



































































































































































































































Characterization and use of linking libraries in Chromosome 21
restraction map construction, Denan Wang, Akihiko.Saito,
Jose P.Abad, William M.Michels, Cassandra L.Smith and
Charles R.Cantor. Lawrence Berkeley Laboratory, University of
California, Berkeley, CA 94720.

A top down approach to mapping and ultimately, sequencmg
the human genome starts by the conmstruction of a low resolution
restriction map of each chromosome. Bffective procedures have
been developed for constructing Not I linking librarics starting
from chromosome-specific genomic librarics. Seventcen unique
single copy Not I linking clones from human chromosome 21
were identified in two libraries. Their chromosomal origin was
confirmed, and rcgional location cstablished by using hybrid cell
pancls. Hybridization experiments with these probes revealed
pairs of genomic Not I fragments and neighboring Not 1 sites.
Additionally, partial digestion as well as cell line polymorphism
strategies were us¢ to scc ncighboring fragments, These strategies

construct maps in regions for which linking clones are not ideatified.
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Cloning of Yeast Arificial Chromosomes by glecmoporation, M. Bell and R. K. Mortimer,
Lawrence Berkeley Laboratory and Department of Molecular and Cellular Biology, Division Of

Biophysics, University of Califomia, Berkeley, CA 94720. A smong bias against the cloning of
larger Yeast Artificial Chromosomes (YACs) by spheroplast-PEG transformation has been
observed. Although treatment with polyamines facilitates the cloning of larger YACs, the smaller
Yeast Aruficial Chromosomes in any given ligation mixture are cloned preferentially. In an atempt
to eliminate this problem, we are exploring electroporation of both spheroplasted and intact yeast
cells. Since electroporation of S, cergvisiae is a relatively new field, we are currently establishing
basic electroporation transformation procedures with conwol plasmids.

References
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DETECTION OF DNA SEQUENCES WITH CHEMILUMINESCENCE

Irerra Bronstein, Tropix, Inc., 47 Wiggins Ave., Bedford, MA
81730

Non-isotopic detection of DNA sequences has most commonly been
achieved with fluorophores and, in some cases, with alkaline
phosphatase as the label which can be detected with a
colorimetric substrate BCIP/NBT. We have develcped a new
substrate for alkaline phosphatase 3-{2’/-spiro-adamantane)-4-
methoxy—-4-(3"-phosphoryloxy) phenyl-l,2-dioxetane (AMPPD"™),
which chemiluminesces upon enzymatic dephosphorylation. This
substrate when coupled with suitably engineered oligonuclectide
probes provides ultrasensitive detection of DNA in Southern
blots, and rapid detection of DNA sequences in the genonmic
sequencing protocols. DNA prcobes which were labeled with biotin
and incubated with streptavidin-alkaline phosphatase and AMPPD
allowed the detection of subpicogram guantities of target DNA
using Southern analysis. Chemiluminescent detection of DNA
sequences using the genomic sequencing procedure of Church and
Gllbert revealed images of sequence ladders on X-ray film with
exposure times of less than 30 minutes, as compared to 40 hours
for a similar exposure with a 32p labeled oligomer. The
demonstrated shorter exposure times would permit more freguent

serial reprobings of DNA sequences.
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-] - +*urad DNA Fragmants
gis

roes an AQ R4

A novel way of forming electrophoresis gels and
separations that can be achieved with these gels are
dascribed. The gel-forming procedure is
straightforwvard, begina with a stock solution of
copolymer and does not involve texic chemicals, oxygen
excluaion, free radical polymerization or heating.
Gels of polymer content greater than 2% are readily
obtained and these provide media in which excellent
separation and resolution of non~denatured DNA

fragments up te 5,000 bp can be achiaved.

Authors: Kenneth G. Christy, Jr., David B. laTart,
Eans W, Osterhoudt and Ignazio S.
ponticello. Life Sciences Research
lLaborateries, Eastman Kodak Company.,

Rochester, New York 14650=2122.

HWO:jrs/#081C

10/13/89
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Inscrumentation Development for Molecular Biology

J.B. Davidson
Instumentaton and Controis Division
Oak Ridge National Laboratory

Ultra low light level detection and imaging are techniques with potentially wide
application in several areas of molecular biology. Among these are analysis of 2-D protein
gels, sequencing gels and mapping blots. In addition, they can provide the basis for 2-D
detectors in the important area of 3-D molecular structure determination by neutron and x-
ray crystaliography and small angle scattering. In theses applications, film can be
eliminated and images of the fluorescent and radioactive bands and diffraction spots can be
accumulated in a digital memory for analysis. The principles can be applied at the
microscopic level for neuronography and in situ hybridization studies.

Progress will be reported on:
-Electronic autofluorography developments
-A "lensless” radiation microscope development
-A P.C. based 2-D detection system for neutron and x-ray diffraction
-A novel viewing aid to reading sequencing f{ilms, the "Unsmiler”
{Demonstration)
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Advanced Concepts for Base Sequencing in DNA

J. H Jett, R. A Keller, J. C. Martin, E. B. Shera
Life Sciences Division, Los Alamos National Laboratory, Los Alamos, NM 87545
(505) 667-3843, FIS 843-3843

We are addressing the problem of rapidly sequencing the bases in large fragments of DNA. The
ideas presented represent the combined effort of a multidisciplinary task force composed of
physicists, physical chemists, cellular and molecular biologists, and organic chemists. To reduce
mapping requirements, the emphasis is on sequencing methods that are rapid, require little DNA,
and are capable of sequencing large fragments. After evaluation of several physical approaches to
sequencing, the decision was made to proceed with a modified-flow cytometer approach that
employs laser-induced fluorescence to detect individual fluorescent molecules. A large fragment of
DNA, approximately 40 kb in length, will be labeled with base-identifying tags and suspended in
the flow stream of a flow cytometer capable of single molecule detection. The tagged bases will
be sequentially cleaved from the single fragment and identified as the liberated tag passes through
the laser beam. We are projecting a sequencing rate of 100 to 1000 bases per s on DNA strands
approximately 40 kb in length.
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Exparimental Apparatus for Pulsed Field Electrophoresis Research
W.F.Kolbe, J. E. Katz, S§. E. Lewis and J. M. Jaklevic

Enginesring Division and Human Qesnomes Centar

8L stc.atc.

A test apparatus for research and davelopment {involving pulsed-
field gel-slsctrophoresis has besen constructad. The system includes
a 24-node computer-controlled power supply capable of independent
programming and sequencing ¢of individua] attached electrodes. An
sxperimental gel-box associated with the system is designed to
provide flexibility in terms of {individual electrode design and
array geometries. A closed Joop cooling system maintains pracise
control of buffer temperature with minimum parturbation to the
streamiine flow across ths gel. Computaer calculations are used to
define the eslectrode voltage distributions regquired to gensrate
specific eletric field profiles within the gel-ragion. A repetitive
cycle of the calculated voltage distribitions can be impoaed on the
elsctrods array under scftware contreol in order to implement a
variety of existing and experimental pulsed~fiald slactrophorssis
protocels., A three dimensional precision manipuiator allows computer
controllead scanning of the gel with interchangeable probes 1in order
to map the spatial distribution of voltage, buffer temperaturs, pH,
etc. Detalls of the system will be described and preliminary results
obtained using a linear variation in the dwell times of homogensous,

switched electric fields will be pressnted.
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CLONING LARGE HUMAN INSERTS

Andrew A. Kumamoto, Ronald Law*, Robert Deans®, and Philip Youderian.
California Institute of Biological Research, La Jolla, CA 92037; *MBI, UCLA, Los
Angeles, CA 90024; *Department of Microbiolegy, USC School of Medicine, Los
An - les, CA 80033.

We héve devised a protocol for preparing large fragments of human DNA (250-
450 kbp) based on a procedure for preparing phage P22 DNA. This procedure is
rapid {about three hours), requires a minimum number of manipulations, and, most
importantly, does not use phenol or lengthy dialysis steps. 44 kbp phage p22
DNA prepared is this manner has been shown to have 4 to 5-fold greater biological

activity than phenol-extracted phage DNA.

We are developing a novel vector that will permit the cloning of these
large (250-450 kbp} segments of human DNA. This vector will carry large human
inserts as segments of E. coli F plasmids. Several human {and, for that matter,
E. égli) sequences cannot be maintained on high copy number vectors, including
traditional cosmid cloning vectors, and only can be recovered intact as single
copy clones. Therefore, we are testing three different single-copy origins

derived from F {oriV, eriVII, and oriS)} as possible vector origins. To

facilitate the preparation of large amounts of insert DNA, these vectors will
be modelled after F'::Mud-P22 elements that may be amplified to very high caopy
number {e.g., 500 copies/cell of a 250 kbp plasmid) after a terminal induction

event,
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MANIPULATION OF SINGLE DNA MOLECULES IN A MICROQSCOPE STAGE. M. F. Maes-
tret, M. Miller, S. Goolsby}, W. johnstont, C. Bustamante®, Lawrence Berkeley Laboratory,
Berkeley CA. and *Chemistry Dept. University of New Mexico. Supported by NIH Grant
#Al08427 and "GM32543 and by the t Director, Office of Energy Research, Scientific Computing
Staff, U.S. Dept. of Energy, contract DE-ACQ3-765F00098, and by the § + LBL Human Genome
Center.

The aim of the project is to develop techniques that will permit the visualization and manipula-
tion of a selected single DNA motecule for the purposes of mechamcal or chemical alteration of
the molecule. To this goal we have designed a microelectrode chamber with a spatially distri-
buted electrode network of microscopic dimensions to be used in | with a fluorescent imaging.
The electrode network consist of 24 electrodes of dimensions of 10 micrometers in thickness
separated from each other by 10 micrometers. With the development of the technique, we hope
to do controlled single molecule chemistry. By this we mean the ability to bring a DNA molecule
to a particular enzyme which is ttnmobilized in a specific region of the microchamber and after
reaction to move the resuitant products to further manipulation or reaction in other regions of the
chamber.

The project can be divided into approximately four parts: a) design and operation of the
microelectrode array, b} determination of the field strengths in the spaces in the microelectrode
array ¢) manipulation strategies for the orientation, stretching, immobilizing and selection of sin-
gle DNA molecule in the microscopic stage by the use of the forces induced by the microelec-
trode array. d) Measurement of the dynamics of electro-optic relaxation, field free relaxation and
the viscoelastic properties of single DNA molecuies. This will permit the measurement of the
optical properties of single oriented DNA at the microscopic level. It ailows the observation of
alterations of local structure (at the resolution of the microscope objective) monitored through the
changes in the polarization parameters or intensity of the fluorescent signais.

The measurement consist of labeling the DINA molecule with a fluorescent intercalating dye, e.g.
acridine orange (AQ), or ethidium bromide etc. The labeled DNA molecule is then placed on a
slide that has micro-electrodes deposited on its surface. The position, motion and shape of the
molecule is visualized by the technique of epi-fluorescence microscopy. The fluorescence emitted
by the labeled DNA is visualized by and intensified video camera. The voltage of each of the 24
electrodes is controlled by a computer, allowing the manipulation of the DN A on a microscopic
scale. The images are continuously recorded for processing by image analysis programs.

As an example of the possible measurements available with this technique, we have studied the
field-free relaxation behavior of a single DNA molecule that has been extended by an electric field
and allowed to relax at zero field strength under Brownian motion. The length of the stretched
DNA is measured as it shortens as a function of ime. The relaxation time is a measure of the
hydrodynamic forces affecting the DNA molecule, the elasticity of the molecule, and the total
length of the DNA {or melecular weight).

When the DNA molecule is totally stretched under the applied electric fields, waves can be seen
propagating down the length of the molecule. These waves are analogous to the vibrations seen
in a stretched string and are a function of the tension of the string and the modulus of the
material. Consequently, the measurement of the velocity of propagation of the waves will give
information on the rigidity of the DNA molecule { i.e. the Youngs modulus}, a quanbty heretofore
inaccessible to direct measurement.
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Title: Image Acquisition and Processing System for the Analysis of Fluorescence
from Stained DNA Gels, Ronald A. McKean

Current methods for analyzing DNA in gels using fluorescence techniques are inadequate
since results cannot be easily accessed by a computer and are difficult to reproduce. The lack
of instrumentation for converting a fluorescing image into a digitized record for computer
entry and the lack of techniques for standardizing analysis performed under varying
conditions, severely limit usefulness of DNA separation in gels. Overcoming these problems
is essential as needs increase for efficient DNA analysis.

KMS Fusion, Inc. is in the second phase of a DOE sponsored SBIR to develop a system
for direct analysis of fluorescence from stained DNA gels. The system development consists
of a versatile optical scanner, control and analysis software, and acquisition and control
interfaces to an IBM-AT compatible personal computer.

The scanner employs a unique optical system capable of high spatial and photometric
resolution, as well as low light level imaging. Scanning techniques are used to image stained
DNA directly from agarose or polyacrylamide gels. The scanner incorporates many features,
including optical/sensor calibration, modular filter and excitation designs, and selectable
image apertures and magnifications. It is operational through front panel controls or an RS232
port. Image data is made immediately available 1o the computer for further processing.

The software controls the scan procedure, processes image data, creates compact data
files, and presents results in a graphical manner, Lane data can be readily standardized to
provide results in units of concentration and molecular weight. Statistical features are also
provided that allow direct comparison of results fron: lanes contained in one or more gels.

The system utilizes the popular, and inexpensive, IBM-AT compatible personal
computer. Data acquisition electronics and RS232 interface are placed within the computer.

This system offers a practical, inexpensive solution to problems long associated with gel
analysis of DNA. Direct quantitation of fluorescence in stained DNA gels allows immediate
access to the data by the computer. Computer analysis and processing allow data to be
presented in units of concentration and molecular weight. Results from gels electrophoresced
under varying conditions can be compared directly. The analyses are presented graphically as
plots or reconstructed gel images. Unique data processing techniques allow gel data to be
archived using minimal memory.
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ESTIMATION OF THE DNA CONTENT OF HETEROMORPHIC AND ABERRANT
CHROMOSOMES BY BIVARIATE FLOW KARYOTYPING. Barb Trask*, Ger van den
Engh, Joe Gray: Lawrence Livermore National Laboratory, Livermore, CA

For flow karyotyping, chromosomes are analyzed for DNA content and relative base
composition on a dual beam flow cytometer. Improvements in sample preparation,
instrument accuracy and analysis software allow discrimination of all human chromosomes
except 9-12, We have determined the relationship between peak location in a flow
karyotype and chromosomal DNA content determined by quantitative microscopy
(CYDAC). Maternal and paternal-derived homologs of many chromosomes can be
distinguished on the basis of small differences in DNA coantent (3-5%). Heteromorphism
in a population of normal donors was studied. The chromosomes showing the most
variation are Y,21,22,13,14,15,16, and 9. The least heteromorphic chromosomes are
X,2,4,7,8, and 17. Some variants could be correlated with variation in the size of regions
identified by chromosome-specific repetitive sequence probes. DNA contents determuned
from flow measurements of hetermorphic chromosomes are correlated closely to earlier
CYDAC measurements on the same individuals. Family studies show that
heteromorphisms are faithfully inherited. Deletion and insertion detection using flow
karyotyping will be discussed in light of nommal heteromorphism. For example, the DNA
content of chromosome 21 can differ by as much as 50% among normal individuals. A
series of lines with X chromosome abnormalities with DNA contents ranging from 0.49 o
1.85 times that of a normal X was flow karyotyped. Measured DNA content change was
linearly related to that predicted by cytogenetics. Small deletions in chromosome X of =2
Mbp, below the limit of banding resolution, were detected and quantified using flow
karyotyping. Flow karyotyping is also a means to rapidly monitor somatic cell hybnds for
the presence of intact human chromosomes.

Work performed under the auspices of the U.S. DOE {(contract W-7405-ENG-48) with
support from USPHS grant HD-17665. '
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ABSTRAGCT TITLE:

Chemiluminescent Imaging of DNA in Electrophoretic Agarcse Gels
AUTHCORS »

Doris Willis, B.S. Medical Technology.

Paul A. Gray, M.S. Biclogy,

Rosemarie F. Werba, M.S3. Environmental Education,

Robert W. Coughlin, Ph.D. Chemical Engineering, P.E.,

Edward M. Davis, Ph.D. Biochemistry, SymBiotech, Inc.,.
8 Fairfield Boulevard, Wallingford, CT 06492,
{2303) 284-7465.

ABSTRACT:

We have developed a new chemiluminescent (C.L.) labkeling
procedure for visualizing DNA in electrophoreti¢ (E.P.) gels that
is safe and sensitive. C.L. imaging eliminates the danger of
mutagenic dyes such as ethidium bremide (EtBr) and hazardous u.v.
light. In addition, C.L, imaging of DNA in electrophoretic gels
is more sensitive than EtBr staining. When Lambda DNA in agarose
B.P. gels is stained in EtBr (5 ug/ml) for 30 minutes and then
destained in 50 mM Tris buffer, pH 6.5, for 30 minutes only 3 ng
of DMA is detectable. In contrast., 0.8 ng of DNA is detectable
by C.L. imaging. Our preocedure employs streptavidin-
horseradish peroxidase {SA-HRP)!, luminol, and peroxide. DNA is
biotinylated with photo-active biotin (Photoprobe, Vector
Laboratories}, electrophoresed in 1% agarose in TBE buffer at 10
v/em for approximately one hour, affinity labeled with SA-HRP,
and soaked in luminol-peroxide solution for 5 minutes. The
luminous image of DNA in the E.P. gels is recorded with Polarcid
612 £film using contact prints. Both Hind III Lambda DNA and KB
DNA ladders have been visualized with this technigque.
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Single-stranded DNA Imaged using Scanning Tunneling
Microscopy

by David Dunlap and Carlos Bustamante
Departments of Chemistry and Pathology, University of New Mexico,
Albuquerque, N.M., 87131

The scanning tunneling microscope has the potential to image biological
macromolecules with atomic detail, but recent images of DNA have not
realized such resolution. A poor understanding of the imaging mechanisms
is partly to blame, but a mechanically stable sample preparation has also
been difficult to achieve. We hypothesized that single-stranded DNA, with
its exposed, uncharged bases, would adsorb more stably onto highly
oriented pyrolytic graphite, making the adsorbed molecules Iless
susceptible to perturbation by the tip. The coincident lateral spreading of
the molecules alsc might make the bases accessible for imaging. After
depositing polydeoxyadenylate, which is not self-complementary, we
observed molecules aligned in parallel with their bases lying flat and the
charged phosphodiester backbone raised upward, in a manner consistent
with the hydrophobicity of graphite. A molecular model corresponds well
with the images, and also indicates a hydrogen bond that could stabilize
the parallel arrangement of the polymer molecules. These micrographs
demonstrate the utility of the scanning tunneling microscope for structural

studies of nucleic acids and provide evidence that it could be used to
sequence DNA,
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Imaging of Kinked Configurations of DNA
Molecules Undergoing OFAGE Using
Fluoresence Microscopy

by Carlos Bustamante and Sergio Gurrier
Department of Chemnistry University of New Mexico.

ABSTRACT

The dynamics of individual DNA molecules undergoing OFAGE
(Orthogonal Field Alternating Gel Electrophoresis) has been studied
using T2 DNA molecules labelled with a dye and visualized with a
fluorescence microscope. The mechanism of reorientation used by a
molecule to align itself in the direction of the new orthogonal field,
depends on the degree of extension of the chain immediately before
the application of this field. The formation of kinks is promoted when
time is allowed between the application of the two orthogonal fields
so that the molecule attains a partially relaxed configuration. In this
case, the chain appears bunched up in domains moving along the
contour of the molecule. These regions are found to be the locations
where the kinks are formed upon application of the second field
perpendicular to the chain. The formation of kinks provide a
significative retardation of the reorientation of the molecules,
relative to molecules that do not form kinks and appear to play an
important role in the fractionation attained with OFAGE. A
classification of various reorientation mechanisms observed in
molecules that form kinks is presented.
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USE OF PULSED-FIELD GEL ANALYSIS TO CONFIRM
COSMID OVERLAPS IN CONSTRUCTING AN ORDERED
COSMID LIBRARY.

Norman A. Doggett, Lynn M. Clark, Car! E. Hildsbrand, Raymand
[.. Stailings, and Robert K. Moyzis. Genstics Group, LS-3, Los
Alamos Naticnal Laboratory, Los Alamos, NM 87545,

A chromosome 16 specific cosmid library, constructed from
flow sorted material, is baing ordered at Los Alamos Natignal
i.aboratary by a restriction fragment-repstitive DNA
hybridization fingerprinting strategy. To complement this
"bottom-up® mapping approach we are using pulsed-fisld gel
electropharesis to confirm overlap betwesn cosmids pairs
with minimal overlap or within contigs containing multiple
cosmids. DNA trom CY18 (a mouse-buman somatic ¢ell hybrid
from which the the sorted library was constructed) is digested
in agarose plugs with sevgral different infrequent cutfing
enzymas., The digasted samples are run in duplicate on the left
and right halves of a pulsed-fieid gel. After transter, the
nylon membrane is cut in halt o separate the duplicate
digests. These half biots are hybridized separately with either
potantially overlapping cosmid pairs or with ¢osmids from
each end of a contig in the presence of human placental
compsetitor DNA. The same banding pattern for each bilot
confirms overlap. The use of different enzymes affectively
gliminates the possibilily of a false confirmation due to the
coincidental migration ¢f bands. In addition, the digestion
with different enzymes ensures that at least a few lanes will
have bands that are accurately resolved within the separation
range of a given pulsed-field gel. This work was supported by
the U.S. Department of Energy under contract W-7405-ENG-386.
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