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PROGRAMS AND PARTNERSHIPS

Biotechnology training at California State University, Hayward:
a model program
S Benson and C Baysdorfer

Department of Biological Sciences, California State University, Hayward, Hayward, CA 94542, USA

The Biotechnology Certificate Program (BCP) at California State University, Hayward was initiated in 1986 in
response to industry demands for qualified employees in the molecular life sciences. This 9-month post-baccalaur-

eate program includes laboratory courses in recombinant DNA techniques, protein chemistry, PCR, DNA sequen-

cing, animal cell culture as well as two lecture courses in molecular biology. Rigorous selection at both entry and exit

stages of the program ensures knowledgeable graduates with a greater than 90% employment placement. Corporate
participation has been a cornerstone of the BCP and we anticipate continued cooperation in the future as the pro-

gram evolves to meet the expanding needs of the biotechnology industry. Journal of Industrial Microbiology & Biotech-
nology (2000) 24, 364-366.
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lished in 1986 to meet the personnel requirements of th iques we now take for granted such as: HPLC, immuno-
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Over the past 12 years the BCP has graduated 110 stu- L . :
dents and placed 101 of them in the biotechnology industr To establish the curriculum, we conducted a series of

and in government and academic laboratories. The progra ;ﬁﬁ“ﬁ;ﬁﬁ \gg?/ ’%?;ZOB?;LQ%%?SS;S c%mpzzligtlsﬁeaglsfgf
was initiated in response to a series of inquiries from,[hem to identify the spectrum of skills they would expect
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company, BioResponse. These companies realized a need _: X , .
for new employees trained in the basics of biochemistrybaS|gned a curriculum that would provide students with the
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require senior scientist-level applicants, but applicants fam—ears the curriculum has been modified to meet changing

e e S erd"Siemands and techmiques requred by the btecmology
: P industry. For example we originally offered a course in

qualified applicants with sufficient basic technical skills , . . . .
able to step into a research environment and be trained ilrr]nmunochem|stry. The major techniques in this course

the skills required by that company. Given the proximitywere antibody purification, ELISA, immunoblotting and

of several highly regarded universities such as the Univer[mmunocytochem|stry. The Immunochemistry course was

sity of California, Berkeley and Stanford University, this eventually eliminated and these techniques were incorpor-

shortfall of qualified applicants appeared a contradiction.ated into a Protein Chemistry and Characterization course.

Budgetary cutbacks and reallocation of resources had
severely curtailed the laboratory components of many curAdmission requirements and progression
ricula to a point where many traditional courses dispensethrough the program

Application to the program requires a baccalaureate degree

o ] o in biology or chemistry. In addition to the baccalaureate
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laboratory); Biochemistry (with laboratory); Genetics, Cell Biology 6140: recombinant DNA techniques 369

or Molecular Biology (with laboratory); and Immunology. This is a lecture/laboratory course presenting the fundamen-
Applications are considered once a year in the Springtals of recombinant DNA techniques. The course features
Typically we receive between 30-50 applications and 15n-depth analyses of cloning vectors, library construction
applicants are accepted by July 1. These 15 candidates hasad screening, subcloning, site-directed mutagenesis, YAC
4 weeks to accept the appointment to the program. Weonstruction and utilization and mammalian-cell appli-
maintain a prioritized waiting list which is utilized if pri- cations. Laboratory exercises include transformation, plas-
mary candidates do not accept the appointment. Usuallynid and bacteriophage isolation and characterization, sub-
two or three decide not to attend and we use the waitingloning of gel purified fragments, and Southern blot
list. Students in the BCP are also conditionally admitted toanalysis.
the MS program in Biological Sciences. The 28 quarter-
units of the BCP are directly applicable to the 45 quarter-Biology 6146: PCR technology
units required for the MS degree. Approximately 30% of This laboratory course covers the molecular mechanisms of
the students completing the Certificate elect to matriculaté®CR and provides hands-on experience in its use in several
into the MS program and usually take one additional yearesearch scenarios. Topics include primer design and how
to complete a research project and thesis. to optimize PCR by systematically varying reaction vari-
Students in the BCP progress through the program as ables including effects of magnesium ion concentration,
cohort. A grade of ‘B’ or better in each class is requiredprimer annealing temperature, or template concentration.
to remain in the program. Typically one or two studentsOther exercises include targeted DNA amplification from
are disqualified each year. Students who leave the prograplasmid and genomic templates, subcloning PCR products,
for personal or health reasons must reapply and are ndbng-range PCR, RT-PCR to verify the expression of a
guaranteed readmission. Students must pass a compreheransfected gene and applications of PCR technology to
sive objective exam, including mathematical calculationsgevolutionary questions.
prior to awarding of the certificate.
Additional information about the program is also avail- Biology 4480: DNA sequencing and sequence
able at <http://www.csuhayward.edu/acaprogs/biotech/>. analysis
This laboratory course covers the determination of DNA
nucleotide sequence and Internet utilization of databases for
sequence analysis. Exercises include sequencing of single-

The curriculum and double-stranded templates, ‘problem’ templates and

cycle sequencing. All exercises include preparation and
Biology 6151 and 6152: cell and molecular biology running of ABI 377 sequencing gels, automated and manual
1& 1l reading and editing of sequence data, and analysis using

This is a two-quarter series on contemporary cell and moleontemporary software and Internet databases.
ecular biology. In addition to a traditional textbook and lec-
ture format, extensive use is made of the current scientifi@iology 4450: cell culture techniques
literature. Lectures are supplemented with discussiohis lecture/laboratory course covers introductory and
groups and problem-solving projects. Significant use is alsadvanced techniques in mammalian cell culture using
made of ‘online’ databases via the Internet. Topics the firsattached and suspension cultures. Exercises include
guarter include: current cell and molecular techniques, genmethods of cell enumeration, routine maintenance, growth
etic analysis in molecular biology, molecular anatomy ofcurve establishment and analysis, primary culture, kary-
the genome, DNA replication, repair and recombination,otyping, transformation assays, cytotoxicity measurements,
regulation of transcription and RNA processing. cryopreservation, single cell cloning by cylinders and limit-
The second quarter (6152) includes protein synthesis anithg dilution, in vitro differentiation systems, suspension
post-transcriptional control of gene expression, intracellulacultures, and transient and stable transfection.
protein targeting and secretion, membrane structure and
function, growth factors and signal transduction, cell cycle
regulation, extracellular matrix biology, oncogenesis, cell
differentiation and apoptosis. The extent of biotechnology industry participation in our
program has been significant and has taken many forms.
Companies have served as a source of direct financial con-
Chemistry 6430: protein chemistry techniques tribution to a special departmental account. This account
This course is designed to give the student a broad oveis utilized via a variety of applications including seminar
view of techniques in protein chemistry. The course stresselsonoraria, consumable reagents and materials, equipment
good laboratory notebook skills, calculations and experi+epair and capital purchases. Companies have donated thou-
mental write-ups. Topics include: spectrophotometry,sands of dollars in surplus capital equipment and consum-
enzyme extraction, protein quantification, gel filtration andable supplies such as cell culture plasticware, restriction
ion exchange chromatography, affinity chromatographyenzymes, bulk chemicals, and journal subscriptions. Com-
HPLC, isoelectric focusing, peptide sequencing, recombipanies have been a source of internships and employment
nant protein isolation, SDS-PAGE, and immunoblotfor our students. The key to effective corporate partici-
analysis. pation has been in establishing personal contacts. Com-

Corporate participation
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petency is usually a rapidly recognized trait in small to mid-plan to offer these same two courses in the 2000-2001 aca-
size companies of which we have been the greatest benefagemic year. It is anticipated that students completing these
tors. Supervisors become aware of our program through thievo courses plus 2—-3 additional courses in business will
students we place in their units. These individuals are identreceive a certificate in Regulatory Affairs.

ified by former students and inquiries can then be initiated

into corporate donation practices. An advisory council com-Clinical ~research associate: These individuals
posed of representatives from biotechnology companiedesign, implement and manage clinical and animal trials of
serves as a resource for curriculum review, modificationnew biopharmaceuticals. Plans are being formalized to
and development; student mentoring; employment opporteffer a pilot training program in association with our Depts
unities and industry outreach; and fund raising. of Nursing and Statistics.

Bioinformatics: The Human Genome Project and asso-
ciated genome sequencing projects have increased the
Although students complete the BCP training in Junedemands for individuals who combine computer skills with
placement activity begins in April with the mailing of a background of cell and molecular biology. A series of
resumepackages to approximately 200 Bay Area biotech-summer workshops is planned for summer 2000 with indus-
nology companies. Students receive employment counkry representatives to finalize a series of courses on bioin-
selling including resurmepreparation, interview tips and formatics with staffing from industry and the Departments
techniques, and review of GLP and GMP concepts. of Biology and Computer Science.

Student placement

Business development, marketing and sales: A
scientifically literate sales force for established pharmaceu-
The increasing diversity and maturity of the Bay Areatical companies and biotechnology companies is a necess-
biotechnology community has dictated that we offer newity. We are working with our School of Business to estab-
programs and courses that meet the current and perceivdéidh a series of courses that will teach the basics of cell and
needs of the biotechnology industry. The programs outlineanolecular biology to business students and basic business
below are currently being launched or are under discussiorand marketing concepts to science graduates.

Future directions

Regulatory affairs: San Diego State University is init- Forensic science: The application of molecular tech-
iating an MS degree in Regulatory Affairs. The first two niques to Forensic Science is well established. The Depart-
courses in the curricula, RA 573 The Pharmaceutical andnents of Biological Science and Criminal Justice have
Medical Device Industries and RA 575 Introduction to combined to offer a 5-year undergraduate degree in Foren-
Food and Drug Law are being offered this year. Californiasic Science. This program is the only one of its kind in Cali-
State University, Hayward and San Jose State Universitjornia.
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