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INTRODUCTION

The development of a living organism depends on an orderly
process whereby cells, and ultimately their genes, communicate
with one another. What causes different parts of the genome to
express themselves during the life cycle, and only in specific
tissues, has been a fundamental problem since the inception of
Biology.

Even with the advent of recombinant DNA technology, this puzzle
has been difficult to solve. Many different methods have been
described in a recent review (1). Putative regulatory sequences
(e.g. promoters, enhancers) can be cloned (2), mutated (3), and
used to bind nuclear extracts for transcription assays(4) or for
the detection of protein-DNA complexes by their retarded
migration on gels (5). In addition, blotting (6), DNAse
hypersensitivity (7), and "“foot-printing" studies (8) can be
done, but they do not indicate if the factors involved are
functionally active. Also, DNA-binding proteins can be enriched
by recognition-site affinity chromatography (9), their amino
acids sequenced, and oligonucleotides probes generated to find
their corresponding genes, but these steps are laborious and
problematic because binding affinities may overlap to preclude
purification. More directly, clones which bind DNA can be
identified in bacteriophage expression libraries with specific
double-stranded, non-denatured probes (10), but again, one would
have to prove the function of the proteins they encode
separately. Thus, it has been difficult to develop a general
approach to isolate genes which regulate other genes in
eukaryotic cells.

The method proposed here depends on standard molecular biology
techniques arranged in a unique way to favor the identification
of cells which <contain a selectable reporter gene by
complementation with sequences from a DNA 1library. For
illustration, an attempt will be made to find regulators of the
human fetal globin gene, which is switched on and off during
ontogeny, and which may be useful in the treatment of certain
hematologic disorders such as sickle cell anemia and thalassemnia.
The work described in this preliminary report is on-going, but
the discussion of the various decision points in the strategy
should be valuable to further progress in the field.

METHODS

Materials. Restriction enzymes, DNA polymerase I, Klenow
fragment, T4 DNA polymerase and ligase were purchased from
Bethesda Research laboratories, New England Biolabs, or
Pharmacia, and used under manufacturers' conditions. Radioactive
nucleotides and DNA sequencing kits were from Amersham and New
England Nuclear.
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Plasmid Construction. Standard molecular biology techniques
were used (11) in accordance with NIH Biosafety Guidelines. The
fetal globin promoter was a 1.5 Kb Bam HI-Bgl I fragment derived
from a 7.2 Kb EcoR I insert which had been cloned into pUC-9 by
D. Bodine and T. Ley of the NHLBI, National Institutes of Health,
Bethesda, MD. The sequence was spliced to the Eag I (Xma III)
site of pSV2Neo (12) (from S. Segal, NCI, NIH) as shown in Fig.
1 to create an open reading frame. Then the SV40 promoter was
deleted by digestion with Acc I and Bgl II, re-ligation, and
transformation of HB10l. The Nde I-EcoR 1 fragment which
contained the fused promoter-reporter gene was inserted into the
EcoR I site of pSV2Gpt (13) supplied by B. Howard of NCI, NIH,
as shown in Fig. 2.

DNA transfer. Electroporation was carried out with the
Progenetor (Hoefer) or the Gene Pulser (Biorad) on mouse
erythroleukemia cells (Friend clone 745) donated by I. Kirsch of
NCI, NIH. Cells were grown in RPMI medium (Hazleton) with 10%
fetal calf serum (GIBCO) and penicillin/streptomycin,
supplemented with reagents for Gpt selection (Sigma) or G-418
(Geneticin, GIBCO) for Neo selection.

The complementary DNA was derived from fresh placenta; it was
linked to the LTR of pRSVCat (2), also given by B. Howard.

SUL

P

A variety of genes has been cloned by others into selection !
vectors, but usually as a form of co-transformation because they '
are independently regulated. It is also possible to examine
their promoter function in transient expression systems (2), but
care has not always been given to the splice site and intervening
nucleotides between the insert and reporter genes. Despite the
caveats of semi-random integration, it was decided to stringently |1
3

link gene activation and selection by the creation of an in-frame
fusion of the 5'flank and first exon of human fetal globin and
the coding region of a neomycin resistance gene (Fig. 1). 1In
this construct, twelve amino acids of Neo are replaced by 14
similar amino acids of fetal globin, followed by an open reading

frame as shown by DNA sequencing (Fig. 2). As the Neo gene can i
tolerate a deletion of similar size without loss of resistance
(14), the hybrid protein should remain active. To remove
uncertainty about active viral sequences, the SV40
promoter/enhancer region was deleted. Thus, one is left with a
selectable reporter gene which must be driven by the fetal globin
promoter for the cell to survive in the presence of G-418. q

In this form, the vector p‘y-Neo can simulate the activity of
an endogenous gene when transfected into cells, and should confer
an advantage where the parent gene is expressed but not
ordinarily selectable.
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Figure 1. The insertion of a fetal hemoglobin promoter into the plasmid

pSV2Neo (see Plasmid Construction in Methods). The globin-Neo
splice junction is shown to the right of the arrow and the result
of the fusion is at the bottom.
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To find activation factors, however, one must use host cells
in which the promoter and reporter gene are quiescent, but which
could be induced with complementary genes. This intermediate
step can be accomplished by the introduction of a separate
selectable marker, e.g. from pSV2Gpt (13) (Fig. 3). The vector
contains the gene for the bacterial enzyme xanthine-guanine
phosphoribosyltransferase, which can rescue cells metabolically
blocked by aminopterin and mycophenolic acid.

Finally, the entire construction is transfected into permissive
xenogeneic cells; in this case, a line derived from murine
erythroleukemia. The cells are selected for growth in
aminopterin and mycophenolic acid and individual clones are
isolated. Their lack of growth in the neomycin analogue G-418
is confirmed and their DNA is analyzed to check for the presence
of an unrearranged promoter-reporter gene. These clones were
then propagated in culture.

The complementary DNA was prepared from a human placental
library and linked to a retroviral long terminal repeat sequence
as a promoter, and transfected by the calcium phosphate (15) or
electroporation (16) techniques. The cells then were selected
for the expression of resistance to G-418 (Fig.4). Clones were
isolated, amplified in culture, and the DNA extracted for re-
transfection of their parental cells in order to dilute out
extraneous human sequences. Finally, clones were picked, grown,
and their DNA was used to make another library. Digestion was
carried out with restriction enzymes which would not disrupt the
B-lactamase gene, so that upon religation and transformation of
bacteria, clones could be selected easily on ampicillin plates.
In addition, the clones would be probed for the presence of human
Alu-type repetitive sequences (17-19).

To establish the functional relevance of the putative activator
clones, the sequences were used to probe mRNA from cells either

making or not making GY-globin on Northern blots. Once
confirmed, the sequences also could be used to pull out full-
length clones from other DNA libraries if necessary. The

ultimate test would be to transfect the activator genes into
cells which do not contain the specific RNA and convert them into
ones which express it.

DISCUSSION

The first part of this approach was mentioned in an obscure
article in 1984 (20), where the selectable marker was Neo, driven
by a thymidine kinase promoter, and the reporter gene was Gpt,
regulated by a rat insulin promoter. That paper differed from
the present method because the splice site occurred in the 5'
untranslated region of Gpt, and that the entire construct was
placed into a retrovirus. The latter step may not be necessary,
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Figure 3. Introduction of a second selectable marker (Gpt). The construct

in Fig. 1 and pSV2Gpt are spliced together, and as a result,
their genes can be tandem or opposite in orientation.
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reporter gene (e.g. Neo) into cells

‘ Select for marker, propagate cells

(+) MARKER (GPTT)

(-) REPORTER Transfect DNA syngeneic to promoter

‘ Select for reporter gene, propagate cells
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Figure 4. Overall strategy for the isclation of gene activation factors.
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since only a moderate number of transformants are required, and
indeed could produce problems because the LTR's could act as
promoters to make anti-sense Gpt, which would impair the
detection of Gpt(+) clones.

For the second phase of this experiment, the same authors
developed another retroviral system to maximize the frequency of
transfection (21). This vector had tri~initiation codons for
expression of a cloned cDNA library and could be propagated as
a bacteriophage in addition to a retrovirus. It also contained
the selectable marker Neo, even though the host cells which it
was designed to complement in the previous paper should already
have contained this marker and it would make it more difficult
to prove transformation than if a third marker were used.
Although there is an advantage to the use of retroviruses for
their high efficiency of transfection, their low copy numbers per
cell will allow detection of only those activators where a single
gene is sufficient to cause expression of the reporter. However,
bulk transfection methods, (e.g. calcium phosphate), may allow
several different regulators to interact. Then extraneous
sequences can be diluted by subsequent rounds of transfection,
as has been done to isolate oncogenes (17). In addition, as the
retroviral sequences are integrated to the nucleus anyway, it is
not certain what the advantage of cDNA is over the use of genomic
DNA, where the introns could be excised naturally. Novel as this
system was, it failed to work when applied to the insulin
promoter (22).

The approach presented in this paper is similar, except for
the differences noted above. Because retroviruses are not used
here, the efficiency of transformation may be 1lower but
compensated by bulk transfection methods and the use of
xenogeneic permissive cells. The latter define a host in which
all transcription factors, except for a single activator, are
present. The source of these cells from a heterologous species
facilitates the isolation and purification of unique human genes.
Probably these strategies will not work in all systems because
of repressors (and this issue will be addressed in a subsequent
report). With 1luck, however, this approach will ultimately
succeed. On that occasion, a major step will have been taken in
Biology.
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