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Qualification Specifications about

ICTQual Level 6 Diploma in Biotechnology
Engineering 360 Credits — Three Years

About ICTQual AB
ICTQual AB UK Ltd. is a distinguished awarding body based in the United Kingdom, dedicated to fostering
excellence in education, training, and skills development. Committed to global standards, ICTQual AB provides

internationally recognized qualifications that empower individuals and organizations to thrive in an increasingly
competitive world. Their offerings span diverse industries, including technical fields, health and safety,
management, and more, ensuring relevance and adaptability to modern workforce needs.

The organization prides itself on delivering high-quality educational solutions through a network of Approved
Training Centres worldwide. Their robust curriculum and innovative teaching methodologies are designed to
equip learners with practical knowledge and skills for personal and professional growth. With a mission to inspire
lifelong learning and drive positive change, ICTQual AB continuously evolves its programs to stay ahead of
industry trends and technological advancements.

ICTQual AB's vision is to set benchmarks for educational excellence while promoting inclusivity and integrity. Their
unwavering focus on quality and accessibility makes them a trusted partner in shaping future-ready professionals
and advancing societal progress globally.

Course Overview

The ICTQual Level 6 Diploma in Biotechnology Engineering is an advanced academic program designed to
provide students with a comprehensive understanding of biotechnology's principles, practices, and innovations.
Spanning three years, this rigorous 360-credit diploma equips learners with the theoretical knowledge, technical
expertise, and practical skills necessary to excel in the biotechnology industry and related fields.

Biotechnology is a rapidly growing interdisciplinary field that merges biology, chemistry, engineering, and
information technology to develop solutions for challenges in healthcare, agriculture, environmental
sustainability, and industrial processes. The Level 6 Diploma reflects the evolving demands of the industry and
prepares students to meet these challenges through innovative approaches and cutting-edge technologies.

The program emphasizes core areas such as genetic engineering, bioprocess technology, bioinformatics, and bio
manufacturing while fostering critical thinking, research capabilities, and ethical considerations in biotechnology
applications. This diploma serves as a stepping stone for students aspiring to advance their careers in
biotechnology or pursue further studies at the postgraduate level. With its blend of academic rigor and practical
relevance, the ICTQual Level 6 Diploma in Biotechnology Engineering is an ideal choice for individuals passionate
about contributing to the transformative potential of biotechnology in shaping the future.
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Certification Framework

Qualification title ICTQual Level 6 Diploma in Biotechnology Engineering 360 Credits — Three Years

Course ID BEOOO1

Qualification Credits 360 Credits

Course Duration Three Years

Grading Type Pass / Fail

Competency Evaluation Coursework / Assignments / Verifiable Experience

Assessment The assessment and verification process for ICTQual qualifications involves two key
stages:

Internal Assessment and Verification:
v" Conducted by the staff at the Approved Training Centre (ATC). Ensures
learners meet the required standards through continuous assessments.
v Internal quality assurance (IQA) is carried out by the centre's IQA staff to
validate the assessment processes.
External Quality Assurance:
v" Managed by ICTQual AB verifiers, who periodically review the centre's
assessment and IQA processes.
v' Verifies that assessments are conducted to the required standards and
ensures consistency across centres

Entry Requirements

To enroll in the ICTQual Level 6 Diploma in Biotechnology Engineering 360 Credits — Three Years, candidates must
meet the following entry requirements:

v" Applicants must be at least 16 years old.

v" A Level 5 qualification (or equivalent) in a related field such as science, biotechnology, engineering, or a
technical discipline. This may include a Level 5 Diploma, HND, or equivalent qualifications.

v' A strong background in subjects like molecular biology, chemistry, biochemistry, or physics is
recommended to ensure a solid understanding of advanced biotechnology concepts.

v" While prior experience in biotechnology engineering is not mandatory, applicants should demonstrate a
strong grasp of analytical and problem-solving skills within scientific contexts.

v" For non-native English speakers, proof of English language proficiency is required to engage fully with the
course material.

Qualification Structure

This qualification comprises 36 mandatory units, totaling 360 credits. Candidates must successfully complete all
mandatory units to achieve the qualification.

www.ictqualab.co.uk Page | 3

Support@ictqualab.co.uk ICTQual AB Qualification Specification



ICTQual Level 6 Diploma in Biotechnology ‘@

-
Engineering 360 Credits — Three Years Qual.

Mandatory Units

Unit Ref# Unit Title Credits
Year 1: Foundations of Biotechnology Engineering
BEOOO1-1 Introduction to Biotechnology 10
BE0OO1-2 Principles of Molecular Biology 10
BEOO00O1-3 Basics of Biochemistry 10
BEO0O01-4 Fundamentals of Microbiology 10
BE0001-5 Introduction to Genetics and Genomics 10
BEO001-6 Principles of Cell Biology 10
BEOO01-7 Mathematics for Biotechnology 10
BE0001-8 Fundamentals of Biostatistics 10
BEO001-9 Introduction to Engineering in Biotechnology 10
BEO001-10 Analytical Techniques in Biotechnology 10
BE0001-11 Basics of Bioinformatics 10
BE0O001-12 Environmental Science and Sustainability 10
Year 2: Intermediate Biotechnology Concepts
BEOO01-13 Bioprocess Engineering and Design 10
BEO001-14 Applied Microbiology and Industrial Applications 10
BE0O001-15 Recombinant DNA Technology 10
BEO001-16 Biomaterials and Nanotechnology 10
BEO001-17 Immunology and Vaccine Development 10
BE00OO1-18 Protein Engineering and Enzyme Technology 10
BE00O01-19 Bioinformatics Tools and Applications 10
BE0001-20 Environmental Biotechnology and Waste Management 10
BEO001-21 Bioreactors and Fermentation Technology 10
BE0001-22 Biomedical Engineering Basics 10
BE0001-23 Advanced Biostatistics and Data Analysis 10
BE00O01-24 Ethical and Regulatory Aspects of Biotechnology 10
Year 3: Advanced Topics and Specialization
BE00O01-25 Genetic Engineering and Genomic Editing 10
BEO001-26 Advanced Bioprocess Engineering 10
BE0001-27 Biotechnology Research Methods 10
BE0001-28 Pharmaceutical Biotechnology and Drug Development 10
BE0001-29 Systems Biology and Computational Modeling 10
BE0001-30 Agricultural Biotechnology and GMOs 10
BE0001-31 Industrial Biotechnology and Bio economy 10
BEO001-32 Synthetic Biology Applications 10
BEO001-33 Advanced Environmental Biotechnology 10
BEO001-34 Innovation and Entrepreneurship in Biotechnology 10
BEO001-35 Biotechnology Project Management 10
BEO001-36 Final Year Research Project 10
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Centre Requirements

Even if a centre is already registered with ICTQual AB, it must meet specific requirements to deliver the ICTQual

Level 6 Diploma in Biotechnology Engineering 360 Credits — Three Years. These standards ensure the quality and
consistency of training, assessment, and learner support.

1. Approval to Deliver the Qualification

v Centres must obtain formal approval from ICTQual AB to deliver this specific qualification, even if they are
already registered.

v' The approval process includes a review of resources, staff qualifications, and policies relevant to the
program.

2. Qualified Staff

v/ Tutors: Must have relevant qualifications in Biotechnology Engineering at Level 7 or higher, alongside
teaching/training experience.

v' Assessors: Must hold a recognized assessor qualification and demonstrate expertise in Biotechnology
Engineering.

v Internal Quality Assurers (IQAs): Must be appropriately qualified and experienced to monitor the quality
of assessments.

3. Learning Facilities
Centres must have access to appropriate learning facilities, which include:

v' Classrooms: Modern classrooms equipped with multimedia tools to deliver engaging theoretical
instruction on genetic engineering, molecular biology, and bioprocess technology.

v Practical Areas: State-of-the-art laboratories featuring advanced equipment for DNA sequencing, PCR, cell
culture, fermentation, and bioinformatics, providing hands-on experience in cutting-edge biotech
techniques.

v" Technology Access: High-performance computers with specialized software (e.g., BLAST, PyMOL, and
molecular modeling tools) and internet connectivity to support research, simulations, and bioinformatics
projects.

4. Health and Safety Compliance

v' Centres must ensure that practical training environments comply with relevant health and safety
regulations.
v Risk assessments must be conducted regularly to maintain a safe learning environment.

5. Resource Requirements

v' Learning Materials: Approved course manuals, textbooks, and study guides aligned with the curriculum.

v' Assessment Tools: Templates, guidelines, and resources for conducting and recording assessments.

v' E-Learning Systems: If offering online or hybrid learning, centres must provide a robust Learning
Management System (LMS) to facilitate remote delivery.
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6. Assessment and Quality Assurance

v' Centres must adhere to ICTQual’s assessment standards, ensuring that all assessments are fair, valid, and
reliable.

v’ Internal quality assurance (IQA) processes must be in place to monitor assessments and provide feedback
to assessors.

v External verification visits from ICTQual will ensure compliance with awarding body standards.

7. Learner Support

v' Centres must provide learners with access to guidance and support throughout the program, including:
v Academic support for coursework.

v Career guidance for future progression.

v' Additional support for learners with specific needs (e.g., disabilities or language barriers).

8. Policies and Procedures
Centres must maintain and implement the following policies, as required by ICTQual:

v' Equal Opportunities Policy.

Health and Safety Policy.

Safeguarding Policies and Procedures.
Complaints and Appeals Procedure.

Data Protection and Confidentiality Policy.

AN NI NN

9. Regular Reporting to ICTQual

v' Centres must provide regular updates to ICTQual AB on learner enrollment, progress, and completion
rates.

v' Centres are required to maintain records of assessments and learner achievements for external auditing
purposes.

Support for Candidates

Centres should ensure that materials developed to support candidates:

v Facilitate tracking of achievements as candidate’s progress through the learning outcomes and
assessment criteria.

v Include information on how and where ICTQual's policies and procedures can be accessed.

v" Provide mechanisms for Internal and External Quality Assurance staff to verify and authenticate evidence
effectively.

This approach ensures transparency, supports candidates' learning journeys, and upholds quality assurance
standards.
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Assessment

This qualification is competence-based, requiring candidates to demonstrate proficiency as defined in the
qualification units. The assessment evaluates the candidate's skills, knowledge, and understanding against the set
standards. Key details include:

1. Assessment Process:

v" Must be conducted by an experienced and qualified assessor.
v" Candidates compile a portfolio of evidence that satisfies all learning outcomes and assessment
criteria for each unit.

2. Types of Evidence:

Observation reports by the assessor.
Assignments, projects, or reports.
Professional discussions.

Witness testimonies.
Candidate-produced work.

Worksheets.

Records of oral and written questioning.
Recognition of Prior Learning (RPL).

ASANE NN N NENEN

3. Learning Outcomes and Assessment Criteria:
v' Learning Outcomes: Define what candidates should know, understand, or accomplish upon
completing the unit.
v" Assessment Criteria: Detail the standards candidates must meet to demonstrate that the learning

outcomes have been achieved.

This framework ensures rigorous and consistent evaluation of candidates' competence in line with the
qualification's objectives.
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Unit Descriptors

BE0001-1: Introduction to Biotechnology

The aim of this study unit is to provide students with a foundational understanding of biotechnology, including its
scope, applications, and impact across various industries. The unit focuses on introducing key concepts,
terminologies, and fundamental principles in biotechnology, preparing students to explore its diverse applications
in healthcare, agriculture, environmental management, and industrial sectors.

Learning Outcome: Assessment Criteria:

1. Explain the scope, applications, and impact of | 1.1. Understand the broad scope of biotechnology,
biotechnology in various industries. encompassing areas such as healthcare,
agriculture, food production, environmental
management, and industrial processes, and how it
integrates biological sciences with technology to
address complex challenges across these sectors.

1.2. Examine the role of biotechnology in healthcare,
including the development of vaccines, gene
therapies, diagnostic tools, and biologic drugs,
which have transformed treatments for a wide
range of diseases and improved patient
outcomes.

1.3. Analyze the impact of biotechnology in
agriculture, focusing on genetically modified
crops, pest-resistant plants, and bio fertilizers,
which enhance food security, improve crop vyields,
and reduce reliance on chemical pesticides.

1.4. Explore the applications of biotechnology in food
production, such as fermentation processes used
in the production of beer, dairy products, and bio-
based food ingredients, and the use of enzymes
and probiotics to enhance food safety and quality.

1.5. Investigate biotechnology's contributions to
environmental sustainability, including
bioremediation for cleaning up oil spills and
waste, biofuels for renewable energy production,
and waste-to-energy technologies that promote
resource recovery and reduce environmental
pollution.

1.6. Assess biotechnology's role in industrial
applications, such as bio manufacturing, where
enzymes, microorganisms, and genetically
engineered organisms are used in the production
of chemicals, materials, and pharmaceuticals,
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1.7.

1.8.

offering more sustainable alternatives to
traditional chemical processes.

Explore the potential of biotechnology in the
energy sector, particularly through the
development of biofuels, biogas, and other
renewable energy sources that contribute to
reducing carbon emissions and dependence on
fossil fuels.

Discuss the impact of biotechnology on the
development of personalized medicine, enabling
targeted treatments based on genetic profiles,
and how it is transforming the landscape of
precision healthcare by tailoring interventions to
individuals' genetic makeup

biotechnology.

2. Describe key concepts and terminologies in

2.1.

2.2.

2.3.

2.4.

2.5.

2.6.

2.7.

2.8.

2.9.

Demonstrates a clear understanding of
biotechnology and its relevance across various
industries.

Identifies and explains key concepts such as
genetic engineering, cloning, and bioprocessing.
Defines important biotechnology terms, including
recombinant DNA, CRISPR, and bioinformatics,
with accuracy.

Provides examples of biotechnology applications
in fields like medicine, agriculture, and
environmental management.

Clarifies the differences between traditional

biotechnology and modern biotechnology
approaches.
Explains the role of biotechnology in the

development of pharmaceuticals, vaccines, and
diagnostics.

Discusses the ethical implications and regulatory
aspects related to biotechnological
advancements.

Shows an ability to explain the connection
between biotechnology and scientific principles in
genetics, microbiology, and molecular biology.
[llustrates the impact of biotechnology on
sustainable development and global challenges.

www.ictqualab.co.uk
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BE0001-2 Principles of Molecular Biology

The aim of this study unit is to provide students with a deep understanding of the structure, function, and
replication of DNA and RNA. The unit emphasizes the molecular mechanisms underlying gene expression and

regulation, equipping students with the knowledge to analyze and apply these concepts in biotechnological and
genetic research.

Learning Outcome: Assessment Criteria:
1. Understand the structure, function, and 1.1. Accurately describes the molecular structure
replication of DNA and RNA. of DNA and RNA, highlighting key components

such as nucleotides, sugar-phosphate
backbones, and nitrogenous bases.

1.2. Explains the differences between DNA and
RNA in terms of structure, function, and roles
within the cell.

1.3. Demonstrates a clear understanding of base
pairing rules (A-T, G-C for DNA; A-U, G-C for
RNA) and their significance in molecular
biology.

1.4. Describes the processes of DNA replication,
including the roles of enzymes such as DNA
polymerase, helicase, and ligase.

1.5. Explains the process of transcription, detailing
the synthesis of RNA from a DNA template,
and identifies key enzymes such as RNA
polymerase.

1.6. Discusses the process of translation,
explaining how mRNA, tRNA, and ribosomes
work together to synthesize proteins.

1.7. Provides an overview of RNA types (MmRNA,
rRNA, and tRNA) and their specific functions
in cellular processes.

1.8. Understands the mechanisms of DNA repair
and mutation, and their impact on genetic
stability.

1.9. Explains the regulatory factors that influence
DNA replication and gene expression.

2. Analyze molecular mechanisms of gene 2.1. Describes the central dogma of molecular
expression and regulation. biology (DNA - RNA -> Protein) and its role in
gene expression.

2.2. Explains the process of transcription,
including the roles of RNA polymerase,
transcription factors, and enhancers in
initiating gene expression.
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2.3. Analyzes the process of RNA splicing,
highlighting the removal of introns and the
joining of exons to produce mature mRNA.

2.4. Details the process of translation,
emphasizing the role of ribosomes, mRNA,
tRNA, and amino acids in protein synthesis.

2.5. Describes the role of post-translational
modifications (e.g., phosphorylation,
glycosylation) in regulating protein function.

2.6. Explains the concept of gene regulation,
including the role of promoters, silencers, and
transcription factors in controlling gene
expression.

2.7. Analyzes the mechanisms of epigenetic
regulation, such as DNA methylation and
histone modification, and their impact on
gene expression.

2.8. Discusses the role of small RNA molecules
(e.g., miRNA, siRNA) in the regulation of gene
expression at the post-transcriptional level.

2.9. Identifies and explains regulatory pathways
involved in cellular responses  to
environmental signals, including signal
transduction and gene activation.
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BE0001-3: Basics of Biochemistry

The aim of this study unit is to provide students with a foundational understanding of the structure and function
of key biomolecules, including proteins, lipids, carbohydrates, and nucleic acids. The unit also focuses on the
principles of metabolic pathways and enzyme activity, equipping students with the knowledge to analyze

biochemical processes essential to biotechnology and cellular function.

Learning Outcome: Assessment Criteria:

1. Identify the structure and function of 1.1. Describes the basic structure of proteins,
biomolecules such as proteins, lipids, including the role of amino acids, peptide
carbohydrates, and nucleic acids. bonds, and the four levels of protein structure

(primary, secondary, and tertiary,
quaternary).

1.2. Explains the function of proteins, emphasizing
their  roles as  enzymes, structural
components, antibodies, and in cellular
signaling.

1.3. Identifies the structure of lipids, including
triglycerides, phospholipids, and sterols, and
explains their role in energy storage, cell
membrane structure, and signaling.

1.4. Discusses the function of carbohydrates,
focusing on their role as an energy source,
structural components (e.g., cellulose), and
their involvement in cell recognition.

1.5. Defines the structure of nucleic acids (DNA
and RNA), highlighting the composition of
nucleotides, base pairing, and the significance
of the double helix in DNA.

1.6. Explains the function of nucleic acids, focusing
on their roles in genetic information storage
(DNA) and protein synthesis (RNA).

1.7. Describes  the importance of the
phosphorylation of biomolecules in cellular
processes.

1.8. Identifies the relationship between the
structure and function of biomolecules,
illustrating how their unique structures
determine their biological roles.

1.9. Explains the role of biomolecules in
maintaining  cellular  integrity, energy
production, and metabolic regulation.

2. Understand the principles of metabolic 2.1. Describes the basic principles of metabolic
pathways and enzyme activity. pathways, including the sequential nature of
www.ictqualab.co.uk Page | 12
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2.2.

2.3.

2.4.

2.5.

2.6.

2.7.

2.8.

2.9.

reactions, intermediates, and the role of
enzymes in catalyzing each step.

Explains the difference between anabolic and
catabolic pathways, highlighting their roles in
biosynthesis and  energy  breakdown,
respectively.

Discusses the concept of activation energy
and how enzymes lower it to speed up
metabolic reactions.

Explains the role of ATP in energy transfer
within  metabolic pathways and its
involvement in  processes such as
phosphorylation and hydrolysis.

Analyzes enzyme structure and function,
including the importance of the active site,
enzyme-substrate  specificity, and the
formation of enzyme-substrate complexes.
Describes enzyme kinetics, including concepts
such as reaction rate, Michaelis-Menten
constant, and factors that influence enzyme
activity (e.g., temperature, pH, enzyme
concentration).

Discusses enzyme inhibition, including
competitive, non-competitive, and
uncompetitive inhibition, and how they
regulate metabolic processes.

Explains the concept of feedback inhibition in
metabolic pathways and how it maintains
homeostasis within the cell.

Describes the regulation of metabolic
pathways through allosteric control, covalent
modification, and gene expression, ensuring
efficient metabolic function.
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BE0001-4: Fundamentals of Microbiology

The aim of this study unit is to provide students with a comprehensive understanding of microbial diversity,
classification, and cellular structures. The unit also emphasizes the application of basic microbiological techniques
to culture and identify microorganisms, equipping students with essential skills to work effectively in

microbiology-based biotechnology applications.

Learning Outcome: Assessment Criteria:
1. Describe microbial diversity, classification, and 1.1. Describes the broad diversity of
cellular structures. microorganisms, including bacteria, archaea,

fungi, protists, and viruses, and their
ecological roles in various environments.

1.2. Explains the classification of microorganisms
based on criteria such as morphology,
biochemical characteristics, genetic makeup,
and ecological functions.

1.3. Identifies the different shapes and
arrangements of bacterial cells (e.g., cocci,
bacilli, spirilla) and how these features aid in
identification and classification.

1.4. Discusses the structure and function of
prokaryotic cells, highlighting the absence of a
nucleus, presence of a single circular
chromosome, and key organelles like
ribosomes and plasmids.

1.5. Describes the structure of eukaryotic cells,
emphasizing the presence of membrane-
bound organelles such as the nucleus,
mitochondria, endoplasmic reticulum, and
Golgi apparatus.

1.6. ldentifies the key components of microbial
cellular structures, including the cell wall,
plasma membrane, flagella, pili, and capsule
in prokaryotes, and the differences in
eukaryotic cell walls (e.g., chitin in fungi,
cellulose in algae).

1.7. Explains the role of microbial structures in
processes such as motility, attachment,
nutrient uptake, and protection from
environmental stresses.

1.8. Discusses the importance of microbial
classification systems, including Bergey’s
Manual of Systematic Bacteriology, and
molecular techniques like 16S rRNA
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sequencing for accurate identification.

1.9. Analyzes the functional diversity of microbes,
including their roles in nutrient cycling,
symbiosis, disease causation, and industrial

applications.
2. Apply basic microbiological techniques to culture 2.1. Demonstrates the proper use of aseptic
and identify microorganisms. techniques to prevent contamination during

the collection, transfer, and handling of
microbial samples.

2.2. Applies standard microbiological techniques
for inoculating culture media, such as streak
plating, pour plating, and spread plating, to
isolate microorganisms.

2.3. Prepares and uses various types of culture
media (e.g., nutrient agar, selective media,
differential media) based on the growth
requirements of microorganisms.

2.4. Describes the process of incubating cultures
under optimal conditions (e.g., temperature,
oxygen requirements) to promote microbial
growth.

2.5. Uses basic microscopic techniques, including
Gram staining and simple staining, to observe
and differentiate microbial cells based on
morphology, size, and staining properties.

2.6. Identifies microorganisms using biochemical
tests, such as catalase, oxidase, and
fermentation tests, to determine metabolic
characteristics.

2.7. Performs and interprets selective and
differential tests (e.g., MacConkey agar,
mannitol salt agar) to identify bacterial
species based on their ability to metabolize
specific substrates.

2.8. Utilizes molecular techniques, such as PCR
(Polymerase Chain Reaction), to amplify DNA
for species identification when necessary.

2.9. Records and analyzes data accurately,
including microbial growth patterns, colony
morphology, and test results, to identify and
classify microorganisms effectively.
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BE0001-5: Introduction to Genetics and Genomics

The aim of this study unit is to provide students with a solid understanding of Mendelian inheritance, genetic
variation, and the principles underlying heredity. The unit also focuses on genome organization and the role of
genomics in modern biology, equipping students with the knowledge to explore genetic data and its applications

in biotechnology, medicine, and research.

Learning Outcome: Assessment Criteria:
1. Understand Mendelian inheritance and genetic 1.1. Explains the basic principles of Mendelian
variation. inheritance, including Gregor Mendel’s laws

of segregation and independent assortment.

1.2. Describes the concept of alleles, genotypes,
and phenotypes, and how they relate to traits
inherited from parents.

1.3. Identifies dominant and recessive alleles and
explains how they influence the expression of
traits in offspring.

1.4. Explains the use of Punnett squares to predict
the genetic outcomes of monohybrid and
dihybrid crosses.

1.5. Discusses the concept of homozygous and
heterozygous genotypes and their impact on
the inheritance of traits.

1.6. Describes the process of gamete formation
through meiosis and how it contributes to
genetic diversity.

1.7. Analyzes the role of genetic recombination
and crossing over in increasing genetic
variation during meiosis.

1.8. Explains how mutations can lead to genetic
variation and their potential impact on
inheritance patterns.

1.9. Discusses the exceptions to Mendelian
inheritance, such as incomplete dominance,
codominance, and genetic linkage, and how
they contribute to genetic variation.

2. Explain genome organization and the role of 2.1. Describes the organization of the genome,
genomics in modern biology. including the structure of chromosomes,
genes, and non-coding regions in both
prokaryotes and eukaryotes.

2.2. Explains the relationship between DNA,
genes, and proteins, highlighting the central
role of the genome in encoding genetic
information for cellular function.
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2.3. Discusses the concept of the human genome,
including the number of genes, regulatory
elements, and the presence of repetitive DNA
sequences.

2.4. Identifies the role of plasmids in prokaryotic
genomes and their contribution to genetic
diversity and horizontal gene transfer.

2.5. Explains the importance of genomic
sequencing techniques, such as next-
generation sequencing (NGS), in decoding and
mapping genomes.

2.6. Describes the role of bioinformatics in
genomics, including the use of computational
tools to analyze, interpret, and compare
genomic data.

2.7. Explores the significance of genomics in
understanding gene function, disease
mechanisms, and personalized medicine.

2.8. Discusses the applications of genomics in
agriculture, biotechnology, and conservation,
including crop improvement and biodiversity
studies.

2.9. Analyzes the ethical considerations and
challenges in genomics, such as genetic
privacy, gene editing, and the use of genomic
data in clinical settings.
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BE0001-6: Principles of Cell Biology

The aim of this study unit is to provide students with a thorough understanding of cell structure, function, and the
mechanisms of cellular communication. The unit also emphasizes the analysis of cell cycle processes and how cells
respond to environmental stimuli, equipping students with the knowledge to explore cellular behaviors in various
biological contexts, including biotechnological applications.

Learning Outcome: Assessment Criteria:

1. Describe cell structure, function, and | 1.1. Describes the structure of a typical eukaryotic cell,
communication mechanisms. including key organelles such as the nucleus,
mitochondria, endoplasmic reticulum, Golgi
apparatus, and lysosomes, and their specific
functions within the cell.

1.2. Identifies the structure of the plasma membrane,
including the lipid bilayer, membrane proteins,
and the role of membrane transport mechanisms
(e.g., diffusion, osmosis, active transport).

1.3. Explains the role of the cytoskeleton in
maintaining cell shape, facilitating intracellular
transport, and enabling cell movement, including
components like microtubules, actin filaments,
and intermediate filaments.

1.4. Describes the function of ribosomes in protein
synthesis, either free in the cytoplasm or attached
to the rough endoplasmic reticulum.

1.5. Discusses the function and structure of
prokaryotic cells, emphasizing the lack of
membrane-bound organelles and the presence of
a single circular chromosome.

1.6. Explains cellular communication mechanisms,
including chemical signaling via hormones,
neurotransmitters, and cytokines, and the role of
receptors in signal transduction.

1.7. Describes the process of signal transduction,
focusing on how external signals are received by
membrane receptors and converted into cellular
responses through second messengers (e.g.,
cAMP, calcium ions).

1.8. Discusses intercellular communication via gap
junctions, plasmodesmata (in plants), and
synaptic signaling in animal cells.

1.9. Explains the importance of homeostasis and how
cells communicate to regulate processes such as
metabolism, growth, and response to stress.
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2. Analyze cell cycle processes and cellular | 2.1. Describes the phases of the cell cycle, including
responses to environmental stimuli. interphase (G1, S, G2) and mitosis (prophase,
metaphase, anaphase, telophase), and the key
events that occur in each phase.

2.2. Explains the role of checkpoints in the cell cycle,
including the G1, G2, and metaphase checkpoints,
and how they regulate the progression of the
cycle to ensure proper cell division.

2.3. Analyzes the regulation of the cell cycle by cyclins
and cyclin-dependent kinases (CDKs), and the role
of tumor suppressors (e.g., p53) and proto-
oncogenes (e.g., Ras) in controlling cell cycle
progression.

2.4. Discusses the process of apoptosis (programmed
cell death), its regulation, and its importance in
maintaining cellular homeostasis and preventing
cancer.

2.5. Explains the cellular responses to environmental
stimuli, such as DNA damage, nutrient availability,
and oxidative stress, and how these factors
influence cell cycle progression.

2.6. Describes the role of signaling pathways (e.g.,
MAPK, PI3K/AKT) in mediating cellular responses
to external stimuli like growth factors, stress
signals, and environmental changes.

2.7. Analyzes how cells adapt to environmental
changes, such as hypoxia or low nutrient
conditions, through mechanisms like autophagy
and the activation of stress response pathways.

2.8. Explains the concept of cellular senescence and its
role in aging and tissue homeostasis, highlighting
the factors that induce senescence in response to
environmental stressors.

2.9. Discusses the impact of environmental factors,
such as radiation, chemicals, and temperature, on
the integrity of the cell cycle and potential
consequences like mutations or cancer.
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BE0001-7: Mathematics for Biotechnology

The aim of this study unit is to equip students with the mathematical skills necessary to solve problems and
analyze data in the field of biotechnology. The unit focuses on applying mathematical principles and models to
interpret biological data, enabling students to effectively understand and predict behaviors in biological systems

and biotechnological processes.

Learning Outcome: Assessment Criteria:
1. Apply mathematical principles to solve problems 1.1. Demonstrates the ability to use algebraic
in biotechnology. equations to calculate concentrations,

dilution factors, and volumes in laboratory
protocols, such as preparing solutions or
diluting microbial cultures.

1.2. Applies principles of statistics to analyze
experimental data, including calculating
means, standard deviations, and performing
hypothesis testing to interpret results
accurately.

1.3. Uses mathematical models to describe growth
kinetics of microorganisms, such as
exponential growth and lag phases, and
applies these models to predict microbial
population changes over time.

1.4. Applies logarithmic functions in calculations
related to enzyme kinetics, such as Michaelis-
Menten equations and the determination of
reaction rates.

1.5. Utilizes dimensional analysis to convert units
and solve problems involving the calculation
of molecular weights, reaction rates, and
dilution schemes in biotechnology
experiments.

1.6. Uses probability and combinatorial
mathematics to solve problems related to
genetic variation, such as calculating the
likelihood of certain genetic outcomes in
Mendelian inheritance.

1.7. Applies basic calculus concepts to model and
understand changes in concentration or other
variables over time in bioprocesses, such as
fermentation or enzyme reactions.

1.8. Uses bioinformatics tools and algorithms to
analyze genomic or proteomic data, including
sequence alignment and phylogenetic tree
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construction.

1.9. Applies the principles of thermodynamics and
kinetics to solve problems related to
metabolic pathways, such as calculating Gibbs
free energy changes or reaction velocities in
biochemical reactions.

2. Use mathematical models for data 2.1. Apply appropriate mathematical models to

interpretation in biological systems. analyze and interpret data from biological
systems.

2.2. Identify relevant variables in biological

systems and translate them into

mathematical representations.

2.3. Select suitable mathematical techniques (e.g.,
statistical, differential equations) for analyzing
biological data.

2.4. Solve mathematical models to predict trends
or behavior within biological systems.

2.5. Critically assess the limitations and
assumptions of the chosen mathematical
models in biological contexts.

2.6. Interpret the results of mathematical models
in relation to biological phenomena or
research questions.

2.7. Validate the accuracy and reliability of the
mathematical model outcomes through
comparison with experimental or real-world
data.

2.8. Communicate  findings  clearly, using
appropriate visual representations (graphs,
charts) to present interpreted data.

2.9. Demonstrate proficiency in using
computational tools or software to apply
mathematical models in biological research.
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BE0001-8: Fundamentals of Biostatistics

The aim of this study unit is to provide students with the foundational skills to perform basic statistical analyses
essential for biotechnology research. The unit focuses on using statistical tools and techniques to interpret
experimental data, enabling students to make data-driven decisions and draw valid conclusions in

biotechnological studies and experiments.

Learning Outcome: Assessment Criteria:
1. Perform basic statistical analyses relevant to 1.1. Apply fundamental statistical methods (e.g.,
biotechnology research. mean, median, standard deviation) to analyze

biotechnology data.

1.2. Select appropriate statistical tests (e.g., t-
tests, ANOVA) based on the research design
and data type.

1.3. Interpret the results of statistical analyses in
the context of biotechnology research
questions.

1.4. Ensure the correct handling of data, including
dealing with outliers and missing values, to
maintain data integrity.

1.5. Use statistical software or tools effectively to
perform calculations and analyses on
biotechnology data.

1.6. Assess the significance of results by
calculating and interpreting p-values and
confidence intervals.

1.7. Report statistical findings in a clear and
precise manner, suitable for academic or
professional biotechnology contexts.

1.8. Apply appropriate methods for visualizing
data (e.g., histograms, box plots) to support
statistical findings.

1.9. Demonstrate awareness of ethical
considerations  and  limitations  when
interpreting statistical results in
biotechnology research.

2. Interpret experimental data using statistical 2.1. Select and apply appropriate statistical tools
tools and techniques. and techniques to analyze experimental data.

2.2. Assess the normality and distribution of data
to choose the correct statistical methods for
interpretation.

2.3. Perform hypothesis testing to determine the
significance of experimental results.

2.4. Calculate and interpret confidence intervals
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and p-values to assess the reliability of
experimental outcomes.

2.5. Use statistical software to process, analyze,
and visualize experimental data efficiently.

2.6. Identify and address potential sources of bias,
variability, and error in experimental data
analysis.

2.7. Interpret and communicate the implications
of statistical results in the context of the
experiment's objectives.

2.8. Present experimental data findings with
clarity, using tables, graphs, and charts to
enhance understanding.

2.9. Critically evaluate the limitations and
assumptions of the chosen statistical methods
when interpreting experimental data.
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BE0001-9: Introduction to Engineering in Biotechnology

The aim of this study unit is to introduce students to the engineering principles applied in biotechnology
processes, providing a solid foundation for understanding how engineering concepts are integrated into
biotechnological applications. The unit also explores the critical role of biotechnology in industrial applications,
equipping students with the knowledge to understand and contribute to biotechnological innovations in

manufacturing and production.

Learning Outcome: Assessment Criteria:
1. Understand engineering principles applied in 1.1. Demonstrate a clear understanding of key
biotechnology processes. engineering principles, such as mass and
energy balance, applied to biotechnology

processes.

1.2. Identify and explain the role of physical,
chemical, and biological processes in
biotechnology applications.

1.3. Apply principles of fluid dynamics, heat
transfer, and material science to optimize
biotechnology processes.

1.4. Understand the importance of process design
and optimization in improving the efficiency
and scalability of biotechnology systems.

1.5. Analyze the impact of equipment and
instrumentation used in  biotechnology
processes on process performance.

1.6. Evaluate the integration of engineering
systems with biological systems to achieve
desired outcomes in biotechnology
applications.

1.7. Apply principles of thermodynamics and
kinetics to model and control biological
reactions and processes.

1.8. Recognize safety, regulatory, and
environmental considerations in the design
and operation of biotechnology processes.

1.9. Demonstrate the ability to assess and
improve biotechnology systems by applying
engineering problem-solving techniques.

2. Explain the role of biotechnology in industrial 2.1. Describe the key biotechnological processes
applications. used in industrial applications, such as
fermentation, enzymatic reactions, and
bioreactor design.

2.2. Explain how biotechnology enhances the
production of pharmaceuticals, biofuels, and
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chemicals through microbial or cell-based
systems.

2.3. Discuss the role of biotechnology in the
development of sustainable and eco-friendly
manufacturing processes.

2.4. Identify the applications of biotechnology in
the food and beverage industry, including
fermentation, food preservation, and flavor
enhancement.

2.5. Explain the contribution of biotechnology to
the development of environmental solutions,
such as waste treatment and bioremediation.

2.6. Analyze the economic and social impact of
biotechnology in industrial applications,
including cost reduction and job creation.

2.7. Evaluate the use of genetic engineering and
synthetic biology in improving industrial
processes and product yield.

2.8. Discuss the regulatory and ethical
considerations involved in the wuse of
biotechnology in industrial applications.

2.9. Illustrate the role of biotechnology in the
development of innovative materials, such as
biodegradable  plastics and  bio-based
polymers.
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BE0001-10: Analytical Techniques in Biotechnology

The aim of this study unit is to provide students with a comprehensive understanding of various analytical
techniques used in biotechnology, including spectroscopic, chromatographic, and imaging methods. The unit
focuses on applying these techniques to analyze biological samples, equipping students with the skills necessary

to conduct precise and reliable analyses in biotechnology research and industrial applications.

Learning Outcome: Assessment Criteria:
1. Demonstrate knowledge of spectroscopic, 1.1. Explain the principles and applications of
chromatographic, and imaging techniques. spectroscopic techniques, including UV-Vis,

infrared (IR), nuclear magnetic resonance
(NMR), and mass spectrometry (MS).

1.2. Demonstrate understanding of
chromatographic methods such as gas
chromatography (GC), liquid chromatography
(HPLC), and thin-layer chromatography (TLC)
for separating and analyzing compounds.

1.3. Describe the use of imaging techniques, such
as fluorescence  microscopy, confocal
microscopy, and electron microscopy, in
biological and chemical analysis.

1.4. Apply spectroscopic techniques to identify
and quantify molecular structures and
concentrations in biological and chemical
samples.

1.5. Explain the advantages and limitations of
each spectroscopic, chromatographic, and
imaging technique in different research
contexts.

1.6. Select the appropriate analytical technique
based on the nature of the sample and the
type of data required.

1.7. Interpret the data  obtained from
spectroscopic, chromatographic, and imaging
techniques to draw meaningful conclusions in
scientific studies.

1.8. Demonstrate proficiency in operating and
troubleshooting laboratory equipment related
to these techniques.

1.9. Understand the role of these analytical
methods in quality control, process
monitoring, and research applications in
biotechnology.

2. Apply these techniques to analyze biological 2.1. Select appropriate spectroscopic,
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samples. chromatographic, or imaging techniques
based on the specific characteristics of the
biological sample.

2.2. Use spectroscopic techniques (e.g., UV-Vis,
NMR, MS) to analyze the chemical
composition and concentration of compounds
in biological samples.

2.3. Apply chromatographic methods (e.g., HPLC,
GC) to separate, identify, and quantify
biomolecules such as proteins, lipids, or
metabolites in biological samples.

2.4. Utilize imaging techniques (e.g., fluorescence
microscopy, confocal microscopy) to visualize
cellular structures, molecular interactions, or
the distribution of biological molecules within
samples.

2.5. Interpret the results from spectroscopic,
chromatographic, and imaging analyses to
gain insights into the biological processes or
characteristics of the samples.

2.6. Troubleshoot and optimize experimental
conditions  (e.g.,, sample  preparation,
equipment settings) to ensure accurate and
reproducible results.

2.7. Evaluate the sensitivity, specificity, and
resolution of the applied techniques for
analyzing biological samples in different
contexts.

2.8. Integrate data from multiple analytical
techniques to provide a comprehensive
understanding of the biological sample under
investigation.

2.9. Ensure proper handling and storage of
biological samples to maintain sample
integrity during analysis and avoid
contamination.
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BE0001-11: Basics of Bioinformatics

The aim of this study unit is to equip students with the skills to use bioinformatics tools for the analysis of DNA,
RNA, and protein sequences. The unit also provides a foundational understanding of data mining and
computational approaches in biotechnology, enabling students to effectively interpret biological data and

leverage computational resources for research and biotechnological applications.

Learning Outcome: Assessment Criteria:
1. Use bioinformatics tools for DNA, RNA, and 1.1. Demonstrate proficiency in using
protein sequence analysis. bioinformatics tools (e.g., BLAST, ClustalW,

Geneious) for sequence alignment and
comparison of DNA, RNA, and protein
sequences.

1.2. Apply sequence analysis tools to identify
genes, regulatory regions, and functional
elements within DNA and RNA sequences.

1.3. Use bioinformatics software to predict the
structure and function of proteins based on
their amino acid sequences.

1.4. Analyze sequence data for mutations,
polymorphisms, or functional variants using
bioinformatics platforms.

1.5. Interpret sequence alignment results to
determine homology and evolutionary
relationships between different organisms or
genes.

1.6. Employ bioinformatics tools to annotate
genomic data, including the identification of
exons, introns, and untranslated regions in
gene sequences.

1.7. Utilize databases such as GenBank, UniProt,
and Ensembl to retrieve and analyze
sequence data for biological research.

1.8. Perform phylogenetic analysis to understand
the evolutionary relationships of genes or
proteins using sequence data.

1.9. Integrate bioinformatics tools with
experimental data to validate findings and
draw meaningful biological conclusions.

2. Understand data mining and computational 2.1. Explain the principles and techniques of data
approaches in biotechnology. mining, including clustering, classification,
regression, and association rule mining, in the
context of biotechnology.

2.2. Apply computational approaches to analyze
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large biological datasets, such as genomic,
proteomic, or metabolomic data, to uncover
patterns and relationships.

2.3. Use machine learning algorithms and artificial
intelligence tools to predict biological
outcomes, such as gene function, protein
interactions, or disease pathways.

2.4. Demonstrate the ability to preprocess and
clean biotechnology-related data to ensure
accuracy and consistency for analysis.

2.5. Identify key computational tools and software
(e.g., R, Python, MATLAB) used in data mining
and analysis within biotechnology research.

2.6. Interpret the results of data mining
techniques to make informed decisions in
biotechnology applications, such as drug
discovery, diagnostics, and personalized
medicine.

2.7. Understand the ethical considerations and
data privacy concerns when handling sensitive
biological and clinical data.

2.8. Apply computational models and simulations
to predict the behavior of biological systems
and optimize biotechnology processes.

2.9. Evaluate the performance and reliability of
computational models and algorithms used in
biotechnology research.
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BE0001-12: Environmental Science and Sustainability

The aim of this study unit is to provide students with an understanding of the role biotechnology plays in
environmental conservation, including its applications in sustainable practices. The unit focuses on exploring
innovative solutions for waste management, resource utilization, and environmental preservation, equipping
students with the knowledge to contribute to sustainable biotechnological practices that address global

environmental challenges.

Learning Outcome: Assessment Criteria:
1. Explain the role of biotechnology in 1.1. Describe how biotechnology contributes to
environmental conservation. environmental conservation through the

development of sustainable practices and
eco-friendly technologies.

1.2. Explain the role of bioremediation in using
microorganisms or plants to clean up polluted
environments, including oil spills, heavy
metals, and hazardous chemicals.

1.3. Discuss the use of biotechnology in waste
management, such as the degradation of
organic waste through microbial processes or
the production of biofuels from waste
materials.

1.4. lllustrate how biotechnology aids in the
conservation of biodiversity through genetic
conservation, cloning, and the restoration of
endangered species.

1.5. Explain the application of biotechnological
methods in water treatment, including the
use of algae, bacteria, or enzymes to purify
water and remove contaminants.

1.6. Discuss the development of biodegradable
materials and bioplastics as alternatives to
conventional plastics, reducing environmental
pollution.

1.7. Describe how  biotechnology supports
sustainable agriculture practices, such as the
development of drought-resistant crops and
the reduction of chemical pesticide use.

1.8. Highlight the use of biotechnology in carbon
capture and storage technologies, which help
mitigate the effects of climate change.

1.9. Analyze the role of biotechnology in the
conservation of natural resources, including
the efficient production of renewable energy
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from biological sources.

2. Understand sustainable practices for waste 2.1. Explain the principles of sustainable waste
management and resource utilization. management, focusing on reducing, reusing,
and recycling materials to  minimize
environmental impact.

2.2. Discuss the role of biotechnology in waste
treatment, including the use of
microorganisms for the degradation of
organic waste and the transformation of
waste into valuable by-products.

2.3. Identify sustainable practices for resource
utilization, such as the use of renewable
energy sources (e.g., biofuels, biomass) in
industrial processes.

2.4. Describe the concept of circular economy and
its application in biotechnology to reduce
waste generation and promote resource
recovery.

2.5. Understand the methods for converting waste
into bioenergy, including anaerobic digestion,
composting, and the production of biogas
from organic materials.

2.6. Evaluate the environmental and economic
benefits of adopting sustainable practices in
waste management, including reduced landfill
use and lower greenhouse gas emissions.

2.7. Apply biotechnological processes to recycle
and reuse industrial by-products, such as the
use of algae in wastewater treatment or the
conversion of agricultural waste into bio-
based products.

2.8. Discuss the importance of life cycle
assessments in ensuring that resource
utilization practices are environmentally
sustainable.

2.9. Recognize the role of government regulations,
industry standards, and public awareness in
promoting sustainable waste management
and resource conservation practices
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BE0001-13: Bioprocess Engineering and Design

The aim of this study unit is to provide students with a solid understanding of the principles involved in bioprocess
development and scale-up. The unit focuses on designing and optimizing biotechnological processes for industrial
applications, equipping students with the skills to enhance process efficiency, scalability, and sustainability in the
biotechnology industry.

Learning Outcome: Assessment Criteria:

1. Understand the principles of bioprocess | 1.1. Explain the key principles of bioprocess
development and scale-up. development, including the design,
optimization, and operation of biological
systems for industrial-scale production.

1.2. Describe the steps involved in the development
of a bioprocess, from laboratory-scale
experiments to pilot-scale trials and full-scale
production.

1.3. Understand the role of metabolic engineering,
fermentation, and bioreactor design in
optimizing the vyield and efficiency of
biotechnological processes.

1.4. Discuss the importance of process parameters
(e.g., temperature, pH, oxygen levels, and
nutrient  concentration) in  scaling up
bioprocesses.

1.5. Analyze the challenges involved in scaling up
from bench-scale to industrial-scale
bioprocesses, such as maintaining product
quality and consistency, ensuring
reproducibility, and optimizing mass transfer.

1.6. Explain the need for process control systems
and automation in bioprocess development to
maintain optimal conditions and ensure
continuous production.

1.7. Recognize the importance of regulatory
compliance and quality control in the
development and scale-up of biotechnological
processes for commercial use.

1.8. Evaluate the environmental and economic
considerations in bioprocess scale-up, including
energy consumption, waste management, and
cost efficiency.

1.9. Discuss the role of bioprocess modeling and
simulation tools in predicting and optimizing
large-scale bioprocess performance.

2. Design and optimize biotechnological processes | 2.1. Apply principles of bioprocess engineering to
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for industrial applications. design efficient biotechnological processes
tailored for specific industrial applications, such
as pharmaceuticals, biofuels, or food
production.

2.2. Select appropriate microorganisms, enzymes, or
cell cultures for the desired biotechnological
process, considering factors like yield, stability,
and scalability.

2.3. Design bioreactors, fermentation systems, and
downstream processing steps to ensure optimal
conditions for biological reactions and product
recovery.

2.4. Optimize process parameters (e.g.,
temperature, pH, agitation, nutrient levels) to
enhance product vyield, purity, and process
efficiency.

2.5. Integrate process control strategies to monitor
and adjust key variables in real-time, ensuring
consistent and high-quality production.

2.6. Employ techniques such as metabolic
engineering, synthetic biology, and enzyme
optimization to improve the efficiency of
biotechnological processes.

2.7. Evaluate the economic feasibility and
sustainability of biotechnological process
designs, considering cost, energy consumption,
and environmental impact.

2.8. Address regulatory requirements and safety
considerations in the design of biotechnological
processes for industrial applications.

2.9. Perform scale-up trials to transition laboratory-
scale processes to pilot and commercial-scale
production while maintaining process efficiency
and quality.
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BE0001-14: Applied Microbiology and Industrial Applications

The aim of this study unit is to equip students with the knowledge to apply microbial biotechnology across various
industries, including food, pharmaceuticals, and agriculture. The unit emphasizes analyzing the role of
microorganisms in driving biotechnological innovations and optimizing industrial processes, preparing students to

contribute to advancements in microbial applications for diverse biotechnological sectors.

Learning Outcome: Assessment Criteria:
1. Apply microbial biotechnology to industries such 1.1. Apply microbial biotechnology to the food
as food, pharmaceuticals, and agriculture. industry by utilizing fermentation processes

for the production of products like yogurt,
cheese, and probiotics, while ensuring safety
and quality control.

1.2. Use genetically engineered microorganisms in
pharmaceutical industries for the production
of antibiotics, vaccines, and recombinant
proteins, optimizing yield and efficiency.

1.3. Employ microbial processes in agriculture for
the development of bio fertilizers, bio
pesticides, and soil health enhancers,
promoting sustainable farming practices.

1.4. Implement bioremediation techniques, using
microbes to clean up environmental
pollutants in industrial waste or contaminated
agricultural land.

1.5. Develop and optimize fermentation processes
to produce biofuels, such as ethanol and
biogas, through microbial action, reducing
reliance on fossil fuels.

1.6. Utilize microbial enzymes in industrial
applications such as food processing, textile
manufacturing, and detergents to improve
efficiency and sustainability.

1.7. Apply microbiological techniques in
biotechnology to enhance the nutritional
quality of food products, including the
fortification of vitamins or the removal of ant
nutrients.

1.8. Assess the safety, scalability, and regulatory
considerations  of  applying  microbial
biotechnology in industrial settings to ensure
compliance with health and environmental
standards.

1.9. Leverage genetic modification of microbes to
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improve their performance in industrial
applications, including enhanced resistance to
environmental stresses and higher product

yields.
2. Analyze the role of microorganisms in 2.1. Demonstrate a clear understanding of the
biotechnological innovations. types of  microorganisms used in
biotechnological innovations, including

bacteria, fungi, and viruses.

2.2. Evaluate the specific contributions of
microorganisms to various biotechnological
processes such as fermentation, genetic
modification, and enzyme production.

2.3. Analyze how microorganisms are genetically
engineered for applications in medicine,
agriculture, and environmental management.

2.4. Assess the role of microorganisms in the
development of biopharmaceuticals, including
vaccines, antibiotics, and hormone therapies.

2.5. Examine the impact of microbial processes on
the production of biofuels and renewable
energy sources.

2.6. Investigate the role of microorganisms in
waste management and bioremediation
techniques for environmental sustainability.

2.7. Critically assess the ethical considerations and
safety protocols related to the use of
genetically modified microorganisms in
biotechnological innovations.

2.8. Provide real-world examples of how
microorganisms  have  contributed to
advancements in biotechnological industries.

2.9. Discuss the future potential of
microorganisms in solving global challenges
such as food security, health crises, and
climate change
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BE0001-15: Recombinant DNA Technology

The aim of this study unit is to provide students with practical skills in basic techniques for DNA cloning,
transformation, and expression. The unit also explores the diverse applications of recombinant DNA technology in
research and industry, equipping students with the knowledge to apply these techniques in genetic engineering,

biotechnology research, and industrial applications.

Learning Outcome: Assessment Criteria:
1. Perform basic techniques for DNA cloning, 1.1. Demonstrate proficiency in preparing and
transformation, and expression. handling DNA for cloning, including

extraction, quantification, and purification.

1.2. Apply standard molecular biology techniques
such as PCR, restriction enzyme digestion, and
gel electrophoresis for DNA analysis and
manipulation.

1.3. Perform the ligation of DNA fragments into
suitable vectors for cloning purposes,
ensuring correct orientation and minimal
error.

1.4. Execute bacterial transformation techniques,
including heat shock or electroporation, for
introducing recombinant DNA into competent
cells.

1.5. Identify and select transformed colonies using
appropriate screening methods such as
antibiotic resistance or blue/white screening.

1.6. Demonstrate competence in expression of
recombinant proteins by selecting suitable
expression systems and inducing protein
production.

1.7. Assess the quality and quantity of expressed
proteins through techniques like SDS-PAGE
and Western blotting.

1.8. Troubleshoot common issues in DNA cloning,
transformation, and expression, including
vector choice, efficiency of transformation,
and protein yield.

1.9. Maintain proper laboratory practices and
adhere to safety protocols throughout the
DNA cloning and expression process.

2. Understand the applications of recombinant 2.1. Identify the key applications of recombinant

DNA in research and industry. DNA technology in various fields of research;
including gene function studies, genetic
mapping, and gene therapy.
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2.2. Explain the role of recombinant DNA in the
production of therapeutic proteins, such as
insulin, growth factors, and monoclonal
antibodies.

2.3. Analyze the wuse of recombinant DNA
techniques in agricultural biotechnology,
including the development of genetically
modified crops for pest resistance, enhanced
nutrition, and drought tolerance.

2.4. Discuss the role of recombinant DNA in
environmental  biotechnology, such as
bioremediation and the production of biofuels
from genetically engineered microorganisms.

2.5. Examine the significance of recombinant DNA
in the development of vaccines and
diagnostics for infectious diseases, including
the production of recombinant antigens.

2.6. Evaluate the impact of recombinant DNA
technology on industrial processes, including
the production of enzymes for food,
detergent, and textile industries.

2.7. Assess the ethical, regulatory, and safety
considerations related to the application of
recombinant DNA in both research and
industry.

2.8. Investigate the use of recombinant DNA in
personalized medicine, such as gene therapy,
genetic screening, and precision medicine.

2.9. Discuss the future potential and emerging
applications of recombinant DNA technology
in areas such as synthetic biology, gene
editing, and regenerative medicine.
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BE0001-16: Biomaterials and Nanotechnology

The aim of this study unit is to provide students with an understanding of the properties and applications of
biomaterials in biotechnology, focusing on their role in medical and industrial applications. The unit also explores
the emerging field of nanotechnology, particularly its role in drug delivery and diagnostics, equipping students
with the knowledge to innovate and apply these technologies in biotechnology and healthcare.

Learning Outcome: Assessment Criteria:

1. Describe the properties and applications of | 1.1. Identify the key properties of biomaterials,
biomaterials in biotechnology. including  biocompatibility, biodegradability,
mechanical strength, and bioactivity, that make
them suitable for wuse in biotechnology
applications.

1.2. Describe the types of biomaterials commonly
used in biotechnology, such as natural polymers
(e.g., collagen, chitosan), synthetic polymers
(e.g., polylactic acid, polyethylene glycol), and
ceramic materials.

1.3. Explain the role of biomaterials in tissue
engineering, including their use in scaffolds for
cell growth and tissue regeneration.

1.4. Discuss the application of biomaterials in drug
delivery systems, focusing on controlled release
mechanisms and targeted delivery to specific
tissues or organs.

1.5. Analyze the use of biomaterials in wound
healing, such as dressings and bioactive
materials that promote tissue regeneration and
prevent infection.

1.6. Examine the integration of biomaterials in
medical devices, including implants, prosthetics,
and diagnostic tools, highlighting their
importance in improving patient outcomes.

1.7. Evaluate the role of biomaterials in biosensors,
where they are used to detect specific biological
molecules or pathogens for diagnostic and
monitoring purposes.

1.8. Investigate the environmental applications of
biomaterials in biotechnology, such as bioplastics
and biodegradable materials that contribute to
sustainable practices.

1.9. Assess the challenges and limitations of
biomaterials, including issues related to long-
term stability, immune response, and scalability
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for industrial applications.

2. Understand the role of nanotechnology in drug | 2.1. Explain the fundamental principles of
delivery and diagnostics. nanotechnology, including the manipulation of
materials at the nanoscale, and how these
principles are applied in drug delivery and
diagnostics.

2.2. Describe the types of nanomaterials commonly
used in drug delivery, such as nanoparticles,
liposomes, dendrimers, and micelles, and their
advantages in targeted delivery systems.

2.3. Analyze the role of nanotechnology in improving
the bioavailability of poorly soluble drugs,
allowing for enhanced therapeutic efficacy and
reduced side effects.

2.4. Discuss how nanotechnology enables the
controlled and sustained release of drugs,
optimizing treatment regimens and improving
patient compliance.

2.5. Explain the concept of passive and active
targeting in nanomedicine, including how
nanoparticles can be designed to target specific
tissues, cells, or receptors for precision drug
delivery.

2.6. Investigate the use of nanotechnology in
diagnostics, focusing on the development of
highly sensitive nanomaterial-based sensors for
detecting biomarkers and pathogens.

2.7. Evaluate the potential of nanotechnology in
imaging techniques, such as using nanoparticles
as contrast agents for enhanced medical imaging
(e.g., MRI, CT scans).

2.8. Assess the safety and regulatory considerations
surrounding the use of nanomaterials in drug
delivery and diagnostics, including toxicity,
biocompatibility, and environmental impact.

2.9. Explore the future applications of
nanotechnology in personalized medicine, where
nano-enabled drug delivery systems and
diagnostic tools can be tailored to individual
patient needs.
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BE0001-17: Immunology and Vaccine Development

The aim of this study unit is to provide students with a comprehensive understanding of the components and
functions of the immune system. The unit also focuses on the principles of vaccine production and the
development of immunotherapeutic, equipping students with the knowledge to contribute to advancements in

immunology, vaccine development, and immune-based therapies in biotechnology and medicine.

Learning Outcome: Assessment Criteria:
1. Explain the components and functions of the 1.1. Identify the key components of the immune
immune system. system, including primary lymphoid organs

(bone marrow and thymus) and secondary
lymphoid organs (lymph nodes, spleen, and
mucosal-associated lymphoid tissues).

1.2. Describe the two main types of immunity:
innate immunity, which provides the first line
of defense against pathogens, and adaptive
immunity, which offers targeted protection
and memory.

1.3. Explain the role of white blood cells
(leukocytes) in immune responses, focusing
on macrophages, neutrophils, dendritic cells,
B cells, and T cells.

1.4. Analyze the function of antibodies
(immunoglobulins) in adaptive immunity,
including their role in recognizing and
neutralizing foreign pathogens.

1.5. Discuss the role of T cells in cellular immunity,
differentiating between helper T cells (which
coordinate immune responses) and cytotoxic
T cells (which kill infected cells).

1.6. Explain the function of antigen-presenting
cells (APCs), such as dendritic cells and
macrophages, in activating T cells and
initiating adaptive immune responses.

1.7. Describe the process of immune memory,
whereby B and T cells recognize and respond
more effectively to pathogens encountered
previously.

1.8. Investigate the complement system, its
components, and its role in amplifying
immune  responses through pathogen
elimination and inflammation.

1.9. Assess the importance of cytokines in immune
regulation, coordinating the actions of
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different immune cells and promoting
inflammation.

2. Develop an understanding of vaccine production
and immunotherapeutic.

2.1.

2.2.

2.3.

2.4.

2.5.

2.6.

2.7.

2.8.

2.9.

Explain the basic principles of vaccine
development, including the goal of
stimulating the immune system to produce a
protective immune response without causing

disease.
Describe the different types of vaccines,
including inactivated, live-attenuated,

subunit, recombinant, and mRNA vaccines,
highlighting their methods of action and
advantages.

Discuss the process of vaccine production,
from antigen identification and formulation to
preclinical  testing, clinical trials, and
regulatory approval.

Analyze the role of adjuvants in enhancing
vaccine efficacy, focusing on their ability to
boost immune responses and prolong antigen
exposure.

Investigate the development and use of
mRNA vaccines, explaining how they work by
encoding viral proteins to stimulate an
immune response, with specific examples like
COVID-19 vaccines.

Explain the concept of herd immunity and its
role in protecting populations from infectious
diseases through widespread vaccination.
Explore the concept of immunotherapy,
including its use in treating cancers,
autoimmune diseases, and chronic infections,
through  approaches like  monoclonal
antibodies, immune checkpoint inhibitors,
and CAR-T cell therapy.

Evaluate the challenges in  vaccine
development, including issues of safety,
efficacy, production scale, and public
acceptance.

Assess the ethical, regulatory, and safety
considerations in vaccine production and
immunotherapeutic interventions, ensuring
public health and individual safety.
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BE0001—18: Protein Engineering and Enzyme Technology

The aim of this study unit is to provide students with an in-depth understanding of protein structure-function
relationships and their applications in biotechnology. The unit emphasizes techniques for engineering proteins
and enzymes, focusing on their optimization for industrial applications such as biofuels, pharmaceuticals, and
biocatalysts, preparing students to innovate and contribute to the development of enzyme-based solutions in
various biotechnological fields.

Learning Outcome: Assessment Criteria:

1. Analyze protein structure-function relationships. | 1.1. Describe the four levels of protein structure:
primary, secondary, tertiary, and quaternary,
and how each level contributes to the overall
function of the protein.

1.2. Explain the role of amino acid sequences in
determining protein folding and function,
emphasizing how changes in the sequence
(mutations) can a