethionine (SAM) to
various substrates, including DNA, proteins, and small molecules.

Examples:

- DNA methyltransferases: Methylate cytosine residues in DNA.
- Histone methyltransferases: Modify histone proteins, affecting gene expression.

Biological significance:

- Epigenetic regulation.
- Regulation of gene expression.
- Metabolic control.

Mechanism:

- Use SAM as a methyl donor.
- Transfer methyl group to nucleophilic sites on substrate molecules.

4. Glycosyltransferases: Transfer of Sugar Moieties

Function: Facilitate the transfer of sugar residues from activated donor molecules (e.g.,
UDP-glucose) to acceptor molecules, forming glycosidic bonds.

Examples:

- Lactose synthase: Transfers galactose to glucose to form lactose.
- Glycogen synthase: Transfers glucose units to growing glycogen chains.

Biological significance:

- Synthesis of polysaccharides, glycoproteins, and glycolipids.
- Cell-cell recognition and signaling.

Mechanism:



- Use nucleotide-activated sugars as donors.
- Catalyze the formation of glycosidic bonds with acceptors.

---

Biological Significance of Functional Group
Transfer

The transfer of functional groups is central to life. It enables:

- Metabolic flexibility: Cells modify molecules to adapt to changing conditions.
- Energy transfer: Phosphorylation reactions (catalyzed by kinases) regulate enzyme
activity and signal transduction.
- Genetic regulation: Methylation patterns influence gene expression.
- Structural assembly: Glycosylation of proteins and lipids affects cell structure and
recognition.
- Detoxification and waste removal: Transferase reactions modify toxins for excretion.

---

Implications in Medicine and Biotechnology

Understanding transferases and their roles has profound implications:

- Drug development: Inhibitors targeting specific transferases (e.g., kinases in cancer
therapy).
- Disease diagnostics: Elevated levels of transferase enzymes (e.g., ALT, AST) indicate
tissue damage.
- Biotechnology: Engineering transferases for synthetic pathways, drug synthesis, and
biocatalysis.
- Epigenetics: Modulating methyltransferases to influence gene expression.

---

Summary and Conclusion

The enzyme class that best encapsulates the function "Transfer Functional Groups Between
Molecules" is the Transferase class. These enzymes are versatile, catalyzing the movement
of various functional groups—amino, phosphate, methyl, glycosyl, acyl, among
others—across a wide spectrum of biochemical reactions. Their activities are integral to
metabolic pathways, cellular regulation, and genetic control mechanisms.

Understanding transferases involves recognizing their mechanistic features, substrate
specificities, and biological roles. Their importance extends beyond basic physiology,



informing medical diagnostics, therapeutic strategies, and biotechnological innovations. As
such, transferases serve as a cornerstone concept linking enzyme function to the dynamic
and complex nature of living systems.

---

In essence, whenever you encounter a biochemical process involving the movement or
modification of functional groups between molecules, it is a hallmark of transferase
activity—making this enzyme class fundamental to the fabric of life’s molecular machinery.
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