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57 ABSTRACT 

A cell lysis factor which is a modified fragment of the human 
glucocorticoid receptor. The modified fragment designated 
398-465*, when transfected into and expressed in a host 
cell, effects cell lysis and cell death. A pharmaceutical 
composition having the modified fragment 398-465* or the 
encoded protein product may be used in treatment of pro 
liferative diseases. 

9 Claims, 6 Drawing Sheets 
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FIG. 4 

SEQ ID NO: 1 

BASE SEQUENCE OF MODIFIED FRAGMENT 398 - 465 k 

CCCGTTGGTTCCGAAAATTGGAATAGGTGCCAAGGATCTG 

GAGATGACAACTTGACTTCTCTGGGGACTCTGAACTTCCC 

TGGTCGAACAGTTTTTTCTAATGGCTATTCAAGCCCCAGC 

ATGAGACCAGATGTAAGCTCTCCTCCATCCAGCTCCTCAA 

CAGCAACAACAGGACCACCTCCCAAACTCTGCCTGGTGTG 

CTCTGATGAAGCTTCAGGATGTCATTATGGAGTCTTAACT 

TGTGGAAGCTGTAAAGTTTCTTCAAAAGAGCAGTGGAAG 

GACAGCACAATTACCTATGTGCTGGAAGGAATGATTGCAT 

CATCGCGATAAAATTCGAAAAAACTGCCCAGCATGCCGCT 

ATCGAAAATGTCTTCAGGCTGGAATGA. 
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CELL LYSS ACTIVITY OF A MODIFIED 
FRAGMENT OF THE GLUCOCORTICOD 

RECEPTOR 

Research leading to the present invention was supported 
in part by U.S. government grant NIH/NCI5R01, CA41407. 
The U.S. government, therefore, has certain rights in the 
invention. 

BACKGROUND OF THE INVENTION 

Glucocorticoids exert several effects in tissues which have 
receptors for them. They regulate the expression of several 
genes either positively or negatively and in a direct or 
indirect manner. They are also known to arrest the growth of 
certain lymphoid cells and in some cases cause cell death 
(1-5). Because of their ability to kill cells, glucocorticoids 
have been used for decades in the treatment of leukemias, 
lymphomas, breast cancer, solid tumors and other diseases 
involving irregular cell growth, e.g. psoriasis. The inclusion 
of glucocorticoids in chemotherapeutic regimens has con 
tributed to a high rate of cure of certain leukemias and 
lymphomas which were formerly lethal (6). Although it is 
clear that glucocorticoids exert these effects after binding to 
their receptors, the mechanism of cell kill is not as yet 
understood although several hypotheses have been pro 
posed. Among the more prominent hypotheses are: the 
deinduction of critical lymphokines, oncogenes and growth 
factors; the induction of supposed "lysis genes'; alterations 
in calcium ion influx; the induction of endonucleases and the 
induction of a cyclic AMP-dependent protein kinase (7-12). 
The human glucocorticoid receptor is made up of 777 

amino acids and is predominantly cytoplasmic in its unac 
tivated, non-DNA binding form. When activated, it translo 
cates to the nucleus. In order to understand the role played 
by the glucocorticoid receptor in the different cell processes, 
the receptor was mapped by transfecting receptor-negative 
and glucocorticoid-resistant cells with different steroid 
receptor constructs and reporter genes like CAT or luciferase 
which had been covalently linked to a glucocorticoid 
responsive element (GRE). From these studies, four major 
functional domains have become evident. From amino to 
carboxyl terminal end, these are: the tau 1, DNA binding, tau 
2 and steroid binding domains in succession. The tau 1 
domain spans amino acid positions 77-262 and regulates 
gene activation. The DNA binding domain is from amino 
acid positions 421-486 and has nine cysteine residues, eight 
of which are organized in the form of two zinc fingers 
analogous to Xenopus transcription factor IIIA. The DNA 
binding domain binds to the regulatory sequences of genes 
that are induced or deinduced by glucocorticoids. From 
amino acids 532-555 is the tau2 domain which is the second 
domain important for transcriptional activation. Towards the 
carboxyl terminal end, from amino acids 555 to 777, is the 
steroid binding domain. This domain binds glucocorticoid to 
activate the receptor. This region of the receptor also has the 
nuclear localization signal. Deletion of this carboxyl termi 
nal end results in a receptor that is constitutively active for 
gene induction (up to 30% of wild type activity) and even 
more active for cell kill (up to 150% of wild type activity) 
(13-26). 
From previous experiments, the present inventors have 

shown that an intact GRE-specific DNA binding domain of 
the glucocorticoid receptor and its flanking sequences com 
prising in total, amino acids 1-8 connected to 386 through 
532 is sufficient for the cell kill function of the receptor (27, 
28). It was also shown that amino acids 1-465 were suffi 
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2 
cient for the lethal function. Hollenberg et al. (14) describe 
constructs with NH terminal deletions that lose activity for 
gene induction; and Dieken and Miesfeld (42) found that the 
amino terminal domain was required for cell kill. Thus the 
existing data indicated that at best some part of the amino 
terminal domain as well as the DNA binding domain were 
essential. A large additional body of published data has 
mapped many important functions of the receptor (nuclear 
translocation, heterologous protein-binding, ligand-binding, 
trans-activation) and thus its critical function required these 
domains (2-4, 18). 
The present invention identifies a short sequence less than 

100 amino acids in length, and not predicted from prior 
work, which is lethal in a cell line of T lineage. This 
sequence codes for only 23 amino acids preceding the DNA 
binding domain, and stops the domain short due to a 
missense mutation in the second zinc finger. The resulting 
predicted peptide replaces the normal carboxy-terminal end 
of the DNA binding domain with a missense sequence of 21 
amino acids. Such a peptide could not be predicted, on the 
basis of published knowledge, to have any biological func 
tion and potency equal to that of holoreceptor plus steroid. 
Use of this construct in chemotherapeutic regimens could 
circumvent the need for steroid treatment in glucocorticoid 
resistant malignant cells. When properly targeted towards a 
proliferative cell it may be used to cure several forms of 
proliferative disease. 

ABBREVIATIONS 

dex: dexamethasone 
GR: glucocorticoid receptor 
GRE: glucocorticoid responsive element 

SUMMARY OF THE INVENTION 

The present invention provides for a cell lysis factor 
consisting essentially of the nucleotide sequence of SEQID 
NO:1. The nucleotide sequence may comprise biologically 
functional equivalents thereof. The invention also provides 
for a cell lysis factor consisting essentially of the amino acid 
sequence of SEQ ID NO:2. The amino acid sequence may 
also comprise biologically functional equivalents thereof. 
A particular embodiment of the invention is a first poly 

nucleotide purified free from total cellular DNA having the 
sequence of SEQ ID NO. 1, a second polynucleotide 
complementary to the first polynucleotide, a polynucleotide 
differing from the first or second polynucleotide by codon 
degeneracy, a polynucleotide which hybridizes with the first 
or second polynucleotide, or an oligonucleotide probe for 
the first or second polynucleotide which hybridizes with said 
polynucleotide. 
A preferred embodiment of the invention is a polynucle 

otide encoding modified fragment 398-465* in substantially 
pure form defined as consisting essentially of the sequence 
of SEQ ID NO. 1 or biologically functional equivalents 
thereof. 
A further embodiment of the invention is a recombinant 

nucleic acid molecule comprising a polynucleotide encoding 
modified fragment 398-465*. The recombinant molecule 
may be packaged for therapeutic delivery in a retroviral, 
adenoviral or other viral-based system. The recombinant 
nucleic acid molecule may be an expression vector for the 
overproduction of modified fragment 398-465*. A host cell 
comprising said expression vector is also an aspect of the 
invention. 
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The present invention is not limited to the particular 
nucleic acid and amino acid sequences of SEQ ID NO:1-2. 
DNA segments prepared in accordance with the present 
invention may also encode biologically functional equiva 
lent proteins or peptides which have variant amino acid 
sequences. Such sequences may arise as a consequence of 
codon redundancy and functional equivalency which are 
known to occur naturally within nucleic acid sequences and 
the proteins thus encoded. Alternatively, functionally 
equivalent proteins or peptides may be created via the 
application of recombinant DNA technology, in which 
changes in the protein structure may be engineered, based on 
considerations of the properties of the amino acids being 
exchanged. 
The present invention also provides a method for treating 

an individual for a proliferative disease comprising the 
administration of a therapeutically effective amount of a 
modified fragment 398-465* which causes lysis of prolif 
erating cells. The proliferating cells may be leukemia, 
myeloma, lymphoma, or other cancer cells; the modified 
fragment may have the sequence of SEQID NO. 1 and the 
administering may be parenteral or topical. The present 
invention also provides a method for treating an individual 
for a proliferative disease comprising the administration of 
a therapeutic effective amount of modified fragment peptide 
having SEQ ID NO. 2, either alone or "packaged" in any 
viral- or ligand-based delivery system. 

In further related embodiments, the invention concerns 
processes for preparing compositions which include purified 
proteins or peptides with a sequence in accordance with 
SEQ ID NO:2. In a general sense, these processes include 
first selecting cells that are capable of expressing such a 
protein or peptide, culturing the cells under conditions 
effective to allow expression of the protein or peptide, and 
collecting the protein or peptide to thereby prepare the 
composition. 
A particular embodiment of the present invention is a 

pharmaceutical composition comprising the cell lysis factors 
aforedescribed. The cell lysis factors may be packaged in a 
retroviral, adenoviral or other viral-based delivery system. 
The factors may be introduced into target cells by electropo 
ration, conjugation to site-directed molecules or introduced 
by other means known to one skilled in the art. 
A further embodiment of the present invention is a 

method of eliminating a selected cell population. The 
method comprises treating the cell population with a thera 
peutically effective amount of a modified fragment having 
the sequence of SEQID NO. 1, said sequence being under 
the control of an effective promoter sequence in an expres 
sion vector. The expression vector may be packaged in a 
viral delivery system having affinity for cell surface recep 
tors of the selected cell population. The selected cell popu 
lation may be a malignant cell population and the viral 
delivery system has affinity for cell surface receptors of the 
malignant cell population. The viral delivery system may 
have a proteinaceous coat which includes p120 of HIV-1, 
which is a ligand for the CD4 antigen found on the surface 
of certain normal and malignant lymphoid cells. The malig 
nant cell population may be a leukemia, multiple myeloma, 
hepatoma or a lymphoma cell population. The cell surface 
receptor may be the asialoglycoprotein receptor. 
A method of eliminating a selected cell population com 

prising treating the cell population with a therapeutically 
effective amount of a modified peptide fragment having the 
sequence of SEQID NO. 2 is a further embodiment of the 
present invention. In particular, the treatment is topical for 
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4 
dermatological applications and the peptide may form a 
mixture with lotions or creams that permit topical applica 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the results of transfection of ICR 27 cells 
with GR constructs. ICR 27 cells were transfected with 4 
different GR constructs, namely holo GR, 465*, A9-385/ 
532* and the modified fragment 398-465* and followed for 
cell kill in the absence (-) or presence (+) of 10M dex for 
up to 96 hours after transfection. The numbers above the 
boxes correspond to the amino acid position in the protein 
sequence of the steroid receptor. The regions demarcated by 
the left diagonal hatches, the diamonds, the right diagonal 
hatches, and the chevrons correspond to the tau 1 domain, 
the DNA binding domain, the tau 2 domain, and the steroid 
binding domain, respectively. The percentage reduction in 
viable cell number, both in the absence (-) or presence (+) 
of dex, following transfection of ICR 27 cells with these 
steroid receptor constructs is indicated. Superscript “a” 
indicates results for cell kill that are significantly higher than 
that obtained for the holo GR plus dex, ps0.005. Values 
given represent the averages of maximum kill observed in at 
least three transfections (each done in triplicate) along with 
standard deviations. A-sign indicates <4% cell lysis which 
is not considered significant. Maximum cell kill with the 
398-465* fragment was seen at 6-24 hr and was the same 
in the presence or absence of dex. 

FIGS. 2A-2C show the uptake of labeled plasmid in 
transient transfections with glucocorticoid receptor con 
structs in ICR 27, HL-60 and TMM cells. The efficiency of 
transient transfections was calculated in terms of the fraction 
of cells that had incorporated P'-labeled DNA during 
electroporation. FIGS. 2A, 2B and 2C correspond to three 
cell lines ICR 27, HL-60 and TMM respectively. The silver 
grains in the cells represent labeled DNA visualized through 
an autoradiographic emulsion. Represented in FIG. 2A are 
three individual ICR 27 cells. The leftmost cell is a typical 
example of an untransfected cell; in the middle is a cell that 
has incorporated moderate amounts of label and to the right 
is a heavily labeled cell. In FIG. 2B are two HL-60 cells. On 
the left is an example of an untransfected cell whereas on the 
right is an example of a transfected cell. FIG. 2C corre 
sponds to the TMM cells. On the left is a cell that is not 
transfected and on the right is a transfected cell. For all three 
cell lines, efficiency of transfection was about 40%. 

FIG. 3 demonstrates consistency of cell kill efficiency in 
ICR 27 cells. ICR 27 cells were transfected three times in 
succession allowing a 48 hour interval between successive 
electroporations, for recovery. The human GR and the 
constitutively lethal mutant construct 465 were used for the 
transfections. The holo GR served as a control to measure 
percentage cell lysis or reduction in viable cell number, in 
the absence (-) of dex following transfection. Values given 
represent maximum kill observed. Maximum kill with or 
without dex occurred between 6-24 hr. Each transfection 
was done in triplicate. 

FIG. 4 shows the nucleotide sequence of the modified 
fragment of the present invention. The ATG at the beginning 
of line 4 is the first amino acid translated into a protein 
product. The last 63 nucleotides are frame-shifted from the 
wild-type sequence; the resultant encoded 21 amino acids 
are shown in lower case letters in FIG. 5. 

FIG. 5 shows a comparison of the entire encoded amino 
acid sequence of the modified fragment of the present 
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invention (top line) to the encoded amino acid sequence of 
the corresponding portion of the hologlucocorticoid receptor 
(lower line) from residue 398 to a position 21 amino acids 
carboxy-terminal to residue 465. The carboxy-terminal 21 
amino acids in lower case letters of the modified fragment 
are the result of a frameshift mutation introduced by cloning. 
Those amino acids differ from that of the wild-type gluco 
corticoid receptor sequence. 

FIG. 6 shows that 465* is made an endogenous cellular 
gene, its induction kills dex-resistant CEM cells. Stably 
transfected colony CLS contains the 465* mutant GR under 
the control of the Zn-inducible MT promoter. Equal initial 
numbers of CLS cells were treated with vehicle only (open 
bar) or 50 uM ZnCl2 (hatched bar) for 24 hr. The cultures 
were then counted for viable cells. Error bars=1 standard 
deviation. N=3. 

FIG. 7 shows a practicability study using a retroviral 
packaging system to deliver a constitutively lethal fragment 
of the GR gene to CEM-C7 cells. The GR construct 465* 
was placed in an expression plasmid under the control of the 
SV40 promotor. This was packaged in the amphitrophic GP 
and E86 system. Supernatant, virion-containing medium 
from the packaging cells was added directly to cultures of 
CEM-C7 cells (O). Control medium was added to the 
control cells with (V) or without (O) 1 M dexamethasone. 
Cultures were followed, with daily counts for viable cells, 
for 4 days. 

DETALED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention provides a modified fragment of the 
glucocorticoid receptor gene that, when transfected into 
cells, effects the lysis of those cells. This fragment, or 
equivalents thereof, may be used in a pharmaceutical com 
position for the treatment of proliferative diseases. Any 
proliferative cell, either glucocorticoid sensitive or resistant, 
could prove to be susceptible to lysis by the administration 
of this modified fragment. 

In preliminary experiments, the present inventors mapped 
the major domains of the human glucocorticoid receptor for 
their role in leukemic cell death by transfecting glucocorti 
coid-resistant, glucocorticoid receptor-deficient cells with 
different glucocorticoid receptor mutant constructs. They 
found that the DNA binding domain was required. One 
active mutant contained the entire amino terminal domain 
through amino acid 465 of the DNA binding domain, 
followed by a predicted sequence of 21 missense amino 
acids. Another active mutant A9-385/.532 lacked some of 
the amino terminal domain but contained the entire DNA 
binding domain. Data from Dieken and Miesfeld (42) sug 
gested that undefined amino acids in the amino terminal 
domain of the glucocorticoid receptor are required for the 
lethal function. All other existing data with the exception of 
the present invention suggest that the entire 421-486 amino 
acid DNA binding domain is required for any function 
carried out by the glucocorticoid receptor. Thus, the present 
invention represents an unpredictable finding, since it 
defines a minimal and modified glucocorticoid receptor 
fragment capable of lethal action in the leukemia cells 
tested. The fragment lacks virtually all of the amino terminal 
domain up to the DNA binding domain as well as a complete 
DNA binding domain. It also contains a unique sequence of 
21 amino acids beginning after the normal amino acid 465 
of the human glucocorticoid receptor. The discovery that this 
small portion of the human glucocorticoid receptor (without 
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6 
added ligand) could be fully as active as hologlucocorticoid 
receptor (plus ligand) could not have been predicted from 
any published data. FIG. 1 shows a comparison of certain 
key constructs. 

Tests of the efficacy of the modified fragment have 
included transient transfections. The efficiency of these 
transient assays was determined to be consistently in the 
range of 39%-51%, which is in agreement with the results 
of cell kill. Successive transfections of cells surviving trans 
fection with glucocorticoid receptor constructs resulted in 
similar efficiencies of cell kill each time, confirming that 
electroporation was not merely eliminating sensitive sub 
clones in the population but rather cells which took up the 
DNA. By blocking de novo protein and RNA synthesis, the 
onset of cell kill was arrested following transfection with an 
otherwise highly lethal constitutive receptor construct. Once 
the drug was removed and protein and RNA synthesis 
allowed to continue, the lysis cascade was reinitiated. These 
results indicate that the fragment or a gene under its control 
must be transcribed and/or translated into protein to func 
tion. 
A demonstration of the potential use of retroviral delivery 

systems for constructs similar to the modified fragment is 
provided in the experiment depicted in FIG. 7. These data 
show that a lethal construct of the GR, packaged and 
delivered in a retroviral system, can import its lethal func 
tion. 

The 398-465* modified fragment of this invention has the 
sequence of nucleotides depicted in FIG. 4. An encoded 
protein would begin with a methionine (the ATG that begins 
line 4 of the sequence) which is amino acid 398 of the wild 
type glucocorticoid receptor (see FIG. 5 for the encoded 
amino acid sequence). At nucleotide 325 (nucleotide 1528 of 
the holoreceptor sequence) a frameshift mutation due to 
cloning results in the attachment of 21 amino acids unrelated 
to wild type glucocorticoid receptor. This construct is 
referred to as modified fragment. The 21 unrelated amino 
acids are in lower case letters in FIG. S. 
The 398-465* modified fragment of the present invention 

may contain a phosphorothioate substitution at each base to 
increase its resistance to in vivo hydrolysis (J. Org. Chem., 
55:4693-4699, (1990) and Agrawal, (1990). The modified 
fragment or its phosphorothioate analogues may be synthe 
sized using an Applied Biosystem 380B DNA synthesizer 
(Applied Biosystems, Inc., Foster City, Calif.). Peptides may 
be synthesized using an Applied Biosystems protein synthe 
S12. 

Unless defined otherwise, all technical and scientific 
terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Although any methods and materials 
similar or equivalent to those described herein can be used 
in the practice or testing of the present invention, the 
preferred methods and materials are now described. Unless 
mentioned otherwise, the techniques employed herein are 
standard methodologies well known to one of ordinary skill 
in the art. 

EXAMPLE 1. 

TRANSFECTED “398-465* INTO 
GLUCOCORTICOID-RESISTANT CEMICR27 

YIELDS CONSTITUTIVE CELL, KILL. 

Experimental Procedures 
Preparation of Glucocorticoid Receptor Constructs 
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The glucocorticoid receptor constructs pRShGRO, 465*, 
G424, G442, G455, G463 were kindly provided by Dr. S. M. 
Hollenberg (The Salk Institute, San Diego, Calif.) and were 
constructed as described (13,14). The construct termed 
398-465* or modified fragment was constructed as 
described below. All the constructs are expression vectors 
under the control of the Rous sarcoma virus long terminal 
repeat and have the ampicillin resistance selection marker. 
The construct 465* is a carboxy terminal truncated mutant. 
Constructs G424, G442, G455 and G463 have glycine 
substitutions at conserved amino acid positions in the DNA 
binding domain. The modified glucocorticoid receptor frag 
ment, namely 398-465, was constructed using as the parent 
plasmid 465*. 465* DNA was linearized with BstXI which 
is a single cutter and generates a 5' overhang. The 5' 
overhang was blunt-ended with Klenow. Kipnl linkers (8 
mers) were ligated onto it and the DNA was cut with KpnI 
(which cuts the parental plasmid a single time and the 
linkers). The undesired DNA fragments (namely the 1.25 Kb 
smaller Kpn-BstXI fragment and linker pieces) were sepa 
rated from the remaining sequence by agarose gel electro 
phoresis. The desired Kpn-BstXI fragment was religated to 
generate a circular plasmid which was named 398-465* 
(modified fragment). Amino acid number 398 is the first 
amino acid translated (methionine). 

Fragments of the GR gene that served as negative controls 
for the transfections were: A420-451 (deletion of the first 
zinc finger); A450-487 (deletion of the second zinc finger); 
A428-490 (deletion of the entire DNA binding domain); I 
422 (insertion of three amino acids between the first two 
cysteines in the first zinc finger); and GTG3A (chimeric GR 
having modified thyroid hormone receptor DNA binding 
domain which cannot recognize glucocorticoid response 
elements). 
The plasmid DNA for the transfections was prepared by 

cesium chloride density gradients (29) or the pZ523 column 
chromatography purification procedure (5'-->3' Inc., West 
Chester, Pa.) according to the manufacturers instructions. 
Cell Culture 
ICR27 cells are a steroid-resistant subclone of CEM C7, 

human leukemic cells of Tlineage. ICR 27 cells were grown 
in RPMI 1640 with 5% heat-inactivated fetal calf serum, pH 
7.4, at 37° C. in incubators with humidified air and 5% 
carbon dioxide. Cells were maintained in the early to mid 
log phase by appropriate dilutions. 
Transient Transfections 
The transfections were performed as described (27). Cells 

in mid log phase were pelleted, washed three times with 
phosphate buffered saline devoid of Ca' and Mg and 
resuspended to 4x10° cells in 0.8 ml of saline. Fifteen ug of 
DNA was added and the mixture incubated on ice for 15 
minutes prior to electroporating in gene pulser cuvettes, 0.4 
cm (BioRad Laboratories, Richmond, Calif.) at 200 V, 500 
uF capacitance. The time constants or pulse time was 
recorded for each transfection-it ranged between 12 and 15 
milliseconds. Five minutes after electroporating, the cells 
were resuspended to 4x10 cells/ml in RPMI 1640 with 5% 
serum and recultured. All the transfections were done in 
triplicate and repeated two or three times. 

In experiments to verify the consistency of transfection 
efficiency, ICR 27 cells were electroporated three times in 
succession with glucocorticoid receptor constructs 465* and 
PRSHGRA. After each transfection, cell counts were deter 
mined soon after as well as 6, 12 and 24 hours after 
transfection. Cells were allowed to recover for 48 hours 
before being subject to a repeat pulse in the series of 
transfections. 
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8 
Steroid Treatment 
At 24 hours after transfection, cells were resuspended to 

2x10 cells/ml in RPMI 1640 with 5% fetal bovine serum. 
When appropriate, dexamethasone (Sigma, St. Louis, Mo.) 
in ethanol was added to a final concentration of 10M. 
Ethanol vehicle was added to a final concentration of 0.1% 
to the control cells. 
Cell Counts 

Viable cell counts were determined by trypan blue exclu 
sion as described (27). Cell counts and viability were 
determined immediately after electroporation, as well as 6, 
12, 24, 48, 72 and 96 hours later. The cells in the flasks or 
plate wells were made monodisperse by triturating. Then a 
0.1 ml aliquot of cells was added to 0.1 ml of 0.1% trypan 
blue (Gibco BRL, Gaithersburg, Md.) and mixed well. 
Immediately after, 15ul of this mixture was added to the two 
chambers on either side of the hemocytometer so as to 
achieve even, random distribution of cells. Cell counts and 
viability (in terms of trypan blue exclusion) were determined 
at 100x magnification. All cells were scored as dye-positive 
(dead) or dye-negative (viable). At least 100 cells were 
counted for each sample. Initially, replicate aliquot fractions 
from each sample were counted to ensure the accuracy and 
precision of both sampling and counting. Such replicates 
varied no more than a few percent. 
Determining the Efficiency of Transfection 

In separate transfection experiments, ICR 27 cells were 
transfected by the protocol as described earlier with 15ug of 
P'-labeled DNA, specifically PRSHGRA, 465* and 
398-465*. Each transfection was done in duplicate. To label 
the DNA, the plasmids were digested with KpnI (to generate 
a 3' overhang), incubated with T4 DNA polymerase (exo 
nuclease reaction) for 5 minutes and then with the 4 deoxy 
nucleotide triphosphates (the dCTP is P'-labeled) for 30 
minutes with excess cold dCTP added for an additional 15 
minutes. This method of labeling generates plasmids whose 
ends are labeled (107-2x10 DPM15/ug) and can be visu 
alized by autoradiography. At 6 or 24 hours after electropo 
ration, the cells were resuspended in 1 ml RPMI 1640 with 
5% serum. One batch was treated with DNase I for 15 
minutes to degrade any DNA sticking to the cell surface, and 
the other batch left untreated. The cells were then resus 
pended in 3.5-5.0 ml RPMI 1640 without serum and 50 pil 
and 100 ul of the cell suspension smeared per slide. The 
slides were air dried and coated with NTB2 emulsion 
(Eastman Kodak, Rochester, N.Y.), diluted 1:1 with deion 
ized water. The slides were allowed to dry in the dark for 
approximately 2-3 hours. The slides were developed in two 
batches. The first batch was developed as early as 3 hours 
and the second 24-36 hours later in Kodak D19 developer 
for 3 minutes, rinsed in deionized water for 1 minute, fixed 
in Kodak fix for 5 minutes and washed two times in 
deionized water on ice for 5 minutes each. The slides were 
air dried and stained with Wright's stain for 7-10 minutes: 
then rinsed in deionized water to wash off the excess stain. 
Coverslips were mounted on the slides and the cells visu 
alized at different magnifications ranging from 100x to 
900x. The fraction of cells that had incorporated significant 
numbers of silver grains (above background i.e. >5 grains/ 
cell) was recorded. Between 50-100 consecutive cells were 
counted per slide (4 slides per transfection). 
Cycloheximide Treatment 

Preliminary experiments were performed to determine the 
optimum concentration of cycloheximide to be used and the 
duration of treatment that would arrest protein synthesis but 
not kill cells. Initially, concentrations of cycloheximide in 
ethanol ranging from 0, 1, 5, 10 pg/ml were the effective 
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concentrations tested. Ten uglml could effectively block 
protein synthesis but not kill cells. ICR 27 cells were treated 
with cycloheximide or ethanol vehicle before electropora 
tion and subsequently to transfection with 465* and 
pRShCRO. Cell counts and viability were recorded 15 
minutes after, as well as 6, 12 and 19 hours after electropo 
ration. After 19 hours, the drug was washed out and viability 
recorded 15 minutes after as well as 6, 12 and 24 hours after 
the drug wash-out. 

In follow-up experiments, doses of cycloheximide rang 
ing from 0.1 ug/ml-1 g/ml in ethanol were tested for their 
ability to block protein synthesis (in terms of inhibition of 
S-methionine uptake) preferentially over RNA synthesis 
(via inhibition of H-uridine uptake) at different times 
ranging from 30 minutes-8 hours incubation. One ug/ml of 
cycloheximide blocked protein synthesis to a greater extent 
than RNA synthesis after 4–6 hours incubation. ICR 27 cells 
were treated with cycloheximide or ethanol vehicle 30 
minutes prior to electroporation. The cells were washed with 
PBS and transfected. Cycloheximide or ethanol was readded 
subsequent to transfection. At 30 minutes and 4-6 hours 
after transfection RNA and protein synthesis block was 
measured by incubating in the presence of the labeled 
precursors, TCA precipitating the products on glass fiber 
filters, and counting DPMs. Cell counts and viability were 
determined soon after electroporating as well as 6 hours 
after. After 6 hours the drug was washed out with PBS, and 
cell counts were determined 6 hours and 18 hours later. 
Results and Discussion 

Transfection of holo glucocorticoid receptor into gluco 
corticoid-resistant ICR 27 cells could restore cell lysis on 
addition of 10M dexamethasone (27.28,30). Since these 
were transient transfection assays, the extent of lysis was not 
100%, but averaged 26E4% in 23 assays, each done in 
triplicate. The holoreceptor was used as a control in all 
transfections to compare the extent of cell lysis caused by 
receptor fragments. From previous mapping experiments, 
the present inventors determined that the amino terminal tau 
1 domain and the carboxyl terminal tau2 and steroid binding 
domains are dispensable for the cell lysis function. In fact, 
the present inventors have shown that construct A9-385/ 
532* which encodes the central DNA binding domain and 
sequences flanking it on either side could effectively lyse 
cells in a constitutive manner (27.28). However no previous 
tests had been done proving that neither the carboxyl 
terminal end of the DNA binding domain nor the amino 
acids 1-8 and 385-397 could be eliminated with full reten 
tion of the lethal function. In order to further delineate the 
minimal sequence encoding this function, the present inven 
tors deleted progressively from either end towards the 
central DNA binding domain. 
A “Modified Sequence' 398-465* of the Glucocorticoid 
Receptor Causes Cell Lysis 
A modified fragment of the glucocorticoid receptor 

398-465*, whose construction is described earlier, was used 
to transfect ICR 27 cells as shown in FIG. 1. Within 6-24 
hours of transfection and in the absence of dexamethasone 
28% of the cells were lysed-an extent comparable to that 
evoked by the holoreceptor and steroid 48-96 hours after 
transfection. Thus, a sequence which spans less than 100 
amino acids is responsible for the constitutive lethality of the 
receptor. Although this property was seen in other constructs 
containing parts of the GR gene, it was unexpected and 
surprising to find full activity in the limited and altered 
sequence, 398-465*. The modified GR fragment lacks the 
entire amino terminal taul domain which is presentin mutant 
465* and also lacks the carboxyl terminal second half of the 
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10 
second zinc finger (present in mutant A9-385/532*) as well 
as the tau2 and steroid binding domains. 465 contains the 
entire amino terminal domain, and Dieken and Miesfeld's 
data (42) indicated that the amino terminal domain was 
essential for lethal activity. The present inventors previous 
data with partial deletions of the amino terminal domain of 
the GR always included parts of that region and the entire 
DNA binding domain. That a sequence containing a DNA 
binding domain mutated in its 3' portion, and only the 22 
proximal amino acids at the amino terminal end would be 
fully active was both unexpected and surprising (FIG. 1). 
The following fragments or mutations of the GR gene 

were inactive for cell lysis upon transfection: A420-451 
(deletion of the first zinc finger); A450-487 (deletion of the 
second zinc finger); A428-490 (deletion of the entire DNA 
binding domain); I 422 (insertion of three amino acids 
between the first two cysteines in the first zinc finger); and 
GTG3A (chimeric GR having modified thyroid hormone 
receptor DNA binding domain which cannot recognize 
glucocorticoid response elements). Four point mutants hav 
ing glycine substitutions in key amino acid positions in the 
zinc finger structure of the DNA binding domain were 
selected to test their importance in the cell kill process. The 
constructs transfected were G424, G442, G455 and G463 
all glycine substitutions (see Table 1). (14) 

TABLE 1. 

EFFECTS OF TRANSFECTED GR POINT MUTANTS 

Percent Wild Type GR 

GRE Induces Cell 
Gly Substitution Bind- MMTV- Represses Kill in 

Aaff (n = 6) ing CATa 0-subCG ICR 27 

424. Cys2 l < <10 Inactive 
Zn fingerl 

442 Conserved 60 <1 68 Inactive 
lys 
knuckle 

455 Conserved 6 80 Not det. Inactive 
tyr 
inter 
finger 

463 Cys2 <1 <10 Inactive 
Zn finger2 

"Hollenberg, S.M. et al., (1988) Cell 55:899 
Oro, A.E. et al., (1988). Cell 55:1109 
Four mutants having single glycine substitutions in the DNA binding domain 
of the GR were transfected into ICR 27 cells. The four constructs were G424, 
G442, G455, and G463. Indicated in the table are some of the properties of 
the constructs as determined by other investigators as well as results for cell 
kill. GRE binding is measured in terms of the ability of these mutants to bind 
to a GRE-cellulose column. The ability of these constructs to induce MMTV 
CAT and repress the MMTV-CAT and repress the o-subunit of chorionic 
gonadotropin is shown. A figure of 100 in any of these columns would 
indicate binding, activation or repression equivalent to that of the wild type. 
ICR 27 cells were transfected with these constructs and followed for cell kill 
in terms of reduction in viable cell number, in the absence or presence of dex. 
Inactivity for cell kill represents < 4% cell lysis, as compared to wild type 
(equivalent to 26% as indicated earlier in FIG. 1). 
The construct G424 replaces the second cysteine in the first 
zinc finger thereby disrupting the finger. Construct G442 
replaces the conserved lysine at the base of the first zinc 
finger (in the knuckle region). An interesting aspect of this 
construct is that it had been shown to bind GREs but was 
unable to activate MMTV-CAT. Construct G455 substitutes 
a conserved tyrosine in the linker region separating the two 
zinc fingers. This construct was also interesting because it 
had been shown to bind GREs very weakly but yet could 
effectively stimulate transcription of MMTV-CAT. 
Construct G463 alters the second cysteine in the second zinc 
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finger thereby disrupting the finger. All the mutants were 
transfected into ICR 27 cells followed for kill in the 
presence/absence of 10M dexamethasone. All of them 
proved to be inactive for cell kill, stressing their importance 
in glucocorticoid receptor-mediated apoptosis. 

TABLE 2 

LETHAL EFFECTS OF 465* & GR ON 
HEMATOPOETIC CELL LINES 
MAXIMUMPERCENT KELL 

NHERENT TRANSFECTED 
RESPONSE RESPONSE 

465* -- 
GR - -- 

1 M Dex -- 
CELLTYPE 
Lymphoid T 

ICR 27 4 35 -f- 4 26 -f- 4 
MOLT 4 4 33-f... 3 25+f-3 
JURKAT <1 24 -f- 5 29 -f- 2 
Lymphoid B 

IM9 2 32 -f- 1 30 -f- 1 
RPMI 8226 - O 28 -f- 3 28 -f- 0.5 
Myeloid and B 

HL 60 (Myeloid) k O O 
TMM (Myeloid 2 O O 
and B) 

Table 2 indicates the maximum percentage cell kill along 
with standard deviation values, seen in different cell lines, 
either after transfection with GR constructs 465* without 1 
uM dex (in the second column) or the entire GR in the 
presence of 1 uM dex (in the third column). Also indicated 
(in the first column) is the inherent sensitivity of these cell 
lines to 1 uM dex. Note that all these cell lines are relatively 
dex-insensitive. The results in the table are obtained from 
3-6 transfections (n). 
Efficiency of Transient Transfections Correlates with 
Quantity of Cell Kill 
The efficiency of transfection was determined in several 

experiments as all the assays were transient and no reporter 
gene had been co-transfected to serve as a control. ICR 27 
cells were transfected with P'-labeled constructs 
pRShGRO, 465* and 398-465* in two separate transfection 
experiments. The labeled DNA in the cells was visualized by 
autoradiography. In the transfections with the holoreceptor 
between 40%-50% of the cells were labeled, for 
transfections with 465 and 398-465* between 39%-50% 
and 40%-51% of the cells respectively had label (FIGS. 
2A-2C). The extent of label varied from transfected cell to 
transfected cell. All cells were scored as labeled if they had 
5 or more grains (5 considered background or unlabeled). 
The results of cell kill varied between 22%-39% (27) for 
these three glucocorticoid receptor constructs, which 
correlates well with the results of transfection efficiency, 
since it would be expected that a proportion of cells 
transfected would retain and express sufficient DNA to show 
the lethal effect. 
Response to Transient Transfections of ICR 27 Cells with 
Glucocorticoid Receptor is not Occurring Only in Sensitive 
Subclones 
To determine if similar fractions of cells would be killed 

if the cells surviving transfection are electroporated 
repeatedly, ICR 27 cells were electroporated three times in 
succession with 465* or the holoreceptor (as a control) as 
shown in FIG. 3. After each transfection, cells were allowed 
to recover for 48 hours before being subjected to a repeat 
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12 
pulse. Similar fractions of cells were killed each time 
between 6-24 hours after electroporation with 465*. viz. 
29%, 28% and 34%. 
De Novo RNA and/or Protein Synthesis is Required for 
Glucocorticoid Receptor Mediated Cell Kill 

Cycloheximide was used to block de novo protein 
synthesis and/or RNA synthesis to determine if the lethal 
effects of 465* were specifically due to a product of 
transfection rather than transfection of the DNA itself into 
cells. The cell lethality kinetics of 465* are quick and 
therefore compatible with the maximum possible duration of 
non-toxic cycloheximide treatment. In 10 ug/ml 
cycloheximide, ICR 27 cells survive for up to 21 hours with 
both RNA and protein synthesis blocked. This treatment 
prevents the onset of kill by transfected 465*. After the drug 
is removed, cell kill proceeds with the usual 6–24 hr kinetics 
(Table 3). Therefore de novo RNA and/or protein synthesis 
arelis required. 

THE EFFECTS OF CYCLOHEXIMIDE (10 g/ml) 
ONLYSIS IN TRANSFECTED ICR 27 CELLS 

Time: -2 0 8 24 48 
(Hrs) 
Cyclohex Transfect Wash out Cell Kil 
treatment with 465* cyclohex Observed 

No Cell Kill Observed 

Time: O 6 24 
(Hrs) 

Transfect Cell Kill 
with 465* Observed 

% CELLKILL 

10 g/ml. Cyclohex After wash-out 

wom +. --- 

6-24 6-24 6-24 
HOURS HOURS HOURS 

27 -f-3 3 -f-0.5 3 -f-6.5 

The table has linear scales of the time course of events occurring 
during and after cycloheximide treatment and wash-out in ICR 27 
cells that have been transfected with GR construct 465*. The holo 
GR serves as a control. Represented are two time scales. The one 
in the top half represents treatment of transfected ICR 27 cells 
with cycloheximide from -2 to 18 hours (-2 representing 2 hours 
prior to transfection and 18 representing 18 hours after transfec 
tion). At 18 hours, cycloheximide is washed out and cell kill is 
observed between 24 (18 + 6) hours and 48 (18+30) hours after 
transfection. The time scale in the lower half represents the con 
trol population of transfected cells which had been treated with 
ethanol vehicle from 0 to 24 hours. Cell kill, here, is observed 
between 6 and 24 hours after transfection. 
Represented in the lowermost portion is the extent of cell lysis 
with respect to ICR 27 controls which had been transfected with 
holo GR. The percentage cell lysis is indicated in the absence (--) 
and presence (+) of 10 g/ml cycloheximide as well as after 
wash-out of cycloheximide (+/-). 

One Lig/ml of cycloheximide is a dose that would block 
protein synthesis to a greater extent (69%) than RNA 
synthesis (35%) after 4-6 hours of treatment (Table 4). 
Therefore, the experiment was repeated under block at this 
dose, with the same results. These data suggest more 
strongly that protein synthesis as well as RNA synthesis is 
required for the lethal effect (Table 4). 
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TABLE 4 

THE EFFECT OF CYCLOHEXIMIDE (1 uglml) 
ON RNA AND PROTEINSYNTHESIS 

AND LYSIS IN TRANSFECTED ICR 27 CELLS 

Time:-0.5 O 6 12 24 
(Hrs) 
Cyclohex Transfect Wash out Cell Kill 
treatment with 465* cyclohex Observed 

No Cell Ki. Observed 

Time: O 6 24 
(Hrs) 

Transfect CeKil 
with 465 Observed 

% INHIBITION: RNASYNTHESIS 36% 
PROTEINSYNTHESIS 69% AFTER6 HOURS CYCLOHEX 

CELLKILL 

lugiml Cyclohex After wash-out 

-- --- 
6 6 6-18 
HOURS HOURS HOURS 

25 4. 25 

The table has linear scales of the time course of events occurring 
during and after cycloheximide treatment and wash-out in ICR 27 
cells that have been transfected with GR construct 465. The holo 
GR serves as a control. Represented are two time scales. The one 
in the top half represents treatment of transfected ICR 27 cells 
with cycloheximide from -0.5 to 6 hours (-0.5 representing 30 
minutes prior to transfection and 6 representing 6 hours after 
transfection). At 6 hours, cycloheximide is washed out and cell kill 
is observed between 12 (6 + 6) hours and 24 (6 - 18) hours after 
transfection. The time scale in the lower half represents the con 
trol population of transfected cells which had been treated with 
ethanol vehicle from 0 to 24 hours. Cell kill, here, is observed 
between 6 and 24 hours after transfection. 
Represented in the lowermost portion is the extent of cell lysis 
and inhibition of RNA and protein synthesis with respect to ICR 
27 controls which had been transfected with holo GR. The per 
centage cell lysis is indicated in the absence (-) and presence (+) 
of 1 g/ml cycloheximide as well as after wash-out of cyclohex 
imide (--). The percentage inhibition of RNA and protein syn 
thesis is indicated as a percentage of control. 

The modified lethal fragment of the receptor, 398-465*, 
starts 23 amino acids upstream from the DNA binding 
domain, goes through the first zinc finger, the linker region 
which follows it and through amino acid position 465 in the 
second zinc finger. It then switches to 21 missense amino 
acids and stops. It has some sequence important for binding 
GREs but lacks signals for transcriptional activation, nuclear 
localization, steroid binding, and most sites for 
protein:protein interactions. It is constitutively active and 
can kill cells in which it is expressed within 6-24 hours of 
transfection. The construct is as effective in effecting cell 
lysis as is the holoreceptor in the presence of steroid. Several 
of the conserved amino acids within this modified fragment 
are highly important for the lethality of this construct. The 
first 4 cysteine residues are important, since they form the 
backbone of the first zinc finger structure which binds the 
GREs in regulated genes. The mutants which had single 
amino acid substitutions in the DNA binding domain were 
functionally inactive for cell kill, stressing the importance of 
an intact DNA binding domain (at least halfway through the 
second zinc finger). 
The efficiency of transient transfection assays was 

consistently in the range of 39%-51% irrespective of the 
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14 
gene construct used. These values are slightly higher than 
the values seen forcell kill which ranged between 22%-39% 
for the three constructs pRShGRO, 465* and 398-465* 
tested. This difference could be explained by presuming that 
a certain minimum threshold level of the glucocorticoid 
receptor protein would have to be expressed in order to kill 
the cells. 
By repeatedly transfecting cells surviving transfection 

(three times in succession) similar killing efficiency was 
obtained and rules out the possibility that the transfections 
were wiping out more sensitive cells in a population rather 
than randomly killing cells which took up the DNA and 
expressed it. 

Cell kill requires the de novo synthesis of one or more 
specific RNAs and proteins and is not an effect of DNA 
toxicity on the cell. In fact, Harbour et al. have shown that 
after transfecting ICR 27 cells with pRShGRO, there is an 
increase in the number of dexamethasone binding sites to 
3,600 from 1,000 (30). This increases the receptor number to 
within the order of magnitude of wild-type levels and is not 
an over-expression of protein. Although the mechanism of 
glucocorticoid receptor-mediated cell death is not fully 
understood, several candidate genes have been selected as 
potential lysis cascade candidates. Among them may be 
genes that are important in cellular proliferation: c-myc (9, 
36,37), the oncogenes fos andjun which bind at the AP1 site 
(38, 39), as well as endonucleases like NUC 18 which has 
been identified by Cidlowski to cause nuclear fragmentation 
(40). 

This modified gene fragment construct provides a new 
approach to chemotherapeutic regimens, by killing 
malignant cells, including but not limited to those resistant 
to steroid treatment. The construct could also be used for 
therapy against certain components of the immune system in 
diseases of immune-hyperactivity, or for other instances in 
which tissue hypertrophy is known to respond to treatment 
with glucocorticoids, e.g., psoriasis. 

EXAMPLE 2 

DELIVERY SYSTEM FOR THERAPEUTIC USE 
OF MODIFIED FRAGMENT 398-465* 

The present inventors have achieved "packaging” of the 
sequence carrying amino acids 1-465*, including the novel 
extension, into an amphitropic retrovirus. The titer achieved 
was low, but the recombinant virus showed significant cell 
kill compared to controls. 

FIG. 6 shows that induction of endogenous cellular 465* 
kills dex-resistant CEM cells. Stably transfected clone CLS 
contains the 465 mutant GR under the control of the 
Zn-inducible MT promoter. Equal initial numbers of CLS 
cells were treated with vehicle only (open bar) or 50 M 
ZnCl (hatched bar) for 24 hr. The cultures were then 
counted for viable cells. 

The GR construct 465* was also placed in an expression 
plasmid under the control of the SV40 promoter. This was 
packaged in the amphitrophic GP and E 86 system. 
Supernatant medium from the packaging cells was collected 
and added directly to cultures of CEM-C7 cells. This 
medium should contain the expression vector packaged in 
the amphitrophic viral coat. Cultures were followed for 4 
days, with cell counts daily. The data (FIG. 7) show that 
despite the low titers, there was significant kill. This 
demonstrates the feasibility of this or other viral systems for 
delivery of such constructs. The same system will be used 
for the delivery of the modified fragment 398-465*. 
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Alternative vectors for delivery include adenovirus or a 
deactivated human immunodeficiency virus. 

Cell surface receptors may be exploited for the delivery of 
the modified fragment. For example, the asialoglycoprotein 
receptor has been used to carry DNA into liver cells. The 
DNA is attached to a ligand, in particular to a galactose 
residue, which is specifically bound by the receptor. Liver 
cells and lymphoid cells are particularly rich in this receptor. 
Various hematopoietic cell receptors, e.g. CD4, may be used 
to deliver the modified fragment to specific sites. The ligand 
for the CD4 receptor, p120, may be attached to the modified 
fragment for uptake into lymphocytes. 
The modified fragment may be small enough to be taken 

up directly by cells. Phosphorothioate derivatives of 
nucleotides may be used in the synthesis of the DNA so as 
to protect the modified fragment from degradation as has 
been demonstrated (Cancer Res. 51:3996, 1991). The 
modified fragment may be also be encapsulated into 
liposomes for delivery to targeted cells. 
The following references are incorporated in pertinent 

part by reference herein for the reasons cited above. 
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SEQUENCE LISTING 

( 1) GENERAL INFORMATION: 

( i i i ) NUMBER OF SEQUENCES: 3 

( 2) INFORMATION FOR SEQID NO:1: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 387 base pairs 
(B) TYPE: nuclcic acid 
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(C)STRANDEDNESS: 
(D) TOPOLOGY: incar 

5,468,624 

double 

( i i ) MOLECULETYPE: genomic DNA 

( xi ) SEQUENCE DESCRIPTION: SEQ ID NO:1: 

CCC GT TGGTT 

C T G G G G A CT C 
A T GAGA CCA G 

CCCAAA CTCT 

T G T G GAA G CT 

G C T G GAAG GA 

ATC GAA AATG 

CCGAA AA TTG 

TGAACTT CCC 

A T G T A A G CT C 

GCCTG G T G T G 

GT AAA GT TTT 

A T G AT T G CAT 

T CTT CAGGCT 

( 2) INFORMATION FOR SEQID NO:2: 

GAAT AG G T G C 

T G GT C GAA CA 

T C C T C CATCC 

C T C T G AT GAA 

CTTCAA AA GA 

CAT C GC GATA 

GGAATGA 

( i SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 89 amino acid residucs 
(B) TYPE: amino acid 
(C)STRANDEDNESS: 
(D) TOPOLOGY: lincar 

( i i ) MOLECULETYPE: peptide 

single 

( xi ) SEQUENCE DESCRIPTION: SEQED NO:2: 

Mct Arg Pro A s p V a l S 
1 5 

Thr G 1 y Pro Pro Pro L 
20 

G i y Cys H is Tyr Gl y V 

Lys Arg Al a V a l G 1 u G 
50 

A s p Cys I e I I c. A la I 
65 

A a I c G 1 u As in Wa l P 
85 

( 2) INFORMATION FOR SEQID NO:3: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 89 amino acid residues 
(B) TYPE:amino acid 
(C)STRANDEDNESS: 
(D) TOPOLOGY: incar 

( i i ) MOLECULE TYPE: peptide 

( xi ) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

Mc A rig 

Thr Gly 

G 1 y Cys 

P 

P ro 

H is 

A s p V a l S 
5 

Pro Pro L 
20 

Tyr Gl y V 
35 

50 

Cys 

A rig A a 

I l c 

Wa G u G 

I c 

ce r S e r P r 0 

y S L c u Cy s 

a l L. c u Thr 
40 

1 y G l n H is 
55 

l e Lys Phc 
7 0 

h c A rig L clu 

single 

c r S c r P I o 

y s L. c u Cy s 

a L. eu Thr 
4 0 

ly G 1 in H is 
55 

y s I l c Arg 
7 0 

-continued 

CAAG GAT CTG 

GT TTTTT CTA 

A G CT CCT CAA 

G CTT CAG GAT 

G CAG T G GAA G 

AAA TT C GAAA 

Pro Sc r S c r 
1 0 

L c u v a 1 Cys 
25 

Cy is G 1 y S c r 

As n Ty r L clu 

G 1 u G 1 u Lys 
7 5 

Glu 

Pro Sc r S c 
1 0 

L c u v a 1 Cys 
25 

Cy is G 1 y S c r 

As in Ty r L clu 

A rig Lys As in 
75 

18 

GAGA T GA CAA 

A T G G CTA TTC 

CA G CAA CAA C 

GT CAT TAT G G 

GACA G CACAA 

AAA CT GCC CA 

Thr 

G u 
30 

Wa 

Gly 

A a Gil n 

Thr 

G 1 u 
3 0 

Sc r A sp 

Cy is Lys V a l 
4 5 

Cys Al a Gly 

Cys Pro A 1 a 

CTTGACT T CT 

AAG C C C C A G C 

A GG ACCAC CT 

A GT CTTAACT 

T TAC CTAT GT 

G CAT G CCGCT 

A la Thr 
1 5 

A a Sc r 

Phc Phi c 

A rig As n 

His A a 
8 0. 

A a Thr 
15 

A la Sc I 

Phc Ph c 

A rig As in 

Cy s Arg 

60 

1 20 

1 80 

24 O 

3 00 

3 60 

387 
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- -continued 

Ty I A rig Lys Cy s L. c u G 1 in Al a G 1 y Mc 
85 

What is claimed is: 
1. A polynucleotide free of total cellular DNA and 

encoding a cell lysis factor, the polynucleotide comprising 
the nucleotide sequence of SEQ ID NO: 1. 

2. A polynucleotide selected from the group consisting of 
a first polynucleotide having the sequence of SEQID NO: 
1, a second polynucleotide complementary to the first 
polynucleotide, and a third polynucleotide differing from the 
first or second polynucleotide by codon degeneracy, wherein 
the first, second, and third polynucleotides are free of total 
cellular DNA. 

3. A polynucleotide encoding the cell lysis factor having 
the sequence of SEQ ID NO: 2 in substantially pure form. 

4. The polynucleotide of claim 3 defined as comprising 
the sequence of SEQ ID NO. 1. 

O 

15 

5. A recombinant nucleic acid molecule comprising a 
polynucleotide encoding the cell lysis factor having the 
sequence of SEQ ID NO: 2. 

6. The recombinant molecule of claim 5 further defined as 
having a retroviral vector. 

7. The recombinant molecule of claim 5 further defined as 
having an adenoviral vector. 

8. The recombinant nucleic acid molecule of claim 6 
wherein the molecule is an expression vector for the 
production of a cell lysis factor, the cell lysis factor having 
the sequence of SEQ ID NO: 2. 

9. A host cell comprising the recombinant nucleic acid 
20 molecule of claim 8. 


