SEPTEMBER 1994 VOL. 17,NO. 3

STAFF

Francis W. Eaton
Publisher

J.E. Gilchrist
Associate Publisher
Susan Starratt
Director of Marketing
Esta Warshofsky
Advertising Manager
Sandra Lamont
Production Manager
James Ellingboe, Ph.D.
Scientific Editor

Mary T. McCarthy, Ph.D.
Associate Scientific Editor
Thomas J. Stevens
Assistant Editor

Joseph A. Hirsch
Assistant Editor

Daniel A. Picard
Assistant Editor

Bonnie L. Fredman
Editorial Assistant
Ronald Anderson
Editorial Assistant
Bonnie Priest
Circulation Manager

On the cover:

Fluorescent-labeled NGF mRNA pro-
duced by RT-PCR in adult male mouse
salivary gland. Image was collected and
processed quantitatively using an MRC
600 confocal microscope. Image provided
by Thomas R. Van De Water. For further
information see BioTechniques /6:76-80,
1994.

Copyright® 1994 Eaton Publishing Co.
BioTechniques (ISSN 0736-6205) is a registered
trademark of Eaton Publishing Co. and is published
12 times a year at 154 E. Central St., Natick, MA
01760, USA, (508) 655-8282, Fax (508) 655-9910.
Articles are listed in all major informational databases.
Authorization to photocopy items for internal or
personal use, or the internal or personal use of specific
clients, is granted by Eaton Publishing, provided that
the appropriate fee is paid directly to Copyright
Clearance Center, 222 Rosewood Dr., Danvers, MA
01923, USA. Prior to photocopying items for
educational classroom use, please contact the
Copyright Clearance Center, Customer Service, 222
Rosewood Dr., Danvers, MA 01923, USA
(508)750-8400. Second class postage is paid at
Natick, MA, and additional mailing offices.
Subscription Rates: Single copy price $13.
Subscription rate for nonqualified recipients is $95/yr
in the US, Canada and Mexico. International subscrip-
tion: $125 (air mail) or $65 (surface mail) (US funds
drawn on US bank). Qualified recipients in Canada/
Mexico are $25/yr. POSTMASTER: Send address
changes to BioTechniques, 154 E. Central St., Natick,
MA 01760-9898. Sales Offices: California, Joseph
Shea, Phone (714) 494-1723, Fax (714) 497-8387,
United Kingdom, Nick Jones, Phone +44 - 626 -
854622, Fax +44 - 626 - 854644.

V/BEA,

Printed in USA

Vol. 17, No. 3 (1994)

Benchmarks

« A Method for In Vitro DNase I Footprinting Analysis on Supercoiled
Templates

A.TugoresandD.A.Brenner R R I N A A A N A A NN I N N S S S S N B I A S )
« Hints for Direct Sequencing of PCR-Generated Single-Stranded DNA
R.C.Nicholsand N.Rabene ¢« s s s s 6 s s 6 660600000 csscssosssoscse
« Easy-Read DNA Sequencing Gels

JE. Nelsonand SA.KrawetZ ¢« e e s e s 6 s s s 06 s s 000 0sccoscsscse

« Transporting and Storing Field-Collected Specimens for DNA Without
Refrigeration for Subsequent DNA Extraction and Analysis

K. Muralidharan and C. WEIMIMEr o ¢ e ¢ ¢ s 6 ¢ 6 s 6 o 6 0006060 0s0coeese
« Extraction of DNA from Fish Blood and Sperm

S.A.CummingsandG.H.Thorgaard. I R R R S N S R S S N S A A A I )
« DNA Preparations from Aspergillus and Other Filamentous Fungi

PT. Borgia,L.E. EaglelonandY.Miao. e 000006000000 00000000 0
« Plasmid DNA Isolation Utilizing a Novel Nonionic Detergent

M. Altschuler, D.K. Heddens, R.R. Diveley, Jr. and G.C. Kresheck ¢ ¢ ¢ ¢ s ¢ ¢ »
« Repeated PCR of a Gel Band Can Be Used to Obtain a Single PCR Band

Y. Kadokami and R.V. LeWiSe e e e e 6 6 6 6 0 6 6 6 0 60000 0cccosscse
« Hemi-Nested Quantitative Competitive PCR of HIV-1

K. Zimmermann, D. Schogl and JW. Mannhalter ¢« ¢« e e e s 6 s s ¢ 0 s 0 0 0 0o
« Rapid cDNA Cloning by PCR Screening

T. Takumiand HFE. Lodish e ¢ ¢ e ¢ e 6 6 6 6 66 60 s 000 osesecscssos

« An Efficient Procedure for Obtaining Long cDNA Clones from Phage
Library Screening

J.SangandN.L.Thompson 00000000 s 0000 000000000000 00

« A Method for Construction of Bacterial Hosts for lac-Based Cloning and
Expression Vectors: o-Complementation and Regulated Expression

HP. SChWEIiZEr « ¢ ¢ 6 ¢ e e 6 s e 66066060060 c00scsoscscsscsossscese
« Creation of a Rare Cutter Multiple Cloning Site

JD.Hoheisel e e ¢ e 6 0 ¢ 66000 cosssscsoscscsssscsscsscsscsce
« Rapid Allelotype Analysis of p53 Knockout Mice
T.L.TimmeandT.C.ThOmpSOn0ooon.o.oooooooooooooooooo

« Quick Methylene Blue Staining for Visualizing Virus Plaques in Titration
Experiments

P.D. Ghlrlnghel]l and V.ROmanowski ¢ e e e e s s s 6 s 000 s0cocesccsecs
« Generating Customized, Long-Lived 3?P-Labeled RNA Size Markers
Pngglt,S-HChengandEJBaker @60 00000000000 c0 00000000

« UV Cross-Linking of RNA to Nylon Membrane is Suitable for Northern
Blot Hybridization Using a Digoxigenin-Labeled DNA Probe

M.SatO,M.MiZObUChiandJ.Takahara e s 0000000000000 00 00000

FAXBacK. . ..ottt iieereeeeeecocsssoasnnnnns
BioTechNet® . .ovvivieneeeeenseessesansaenses

Short Technical Reports
« Nonradioactive, Solid-Phase DNase I Footprints Analyzed on an A.L.F.
DNA Sequencer™
R. Sandaltzopoulos, W. Ansorge, PB. Becker and H. VOSSe o ¢ ¢ 0 s ¢ 0 0 ¢ 0 o o

« Improved Accuracy in Direct Automated DNA Sequencing of Small
PCR Products by Optimizing the Template Concentration

S.M. Hyder, C. Hu, D.S. Needleman, Y. Sonoda, X.-Y. Wang and V.V. Baker « » »

(Contents continued on next page)

A PRODUCT OF EATON PUBLISHING CO.

410
412
416

420
426
430
434
438
440
443

446

452
456
460

464
465

468

440
472

474

478

BioTechniques 397



Biolechnioues

SEPTEMBER 1994 VOL. 17,NO. 3

A PRODUCT OF EATON PUBLISHING CO.

« Application of Cycle Dideoxy Fingerprinting to Screening Heterogeneous
INFORMATION FOR AUTHORS Populations of the Equine Infectious Anemia Virus

BioTechniques is a peer-reviewed in- J.L. Langemeier, R.F. Cook, C.J. Issel and R.C. Montelaro e ¢ e e e ¢ s 6 0 0 ¢ « 484

ternational journal that serves scientists « Comparative Sensitivity of Alternative Single-Strand Conformation

engaged in basic and applied research. Polymorphism (SSCP) Methods

Its purpose is to provide state-of-the-art A. vlda‘-PUlg and D.E. MoOller e e s e o e 0o s 00 0c0oocsocccocssssss 490
information about laboratory techniques. « Large-Scale Screening of Yeast Artificial Chromosome Libraries

Authors are invited to submit manu-
scripts that describe original methods,
new materials, instruments and computer

Using PCR
J.V. Khristich, J. Bailis, K. Diggle, A. Rodkins, A. Romo, J. Quackenbush and
G A EVaNS e o e s s 6 0000 s 0 soceoecscccscsoccssscsscsococcsacn 498

software.
» Quantitation of Two Histochemical Markers in the Same Extract

Submission Requirements Using Chemiluminescent Substrates

Contributors should first request a % K.L. O’Connor and L.A. Culp e e 0000000000000 0000000000 502
mission kit by contacting the BioTech- « Ligand Binding Assays with Recombinant Proteins Refolded on an
niques editorial office. This kit contains Affinity Matrix
complete instructions, copyright assign- D. Sinha, M. Bakhshi and R. VOra ¢ ¢ s ¢ s 6 s 6 s 6 6 6 6 s 606 60006 000es 509
ment forms and other information neces-
sary to meet the submission requirements. BiOFeatureS
Article Categories « A Microchip for Quantitative Detection of Molecules Utilizing
~ Several types of papers are published Luminescent and Radioisotope Reported Groups
in BioTechniques. These include M. Eggers, M. Hogan, R.K. Reich, J. Lamture, D. Ehrlich, M. Hollis, B. Kosicki,
Benchmarks (very brief communica- T. Powdrill, K. Beattie, S. Smith, R. Varma, R. Gangadharan, A. Mallik, B. Burke
tions), Short Technical Reports, Lab andD.WallacE o e e o e ¢ ¢ ¢ e 0606000 ccecccososscsocccsssscscae 516
Safety Tips, BioFeedback (correspon- . . .. .
dence about previously published pa- « A Survey of Nucleic Acid Services in Core Laboratories
pers), Reviews, Overviews, BioFea- R.T. Pon, G.A. Buck, R.L. Niece, M. Robertson, A.J. Smith and E. Spicer ¢ ¢ ¢ o » 526

tures, Research Reports and Product

Application Focus articles. Specific de- Research Reports

scriptions of each category and details

for manuscript preparation are provided « Nucleotide Sequencing Double-Stranded Plasmids with Primers
in the submission kit. Selected from a Nonamer Library
. - J.L. Slightom,. J.H. Bock, D.R. Siemieniak, G.D. Hurst and K.L. Beattice « « « « « 530
Review, Acceptance & Publication . K
Upon receipt, manuscripts receive a « PCR-Based DNA Typing of Saliva on Stamps and Envelopes
preliminary evaluation. Preference is M. Allen, T. Saldeen and U. Gy]lensten S0 00000000000 00000000 0 546

given to novel techniques of obvious « DNA Sequencing: Modular Primers for Automated Walking
value to a significant number of BioTech-

niques readers. Papers should be con- L. Kotler, I. Sobolev and L. Ulanovsky R I R R I SN S N 554

cise, clearly written and well organized. « Strategy for Epitope Tagging the Protein-Coding Region of Any Gene

DUC.KO the large number of manuscripts P. Surdej and M. Jacobs-Lorenae ¢« e o s s s 6 6 6 6 606060606006 000cce0soe 560
received, many that do not meet these

criteria are returned promptly without fur- | | * Detection of a Point Mutation Using Short Oligonucleotide Probes in
ther review. Suitable manuscripts are re- Allele-Specific Hybridization

viewed anonymously and confidentially A. litid, M. Mikola, N. Gregersen, P. Hurskainen and T. LOVErene o o o o o o o o o 566

by qualified independent referees. The « Automated DNA Sequencing Using 4-Color Fluorescent Detection of

editorial office will attempt to return re- . . s .
viewers’ comments to authors within one Reactions Primed with Hexamer Strings

month of manuscrip[ receipt, and every W.R. McCombie and J. KieleCZaWae o ¢ o o ¢ 6 6 6 6 o 6 006 6 0000 ccecose 574
effort will be made to publish papers

within six months of final acceptance. Product Application Focus

Some papers receive higher priority for

publication because of reviewer recom- « ScreenMax™ Plasmid Mini-Prep: Super Rapid Plasmid DNA

mendations, or timeliness and appropri- Extraction Method

ateness for special issues. Y. Kadokami, M.A. Co]gin, PW. Yesgar andR.V.LewisS s e 6 6 6 6 606 606000 580
BioTechniques Editorial Office « A New Protease Activitp' Assay Using Fluorescence Polarization 585
Eaton Publishing Co., 154 E. Central St., R. Bolger and W.ChecOViCh e e e e e 6o 00 00000 osococsocsscocse

Natick, MA 01760, USA

Phone:(508)655.8282 NewPrOductS.........0...........O....'..... 590
Fax: (508) 655-4356 R

EMail: jellingboe @biotechnet.com Index to Advertisers .........ccovveeienieen.. 599

Vol. 17, No. 3 (1994) BioTechniaues 399


mailto:jellingboe@biotechnet.com

Short Technical Reports

SHORT TECHNICAL
REPORTS

Manuscripts published in the
Short Technical Reports section are
shorter and less comprehensive in
scope than full Research Reports.

| N

BioFeedback

BULLETIN BOARD

Place your comments, questions,
tips, suggested modifications, etc.,
to any paper in BioFeedback on
the BioFeedback Bulletin Board.

Note: The BioFeedback Bulletin
Board can be found in the Forum
on BioTechNet

474 BioTechniques

Nonradioactive, Solid-
Phase DNase I Footprints
Analyzed on an A.L.F.
DNA Sequencer™

ABSTRACT

Solid-phase DNase I footprinting pro-
vides a powerful tool for analyzing the se-
quence-specific interactions of DNA bind-
ing proteins. Classically this type of assay
requires radioactively labeled DNA mole-
cules. Substitution of the isotope by
fluorescein labeling of the DNA fragments
enables the analysis of footprint patterns
on a standard automated laser fluorescent
(A.L.F) DNA Sequencer™. The combina-
tion of solid-phase footprinting technology
and fluorescence-based nonradioactive de-
tection of fragments has unique advan-
tages over established footprinting tech-
nologies.

INTRODUCTION

One of the advances in molecular
biology technology in the recent years
is the development of automated DNA
sequencers (1,5) which use on-line de-
tection of fluorescently labeled DNA
fragments in high resolution polyacryl-
amide gels and direct data storage in a
computer. Automated DNA sequencing
technology is widely distributed in
large-scale DNA sequencing labora-
tories and is becoming increasingly
popular also in small-scale sequencing
facilities. It has been shown previously,
that such devices cannot only be used
as DNA sequencers, but as DNA frag-
ment analyzers in general, e.g., for
analyses of RFLPs, primer extension
experiments, restriction fingerprinting
or microsatellite PCR products (6).
However, the technology has not yet
been adapted to the analysis of DNA-
protein interactions by DNase I foot-
printing that also requires high-resolu-
tion analysis of DNA fragments (3).
Recently, Sandaltzopoulos and Becker
(4) described an adaptation of the
standard DNase I footprinting proce-
dure using 32P-labeled fragments to
solid-phase technology that minimizes
the duration of the assay and endows it
with versatility.

Here we describe that solid-phase
DNase I footprinting using fluorescein-
labeled DNA combined with fragment
analysis on an A.L.F. DNA Sequen-
cer™ (Pharmacia Biotech, Uppsala,
Sweden) provides a powerful tool for
DNA-protein interaction studies with
several advantages over the established
procedure that requires radioactive
DNA.
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Figure 1. Outline of nonradioactive, solid-
phase footprinting. A PCR fragment containing
the hsp70 promoter was generated as described
(4) with 100 pmol of biotinylated primer A and
100 pmol of fluoresceine-labeled primer B. To
the completed PCR, an equal volume of 4 M
NaCl was added, and the unpurified biotinylated
PCR product was immobilized on 5 mg of strep-
tavidin-coated paramagnetic beads (4). The
DNA beads were washed and finally resus-
pended in 100 uL 2 M NaCl/10 mM Tris-HCl,
pH 7.5, 1 mM EDTA. 10 pL of DNA beads were
used for a solid-phase footprinting reaction (4)
which provided material for 10 gel runs. The
footprinting reactions require incubation of im-
mobilized DNA with the sequence-specific bind-
ing protein (here: HSF) to allow complex forma-
tion, partial DNase I digestion and purification
of the nicked DNA fragment by high-salt buffer
washes while still attached to the beads. The re-
action products were heat-denatured, 10% were
electrophoresed on a 6.5% (29:1) denaturing
polyacrylamide gel under standard DNA se-
quencing electrophoresis conditions and ana-
lyzed on an A.L.F. DNA Sequencer (Figure 2).
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RESULTS AND DISCUSSION

The combination of nonradioactive,
solid-phase DNase I footprinting and
DNA fragment analysis on an A.L.E
DNA Sequencer is schematically de-
scribed in Figure 1. Suitable DNA frag-
ments harboring the presumed protein
binding site are prepared by poly-
merase chain reaction (PCR) using a
combination of a biotinylated primer
and a fluoresceine-labeled oligonu-
cleotide. It is also possible to generate
the biotinylated and fluorescent frag-
ments by isolating suitable restriction
fragments and filling in the ends with
the corresponding nucleotide deriva-
tives and Klenow polymerase (6). As
previously described (4), the labeled,
biotinylated fragments are immobilized
on streptavidin-coated paramagnetic
beads (Dynabeads® M-280 Strepta-
vidin; Dynal, Oslo, Norway) and puri-
fied from unincorporated primers and
free nucleotides during subsequent
washes. The protein binding reaction,
as well as the DNase I digestion and
washing steps, is performed with the
immobilized DNA fragments in respec-
tive buffer systems as described (4).
Finally, the fluorescently labeled frag-
ments are released from the beads by
the addition of loading buffer contain-
ing 96% formamide and dextran blue
(6 mg/mL), heat denatured and analyzed
on a denaturing high resolution (6.5%)

polyacrylamide gel as described (1).
Beads do not interfere with electropho-
resis and automated detection. Figure 2
shows an exemplary result of the frag-
ment pattern obtained from a footprint-
ing reaction assaying the binding of
Drosophila melanogaster heat shock
factor [HSF, (2)] in crude extracts from
HSF-expressing Escherichia coli to
heat shock elements in the hsp70 pro-
moter. Binding of HSF to the heat
shock elements is deduced from the ab-
sence of fluorescent fragments (peaks)
in a window (shaded bar) correspond-
ing to sequences that are protected
from DNase cleavage by HSF as com-
pared to the control reaction without
the protein. Flanking the binding site, a
hyper-reactive phosphodiester bond
(HS) is also observed that presumably
reflects a distortion of the DNA helix
upon protein binding.

The combination of nonradioactive,
solid-phase DNase I footprinting with
fragment analysis on an A.L.F. DNA
Sequencer offers several advantages
over the standard procedure using ra-
dioactive DNA. The radiation risks are
eliminated, and no wastes that need
special disposal are produced. Since the
fluorescence label does not decay, im-
mobilized template and standards can
be stored for years until needed. More-
over, since the label is not a substrate
for phosphatases, the described proto-
col is the method of choice when work-
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Figure 2. Raw data output of a footprinting reaction assaying the binding of D. melanogaster
(HSF) in crude extracts from HSF expressing E. coli to heat shock elements in the hsp70 pro-
moter. The fluorescein-labeled fragments from the footprinting reaction were analyzed on-line after
laser beam excitation on an A.L.F. DNA Sequencer. Upper lane: Control reaction with fragment pattern
obtained in the absence of HSF protein. Lower lane: Fragment pattern obtained in the presence of HSF
protein. The extent of the HSF “footprint” is indicated by the horizontal bar. A hyperreactive site (HS)

is labeled with an asterisk.
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ing with crude extracts that contain
phosphatase activity. The pattern of
fluorescent fragments generated by
DNase I digestion are processed on-
line and can be analyzed directly using
appropriate software (e.g., GenSkipper,
developed at EMBL, Heidelberg, FRG,
available from C. Schwager, EMBL).
Raw data need not be evaluated imme-
diately but can be stored indefinitely.
The option of peak quantitation that
will become available in the future with
the development of appropriate soft-
ware might be important in cases where
partial occupancy at a protein binding
site necessitates precise evaluation.
Analysis is cost-effective, no film is
needed to visualize the footprint and no
gel scanning is required. Hands-on
time is reduced significantly, and hence
the total time required until the result is
known is in the order of from 3 to 4
hours. The use of 60-cm long high-
resolution gels allowing separation of
up to 1000 bases offers the possibility
to analyze even longer regions contain-
ing several sites of DNA-protein inter-
actions (7).
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