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Introduction

Food, fuels, drugs, and specialty chemicals are all currently being produced by the action
of microbial and animal cells in culture. An increasing emphasis on renewable feed

stocks, due to both environmental and resource availability issues will only lead to an in-

crease in the use of bmased manufacturing methods and a concomitant increase in the

number of Biomanufacturing facilities and the need for trained employees.

The NBC2 (National Biomanufacturing Center and Collaborative) is an NSF funded Ad-

vanced Technology Education Project aimed at developing the infrastructure and training
materials to support the growing Biomanufacturing industry. A disseminated center,

NBC2 operates through a series of regional hubs and alliances housed in community col-

leges across the United States and representing in turn the various facets of this diverse

industry.

In a 2009 survey of 23 biomanufacturers, 70% of the 19 responding companies projected
that in the near future they would be hiring cell culture technicians, purification techni-
cians, and quality control microbiology technicians. A smaller percentage of companies
Indicated they would be looking for quality control chemistry technicians, instrumenta-
tion or calibration technicians, facilities technicians, validation specialists, and documen-
tation coordinators. The survey results indicate that more than 200 Biomanufacturing
technicians will be needed in 2011 and approximately 840 in 2013. As the industry
grows and matures, it is expected to produce not only biopharmaceuticals, but also bio-

fuels, industrial enzymes, bioplastics, and replacement tissues and organs through the‘/‘/ .

use of regenerative medicine techniques.

Working closely with representatives from the Biomanufacturing industry, the NBC2 has
developed a number of curricular materials focused on skills and concepts needed by en-
try level employees in the Biomanufacturing industry. These materials includedrands

lab exercises suitable for a wide range of educational institutions and environments; a
conventional texbook authored by industry representatives; a series of traveling work-
shops aimed at higechool and community college faculty; computer simulated chroma-
tography and bioreactor operating exercisedjramodules for incumbent worker and
Industry employee training; and an annual conference consisting of intensive workshops,

lectures, and discussions about effective training and learning methods.

This poster will present the educational products of the NBC2 and discuss the impact
that NBC2 has had on expanding the number of Biomanufacturing educational programs
and increasing the number of graduates entering the biotechnology and Biomanufactur-

Ing workforce.

Hands-on Exercises

The Global Biomanufacturing Curriculum

The global Biomanufacturing Curriculum developed by NBC2 consists of hands on ex-
ercises in upstream and downstream processing, EH&S, Validation, QC and QA, and
metrology designed to simulate the operations in a modern Biomanufacturing facility

making therapeutic proteins and subject to cGMP requirements. Applicable to a wide va-

riety of education settings including well equipped laboratories as well as those schools
In the initial stages of developing Biomanufacturing training programs these exercises

il nclude equi pment SOPOs, producti on

In the major job fields encountered in Biomanufacturing. Central to these exercises are
three production systems through which students are taken through the process of cell

growth and product purification.

Comprehensive Biomanufacturing Laboratory Manual

This comprehensive laboratory manual contains the three core production systems as
well as egui pment SOPOGS and
the Northeast Biomanufacturing Center and Collaborative and available in full color or

black and white versions. Formats include spiral bound print versions as w@lfiat e

versions. 398 Pages. COLOR VERSION Retail PRINT Price $]&etail
DOWNLOAD Price $29° BLACK AND WHITE VERSION, Retail PRINT Price
$292° Retail DOWNLOAD Price $14°

Also available are manuals cov-
ering the individual production
systems including:

CHO - tPA Core Production
System Lab Manual
This manual focuses on produc-
tion of tPA- tissue Plasminogen
Activator (tPA), produced by
mammalian cells ( CHO cells).
Handson equipment and proc-
esses covered within include
Upstream and Downstream
Processing and Quality Control
Biochemistry SOPs along with a
Quality Assurance Batch Re-
cord.

Pichia pastoris- HSA Core
Production System
This manual focuses on Human
Serum Albumin (HSA) secreting
Pichia pastorisyeast cells.
Handson equipment and proc-
esses covered within include
Upstream and Downstream
Processing and Quality Control Biochemistry SOPs along with a Quality Assurance
Batch Record. 108 Pages (Full Color)

Escherichia coli- GFP Core Production System
This manual focuses on Green Fluorescent Protein (GFP) prodisxhgrichia coli
cells. This laboratory manual is meant for use in introductory biotechnology courses at
the high school and community college levels. It covers handxjuipment and process
SOPs for the production of GFP witHi coli. Students will learn basic laboratory skills
such as micropipetting, media and buffer preparation, and serial dilutions.
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Puerto Rico

The Northeastern Alliance (New England States and NY, NJ, PA, DE, MD, VA and WYV) is the lead

for the Northeast Biomanufacturing Center and Collaborative with four Hub Directors:
BigPharma Hub Director — Linda Rehfuss at Bucks County Community College, Newtown, PA;

e X er c Big@pitoMHailp Rireqgar e o Byrket atdconmnaunityddllegs yf Baltimore County, Catonsville, MD
New England Hub Director — Ron Marino at Minuteman Regional High School, Lexington, MA;
Upstate New York Hub Director — James Hewlett at Finger Lakes Community College, Canandaigua, NY.

The | ab

Each NBC? Hub Director oversees a local consortium of industry, institutions and organizations and serves as subject matter expert on one or more biomanufac-
turing areas. The Northeast Hubs have developed hands-on instructional materials and resources for ten biopharmaceutical biomanufacturing jobs. These mate-
rials are available at www.lulu.com with a support site at www.biomanonline.com. The NBC? is developing chapters for a biomanufacturing textbook with its
industry partners (publication date set for summer 2011), virtual laboratories for biomanufacturing education and training with ATeLearning, biomanufacturing
apprenticeships, a certification exam for graduates of college programs in biotechnology and biomanufacturing, and curriculum for crossover industries that use
the same core skills.

Midwestern Alliance — Hub Director Sengyong Lee, Ph.D. at lvy Tech Community College, Bloomington, IN

The Midwestern Alliance (AR, CO, LA, NM, OK, TX, IL, IN, IA, KY, KS, MI, MO, MN, NE, ND, OH, SD, WI) with its Hub at Ivy Tech in Bloomington has local partners
including Cook Medical, Cook Pharmica, BioConvergence, and Baxter Solutions. The lvy Tech-Bloomington campus features a 25,000 square foot education and
training and economic development Indiana Sciences Center built with a county bond to support the local biomedical and biopharmaceutical manufacturing
industry. As leader of BEAM (the Bioscience Educators Alliance of the Midwest), Dr. Lee has partners throughout the region including, Eli Lilly and Company, the
first biopharmaceutical manufacturer in the nation and the following institutions with bioscience programs: Madison Area TC, Indian Hllls CC, Saint Louis CC,
Henniman TC, Lansing CC and BioOhio. The Midwestern Alliance focuses on online offerings in quality assurance and regulatory affairs, including regulations for
both biopharmaceutical products and medical devices. Ivy Tech-Bloomington hosted BIOMAN 2010 from July 12t - 15,

Southern Alliance —Hub Director William Woodruff at Alamance Community College, Graham, NC

The Southern Alliance (AL, FL, GA, MS, NC, SC, PR, TN) with its Hub at Alamance Community College has many partners in North Carolina, including the global bio-
manufacturers Biogen Idec, Merck and Novartis. Alamance Community College is the site of the nation’s first government-funded targeted initiative for biotech-
nology and biomanufacturing development in 1985. Throughout the years, North Carolina community colleges have been given resources to develop their
programs to support and grow the bioscience/biomedical/biopharmaceutical industry. The 11,000 square foot biotechnology and biomanufacturing edication
and training center occupies the third floor of the college and is outfitted with state of the art equipment including a 15 liter SIP stainless steel bioreactor. The
college has an ongoing relationship with the BTEC Center at North Carolina State University which focuses on hands-on biomanufacturing training on industrial
scale equipment and processes. The Southern Alliance focuses on the development of education and training materials for regenerative medicine. Alamance
Community College will host BIOMAN 2012 from July 16t — 19t

Western Alliance — Hub Director Mike Fino at MiraCosta College, Oceanside, CA

The Western Alliance (AZ, CA, HI, NV, AK, ID, MT, OR, UT, WA, WY) with its Hub at MiraCosta College in San Diego County has two major local industry partners,
Genentech (now Roche) and Invitrogen (now Life Technologies), and two up the California coast at Amgen and Baxter. With a huge biotechnology cluster of over
750 biotechnology companies and a strong industry organization , the industry is maturing fast in San Diego. The area’s relatively recent focus on algae biofuels
has netted a S4 million “Innovation Hub” grant from the state of California to create job training programs for workers in this emerging industry. MiraCosta
provides education and training at their impressive bioprocess training facility which was built and equipped with the help of local industry partners and the
Department of Labor funded National Center for the Biotechnology Workforce (www.biotechworkforce.org). The Western Alliance hub at MiraCosta focuses on
the development of education and training materials for making biofuels, particularly biofuels from microalgae. MiraCosta College will host BIOMAN 2011 from
July 11t - 14,

Biomanufacturing Textbook

Working closely with industry representatives, NBC2 has overseen the writing and beta

testing of a comprehensive Biomanufacturing textbook. Ranging from Operational Ex-

cellence to Process Development the 500 pages of this text provide a comprehensive in-

troduction to the field of Biomanufacturing with regard to the production of therapeutic

proteins but also applicable to the larger field of Biomanufacturing including the produc-
tion of fuels, and specialty chemicals.

Slated for general release in the summer of 2011, the text is currently being vetted in
NBC2 associated training programs around the country. Like previously published labo-
ratory manuals the text will be available in both print aidiet versions. Additionally,

individual chapters will be available allowing the customization of training programs
and the use of the text in educational programs that may not have a dedicated manufac-

turing course.

Table of contents
Chapter 1 Introduction
Overview: Engineering Unit
Chapter 2 Op. Excellence
Chapter 3 Facilities
Chapter 4 Metrology
Chapter 5 Validation
Chapter 6 EHS

Overview: Quality Unit

Chapter 7 Quality Assurance

Chapter 8 Microbio. Control

Chapter 9 Quality Control: Bio
chemistry

Overview: Production Unit

Chapter 10 Upstream Process.

Chapter 11 Downstream Proc.

Chapter 12 Process Develop.

Work -shops and Professional
Development

Workshops and professional development opportunities are available to faculty at secon-
dary schools, community colleges, and universities in order to teach thedmaaxisr-
cises offered as part of the global Biomanufacturing curriculum. These workshops and
meetings serve to connect the wider world of faculty interested in or developing Bio-
manufacturing curriculum with one another and to facilitate the development of educa-
tional and training programs centered on Biomanufacturing.
BioMan is a four day meeting/workshop offered each summer. Consisting of workshop
tracks geared for the novice, intermediate, and advanced practitioner, key note speakers,
vendor shows, poster sessions, and short special topics talks and workshops the BioMan
conference brings together educators to directly participate in the activities of the global
Biomanufacturing curriculum.

A se- ries
of four-day workshops aimed primarily at secondary school teachers seeks to expand the
world of biotechnology education from the traditional research and development focus to
the manufacturing sphere. Teachers take part in exercises that they can take back to their
classrooni expanding the horizons of their students to the world of Biomanufacturing
in the process.

Impact of the NBC2

In order to measure the impact of the NBC2 ongoing evaluation is conducted of the cen-
ters activities and the degree those activities address the centers goals. The following
data are taken from the latest evaluation completed in the Spring of 2010. The survey
was launched online on February 24, 2010 andmaiedistributed to partners inviting

them to participate. Nenompleters were sent three subsequenag reminders

through the online survey software system in one week intervals. After the published
deadline date of March 24, 2010, the external evaluator followed up personally with sev-
eral individuals who had begun the survey but not completed it and several who had
complL Pt eed 1T e BT Rl D% Yeoagwmogs SHEV OV Dhill
The survey requested that education partner organizations provide data for the Fall 2009
semester. If data was not available for that period, it was requested that respondents use
the most recent available data.

On College and University Degree and Certificate Program EnrollmentSurvey re-

sults indicated an enrollment increase5®.7% when compared to the Fall 268@ring

2008 enroliment figure of 1,769. Similarly, reported college level enrollments increased
from 1,505 to 2,353 during the same time frame. These students were enrélienion
technology degree programs in 17 states in fall 2009. Huattyof these biotechnology
programs seven fouyear colleges, six high schools, and 21-tear colleges had at

least 1 NBC? biomanufacturing course within their degree program. Five community
Ccol e ges a5 O S hoolas - g
facturing curricular materials during 2010 to develop and grow their new programs to
support local and regional biomanufacturers.

On Secondary School ProgramsAgain, survey results indicated an increase in enroll-
ment in secondary school biotechnology courses and program&ébfor 20072008

to 349 in Fall 2009More than 100 high school teachers participated in professional de-
velopment opportunities at 6 Protein Is Cash workshops that were held in 6 states during
2010. Approximately 10,800 high school students benefited from the instruction their
teachers received.

On Graduation and Certificate Completion: Twenty-six programs that responded to

the survey had graduates in Fall 2009, 264 students with a college degree (representing
11% of all biotechnology students currently enrolled in college programs), and 64 stu-
dents with a high school degree (representing 18% of all biotechnology students cur-
rently enrolled in high school programs).

On the Biomanufacturing Workforce: Of the Fall 2009 graduates, a large percentage
(38%) of community college students enrolled in biotechnology programs matriculated
to universities. However an even greater percentage (44%) entered the biotechnology
workforce.
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