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CHEG 3315: INTRODUCTION TO BIOTECHNOLOGY 

 
1. Course number and name: CHEG 3315 Introduction to Biotechnology  

 
2. Credits, contact hours, 

categorization: 
3-Credit Hour, 3-Contact Hours, Engineering Topic  
 

3. Instructor’s name: Dr. Michael Gyamerah 
 

4. Text book: Title: BIOPROCESS ENGINEERING: BASIC CONCEPTS  
  Author(s): Michael L. Shuler and Fikret Kargi  
  Publisher, Year & Edition: Prentice Hall, 2001,  2nd Edition                        

 
  a. Other Supplemental material Bioprocess Engineering Principles, 2nd Edition, 

Pauline M. Doran, Academic Press, 2013  
5. Specific course information  
 a. Brief description of the content of 

the course (catalog description) 

CHEG 3315 (0-3) Credit 3 semester hours. This course 
introduces students of chemical engineering, biological 
sciences, and chemistry to biological concepts and 
nanoscale considerations in engineering applications. It 
provides training for effective communication, hands-
on skills, and analytical tools needed to pursue careers 
in biological/biochemical, and pharmaceutical process 
industries. Ties to relevant current research will be 
explored. 

 b. Prerequisites  

 

CHEM 1304 or CHEM 1403 and CHEM 2303 

 c. *Indicate whether a required, 

elective, or selected elective (as per 

definition provided) course in the 

program 

 

Elective/Selected elective (bioengineering concentration) 

6. Specific goals for the course Students will be able to: 
 a. Specific outcomes of instruction 

(e.g. The student will be able to 

explain the significance of current 

research about a particular topic.)   

 

(i) Demonstrate an understanding of the principles of 
bioprocess engineering, and for the biological sciences 
and chemistry student demonstrate an awareness of 
engineering concepts and ways of thinking. 
(ii)  Communicate on a professional level with process 
engineers and know the type of expertise they can 
offer. 
(iii) Demonstrate an understanding of the engineering 
approach to process analysis and carry out routine 
calculations and checks on processes, in the case of the 
biological sciences or chemistry major. 
(iv) Critically evaluate new bioprocessing proposals 
and work at the interface of biology and engineering 
science  
(v) Characterize growth and production behavior of 
cells whether genetically engineered or not as a 
function of the culture environment 
(vi) Demonstrate an understanding of process 



development from shake-flask through bench-scale and 
the criteria for pilot-scale work 
(vii) Demonstrate a thorough knowledge of FDA 
regulations per cGMP and documentation under 
validation, and NIH Biohazard containment guidelines  
 

 b. Explicitly indicate which of the 

student outcomes listed in Criterion 

3 or any other outcomes are 

addressed by the course. 

This course addresses: 
Chemical Engineering Department student outcome D1 
(an ability to identify, formulate, and solve 
fundamental engineering problems by applying 
principles of engineering, science, and mathematics). It 
involved application of basic knowledge and 
fundamental concepts of cell and molecular biology to 
the practical application in engineering processes.   
 

7 Brief list of topics to be covered 

 

i. Introduction: Steps in bioprocess development as an 
interdisciplinary challenge.  
Basic microbiology and biochemistry: Micro-
organisms, pure culture and aseptic technique. 
Elements of life, elemental composition of microbial 
cells and microbial nutrition (9 hours) 
ii. The use of elemental composition of microbial cells, 
and cellular yield coefficients in material balances for 
fermentation medium design and formulation (9 hour) 
iii. Basic Biochemistry: Nucleic acids, DNA and RNA, 
genes and gene expression. Molecular biology: Genetic 
analysis and studying genes. Genetic engineering (9 
hours) 
iv. Proteins and protein synthesis (3 hours) 
v. Catabolic and anabolic pathways (6 hours) 
vi. Shake-flask and bench-scale fermentations: Growth 
and production behavior of cells whether or not 
genetically engineered from shake-flask through 
bench-scale (9 hours) 
vii. Regulatory compliance: Regulators and their 
Guidelines; US Food and Drug Administration 
(FDA’s) Current Good Manufacturing Practices 
(cGMPs), Code of Federal Regulations Title 21 (CFR 
21), and Validation and cGMPs (9 hours) 

 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 



 

 
II ASSESSMENT RESULTS FOR CURRENT AND PAST TWO PERIODS 

 
 

Program Outcomes Assessed in this course  
 
Chemical Engineering Department student learning outcome D1: An ability to apply basic knowledge and 
fundamental concepts of cell and molecular biology to practical application in engineering processes 
   

Assessment Summary of Class Semester Averages for Outcomes 
Spring 2020-Spring 2022 

Outcomes   

Chemical Engineering Department student outcome D1 

An ability to apply basic knowledge and fundamental concepts of cell 
and molecular biology to practical application in engineering 

processes 
Semester Semester Class Average (%) 

Spring 2022 
 

81 

Spring 2021 
 

79 

Spring 2020 
 

 
86 

 
Comments 
on Trend of 

Data 
(Improving or 
deteriorating) 

Students’ performance was above the expected 
average over the three consecutive spring 
semesters the course was taught. The 7 % points 
decrease in 2021 compared to the 2020 
performance, was however, followed by 2 % points 
increase in 2022 on the 2021 performance. 

*Expected Semester Class Average    = 70% (or as defined by the program) 
                Ideal Semester Class Average            =75% (or as defined by the program) 

 



 

End of Semester Course Assessment Reports 
   Spring 2020 and Last Two Assessment Periods. 

 

Each summary contains the following Information 
  

1.  Performance Statistics 
• Total number of students in class 

• The class average performance (stated as %) in each course outcome assessed 
in this class and the two previous times course was assessed.  

• The acceptable class average for the class in each outcome area as set by your 
Department.  

• Percentage of students who scored below the expected average in each 
outcome. 

 

2.  Implementation Summary 

• Brief summary of plans implemented during the semester based on last 
assessment report 

 

3.  Perceived Problems 

• Instructor’s  critical evaluation of perceived problems that affected students’ 
performance. Realistic problems should be identified throughout the semester 
and summarized in this section of the report. 

 

4.  New Plans for Addressing Problems 
• Instructor’s plans for addressing the perceived problems the next time the 

class is taught. These should be specific enough for another instructor to 
implement. Most of these should be things that, you, the instructor can 
implement to help students to improve. Be creative. 

 

5.  Overall Trend over last three assessment periods 

• Instructors summary of overall performance trend for each outcome 
measured over the last three periods. 

 

5.  Were Expectations Met? 

• Answer YES if the class average was above the expected average and the 
stated percentage of students scored at or above the expected average, else 
answer NO. 



Table 2.1 END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT 

CHEG 3315-001- INTRODUCTION TO BIOTECHNOLOGY 

SPRING 2022 SEMESTER 
  Report Prepared by: Dr. Michael Gyamerah   Report Date:  May 25, 2022 

  
 

Semester 

 

 
Analysis Type 

 

Number of 
Students 

CHEG Department student outcome D1 

An ability to apply basic knowledge and fundamental concepts of cell and molecular 
biology to practical application in engineering processes. 

 

Expected 
Class 

Average 

 

Expected Percent 
of students at or 
above average 

 

 
Class Average 

 

% Students meeting 
Expected Average 

Spring 2021 Direct 5 75 70 81 100 

Spring 2021 Direct 8 75 70 79 90 

Spring 2020 Direct 5 75 70 86 100 

 
Implementation 

Summary 

Items implemented from 
previous report or after meeting 

previous instructor 

The importance of organic chemistry and macro-molecules of life were stressed at the start 
of the course. The hierarchy of life was also emphasized. 

 
 

Perceived 

Problems 

 
Perceived problems are directly 
related to the PC and the sub 

items under them 

 
The students’ ability to apply knowledge of general and organic chemistry in biology and 
biochemistry was not satisfactory. Students were unable to recall material studied in their 

organic chemistry course. 

 
Plans for 

Addressing 
Problems 

Plans for address specific 
measures to address PC and 

their sub areas 

The following will continue to be implemented the next time the course is taught:   
Brief reviews of relevant organic chemistry and physical chemistry will continue to 

presented during class 

Overall Trend 
over Periods 

Ascertain if there were 
improvements over previous 

semesters 

Student’ performance was above the expected average. The 7 % points decrease in 2021 
compared to the 2020 performance, was however, followed by 2 % points increase in 2022 

on the 2021 performance. 

Were 
Expectations 

Met? 

Class Average ≥75% and ≥70% of 
Students Performed  at or Above 

Expected Average 

 
YES 

 



 

 
 
 

 
INTRODUCTION TO BIOTECHNOLOGY 

SPRING 2022 
 
        

Title of Assignment:  EXAM 1 
 

TOPICS COVERED IN EXAM 1 
 

 Exam 1 covered the following topics: 
 

1. Fermentation medium design 
2. Differences between DNA and RNA 
3. Genes and carriers of biological information and gene expression  
4. Classification of prokaryotes and eukaryotes 
5. DNA as a carrier of genetic information 

6. Single stranded and double stranded viral DNA 
7. Determining the sequence of complimentary strand of DNA  

 
 

 
 
 

 
 
 



 
INTRODUCTION TO BIOTECHNOLOGY 

SPRING 2022 
 

 
 

SAMPLE QUESTIONS, SOLUTION,  
AND GRADING SCHEME FOR EXAM 1 

 
 

 
Introduction to Biotechnology CHEG 3315: Exam I (Spring 2022)  

 
March 2, 2022 

 
Answer all questions. You will be graded based on your ability to solve engineering 

problems. Clarity of presentation would ensure that you do not lose all the points for a 

calculation if you should make a mistake. 
 

 

1. (a) List four differences between procaryotes and eukaryotes 

 
(b) Place the following under either prokaryotes or eucaryotes: Penicillium chrysogenum, 

Streptococcus lactis, Aspergillus terreus and Streptomyces griseus  

 
 

2. (i) List four differences between DNA and RNA 

 

(ii) Given the following sequence for one strand of DNA, write the sequence of the 
complimentary strand: 

51 …ACCGTAAGGCTTTA… 31 

 
 

 

 
 
 

 

 

 
 

 

 

 

 
 

 

 

 
 

 



 

 

 
 

 

 

 



 

 
 

 

 
 

 

 



 
 
 
 

 
 
 
 
 
 
 

 
 

 
 
 
 

ABOVE AVERAGE  
 
 

 



 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 

Above Average Student Original Graded Assignment 

 
 
 
 
 
 



 
 
 



 
 

 



 
 

 

 

 



 
 
 
 

 
 
 
 
 
 
 

 
 
 

AVERAGE  

 



 
 
 
 

 
 
 
 
 
 
 

 
 
 
 

Average Student Original Graded Assignment  
 

 
 

 



 



 
 

 

 
 

 



 
 
 
 

 
 
 
 
 
 
 

 
 

BELOW AVERAGE 
 
 
  

 
 



 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 
 

 

Below Average Student Original Graded Assignment 
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INTRODUCTION TO BIOTECHNOLOGY 
SPRING 2022 

 
 
 

 
HOMEWORK 1 

 
 

TOPICS COVERED IN HOMEWORK 1 
 

1. Classification of prokaryotes and eukaryotes 
2. Process description of a complete industrial bioprocess for the 

production of a recombinant-DNA-derived biopharmaceutical 
 

 
 

 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
INTRODUCTION TO BIOTECHNOLOGY 



SPRING 2022 
 
 

 

HOMEWORK #1 QUESTIONS, SOLUTION, AND GRADING 
SCHEME 

 
 
 

Introduction to Biotechnology: Homework 1 (Spring 2022)  

 
January 31, 2022 

 
Due Date: February 14, 2022 

 
Answer all questions. You will be graded based on your ability to apply knowledge of 

chemistry and biology to basic microbiology bioprocess engineering. Clarity of presentation 

would ensure that you do not lose all the points for ambiguity in expressing your 

understanding of the subject. 
 

 

1.  i) List four differences between prokaryotes and eukaryotes 
(ii) Place the following under either prokaryotes or eucaryotes: Escherichia coli; 

baker’s yeast (Saccharomyces cerevisiae); fungi such Aspergillus flavus and 

mushrooms; cyanobactria; Streptococcus lactis and plants 

 
 

2.  Describe the steps required to develop a complete industrial bioprocess for the 

production of a recombinant-DNA-derived biopharmaceutical such as human 
growth hormone. 

 

 

 
 



 

 



 
 
 
 

 
 
 
 
 
 
 

 
 

 
 
 
 

ABOVE AVERAGE  
 
 

 



 
 
 

Above Average Student Original Graded Assignment 
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Average Student Original Graded Assignment  
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 INTRODUCTION TO BIOTECHNOLOGY 

 SPRING 2022 
  

         
 Title of Assignment:  MIDTERM EXAM 

  
 TOPICS COVERED IN MIDTERM EXAM  

  
  Midterm Exam covered the following topics: 

  
1. Fermentation medium design 
2. Differences between DNA and RNA 
3. Classification of prokaryotes and eukaryotes 
4. DNA as a carrier of genetic information 

5. Single stranded and double stranded viral DNA 
6. Determining the sequence of complimentary strand of DNA 
 

 
 
  

 

 

 



 

INTRODUCTION TO BIOTECHNOLOGY 
SPRING 2022 

 
 

SAMPLE QUESTIONS, SOLUTION,  

AND GRADING SCHEME FOR MIDTERM EXAM   
 

 

 

 

Introduction to Biotechnology CHEG 3315: Midterm (Spring 2022)  

 
March 9, 2022 

 
Answer all questions. You will be graded based on your ability to apply knowledge of 

chemistry and biology. 

 
 

 

1. Design a medium to grow a mold aerobically on 100g/L glucose if all the glucose is 

consumed in the production of the mold biomass. The elemental cell composition of the 
mold (% dry cell weight) is as given below: 

 

C:  51% 

N:  8% 
O:  24.4% 

P:  2.5% 

H:  7% 
S:  0.3% 

Mg:  0.3% 

Ash:  6.5% 

You may use the following molar masses: K = 39.1; H=1.008; P = 30.97; O = 16.00; N = 
14.01; S = 32.07; Cl = 35.45 and Mg = 24.31; C = 12.01. 

 

(i) Calculate the amount (in gm) of the nitrogen source you selected 
(ii) How much dry biomass (in gm) would be produced? 

(iii) Calculate the amount in gm of your (a) phosphorus, (b) sulfur and (c) magnesium 

sources used for the medium design 

(iv) Explain the basis of your choice of compounds added to the glucose in the design/ 
formulation of the medium. 

 

 
2.  (a) List four differences between procaryotes and eukaryotes 

 

(b) List four differences between DNA and RNA 

 
(c) It is known that regardless of where a sample of DNA came from and whatever its total 

nucleotide composition, it always contained equal amounts of adenine and thymine, and 

exactly equal amounts of guanine and cytosine. Why is this statement true? 



 
(d) A viral DNA is analyzed and found to have the following base composition in mole 

percent: A = 32, G = 16, T = 40 and C = 12. What can you immediately conclude about this 

DNA? 

 
(e) Given the following sequence for one strand of a double-strand oligonucleotide, write the 

sequence of the complimentary strand: 

51.…TCAGTAAGGCTTCAT… 31. 
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Above Average Student Original Graded Assignment 
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INTRODUCTION TO BIOTECHNOLOGY 
 SPRING 2022 

  
         

 Title of Assignment:  FINAL EXAM 
  

 TOPICS COVERED IN FINAL EXAM  
  

  Final Exam covered the following topics: 
  

1. Fermentation medium design 
2. Differences between DNA and RNA 
3. DNA as a carrier of genetic information 

4. Determining the sequence of complimentary strand of DNA 
5. Determining the mRNA transcript and the polypeptide sequence when a 

gene with known sequence is expressed 
6. Plasmids, restriction enzymes and polymerase chain reaction 
7. Metabolism and metabolic pathways 

 
 

 
 

 
 

 



 

INTRODUCTION TO BIOTECHNOLOGY 
SPRING 2022 

 
 

 
 

SAMPLE QUESTIONS, SOLUTION,  
AND GRADING SCHEME FOR FINAL EXAM   

 

 

 
 

 

Introduction to Biotechnology: Final Exam (Spring 2022)  

 
May 11, 2022 

 
Answer all questions. You will be graded based on your ability to (i) apply knowledge of chemistry and 

biology, and ability to solve engineering problems involving biological systems. Clarity of presentation would 
ensure that you do not lose all the points for a calculation if you should make a mistake. 

 

1. As a Bioprocess Engineer in charge of a plant producing baker’s yeast on a contract basis for a local bakery, 

your calculations show that glucose is the most expensive element of  the process, and so wish to utilize all 
medium glucose in growing the organism. Design a medium (give g/L of component) to produce 30g/L yeast 

(on a dry basis) using any of the following as medium components. Give your reason for selecting a component 

instead of the alternative(s) listed: 

Glucose, starch, methanol, KH2PO4, H3PO4, (NH4)2SO4, NH4Cl, NH3, MgCl and MgSO4. The molar masses are 
K = 39.1; H=1.008; P = 30.97; O = 16.00; N = 14.01; S = 32.07; Cl = 35.45 and Mg = 24.31; C = 12.01  

 

For aerobic growth of yeast on glucose, a cellular yield coefficient Yx/s = 0.5g yeast/g glucose may be assumed. 

The elemental cell composition of the yeast (% dry cell weight) is as given below: 

 
C:  47% 

N:  7.5% 

O:  30% 

P:  1.5% 
H:  6.5% 

S:  1% 

Mg:  0.5% 

Ash:  6% 
 

2. (a) Cite four differences between DNA and RNA; (b) Explain concisely those features of the structure of 

DNA which enable it to serve as a store of genetic information; (c) What is (i) a gene, and what is (ii) gene 

mutation?; (d) Given the following sequence for one strand of a double-strand oligonucleotide, write the 

sequence of the complimentary strand: 51 TCAACCTGTTACTGGACGCAT 31 
(e) Given that the nucleotide sequence contains the gene as shown below, write (i) the complimentary strand, 

(i) the mRNA you would expect, and (iii) the resulting polypeptide sequence if the gene is expressed:   

 

 51 …ATGCGTCCAGTAACATGA… 31. 
(f) (i) What are restriction enzymes? (ii) What are plasmids? (iii) What are monoclonal antibodies? 

(iv) What is polymerase chain reaction (PCR)?  

 

3. (a) Why is ATP so important a compound? (b) State two different ways by which cells can produce ATP  
(c) Give the name of the intermediate missing in the box below, (d) the names of the pathways A and B, and (e) 

name all the enzymes in the pathways D and C. 

 

                                                GLUCOSE                                        



                                                                            A 

 

                                            B 
           CO2   +  H2O                                                               D    LACTATE 

 

 

 
 

                                                                C    

                                                                        

ETHANOL 
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