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 What is Biotechnology and where did it come from?

 How does Biotechnology help people?

 Why is Biotechnology important to our chemistry students?

 What is the Biopharmaceutical process?

 What is chromatography and what part does it play in 
biotechnology?

 How do we do gas chromatography?





Dr. Beard-http://www.bartonchurch.org.uk/blog/2014-03-01-the-one-about-the-blind-
men-and-an-elephant



The Bible already provides numerous examples of biotechnology.

 It deals with the conversion of grapes to wine, of dough to bread and of 

milk to cheese. 

 The oldest biotechnological processes are found in microbial 

fermentations, as born out by the Babylonian tablet dated circa 6000 B.C., 

explaining the preparation of beer. 

 The Sumerians were able to brew as many as twenty types of beer in the 

third millennium B.C.

 In about 4000 B.C. leavened bread was produced with the aid of yeast.



Image courtesy of the National Human Genome Research Institute's Talking Glossary

The discovery of the structure of DNA by James 

Watson and Francis Crick in 1953 is one of the most 

famous scientific discoveries of all time.

Gene therapy – altering DNA within cells in an 

organism to treat or cure a disease – is one of the

most promising areas of biotechnology research. 

Another process, polymerase chain reaction (PCR), is 

also being used to more quickly and accurately 

identify the presence of infections such as AIDS and 

Lyme disease.

Biotechnology in agriculture has the ability to give 

biological protection from disease and pests thereby 

increasing the crop production to double or even 

higher than normal harvest.
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Medical Scientists

Medical scientists specialize in researching and investigating biological systems in order to further understand and treat human diseases. 

Biological Technicians

Biological technicians help biological and medical scientists carry out their research and experiments. 

Medical and Clinical Lab Technologists & Technicians

Medical and clinical lab technologists and technicians work in either labs or health care facilities and perform tests studying blood, fluids, 

organs, tissue, and other substances. 

Biochemists and Biophysicists

Biochemists and biophysicists design and perform various complex tests for their research. Their job includes studying proteins, DNA, RNA, 

and several other molecules. 

Biomedical Engineers

Biomedical engineers use their knowledge of engineering to design and construct systems and products for medical usage. Some products 

include prostheses, and devices such as MRIs and CAT Scans.

Microbiologists

Microbiologists focus primarily on the classification and functions of microorganisms found in humans, plants, water, etc. They conduct 

complex research on these microscopic organisms to develop new drugs to combat diseases.

Epidemiologists

Epidemiologists compile data to try and understand the causes of diseases, improve public health issues, and prevent future problems. 

They analyze data and plan studies to find new statistics about diseases, and then report those findings to others in the medical and public 

health field.

R&D and Process Development Scientists

Research and development scientists are generally responsible for the manufacturing process that happens within a lab. They supervise lab 

technicians and lead the project team. 

Regulatory QA/QC Biomanufacturing Specialists

Order is the priority for a regulatory QA/QC biomanufacturing specialist. They are responsible for supervising a project or job and 

guaranteeing that all criteria and requirements are met. 

Bioproduction Operators

A bioproduction operator is hands-on in the biotech industry in a different way. Bioproduction operators are responsible for the

manufacturing, packaging, and shipping of products produced. 



A program that focuses on the application of the biological sciences, biochemistry, and genetics to the preparation of new and 
enhanced agricultural, environmental, clinical, and industrial products, including the commercial exploitation of microbes, plants, 
and animals. Potential course work includes instruction in general biology, general and organic chemistry, physics, biochemistry, 
molecular biology, immunology, microbiology, genetics, and cellular biology.

Fall Semester 
BIO 111 General Biology I NEW VERSION 2014  3 3 0 4 

CHM 131 Introduction to Chemistry REVISED REQUISITE  3 0 0 3 

CHM 131A Introduction to Chemistry Lab REVISED REQUISITE  0 3 0 1 

ENG 111 Writing and Inquiry NEW VERSION 2014  3 0 0 3 
    

 

    9 6 0 11 

 

Spring Semester 
BIO 112 General Biology II NEW VERSION 2014  3 3 0 4 

CHM 132 Organic and Biochemistry  3 3 0 4 
CIS 110 Introduction to Computers REVISED REQUISITE  2 2 0 3 

    
 

    8 8 0 11 
 

Fall Semester 
BTC 181 Basic Lab Techniques NEW VERSION 2014 3 3 0 4 
BIO 250 Genetics  3 3 0 4 

___ ___ Natural Science/Mathematics Elective * * * 3 

    
 

    6 6 0 11 

 

Spring Semester 
BIO 275 Microbiology  3 3 0 4 

BTC 150 Bioethics NEW VERSION 2014 3 0 0 3 

MAT 152 Statistical Methods I NEW 2014      

 



•The Biotechnology curriculum, which has emerged from molecular biology and chemical 

engineering, is designed to meet the increasing demands for skilled laboratory technicians 

in various fields of biological and chemical technology.

•Course work emphasizes biology, chemistry, mathematics, and technical communications. 

The curriculum objectives are designed to prepare graduates to serve in three distinct 

capacities: research assistant to a biologist or chemist, laboratory 

technician/instrumentation technician, and quality control/quality assurance technician.

•Graduates should be qualified for employment in various areas of industry and 

government, including research and development, manufacturing, sales, and customer 

service.



With an increasing demand of 10-15% annually within the Piedmont Triad, the employment 
opportunities for biotechnology graduates are numerous.

The primary use of biotechnology in North Carolina is in the production of pharmaceuticals, 
research and diagnostics. 

Forsyth Tech’s biotechnology program prepares individuals to become the highly skilled 
technicians needed to support the growing medical, life science, and pharmaceutical research 
and development efforts in this area.

Career Opportunities for Forsyth Tech Biotechnology Graduates
Research Assistant
Research Associate (graduates with further experience)
Research Technician
Scientist Assistant and Associate (graduates with further experience)
Laboratory Assistant
Laboratory Technician
Quality Control Technician
Bioprocess Technician

The Biotechnology program is supported by the high-growth industry initiatives of the 
Employment and Training Administration, U.S. Department of Labor.





10 million known compounds

1,543 pharmaceutical compound have been approved by the FDA as of 2013 

3400 compounds currently being studied

810,000 jobs 

Largest world market

Overall economic impact $789 billion

Americans spent $307 billion on pharmaceuticals

2010- Phrma.org  and http://www.raps.org/Regulatory-Focus/News
/2014/10/03/20488/How-Many-Drugs-has-FDA-Approved-in-its-Entire-History-New-Paper-Explains/

http://www.raps.org/Regulatory-Focus/News


http://www.flanderstoday.eu/innovation/vib-
researchers-simplify-production-biotech-drugs



http://www.fefchemicals.com/biopharm/scientific-
information/articles/the-insulin-peptide-family/

http://www.rcsb.org/pdb/101/motm.do?momID=14
http://www.med.uni-giessen.de/itr/history/inshist.html

http://www.fefchemicals.com/biopharm/scientific-
http://www.rcsb.org/pdb/101/motm.do?momID=14


Quality Assurance 
(analytical 

chemistry) and 
Packaging

http://www.sciencedirect.com/science/article/pii/S016777990001475X



Mobile phase

Stationary phase

http://archive.wastatelaser.org/_support/toolkits/st
c/PofM/lesson17.asp

Shape
Molecular Mass
Charge 
Polarity
Solubility
pH



http://shop.educatec.ch/images/gc-mini_unit1.jpg



1. Please hand-in your certificated from the GC 
tutorial homework.

2. Please obtain a GC Batch Procedure.

3. Demo of Cleaning and Injection

4. Carry out procedure.

http://www.ncbionetwork.org/educational-resources/interactive-elearning-tools/gas-chromatography-gc
Demonstration of Gas Chromatography Batch Production Records.docx
VID_20150625_095921222.mp4






BioGen

Rowan Cabarrus Community College

Wake Forest University

Forsyth Technical Community College

Piedmont 
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BIOTECHNOLOGY:

USING SCIENCE TO IMPROVE 

AND SUSTAIN LIFE
Shania Dalton and Ingrid Burke

June 26, 2015



DEFINITIONS

What is 

Biotechnology?

In 1917, Karl Ereky defined it as “ all 

lines of work by which products are 

produced from raw materials with 

the aid of living things.”

Presently, http://www.merriam-

webster.com/dictionary/biotechn

ology describes it as the 
manipulation (as through genetic 

engineering) of living organisms or 

their components to produce 

useful usually commercial products 

(as pest resistant crops, new 

bacterial strains, or novel 

pharmaceuticals); also : any of 
various applications of biological 

science used in such manipulation 

http://www.merriam-webster.com/dictionary/biotechnology


BIOTECHNOLOGY 

PRINCIPLES
Build the Knowledge

Apply It

Foster It

Share It

Transfer it to transform the world!



PEOPLE WHO USE 

BIOTECH 
Building personal 

knowledge, love, 

and respect of 

biotechnology 

through the people, 

hands on 

experiences, and 

education from birth 

onward.

Growers

Individuals with prosthesis

Ranchers

Chefs

Insulin dependent individuals

Aquaponic and Hydroponic Gardeners

Diabetics

Nonprofessionals (tinkerers)

Zoologist/Veterinarians

Entomologists

Astronauts

Military

Pet owners



BUILD THE KNOWLEDGE

Traditional ceviche consists 

of raw seafood tossed with 

an acidic marinade such as 

citrus juice or vinegar that 

“cooks” the fish.

Introducing healthy habits 

Introducing cooking as chemistry

Encouraging questions about environment

Family history



Build the language...

Build the skills..

Build to the next step...

Apply It

Gardening

Charting

Practicing good hand washing skills

Taking care of pets

Using a medication tracking log

http://www.cdc.gov/healthywater/pdf/hygiene/hwfamily.pdf


Build the language...

Build the skills..

Build to the next step...

Foster It…

starting at the 

beginning can 

bring about the 

sky as no longer 

being the limit.



…

Pre-K through Elementary 

School

Allowing and encouraging “Why” questions

Have youths feed and water plants and animals

Family members do presentations about their jobs in 

biotechnology

Basic experiments with plants, insects, chemical 

processes

Begin teaching reading comprehension and writing skills in 

all subjects, creative and critical thinking skill by the way 

of games and other media.

Begin an experience portfolio (i.e. feeding and watering 

charts)

Middle School

Facility tours (JSNN, B.R.I.T.E)

More advanced experiments with plants, insects, chemical 

processes

Learn more about biotechnology throughout history from migration to 

domestication of animals and purposeful crop growing and clothing 

manufacturing 

Increase interactive learning of science and math concepts and 

language

Expanding effective reading and writing skills in all subjects

Expand experience portfolio with individual and group work (i.e. 

documentation of experiments, school projects, and community 

service)

http://www.foxnews.com/health/2015/06/24/teens-invent-condom-that-changes-color-upon-std-detection/


INTRODUCTION TO 

BIOTECHNOLOGY AND 

MANUFACTURING IN HIGH 

SCHOOLS



WHAT IS BIOTECHNOLOGY?

 Courtney Harrington PhD. – Forsyth Technology Community 

College

 What is Biotechnology

https://www.youtube.com/watch?v=bvUsIiVXcsg


BIOTECHNOLOGY AND 

MANUFACTURING POSTER SESSION

 Ideas for Student Posters

 Research and Development

 Biopharmaceuticals

 Pharmaceuticals

 Biosimilar

 Bioprocessing

 Biomanufacturing

 Upstream vs. Downstream Processing

 Drugs vs. Biologics

 Herbals

 Instruments and Tools of the Trade

 Animal Health

 Quality Control

 Quality Assurance

 Biotechnology Testing Equipment

keepcalm-o-matic.co.uk



VIRTUAL INTERACTIVE ACTIVITIES

 BioNetwork – a host of virtual 

interactive activities.

 North Carolina BioNetwork

ncbionetwork.org

http://ncbionetwork.org/


GOWNING GONE WRONG
(THE IMPORTANCE OF ASEPTIC TECHNIQUE)

 Purpose:

• What did they do wrong?

• Outcome of their mistakes?

• Importance of Sterility in Laboratories

• Zombie College

• Aseptic Techniques LAB

• Glo-Germ activity

• http://blog.nelsonjameson.com/wp-
content/uploads/2013/03/glowgerm-300x63.jpg

http://ncbionetwork.org/educational-resources/interactive-elearning-tools/zombie-college-5-rules-lab-safety


BATCH PRODUCTION RECORDS

 A different way of reading a lab 

report

 Helps prepare students for the 
manufacturing industry

 Importance of recording data



SKILLS AND ACTIVITIES FOR 

THE HIGH SCHOOL 

CLASSROOM



SOLUTIONS AND DILUTIONS – AN 

IMPORTANT CONCEPT

 A necessity for students as they go 

off to college or work in the 

biotechnology field.

 Biotechnology – Ellyn Daugherty, 
MST- Making Solutions of Differing 

Mass - LAB

rrnursingschool.biz



GAS AND LIQUID 

CHROMATOGRAPHY

 Ideas:

 Capsaicin in Peppers – Gas 

Chromatography

 Green Fluorescent Protein (GFP)-
Liquid Chromatography

 High School Level- Hydrophobic 

Interaction Column 

Chromatography (HIC)

biorad.com



SPECTROPHOTOMETRY

 Use of colors to measure 

absorbance

 Ex. Anthocyanin Activity



POLYMERASE CHAIN REACTION

(PCR)

PTC – Gel Electrophoresis High School Option – Alu PV92
 Uses an intron instead of an exon

 Important because of students being minors

edvotek.com
biorad.com



PLANT VS. ANIMAL TISSUE CULTURE

 Plant Tissue Culture Virtual Lab

 Plant Tissue Culture Lab

 Easier to do in an high school

sigmaaldrich.com

apsnet.org

http://vlab.amrita.edu/?sub=3&brch=187&sim=1100&cnt=1
http://www.apsnet.org/edcenter/K-12/TeachersGuide/PlantBiotechnology/Documents/PlantTissueCulture.pdf


ALLERGEN UNIT

 Understanding how Color Assays 

Work

 Ex: ELISA Activity

rockland-inc.com



ANIMAL HEALTH

 Design a way to dissolve chitin( a 

substance found in the exoskeleton 

of parasites)

 Must be a biodegradable material 

and safe for the environment

 Use mushrooms  instead of animals 

since they also have chitin

greenvillemosquitosquad.com



REGENERATIVE MEDICINE

 What is regenerative medicine?

 How does it work?

 Understanding Regenerative 

Medicine

 Idea from Wake Forest School of 

Medicine

http://www.wakehealth.edu/uploadedFiles/User_Content/Research/Institutes_and_Centers/WF_Institute_for_Regenerative_Medicine/Partnerships_and_Outreach/Community_Outreach/Lesson Plan for Understanding Regenerative Medicine093014.pdf


OTHER IDEAS



CLINICAL TRIALS– DESIGN AN 

ADVERTISEMENT

 Students will design a poster to 
advertise for people to sign up for a 

study for clinical trials

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&
cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Fwww.jli.e
du.in%2Fblog%2Fadvertising-in-clinical-
trials%2F&ei=RF6JVdGDLcHBggTNj4TADw&bvm=bv.96339352,d.cWc&
psig=AFQjCNEXv_ZRId5JfaLg72Cg6VFyVlsqLQ&ust=1435152248588971



NANOTECHNOLOGY

 What is Nanotechnology?

 Students Explore a Problem of 

Interest and Presentation

 Ex: Lighter Sports Equipment, 

adhesives, etc

nnin.org



FINAL EXAM!

 At the end of the semester students 
will design their own case study about 
a disorder

 Incorporate aspects of what they 
have learned in course by studying 
the disorder

 Activities they would use to explore 
the disorder

 Must have data from one activity that 
they actually did to simulate what 
would happen

 Presentation Day!



Can we take this 

further?

Share It
➢ Community projects

➢ Creating sustainability at 

home, in schools, in the 

community and across the 

world.

➢ Internships

➢ College and job fairs

➢ Sharing community experiences

➢ Entrepreneurships

➢ From science to facts



BIOTECHNOLOGY

Transfer it to others...

to transform the world!



HOW DO I TRANSFER IT?
Use all the skills learned to seek a career…

Further your education…

Become an entrepreneur …

Work on improving your community...

Advocate for advancement of science for 

sustainability…

...the possibilities are endless.



TIPS FOR SUCCESS….



Market Yourself 
Successfully

Communication and Teamwork

Continue to Learn

Reading and Writing Skills 

Being Inquisitive

Taking Initiative

Passion

Flexibility

Customer Service Skills

Know Your Values



WE WOULD LIKE TO THANK 

EVERYONE FOR THE 

OPPORTUNITIES, EXPERIENCES  

AND HOSPITALITY AS WE 

LEARNED THE PRINCIPLES OF 

BIOTECHNOLOGY!



HYDROPONICS
BIOTECHNOLOGY 

IN YOUR BACKYARD

FOR

A SUSTAINABLE FUTURE



http://www.camelcitydispatch.com/foodways-
roadways-screening-panel-discussion-and-

reception/

http://www.journalnow.com/news/local/project-
examines-changes-in-food-systems-in-african-
american-communities/article_02a01886-3798-11e3-
aba0-001a4bcf6878.html

“…Savoca said some solutions to help 
create more self-sustaining food 

systems include 
community gardens, 

urban farming,
revitalizing public markets and veggie 

cars …”

http://www.camelcitydispatch.com/foodways-roadways-screening-panel-discussion-and-reception/
http://www.journalnow.com/news/local/project-examines-changes-in-food-systems-in-african-american-communities/article_02a01886-3798-11e3-aba0-001a4bcf6878.html




Respond to change…

WHAT DO WE NEED?

B.R.I.T.E

Capstone, NCSU

Bionetwork, Food, Beverages And 
Dietary Suppl.

High Point Clinical trials

Cook
medical

Alamance
Com. Col.

Capstone, NCSU
Cook Medical

High Point, Clinical Trials



Biotechnology:

Demystify the scary factor

D. Herr, Ph.D.
Professor and Nanoscience 
Department Chair 

Hands-on learning

Ownership of school project

Sustainability for the community



Various sizes of PVC pipe and spray nozzles PVC pipe connectors 

Submersible water pump, air stones and 
tubing, timers for lights The water pump is attached to the water 

circulation system



Plexiglass with cut holes to hold the 
starter plugs and cut to fit in the top of the 
hydroponic system box

Hydroponics nutrient solutions



JSNN
Joint School for Nanosciences and 

Nanoengineering

Growth: nutrients
Photosynthesis

Instead of starter plugs, we can use 
starter mats



chromatography

HPLC analysis



Biotechnology in the classroom …

Hydroponics

Biology

Chemistry

Math 

Engineering

Languages Arts 

Human health

History

Social studies

Environmental sciences

(…)

 Hands on learning
 Ownership
 Intercurricular



Biotechnology in the classroom …

Biology:

… and in your backyard

Themes:
Nutrition
Plant growth
Photosynthesis
Sustainability

Skills:
Experimental design and
research
Documenting and labeling
Pipetting, weighing, 
calculating concentrations,
dilutions
Analytical tools

Hands on learning
Ownership
Inter-curricular



Hydroponics and Cross-curricular 

Learning

pH levels in

hydroponics systems

http://www.advancednutrients.com/breakthrough/



Collect Data from tests and 

experiments on pH levels of 

the tank water:

Graph results.

Make comparisons.

Model the pH level as 

a function of the buffer. 

http://www.advancedaquarist.com/2002/2/chemistry#section-0

Inferences:  chemical nature of alkalinity



Predicted Increase in Biotech Jobs

Research to Quality Control



Preparing Students for Careers in 

Biotechnology

Using Cross Curricular Activities
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It’s not Math-magic!

Learning math and science in context

proven effective.

Much of the math in biotechnology 

is  rudimentary.

Understanding the relationship between

the results/data/numbers helps us better

understand the implications.

Using Science to Understand the Math

Math helps to better understand the Science.

elephant.cmbl
elephant.cmbl


Bionetwork Goals Married with Academic Goals:  

Biotech goals across curriculum

 Relating it to students’ experience

 Relevance to their futures

 Involving students in educating the community

 Inspiring other educators

 Utilizing available resources

 Biotechnology should be a priority

 Planned field trips involving visits to Biotech 
sites including colleges, research institutions, 
and manufacturing facilities

 Writing about findings and conclusions



Benefits include very specific skills development

 Estimating and measuring

 Concept of very large and very small

 Transforming formulae

 Modelling with functions and graphs

 Analyzing real data

 Dynamic geometric applications

 Using CAS

 Using Excel 

 Communicating results clearly



Bionetworking:  Collaboration












































































