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Student Resource 11.1
Reading: Biotechnology Employment Overview
Biotechnology is a growing field with a lot of career opportunities. There are biotechnology jobs in all 50 states. California, Massachusetts, New York, Texas, and Washington are the states with the most biotechnology jobs. Florida, Georgia, Maryland, New Jersey, North Carolina, and Pennsylvania are also home to a number of biotechnology companies. 
Job Types
Most biotechnology jobs fall into one of five categories:
Research and development (R&D)
Manufacturing and service
Quality control and regulatory oversight
Business (sales, technical support, marketing, administration)
Academia
Research and Development 
People who work in R&D come up with new ideas, conduct research, and develop products based on their research. Their efforts may result in finding cures for diseases or understanding something new about how the human body works. R&D jobs include the following:
Animal caretakers and animal technicians take care of the lab animals. They feed the animals, clean up after them, and perform minor medical procedures on the animals under a scientist’s supervision. An agricultural technician (also called a greenhouse and field technician) does a similar job, taking care of plants that are being used for experiments, such as plants created by genetic engineering. All of these jobs require an associate’s degree and/or a certification. People with laboratory experience are preferred.
Biochemists or biophysicists study the chemical or physical properties of living things, such as cells. Some work in the lab, running experiments to find cures for diseases or formulate new medications. Some work in nature, collecting samples to bring back to the lab. The possible kinds of work are extremely varied. A biochemist or biophysicist needs a doctoral degree. You earn this type of degree, also called a PhD (doctor of philosophy) after earning your undergraduate or bachelor’s degree and then a master’s degree.
Biological technicians assist scientists with experiments in the lab. A biological technician usually needs a bachelor’s degree and laboratory experience. Biological technicians follow verbal instructions and explain what they are observing to the scientists in charge of the experiment. In some cases, a biological technician job can be an entry-level job opportunity that leads people to higher-level positions later in their careers, as long as they continue to pursue their education while working.
Biomedical engineers design products to solve problems in science and medicine. They design new prosthetics, medical testing devices, and new surgical equipment. They are often involved in groundbreaking research. In addition to specialized training, a biomedical engineer needs a bachelor’s degree for an entry-level position.
Clinical research associates are responsible for managing clinical trials of new drugs. A clinical research associate usually has a bachelor’s degree in a health science field and may also have experience as a registered nurse. Clinical research associates will be more successful if they are good at explaining scientific concepts to nonscientific people, as they may be working with the general public during a clinical trial.
Forensic science technicians help investigate crimes by collecting and analyzing physical evidence. They may work at a crime scene, collecting evidence, or in a lab, analyzing it. They use the latest computer technology to conduct these analyses. They may also reconstruct crime scenes or testify as expert witnesses at criminal trials. A forensic science technician usually needs a bachelor’s degree.
Laboratory technicians, laboratory assistants, and laboratory specialists and support workers all need an associate’s degree, certification, and laboratory experience. They support scientists by completing the more routine tasks in a laboratory, such as washing laboratory glassware, tracking basic data, or working with a specific machine to analyze results. Although these jobs sound simple, they are very important. If these workers make mistakes or are careless, they can ruin major experiments! These jobs can be entry-level positions that allow people to move up to more senior positions later in their career, provided those people continue their education while they are working.
Research associates get to plan and conduct some experiments, usually some of the smaller experiments that make up a larger research project. Research associates also work with scientists on larger experiments, doing things like developing the standardized procedures that will be used to make sure the experiment is done correctly by everyone involved. Research associates need a bachelor’s degree.
Senior research scientists supervise experiments to create and test new products. They carefully analyze data to discover hidden connections and make breakthroughs that advance understanding in a wide range of fields such as medicine, chemistry, or environmental science. Senior research scientists need a doctoral degree and years of experience, but they play an extremely important role in the field of biotechnology. A senior research scientist is definitely not an entry-level job, but it could be a great career goal!
Manufacturing and Service 
Manufacturing jobs involve making the product, producing the new drug, or creating the new scientific tool. Some biotech companies provide services rather than products: for example, a lab that does genetic testing or DNA analysis. Forensic science technicians, agricultural technicians, and laboratory technicians work in this area, too, as do research scientists. Other jobs in this field include:
Manufacturing assistants help to create biotech products. They may help with the fermentation process, operate the machines to create sterile products, such as test tubes, or help to create biodiesel. These jobs require at least a high school diploma, but an associate’s degree or some college coursework is preferred. A manufacturing technician does similar work but at a more advanced level; manufacturing technicians are expected to have a bachelor’s degree.
Quality Control and Regulatory Oversight
People who work in these areas are responsible for making sure the product is safe and works properly. They check to be sure the product is being made correctly and that all regulations are being met. Some of the unique jobs in this field include:
Documentation coordinators typically work for companies that are creating pharmaceuticals. They are responsible for keeping track of all the information and records that prove the company is following regulations from the FDA. Most companies prefer their documentation coordinators to have at least an associate’s degree.
Health and safety specialists write the procedures to keep staff safe in the lab and train the staff on those procedures. They also serve as part of the team that responds to any emergency situations, such as a spill of hazardous materials. This job usually requires a bachelor’s degree. 
Quality assurance (QA) analysts look at the ingredients being used to make the products. They analyze the information to make sure the product will turn out the way it’s supposed to. They have to report anything unusual about their results because it could have a big impact on the final product. A QA analyst usually needs a bachelor’s degree.
Business
Like any business, a biotechnology company needs salespeople, marketing staff, technical support people, and business administrators. These people keep the business running smoothly, sell the products, and try to make sure the business makes money! Some of these people may have a scientific background and some might not. We aren’t going to focus on these jobs right now, but you should know they are an option for you if you like both business and science.
Academia
Some people prefer to work in an academic environment, like a university. If you choose to work in academia, you will need an advanced degree and good grades. You will spend some of your time doing research, but you will also be teaching classes and supervising your students’ research. We aren’t going to focus on academic jobs right now, but they could be a good choice for you if you like school and teaching people.
The Skills and Experience You Need
Any job in biotechnology requires you to have some basic science knowledge and experience in a lab. That’s one reason that internships can be very helpful. They give you real-life experience in a laboratory, which can help you get a job later on.
If you want to work in biotechnology, it’s also important to be precise. Whether you are following someone else’s directions or writing down instructions for someone else to follow, a small miscalculation can have a major impact.
Thinking About Your Future
According to the Genetic Engineering and Biotechnology News, the top 10 biotech jobs over the next decade are medical scientists, biological technicians, medical and clinical lab technologists and technicians, biochemists and biophysicists, biomedical engineers, microbiologists, epidemiologists, R&D and process development scientists, regulatory QA/QC biomanufacturing specialists, and bioproduction operators. Read descriptions of these careers at this link: http://www.genengnews.com/insight-and-intelligence/top-ten-biotech-jobs-most-in-demand-over-the-next-decade/77899666/ 
Knowing which jobs will be in demand is a factor to consider. Liking your work is another! Exposure to a wide range of courses in the sciences as well as having experience in different labs will help you figure out what you most enjoy doing. 
Of course, salary is another consideration. Working in biotechnology can bring in a good salary, and some jobs are in high demand. In 2013, a biological technician earned an average of $40,710, and a biomedical engineer earned $88,670. Biochemists and biophysicists earned an average of $84,320. All of these jobs have been identified as some of the most in-demand biotechnology jobs for the next 5‒10 years.
Other biotech jobs also pay well. A quality assurance analyst earns an average of $54,200 per year, and the average annual salary for an agricultural technician is $34,070. A forensic science technician earns around $52,800 per year, while a health and safety specialist has an average annual salary of $66,790. Keep in mind that different areas of the country have very different costs of living. A salary that is barely adequate in a city where the cost of living is high, like New York or San Francisco, might easily support a family in a more affordable area.

Student Resource 11.2
Wish List: Interesting Jobs 
Student Name:						 Date:			
Directions: Refer to Student Resource 11.1, Reading: Biotechnology Employment Overview, and write down at least three jobs that you read about that appeal to you. Then write down why the job interests you and include at least two or three examples of skills, knowledge, and personal characteristics a person needs to have in order to succeed in that job. An example is shown. Keep this list to show your guidance counselor or to help you decide which college degree to pursue.
	Job Title
	Why It Interests Me
	Skills, Knowledge, or Personal Characteristics Needed

	Clinical research associate
	I’ve thought about being a nurse, but I’m also really interested in biotechnology. This job could give me a chance to do both. I help my mom take my grandma to the doctor sometimes, and I’m always the one who explains to her about what pills she’s supposed to take and why, so I think I’ve got some helpful experience already!
	Strong health science background
Good with people
Good at explaining scientific concepts to others

	



	
	

	



	
	

	



	
	

	



	
	


Student Resource 11.3
Reading: The Cover Letter
Overview
· A cover letter is a letter that accompanies a resume when someone is applying for a job or internship. 
· Its purpose is to thoroughly explain the candidate’s interest in the position and highlight the skills that make that person a good match.
· A cover letter provides an opportunity for the candidate to tell the employer what he or she can do for the organization.
· Employers usually look for well-written cover letters to screen applicants who are not sufficiently interested in the position or who lack the required writing skills.
Format of a Cover Letter
Your name
Street Address
City, State, Zip Code
Telephone Number
Email Address

Month, Day, Year
Mr./Ms./Dr. FirstName LastName
Title
Name of Organization
Street or P.O. Box 
City, State, Zip Code
Dear Mr./Ms./Dr. LastName:
Opening paragraph: Explain why you are writing and how you learned of the organization or position.
Second paragraph: State why you are interested in the position and/or the organization. Show that you know something about the organization or position to prove that your interest is genuine. Mention specific qualifications and/or experience that make you a good fit. Explain relevant points in your resume in more detail. Mention that your resume (or application or other required document) is enclosed and identify any other enclosures such as references, if applicable.
Concluding paragraph: Indicate that you would like the opportunity to interview for the position. State what you will do to follow up, such as telephone or email the employer within two weeks. If you will be in the employer’s location and could offer to schedule a visit, indicate when. State that you would be glad to provide additional information as needed. Thank the employer for her or his consideration.
Sincerely,
(Your handwritten signature)
Your full name typed

Criteria for an Effective Cover Letter
When possible, address your letter to the specific person who is doing the hiring. You can often find this information with a little research. If not, it is appropriate to write “Dear Hiring Manager” or “Dear Internship Manager.”
Say how you learned about the position or the organization and explain why you are applying for a job. Be specific. Example: “I am looking for an internship in life sciences and biotech and saw your advertisement on the Biotechinternship.org website. “
If you learned about the position through someone in particular, or if someone recommended that you apply, mention that. It is a way to immediately tell your reader that other people believe that you are a good potential hire. For example: “My biotechnology teacher, Ann Lucasio, is very familiar with your program and encouraged me to apply.” 
Call attention to elements of your background—education, leadership, experience—that are relevant to a position you are seeking. Be as specific as possible. If you are applying for an internship as a research assistant for an organization that researches the biological causes of autism, you might say,  “I have recently completed coursework in biology, chemistry, and biotechnology with an overall GPA of 3.2. I am reliable and responsible. I have also worked part time after school for my next door neighbor, taking care of her son, who is autistic, while she is at work.”
Think of ways to show your commitment and enthusiasm. Remember that this may be your only opportunity to stand out in your quest for getting an interview. Example: “I enjoy doing experiments and research. When we were working on our project for biotechnology class, I did extra research on my own and asked my teacher to help me conduct an additional experiment to test my hypothesis.” 
Provide or refer to any information specifically requested in an internship or job posting that might not be covered in your application or resume, such as availability date or an attached writing sample.
Indicate what you will do to follow up (if appropriate). Example: “I would like to give you a call a week from Friday to make sure you have received my application.” Pay attention to the instructions, though; some organizations specify that they do not want to receive phone calls or follow-up emails.
Do not let even one spelling or grammar error slip through. Review your letter several times and have at least one other person proofread it.
If the internship requires it, have current references lined up to vouch for you. Past employers, teachers, and current colleagues would be appropriate people to recommend you. Some internships may also require a letter of recommendation as part of the application. 

Cover Letter Example
Review the following cover letter, which is tailored to the job description on the following page. With a partner, make notes in the margin next to each element of the letter and highlight any phrases or sections that make the letter particularly effective.
55 Ellsworth Dr.
Boston, MA 02108
555-723-8943
jarbuto@bu.edu
March 3, 2015
Dr. Emma Johnson, Senior Researcher
Warren Biotech Inc., Summer Internship Program
101 Beluga Road
Warren, MA 01083
Dear Dr. Johnson:
My biotechnology teacher, John Longworth, suggested that I contact you to apply for the summer internship program at Warren Biotech Inc. 
I see from your website that your company conducts research related to epidemiology. I am extremely interested in this field. In addition to taking biology and chemistry, I am a member of the Academy of Health Sciences at my high school. I intend to take every course offered through that program by the time I graduate and earn a National Academy Foundation certification in health sciences. Someday I would like to work toward eradicating epidemics such as the Ebola outbreak in West Africa. This internship would give me an understanding of what a career in scientific research would be like. 
Attached please find my resume and recommendation from Mr. Longworth. I can also supply more references. I look forward to hearing from you on March 31, 2015. Thank you very much for this opportunity.

Sincerely,

James Arbuto

Enclosures: resume, recommendation, application
Internship Description
Position: Summer intern
Date Posted: February 5, 2015
This internship provides 15 high school students interested in pursuing a career in epidemiology with hands-on experience with laboratory (bench) research as well as clinical (patient-oriented) research. Many graduates of this program have gone on to pursue successful careers in biotechnology with an epidemiological emphasis.
At the conclusion of the internship, all students will be expected to make a presentation on their work. The presentation will include a three-minute prepared speech and accompanying visuals. 
Commitment: July 6‒27, 2015 (Three weeks, 35 hours per week)
Eligibility Requirements:
· Must be at least 16 years of age on or before July 5, 2015
· Must have completed one year of high school biology; candidates with one year of chemistry also are preferred
· Minimum GPA of 2.8
· Must be recommended for this internship by a teacher
· Must be proficient user of Microsoft Word and Excel
Stipend: 
Students who successfully complete all requirements of the internship will receive a stipend of $500.00.
How to Apply: 
Submit the following materials by March 30, 2015:
Application
Cover letter
Resume
Teacher recommendation
Email these materials as attachments to:
Dr. Emma Johnson: ejohnson@warrenfuturebio.org
You will receive an email verifying receipt of your application materials by March 31, 2015. No calls or inquiries regarding the status of your application will be answered before that time. Final decisions will be made by April 10, 2015.
Student Resource 11.4
Assignment: Internship Cover Letter
Directions: You are going to write a cover letter for a specific internship. Before you begin, read through all of the instructions. Then read the assessment criteria at the end of this assignment to make sure you understand how your work will be assessed.
Assignment Overview
The goal of this assignment is to write a cover letter for a specific internship. Here’s what you will do to get started:
Your teacher will provide you with an internship ad.
In the first column of the chart below, make a list of the requirements and/or qualifications the internship provider is looking for in the ideal candidate. List all of your own qualifications and experience in the second column that might match what they are looking for. 
Then, referring to your list, begin writing your cover letter. Remember to follow the cover letter format shown in Student Resource 11.3. Also, you may want to refer to the notes you took during the guest speakers’ visit. 
Matching the Qualifications 
In the left column, make a list of all the experience, skills, and qualifications the internship provider is seeking. Then try to match your experience, skills, and qualifications by listing them in the right column.
	What they’re looking for
	What I can offer

	Example: completion of science high school coursework
	Example: completed courses in Biology, Chemistry, Anatomy and Physiology, and Biotechnology

	



	

	



	





	



	

	



	

	



	

	



	

	



	


Make sure your assignment meets or exceeds the following assessment criteria:
The cover letter includes all of the elements of a standard cover letter in the proper sequence. 
The cover letter provides specific examples of why the student is a good internship candidate.
The cover letter conveys the student’s enthusiasm for this opportunity and a willingness to learn and work hard.
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The cover letter is free of spelling and grammar errors.
Copyright © 2014‒2016 NAF. All rights reserved.

Copyright © 2014‒2016 NAF. All rights reserved.

Student Resource 11.5
Draft: Annotated Procedure
Student Names:							 Date:			
Directions: Fill in each section completely. It will help you plan your annotated procedure and gather your questions. 
Annotated Procedure, Questions, and Challenges
A. Begin this section by explaining how you chose a specific procedure for transformation. Include the sources you used to make your selection. Write your notes here: 






B. In the Step column, write down the steps of the procedure. In the Notes column, write down how you know about that step, why you think that is the next step in the procedure, or any resources or information that would help you take that step. In the Concerns/Issues/Questions column, record what you still need to find or don’t understand; also note problems that maybe encountered. See the example on the next page for more guidance. If you run out of space, copy this organizer onto a separate sheet of paper. Write your draft on a separate sheet of paper to hand in for feedback.
	
	Step
	Notes
	Concerns/Issues/Questions

	1
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Example: Annotated Procedure
Here is a partial annotated procedure for the glowing yogurt. These steps come from the middle of the procedure.
	
	Step
	Notes
	Concerns/Issues/Questions

	1
	Grow our chosen bacteria cells in Elliker Broth. 






	Elliker Broth, also known as Lactobacilli Broth, is used for cultivating streptococci and lactobacilli, particularly in dairy procedures.
We chose to use this medium in our procedure because it contains nutrients to support the growth of our bacteria (streptococci and lactobacilli).  (https://www.bd.com/europe/regulatory/Assets/IFU/Difco_BBL/212183.pdf) 
	Would inserting these “glowing” genes also introduce harmful genetic materials that would make people sick? Would some people have allergic reactions to the new genes?

	2
	Wash the cells in special electroporation buffer 





	Washing the cells helps remove salts and other contaminates that would interfere in the electroporation (transformation). High salt content in the cell solution could cause damage the bacterial cells.  http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2628074/ )
	What is electroporation buffer? Is there a specific buffer solution for each bacteria type? 


	3
	Add DNA plasmid containing glowing genes from Vibrio fischeri 









	[bookmark: _GoBack]Two plasmids have been shown to contain the genes necessary for bioluminescence. We modeled this step of our procedure after reading the procedure for transforming E.coli. Transformation Experiment Using Bioluminescence Genes of Vibrio fischeri” by James Slock. (http://2010.igem.org/wiki/images/3/32/4449975.pdf )
During electroporation, cells are exposed to a high-voltage pulse in the presence of exogenous nucleic acid. The high voltage causes the cellular membrane to be temporarily permeable, allowing the foreign nucleic acids to enter the cell. Every cell type requires slightly different electroporation conditions that must be determined experimentally. We have based our procedure on reading: “Optimizing Electroporation Conditions in Primary and Other Difficult-to-Transfect Cells.” (http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2628074/ ) 
	Will the bacteria we have selected for yogurt culture be able to take in the two plasmids from the glowing organism we selected? How big are these plasmids compared with the bacterial DNA?
We couldn’t find any information on transforming streptococci and lactobacilli bacteria using electroporation only E.coli.. We don’t know if this method would work for these bacteria. 


	4
	Transfer bacteria cells and DNA plasmid to special cuvette tube for electroporation. Be sure that there are no bubbles in the tube. 


	Procedure step based on reading Bio-Rad technical note: “Optimization of Electroporation Conditions with the Gene Pulser MXcell™ Electroporation System.” (http://www.bio-rad.com/webroot/web/pdf/lsr/literature/Bulletin_5622.pdf) 
Bubbles in the sample solution can cause “arching” of the electrical current and damage the sample.  
	



