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I. COURSE SYLLABUS IN ABET FORMAT

II. ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS
Program Outcomes Assessed in Course
Assessment Summary of Class Semester Averages for Outcomes
End of Semester Course Outcomes Assessment Reports

EXAMS

Summary of Topics covered by Exam

Original Test Questions & Master Solution/grading scheme used
Above Average (Graded original work)

Average (Graded original work)

Below Average (Graded original work)

HOMEWORK ASSIGNMENTS

Summary of Topics covered by Homework

Original Homework Questions & Master Solution/grading scheme used
Above Average (Graded original work)

Average (Graded original work)
Below Average (Graded original work)




Course number and name:
Credits, contact hours,
categorization:
Instructor’s name:

Text book: Title:

Author(s):

Publisher, Year & Edition:

a. Other Supplemental material

Specific course information
a. Brief description of the content of
the course (catalog description)

b. Prerequisites

c. *Indicate whether a required,

elective, or selected elective (as per

definition provided) course in the
program

Specific goals for the course

a. Specific outcomes of instruction
(e.g. The student will be able to
explain the significance of current
research about a particular topic.)

CHEG 3315 Introduction to Biotechnology
3-Credit Hour, 3-Contact Hours, Engineering Topic
Dr. Michael Gyamerah

BIOPROCESS ENGINEERING: BASIC CONCEPTS
Michael L. Shuler and Fikret Kargi
Prentice Hall, 2001, 2" Edition

Bioprocess Engineering Principles, 2nd Edition,
Pauline M. Doran, Academic Press, 2013

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.
CHEM 1304 or CHEM 1403 and CHEM 2303

Elective/Selected elective (bioengineering concentration)

Students will be able to:

(1) 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.

(i1)) Communicate on a professional level with process
engineers and know the type of expertise they can
offer.

(111) 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



b. Explicitly indicate which of the
student outcomes listed in Criterion
3 or any other outcomes are
addressed by the course.

Brief list of topics to be covered

(vi) Demonstrate an understanding of process
development from shake-flask through bench-scale and
the criteria for pilot-scale work

(vil) Demonstrate a thorough knowledge of FDA
regulations per cGMP and documentation under
validation, and NIH Biohazard containment guidelines

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.

1. 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)



IT 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

Chemical Engineering Department student outcome D1

An ability to apply basic knowledge and fundamental concepts of cell
Outcomes and molecular biology to practical application in engineering
processes
Semester Semester Class Average (%)
Spring 2022
81
Spring 2021
pring 79
Spring 2020

Comments Students’ performance was above the expected
on Trend of | average over the three consecutive spring
Data semesters the course was taught. The 7 % points
) decrease in 2021 compared to the 2020
(Improving or performance, was however, followed by 2 % points
deteriorating) 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

e Total number of students in class

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

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

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

2. Implementation Summary
e Brief summary of plans implemented during the semester based on last
assessment report

3. Perceived Problems
e 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
e 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
e Instructors summary of overall performance trend for each outcome
measured over the last three periods.

5. Were Expectations Met?
e 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.



Report Prepared by: Dr. Michael Gyamerah  Report Date:

Table 2.1 END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT

CHEG 3315-001-

INTRODUCTION TO BIOTECHNOLOGY
SPRING 2022 SEMESTER
May 25, 2022

CHEG Department student outcome D1
Number of An ability to apply basic knowledge and fundamental concepts of cell and molecular
Analysis Type Students biology to practical application in engineering processes.
Semester
Expected Expected Percent % Students meeting
Class of students at or Class Average Expected Average
Average above 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

Items implemented from
previous report or after meeting

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.

Summary previous instructor
Perceived problems are directly | The students’ ability to apply knowledge of general and organic chemistry in biology and
Perceived related to the PC and the sub biochemistry was not satisfactory. Students were unable to recall material studied in their
Problems items under them organic chemistry course.
Plans for address specific The following will continue to be implemented the next time the course is taught:

Plans for measures to address PC and Brief reviews of relevant organic chemistry and physical chemistry will continue to
Addressing their syub areas presented during class

D —

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

I

YES




INTRODUCTION TO BIOTECHNOLOGY
SPRING 2022

Title of Assignment: EXAM 1

TOPICS COVERED IN EXAM 1

Exam 1 covered the following topics:

SV D=

Fermentation medium design

Differences between DNA and RNA

Genes and carriers of biological information and gene expression
Classification of prokaryotes and eukaryotes

DNA as a carrier of genetic information

Single stranded and double stranded viral DNA

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:
5!'...ACCGTAAGGCTTTA... 3!
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ABOVE AVERAGE



Above Average Student Original Graded Assignment



CHEMICAL ENGINEERING DEPARTMENT
INTRODUCTION TO BIOTECHNOLOGY CHEG 3315
COURSE ASSIGNMENT GRADING AND OUTCOME ASSESSMENT
SHEET FOR SPRING 2022 SEMESTER

STUDENT LEARNING OUTCOME: Ability to apply the knowledge of science.

Assignments that test competency in this area will include problems thal test the studeni's ability to apply knowledge of chemisiry and biology in
engineering.

Name: Viyiem Do{ttﬂornfrmuov\j

Title of Assignment: Exam 1 Due Date: 02102 ) 03¢

Description of Performance Criteria Being Assessed Max for this | Your
Assignment | Score

Ability to apply knowledge of science in engineering.

The assignment tests students ' competency in their ability to apply chemistry and biology in / 0 O CZ/O
biotechnology

TOTAL 100 0[

)
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AVERAGE



Average Student Original Graded Assignment



CHEMICAL ENGINEERING DEPARTMENT
INTRODUCTION TO BIOTECHNOLOGY CHEG 3315
COURSE ASSIGNMENT GRADING AND OUTCOME ASSESSMENT
SHEET FOR SPRING 2022 SEMESTER

STUDENT LEARNING OUTCOME: Ability to apply the knowledge of science,

v in this area will include problems that test the student's ability te apply knowledge of chemistry and hiology in

Assig that lest comp
engineering.
e
Name: LAY IOY) ¥FRGnsor )
Title of Assignment: L XM L Due Date: AT
Description of Performance Criteria Being Assessed Max for this Your

Assignment | Score

Ability to apply knowledge of science in engineering.

The assignment tests students ' competency in their ability to apply chemistry and biology in { O O go
biotechnology

TOTAL 100 XO




RO PiEson
EXew 1 e @
@PVQKMU*CS do not ontvin v n?;dfm IT¥e B eukaryotic cell, %-

Bokevyotes » n+ heve B golgr Pppar nm@\mmt rectrculm,

Or » mitoco 1ke caknreoits, Eurkn ryoted Pro fof Pand nad nntma)

Ce\\s, Rraaryotes wve &,@Hs | LacteriA,

‘D) Pro ewyode st Sreptococuy Vades; Bireptamices §riseus
euh\(\{oks: Pcn;miru@vqsoqmuml Aspeaa @u:us

@ *) DO has dfo"qu“ob&e@b SUgnr, Yn@‘bbg_
P has Hhymine that lbonds with pdeatne.In RNA ¥rey have
@:;cﬂ insicad of thymine. DNA Bnd 1'23 have Cyiosine Yhat bOnds
Witk ouaning, DA has B hudioaen Yo replace the oW, un\T¥e ENR

Yhat has BaOH o e 208 arkon, One iy origfnel strond wwl-; .
i i p of Yhe 'Ohnq:mh;‘_ SAirand . DN donlle hetiv. BhA

| Single
s 5 ‘5’
) ﬂccbﬂr\qnbbq@ Oni
YT GGCRTTLCGRANR T




BELOW AVERAGE



Below Average Student Original Graded Assignment



CHEMICAL ENGINEERING DEPARTMENT
INTRODUCTION TO BIOTECHNOLOGY CHEG 3315

COURSE ASSIGNMENT GRADING AND OUTCOME ASSESSMENT

SHEET FOR SPRING 2022 SEMESTER

STUDENT OUTCOME: Ability to apply the knowledge of mathematics, science, and engineering.

Assignments that tesi competency in this area will include problems that test a studenr's ability to apply knowledge of and (1) solve algebraic,
integral and differential equations analytically or numerically, and (2) apply knovledge of chemistry and biology in engineering,

Name: &TO.Y\{QU 16 TermMon

03[ 10]2A

Title of Assignment: 6Y6'!m \ Due Date:

TOTAL

Description of Performance Criteria Being Assessed Max for this Your
Assignment | Score
Ability to apply knowledge of science in engineering. é
100
The assignment tests students " compelency in their ability to apply chemistry and biclogy in engineering 7
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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.
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ABOVE AVERAGE



Above Average Student Original Graded Assignment

A ssigmments

that fest cor

CHEMICAL ENGINEERING DEPARTMENT
INTRODUCTION TO BIOTECHNOLOGY CHEG 3315
COURSE ASSIGNMENT GRADING AND OUTCOME ASSESSMENT
SHEET FOR SPRING 2022 SEMESTER

e e e e et e e e e ——
STUDENT LEARNING OUTCOME: Ability to apply the knowledge of science in engineering.

Name: Nina Patthammavong

Title of Assignment: llomework #1

Due Date

02/23/2022

1

|

| Compelency Area

| e —

| Ahility to apply knowledge of science in engineering.

E_ The assigrmment fesis siudents  compelency in their _ v 1o apply chenrsiy and hralogy m
1

| TOTAL

Max lor this | Your

Assignment | Score |
we | C?L}‘ |
100



@ 1. (1) Four differences between prokarvotes and eukaryotes
% @ Eukarvotes have a nucleus which contain the cell's genetic material, while
Prokaryotic don’t have a nucleus,

Eukaryotes have several organelles, such as mitochondria, the endoplasmic

reticulum, and Golgi apparatus while Prokaryotes don't have.

Eukaryotes reproduce sexually via mitosis or meiosis while Prokaryotes
@epruduce asexually and usually divide by binary fission.

- Eukaryotes have many chromosomes, while Prokaryotes have only one

chromosome which is not true chromosome plastids

(il) Prokaryotes:

@ - Escherichia coli

= Nirepiocecens factis

@ Cyanobactria

Eukaryotes:

- Baker's yeast (Saccharomyces cerevisiae)

Aspergillus flavus

@ Mushrooms
@ Plants

2. Describe the steps required to develop a complete industrial bioprocess to produce a
recombinant-DNA-derived biopharmaceutical of insulin
#r_-—'-—'-""_
Insulin is an essential hormone for the human body. This hormone controls the amount of
glucose in the bloodstream, stores glucose in the liver muscles, and regulates the metabolism of

carbz, lipids, and proteins in the body. If the human body does not produce insufficient insulin, it



can lead 1o diabetes. Diabetes causes long-term damage to large and small blood vessels that
cause serious illnesses, including heart attacks, strokes, and problems with the kidneys, eyves,
feet, and nerves. As a medication, insulin therapy uses to treat diabetes. Insulin's cntical role
recognizes as controlling blood sugar and preventing diabetes complications, including type |
diabetes and type Il diabetes. Insulin is frequently used for acute complications, such as diabetic
ketoacidosis, hyperosmolar, and hyperglvcemia. As a result. bioprocess development of insulin
is necessary. There are multiple steps to produce insulin using recombinant DNA
Before genetic bioengineering, insulin is produced trom the pancreas of pigs or cows. At
the first steps, a small piece of a circular plasmid is extracted from the bacteria or yeast cell, such
as Lycherichia coli or Saccharomyces eerevisiae, Then, cutting the small circular plasmid by
using restriction endonuclease enzyme. The next step is the cutting gene from part of an animal
chromosome inserted into the opened gap plasmid, and both recombined together using DNA
ligase enzyme. After inserting this recombined plasmid into a new microorganism, such
as Fscherichia coli, this cell will start to divide and produce insulin. This cell division grows in a
small scale of shake flasks of 250 milliliters to |-liter capacity, but the growing cell depends on
medium composition, temperature, pH, and other environmental conditions. The more the
Is grow, the more insulin 1s produced.
After that, the system scales up to fermentation vessels to produce larger cells. There are
three fermentation systems, such as Bench-top bioreactor, Pilot-scale bioreactor, and Industrial-

scale operation. For Bench-top bioreactor, measuring temperature, pH, oxygen concentration,

@nd stirred speed of cultures must be more carefully monitored. This process requires the

calculation of mass transfer coefficients, mixing time. oxygen rate, energy dissipation rate, and
decision of cultures if it is a batch, semi-batch, or continuous process. For the Pilot-scale

ioreactor, this process aims to examine the response of cells to scale up since loss or variation



R.eference
Baeshen, Nabih A, et al. “Cell Factories for Insulin Production - Microbial Cell Factories”
BioMed Central, BioMed Central, 2 Oct. 2014,

hiips fmicrobialcellfactories biomedeentral com/articles/ 110, 1186/512934-014-014]-0.

Yatury, Subhashini. fasadin Vherapies: Curvenn and fisture rends af dewn, Word Journal of
Warki, Gaurab. Human [nsulin Prodection by Genetie Engimeering, Online Biology MNotes, 27

Oct. 2018, www enlinebinlogynotes com/human-insulin-production-by-genetic-

engineering’.
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Average Student Original Graded Assignment



CHEMICAL ENGINEERING DEPARTMENT
INTRODUCTION TO BIOTECHNOLOGY CHEG 3315
COURSE ASSIGNMENT GRADING AND OUTCOME ASSESSMENT
SHEET FOR SPRING 2022 SEMESTER

STUDENT LEARNING OUTCOME: Ability to apply the knowledge of science in engineering.

Assigniments thar test competercy in this area will include problems that test a suudeni’s ability to apply knowledge of and (1) solve afgebraic
infegral and differential eguations analytically or numerically, and (2] apply kmowledge of chemisiry and biology in engineering

Name: Kaylon Atkinson

Due Date: February 21, 2022

Title of Assignment:  Homework 1

Max for this Your

Competency Area
Assignment | Score

Ability to apply knowledge of science in engineering. .
100 7 7
—

The assignment tests students ' competency in their ability to apply chemistry and biology in engineering

100
TOTAL . 7;'




Kaylon Atkinson
Introduction to Biotechnology: Homework 1 (Spring 2022)
February 21, 2022 1 ,_-? 7
Due Date: February 21, 2022 -
, O,

Answer all questions. You will be graded based on your ability to apply knowledge of = 6 &
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.

By
5‘-4}“, A
~ _=—L 1) Luzl ur differences between prokaqntes and eukaryotes

S r— Eukaryotes have nucleus to contain the DNA, in prokaryotes 1he)(&96‘l freely. Prokaryotes

I’r not have a mitochondria, endoplasmic reticulum or a Golgi apparatus unlike eukaryotes which
“_~tontains them all.

(ii) Place the following under either prokaryotes or eukarvotes: Escherichia coli;
baker's veast (Saccharomyces cerevisiae); fungi such Aspergillus flavas and
mushrooms; cyanobactria; Strepfococcus lactis and plants

Prokaryotes o Eukaryotes
& Escherichia Coli ( i ) Saccharomyces cerevisiae ( Ly
P z —+ » Y
@/\V Cyanobacteria -~ ™ Aspergilius flavus (;.]L)
1~ ~— Mushrooms (4.
- Streptococeus lactis <
Plants @)

Describe the steps required to develop a complete industrial bioprocess for the
*" production of a recombinant-DNA-derived biopharmaceutical such as insulin

=

1. Get the DNA needed to produce insulin
a. The DNA that is required for the production of insulin is found in pigs
b. To produce insulin, DNA is required from the pancreas cells of the pig
e, 2. Get the protein from the DNA
{ I|I £} | a. Isolate the gene using gene splicing to get the gene alone by cutting the DNA in
k / [ specific locations by the function of spliceosome
= b. Transcribe the DNA into RNA by matching up the adenine with uracil instead of
[ thyine from the DNA strand as well as pairing cytosine with guanine
[ c. Completion of protein synthesis by translating the RNA into protein
|3, Genetic Manipulation of the host cell
a. Attach the cloned DNA strand into the host cell (human cell) where the cell
recombines



4. Gene Expression
a. The newly inserted gene, that codes for insulin using yeast, positioned in the
microorganism will grow and multiply
5. Cell Division
a. After the cell is fully formed, it will then start to divide
b.  One cell will split into two cells then those two into four cells and they will
A continue dividing
¢. The equation 2" can be used to determine the specific number of cells during the
division process
G’ J Small- Scale Cu?t?nng MO Uff = J‘éﬂla ?&F-‘E Qﬁﬁ;‘;ﬁ
i a. The cells will be contained inside a eaker ybr as’ﬁj where it will then be adde
Z‘d 2% with nutrients in order for the cells to continue growing
L )." dac b. During this process, cells can be measured for temperature, and pH levels
vl amongs! other things

ioreactor
/) a Cellscan then be transferred into a bioreactor where t}}sulin will bind to the
cell’s membrane through its receptors, which will things such as glucose and

oteins to enter the cell
(_ﬁ}ing this process, we can examine the response of the cells where we will
natice how glucose will allow the cells to do various functions, and could even
lower a person’s blood sugar level
dustrial Scale Operation
( Gé_ a. Once the process occurs to be successful. we need to ensure that the proper
equipment and preparatigns are made to continue this fermentation process on an
kil Sad?
5. Product recovery
' a. The mixture will go through many steps of being treated to get the final product
i. This will include filtration and centrifugation, for the separation of product
{cells) from the liquid/broth mixture
10. Packaging and marketing
- - —’lf Lastly, the insulin (product) will be purified where it lel be ready to be

(::}/ packaged, and marketed at required locations
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{ 0 Clement Adeyemi
CHEG 3315
Due 2/14/22

CHEG 3315 Introduction to Biotechnology: Homework 1

estion 1

] List four differences between prokaryotes and eukaryotes
Solution

Eukaryotes T 7 P Prokaryotes
There have a nucleus .- /| There |5@1ucleus %_@M‘;
They have mitochondria il B They have no mitochandria
There are usually multicellular {~ '2;' == V- There are usually unlcellular
They have larger ribosomes g / B They have smaller ribosomes

(1) Place the following under either prokaryotes or eucaryotes: Escherichia coli; baker's yeast
|Saccharomyces cerevisiae); fungi such Aspergillus flavus and mushrooms; cyanobacteria; Streptococous
lactis and plants. 7

@ @ saem g /0

Prokaryotes: C'.?:li cteria, Escherichia coli, Streptococcus lactis II|II 0
Eucaryotes: As #fus flavus, Plants, Baker's yeast [Sao:hammx:e;m_iji_@g}, Iv@ms é
Questionz () 23

2. Describe the steps required to develop a complete industrial bioprocess for the production of a E
recombinant-DNA-derived biopharmaceutical such as insulin

The production of a recombinant-DNA- derived biopharmaceutical is achieved in a laboratory by
scientists by building the human insulin gene in the laboratory and following these steps:

Step 1: Retrieve the plasmid, i.e. a loop of DNA known from the bacteria

Step 2: insert the isolated human insulin gene into the plasmid of the bacteria.

Step 3: Re-insert the plasmid to the bacteria 9
7

Step 4: Place the recombinant bacteria in fermentatior tanks.

Step 5: The recombinant bacteria produce human insulin using their newly-acquired gene.

Step 6: Scientists are now able to collect the insulin fram the bacteria g

Step 7: The insulin can be put in finished products for people to consu



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%

0O: 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; C1 = 35.45 and Mg = 24.31; C =12.01.

(i) Calculate the amount (in gm) of the nitrogen source you selected

(i) How much dry biomass (in gm) would be produced?

(iii) Calculate the amount in gm of your (a) phosphorus, (b) sulfur and (¢) 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:
5L....TCAGTAAGGCTTCAT... 3.
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CHEMICAL ENGINEERING DEPARTMENT
INTRODUCTION TO BIOTECHNOLOGY CHEG 3315
COURSE ASSIGNMENT GRADING AND OUTCOME ASSESSMENT

SHEET FOR SPRING 2022 SEMESTER

STUDENT OUTCOME: Ability to apply the knowledge of mathematics, science, and engineering.

Assignments that 1est competency in this area will include problems thar test a studem s ability 1o apply knowledge of and (1) soive algebraic
integral and differential equations analytically or mumerically. and (2) apply knowledge of chemistry and biology in engineering.

Name: \livian Peddhammavope

oS

Title of Assignment: Hid4dcrmn Due Date: | | GO Se
Description of Performance Criteria Being Assessed Max for this | Your
Assignment | Score
Ability to apply knowledge of science in engineering. gb.—-_'
100
The assignment tests students ' competency in their ability 10 apply chemistry and biology in engineering
TOTAL 100 5 ;
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CHEMICAL ENGINEERING DEPARTMENT
INTRODUCTION TO BIOTECHNOLOGY CHEG 3315

COURSE ASSIGNMENT GRADING AND OUTCOME ASSESSMENT

SHEET FOR SPRING 2022 SEMESTER

e —————————————— e

STUDENT OUTCOME: Ability to apply the knowledge of mathematics, science, and engineering.

Assignments that test competency in this area will include problems that test a student s ability 1o apply knowledge of and (1) solve algebraw.
integral and differential equations analytically or numerically, and {2) apply knowledge of chemistry and biology in engineering

EEE——____ — —————————————

Name: CCE WLlla -.'{ ph:'f ey oM \

Title of Assignment: W I 'E ke v \ Due Date:

Description of Performance Criteria Being Assessed Max for this | Your |
Assignment | Score
Ability to apply knowledge of science in engineering.
w |7
The assignment tesis studenis” competency in their ability o apply chemistry and biology in engimeering
TOTAL 100 7
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BELOW AVERAGE



Below Average Student Original Graded Assignment



CHEMICAL ENGINEERING DEPARTMENT
INTRODUCTION TO BIOTECHNOLOGY CHEG 3315
COURSE ASSIGNMENT GRADING AND OUTCOME ASSESSMENT
SHEET FOR SPRING 2022 SEMESTER

STUDENT LEARNING OUTCOME: Ability to apply the knowledge of science.

Assignments that test competency in this area will include problems thai test the student’s ability to apply knowledge of chemisiry and biology in
ERgINeering.

Name: [7raneguia  ladpyvum

Title of Assignment: [\ \f'h 4orm Due Date: DA ! 1 D! o

Description of Performance Criteria Being Assessed Max for this | Your
Assignment | Score

Ability to apply knowledge of science in engineering.

TOTAL 100

The assignment tesis studenis’ competency in their ability to apply chemistry and biology in [ OO %
biotechnology £




Mldderin glucose  (M4);80y “Tatmon,

e

; Meysoy kW, Poy '
\) Medrum @ @
@ ¥ Zg

‘ﬁ ’q\lemocj{m W \

s e yu (s ek

glso) = * 109
tooq = 1\ @ 280 _ fh
oA W= %{P) e
! G H Ay 13247

i 5?37 @u}§
W) for 1D0gIL of Glucese i Oy/ o

wor com produce SE it oi¥
Aoy ‘Glorned)

ch mnﬁﬂumm

Stme 63 sulfur p

MWMW‘

—P

3087 %
0
ﬁ._sll-lq%o'l' W y-
A 23
e -



a) -
Proweapied ey ot
Vel NP W@O @
\

{1@\4&\ n?ﬁﬂ‘:‘h‘“
W oy mrocondis
rﬁ;ﬁ \nlus W&QM Mm
sl D

D) Dut DNk

::v.c el s * \\O

ﬁbau'f B Thess Cw‘#ﬂ .ﬁ MM m*&mre/
Dog' of D1F PSS
Ny prgey e Ur hes oxup@h ot o

' ol 7 cafesi-
gM"?‘ﬁ wh Sy

e
wa VU rarn e e 2

3

\ nuL"lfCﬁ'léﬁr
W Nk equ

(”29

€) §...TCh e G-CT']‘T ol
L\

d] Thot the yoto

C o ?-D.E-I:'ﬂ'ﬂ"l"i



S 5= 5 D) =

~ o

INTRODUCTION TO BIOTECHNOLOGY
SPRING 2022

Title of Assignment: FINAL EXAM
TOPICS COVERED IN FINAL EXAM
Final Exam covered the following topics:

Fermentation medium design

Differences between DNA and RNA

DNA as a carrier of genetic information

Determining the sequence of complimentary strand of DNA
Determining the mRNA transcript and the polypeptide sequence when a
gene with known sequence is expressed

Plasmids, restriction enzymes and polymerase chain reaction

. 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, KH:PO4, H3PO4, (NH4)2SO04, NH4Cl, NH3, MgCl and MgSQOs. The molar masses are
K =39.1; H=1.008; P =30.97; O =16.00; N = 14.01; S = 32.07; C1 = 35.45 and Mg =24.31; C =12.01

For aerobic growth of yeast on glucose, a cellular yield coefficient Yys = 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%
0: 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: 5! TCAACCTGTTACTGGACGCAT 3!

(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:

5! ...ATGCGTCCAGTAACATGA... 3.
(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



(¢) 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

B
CO: + HO +— D LACTATE

C

ETHANOL
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CHEMICAL ENGINEERING DEPARTMENT
INTRODUCTION TO BIOTECHNOLOGY CHEG 3315
COURSE ASSIGNMENT GRADING AND OUTCOME ASSESSMENT
SHEET FOR SPRING 2022 SEMESTER

STUDENT OUTCOME: Ability to apply the knowledge of mathematics, science, and engineering.

Assignments that test competency in this area will include problems that test a student's ability to apply knowledge of and 1) solve algebraic
integral and differential equanions analyicaily or mumerically. and (2) apply knowledge of chemistry and biology m engineering

STUDENT OUTCOME: Ability to identify, formulate, and solve engineering problems.

Assignaments that test compelency i this area will imclude problems that test a student s ability to (1 japply systematic problem solving methodology
thay includes identifving all known and unknown variables.(2) construction of reasonable schemanc representation of the problem. listing
appropriate assumplions. determining appropriate property valiees,(3) applyving the appropriate conservation laws. pliysical and chemical faws

and mathematics to solve the problem. and(4)evaluating the reasonableness of the computed results

Name: _ Vivion Pacﬂl.namrmuonj

Title of Assignment: _ ﬁm‘ E xom Due Date: 05 /

Il | 5039

Description of Performance Criteria Being Assessed

Max for this
Assignment

Your
Score

Ability to apply knowledge of science in engineering.

The assignment tests studemts ' competency in their ability to apply chemistry and biology in
biotechnology -

Ability to identify engineering problems.

The problem tests the students ablity to (i) understand the given problem and idenify the subject area and concepts
involved, (i) convert the problem into a well labeled sketch. and (1) identify the system of units applicable to the
problem

Vs

S

-

Ability to formulate engineering problems.

The probilem tesis the students ability to (i) define the known and wnknown variables, (1) state relevant laws and
eguations needed 1o sofve the problem, and (i) fist and apply any assumptions to the relevant laws and equations o
obiain equation specific io the problem

Ability to solve engineering problems.

The problem tesis the siudents ability to (i) implement a strategy fo solve the engineering problem, (i) solve the
problem showing consistent umits throughout, and (it} evaluating and interpreiing the result

TOTAL

100
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CHEMICAL ENGINEERING DEPARTMENT
INTRODUCTION TO BIOTECHNOLOGY CHEG 3315
COURSE ASSIGNMENT GRADING AND OUTCOME ASSESSMENT

SHEET FOR SPRING 2022 SEMESTER

B e aa———
STUDENT OUTCOME: Ability to apply the knowledge of mathematics, science, and engineering.

Assignments that test competency in this area will include problems that test a studemt s ability to apply knowledge of and (1) solve algebraic
integral and differential equations analyrically or numerically. and (2) apply knowledge of chemistry and biology in engineering

STUDENT OUTCOME: Ability to identify, formulate, and solve engineering problems,

Assigmments that fest competency m this area will include problems that test a stident s abiluy 1o (1 lapply systemaite prablem sofving methodology
that ncludes identifing all known and unknown variables (2) construction of reasonable schematic represeniation of the problem, listing
appropriate assumptions. determining appropriaie property valuwes,(3) applyving the appropriate conservation laws, physical and chemical laws

and mathematics o solve the problem. and(4jevaluating the reasonableness of the compured resudrs

e e e e —————— e ——

Name: (DN PRI

Title of Assignment: F\“u\ﬁ\ i—“_\}(ﬁ\rr\ Due Date: r"hf:h‘{ “:1011

Description of Performance Criteria Being Assessed Max for this =~ Your
e - Assignment | Score
Ability to apply knowledge of science in engineering.
The assignment tests students ' competency in their ability to apply chemisiry and biology in é
biotechnology
Ability to identify engineering problems.
The problem tests the students ability to {i) understand the given problem and wdennfy the subjeci area and concepls —t
involved. fit) convert the problem into a well labeled skerch. and rui) identify the system of wnits applicable o the |
. |

problem =
Ability to formulate engineering problems.

The problem tests the students abidity 1o (1) defime the known and wnknown vartables, (1) state relevani laws and
equations needed fo solve the problem, and (iil) list and apply any assumpiions to the refevani daws and equarions to
abrain egualiion .qp:‘cn‘]n' o the pi‘ul"ft'm

Ability to solve engineering problems.

The problem tests the students ability to (i) implement a straiegy to solve the engineermng problem, 1) solve the
prroblent sheving congistent umies throughout,_amd () evaluating and inierpraing the result

TOTAL

100
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CHEMICAL ENGINEERING DEPARTMENT
INTRODUCTION TO BIOTECHNOLOGY CHEG 3315
COURSE ASSIGNMENT GRADING AND OUTCOME ASSESSMENT
SHEET FOR SPRING 2022 SEMESTER

|
STUDENT OUTCOME: Ability to apply the knowledge of mathematics, science, and engineering.

Assignments that fest competency in tis area will include problems that test a student's abelity 1o apply knowledge of and (1) solve algebraic
integral and diferential eguarions analytically or mumerically. and (2) apply knowledge of chemisiry and biology in engineering,

STUDENT OUTCOME: Ability to identify, formulate, and solve engineering problems.

Assignments that test competency in this area will include problems that tesi a student s ability to (] japply sysiematic problem solving methodofog
thai includes ideniifitng all known and wunknown variables.(2) construciion of reasonable schemaiic represeniation of the problem, fisimg
appropriate asswmptions, determiming appropriate property values.(3) applying the appropriate conservation laws, physical and chemical laws,

and mathematics fo solve the problem. andi+4)evaluating the reasonablencss of the computed results

—_——

Name: Fzranequia Tatmon

—

Title of Assignment: _ b inc Due Date: Meawy )| ¥

§)

Description of Performance Criteria Being Assessed

Max for this
Assignment

Your
Score

Ability to apply knowledge of science in engineering.

The assignment tests students ' competency in their abifity to apply chemistry and biology in
| biotechnology

"L

Ability to identify engineering problems.

The problem tesis the students ability to (1) understand the given problem and idennify the subject area and concepis
fnvolved, fir) conmveri the prﬂbfrul inte a well fabeled skefch, and (i) IJ?‘J]’]'{!:\' the sustem (Jf]mr.'.\. z.!p;.n"rw.t.lﬁfe.' o the

| problem

/ e

Ability to formulate engineering problems.

The prablem iesis the studeris ability to (1) define the known and unknown variables. (1) state relevant laws and
eguations needed 1o solve the problem, and (i) lisi and apply any assumprions 1o the relevant laws and equations to
abiain equarion specific o the problem

v Y

Ability to solve engineering problems,

The problem tesis the students ability to (i) implement a strategy to solve the engineering problem. (it} solve the
problem showing consistent unies throughous, and (ii) evaluating and interpreting the resull

TOTAL

100

7]



) R Sw@pﬂ Yrua

)] :

X 159 u.ﬁ'j‘i 288 ma1 ot N s &
%ﬂ * Toosy, YR ez 9 (wnq) %2' 3"
MgSOy - O - “

-5 Ma.l_ - ﬂ@ 24. 31 ghis) o Y o-i-' ( M )
Zgyu ' 100'3/ : 120 0wl Mg 304 )&qiﬁo 9 }

L

'Nu'l'-."z‘;‘a‘-q L%J? n'.-‘:.';i" )

y )

Xar 165 G O Amot 0% 5
o B e EEIL aw o

132 ._JJJ\-‘HU\ [ " SL'L;

M%qu— 12 Dafwﬁl O +
tw)
; -%—X a4 q oks

|’2,0 T/ s 'l[i.""“‘ -

,Lfﬁf
5 “,'Lﬂ_SJ

V\*\;U %y lmol
ty) ' e R
% e ‘ig,_ c: | g lme) © . ’5 13@
e~ MY 1200 G EH | O
ogfl

il w(.itj“'d‘

fasume 100 9/L fa 7 ad ojucoe
q‘%n %O %{L \JI{C'\)'\" =




2) o) DNA s PNA

Ond %
" doubte smand el Rud -
Q'-’.ll'u!r"lﬂ1£-341_c]£' - Emﬁll{ =teend Feld

- ELig AeLcle pdvat

-5 pcavleon Geoyur 1omse Sy
@ S phvown ¥ESE U8

- Bdemine pov v b Thy
F. Cudnsne wal et MAarine -nes urac:) ner Thymm-
- Cﬁt"l'-!_a-"t v erve T Wm:-“@ — Twoanshs 015{1‘\{1'-\"'{ o de Ly wan
ruve CRVS nuCleus Lo v 930ne Sn Malee
‘Pu"ﬂ*l.-a:,

wWhose oose Sequence oo ;,,y M

' @mﬁgu&ét = QoL eee ol o C’S@‘ﬂ&

whednm C"\D“G\{ Ve

C)
) aene G Secymen™

W) gene W

A) S TCapccTaTTe ciguAcachTd

AGRCLTGLOTA 5"

3 AGTTGGR AR

| iﬁfﬁﬁfffwt?cﬂ*_*'

WY 3" yapachbaulou ".‘ﬁi@.‘b}(

3_ 1 \‘} 3!1' ol DLD.'J.jh'I-} e Mar
oH

c"ti?
I
Hon — {ql — o0~



~
&

1h) (EsHOChon eMTYMO -

- B provein Yot 15 1301C
F[O%EWW*E

from N
o e Gnd SPIAS inko

I'i"ln o oclo o aﬁ*:\'f_":“:}-\‘f} "
\

- \ow produced vnolec
wir COYY TEFIVE ond &ML the Twmune Sug
1A Uaal

V1) Plosmios -
/ Eﬁlm-’ric. Shrechves n cells Hp con veplicoie
L} G el CIrEN Due swend i ahe CyrePliam
= L)

) v
(T ENLTS Ao oA .‘Ch”*!"lﬂ "‘"'k‘}., c-unl:] elon c,}g,h"‘wx
D.S ce\ls

7

£
o ﬂﬁfc}U\ (@VS R O“L'lj ;

3)
G) TV ‘v o mportoty moceuse v ¥

groioic mf.-‘rhuc"'& ’

15) Clls con produce BTV oy Derow ¢ ond Qo

C) MNowme e TV ?q@ﬂu@

d) R U-?hﬁdh
=

e) ¢ wbowm 4 ¥ L NRD

D, NHOW
NeOY



	I. COURSE SYLLABUS  IN ABET FORMAT
	II. ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS
	Program Outcomes Assessed in Course
	Average       (Graded original work)
	Average       (Graded original work)

	ChEG 3315: introduction to BIOTECHNOLOGY
	II ASSESSMENT RESULTS FOR CURRENT AND PAST TWO PERIODS
	Program Outcomes Assessed in this course
	Report Prepared by: Dr. Michael Gyamerah   Report Date:  May 25, 2022


	Introduction to Biotechnology CHEG 3315: Exam I (Spring 2022)
	March 2, 2022
	Introduction to Biotechnology: Homework 1 (Spring 2022)
	January 31, 2022
	Due Date: February 14, 2022
	Introduction to Biotechnology CHEG 3315: Midterm (Spring 2022)
	Introduction to Biotechnology: Final Exam (Spring 2022)
	May 11, 2022

