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The emphasisin thisissue of the Reporter is
transgenic mouse technology. For RRC updates
and progress see the back page.

Transgenic Mouse Technology

Transgenic mice are among the most useful
research tools in the biological sciences.
Techniquesincluding viral transgenesis,
pronuclear microinjection, and
microinjection of genetically altered
embryonic stem (ES) cells have been used to
either add gene copies or disrupt genes

(* knockout” ) in the mouse genome. Sudies
of normal gene function, altered gene
expression, gene regulation, as well asthe
generation of mice with specific mutant
genes and the production of mouse models
for human diseases are some of the
important types of studiesto which
transgenic mouse technology has made a
significant impact. The RRC's Transgenic
Production Service (TPS) provides services
to produce transgenic and knockout mice via
pronuclear and ES cell microinjection for
investigatorsat UIC.

Development of Transgenic Science

Beginning in the mid-1970' s several
laboratories, including those of Dr. R.
Jaenisch and Dr. R. Mulligan, demonstrated
genomic integration and germline
transmission (whereby the transferred DNA
Is passed to subsequent generations) of
proviral DNA following infection of pre-
and post-implantation mouse embryos with
either wildtype or recombinant retroviruses.
Though retroviral transgenesislaid the
groundwork for the development of
transgenic approaches in the mouse, this
method has not been widely used dueto a

high degree of mosaicism (many cells do not
contain the new genetic materia dueto
delayed integration) and correspondingly
low rate of germline transmission associated
with retroviral genetransfer. Further, the
size of the transgene is limited using this
approach. Most commonly, the method for
transgenesis in mice involves the
microinjection of DNA directly into the
pronuclei of one-celled embryos, or zygotes,
which generally resultsin stable germline
transmission of the microinjected DNA and
upon which there are no limitations as to the
size of the transgene. Genetic
transformation of mice by pronuclear
microinjection was demonstrated by a
number of groups in rapid succession in the
early 1980's. Thus, in 1980 and 1981 Dr.
J. Gordon and colleagues reported
integration and germline transmission of
genesinjected into mouse pronuclei. These
reports were followed by experiments
conducted by Drs. R. Brinster, F. Costantini,
E. Lacy and severa others, which
demonstrated that integrated transgenes
were capable of expression in transgenic
mice generated by pronuclear
microinjection. In 1982 the first visible
phenotype in transgenic mice was described
Dr. R. Palmiter for animals overexpressing
growth hormone from arat growth hormone
transgene. Indeed, the photograph of a giant
transgenic mouse on the cover of Nature
represented a milestone in molecular
biology! Since that time, studies using
transgenic mice have produced major
advances in severa areas of biomedical and
molecular genetic research.

Transgenes introduced into mice by
pronuclear microinjection integrate at
random, unpredictable sites in the mouse
genome. More recently, it has become
possible to specifically target the site of
genomic integration. This advance was
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made possible by the development of
techniques for homol ogous recombination
between exogenous DNA and known
endogenous gene sequences in the
mammalian genome, which allowed for the
introduction of defined genetic alterations at
specific loci, and the establishment of the
mouse embryonic stem (ES) cell system.
These pluripotent (meaning they can
develop into any type of tissue) stem cells,
first cultured in 1981 in the laboratories of
Drs. M. Evans and G. Martin, are derived
from the inner cell mass of early mouse
embryos (blastocysts). Following growthin
culture, ES cells can be returned by either
microinjection or co-culture to amouse
embryo where they become incorporated
into the developing embryo, leading to the
production of a“chimeric” mouse (part host
embryo-derived and part ES cell-derived).
If aspecific gene has been altered in ES
cells by transfection with aDNA construct
designed to homologously recombine with
that gene and the resulting gene-targeted
cells contribute to the germline in the
chimeric mice, then strains of genetically
modified animals can be derived. The
laboratories of Drs. D. W. Melton and O.
Smithies made the first reports of successful
germline transmission of an altered targeted
genein micein 1989. Currently, hundreds
of new targeted mutant mouse strains are
being generated each year. The most
common mutants are so-called “knockout”
mice, in which specific endogenous genes
have been disrupted and rendered inactive
by insertion of nonfunctional exogenous
DNA sequences,; however, more subtle
mutations to the mouse genome have a'so
been achieved by gene targeting.

Pronuclear Microinjection

The first step in producing transgenic mice
Is construction of the transgene. Thisis

accomplished with conventiona
recombinant DNA techniques. Careful
consideration must be given to the design of
the transgene. Tissue-specific transgene
expression is accomplished by selection of a
well-characterized promoter that is specific
for the tissue of choice, or if widespread
gene expression is warranted a ubiquitous
promoter may be used. While the transgene
may be constructed using either genomic
DNA or acDNA, inappropriate or
inefficient expression is commonly observed
for transgenes constructed using cDNA'’s,
compared with genomic transgenes
containing both exons and introns.

Inclusion of a heterologous intron between
the promoter and the cDNA may improve
expression of thistype of construct in
transgenic mice. A polyadenylation signal
must be included in all transgene constructs.
It is often difficult to precisely control the
temporal expression patterns of transgenes
but today a number of binary systems are
available to permit conditional activation of
transferred genes. Of these, the tetracycline-
responsive expression system has been the
most successful in mice. This bitransgenic
mouse system comprises two lines of mice.
One line expresses a tetracycline-dependent
transactivator protein, “tTA” or “rtTA,”
composed of either the wildtype or a mutant
tet repressor, respectively, fused to the
transcriptional activation domain of herpes
simplex viral protein VP16. The other line
contains the transgene of interest under the
transcriptional control of aminimal
promoter fused to tet operator sequences
(“tetop”) derived from the E. coli Tn10
transposon. Bitransgenics (containing both
transgenes) are generated by intercrossing
the two lines of mice. Temporal control of
tTA/ItTA activity, which stimulates
transgene transcription from tetop, is easily
achieved by administration of tetracyclineto
the mice.
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Following removal of prokaryotic cloning
sequences, a solution (about 2-4 ng/|l)
containing the purified transgene fragment is
microinjected into the male pronucleus
(whichislarger than the female pronucleus)
of zygotes, with an ultrathin drawn glass
capillary pipette (<1 um tip diameter)
(Figure1). Zygotes are collected from the
oviducts of euthanized female donor mice.
Microinjection is performed at a
magnification of 250-400 x using an
inverted microscope equipped with DIC or
Hoffman modulation contrast (HMC) optics,
which assistsin visualization of pronuclei.
One micromanipulator is mounted on either
side of the microscope; one controls the
holding pipette, which is used to hold the
embryo stationary by suction, the other
controls the microinjection needle, which
contains the DNA solution. About 1-2 pl of
the DNA solution is delivered into the
pronucleus until avisible swelling is
observed. Surviving embryos are surgically
reimplanted into the oviducts of
pseudopregnant surrogate mothers, which
are generated by breeding with sterile males,
and carried to term (19 days).

Figure 1. Pronuclear
microinjection.

Only afraction of the pups derived from
microinjected embryos carry the transgene.
These transgenic “founders’ are identified by
Southern hybridization or PCR amplification
of genomic DNA isolated from tissue

samples. Most commonly, tail biopsies are
taken for thisanalysis. Onceidentified, a
founder is bred to non-transgenic miceto
confirm germline transmission of the
transgene and to generate atransgenic line
for expression and phenotypic analyses. To
exclude the possibility of artifacts stemming
from the site of transgene insertion, which
may include an inappropriate tissue- or cell-
type expression profile, or even induction of
amutation caused by disruption of an
essential endogenous gene, multiple
independent transgenic lines — each
generated from a unique insertion event —
should be examined. The transgene
typically insertsinto asingle sitein the
genome, either as asingle molecule or as
head-to-tail concatamers of two or more
molecules (50 or more copies may be
inserted at asingle site), though multiple
insertions (which will segregate among
progeny) are possible. While PCR may be
quicker and more convenient for transgene
analysis, transgene copy-number is more
easily determined and the presence of
multiple insertion sites readily reveaed by
Southern blotting.

ES Cdl Microinjection and Knockout
Mice

Knockout mice are generated by targeted
insertion of DNA. Typicaly, atargeting
vector isdesigned in which a positive
selectable marker such as the neo' gene
(confersresistance to G418, or neomycin) is
flanked by large stretches of cloned genomic
DNA homologous to the endogenous target
gene. Thisvector isthen introduced into ES
cells by eectroporation. The homologous
flanking sequences permit insertion of the
vector, together with the neo’ gene, into an
essential exon of the target gene, with
replacement of one wildtype adlele. To
assist in elimination of ES cells that
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incorporate the targeting vector by random
insertion rather than homologous
recombination, the targeting vector may be
constructed with a negatively selectable
marker such as the herpes virus thymidine
kinase (tk) gene, which confers sensitivity to
the drug gancyclovir, a oneend. When
homol ogous recombination occurs the tk
gene, lying outside the region of
homologous DNA sequences, does not enter
the chromosome and is degraded; on the
other hand, when random integration occurs
the entire vector, complete with the tk gene,
isinserted. Electroporated cells are then
simply grown in G418, which selects for all
cells which have incorporated the vector,
and gancyclovir, which selects against cells
which have incorporated the vector by
random insertion. The ES cellsthat survive
in the selection medium form distinct
colonies, or clones, of cells, which are
collected and expanded. To confirm

homol ogous recombination, genomic DNA
isisolated from the clones and diagnostic
Southern blotting or PCR is used to identify
the successful gene-targeting event.
Appropriately targeted cells are then
introduced by microinjection into blastocyst-
stage mouse embryos, where they
potentially contribute to both the somatic
and germ tissues.

In culture, ES cells must be maintained
under stringent conditions to prevent
differentiation and loss of pluripotency.
Maintenance of the undifferentiated state is
possible by the provision of differentiation-
inhibitory factors. Thisistypically achieved
by culturing the ES cells on afeeder layer of
inactivated mouse embryonic fibroblasts
(MEFs) that are neomycin-resistant.
Leukemiainhibitory factor (L1F) has been
identified as one of the differentiation-
inhibitory factors active in MEFs, and
supplementing the culture medium with

recombinant LIF will assist in maintaining
the undifferentiated state. Most established
ES cell lines have been derived from the
129/Sv mouse strain. To increase the
efficiency of homologous recombination in
gene targeting experiments, all targeting
vectors should be constructed with isogenic
genomic DNA, that is, DNA isolated from
the same mouse strain.

The injection of targeted ES cellsinto
mouse blastocyst-stage embryos to generate
ES cell-embryo chimeras requires a
micromanipulation system similar to that
used for pronuclear microinjection of DNA.
Thus, aholding pipette secures the embryo
while an opposing injection needle, formed
from aglass capillary and having an internal
diameter only dlightly larger than the ES
cells, isused to introduce the ES cellsinto
the embryo (Figure 2). The cells (10-15) are
selected individually and are collected into
the injection needle by suction. The needle
is then pushed through the trophectoderm
into blastocoel cavity of the immobilized
embryo, and the cells expelled into the
blastocoel. The microscope' s optical setup
may be either DIC or phase contrast.
Embryos for microinjection are collected
from the uterine horns of euthanized
pregnant mice on day 3.5 of gestation.
Following microinjection they are surgically
transferred back into the uterine horns of
pseudopregnant surrogate mothers where
they will develop into genetically chimeric
animals. The extent of chimerism can be
easily visualized if the ES cells and host
blastocysts are derived from mice with
different coat colors. The resultant chimeras
have a mixture of coat colors. Typically,
chimeras are generated from strain 129/Sv
(agouti coat color) ES cells and strain
C57BL/6 (non-agouti, black coat color) host
blastocysts. Transmission of the disrupted
targeted gene to offspring can occur if the
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germ line of the chimerais ES cell-derived.
Chimeras are tested for germline
transmission of the ES cell genome by
mating with C57BL/6 mice; the offspring
with agouti coat color must have been
derived from the ES cells and therefore have
germline transmission, while any black
offspring must have been derived from the
C57BL/6 host blastocyst and not have
germline transmission. Theidentified
germline chimeras are bred to produce
offspring in which the targeted allele is
maintained. Since the gene-targeted ES
cells have asingle knocked out alele, these
mice are heterozygous for the altered gene.
To fully evaluate the effect of the gene-
targeting event, these mice must be bred to
homozygosity.

Figure 2. ES cell microinjection.

Often, mice engineered to lack agenein all
their cells display early embryonic lethality,
indicating that the protein encoded by the
gene may be crucia for many aspects of
embryonic development, and precluding
examination of the knockout phenotypein
differentiated tissues. Methodsto delete
genesin specific tissues and at specific times
in the animal’ s life have been devised to
circumvent this problem. Of these, the
“Cre/loxP” recombination system isthe
most widely used. Produced by
bacteriophage P1, the enzyme Cre
recombinase aligns short sequences of phage
DNA, the loxP sites, and excises the
intervening DNA sequences. The targeting
vector is engineered to contain |oxP sites
flanking (“floxed,”) either side of the gene

to be deleted. The modified geneis
introduced into mice via homologous
recombination in ES cells. A second line of
transgenic miceis engineered to express a
Cretransgene linked to atissue-specific or
otherwise regulatable promoter. Thetwo
lines of mice are then crossed, generating
mice capable of excising, or deleting, the
floxed gene in those tissues and/or at the
time specified by the promoter directing
Cre-transgene expression. The geneisleft
untouched in all other tissues.

Transgenicsat UIC

The RRC’s TPS offers expert pronuclear
and ES cell microinjection servicesto
generate transgenic and knockout mice for
members of the UIC community. Our
facility maintains a Leitz Diavert inverted
microscope fitted with arange of phase
contrast and HM C objectives, mechanical
inertia-free Leitz manipulators and an
Eppendorf microinjector. Other equipment
includes a micropipette-puller and
microforge for fashioning microinjection
and embryo-transfer needles, and a Leitz
Zoom stereomicroscope for embryo
collection and surgical procedures.
Investigators submit purified transgenes or
targeted ES cells for microinjection into
zygotes or blastocysts to produce transgenic
founders or chimeric mice, respectively. We
also offer embryo rederivation services to
remove murine pathogens from your
existing mouse strains, and are currently
establishing embryo cryopreservation and
storage services to provide insurance against
the loss of a colony or to preserve seldom-
used strains.

To find out more about our facility, please
visit the RRC website at
http//www.rrc.uic.edu, or contact the facility
director, Roberta Franks, Ph.D., 996-4971,
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rfranks@uic.edu, Room 2070 MBRB, m/c

6609.

RRC Updates & | mportant Notices

The RRC Executive Advisory Committee
(RRCEAP) has been reviewing the
operation of the RRC with a particular
emphasis on the cost of providing the
various services functions. Asaresult of this
review, the RRC will soon begin afour year
process of rate changesin the various
service unitsin an effort to recover more of
the operating costs from user fees so that
additional funds can be made available for
program improvements. These rate changes
will be announced in the next few weeks
with amailing to all RRC users. The goal is
to phase in these rate changes over a period
of time so that they can be incorporated into
proposals that are submitted for funding.

The RRC User Committees which consists
of funded users of the various research
support service facilities have been meeting
and submitting reports that were reviewed
by the RRCEAP. These reports contained
recommendations for the purchase of new
equipment. Based, in part, on those
recommendations new equipment will soon
be ordered for the Electron Microscopy
Facility, the Confocal Microscopy Facility,
the NMR Facility, the Protein Research
Laboratory, the DNA Sequencing Facility,
the Flow Cytometry Laboratory and the
Gene Chip Facility. The total cost of this
equipment will exceed $600,000 and

represents the first time that the new funds
provided by the state have been allocated
based upon the input of the user committees.

The RRC Gene Chip Facility (Core
Genomics Facility) for an update on the
progress of this new facility check out the
News and Events section of the RRC Web
Page at
http://www.rrc.uic.edu/NEWS/CGF200101.
html.

The Confocal Microscopy Facility has
been an interesting place to be the last few
months. Since the initial arrival of the new
Pascal, problems arose not only with the
new instrument, but with the 510. A
condensed version of what we in the RRC
have begun to call Mei Ling’'s nightmare
follows. We began noticing intermittent
problems in September 2000 both with the
quality of the image (blurred, out of focus)
aswell as appearance of coarse and fine
lines on scanned images. There was no
pattern to these problems. For example, the
510 would work finein the am. for afew
hours then image problems would appear in
the afternoon,; this situation was reversed
other days. At times, the image was poor for
afew hours, then appear perfect with no
apparent operator or environmental changes
occurring. The problems would disappear
for several days, then reappear. Not
unexpectedly, these random delays have
resulted frustrations for the users who have
been able to acquire usable data as well as
increased research costs from repeated
experiments. From the outset, Zeiss
servicemen and field specialists were
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consulted and made repeated site visitsto
address these problems. Dr. Chen, Bob
Kulseth and Jack Farrell brain stormed and
worked with Zeiss personnel to identify the
cause or at least to mitigate its effects.
Corrective actions taken included two
replacement scanners; new boardsin the
system; environment of the room was
checked; the immediate mechanical
environment adjacent to the room was
checked; voltage monitoring; pinhole
adjustment of single track and multi-track
channel modes; re-verification of the anti-
vibration table; use of vibration monitor; and
correlation with the Project Manager
COMRSB project to seeif work being done
correlated with changes in the quality of the
images. The source of the problem continues
to elude us and Zeiss. We will be meeting
with Zeiss representatives and plan to
provide good news in the next edition of this
newsl etter.

The DNA Sequencing Facility has had its
own nightmare’ sto endure the last several
months with unexpected staff turnover,

egui pment problems and then just when
things started to settle down a shipment of
bad reagents. The staff has worked long and
hard to try and deal with these problems and
sometimes under very difficult
circumstances. For those unfamiliar with the
history of thisfacility, abrief review isin
order. Thisfacility began as core unit within
the Section of Hematology and Oncol ogy
and then expanded itsrole by offering
service outside of this unit. When it became
obvious to those in charge that the demand
for this service was outpacing the ability of
the lab to operate in the black, the director
turned to the OVCR for assistance. The steff
in the OVCR tried unsuccessfully to broker
support from several collegesto keep this
service going until the RRC could assume
the budgetary responsibility for its

operation. In the meantime the lab closed
and the out cry from the faculty was truly
amazing. A decision was made by the VCR
to transfer funds to the RRC so that it could
include the DNA lab under its management
umbrella. The lab reopened under
management in borrowed space with
borrowed equipment and has faced a variety
of obstaclesin maintaining the type of
service that should be provided to the users.
Thislab will be moving to spacein the
College of Medicine West along with the
Gene Chip facility. New equipment is being
purchased so that all of the equipment will
belong to the RRC and the staff will for the
first time have the type of space and
resources that make providing a research
support service adaily reality and not a
constant struggle. The RRC administrative
staff thanks the users who have stuck with
the lab through this period and we especidly
would like to thank Rosylyn Samson and
Ledlie Kelley for staying and Sonia
Lottinville for being available when we need
her.



