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Biotechnology is becoming an information-based field. In this article we describe some resources available to
instructors, show how these resources are used in the biotechnology training program, and provide examples of
activities used by non-science majors to increase their understanding of biology. We discuss some of the challenges

we have encountered using these tools in the classroom. Journal of Industrial Microbiology & Biotechnology (2000) 24,
314-318.
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Introduction Although researchers have used DNA sequence analysis
Ten years ago molecular biology research was primaril;LOOIS for the past decade, courses that teach or incorporate

g?fg?tgcé?]du:]nd es;rsrlglrl‘ dliﬁbogitgré?smfgat egggﬁﬁmr?et:f dg:gi'graduate students. Improvements in network technology
9 9 g and the rapid proliferation of free resources on the internet

The genome sequencing projects have produced new tecf- . . . .
nology and a tidal wave of data that have changed the sca ave made it possible to start using these tools with a more

. ; ; iverse group of students, including those with a limited
of biology forever. Commercial products are now qvallable nowledge o?biology For examplegopen access to scien-
that can be used to analyze thousands of genes in a smg{fl i literature thrbugh databe’lses like  PubMed
experiment. Public data repositories are growing eXpO .. . : . o
. . ttp://www.ncbi.nlm.nih.gov/) provides new opportunities
?het?tl'i/ill\l/\)//\}vwiggiBrirrLk’niha Ovr;at;]c;réal roiver??gr;%?\taiiaﬁg?es or students at community colleges and high schools whose
P- . -nim.nin.gov), 9 libraries can’t afford to carry a wide variety of scientific

;huirl]e?ﬁ?dems"!\%n 0'? i::j'glhj s‘? fggg egﬁﬁilﬁhfﬁﬁ;ghtﬂg;gﬂ Sjournals. Access to scientific literature is essential to under-
: standing results from bioinformatics experiments.

still require experiments, this massive influx of data has ;
triggered a corresponding shift in the field of molecular Students at Seattle Central Community College use

biology, changing a largely experimental science performe BRANTAICE &8 B 08 I MY e e
on a small scale to a science based on information. 9

Bioinformatics, an interdisciplinary field that combines discover general principles through the study of biological

computer science, software engineering, and biology, ha%equences. Students - majoring in biotechnology use

emerged to meet the c_:hallenges_ of h_andling large _datg se ﬁqa?ye's?sc?o;gae%%ei aE[(i)o npaﬁr;o;{gbgggénglj Crﬁ ZiagghBC;?]w?;]
Although this article will focus primarily on the application '

of bioinformatics to the analysis of biological sequences Eg tLetazn[Zg,Sai?W(:ltlthfjle\?g grgnize&é%ggwgg %ngisiggr{n%n\g—\
the field encompasses many areas including the develoﬁ);-bq t yN . ors taki 93;]
ment of algorithms and software for data entry, data stor=% oBr_a orthOlIJrses. é)rgsc[ence n:jajors d axing coursesl sucl
age, analysis, statistics, annotation and tools for linkin s Biotechnology and Society and students in entry leve

experimental data with biological sequences, biochemica gg?g gglgs?rs; euﬁgti:)hr?alsg;nni etrofoolrSBFi’gf{Z cﬂw(;:) resltr)]?or;:_es
pathways, and published literature. Researchers in ac P y 9y

demic laboratories and biotechnology companies spend a ?L?géyﬁgfr:élhggr:{ém'nf(?&igg?jl?éhégggle)hts by heloin
increasing amount of time engaged in bioinformatics activi- em become more familigr with information tec);molggyg
ties. Routine tasks include setting up databases, storing argﬂ] o : . . . X

: : . - e ability to locate reliable information on the internet
processing data}, performing my!tlple calcula tions on Iargeconcerning health and biological issues has become increas-
sets and prepfarl_r;_g_gra_phis. (f ddr']tlonal ta?kbs_m ?'gh'th.roughi'ngly important for all members of society. All citizens
put genome facilities include the use of bioinformatics to ; ; . S
track sequencing efficiency, identify malfunctioning equilo_need to know where to find reliable information in order

' make informed decisions when they vote on public
ment, assemble long contiguous sequences from seveﬁ Y P

19
: : alth policy, when they discuss health care with their
shorter sequences, identify clones, and analyze and annot - ’ ; . .
sequence data. gysmlans, and when they consider having children.

ioinformatics have been limited to upper division or

Bioinformatics resources
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not attempt to provide a comprehensive review in this arti-Community College (SCCC) offers a 2-year program in 315

cle but will limit our discussion to the resources that we biotechnology. Graduates of the program currently work at
have used most extensively in the classroom. The most uséall-time positions in more than 36 companies and 13 non-
ful resource has been NCBI. NCBI was established by therofit institutions in the Puget Sound area. In the first year
late Senator Claude Pepper in 1988 as part of the Nationalf the program students take academic courses that serve
Library of Medicine. NCBI's mission is to develop new as prerequisites for a wide variety of scientific fields. These
information technologies to aid in the understanding of fun-include chemistry (inorganic, organic, and biochemistry),
damental molecular and genetic processes that contrgeneral biology, microbiology, composition, precalculus,
health and disease. and computer applications. The only course specific to
A central aspect of NCBI's program is managing Gen-biotechnology in the first year of the program is a two-
Bank, an annotated collection of all publicly available DNA quarter seminar series that introduces students to the local
and protein sequences. NCBI also supports and distributéadustry and equips students with job hunting skills.
a wide variety of databases for the medical and scientifi@iotechnology skills are emphasized in the second year.
communities. These include databases of moleculaBtudents take a year-long laboratory course in biotechnol-
sequences, inheritance of genetic information, scientifiogy in addition to courses in media and solution prep-
literature, and more specialized resources. In our coursesayation, scientific computing, technical writing, genetics,
we have used Online Mendelian Inheritance in Manquantitative analytical chemistry, and immunology.
(OMIM), a Gene Map of the Human Genome, Genes and SCCC'’s biotechnology laboratory course was designed
Disease, the Taxonomy Browser, GenBank, Entrez, andith two goals in mind. The first was to provide our stu-
PubMed. NCBI also provides programs to query these datadents with marketable skills. The second was to remain
bases and review the scientific literature. One tool that idlexible in order to respond to a rapidly changing industry.
heavily used is BLAST. BLAST (Basic Local Alignment Using these goals as a framework, we designed a year-long,
Search Tool) is a set of programs designed to search datproject-based, course that provides extensive hands-on
bases of protein or nucleotide sequences with a quergxperience with laboratory technigues commonly used in
sequence [1,5]. Researchers use BLAST to ask if anyocal industry.
sequences in the database are similar to their query Students begin the project in the Fall quarter by cloning
sequence. This activity is central to predicting gene funcrestriction fragments fronk. coli that increase production
tion from sequence data. of B-galactosidase. They characterize the cloned fragments
A BLAST search returns a set of sequences from thehrough restriction mapping, PCR, Southern blots, DNA
database that are similar to the query sequence along wiequencing, and bioinformatics. In the second quarter, stu-
accession numbers (or links) that can be used to retrievdents use enzyme assays and SDS-PAGE to identify clones
an annotated record for each sequence. Annotations ofteéhat produce a large quantity gFgalactosidase, then they
contain cross references to other sources of informatiopurify B-galactosidase from selected strains. In the last
such as additional sequence records, specific databasesaurarter, students purify antibodies gfgalactosidase and
scientific literature. develop an ELISA that they use to quantBygalactosidase
BLAST and other search tools are used when a sequendée unknown samples. Over time the laboratory course has
is in hand. Questions about sequences in GenBank, basbgen updated to incorporate material on quality systems
on their annotations, can be addressed by using Entreregulations [current good manufacturing practices (CGMPSs)
Entrez has a web-based interface that provides users wittnd good laboratory practices (GLPs)] and place an
access to sequence, mapping, taxonomy, and structuraicreased emphasis on the development of computer skills.
data. It also provides graphical views of sequences and
chromosome maps. Sequences can be retrieved by a numBfoinformatics for biotechnology majors
ber of criteria including gene names, author names, an@8iotechnology students learn how to use bioinformatics
keywords that describe gene function. during their course in scientific computing. They apply their
We have also made extensive use of the Baylor Collegskills in the biotechnology lab course to study a DNA
of Medicine Search Launcher (http://www.hgsc.bcm.sequence that they obtain from a fragment of DNA that
tmc.edu/SearchLauncher). Search Launcher contains they've cloned from thé&. coligenome. During this project
well-organized collection of links to a wide variety of pro- students complete the following steps: (1) Determine the
grams for analysis of nucleotide and protein sequences. length of their DNA sequence; (2) Use their DNA sequence
Text editors and word processing programs such as M$o identify the restriction fragment that was cloned from the
Word can be used for bioinformatics, also. These programg. coligenome; (3) Create a computer-generated restriction
can be used to determine the length of DNA sequences andap from theE. coli sequence and compare it to restriction
to locate specific strings of characters, such as restrictiomaps obtained experimentally by restriction mapping and
sites, within a larger sequence. Southern hybridization; (4) Use annotations to determine if
their cloned fragment contains previously identified pro-
moter sequences and if those promoters might be used for
driving expression ofacZ in pMC1403; (5) Determine if
Our biotechnology students make extensive use of bioinfortheir cloned fragment contains any open reading frames
matics, therefore we will present the most detailed descripfORFs), whether those ORFs correspond to previously
tion of classroom bioinformatics activities in relationship identified genes, whether a translational fusion might have
to the biotechnology training program. Seattle Centralbeen created between a coding sequence fagdlacto-

Overview of the biotechnology training program
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sidase and if so, to predict the size of the fusion proteinmid DNA is isolated fromlac+ clones. The cloned frag-
and (6) Search the literature available through PubMed anthents of E. coli DNA are further characterized by
discuss the possible function of any genes located withimestriction mapping and Southern hybridization. After-

their cloned fragment.

Materials and methods

Plasmid libraries are constructed froEw coli genomic
DNA by digesting it withEcoRl and BanHI and ligating
it to pMC1403 [4], also digested witkcdRl and BarrHI

(Figure 1). pMC1403 contains a modifiéatZ gene that is

wards, theE. coli DNA fragments are subcloned into pBC
SK+ (Stratagene, La Jolla, CA, USA), amplified by poly-
merase chain reaction (PCR) and used as templates for
DNA sequencing. Sanger dideoxy sequencing is carried out
using a biotin-labeled primer complementary to the T3 pro-
moter. Products of the sequencing reactions are separated
by electrophoresis and transferred to a nitrocellulose mem-
brane. Newly synthesized DNA fragments are identified

missing a promoter and a translational start site. Clonessing streptavidin and biotinylated alkaline phosphatase as
that contain potential promoter sequences are identified bs detection system (personal communication, Maureen

screening them on L agar containing 100 ml™ carbeni-
cillin and spread with 4Qul of X-gal (20 mg mf?) [4]. Plas-

E. coliDNA EcoRl
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BamHI/EcoRl

Ligate
Transform
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Figure 1 Isolation and subcloning d&. coligenomic DNA.E. coliDNA
was digested witlEcoRl andBanH| and ligated to pMC1403. Each group
of students selected lac+ clone to characterize. Plasmid DNA was iso-
lated and mapped with restriction enzymes, then the fragmeBt cbli
DNA was subcloned as aBcaRl/BanH! fragment into pBC SK. The
region between the M13 Universal forward and reverse primer binding,
sites, including théecaRl/BanHI fragment with the clonedE. coli DNA

Munn, University of Washington High School Human Gen-
ome Program, (http://hshgp.genome.washington.edu).
Students read the DNA sequences from the filters and
store them as MS Word files. Sequences are analyzed using
a variety of different programs, including MS Word,
BLAST [1], Entrez [7], the programs accessed through
BCM  Search Launcher, and Webcutter 2.0
(http://www.firstmarket.com/utter/ut2.html).

Sequence analysis results

The following results are from a representative project car-
ried out by students in the biotechnology class of 1998.
A 159-base sequence was obtained from pSJ12, a plasmid
containing a 3.1-kbEcoRI/BanH| fragment cloned from

the E. coli genome. The number of nucleotides in this
sequence was determined using ‘character count’ tool from
MS Word.

The 159-base sequence was converted to a FASTA for-
mat by two different methods, either by using ReadSeq
from BCM Search Launcher or directly in MS Word by
typing a >’ and a character return. The FASTA-formatted
sequence was used to query the GenBEnkoli database
using the blastn program from BLAST 2.0 [1,2,5]. The best
score E value=1 x 10%4) was obtained for a region of the
E. coligenome between nucleotides 2301701 and 2314975
containing theyojl gene (Accession number AE000310).
The E value corresponds to the number of matches that
would be expected to be seen by chance if one were to
search a database containing a certain number of sequences
[1]. The nucleotide alignment between the 159-base query
sequence and the section of tBecoli genome containing
yojl showed 91% identity (146/159 bases matched). A
blastn search also performed against the nonredundant data-
base (all of the GenBank sequences) identified three separ-
ate entries for the same region of tke coli genome E
value=1x10%?). No other scores with a significari
value were obtained.

Next, the accession number (AE000310) was used to
retrieve the complete nucleotide sequence of the 13,275
contiguous sequence containingpjl. The EcoRl and
BanH]I sites in this sequence were located by two methods.
In the first method, the ‘Find’ tool in MS Word was used
to search for the sequences ‘GAATTC’ and ‘GGATCC'.
The ‘character count’ tool was used to determine the dis-
tance between these restriction sites by counting the num-
ber of letters. Word is used as an analysis tool, in part, to

was amplified by PCR and sequenced using a biotinylated T3 primer t§€inforce the notion that sequence information is contained

direct DNA synthesis.
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to locate restriction sites for enzymes that recognize a sixthe idea of regulatory sequences for transcription and trans- 31

base sequence. ThHganHI site most likely to border the lation. To accomplish these goals, two different DNA
cloned fragment was found near the 159-base sequence ssquences were placed at a class web site. Students were
would be expected since that region is close to the bindingold to copy the sequences, paste them into a form at the
site for the T3 primer used for sequencing (Figure 2). TheBCM Search Launcher site, and choose the ‘translate’ func-
EcdRI site was located 3140 nucleotides away from thetion. Students were also told to record their observations
BanH]I site, consistent with experimental data from restric-and write down any questions they had about the results.
tion mapping. The location and presence (or absence) dfhe first sequence contained a hidden message that the stu-
the other mapped siteP¢t and Sal) were also consistent dents would recognize. The second sequence consisted of
with the student-generated restriction map (data not protein coding sequence flanked by additional nucleotides
shown). at the 5 and 3 ends. Even though many students thought
Entrez was used to determine the orientatiogaf rela-  they understood the relationship between RNA and DNA,
tive to thelacZ coding sequence in pMC1043. The clonedthey were astonished to find that each sequence could be
EcaRI/BanH| fragment was predicted to contain either atranslated in six different ways. Some of the questions they
promoter or a translational start site because it increaseasked were, why are there stars in the sequence? The trans-
the production ofB-galactosidase protein when inserted lation program uses stars:)(to represent stop codons.
upstream ofacZ in pMC1403 (BIO 285-287 student data, Which of the six sequences is correct? How does the cell
1997-98). An examination of the coding sequenceyfjf  know which sequence to use? These questions typically
and its orientation relative to thBanHI site showed that lead to a discussion of sequences that punctuate the gen-
the position of the insert allowed the correct translationalome, controlling where the processes of transcription and
reading frame to be maintained, creating a fusion betweetranslation start and stop.
the yojl protein andp-galactosidase. Thus, transcription of A second activity we've used is to have students use
yojl-lacZ fusion protein would be driven by thgojl pro-  BLAST to obtain information about an ‘unknown’ DNA
moter and use the ribosome binding site and translationadequence. The objectives for this activity are: (1) to under-
start codon fronmyojl. stand how the information stored in a DNA sequence can
The students were unable to locate experimental data fdve used to uncover the function of a gene; (2) to discover
the function ofyojl from PubMed. However they did find that different organisms contain similar genes; and (3) to
that a putative function foyojl as an ATP-binding compo- learn how to use databases to obtain information about
nent of an ABC transport system had been assigned basegnes. Entrez was used by the instructor to retrieve cDNA
on sequence homology [3]. ABC transport systems aresequences for a variety of genes, from diverse organisms,
defined as a group of proteins that contain three conserveahose functions are known. These sequences were placed
functional domains, a nucleotide-binding domain, a mem-on a web page and assigned to small groups of students.
brane-spanning domain, and a solute-binding protein [6]Students were asked to determine the organism that their
Entrez was used to find genes relategagl. Several genes sequence probably came from, describe the possible func-
were listed, all coded for proteins involved in transportingtion for the protein encoded by their gene, determine if any
small molecules across membranes, consistent with thether organisms have closely related genes, and use
putative function foryojl. PubMed to obtain additional information about the function
of their gene.
Bioinformatics activities for biology students and
non-science majors
Learning activities based on bioinformatics can be usefu
for all students with an interest in biology. We will describe Seattle Central Community College students have been
two types of activities in this section: translation of DNA using bioinformatics for the past 3 years as a tool for study-
sequences and the identification of ‘unknown’ DNA ing biology in many types of courses. For the most part,
sequences. students have found the research projects and assignments
The learning objectives for the translation activity are todescribed here to be useful learning activities. In this sec-
have students discover that DNA contains coded infortion, we will discuss some of our experiences using bio-
mation and begin to construct a model of gene anatomynformatics in the classroom.
that goes beyond the protein coding sequence to include A successful experience with bioinformatics will depend
on the quality of computer support available at an individ-
ual school. If the school server and student e-mail accounts
i DNA sequence are unreliable and the internet connection is inadequate for
BamHi EcoRlI the number of students in a course, then students can easily
become frustrated. Instructors must also learn to manage
new classroom challenges, such as preventing students
from printing 30 pages of a BLAST report. Students can
become frustrated when servers are down or they follow
Figwgz A“g”mef”tthcgthci "152;1%352 sequence g?%”égﬁgl";iittzsthsofcme'links that no longer exist. A BLAST search from the West
zz(r)iﬂg"t]r?eri%ﬁgdosequénce gre iden.tified. Numbers shown below the Iing:OaSt in the middle of th_e afternoon can be excrumatlngly
correspond to the nucleotide position in tecoli genome. Also shown  SIOW. Although BLAST will return search results by e-mail,
are the genes in the cloned fragment and the direction of transcription. Students who lack experience with e-mail are reluctant to

Piscussion

yojl alkB ada
2,305,195 2,308,349
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make use of this option. These challenges are magnifiediith using a rapidly changing resource like the internet as
in entry-level courses or courses with non-science majora classroom tool. And a few problems arise from pioneering
because these students are not as comfortable using comesources developed for scientists in classrooms with stu-
puters and saving files to a disc. dents who possess little background knowledge of biology.
Effective methods for finding biological information are Nevertheless, bioinformatics has an untapped potential as
not intuitively obvious. Often students don’t look carefully a learning tool. We forsee the day when biological dis-
at their results or even read the entire page on a comput@overies can be made by amateurs connected to the internet
screen. Thus in the classroom it is important to focus orin the same way that amateur astronomers race to find stars
strategies, and to provide practical examples, for how t@nd comets.
use and access these growing information resources.
The dynamic environment of the internet presents chalAcknowledgements
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In this last section, we described some challenges toe

using bioinformatics effectively in the classroom. As we
have described, some of the problems are related to th
instructor’s experience and to the computing resources at
the individual school. Some of the problems are inherent

Journal of Industrial Microbiology & Biotechnology

J Collado-Vides, JD Glasner, C Rode, G Mayhew, J Gregor, N Davis,
H Kirkpatrick, M Goeden, D Rose, B Mau and Y Shao. 1997. The
complete genome sequence Bécherichia coliK-12. Science 277:
1453-1474.

4 Casadaban MJ, J Chou and S Cohen. 1880itro gene fusions that

join an enzymatically active beta-galactosidase segment to amino-ter-
minal fragments of exogenous proteifscherichia coliplasmid vec-

tors for the detection and cloning of translational initiation signals. J
Bacteriol 143: 971-980.

Ouellette BF and MS Boguski. 1997. Database divisions and hom-
ology search files: a guide for the perplexed. Genome Res 7: 952—-955.
Quentin Y, G Fichant and F Denizot. 1999. Inventory, assembly and
analysis ofBacillus subtilisABC transport systems. J Mol Biol 287:
467-484.

% Schuler GD, JA Epstein, H Ohkawa and JA Kans. 1996. Entrez: mol-

ecular biology database and retrieval system. Meth Enzymol 266:
141-162.



